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Welcome
FOM welcomes you to Physics@FOM Veldhoven 2011. Different branches
of physics are represented in the programme: condensed matter physics,
nanoscience and -technology, statistical physics, atomic, molecular and
optical physics, physics of fluids, subatomic physics and plasma and
fusion physics. FOM is very honored that Nobel Prize winner Andre Geim
will come to Veldhoven to present the after dinner lecture on Tuesday.
Other keynote lectures will be given by John Pendry and David Quéré. We
gratefully acknowledge the programme committee, Jean-Sebastian Caux
(UvA), Gert 't Hooft (Philips/LEI), Marcel Merk (Nikhef), Beatriz Noheda
(RuG), Michel Versluis (UT) and Wilfried van der Wiel (UT), for their fruitful
work that resulted in an appealing programme, the NH Koningshof
team for their creative support and input in planning and executing the
meeting, and the FOM Office for efficiently dealing with an ever growing
myriad of complicated issues in planning and running the meeting.

We hope you will enjoy
Physics@FOM Veldhoven 2011!

Steering Committee Physics@FOM Veldhoven
Frank Linde (FOM Institute for Subatomic Physics Nikhef)
Jan-Kees Maan (Radboud University Nijmegen)
Albert Polman (FOM Institute AMOLF)
Anton van Steenhoven (Eindhoven University
of Technology)
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About FOM
The Foundation for Fundamental Research on Matter (FOM), established in 1946, promotes,
co-ordinates and finances fundamental physics research in the Netherlands. It is an autonomous
foundation responsible to the physics division of the Netherlands Organisation for Scientific
Research (NWO). FOM carries out a number of research programmes at three institutes, in two focus
groups in collaboration with universities, in about 150 research groups at eleven universities,
and at a few large foreign research laboratories.
FOM’s key goals are to keep Dutch physics research at its current international top level and to
perform research in collaboration with industry so as to foster innovation in the Dutch economy.
About 65 percent of FOM’s research is executed in research programmes, such as the Industrial
Partnership Programmes for industry-related research. In addition to this, FOM funds several
project-specific and person-specific grants for individual researchers.
FOM employs about 1000 people: 90 permanent scientific staff, 170 postdocs, 375 PhD students and
365 technical and support staff. Their annual output is some 1300 scientific articles and 90 theses.
FOM is proud that about 150 of its highly trained researchers and technicians leave each year to take
up key appointments elsewhere. FOM has an annual budget of approximately 88.9 million euro for
operational costs and investments. Funds are provided by NWO, the Dutch universities, industry,
the Dutch government and the European Union.
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Complete programme

Tuesday 18 January 2011
09.30 - 10.00

meeting registration

FOM desk in Kempenhal

10.00 - 10.05

welcome by Niek Lopes Cardozo,
chairman FOM

Beneluxhal

10.05 - 10.50

John Pendry
(Imperial College London)
Invisible cloaks & a perfect lens

Beneluxhal

11.00 - 13.00

focus sessions 1 to 6

see programme focus

13.00 - 14.00

lunch

Kempenhal

14.00 - 15.00

poster session even numbers

Kempenhal

15.15 - 18.00

parallel sessions 1 to 9

see programme parallel

18.15 - 19.45

dinner

Beneluxhal

19.50 - 20.10

award winners ceremony

Beneluxhal

20.15 - 21.15

Andre Geim
(University of Manchester)
Graphene: Magic of flat carbon

Beneluxhal

21.15 - 01.00

bar open

Baroniezaal/Brabantzaal
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Wednesday 19 January 2011
09.00 - 10.00
10.20 - 10.55

parallelsession 18 part 1: academic education
parallelsession 18 part 2: prize winners session

see programme parallel

11.25 - 12.25

poster session odd numbers

Kempenhal

12.25 - 13.25

lunch

Kempenhal

13.30 - 15.30

focus sessions 7 to 12

see programme focus

15.30 - 15.45

coffee/tea break

15.45 - 16.30

David Quéré
(PMMH Laboratory)
On a few shapes of water

Brabantzaal

16.30 - 16.35

award ceremony Physics@FOM Poster Prize

Brabantzaal

16.35

closure

Brabantzaal

16.45

departure buses to Eindhoven Central Station
NH Koningshof

main entrance
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Programme focus sessions | 1 to 6
Tuesday 18 January 2011
session: focus session F01:

focus session F02:

focus session F03:

Nanoplasmonics:
Science and applications

Topological insulators

room: Brabantzaal

Baroniezaal

Auditorium

chair: Rob Timmermans
(KVI)

Peter Zijlstra
(LEI) and
Michèl Orrit
(LEI)

Mark Golden
(UvA)

title: CP Violation and the
genesis of matter

11:00 - 11:25 Gerard ‘t Hooft (UU)
Lene Oddershede (Niels
CP violation, an odd corner of Bohr Institute, Denmark)
quantum field theory
Optical trapping and
associated heating of
individual nanoparticles

Laurens Molenkamp
(Univ. Würzburg)
Dirac fermions in HgTe
quantum wells

11:30 - 11:55 Boris Kayser (Fermilab)
Leptogenesis as the origin
of the matter-antimatter
asymmetry of the universe

Femius Koenderink
(AMOLF)
Subwavelength plasmonic
and magnetic resonators to
control photons and emitters

Carlo Beenakker (LEI)
Majorana fermions in
topological insulators

12.00: - 12:25 Robert Fleischer (Nikhef)
Precision physics with
B-mesons: New probes for
new physics in the LHC era

John van Noort (LEI)
Parallel 3D nanometric
tracking of single gold
nanorods in live cells

Menno Veldhorst (UT)
Coupling superconductors to
topological insulators

12:30 - 12:55 Gerco Onderwater (KVI)
Electric dipole moments as
probes of CP violation

Jaime Gómez Rivas
(AMOLF/Philips)
Collective resonances in
plasmonic crystals

Kareljan Schoutens (UvA)
Topological quantum
registers
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focus session F04:

focus session F05:

focus session F06:

Physics and health

Physics@XFELS

Geometry and
architecture for designer
soft materials

Parkzaal

Boszaal

55-57

Ton van Leeuwen
(AMC) and
Nico de Jong
(EUR)

Ronnie Hoekstra
(KVI) and
Paul van Loosdrecht
(RuG)

Kees Storm
(TU/e) and
Martin van Hecke
(LEI)

Roderich Pettigrew
(NIH, Bethesda, USA)
Molecular imaging in global
healthcare

Robert Mosshammer
(MPI, Heidelberg)
AMO-Physics with freeelectron lasers

Francesco Stellacci
(MIT/EPFL)
Supramolecular assemblies
onto curved surfaces

Johannes de Boer (VU)
Minimally invasive optical
coherence tomography and
fluorescence

Paul van Loosdrecht (RuG)
Entering a new world

Chase Broedersz (VU)
Universal mechanical
behavior in sub-isostatic
filamentous networks

Michel Versluis (UT)
Physics of microbubbles
for molecular imaging with
ultrasound

Marc Vrakking (AMOLF/
Max Born Institut)
Connecting lab-based
attosecond science with FEL
research

Hans Wyss (TU/e)
Meso-structured materials
via out-of-equilibrium selfassembly

Klaas Nicolay (TU/e)
Molecular imaging with
high-field MRI

Ilie Radu (RU)
An X-ray view on ultrafast
magnetism

Gijsje Koenderink (AMOLF)
Protein biopolymers: Nature’s
designer soft materials
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Programme focus sessions | 7 to 12
Wednesday 19 January 2011
session: focus session F07:

focus session F08:

focus session F09:

Single-molecule
biophysics

Quantum simulators

room: Brabantzaal

Baroniezaal

Auditorium

chair: Tony Donné
(Rijnhuizen)

Sander Tans
(AMOLF) and
Gijs Wuite
(VU)

Robbert Spreeuw
(UvA)

13:30 - 13:55 Hartmut Zohm (MPI für
Plasma Physik, Garching)
The physics base for ITER
and DEMO - status and
challenges

Vincent Croquette
(ENS, Paris)
Forward and backward
motion of polymerases and
coupling with helicase

Klaus Sengstock
(Univ. of Hamburg)
Ultracold quantum gases in
optical lattices of different
geometry

14:00 - 14:25 Peter de Vries
(JET-EFDA and Rijnhuizen)
Experiments at JET in
preparation of ITER

Marileen Dogterom
(AMOLF)
The microtubule endmachine

Cristiane de Morais Smith
(UU)
Artificial staggered magnetic
fields for cold atoms in
optical lattices

14:30 - 14:55 Gregory De Temmermann
(Rijnhuizen)
Plasma surface interactions
in ITER: On the difficult life
of a solid wall close to a
thermonuclear plasma

Elio Abbondanzien
(TUD)
Molecular gymnastics: The
dynamic binding orientations
of HIV reverse transcriptase

Lieven Vandersypen
(TUD)
Spin qubits and quantum
magnetism in semiconductor
quantum dots

15:00 - 15:25 Cock Heemskerk
(Heemskerk Innovative
Technologies)
Challenges in ITER remote
handling

Erwin Peterman
(VU)
Unraveling the dynamics
of repair-protein binding to
DNA, one molecule at a time

Klaasjan van Druten
(UvA)
Quantum many-body physics
and quantum simulation
using atom chips

title: ITER: Science fiction or
reality?
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focus session F10:

focus session F11:

focus session F12:

Advanced silicon solar
cells

Physics of accurate
material deposition

Photons in complex
media

Parkzaal

Boszaal

55-57

Albert Polman
(AMOLF) and
John van Roosmalen
(ECN)

Herman Wijshoff
(Océ)

Ad Lagendijk
(AMOLF)

Bernd Rech (Helmholz
Zentrum Berlin)
Silicon based hetero-junction
solar cells – from wafers to
thin-films

Jens Eggers
(Univ. of Bristol)
Nonlocal description of
evaporating drops

Kishan Dholakia
(Univ. of St Andrews)
Optical Sculpting:
shaping the future of
NanoBiophotonics

Vivian Ferry
(AMOLF/Caltech)
Light trapping in ultrathin
film plasmonic solar cells

Hans Reinten
(Océ)
Droplet interaction
phenomena in productive
piezo-acoustic inkjet printing

Allard Mosk
(UT)
Exploiting disorder for
perfect control of light

Erwin Kessels
(TU/e)
Field-effect passivation of
silicon surfaces by ultrathin
negative-charge dielectric
films for high-efficiency solar
cells

Arjan van der Bos
(UT)
Velocity profile inside a
piezo-acoustic inkjet droplet:
Experimental and theoretical
results

Martin van Exter
(LEI)
Bosonic, fermionic,
and anyonic behavior in
two-photon scattering

Bart Geerligs
(ECN)
Developments in highefficiency Si solar cells and
the promise of heterojunction
technologies

Anton Darhuber
(TU/e)
Pattern generation by inkjet
printing

Sergey Skipetrov
(Université Joseph Fourier
and CNRS)
Euclidean random matrix
theory of random lasers
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Programme parallel sessions | 1 to 9
Tuesday 18 January 2011
session: parallel session PA01:
title: Materials, surfaces
and interfaces I

parallel session PA02:
Plasma and fusion
physics

parallel session PA03:
Atomic, molecular and
optical physics I

parallel session PA04:
Nanoscience and
-technology I

room: BRABANTZAAL
chair: Mark Huijben
(UT)
15:15 - Jan-Willem Beenakker
15:30 (LEI)
Determining the network
mechanics of the human
aorta

BARONIEZAAL
Peter Bruggeman
(TU/e)
Sven Hofmann (TU/e)
Atmospheric pressure
plasma jets for wound
healing

80-81
Jacob Hoogenboom (TUD)

82-83
Alexander Brinkman
(UT)
Jan Dahlhaus (LEI)
Analogue of gravitational
lensing in a topological
insulator

15:35 - Remco Havenith (RuG)
15:50 The many-electron band
structure approach:
theory and application

Maarten de Bock (TU/e)
The current situation in
fusion plasmas

Manohar Kumar (LEI)
First observation of inelastic
scattering corrections in shot
noise

Ferry Prins (TUD)
Room temperature memory
element based on a single
magnetic spin-crossover
nanoparticle

Richard Engeln (TU/e)
Gas phase kinetics in a
hydrogen plasma jet

Gijs van der Heijden (RU)
High field DNP in aqueous
solutions

George Palasantzas (RuG)
Switching Casimir forces
with phase change
materials

coffee/tea break
Mounir Zeitouny (TUD)
Molecular spectroscopy with
a femtosecond frequency
comb laser

coffee/tea break
Adam Urbanczyk (TU/e)
Single InGaAs quantum dot
coupling to the plasmon
resonance of a metal
nanocrystal

Rob van Rooij (VU)
Spectroscopy of a spinforbidden magnetic dipole
transition in a 4He BoseEinstein condensate and a
3He degenerate Fermi gas
Vivike Lapoutre
(Rijnhuizen)
Direct far-infrared action
spectroscopy of transition
metal clusters

Joost van Bree (TU/e)
Shallow quantum dots
strongly coupled to an
electron reservoir:
Observation of Mahan
excitons in quantum dots
Reinoud Lavrijsen (TU/e)
Magnetic domain walls
violating spin-transfer
torque?

Gopika Kottayi Pilappara
(TUD)
Oxidation kinetics of nanoscale copper thin films using
Terahertz transmission
spectroscopy

Gijs de Lange (TUD)
Universal dynamical
decoupling of a single
solid-state spin from a
spin bath

15:55 - Robbert van de Kruijs
16:10 (Rijnhuizen)
Understanding solid
state diffusion in multilayered structures on a
picometer lengthscale
16:15-16:35 coffee/tea break
16:40 - Syarif Riyadi (RuG)
16:55 Superparamagnetism in
a p-electron system:
RbO2-d

17:00 17:15

17:20 17:35

17:40 17:55

coffee/tea break
Job Beckers (TU/e)
Electric field measurements
in the RF plasma sheath by
means of levitated
microparticles under
hyper-gravity conditions
Sergey Artyukhin
Jonathan Citrin
(RuG)
(Rijnhuizen)
Solitonic lattices and
Fighting turbulence:
magnetoelectric
Modelling improved energy
switching in rare earth
confinement in fusion
orthoferrites
reactors
Jian-Huang She (LEI)
Gideon Wormeester (CWI)
Superconducting
Photo-ionization and
transition in quantum
background ionization in
critical metals
positive streamer
propagation: Experiments
and numerical modeling
Marten Bosma (Nikhef) Gerard van Rooij
Edge effects in detector- (Rijnhuizen)
grade cadmium telluride Ion heating by a cold
surface: An example of
strongly coupled plasma
surface interaction
14

Klaas-Jan Tielrooij
(AMOLF)
Cooperativity in ion
hydration

parallel session PA05:
Nanoscience and
-technology II

parallel session PA06:
Light and matter I

parallel session PA07:
parallel session
Statistical physics and PA08:
soft condensed matter Physics of fluids
I
I
AUDITORIUM
PARKZAAL
63-64
BOSZAAL
Femius Koenderink
Sylviana Pereira (TUD) Mirjam Leunissen
Chao Sun
(AMOLF)
(AMOLF)
(UT)
Ron Gill (UT)
Martin Frimmer
Jos van Rijssel (UU)
Julian Martinez
Ag nanoparticle
(AMOLF)
Colloidal nanoparticle
Mercado (UT)
aggregates as plasmonic Spontaneous emission
interactions quantified by Light particles in
nanoantennas for
control by nanotemperature-dependent
turbulence: Velocity
fluorescence
positioning
cryogenic electron
& acceleration
enhancement
microscopy
statistics
Sybren ten Cate (TUD) Marko Spasenovic
Wolfgang Lechner
Reza Malekzadeh
Harvesting charges from (AMOLF)
(UvA)
(TUD)
multiple excitons in
Experimental observaThe reaction coordinate
Transient drift flux
quantum dots for highly tion of evanescent modes of crystal nucleation:
modeling of severe
efficient solar cells
at the interface to
The prestructured
slugging in
slow-light photonic
surface cloud versus
pipeline-riser
crystal waveguides
nucleus size
systems
Enrique Canovas
Sander Onur (RuG)
Anke Kuijk (UU)
Hakki Ergün Cekli
(AMOLF)
Electromagnetically
Monodisperse silica
(TU/e)
Nano-engineering
induced transparency in bullets: a new model
Tailoring
towards the realization
a semiconductor
system enabling the
turbulence with an
of hot carrier solar cells
real-space study of
active grid
rod-like colloids
coffee/tea break
coffee/tea break
coffee/tea break
coffee/tea break
Robert van der Meer
Toon Coenen (AMOLF) Brian Tighe (LEI)
Steven Böing
(UT) Improved resolution Spatially resolved
Flow near the jamming
(TUD)
for soft-x-ray monodirectional emission from transition
Detailed simulation
chromatization using
plasmonic Yagi Uda
of deep convective
lamellar multilayer
antennas
clouds
amplitude gratings
Jia Gao (RuG)
Elbert van Putten (UT) Kinga Lorincz (UvA)
Valentina
Encapsulation of conjug- Coherent optical imaging Spatio-temporal strain
Lavezzo (TU/e)
ated oligomers in single
through opaque layers
correlations in sheared
Inertial particle
wall carbon nanotubes:
granular systems
behaviour in
Towards nano-hybrids
turbulent
for photonic devices
convection
Fred Atoneche (RU)
Audrey Berrier (AMOLF) Jorn Mossel (UvA)
Ilhan Yildirim
Ultrafast control of
Ultrafast control of
Non-equilibrium
(TU/e)
magnetic anisotropy
plasmonic resonators:
dynamics and correlation Mode-C transition
The privilege of
functions of the 1D Bose in bluff body wakes
semiconductors at
gas
Terahertz frequencies
Nika Akopian (TUD)
Alexander Gaiduk (LEI) Jeroen Diederix (UU)
Kazem Yazdchi
Hybrid semiconductorRoom-temperature
Imbalanced and trapped (UT)
atomic interface:
detection of single
ultracold Fermions
On the transverse
slowing down single
molecule absorption
permeability of
photons from a
disordered fibrous
P H Y S I C S @ F O M V media
EL DHOV E N 2011
quantum dot

parallel session PA09:
Subatomic physics I

55-57
Charles Timmermans
(Nikhef/RU)
Marcel Vreeswijk
(Nikhef)
Standard model results
of the ATLAS
experiment at the LHC
Paul de Jong (Nikhef)
First searches for new
physics beyond the
Standard Model with
the ATLAS experiment
at the LHC
Patrick Koppenburg
(Nikhef)
Status of the LHCb
experiment and
preparation for first
analyses
coffee/tea break
Thomas Bauer
(Nikhef)
New LHCb data on
charm production

Alessandro Grelli (UU)
Open charm via
D*+ s→ D0πs+ using the
ALICE detector at
CERN-LHC
Claudio Kopper
(Nikhef)
Performance studies for
the KM3NeT neutrino
telescope
Daniel Fraenkel (RuG)
Polarization
roperties of cosmic-ray
induced radio pulses
at the Pierre Auger
Observatory
15

Programme parallel sessions | 10 to 18
Wednesday 19 January 2011
session: parallel session PA10:
title: Statistical physics and
soft condensed matter II
room: BRABANTZAAL
chair: Kees Storm
(TU/e)
09:00 - Shing Chan
09:15 (UT)
Air entrainment by
advancing contact lines

parallel session PA11:
Subatomic physics II
BARONIEZAAL
Marieke Postma
(Nikhef)
Johannes Oberreuter
(UvA)
Inflation in a time of
crisis

parallel session PA12:
Materials, surfaces and
interfaces II
80-81
Tamalika Banerjee
(RuG)
Muhammad Shahbaz
Anwar (LEI)
Long range supercurrents
induced in halfmetallic
ferromagnetic CrO2

parallel session PA13:
Materials, surfaces and
interfaces III
82-83
Meike Stöhr
(RuG)
Sebastian Schramm
(LEI)
ESCHER, an advanced low
energy electron microscopy
facility

09:20 - Sissi de Beer (UT)
09:35 On the dissipation and
oscillatory solvation forces
in confined liquids

Damien George
(Nikhef)
Living between two
singularities

Freek Massee (UvA)
Polarons on the verge of a
metallic breakdown

Tjeerd Bollmann (UT)
Electronic growth and
substrate interaction of Pb
islands on Ni(111)

09:40 - Wouter den Otter
09:55 (UT)
Self-assembly of polyhedral
clathrin cages simulated

Irene Niessen
(RU)
How much SUSY are we
looking for?

Gaurav kumari Rana
(RuG)
Nanoscale spin transport
across an epitaxial
interface of a half-metallic
ferromagnet and oxide
semiconductor
coffee/tea break
Anton Starikov (UT)
Ab-initio study of the
resistivity, Gilbert damping
and spin-flip diffusion
lengths in transition metal
alloys

Vincent Fokkema (LEI)
A real-time STM study
of ion sputtering and
reflection

10:00-10:15 coffee/tea break
10:20 - Martin Depken
10:35 (VU)
Cross-link governed
dynamics of biopolymer
networks

10:40 - Henry Amuasi (TU/e)
10:55 Effective mechanics of
cross-linked polymers:
Bridging the scale between
single polymers and
supramolecular assemblies
11:00 - Joost de Graaf (UU)
11:15 Triangular-tessellation
based numerical techniques
and their applications:
Interfacial adsorption and
crystal-structure prediction
of anisotropic colloids

16

coffee/tea break
Reinier de Adelhart
Toorop (Nikhef)
Family physics and
structure in the fermion
mass sector

Gouri Giri (KVI)
Towards measuring
atomic parity violation
in Ra+

Baomin Zhang (RU)
Homogeneous spintronics

Ruud Vinke (KVI)
Time-of-Flight PET
with fast photosensor
arrays on monolithic
scintillation crystals

Anne-Marije Andringa
(RuG)
Mechanism of NO2
detection with field-effect
transistors

coffee/tea break
Joris Keizer (TU/e)
Composition profiling
InAs quantum dots and
wetting layers by atom
probe tomography and
cross-sectional scanning
tunneling microscopy
Mihaela Enache (RuG)
Experimental & theoretical
study of a perylene
derivative on Cu(111) insight into the bonding
mechanism
Zhen Zhang (AMOLF)
Ultrafast two-dimensional
vibrational spectroscopy at
water interface

parallel session PA14:
Atomic, molecular
and optical physics II
AUDITORIUM
Rembert Duine
(UU)
Wolfgang Löffler
(LEI)
Transport of 3D
spatially entangled
photons qutrits through
an optical fiber

parallel session PA15: parallel session
Light and matter II
PA16:
Physics of fluids II
63-64
BOSZAAL
Allard Mosk
Federico Toschi
(UT)
(TU/e)
Alex Reid
Jemil Znaien
(RU)
(TU/e)
Optical access to a
Coherent structures in
forbidden magnetic
a time-periodic viscous
exchange resonance
mixing flow
via the inverse Faraday
effect

Dries van Oosten
(UU)
Magnetic light-matter
interaction at the
nanoscale
Evan Jeffrey (LEI)
Quantum cooling in
a micro-mechanical
system

Marian Otter (RuG)
Magnetic heat
transport in spin-ladder
compounds

Zaki Saldi (TUD)
Marangoni driven free
surface microflows
in liquid metal weld
pools
Bram Verhaagen
(UT)
Ultrasonic cleaning of
the root canal

parallel session PA17:
Nanoscience and –
technology III
55-57
Maria Antonietta Loi
(RuG)
Duncan den Boer (RU)
Identification of oxidation
states of individual
Mn-porphyrins during
their reaction with
molecular oxygen in
an environmentally
controlled liquid STM
Gert-Jan Wetzelaer
(RuG)
Origin of the ideality
factor in polymeric lightemitting diodes
Sander Kersten (TU/e)
Effect of hyperfine
interaction on singlet/
triplet exciton
formation in organic
semiconductors

parallel session
PA18:
Prize winners
PARKZAAL
Anton van
Steenhoven (TU/e)
Els de Wolf (UvA/
Nikhef, chair)
Academic physics
teaching

coffee/tea break
Rakesh Tiwari (TUD)
Quantum pumping
in graphene with a
perpendicular magnetic
field

coffee/tea break
Ewold Verhagen
(AMOLF/EPFL)
Nanofocusing and
negative refraction
with surface
plasmon polaritons

coffee/tea break
James Parsons
(AMOLF)
A negative index
metamaterial in the
UV/blue

Marco Carvelli (TU/e)
Determining the light
emission profile near
the organic-organic
interface in smallmolecule-based doublelayer OLEDs
coffee/tea break
Dolf Timmerman
(UvA)
Essential enhancement
of carrier multiplication
in Si nanocrystals

Sanli Faez (AMOLF)
Critical state of the
Anderson localization
transition: Experiment
and theory

Christian Blum (UT)
Controlling optical
properties of
fluorescent proteins by
nanophotonic means

Sasa Kenjeres (TUD) Diana Dulic (TUD)
Turbulent bursts in the Porphyronics
wake of a magnetic
obstacle

Philip Chimento (LEI)
Plasmonic optical
vortex tomography

Jessica de Wild (UU)
Energy transfer
mechanism in a and
β-NaYF4: Er3+, Yb3+
upconverters for use in
solar cells

Prasad Perlekar
(TU/e)
Population dynamics
at high Reynolds
number

coffee/tea break
Wim van Hoeve (UT)
The microfluidic
thunderstorm

Fred Bijkerk
(Rijnhuizen)
Multilayer Extreme
UV Optics, or how
science can benefit
from its application

Victor Calado (TUD)
Wedging transfer of
graphene - from DNA
translocation to novel
transport phenomena
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Special events
The FOM Institutes will present themselves
in the Kempenhal. You can not miss it!
Communication Officers of the FOM Office and
the FOM Institutes will be present at the FOM
Stand on Tuesday (10.50 - 16.30 hours) and
Wednesday (10.00 - 15.45 hours). Please feel free
to ask any questions you have.

Show it!
There are a number of hotspots for ‘the real
thing’ in the Kempenhal: scientific experiments!
During the lunch breaks on Tuesday and
Wednesday science will surprise you! Look out
for the cool and sticky physics experiments
situated in the main hall.

Sowing the seeds for collaboration
The FOM Network lunch is a special event
for group leaders in industry and academia.
This event brings together industrial and
academic physicists in a relaxed and inspiring
atmosphere to exchange ideas, establish
new contacts and to sow the seeds for future
cooperation. The FOM Network lunch will
be held on Tuesday 18 January 2011, from
13.00-14.00 hours in the Meierij Foyer.
Admission is by invitation only.

Working in industry
To inform all young researchers about life and
work in industrial research labs, a number
of posters from companies will be displayed
next to the scientific poster session in the
Kempenhal. A representative from each
company will be present at the posters on
Wednesday 19 January 2011 from 11.30 13.30 hours to answer your questions about
science and careers in industry.
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and facillities
FOM Prizes
On Tuesday evening between dinner and the lecture, three FOM Prizes
will be awarded by State Secretary Halbe Zijlstra. These are the FOM
Valorisation Prize, the FOM Valorisation Chapter Prize and the first edition
of the FOM Physics Thesis Award. In a short ceremony the winners will
receive their prizes. In a separate session on Wednesday morning in the
Parkzaal, the winners will give a presentation on their prize-winning
research. See the abstracts on page 102 for more information.
The programme for this session is:
10.20 - 10.35 Ewold Verhagen (FOM Physics Thesis Award and FOM
Valorisation Chapter Prize)
10.40 - 10.55 Fred Bijkerk (FOM Valorisation Prize)

Tuesday evening
After the Tuesday evening dinner, Nobel Prize winner Andre Geim
(University of Manchester) will give a plenary lecture in the Beneluxhal.
He received the Nobel Prize in 2010 for his research on graphene. In his
lecture, he will give an interesting overview of his research and new
developments in physics.

Internet facilities
Internet facilities are available in the Genderfoyer. You can plug in your
own laptop for free or use the local wireless network. An alternative is to
use the commercial wireless network, which is available throughout NH
Koningshof. You can get information about the costs of using the wireless
network at the reception of NH Koningshof.

Programme available via mobile application
This year the programme will be available for smart phones and other
Java based mobile phones via the application Conference Compass.
The application can be downloaded for free.
Look at www.fom.nl/veldhovenapp for more information.

Drinks
On Tuesday evening, consumptions are at your own expense. You can buy
tokens from 13.00 hours on Tuesday in the Kempenhal.
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Physics@FOM
Veldhoven 2011
Poster Prize
regulations
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Background
The Physics@FOM Veldhoven Poster Prize has been established by the
Foundation for Fundamental Research on Matter to underline the
importance of an adequate and clear presentation of research results.
The prize is presented yearly to the best poster presentation at
Physics@FOM Veldhoven.

Prize
The Physics@FOM Veldhoven Poster Prize consists of an amount of c 750
to be spent at liberty by the winner. The presentation will take place on
the last day of the meeting. Only one prize will be granted.

Evaluation criteria
The posters will be judged on the following aspects: The quality of the
scientific content, the way in which the research and the results are
explained on the poster, the lay-out and design of the poster and the oral
exposition by the presenting author.

Procedure
The evaluation consists of two steps. Firstly, a commission consisting
of PhD’s will nominate two posters for every theme. It is a binding
condition that the presenting authors of the posters are present during
their appointed time-frame (depending on the even or odd number of
the poster). Secondly, a jury consisting of three members will choose one
winner from this list of nominations. The list of nominees will not be
made public. The commission of PhD’s as well as the jury will be made
up by the programme committee Physics@FOM Veldhoven 2011.

Finally
The outcome and procedure are not open to discussion or
correspondence.
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Instructions
to speakers,
session chairs
and poster
presenters

Instructions to speakers
and session chairs
The large number of parallel sessions makes
it essential that speakers and session chairs
cooperate to keep the session timing accurate
and synchronized. The responsibility for a
smooth, technically trouble-free presentation
ultimately rests with the presenter.
Notes to speakers
1. Please arrive 10 minutes prior to the start
of the session and introduce yourself to the
chair.
2. Each presentation room is equipped with a
beamer, screen, lavaliere microphone and
pointer. Speakers planning to use the beamer
must provide their own laptop computer. A
laptop switch will be available, so you can
connect your laptop before the session starts.
3. Please test your laptop and presentation
prior to the session.
4. Please take some time to carefully introduce
the topic of your talk. The audience is a
mixture of physicists from very diverse
backgrounds, who may not be fully aware of
the latest developments in your particular
field.
5. Use the lavaliere microphone properly. The
microphone should be placed no more than
15 cm below your chin. (Often, reported
microphone ‘problems’ are merely a matter
of having the lavaliere microphone placed
too far from the speaker’s mouth or to the
wrong side when the speaker is alternately
facing the audience and the screen.)
6. Be prepared to stop when signaled by the
session chair to do so.
7. Don't forget to retrieve your presentation
audio-visuals at the end of your session.
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Additional notes to session chairs:
1. Please arrive in the presentation room 10 minutes prior to the start of
the session.
2. At the start of the session, briefly introduce yourself to the audience.
3. Please start the session on time - announce the first abstract and
author. Keep in mind that the session must end on time and that the
last speaker has just as much right to an audience as the first speaker
does.
4. Adherence to the timing will be the responsibility of the session chair.
The purpose of the timing is to allow attendees to move from one
session to another and to be able to rely on the exact time of each
presentation. Speakers must be asked to stop when their allotted time
is up.
5. If a presentation has been withdrawn or should a speaker fail to
appear, allow the preceding discussion to continue, or suspend the
session until it is time for the next scheduled abstract.
6. There will be a FOM employee to every 2-3 meeting rooms, who will
introduce him- or herself to you before the session starts. He/she is
available to help with minor technical problems and to contact the
FOM desk or AV technician.

Instructions to poster presenters
1. The poster sessions take place in the Kempenhal/Genderhal on
Tuesday 18 January 2011 from 14.00-15.00 hours (even numbers) and
Wednesday 19 January 2011 from 11.25-12.25 hours (odd numbers).
2. Posters can stay on the poster boards during the entire meeting.
3. Please mount your poster in the numbered space that has been
reserved for you. Posters are grouped into 8 themes.
4. Poster boards are 95 cm wide and 120 cm high.
5. Velcro (klittenband in Dutch) stickers will be provided to mount the
posters on the poster boards.
6. Do not use push pins on the poster boards, as this will damage them.
7. Please indicate the title, author(s) and affiliation of your poster clearly.
8. As presenting author we ask you to be present during the appointed
time-frame: even numbered posters on Tuesday afternoon, odd
numbered posters on Wednesday morning.
9. Posters that remain on the poster boards after the end of the meeting
will be disposed of.

PH YSIC S @ FOM V EL DHOV E N 2011

23

24

Abstracts
plenary
programme

PH YSIC S @ FOM V EL DHOV E N 2011

25

26

Abstracts plenary programme

I.01

Invisible cloaks & a perfect lens

John Pendry
Imperial College London, LONDON, United Kingdom
Electromagnetism encompasses much of modern technology. Its influence rests on our ability
to deploy materials that can control the component electric and magnetic fields. A new class of
materials has created some extraordinary possibilities such as a negative refractive index, and lenses
whose resolution is limited only by the precision with which we can manufacture them. Cloaks have
been designed and built that hide objects within them, but remain completely invisible to external
observers. The new materials, named metamaterials, have properties determined as much by their
internal physical structure as by their chemical composition and the radical new properties to which
they give access promise to transform our ability to control much of the electromagnetic spectrum.

I.02

Graphene: Magic of flat carbon
Andre Geim
University of Manchester, MANCHESTER, United Kingdom

I.03

On a few shapes of water

David Quéré
Physique et Mécanique des Milieux Hétérogènes, PARIS, France
While the behaviour of water at a large scale is generally dictated by gravity, surface forces can
shape drops or bubbles at a millimetric scale or less. This explains for example why raindrops falling
on the Earth are not larger than a few millimeters (contrasting with hailstones). We plan to discuss
how the art of sculpting water can be exploited for achieving liquid-repellent materials or to induce
self-propulsion of drops. We also show how the recent advances in this field benefited both from the
refinement of techniques for microtexturing surfaces and from the development of biomimetics.
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Abstracts focus session 1
CP Violation and the genesis of matter
Introduction
Rob Timmermans
Kernfysisch Versneller Instituut, University of Groningen, GRONINGEN, Netherlands
The violation of CP (‘charge-parity’) invariance is an enigmatic aspect of the Standard Model of
particle physics, parametrized by a phase in the quark-mixing matrix and a mysterious ‘vacuum
angle’ in QCD. A profound idea, originally due to Sakharov, proposes that CP violation implies an
asymmetry between matter and antimatter that resulted in the dominance of matter in the very
early Universe. It is an important question whether new sources of CP violation are required for
this scenario to work quantitatively. Major discoveries are expected in the coming years at LHCb
and at several small-scale experiments worldwide. We bring together the several sides (theory,
experiment, cosmology) of CP violation research.

CP violation, an odd corner of quantum field theory

F01.01

Gerard ‘t Hooft
Utrecht University, UTRECHT, Netherlands
Ever since it was understood that fermions owe their masses through Yukawa couplings to the Higgs
particle, it was also realized that these couplings may have complex phases, and in the Standard
Model, at least three fermionic generations are needed to produce phases that violate CP invariance.
CP violation may however also arise as a non-perturbative effect by the action of instantons.
Its most conspicuous feature is that it also violates baryon conservation by three units (one for
each generation), and in early universe theories it takes place by the formation of ‘sphalerons’ as
intermediate states. Magnetic monopoles may also play a significant role: they are catalysts for baryon
decay, and their action may also be asymmetric under CP.

Leptogenesis as the origin of the matter-antimatter asymmetry
of the universe

F01.02

Boris Kayser
Fermilab, BATAVIA, United States of America
Leptogenesis can explain why the universe contains matter but almost no antimatter, making it safe
for life. Leptogenesis is a natural consequence of the ‘see-saw’ picture - the most popular model of the
origin of neutrino masses. We will explain the see-saw model and how leptogenesis works. We will
discuss the current status of leptogenesis, including variations on the basic idea, and the degree to
which the results of future experiments could make leptogenesis more plausible.
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F01.03

Precision physics with B-mesons: New probes for new physics in
the LHC era

Robert Fleischer
FOM Institute for Subatomic Physics Nikhef, AMSTERDAM, Netherlands
CP-violating effects in B decays and rare flavour-changing neutral-current processes offer exciting
tools to search for physics beyond the Standard Model. While the last decade has revealed many
new insights thanks to the interplay between theory and the data from the B factories as well as the
Tevatron, a still largely unexplored territory of the flavour-physics landscape, consisting in particular
of the Bs-meson system, is left for the LHCb experiment at CERN. I will give an introduction to the
corresponding theoretical framework, discuss challenges and new developments, and will focus on
the most promising B-decay channels, which may give us first solid evidence for new physics at the
LHC.

F01.04

Electric dipole moments as probes of CP violation

Gerco Onderwater
Kernfysisch Versneller Instituut, GRONINGEN, Netherlands
Time-reversal violation is one of the most puzzling features of the Standard Model of particle physics.
Assuming CPT invariance, T violation is equivalent to CP violation. Through vacuum fluctuations,
T violation gives rise to permanent electric dipole moments (EDMs) in elementary systems, such
as particles and atoms. Unmeasurably small EDMs are predicted by quark flavor mixing, the only
established source of CP violation. Thus the observation of a non-zero EDM in one of the numerous
experiments running or presently under construction would be unambiguous evidence of the
presence of new physics. The potential of these high-precision low-energy experiments will be
discussed.
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Abstracts focus session 2
Nanoplasmonics:
Science and applications
Introduction
Peter Zijlstra, Michèl Orrit
Leiden University, LEIDEN, Netherlands
Noble metal particles have interesting optical and physical properties that arise from the
excitation of free electrons by a light field. These surface plasmon resonances give rise to a strong
interaction with light, resulting in the remarkable colors that colloidal solutions exhibit. Due to
their ease of synthesis, large polarizability, and straightforward (surface) chemistry, noble metal
nanoparticles have been employed for myriad applications, ranging from solar cells to singlemolecule biophysics.
The purpose of this focus session is to give an overview of the science and newly emerging
applications of metal particles, with a focus on the efforts in the fields of physics and biophysics.

Optical trapping and associated heating of individual
nanoparticles

F02.01

Lene Oddershede
Niels Bohr Institute, COPENHAGEN, Denmark
Individual nanoparticles as gold or silver spheres, nanorods, or even quantum dots can be optically
trapped by an infra red continuous wave laser beam. Absorption of the electromagnetical irradiation
results in heating of the trapped particle. We performed direct measurements of the temperature
profile around an optically trapped nanoparticle. The assay for temperature quantification utilizes
the well characterized phase transition of lipid bilayers, as well as a phase dependent partitioning
of certain fluorophores. For metallic nanoparticles the temperature increase can easily reach 100 C,
it is dependent on particle size and laser power, and can be used to perform controlled vesicle cargo
release or to ablate biological specimen.
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F02.02

Subwavelength plasmonic and magnetic resonators to control
photons and emitters

Fermius Koenderink
FOM Institute AMOLF, AMSTERDAM, Netherlands
Controlling how photons are emitted, absorbed and redirected on the nanoscale is of great interest
for quantum information, microscopy and nanoscale light sources. Nanophotonics increasingly
explores the solutions that electrical engineers use to control RF waves using broadband antennas,
which are very different from traditional cavity QED approaches. I describe how plasmonic and
metamaterial scatterers allow to transpose RF antenna concepts to optics and quantum optics. Our
research unravels how a resonant response to the magnetic field of light, combined with plasmonic
resonances, gives rise to nanoscatterers and sources with surprising properties, in terms of
directionality, polarization, and chirality.

F02.03

Parallel 3D nanometric tracking of single gold nanorods
in live cells

John van Noort
Leiden University, LEIDEN, Netherlands
Single-molecule fluorescence microscopy in live cells is limited by stability, signal intensity and
cytotoxicity of organic dyes, fluorescent proteins and q-dots as well as cellular autofluorescence. Gold
nanorods (GNRs) are attractive alternative probes, as they combine a molecular size, low cytotoxity,
flexible chemical functionalization and minimal autofluorescence with bright and stable twophoton luminescence. A 3D nanometric tracking scheme for single GNRs was developed using rapid
multifocal scanning in combination with wide-field epifluoresence detection. Image stacks in live cells
were measured at 2Hz and for over 15 minutes without visual damage to the cells. 3D superresolution
analysis yields an in vivo accuracy of several nm.

F02.04

Collective resonances in plasmonic crystals

Jaime Gómez Rivas
FOM Institute AMOLF/Philips, EINDHOVEN, Netherlands
Localized surface plasmon polaritons (LSPPs) are coherent oscillations of the free electrons in metallic
nanoparticles driven by an electromagnetic field. The very large local field enhancement associated
to these resonances and the possibility to control the enhancement by the size and geometry of the
particles has lead to an intensive research in plasmonics. I will discuss resonances in periodic arrays
of metallic nanoparticles or plasmonic crystals. The periodic structure facilitates the diffractive
coupling of LSPPs, which leads to collective resonances of the crystal with very narrow line widths
and giant field enhancements. These resonances are of relevance for improving spectroscopic
techniques such as SERS.
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Abstracts focus session 3
Topological insulators
Introduction
Mark Golden
Van der Waals-Zeeman Institute for Experimental Physics, University of Amsterdam, AMSTERDAM,
Netherlands
Three years after the first realisation the quantum spin Hall effect (by the first speaker), the
discovery of 2D topological surface states on 3D insulators has heralded in a whole new field of
physics. Giving a topological twist to superconductivity or magnetism should uncover the elusive
Majorana fermion or magnetic monopole, and topological quantum materials are expected to
deliver fault-tolerant Q-bits and low-power spintronics. If you’re curious what all the fuss in
Science and Nature is about, then look no further. The session - balanced between theory and
experiment - captures the great excitement of the moment, and puts the growing Dutch scene
into an international context.
We’ve set a beginner’s guide to TIs at http://tiny.cc/1d3c2.

Dirac fermions in HgTe quantum wells

F03.01

Laurens Molenkamp
Universität Würzburg, WÜRZBURG, Germany
HgTe quantum wells have a linear band dispersion at low energies and thus mimic the Dirac
Hamiltonian. Changing the well width tunes the band gap (i.e., the Dirac mass) from positive, through
zero, to negative. Wells with a negative Dirac mass are 2-dimensional topological insulators and
exhibit the quantum spin Hall effect, where a pair of spin polarized helical edge channels develops
when the bulk of the material is insulating. Our transport data provide very direct evidence for
the existence of this third quantum Hall effect. Wells with a thickness of 6.3 nm are zero gap Dirac
systems, similar to graphene. However, zero gap HgTe wells possess only a single Dirac valley, which
avoids inter-valley scattering.

Majorana fermions in topological insulators

F03.02

Carlo Beenakker
Lorentz Institute, Leiden University, LEIDEN, Netherlands
Majorana fermions are spatially localized superpositions of electron and hole excitations in the
middle of a superconducting energy gap. These unusual particles have been predicted to occur at the
interface between a magnetic and superconducting electrode, in contact with a topological insulator.
A single qubit can be encoded nonlocally in a pair of spatially separated Majorana fermions. Such
Majorana qubits are in demand as building blocks of a topological quantum computer, but direct
experimental tests of the nonlocality remain elusive. We will discuss methods to detect Majorana
fermions by shot noise and discuss how the familiar flux qubit might be used to read out the state of
a Majorana qubit.
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F03.03

Coupling superconductors to topological insulators

Menno Veldhorst
Faculty of Science and Technology, University of Twente, ENSCHEDE, Netherlands
The experimental investigation of 3D topological insulators with surface sensitive techniques
evidently exposed the helical Dirac fermions living at the surface of a bulk insulator. One key
question is how such states will be manifest in transport experiments, where intrinsic bulk
conduction challenges their observation. Until now only limited transport experiments have been
performed, which I will briefly discuss.
In Twente, we fabricated (Nb) superconductor - (Bi2Te3) topological insulator junctions with highly
transparant interfaces. Topological surface states are revealed by transport measurements, and
can be tuned by electrical field effects. It appears that under optimized conditions a long-range
Josephson supercurrent occurs.

F03.04

Topological quantum registers

Kareljan Schoutens
Institute for Theoretical Physics, University of Amsterdam, AMSTERDAM, Netherlands
Topological phases of quantum matter hold the promise of providing hardware for fault-tolerant
quantum computation. Such phases can act as a quantum register, where quantum information is
topologically protected from decoherence. Quantum logic gates can be implemented by a controlled
braiding of excitations. Candidate systems for a concrete realization of these ideas include devices
based on topological insulators (talk C.W.J. Beenakker) and systems where a 2-dimensional electron
gas forms a fractional quantum Hall state. We demonstrate how specific quantum Hall states give rise
to excitations known as Ising anyons and Fibonacci anyons, and explain how the latter are suitable for
universal topological quantum computation.
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Abstracts focus session 4
Physics and health
Introduction
Ton van Leeuwen1, Nico de Jong2
1 Academic Medical Center, University of Amsterdam, AMSTERDAM, Netherlands
2 Erasmus Universiteit Rotterdam, ROTTERDAM, Netherlands
For optimal treatment, patient specific information for diagnosis of disease, monitoring of
treatment and function of organs are indispensable. Molecular imaging is a fast emerging field
which investigates non- or minimal invasively the cellular and molecular processes underlying
diseases in the human body, like cancer and cardiovascular diseases. The ultimate goal of
molecular imaging is to achieve ‘personalized medicine’ where treatment is optimal tuned to the
individual patient resulting in effective therapy with minimal side effects. In this session, the
molecular imaging and treatment capacities of optical, ultrasound and MR imaging techniques
will be presented.

Molecular imaging in global healthcare

F04.01

Roderic Pettigrew
National Institutes of Health, BETHESDA, United States of America
Rapid changes and remarkable innovation across the biomedical research landscape promise
improved healthcare globally. In order to achieve this vision, early detection of disease, prevention
of major illness, reduced cost of care, and expanded access to modern methods are critical needs
that must be met. This requires understanding the molecular basis of disease, and technological
innovation for monitoring of molecular events in diverse settings. Molecular imaging enables such
fundamental discoveries and increased understanding of the cellular and molecular mechanisms that
underlie disease. Progress in biosensors, drug and gene delivery systems, genetically based probes,
image-guided minimally invasive methods, and integrated imaging will provide the tools to help gain
such insights into pathologic mechanisms, improved diagnostics, and more effective therapeutics
deployable globally.
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Minimally invasive optical coherence tomography and fluorescence

F04.02

Johannes de Boer
Department of Physics, VU University Amsterdam, AMSTERDAM, Netherlands
Optical Coherence Tomography (OCT) is a minimally invasive imaging technique that provides
high resolution cross sectional images, including structural, Doppler, and polarization information
of tissue. Recent breakthroughs have enabled a sensitivity improvement and a corresponding
image speed increase of more than a hundredfold, permitting screening of large areas. Catheter
development and endoscopic implementation gives access to a number of organs, like the coronary
arteries, the lungs and the esophagus. A further improvement of the sensitivity of OCT endoscopy
can be achieved by targeted fluorescence. Self Interference Fluorescence Endoscopy provides depth
sensitivity without a mechanical depth scanning mechanism, ideal for implementation in small
catheters. We present an integrated approach combining OCT and fluorescence for in vivo diagnosis.

F04.03

Physics of microbubbles for molecular imaging with ultrasound

Michel Versluis
Physics of Fluids Group, University of Twente, ENSCHEDE, Netherlands
For targeted molecular imaging and therapy with ultrasound it is fundamental to understand
the physical mechanisms underlying the complex interaction of bubbles with cells, with
neighboring bubbles and with the compliant vascular wall. Optical tweezers allow for a controlled
micropositioning of single bubbles with respect to the wall. The resonance frequency of bubbles was
observed to decrease near the wall. Adherent bubbles show an even stronger shift of their resonance
curves. The nonlinear shell behavior combined with a theoretical description of the interaction with
a compliant wall explains the observed skewed and shifted resonance curves, which may prove
beneficial to distinguish adherent from freely circulating microbubbles.

F04.04

Molecular imaging with high-field MRI

Klaas Nicolay
Department of Biomedical Engineering, Eindhoven University of Technology, EINDHOVEN, Netherlands
MRI has recently gained importance for molecular and cellular imaging. Nuclear imaging techniques
like PET as well as optical imaging approaches have a much higher intrinsic sensitivity than MR,
which explains why these techniques are traditionally preferred for use in molecular imaging. Making
MRI suitable for molecular and cellular imaging, is a challenging, but potentially very rewarding task.
This presentation with highlight the main approaches towards molecular MRI at high magnetic
field. Examples will be taken from the research in our lab on small animal models of cancer and
cardiovascular diseases.
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Abstracts focus session 5
Physics@XFELS
Introduction
Paul van Loosdrecht1, Ronny Hoekstra2
1 Zernike Institute for Advanced Materials, University of Groningen, GRONINGEN, Netherlands
2 University of Groningen, Kernfysisch Versneller Instituut, GRONINGEN, Netherlands
The advent of X-ray Free-Electron Lasers is currently opening a new world, fulfilling the dream
to see and control condensed and living matter on their intrinsic nanometer length- and
femtosecond timescales. At present two FEL facilities i.e., FLASH at DESY-Hamburg and LCLS
at Stanford are already operational. Worldwide many initiatives exist for future XFEL facilities
including XFEL (Hamburg), SCSS (Japan) and ZFEL (Groningen). The recent first generation of
experiments has already started to revolutionize many science fields. This Focus Session
aims to give an overview of some of the exciting science generated by the new possibilities
XFEL’s have to offer.

AMO-Physics with free-electron lasers

F05.01

Robert Moshammer
Max-Planck-Institut fur Plasmaphysic, HEIDELBERG, Germany
XUV and X-ray free-electron lasers provide femtosecond light pulses with unprecedented high
photon intensities. Beside single-shot imaging of clusters or (bio)molecules they enable for the very
first time the investigation of highly non-linear phenomena, i.e. the simultaneous interaction of few
XUV photons with atoms or molecules, a regime that was not accessible before. In addition ultra-fast
pump-probe experiments with fs time resolution can be performed in order to trace the dynamical
evolution of molecular structure. This are important steps towards the ultimate goal of visualizing the
making and breaking of chemical bonds as a function of real-time and, thus, to produce a ‘molecular
movie’.
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F05.02

Entering a new world

Paul van Loosdrecht
Zernike Institute for Advanced Materials, University of Groningen, GRONINGEN, Netherlands
Intense short coherent X-ray pulses are currently providing the first glimpses into a new world of
photon-matter interactions at fundamental time and length scales. After giving a short introduction
to the current technological developments in this field, this presentation will address some of the
findings and surprises coming out of recent experiments on magnetic, correlated and biological
matter making use of both laboratory based as well as facility based pulsed X-ray facilities.

F05.03

Connecting lab-based attosecond science with FEL research

Marc Vrakking
FOM Institute AMOLF and Max Born Institute, Berlin, AMSTERDAM, Netherlands
In the last few years research using XUV light has developed dramatically through the use of highharmonic generation (HHG). Using HHG, electron dynamics can be studied on the attosecond
timescale, providing insight into the fundamental role that electrons play in photo-induced processes.
These applications exploit the time-structure accompanying HHG. The short wavelengths in HHG
provide additional opportunities. Following the absorption of x-rays, ejected photoelectrons can be
used as a probe of the (time-evolving) molecular structure, making use of intra-molecular electron
diffraction. This amounts to ‘illuminating the molecule from within’. I will present the present status
of our experiments on this topic using a HHG source, as well as complementary experiments using
FLASH in Hamburg and LCLS in Stanford.

F05.04

An X-ray view on ultrafast magnetism

Ilie Radu
Institute for Molecules and Materials, Radboud University Nijmegen, NIJMEGEN, Netherlands
Revealing the ultimate speed limit at which magnetic order can be controlled, is a fundamental
challenge in magnetic research with a great impact on modern technology. Exchange interaction
is the strongest force in magnetism, being responsible for ferromagnetic or antiferromagnetic spin
order. How do spins react after being perturbed on a timescale faster than the exchange interaction?
Here we demonstrate that femtosecond measurements of X-ray magnetic circular dichroism provide
revolutionary new insights into the problem of magnetism on timescales pertinent to the exchange
interaction. In particular, it reveals that ultrafast spin reversal in a material with antiferromagnetic
coupling of spins occurs via a transient ferromagnetic state.
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Abstracts focus session 6
Geometry and architecture for
designer soft materials
Introduction
Kees Storm1, Martin van Hecke2
1 Eindhoven University of Technology, EINDHOVEN, Netherlands
2 Kamerlingh Onnes Laboratory, LEIDEN, Netherlands
Soft matter physics is evolving into a mature field, and a considerable number of its secrets have
been revealed. We are beginning to develop an understanding of the complex interplay between
self-organization and -assembly, (supra-)molecular structure, order and disorder as it gives
rise to effective properties at larger length scales. Recent times have seen a second generation
of soft matter questions emerge: the search for designer materials that exploit the unique
material properties that (bio)polymers, colloids and granulates allow, and which may be reliably
made using the principles of self-assembly. In this session, speakers explore how to design the
architecture of soft matter to obtain novel macroscopic functionality.

Supramolecular assemblies onto curved surfaces

F06.01

Francesco Stellacci
Massachusetts Institute of Technology, CAMBRIDGE, United States of America
In this talk the role of supramolecular structures where hydrophobic and hydrophilic domains
alternate at the nanometer scale will be discussed in two cases. The first will be the proof that at this
length scale there is a structure component to interfacial energy. The second will be the description
and discussion of the first artificial material that penetrates cell membranes as cell-penetrating
peptides do. The role of structure will be highlighted and discussed.

Universal mechanical behavior in sub-isostatic filamentous
networks

F06.02

Chase Broedersz
VU University Amsterdam, AMSTERDAM, Netherlands
Granular packings and other soft materials become rigid when the connectivity exceeds the
isostatic point, consistent with an argument going back to Maxwell. In contrast, networks of stiff
filaments, including cytoskeletal networks in living cells, exhibit rigidity well below isostaticity. At
this low connectivity filament non-affine bending and stretching modes compete, giving rise to
rich mechanical behavior. The principles that govern the mechanics of these networks, including
their architecture and dimensionality remain poorly understood. We use a numerical approach to
study various lattice-based networks in 2D and 3D. We show that the mechanics of these systems is
controlled by isostatic critical points, both with and without bending.
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F06.03

Meso-structured materials via out-of-equilibrium self-assembly

Hans Wyss
Eindhoven University of Technology, EINDHOVEN, Netherlands
Materials that are structured at mesoscopic length scales exhibit a range of behaviors that is far richer
than that of homogeneous bulk materials. Methods to produce them, unfortunately, are not generally
applicable to all materials. Colloidal soft materials offer the opportunity to produce such structures
independent of bulk chemical composition as their phase behavior is governed by surface properties.
We present experimental results showing that controlled morphology may be obtained by combining
phase separation with arrest mechanisms. Such strategies lead to new porous and composite
materials, and this general approach should be applicable to a broad range of soft materials where
microstructure at mesoscopic length scales is important.

F06.04

Protein biopolymers: Nature’s designer soft materials

Gijsje Koenderink
FOM Institute AMOLF, AMSTERDAM, Netherlands
Cells and tissues owe their strength to internal frameworks of protein biopolymers such as actin,
collagen and fibrin. These protein networks are extremely resistant against large stresses or strains,
which is important for their biological function. I will discuss our recent experimental efforts to
uncover the (supra)molecular design principles underlying the remarkable material behavior of
several intra- and extracellular biopolymers. The common feature of these materials is their structural
hierarchy across multiple (nm to mm) length scales. Yet, the precise supramolecular architecture of
each material is tuned to its physiological function. I will discuss how these findings can guide the
rational design of new bio-inspired materials.
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Abstracts focus session 7
ITER: Science fiction or reality?
Introduction
Tony Donné
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Over the years fusion research has been confronted with many scientific and technical
challenges. For instance how can one confine a plasma ten times hotter than the sun? And how
can the hot plasma be isolated from the wall such that it will not melt? Many of the original
challenges have been overcome. But still much work needs to be done to take the remaining
hurdles. For this reason, the international reactor-grade fusion experiment ITER is currently being
built in France.
The 4 speakers in this focus session will address a number of important challenges, starting from
the physics base underlying the future tokamak reactors, via experiments on the world’s largest
tokamak JET in support of ITER, challenges in the field of plasma-wall interaction to the typical
problems encountered in the field of remote handling and remote maintenance of the reactor
components.

The physics base for ITER and DEMO - status and challenges

F07.01

Hartmut Zohm
Max-Planck-Institut fur Plasmaphysic, GARCHING, Germany
Over the last decade, the world-wide fusion research programme has made large progress in
establishing the physics base for future reactor-grade magnetic fusion experiments such as ITER
and the demonstration reactor DEMO. However, our understanding is far from being complete to
predict comprehensively the behaviour of the plasma in these devices based on first principles.
The contribution will highlight the physics areas important for the design of the future fusion
machines and then address the status of research in the different areas. Based on this, an outline of
future research and its possible impact on reactor designs will be given.

Experiments at JET in preparation of ITER

F07.02

Peter de Vries
JET-EFDA Culham Science Centre, ABINGDON, United Kingdom
JET has been at the forefront of fusion research for many years. And over the next years its
technical capabilities will be significantly enhanced to optimally support the final design of ITER.
Presently new, ITER-like, full metal plasma facing components are being installed in combination
with a significant power upgrade. These upgrades are not only a technological challenge but the
experimental programme also aims to strengthen the physics basis for ITER. The operation of the
ITER tokamak will be a balancing of on the one hand the best possible stability and confinement
while on the other hand the power and particle exhaust need to be controlled.
This presentation will address a number of these challenging issues that are presently being
investigated at JET.
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F07.03

Plasma surface interactions in ITER: On the difficult life of a solid
wall close to a thermonuclear plasma

Gregory De Temmerman
FOM Insitute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
In a fusion reactor, power from the core plasma is exhausted by the plasma-facing components.
Being continuously bombarded by energetic particles, together with high energy neutrons from
the fusion reactions, the plasma-facing materials need to satisfy stringent demands: minimum
erosion to reduce impurity sources and plasma contamination, and maximum lifetime; resilience
to changes in morphology/composition; minimum retention of tritium (nuclear licensing), good
thermo-mechanical properties. Plasma-surface interactions at the plasma boundary also play a
significant role in the machine performances.
This talk will introduce the plasma-material interaction challenges to be tackled for successful
demonstration of fusion power generation in ITER and the machines beyond.

F07.04

Challenges in ITER remote handling

Cock Heemskerk
Heemskerk Innovative Technologies BV, SASSENHEIM, Netherlands
During ITER operations, its components will be exposed to extreme thermal and electro-mechanical
loads, become contaminated by toxic elements like Beryllium and Tritium and activated by
neutrons. Maintenance of all in-vessel components has therefore to be done by Remote Handling
(RH).
The scale of RH in ITER is unprecedented: With 15 million components, ITER is 10 times larger and
more complex than JET. Classified as a pressurized nuclear facility, regulations require proof-ofmaintenance procedures (at all levels) before operation. The RH team within ITER-NL is working
hard to deliver this proof, developing, testing and validating RH maintenance strategies. The
challenges encountered are illustrated with examples from the Launcher development for Electron
Cyclotron Resonance Heating.
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Abstracts focus session 8
Single-molecule biophysics
Introduction
Sander Tans1, Gijs Wuite2
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 VU University Amsterdam, AMSTERDAM, Netherlands
Physics is making ever increasing inroads into biology. In the Netherlands, scientific
accomplishments have been particularly strong in the area of single-molecule biophysics. Using
new tools such as optical tweezers and single-molecule fluorescence, it has become possible
to measure the movements and forces generated by individual proteins. The emerging data is
revealing how proteins act as intricate molecular machines to perform highly complex tasks such
as the replication of the genetic material in cells. Now that the operation of diverse individually
acting molecules has been established, a central challenge for the coming years is to unravel how
multiple molecules interact, and organize into integrated living systems.

Forward and backward motion of polymerases and coupling with
helicase

F08.01

Vincent Croquette
École Normale Supérieure, PARIS CEDEX 05, France
In the replisome, polymerase works together with helicase to drive leading strand synthesis. In vitro,
helicases alone appear to unwind the replication fork poorly. Polymerases alone are even worse when
working on a fork substrate that is in strand displacement. On the other hand, coupling the two
enzymes leads to a fast and processive synthesis. In this work we investigate replicative polymerases
and their helicase coupling in single molecule assays using a DNA hairpin in an unzipping
configuration. For the polymerase we find that for a force larger than 10pN the enzyme works in
strand displacement but switch to the exonuclease activity at lower forces. Finally, we have developed
a model explaining the polymerase/helicase coupling.

The microtubule end-machine

F08.02

Marileen Dogterom
FOM Institute AMOLF, AMSTERDAM, Netherlands
In living cells, piconewton forces are generated by the growth and shrinkage of microtubules, to move
organelles such as chromosomes to their correct position inside the cell. The nanoscale dynamics
can be studied quantitatively in model experiments using single microtubules, microfabrication,
and optical tweezers techniques. However, in their functional biological context, microtubules
generate forces in a complex environment that includes specific physical constraints and biochemical
regulation by proteins that interact with dynamic microtubule ends. The challenge, and the topic of
this talk, is to reconstitute this functional complexity in model experiments, and study the combined
effects on microtubule behavior in a quantitative way.
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F08.03

Molecular gymnastics: The dynamic binding orientations of HIV
reverse transcriptase

Elio Abbondanzieri
Delft University of Technology, DELFT, Netherlands
The genetic code of all organisms is stored on the nucleic acids DNA and RNA. Here, we
developed a single- molecule assay to probe the interactions between nucleic acid substrates
and a multifunctional enzymatic protein, reverse trancriptase (RT) from HIV. These experiments
revealed distinct orientational dynamics of RT on different substrates. RT adopted opposite binding
orientations on duplexes containing generic DNA or RNA primers, directing the DNA synthesis or RNA
hydrolysis activity, respectively. On longer duplex substrates, RT was observed bind at the front and
back ends of the duplex and to shuttle between these positions. Shuttling allowed RT to find ends of
the nucleic acid rapidly to perform synthesis of new DNA.

F08.04

Unraveling the dynamics of repair-protein binding to DNA, one
molecule at a time

Erwin Peterman
VU University Amsterdam, AMSTERDAM, Netherlands
In our cells, numerous proteins maintain and process DNA. Our goal is to understand the physics
behind the processes involved. To this end, we have developed an instrument combining optical
tweezers, single-molecule fluorescence and microfluidics, which allows us to manipulate DNA and
apply and measure forces, to localize and count proteins binding to it, and to rapidly switch on and
off biochemical reactions. We have applied this instrument to study the dynamics of Rad51 binding
to DNA. Rad51 is the central protein in homologous repair, an essential DNA-repair mechanism. Our
results provide unprecedented quantitative insight in the cooperative mechanisms of Rad51 binding
to and release from single- and double-stranded DNA.
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Abstracts focus session 9
Quantum simulators
Introduction
Robbert Spreeuw
Van der Waals-Zeeman Institute, University of Amsterdam, AMSTERDAM, Netherlands
Quantum simulators are controllable quantum devices that reproduce the dynamics of other
many-particle quantum systems that cannot be efficiently simulated on a classical computer
nor easily accessed experimentally or lack the same level of control. There is particularly strong
interest in simulators of condensed matter systems such as high-Tc superconductors, graphene,
and quantum magnetism, allowing parameter tunability over a wide range. Direct quantum
simulation can be considered a top down approach complementary to the bottom up approach
of realizing large numbers of discrete qubits. In this focus session we hear about approaches
based on atomic and solid state systems, including theoretical ideas as well as experimental
realizations.

Ultracold quantum gases in optical lattices of different geometry

F09.01

Klaus Sengstock
Institut für Laser-Physik, Universität Hamburg, HAMBURG, Germany
Ultracold quantum gases of bosonic or fermionic atoms, or mixtures of them, trapped in optical
lattices, allow to study many interesting phenomena, ranging from superfluidity vs. Mott-insulating
states to quantum magnetism and fully new effects like fermi-bose-polaron physics. The talk will
describe some of these examples and focus on recent realizations of quantum gases in triangular and
hexagonal optical lattices. These geometries lead to different physics compared to the usually used
cubic lattice structures.

Artificial staggered magnetic fields for cold atoms in optical
lattices

F09.02

Cristiane de Morais Smith
Faculteit Natuur- en Sterrenkunde, Utrecht University, UTRECHT, Netherlands
During the last years, cold atoms loaded into optical lattices emerged as an ideal playground to
emulate condensed matter systems. In this talk, I will first discuss a recently proposed experimental
set-up, which allows for the realization of an artificial staggered magnetic field in a 2D optical
lattice. The system is described by a (Bose)-Hubbard model, with complex and anisotropic hopping
coefficients. By loading the lattice with bosons, a finite-momentum condensate can be realized. On
the other hand, if the lattice is loaded with fermions, the system allows us to simulate graphene
under uniaxial pressure. By studying a mixture of bosons and two-species fermions, several features
of the high-Tc phase diagram can be reproduced.
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F09.03

Spin qubits and quantum magnetism in semiconductor
quantum dots

Lieven Vandersypen
Kavli Institute of Nanoscience, Delft University of Technology, DELFT, Netherlands
Worldwide efforts have resulted in our ability to control to quantum coherent dynamics of individual
spins trapped in semiconductor quantum dots, and to read out their spin states in a single shot
mode. We currently aim at dynamical control of quantum entanglement, and at using entanglement
in simple quantum protocols. In parallel, we have recently begun to consider the same quantum
dot systems a model systems for studying quantum magnetism. For instance, in a system of four
quantum dots arranged in a square, we predict a ferromagnetic ground state at zero magnetic field,
through a mechanism analogous to ‘Nagaoka ferromagnetism’.

F09.04

Quantum many-body physics and quantum simulation
using atom chips

Klaasjan van Druten
Van der Waals-Zeeman Institute, University of Amsterdam, AMSTERDAM, Netherlands
Ultracold gases offer new approaches to explore quantum many-body physics with unique control
over key parameters such as interactions and dimensionality. Use of the internal atomic degrees of
freedom (‘spin’) allows the study of, e.g., spin waves, spin-charge separation and the processing of
quantum information. Atom chips enable unique opportunities for this emerging field of quantum
simulation. Our experiments on one-dimensional gases achieve a new way to control spin-dependent
interactions, including tuning of the spin velocity to zero, and freezing the spin motion. We have also
realized two-dimensional arrays of individually addressable traps, suitable as a new platform for
controlled interactions mediated by Rydberg excitation.
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Abstracts focus session 10
Advanced silicon solar cells
Introduction
Albert Polman1, John van Roosmalen2
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Energy research Centre of the Netherlands, PETTEN, Netherlands
Thin solar cells may enable the generation of electricity from the sun at low costs. To achieve this
goal it is essential to achieve, in one design: efficient light trapping, efficient carrier collection and
minimized surface recombination. This focus session will address recent insights and advances
in this field, including the use of advanced heterojunctions to enhance carrier collection at higher
potentials.

Silicon based hetero-junction solar cells - from wafers to
thin-films

F10.01

Bernd Rech
Helmholtz-Zentrum Berlin für Materialien und Energie, BERLIN, Germany
Solar cells based on a-Si:H/c-Si hetero-junctions yield efficiencies up to 23% and exhibit record
open-circuit voltages. The first part of this presentation briefly reviews the physics and technology
of a-Si:H/c-Si solar cells. Based on our latest results we will link technological process steps with
the physics governing recombination and charge transport in the device. In the second part we will
discuss possible pathways towards highly efficient and cost effective crystalline silicon based thinfilm solar cells taking advantage of the hetero-junction approach. These concepts rely on high-rate
growth techniques, high mobility ZnO films and adapted crystallization techniques yielding large c-Si
grains.

Light trapping in ultrathin film plasmonic solar cells

F10.02

Vivian Ferry
Center for Nanophotonics FOM Institute AMOLF, AMSTERDAM, Netherland
Although roughened back reflectors for a-Si:H solar cells have been an integral part of commercial
solar cell production for decades, back contacts incorporating plasmonic nanostructures are attractive
candidates for enhancing optical absorption in thin films due to their ability to confine light in
nanoscale dimensions. Relative to roughened surface texturing, plasmonic back contacts can enhance
absorption via controlled coupling of incident free space optical modes into localized resonant modes
and propagating guided wave modes. A second benefit is the improved stability of ultrathin a-Si:H
under light illumination. The design, fabrication, and modeling of ultrathin film a-Si:H cells with
nanostructured back reflectors will be discussed.
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F10.03

Field-effect passivation of silicon surfaces by ultrathin negativecharge dielectric films for high-efficiency solar cells

Erwin Kessels
Department of Applied Physics, Eindhoven University of Technology, EINDHOVEN, Netherlands
Continuous innovation has enabled crystalline Si solar cells to remain competitive and dominant
in the photovoltaics market. This contribution will address the importance of surface passivation
of next-generation, high-efficiency Si solar cells. Recently it was found that ultrathin (< 5 nm) films
of Al2O3 prepared by atomic layer deposition lead to excellent electrical passivation of Si surfaces.
Investigations of the Si/Al2O3 interface by nonlinear spectroscopy and other methods revealed
that the latter can be attributed to a very low density of interface states combined with a large
electrical field generated by negative fixed interface charges. Recent developments and progress in
understanding of the underlying physics will be addressed.

F10.04

Developments in high-efficiency Si solar cells and the promise of
heterojunction technologies

Bart Geerligs
Energy research Center of the Netherlands, PETTEN, Netherlands
Currently, there is a strong market drive towards high efficiency crystalline Si solar cells. This
presentation will discuss high efficiency cell developments at ECN and outside ECN, with loss
mechanisms and their relative importance. For the highest efficiency solar cells a reduction of both
surface and contact recombination is required, for which use of heterojunctions is an attractive
option.
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Abstracts focus session 11
Physics of accurate material
deposition
Introduction
Herman Wijshoff
Océ-Technologies BV, VENLO, Netherlands
Inkjet technology has evolved into a technology which plays an important role in the graphical
industry and in many emerging new industrial and medical applications like displays, printed
circuit boards, solar cells, biosensors etc. The technology has unique capabilities due to its ability
to deposit a wide variety of materials on various substrates in well-defined patterns. To comply
with the increasing and diverging requirements for today’s inkjet technology, a fundamental
understanding of the underlying processes is very important. In this session we discuss several
aspects of the pressure wave propagation in narrow channels and the drop formation process,
the influence of air bubbles and wetting of the nozzle plate, and the interactions with substrates.

Nonlocal description of evaporating drops

F11.01

Jens Eggers
University of Bristol, BRISTOL, United Kingdom
We present a theoretical study of the evolution of a drop of pure liquid on a solid substrate, which
it wets completely. In a situation where evaporation is significant, the drop does not spread, but
instead the drop radius goes to zero in finite time. Our description couples the viscous flow problem
to a self-consistent thermodynamic description of evaporation from the drop and its precursor film.
The evaporation rate is limited by the diffusion of vapor into the surrounding atmosphere.
For flat drops, we compute the evaporation rate as a nonlocal integral operator of the drop shape.
Together with a lubrication description of the flow, this permits an efficient numerical description of
the final stages of the evaporation problem. We find that the drop radius goes to zero like R ~ (t0-t)α,
where α has value close to 1/2, in agreement with experiment.
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F11.02

Droplet interaction phenomena in productive piezo-acoustic
inkjet printing

Hans Reinten
Océ-Technologies BV, VENLO, Netherlands
For competitive drop-on-demand inkjet applications printhead performance tends towards jetting
small droplets at high repetition rates from an array of densely arranged nozzles. As stroboscopic
images show droplet formation process itself is very reproducable. All droplets have the same size,
speed and direction and should land on the paper at the right time and position filling each pixel in
the same way. However, in practice droplet properties and even their behaviour on paper will depend
on the spacial and temporal patterns being printed. One major cause is a relaxation time scale of ink
meniscus movement being larger than delay between consecutive droplets. Some more examples of
droplet interaction phenomena will be given.

F11.03

Velocity profile inside a piezo-acoustic inkjet droplet:
Experimental and theoretical results

Arjan van der Bos
University of Twente, ENSCHEDE, Netherlands
Droplets with a well-controlled and narrow size distribution are required in many industrial and
medical applications. In this work we study droplet formation from an inkjet printhead by using ultra
high-speed imaging at 10 million frames per second. Also a second technique was applied, in which
a single flash of 5ns is used to illuminate the drop formation. The acquired recordings are used to
calculate the flow rate and velocity development inside the droplet. The results are compared with a
1 dimensional model based on the lubrication approximation. In the model the equations are solved
on an Eulerian grid with a second order accurate scheme. The pinch-off singularity is prevented by
regularization of the surface tension at small radius.

F11.04

Pattern generation by inkjet printing

Anton Darhuber
Eindhoven University of Technology, EINDHOVEN, Netherlands
Due to its flexibility, inkjet printing has become a widespread technique for non-contact deposition
of solvent- or melt-based inks on a variety of substrates with a lateral resolution down to about
10 microns. Applications range from information display, manufacturing of electronic devices to
three-dimensional structure generation. For fabricating high-precision patterns, not only the drop
placement accuracy is of crucial importance, but also the post-impact ink redistribution dynamics.
It is usually desirable that ripples or other morphological traces of the individual deposited droplets
disappear. Pattern distortions, however, can arise from long-range interactions and consequent flows,
for which potential mechanisms are discussed.
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Abstracts focus session 12
Photons in complex media
Introduction
Ad Lagendijk
FOM Institute AMOLF, AMSTERDAM, Netherlands
Understanding and controlling wave propagation in a random multiple-scattering environment
is a subject of great interest in a wide variety of domains ranging from solid-state physics and
optics through to microwave, acoustics and seismology. Recently it was demonstrated that
random scattering can actually be beneficial rather than detrimental for the performance of
optical systems. These findings have opened new possibilities for imaging in optically thick
biological matter and allow trapping particles through turbid media. With the ever decreasing
size of photonic environments the light sources become part of the system or have to be
embedded. This change of role puts quite new aspects of interaction of light sources with their
environment forward, leading to fascinating feedback phenomena, energy transfer and lasing.
Advances in theory and experiment have made possible the study of the quantum-mechanical
aspects of photons propagating in complex media.

Optical Sculpting: shaping the future of NanoBiophotonics

F12.01

Kishan Dholakia
School of Physics and Astronomy, University of St Andrews, ST. ANDREWS, United Kingdom
I will describe some recent work where we apply exquisite control over the phase and amplitude
of light to yield some very surprising results. By performing in situ adaptive optics, optical trapping
of nanoparticles and microparticles through highly turbulent media becomes a reality. This opens
up new vistas in precision measurements in complex media and potentially studies in vivo.
Separately, cell transfection is an important area of ultrafast biophotonics. The application of such
ultrashort pulses from a high repetition rate laser creates a low density free electron plasma that
photochemically disrupts the cell membrane in a transient fashion. Excitingly the method allows
transfer of macromolecules and drugs as well as nanoscopic particles into various cells.
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F12.02

Exploiting disorder for perfect control of light

Allard Mosk1, Duygu Akbulut1, F. van Beijnum1, Ad Lagendijk2, Elbert van Putten1,
I.M. Vellekoop1
1 University of Twente, ENSCHEDE, Netherlands
2 FOM Institute AMOLF, AMSTERDAM, Netherlands
In opaque white materials, such as paper, paint and biological tissue, light is randomly scattered and
loses its direction completely as it diffuses through the system. Phase coherence, however, is not lost
by elastic scattering processes. By manipulating the incident wavefront, we can force constructive
interference at any point in space and thereby focus light inside and through opaque materials.
Wavefront shaping can drastically change the total transmission through a material, displaying a
universal mode of wave transport. These methods are now much closer to practical applications
in technology and medicine. Especially the speed of wavefront shaping can be increased by several
orders of magnitude using high-speed spatial modulators and digital optical phase conjugation.

F12.03

Bosonic, fermionic, and anyonic behavior in two-photon
scattering

Martin van Exter, J. Woudenberg, W.H. Peeters
Huygens Laboratory, Leiden University, LEIDEN, Netherlands
We consider the scattering of quantum-entangled photon pairs through random media. While
the scattered intensity is close to uniform, the spatial correlations in each photon pair exhibit
a pronounced structure, which allows us to distinguish surface from volume scattering. Photon
bunching, reminiscent of bosonic behavior, is observed as a factor 2 increase in the probability
that both photons scatter in the same direction. We show how the spatial symmetry between two
distinguishable photons can be modified to mimic particles with different statistics. For an antisymmetric incident field, we observe fermionic behavior, where photons try to avoid each other.
Interestingly, we can also impose anyonic particle exchange symmetry.

F12.04

Euclidean random matrix theory of random lasers

Sergey Skipetrov, Arthur Goetschy
Université Joseph Fourier and CNRS, GRENOBLE, France
A random laser is a laser without a cavity where the feedback is provided by the multiple scattering
of light. We consider one of the simplest random laser models - an ensemble of point-like scatterers
(‘atoms’) that both amplify and scatter light - and develop a fully quantum theory of random laser
action. The laser threshold and the mode competition above the threshold turn out to be controlled
by the properties of a random, non-Hermitian Euclidean matrix with elements determined by the
Green’s function of the wave equation. This matrix allows us to find the laser threshold and the
laser intensity just above the threshold without relying on any approximations.Our study reveals
interesting links between random lasers and the theory of non-Hermitian random matrices.
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Abstracts parallel session 1
Materials, surfaces and interfaces
Determining the network mechanics of the human aorta

PA01.01

Jan-Willem Beenakker1, Jan Lindeman2, Brian Ashcroft1, Janneke Ravensbergen1,
Frans Prins2, Hajo van Bockel2, Ruud Bank3, Tjerk Oosterkamp1
1 Leiden Institute of Physics, LEIDEN, Netherlands, FOM-L-14
2 Leiden University Medical Center, LEIDEN, Netherlands
3 TNO Quality of Life, LEIDEN, Netherlands
Most biomedical research on the human aorta focuses on biochemical analysis of tissues
or properties of specific cells. We show that a physics-based approach can yield important
complementary insight. By imaging the extracellular matrix with confocal microscopy and
measuring its mechanical response with atomic force microscop, we show that the spatial
organization of the network structure of collagen fibers plays an important role. In aneurisms, a
ballooning of the aorta, and in atherosclerotic plaques, this technique provides key insight in the
failure mechanism of the tissue. Our study provides biomedical researchers a new, physics-oriented
view to organs, which has implications for the study of wound healing and myocardial infarction.

The many-electron band structure approach:
theory and application

PA01.02

Remco Havenith1, Gilles de Wijs2, Igor Shokaryev1, Rob de Groot1, Ria Broer1
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-16
2 Institute for Molecules and Materials, NIJMEGEN, Netherlands
One-electron band structure theory has inadequacies in the prediction of accurate band gaps
or excitation energies for systems where electron correlation plays an important role. Examples
are extended systems in which ionisations or excitations have a local character. Our approach to
overcome this deficiency involves the computation of correlated (MCSCF) cluster-wavefunctions,
which serve as a basis for the construction of the delocalised many-electron wavefunctions of the
crystal. In this presentation an outline of our method is given. As an example for its performance,
we present results of calculations on the magnetic interactions in CoV2O6, which possesses an
unexpected 1/3 magnetisation plateau at low temperatures.

Understanding solid state diffusion in multilayered structures
on a picometer lengthscale

PA01.03

Robbert van de Kruijs, Saskia Bruijn, Veronique de Rooij-Lohmann, Andrey Yakshin, Fred Bijkerk
FOM Insitute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Multilayered Extreme UV mirrors present unprecedented fundamental questions to solid state
diffusion, requiring understanding of diffusion phenomena on lengthscales of only picometers.
Using x-ray diffraction applied in situ during thermal annealing, we have investigated diffusion
processes well below the Tammann temperature. Resolving picometer structural changes in Mo/Si
multilayers reveals diffusion limited compound interface growth, exhibiting Arrhenius-like diffusion
behaviour with a reduced activation energy connected to diffusion in the nano-crystalline layers
and interfaces. These results are relevant for controlling diffusion processes on a picometer length
scale, with potential spin-off to many other thin film applications.
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PA01.04

Superparamagnetism in a p-electron system: RbO2-d

Syarif Riyadi1, S. Giriyapura1, Rob de Groot2, T.T.M. Palstra1, Graeme Blake1
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-14
2 Electronic Structure of Materials, NIJMEGEN, Netherlands
The alkali metal superoxides (AO2) are unusual materials that exhibit magnetism originating
not from the metal but from unpaired p-shell electrons localised on oxygen. The scientific
and technological potential of such materials has been little explored. The magnetic exchange
interactions in AO2 are thought to be determined mainly by the relative orientations of nearestneighbour dioxygen anions. We have synthesized a novel rubidium superoxide with composition
RbO1.72, which contains anion vacancies and exhibits superparamagnetism below 50 K. The way
in which ferromagnetic clusters are formed in RbO1.72 will be discussed and contrasted with the
antiferromagnetism displayed by the fully stoichiometric AO2 materials.

PA01.05

Solitonic lattices and magnetoelectric switching
in rare earth orthoferrites

Sergey Artyukhin1, Maxim Mostovoy1, Niels Jensen2, Andrey Maljuk3, Dimitri Argyriou3
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-13
2 Risø National Laboratory for Sustainable Energy, ROSKILDE, Denmark
3 Helmholtz-Zentrum Berlin für Materialen und Energie, BERLIN, Germany
Rare earth orthoferrites show a variety of magnetic transitions and spectacular magnetoelectric
effects originating from the coupling between the iron and rare earth magnetic sublattices. Our
recent measurements revealed the presence of an unusual magnetic field-induced incommensurate
state in perovskite TbFeO3. We present Landau theory describing the coupled ordered states of Fe
and Tb spins, which reproduces the experimental phase diagram of TbFeO3. Our theory can also
explain the magnetic control of electric polarization and electric control of magnetization in the
multiferroic GdFeO3 perovskite, recently reported by Tokunaga et al. [Nature Materials 8, 558 (2009)].

PA01.06

Superconducting transition in quantum critical metals

Jian-Huang She, Bas Overbosch, Jan Zaanen
Institute Lorentz, LEIDEN, Netherlands, FOM-L-15
By tuning control parameters like pressure, magnetic field or doping, a fermionic system can be
driven to a state with vanishing Fermi energy and power law behavior in many observables. Such
fermionic quantum critical states have been identified in systems including heavy fermions,
cuprates and pnictides. We study the superconducting transition in such systems. We propose
that the superconducting instability, which is marginal in Fermi liquids can become relevant,
leading naturally to a high transition temperature. This picture has been verified numerically in
the 2-dimensional Hubbard model by using the Dynamical Cluster Approximation. We also propose
tunneling experiments which can distinguish our mechanism from others.
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Edge effects in detector-grade cadmium telluride

PA01.07

Marten Bosma1, Alex Fauler2, Michael Fiederle2, Jan Visser1
1 Nikhef, AMSTERDAM, Netherlands
2 FMF, FREIBURG, Germany
The Medipix read-out chip is a highly granular photon counter that can image with excellent
contrast. Applying Medipix in medical X-ray imaging detectors is therefore considered. Medical
X-ray imagers require highly absorbing sensors that can operate at room temperature. Cadmium
telluride meets these requirements. Most systems, however, demand sensitive areas exceeding the
active area of a single Medipix detector. The answer to this is a seamless tessellation of edgeless
modules. Hence, we aim at minimising the sensor’s insensitive periphery that isolates the active
area from the edge. This necessitates a reduction of the edge-defect induced charge injection. The
influence of various dicing techniques on this will be presented.
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Abstracts parallel session 2
Plasma and fusion physics
PA02.01

Atmospheric pressure plasma jets for wound healing

Sven Hofmann, Roxana Silvia Tipa, Tiny Verreycken, Bram van Gessel, Peter Bruggeman,
Gerrit Kroesen
EPG, Applied Physics, TU/e, EINDHOVEN, Netherlands, FOM-E-22
Wound treatment with the aid of atmospheric pressure plasmas developed as a new application
in the field of plasma physics. This contribution has two parts: plasma physics and biology. From
the plasma, the gas temperature, the UV-radiation, and electron properties are discussed. Different
excitation modes, electrode geometries and gases are investigated. In the biology studies, the
effects of plasma treatment and electrical fields on cell proliferation (XCellingence) , wound healing
(microscopy on a wound model) and DNA damage (confocal microscopy) are addressed. Under high
plasma doses, the cells suffered long term damage that led to decreased viability. Short exposures
and electrical fields stimulate cell proliferation.

PA02.02

The current situation in fusion plasmas

Maarten de Bock1, Roger Jaspers1, Niek Lopes Cardozo1, Ephrem Delabie2,
Merlijn Jakobs1, Mark Scheffer1
1 Science and Technology of Nuclear Fusion, EINDHOVEN, Netherlands
2 FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Currents play a pivotal role in magnetically confined fusion plasmas. In tokamaks - like ITER - they
provide an indispensible part of the confining magnetic field, while in stellerators self-generated
plasma currents can destroy the carefully engineered external magnetic field. Currents govern
stability, enable steady-state operation and provide a base level of heating power. Knowledge of
the current profile is therefore vital. However, measuring current profiles in plasmas is notoriously
difficult; advanced active beam spectroscopy and polarimetry are needed. These diagnostic
techniques are discussed and first-of-a-kind measurements of the time evolution of current build
up in the edge of H- (high confinement) mode plasmas are presented.

PA02.03

Gas phase kinetics in a hydrogen plasma jet

Willem-Jan van Harskamp, Richard Engeln
Applied physics, EINDHOVEN, Netherlands
A pure hydrogen plasma jet with and without an axial magnetic field has been investigated. The
plasma jet is produced by a cascaded arc which provides high fluxes of excited and reactive species
in a low pressure vessel. To obtain a detailed picture of the neutral plasma species, optical emission
spectroscopy, tunable diode laser absorption spectroscopy and laser-induced fluorescence has been
employed to detect hydrogen atoms and ro-vibrationally excited molecules. During the presentation
I will focus on the transport of hydrogen atoms in the expansion and the formation of highly
excited hydrogen molecules.
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Electric field measurements in the RF plasma sheath by means
of levitated microparticles under hyper-gravity conditions

PA02.04

Job Beckers1, Taalke Ockenga2, Matthias Wolter2, Winfred Stoffels1, Holger Kersten2,
Gerrit Kroesen3
1 Eindhoven University of Technology, EINDHOVEN, Netherlands
2 Christian-Albrechts University, KIEL, Germany
3 EPG, Applied Physics, TU/e, EINDHOVEN, Netherlands
The plasma sheath, which is a space charge field built up when a plasma is in contact with a
surface, is very important for many plasma applications such as etching, deposition and sputtering.
However, gaining experimental information about the electric field profile in the sheath is difficult
and, hence, only few experimental data have been reported in literature. We determined the
spatially resolved absolute electric field profile within the plasma sheath above an RF electrode by
means of measuring the equilibrium position of a levitated microparticle under varying gravity
conditions, induced by a centrifuge. In addition, we obtained the microparticle charge which was
observed to be non-constant as function of position within the sheath

Fighting turbulence: Modelling improved energy confinement
in fusion reactors

PA02.05

Jonathan Citrin1, Dick Hogeweij1, Frédéric Imbeaux2, Jeronimo Garcia2, Jean-François Artaud2
1 FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
2 CEA, IRFM, SAINT-PAUL-LEZ-DURANCE, France
The tokamak, in which a hot plasma is confined toroidally by magnetic fields, is a leading
contender for a fusion reactor platform. The largest tokamak to date, ITER, under construction
in southern France, is due to begin operation in 2019. It is designed to, for the first time, surpass
energy break-even, and produce 10 times more fusion energy than energy injected. This work
focuses on modelling of ITER discharges, and studies how to optimize the application of external
plasma current sources in order to maintain a magnetic field geometry that minimizes the plasma
turbulence - the primary limiting factor in tokamak energy confinement. Also the experimental
validation on existing tokamaks of the model used for the predictions is discussed.
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PA02.06

Photo-ionization and background ionization in positive
streamer propagation: Experiments and numerical modeling

Gideon Wormeester1, Sander Nijdam2, Eddie van Veldhuizen3, Alejandro Luque4,
Sergey Pancheshnyi5, Ute Ebert1
1 CWI, AMSTERDAM, Netherlands
2 Eindhoven University of Technology, EINDHOVEN, Netherlands
3 Applied Physics, EINDHOVEN, Netherlands
4 Instituto de Astrofisica de Andalucia, GRANADA, Spain
5 Laboratoire Plasma et Conversion d’Energie, TOULOUSE, France
Streamers are fast moving ionization fronts that occur as the first stage of sparks and lightning.
They can propagate both with and against the direction of the electric field (positive and negative
streamers). Positive streamers propagate more easily than negative streamers. Positive streamers
need a source of electrons in front of the streamer head in order to propagate. There are two
candidates for this: photo-ionization and background ionization. Using experiments and numerical
simulations, we have investigated the effects of variation of these mechanisms on the properties of
positive streamers, like streamer diameters and velocities.

PA02.07

Ion heating by a cold surface: An example of strongly coupled
plasma surface interaction

Gerard van Rooij, Amy Shumack, Rianne ‘t Hoen
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Material wall exposed to plasma is shielded by a boundary layer with net space charge. It
accelerates ions and decelerates electrons to equilibrate both fluxes, which cools the upstream
plasma via the electrons. In this contribution we show on basis of experimental results obtained
in the linear plasma device Pilot-PSI a new effect: heating of the upstream ions. This occurs if the
upstream plasma density is sufficiently high to stop the ions that were accelerated to the surface
and there neutralized and reflected. The effect is shown to become particularly significant if local
ion saturation currents lead to increased sheath potentials. The findings are put in the context of
plasma wall interaction in future fusion devices such as ITER.
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Abstracts parallel session 3
Atomic, molecular and optical physics
Cooperativity in ion hydration

PA03.01

Klaas-Jan Tielrooij, Nuria Garcia-Araez, Mischa Bonn, Huib Bakker
FOM Institute AMOLF, AMSTERDAM, Netherlands
We study the effect of ions on the ultrafast reorientation dynamics of water, using a combination
of terahertz and femtosecond infrared spectroscopy, which are sensitive to the reorientation of
different molecular vectors: the dipole and the OH-vector, respectively. With this approach, we
found that the combination of two strongly hydrated ions (e.g. MgSO4) leads to the formation of very
large structures (~18 H2O’s) in between the ions, where the water dynamics are locked. This implies
that the effect of ions on water is strongly interdependent and non-additive and extends well
beyond the first solvation shell. The observed cooperativity likely also applies to the combination of
ions and charged biomolecules, such as DNA and proteins.

First observation of inelastic scattering corrections in shot noise

PA03.02

Manohar Kumar1, Oren Tal2, Roel Smit1, J.M. van Ruitenbeek1
1 Leiden University, Kamerlingh Onnes Laboratorium, LEIDEN, Netherlands, FOM-L-22
2 Department of Chemical Physics, Weizmann Institute of Science, REHOVOT, Israel
In mesoscopic and nanoscale ballistic conductors shot noise is commonly measured at low currents,
and it reflects the transmission probablity of the electrons. Here we present the first measurements
at bias voltages above the phonon energies of the system, ie. a chain of Au atoms. A distinct
signature is observed due to ineleastic scattering, with the noise increasing or decreasing depending
on whether the transmission is above or below 0.94, respectively at the phonon frequency.

High field DNP in aqueous solutions

PA03.03

Gijs van der Heijden1, Piotr Kurek2, Jorge Villanueva Garibay1, Jan van Bentum1, Arno Kentgens1
1 Department of Physical Chemistry / Solid-State NMR, NIJMEGEN, Netherlands
2 University of Twente, ENSCHEDE, Netherlands
In an NMR experiment, the very low nuclear polarisation at room temperature poses a problem
when studying mass limited samples. Dynamic Nuclear Polarisation (DNP) is a double resonance
technique which can be used to transfer the much higher electron spin polarisation to the nuclear
spins.
We present a double resonance probe for high field DNP at 144 MHz and 95 GHz. A miniaturized
radiofrequency coil is integrated within a single-mode non-radiative dielectric resonator. DNP
experiments performed on nanoliter samples of a nitroxide radical (TEMPO) dissolved in a solution
of water and dioxane yielded a hydrogen polarisation enhancement of approximately -77. This is
much higher than what is expected based on the theoretical predictions.
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PA03.04

Molecular spectroscopy with a femtosecond frequency comb laser

Mounir Zeitouny1, Esther van Mastrigt2, Stefan Persijn3, Nandini Bhattacharya1,
Mariëlle Pijnenburg2, J.C. Jongste2, Paul Urbach1
1 TNW, DELFT, Netherlands, FOM-D-25
2 Erasmus MC - Sophia Children’s Hospital, ROTTERDAM, Netherlands
3 Van Swinden Laboratory, DELFT, Netherlands
In the recent years, infrared spectroscopy has found widespread applications especially in the
field of medical science. Laser based techniques are non-invasive and easy to manipulate. The
development of high resolution spectrometers capable of detection low concentrations is still a
challenge in this wavelength range. We present a novel spectroscopic technique using a stabilized
femtosecond frequency comb laser. Individual modes of the discrete optical comb are spectrally
revolved and results are compared to a Virtually Imaged Phased Array (VIPA) spectrometer.
Absorption spectra corresponding to some relevant molecules will be discussed where results show
the capabilities of the device.

PA03.05

Spectroscopy of a spin-forbidden magnetic dipole transition in a
4He Bose-Einstein condensate and a 3He degenerate Fermi gas

Rob van Rooij1, Juliette Simonet2, Maarten Hoogerland3, Roel Rozendaal1, Joe Borbely1,
Kjeld Eikema1, Wim Vassen1
1 LaserLaB Amsterdam, AMSTERDAM, Netherlands, FOM-V-15
2 ENS, PARIS, France
3 University of Auckland, AUCKLAND, New Zealand
We present the first observation as well as a frequency measurement of the magnetic-dipole
transition connecting the n=2 triplet S and n=2 singlet S metastable states of helium. The exact
transition frequency forms a good test for modern QED theory. To observe the transition (8 Hz
natural linewidth), we load either a BEC of 4He* or an ultracold cloud of 3He* into a 1557-nm optical
dipole trap and illuminate the atoms with a spectroscopy beam, referenced to a fiber frequency
comb laser. If the beam excites the singlet metastable state, which is anti-trapped, we observe a
strong trap loss. Using this technique we have established the transition frequency for both 4He*
and 3He* at a level of 50 parts per trillion.
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Direct far-infrared action spectroscopy of transition metal clusters

PA03.06

Vivike Lapoutre1, Joost Bakker1, Britta Redlich1, Lex van der Meer1, Jos Oomens1,
Tiffany Walsh2, Marko Haertelt3, Gerard Meijer3, André Fielicke3
1 FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
2 Department of Chemistry, University of Warwick, COVENTRY, United Kingdom
3 Fritz-Haber-Institut der Max-Planck-Gesellschaft, BERLIN, Germany
Knowledge of the structure of metal clusters is important to understand their catalytic properties.
Structural information on size-selected gas phase clusters can be obtained by measuring their
vibrational spectrum through IR action spectroscopy.
To achieve an efficient IR excitation of metal clusters at the far IR wavelengths that are
characteristic for metal-metal bond vibrations, we make use of the Free-Electron Laser for
IntraCavity Experiments (FELICE). We present the first far-IR spectra of neutral and anionic transition
metal clusters obtained through resonant ionization and electron detachment, respectively.

Oxidation kinetics of nano-scale copper thin films using
Terahertz transmission spectroscopy

PA03

Gopika Kottayi Pilappara, Gopakumar Ramakrishnan, Paul Planken
Delft University of Technology, DELFT, Netherlands, FOM-D-25
The oxidation kinetics of copper thin films has been of considerable interest over the past few
years because of its applications in the electronics and semiconductor industry. We present a new
non-contact method for in-situ monitoring of the oxidation of copper films on silicon substrates.
Nanometer sized Cu films were deposited using an e-beam evaporator. A THz - Time Domain
Spectroscopy setup was used to measure the transmission of THz radiation through the copper
films while it was oxidized at set temperatures of 200 - 300°C in ambient air conditions. The results
confirm that THz radiation can be used to probe the oxidation behavior and the extent of oxidation
of copper thin films in real time.
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Abstracts parallel session 4
Nanoscience and -technology

PA04.01

Analogue of gravitational lensing in a topological insulator

Jan Dahlhaus, Chang-Yu Hou, Anton Akhmerov, Carlo Beenakker
Instituut-Lorentz, Leiden University, LEIDEN, Netherlands, FOM-L-05
In general relativity, the geodesic generalizes the notion of a straight line to curved space-time. A
massive object can deform the geodesic of a massless particle such as a photon, with gravitational
lensing as an observable consequence. We show that a deformation of the surface of a topological
insulator has the relativistic analogue of geodesic motion. A bump on the surface acts like a
gravitational lens for the surface electrons. Random surface deformations appear naturally during
the growth of the material, and form a new source of scattering and resistivity, which at large
electron densities dominates over the conventional impurity scattering.

PA04.02

Room temperature memory element based on a single magnetic
spin-crossover nanoparticle

Ferry Prins1, Maria Monrabal-Capilla2, Edgar Osorio1, Eugenio Coronado2, Herre van der Zant1
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-44
2 Universidad de Valencia, VALENCIA, Spain
Molecular switches have continuously inspired scientists working on molecular electronics. Many
potential candidates have appeared over the years, but addressing these systems electronically is
challenging, especially at the nanoscale. Here, we report a switchable molecular device made by
contacting individual nanoparticles based on spin-crossover molecules between nanometer-spaced
electrodes. This device exhibits memory effects near room temperature as a consequence of the
intrinsic bistability of the spin-crossover nanoparticle. Interestingly for molecular spintronics, the
spin crossover process can also be induced by applying a voltage, showing electrical control over the
magnetic state.
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Switching Casimir forces with phase change materials

PA04.03

George Palasantzas1, G. Torricelli2, P.J. van Zwol3, O. Shpak3, C. Binns4, B.J. Kooi3,
V.B. Svetovoy5, M. Wuttig6
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands
2 Leister University, LEICESTER, United Kingdom
3 University of Groningen, GRONINGEN, Netherlands
4 University of Leicester, LEICESTER, United Kingdom
5 University of Twente, ENSCHEDE, Netherlands
6 RWTH Aachen University, AACHEN, Germany
We demonstrate here a controllable variation in the Casimir force. Changes in the force of up to
20% at separations of ~100 nm between Au and AgInSbTe (AIST) surfaces were achieved upon
crystallization of an amorphous sample of AIST. This material is well known for its structural
transformation, which produces a significant change in the optical properties and is exploited in
optical data storage systems[1]. The finding paves the way to the control of forces in nanosystems[1],
such as micro- or nanoswitches by stimulating the phase change transition via localized heat
sources.
[1]

G. Torricelli et al., Phys. Rev. A 82, 010101(RC) (2010). NEW SCIENTIST: Casimir effect put to work as
a nano-switch.

Single InGaAs quantum dot coupling to the plasmon resonance of
a metal nanocrystal

PA04.04

Adam Urbanczyk, Rian Hamhuis, Richard Notzel
COBRA Research Institute, EINDHOVEN, Netherlands, FOM-E-06
We report the observation of coupling of single InGaAs quantum dots with the surface plasmon
resonance of a metal nanocrystal, which leads to clear enhancement of the photoluminescence (PL)
in the spectral region of the surface plasmon resonance of the metal structures. Sharp emission
lines, typical for single quantum dot emission are observed in micro-PL, whereas for reference
samples only weak continuous background emission is visible. The composite metal-semiconductor
structure is prepared by molecular beam epitaxy utilizing the principle of self-organized straindriven adatom migration for the nanometer-scale precise positioning of the metal nanocrystals with
respect to the quantum dots without use of any additional processing steps.

66

PA04.05

Shallow quantum dots strongly coupled to an electron reservoir:
Observation of Mahan excitons in quantum dots

Joost van Bree1, N.A.J.M. Kleemans1, J.G. Keizer1, A.O. Govorov2, G.J. Hamhuis1, R. Notzel1,
A.Yu. Silov1, P.M. Koenraad1
1 Photonics & Semiconductor Nanophyics, COBRA, EINDHOVEN, Netherlands, FOM-E-06
2 Department of Physics & Astronomy, Ohio University, ATHENS, United States of America
A new goal in the field of self-assembled quantum dots is to utilize them in operational devices,
where they will have to be contacted to a Fermi sea of carriers acting as the source or drain. Due
to the presence of a Fermi sea of carriers in close proximity of the quantum dots a new area of
many-body interactions can be explored, where the physics is governed by the interaction between
carriers in the nanostructures and the carriers in the Fermi sea. We report on the first observation
of two of such new many-body exciton states in the photoluminescence spectroscopy of a single
charge tunable shallow self-assembled InAs/GaAs QDs coupled to a three-dimensional electron gas
that acts as the back contact in a Schottky-diode structure.

PA04.06

Magnetic domain walls violating spin-transfer torque?

Reinoud Lavrijsen, Jurgen Kohlhepp, Henk Swagten, Bert Koopmans
Physics of Nanostructures, EINDHOVEN, Netherlands, FOM-E-05
The observation that current induced magnetic domain wall (DW) motion in perpendicularly
magnetized Pt/Co/AlOx moves the DWs in the opposite direction as the electrons, violating the
current theories on the subject, has lead to a renewed interest for the scientific understanding of the
underlying mechanisms. The high magnetic anisotropy in these systems lead to very narrow DWs
predicted to enhance the interaction of a spin-polarized current with the DW. We will show that a
similar effect is observed in Pt/Co(B)/Pt layers, where we vary the layers in the stack i.e. thickness,
composition and repetitions. We will show that the effect is related to the chirality of the DW
indicating that spin-orbit interactions play a large role.
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Universal dynamical decoupling of a single solid-state spin from a
spin bath

PA04.07

Gijs de Lange1, Zhi-Hui Wang2, Diego Ristè1, Viatcheslav Dobrovitski2, Ronald Hanson1
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-41
2 Ames Lab, AMES, United States of America
Controlling the interaction of a single quantum system with its environment is a fundamental
challenge in quantum science and technology. We dramatically suppress the coupling of a single
spin in diamond with the surrounding spin bath by using double-axis dynamical decoupling[1]. The
coherence is preserved for arbitrary quantum states, as verified by quantum process tomography.
No limit is observed for the decoupling action up to 136 pulses, for which the coherence time
is enhanced more than 25 times compared to spin echo. These results uncover a new regime
for experimental quantum science and allow us to overcome a major hurdle for implementing
quantum information protocols.
[1]

De Lange et al., Science (2010).
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Abstracts parallel session 5
Nanoscience and -technology
PA05.01

Ag nanoparticle aggregates as plasmonic nanoantennas for
fluorescence enhancement

Ron Gill1, Eric Le Ru2
1 MIRA Institute of Biomedical Technology and Technical Medicine, ENSCHEDE, Netherlands, FOM-T-15
2 University of Wellington, WELLINGTON, New Zealand
Silver nanoparticle aggregates have been extensively used to produce very high localized
electromagnetic fields, which can produce 5-10 orders of magnitude enhancements of Raman
signals through the surface-enahnced Raman scattering (SERS) phenomenon. However, in most
cases quenching of dye molecules is observed in such systems.
We have theoretically examined the factors that affect the emission of a dipole in a simplified
model of an aggregate (a nanoparticle dimer) and have experimentally generated a system in which
co-aggregation of dye-labelled DNA and silver nanoparticles produce very high enhancements of the
dye fluorescence (1-3 orders of magnitude, depending on the original quantum yield of the dye).

PA05.02

Harvesting charges from multiple excitons in quantum dots for
highly efficient solar cells

Sybren ten Cate, Natalie Gorczak, Juleon Schins, Laurens Siebbeles
Chemical Engineering, DELFT, Netherlands, FOM-D-37
In quantum dots, a hot exciton can collide with a valence electron thereby producing a bi-exciton.
Dissociation and charge extraction of bi-excitons may significantly improve the efficiency of solar
cells. Device studies on blends of oleic-acid-capped PbS quantum dots, electron-accepting PCBM,
and hole-accepting P3HT, show that two acceptors are necessary for efficient charge extraction.
Here, we attempt to unravel the underlying mechanism. Transient absorption spectroscopy is
used to monitor the exciton population, and time-resolved terahertz spectroscopy to determine
the photoconductivity. It is shown that hot multi-excitons dissociate into free charges on a subpicosecond timescale, with a free carrier lifetime exceeding a nanosecond.

Nano-engineering towards the realization of hot carrier solar cells

PA05.03

Enrique Canovas, Mischa Bonn
FOM Institute AMOLF, AMSTERDAM, Netherlands
Hot carrier solar cells could ideally reach efficiency figures above 60% by taking advantage of
extracting hot carriers to external selective contacts before they thermalize. In this communication
we discus the potential of nano-structures sensitizing mesoporous oxide films systems in order to
realize in practice such a concept. The characterization of carrier dynamics by THz-TDS on PbSe
QDs (absorber) attached to TiO2 (selective contact) is presented as a test bed system to evaluate
hot carrier injection phenomena. Preliminary results could be consistent with effective hot
carrier injection processes but the results are masked by residual signal which we attribute to the
formation of QD clusters within the oxide matrix.
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Improved resolution for soft-x-ray monochromatization using
lamellar multilayer amplitude gratings

PA05.04

Robert van der Meer1, Balachander Krishnan1, Igor Kozhevnikov2, Boris Vratzov3, Bert Bastiaens1,
Jurriaan Huskens1, Wilfred van der Wiel1, Klaus Boller1, Fred Bijkerk4
1 MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands
2 Institute of Crystallography, Russian Academy of Sciences, MOSCOW, Russian Federation
3 NT&D - Nanotechnology and Devices, AACHEN, Germany
4 FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Lamellar Multilayer Amplitude Gratings (LMAG) offer improved resolution for soft-x-ray (SXR)
monochromatization, while maintaining a high reflection efficiency in comparison to conventional
multilayer mirrors (MM). Optimal LMAG resolution and reflectivity is obtained for grating periods of
only a few hundred nm, lamel widths<100nm and lamel heights>1um[1]. Successful fabrication of
such LMAGs, using a novel process based on UV-NanoImprint Lithography (UV-NIL) and modified
Bosch etching, is shown. SXR reflectivity measurements have been performed on these LMAGs and
are compared to theoretical calculations performed in Ref. [1].
[1]

I.V. Kozhevnikov, R. van der Meer, H.M.J. Bastiaens, K.-J. Boller and F. Bijkerk, Opt. Exp. 18, 16234
(2010).

Encapsulation of conjugated oligomers in single wall carbon
nanotubes: Towards nano-hybrids for photonic devices

PA05.05

Jia Gao, Maria Antonietta Loi
University of Groningen, GRONINGEN, Netherlands
Exploiting the advantages of both SWNTs and organic molecules opens the prospective to obtain
fascinating systems with one-dimensional charge transport and light emission in the visible
spectral range. we have successfully synthesized peapods combining rigid-rod like molecules
with SWNTs. HRTEM and optical probes show evidence of the encapsulation, density functional
calculations confirm the experimental findings and provide deeper insight concerning stability
and electronic properties of these systems. We demonstrate that such nano-hybrids, emitting light
in the visible range of the spectrum, are a promising photon sources to be used in future optoelectronic devices.
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PA05.06

Ultrafast control of magnetic anisotropy

Fred Atoneche1, A.M. Kalashnikova1, Alexey Kimel1, A. Stupakiewicz2, A. Maziewski2,
A. Kirilyuk1, Theo Rasing1
1 IMM, NIJMEGEN, Netherlands, FOM-N-11
2 University of Bialystok, BIALYSTOK, Poland
Ultrafast control of magnetic anisotropy is of interest because of its potential application in
high speed information processing. Here we show that linearly polarized 100 fs laser pulses
effectively induce a new axis of magnetic anisotropy and thus trigger large-angle precession of
the magnetization in Co substituted garnet films. The light induced anisotropy field has a lifetime
of 20 ps and strength (for a pump intensity of 25 mJ/cm2) of 250 G. The direction of the photoinduced anisotropy is fully controlled by the polarization of light. Using this phenomenon, we are
able to excite a precession with an amplitude as large as 20° and modify the precession frequency
by up to 50%.

PA05.07

Hybrid semiconductor-atomic interface: slowing down single
photons from a quantum dot

Nika Akopian1, L. Wang2, A. Rastelli2, O.G. Schmidt2, V. Zwiller1
1 Kavli Institute of Nanoscience Delft, DELFT, Netherlands, FOM-D-47
2 Leibniz Institute for Solid State and Materials Research, DRESDEN, Germany
Single photons are essential elements for quantum information science with particular advantages
when generated from a semiconductor quantum dot. We report a hybrid semiconductor-atomic
interface to slow down single photons emitted from a single quantum dot. We use rubidium
atoms to create a slow light medium in which a single photon is kept over 20 times its temporal
width. Our result is the first demonstration of non-classical light storage, where single photons are
generated on demand from a semiconductor source. Moreover, this hybrid interface is of potential
fundamental and technological interest where the advantages of both constituents are combined:
the scalability of semiconductor nanostructures and the precision of atomic systems.
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Abstracts parallel session 6
Light and matter
Spontaneous emission control by nano-positioning

PA06.01

Martin Frimmer, Femius Koenderink
FOM Institute AMOLF, AMSTERDAM, Netherlands
The local environment of an emitter can serve as a tool to taylor its spontaneous decay, both in
terms of where light goes and when it is emitted. Our scanning probe setup allows us to position
fluorophores with nm accuracy with respect to subwavelength structures and locally probe their
emission properties including lifetime, spectral behaviour and quantum efficiency. We demonstrate
how we can reversibly change the spontaneous decay rate of optical emitters by positioning them
with respect to a plasmonic structure and show our progress regarding the coupling of light to
subwavelength metal structures.

Experimental observation of evanescent modes at the interface to
slow-light photonic crystal waveguides

PA06.02

Marko Spasenovic1, Thomas White2, Sangwoo Ha2, Andrey Sukhorukov2, Tobias Kampfrath1,
Dries van Oosten1, Yuri Kivshar2, Martijn De Sterke3, Krauss Krauss4, Kobus Kuipers1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 ANU, MELBOURNE, Australia
3 Sydney University, SYDNEY, Australia
4 St. Andrews University, ST. ANDREWS, United Kingdom
Photonic crystal (PhC) waveguides that support slow light modes present new opportunities for
enhancing linear and nonlinear optical effects. Coupling to slow light was thought to be difficult,
one reason being the mismatch in mode profiles between fast and slow light in PhCs. Recent
theoretical work demonstrated that evanescent modes can play a role in allowing efficient
excitation of slow light, by assisting in mode-matching. Here, we report experimental evidence
for the existence of evanescent modes at an interface to specially engineered slow-light photonic
crystal waveguides. We use near-field microscopy to show that evanescent modes contribute to a
gradual evolution of the mode profile after the interface to a slow-light waveguide.

Electromagnetically induced transparency in a semiconductor

PA06.03

Sander Onur1, Maskym Sladkov1, Alok Chaubal1, Morten Bakker1, Caspar van der Wal1,
Dirk Reuter2, Andreas Wieck2
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
2 Ruhr-University, BOCHUM, Germany
We observed Electromagnetically Induced Transparency (EIT) in GaAs, with the optical transitions
and spin coherence of an ensemble of donor-bound electrons. EIT is a quantum optical
phenomenon where an absorbing transition becomes transparent because destructive quantum
interference with another driven transition prohibits the excitation. This yields strong-field matter
interactions without optical cavities, and EIT lies at the heart of techniques for slowing and
stopping light, creating entanglement, and quantum communication. Our implementation in a
semiconductor gives access to very compact quantum optical devices with high optical density, and
a new approach to controlling and probing spin coherence in a semiconductor [arXiv:1007.1010].
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PA06.04

Spatially resolved directional emission from plasmonic Yagi Uda
antennas

Toon Coenen, Ernst Jan Vesseur, Albert Polman
FOM Institute AMOLF, AMSTERDAM, Netherlands
Metal nanoparticle (NP) Yagi Uda antennas can be used to direct light emission into a well-defined
wavelength-dependent direction. Here, we present angle-resolved emission spectra from antennas
consisting of five Au NPs, and find evidence for directional emission of light, that depends strongly
on the emitter position. Angle-resolved emission maps are made using a novel angle-resolved
cathodoluminescence (CL) spectroscopy technique with a spatial resolution for the exciting source
as small as 10 nm, allowing excitation of individual NPs. We demonstrate that for λ<650 nm strong
beaming of light is observed along the antenna’s major axis if one of the two outer NPs is excited.
Exciting the center NP leads to a symmetric emission pattern.

PA06.05

Coherent optical imaging through opaque layers

Elbert van Putten1, Duygu Akbulut1, Jacopo Bertolotti1, Ad Lagendijk2, Allard Mosk1
1 MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands, FOM-T-23
2 FOM Institute AMOLF, AMSTERDAM, Netherlands
In conventional microscopy any scattering of light deteriorates the resolution. Yet, by gaining active
control over the wave front, we have shown that scattered light can be brought to a perfect focus at
any given position, even deeply inside the multiple scattering regime.[1] These wave front shaping
techniques pave the way for new microscopy methods based on strong light scattering.[2] We
show new experimental data which demonstrates imaging through completely opaque layers. The
obtained resolution is surprisingly high.
[1]
[2]

I.M. Vellekoop, E.G. van Putten, A. Lagendijk, and A.P. Mosk, Opt. Express 16, 67-80 (2008).
E.G. van Putten and A.P. Mosk, Physics 3 (2010).

PA06.06

Ultrafast control of plasmonic resonators: The privilege of
semiconductors at Terahertz frequencie

Audrey Berrier, Ronald Ulbricht, Mischa Bonn, Jaime Gómez Rivas
FOM Institute AMOLF, EINDHOVEN, Netherlands
We experimentally demonstrate the ultrafast, active control of localized surface plasmon
resonances (LSPRs) of semiconductor antennas at Terahertz frequencies by photo-excitation of
carriers in silicon. LSPRs of bowtie antennas can be activated within picoseconds with an intensity
modulation range of the far field extinction cross section of 60%. Further, the active switching
of the extinction cross section translates into controllable local field enhancements over several
orders of magnitude, demonstrating that semiconductors are powerful candidates for a variety of
novel applications. Such optically controllable structures pave the way for low-frequency optical
modulators and tailored sensitivity enhancement for THz plasmonics sensors.
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Room-temperature detection of single molecule absorption

PA06.07

Alexander Gaiduk, Mustafa Yorulmaz, Paul Ruijgrok, Michel Orrit
Huygens Laboratory, LEIDEN, Netherlands, FOM-L-21
Room-temperature optical detection of single molecules relies on fluorescence. Only a very
small fraction of all absorbing molecules (chromophores) are strongly fluorescent (fluorophores).
Thus, monitoring optical absorption at a single-molecule level would have definite advantages.
In contrast to fluorescence microscopy, where absorbed energy is radiatively released from the
excited state, photothermal microscopy provides a near-background-free method to detect small
amounts of energy dissipated into heat. Here, we present our work on improving the sensitivity
of the photothermal microscopy and demonstrate the detection of the absorption of single nonfluorescent azo dye molecules in room-temperature glycerol.
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Abstracts parallel session 7
Statistical physics and soft condensed
matter
PA07.01

Colloidal nanoparticle interactions quantified by temperaturedependent cryogenic electron microscopy

Jos van Rijssel1, Ben Erné1, Hans Meeldijk2, Marianna Casavola3, Daniël Vanmaekelbergh3,
Andries Meijkerink3, Albert Philipse1
1 Van ‘t Hoff Laboratory, UTRECHT, Netherlands, FOM-U-21
2 Electron Microscopy, UTRECHT, Netherlands
3 Debye Institute for Nanomaterials Science, UTRECHT, Netherlands
Nanoparticles tend to form ordered structures in liquid dispersions, due to thermodynamic
forces that are hard to quantify. We imaged such structures using cryogenic electron microscopy,
after quenching liquid samples from different equilibration temperatures. From statistical
thermodynamics, the cluster size distribution is related to the pair free energy, and using
Van ‘t Hoff’s law, this free energy can further be separated into enthalpic and entropic contributions.
Our results demonstrate the possibility to study equilibrium clusters at different temperatures
with cryo-TEM and to extract thermodynamic quantities from the data, providing a critical test for
proposed pair interaction models.

PA07.02

The reaction coordinate of crystal nucleation: The prestructured
surface cloud versus nucleus size

Wolfgang Lechner1, Christoph Dellago2, Peter Bolhuis1
1 Van ‘t Hoff Institute for Molecular Sciences, AMSTERDAM, Netherlands, FOM-A-23
2 University of Vienna, VIENNA, Austria
Although classical nucleation theory is nearly a century old, the mechanism of crystal nucleation is
still poorly understood.
We employ transition path sampling techniques combined with a likelihood maximization of the
committor function to determine the optimal reaction coordinate that accurately describes the
nucleation process in a model colloidal suspension. This optimal reaction coordinate involves a
solid core of structured particles within a cloud of surface particles with highly correlated structure
but without crystalline order. This finding sheds new light on the interplay between the nucleus
surface and volume in crystallization from a metastable undercooled liquid phase.
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Monodisperse silica bullets: a new model system enabling
the real-space study of rod-like colloids

PA07.03

Anke Kuijk, Alfons van Blaaderen, Arnout Imhof
Debye Institute for NanoMaterials Science, UTRECHT, Netherlands, FOM-U-09
Rod-like systems are known for their liquid crystal phases, but existing rod-like colloidal model
systems do not allow in situ observation of single particles. Therefore, experimental studies of liquid
crystal phases have been mainly on the many-particle level, using properties such as birefringence.
We developed a new rod-like colloidal model system, consisting of silica bullets that are tuneable in
length and aspect ratio, which does allow for real-space 3D observation on the single particle level
in highly concentrated dispersions. Using confocal microscopy, we studied the phase behaviour
of the rods in gravity and external electric fields, resulting in the observation of isotropic, (para-)
nematic and smectic liquid crystal phases.

Flow near the jamming transition

PA07.04

Brian Tighe1, Erik Woldhuis1, Joris Remmers2, Wim van Saarloos1, Martin van Hecke3
1 Instituut-Lorentz, LEIDEN, Netherlands, FOM-L-25
2 Eindhoven University of Technology, EINDHOVEN, Netherlands
3 Kamerlingh Onnes Laboratory, LEIDEN, Netherlands
The flow properties of foams, emulsions, and granular media can be captured by a rheological
curve, a nonlinear relation between driving force and flow rate. Despite their importance, these
curves are usually viewed as empirical fits to data. Here we present a novel, powerful and predictive
description of the rheology of foams and grains. In our view rheological curves are scaling functions
of the jamming transition - the nonequilibrium phase transition between solid- and liquid-like
behavior in complex media - and rheology is governed by diverging fluctuations near the jamming
point. Our predictions are confirmed in simulations and experiments on foams and colloidal
suspensions, and demonstrate the intimate link between flow and jamming.

Spatio-temporal strain correlations in sheared granular systems

PA07.05

Kinga Lorincz, Peter Schall
Van der Waals-Zeeman Institute, University of Amsterdam, AMSTERDAM, Netherlands, FOM-A-03
The understanding of the rigidity to flow transition in granular systems is important both from a
fundamental point of view and for applications. We determine experimentally correlations in the
three-dimensional strain distribution of a wet granular system at the onset of flow. The particles are
density matched and subject to uniform, quasi-static shear and uniform confining pressure. We use
laser sheet imaging to visualize the individual particles. The local strain, calculated from the particle
positions, shows anisotropic spatial correlation. The correlation length increases with pressure and
applied strain.
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PA07.06

Non-equilibrium dynamics and correlation functions of the 1D
Bose gas

Jorn Mossel, Jean-Sébastien Caux
ITFA, AMSTERDAM, Netherlands, FOM-A-25
With recent advances in ultracold atoms, strongly correlated many-body systems can be tuned in a
highly controlled way. This opens up the door to studies of non-equilibrium dynamics by means of
a quantum quench. We theoretically study a strongly interacting 1D Bose gas prepared in its ground
state, and quenched by tuning the interactions instantaneously to zero. The resulting dissipationless
time evolution results in complicated non-equilibrium dynamics. Using exact techniques both the
transient and large time regimes of observable correlation functions are computed. After addressing
the question whether these observables relax or not, a connection will be made with the debated
issue of thermalization of closed quantum systems.

PA07.07

Imbalanced and trapped ultracold Fermions

Jeroen Diederix
Institute for Theoretical Physics, UTRECHT, Netherlands, FOM-U-05
Ultracold imbalanced Fermi mixtures have been extensively studied. In the unitarity limit,
scattering lengths become infinite and interactions are as strong as quantum mechanics allows.
Although this limit has seen lot of study, there are still important open questions. In particular
there is no microscopic theory yet that accurately describes the phase diagram for temperature and
polarization. I will present a simple effective QFT that does describe the full phase diagram and use
this to study different aspects of a trapped mixture. An important aspect is the calculation of the
surface tension of the superfluid-normal interface and the possible existence of meta-stable states,
to explain the deformation observed in some of the experiments.
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Abstracts parallel session 8
Physics of fluids
Light particles in turbulence: Velocity & acceleration statistics

PA08.01

Julian Martinez Mercado, Vivek Nagendra Prakash, Yoshiyuki Tagawa, Chao Sun,
Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
We conduct experiments to study light particles in homogenous and isotropic turbulence using
Particle Tracking Velocimetry (PTV) in 3D. Microbubbles of size comparable to the Kolmogorov length
scale are dispersed in the turbulent flow in the Twente water tunnel. The Lagrangian velocity &
acceleration statistics of the microbubbles are obtained from the trajectories captured using PTV.
The PDF of the acceleration has a stretched exponential shape at different Reynolds numbers.
The velocity PDF of the 3 velocity components (x, y and z) show a robust gaussian profile, which is
independent of Re. We calculate the velocity autocorrelation and find that the decorrelation time
increases with increasing Re.

Transient drift flux modeling of severe slugging in pipeline-riser
systems

PA08.02

Reza Malekzadeh, R.F. Mudde
TNW, DELFT, Netherlands
A large number of pipelines in the petroleum industry simultaneously transport gas and liquid.
The transient behavior of multiphase flow is frequently encountered in these pipelines.
A common example is severe slugging. Transient flow conditions associated with severe slugging
are relatively slow. Therefore, a transient drift flux model consisting of one momentum balance
equation might suffice to express the dynamics of severe slugging. We present a transient drift
flux model to simulate severe slugging phenomenon in pipeline-riser systems. The present model
contains recently published correlations by Shi et al. (2005). The transient simulations are converging
rapidly and efficiently without applying any form of smoothing.

Tailoring turbulence with an active grid

PA08.03

Hakki Ergun Cekli, Willem van de Water
Applied Physics Department, EINDHOVEN, Netherlands, FOM-E-16
In wind tunnels used for turbulence research, grids are used to stir the flow and make nearisotropic and near-homogeneous turbulence. However, the turbulence is not strong and it is difficult
to make turbulence with a mean shear or simulate a turbulent atmospheric boundary layer. We
describe a technique for generating homogeneous shear turbulence using an active grid controlled
by prescribing the time-dependent angle of each axis. As a further application of this idea we
demonstrate the generation of a simulated atmospheric boundary layer with tunable properties.
This method offers a great advantage over the traditional one, in which vortex-generating structures
and roughness elements need to be placed in the wind tunnel.
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PA08.04

Detailed simulation of deep convective clouds

Steven Böing, Harm Jonker, Pier Siebesma
Faculty of Applied Sciences, DELFT, Netherlands
Deep convective clouds are the clouds that are responsible for sudden extreme weather events, such
as wind gusts and extreme rainfall. Weather models struggle to predict the location, timing and
intensity of these events. Current supercomputers, however, make it possible to simulate the threedimensional time-evolving structures with high spatial and temporal resolution, and thus to study
cloud processes (cloud dynamics, turbulent mixing, rain formation) in detail and even to manipulate
some processes to assess their relative impact. A strong positive feedback mechanism is observed
between rainfall and the subsequent growth (widening and deepening) of clouds, which in turn
intensifies rainfall. This feedback loop is studied in more detail.

PA08.05

Inertial particle behaviour in turbulent convection

Valentina Lavezzo, Herman Clercx, Federico Toschi
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-24
A Direct Numerical Simulation coupled with Lagrangian particle tracking is employed, in this
work, to investigate the behaviour of inertial particles in a turbulent Rayleigh-Bénard convection
cell. In particular, we focus on the effects of different flow regimes, obtained varying the Rayleigh
number, on particle dispersion/resuspension. The influence of inertia on particle clustering and
consequently, on the heat exchange modification between the two walls, is evaluated. Mean and
higher order statistics on particle and fluid velocity and temperature fields are also presented.

PA08.06

Mode-C transition in bluff body wakes

Ilhan Yildirim, Camilo Rindt, Anton van Steenhoven
Mechanical Engineering Faculty, EINDHOVEN, Netherlands, FOM-E-14
The 3-D transition of the flow behind a circular cylinder with a near-wake wire disturbance has
been investigated. The presence of a wire in the near-wake region of a cylinder causes an unnatural
mode of shedding to occur, namely Mode C. Flow visualizations and PIV experiments are performed
to investigate the dynamics and properties of the vortical structures. The Mode-C structures
are formed as counter rotating, streamwise vortices with a spanwise wavelength of 2.2 cylinder
diameters. As for Mode-A, the Mode-C vortices also arise from an elliptical instability of the primary
vortex cores. However, they exhibit period doubling which is caused by a disruption of the feedback
mechanism between the primary vortices.
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On the transverse permeability of disordered fibrous media

PA08.07

Kazem Yazdchi, S. Srivastava, S. Luding
MSM/IMPACT, ENSCHEDE, Netherlands, FOM-T-28
The finite element method for an incompressible, Newtonian fluid is employed to obtain a meso/
micro-scopic pore-scale insight into the transverse flow across randomly aligned fibrous media in
a 2D square domain. An appropriate representative volume element consisting of 800 randomly
placed fibers is generated using a Monte Carlo (MC) procedure.
The macroscopic permeability is computed from the simulated steady-state velocity field. The
dimensionless permeability exhibits an exponential dependence on the porosity in the intermediate
porosity range. The proposed modeling approach enables a mesoscopic insight into the fluid flow
and will become essential in generating closure relations for coarse-grained coupling models with
moving particles.
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Abstracts parallel session 9
Subatomic physics
PA09.01

Standard model results of the ATLAS experiment at the LHC

Marcel Vreeswijk
Nikhef/ATLAS, AMSTERDAM, Netherlands
The ATLAS experiment at the LHC collider has observed collisions of protons at a world record
centre of mass energy of 7 TeV. The first measurements focus on production of W- and Z-bosons, the
heavy gauge bosons of the Standard Model.
A dedicated programme exists to observe the exceptionally heavy top quarks and measure their
production cross section. Comparison with theoretical predictions can lead to surprises that may
hint towards physics beyond the Standard Model.
In this talk I will summarize these Standard Model results of ATLAS and discuss prospects of the
coming year.

PA09.02

First searches for new physics beyond the Standard Model with
the ATLAS experiment at the LHC

Paul de Jong
Nikhef, AMSTERDAM, Netherlands, Nikhef
Since March 2010, the LHC is colliding protons on protons at the world record center-of-mass energy
of 7 TeV. This high energy enables the ATLAS experiment at the LHC to perform searches for new
physics beyond the Standard Model with a sensitivity better than those of earlier experiments, even
in the first year of operation. In this talk we report on the first results of searches for new physics,
such as supersymmetry, new gauge bosons, quark substructure, or extra dimensions. We also look
forward to the 2011 LHC run.

PA09.03

Status of the LHCb experiment and preparation for first analyses

Patrick Koppenburg
Nikhef, GENÈVE 23, Switzerland
The LHCb experiment is devoted to the study of CP violation and rare decays in b-hadrons. It has
now collected its first data at sqrt(s)=7 TeV. The status and performance of the LHCb experiment will
be presented with an emphasis on the understanding of the detector in view of the first b physics
analyses with the 2010-11 data sample. Integrated luminosity permitting first analyses of the 2010
data will be presented.
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New LHCb data on charm production

PA09.04

Thomas Bauer
LHCb, AMSTERDAM, Netherlands
Heavy quark production at high energies is described by the parton model, and the factorization
into hard (QCD) and soft contributions. Comparison of theoretical calculations with experimental
data allows to correct the model and to isolate possible new physics. The new data from the LHC
extend the kinematical range significantly. LHCb, combining good vertex and tracking resolution
with particle information, is ideally suited for measurements of bottom and charmed hadrons
produced at high rapidities in pp collisions. In addition, charmed mesons offer new possibilities to
study mixing and CP violation and to perform indirect searches of new physics beyond the SM.
We will present first results on charmed meson production obtained with LHCb.

Open charm via D*+ s→ D0πs+ using the ALICE detector
at CERN-LHC

PA09.05

Alessandro Grelli, On behalf of the ALICE Collaboration
Subatomic Physics Institute, UTRECHT, Netherlands
Charm and bottom quarks have been proposed as probes to study hot quark matter produced
in high-energy heavy-ion collisions. The detailed understanding of the charm cross-section in
proton-proton collisions as well as the production mechanisms is of considerable interest as QCD
test tool and as reference calibration for heavy ion studies. In this contribution we present the
latest results on data analysis of the reconstruction of charged D* mesons in proton-proton
collisions at √s = 7 TeV using the ALICE central detector. D* mesons are reconstructed through
the hadronic decay sequence D*+ s→ D0πs+ and D0 → K-π+. A first investigation of the channel in
heavy ion lead-lead collisions is performed.

Performance studies for the KM3NeT neutrino telescope

PA09.06

Claudio Kopper
Nikhef, AMSTERDAM, Netherlands
KM3NeT is a future deep-sea neutrino telescope in the Mediterranean Sea with an instrumented
volume of a few km3. Its goal is to detect cosmic neutrinos from sources such as supernova
remnants, active galactic nuclei and gamma ray bursts by recording the Cherenkov light generated
by secondary particles produced during interactions of those neutrinos.
To optimize its sensitivity, detailed Monte Carlo simulations with varying detector parameters
have been performed. In particular, the focus was on a new detector design using many small
photomultiplier tubes per light detection unit instead of a single large one.
Results of these studies will be presented and the sensitivity of KM3NeT to expected source fluxes
will be discussed.
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PA09.07

Polarization properties of cosmic-ray induced radio pulses at the
Pierre Auger Observatory

Ad van den Berg1, A. Aminaei2, J. Coppens2, S.J. de Jong2, K.D. de Vries1, W. Docters1,
H. Falcke2, E.D. Fraenkel1, S. Grebe2, S. Harmsma1, J.R. Hoerandel2, A. Horneffer2, J.L. Kelley2,
A. Nelles2, H. Schoorlemmer2, O. Scholten1, C. Timmermans2
1 Kernfysisch Versneller Instituut, GRONINGEN, Netherlands, FOM-G-26
2 IMAPP / Radboud University, NIJMEGEN, Netherlands
The altiplano of Mendoza in Argentina is covered by a very large particle detector of 3000 km2 that
observes cosmic-ray induced air showers. It is a combination of four fluorescence telescopes and a
surface array consisting of 1600 Cherenkov tanks. Presently a pilot for an additional radio detector
is being built. About 400 cosmic-ray induced radio pulses have been detected, providing valuable
information about the underlying emission mechanisms. Apart from the leading geomagnetic
mechanism, these data show a strong polarimetric signature of a secondary emission mechanism
due to charge excess in the air shower
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Abstracts parallel session 10
Statistical physics
and soft condensed matter
Air entrainment by advancing contact lines

PA10.01

Shing Chan, Jacco Snoeijer
PoF, ENSCHEDE, Netherlands, FOM-T-03
The entrainment of air by a liquid jet plunging into a liquid reservoir has been studied in great
detail. By contrast, the situation of a plunging solid, for which there is a moving contact line, is
much less understood. We investigate this phenomenon by introducing a generalized form of
lubrication theory that incorporates the flow in both the liquid and gas phases. We show that the
critical speed for air entrainment strongly depends on the air viscosity, even though it is smaller
than the liquid viscosity by orders of magnitude. We also present experimental results showing the
detailed dynamics of air entrainment.

On the dissipation and oscillatory solvation forces in confined
liquids

PA10.02

Sissi de Beer1, Wouter den Otter2, Dirk van den Ende1, Wim Briels2, Frieder Mugele1
1 Physics of Complex Fluids, ENSCHEDE, Netherlands, FOM-T-17
2 Computational Biophysics Group, ENSCHEDE, Netherlands
On macroscopic scales, a fluid is considered as a continuum medium characterized by a wellknown density and viscosity. Upon miniaturization of fluidic systems down to the nanometer
range, however, the discrete molecular structure becomes visible and the liquid behaves completely
different from the bulk. We study the dissipation in confined liquids and show via Atomic Force
Microscope measurements and Molecular Dynamics simulations that the dissipation depends
highly on the arrangement of the liquid molecules. When an integer number of molecular layers fit
between the two confining surfaces the molecules are maximally organized and we find a minimum
in the dissipation, while in between the dissipation significantly increases.

Self-assembly of polyhedral clathrin cages simulated

PA10.03

Wouter den Otter, Wim Briels
Computational BioPhysics, ENSCHEDE, Netherlands, FOM-T-20
Clathrin is a three-legged protein with the intriguing ability to self-assemble into polyhedral cages.
This growth process enables living cells to ‘swallow’ external molecules (endocytosis), by wrapping
the cell membrane around the cargo. Our computer simulations using a highly coarse-grained
model indicate that the key to self-assembly is neither clathrin’s characteristic triskelion shape, nor
the alignment of four legs along evergy cage edge, but an asymmetric distribution of interaction
sites. The simulations also answer the long-standing question of how flat patches of purely
hexagonal clathrin lattice, which often decorate membranes in electron microscopy images, can
produce cages with hexagonal and exactly twelve pentagonal faces.

84

PA10.04

Cross-link governed dynamics of biopolymer networks

Martin Depken1, Chase Broedersz1, Norman Yao2, Martin Pollak2, David Weitz2,
Frederick MacKintosh1
1 VU University Amsterdam, AMSTERDAM, Netherlands, FOM-V-13
2 Harvard University, CAMBRIDGE, United States of America
Much of cells mechanical behaviour is governed by networks of stiff biopolymers. These networks
are often cross-linked by transient linker proteins, and exhibit complex stress relaxation and
network flow at long time scales. We present a model for the network dynamics resulting from
transient of cross-links, and show that a single microscopic timescale for cross-linker unbinding
leads to a broad spectrum of macroscopic relaxation times and a shear modulus G~ω1/2 for low
frequencies ω. This model quantitatively describes the measured rheology of actin networks crosslinked with α-Actinin-4 over more than four decades in frequency.

PA10.05

Effective mechanics of cross-linked polymers: Bridging the scale
between single polymers and supramolecular assemblies

Henry Amuasi, Cornelis Storm
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-10
While we are 70% water, in a very real sense collagen is the stuff we are made of. It is the most
abundant protein in mammals, making up roughly 25% of our total protein content. Collagen
assembles into crosslinked arrangements of long filaments - the basic motif of our soft tissues - but
unlike the more well-studied biopolymers, collagen is highly hierarchical: the basic network unit
is an intricately weaved fiber consisting of hundreds of individual proteins. Such structures are
notoriously hard to study numerically - we present a novel MC algorithm that can effectively handle
the hierachical constraints and demonstrate how it allows one to quickly obtain reliable statistics
for supramolecular filamentous assemblies, including collagen.

PA10.06

Triangular-tessellation based numerical techniques and their
applications: Interfacial adsorption and crystal-structure
prediction of anisotropic colloids

Joost de Graaf1, Marjolein Dijkstra1, René van Roij2
1 Debye Institute for NanoMaterials Science, UTRECHT, Netherlands, FOM-U-31
2 Institute for Theoretical Physics, UTRECHT, Netherlands
The experimental availability of new anisotropic colloids has necessitated the development of
numerical algorithms to help predict their phenomenology using theory and simulations. We
present two such methods, both based on the triangular-tessellation technique. The first scheme is
applied to study a colloid’s free energy of adsorption at a liquid-liquid interface. From the obtained
free-energy landscape the time dependent adsorption mechanism can be inferred, which gives
insight into the orientational transitions found in systems of adsorbed cylindrical colloids. The
second algorithm is used to determine the densest packing of polyhedral particles and to predict
the crystal structure of complex colloids at finite pressure.
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Abstracts parallel session 11
Subatomic physics
Inflation in a time of crisis

PA11.01

Johannes Oberreuter1, Koenraad Schalm2, Sjoerd Hardeman2, Ted van der Aalst2,
Gonzalo Palma3
1 Institute for Theoretical Physics, AMSTERDAM, Netherlands, FOM-A-20
2 Instituut-Lorentz for Theoretical Physics, LEIDEN, Netherlands
3 Physics Department, FCFM, Universidad de Chile, SANTIAGO, Chile
Observations indicate that the cosmos experienced a period of rapid expansion, so-called inflation,
shortly after the Big Bang. Inflation is characterized by two parameters, which need to be small
experimentally but are hard to control theoretically. It is feasible to describe inflation by a single
scalar field coupled to supergravity. This field is not part of the Standard Model, which does not
contribute to the evolution, if it is in a supersymmetric state. In reality, supersymmetry is broken
and the two sectors can no longer be treated independently. We show that the interaction between
them will usually render the inflationary parameters large. Thus it is even harder to make a realistic
model of inflation then previously thought.

Living between two singularities

PA11.02

Damien George, Sahap Mert Aybat
Nikhef, AMSTERDAM, Netherlands
Extra spatial dimensions may exist in nature, providing ways around certain problems in theoretical
particle physics. For example, by warping the extra dimension, the strength of gravity can be
exponentially suppressed relative to electroweak forces, resolving the hierarchy problem. In this talk
I discuss a recently discovered variation of this warping mechanism, where the edges of the extra
dimension are space-time singularities. The particles and forces of our universe are then trapped
between the singularities. I will show how these models can be stabilised, that is, how the distance
between the singularities can be fixed, and how the dangers of the singularities can be avoided.

How much SUSY are we looking for?

PA11.03

Irene Niessen1, Wim Beenakker1, Silja Brensing2, Michael Krämer2, Anna Kulesza2,
Eric Laenen3
1 IMAPP, NIJMEGEN, Netherlands, FOM-N-01
2 Institut für Theoretische Physik, RWTH Aachen University, AACHEN, Germany
3 Nikhef Theory Group, AMSTERDAM, Netherlands
Supersymmetry (SUSY) is one of the most promising extensions of the Standard Model of particle
physics. Both the Tevatron and the LHC are looking for supersymmetric particles. Therefore, it is
important to accurately predict how many supersymmetric particles will be produced at these
colliders. Recently the theoretical prediction of the SUSY cross section was improved by including
soft-gluon resummation. It turns out that this effect can increase the cross section by almost 20%. In
this talk we present this state-of-the-art theory prediction for the most important SUSY production
processes at the Tevatron and the LHC and show how it affects current exclusion bounds.
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PA11.04

Family physics and structure in the fermion mass sector

Reinier de Adelhart Toorop
Nikhef, AMSTERDAM, Netherlands
The Standard Model of Particle Physics has many (19) free parameters, most of which (13) are related
to the masses and mixing angles of the elementary fermions (quarks and leptons). If we include
neutrino masses, even 22 of the 28 parameters are related to the fermion mass sector. Although
these parameters can in principle be completely random, there seems to be a lot of structure here:
highly hierarchical masses for the quarks and charged leptons and very peculiar mixing angles for
the neutrinos.
We can use family symmetries to explain this structure. In models with family symmetry, there is
not only the (gauge) symmetry between the types of particles, but also a symmetry between the
different families.

PA11.05

Towards measuring atomic parity violation in Ra+

Gouri Giri, Mayerlin Portela, Oscar Versolato, Oliver Boell, Duurt Johan van der Hoek,
Klaus Jungmann, Wilbert Kruithof, Gerco Onderwater, Bijaya Sahoo, Bodhaditya Santra,
Rob Timmermans, Lotje Wansbeek, Lorenz Willmann, Hans Wilschut
University of Groningen, Kernfysisch Versneller Instituut, GRONINGEN, Netherlands, FOM-G-26
The radium ion is a promising candidate for high precision experiments. Atomic parity violation
can be measured in a single trapped and laser cooled radium ion[1]. Ultra-narrow transitions can be
exploited to realize a frequency standard. As an important step towards such experiments excitedstate laser spectroscopy is being performed with on-line produced short-lived trapped 210-214Ra+
ions[2]. These values provide a benchmark for the required atomic theory. Work towards laser
cooling is underway in a new section of the TRIµP beamline. On-line production of 209,210,211Ra+ ions
was achieved; spectroscopy is in progress.
[1]
[2]

L.W. Wansbeek et al., Phys. Rev. A 78 (2008) 050501(R).
O.O. Versolato et al., Phys. Rev. A 82 (2010) 010501(R).

PA11.06

Time-of-Flight PET with fast photosensor arrays on monolithic
scintillation crystals

Ruud Vinke, Peter Dendooven, Herbert Loehner
Kernfysisch Versneller Instituut, University of Groningen, GRONINGEN, Netherlands
A novel radiation detector concept has been developed employing large continuous scintillation
crystals coupled to fast photosensor arrays. Reconstruction algorithms have been studied for
estimating the 3-dimensional position of interaction and the arrival time of impinging gamma
photons. Measurements show an excellent spatial resolution of 2.5 mm FWHM for 511 keV gamma
photons impinging on 20x20x10 mm3 LYSO crystals, coupled to a single photosensor array. A
coincidence timing resolution of 325 ps FWHM was achieved, compared to 600 ps FWHM obtained
e.g. in modern commercial PET systems. We conclude that highly efficient radiation detection of low
energy gamma photons with high spatial and timing resolution is possible at low detector costs.
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Abstracts parallel session 12
Materials, surfaces and interfaces
Long range supercurrents induced in halfmetallic
ferromagnetic CrO2

PA12.01

Muhammad Shahbaz Anwar, Jan Aarts
Leiden Institute of Physics, LEIDEN, Netherlands, FOM-L-16
Although superconductivity and ferromagnetism are antagonistic phenomena, it is theoretically
possible to induce supercurrents in a ferromagnet by so-called odd-frequency triplet Cooper pairs.
This could lead to long range proximity effects. Here we show measurements of supercurrents
through a film of half metallic ferromagnetic CrO2 grown on sapphire. The current flows over a
distance of 700 nm between two superconducting electrodes which were deposited on the CrO2 film,
and is quite robust against magnetic fields. Several other groups recently reported long range effects
in junctions based on ferromagnetic Co, making it more clear what the mechanisms are which
govern the generation of odd-frequency triplets, as will be discussed.

Polarons on the verge of a metallic breakdown

PA12.02

Freek Massee1, S. de Jong1, Y.K. Huang1, M. Gobbi1, W.K. Siu1, A. Mans1, R. Huisman1,
M. Gorgoi2, F. Schaefers2, J. Fink2, R. Follath2, L. Patthey3, M. Shi3, A.T. Boothroyd4, D.
Prabhakaran4, J.B. Goedkoop1, M. Golden1
1 Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-14
2 Helmholtz Zentrum Berlin GmbH, BERLIN, Germany
3 Paul Scherrer Institute, VILLIGEN, Switzerland
4 Clarendon Laboratory, OXFORD, United Kingdom
Just what tips the balance between the wealth of competing phases and textures in spin, charge and
orbital degrees of freedom in the CMR manganites such as La2-2xSr1+2xMn2O7 (LSMO)? Combining
ARPES, HiKE and STM/S measurements on bilayered LSMO (0.30≤x<0.5), we arrive at a compelling
explanation for the seemingly contradictory data on the electronic structure of bilayered LSMO that
has appeared in the literature. We show that the true signature of bilayered (N=2) LSMO is that of
a gapped non-metal on the verge of a metallic breakdown. All the former confusion stems from
the intrinsic presence of stacking faults leading to either more gapped single layer (N=1) LSMO or
sharply peaked, N>2 slabs displaying true metallic double-exchange.
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PA12.03

Nanoscale spin transport across an epitaxial interface of
a half-metallic ferromagnet and oxide semiconductor

Gaurav kumari Rana, Hiwa Modarresi, Vsevolod (Seva) Khikhlovskyi,
Subir Parui, Tamalika Banerjee
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
Oxide Spintronics is an emerging research direction. Epitaxial interfaces of half-metallic
ferromagnets on oxide semiconductors are the building blocks of spintronic devices. Very
little is known about spin transport across such interfaces, at the nanoscale, where intriguing
phenomena are likely to emerge. Here, local electron transmission across an epitaxial interface of
La0.67Sr0.33MnO3(LSMO) on Nb:SrTiO3 is reported using the technique of Ballistic Electron Emission
Microscopy (BEEM). Two distinct regions of electron transport, at the nanoscale, are observed
accompanied by features in the energy dependent BEEM spectra. Such unique observations are
correlated to local differences in the density of states in LSMO and to interfacial states.

PA12.04

Ab-initio study of the resistivity, Gilbert damping and spin-flip
diffusion lengths in transition metal alloys

Anton Starikov1, A. Brataas2, Gerrit Bauer3, Paul Kelly1, Y. Tserkovnyak4
1 TNW, ENSCHEDE, Netherlands, FOM-T-09
2 Norwegian University of Science and Technology, TRONDHEIM, Norway
3 Delft University of Technology, DELFT, Netherlands
4 University of California, LOS ANGELES, United States of America
Using a formulation of firstprinciples scattering theory that includes disorder and spinorbit
coupling on an equal footing, we calculate the resistivity ρ, spin flip diffusion length lsf and the
Gilbert damping parameter α for Ni1-xFex, Co1-xFex, Ni1-xCox substitutional alloys as a function of x.
For the technologically important Ni80Fe20 alloy, permalloy, we calculate values of
ρ = 3.7±0.05 µΩ·cm, lsf = 5.2±0.2 nm and α = 0.0047±0.002 compared to experimental lowtemperature
values in the range 4.4-5.1 µΩ·cm for ρ, 5.0 6.0 nm for lsf and 0.005-0.008 for α indicating that the
theoretical formalism captures the most important contributions to these parameters taking into
account only elastic scattering.

PA12.05

Homogeneous spintronics

Baomin Zhang, Gilles de Wijs, Robert de Groot
IMM, NIJMEGEN, Netherlands, FOM-N-16
The mineral Greigite is a ferrimagnet, isostructural and isoelectronic with Magnetite. Electronic
Structure calculations show a complex fermi surface with a novel effect: the existence of sheets of
the Fermi surface depends on the direction of the magnetization.
The origin of this phenomenon will be discussed. Materials like Greigite enable spintronics on the
level of a material rather than a device.
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Mechanism of NO2 detection with field-effect transistors

PA12.06

Anne-Marije Andringa1, Juliaan Meijboom2, Edsger Smits3, Simon Mathijssen4,
Paul Blom1, Dago de Leeuw2
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands
2 Philips Research Laboratories, EINDHOVEN, Netherlands
3 TNO/Holst Centre, EINDHOVEN, Netherlands
4 Eindhoven University of Technology, EINDHOVEN, Netherlands
Detection of nitrogen dioxide, NO2, is required to monitor the air-quality for human health and
safety. Commercial sensors are typically chemiresistors, however field-effect transistors are being
explored for increased sensitivity. In spite of numerous investigations, the NO2 sensing mechanism
is not clear. Here, we present our investigation on the detection mechanism using ZnO field-effect
transistors. The transistor current gradually decreases upon NO2 exposure. The decrease originates
from trapping of electrons mediated by NO2, yielding a shift of the threshold voltage towards the
applied gate bias. The shift can be described by a stretched-exponential time relaxation and is
observed for extremely low NO2 concentrations down to 10 ppb.
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Abstracts parallel session 13
Materials, surfaces and interfaces
PA13.01

ESCHER, an advanced low energy electron microscopy facility

Sebastian Schramm1, Jaap Kautz1, Rudolf Tromp2, Sense Jan van der Molen1
1 Leiden Institute of Physics, LEIDEN, Netherlands, FOM-L-22
2 IBM T.J. Watson Research Center, YORKTOWN HEIGHTS, United States of America
ESCHER is an advanced low energy electron microscopy (LEEM) and photoemission electron
microscopy set-up recently installed at Leiden University. This national facility is equipped with
various ultraviolet light sources and an in-line energy filter that make it a powerful set-up for
spectromicroscopy experiments. The need to resolve smaller dimensions is met by using an
aberration-correcting (AC) electron mirror. We give a description of ESCHER and its capabilities. To
date the measured resolution in AC-LEEM is 2nm at best. Here we show that the theoretical limit is
about 0.8nm. Commonly used MCP detectors are becoming a limiting factor. Measurements with a
Medipix detector show better resolution by about a factor 2.

PA13.02

Electronic growth and substrate interaction of Pb islands on
Ni(111)

Tjeerd Bollmann, Raoul van Gastel, Bene Poelsema
Solid State Physics, ENSCHEDE, Netherlands, FOM-T-08
Using Low Energy Electron Microscopy (LEEM) in combination with µ-diffraction we study the
structure, size and height evolution of Pb islands on top of a Pb wetting layer on a Ni(111) substrate,
as well as the diffusion of islands across steps during growth at elevated temperatures. Pb islands
diffusing across steps show remarkable self-organization in that they can half their surface area by
doubling in height. Concerted rapid coarsening of (larger) Pb islands within seconds is also observed.
In both cases mass transport of Pb leads to new island equilibrium shapes with increased uniform
heights. The effects that play a role in the area versus height evolution of Pb islands are discussed in
view of electronic and stress driven growth.

PA13.03

A real-time STM study of ion sputtering and reflection

Vincent Fokkema
LION, LEIDEN, Netherlands, FOM-L-14
A Si(111)-7x7 substrate subjected to a flux of low-energy Ar+ ions was imaged with scanning
tunneling microscopy (STM) during the ion sputtering process. Keeping track of the same sample
area throughout the process, we recorded the erosion of the surface on a single-impact level.
The resulting STM movie allows us to perform a detailed analysis of the efficiency and spatial
correlations of the local sputtering. The evolution of the spatial damage distribution indicates
preferential sputtering of damaged regions and reflection of ions on the undamaged Si. We attribute
this effect to the influence of the surface morphology on the reflecting potential experienced by the
impinging ions.
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Composition profiling InAs quantum dots and wetting layers
by atom probe tomography and cross-sectional scanning tunneling
microscopy

PA13.04

Joris Keizer
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-06
Material analysis at the atomic level is one of the key driving forces behind current progress in
nanotechnology. Only recently atom probe tomography (APT) became practicable for the atomic
scale characterization of semiconductor materials in 3D. We have characterized epitaxially grown
quantum dot (QD) layers with both the emerging technique of APT and the well established
technique of cross-sectional STM. The composition of the wetting layer and the QDs was studied.
The analysis afforded by the combination of these two techniques provides levels of insight that
were hitherto unobtainable, highlighting previously undetected features in QD structures, despite
them being the most heavily studied semiconductor material in the last decade.

Experimental & theoretical study of a perylene derivative on
Cu(111) - insight into the bonding mechanism

PA13.05

Mihaela Enache1, Manfred Matena2, Jonas Björk3, Jorge Lobo-Checa4, Thomas Jung5,
Lutz Gade6, Meike Stöhr1
1 Zernike Institute for Advanced Materials, University of Groningen, GRONINGEN, Netherlands, FOM-G-21
2 Centro de Fisica de Materiales, SAN SEBASTIAN, Spain
3 Surface Science Research Centre, University of Liverpool, LIVERPOOL, United Kingdom
4 Centre d’Investigació en Nanociència i Nanotecnologia (CIN2), BARCELONA, Spain
5 Laboratory for Micro- and Nanotechnology, Paul-Scherrer-Institute, VILLIGEN, Switzerland
6 Anorganisch-Chemisches Institut, Universität Heidelberg, HEIDELBERG, Germany
STM investigations of a perylene derivative (TAPP) deposited on Cu(111) held at -100°C showed
that the molecules do not form an ordered arrangement. Annealing at room temperature results
in the formation of a herringbone arrangement while the molecules interact with each other via
vdW forces. After annealing at 150°C, a metal coordinated rectangular network is obtained which is
commensurate to the substrate[1].
By performing XSW measurements, the vertical adsorption geometry for both phases of TAPP on
Cu(111) was determined and such insight into the interplay between intermolecular and moleculesubstrate interaction is gained. The findings are supported by DFT calculations.
[1]

Matena et al., Chem. Eur. J., 16, 2079 (2010).
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PA13.06

Ultrafast two-dimensional vibrational spectroscopy at water
interface

Zhen Zhang, Lukasz Piatkowski, Huib Bakker, Mischa Bonn
FOM Institute AMOLF, AMSTERDAM, Netherlands
Water surfaces and interfaces play key roles in many physical, chemical and biological processes.
Despite the apparent importance, many details concerning the structure of interfacial water
have remained elusive, owing to the lack of appropriate techniques to investigate specifically the
outermost monolayer of water molecules. Here, we present a novel multidimensional vibrational
spectroscopy that allows us to directly observe intermolecular coupling and energy transfer between
the water vibrational modes at the surface of the water-air interface. Using this new technique, we
demonstrate that the water surface is heterogeneous, and reveal the interaction between the O-H
groups sticking into air, and those sticking into water.
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Abstracts parallel session 14
Atomic, molecular and optical physics
Transport of 3D spatially entangled photons qutrits through an
optical fiber

PA14.01

Wolfgang Löffler1, Eric Eliel1, Tijmen Euser2, Michael Scharrer2, Philip Russell2, Han Woerdman1
1 LION, LEIDEN, Netherlands, FOM-L-02
2 MPI, ERLANGEN, Germany
Spatially entangled photons give access to a high-dimensional Hilbert space. Compared to the wellknown polarisation-based 2D qubit case, d-dimensional entangled photons show stronger quantum
correlations; this is useful in quantum information. Fibre transport of such spatially entangled
qudits is considered impracticable since multi-mode fibres have to be used to transport the spatially
encoded quantum information. Mode coupling therein usually quickly destroys the quantum
correlations. We demonstrate here for the first time successful fibre transport of 3D spatially
entangled photons (qutrits) using a hollow-core photonic crystal fibre and discuss the limits of
multi-mode entanglement transport in optical fibres.

Magnetic light-matter interaction at the nanoscale

PA14.02

Matteo Burresi1, Tobias Kampfrath1, Dries van Oosten1, Jord Prangsma1,
Bongshik Song2, Susumu Noda2, Kobus Kuipers1
1 Center for Nanophotonics, AMSTERDAM, Netherlands
2 Kyoto University, KYOTO, Japan
The interaction between light and microscopic particles such atoms is in most cases utterly
dominated by the electric component of the light field. However, when dealing with sub-wavelength
sized metal objects, the situation radically changes.
Here, we study the interaction between a metallic nano-ring and a photonic crystal nanocavity[1].
We find that the cavity resonance shifts as a function of the position of the ring and surprisingly,
that the shift is largest when the ring is above an anti-node of the magnetic field of light. The shift is
direct a consequence of Faraday’s law of induction.
[1] M. Burresi, T. Kampfrath, D. van Oosten, J. C. Prangsma, B.-S. Song, S. Noda and L. Kuipers, Phys.
Rev. Lett. (Accepted August 2010).

Quantum cooling in a micro-mechanical system

PA14.03

Evan Jeffrey, Petro Sonin, Brian Pepper, Dustin Kleckner
LION, LEIDEN, Netherlands, FOM-L-28
Using optical radiation pressure it is possible to drive the state of a micro-mechanical cantilever
holding a small mirror (60 micron diameter). If the mirror is part of a high finesse (F ~ 38000) cavity
the optical interaction can be much stronger than the cantilever spring constant and the thermal
noise. We show how it is possible using a combination of ultra-cryogenic techniques and optical
feedback to drive a high-Q stressed SiN resonator to near its quantum mechanical ground state. This
opens the possibility to study quantum behavior such as entanglement and decoherence in systems
orders of magnitude more massive (60 ng) than previously possible.
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PA14.04

A negative index metamaterial in the UV/blue

James Parsons, E. Verhagen, R. de Waele, A. Polman
FOM Institute AMOLF, Photonic Materials, AMSTERDAM, Netherlands
We demonstrate the first optical metamaterial with an isotropic negative index of refraction
in the blue/UV spectral range. Using focused ion beam milling and thermal evaporation we
fabricate Ag/Si3N4 multilayer structures composed of coupled metal/insulator/metal plasmonic
waveguides. Dispersion calculations shows that by optimizing the coupling and mode symmetry
of the waveguides, a fully isotropic negative index of refraction can be achieved. Optical refraction
measurements on fabricated wedge-prisms show negative refraction at 380 nm corresponding
to an index n=-1.0. We also use interferometry to characterise the phase refractive index of our
metamaterial samples.

PA14.05

Critical state of the Anderson localization transition: Experiment
and theory

Sanli Faez1, Ad Lagendijk1, A. Ossipov2
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 University of Nottingham, NOTTINGHAM, United Kingdom
Anderson localization is a metal-insulator transition caused by disorder. It has been connected
to several phenomena such as conductivity of solids, transport of light and sound in random
media, and the quantum Hall transition. The scaling theory of localization tells us that all states
are localized in 1D and 2D disordered systems. In 3D there exists a transition point where the
eigenstates are critical and have multifractal structure. This multifractality has just recently
been observed in the Anderson transition of ultrasound in a 3D metal network. By use of analytic
calculations and numerical modeling, we show that propagation of electromagnetic polar waves in a
1D array of near-resonant scatterers also shows critical scaling behavior.

PA14.06

Plasmonic optical vortex tomography

Philip Chimento, Gert 't Hooft, Eric Eliel
LION, LEIDEN, Netherlands, FOM-L-02
Complex light fields, such as speckle patterns, abound with phase vortices. One way of determining
a vortex-carrying beam’s vortex charge involves interference with a second beam. The interference
pattern has a dislocation starting from the vortex, which indicates the vortex charge.
We present an elegant single-beam method for analyzing vortices’ wavefronts using surface
plasmon polaritons. We use a subwavelength slit in a gold film to slice up a vortex beam, and
measure the diffraction of the generated plasmons by scattering them off a second slit. By moving
the slits across the beam, we create a tomogram, from which we determine the beam’s vortex
charge at a glance. We present results for beams of integer and half-integer vortex charge.
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Abstracts parallel session 15
Light and matter
Optical access to a forbidden magnetic exchange resonance via the
inverse Faraday effect

PA15.01

Alex Reid1, Alexey Kimel1, Andrei Kirilyuk1, John Gregg2, Theo Rasing1
1 Institute for Molecules and Materials, NIJMEGEN, Netherlands, FOM-N-11
2 University of Oxford, OXFORD, United Kingdom
Through the inverse Faraday effect, light can act as an effective magnetic field, however, do the
usual magnetic selection rules still apply? It is demonstrated that the answer to this question
is ‘no’, by the observation of a magnetic-dipole forbidden exchange resonance in time-resolved
pump-probe measurements of lutetium iron garnet. Light, via the inverse Faraday effect, generates
different effective fields on the two iron sublattices. This leads to a canting of the ferrimagnetic
moments and precession in their exchange field, something that cannot be achieved with a
conventional magnetic field. The experiment offers a new and sensitive method of probing the
exchange interaction between ions located in non-identical sites.

Magnetic heat transport in spin-ladder compounds

PA15.02

Marian Otter1, Matteo Montagnese1, Surjeet Singh2, Alexandre Revcolevschi2,
Paul van Loosdrecht1
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-10
2 Laboratoire de Chimie des Solides, PARIS, France
Low-dimensional quantum magnets show unusual ground states and magnetic excitations. One
of their intriguing properties is that they may exhibit an unusually high magnon-driven heat
conductivity at room temperature, while at the same time being electrically insulating. This
makes these materials highly promising for thermal management applications in microelectronic
structures. The present contribution discusses the static and dynamic thermal conductivity of the
so-called telephone number spin-ladder compounds as seen by conventional techniques, as well as
by a novel optical dynamic fluorescent flash method.

Determining the light emission profile near the organic-organic
interface in small-molecule-based double-layer OLEDs

PA15.03

Marco Carvelli1, Frank van Oost1, Alexander van Reenen1, René Janssen1, Reinder Coehoorn2
1 Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-20
2 Philips Research Laboratories, EINDHOVEN, Netherlands
In double-layer OLEDs, light emission is expected to occur near the interface between the electrontransport and the hole-transport layer. For a detailed understanding of the factors determining
the device efficiency and emission color, it is necessary to resolve the light-emission profile with
a nanometre-precision. We have developed such a method using full angle-, wavelength- and
polarization-dependent electroluminescence spectra and apply it in this talk to α-NPD/BAlq based
OLEDs. We find an emission profile shift across the interface as the thickness of the BAlq layer is
increased, from which we can understand a surprising emission color change from deep blue to
white and back to blue.
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Essential enhancement of carrier multiplication in Si nanocrystals

PA15.04

Dolf Timmerman, Tom Gregorkiewicz
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-16
Semiconductor nanocrystals (NCs) attract a lot of attention due to possible enhancement of carrier
multiplication yield when compared with bulk materials. We show here beyond reasonable doubt
that carrier multiplication in silicon (Si) is dramatically enhanced by quantum confinement,
in contrast to recent reports on other materials. This conclusion is based on measurements of
the quantum efficiency of photoluminescence for Si NCs in SiO2. Depending on NC size, carrier
multiplication sets in at photon energies of 2.8 eV, reaching carrier generation yields of 200% already
at 3.2 eV. These values compared with a bulk Si threshold value of ~3.5 eV and yield of 150% at 5 eV,
prove potential of Si NCs for highly efficient photovoltaics.

PA15.05

Controlling optical properties of fluorescent proteins by
nanophotonic means

Christian Blum1, Y. Cesa1, J.M. van den Broek2, A.P. Mosk2, W.L. Vos2, V. Subramaniam1
1 Nanobiophysics, ENSCHEDE, Netherlands, FOM-T-15
2 Complex Photonic Systems, ENSCHEDE, Netherlands
Fluorescent Proteins (FPs) are of paramount importance as genetic labels for cellular studies. Yet,
their optical properties like the fluorescence quantum efficiency are believed to be low, since FPs
form complex heterogeneous ensembles of emitting and non emitting states. Here, we observe
for the first time that spontaneous emission rates of FPs can be controlled by modifying the local
density of states (LDOS). From lifetime changes induced by the modified LDOS we determined the
quantum efficiency of exclusively emitting states. Our results show that the FPs quantum efficiency
is higher than assumed. We expect nanophotonic manipulation to become an important tool in
characterizing complex emitters used e.g. for optical nanoscopy.

Energy transfer mechanism in α and β −ΝαΨΦ4 :
Er3+, Yb3+ upconverters for use in solar cells

PA15.06

Jessica de Wild, R.E.I. Schropp
Debye Institute, UTRECHT, Netherlands, FOM-U-36
Upconversion is a process whereby low energy photons are absorbed and higher energy photons
emitted. Rare earths are commonly used, that emit and absorb photons due to electronic transitions
in the f-shell. We use NaYF4: Er3+, Yb3+ to increase the NIR response of solar cells. The material
has 2 crystal structures: α (cubic) and β (hexagonal); with β 10 times more efficient than α. When
rare earth ions are located at a centre of inversion, phonon assisted f-f transitions are allowed.
Low temperature emission experiments show a sharp zero-phonon emission line of Er3+ resonant
with Yb3+ in β-NaYF4; in α the phonon assisted emission lines of Er3+ and Yb3+ are not resonant.
Resonant energy transfer explains higher efficiency of upconversion.
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Abstracts parallel session 16
Physics of fluids
Coherent structures in a time-periodic viscous mixing flow

PA16.01

Jemil Znaien1, Michel Speetjens2, Ruben Trieling1, Herman Clercx1
1 Fluid dynamics Laboratory, EINDHOVEN, Netherlands, FOM-E-24
2 Energy Technology Laboratory, TU/e, EINDHOVEN, Netherlands
Periodically driven laminar flows occur in wide variety of fluid systems. The present study is
motivated by better understanding the advection of a passive scalar in 3D viscous time-periodic
flows. Numerical simulations and 3D Particle Tracking Velocimetry measurements are performed in
a lid-driven cylindrical cavity flow (time-periodic in-plane motion of one endwall). We focus on the
formation and interaction of coherent structures due to fluid inertia, which play an important role
in 3D mixing by geometrically determining the tracer transport. Data from tracking experiments
of small particles will be compared with predictions from numerical simulations on transport of
passive tracers.

Marangoni driven free surface microflows in liquid metal weld
pools

PA16.02

Zaki Saldi1, Anton Kidess1, Chuangxin Zhao1, Sasa Kenjeres1, Ian Richardson2, Chris Kleijn1
1 Faculty of Applied Sciences, DELFT, Netherlands
2 Department Materials Science & Engineering, DELFT, Netherlands
The common engineering process of laser welding is rich of interesting microfluidic physics.
Temperature and surfactant concentration variations along the free surface of the micro-litre pool
of liquid metal induce strong Marangoni microflows and violent surface instabilities. We present
Direct Numerical Simulations and experimental observations of these flows. In agreement with
experimental observations, simulations show that the temporal evolution of temperature and
surface active species concentrations lead to flow reversal in the weldpool. We observe viscous
fingering and Rayleigh-Taylor type instabilities, which significantly enhance mixing and heat
transfer in the underlying liquid pool.

Ultrasonic cleaning of the root canal

PA16.03

Bram Verhaagen1, Lei Meng Jiang2, Luc van der Sluis2, Michel Versluis1
1 PoF, ENSCHEDE, Netherlands, FOM-T-03
2 Academic Centre for Dentistry, AMSTERDAM, Netherlands
A crucial step during a root canal treatment is the irrigation, where an antimicrobial fluid is
injected into the root canal to eradicate all bacteria. Here we investigate ultrasonically activated
irrigation through experiments and numerical simulations to understand the importance of
acoustic streaming and cavitation on the cleaning mechanism. We combine high-speed imaging and
microPIV to visualize the flow pattern and onset of cavitation in a root canal model at timescales
relevant to the cleaning process. The acoustic streaming pattern is coupled to the oscillation
characteristics of the file as simulated numerically and measured with a laser vibrometer. It reveals
the importance of the confinement of the root canal system.
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PA16.04

The microfluidic thunderstorm

Wim van Hoeve1, Álvaro G. Marín1, Lingling Shui2, Jan Eijkel2, Albert van den Berg2, Detlef Lohse1
1 Physics of Fluids, ENSCHEDE, Netherlands, FOM-T-03
2 BIOS/lab-on-a-chip, ENSCHEDE, Netherlands
“Kelvin’s thunderstorm” is an experiment demonstrating the spontaneous appearance of induced
free charge in droplets generated from two separate sources. The presence of an electrode results
in a tiny amount of charge being entrained in the droplet. Oppositely charged droplets are collected
in separate buckets, which are interconnected through the electrodes. This collection technique
amplifies the effect, leading to the formation of highly charged droplet streams. The phenomenon
has been successfully reproduced in a simple microfluidic device, where the droplets are charged
to above the ‘Rayleigh limit’. The implementation of such an effect in a microfluidic device can
enhance the control of droplets and prevent droplet coalescence.

PA16.05

Turbulent bursts in the wake of a magnetic obstacle

Sasa Kenjeres, Sybren Ten Kate, Kees Voesenek
Faculty of Applied Sciences, DELFT, Netherlands
An imposed magnetic field can act as an obstacle for a flow of electrically conductive fluid. In
contrast to flows around solid obstacles, the flow recirculation(s) can occur also inside the magnetic
obstacle region. In our detailed numerical investigations, we focused on appearance of vortical
structures in, and behind, magnetic obstacle in transitional flow regimes over a range of Reynolds
numbers and interactive parameters. The turbulent bursts in the wake of magnetic obstacle are
observed for a very first time. The spectral analysis revealed characteristic peak frequency of the
magnetically imposed vortex shading. Surprisingly, this frequency was almost identical for entire
range of very different interactive parameters.

PA16.06

Population dynamics at high Reynolds number

Prasad Perlekar1, Roberto Benzi2, David Nelson3, Federico Toschi1
1 Departmen of Mathematics and Computer Science, EINDHOVEN, Netherlands, FOM-E-23
2 Dip. di Fisica and INFN, Università „Tor Vergata„, ROME, Italy
3 Lyman Laboratory of Physics, Harvard University,, CAMBRIDGE, MA 02138, United States of America
We study the statistical properties of population dynamics evolving in a realistic two-dimensional
compressible turbulent velocity field. We show that the interplay between turbulent dynamics and
population growth and saturation leads to quasi-localization and a remarkable reduction in the
carrying capacity. The statistical properties of the population density are investigated and quantified
via multifractal scaling analysis. We also investigate numerically the singular limit of negligibly
small growth rates and delocalization of population ridges triggered by uniform advection
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Abstracts parallel session 17
Nanoscience and -technology
Identification of oxidation states of individual Mn-porphyrins
during their reaction with molecular oxygen in an environmentally
controlled liquid STM

PA17.01

Duncan den Boer1, T. Habets1, M. Li2, P. Iavicoli3, D.B. Amabilino3, S. de Feyter2,
A.E. Rowan1, R.J.M. Nolte1, S. Speller1, Hans Elemans1
1 Institute for Molecules and Materials (IMM), NIJMEGEN, Netherlands, FOM-N-06
2 Institute for Nanoscale Physics and Chemistry, Katholieke Universiteit Leuven, LEUVEN, Belgium
3 Institut de Ciència de Materials de Barcelona, BARCELONA, Spain
Scanning Tunneling Microscopy (STM) has opened the exciting possibility to study chemical
reactions at the submolecular level. In a home-built liquid STM equipped with a bell-jar to
control the environment, we have investigated surface-confined reactions with catalytically
active manganese porphyrins adsorbed at a HOPG/1-octanoic acid interface. Depending on the
atmospheric conditions (argon or oxygen), the Mn centers of the catalysts were observed to adopt a
variety of oxidation states. Single catalyst molecules could be imaged in situ for several hours while
they switched between oxidation states Mn(II), Mn(III) and Mn(IV), bound and released oxygen, and
formed oxygen-bridged dimers with porphyrins in the subphase.

Origin of the ideality factor in polymeric light-emitting diodes

PA17.02

Gert-Jan Wetzelaer, Martijn Kuik, Herman Nicolai, Paul Blom
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands
The diode characteristics of polymeric light-emitting diodes (PLEDs) in the diffusion-dominated
regime are studied with regard to the Shockley theory for p-n junctions. The observed ideality factor
of 2 is temperature independent and can be explained in the framework of (non-radiative) trapassisted recombination, whereas the luminance is governed by recombination of the Langevin type.
This apparent contradiction can be resolved by measuring the current and luminance ideality factor
for a white-emitting polymer, where both free and trapped charge carriers recombine radiatively.

Effect of hyperfine interaction on singlet/triplet exciton formation
in organic semiconductors

PA17.03

Sander Kersten, Sjors Schellekens, Wiebe Wagemans, Bert Koopmans, Peter Bobbert
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-10
With hyperfine interactions as a source for spin mixing[1] we find by solving a stochastic Liouville
equation that the statistical ratio of 1:3 between singlet/triplet (S/T) exciton formation in organic
semiconductors can be violated. This happens when the S and T exciton formation rates are
different and slower than the hyperfine precession. We study the magnetic-field dependence
of the S/T ratio and can explain a low-field structure in this dependence found in magnetoelectroluminescence experiments. Our results shed light on the still elusive mechanism behind the
large magnetoresistance of organic semiconductors.
[1] T.D.

Nguyen et al., Nature Mat. 9, 345 (2010); P.A. Bobbert, Nature Mat. 9, 288 (2010).
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PA17.04

Quantum pumping in graphene with a perpendicular magnetic
field

Rakesh Tiwari, Miriam Blaauboer
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-09
We consider quantum pumping of Dirac fermions in a monolayer of graphene in the presence of a
perpendicular magnetic field in the central pumping region. The two external pump parameters are
electrical voltages applied to the graphene sheet on either side of the pumping region. We analyze
this pump within scattering matrix formalism and calculate both pumped charge and spin currents.
The predicted charge currents are of the order of 1000 nA, which is readily observable using current
technology. Parametric pumping through edge states in a strong topological insulator with induced
exchange coupling will also be discussed.

PA17.05

Porphyronics

Diana Dulic1, Michael Perrin1, Christian Martin1, Ferry Prins1, Ahson Shaikh2,
Rienk Eelkema2, Jan van Esch2, Vladimir Kral3, Jan van Ruitenbeek4, Herre van der Zant1
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-44
2 DelftChemTech TUD, DELFT, Netherlands
3 Institute of Chemical Technology, Prague Technical University, PRAGUE, Czech Republic
4 Leiden University, LEIDEN, Netherlands
Ability to control charge transport in single-molecule devices depends heavily on our understanding
of the conformation of a metal-molecule-metal junction. Possibility to adjust the distance between
the electrodes in the nanometer range and to change the electrostatic potential in the junction
with a gate electrode allows us to obtain spectroscopic information of a thiol-anchored porphyrin
molecule over several junction configurations and across different transport regimes. Our findings
demonstrate that the electronic transport in a molecular junction can be modulated substantially by
changing its conformation and offers prospects for mechanically driven molecular devices.

PA17.06

Wedging transfer of graphene - from DNA translocation to novel
transport phenomena

Victor Calado, Gregory Schneider, Annemarie Theulings, Stefan Kowalczyk, Henny Zandbergen,
Cees Dekker, Lieven Vandersypen
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-47
We demonstrate and employ a simple and fast water-based method for transferring graphene onto
arbitrary surfaces, with micrometer alignment precision. The transfer makes use of the intercalation
(wedging) of water between a hydrophilic substrate and graphene locked within a hydrophobic
polymer film. We use this method to fabricate graphene membranes in which we drill nanometer
pores, and observe DNA translocation through the nanopores. Measurements of the conductivity of
graphene transferred onto an insulating substrate reveal that charge carrier mobility is not degraded
in the transfer process, despite the presence of large wrinkles observed by AFM. This opens the way
to the creation of novel electronic devices in graphene.
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Abstracts parallel session 18
Prize winners
Academic physics teaching

PA18.01

Els de Wolf
UvA/Nikhef, chair
Physics@FOM Veldhoven is a unique national assembly of university physics teachers and physics
researchers and forms the ideal platform for an exchange of ideas on university teaching and its
relation to research. In this session, organised in collaboration with the NNV, some challenging
physics education issues will be addressed in discussion sessions introduced by colleagues that
have strong opinions about these. What are ICAB (Innovation Centers Academic Beta Education)
and are they important? How should we deal with the increasing pressure for more efficiency?
Should we strive to graduate schools in physics with pre-PhD education? Is the relatively long
physics research education in the Netherlands competitive enough? As top researcher, is it worth
spending time on teaching in the bachelor physics education?The session on academic physics
teaching is a good opportunity to exchange opinions on these burning questions which concern
both the senior and junior physicists in the Netherlands.

Nanofocusing and negative refraction with surface plasmon polaritons

PA18.02

Ewold Verhagen, Marko Spasenović, René de Waele, Kobus Kuipers, Albert Polman
FOM Institute AMOLF, AMSTERDAM, Netherlands
Light can be confined to subwavelength dimensions in the form of surface plasmon polaritons
(SPPs), which are electromagnetic surface waves excited on metallic nanostructures. Many
applications can benefit from the strongly concentrated fields associated with SPPs. We
experimentally demonstrate the excitation of highly confined SPPs on metallic nanowires through
adiabatic nanofocusing in a tapered gold waveguide, which provides an efficient means of coupling
light to the nanoscale. We furthermore study the peculiar behavior of SPPs in very thin metallic slot
waveguides. Coupling many such waveguides in an array allows the design of a three-dimensional
metamaterial that has an isotropic negative index of refraction at optical frequencies.

Multilayer Extreme UV Optics, or how science can benefit from its
application

PA18.03

Fred Bijkerk
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, and MESA+ Institute for Nanotechnology,
University Twente, ENSCHEDE, Netherlands
Ultrathin layered structures are known to act well as Bragg reflectors for light down to subnanometer wavelengths. However, the application of such structures in multi-element optics
for photolithography at the wavelength of 13.5 nm has imposed tremendous challenges to the
underlying thin film physics. Required is full physical and chemical stability, 10 W/cm2 radiation
damage resistance, atomically sharp refractive index profiles, and dimension-controlled thicknesses
down to the sub-nanometer range. Pursuing such properties has been the goal of several FOM and
STW research programmes, executed in collaboration with, and facilitated by the participating end
users of the optics. This valorisation has enabled an improved understanding of the basic physics
with results immediately being used in this and other applications.
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Theme 1 Light and matter
High power microwave photonic free-electron laser

P01.01

Thomas Denis, Bob Reijnders, Joan Lee, Peter van der Slot, Klaus Boller
MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands, FOM-T-01
The photonic free-electron laser (pFEL) is a compact, low-energy electron beam radiation source.
Its concept is currently investigated at a frequency of 20 GHz; however, scaling the device should
also allow generating Watt-level THz radiation. In a pFEL several electron beams stream through a
photonic crystal (PhC) leading to the emission of coherent Cerenkov radiation. Transverse coherence
is due to the transverse scattering of the radiation inside the PhC. This allows increasing the pFEL’s
output power by increasing the number of beams driving the device. Currently, we study a single
beam pFEL to prepare the development of multi beam devices in the future.

How does a magneto-electric scatterer radiate?

P01.02

Ivana Sersic1, Christelle Tuambilangana1, Tobias Kampfrath2, Femius Koenderink1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Fritz-Haber-Institut der Max-Planck-Gesellschaft, BERLIN, Germany
Metamaterials are a new class of optical media whose building-blocks, such as split ring resonators
(SRRs), have an electric as well as a magnetic response to light. SRRs are in fact strong scatterers
and therefore excellently suited to construct magnetic antennas, array waveguides and gratings
in which electric and magnetic dipoles couple. In this contribution we present and experimentally
benchmark a new, fully analytical point scattering model which can be applied to arbitrary
anisotropic magneto-electric dipole scatterers, including SRRs, chiral and anisotropic plasmonic
scatterers. Next, we predict which set of experiments will provide full information on the
polarizability tensor.

Experimental techniques for probing radiation patterns of
plasmonic and metamaterial nanosctructures

P01.03

Ivana Sersic, Bob Hommersom, Anouk de Hoogh, Femius Koenderink
FOM Institute AMOLF, AMSTERDAM, Netherlands
Plasmonic and metamaterial nanoscatterers are excellently suited solid-state building blocks for
realizing subwavelength photonic components due to their strong response to light in the VIS and
IR. Therefore, it is essential that we quantify how electric and magnetic nanoscatterers are excited
and how they scatter. We report two new experimental techniques. First, we custom built a Fourier
microscope to image the radiation patterns of single photonic nanostructures, such as plasmon
nanorods. Secondly, using a state-of-the-art laser setup combined with the two-photon absorption
process in a negative photoresist we are able to capture the electromagnetic field distribution of
split ring resonators.
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P01.04

Modification of the spontaneous emission of dye molecules by
interaction with surface modes in lossy thin films

Yichen Zhang, Christophe Arnold, Jaime Gómez Rivas
FOM Institute AMOLF, EINDHOVEN, Netherlands
We present an experimental and theoretical study of the modification of the spontaneous emission
of dye molecules close to a strongly absorbing thin film. Particularly, we have investigated the
interaction of light-emitters with long-range surface polaritons (LRSPs) supported by nanometric
layers of phase change glasses. LRSPs are guided modes supported by lossy thin films. These modes
present a subwavelength confinement to the surface, can propagate along the interfaces of the lossy
film with low attenuation and can be supported in the whole visible spectrum. Our results set the
first step towards amplification of LRSPs.

P01.05

Thin film solar cells using luminescent solar concentrators based
on quantum dots

Zachar Krumer, Celso de Mello-Donega, Wilfried van Sark, Ruud Schropp
Debye Institute for Nanomaterials Science, UTRECHT, Netherlands, FOM-U-36
The approach of luminescent solar concentrators (LSCs) aims at reducing the use of semiconducting
material in solar cells by optical concentration. The LSC consists of highly transparent low-cost
polymer, in which quantum dots are dispersed. The incident photons from any direction are
absorbed by the quantum dots and red shifted photons are subsequently emitted, with high
quantum efficiency. This light is trapped by total internal reflection and directed to a thin film
silicon solar cell, which converts the photon energy into electrical energy. This concept allows to
tune the band gap of the semiconducting material to the photon energy of the emitted light.

P01.06

Optical properties of self-assembled gold platelets

M. Linh Tran, Stéphane Badaire, Alfons van Blaaderen
Debye Institute for Nanomaterials Science, Soft Condensed Matter group, UTRECHT, Netherlands, FOM-U-09
We investigate the colloidal behaviour and optical properties of highly anisotropic Brownian gold
platelets in suspension. These particles can self-assemble into ordered structures such as columns
or nematic domains when the depth of the van der Waals-induced secondary energy minimum is
finely adjusted with salts. Moreover, each platelet supports plasmonic modes that strongly depend
on both the polarization of the light and the interparticle distance in the assemblies. We will show
that this dependence can be characterized by using a combination of optical microscopy and visNIR spectroscopy, as well as confocal luminescence and Bragg scattering. Finally we compare the
experimental results with theory.
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Interaction of emitters with plasmonic and metamaterial
structures

P01.07

Martin Frimmer, Andrej Kwadrin, Abbas Mohtashami, Felipe Bernal Arango, Femius Koenderink
FOM Institute AMOLF, AMSTERDAM, Netherlands
Spontaneous emission of an emitter can be controlled by tailoring its local nanophotonic
environment. Both, where light goes and how fast it is emitted can be controlled. We show our
scanning probe setup designed to realize on-demand nanoscale manipulation and measurement of
the spatial dependence of the emission near photonic structures with respect to spectral behavior,
lifetime, and quantum efficiency. We consider structures with a resonant magnetic response and
plasmonic structures. Measurements of the influence of subwavelength plasmonic structures on the
emission properties of fluorosphores are presented together with our progress on using NV-centers
in diamond as light-sources.

Active control of collective THz plasmonic resonances

P01.08

Martijn Schaafsma, Audrey Berrier, Said Rahimzadeh-Kalaleh Rodriguez, Jaime Gómez Rivas
Center for Nanophotonics, EINDHOVEN, Netherlands
Metallic particles are efficient electromagnetic scatterers at frequencies close to their surface
plasmon resonance. Interference of light scattered by particles in an array modifies strongly
the electromagnetic extinction spectrum. For wavelengths matching the lattice constant of the
array these interference effects are dominant, enhancing the quality factor of the resonance. In
this contribution we present a study of the scattering and extinction of THz radiation by arrays
of semiconductor micro particles. Semiconductors behave as metals in the THz regime. Optical
pumping of free carriers induces a shift in the surface plasmon resonance, enabling ultrafast active
control on the extinction and the resonance width.

Plasmon scattering on individual subwavelength holes

P01.09

Thijs Krijger, Marko Spasenovic, Kobus Kuipers
FOM Institute AMOLF, AMSTERDAM, Netherlands
To understand the process of extraordinary transmission of light through arrays of subwavelength
holes in metal further understanding of the behaviour of surface plasmons in this process is
needed. We investigate the scattering, of plasmons by subwavelength holes in a gold film, into
plasmons.
We launch Surface Plasmon Polaritons onto subwavelength holes of varying sizes with both circular
and square shapes. A phase-sensitive near-field microscope allows a direct quantification of the
amplitude and phase of the surface plasmons as a function of scattering angle.
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P01.10

Low temperature Scanning Near-Field Optical Microscopy of
quantum dots in photonic crystal cavities

Matthias Skacel1, Francesco Pagliano1, Marco Francardi2, Annamaria Gerardino2,
Alloing Blandine3, Lian Li3, Andrea Fiore1
1 Photonics and Semiconductor Nanophysics, EINDHOVEN, Netherlands, FOM-E-06
2 Institute of Photonics and Nanotechnology, CNR, ROME, Italy
3 Institute of Photonics and Quantum Electronics, EPFL, LAUSANNE, Switzerland
Quantum dots (QDs) coupled to photonic crystal cavities (PhCs) are a promising implementation
of cavity quantum electrodynamics (CQED). To overcome the resolution limit of far-field optics, we
use a Scanning Near-Field Optical Microscope operating at low temperature (7K). It allows us to do
mapping of the photoluminescence both spectrally resolved as well as with a spatial resolution
well below the diffraction limit. We study the coupling of QDs with PhCs. The influence of the dot’s
position and spectral overlap with the cavity emission is investigated.

P01.11

Generating novel solutions of Maxwell’s equations via conformal
transformations of familiar ones

Jan Willem Dalhuisen
LION, LEIDEN, Netherlands
Based on the conformal symmetry of Maxwell’s equations in vacuum, we construct new solutions
from known ones. If we limit ourselves to conformal inversions and take as input a plane
electromagnetic wave the construction leads to a recently (re)discovered topologically non-trivial
finite-energy solution known as a knot of light: any two electric (or magnetic) field lines are
linked once. We investigate the possibility of higher linking using this construction. Provisional
results seem to indicate that this is possible. The construction will be applied to other conformal
symmetries and compared with alternative ways of constructing new solutions from known ones.

P01.12

Electron Beam Induced Deposition of plasmonic nanostructures

Hakki Acar1, Toon Coenen1, Hans Mulders2, Hans Zeijlemaker1, Gijs Vollenbroek1, Kobus Kuipers1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 FEI, EINDHOVEN, Netherlands
In contrast to well known nano-lithography methods, EBID, as a direct nanofabrication technique
allows the fabrication of nanostructures in 3D without using any resist. With Cathodoluminescence
(CL) plasmon microscopy, for the first time, we measured nanoplasmonic resonances of gold
nanoantenna’s of which the length and width were gradually varied. We observe resonance
frequency shifts of the nanoantenna’s corresponding to the changes in geometry. Through the use
of a novel precursor no purification post treatment was required after deposition of the structures,
thus eliminating the occurrence of shape deformations and size shrinkage. This breakthrough opens
avenues for the fabrication of novel, 3D plasmonic nano-structures.
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Light and matter session

P01.13

Grzegorz Grzela1, Silke Diedenhofen1, Olaf Janssen Olaf2, Erik Bakkers3, Jaime Gomez-Rivas1
1 FOM Institute AMOLF, EINDHOVEN, Netherlands
2 Optics Research Group, Delft University of Technology, DELFT, Netherlands
3 Department of Applied Physics, Eindhoven University of Technology, EINDHOVEN, Netherlands
Increasing light absorption in semiconductors is of great importance to improve the efficiency
of photovoltaic cells. We show that an InP substrate with an array of 3 µm long InP nanowires
on top absorbs more than 97% of the incident light in the wavelength range between 400 nm and
850 nm. This absorption is almost independent of the angle of incidence. At wavelengths above the
electronic bandgap of InP the light is efficiently coupled into the substrate due to the structure of
the nanowires. The results of this work enable us to propose a novel design for a solar cell based on
semiconductor nanowires with improved performance.

Ultrafast preparation and detection of arbitrary coherent dark
states with donor-bound electrons in GaAs

P01.14

Sergii Denega1, Maskym Sladkov1, Caspar van der Wal1, Dirk Reuter2, Andreas Wieck2
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
2 Ruhr-University, BOCHUM, Germany
We report an optical pump-probe study of spin coherence of donor-bound electrons in GaAs. We
find that single pump pulses prepare the spins in a coherent dark state via an ultrafast stimulated
Raman process. Two orthogonal polarization components in the pump pulses each address one
leg of the Raman system. The phase and amplitude difference between these components govern
which spin state is prepared, and we can prepare any superposition of spin states. This preparation
occurs 1000 times faster than the system’s spontaneous emission and decoherence time, and
probably relies on rapid pulse-induced decoherence that is unique for solid-state systems.

Plasmonic detection of single molecule binding events on a gold
nanorod

P01.15

Peter Zijlstra, Paul Ruijgrok, Michel Orrit
Faculty of Science, LEIDEN, Netherlands, FOM-L-21
The energy of the longitudinal surface plasmon resonance (SPR) of a single gold nanorod is not
only sensitive to the material and morphology of the particle itself, but also to the refractive index
in the near-field of the particle. We exploit this sensitivity to detect the absorption of streptavidin
molecules onto the surface of a biotin functionalized gold nanorod. The shift of the SPR is
monitored by photothermal microscopy, which is capable of imaging metal nanoparticles down to
a few nanometers in radius. This allowed us to image gold nanorods with a radius of only 4-5 nm,
comparable to the size of a streptavidin molecule. Preliminary results show that the binding of a
single streptavidin molecule can be detected with this system.
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P01.16

Light-induced effective magnetic fields in the Rashba 1D ring

Fatemeh Kako Joibari, Gerrit Bauer
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-09
Experiments demonstrated the possibility of magnetization switching by circularly polarized laser
pulses in thin magnetic films in the absence of external magnetic fields. The experiments can
be understood in terms of light-generated effective magnetic fields of the order of a tesla. This
phenomenon is possibly caused by the non-dissipative Inverse Faraday Effect (IFE). We believe that
the microscopic origins of the light-generated magnetic fields has to be sought in the spin orbit
interaction. We study this hypothesis in a simple generic model system, i.e. the ferromagneticRashba 1D ring. We demonstrate that the electric currents induced by circularly polarized light
indeed induce effective magnetic fields.

P01.17

Charge-magnon coupling in multiferroic TbMnO3

Ismudiati Puri Handayani1, Dmitry Mazurenko1, Nandang Mufti1, Agung Nugroho1,
May On Tjia2, Jeroen van den Brink3, Thom Palstra1, Paul van Loosdrecht1
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-10
2 Physics of Photonics and Magnetism Laboratory, Bandung Institute of Technology, BANDUNG, Indonesia
3 Institute for Theoretical Solid State Physics, Leibniz Institute for Solid State, DRESDEN, Germany
The relaxation dynamics of charge carriers in multiferroic TbMnO3 as seen by transient reflectivity
experiments demonstrates a strong coupling of the charge degrees of freedom to the magnetic
ordering. This observation is discussed in terms of relaxation of charge excitation mediated by
magnetic low energy excitations which density of state is suppressed in the magnetically ordered
phases of TbMnO3. The dominant relaxation channel in the ordered phases occurs through coupling
to the 60 cm-1 (electro)magnon mode previously observed in infrared spectroscopy[1].
[1] Y. Takahashi

et al., Phys. Rev. Lett. 101, 187201 (2008).

P01.18

Probing the Magnetic excitations in a spin ladder cuprate with
time resolved optical spectroscopy

Matteo Montagnese1, Marian Otter1, Surjeet Singh2, Alexandre Revcolevschi3, Paul van Loosdrecht1
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-10
2 IFW - Institute for Solid State Research, DRESDEN, Germany
3 Université Paris-Sud XI, ORSAY CEDEX, France
Antiferromagnetic spin ladder (SL) materials are characterized by a spin liquid ground sate with a
gapped spectrum of magnetic excitations (magnons) in the near-IR, inducing unusual properties
like a highly anisotropic thermal conductivity. Coherent light pulses are a promising tool to
understand the dynamics and interaction between the excitations (magnons, phonons, electrons)
and to ultimately control the macroscopic properties. To these ends, we have studied the SL cuprate
Ca9La5Cu24O41 with time resolved spectroscopy using ultrashort laser pulses in the Near-IR to excite
and probe the magnon dispersion. Results showing a wavelength and polarization dependence are
analyzed in the framework of a 3-fluid model.
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Superconducting single photon detectors with integrated optical
microcavities

P01.19

Saeedeh Jahanmirinejad1, Alessandro Gaggero2, Francesco Marsili3, Francesco Mattioli2,
Roberto Leoni2, David Bitauld4, Dondu Sahin1, Rian Hamhuis1, Richard Nötzel1, Rosendo
Sanjines5, Andrea Fiore1
1 Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-06
2 Istituto di Fotonica e Nanotecnologie, CNR, ROME, Italy
3 Department of Electrical Engineering and Computer Science, MIT, CAMBRIDGE, United States of America
4 Photonics Theory Group, Tyndall National Institute, CORK, Ireland
5 Ecole Polytechnique Fédérale de Lausanne, LAUSANNE, Switzerland
Superconducting single photon detectors (SSPDs) are attractive detectors of choice for many
applications in quantum information and communication technology, owing to their high count
rate, low dark rate and low jitter. However, they have limited quantum efficiency due to small optical
absorption in ultrathin wires. A promising approach to increase the detection efficiency of SSPDs
is integrating them with optical structures. In this work, we present the successful integration of
SSPDs with optical cavities based on GaAs/AlAs Bragg mirrors to enhance their quantum efficiency.
Characterization of the SSPDs show clear cavity enhancement of the quantum efficiency, resulting
in a peak value of 18% at λ=1300nm and T=4.2K.

Organic-inorganic hybrids: Best of both worlds

P01.20

Antonio Caretta, Rany Miranti, Michiel Donker, Anne Arkenbout, Thomas Palstra,
Paul van Loosdrecht
Zernike, GRONINGEN, Netherlands, FOM-G-10
The dream of the organic-inorganic hybrid compounds is to combine the rich plethora of electronic
functional properties of inorganic structures with the versatility and tenability of organic materials.
Indeed a large variety of phenomena had been observed including low dimensional quantum
magnetism, orientational melting, thermochromism, pyroelectric order and recently even
multiferroicity. The compounds are also promising for applications like FETs and switchable devices.
We will present a case study on the intruiging properties of a representative hybrid material as seen
by a variety of linear and non-linear optical techniques.
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Quantum state preparation via dynamic control of quantum dot cavity coupling

P01.21

Robert Johne, F.M. Pagliano, Andrea Fiore
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-06
Efficient quantum state preparation is a crucial prerequisite for many applications on the way
toward on-chip quantum devices. We investigate theoretically how the Stark shift of quantum dot
resonances can be used to control dynamically the light-matter interaction in a nanocavity. We
compute the absorption of a single photon pulse by the quantum dot depending on the temporal
pulse length and on the dynamic change of the dot-cavity coupling. Further applications such as
shaping of a single photon pulse and entanglement transfer between distant quantum dots are
conceivable. Finally, we present preliminary experimental results of fabricated photonic crystal
nanocavities with embedded and electrically controllable quantum dots.

P01.22

Absence of strong dynamical nuclear polarization from optical
driving of donor-bound electron spins in GaAs

Alok Chaubal1, Alexander Onur1, Maksym Sladkov1, Morten Bakker1, Caspar van der Wal1,
D. Reuter2, A.D. Wieck2
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
2 Ruhr-University, BOCHUM, Germany
Spins of donor-bound electrons in GaAs have hyperfine interaction with about a million nuclear
spins. Spin fluctuations of these nuclei around their average polarization limit the electron spin
coherence. If the electron spin is driven out of equilibrium, dynamical nuclear polarization (DNP)
can occur. We studied how DNP occurs during optical pumping and quantum-optical experiments
with these electrons, and find the effects much weaker than in various related experiments with
micro-wave driving, or optical control of electron spins in quantum dots. Obtaining control over DNP
in this system is relevant for implementing optically controlled quantum information tasks with
this material.

P01.23

Water dynamics around small amphiphilic solutes

Vlad Pavelyev1, Artem Bakulin1, Christian Petersen2, Paul van Loosdrecht1,
Maxim Pshenichnikov1, Huib Bakker2
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-10
2 FOM Institute AMOLF, AMSTERDAM, Netherlands
Hydration phenomena of amphiphilic solutes play a crucial role in the formation of biological
objects and as well as in their stability. To better understand the dynamics of amphiphilic
solutes in an aqueous environment, one needs to gain spectroscopic access to the characteristic
reorientational and reformational timescales, which are in the (sub)ps range. Here we utilize 2D-IR
and transient anisotropy measurements on the OH/OD-stretch vibrational mode of water molecules
to study the aqueous dynamics in the hydratation shell of two amphiphilic solutes, tertiary-butylalcohol and trimethylamine N-oxide.

PH YSIC S @ FOM V EL DHOV E N 2011

111

Focusing light through turbid media by binary amplitude modulation

P01.24

Duygu Akbulut, Elbert van Putten, Thomas Huisman, Jacopo Bertolotti, Willem Vos, Allard Mosk
MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands, FOM-T-23
Spatial modulation of the phase of light has been demonstrated as a powerful method to control
propagation in turbid media[1]. Here, we demonstrate focusing light through turbid media by binary
amplitude modulation. Incoming light is spatially divided into segments that are switched between
on and off states. Segments which lead to destructive interference at the target position are turned
off, which causes a bright focus to emerge at the target position. This approach enables the use of
MEMS based binary amplitude modulators, providing a fast and easy method to focus light through
turbid media, which can be useful for in vivo imaging applications.
[1]

I.M. Vellekoop and A.P. Mosk, Opt. Lett. 32, 2309-2311 (2007).

Sharp features in light scattering of slow light in photonic crystal
waveguides

P01.25

Aron Opheij1, Daryl Beggs1, Rob Engelen1, Marko Spasenovic1, Daisuke Mori2,
Toshihiko Baba2, Kobus Kuipers1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Yokohama National University, YOKOHAMA, Japan
Photonic crystal waveguides enable a controllable slowdown of light. As the light is slowed down,
light-matter interactions increase. As a result, unavoidable structural imperfections will cause
scattering of Bloch modes; initially mainly out-of-plane, but with increasing slowdown leading to
multiple scattering within the waveguide. We have experimentally investigated these losses in a
chirped photonic crystal waveguide, which allows us to probe many realizations of disorder for
different group velocities by measuring at different wavelengths.
We observe features in the scattered light, which are both spatially and spectrally very narrow. We
provide a thorough statistical analysis of these measurements.

Roughness correction to the Casimir force without perturbation
theory restrictions

P01.26

Wijnand Broer1, G. Palasantzas2, V.B. Svetovoy3, B.J. Hoenders1, J. Knoester1
1 Center for Theoretical Physics and Zernike Institute for Advanced Materials, GRONINGEN, Netherlands,
FOM-G-13
2 Materials Innovation Institute M2i and Zernike Institute for Advanced Materials, GRONINGEN, Netherlands
3 MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands
The influence of random surface roughness of Au films on the Casimir force is explored both
analytically and numerically. Both ellipsometry data for the frequency dependent permittivities and
atomic force microscopy data for the surface profiles were used as inputs for these calculations.
Results are compared directly to experimental force data at separations ranging between
20 and 200 nm. Our future aim is applying these results to explore the motion dynamics of
microelectromechanical systems.
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P01.27

Ultrafast hole transfer dynamics in P3HT:[70]PCBM blends

Almis Serbenta, Vladislav Pavelyev, Jan Hummelen, Maxim Pchenitchnikov, Paul van Loosdrecht
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-10
The state of the art photovoltaic devices are based on polymer:fullerene bulk heterojunctions.
In the conventional polymer:[60]PCBM blends the major absorption contribution originates from
the polymer when exposed to the sunlight. However, with [70]PCBM a substantial contribution to
absorption - up to 30% - originates from the fullerene itself.
We investigate the direct excitation of the fullerene followed by ultrafast hole transfer to polymer in
P3HT:[70]PCBM blends. For excitation, visible to near-infrared light is used while mid-infrared light
pulse represents a probe for polymer charge concentration. Selecting excitation wavelengths and
tuning concentrations allows us to vary the fullerene contribution to the overall absorption.

Classification of light sources and their interaction with active and
passive environments

P01.28

Ramy El-Dardiry, S. Faez, A. Lagendijk
FOM Institute AMOLF, AMSTERDAM, Netherlands
The emission properties of a molecular light source depend on its optical and chemical
environment. This dependence, however, is different for various light sources. We present a general
classification of sources by introducing the concepts of Constant Amplitude and Constant Power
Sources. The unforeseen consequences of this classification are illustrated for photonic studies by
random laser experiments. Comparison of the experimental results with properly customized rate
equations identifies the type of light source in the gain medium and an estimate for its quantum
efficiency. Our results require a major revision of source studies in multiple scattering media.

P01.29

Optimization of light paths of a controllable length through
complex media

Jochen Aulbach1, B. Gjonaj1, P.M. Johnson1, A.P. Mosk2, A. Lagendijk1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Complex Photonic Systems, University of Twente, ENSCHEDE, Netherlands
We have built up an optical setup which enables us to perform time-resolved wave-front shaping
experiments. We are able to optimize the transmission through trajectories of a chosen length
between very short path length to pathways orders of magnitudes longer than the transport mean
free path. By that, we are able create a short pulse on the transmission side, much more intense
than the randomly scattered light. Our technique, providing control over light trajectories in the
presence of scattering media in space and time, paves the way to overcome limitative effects of
scattering for various kind of optical techniques.
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Plasmon interactions to study lipid-amylose inclusion complex
formation

P01.30

Marianna Manca, Laura Mazzocchetti, Katja Loos, Maria Antonietta Loi
Zernike, GRONINGEN, Netherlands, FOM-G-21
A better understanding of the amylose-lipid inclusion complex formation, and the methodologies to
control them, are fundamental for both food and non-food uses of starch. The first step is the study
of the inclusion complex formation between lipids and a layer of amylose chains grafted onto a
metal substrate (amylose brushes). Enhancement of the photoluminescence due to Surface Plasmon
resonance will be used to investigate the dynamics of lipid adsorption in the amylose chain.

Room temperature single-molecule excitation spectroscopy of
single quantum dots

P01.31

Martijn Stopel1, Christian Blum1, Niels Zijlstra1, Frank Schleifenbaum2, Sebastien Peter2, Marcus
Sackrow2, Alfred Meixner2, Vinod Subramaniam2
1 MESA+, ENSCHEDE, Netherlands, FOM-T-15
2 Institute of Physical and Theoretical Chemistry, TUEBINGEN, Germany
We developed a new single molecule detection modality to investigate excitation spectra of single
emitters at room temperature. We demonstrate the potential of this method by recording excitation
spectra of single CdSe nanocrystals over a wide spectral range of 100 nm. The spectra exhibit
emission intermittency characteristic of single emitters. We observe large differences of the spectra
close to the band edge representing the individual nature of the observed quantum dots. Further we
find specific excitation wavelengths for which the single quantum dots analyzed show an increased
propensity for a transition to a long-lived dark state.

Engineering light-matter interaction at the single-photon level

P01.32

Wolfgang Pfaff1, Toeno van der Sar1, Tjerk Oosterkamp2, Dirk Bouwmeester2, Ronald Hanson1
1 Delft University of Technology, DELFT, Netherlands, FOM-D-41
2 Leiden University, LEIDEN, Netherlands
The interaction between a single photon source and its electromagnetic environment is a central
theme in quantum optics. Defect centers in diamond, particularly the Nitrogen-Vacancy (NV)
center, are extremely stable sources of single photons. We are able to accurately position a diamond
nanocrystal containing one NV center with nanometer precision. In this poster, we present the
experimental progress towards exciting applications involving the efficient coupling of single
photons to plasmonic waveguides and photonic crystal cavities[1]. These experiments could lead to
efficient single photon generation, observation of spin-photon entanglement, and all on-chip, ‘dark’
optics.
[1] T.

van der Sar et al., arxiv:1008.4097.
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P01.33

Superdiffusive wave transport

Jacopo Bertolotti, Elbert van Putten, Duygu Akbulut, J.M. van den Broek, Willem Vos,
Allard Mosk
University of Twente, MESA+, ENSCHEDE, Netherlands, FOM-T-23
Transport in disordered systems is often modeled via a diffusion process. Yet, when large
fluctuations are present, the transport is dominated by a few large steps and becomes
superdiffusive. We investigate the delicate interplay between superdiffusive transport of light[1] and
wave interference. Combining wavefront shaping methods[2] with interferometric detection, we will
directly measure elements of the transmission matrix. Statistical analysis using random matrix
theory allows characterization of the interference effects and their comparison to their diffusive
counterparts.
[1]
[2]

P. Barthelemy, J. Bertolotti, D.S. Wiersma, Nature 453, 495 (2008).
I.M. Vellekoop, A. Lagendijk, and A.P. Mosk, Nature Photon. 4, 320 (2010).

Charge transfer excitons in narrow-band-gap polymer-based bulk
heterojunctions

P01.34

Dorota Jarzab, Fabrizio Cordella, Jia Gao, Maria Antonietta Loi
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands
Charge transfer exciton emission (CTE) has been reported in several bulk heterojunctions for organic
solar cells. Here we report CTE emission as efficient as 0.04% from a narrow-band-gap based BHJ.
Low temperature measurements reveal that while the dynamics of the singlet exciton is longer at
low temperature, the dynamics of the CTE emission is temperature independent.

Angle- and time-resolved XUV photoemission from graphene using
high harmonic generation

P01.35

Luca Bignardi1, Thorben Haarlammert2, Carsten Winter2, Petra Rudolf1, Helmut Zacharias2
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-21
2 Physikalisches Institut, MUENSTER, Germany
Two-photon photoemission is a widely diffused technique to investigate electron dynamics at
surfaces and allows to acquire information on the unoccupied electronic bandstructure. Highorder Harmonic radiation of visible or near-IR ultra short laser pulses are a XUV radiation source
with fs-pulse duration. We performed time- and angle-resolved photoemission on graphene
epitaxially grown on Ni(111). The graphene is deposited on the Ni surface by cracking of ethylene
in UHV at high temperature. Polarization dependent final state effects have been observed in the
photoelectron cross section of graphene states. The band structure has been investigated and time
resolution of about 37 fs has been achieved in a first XUV pump IR probe experiment.
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Spontaneous parametric down conversion with strongly focused
pump

P01.36

Henrique Di Lorenzo Pires, Frans Coppens, Martin van Exter
Institute of Physics, LEIDEN, Netherlands, FOM-L-02
Most experiments with Spontaneous Parametric Down Conversion (SPDC) have focused
on the quantum correlations between the two generated photons. We explore, instead, the
‘classical’properties of the field. We show that when the crystal is pumped by a strongly focused
laser beam, the near-field intensity pattern depends dominantly on the phase-matching conditions.
Measurements are made either with a CCD camera or in a confocal microscopy geometry, where we
try to image the two-photon ‘generating site’onto two compact detection modes. We show that the
coherent nature of the SPDC process and the associated phase matching are crucial to understand
the obtained images.

High harmonic source for seeding of FERMI@Elettra

P01.37

Siew Jean Goh1, Peter van der Slot1, Bert Bastiaens1, Sandra Biedron2, Miltcho Danailov2, Stephen
Milton2, Jennifer Herek1, Klaus Boller1
1 MESA+, ENSCHEDE, Netherlands, FOM-T-01
2 FERMI@Elettra, Sincrotrone Trieste S.C.p.A., Basovizza, TRIESTE, Italy
FERMI@Elettra is a Free Electron Laser (FEL) currently under development at Sincrotrone Trieste
(Italy).Within a larger Dutch research project, we develop an advanced EUV source for injection
seeding of the FEL.This source, based on High Harmonic (HH) generation in a gas-filled capillary, will
enable the FEL to generate a coherent and stable output.However, due to the short wavelengths of
the FEL, seeding requires much higher powers than what current capillary sources can deliver. We
present theoretical investigations on the scaling of the HH output with higher drive laser energies
than used so far.We show that the HH conversion efficiency improves by a factor of 3 with a larger
capillary radius, enabling successful seeding down to 4nm.

Experimental observation of sub-Bragg diffraction of waves in
photonic crystals.

P01.38

Simon Huisman1, Rajesh Nair1, Alex Hartsuiker2, Léon Woldering1, Allard Mosk1, Willem Vos1
1 MESA+, ENSCHEDE, Netherlands, FOM-T-24
2 MESA+, Enschede and Center for Nanophotonics, AMOLF, AMSTERDAM, Netherlands
We investigate diffraction conditions and formation of frequency gaps for waves in crystals with
different symmetries. We find a prominent gap in high-symmetry directions that occurs at a
frequency below the simple Bragg condition. This frequency gap is caused by sub-Bragg diffraction,
which occurs in two dimensions only for centred-rectangular and hexagonal symmetry and in three
dimensions for seven Bravais lattices. Our reflectivity measurements on two-dimensional centredrectangular photonic crystals reveal different peaks for the sub-Bragg and Bragg diffraction. These
results have implications for crystallography, scattering of phonons and band gap formation.
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P01.39

Supersonic gas jets for laser-plasma interactions

Tom Wolterink1, Edwin van der Weide2, Bert Bastiaens1, Peter van der Slot1,
Fred van Goor1, Harry Hoeijmakers2, Axel Jochmann3, Ulrich Schramm3, Klaus Boller1
1 MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands, FOM-T-01
2 IMPACT Institute for Energy and Resources, ENSCHEDE, Netherlands
3 Forschungszentrum Dresden-Rossendorf, DRESDEN, Germany
Supersonic gas jets have been designed to study interactions of femtosecond laser pulses with
plasma. We plan the study of laser wakefield acceleration in the transition region from high- to low
density at the edge of the jet where partial breaking of a plasma wave initiated by the laser pulse
can result in trapping and acceleration of electron bunches to 10’s of MeV. We also prepare the
study of high harmonic generation (HHG) by interaction of a laser pulse with Ar and H2 clusters in
a LN2 cooled long slit-shaped gas jet. A grid above the nozzle will be used to introduce a density
modulation, which enables phase matching and hence an increment of the HHG. Simulations of a
possible set-up will be presented.

P01.40

Ultimate fast all-optical switching of a microcavity operating in
O-band

Emre Yuce1, Georgios Ctistis1, Julien Claudon2, Maela Bazin2, Jean-Michel Gérard2, Willem Vos1
1 MESA Plus Institute, ENSCHEDE, Netherlands, FOM-T-24
2 CEA / INAC Nanophysics and Semiconductor Laboratory, GRENOBLE, France
Ultimate fast switching of photonic cavities is decisive as it allows the capture or release on demand
of photons. Here we demonstrate the ultimate fast switching of a GaAs-AlAs cavity in the telecom
range. We achieve this ultimate fast switch using the instantaneous electronic Kerr effect. The
optical properties of the cavity is changed with a pump beam (ωpump=4160 cm-1) while the cavity
is probed at its resonance frequency (ωprobe=7690 cm-1). We show that the resonance frequency of
the cavity is shifted nearly by one linewidth. We observe that the speed of the switching -on and -off
time is then only limited by the cavity storage time (tcav = 0.3 ps) and thereby by the quality factor of
the cavity.

P01.41

Attosecond electron bunches from laser wakefield accelerators

Mark Luttikhof, Arsen Khachatryan, Fred van Goor, Klaus Boller
MESA+, ENSCHEDE, Netherlands, FOM-T-01
Recently we found that the femto-second duration electron bunch generated by an external injected
laser wakefield accelerator can provide a train of atto-second sub-bunches[1]. Our investigations
show that different parts of the bunch with different longitudinal positions in the propagation
direction undergo betatron oscillations at different frequencies due to the longitudinal variation of
the focusing gradient and to the longitudinal varation of the relativistic factor. As a consequence,
sharp attosecond duration peaks result in the bunch, which remain also present after leaving the
plasma so that they can be used for applications.
[1]

M.J.H. Luttikhof et al., will be published in: Phys. Rev. Lett., 105 (2010).
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Monitoring dynamic processes in complex space with vibrational
phase contrast CARS

P01.42

Erik Garbacik1, Martin Jurna1, Jeroen Korterik1, Jennifer Herek1, Cees Otto2, Herman Offerhaus1
1 MESA+, ENSCHEDE, Netherlands, FOM-T-02
2 MIRA, ENSCHEDE, Netherlands
One of the major hindrances in nonlinear optical spectroscopy and microscopy is the difficulty in
quantifying measurements. Coherent anti-Stokes Raman scattering (CARS) is widely used for labelfree, chemically-specific imaging of complicated samples, but suffers from a nonlinear intensity
dependence on the concentration of resonant molecules, as well as a non-resonant background
that can overwhelm the resonant signal of interest. Using vibrational phase contrast CARS we
are now able to directly probe the amplitudes and phases of molecular vibrations. Projection of
these observables into complex space allows quantitative measurements of mixtures of multiple
compounds in dynamic conditions.

Control of spontaneous emission of quantum dots by Si photonic
crystals

P01.43

Elahe Yeganegi1, Merel Leistikow2, Bart Husken2, Willem Vos1
1 MESA+, ENSCHEDE, Netherlands, FOM-T-24
2 MESA+ Institute, Enschede, Center for Nanophotonics, AMSTERDAM, Netherlands
Control of spontaneous emission of emitters is very important in quantum electrodynamics. To
achieve this in the telecom range also opens up possibilities for applications.
The decay rate of emitters, e.g., quantum dots, will thereby be strongly influenced by their
environment. We control the latter by fabricating different 2D and 3D Si photonic crystals. Inside the
expected photonic bandgap of these crystals the decay of an emitter should be completely inhibited
because there are no modes allowed. This can be used to experimentally proof the existence of a
photonic bandgap.
Here, we investigate the decay of quantum dots inside such 2D and 3D Si photonic crystals in the
near-infrared spectral region by time resolved emission spectroscopy.

Investigations of optical gain of Eu3+ emission in MOCVD-grown
GaN

P01.44

Ha ngoc Ngo, Tom Gregorkiewicz
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-16
The investigated Eu-doped GaN sample was grown by organometallic vapor phase epitaxy method.
Two main specific sites for Eu3+ emission at 620 nm band, associated with the 5D0 to 7F2 transition,
have been determined by spectral photoluminescence, time-resolved photoluminescence, and
PL excitation. With the excitation energy above the band gap of GaN host, the two sites exhibit 2
photoluminescence decay components of about 15 and 80 µs. Variable length stripe and shifting
excitation spot methods for gain estimation have been used. We also discuss excitation and
emission mechanisms, relevant to Eu3+-related emission.
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P01.45

Optical determination of the orientation of a single dipole beyond
the Abbe limit

Filippo Lusitani, Maxim Pshenichnikov, Foppe de Haan, Paul van Loosdrecht
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-10
Single-molecule fluorescence imaging techniques allow nowadays achieving a spatial resolution
better than 10 nm for the visible light which is well below the Abbe limit of a half of a wavelength.
One can also determine the three dimensional orientation of a single-molecule emitter using
defocusing; however, this severely degrades the spatial resolution. The present contribution
proposes a novel method to determine the orientation of the single molecule dipole but still
retaining the high spatial resolution through a detailed analysis of point spread function anisotropy.

P01.46

Light trapping in ultra-thin amorphous Si plasmonic solar cells

Marie-Claire van Lare1, C.H.M. van der Werf2, M.A. Verschuuren3, R.E.I. Schropp2, A. Polman1
1 Center for Nanophotonics, AMSTERDAM, Netherlands
2 Physics of Devices, Departement of Physics and Astronomy, Utrecht University, UTRECHT, Netherlands
3 Philips Research Laboratories, EINDHOVEN, Netherlands
Substrate conformal imprint lithography was used to fabricate arrays of Ag nanoparticles on thin
film amorphous Si (a-Si) solar cells.
Reflectance and transmittance measurements show enhanced incoupling of light in the cells, which
we attribute to coupling to optical waveguide modes in the thin a-Si layer.
Spectral response measurements show strongly enhanced photocurrent in the 650-750 nm spectral
range, indicating light trapping.
Preliminary data show a total photocurrent enhancement as high as 24% integrated over the solar
spectrum.

P01.47

Single electron to photon interface utilizing semiconductor
quantum dots

Michael Reimer1, Gabriele Bulgarini1, Barbara Witek1, Moïra Hocevar1, Erik Bakkers1, Elisabeth
Reiger2, Werner Wegscheider2, Leo Kouwenhoven1, Val Zwiller1
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-41
2 Institute for Experimental and Applied Physics, University of Regensburg, REGENSBURG, Germany
We report recent progress on the development of single electron to photon interfaces using single
semiconductor quantum dots. Our goal is to coherently convert the spin of the electron into the
polarization state of a photon, thus making the long distance transfer of quantum information a
possibility. We propose two systems. In the first approach, we use a quantum LED comprised of an
InP nanowire with an InAsP quantum dot in the p-n junction. Under forward bias of the quantum
LED, light is emitted from the quantum dot at the single photon level. In the second approach, we
want to couple a gate controlled quantum dot defined in a two-dimensional electron gas with a
single, optically-active InGaAs self-assembled quantum dot.
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Quantum Plasmonics

P01.48

Reinier Heeres, Maaike Witteveen, Leo Kouwenhoven, Valery Zwiller
Delft University of Technology, DEN HAAG, Netherlands, FOM-D-41
Surface plasmon polaritons (plasmons) can be used to confine light at the nanoscale. This paves
the way for interfacing electronics and optics. The confinement of optical modes increases
the electomagnetic field associated with individual photons, and therefore allows to increase
interaction strengths. We will discuss our work towards a plasmonic beamsplitter that will show
Hong-Ou-Mandel interference of indistinguishable photons on an extremely small length-scale:
orders of magnitude smaller than conventional dielectric devices. This quantum interference effect
could be used to realize a plasmonic controlled NOT gate.

Optical studies of ultraclean suspended carbon nanotubes with
local gates

P01.49

Gilles Buchs, Maria Barkelid, Gary Steele, Leo Kouwenhoven, Val Zwiller
Kavli, DELFT, Netherlands, FOM-D-41
The demonstration of optical emission from semiconducting SWNTs in 2002 has opened a new field
for nano-optics. Over the few years since the first report of light emission, important steps such as
single nanotube photoluminescence and electroluminescence have already been taken.
Here we present first results from photocurrent imaging and spectroscopy experiments on single
ultraclean suspended nanotube pn junctions obtained by means of electrostatical doping as well as
photoluminescence as a function of the gates potential.

Lubricating a molecular machine

P01.50

Matthijs Panman
HIMS, AMSTERDAM, Netherlands, FOM-A-28
The motion of molecular machines typically occurs on nanosecond time scales. We have recently
elucidated the operation mechanism of a rotaxane-based molecular machine using time-resolved
vibrational spectroscopy[1]. We found that the nature of these motions is very different from that of
macroscopic machines. Here, we report on the ‘lubrication’of the motion of a molecular machine:
by adding trace amounts of specific solvents we can significantly enhance or inhibit the operational
speed of the device. We have systematically varied the concentration of the additives to obtain a
better understanding of how they produce this effect.
[1]

M.R. Panman et al., Science 328, 1255 (2010).
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P01.51

Balls vs Tubes: the influence of geometry on the structure and
dynamics of nano-confined water

Tibert van der Loop1, Wiebke Sager2, Sander Woutersen1
1 HIMS, AMSTERDAM, Netherlands, FOM-A-28
2 Forschungszentrum Juelich GmbH, JUELICH, Germany
In the living cell, water is often found in nano-confined spaces, for instance between lipid
membranes or in the channels of protein pumps. These nanometer-size pockets of water are
believed to behave very differently from bulk water. The effect of nano-confinement on the
structure and dynamics of water have been studied previously for spherical geometries[1, 2]. Here,
we investigate the effect of the shape of the nanometer-sized volume on the dynamics of water. In
particular, we use femtosecond time-resolved vibrational spectroscopy on the OD-stretch mode of
HDO:H2O to investigate the reorientational dynamics of water in reverse micelles of tubular and
spherical shape, and different sizes.
[1] Fenn et al. PNAS 2009 471 p71.
[2] Dokter et al. J. Chem. Phys. 2007 126 p124507.

P01.52

Ultrafast screening and carrier dynamics in ZnO: theory and
experiment

Marijn Versteegh1, Tim Kuis1, Henk Stoof2, Jaap Dijkhuis1
1 Debye, UTRECHT, Netherlands, FOM-U-12
2 University Utrecht / Institute for Theoretical Physics, UTRECHT, Netherlands
Ultrafast pump-probe reflectivity measurements on a ZnO single crystal have been performed to
study carrier-density effects on the refractive index and carrier dynamics near the crystal surface.
For excitation three-photon absorption (3PA) of 800-nm pulses was used to ensure a homogeneous
carrier density in the probed region. For calculation of the absorption and reflection spectra we use
the solutions to the statically screened Bethe-Salpeter ladder equation. Our theoretical results are in
good agreement with all measurements, if we combine them with a model for the carrier dynamics
that consists of carrier buildup due to 3PA and carrier trapping by surface defects.

P01.53

Frequency correlation imaging of paint and other opaque Layers

Patrick Johnson, Ramy El-Dardiry, Timmo van der Beek, Ad Lagendijk
Nanophotonics, AMSTERDAM, Netherlands
Both diffuse imaging and frequency correlation measurements are important probes for
understanding how light propagates through opaque materials. Diffuse imaging is a spatial probe
- an image of the exiting diffuse light. Frequency correlation measurement is a temporal probe. We
have combined these techniques to create a new method, frequency correlation imaging (FCI). The
technique resolves coherent frequency speckle across an entire diffuse spot, allowing spatial and
temporal information to be resolved simultaneously. In this poster we present an overview of FCI,
measurements on various paint samples, theoretical models, and possible applications.
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Uniform non-Abelian gauge potentials: Spectrum and flux
insertion

P01.54

Benoit Estienne, Shanna Haaker, Kareljan Schoutens
Instituut voor Theoretische Fysica, AMSTERDAM, Netherlands, FOM-A-25
Nowadays it is experimentally feasible to create artificial, and in particular, non-Abelian gauge
potentials for ultracold atoms trapped in optical lattices. Motivated by this fact, we investigate the
fundamental properties of a bidimensional particle in a non-Abelian U(2) uniform gauge potential
in the plane and in the sphere geometry. Several inequivalent gauges are discussed. We extend
Laughlin’s argument to non-Abelian magnetic fields. The adiabatic insertion of a non-Abelian flux
into an abelian non polarized Hall liquid induces a spin current, and the appearance of a rich spin
texture.

Coherent radiation reaction effects in laser-vacuum acceleration

P01.55

Peter Smorenburg1, Leon Kamp1, Gianluca Geloni2, Jom Luiten1
1 Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-04
2 European XFEL GmbH, HAMBURG, Germany
Laser-irradiated electron bunches scatter a fraction of the light due to their oscillatory motion in
the optical field,known as Thomson scattering.The accompanying recoil from the scattered light
is the RR.When the bunch is subwavelength,the electrons scatter coherently,yielding a strongly
enhanced RR which can accelerate the bunch significantly.We show that such coherent RR acts as
a radiation pressure in the laser beam direction,and as a viscous force transversally.Thus coherent
RR both increases bunch acceleration and opposes the problematic transversal ponderomotive
force,showing its relevance in laser-vacuum acceleration schemes.Moreover,by amplifying the
RR,scattering bunches are an experimentally accessible model of point charges.

On 2D silicon carbide photonic crystals

P01.56

Huub Salemink, Delphine Brousse
Nanoscience, DELFT, Netherlands, FOM-D-45
Several reasons motivate our work on SiC as material for photonic crystals (PhC). The optical
constants as refractive index and absorption allow transmission in the visible regime (due to the
hight bandgap energy >2.5 eV), give adequate index contrast (to air or to SiO2) and is basically
silicon compatible for photonic bandgaps. The mechanical properties at high temperature and high
pressure make SiC a good candidate for sensing purposes in extreme conditions. As a first step
towards tunable devices operating in the visible regime, we present our work on amorphous SiC
PhC’s designed for IR operations at 1500 nanometer. The fabrication has resulted in structures with
a lattice constant from 455 to 740 nm and a radius/lattice ratio of 0.3.
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Theme 2 – Atomic, molecular and
optical physics
P02.01

Supersolid phases of dipolar bosons with a staggered flux

Olivier Tieleman, Achilleas Lazarides, Cristiane de Morais Smith
ITF, UTRECHT, Netherlands
We present the theoretical mean-field phase diagram of a Bose-Einstein condensate (BEC) with
dipolar interactions loaded into an optical lattice with a staggered flux. Apart from uniform
superfluid, checkerboard supersolid and striped supersolid phases, we identify several supersolid
phases with staggered vortices, which can be seen as combinations of supersolid phases found in
earlier work on dipolar BECs and a staggered-vortex phase found for bosons in optical lattices with
staggered flux. By allowing for different phases and densities in the four sites of the elementary
plaquette, more complex phase patterns can be described.

P02.02

Ultracold atoms in a honeycomb lattice under abelian and
nonabelian gauge fields

Wouter Beugeling, C. de Morais Smith
Institute for Theoretical Physics, UTRECHT, Netherlands
Ultracold atoms in optical lattices are ideal systems to emulate the behaviour and properties of
condensed matter. Here, we present a theoretical study of ultracold fermions in a honeycomb
lattice subjected to an artificial (abelian) gauge field, thereby simulating graphene under very high
magnetic fields. The single-particle spectrum of this system has an appealing fractal structure,
which is known as the Hofstadter butterfly. We study the effects of spin-orbit interactions
and other (nonabelian) gauge fields on this spectrum. In particular, we analyse the topological
numbers associated to the gaps of the butterfly, which represent the (quantised) Hall and spin-Hall
conductivity. We also discuss the effect of on-site Hubbard interactions.

P02.03

Modeling a SEGA mode-locked laser

Ruud Oldenbeuving, C.J. Lee, H.L. Offerhaus, Klaus Boller
MESA+, ENSCHEDE, Netherlands, FOM-T-01
We present an alternative scheme to mode-locking, using Separate Gain (SEGA) media, and discuss
its unusual properties and feasibility using a theoretical model. A set of spatially separated singlefrequency cw gain media are mutually phase-locked by nonlinear feedback from a saturable
absorber. As a result, ultra short pulses are generated. This offers significant benefits: amplified
light in each laser is cw, avoiding GVD issues and nonlinear effects. The set of laser-frequencies,
and, therefore, the pulse repetition rate, is controlled by the geometry of resonator-internal optical
elements, not the cavity length. SEGA offers a route to mode-locked lasers with high average output
power, repetition rates scalable to the THz range.
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Spatially resolved excitation of Rydberg atoms on an atom chip

P02.04

Atreju Tauschinsky1, Rutger Thijssen2, Vanessa Leung1, Shannon Whitlock1,
Ben van Linden van den Heuvell1, Robert Spreeuw1
1 Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-02
2 FOM Institute AMOLF, AMSTERDAM, Netherlands
We demonstrate spatially resolved, coherent excitation of Rydberg atoms on an atom chip. We use
electromagnetically induced transparency (EIT) to measure level shifts for Rydberg atoms near the
gold coated chip surface. These shifts and their distance dependence are explained with a simple
model for the electric field produced by a localized patch of Rubidium deposited on the chip surface
during experiments. The widths of the EIT resonances are narrow and independent of atom-surface
distance down to ~20µm. Our results are an excellent starting point for further studies of atomsurface interactions, many-body physics and quantum information science involving interactions of
Rydberg atoms and collective excitations in mescosopic ensembles.

Light-atom interactions in photonic nanostructures

P02.05

Ole Mussmann, Floor Kamphorts, Dries van Oosten
Nanophotonics, UTRECHT, Netherlands, FOM-U-03
Metal nanohole arrays are extensively studied for their fascinating transmission properties and
their ability to locally enhance the electro-magnetic field. This enhancement can in turn be used to
control light-matter interactions.
We propose to trap atoms in the near-field of photonic and plasmonic nanostructures to study and
control the light-atom interaction at the nanoscale. As an example, we will discuss the coupling
between a single atom and a photonic crystal nanocavity. Furthermore, we will report on the
construction of an apparatus to study these interactions.

Ultracompact and ultrafast optical switching based on slow light

P02.06

Daryl Beggs1, Tobias Kampfrath1, Thomas Krauss2, Kobus Kuipers1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands, FOM-T-10
2 University of St. Andrews, ST. ANDREWS, United Kingdom
Slow-light dramatically increases the interaction between light and matter, and it can be
generated on silicon chips using the dispersion properties of photonic crystal waveguides. Here
we demonstrate a silicon optical switch based on two coupled photonic crystal waveguides. It can
reroute optical signals from one waveguide to the other within 3ps of the absorption of an ultrafast
(100fs) pump-pulse generating free carriers in the silicon, shifting its refractive index and actuating
the switch. The slow-light allows for the enhancement of the phase-shift between the odd and even
supermodes of the coupled waveguides, yielding a switching length of just 5µm (~3λ).
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Cold molecules by photodissociation of spatially oriented molecules

P02.07

Dimitrios Sofikitis, Dimitar Dobrikov, Maurice Janssen
VU University Amsterdam, AMSTERDAM, Netherlands
We present a novel method to produce translationally cold molecules by photodissociation of
oriented molecules. In the photodissociation process, the momentum imparted on the fragments
can easily be equal to the laboratory velocity of the parent molecule. Directing the recoil to be
opposite to the molecular beam velocity a molecular fragment with vanishing velocity is formed.
A translationally cold pulsed beam of state-selected and oriented molecules of OCS is produced
with a novel homebuilt piezo valve. The first experiments have generated CO fragments with a
temperature of about T~80 mK. In combination with a high-repetition rate laser this method is able
to produce cold molecules at high repetition rate (1 kHz).

Shaping and quantum control in multichannel molecular dynamics
studied by photoelectron-photoion coincidence imaging

P02.08

Stefan Lehmann, Mohammad Fanood, Daniel Irimia, Arno Vredenborg, Maurice Janssen
Physical Chemistry / LaserLAB, AMSTERDAM, Netherlands
Laser excitation of molecules with fs pulses different multiphoton processes are induced leading
to electrons and various neutral and ionic atomic and molecular fragments. The most complete
information on the mechanism of molecular photodissociation and ionisation dynamics can be
obtained by photo-electron/photo-ion coincidence imaging. The energetic correlations, threedimensional angular and energy resolved distributions are obtained. The energy correlation of
the electron and its coincident ionic fragment enables us to distinguish competing multiphoton
processes. We combine the coincidence imaging technique with the nowadays well-established
pulse shaping technique.

P02.09

A new imaging method for understanding chemical dynamics:
Efficient slice imaging using an in-vacuum pixel detector

Julia Jungmann1, Arjan Gijsbertsen1, Jan Visser2, Jan Visschers2, Ron Heeren1, Marc Vrakking3
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Nikhef, AMSTERDAM, Netherlands
3 Max-Born Institute, BERLIN, Germany
The implementation of the Timepix pixel detector in velocity map slice imaging is presented.
This new detector approach eliminates the need for gating the imaging detector. In time-of-flight
(TOF) mode, the detector returns the impact position and the TOF of charged particles with 12.5 ns
resolution (dynamic range 100 µs). The implementation of the Timepix detector combined with an
MCP allows for high spatial resolution information via centre-of-mass centroiding. The detector was
applied to study the photo-dissociation of NO2 at 452 nm. The energy resolution observed was E/
E=0.05. This new, compact detector assembly is well suited for slice imaging and a promising tool for
imaging studies in atomic and molecular physics research.
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Photoionization microscopy of He atoms

P02.10

Aneta Smolkowska1, A. Gijsbertsen1, M.J.J. Vrakking2
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Max-Born Institute, BERLIN, Germany
Since the dawn of quantum mechanics physicists dreamt of directly observing one of the most
elusive quantum objects - the wave function. The typical length scale that a wave function occupies
is the atomic unit of length (a0=0.528*10-10m). Although it is quite common to observe objects with
similar sizes, wave functions are challenging as they change their appearance upon observation.
Photoionization microscopy, which uses a velocity map imaging apparatus for detecting
photoelectrons ejected during a photoionization process, has been found to be an appropriate
tool for investing those quantum objects. Here we present an experiment that allows for a direct
observation of the nodal structure of the electronic wave function in atomic He.

Two-electron transfer in interactions of ions with ultracold atoms

P02.11

Ina Blank1, Corine Meinema1, Simone Götz2, Bastian Höltkemeier2, Thomas Amthor2,
Matthias Weidemüller2, Ronny Hoekstra3
1 Kernfysisch Versneller Instituut, GRONINGEN, Netherlands, FOM-G-26
2 Physikalisches Institut, University of Heidelberg, HEIDELBERG, Germany
3 University of Groningen, Kernfysisch Versneller Instituut, GRONINGEN, Netherlands
Transfer of two electrons in collisions of ions with atoms is an example of correlated manyparticle dynamics of a Coulomb system. The electron transfer is studied by precisely measuring the
momentum of the recoil ions, while the target is provided by a magneto-optical trap.
We have investigated two-electron transfer in collisions of O6+ with Na(3s). Two different
reaction mechanisms are observed: Final states O4+(3ln’l’) with n’≥6 are created by sequential
electron transfer, while the two electrons captured into the O4+(3l3l’) final states are transferred
simultaneously. Energy dependent measurements reveal an increase of the simultaneous electron
transfer with decreasing energy.
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P02.13

Temperature-cycle single-molecule FRET microscopy on
polyprolines

Haifeng Yuan1, T. Xia2, B. Schuler3, M. Orrit4
1 MoNOS, Huygens Laboratory, LEIDEN, Netherlands, FOM-L-21
2 Institute of Chemistry, Chinese Academy of Science, BEIJING, China
3 University of Zurich, ZURICH, Switzerland
4 Leiden Institute of Physics, LEIDEN, Netherlands
We investigated the conformational dynamics of FRET-labeled polyprolines in glycerol with
temperature-cycle microscopy. In the low temperature steady-state measurements, the FRET
efficiency distribution can be used to extract conformational information depending on dye
orientation and distance. It turned out that the orientation of the fluorescent labels are not
isotropically distributed in glycerol. In the temperature-cycle measurement, the temperature jump
and heating duration were chosen to address the reorientation dynamics of the dyes. A particular
trajectory shows two-state switching. These results demonstrate the potential to observe fast
dynamics in a timescale of a few microseconds and at the single-molecule level.

P02.14

Single-shot femtosecond electron diffraction

Peter Pasmans, Thijs van Oudheusden, Jom Luiten
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-04
Ultrafast electron diffraction (UED) enables studying structural dynamics like phase transitions
with both spatial and temporal resolution at the atomic level (~0.1 nm and ~100 fs). For a diffraction
pattern of sufficient quality typically 106 electrons are required. So far multiple shots are used to
obtain a high-quality diffraction pattern, limiting UED to reversible processes. Single-shot operation
requires ~106 electrons in a single bunch. Unfortunately, the strong repelling Coulomb forces
inevitably broaden the bunch. We reverse the bunch expansion by using a radio-frequency (RF)
cavity. In this way we have realized sub-100 fs, 0.1 pC, 100 keV electron bunches and demonstrated
single-shot diffraction of a polycrystalline gold film.

P02.15

Exhaled nitric oxide detection based on Faraday Rotation
Spectrometer

Denys Marchenko
Institute for Molecules and Materials, NIJMEGEN, Netherlands
Nitric Oxide (NO) is known as an atmospheric pollutant and as an indicator of airway inflammation.
Various technologies have been proposed for next-generation devices. In this contribution, a simple
set-up based on continuous wave quantum cascade laser using Faraday Rotation Spectroscopy
(FRS) technique is developed. This method offers several advantages for breath analysis providing
excellent sensitivity, fast response and unique selectivity. The ppb level is demonstrated with a 60
cm optical path length, which is significantly better than other sensitive spectroscopic techniques
in mid-IR. To reach a higher sensitivity some on-going improvements are discussed. Preliminary
results are illustrated with NO sampling in human exhaled breath.
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Vibrational relaxation pathways of AI and AII modes in
N-methylacetamide clusters.

P02.16

Lukasz Piatkowski, Huib Bakker
FOM Institute AMOLF, AMSTERDAM, Netherlands
N-methylacetamide (NMA) is the simplest molecule containing the amide motif which is the
essential building block of proteins backbone. We studied the pathways of vibrational energy
relaxation of the amide I (~1660 cm-1) and amide II (~1560 cm-1) vibrational modes of NMA in CCl4
solution using two-color femtosecond vibrational spectroscopy. We find that there is no energy
transfer between the amide I and amide II modes. Instead the vibrational energy is transferred with
T1 = 0.8 ps to a combination tone of lower-frequency modes. The spectral dynamics at later times
after the excitation (>40 ps) reveal the presence of a dissociation process of the NMA aggregates,
with activation energy of this dissociationEa = 35±3 kJmol-1.

Spin drag Hall effect in a rotating Bose mixture

P02.17

Hedwig van Driel, Rembert Duine, Henk Stoof
ITF, UTRECHT, Netherlands, FOM-U-34
We show that in a rotating two-component Bose mixture, the spin drag between the two different
spin species shows a Hall effect. This spin drag Hall effect can be observed experimentally by
studying the out-of-phase dipole mode of the mixture. We determine the damping of this mode
due to spin drag as a function of temperature. We find that due to Bose stimulation there is a strong
enhancement of the damping for temperatures close to the critical temperature for Bose-Einstein
condensation.

Permanent electric dipole moments in atomic Ra

P02.18

Bodhaditya Santra, Umakanth Dammalapati, Klaus Jungmann, Lorenz Willmann,
Hans Wilschut
Kernfysisch Versneller Instituut, GRONINGEN, Netherlands, FOM-G-26
Experimental searches for violation of discrete symmetries provide sensitive limits for extensions
of the Standard Model of the electroweak interactions. Permanent electric dipole moments (EDMs)
of fundamental particles violate the symmetries parity (P) and time reversal (T) at the same time.
Particle EDMs can be enhanced in particular states of compound systems such as atoms. The atomic
EDM in radium isotopes in the ground state is enhanced by 50-500 and in a metastable state by
more than 40000. In the experiment Ra atoms are captured in a magneto-optical trap and then
transferred to an optical dipole trap. The atomic state dependence of the dipole trap and the status
of the experiment will be discussed.
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P02.19

New Optical Clock: Ra+

Oscar Versolato, Lotje Wansbeek, Klaus Jungmann, Rob Timmermans, Lorenz Willmann
University of Groningen, Kernfysisch Versneller Instituut, GRONINGEN, Netherlands, FOM-G-26
A single trapped radium ion is an excellent candidate for an optical frequency standard (clock)
[1]. A study is presented of the sensitivity to external fields of the 72S -62D
1/2
3/2, 5/2 transitions in
Ra+ isotopes. Transitions are available that have no electric quadrupole shift. The potential of an
atomic clock based on a single trapped radium ion is estimated and is compared to other candidate
clocks. In addition Ra+ is a prospective highly sensitive candidate for the search of time-variation
of the fine-structure constant α. The experiment exploits the apparatus set up for an atomic parity
violation measurement[2].
[1]
[2]

B. K. Sahoo et al., Phys. Rev. A 76 (2007) 040504(R).
O. O. Versolato et al., Phys. Rev. A 82 (2010) 010501(R).

P02.20

Far-IR action spectroscopy of strongly bound systems

Joost Bakker, Vivike Lapoutre, Britta Redlich, Lex van der Meer, Jos Oomens
FOM institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
The resonant absorption of multiple infrared (IR) photons by gas phase molecules and ions can
lead to fragmentation or ionization. Using this as a probe, action spectroscopy is a well-established
technique for measuring the IR spectra of (bio)molecules/ions, clusters and complexes in the gas
phase. At lower wavenumbers, the efficient excitation leading to the ‘action’ is hindered by the
lower energy carried per photon and the lower IR absorption cross-sections. We demonstrate that,
using the high IR fluence available in FELICE, the Free-Electron Laser for IntraCavity Experiments, IR
action spectroscopy is feasible down to at least 200 cm-1 for strongly bound systems. Results will be
presented for metal clusters and for PAH cations.

P02.21

Disorder-induced exciton localization and violation of optical
selection rules in supramolecular nanotubes

Erik Bloemsma, Sebastiaan Vlaming, Maureen Linggarsari Nietiadi, Jasper Knoester
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-13
Over the past decade, the optical and excited state properties of molecular J-aggregates of
cylindrical geometry have attracted considerable interest as these nanotubes are considered
excellent candidates for artificial light-harvesting systems and energy transport wires. We present a
quantitative study of the effect of energetic disorder on the optical properties of tubular aggregates.
In the presence of disorder, the optical selection rules (imposed by the cylindrical geometry)
break down. We have characterized this by studying the exciton localization behavior, the angular
distribution of exciton transition dipoles and the optical absorption spectra. Our findings agree
qualitatively with recent experiments on C8S3 double-wall aggregates.
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Sum-frequency generation spectroscopy of the electrified
gold|liquid water interface

P02.22

Nuria Garcia-Araez, Ellen Backus, Mischa Bonn, Huib Bakker
FOM Institute AMOLF, AMSTERDAM, Netherlands
The characterization of interfacial water at the electrified gold|liquid water interface is challenging,
because most techniques measure an overwhelming contribution of bulk water. However, in Sum
Frequency Generation (SFG) spectroscopy, the signal arises from the broken symmetry present
at the interface, and thus, the response of bulk water is absent. In this work, infrared visible SFG
experiments were performed using a tunable, 150 fs broadband mid-infrared (3-4 µm) pulse and a
narrowband 800 nm pulse. A thin gold film was deposited on one face of a 60˚ sapphire prism, and
the measurements were done in a co-propagating total internal reflection geometry. The resonant
and non-resonant signals were distinguished by exchanging of D2O by H2O.

Probing hydrophobic hydration with ultrafast techniques

P02.23

Sietse van der Post, Huib Bakker, Ellen Backus
FOM Institute AMOLF, AMSTERDAM, Netherlands
The interaction between hydrophobic molecular groups and water plays an essential role in protein
folding, but it is still under debate how hydrophobic groups affect water structure and dynamics.
We studied water hydrating the natural osmolyte guanidinium with ultrafast polarization-resolved
infrared pump-probe spectroscopy, and compare the results with ions where four of the hydrogen
atoms are substituted by methyl groups. It is shown that the anisotropy decay of the solvating water
is much slower when methyl groups are added. From this we conclude that the water molecules
that hydrate hydrophobic molecular groups reorient much slower than water molecules that
hydrate hydrophilic groups.
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P02.24

Frequency-comb based cavity-enhanced spectroscopy for exhaled
breath analysis

Esther van Mastrigt1, Mounir Zeitony2, Mariëlle Pijnenburg3, Stefan Persijn4,
Nandini Bhattacharya2, Paul Urbach2, Johan de Jongste3
1 Erasmus MC - Sophia Children’s Hospital and Delft University of Technology, ROTTERDAM, Netherlands,
FOM-R-06
2 Delft University of Technology, DELFT, Netherlands
3 Erasmus MC - Sophia Kinderziekenhuis, ROTTERDAM, Netherlands
4 Van Swinden Laboratory, DELFT, Netherlands
In pediatric pulmonary medicine there is a need for non-invasive validated methods for reliable
assessment of disease phenotypes and to enable optimal disease management. The measurement
of volatile organic compounds (VOC’s) in exhaled breath is such a potential diagnostic tool. We
present a new spectroscopic tool for analysis of exhaled breath using frequency-comb laser based
cavity-enhanced spectroscopy. Our device can detect absorption at individual comb lines and offers
a very sensitive technique for detecting volatile biomarkers in exhaled breath. Furthermore this
technique can be miniaturized making it applicable for daily practice. We will present a comparison
of this spectrometer to state of the art spectrometers.

P02.25

A new molecular imaging approach: Space- and time-resolved
imaging of bio-molecules using an in-vacuum pixel detector

Julia Jungmann1, Luke MacAleese1, Ronald Buijs1, Frans Giskes1, A. de Snaijer2,
Jan Visser2, Jan Visschers2, Marc Vrakking3, Ron Heeren1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Nikhef, AMSTERDAM, Netherlands
3 Max-Born Institute, BERLIN, Germany
The implementation of a novel type of detector for bio-molecular mass spectrometry imaging is
shown. This imaging concept comprises a fully-integrated solid state Timepix pixel detector in
combination with a chevron MCP stack. On the pixel level, the impact position and the time-offlight (TOF) information of the impinging particles is recorded. This enables the measurement of
several mass species in one experiment on a TOF mass spectrometer thereby eliminating the need
for several mass-selected measurements. High voltage acceleration capabilities enable the study of
complex, high-mass biological samples. Spatial resolution, mass range, dynamic range, acquisition
speed and data handling are the performance criteria under investigation.
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Contactless photoconductance measurements on C60/ZnPc bilayers
for organic photovoltaics

P02.26

Maria Fravventura1, T.J. Savenije1, J.H. Hwang2, P. Erk2, L.D.A. Siebbeles1
1 Applied Sciences, DELFT, Netherlands, FOM-D-37
2 BASF SE, LUDWIGSHAFEN, Germany
A heterojunction of the light absorbing electron donor zinc-phthalocyanine (ZnPc) and C60 as
electron acceptor is of interest for application in potentially low-cost organic solar cells. Bilayer
structures of C60/ZnPc were prepared by thermal vacuum deposition. The dynamics of excitons
and charges were studied with optical spectroscopy and contactless time-resolved microwave
conductivity (TRMC) measurements. Results providing information about exciton diffusion, charge
separation and mobility are presented.

High precision UV measurements in CO, towards a laboratory test
of the time-invariance of µ

P02.27

Adrian de Nijs, Wim Ubachs, Hendrick Bethlem
LaserLaB Amsterdam, AMSTERDAM, Netherlands, FOM-V-15
The metastable a3Π state of CO has been found to have favourable properties for testing the
time-invariance of physical constants. Due to an incidental degeneracy between the J=8, Ω=0
and the J=6, Ω=1 states the 2-photon microwave transition connecting these two states is highly
sensitive to a possible time-variation of physical constants. We are planning a molecular beam
experiment to measure this transition.
As a first step, spectroscopic measurements have been performed on the X1Σ+→ a3Π transition.
We have recorded several transitions in 12C16O, 13C16O and 12C18O at a MHz precision, corresponding
to a relative accuracy of 10-10. The measured isotope shift confirms the calculated sensitivity to a
possible variation of µ.

Controlling one-dimensional spin motion with state-dependent
potentials

P02.28

Philipp Wicke, Shannon Whitlock, Klaasjan van Druten
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-26
Ultracold gases offer the opportunity to explore quantum many-body physics by controlling
key parameters including interactions and dimensionality. Studying an additional spin degree
of freedom is relevant for our understanding of phenomena such as spin waves, spin-’charge’
separation and the relation between superfluidity and magnetism. Here we show a new way to
tune interactions in one-dimensional systems, and demonstrate that this allows control over the
spin motion. Our results include tuning the spin velocity to zero, and reaching the point where spin
motion is frozen. The experiments employ state-dependent radio-frequency dressed potentials and
a two-component quantum gas of 87Rb.
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P02.29

Coherent optical control of single NV centers in diamond

Hannes Bernien, Lucio Robledo, Ilse van Weperen, Gijs de Lange, Toeno van der Sar,
Wolfgang Pfaff, Diego Ristè, Ronald Hanson
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-41
Optically active spins in solids receive significant attention because they combine means of storing,
manipulating and transmitting quantum information in a potentially scalable system. The NitrogenVacancy (NV) center in diamond is a particularly attractive candidate, with long electron spin
coherence as well as a strong optical transition.
Coherent optical control is a crucial step towards creation of entanglement between distant NV
spins. Here we report our latest results in low-temperature resonant spectroscopy of single NV
centers. We observe optical Rabi oscillations, demonstrating coherent control over the optical
transition. We investigate the dephasing mechanisms and present a way to overcome dephasing
caused by spectral diffusion.

P02.30

Supersolid phases in imbalanced atomic Fermi gases

Jildou Baarsma, Henk Stoof
ITF, UTRECHT, Netherlands, FOM-U-05
In the phase diagram of a two-component Fermi mixture of ultracold 6Li and 40K atoms, we recently
showed a Lifshitz point to be present, which signals an instability towards a supersolid phase.
In view of this exciting development, we now consider this instability in more detail to explore the
particular supersolid phases that are realized in this mixture. We find that for the 6Li-40K mixture
the transition towards supersolidity can be both continuous (of second order) or discontinuous
(of first order). In the latter case there exists a forbidden region in the phase diagram.

P02.31

Direct detection of optical vortices in a speckle pattern

Yorick van Boheemen
LION, LEIDEN, Netherlands, FOM-L-02
An optical speckle pattern is a random superposition of many plane waves. At particular points
in these patterns the amplitude of the field is zero, giving rise to phase singularities. Around
these points the phase varies from 0 to 2πm, where m is the integer-valued vortex charge, forming
a so-called optical vortex.
We use a multi-pinhole interferometer (MPI) to map the optical vortices in a speckle field in an
area of 5 by 4 mm. The interference pattern behind the pinholes provides information on the phase
difference between the fields at the pinholes, thereby allowing us to determine the charge of the
vortex enclosed by the MPI.
The mapped positions and charges of the vortices characterize the speckle pattern.
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IR spectroscopy of ionized corannulene in the gas phase

P02.32

Hector Alvaro Galue
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Corannulene is a bowl-shaped highly symmetric molecule composed of five perifused aromatic
rings around a five-membered inner ring. Its relevance includes potential applications as a
functional nanomaterial. Also, it might play a role in the formation of C60 in space. The gas-phase
infrared spectra of corannulene in radical cation and protonated forms are recorded by infrared
multiple-photon dissociation spectroscopy using FELIX. The measured spectra are analyzed using
quantum-chemistry calculations. Accordingly, for the latter form, protonation occurs on one of the
peripheral carbons, thus undergoing sp3 hybridization. For the former, evidence is found of JahnTeller geometric distortions as a consequence of its degenerate 2E1 state.

Feshbach resonances in Fermi mixtures of ultracold 40K and 6Li

P02.33

Antje Ludewig1, Tobias Tiecke2, Frederik Spiegelhalder1, Jook Walraven1
1 Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-26
2 Harvard University, CAMBRIDGE, United States of America
We report on the measurement of Feshbach resonances in ultracold Fermi-Fermi mixtures
of 6Li and 40K in an optical dipole trap. In the same trap we have realized degenerate spin mixtures
of 106 40K atoms at T=0.3(1)TF. We present results from measuring the widths of Feshbach
resonances in 6Li-40K mixtures using magnetic field coils designed for high homogeneity.
40K has a rich hyperfine structure (F=9/2) and many Feshbach resonances involving the different
states are expected. We have measured several of those in different mixtures of 40K. The results are
used to improve theoretical models predicting the positions of Feshbach resonances in 40K.
Overlapping or broad resonances are of special interest for the investigation of many body states.

Two-component relativistic theory applied to the prediction of
X-ray spectra

P02.34

Rob Klooster, Michael Filatov, Ria Broer
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-16
X-ray photoelectron and absorption spectroscopies provide valuable information on the oxidation
and spin states of atoms, molecules and solid bodies. For a reliable prediction of the observed
spectra it is necessary to obtain accurate information on the core-ionized states. This requires
inclusion of the most important effects, such as relativity and electron correlation, into the
calculations. Although relativity can be incorporated via a four-component formalism based
on the Dirac equation, this approach is extremely time-consuming. In the present work, the
four-component formalism is transformed to a computationally less demanding two- and onecomponent form with the use of NESC (normalized elimination of the small component).
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P02.35

Numerical study of phase shaped CARS

Alexander van Rhijn, Martin Jurna, Aliakbar Jafarpour, Jennifer Herek,
Herman Offerhaus
MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands, FOM-T-02
In Coherent Anti-Stokes Raman Scattering (CARS), the identification of molecules with more
(biological or industrial) significance is associated with increasing complexity and requires probing
of multiple vibrational resonances. Phase shaping of broadband pump- and probe- pulses allows
for the coherent mixing of several resonances so that the presence of molecules can be inferred
directly from the integrated output pulse intensity. Using a broadband pump- and probe field
in combination with a narrowband Stokes field, we demonstrate the optimization of selectivity,
specificity and sensitivity by precalculating pulse shapes using an evolutionary algorithm.

P02.36

Characterization of compression and slowdown of a supersonic
beam with a shock wave and evaporative cooling

Louise Kindt, Koen van Aken, Pieter Bons, Peter van der Straten, Johnny Vogels
Debye, UTRECHT, Netherlands, FOM-U-03
We show the propagation of a shock wave in a beam of supersonic cold guided atoms. By observing
the absorption of the beam as a function of position and detuning, we detect a sudden increase in
the beam temperature when the shock wave passes by. Simultaneously, the density increases. After
the shock wave, we observe that the density keeps increasing and the temperature keeps decreases.
We attribute this to evaporative cooling of atoms against the guide wires. We have developed a
method to detect the evolution of the beam velocity, showing the beam is decelerated to almost zero
velocity in the shock wave. We have used this to create very large Bose-Einstein Condensates and
atom laser beam pulses.

P02.37

Theoretical studies of the LIESST phenomena in Fe2+ based spin
crossover systems

Andrii Rudavskyi1, Carmen Sousa2, Coen de Graaf3, Ria Broer1
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-16
2 Universitat de Barcelona, BARCELONA, Spain
3 Universitat Rovira i Virgili, TARRAGONA, Spain
Spin-crossover materials are transition metal based systems with magnetic bistability. Switching
between different magnetic states by light leads to the so-called light-induced excited-spin
state trapping (LIESST) phenomena. Previous studies have shown that spin-crossover may be
accomplished by excitation from a low spin state to either metal-to-ligand charge transfer states or
ligand field states followed by relaxation to the meta-stable high spin states via intermediate states.
In this work we present results of ab initio quantum theoretical calculations (using CASSCF/CASPT2
method) of the potential energy surfaces for different spin states of several Fe2+-based spincrossover complexes in order to elucidate the mechanism of LIESST.
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Magnetic point contacts for the generation of THz radiation

P02.38

Tim Verhagen, Jan Aarts, Jan van Ruitenbeek
LION, LEIDEN, Netherlands, FOM-L-16
When introducing a non-equilibrium spin distribution into a magnetic/normal metal or magnetic/
weak magnetic point contact, this non-equilibrium spin distribution can relax by generating
photons with a frequency of the order of a THz. In this poster, the experimental set-up to measure
the generated radiation and the characterisation of SmCo5, the magnetic layer, are presented.

Reorganization of lipid membranes by synthetic nanomaterials

P02.39

Ruben Pool, Kramer Campen, Mischa Bonn
FOM Institute AMOLF, AMSTERDAM, Netherlands
The use of nanomaterials in medical applications requires a basic understanding of how
nanometer-sized synthetic particles may influence the structural integrity of cell membranes.
Gaining such insights is challenging, since cellular membranes are a chemically heterogeneous,
soft and buried interface. We meet this challenge by application of vibrational sum frequency
spectroscopy (an interface specific all optical technique) to model cellular membranes with
adsorbed polymeric nanoparticles and carbon nanotubes. Our results reveal that the structure
and orientation of the phospholipids constituting the membrane are affected by the presence of
particles, and show that water plays an important role in mediating the interaction.

Theoretical study of magnetic interactions in cupric oxide

P02.40

Abdul-Muizz Pradipto1, Remi Maurice2, Coen de Graaf2, Nathalie Guihery3, Ria Broer1
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-16
2 Universitat Rovira i Virgili, TARRAGONA, Spain
3 Université de Toulouse III, France
The magnetic interactions in Cupric Oxide (CuO) have been studied using the embedded cluster
approach. Perturbation theory in the frame of multiconfigurational reference wave function and the
difference-dedicated configuration interaction methods have been applied to calculate the magnetic
isotropic nearest neighbor coupling constants J of CuO along various chains. In addition to the study
of isotropic interactions, the anisotropic magnetic parameters have been extracted using a recently
developed effective Hamiltonian theory.
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P02.41

Plasmonic wavefront shaping

Bergin Gjonaj, Jochen Aulbach, Patrick Johnson, Kobus Kuipers, Ad Lagendijk
FOM Institute AMOLF, AMSTERDAM, Netherlands
In this poster we control the wavefronts of Surface Plasmon Polaritons (SPP) on nanohole arrays
using optical phase plates. This approach allows us to fully control of the shape of the SPP waves.
Using phase optimization via feedback we focus SPP’s at a freely pre-chosen point on the surface
of the array with a high SPP numerical aperture. High resolution addressing of arbitrary spots on
a metal surface offers the potential for for optical data storage, multiplexing and sensing, without
hardware translation.

P02.42

The Interaction of Hyperthermal Argon Atoms with CO-covered
Ru(0001): Scattering and Collision-Induced Desorption

Michael Gleeson, Hirokazu Ueta, Aart Kleyn
FOM Insitute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Hyperthermal Ar is scattered at i=60° from CO-saturated Ru(0001). Collision-induced desorption
leads to ejection of fast CO (~1eV). Maximum desorption occurs along the surface normal, but the
angular distribution varies with the fractional CO coverage, indicating that the process involves
lateral interaction with adjacent molecules. There is no indication of direct recoil events. Incident
Ar cannot readily penetrate the saturated overlayer. Scattered Ar has both a fast and a slow
component. The slow component is dominant when scattering from the saturated layer. The fast
component is due to scattering from CO when the overlayer is intact and from Ru when the layer is
partially depleted.

P02.43

Spin drag in ultra cold atoms

Silvio Koller, Alexander Groot, Pieter Bons, Sandy Pratama
Nanophotonics, UTRECHT, Netherlands, FOM-U-03
Spintronics in solid state physics has recently drawn a lot of attention in the field of solid state
physics due to the possibility of using spin instead of charge to build circuits. In ultracold atoms we
investigate a bosonic gas instead of a fermionic gas, in contrary to solid state physics, as proposed
by R. Duine and H. Stoof. In our experiments we show that we can make two different spin states by
using an RF sweep, trap both states in an optical trap and detect the different spin states by using
a Stern-Gerlach type measurement. We study a small sample of |F=1, m=0> states that are dragged
by the |F=1,m=-1> majority. We investigate this effect at finite temperatures by building an in situ
imaging system, and show our progress so far.
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Analysis of 2DIR spectra for systems with non-Gaussian dynamics

P02.44

Santanu Roy, Maxim Pshenichnikov, Thomas Jansen
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-13
Two-dimensional infrared (2DIR) spectroscopy is an excellent tool to investigate the vibrational
dynamics of molecular systems. Analyzing lineshapes of 2DIR spectra at different waiting times one
can extract the time scales of the underlying dynamics. Here, we have examined several lineshape
analysis methods for a model system with non-Gaussian dynamics. The frequency dependent
correlation function and the lineshape parameters reveal dissimilar dynamics in different frequency
domains in excellent agreement with the local dynamics. We find an extension of the existing
lineshape analysis methods that allows the extraction of the third-order correlation function. This is
a measure of the time-dependent spectral skewness.

Infrared absorption spectroscopy on active site mimics
of F0F1-ATPase

P02.45

Sander Jaeqx, Jos Oomens, Anouk Rijs
FOM Insitute for Plasma Physics Rijnhuizen, UTRECHT, Netherlands
F0F1-ATPase, an example of a biomolecular motor, converts chemical energy (ATP) into directed
motion through conformational changes at the active site. By zooming in on the active site we can
reveal the conformation dynamics. Here, we will study isolated model systems of the active site and
focus on the distance between glutamic acid (Glu) and arginine (Arg) residues to mimic the active
site of F0F1-ATPase. Therefore, IR-UV spectroscopy is used on Z-Glu-(Ala)n-Arg-NHMe (n = 0, 1, 3) in
the gas phase to determine intrinsic properties of the mimics. . Experiments using the Free-Electron
Laser for Infrared eXperiments (FELIX) combined with quantum chemical calculations, reveal the
optimal position of Glu and Arg.

Universal Efimov physics in ultracold gases

P02.46

Servaas Kokkelmans
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-01
A remarkable prediction of three-body theory with resonantly enhanced two-body interactions
is the existence of a universal set of weakly bound triatomic states known as Efimov trimers. We
observed the existence of a universal regime for these trimers through three-body recombination
loss in the vicinity of a Feshbach resonance, for ultracold Li-7 atoms.
The reported results crucially depend on a careful mapping of the scattering length on the magnetic
field. We characterize two broad Feshbach resonances in different spin states via the binding
energies of weakly bound molecules, created by radio-frequency association, by making use of a
theoretical coupled channels analysis.
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P02.47

On characterization of an ultracold ion source

Nicola Debernardi, M.P. Rijnders, W.J. Engelen, K.H.M. Hermans, R.W.L. van Vliembergen,
P.H.A. Mutsaers, E.J.D. Vredenbregt, O.J. Luiten
Eindhoven University of Technology, EINDHOVEN, Netherlands
The ultra-cold ion source (UCIS) is based on creating very cold ion beams (T < 1 mK) by nearthreshold photo-ionization of a laser-cooled and trapped atomic gas. The UCIS has the potential
of producing ion beams with a brightness and current comparable to the liquid-metal ion source
(LMIS), which is the current state-of-art for focused ion beam (FIB) technology.
We have already shown that the UCIS can provide much lower energy spread than LMIS, therefore
offering a route toward 1-nm ion beam milling. Also, a source temperature of (1 ± 2) mK has been
already measured. The extracted current is the missing ingredient needed to characterize the
brightness of the UCIS, which is the most important figure of merit for an ion source.

P02.48

Global on-spectrometer optimization of proton-proton decoupling
sequences using self-learning algorithms

Dennis Grimminck1, Andreas Brinkmann2, Leo Meerts1, Arno Kentgens1
1 Institute for Molecules and Materials, NIJMEGEN, Netherlands
2 Steacie Institute for Molecular Sciences, OTTAWA, Canada
Proton-proton couplings are a major cause of linebroadening in (bio-) Solid State NMR. Due to the
typically strong nature of these dipole-dipole couplings it is not possible to average them to zero by
mechanical spinning. Combined Rotation And Multiple Pulse Sequence (CRAMPS) experiments are
therefore currently the best option.
Contemporary NMR spectrometers allow the shaping of complicated pulses in both amplitude and
phase. In our approach we use evolutionary algorithms, interfaced with a spectrometer, to find the
most optimal pulse shape in this large parameter space. We will present experimental results and
compare them to simulations.
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Theme 3 –
Nanoscience and -technology
Diverging distributions of magnetic and geometric properties of
uniform iron oxide nanoparticles

P03.01

Bob Luigjes, Ben Erné, Albert Philipse
Debye Institute for NanoMaterials Science, UTRECHT, Netherlands, FOM-U-21
The magnetic properties of nanoparticles are strongly size dependent, which is crucial for
biomedical applications. However, shape and size uniformity of magnetic nanoparticles does
not guarantee uniformity of the magnetic properties. This is demonstrated using magnetic
measurements on liquid dispersions of a broad variety of iron oxide nanocrystals, exhibiting good
crystallinity, twinning defects, or a high density of dislocations. Magnetic polydispersity of the most
defective particles far exceeds that expected from size polydispersity.

Differential setup to measure the dielectric dispersion of colloidal
semiconductor nanoparticles in a liquid

P03.02

Rob Kortschot, Bonny Kuipers, Emile Bakelaar, Ernst van Faassen, Esther Groeneveld,
Daniel Vanmaekelbergh, Ben Erné
Debye Institute for Nanomaterials Science, UTRECHT, Netherlands, FOM-U-21; FOM-U-28
Whether colloidal semiconductor nanoparticles have an electric dipole moment is controversial,
with important ramifications for the electronic properties and interparticle interactions. The dipole
moment can be determined from the effect of nanoparticle rotation in a liquid on the frequencydependent dielectric permittivity. To measure this, we constructed metallic and transparent
liquid-refillable capacitor cells and a differential complex electrical impedance spectroscopy setup.
Our first measurements on liquids with low concentrations of nanoparticles demonstrate that the
dielectric permittivity can be measured sensitively in the range from 100 Hz to 2 MHz, the typical
range for thermal rotation of nanoparticles in a liquid.

Adaptive XUV Bragg reflectors, fabricated from piezoelectric
materials

P03.03

Muharrem Bayraktar, Christopher Lee, Guus Rijnders, Fred Bijkerk
MESA+ Research Institute for Nanotechnology, ENSCHEDE, Netherlands
XUV Bragg mirrors are stacks of reflecting surfaces that are fabricated by depositing bi-layers that
provide quarter-wavelength spacing and high refractive index contrast. Reflectivities up to 70% at
13,5 nm light for instance, are possible, and high resolution imaging at such wavelengths becomes
feasible, though sensitive to thermally or externally induced spectral reflectivity shifts or wavefront
distortions. These can be corrected by actively changing the spacer-layer thickness, a new possibility
in the XUV range. We have investigated the expected optical properties of mirrors, based on layers
with a thickness of an integral number piezoelectric unit cells. We will present predicted reflectivity
tuning ranges, and wavefront phase shifts.
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P03.04

Fast photoswitching observation of monosulfur-Diarylethenes on
Au (111)

Arramel1, Thom Pijper2, Ben Feringa2, Bart van Wees1
1 Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
2 Synthetic Organic Chemistry, GRONINGEN, Netherlands
The photochromism of monosulfur diarylethenes (m-DE) in an insulating self-assembled
dodecanethiols (C12) is revisited in these studies. Both molecules existences are characterized using
STM. Short irradiation of UV or visible light is needed to tune m-DE transition from conducting (on
state) to non-conducting (off state) or vice versa. These dynamic modulations are clearly observed
by monitoring the changes of apparent height from 6-8 Å to 0.5-1 Å during on to off light conversion.
Further, we performed the charge transport properties of m-DE and they exhibit semiconducting
behavior measured at 77K.

P03.05

Interactions, symmetries, and quantum phase transitions in
graphene

Juricic Vladimir1, Igor Herbut2, Bitan Roy2, Oskar Vafek3
1 Instituut-Lorentz for Theoretical Physics, LEIDEN, Netherlands, FOM-L-15
2 Simon Fraser University, VANCOUVER, Canada
3 Florida State University, TALLAHASSEE, United States of America
In graphene, short-range interactions, when sufficiently strong, may lead to various quantum
semimetal-insulator transitions, which may be viewed as condensed-matter analogues of the chiral
symmetry breaking in particle physics. I will address some of the general questions that arise in this
context such as what interactions are allowed by the symmetries of the honeycomb lattice, as well
as what symmetries are broken at the transition. It will also be argued that a quantum field theory
of the Gross-Neveu- Yukawa-type describes quantum-critical behavior of the system, and some
consequences of this scenario, in particular, emergent Lorentz symmetry and universal amplitudes
at the quantum-critical point, will be discussed.

P03.06

Band ferromagnetism in trilayer graphene

Ralph van Gelderen, Lih-King Lim, Cristiane de Morais Smith
ITF, UTRECHT, Netherlands
Ferromagnetic instabilities have been investigated in monolayer and bilayer graphene. One assumes
spin-up electron pockets and spin-down hole pockets and verify if the gain in exchange energy is
higher than the cost in kinetic energy. For bilayer graphene, the energy is minimized for a finite-size
pocket (PRB, 73, 214418). For monolayer no pockets are formed (PRB, 72, 164406).
The spectrum of trilayer graphene consists of both a linear and a parabolic band. The existence of
two bands allows one to investigate both ferromagnetic and ‘band-ferromagnetic’ instabilities, in
which the electrons occupy one band more than the other. Here, we discuss the scenarios in which
band ferromagnetism occurs in trilayer graphene.
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Field-induced detrapping: Electric-field dependence of
charge-carrier mobility in host-guest systems

P03.07

Jeroen Cottaar, Reinder Coehoorn, Peter Bobbert
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-10
Organic semiconductors used in organic light-emitting diodes (OLEDs) often contain traps and
should be modeled as a host-guest system. To find the charge-carrier mobility in such a system, we
consider the amount of free carriers detrapped from the guest to the host and assume that only
these contribute to the conduction. At zero electric field, Fermi-Dirac statistics determines the free
carrier density in the host. At finite field, however, additional field-induced detrapping takes place.
We present a general method to evaluate the density of detrapped carriers at finite field and provide
a parameterization that can be used in OLED modeling.

Charge carrier mobility in PbSe nanocrystal films

P03.08

Lucas Kunneman, Y. Gao, M. Aerts, T. Albers, A.J. Houtepen, J. Schins, L.D.A. Siebbeles
Chemical Engineering, DELFT, Netherlands, FOM-D-37
We study electrical conductivity of thin films of coupled PbSe nanocrystals, using THz time domain
spectroscopy. The charge carrier mobility depends strongly on the ligand molecules present between
the nanocrystals. When long ligand molecules are used, the nanocrystals have hardly any electronic
interaction, and mobile charges cannot be detected. For short ligands charge carriers become mobile
to an extent that depends both on the length and the chemical composition of the ligand. The
ultrafast THz technique reveals high charge mobilities at picosecond timescales.

Origin of fast 1.5 µm emission in Er-doped SiO2 sensitized with
Si nanocrystals

P03.09

Saba Saeed
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-16
The microscopic origin of fast photoluminescence at 1.5 µm observed in Er-doped SiO2 sensitized
with silicon nanocrystals within the first ~100 ns after laser excitation is a matter of recent
controversy. Here we have investigated this emission by comparing results of time- resolved
photoluminescence of Er-doped and Er-free samples. The measurements were conducted over a
large temperature range, of 7-300 K. Based on the detailed analysis of the experimental results,
we conclude that the fast photoluminescence band observed in our materials is due to radiative
recombination of Er3+ ions. In addition, at low temperatures a defect-related emission centered
around 1.4 µm appears and its shoulder contribution adds up to PL intensity at 1.5 µm.
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P03.10

Generation and detection of entanglement in a double quantum
dot

Antoni Borras, Fabian Bodoky, Miriam Blaauboer
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-09
We propose a scheme for generating and detecting entanglement between two electron spin
qubits in a double quantum dot. We calculate the optimal configuration of the two electron
spins, defined as the position in the energy level spectrum where, averaged over the nuclear spin
distribution, 1) the probability to be in an entangled state, and 2) the degree of entanglement of the
quantum state quantified by the concurrence are both large. Our proposal consists of preparing
and tuning the two-spin system such that the ground state contains a large entangled component
and measuring a so-called entanglement witness operator to demonstrate the presence of this
entanglement.

P03.11

Current response of ac-driven nanoelectromechanical systems in
single-electron tunneling regime

Giorgi Labadze, Yaroslav Blanter
Kavli Institute of Nanoscience, Delft University of Technology, DELFT, Netherlands, FOM-D-09
We investigate electron transport in a single-electron tunneling device coupled to an ac-driven
underdamped harmonic nanomechanical oscillator. In particular, we have studied the dependence
of electric current on the external driving frequency. We have demonstrated that current is modified
when the system is at the resonance. We also have found that since current can be enhanced by
mechanical motion as well as suppressed, depending on the applied voltages, the driving of the
resonator can result in the resonance peak as well as in antiresonance dip. Additionally, the due
to the doubly-oscillating terms in driving force we find an additional resonance peak/dip in the
spectrum at the half of the natural frequency.

P03.12

Deformations in nano-sized metallic systems

Oleksii Kuzmin, Yutao Pei, Jeff De Hosson
University of Groningen, GRONINGEN, Netherlands, FOM-G-09
We have fabricated rectangular no-tapered micro-/nano-pillars of two Zr-based metallic glasses
(MGs), Zr50 Ti16,5 Cu15 Ni18,5 and Zr61,8 Cu18 Ni10,2 Al10 brittle and ductile in bulk state respectively,
with pillar tip diameters ranging from 600 to 90 nm. These pillars were mechanically tested in situ
in transmission electron microscopy as a function of pillar diameters. The yield strengths of both
MGs are found to be essentially size independent. Under microcompression each pillar shows
predominant inhomogeneous and intermittent plastic flow characterized by shear banding events.
However, pillars around 100 nm sizes of both compositions have shown ductile behavior during
compression almost without shear banding.
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Liquid infiltrated InGaAsP photonic crystal nanocavities for active
tuning and (bio)chemical sensing

P03.13

Bowen Wang1, M. Dündar2, A. Silov2, R. Nötzel2, F. Karouta2, R. van der Heijden2
1 Photonics and Semiconductor Nanophysics, EINDHOVEN, Netherlands, FOM-E-06
2 Eindhoven University of Technology, EINDHOVEN, Netherlands
Liquid crystal infiltration of InGaAsP photonic crystals (PhC) nanocavities is exploited for tuning
and controlling mode degeneracy in nanocavities by changing the temperature[1] or the laser power.
To optimize sensor designs, it was experimentally demonstrated how the liquid refractive index
sensitivities of the cavity modes was determined by the overlap of the mode profiles with the
PhC holes.[2] The largest overlap was obtained with a novel sensor design consisting of a split PhC
nanobeam.
[1] Bowen Wang et al., Opt. Lett. 35, 2603-2605 (2010).
[2] Mehmet Dündar et al., Opt. Express 18, 4049 (2010).

Spin caloritronics in metallic nanodevices

P03.14

Frank Bakker, Abraham Slachter, Joost Flipse, Jean-Paul Adam, Bart van Wees
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
Utilizing the coupling between the transport of heat and spin is promising for future spintronic
devices. This subfield, now known as spin-caloritronics, studies the interaction between the spin
degree of freedom and normal thermoelectric effects. In this poster we describe the experimental
work on thermal effects in non local spin valve devices at the nanoscale [PRL, 2010]. We demonstrate
a new source of pure spin current, solely generated by a heat gradient across a ferromagnetic/nonmagnetic metal interface [Nature Physics, 2010]. This effect originates from the spin-dependency of
the Seebeck coefficient in a ferromagnet. We compare the obtained experimental results with finiteelement modelling of the (spin) thermoelectric effects.

Quantum phase slips in superconducting wires

P03.15

Mihajlo Vanevic, Yu.V. Nazarov
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-46
Thin superconducting wires acquire finite resistance at zero temperature due to quantum phaseslip (QPS) processes in which the order parameter vanishes at some point along the wire at some
instant of time and the phase across the wire changes by 2Pi. The rate of QPS processes depends
exponentially on QPS action. In this work we use a computationally tractable model of a weak
link embedded in a superconducting wire and compute the QPS action as a function of the wire
parameters such as normal-state resistance, length, and ac impedance. We analyze the phase-slip
solutions of the action and identify the parameter regimes in which QPS are likely to occur.
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P03.16

Folded graphene

Mikhail Akhukov, Annalisa Fasolino, Mikhail Katsnelson
IMM, NIJMEGEN, Netherlands, FOM-N-09
Graphene holds promises for new electronic devices, where the structure of the edges can be
determinant for electronic transport. Therefore, the edges of graphene are currently subject of much
interest. Experimental TEM and STM studies show, particularly after thermal treatment, folded or
closed structure of the edges but their actual atomic structure is not yet univocally determined.
We study the folded edges of graphene, suspended and on substrates, with the Density Functional
code SIESTA to establish the minimum energy structure and stacking. In particular we show that
folded or closed edges have a different height profile for armchair and zig-zag edges and we relate
the structural features to the electronic structure.

Mechanical motion driven and measured using superconductivity

P03.17

Ciprian Padurariu, Yuli Nazarov
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-46
Ultra-clean suspended carbon nanotubes (CNTs) emerged as promising candidates for building high
quality factor nanomechanical resonators. We propose to drive and read the mechanical motion
using a superconducting current flowing through the CNT. Two driving schemes are presented: one
involving interaction with an external magnetic field and another using the electric field generated
by a nearby gate. We estimate the strength of the corresponding driving forces and show that the
latter all-electrical method proves advantageous. We study the response of the current flowing
through the CNT resonator to the mechanical motion and discuss recent experimental efforts to
realize superconducting nanomechanical devices.

P03.18

Deposition of ultrathin superconducting films on GaAs for
integrated quantum photonics applications

Dondu Sahin, M. Verheijen, Andrea Fiore
Photonics and Semiconductor Nanophysics, EINDHOVEN, Netherlands, FOM-E-06
The generation, processing and detection of single photons are key enabling technologies for
quantum communication and quantum information processing applications. Scaling up of present
tabletop experiments requires integration of all these functionalities in a single chip. We are
pursuing an approach based on integrating quantum dot single-photon sources, optical circuits and
superconducting single-photon detectors on a GaAs chip. As a key development in this direction, we
have demonstrated high-quality (Tc>10K), ultrathin (< 5 nm) superconducting NbN films on GaAs
substrates by magnetron sputtering. The optimisation of the growth conditions and the structural,
superconducting and optical properties of these films will be presented.
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Influence of Sb on InAs/InP (311B) QD formation

P03.19

Murat Bozkurt1, W. Lu2, T. Rohel2, H. Folliot2, N. Bertru2, P.M. Koenraad1
1 Department of Applied Physics, EINDHOVEN, Netherlands, FOM-E-06
2 INSA de Rennes, Université Européenne de Bretagne, RENNES, France
The role of Sb on the formation of InAs/InP (311B) quantum dots (QDs) is investigated with
Atomic Force Microscopy (AFM), Cross Sectional Scanning Tunneling Microscopy (X-STM) and
Photoluminescence measurements (PL). It is shown that the use of Sb during capping, either by
exposing the QDs to Sb before capping or by capping with GaAsSb, shows a redshift of the QD
emission wavelength due to an increased height of the QDs. A larger redshift is observed for the QDs
capped by GaAsSb which is explained by a type II band alignment between the QDs and the GaAsSb
layer. An interesting QD structure having a possible internal type II alignment due to an almost pure
InAs bottom and GaSb top is obtained when the QDs are overgrown with GaSb.

Nanosecond dynamics of the hyperfine interaction between
electrons and optically-orientated nuclei in quantum dots

P03.20

Tom Campbell-Ricketts, A.Yu. Silov, Joost van Bree, Paul Koenraad, Richard Notzel
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-06
Time-resolved, low-temperature photoluminescence experiments were used to probe the dynamics
of exciton spins in individual InGaAs/GaAs dots. Several dots showed an exciton polarization that
increased with time. This is linked to the interaction between the electron spins and those of the
nuclei, optically orientated by the pump laser. Small Overhauser shifts, < 10 µeV, were measured
with no external magnetic field and were shown to be modulated systematically by changing the
pump power. Rising polarization transients were also shown to be flattened by a similar reduction
of the pump power. A model incorporating the hyperfine interaction with spin polarized nuclei in
shown to reproduce the features of the measured exciton spin transients.

Hybrid semiconductor quantum dot - metal nanocrystal structures
prepared by molecular beam epitaxy

P03.21

Adam Urbanczyk, Rian Hamhuis, Richard Notzel
COBRA Research Institute, EINDHOVEN, Netherlands, FOM-E-06
We report the formation of In nanocrystals and their alignment near dilute InAs surface quantum
dots (QDs) on GaAs (100) by molecular beam epitaxy. The In nanocrystals exhibit surface plasmon
resonances in the near-infrared range which can be matched with the emission wavelength of
In(Ga)As QDs. The alignment of the In nanocrystals near the InAs QDs is due to strain-driven
migration yielding single isolated QD - metal nanocrystal pairs and isolated QD - metal nanocrystal
dimer structures, representing the basic hybrid QD - metal nanocrystal plasmonic nanostructures.
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P03.22

InAs quantum dot growth on planar InP (100) by metalorganic
vapor-phase epitaxy with a thin GaAs interlayer

Jiayue Yuan, Hao Wang, Rene Veldhoven, Richard Notzel
COBRA Research Institute, EINDHOVEN, Netherlands, FOM-E-06
InAs quantum dots (QDs) are grown on planar InP (100) by metalorganic vapor-phase epitaxy
(MOVPE) with a thin GaAs interlayer beneath the QDs. The QDs’ structural and optical properties
are investigated when varying the GaAs interlayer thickness, growth temperature, and group V/III
ratio and related to As/P exchange, the goal being to obtain high-quality QDs with emission in the
important 1.55 µm wavelength region.

P03.23

Magneto-transport in etched graphene nanostructures

Paul Zomer, Marcos Guimarães, Nikolaos Tombros, Bart van Wees
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
The electronic band structure of graphene allows for continuous tuning between electron and hole
transport, making it an interesting candidate for pnp-type devices. Using reactive ion etching we
pattern graphene flakes into various geometries, including sidegated constrictions, quantum dots
and nanoribbons.
With local tuning by the sidegates of the polarity and charge carrier density we create pnp-type
potential barriers, on which we study quantum Hall transport and edge channel scattering. We
observe well defined conduction plateaus in the pp’p regime, predicted by a simple model, but
stronger conductance suppression in the pnp regime compared to top gated devices measured by
others, indicating a reduction in edge channel scattering.

P03.24

Phase-slip Coulomb-blockade devices

Alina Hriscu, Yuli Nazarov
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-46
The experimental proof for coherent quantum phase-slips (QPS) is still missing. To facilitate such
proof, we propose and investigate novel superconducting circuits: the QPS-box and QPS-SET. These
correspond to Cooper-pair box and superconducting single electron-transistor, respectively. We
have explained the various limits given by comparing the energy scales involved (phase-slip energy,
charging energy and inductive energy). These new devices retain the periodic charge dependence
specific to Coulomb blockade, but there are also new features which are present as a consequence of
the QPS. The experimental realisation of these devices will prove the quantum coherence of phaseslip events.

PH YSIC S @ FOM V EL DHOV E N 2011

147

Quantum pumping in graphene NIS junctions

P03.25

Mireia Alos Palop, M. Blaauboer
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-09
We investigate adiabatic quantum pumping across a normal metal-insulator-superconductor (NIS)
junction in a monolayer of graphene. The pumped current is generated by periodic modulation of
two gate voltages, applied to the insulating and superconducting regions respectively. In the limit
of a thin barrier and in the bilinear response regime, the pumped current reaches a maximum
for a finite barrier strength in contrast to conventional NIS junctions. The pumped current shows
different behavior in the retro and the specular Andreev reflection regime. We compare our results
with NIN junctions and find that ultimately IpNIS= 4 IpNIN for ε = 0. Our results can be implemented
with current experimental techniques.

Structure determination of CoxOy+ clusters by vibrational
spectroscopy and DFT calculations

P03.26

Jeroen Jalink1, Chris van Dijk1, Debesh Roy2, Andre Fielicke3, Gerard Meijer3, Theo Rasing1,
Arthur Reber2, Shiv Khanna2, Andrei Kirilyuk1
1 Institute for Molecules and Materials, NIJMEGEN, Netherlands, FOM-N-11
2 Department of Physics, Virginia Commonwealth University, RICHMOND, United States of America
3 Fritz-Haber-Institut der Max-Planck-Gesellschaft, BERLIN, Germany
Transition metal oxide clusters created in the gas phase are ideal isolated systems to study the
evolution of magnetic properties from the atomic to the nanoscale. To characterize such a cluster
the relation between magnetic moments, electronic levels and the structure was examined,
by comparing vibrational transitions, measured at FELIX, and DFT calculations including local
magnetic moments. Of the cluster sizes investigated, CoxOy+ (x = 3-6, y = 3-8), all but Co6O8+ are
found to have antiferromagnetic coupling between some local magnetic moments. Co6O8+ is
found to have a highly symmetric structure with a ferromagnetic ground state. Verification of the
calculated magnetic coupling will be done in a Stern-Gerlach experiment.

Fiber-top cantilevers for combined atomic force microscopy,
nanoindentation, and spectroscopy

P03.27

Dhwajal Chavan, Grzegorz Gruca, Sven de Man, Khashayar Gavan, Tomek van de Watering,
Jan Rector, Kier Heeck, Martin Slaman, Davide Iannuzzi
VU University Amsterdam, AMSTERDAM, Netherlands, FOM-V-20
Fiber-top cantilevers (Iannuzzi et al., patent WO-2007061286) are a new generation of probes
obtained by milling the end of an optical fiber by focused ion beam. Recently we introduced a new
approach to make similar devices by carving glass ferrules using ps-laser ablation, which goes
under the name ferrule-top cantilevers (Iannuzzi et al. patent US 61/204,541). We demonstrate the
merits of this new probe and its application for atomic force microscopy. We also show that fibertop and ferrule-top probes provide possibility to map optical properties along with topography
and mechanical properties of the sample. We finally discuss the possibility to use those probes for
simultaneous mechanotransduction and chemiluminescence sensing in cells.
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P03.28

Classical and quantum forces at the micron and submicron scale

Rene Sedmik, Sven de Man, Paul Zuurbier, Grzegorz Gruca, Kier Heeck, Jan Rector,
Davide Iannuzzi
VU University, Faculty of Sciences, AMSTERDAM, Netherlands, FOM-V-20
Our group focuses on the investigation of classical and quantum interactions between surfaces at
(sub-)µm separation. Here, we present our latest results obtained with a customized atomic force
microscope able to measure forces between a sphere and a plate with unprecedented precision and
stability. We describe a series of experiments that test the limit of the Navier-Stokes theory at the
transition from the continuous to the molecular regime and the behavior of the Casimir force in the
presence of non-trivial boundary conditions. Finally, we give an outlook on a novel setup that, using
a parallel plate geometry, will allow us to investigate thermal corrections to the Casimir effect and
chameleon theories.

P03.29

Control of surface adhesion through nanostructuring

Arzu Colak, Herbert Wormeester, Bene Poelsema
MESA+, ENSCHEDE, Netherlands, FOM-T-08
The adhesion between two materials is an important issue in many branches of nature and
technology. This property can be tuned by structuring the surface on the nanoscale. Chemical
etching is used to systematically vary the morphology of Si (100), which is used as a prototype
surface to study the relation between roughness (both height and lateral extent) and adhesion. AFM
is used to record both roughness and adhesion. The latter is obtained through force-distance curves
using a tip with a relatively flat 2 micron diameter tip. More than an order of magnitude reduction in
adhesion is observed.

P03.30

Stochastic Coulomb interactions limitation to brightness of
electron sources

Ben Cook, Thomas Verduin, Pieter Kruit
Delft University of Technology, DELFT, Netherlands, FOM-D-22
It is well known that stochastic Coulomb interactions cause a displacement of electron trajectories
in a beam, resulting in an increase of the size of a focused spot. This effect can reduce the
brightness of electron sources. We have recently combined three simulation programs: the
calculation of the electric field and electron trajectories in an electron gun, the quantum mechanical
calculation of the emission current density from the cathode for the calculated field, and the
calculation of the Coulomb effects. This has led to some unexpected conclusions, for instance: the
maximum obtainable brightness of a cold field emitter with tip radius 20 nm seems to be smaller
than that of a tip with 1 micron diameter.
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Diffraction of EUV radiation on free-standing grid structures:
theory and experiment

P03.31

Viacheslav Medvedev1, Vladimir Krivtsun2, Andrei Yakunin3, Fred Bijkerk1
1 FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
2 Institute for Spectroscopy RAS, TROITSK, Russian Federation
3 ASML, VELDHOVEN, Netherlands
Application of metal mesh filters were recently proposed for suppression of scattered infrared
radiation in laser-produced plasma EUV sources. However, performance of such filters in EUV
region has not been thoroughly analyzed yet. We have investigated EUV transmittance of different
gird filters. The rigorous coupled-wave analysis has been used in numerical study of diffraction
efficiencies. Comparison of numerical results with scalar theory of diffraction has been performed.
Dependence of EUV transmittance on grid geometrical parameters has been found. Finally, in-band
EUV transmittance has been measured at normal incidence. Experimental and theoretical results
are found to be in a good agreement.

Energy dependent attenuation length of direct and excited carriers
in metallic thin films probed by Ballistic Electron Emission
Microscopy

P03.32

Vsevolod (Seva) Khikhlovskyi, Alexander Kamerbeek, Subir Parui, Tamalika Banerjee
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
The scattering process of non-equilibrium electrons and holes in thin metal films is studied using
two complementary modes (direct and reverse) of the Ballistic Electron Emission Microscope. A
systematic study, at the nanoscale, enables the energy dependent determination of the attenuation
length of electrons and holes in Au. Such studies reveal that the hole attenuation length strongly
varies with energy as compared to electrons. This is explained by the differences in injected electron
(hole) distribution and in the density of electron and holes states in Au at higher energies. A
phenomenological model describing the process of e-h pair excitation and subsequent transmission
in the metal layers explains well our experimental findings.

Picosecond time-resolved electron injection from quantum dots
into nanoporous oxide films

P03.33

Puck Moll, Enrique Canovas, Mischa Bonn
FOM Institute AMOLF, AMSTERDAM, Netherlands
Quantum dots (QDs) constitute very promising building blocks for photovoltaic applications, owing
to their size-tunable optical properties. A key challenge is to separate electron and hole - the most
common approach is to inject the electron from the QD into a continuous nanoporous oxide film,
but many questions remain regarding the mechanism and rate of injection. By means of TeraHertz
time-domain spectroscopy (THz-TDS) we investigate the electron injection dynamics from PbSe QDs
into nanoporous SnO2. The injection time increases from 150 to 500 ps upon increasing the PbSe QD
size from 2 to 6 nm, which can be attributed to the size-dependent energy levels within the QD. For
8.5 nm (or larger) QDs no injection is observed.

150

P03.34

Spin transport, at the nanoscale, in metallic spin valves using
epitaxial metal-semiconductor interfaces

Subir Parui, Jan van der Ploeg
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
Epitaxial metal-semiconductor interfaces are a unique model system to investigate the role of
elastic scattering to electron transport, essential in understanding spin transport in spin valves.
Here, we present electron transmission across such epitaxial interfaces as NiSi2/Si(111), at the
nanoscale, using the technique of Ballistic Electron Emission Microscopy (BEEM). A clear presence of
three interfaces with three different Schottky barrier heights is observed. Subsequent addition of a
thin Ni film strongly reduces the transmission in the three interfaces, but interestingly it equalizes
the BEEM transmission in all. Our work demonstrates the origin and role of lateral momentum
conservation across such epitaxial interfaces and spin valves.

P03.35

Spin and anomalous thermoelectric Hall effects in metals

Yan-Ting Chen1, M. Hatami1, Gerrit Bauer1, S. Takahashi2, S. Maekawa3
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-09
2 Institute for Materials Research, Tohoku University, SENDAI, Japan
3 CREST, Japan Science and Technology Agency, TOKYO, Japan
We construct a semiclassical theory for the thermal analogues of the spin/anomalous Hall effects
in normal/ferromagnetic metals, i.e. the transverse spin/charge currents induced by the spin-orbit
interaction in the absence of an external magnetic field. We focus on the extrinsic effects induced
by the so-called side-jump and skew scattering at impurity potentials. The results are used to obtain
a microscopic parameterization of the spin and anomalous Nernst, Ettingshausen, and Righi-LeDuc
effects.

Unity quantum yield for charge carrier photogeneration and bandlike transport in quantum-dot solids

P03.36

Arjan Houtepen, Elise Talgorn, Yunan Gao, Michiel Aerts, Juleon Schins, Tom Savenije, Laurens
Siebbeles
Optoelectronic Materials Section, DELFT, Netherlands, FOM-D-37
Quantum-dot solids are heavily investigated as candidates for photodetectors and solar cells. The
operation of such devices requires a high yield of photogenerated charges and high charge carrier
mobilities. Here we show experimentally that in sufficiently strongly coupled PbSe quantum-dot
solids the quantum yield of charge carrier photogeneration is unity over a large temperature range.
At high photoexcitation density a transition takes place from hopping between localized states
to band-like transport. These strongly coupled quantum-dot films have electrical properties that
approach those of crystalline bulk semiconductors, while retaining the size tunability and cheap
processing properties of colloidal quantum dots.
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Spin-transfer torque dynamics in magnetic nanostructures

P03.37

Jean-Paul Adam, Joost Flipse, Bram Slachter, Frank Bakker, Jan-Kees Schooljan, Bart van Wees
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
In the field of spintronics, additional to the charge of the electron, one aims at using the spin of the
electron to store and manipulate information. In this research field, of growing interest since the
discovery and application of the Giant Magneto Resistance (GMR) effect, the study of magnetization
dynamics at short timescales is vital in the search for faster nanoelectronic devices. In this poster,
we will discuss our research on the manipulation of magnetization dynamics by spin transfer
torque in lateral non-local spin valves, via the injection of a pure spin current. We will also present
our future experiments on ultrafast switching and manipulation of magnetization dynamics in
pillar structures.

Electron pathways in colloidal metaloxide films

P03.38

Søren Jensen1, Enrique Canovas1, Simon Böhme2, Klaas-Jan Tielrooij1, Mischa Bonn1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands, FOM-A-03
2 Delft University of Technology, DELFT, Netherlands
Colloid metaloxide particles can form interpenetrated networks with drastically increased surface
area compared to the bulk while maintaining long range conductivity. These properties make
them ideal for solar cell geometries such as Grätzel cells and quantum dot sensitized cells. Subpicosecond Terahertz (THz) spectroscopy was applied to investigate the photoconductive properties
of TiO2, SnO2, and ZnO films, prepared by deposition of particles from solution and annealing.
Experiments were carried out using various pump intensities, temperatures and environments.
Charge carrier lifetimes were extracted and compared with emission spectra obtained using
cathodoluminescence, and several decay mechanisms are suggested.

Precise control of domain wall injection and pinning using He and
Ga Focused Ion Beams

P03.39

Jeroen Franken1, R. Lavrijsen1, M. Hoeijmakers1, J.T. Kohlhepp1, E. van Veldhoven2, D.J. Maas2,
H.J.M. Swagten1, B. Koopmans1
1 Physics of Nanostructures, EINDHOVEN, Netherlands, FOM-E-05
2 TNO Science and Industry, DELFT, Netherlands
In experiments on current-driven domain wall (DW) motion in nanostrips with perpendicular
magnetic anisotropy (PMA), the initial DW preparation is usually not well controlled. We
demonstrate a controllable DW injection scheme using Ga+ and novel He+ Focused Ion Beam
(FIB) irradiation on part of a Pt/Co/Pt strip. The injection field first decreases with irradiation dose
because of the reduced anisotropy in the irradiated area. At higher dose the injection field recovers
due to DW pinning at the edge of the irradiated area. This pinning behavior is fully supported by
micromagnetic modeling. The DW pinning is stronger at the He+ irradiation edge compared to Ga+,
proving that He+ FIB allows even more precise anisotropy engineering.
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P03.40

Magneto-optics at the nanoscale: Application of Scanning NearField Optical Microscopy (SNOM)

Matteo Savoini, Rajasekhar Medapalli, W. Chen, Alexey Kimel, Andrei Kirilyuk, Theo Rasing
Institute for Molecules and Materials, NIJMEGEN, Netherlands, FOM-N-11
Hollow-pyramid near-field probes represent a new and extremely promising way for the
development of polarization-contrast microscopy techniques, allowing spatial resolution of 50-100
nm. Furthermore, they can be easily coupled with femtosecond laser, thus allowing the study of
electron dynamics in materials.
Here we present the application of our SNOM setup for the measurement of static magnetic
properties (such as Faraday rotation) in different materials, e.g. Samarium based orthoferrite and
ferrimagnetic TbFeCo. Also some preliminary results on magnetization control will be presented,
suggesting the possibility of ultrafast magnetization switching at the nanoscale.

Unraveling organic magnetoresistance by experiments and device
modeling

P03.41

Paul Janssen, Wiebe Wagemans, Francisco Bloom, Matthijs Cox, Mathijs van Schijndel,
Martijn Kemerink, Bert Koopmans
Center for NanoMaterials, EINDHOVEN, Netherlands, FOM-E-05
Organic semiconductors provide exceptional promise for spintronic research and applications. The
recently discovered organic magnetoresistance (OMAR) effect causes a large (up to 25%) change in
resistance of an organic semiconductor, sandwiched between two non-magnetic electrodes, when
a small (~10 mT) magnetic field is applied. Since the exact origin of OMAR is still heavily debated,
elucidating experiments are needed.
Here, we report on our recent work on OMAR in organic devices. We demonstrate the frequency
dependence of OMAR and show a strong correlation between the magnetoconductance (MC) and
the role of the minority charge carriers. Furthermore, using device modeling, a qualitative match
between experiment and simulation is obtained.

The electromagnetic coupling of self-assembled InAs quantum dots

P03.42

Salman Mokhlespour1, Jos Haverkort1, Gregory Slepyan2, Sergey Maksimenko2
1 Photonics and Semiconductor Nanophysics, EINDHOVEN, Netherlands, FOM-E-06
2 Institute for Nuclear Problems, Belarus State University, MINSK, Republic of Belarus
The effect of electromagnetic coupling of quantum dots on the total radiative decay time of a plane
of self-assembled InAs QDs is studied experimentally by using the Time Resolved Differential
Reflectivity measurements. The minimum QD-QD distance is tuned by varying the probe wavelength
over the QD spectrum. We observe a subradiant effect for smaller average QD-QD separation.
By increasing the pump power, a reduction in the decay time is measured which is accompanied
with oscillations in the TRDR decay time due to retardation effects in long-range couplings. Our
results can be theoretically understood by using a quantum statistical approach.
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Molecular spintronics

P03.43

Alexander Zyazin1, F. Prins1, J.W.G. van den Berg1, E.A. Osorio1, A. Cornia2, E. Coronado3,
H.S.J. van der Zant1
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-44
2 University of Modena and Reggio Emilia, MODENA, Italy
3 ICMOL, Universidad de Valencia, VALENCIA, Spain
The interplay between electric current and molecular spin is at the heart of the emerging field
of molecular spintronics. Here we demonstrate two important steps in the development of such
systems. First, by placing an individual single molecule magnet in a three-terminal junction, we
perform tunneling spectroscopy of the signatures of the high spin ground state and its magnetic
anisotropy. Second, we report a switchable molecular device made by contacting individual
nanoparticles based on spin-crossover molecules between nanometer-spaced electrodes. This
device exhibits memory effects near room temperature as a consequence of the intrinsic bistability
of the spin-crossover nanoparticle.

Self-assembled nanocavities on Pt/Ge(001) surface

P03.44

Avijit Kumar, Harold Zandvliet
MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands, FOM-T-08
We report a densely-packed ordered array of nanocavities on Pt/Ge(001) surface, studied using
low-temperature Scanning Tunneling Microscopy and Spectroscopy. The nanocavities are
thermodynamically stable at room temperature and exhibit very rich electronic & structural
properties. They have nearly circular shape at room temperature which transforms to an elliptical
shape at 77 K. Other unusual electronic properties such as carrier confinement, shape change with
bias etc. observed at 77 K are attributed to the dimers of the Pt/Ge(001) surface surrounding the
nanocavity. The magnificent properties of the array may provide an excellent template to study a
single molecule or molecular assemblies for future molecular electronics applications.

DFT-based many-body analysis of electron transport through
molecules

P03.45

Fatemeh Mirjani, Jos Thijssen
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-09
We present a method which uses density functional theory (DFT) to treat transport through a single
molecule connected to two conducting leads in the weak coupling limit. This limit is not accessible
to standard non-equilibrium Green function (NEGF) calculations. Our method is based on a mapping
of the Hamiltonian on the molecule to a limited set of many-body eigenstates. This generates a
many-body Hamiltonian with parameters obtained from ground state L(S)DA-DFT calculations. We
then calculate the transport using many-body Green function theory. We compare our results with
existing density matrix renormalization (DMRG) calculations for spinless and for spin-1/2 fermions,
and find very good agreement.
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P03.46

Dynamics of cosmic dust grains in a magnetic field

Stefan Bretzel, Gerrit Bauer
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-09
The polarization of starlight is universally attributed to the anisotropic extinction arising when dust
grains are aligned with respect to a preferred direction (Hall, 1949). Cosmic magnetic fields provide
such a preferred direction. Dust grains can rotate suprathermally, i.e. their mean rotational energy
can be much higher than the particle temperature, leading to rotation frequencies of up to 1 GHz
(Purcell, 1979). We discuss the dynamics of a single dust grain and its alignment to the external field
by modelling the magnetization dynamics with the Landau-Lifshitz-Gilbert equation and by fully
taking the Barnett (magnetization by rotation) and Einstein-de Haas effects (conservation of angular
momentum) into account.

An integrated silicon drift X-ray detector system for transmission
electron microscopes

P03.47

Koos den Hollander, Sebastian von Harrach, Dmitri Klenov
FEI Company, EINDHOVEN, Netherlands
Energy Dispersive X-ray spectrometry is a well-known technique to determine the chemical
composition of samples on a nanometer scale. Until recently analysis times used to be long. This
has been improved by approximately 60 times through increasing the beam current (resulting
in more X-rays being generated), increasing the collection angle and increasing the maximum
throughput through the use of Silicon Drift Detectors. Further, because the X-ray background signal
has not been increased, very low concentrations of elements (down to ~ 0.01%) can be detected.
Finally, using windowless detectors has improved detection efficiency even further for light
elements (~2.5x for oxygen).

P03.48

Large yield production of high mobility suspended graphene
devices on a polymer

Alina Veligura, Nikolaos Tombros, Juliane Junesch, Jasper van den Berg, Ivan Vera Marun,
Bart van Wees
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
We present a new acid free method to produce suspended graphene electronic devices on a
polydimethylglutarimide based organic resist: LOR-A. This resist has a high glass transition
temperature of 190oC and is therefore very resistant to chemical treatments. Electronic devices on
the resist with suspended graphene layers over 10 um long have been obtained without of a critical
point drying system. Afterwards high mobility graphene of 240.000 cm2/Vs single and 300.000
cm2/Vs bi-layers were achieved by a current annealing step. This method allows the fabrication
of suspended graphene devices with no limitations on contact material. Moreover the quality of
suspended grapehene membranes is high enough to observe electron-electron interactions.
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Conductance of conjugated molecules studied by AFM

P03.49

Constant Guedon1, Hennie Valkenier2, Jan Hummelen2, Sense Jan van der Molen1
1 LION, LEIDEN, Netherlands, FOM-L-22
2 Stratingh Institute for Chemistry, University of Groningen, GRONINGEN, Netherlands
We investigate charge transport through self-assembled monolayers of conjugated organic
molecules using current-sensing AFM. The molecules of interest are both symmetric and
asymmetric oligophenylethynylenes (OPEs) of various lengths (OPE2, 3 and 4). These molecules are
self-assembled onto a gold-coated substrate and are subsequently contacted by a gold-coated AFM
tip. First, we study the conductance properties of this series of molecules as a function of length and
of anchor group symmetry (monothiol vs. dithiol). Second, we apply a recently proposed technique
to analyze I(V)-data, transition voltage spectroscopy, to validate it as a spectroscopic tool.

Carbon nanotubes as nano-electromechanical oscillators

P03.50

Ben Schneider, Harold Meerwaldt
Delft University of Technology, DELFT, Netherlands, FOM-D-44
Carbon nanotubes (CNTs) have remarkable properties that give rise to strong coupling between
electronic transport and mechanical motion. We measure the current going through a CNT, which
changes as we make the CNT oscillate with a nearby radio frequency antenna. Because of its low
mass and high quality factor, the motion of a CNT is changed severely as electrons hop onto it.
On the one hand, electrons cause a change in resonance frequency and damping of motion. On
the other hand, they can also make the CNT self-oscillate without any periodic driving. Also, with
resonance frequencies well above 1 GHz CNTs are excellent candidates to measure quantum effects
in macroscopic objects. To achieve this, work on a CNT-SQUID is in progress.

Single-shot read-out of two electron spins in a double quantum dot

P03.51

Katja Nowack1, M. Laforest1, M. Shafiei1, P. Scarlino1, G. Prawiroatmodjo1, W. Wegscheider2,
Lieven Vandersypen1
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-47
2 Department of Physics, ETH, ZURICH, Switzerland
The spin of a single electron confined in GaAs quantum dot is a promising candidate for quantum
information processing. Recently, the coherent control of a single spin, as well as coherent
manipulation of two coupled electron spins in a double quantum dot has been experimentally
presented. Implementing a two-qubit algorithm in such system requires a read-out which can
distinguish four orthogonal spin states. Here we present the implementation of single-shot read-out
of the four possible two spin states via spin-to-charge conversion and real time charge detection.
Currently, we are improving the readout fidelity by using fast radio-frequency charge detection
technique.
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P03.52

Charge-induced deformation of gold nanowires

Sivashankar reddy Saane, Patrick Onck
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-17
Recent experimental studies have shown that nanoporous metals can undergo considerable
dimensional changes when a potential difference is applied. The primary actuation mechanism
is the electric double-layer charging of the internal surface in combination with a large surface to
volume ratio. We use a surface embedded atom method to explore the charge-induced deformation
of a gold nanowire. Our molecular dynamics simulations indicate that the induced charge, in the
form of an excess electron density, changes the interatomic bond length on the surface, causing the
wire to extend or contract. The deformation depends on the cross-sectional dimensions of the wire,
the electron density, sign of the charge and the crystallographic orientation.

P03.53

Topgated bilayer graphene devices on hBN for quantum
confinement measurements

Stijn Goossens1, Tim Baart2, Amelia Barreiro-Megino2, Victor Calado2, Lieven Vandersypen2
1 TNW, DELFT, Netherlands, FOM-D-47
2 Delft University of Technology, DELFT, Netherlands
We want to study quantum confinement in graphene nanostructures. We are especially interested
in the effect of the unusual properties of graphene such as the predicted long spin coherence
lifetime. Our approach is to confine carriers by electrostatic gating. To confine carriers with that
method a bandgap is required. Unfortunately graphene does not have a bandgap intrinsically,
but in bilayer graphene, a finite bandgap can be induced by a perpendicular electric field. In our
experiments, the electric field was provided by two external gates that were shaped such that they
would form a quantum dot. To improve the electronic quality of our devices we are working on
sandwich structures of graphene and hexagonal boron nitride.

P03.54

Simultaneous absorption and fluorescence microscopy

Mustafa Yorulmaz, Alexander Gaiduk, Paul Ruijgrok, Michel Orrit
LION, LEIDEN, Netherlands, FOM-L-21
Absorption and fluorescence properties of nanoobjects depend on their chemical structure,
composition, dimensions and local environment. These properties determine the use of nanoobjects
as labels for optical detection and sensing. Fluorescence microscopy provides a broad range of wellknown methods for sensitive fluorescence detection. In absorption microscopy only a few existing
methods are capable to directly detect absorption of individual nanoobjects at room temperature.
We present combined fluorescence and photothermal (absorption) microscopy. We demonstrate the
sensitivity of both methods down to single-molecule level and illustrate the power of simultaneous
detection in studies of single gold nanoparticles.
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SubSurface AFM: towards nondestructive 3D microscopy

P03.55

Gerard Verbiest, Johannes Simon, Tjerk Oosterkamp, Marcel Rost
LION, LEIDEN, Netherlands, FOM-L-14
True nondestructive, subsurface microscopy is desired in many elds ranging from material
science to biology to industry. Possible applications include, e.g., microelectronics failure analysis
or biological processes within cells. The key to 3D information is the use of nondestructive,
ultrasonic acoustic waves, which lead to Rayleigh like scattering of the acoustic waves resulting
in an interference pattern on the surface, that is measured locally with an AFM. This has been
demonstrated experimentally[1]. We hope to report the rst application of this technique to
electromigration. We want to ‘see’ the buried wires while sending a current through them.
[1]

G.S. Shekhawat and V.P. Dravid; Science 310, 89 (2005) 5745.

Enhanced superconducting single photon detectors for quantum
optics experiments

P03.56

Sander Dorenbos, E. Bermudez Ureña, L.P. Kouwenhoven, V. Zwiller
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-41
We have fabricated superconducting single photon detectors (SSPDs) on distributed bragg reflectors
in order to enhance the efficiency at a wavelength of 1.55 µm. We fabricated plasmonic antennas on
the detector to increase the active area and thus enhance the coupling efficiency. SSPDs fabricated
on oxidized silicon substrate show an enhanced efficiency at 1.3 µm because of the reflection at the
silicon substrate. We show that a fiber coupled device is sensitive enough to measure correlations
on low count rate nanowire quantum dots emitting in the infrared.

Near-surface quantum well resonances induced by subsurface
nanoclusters of Co, Fe and Ar

P03.57

Oleg Kurnosikov, Can Avci, Henk Swagten, Bert Koopmans
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-05
Quantum well resonances induced in between a surface of Cu(110) or Cu(001) and a nanocluster like Co, Fe or Ar located several tens nanometers below the surface provide an access to a
characterization of these subsurface objects with the STM technique. Analysing the bias-dependent
oscillations as well as the spatial variation of the surface conductance it is possible to deduce
the depth, size and shape of the buried nano-objects. The anisotropy of electronic properties of
the substrate and the inner electron focusing effect play a crucial role in the ability of the STM
technique to detect the deep subsurface nano-clusters. A simple model has been developed that
quantitatively reproduces the experimental observations.
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P03.58

Majorana Fermions in InAs nanowires

Vincent Mourik1, Ilse van Weperen1, Kun Zuo1, Sergey Frolov1, Moïra Hocevar1, Erik Bakkers2,
Leo Kouwenhoven1
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-41
2 Eindhoven University of Technology, EINDHOVEN, Netherlands
Majorana particles have the unique property that they are equal to their own anti-particles.
Recently, Majorana fermions have been proposed as quasi-particles in nanoscale devices consisting
of semiconductor nanowires coupled to superconductors. The necessary ingredients are strong
spin-orbit interaction and large external magnetic field. The detection of Majorana fermions is
challenging since they consist of an equal superposition of electron and hole states and therefore
have zero charge. We will discuss the progress in device fabrication based on III-V semiconductor
nanowires and in the design of tunneling and interferences measurements aimed at detecting
Majorana fermions.

P03.59

Hydrogenation of graphene

Magda Wojtaszek, Niko Tombros, Bart van Wees
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
Electronic applications of graphene, a 2D crystal of carbons arranged in a honeycomb lattice,
are limited due to its zero energy bandgap. However, one can tune graphene from zero-gap
semiconductor to insulator by varying the degree of its hydrogenation. In presented work the
hydrogenation is performed by RF plasma technique with Ar/H2 gas mixture. The introduced
defects, like hydrogen adsorbates or argon induced vacancies, can be characterized by the ratio
of the D and G band intensity in Raman spectrum. I will present systematic studies of electronic
transport in graphene as function of plasma exposure times. The influence of the amount of defects
on graphene carrier mobility and related sizes of the bandgap will be reported.

P03.60

Calculating current through single molecules: electrical motors
and contact configurations

Jos Seldenthuis, Chris Verzijl
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-44
We present work on transport through single-molecule devices, based on ab-initio structure and
transport calculations, for a few phenyl-based single-molecule devices and a novel all-electric
single-molecule motor we have recently proposed. We analyze the motion of the motor and the
current through it, showing that we can simultaneously drive such a motor with an external electric
field and measure its rotation through the modulation of the conductivity. We further present a new
technique for the accurate determination of the chemical potential of the contacts in relation to any
single-molecule device, and discuss the influence of contact configurations, both essential to the
accurate physical interpretation of transport calculations.
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Nano imprint lithography for Surface Acoustic Waves (SAW)

P03.61

Serkan Buyukkose1, Boris Vratzov2, Wilfred van der Wiel1
1 University of Twente, ENSCHEDE, Netherlands
2 NT&D - Nanotechnology and Devices, AACHEN, Germany
Surface acoustic wave (SAW) devices have been used in the tele¬communications industry. Some
emerging applications are chemical and mass sensors. In both application areas higher frequencies
are necessary for enhanced performance.
In our work, for pattern definition UV based nanoimprint lithography approach, so-called stepand-flash imprint lithography (S-FIL) was employed. To get a very precise pattern transfer and
proper pattern profile, an approach which combines S-FIL and contact planarization methods was
developed. We demonstrated a global planarization degree of 93% for test structures. This method
enables very accurate pattern transfer with excellent critical dimension control and well-defined
underetch suitable for metal liftoff.

Proton migration mechanism for operational instabilities in
organic field-effect transistors

P03.62

Abhinav Sharma1, S.G.J. Mathijssen1, M. Kemerink1, D.M. de Leeuw2, P.A. Bobbert1
1 Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-10
2 Philips Research, EINDHOVEN, Netherlands
Organic field-effect transistors exhibit an operational instability involving a shift of the threshold
gate voltage towards the applied gate bias, an effect known as the bias-stress effect. We associate
this effect with a reversible reaction in the organic semiconductor, in which holes are converted
into protons in the presence of water, and a reversible migration of these protons into the gate
dielectric. We also show how a shorter period of application of a gate bias leads to a faster backward
shift of the threshold voltage when the gate bias is removed. The proposed mechanism explains the
occurrence of anomalous transients in these transistors under dynamic gate bias.

Time-resolved and steady-state spectroscopy of SSQC in Si NCs

P03.63

Wieteke de Boer, Tuan Trinh, Rens Limpens, Tom Gregorkiewicz
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-16
Si nanocrystals (SiNCs) embedded in a SiO2-matrix are intensively studied as a possible basis
for photovoltaic devices. Especially SSQC ‘space-separated quantum cutting’, by which quantum
efficiency is enhanced, offers promising prospects. In this process, high-energy photons generate
multiple excitons in neighboring NCs, with a characteristic µs lifetime, advantageous for carrier
extraction.
For differently sized SiNCs we investigate induced absorption and photoluminescence transients
and determine external quantum efficiency. Comparing results obtained for below and above SSQCthreshold excitation conditions reveals new insight on the microscopic mechanism of this process.
Based on these findings, we discuss possible models for the SSQC.
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P03.64

Nonlinearities and modal interactions in top-down
nanomechanical resonators

Hidde Westra, W.J. Venstra, M. Poot, H.S.J. van der Zant
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-44
Top-down fabricated mechanical resonators exhibit several nonlinearities. We study the nonlinear
modal interactions in a clamped-clamped beam resonator, and show that the experimentally
observed nonlinear behavior can be described using a model, derived from the Euler-Bernoulli
equation including the tension. Nonlinear coupling allows an arbitrary flexural mode to be used
as a self-detector for the amplitude of another mode. We also explore the nonlinear dynamics of
microcantilevers, which show mechanical stiffening due to a geometric nonlinearity. A mechanical
memory using the cantilever bistability is demonstrated.

Spin and thermoelectric non-linear effects in graphene spin-valves

P03.65

Ivan Jesus Vera Marun, Csaba Jozsa, Vishal Ranjan, Bart van Wees
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-08
Spin transport in graphene field-effect transistors is usually demonstrated by the use of tunnel
spin contacts and the non-local geometry, attributing the linear response obtained with ac lockin techniques to spin injection into a paramagnet. In this work we study linear and non-linear
signals in graphene spin-valves. While we observe spin dependency in higher harmonics, there
is a significant contribution to the second harmonic background which is not explained by the
simple picture of spin injection into a paramagnet. We extend the modelling within the context of
thermoelectric effects and non-linear effects due to the electronic structure of graphene. This work
expands the yet to be fully addressed rich physics of graphene devices.

P03.66

Ultrafast magnetism of ferrimagnets

Addis Adamu1, Kadir Vahaplar1, Mathieu Cormier1, Ilie Radu1, Johan Mentink1,
Alexandra Kalashnikova2, Alexey Kimel1, Andrei Kirilyuk1, Theo Rasing1
1 Institute for Molecules and Materials, NIJMEGEN, Netherlands, FOM-N-11
2 A.F. Ioffe Physical-Technical Institute of RAS, ST. PETERSBURG, Russian Federation
Exchange interaction is the strongest force in magnetism, being ultimately responsible for
spin order and collective spin excitations. How do spins in a magnetic material behave after
being perturbed on a timescale faster than the exchange interaction? Here, using state-of-theart experimental (time-resolved spectroscopy and microscopy) and computational techniques
(atomistic simulations), we provide unexpected insights into the physics of ultrafast spin dynamics
in ferrimagnets showing that ultrafast spin reversal in a material with antiferromagnetic coupling of
spins occurs via a transient ferromagnetic state and we excite different magnetization dynamics at
the vicinity of angular momentum and/or magnetization compensation points.
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Anisotropy of a fluid confined in a nanochannel

P03.67

Remco Hartkamp, Stefan Luding
University of Twente, ENSCHEDE, Netherlands, FOM-T-28
A general law to describe, e.g. the velocity profile or stresses in a non-Newtonian fluid in a narrow
slit pore has not yet been found. In such geometries, one observes a strongly inhomogeneous fluid
and interesting anisotropy in stress. The continuum approach no longer suffices. 3D Molecular
Dynamics simulations are used to examine the characteristics of such fluids. Poiseuille flow is
modeled, with a Lennard-Jones potential to describe the interaction between atoms. Layering is
observed in the density, velocity and stress distributions. The objective of this study is to increase
knowledge on local material properties of non-Newtonian fluid. A new constitutive relation can be
formulated with the help of eigenvalue analysis.

Ultra-fast magnetization dynamics in ferromagnetic devices

P03.68

Sjors Schellekens1, Koen Kuiper1, Tobias Roth2, Mirko Cinchetti2, Martin Aeschlimann2,
Bert Koopmans1
1 Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-05
2 Universität Kaiserlautern, KAISERSLAUTERN, Germany
Sub-picosecond quenching of the magnetization of ferromagnetic materials by sudden heating with
a laser pulse has attracted a lot of interest from the scientific community. The underlying ultra-fast
magnetic processes are still heavily debated. Their better understanding could pave the way for new
spintronic devices with operating speeds orders of magnitude faster than contemporary technology.
In order to elucidate the importance of both microscopic interactions between the electron-, latticeand spin-system, as well as device geometry, on the ultra-fast magnetic processes, we compare
experiments on different magnetic structures under varying conditions to calculations based on an
extended microscopic three-temperature model.

Superconducting resonators in the phase-slip regime

P03.69

Eduard Driessen, P.J. de Visser, T. Zijlstra, T.M. Klapwijk
Kavli Institute for Quantum Nanoscience, DELFT, Netherlands, FOM-D-06
Thin superconducting wires show a residual resistance down to zero temperature, caused by
coherent quantum fluctuations of the phase (quantum phase slips). The coherence of these
fluctuations should manifest itself in the response of resonators in which such a wire is
incorporated[1].
For such an experiment, a material with a high normal-state resistance is needed. Evidence is
emerging[2] that these materials exhibit large-scale electronic inhomogeneities, which can have
an effect on the existence and coherence of quantum phase slips. We experimentally investigate
superconducting resonators in the phase-slip regime, in order to investigate these effects.
[1]
[2]

Hriscu & Nazarov, Arxiv:0912.3699 (2009).
Sacépé & al., PRL 101, 157006 (2008).
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P03.70

Single and coupled spins in InAs nanowire quantum dots

Stevan Nadj-Perge1, Sergey Frolov1, J.W.W. van Tilburg1, K. Zuo1, V. Pribiag1, J. Danon1,
Yu.V. Nazarov1, Moïra Hocevar1, R. Algra2, Erik Bakkers1, L.P. Kouwenhoven1
1 Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-41
2 Eindhoven University of Technology, EINDHOVEN, Netherlands
InAs nanowires are an attractive for spin qubits due to the strong spin-orbit interaction and the
possibilities it opens for electrical spin control. Single spins are isolated in quantum dots that are
defined by gate electrodes. Spin blockade between triplet and singlet states is used for readout of
spin states. The coherence of electron spin and the fidelity of spin readout is determined by spinorbit and hyperfine interactions with the environment. The effects of spin-orbit coupling strongly
depend on the orientation of magnetic field. Hyperfine interaction can lead to rich dynamics and
dynamic nuclear polarization. Understanding these interactions is important for achieving better
coherent control of electron spin in InAs nanowires.

P03.71

Effect of ketone defects on the electron and hole transport in
polyfluorenes

Martijn Kuik, Gert-Jan Wetzelaer, Jurre Laddé, Herman Nicolai, Paul Blom
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands
Polyfluorenes form an interesting and widely studied class of conjugated polymers for application
in polymer light-emitting diodes and polymer displays. However, blue emitting polyfluorenes are
known to suffer from rapid degradation under ambient atmospheres, resulting in the appearance
of a green emission band. We demonstrate the electron transport for both pristine and oxidized
polymers to be trap-limited but the hole transport of the defect contaminated PFO is also traplimited, in contrast to pristine PFO, where the hole transport is space-charge limited. From the
simulations the energy levels of the traps in the defect contaminated PFO could be calculated and
they agree perfectly with CV measurements on the ketone defect specie.

P03.72

Terahertz photoconductance of suspended carbon nanotubes

Rik Hortensius, A. Ozturk, P. Zeng, E.F.C. Driessen, T.M. Klapwijk
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-06
The influence of terahertz radiation on the electronic transport through suspended carbon
nanotubes is studied. Due to the one-dimensional nature of carbon nanotubes, transport through
them can no longer be described by ‘single electron’ excitations. Instead collective behaviour
is observed, described by Tomonaga-Luttinger theory. This leads to a power law scaling of the
conductance with temperature and bias voltage. We show a similar power law scaling with applied
terahertz power, with the same universal scaling exponent seen in the temperature and voltage
dependence. The nanotubes are grown as the final step in fabrication to avoid defects. A bowtieantenna is used to couple the radiation from free space to the suspended nanotube.
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Entanglement dynamics of two strongly driven qubits interacting
with a cavity

P03.73

Marcin Dukalski, Yaroslav Blanter
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-09
Entanglement is essential for quantum information processing, however it is difficult to create and
control entanglement in realistic quantum systems. We theoretically study the dynamics of two
strongly driven qubits in a dissipative cavity. The qubits do not interact directly and are individually
off-resonantly coupled to a single mode of quantized radiation.
The evolution of the entanglement of this system shows a novel effect of initial atomic
entanglement decay followed by its periodic in time revival leading to a complete asymptotic
entanglement recovery. Despite the qubits never getting entangled as they interact through a cavity,
we can entangle them 50% of the time by a post-selective measurement of the cavity state.

Minimal resonator loss and reduced frequency noise in NbTiN
superconducting resonators (for circuit quantum electrodynamics
and astronomical instrumentation)

P03.74

Pieter de Visser1, R. Barends1, N. Vercruyssen1, A. Endo1, T. Zijlstra1, T.M. Klapwijk1, P. Diener2,
S.J.C. Yates2, J.J.A. Baselmans2
1 Delft University of Technology - Faculty of Applied Sciences, DELFT, Netherlands, FOM-D-06
2 SRON, UTRECHT, Netherlands
In quantum electrodynamics, information processing is done by coupling a qubit state to a single
photon, bound to a superconducting resonator. The higher the quality factor of the resonator, the
longer the lifetime of such a photon.
We show that for NbTiN resonators, the quality factor in the single photon regime is limited by
losses due to the dielectric in the waveguide. By removing the substrate from the region with the
highest electric fields, the quality factor for NbTiN resonators is increased by a factor of two.
The substrate removal also enhances the quality factor and decreases the frequency noise in the
many photon regime, which is crucial for the readout of microwave kinetic inductance detectors for
astronomical imaging.

Synchrotron infrared spectroscopic ellipsometry of multilayer
graphene

P03.75

Jan-Willem Weber1, Thomas Oates2, Karsten Hinrichs2, Victor Calado3, Richard van de Sanden4
1 Plasma and Materials Processing, EINDHOVEN, Netherlands, FOM-E-12
2 ISAS, BERLIN, Germany
3 Delft University of Technology, DELFT, Netherlands
4 Eindhoven University of Technology, EINDHOVEN, Netherlands
The infrared optical properties of a multilayer graphene flake (13 nm) are studied by means of
spectroscopic ellipsometry. A synchrotron (BESSY II) infrared light source is used and ellipsometric
data are acquired in the range between 400 and 7000 cm-1. The infrared optical conductivity of the
multilayer graphene flake is compared with that of graphite and single layer graphene.
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Spin-orbit coupling, spin qubits and Josephson effect in ultra-clean
carbon nanotubes

P03.76

Edward Laird, H. Keijzers, M. Jol, V. Mourik, G. Steele, L.P. Kouwenhoven
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-41
We describe three experiments which exploit the exceptional electrical and mechanical properties
of ultra-clean carbon nanotubes grown after device fabrication to minimize contamination. First,
we present detailed measurements of nanotube spin-orbit coupling, discovering couplings of either
sign and up to an order of magnitude larger than previously observed. Second, we show progress
towards double dots with independently tunable tunnel barriers and charge sensors, with the
aim of realising a spin qubit. Finally, we study a Josephson junction with an embedded nanotube
mechanical resonator. We have fabricated resonators that can in principle be cooled cryogenically to
their mechanical ground state.

P03.77

Femtosecond laser microfabrication by axicon lens

Zhang Hao, Ruiyu Xie, Jaap Dijkhuis
Debye Institute, UTRECHT, Netherlands, FOM-U-12
We use axicon lens to transform the gaussian beam from a femtosecond laser source to bessel
beam. By properly focusing the bessel beam, we show that a ring shape intensity profile with
different diameter and diffraction limited width can be realized. When tightly focusing this profile
inside transparent dielectric, we expect a ring shaped void surrounded by highly compressed
material could be made, combine with the highly versatile 3D laser microfabrication technique,
which may provide a new kind of building block for novel photonic structures.We are also studying
the converging surface acoustic waves and the formation of surface acoustic phonons produced by
the femtosecond laser pulses.

P03.78

Simultaneous correlated scanning electron and confocal light
microscopy

Angela Narvaez, A.C. Zonnevylle, R.F.C. van Tol, G.A. Schotte, C.A.N. Barends,
Pieter Kruit, J.P. Hoogenboom
Delft University of Technology, DELFT, Netherlands, FOM-D-22
We have built a set up that combines Optical and Scanning Electron Microscopy (SEM), allowing light
detection and manipulation inside and outside the vacuum chamber. The alignment of the optical
and e-beam paths enables simultaneous acquisition and correlation of both signals. Furthermore,
nanometer-scale localized electron excitation with high-resolution cathodoluminescence detection
can be obtained by exploiting the spatial filtering of a confocal unit built outside the SEM. We
present the first results of our setup, measuring electron-beam generated luminescence from
different samples. These show the potential of the technique for characterization of nanophotonic
devices and specifically plasmonic structures.
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Efficient photogeneration of long-lived charge carriers in core-shell
n-type silicon nanowires

P03.79

D.H.K. Murthy
Optoelectronic Materials Section, DELFT, Netherlands, FOM-D-37
Silicon nanowires (NWs) are studied intensively for their potential application in photovoltaic
devices. Efficient charge carrier generation and separation require the formation of a depletion
region along the radial direction and bulk recombination must be minimized. We investigate
the structural and electronic properties of core-shell Si NWs grown by a vapor-liquid-solid (VLS)
process. The shell contains phosphorous (P) atoms as dopants. The efficiency of charge carrier
photogeneration, the charge mobility and decay during time are studied with time-resolved
microwave conductivity measurements. The presence of a P-doped shell gives rise to a built-in
electric field, which leads to efficient generation of long-lived charge carriers.

Conductance through a topological defect

P03.80

Guillaume Palacios1, Thomas Quella2
1 Institute for Theoretical Physics, AMSTERDAM, Netherlands, FOM-A-25
2 Institut für Theoretische Physik, COLOGNE, Germany
We would like to study the case of two Luttinger Liquids (compactified bosons) joined by an
interface. Physically one would like to derive quantities such as the conductance or the magnetic
susceptibility in the critical situation. On a technical level, one needs to find RG fixed points. In an
abstract approach one would need to classify conformal boundary conditions and analyze their
physical properties and, especially, their stability. Particularly interesting cases would be ones where
only a partial reflection or transmission takes place. In order to study this effect we shall consider a
so-called topological defect separating two c=1 CFTs as introduced by Gaberdiel et al. and compute
the various correlators across the defect.

The life and fate of optical excitations in strongly-coupled PbSe
quantum dot solid

P03.81

Yunan Gao1, E. Talgorn1, L. Kunneman1, M. Aerts1, M.T. Trinh1, J.M. Schins1, Herre van der Zant2,
A.J Houtepen1, L.D.A. Siebbeles1
1 Optoelectronic Materials, DELFT, Netherlands, FOM-D-37
2 Kavli Institute of Nanoscience, DELFT, Netherlands
PbSe quantum-dot (QD) solids are of great interest for low cost and efficient photodetectors and
solar cells. We used a combination of spectroscopic techniques to study the ‘life and fate’of optical
excitations in these films. Using THz spectroscopy we find that photogenerated electron-hole pairs
dissociate within 1 ps. Transient absorption measurements reveal surprisingly fast intra QD carrier
cooling as well as inter QD thermalization. For carrier densities above 0.01 carriers per QD diffusion
limited Auger recombination is observed. Microwave conductivity measurements show that
trapping processes occur on a ns to ms timescale. The knowledge provided by these experiments is
vital for the optimization of QD based Opto-electronic devices.
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P03.82

Time-of-flight dose monitoring tools for particle radiotherapy

Aleksandra Biegun1, Dennis Schaart1, Peter Dendooven2, David Oxley2, S. Brandenburg2,
Paulo Crespo3, Katia Parodi4
1 Radiation Detection and Medical Imaging, Delft University of Technology, DELFT, Netherlands, FOM-D-51
2 Kernfysisch Versneller Instituut, University of Groningen, GRONINGEN, Netherlands
3 Universidade de Coimbra, Departamento de Física, COIMBRA, Portugal
4 University Clinic of Heidelberg, Department of Radiation Oncology, HEIDELBERG, Germany
A major issue in radiotherapy is to avoid complications due to the dose delivered to healthy tissues
around the tumor. Particle beams have the advantage that the dose is mainly deposited at the end
of their range. Since particles are stopped inside the patient conventional portal imaging cannot be
used. Nevertheless, they react with nuclei in the patient, resulting in emission of prompt gamma
(PG) radiation and generation of positron emitters. Therefore, positron emission tomography and PG
imaging can be used to monitor the treatment quality. In both cases, time-of-flight imaging using
detectors with a timing resolution in the order of 100 ps can be used to minimize artifacts and
background noise thus, the monitoring can be more accurate.

P03.83

Polarizability and Van der Waals interactions of nanoparticles:
geometry and non-additivity

Bas Kwaadgras1, Maarten Verdult2, Marjolein Dijkstra1, René van Roij2
1 Debye Institute for Nanomaterials Science, UTRECHT, Netherlands, FOM-U-09
2 Institute for Theoretical Physics, UTRECHT, Netherlands
We present the Coupled Dipole Method (CDM), a scheme for calculating the effective interactions
between nanoclusters of Drude atoms. The CDM includes all many-body effects into the interaction
energy, thus providing a refinement of the most commonly used method, which employs pairwise
summation of interatomic VdW (of LJ) forces. We discuss what the CDM predicts with respect to
chain formation of nanoparticles. Furthermore, we show how the CDM is applicable for calculating
the polarizability of nanoparticles, which is used to infer their preferred orientation in an external
electric field, and discuss how the polarizability is influenced by interatomic (dipole-dipole)
interactions and by the geometric properties of the nanoparticle.

Tuning of silicon photonic crystal cavities with elastomeric infilling

P03.84

Ahmet Erdamar, Thijs van Leest, Jaap Caro, Sven Rogge, Huub Salemink
Kavli Institute of Nanoscience, DELFT, Netherlands
In this poster tuning of silicon photonic crystal cavities with elastomeric infilling will be described.
The photonic crystals with air holes are fabricated on SOI material (SOI=silicon-on-insulator).
Photonic crystal nanocavities form a resonance peak for a certain frequency within the band gap
of the photonic crystal. These cavity signals can be tuned by various methods. We focus on tuning
by infilling with an elastomer, which exhibits a refractive index change when heated. The change
in the refractive index causes a change in the transmission of light through the device. Therefore,
after the infilling process tuning of cavity signal can be achieved by changing the temperature of the
elastomeric material.
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Trapping and Raman spectroscopic sensing of bacteria in water
using photonic crystal cavities

P03.85

Thijs van Leest, Jeroen Heldens, Huub Salemink, Jaap Caro
Kavli Institute of Nanoscience, DELFT, Netherlands
The quality of drinking water is based on off-line methods, meaning that the water usually has been
consumed before test results become available. Therefore, there is a strong need for fast on-line
sensing methods. In connection to this we propose to study and establish the physical mechanisms
for fast sensing of bacteria in a water environment using a 2D photonic crystal (PhC) . The strong
enhancement of the optical field in and around a PhC cavity (evanescent field) allows optical
trapping and Raman identification of bacteria in water. In the poster we present the experimental
set-up including a fluidic cell, designs and simulations of cavities and optical evaluation of these
cavities.

Raman signal enhancement with photonic crystal structures

P03.86

Dmytro Podolskyy
Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-45
Raman spectroscopy is a powerful tool for medicine and healthcare. Nevertheless, due to low
signal and bulky and expensive equipment it still lacks the flexibility needed for a wide scale
application in such areas as personal care and diagnostics. In the frame of IOP project Raman Pen,
we investigate ways to enhance the Raman signal by making use of resonant properties of photonic
crystal structures. Photonic crystals offer opportunities to concentrate electromagnetic field in very
small volume which can result in an increase of the Raman signal by several orders of magnitude
making it a promising technique for on-chip Raman spectroscopy.

168

Theme 4 – Statistical physics and
soft condensed matter
P04.01

Unexpected colloidal stability in an aggregating system: stability
of colloidal pyrophosphates

Mikal van Leeuwen1, Krassimir Velikov2, Willem Kegel1
1 FCC, UTRECHT, Netherlands
2 Unilever Research and Development, VLAARDINGEN, Netherlands
In this first systematic study of colloidal metal-pyrophosphate systems, we observe three stages
in the preparation and aging of these systems. The first consists of the formation of 20 nm
nanoparticles, which immediately aggregate into ~200 nm clusters; the second stage. The third stage
is further growth of these clusters into macroscopic objects. This aggregation can be significantly
inhibited and the second stage can become unexpectedly stable without use of additives such as
surface active molecules. It is also shown that the clusters follow the Schulze-Hardy rule and that
aggregated systems can be re-peptized. Therefore, the intermediate clusters might be a (meta-)
stable stage between individual nanoparticles and complete aggregation.

Anisotropic and hindered diffusion of colloidal particles in a closed
cylinder

P04.02

Michel Duits, Burak Eral, Jung Oh, Dirk van den Ende, Frieder Mugele
MESA+, ENSCHEDE, Netherlands, FOM-T-17
Video microscopy and particle tracking were used to measure the spatial dependence of the
diffusion coefficient D of colloidal spheres in a closed cylinder with a height and radius of 9.0
particle diameters. In the cavity center, D is 0.75 times D0 measured in bulk liquid. Approaching
the cylindrical wall, the radial and azimuthal components of D decrease to 0.1 and 0.4 times D0,
indicating asymmetric diffusion. COMSOL simulations of local drag coefficients for hard spheres
gave good agreement with experimental results. These findings indicate that hydrodynamic
particle-wall interactions are dominant, and that the complete 3D geometry of the confinement
needs to be taken into account to predict the spatial dependence of diffusion.

P04.03

Lose & Gain: The entropy game for surfaces interacting through
tethered binding groups

Mirjam Leunissen1, Daan Frenkel2
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 University of Cambridge, CAMBRIDGE, United Kingdom
The interaction between surfaces that carry binding groups attached through flexible linkers
does not only depend on the binding enthalpy of those groups, but also on a number of
entropic contributions, namely: (1) a steric repulsion, (2) a configurational entropy cost, and (3) a
combinatorial entropy gain. So far, these effects have received little attention, despite the fact that
tethered binding groups are increasingly used in, for instance, drug delivery and self-assembling
materials. Here, we investigate the entropic losses & gains in Monte Carlo simulations of solid
surfaces functionalized with DNA ‘sticky ends’, similar to the DNA-coated particles used in selfassembly experiments.
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Non-affine collective modes and elasticity in 2D bond-bending
networks

P04.04

Adrian Cioroianu, Cornelis Storm
ICMS, EINDHOVEN, Netherlands, FOM-E-10
Previous work has clearly demonstrated that non-affine deformation modes in elastic (bio)polymer
networks greatly affect their mechanics - both linearly and nonlinearly. We investigate the effect
of non-affinity in the linear elastic regime, by using the full dynamical matrix to numerically
determine the lowest-energy deformational modes of rigid 2D crosslinked architectures consisting
of central force springs with, or without the inclusion of bond-bending contributions. In particular,
we analyze these low-lying modes in terms of their non-affinity, which we decompose into rotation,
translation and dilation.

Dynamic of active biopolymer network driven membranes

P04.05

Feng-Ching Tsai, Björn Stuhrmann, Gijsje Koenderink
FOM Institute AMOLF, AMSTERDAM, Netherlands
In living cells, actin filaments form networks and adhere to membranes by associated proteins;
co-operating with myosin motors, actin networks can mediate membrane dynamic morphology in
many cellular functions, including cell locomotion. We focus on revealing the effect of actomyosin
networks on membrane dynamics in a reconstituted model system. Giant unilamellar vesicles
encapsulating active actomyosin networks are generated using the Inverted Emulsion method.
We will extract viscoelasticity and dynamics of membranes from membrane fluctuation spectra
obtained by videomicroscopy and passive microrheology. A corresponding theoretical model will be
built to describe fluctuations of membranes adhering on/detaching from actomyosin networks.

Routes to gel in colloids with competing interactions

P04.06

Tian Hui Zhang1, Jan Klok2, Els de Hoog2, Hans Tromp2, Willem Kegel1
1 Van’t Hoff Laboratory for Physical and Colloid Chemistry, UTRECHT, Netherlands
2 NIZO Food Research, EDE, Netherlands
We study the formation and structure of clusters and gels in a colloidal model system with
competing short-range attractions and long-range repulsions. At relatively low colloid volume
fractions, stable clusters are observed. These clusters are smaller and more disordered in systems
with stronger attractions, being inconsistent with equilibrium theory. Upon increasing the colloid
volume fractions, gelation occurs. We show that initial differences in clusters morphologies lead to
significant changes in the formation routes and the properties of gels. We discuss our findings in
terms of classical nucleation theory.
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P04.07

Collagen: connecting the kinetics to the structure

Martijn de Wild
FOM Institute AMOLF, AMSTERDAM, Netherlands
Collagen is the principal structural protein in mammals. Its monomers are capable of assembling
into fibers that then form a remarkably strong network. We use purified reconstituted collagen to
study the fundamental principles underlying the mechanical behaviour.
Both the assembly kinetics and the resulting structure are determined by a number of parameters:
pH, ionic strength and temperature of the environment as well as cross-linking and the presence
of telopeptides on collagen. The question remains whether the properties of the network
are determined entirely by the conditions during growth, or if the network still adapts to its
environment in its ‘adult’state.

P04.08

Correlation imaging with seismo-electromagnetic waves

Sareh Nakhaee, Rudolf Sprik
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-07
Seismological imaging methods use the correlation between recorded seismic coda from distributed
seismic events to obtain active response from one station to another. Retrieving the Green’s function
response between two stations by correlation can also be used for seismoelectromagnetic waves.
Seismic waves generate fluid-solid motion in a fluid-saturated porous medium and the moving
charges induce an electromagnetic field.We investigate the correlation of seismoelectromagnetic
effects with acoustic waves. Acoustic transmission experiments in the 1-20 kHz range are
performed in sand to compare the direct response between two transducers and the correlation of
the response on the transducers due to a limited number of noise sources.

P04.09

Competing elastic and surface forces in nematic liquid crystals
under soft confinement

Ronald Otten1, Lia Verhoeff2, Henk Lekkerkerker2, Paul van der Schoot1
1 Theory of Polymers and Soft Matter, EINDHOVEN, Netherlands, FOM-E-10
2 Debye Institute for NanoMaterials Science, UTRECHT, Netherlands
The interfacial shape and director field of a nematic liquid crystal in contact with an isotropic
fluid are determined by a competition between elastic and surfaces forces. This manifests itself in
unusual droplet shapes and capillary rise profiles near a solid wall. We model this by applying the
Frank elasticity theory and a suitable anchoring surface energy, coupling the director field to the
interface. By comparing our theory to experimental data on dispersions of gibbsite platelets in two
solvents, we extract material parameters, such as elastic constants, surface tension and anchoring
strength. Surprisingly, the nematics of gibbsite platelets behave very differently in these two
solvents, exhibiting weak and strong anchoring behaviour.
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Surface nanobubble stability and size distribution

P04.10

Joost Weijs, Hanneke Gelderblom, Michiel van Limbeek, James Seddon,
Siddhartha Das, Jacco Snoeijer, Harold Zandvliet, Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
Nanobubbles are nanoscopic bubbles at the liquid-solid interface that are surprisingly stable to
dissolution. We propose that this stability is provided through a dynamic equilibrium between
diffusive outflux and a gas influx facilitated by gas enrichment at the substrate. This equilibrium
also leads to a preferred nanobubble size. This hypothesis is tested using molecular dynamics (MD)
simulations, as well as a continuum approach. MD simulations of Lennard-Jones fluids indeed reveal
a net influx of gas near the contact line, although this influx is insufficient to stabilize the bubble.
Experimentally, it is found that nanobubble size strongly depends on gas type.

To jump or not to jump: in-line diffusion in lyotropic columnar
liquid crystals

P04.11

Saber Naderi, Paul van der Schoot
Group Theory of Polymers and Soft Matter, EINDHOVEN, Netherlands, FOM-E-10
Experiments on virus dispersions show that in lyotropic columnar phases these particles exhibit
unusual diffusive behaviour, reminiscent of single-file diffusion. To investigate this, we took
elongated particles in a cylindrically symmetric confining potential and performed Brownian
dynamics simulations, and varied the particle density and steepness of the confining potential
that models self consistent molecular field. We confirm that single-file diffusive motion does not
quite apply because particles do overtake in particular at high densities. Our simulations reproduce
particle traces showing a local rattling motion superimposed on which full-length jumps seen in
experiment. We are able to attribute these to particle overtakings.

Enhancing droplet levitation in hot metallic superhydrophobic
surfaces

P04.12

Alvaro Gomez Marin, D. Arnaldo del Cerro, B. Pathiraj, Rob Lammertink, Jacco Snoeijer,
Chao Sun, A.J. Huis in ‘t Veld, Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
Leidenfrost drops are liquid drops that are able to levitate on a cushion if their own vapour when
they enter in contact with a hot surface. The droplet seems to float over the surface without friction
while it slowly evaporates. In this work, we show how a droplet can reach such a state at much
lower surface temperatures when the surface is micromachined with micro-scale roughness of
different geometries. Measurements will clearly show the enhanced stability of the vapour cushion
under the droplets, which exhibit virtual contact angles of 180 degrees as they approach their
Leidenfrost temperature.
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P04.13

Stability of receding contact lines

Koen Winkels, Jacco Snoeijer
PoF, ENSCHEDE, Netherlands, FOM-T-03
How fast can a liquid drop slide over a solid surface? The maximum speed is strongly limited by
the dynamics of the contact line that marks the boundary of ‘wet’ and ‘dry’ surface. Above a critical
speed the contact line forms a sharp corner with a tip that breaks up into smaller droplets. In this
poster we analyze these cornered structures near the threshold of instability. In particular we
measure the dynamic contact angle and the sharpness of the corner at varying speeds, using highspeed recordings. Similarities are found in different experimental systems and results agree well
with predictions by a lubrication model for cornered contact lines, hinting at a generic structure of
dewetting corners.

P04.14

Rush hour for particles suspended in evaporating drops

Hanneke Gelderblom, Alvaro Gomez Marin, Jacco Snoeijer, Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
If a droplet with suspended particles evaporates while its contact line is pinned, liquid and particles
are dragged towards the contact line, creating the well-known coffee-stain ring. Here, we measure
the velocity field inside an evaporating drop using µ-PIV. It is found that most of the particle
transport occurs in the last moments of the droplet lifetime. This rush explains the different
characteristic packing of the particles in the layers of the ring, which is much more ordered in the
thin outer part than in the thick inner one, since almost all particles arrive at the end. The rushhour behavior of particles in evaporating drops can be attributed to the vanishing of the contact
angle and follows from mass conservation.

P04.15

Confinement effects on structure, mechanics, and processive
dynamics of a biomimetic cytoskeleton

Bjorn Stuhrmann, F.-C. Tsai, G.H. Koenderink
FOM Institute AMOLF, AMSTERDAM, Netherlands
Many vital cellular functions, including motility, cell division, and mechanosensing, involve distinct
cell mechanical properties and dynamics which are governed by the cytoskeleton. This biopolymer
network’s architecture and mechanics are affected by its confinement by the plasma membrane. To
elucidate these poorly understood confinement effects, we construct a biomimetic model system
composed of cross-linked actin networks encapsulated in giant unilamellar vesicles. We will
probe the cell-like constructs mechanically using optical tweezers based microrheology. We also
co-encapsulated myosin motors and strive to extract non-equilibrium fluctuations to learn how
individual motors can collectively create processive contractions.
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In vitro studies of dynamically cross-linked F-actin and
microtubules

P04.16

Magdalena Preciado Lopez1, Anna Akhmanova2, Marileen Dogterom1, Gijsje Koenderink1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Erasmus Medical Center, ROTTERDAM, Netherlands
The actin and microtubule (MT) cytoskeletons are structural components that allow and coordinate
essential changes in cellular morphology. Although much has been studied about their independent
functions, the properties that emerge from their interactions, and the mechanisms by which they
communicate are just now becoming clear. This is the main theme of our research, which aims
at elucidating how the spatial organization and dynamics of microtubules can be controlled by
physical linkages to the actin cytoskeleton. To this end, we aim to develop an in vitro model system
where an artificial acto-myosin cortex interacts with MTs; via direct cross-linkers, or through
proteins that interact both with actin and MT plus-end-binding proteins.

Heterogeneous dynamics in columnar liquid crystals

P04.17

Belli Simone1, Alessandro Patti2, René van Roij1, Marjolein Dijkstra2
1 Institute for Theoretical Physics, UTRECHT, Netherlands, FOM-U-31
2 Debye Institute for NanoMaterials Science, UTRECHT, Netherlands
By performing computer simulations, we study the equilibrium dynamics of a binary mixture of
long and short parallel hard spherocylinders in the columnar phase. We detect that the columnar
arrangement of the system produces free-energy barriers the particles should overcome to jump
from one column to another, thus determining a hopping-type diffusion.
This phenomenon accounts for a non-Gaussian inter-column diffusion and a two-step structural
relaxation remarkably analogous to those of out-of-equilibrium glass-forming systems. Surprisingly
enough, slight deviations from the behavior of simple liquids due to transient cages is also observed
in the direction perpendicular to this plane, where no translational long-range order is present.

Ion dynamics in a two-phase oil-water mixture driven by an
external electric field

P04.18

Marius Hatlo, René van Roij
Theoretical Physics, UTRECHT, Netherlands, FOM-U-31
By solving the Poisson-Nernst-Planck equations we study the transient behavior of ions in a model
oil-water mixture when subject to an external electric field. The ions are free to move from one
phase to the other, however when doing so they loose or gain Born solvation energy. Here we
identify the presence of a net particle current near the oil water interface at short times, a nonlinear
effect governed by the combination of the external electric field and the Donnan potential. This
is to our knowledge the first detailed study of ion dynamics in a two-phase system, and the first
prediction of such particle currents near the interface, the presence of which may dramatically
influence the interface stability.
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P04.19

Effect of size polydispersity on the Yukawa melting transition

Marjolein van der Linden, Marjolein Dijkstra
Debye Institute for Nanomaterials Science, UTRECHT, Netherlands, FOM-U-09
We investigate the effect of size polydispersity on the melting transition of bulk crystals of hardcore repulsive Yukawa particles by means of Monte Carlo simulations for several state points
in the Yukawa parameter space (varying the surface potential and Debye screening length).
Size polydispersity is introduced in the system by imposing a fixed log-normal size distribution
under the experimentally relevant condition of constant surface potential. We observe a shift
of the melting transition to higher packing fractions upon increasing the polydispersity, as well
as immediate partial melting at high polydispersities, indicating the presence of a terminal
polydispersity beyond which the homogeneous crystal phase no longer exists.

P04.20

Cubic crystals from cubic colloids

Laura Rossi1, Stefano Sacanna2, William Irvine2, Paul Chaikin2, David Pine2, Albert Philipse1
1 Debye Institute for NanoMaterials Science, UTRECHT, Netherlands, FOM-U-21
2 Center for Soft Matter Research, NEW YORK, United States of America
We have studied the crystallization behavior of colloidal cubes by means of tunable depletion
interactions. The colloidal system consists of novel micron-sized cubic particles prepared by silica
deposition on hematite templates and various non-adsorbing water-soluble polymers as depletion
agents. We show that under certain conditions the cubes can self-organize into crystals with a
simple cubic symmetry, which is set by the size of the depletant. The dynamic of crystal nucleation
and growth is investigated monitoring the samples in time by optical microscopy. Furthermore,
by using temperature sensitive microgel particles as depletant it is possible to fine tune depletion
interactions as to induce crystal melting.

P04.21

A coarse-grained protein model for unfolded proteins

Ali Ghavami, Erik van der Giessen, Patrick Onck
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-17
There is increasing evidence that natively-unfolded proteins play a key role in many important
biological processes, including nucleocytoplasmic transport. In this work we propose a one-bead
per amino-acid coarse-grained (CG) model to study the characteristics of unfolded proteins.
Experimentally-obtained Ramachandran plots for the coil regions of proteins are converted into
distributions of pseudo-bond and pseudo-dihedral angles between neighboring alpha-carbons
in the polypeptide chain. The obtained density plots are then used to derive bending and torsion
potentials, which are residue- and sequence-specific. The radius of gyration of denatured proteins is
well predicted by molecular dynamics simulations using the developed CG model.
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Microstructure analysis in shear bands for cohesive-frictional
powder

P04.22

Abhinendra Singh, Vanessa Magnanimo, Stefan Luding
University of Twente, ENSCHEDE, Netherlands, FOM-T-28
Using DEM simulations the split bottom ring shear cell is studied, where a slow, quasi-static
deformation leads to wide shear bands. The dependence of the microstructure on the rotation rate
of the system, friction and cohesion between particles is studied here. The fabric tensor and the
volume fraction are averaged along the radial direction within the shear band for different heights.
When plotted against depth of the cell, isotropic fabric decreases monotonically, giving a hint to
dilation, whereas deviatoric one shows a surprising non-monotonic behaviour. Shape of the curves
and value of fabric components are found to be depend strongly on rotation rate of the system and
contact properties between particles.

Scaling laws of the RaPiD one-particle polymer model

P04.23

Li Liu1, Wouter den Otter1, Johan Padding2, Wim Briels1
1 Computational BioPhysics, ENSCHEDE, Netherlands, FOM-T-20
2 Université catholique de Louvain, LOUVAIN-LA-NEUVE, Belgium
The recently introduced Responsive Particle Dynamics (RaPiD) model promises efficient simulations
of polymer melts, by representing each polymer as a single particle in Brownian Dynamics
simulations. The slowly relaxing entanglements between the overlapping polymers are accounted
for by one coordinate per particle pair. We investigate the scaling behaviour of this model, to achieve
a rapid and realistic simulation approach for quiescent and flowing polymer melts.

Alignment of colloids in sheared viscoelastic fluids

P04.24

Igor Santos de Oliveira1, Wouter den Otter1, Johan Padding2, Wim Briels1
1 Computational BioPhysics, ENSCHEDE, Netherlands, FOM-T-20
2 Université catholique de Louvain, LOUVAIN-LA-NEUVE, Belgium
We investigate structure formation of colloids dissolved in polymer and wormlike micellar
solutions. Both fluids contain long flexible chains, whose entanglements appear and disappear
continuously due to Brownian motion and the applied shear flow. Using Responsive Particle
Dynamics (RaPiD) simulations, each chain is modelled by a single smooth Brownian particle with
slowly evolving interparticle degrees of freedom accounting for the entanglements. Spherical
colloids dispersed in the quiescent fluids mix homogeneously. Under shear flow, however, the
colloids in the micellar solution align to form strings in the flow direction while the colloids in the
polymer solution remain randomly distributed, in agreement with experiments.
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P04.25

An event-driven algorithm for fractal cluster formation

Sebastian Gonzalez, Anthony Thornton, Stefan Luding
CTW, ENSCHEDE, Netherlands, FOM-T-28
A new cluster based event-driven algorithm is developed to simulate the formation of clusters in a
two dimensional gas: particles move freely until they collide and ‘stick’ together irreversibly. These
clusters aggregate into bigger structures in an isotropic way, forming fractal structures whose fractal
dimension depends on the initial density of the system.

P04.26

Demixing and stretching in suspensions of semi-flexible colloidal
rods

Matthew Dennison1, Marjolein Dijkstra1, René van Roij2
1 Debye Institute, UTRECHT, Netherlands, FOM-U-31
2 Institute for Theoretical Physics, Utrecht University, UTRECHT, Netherlands
A recent study of thick-thin fd-virus mixtures has shown a diverse range of phase behaviour, with
isotropic-nematic, nematic-nematic, and isotropic-nematic-nematic phase coexistence regions
found. Using Onsager theory, we present a generalized model for binary mixtures of semi-flexible
rod-like colloids, and show how the phase behaviour may be tuned by altering both the diameter
ratio and stiffness of the rods. We apply our model also to single semi-flexible polymers dissolved
in a fd-virus solution, which have been shown experimentally to ‘stretch out’ over the isotropicnematic transition of the fd-virus. Using our model, we find that both the stiffness and the contour
length of the polymers are important to the stretching observed.

P04.27

Sedimentation of one-component and binary systems in confined
geometries

Kristina Milinkovic, Marjolein Dijkstra
Debye Institute for NanoMaterials Science, UTRECHT, Netherlands, FOM-U-09
Using molecular dynamics and stochastic rotation dynamics simulation methods we investigate
the influences of hydrodynamics and Brownian motion on sedimentation of colloidal particles.
For a single set of colloids immersed in a fluid we study the stacking of the hexagonal planes
in the crystal phase formed at the bottom wall of an elongated box, the dislocations that form
within bottom-most planes, as well as the sedimentation in a horizontal slit where we observe the
development of Rayleigh-Taylor-like instabilities. Binary systems allow for even richer behavior,
which may be tuned by changing the aspect and mass ratios of the two sets of particles.
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Mean values of local operators in integrable models:
The generalized LeClair-Mussardo formula

P04.28

Balazs Pozsgai
Institute for Theoretical Physics, AMSTERDAM, Netherlands, FOM-A-25
In many-body quantum physics, the one-point functions (expectation values of local operators)
characterize the different states of the system. Apart from the ground state properties it is also
important to consider one-point functions in excited states. They describe finite temperature
properties and they are relevant to the problem of thermalization after a quantum quench. We
present an integral series for one-point functions in 1D integrable models, which applies both to
relativistic theories and to the non-relativistic Bose gas. For mean values at finite temperatures we
obtain a proof of the LeClair-Mussardo formula. In the quench problem our results are interpreted as
a proof of a ‘Generalized Eigenstate Thermalization Hypothesis’.

Disaccharide topology induces slow down in local water
dynamics

P04.29

Ana Vila Verde, Kramer Campen
FOM Institute AMOLF, AMSTERDAM, Netherlands
We investigate the structure and dynamics of water around disaccharides Kojibiose and Trehalose
using classical atomistic molecular dynamics simulations and transition state theory. Results
highlight that hydrophobicity and water dynamics are related. Identical sugar functional groups
may have drastically different hydrophobicities and their neighboring water drastically different
dynamics if in different places in a molecule. The observed slowdown in the rotational dynamics of
water hydrogen bonded to the sugar can only partially be explained by changes in the enthalpy of
the bond or entropy of the reactant or transition states. This failure likely results from the coupling
of water rotation to slower, sugar mediated degrees of freedom.

Understanding shear banding in yield stress materials:
Normal and thixotropic systems

P04.30

José Francisco Paredes Rojas, Daniel Bonn
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-03
Yield stress materials are difficult to characterize, and reproducible determination of the yield stress
is difficult if a difference between simple and thixotropic systems is not made. Emulsions are simple
yield stress fluids but when clay is added it becomes thixotropic, showing a strong time-dependence
of the viscosity. We study the different types of flow heterogeneities in simple and thixotropic
emulsions, because in many situations of practical interest the flow of such materials is not
homogeneous: shear banding or shear localization takes place. We attempt to separate the physical
origins of this behaviour, which can be either due to the intrinsic properties of the material, due to
the geometry of the flow cell or both.
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P04.31

Molecular-dynamics simulations of mechanical properties of
amorphous polymers in nanoconfinements

Dmytro Hudzinskyy
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-10
We have performed molecular-dynamics simulations to explore the influence of confinement by
wetting and non-wetting substrates on the structural and dynamical properties for supported
(chemistry-specific and coarse-grained) amorphous polymer thin films, in the vicinity of the glass
transition. Both structureless and crystalline substrates have been simulated. We observe nonrandom segmental orientation at the interface. Also the segmental orientational and translational
mobility is drastically different in different film layers. The first results on the effects of cyclic
deformation and rejuvenation (changes of the non-linear elastic properties) of these films are
discussed and compared to existing mechanical experiments.

P04.32

Colloidal aggregation in microgravity by critical Casimir forces

Sandra Veen1, Peter Schall1, Marco Potenza2, Matteo Alaimo2, Stefano Mazzoni3, Gerard Wegdam1
1 Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-03
2 Optics and Microgravity research laboratory, MILAN, Italy
3 Physical Science Unit, ESA, NOORDWIJK, Netherlands
We study aggregation and crystal growth of spherical Teflon colloids in binary liquid mixtures in
microgravity by the critical Casimir effect. The critical Casimir effect induces interactions between
colloids due to the confinement of bulk fluctuations (density or concentration) near the critical
point of liquids. The strength and range of the interaction depends on the length scale of these
fluctuations which increase as one approaches the critical point. The interaction potential can
thus be tuned with temperature. We follow the growth of structures in real time with Near Field
Scattering. Measurements are performed in microgravity in order to study pure diffusion limited
aggregation, without disturbance by sedimentation or flow.

P04.33

Investigation of thermodynamical properties of the Hard-Sphere
system from the Free Volume theory

Rojman Zargar, Peter Schall, Bernard Nienhuis, Daniel Bonn
Van der Waals-Zeeman Institute, University of Amsterdam, AMSTERDAM, Netherlands, FOM-A-03
We obtain the thermodynamical properties of the hard-sphere crystal by determining the free
volume for a particle in the center of the FCC unit cell. Free volume for a given sphere is defined
as the volume over which the center of the sphere can move where all other spheres are fixed.
We investigate the structures at which, the hard-sphere crystals are stacked. Free energy of a FCC
hard-sphere crystal is lower than that of a HCP crystal and the different between the free energies
increases by approaching the close-packed density. We then exploit the free volume theory and
calculate the elastic constants of the hard-sphere crystal. Results from the free volume theory are
compared to those from the other theories.
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Buckling, loading, and overloading of monodisperse elastic
microcapsules

P04.34

Jissy Jose, Marlous Kamp, Alfons van Blaaderen, Arnout Imhof
Debye Institute of Nanomaterials, UTRECHT, Netherlands, FOM-U-09
We present a novel method to fabricate bowl shaped microparticles with tunable bowl depth out of
spherical PDMS enclosed silica colloids,prepared via emulsion-templating technique.The method
involves controlled buckling of shells by partly dissolving the enclosed PDMS in surfactant solutions.
The key innovation of this synthesis route lies in the tunability of bowl depth which is achieved
by varying the concentration of surfactant.Coating the bowls with silica prevents further buckling.
Furthermore we studied the elastic relaxation of bowls back to microspheres by loading them with
octamethylcyclotetrasiloxane.With hydrocarbon oils, irrespective of particle shape,led to interesting
anisotropic particles due to ‘overloading’ of the particles.

Visualization of contact networks in a three-dimensional granular
system

P04.35

Chantal Carpentier1, M. Schut1, K.A. Lorincz1, P. Schall1, Daniel Bonn1, A.M. Brouwer2
1 Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-03
2 HIMS, AMSTERDAM, Netherlands
Force networks form the skeleton of a granular system. The understanding of the rigidity to flow
transition requires the study of the three-dimensional spatial distribution of forces between the
particles. We coat small spheres with a strain sensitive fluorescent dye and visualize them in three
dimensions using confocal microscopy. We observe an increase in the fluorescent intensity at the
contact points between the particles, which allows us to reconstruct the whole contact network.

Effect of surfactants on drop formation

P04.36

Mounir Aytouna, Daniel Bonn
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-03
Using a high-speed camera,we have studied pinch-off dynamics dropllets of Newtonian fluids.
We track the time evolution of the fluid neck that connects the droplet to the orifice in presence
of surfactants. We find that near the break-up point the thinning rate of the neck is modified for
viscous breakup, but hardly or not for inertially dominated breakup. We conclude that the depletion
of surfacatnt can be either partial or complete depending on the rate of transport of the surfacatant
from the bulk to the surface.
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P04.37

Dynamic correlations in soft glasses

Yasser Rahmani, Vijayakumar Chikkadi, Peter Schall
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-03
We study dynamic correlations at the glass and jamming transition of soft colloidal suspensions.
Poly N-isopropylacrylamide (PNIPAM) particles allow direct temperature control over their size, and
we use external temperature control to study the emergence of correlations in the particle motion
as the suspension freezes into a glass and jams. Real-space imaging by confocal microscopy allows
us to visualize these correlations directly in three dimensions and real time.

P04.38

Mechanical properties of biomimetic actin networks bundled by
VASP

Brian Gentry1, S. van der Meulen1, P. Noguera2, J. Plastino2, G.H. Koenderink1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 Institut Curie, PARIS, France
Vasodilator-stimulated phosphoprotein (VASP) regulates actin dynamics in many cellular motile
processes. In biomimetic assays of cellular protrusion, VASP plays an important role in actin
network formation and polarization. It is not known how VASP affects the mechanical properties of
the actin gels. VASP’s ability to bundle actin in solution may significantly alter network mechanical
properties. We clarify VASP’s role in actin networks using confocal microscopy combined with
rheology and microrheology measurements. We quantify the mechanical properties of VASP-actin
solutions. We find that VASP bundles actin by two different mechanisms, increases gel stiffness, and
initiates the formation of bundles at very low VASP concentrations.

Predictive theories from simulations and experiments for cohesive
powders

P04.39

Nishant Kumar, Olukayode Imole, Mateusz Wojtkowski, Stefan Luding
University of Twente, ENSCHEDE, Netherlands, FOM-T-28
The aim of this research is to achieve quantitative agreements between numerical simulation and
physical experiments using element tests that allow measurement and classification of the bulk
behavior of cohesive powders. Parameter identification and sensitivity studies for Discrete Element
Method (DEM) in order to reach a predictive DEM model for cohesive powders are needed.
The main goal is to perform the ‘micro-macro transition’ from contact properties to continuum
quantities. A suitable microscopic contact model able to predict interparticle bridge formation will
be established. Also, a macroscopic theoretical model, able to predict the constitutive behavior
shown by the cohesive powder in the simulations, will be studied.
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Understanding the relations between Filler-Polymer Interaction on
the micro and macroscale

P04.40

Janaina de Castro, Daniel Bonn
Van der Waals-Zeeman Institute, University of Amsterdam, AMSTERDAM, Netherlands, FOM-A-03
The purpose of this project is to develop an understanding of the physical phenomena responsible
for the response of filled elastomers in uni-axial test (Breaking stress and elongation at break) and
nonlinear viscoelastic behavior of filled rubber. Another way to understand this complex network is
to identify and quantify the phenomena taking place at the different scales.

Gas-liquid condensation induced by the critical Casimir effect

P04.41

Duc Nguyen
Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-03
We explore colloidal phase formation using the Critical Casimir effect. This effect allows direct
temperature control over particle interactions: In analogy to the quantummechanical Casimir effect,
the Critical Casimir effect causes an attraction between colloidal surfaces due to the confinement
of critical solvent fluctuations. Direct temperature control allows us to freeze a colloidal gas into a
liquid, and a solid. By using real-space imaging, we follow these phase transitions directly, and we
measure the particle pair potential. We show that we can quantitatively account for the gas-liquid
condensation by using Van der Waals theory.

Self-healing of of low surface energy coatings

P04.42

Kateryna Lyakhova1, Bart Markvoort2, Bert de With2
1 Faculty of Chemical Engineering and Chemistry, EINDHOVEN, Netherlands
2 Eindhoven University of Technology, EINDHOVEN, Netherlands
Self-replenishing of low-surface-energy surfaces is a highly desired quality, as yet not easily
realized. We use dissipative particle dynamics simulation method to study dynamics of self-healing
process. The crosslinked polymer films (polycaprolactone-based) with fluorinated dangling chains
were studied. The role of all parameters relevant for self-healing process was considered. Detailed
comparison between simulation results and experiments has been made. We were able to create
and to control the segregation of low surface energy groups at the polymer-air interface before
and after coating demage. Our study helps to understand how to make the self-healing of polymer
coatings more effective.
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Theme 5 –
Materials, surfaces and interfaces
P05.01

Surface chemistry induced droplet dynamics

Patrick Jansen, Olesya Bliznyuk, Stefan Kooij, Bene Poelsema, Harold Zandvliet
IMPACT Institute, ENSCHEDE, Netherlands, FOM-T-08
We present an experimental study of droplet motion induced by a surface energy gradient created
by patterned self-assembled monolayers of hydrophobic molecules. Using standard lithographic
tools we create well-defined patterns consisting of alternating hydrophobic and hydrophilic stripes.
By changing the relative widths of the stripes, a gradient is formed changing from predominantly
hydrophobic to mostly hydrophilic. The well-defined patterns enable analysis of the motion
of the droplets with respect to the combination of the patterns it is in contact with at a given
moment. Moreover, the effect of controlled changes in the stripe pattern on the droplet speed is
quantitatively investigated.

P05.02

Superhydrophobic surfaces by anomalous fluoroalkylsilane selfassembly on silica nanosphere arrays

Muhammad Akram Raza, Stefan Kooij, Arend van Silfhout, Bene Poelsema
IMPACT Institute, ENSCHEDE, Netherlands, FOM-T-08
We present the self-assembled formation of nanosized PFDTS features on multilayered silica sphere
arrays. Residual water within the microsphere multilayers during PFDTS deposition proves to be
essential. We discuss a possible mechanism for the formation of the siloxane nanostructures. The
multiscaled roughness induced by these superstructures is shown to lead to superhydrophobic
behavior. The role of PFDTS is twofold: it (i) lowers the surface energy and (ii) provides the essential
roughness to achieve superhydrophobicity. Moreover, the absence of PFDTS nanostructures on
monolayers or in the absence of water leads to considerably smaller contact angles thereby
indicating the relevance of multiscaled roughness for superhydrophobicity.

P05.03

Structural, electronic and dynamical properties of Au-induced
nanowires on Ge(001)

Tijs Mocking, Daan Stam, Hajo Soede, Avijit Kumar, Bene Poelsema, Harold Zandvliet
University of Twente, ENSCHEDE, Netherlands, FOM-T-08
The structural, electronic and dynamical properties of Au-induced self-organized nanowires
on Ge(001) are investigated with scanning tunnelling microscopy and spectroscopy at room
temperature and 77 K. The Au-induced nanowires are comprised of dimers that have their bond
aligned in a direction perpendicular to the nanowire. The dimers are buckled, leading to a 2x
periodicity along the nanowires. Dimers located at anti-phase boundaries are dynamic and flip back
and forth between two buckled configurations. This process is completely random.
Finally, Copper Phthalocyanine molecules have been deposited on the Au-modified Ge surface,
where they form bridges from nanowire to nanowire. The different adsorbing configurations are
explained.
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A new Curie-Weiss metal state and its application to
thermoelectrics

P05.04

Kai Wu1, Zheng-Yu Weng2, Jan Zaanen1
1 Instituut-Lorentz for Theoretical Physics, LEIDEN, Netherlands, FOM-L-15
2 Institute for Advanced Study, Tsinghua University, BEIJING, China
A central pursuit in the study of quantum matter is the search for non Fermi liquid states. We
predict a new state of matter that descends from a strongly interacting microscopy described by t-J
model on a triangular lattice. Due to the altered role of quantum statistics the spins are ‘localized’
in statistical Landau orbits, while the charge carriers form a Bose metal that feels the spins through
random gauge fields. In contrast to the Fermi liquid, it naturally exhibits Curie-Weiss susceptibility,
large thermopower, and linear-temperature resistivity, explaining the physics of overdoped sodium
cobaltates. A `smoking gun’ prediction for neutron scattering is proposed. This state provides a new
route for thermoelectric application.

LEEM investigation of thin layer Bi growth on Ni(111)

P05.05

Tjeerd Bollmann, Raoul van Gastel, Bene Poelsema
Solid State Physics, ENSCHEDE, Netherlands, FOM-T-08
The growth of Bi on a Ni(111) surface was observed at temperatures between 150-300°C using a Low
Energy Electron Microscope (LEEM). Before we get a full wetting layer of Bi, a (√3×√3)R30° surface
alloy is formed. On top of the wetting layer, Bi nanowires are formed as well as three different
domain species with several different lattice spacings and rotations, giving rise to a weak moiré
diffraction pattern. At higher temperatures it is possible to convert domains to more densely packed
domains. The growth rates of these three domains differ and interact with the growth (decay) of the
nanowires. We present a systematic LEEM and µ-diffraction investigation of the features that play a
role in the evolution of Bi domains at elevated temperatures.

Smooth growth of organic semiconductor films on graphene for
high efficiency electronics

P05.06

Gregor Hlawacek1, Fawad S. Khokhar1, Raoul van Gastel1, Christian Teichert2, Bene Poelsema1
1 MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands, FOM-T-08
2 University of Leoben, LEOBEN, Austria
High quality thin films of conjugated molecules with smooth interfaces are important to assist
the advent of organic electronics. Here, we report on the layer-by-layer growth of the organic
semiconductor molecule para-sexiphenyl (6P) on the transparent electrode material graphene.
LEEM and µLEED revealed the morphological and structural evolution of the film. Initial islands
of flat lying molecules are transformed into a complete first layer by adding interdigiting edge-on
molecules. The layer-by-layer growth proceeds by subsequent adding of such layers. This results in a
film were the {1-1-1} plane is parallel to graphene.
This work is supported by the FWF project S9707-N20, STW and FOM project 04PR2318.

184

P05.07

Converse approach for NMR shielding calculations with VASP

Filipe Vasconcelos1, Chandrakala Gowda1, Arno Kentgens1, Ernst van Eck1, Robert de Groot1,
Martijn Marsman2, Georg Kresse2, Gilles de Wijs1
1 IMM, NIJMEGEN, Netherlands, FOM-N-16
2 Computational Materials Science, Universität Wien, WIEN, Austria
The calculation of NMR chemical shielding parameters for extended systems has recently
undergone a new development in the context of the Berry-phase modern theory of magnetization[1].
The so-called ‘converse’ approach by Thonhauser et al.[2] allows the calculation of NMR
shieldings from the total orbital magnetization response induced by a magnetic dipole placed
at a given nucleus. We recently implemented the converse approach for crystals in VASP, using
norm-conserving GIPAW. We present benchmark results on accuracy and efficiency of the new
implementation and first applications to solid-state systems.
[1]

Davide Ceresoli et al. Phys. Rev. B, 74(2):024408, Jul 2006.
et al. J. Chem. Phys., 131:101101, 2009.

[2] T. Thonhauser

P05.08

Probing the topological exciton condensate via Coulomb drag

Martijn Mink, Henk Stoof, Rembert Duine
Institute for Theoretical Physics, UTRECHT, Netherlands, FOM-U-34
The onset of exciton condensation in a topological insulator thin film was recently predicted. We
show that the proximity to this transition can be probed by measuring the Coulomb drag resistivity
between the surfaces of the thin film as a function of temperature, as it shows an upturn upon
approaching the exciton-condensed state. We also determine the effect of a density imbalance on
this upturn.

P05.09

Synthesis of regular nanoporous metal foams

Sergey Punzhin, Eric Detsi, Jeff De Hosson
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-09
Novel electromechanical properties have been discovered in disordered nanoporous metals. When
immersed in an aqueous electrolyte in the presence of a bias voltage, the material expands and
contracts reversibly. This is caused by the accumulated interfacial surface charge[1,2] generating
stresses that result in deformation. This actuation response has so far been investigated in
disordered nanoporous metals.
It is anticipated that a superior actuating performance can be achieved by using a metal foam with
an ordered nanoporousity. Our aim is to compare the actuating performance of such an ordered
nanoporous metal to that of a disordered one.
[1]
[2]

J. Weissmuller et al. Science 5617 (300) 2003.
D. Kramer et al. Nano Letters 5 (4) 2004.
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Nanoporous metals: novel functional materials for sensor and
actuator applications

P05.10

Eric Detsi, Sergey Punzhin, Patrick Onck, Jeff De Hosson
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-09
Nanoporous metals form a novel class of engineering material that combines the mechanical
properties of solid metals with the functional properties of individual nano-features. This
combination associated with their high surface area-to-volume ratio gives rise to intriguing
properties including the surface stress-induced dimensional changes.
In our work we have studied the ligament size effect on the surface stress-induced dimensional
changes in nanoporous gold and successfully investigated a novel approach to achieve changes in
the surface stress based on the physical adsorption of polar vapors[1].
Our future work includes investigations on novel nanoporous metals other than Au.
[1]

E. Detsi, P.R. Onck, J.T.M. De Hosson Patent pending 101562916.

Spectroscopic and time-dependent electric-field-induced
second-harmonic generation to probe charges in dielectric thin
films on c-Si

P05.11

Nick Terlinden, Magda Mandoc, Gijs Dingemans, Richard van de Sanden, Erwin Kessels
Group Plasma & Materials Processing, EINDHOVEN, Netherlands, FOM-E-12
Knowledge about built-in charges present in dielectric thin films is highly relevant to optimize
the performance of modern semiconductor devices. Optical second-harmonic generation (SHG) is
employed to probe the density and polarity of built-in charges in various dielectric films on crystalline
silicon. From a direct comparison of spectroscopic SHG with capacitance-voltage and corona
measurements a relation between the electric-field-induced SHG intensity and charge density has
been established for both positive and negative charge dielectrics (Al2O3, SiNx, and SiOx). In addition,
time-dependent SHG measurements have been obtained during multiple-photon-induced charge
injection to probe the charging dynamics.

Intrinsic defects and dopants in LiNH2: A first-principles study

P05.12

Ebrahim Hazrati1, G. Brocks2, Rob de Groot1, G.A. de Wijs1
1 Institute of Molecules and Materials, NIJMEGEN, Netherlands, FOM-N-16
2 Faculty of Science and Technology and MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands
The lithium amide (LiNH2) + lithium hydride system is one of the most attractive materials for
hydrogen storage. Its dehydrogenation involves mass transport in the bulk amide through lattice
defects. We present a first-principles study of native defects and dopants in LiNH2 using DFT. We
find that both Li and H-related defects are charged. Li-related defects are most abundant. Having
diffusion barriers of 0.3-0.5 eV, they diffuse rapidly at moderate temperatures. VH- corresponds
to the [NH]2- ion. It is the dominant species available for proton transport. The equilibrium
concentration of Hi+ is negligible. Dopants such as Ti and Sc do not affect the concentration of
intrinsic defects, whereas Mg and Ca can alter it by a moderate amount.
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P05.13

Oxidation effects on thin polystyrene films in water

Andrea Muntean, Alexey Lyulin
Theory of Polymers and Soft Matter, EINDHOVEN, Netherlands, FOM-E-10
We study the effect of oxidation on the properties of atactic polystyrene surfaces by atomistic
molecular dynamics simulations. The chemical modification of the polymeric surface continuously
changes its hydrophobic/hydrophilic character. We analyse the change in the surface roughness and
orientation of polymeric chains near the surface due to oxidation and in the presence of water. We
observe a pronounced smoothening of the hydrophobic polymer surface in water. Additionally, we
study the change in water structure near the surface as function of the hydrophilic character of the
surface. The water shows a preferred orientation near the hydrophobic surface.

P05.14

An in-situ nano-tensile tester for time-dependent mechanics of
metallic MEMS

Lambert Bergers, Johan Hoefnagels, Marc Geers
Materials Technology, EINDHOVEN, Netherlands, FOM-E-18
Free-standing metallic thin films are increasingly used as structural components in MEMS. In
commercial devices long-term reliability is essential, which requires determining time-dependent
mechanical properties of these films. The uniaxial tensile test is a preferred method due to
uncomplicated determination of the stress and strain state. However, at the MEMS-scale this is not
straightforward: specimen handling, loading, force and displacement measurement need careful
consideration. Here we discuss the challenges of the application and measurement of nN forces and
nm deformations in on-chip test structures during long periods. We then present a novel tensiletesting instrument with in-situ capabilities in SEM and Optical Profilometry.

P05.15

Electrostatic doping of graphene on an ultrathin h-BN dielectric

Menno Bokdam, Petr Khomyakov, Geert Brocks, Paul Kelly
MESA+, ENSCHEDE, Netherlands, FOM-T-09
Measurements of the conductivity[1] and work function[2] of gated graphene devices exhibit a
square-root dependence of the Fermi level on the back-gate voltage. The minimum conductivity is
not found when the back-gate voltage is zero but at an offset VD. The doping level depends on the
work function of the metal substrate[3], the back-gate voltage, the susceptibility and thickness of
the dielectric buffer layer. Here we present a simple analytical model that describes the square root
dependence of the doping level in a gated graphene device and confirm its validity with DFT-LDA
calculations for metal|h-BN|graphene structures in a static electric field.
[1]

Nat Phys 4, 627 (2008).
Nano Lett 9, 3430 (2009).
[3] PRL 101, 026803 (2008).
[2]
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Reversible optical control of the molecular ordering of lipid
monolayers through photoswitchable lipids

P05.16

Ellen Backus1, Johanna Kuiper2, Jan Engberts2, Bert Poolman2, Mischa Bonn1
1 FOM Institute AMOLF, AMSTERDAM, Netherlands
2 University of Groningen, GRONINGEN, Netherlands
Intermolecular forces between lipids and lipids and proteins in membranes determine a
variety of membrane properties and processes. We study a monolayer of an azobenzene-based
photoswitchable lipid using surface vibrational spectroscopy in combination with surface pressure
measurements. Photolipids allow for reversible control over the surface pressure and the molecular
ordering of the lipids in the monolayer. If the photoswitchable lipid is embedded in a layer with
conventional lipids, like DPPC, we show that the ordering of DPPC can be influenced as well by
switching the azobenzene based lipid between its two states. We discuss possible applications of
photolipids in spectroscopic observations of mechanosensitive protein action.

Tip apex functionalization and characterization: Theory and
experiment

P05.17

Erwin Rossen1, Jorge Cerdá2, Kees Flipse1
1 Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-09
2 Instituto de Ciencia de Materiales de Madrid, MADRID, Spain
Microscope (STM-IETS) is a powerful technique to study molecular vibrations at surfaces. However,
given the experimental difficulty to measure inelastic peaks and since not all vibrational modes are
excited, simulations are required for a proper characterization of the IET spectra.
Here I will present one formalism to simulate both STM images and IET spectra, based on Density
Functional Theory (DFT) and Non Equilibrium Green’s Functions (NEGF) theory. For a proper analysis
of the STM images, adsorbates at the tip should be taken into account. These will also contribute to
the IETS signal, which allows for characterizing the tip apex via IETS.

C60/Pt(111): A new reconstruction of the Pt(111) surface, or an
electronic effect?

P05.18

Kevin van de Ruit
Eidnhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-09
Platinum is an important catalyst; to understand its role in catalysis, the interaction between
platinum surfaces and molecules is of vital importance. Pt(111) is known to reconstruct when the
surface is covered with C60, bromine or even graphene. STM images of a new structure observed
on Pt(111) close to C60 islands are presented. STS reveals sharp features near (~50meV) the Fermi
level. This, together with the absence of a straightforward atomic model for the observed structure
suggests the structure is a purely electronic effect.
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P05.19

Polarity-induced oxygen vacancies at LaAlO3|SrTiO3 interfaces

Zhicheng Zhong1, P.X. Xu2, Paul Kelly2
1 Computational Materials Science, ENSCHEDE, Netherlands, FOM-T-09
2 University of Twente, ENSCHEDE, Netherlands
Using first-principles density functional theory calculations, we find a strong position and thickness
dependence of the formation energy of oxygen vacancies in LaAlO3|SrTiO3 (LAO|STO) multilayers
and interpret this with an analytical capacitor model. Oxygen vacancies are preferentially formed
at p-type SrO|AlO2 rather than at n-type LaO|TiO2 interfaces; the excess electrons introduced by the
oxygen vacancies reduce their energy by moving to the n-type interface. This asymmetric behavior
makes an important contribution to the conducting (insulating) nature of n-type (p-type) interfaces
while providing a natural explanation for the failure to detect evidence for the polar catastrophe in
the form of core level shifts.

P05.20

Molecular hydrogen storage systems: A first-principles study

Süleyman Er1, Gilles de Wijs2, Geert Brocks1
1Faculty of Science and Technology and MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands,
FOM-T-09
2IMM, Faculty of Science, Radboud University Nijmegen, NIJMEGEN, Netherlands
We investigate the hydrogen storage properties of boron sheets and compare them with graphene.
The binding of molecular hydrogen to both of the systems in pure form is weak. Dispersing alkali
metal (AM = Li, Na and K) atoms onto the boron sheet markedly increases hydrogen binding
energies and storage capacities. The unique structure of the boron sheet presents a template for
creating a stable lattice of strongly bonded metal atoms with a large nearest neighbor distance.
Strong interactions between the boron sheet and the AM atoms results in a partial transfer of the
AM valence electrons to the boron sheet. The well-exposed AM atoms interact electrostatically with
several hydrogen molecules (AM = Li; Eb = 0.15 eV/H2 and 10.7 wt % hydrogen).

P05.21

Self-assembled monolayer induced reconstruction and surface
dipoles on noble metal surfaces

Diana Otalvaro, Gerardus Brocks, Gerrit Veening
TNW, ENSCHEDE, Netherlands, FOM-T-09
SAMs on noble metal surfaces can alter the potential barrier limiting charge injection at metal
organic interfaces. The S binding site of SAMs on Au(111) remains intensely controversial. Surface
reconstruction reconciles experimental and theoretical discrepancies. The Au(111) surface
reconstructs in the presence of SAMs altering both the S binding site, surface morphology and
surface electronic structure. In this work we decompose the change in metal workfunction in
several reconstructed Au(111) & Ag(111) surfaces into the contribution from reconstruction,
chemical dipole and intrinsic monolayer dipole. Au(111) is remarkably insensitive to reconstruction;
while Ag is not. The ensuing changes in electronic & its implications are elucidated.
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Transport and dynamical properties of permalloy domain walls
from first-principles

P05.22

Zhe Yuan1, Anton Starikov1, Paul Kelly1, Arne Brataas2
1University of Twente, ENSCHEDE, Netherlands, FOM-T-09
2Department of Physics, Norwegian University of Science and Technology, TRONDHEIM, Norway
The response of magnetic domain walls (DWs) to electric currents and electromagnetic radiation
attracted considerable interest after current-induced DW motion was proposed as an efficient way
of storing and processing information. In these processes, Gilbert damping and an out-of-plane
spin-torque play essential roles The latter, which is characterized by a dimensionless parameter ,
has been extensively studied in recent experiments and theories. However, the numerical values for
specific materials are still the subject of much debate. Here we present an ab initio study of Gilbert
damping and out-of-plane torque for Ni80Fe20 DWs. Surprisingly, we find that is not a constant in
the adiabatic limit but varies with the DW type and width.

Conductivity of SrTiO3 / LaAlO3 interfaces prepared by sputter
deposition

P05.23

Ishrat Mubeen1, Henny Zandbergen2, Jan Aarts1
1Kamerlingh Onnes Laboratory, LEIDEN, Netherlands, FOM-L-16
2Kavli Institute of Nanoscience, DELFT, Netherlands
Polar / nonpolar interfaces of SrTiO3 / LaAlO3 (STO/LAO) can become conducting, with a range
of conductance values depending on the background pressure of oxygen. All such research is
performed using Pulsed Laser Deposition, and a recurrent question has been whether defects
induced on the SrTiO3 surface by the high energy of the ablated particles may play a role. Here we
present the first data on STO/LAO interfaces prepared by high-oxygen pressure sputtering. We do
not find conducting interfaces, although this may have to do with the island growth of the LAO
layer, as seen in Transmission Electron Microscopy. Results under different growth conditions are
presently being obtained, and will be discussed.

A n-Si / n-Fe2O3 tandem photoanode for solar water splitting

P05.24

Roel van de Krol, Yong-Qi Liang
Delft University of Technology, DELFT, Netherlands
Nanostructured Co-catalyzed α-Fe2O3 is a promising material for solar water splitting, with recently
reported record AM1.5 photocurrents of 2.3 mA/cm2. One problem is the low energetic position of EC,
which necessitates the use of a bias voltage for the reduction of water. We address this issue with a
n-Si/n-Fe2O3 heterojunction photoanode made by a simple and low cost spray deposition process.
Chopped-light voltammetry using 375 nm light to excite the Fe2O3 showed a cathodic shift of the
photocurrent onset potential when selectively co-exciting the Si with an additional 635 nm light
source. This confirms that the Si boosts the energy of the photo-generated electrons by ~0.3 eV, just
enough to split water without bias assistance.
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P05.25

Domains and domain walls in multiferroic BiFeO3 thin films

Saeedeh Farokhipoor, Christophe Daumont, Anthony Ferri, Thomas Palstra, Beatriz Noheda
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-14
BiFeO3 displays a rare combination of ferroelectric and antiferromagnetic order at room
temperature, which confers it interesting magneto-electric properties to be used in spintronics or
memory applications. Recent reports reveal more surprising aspects of BiFeO3, such as photovoltaic
generation[1]. It turns out that the photocurrents originate at the domain walls[2], which in turn
show other appealing properties different from those of the crystal domains, such as conduction[3].
Here we report the piezoelectric and transport characterization, using scanning probe microscopy, of
domains and domains walls of epitaxially grown BiFeO3 thin films.
[1]

Science 324, 63, 2009.
Nature Nanotech. 5, 143, 2010.
[3] Nature Mat. 8, 229, 2009.
[2]

P05.26

Size effects in nano-ferroelectrics

Oleksiy Nesterov, Jeroen Heuver, Thom Palstra, Beatriz Noheda
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-14
Ferroelectrics are the active elements of many relevant applications from ultrasound generators
to accelerometers or pressure sensors and already represent a billionaire industry. However, they
would be more ubiquitous and their impact in society would be even larger if miniaturization
could be efficiently achieved. For that the size limits of ferroelectric and piezoelectric functionality
need to be further investigated. In this project we aim to answer some open questions in the field,
in particular, how the electrical and mechanical boundary conditions (the electrode type, the
orientation of the spontaneous polarization, the substrate material or the shape of the nano-object)
determine or affect the critical size for ferroelectricity.

P05.27

Magnetostructural study of the (Mn,Fe)3(P,Si) system

José Leitão1, Ekkes Brück1, Luana Caron1, You Xinmin2
1Reactor Institute Delft, DELFT, Netherlands, FOM-D-48
2Nanjing University of Technology, NANJING, China
The current study resulted from a systematic study of the relations between the Mn3-xFexSi and
the Mn3-xFexP systems, aiming at exploring their curious and unique magnetic and structural
characteristics for possible magnetic cooling applications. It has been found, however, that this
system is not appropriate for such purposes, but still, the amount of information and results
gathered has made it possible to outline its basic magnetostructural properties throughout the
whole of its compositional range. This, besides confirming all of our consulted literature, has
revealed, to the best of your knowledge, a completely novel Hexagonal structure in this system.
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Anomalous plasmon behavior in epitaxial graphene on SiC:
Plasmaron or localized states?

P05.28

Richard Vanraes, C.F.J. Flipse
Eindhoven University of Technology, EINDHOVEN, Netherlands, FOM-E-09
In contradiction with recent literature we present HREELS data which shows a lack of dispersion
of the sheet-plasmon in a monolayer of epitaxial graphene. By performing HREELS measurements
in each step of the growing process, we are able to detect plasmon-phonon coupling modes. This
way, we get a better understanding of the features that are present in the monolayer epitaxial
graphene HREELS spectrum. The dispersionless plasmon-phonon spectrum suggests that the model
for plasmon-phonon coupling cannot fully describe the phonon-plasmon coupling for epitaxial
graphene on SiC(0001).

Template-stripped buried grating for Plasmonics

P05.29

Jincy Jose, Frans Segerink, Jeroen Korterik, Alberto Gomez-Casado, Jurriaan Huskens,
Jennifer Herek, Herman Offerhaus
MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands, FOM-T-02
A Kretchmann-Raether (KR) configuration is used in many chemical and biological Surface Plasmon
Resonance (SPR) sensors. By incorporating a grating in the KR configuration, multiple SPRs can be
generated. The grating can be introduced at the metal-air (Exposed grating) or the metal-prism
(Buried grating) interface. In this work, we compare the performance of an exposed to a buried
grating. A template stripping technique is used to fabricate a buried grating with a flat gold surface
on top. The full width at half maximum of the SPRs, measured using a near-field microscope, for the
buried grating are smaller compared to the exposed grating, which implies an increased propagation
length for surface plasmon polaritons.

A diarylethene dopant to phototune the structure of cholesteric
liquid crystals

P05.30

Thomas Pijper, Tom van Leeuwen, Jetsuda Areephong, Wesley Browne, Nathalie Katsonis,
Ben Feringa
Stratingh Institute for Chemistry, GRONINGEN, Netherlands, FOM-G-24
Diarylethenes are a class of molecules that undergo a photochemical ring-closing reaction
upon irradiation with UV light, a process which can be reversed by irradiation with visible
light. A diarylethene bearing two chiral side groups was synthesized in order to be used as a
photoswitchable dopant for a liquid crystal (LC). Incorporated in the LC, it induces the formation
of a cholesteric mesophase. Irradiation with UV light then leads to an increase of the pitch of the
cholesteric LC, while subsequent ring-opening through irradiation with visible light causes the pitch
to return its original value. In this way, the diarylethene dopant affects the period of the cholesteric
helix, thus allowing control over the LC’s optical properties.
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P05.31

Growth and characterization of carbon nanofibers on InAs
nanowires

Muhammad Arshad1, Cinzia Cepek2, Petra Rudolf1
1Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-21
2IOM-CNR, TRIESTE, Italy
Carbon nanofibers exhibit high specific modulus, strength, and surface area, as well as high
chemical and thermal stability, low density and high conductivity. They are broadly investigated for
application in numerous fields including catalysts, adsorbents, capacitors, nano sensors, hydrogen
storage and performance-enhanced hybrids materials. CVD is the most effective method to prepare
carbon nanostructures with precursor gases such as CH4, C2H4,C2H2 or CO and metal nanoparticles
as catalysts. Here we report on carbon nanofiber growth on indium arsenide nanowires by CVD
using iron as a catalyst and a acetylene/hydrogen mixture as precursor. The resulting structures
were characterized in situ by XPS and ex situ by SEM and Raman spectroscopy.

Electrical switching of wetting states on superhydrophobic
surfaces: a route towards reversible Cassie-to-Wenzel transitions

P05.32

Gor Manukyan, J.M. Oh, Dirk van den Ende, R.G.H. Lammertink, F. Mugele
TNW, ENSCHEDE, Netherlands, FOM-T-17
We demonstrate that the equilibrium shape of the composite interface between superhydrophobic
surfaces and drops in the superhydrophobic Cassie state under electrowetting is determined by
the balance of the Maxwell stress and the Laplace pressure. Energy barriers determined by the
pinning of contact lines at the edges of the hydrophobic pillars on the surface and by the geometry
of the gaps in between them control the transition from Cassie to the Wenzel state and the lateral
propagation of the Wenzel state, respectively. We demonstrate how reversible switching between the
two wetting states can be achieved locally using suitable surface and electrode geometries

P05.33

Dual layer polymer light-emitting diodes with doped
hole-transport layers

Mingtao Lu, Nicolai Herman, Martijn Kuik, Jurjen Wildeman, Paul Blom
The Zernike Institute for Advanced Materials, GRONINGEN, Netherlands
Currently, state-of-the-art light-emitting diodes (PLEDs) consist of only one active layer that governs
all the processes in the pLED: charge injection, transport and recombination. Due to the typical
low mobility of these light-emitting polymers, devices have to be processed with relative low layer
thicknesses of ~100 nm. Fabrication techniques such as inkjet printing and roll-to-roll processing
are extremely difficult to operate in such a small process window. This work presents a dual layer
PLED with p-type doped hole transport layer.
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Short-period (Ga,Mn)As/(Ga,Al)As multilayer structures studied
by X-STM

P05.34

Samuel Mauger1, M. Bozkurt1, P.M. Koenraad1, A.D. Giddings2, R.P. Campion2, B.L. Gallagher2
1COBRA, EINDHOVEN, Netherlands, FOM-E-06
2School of Physics and Astronomy, University of Nottingham, NOTTINGHAM, United Kingdom
Ferromagnetic (Ga,Mn)As short period semiconductor superlattices are predicted to show
interesting interlayer exchange coupling effects between adjacent ferromagnetic layers. This can
result in enhanced spin, GMR and an enhanced Curie temperature. The reduction of the thickness
of the spacer layers is the key to improve these magnetic properties. There is however a serious
concern about the quality and abruptness of the (Ga,Mn)As/(Ga,Al)As interfaces. We have used
X-STM to study short period (Ga,Mn)As/(Ga,Al)As heterostructures at the atomic scale. We show a
clear presence of Mn in the spacer layers. This is suggested as an important cause for the absence of
interlayer exchange coupling in epitaxially grown short period superlattices.

Study on iron-rich (Mn,Fe)2(P,Si) magneto-caloric material

P05.35

Zhiqiang Ou, Lian Zhang, Luana Caron, Huu Dung Nguyen, Anton Lefering, Jose Vieira Leitao,
N.T. Trung, Ekkes Brück
Reactor Institute Delft, DELFT, Netherlands, FOM-D-48
In this study, the magnetic properties and magneto-caloric properties on iron-rich (Mn,Fe)2(P,Si)
compounds were investigated. All the samples crystallize in the hexagonal Fe2P-type of structure
with a small amount of cubic (Fe,Mn)3Si impurity phase. The Curie temperature can be tuned by
adjusting Mn/Fe and/or P/Si ratios in a large temperature range. With increasing Si and Fe content
the thermal hysteresis can be reduced to around 2 K or even less while retaining large magnetocaloric effects. The maximum entropy changes are 12 and 22 J kg-1K-1 for a field changes of 2 and
5 T. All these features make these compounds some of the most promising materials for magnetic
refrigeration at room-temperature.
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P05.36

Di-vacancies and the hydrogenation of Mg-Ti films with short
range chemical order

Stephan Eijt1, Hans Leegwater1, Henk Schut1, Anca Anastasopol1, Andrea Baldi2, Bernard Dam2,
Christoph Hugenschmidt3, Luca Ravelli4, Werner Egger4
1Delft University of Technology, Department of RRR, DELFT, Netherlands, FOM-D-48
2Delft University of Technology, Department of Chemical Engineering, DELFT, Netherlands
3ZWE FRM II, Technische Universität München, GARCHING, Germany
4Universität der Bundeswehr München, NEUBIBERG, Germany
We obtained evidence for the partial chemical segregation of as-deposited and hydrogenated
Mg1-yTiy films into nano-scale Ti and Mg domains using positron Doppler-broadening[1].
We exclusively monitor the hydrogenation of Mg domains, owing to the large difference in
positron affinity for Mg and Ti. The electron momentum distribution broadens significantly upon
transformation to the MgH2 phase, and provides evidence for the similarity of the metal-insulator
transition for rutile and fluorite MgH2. Positron lifetime studies reveal the presence of di-vacancies
which may cause the fast hydrogen sorption kinetics in the fluorite phase.
[1]

H. Leegwater, H. Schut, W. Egger, A. Baldi, B. Dam, and S.W.H. Eijt, Appl. Phys. Lett. 96 (2010) 121902.

P05.37

Anharmonic flexural phonons in graphene

Rafael Roldan, Annalisa Fasolino, Mikhail Katsnelson
Institute for Molecules and Materials, NIJMEGEN, Netherlands, FOM-N-09
Graphene is a two-dimensional (2D) crystalline membrane of carbon atoms, which unusual
properties have attracted an enormous interest. Graphene has been demonstrated to be stable
even for free-standing samples. An important source of scattering in suspended samples is flexural
(out-of-plane) phonons. Here we study the effect on the resistivity of electron interaction with this
branch of phonons. We compute the temperature and doping dependence of this contribution,
treating the out of plane vibrations beyond the harmonic approximation. For this aim, we use the
Boltzmann equation in the Born approximation, and consider the height-height correlation function
in the self-consistent screening approximation.

P05.38

Charged spin textures over the Moore-Read fractional quantum
Hall state

Jesper Romers, Liza Huijse, Kareljan Schoutens
Instituut voor Theoretische Fysica, AMSTERDAM, Netherlands, FOM-A-25
Fractional quantum Hall systems are the only known realizations of topological order in nature.
In particular the state at filling fraction 5/2 is of great interest, since its proposed theoretical
description, the Moore-Read wave function, contains non-abelian anyons as excitations over the
ground state. We study spinful excitations over polarized the Moore-Read ground state and show
they are related to skyrmions, carrying an integer topological charge, appearing in non-linear sigma
models. We show that it is also possible to split these into two separate charge-spin textures, each
carrying half a unit of topological charge and a quarter of the electron charge.
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Copper electrodeposition on fast time scale: from underpotential
deposition to bulk growth

P05.39

Yuriy Yanson, Fred Schenkel, Joost Frenken, Marcel Rost
Kamerlingh Onnes Laboratory, LEIDEN, Netherlands
Cu electrodeposition at different stages on Au(111) surface is accessed in-situ on atomic scale by
means of our newly developed fast electrochemical STM. We show the effect of industrially used
additives, such as bis-(3-sodiumsulfopropyl) disulfide (SPS) and polyethylene glycol (PEG), on the Cu
deposit. The EC-STM results are complemented by electrochemical measurements and discussed in
the light of current state of knowledge on electrodeposition and molecular processes involving the
additives.

Anionogenic magnetism: Mixed alkali - alkaline earth metal oxides

P05.40

Shivakumara Giriyapura1, Syarif Riyadi1, Baomin Zhang2, Rob de Groot2, Thomas Palstra1,
Graeme Blake1
1Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-14
2Electronic Structure of Materials, IMM, Radboud University Nijmegen, NIJMEGEN, Netherlands
The scientific and technological potential of materials in which magnetism arises from p-electrons
is little explored. Accordingly, we have synthesized the solid solution Ba1-xKx(O2-)x(O22-)1-x which
contains a nominal mixture of superoxide and peroxide anions. Magnetism in this family of
materials arises not from the metals but from oxygen. Ba1-xKx(O2-)x(O22-)1-x exhibits short-range
antiferromagnetic ordering below ~65 K for all compositions, with an increasing tendency toward
ferromagnetic interactions at lower temperatures, characterised by the opening of magnetic
hysteresis loops in an applied magnetic field. The field induces cooperative rotation of the dioxygen
anions, changing the sign of the magnetic exchange interactions.

Scanning probe microscopy on polyoxometalates

P05.41

Minko van der Maas1, Jun Yan2, Serhiy Vasnyov1, Michiel Coenen1, Duncan den Boer1,
Thomas Habets1, Jan Gerritsen1, De-Liang Long2, Bas Hendriksen1, Hans Elemans1, Lee Cronin2,
Sylvia Speller1
1IMM, NIJMEGEN, Netherlands, FOM-N-06
2University of Glasgow, GLASGOW, United Kingdom
A challenge in scanning probe microscopy (SPM) is to generate insight on the electronic properties
of functional molecules. Polyoxometalates (POMs) form an interesting class of nano-scale materials
with potential applications in high density data storage, drug delivery, optics and molecular scale
electronics. A POM is a polyatomic ion (usually an anion) that consists of transition metal oxyanions
linked by shared oxide ions. The POM cluster is a molecular cage or framework of metal and oxygen
atoms which may encapsulate a variety of functional unit of hetero atoms in the core. We studied
the preparation, formation and topographic signatures of molecular layers of POMs on graphite and
gold surfaces using SPM.
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P05.42

Determination of the density of ultrathin films using X-ray
standing waves

Igor Makhotkin1, Eric Louis1, Robbert van de Kruijs1, Andrey Yakshin1, Erwin Zoethout1,
Alexey Seregin2, Sergey Yakunin2, Fred Bijkerk1
1FOM Insitute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
2Institute of Crystallography RAS, MOSCOW, Russian Federation
Determination of density of ultrathin films presents a basic challenge for the research of multilayer
structures. The commonly used technique of grazing incidence X-ray reflectivity analysis does not
provide unique solutions for the layers thinner than 10 nm. Solution to this problem was proposed
and explored by measuring the fluorescence yield angular dependence from a thin marker layer,
placed above the layer to be characterized. Using simultaneous analysis of grazing incidence
X-ray reflectivity and angular dependent fluoresce yields from specially designed and fabricated
structures, densities of thin La and LaN layers of 2-6 nm thicknesses have been obtained with
approximately 5% precision.

P05.43

Behavior of transition metal and metal oxide surfaces under
oxidative and reductive environment

Alexey Kuznetsov, Robbert van de Kruijs, Michael Gleeson, Fred Bijkerk
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
We have investigated the interaction of oxidative and reductive agents with EUVL-relevant surfaces,
namely transition metals and oxides including the reference multilayer mirror materials (Mo and
Si). Physical and chemical erosion, oxidation, sub-surface implantation and diffusion are studied
in view of their risk to affect the surface and, consequently, alter the properties of the underlying
layers. For example, atomic hydrogen exposure may lead to chemical erosion, enhanced oxidation of
Si surface layers and void formation in the underlying multilayer structure. This research is relevant
to establish the true lifetime of multilayer mirrors.

P05.44

Multifunctional properties of organic-inorganic hybrid materials

Alexey Polyakov1, Anne Arkenbout1, Graeme Blake1, Beatriz Noheda1, Rob de Groot2,
Thomas Palstra1
1Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-14
2University of Nijmegen, NIJMEGEN, Netherlands
Organic-inorganic hybrids combine the advantages of both organic and inorganic materials- easy
processing and structural flexibility with robust magnetic and electric properties. Considered thus
far mainly for their magnetic, optical and catalytic properties, we show that such hybrids also form
a potential new family of multiferroic materials. We have synthesized novel hybrids that become
ferroelectric near room temperature and exhibit either ferromagnetic or antiferromagnetic ordering
at low temperature. We discuss the origin of the multifunctional properties of these materials by
focusing on the structures of the organic and inorganic layers.
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Spin transfer torques and spin pumping in strongly spin-orbit
coupled systems

P05.45

Erik van der Bijl, Rembert Duine
ITF, UTRECHT, Netherlands, FOM-U-34
We develop a semi-classical approach to spin transfer and spin motive forces of strongly spin-orbit
coupled electrons. Besides the known spin-transfer torque we find spin-orbit induced spin-torques
on the magnetization and corrections to the equations of motion for the electrons. Dissipative
processes such as Gilbert damping and the dissipative spin transfer torque are included in the
theory by means of a dissipation functional. As an application we calculate the effects of strong
spin-orbit coupling on the dynamics of a rigid domain wall.

Chemical interaction of B4C diffusion barriers with Mo/Si layered
nanostructures

P05.46

Steven Nyabero1, V.I.T.A. de Rooij-Lohmann1, L.W.E. Veldhuizen1, E. Zoethout1, A.E. Yakshin1,
Robbert vad de Kruijs1, B.J. Thijsse2, F. Schäfers3, Fred Bijkerk1
1FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
2Department of Materials Science and Engineering, Delft University of Technology, DELFT, Netherlands
3Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, BESSY II, BERLIN, Germany
B4C barrier layers are added to Mo/Si multilayer structures for EUV optics to enhance thermal
stability. However, detailed knowledge about the chemical interaction between B4C and Mo or Si
is lacking. The chemical processes during annealing up to 600°C of a Mo/B4C/Si layered structure
were investigated with in-situ hard X-ray XPS and ex-situ depth profiling soft X-ray XPS. A twostage chemically steered diffusion process was identified. If the diffusion barrier consists of C or
B4C, relatively stable intermediate compounds form at the initial stage. The results show that the
diffusion barrier functionality of the B4C interlayers is caused by the stability of these compounds.
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Damage in Mo/Si multilayer optics irradiated by intense shortwavelength FELs

Rolf Loch1, Ryszard Sobierajski2, C. Bostedt3, J. Bozek3, S. Bruijn1, Y. Feng3, J. Gaudin4,
E.D. van Hattum1, A.R. Khorsand1, D. Klinger2, Robbert van de Kruijs1, J. Krzywinski3, E. Louis1,
M. Messerschmidt3, S. Moeller3, K. Tiedtke5, T. Burian6, J. Chalupsky6, A. Graf6, S. Hau-Riege7,
L. Juha6, R. London7, Fred Bijkerk1
1FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
2Institute of Physics PAS, WARSAW, Poland
3SLAC National Accelerator Laboratory, MENLO PARK, United States of America
4European XFEL, HAMBURG, Germany
5Deutsches Elektronen-Synchrotron DESY, HAMBURG, Germany
6Institute of Physics ASCR, PRAGUE, Czech Republic
7Lawrence Livermore National Laboratory, LIVERMORE, United States of America
Multilayer-coated optics for the new generation of intense radiation sources - short-wavelength Free
Electron Lasers (FELs) - is investigated on radiation damage resistivity. We exposed Mo/Si multilayers
to intense pulses from the FLASH (Hamburg) and LCLS (Stanford) FEL sources and compared the
single-shot damage for two spectral regimes (XUV and soft X-ray, resp.). Although the damage
threshold is wavelength dependent, a similar final state of damage occurs. We conclude that in spite
of the difference in the radiation energy deposition, the leading mechanism of damage is the same:
melting of the amorphous silicon layer is followed by Mo atoms diffusion into Si, what leads to
Molybdenum-Silicide formation and compaction of the multilayer.

P05.48

Low temperature hydrogen desorption and the structural
properties of spark discharge generated Mg nanoparticles

Anca Anastasopol1, Vincent Vons2, Walter Legerstee1, F.M. Mulder1, Stephan Eijt1,
Andreas Schmidt-Ott2
1Reactor Institute Delft, DELFT, Netherlands, FOM-D-40
2Delft University of Technology, Department of Chemical Engineering, DELFT, Netherlands
Mg nanoparticles were synthesized using spark discharge generation (SDG)[1], resulting in
agglomerated nanoparticles with primary particle sizes of ~10 nm, surrounded by MgO shells with
a thickness of 1-2 nm. Thermal hydrogen desorption starts at remarkably low temperatures of ~350
K, related to the small sizes of particles, and extends towards high temperatures, caused by the
presence of oxide shells acting as activation barriers. The hydrogen sorption kinetics is increased
significantly by adding Pd nanoparticles in-situ during synthesis, showing the versatility of SDG for
the production of metal hydride nanocomposites.
[1] V.A. Vons, A. Anastasopol, W.J.

Legerstee, F.M. Mulder, S.W.H. Eijt and A. Schmidt-Ott, Acta Mater.

(submitted).
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Spin motive forces due to a vortex domain wall

P05.49

Mathies Lucassen, Rembert Duine
ITF, UTRECHT, Netherlands, FOM-U-34
One of the recent developments in spintronics is the study of spin motive forces. Due to these
forces, a moving domain wall induces an electrical voltage. Well above Walker breakdown, a simple
approach is justified, where one lets the spin quantization axis follow the magnetization texture
adiabatically. This transformation gives rise to a vector potential from which an induced electric and
magnetic field are derived. This approach has been tested experimentally above Walker breakdown.
Below or just above Walker breakdown, a more sophisticated theory that takes into account spin
relaxation is needed. We perform detailed numerical simulations on vortex domain walls to make
predictions for the electromotive forces below Walker Breakdown.

Electronic and magnetic properties of Co in anatase Co:TiO2
magnetic oxide semiconductors: the role of Co heterogeniety

P05.50

Michel de Jong, Yunjae Lee, Wilfred van der Wiel
MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands
We studied the electronic and magnetic properties of Co 3d-derived states in Co:TiO2 (1.4 at.
% Co), a candidate room temperature dilute magnetic semiconductor, using x-ray absorption
spectroscopy (XAS), x-ray magnetic circular dichroism (XMCD), (energy filtered) transmission
electron microscopy (EF-)TEM, and magnetotransport measurements. The Co distribution is
distinctly heterogeneous, involving various different species: substitutional Co2+ ions, ferromagnetic
and/or superparamagnetic metallic Co clusters, and Co2+ species featuring significant hybridization
with defect states in the band gap. The implications for room temperature ferromagnetism and
magnetotransport behavior, in particular the anomalous Hall effect, are discussed.

In depth study of Polyimide membrane doped with Metallic
Nanoparticle used in Direct Glycerol Fuel Cell (DGFCs).

P05.51

Liliane Cristina Battirola1, Mihaela Gorgoi2, Ubirajara Pereira Rodrigues Filho3, Petra Rudolf1
1Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-21
2Bessy, BERLIN, Germany
3University of São Paulo, SÃO CARLOS, Brazil
DGFCs are a clean, green and non-toxic powering option for portable electronics and mobile devices
in which a partly carbonized Poly(imide) (PI) membrane can be used as a polymeric electrolyte
doped with metallic nanoparticles (NPs) working as electrocatalyst for glycerol oxidation. To improve
the performance of DGFCs it is important to have a detailed understanding of the structure of the PI
membrane and the effect of heat treatment by means of a depth profile and information about the
distribution of the NPs. Here we report on the study by photoemission spectroscopy with different
photon energies of PI membranes which were partly carbonized at three different temperatures,
doped with Ni nanoparticles and reinforced by montmorillonite
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P05.52

The origin of deviations in distance tunneling spectroscopy
characteristics of break junction electrodes exposed to hydrogen
and organic species

Minko van der Maas1, Serhiy Vasnyov1, Oleg Shklyarevskii1, Jan van Ruitenbeek2, Sylvia Speller1
1IMM, NIJMEGEN, Netherlands, FOM-N-06
2Leiden University, LEIDEN, Netherlands
We studied the physisorption of hydrogen molecules on the surface of Au and other coinage
metals was studied using Distance Tunneling Spectroscopy. Strong N-shaped deviations from the
exponential behavior are abserved in the current (resistance) versus distance dependencies. This
type of deviations cannot be explained within the Tersoff Hamann approximation. It turns out to
be compatible with a simple model for electron scattering by physically adsorbed H2 molecules.
This effect is not limited to physically adsorbed species as our results on organic molecules with
anchoring groups indicate.

P05.53

Combined scanning probe microscopy studies on self-assembled
porphyrin monolayers

Michiel Coenen, Serhiy Vasnyov, Duncan den Boer, Minko van der Maas, Bas Hendriksen,
Hans Elemans, Sylvia Speller
IMM, NIJMEGEN, Netherlands, FOM-N-06
Discrimination between structural and spectroscopic information in SPM represents an important
step in understanding properties of molecular assemblies. Porphyrins form a versatile class of
molecules and they are abundantly found in nature. They are cyclic, aromatic molecules with a
single-atom metal centre and exhibit catalytic and photochemical properties. We created selfassembled monolayers of alkyl functionalized copper-porphyrins on highly oriented pyrolytic
graphite surfaces. We studied the layers using scanning tunneling microscopy, tapping-mode atomic
force microscopy and non-contact AFM and Kelvin Probe Microscopy we found differences in the
imaging contrasts using these techniques; their origin and implications are discussed.

P05.54

Hybrid inorganic/organic heterojunctions comprising C60
molecules for organic spintronics

Lan Anh thi Tran, Tu Quyen Le, Michel de Jong, Wilfred van der Wiel
MESA+ Institute for NanoTechnology, ENSCHEDE, Netherlands
We study C60-based junctions for organic spintronics, using both interface characterization and
magnetotransport. We consider either direct contact between the ferromagnets (FM) and C60, or
interfaces comprising ultrathin tunnel barriers. Synchrotron radiation studies of C60 on Fe (100)
surfaces show that hybridization between C60- and Fe electronic states leads to a finite spin
polarization of C60 π*-orbitals, which shows the possibility to tailor the interfacial spin polarization
at EF of FM/organic interfaces. In addition, Co/Al2O3/C60/Ni80Fe20 vertical spin transport devices
have been fabricated, with variable C60 thickness from sub-monolayer to several molecular layers, to
investigate tunneling processes through the organic layer.
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Theoretical study of the instabilities involved in the metalinsulator transition in (EDO-TTF)2PF6

P05.55

Linker Linker, Paul van Loosdrecht, Piet van Duijnen, Ria Broer
University of Groningen, NIEUW-AMSTERDAM, Netherlands, FOM-G-16
We perform QM, MM and MD calculations on the redox salt (EDO-TTF)2PF6 to study the metalinsulator transition in this material. We confirm experimental observations of the various
instabilities in this system. Our calculations provide conclusive evidence for the charge transfer
nature of the system and for the 0110 charge ordering which is the result of it. From overlapping
electron densities and electrostatic potentials we provide indications for the experimentally
observed conduction channel in the (EDO-TTF)2PF6 metal.

Intercalation of C60 into the rigid matrix of graphite

P05.56

Konstantinos Spyrou1, Regis Gengler1, Kang Longtian1, Dimitrios Gournis2, Petra Rudolf1
1Zernike Institute, GRONINGEN, Netherlands, FOM-G-21
2Department of Materials Science and Engineering, University of Ioannina, IOANNINA, Greece
It is well-known that nano- and microstructured carbon materials such as amorphous carbon
, nanotubes, fibers, graphite can be used as sorbents/sieves, catalytic substrates, membranes,
separation, gas storage media , etc due to their low mass in dependence with their chemical inertia,
thermal stability, and mechanical stiffness. In this work we propose a new type of materials which
are developed by the intercalation of C60 into a high quality graphite matrix. The structure of
this new stable material is demonstrated by X-ray electron diffraction and Transmission Electron
Spectroscopy, its composition by X-ray Photoelectron Spectroscopy (XPS), and the good quality of the
graphene sheets is proven by Raman Spectroscopy.

Si nanotubes for thermoelectrics

P05.57

Moïra Hocevar1, Rienk Algra2, George Immink2, Marcel Verheijen2, Leo Kouwenhoven1,
Erik Bakkers1
1Kavli Institute of Nanoscience, DELFT, Netherlands, FOM-D-41
2Philips Research, EINDHOVEN, Netherlands
Recently, the role of nanostructured materials in addressing the challenges in energy and
natural resources has attracted wide attention. Here, we report the realization of arrays of
crystalline Si nanotubes by a pure epitaxial approach. The process involved the fabrication of
core-shell nanowires by the vapor-liquid-solid mechanism using a pattern of gold fabricated by
nanoimpression. The following removal of the core resulted in vertically aligned Si nanotubes. The
thickness and the diameter of these nanotubes can be totally controlled with the growth parameters
and the gold dimensions. The realization of these high quality Si nanotubes offers great possibilities
for new applications, and in particular for thermoelectric applications.
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P05.58

Multifunctional organic-inorganic hybrid structures

Naureen Akhtar, Régis Gengler, Petra Rudolf
Zernike Institute for Advanced Materials, GRONINGEN, Netherlands, FOM-G-21
We focus on the class of organic-inorganic hybrid structures that can combine the versatility of
organic conducting materials with the intriguing magnetic properties of inorganic materials. To
deposit these hybrids as thin films we employed the Langmuir Blodgett (LB) technique that provides
precise control over the synthesis. The organic LB films composed of fatty acid and TTF moieties
are synthesized and optimized for deposition pressure, concentration ratio and in particular, fatty
acid carbon chain length by employing X-ray reflectivity, XPS, IRRAS. Four-point probe transport
confirmed the conductive properties. Grafting different inorganic species onto the organic film and
magnetometry measurements are ongoing.

A micromechanical numerical analysis for triaxial compression of
granular materials

P05.59

Vanessa Magnanimo1, Luigi La Ragione2, Stefan Luding1
1University of Twente, ENSCHEDE, Netherlands, FOM-T-28
2Politecnico di Bari, BARI, Italy
It has been consistently observed that two specimens of a granular soil, prepared by different
methods in the laboratory, may exhibit different responses to applied loading under otherwise
identical conditions. Nevertheless, it still remains a big challenge to describe such dependence on
history. The case of axial-symmetric compression with constant mean-stress of a dense granular
assembly is studied. Results show for specimens with same initial conditions, that microstructure
can play the role of a descriptor of the material history. Particularly, when the deviatoric strain
increases, deviatoric stress, volumetric strain and effective stiffness strongly depend on the initial
coordination number (average contacts per particle) of the sample.

P05.60

Structural properties of sub nanometer thick layers to enhance
EUV multilayer mirror reflectance

Jeroen Bosgra, Robbert van de Kruijs, Erwin Zoethout, Jan Verhoeven, Andrey Yakshin, Fred
Bijkerk
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Theoretically a transition metal (TM) interlayer of sub nanometer thickness on top of Mo can
improve the dielectric distribution in Mo/Si multilayer structures such, that the EUV reflection at
13.5 nm is increased. To learn the actual effect, the structure and optical properties of B4C/Mo/TM/
Si multilayer systems were studied. X-ray reflectometry, AR-XPS and EXAFS at the Mo and transition
metal K-edge were used to investigate average interface roughness of the multilayer period and
morphology of the transition metal layer and Mo/TM interface. Furthermore, EXAFS was used to
study the effect of a thin interlayer upon the Mo-silicide formation, suggesting enhanced optical
contrast.
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Thermodynamics of MgH2-based multilayers.

P05.61

Valerio Palmisano1, Andrea Baldi1, Lennard Mooi1, Matteo Filippi1, Christiaan Boelsma2,
Hermann Schreuders1, Martin Slaman2, Bernard Dam1
1Delft University of Technology, DELFT, Netherlands
2VU University Amsterdam, AMSTERDAM, Netherlands
The thermodynamics of hydrogenation in thin metal-hydride films may differ markedly from that
of bulk. Thanks to its high sensitivity, Hydrogenography allows us to measure the contributions
to the enthalpy of formation due to surface energy effects or to the elastic interaction exerted by
the surrounding layers. For MgH2 we find that surface energy effects become significant only at
thicknesses lower than 10 nm. At this thickness the equilibrium pressure is enhanced two orders
of magnitude in presence of elastic interactions with the buffer layer. Nanosizing can be exploited
to tune the equilibrium pressure for advanced optical applications, i.e. hydrogen sensors, or to
optimize the storage properties of core-shell clamped Mg nanoparticles.

Magnetoelastic transition and magnetocaloric effect in Mn-Fe-P-Si
compounds

P05.62

Nguyen Huu Dung, Z. Ou, L. Caron, L. Zhang, Ekkes Brück
Reactor Institute Delft, DELFT, Netherlands, FOM-D-48
Magnetocaloric materials play a key role in room temperature magnetic refrigeration technology.
Deep understanding of the materials will lead to better applications. Mn-Fe-P-Si compounds
with hexagonal Fe2P-type of structure display a first-order magnetoelastic transition with a
giant magnetocaloric effect. Lattice parameters determined from temperature-dependent X-ray
diffraction patterns show certain correlations with the thermal hysteresis and magnetocaloric
effect. This provides directions to optimize the properties by tuning the crystallographic structure.

Method for a fast extraction of parameters which describe the
mobility in OLEDs

P05.63

Rein de Vries, Reinder Coehoorn
Eindhoven University of Technology, EINDHOVEN, Netherlands
The development of white OLEDs which typically consist of various organic layers with specific
functionalities is hampered by a basic understanding of the transport properties. A crucial step
towards the rational design of multilayer white OLED is the development of a device model which
has a predictive value.
To develop such a model, a method that yields a quick and proper description of the bulk transport
properties of single layer organic devices is crucial. However, the currently procedures are time
consuming. We present a quick parameter extraction method which can also take into account
experimental uncertainty and yields the best fit parameters to the experimental data including
uncertainty margins in these parameters.
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P05.64

Synchrotron X-ray diffraction on the martensitic transformation
of individual grains

Romain Blonde1, E. Jimenez-Melero2, N.H. van Dijk2, L. Zhao2, J. Sietsma2, S. van der Zwaag2,
Ekkes Brück2
1TNW/RRR/FAME, DELFT, Netherlands, FOM-D-48
2Delft University of Technology, DELFT, Netherlands
In-situ three-dimensional synchrotron X-ray diffraction is a powerful tool to study the
fundamentals of phase transformations. The intense beam of high energy X-rays (88 keV) with
micron size dimensions makes it possible to monitor individual grains within the bulk of the
material. We have studied the martensitic transformation behaviour of the meta-stable fcc phase
in steel during cooling[1] and deformation. For each of the grains the martensitic transformation
temperature could be correlated to local microstructural parameters. The grain stability of the
metastable phase strongly depends on the grain size with a critical size below which no martensitic
transformation is observed.
[1]

E. Jimenez-Melero et al., Acta Mater. 57 (2009) 533.

P05.65

Prussian blue analogues of reduced dimensionality

Régis Gengler1, Petra Rudolf1, Luminita Toma1, Francesc Lloret2
1Zernike, GRONINGEN, Netherlands, FOM-G-21
2University of Valencia, VALENCIA, Spain
Prussian blue analogues have recently attracted much interesting magnetic due to their
photomagnetic properties. This work demonstrates that low dimensional structures of these
compounds can be created behave similar to a spin glass. Our fabrication method, based on
combing self-assembly processes with the Langmuir Blodgett technique, uses the clay nanosheets
as 2D template for reaction or grafting and allows for prefect layer-by-layer growth and control at
the molecular level. We present a detailed study (XRD, XPS, and SQUID) of this new approach applied
to the ‘on surface’ synthesis and discuss the magnetic properties.

P05.66

MEMS systems applied in Scanning Tunneling Microscopes

Femke Tabak1, Merlijn van Spengen2, Joost Frenken1
1Leiden Institute of Physics, LEIDEN, Netherlands, FOM-L-14
2Delft University of Technology, DELFT, Netherlands
Scanning Probe Microscopy is a widely used technique for the study of surface processes.
Unfortunately, many relevant processes, such as catalysis and thin film growth, take place on a time
scale that is too fast even for state-of-the-art STM imaging. The operation of piezo-based scanners is
limited by the resonance frequency of the piezo elements. In order to increase the scanning speed,
MEMS (Micro-Electro Mechanical Systems) devices are proposed as a promising solution. We have
designed a MEMS-based z-scanner and we have integrated it in a dedicated, high-speed STM setup.
We show the solutions to various challenges that arise in designing such a new STM system along
with the results of the first scanning tests.
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Hydrogen storage in quartenary Mg-based systems as studied by
Hydrogenography and EXAFS

P05.67

Yevheniy Pivak1, Q. Zheng1, R. Gremaud2, H. Schreuders1, M. Slaman1, J. Rector2, B. Dam1
1Delft University of Technology, DELFT, Netherlands
2VU University Amsterdam, AMSTERDAM, Netherlands
MgH2 is an attractive material for hydrogen storage because of its high gravimetric capacity
(7.6 wt. %), although the practical application is limited due to its high thermodynamic stability.
To destabilize MgH2 we alloy it with Ti and Al/Ni and study the thermodynamic properties of
these quaternary systems using our combinatorial thin film technique called Hydrogenography.
We present the enthalpy and entropy of hydride formation, as calculated from the Van ‘t Hoff
analysis for a large number of compositions in the Mg-Ti-Al-H and Mg-Ti-Ni-H phase diagrams.
A destabilization effect, found in both systems, fits with theoretical predictions and can be
qualitatively explained by the EXAFS experiments.

Electronic structure of iron-pnictide superconductors: just
scratching the surface.

P05.68

Erik van Heumen1, J. Vuorinen2, K. Koepernik3, F. Massee1, Y. Huang1, M. Shi4, M. Lindroos2,
J. van den Brink3, M.S. Golden1
1Van der Waals-Zeeman Institute, AMSTERDAM, Netherlands, FOM-A-11
2Tampere University of Technology, TAMPERE, Finland
3IFW, DRESDEN, Germany
4PSI, VILLIGEN, Switzerland
The recently discovered iron pnictide superconductors have turned into one of the most widely
studied systems in condensed matter physics. We combine low energy electron diffraction (LEED)
with simulations to study the cleavage surface of BaFe2-xCoxAs2. We show that it consists of half
a Ba layer, while the topmost As-Fe2-As layer is distorted. Including these distortions in density
functional calculations we identify several surface related states in the electronic structure
measured by ARPES. Further analysis of the ARPES data, comparing to recent dynamical mean field
calculations[1], shows that these materials are strongly correlated.
[1]

A. Kutepov, K. Haule, S.Y. Savrasov, and G. Kotliar, Phys. Rev. B 82, 045105 (2010).
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Exciton condensation and flux quantization in strongly correlated
oxide materials

P05.69

Louk Rademaker1, Marcel Hoek2, Francesco Coneri2, Jan Zaanen1, Hans Hilgenkamp2
1Leiden University, Lorentz Institute for Theoretical Physics, LEIDEN, Netherlands, FOM-T-29
2MESA+ Institute for Nanotechnology, ENSCHEDE, Netherlands
Layered heterostructures of strongly correlated electron systems present a new territory of physics
with unexpected phenomena. It is expected that coupled p,n-type layers of complex oxides would
exhibit interesting exciton effects, such as exciton condensation. We studied these materials both
theoretically and experimentally. We have predicted that a cylindrical configuration of a bilayer
exciton condensate should exhibit magnetic flux quantization. We also report on experiments
towards creating a p,n-type bilayer system of La2-xSrxCuO4 and Nd2-xCexCuO4.

P05.70

Mesoscopic modelling of dislocation interaction with grain
boundaries

Xiaoming Liu1, Lucia Nicola2, Erik van der Giessen1
1Micromechanics, GRONINGEN, Netherlands, FOM-G-17
2Delft University of Technology, DELFT, Netherlands
The interaction between dislocations and grain boundaries (GBs) in polycrystalline metals during
plastic flow can take various forms, including transmission of dislocations across GBs, but also
nucleation from and absorption at GBs. Here we focus on the latter and address the question
how the physics of absorption can be represented at length scales above atmoistics. We propose
an absorption model that is fit for discrete dislocation dynamics simulations. In this model, GB
dislocations can be localized or spread along the grain boundary plane depending on the structure
of the boundary. It is verified for the case of individual dislocation-GB collisions by comparison of
our model with atomistic simulation results.
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Theme 6 –
Physics of fluids
Preparation of a statistically equivalent representative volume
element (SERVE) of random arrays of cylinders

P06.01

Kazem Yazdchi, S. Srivastava, S. Luding
MSM/IMPACT, ENSCHEDE, Netherlands, FOM-T-28
The objective of this study is to generate statistically equivalent representative volume elements
(SERVEs) in order to computationally investigate flow across unidirectional arrays of randomly
placed fibers and derive a relation between permeability and some measure of their microstructure.
To this end, a direct numerical approach using finite elements method (FEM) for viscous,
incompressible flow perpendicular to the cylinders/fibers is employed. In particular, we studied the
RVE size effect and spatial distribution of fibers on the averaged permeability, compare our results
with existing theoretical and experimental results, and finally develop a relation between the
permeability and the inter-fiber distance.

Destabilization and dry-spot nucleation in thin liquid films on
partially wetting surfaces

P06.02

Christian Berendsen, Jos Zeegers, Anton A. Darhuber
Department of Applied Physics, EINDHOVEN, Netherlands
We investigate the influence of an external trigger on the destabilization of a thin liquid film on
a partially wetting substrate both experimentally and numerically. Nucleation of a dry spot can
for instance be triggered by a thermal gradient on the liquid-air interface due to pulsed laser
irradiation. An alternative trigger mechanism is the application of a localized air jet. The numerical
model, based on the lubrication approximation, includes a Lennard-Jones-type disjoining pressure
term, which causes the liquid film to be metastable, assists in the nucleation and acts as the driving
force for the expansion of a dry spot. Experimentally, liquid-substrate material combinations with
low dewetting speeds have been selected.

Roughness-induced acceleration of spreading of completely wetting
fluids

P06.03

Jolet de Ruiter, Dirk van den Ende, Frieder Mugele
University of Twente, ENSCHEDE, Netherlands, FOM-T-17
We study the spreading dynamics of a completely wetting pL-volume fluid (Si oil) as a function
of substrate roughness, set by the fraction SiO2 microspheres fixed on a glass substrate. Initial
spreading is sped up by substrate roughness. Interestingly, the imbibition law (R~t1/2) observed for
ordered micropost arrays, does not apply here. Instead, the initial spreading exponent increases
with roughness from 1/10 (Tanner’s law) to a maximum of 0.21. It is visually confirmed that the fluid
does not imbibe the open spaces, but rather wets the particle regions in two steps: from the wetting
front a precursor film extents that wets a nearby particle that is subsequently engulfed by the front.
We proceed to study the microscopic wetting details.
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P06.04

Experimental and numerical study of SCWR stability

Christophe T’Joen, D. Lathouwers, J.L. Kloosterman, M. Rohde
Reactor Institute, DELFT, Netherlands
The Supercritical Water Reactor (SCWR) is a genIV reactor design under investigation, aimed at
improved efficiency and safety. Due to the large density difference in a SCWR, a natural circulation
driven system seems feasible, which would increase the safety. However, this density difference
is also expected to induce flow instabilities. To study the stability of a natural circulation SCWR,
a setup was built at DUT using a scaling fluid (R23 at 57 bar). This poster presents experimental
measurements of the decay ratio for a range of core inlet conditions and power distributions. The
results are compared to numerical predictions using a finite element code. The results will hopefully
clarify the effect of natural circulation on the stability.

P06.05

Effect of non-uniform packing fraction on neutronics and
thermo-hydraulics in pebble bed HTRs

Gert Jan Auwerda, Jan-Leen Kloosterman, Danny Lathouwers, Tim van der Hagen
Delft University of Technology, DELFT, Netherlands
In pebble bed reactors the porosity shows large oscillations near the wall, affecting neutronics and
thermo-hydraulics. To investigate these effects a solver was written in OpenFOAM to calculate
the flow field and temperature with a varying porosity field and was coupled to the PHANTOM
neutronics code to calculate the power profile.
Calculations are performed on two core models, one using a uniform porosity and one with nonuniform porosity determined from a numerically generated pebble bed. The oscillations in porosity
near the wall of a pebble bed cause large changes in the radial power profile and in the coolant flow.
Besides conclusions on the resulting effects also recommendations for users will be provided.

P06.06

Drops on functional fibers: from barrels to clamshells and back

Riëlle de Ruiter1, Jolet de Ruiter1, Hüseyin Burak Eral1, Jung Min Oh1, Ciro Semprebon2,
Martin Brinkmann2, Frieder Mugele1
1Physics of Complex Fluids, ENSCHEDE, Netherlands, FOM-T-17
2Dynamics of Complex Fluids, GÖTTINGEN, Germany
Drops on fibers can exist in two competing morphologies, a cylindrically symmetric barrel state
completely engulfing the fiber and an asymmetric clamshell state touching only the side of the
fiber. Electrowetting-functionalized fibers allow us to switch reversibly between the two states and
to determine their stability limits. For large contact angles and small volumes, the clamshell state
prevails, for small angles and large volumes, the barrel state does. At an intermediate region in
parameter space both morphologies can be mechanically stable. Mapping out the energy landscape
of the system we find that the barrel state is easily deformed by non-axisymmetric perturbations,
which facilitate the transition to the clamshell state.
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A laboratory experiment to study the effect of turbulence on
droplet growth and size distributions in cumulus clouds

P06.07

Tanima Chatterjee, Mark Tummers, Harm Jonker
Delft University of Technology, DELFT, Netherlands
The present research aims at mimicking clouds in the laboratory, in order to assess the effect of
turbulence on droplet growth and coalescence in convective clouds. The experimental set up is
designed to generate droplets in a turbulent flow. In a wind tunnel, a traversing PDA system is used
to measure droplet velocities and size distributions at different positions in the flow. In addition,
measurements were done using a PIV system producing spatial information of the turbulent flow
velocities combined with droplet distributions. Multi-fractal analysis is performed of droplet images
and post processing of the velocity data is carried out to establish a relation between flow and
droplet clustering.

Surface bubble nucleation phase space

P06.08

James Seddon, E Kooij, Bene Poelsema, Harold Zandvliet, Detlef Lohse
MESA+, ENSCHEDE, Netherlands, FOM-T-08
Nanobubbles and micropancakes are two recent discoveries in interfacial physics. Nanobubbles
are spherical cap bubbles with radii of curvature of ~200 nm, whereas micropancakes are quasitwo-dimensional gassy layers with heights and widths of ~1nm and ~1µm, respectively. Both types
of bubbles form readily at the solid-liquid interface and are surprisingly stable to diffusion. Here
we present results of experimental investigations into the effects of liquid temperature and gas
concentration on the formation of both nanobubbles and micropancakes. This has allowed us to
find distinct areas in temperature/gas-concentration phase space for each type of gaseous object.
Surprisingly, supersaturation does not appear to be an essential ingredient.

Droplet mobilization through AC electrowetting

P06.09

Dieter ‘t Mannetje, C.U. Murade, Dirk van den Ende, F. Mugele
Physics of Complex Fluids, ENSCHEDE, Netherlands, FOM-T-17
Contact angle hysteresis, caused by surface heterogeneity and roughness, can make droplets stick
to surfaces. Examples range from raindrops on a window to reagent droplets in lab-on-a-chip. To
overcome the hysteresis force, a minimum driving force is required to initiate droplet motion. We
show that, by applying an AC voltage, droplets sandwiched between two plates become more mobile
and the threshold force is reduced to about 1/5th of its original value. Likewise, we can reduce the
friction force on moving droplets, which results in a considerable increase of the sliding velocity of
microliter sized droplets. This effect can improve the performance of applications from windscreen
wipers, via immersion lithography to lab-on-a-chip reactors.
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P06.10

Non-axisymmetric collapse of cylindrical cavities

Oscar Enriquez Paz Y Puente, Ivo Peters, Stephan Gekle, Laura Schmidt, Devaraj van der Meer,
Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
The impact of a harmonically perturbed round disk on water creates a non-axisymmetric cavity
which collapses under the influence of hydrostatic pressure. In our experimental study where we
have used mode numbers up to m=20 and have found that regardless of the size of the perturbance,
the cavity retains memory of its initial conditions, showing that the collapse of a perturbed cavity is
not universal. Small amplitude perturbances clearly show oscillations with a frequency that chirps
towards closure of the cavity and have a nearly constant amplitude. Larger amplitude perturbances
exhibit fascinating non-linear behavior like cusp formation and jetting, where the symmetry of the
initial perturbance is always conserved.

P06.11

Density-dependent particle clustering on Faraday waves

Ceyda Sanli, Devaraj van der Meer, Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
Previous studies have shown that small floating particles form clusters at the amplitude maxima
(antinodes) or minima (nodes) of a standing Faraday wave. Inertia & hydrophobicity of the particles
determine the direction of the wave drift (to antinodes or nodes), and thereby the cluster positions.
We experimentally observe that surprisingly the cluster position can be changed by increasing
the particle concentration: Our hydrophilic granular particles, clustering at antinodes for low
concentrations, form clusters at nodes for higher concentrations. As reason we identify that at
high concentrations, the attractive capillary interaction among particles becomes important &
counteracts the tendency of the particles to move toward the antinodes.

P06.12

Rotating high Rayleigh number Rayleigh-Benard convection

Richard Stevens, Roberto Verzicco, Herman Clercx, Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
We study the effect of rotation on the heat transport in turbulent Rayleigh-Benard flow. It is found
that the heat flux strongly peaks as function of Prandtl number and this effect is theoretically
accounted for. Without rotation and in the ultimate regime the results are consistent with the Nu
~ Ra1/3 scaling law. All numerical results are compared with the experimental ones by Ahlers and
coworkers, finding very good agreement.
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Validation of an approximate model for thermal behaviour in
acoustically driven bubbles

P06.13

Laura Stricker, Andrea Prosperetti, Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
We compared a full PDE model including bubble dynamics and spatial thermal field to a simplified
ODE model, where heat exchanges bubble/liquid were estimated with the boundary layer
approximation. In the shape stability area, the match was good and the ODE was validated. Rising
the driving, the PDE model was able to describe non-linear features that the simplified one could
not capture. Over some ranges of parameters, the steady state was influenced by initial conditions
and the PDE model had a wider hysteresis. Frequency increases resulted in a further damping.
Incoming heat fluxes from liquid to bubble were negligible compared to the outgoing ones. Despite
instantaneous differences, the overall thermal average behaviour was the same.

High-speed X-ray tomographic imaging of a ball impacting on sand

P06.14

Tess Homan1, Evert Wagner1, Rob Mudde2, Detlef Lohse1, Devaraj van der Meer1
1PoF, ENSCHEDE, Netherlands, FOM-T-03
2Delft University of Technology, DELFT, Netherlands
When a ball is dropped in fine, very loose sand, a cavity is formed inside the sand bed which
collapses, creating a jet and entraining an air bubble. At a fixed depth below the surface, the
shape and dynamics of a horizontal cross section of the cavity are studied by means of highspeed x-ray tomography. Repeating the procedure at different depths provides a full time-resolved
reconstruction of the cavity within the sand bed. Using this reconstruction we test several
hypotheses on the process of sand jet formation.

Reduction of gas cooler fouling in biomass gasifiers

P06.15

Kiran Sathyanarayanarao Subbarao, Camilo Rindt, Anton van Steenhoven
Energy technology group, EINDHOVEN, Netherlands, FOM-E-14
Fouling is a major problem in process industry and power generation units. To understand
particle deposition and fouling layer growth mechanisms, a high temperature controlled fouling
experimental facility has been realized. Controlled experiments have been performed for a wide
range of gas phase velocities, temperatures and particle concentration. Initial experiments using
glass and calcium carbonate particles have revealed that gas phase velocity and temperature are the
main parameters dictating deposition. In the near future, detailed fouling experiments are planned
to elucidate the influence of condensation along with gas temperature and velocity.
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P06.16

The Twente turbulent Taylor-Couette facility

Dennis van Gils, Sander Huisman, Daniela Narezo Guzman, Gert-Wim Bruggert,
Chao Sun, Detlef Lohse
PoF, ENSCHEDE, Netherlands, FOM-T-03
The Twente Turbulent Taylor-Couette (T3C) system allows for a 20 Hz rotation rate of the inner
cylinder and 10 Hz rotation rate of the outer cylinder. The corresponding maximum Reynolds
numbers for the inner and outer cylinder are Rei = 2.0 x 106, and Reo = 1.4 x 106, respectively. The
system has a radius ratio of 0.716 and an aspect ratio of 11.68, and the end plates are attached to
the outer cylinder. We measured the global torque (G) as a function of the inner and outer cylinder
Reynolds numbers in the unexplored parameter space of co- and counter-rotation in the case of
single-phase water. We also examined bubbly drag reduction in the same setup.

P06.17

Velocity profiles in high Reynolds number Taylor-Couette flow for
pure outer rotation and co-rotation

Sander Huisman1, Dennis van Gils1, Chao Sun1, Tom Mullin2, Leen van Wijngaarden1,
Gert-Jan van Heijst3, Detlef Lohse1
1PoF, ENSCHEDE, Netherlands, FOM-T-03
2Manchester Centre for Nonlinear Dynamics, MANCHESTER, United Kingdom
3Eindhoven University of Technology, EINDHOVEN, Netherlands
Using Laser Doppler Anemometry we investigate the azimuthal velocity profiles inside the gap of
a Taylor-Couette apparatus for two cases: pure outer rotation, and for the case that the inner is corotating with the outer cylinder at a lower speed. The system has a radius ratio of 0.71 and an aspect
ratio of 11.68, and the end plates are attached to the outer cylinder. For Reynolds numbers varying
from 140000 to 1400000, the azimuthal velocity profiles were found to be notably different from the
laminar profile for infinite aspect ratio. We compare our measurement with numerics and analyze
the end effects by studying the Ekman and Stewartson boundary layers in Taylor-Couette flow.

Velocity profile inside a piezo-acoustic inkjet droplet: Experimental
and theoretical results

P06.18

Theo Driessen1, Arjan van der Bos1, Marc van den Berg2, Herman Wijshoff2, Hans Reinten2,
Michel Versluis1, Jacco Snoeijer1, Detlef Lohse1
1PoF, ENSCHEDE, Netherlands, FOM-T-03
2Océ-Technologies BV, VENLO, Netherlands
Droplets with a well-controlled and narrow size distribution are required in many industrial and
medical applications. In this work we study droplet formation from an inkjet printhead by using
ultra high-speed imaging at 10 million frames per second. Also a second technique was applied,
in which a single flash of 5ns is used to illuminate the drop formation. The acquired recordings
are used to calculate the flow rate and velocity development inside the droplet. The results are
compared with a 1 dimensional model based on the lubrication approximation. In the model
the equations are solved on an Eulerian grid with a second order accurate scheme. The pinch-off
singularity is prevented by regularization of the surface tension at small radius.
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Ultra high-speed fluorescence imaging of ultrasound contrast
agents for imaging and therapy

P06.19

Erik Gelderblom1, Klazina Kooiman2, Marcel Böhmer3, Nico de Jong1, Detlef Lohse1,
Michel Versluis1
1PoF, ENSCHEDE, Netherlands, FOM-T-03
2Erasmus University, Department of Medical Engineering, ROTTERDAM, Netherlands
3Philips Research Laboratories, EINDHOVEN, Netherlands
Microbubbles are adopted as probes for molecular imaging and targeted drug delivery. Fluorescence
imaging is required to visualize drug release and cell transfection. The nanoseconds timescales for
bubble rupture make time-resolved fluorescence imaging of ultrasound-triggered drug release very
challenging. Here we combine a high power CW laser and the Brandaris high-speed camera to study
the physical mechanisms of intravascular drug delivery. It reveals the dynamic distribution of the
shell material and lipid shedding. Dye-loaded microcapsules demonstrate a rapid phase change
leading to an impulsive thermal expansion. The resulting vapor bubble dynamics was imaged using
fluorescence imaging at a timescale of 100 ns.

Micro-rheometer based on electro osmotic shear flow

P06.20

Dileep Mampallil Augustine, Dirk van den Ende, Frieder Mugele
TNW, ENSCHEDE, Netherlands, FOM-T-17
Microfluidics based lab-on-a-chip devices and biosensors involve fluid transport through
microchannels. This can be achieved by electroosmotic flow (EOF), where the surface charge or
potential on the walls of the microchannel is a key parameter. By charging opposite walls differently,
we can create a shear flow inside the channel. The surface potential can be changed by chemically
modifying the wall surfaces, or by applying a voltage to gate electrodes embeded in the walls of the
channel. Here, we use last method. By changing the voltage properly, the shear stress can be varied.
The resulting shear flow is observed optically using particle tracking. We show that this idea can be
used to build a simple in situ micro-rheometer.

Experimental Investigation of swirling flow for oil/water
separation

P06.21

Laurens van Campen1, Rob Mudde2
1Burgers centre, DELFT, Netherlands
2Delft University of Technology, DELFT, Netherlands
The dominant technique for separation of oil/water mixtures is settling in the gravitational field.
The use of swirling flow for separation can reduce the space requirement significantly. This DSTI
project aims at the development of such a device.
A flow rig has been constructed in which brine and oil can be mixed in any proportion and then
set into an azimuthally oriented motion by a static inline swirl element .Downstream the flow is
split using a pickup tube in the main tube. The phase distribution and droplet sizes are measured
at different positions via glass fibre probes and a wire mesh (electric conductability). Experimental
results are compared with numerical data from Twente University.
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P06.22

Applying nonlinear sensitivity analysis to a thermal-hydraulics
problem in a nuclear fast reactor using adjoint techniques

Luca Gilli, Jan Leen Kloosterman, Danny Lathouwers, Tim van der Hagen
Faculty of Applied Sciences, DELFT, Netherlands
An uncertainty analysis technique, based on the Adjoint Sensitivity Analysis Procedure, is applied to
a thermal-hydraulics model used to describe the time dependent behavior of a Sodium Fast Reactor.
The technique is used to estimate, by means of a first order perturbation of the nonlinear NavierStokes equations, how the uncertainty on the input parameters of the problem is propagated to the
final numerical prediction of the solution. This propagation describes how the lack of knowledge
of parameters, as the correlation coefficients used to define the thermodynamic and transport
properties of sodium, influence the prediction of quantities fundamental for safety analysis as the
temperature field or the heat distribution along the core.

P06.23

Ultrasonic activation of entrapped microbubbles

Aaldert Zijlstra1, David Fernandez Rivas2, Andrea Prosperetti1, Paul Mertens3, Han Gardeniers2,
Michel Versluis1, Detlef Lohse1
1PoF, ENSCHEDE, Netherlands, FOM-T-03
2University of Twente - MCS, ENSCHEDE, Netherlands
3IMEC, LEUVEN, Belgium
Microscopic investigation of the surface of most solid objects reveal the existence of many
indentations & crevices. When immersed in liquid these cavities are prone to entrap air, thereby
forming a nearly flat liquid gas interface. These ubiquitous pockets of gas which are known to
be stable against dissolution are generally considered to be the nuclei from which cavitation
bubbles can originate. Here we investigate this assumption using predef. cavitation nuclei formed
by cylindrical micropits etched in silicon substrates. Due to the process of gas diffusion the gas
volume regains its initial value, enabling another nucleation & microbubble pinch-off event. Hence,
microbubbles are continuously yet intermittently expelled from the nucleus.

P06.24

Numerical simulations of Magnetic Drug Targeting in realistic
arterial bifurcations

Bernhard Righolt, Sasa Kenjeres
Applied Sciences, Multi-Scale Physics, DELFT, Netherlands
Magnetic Drug Targeting (MDT) is a treatment technique where aggressive or expensive drug is
attached to magnetic particles. The medicin is guided to a diseased site via the blood stream by
magnets.
CFD simulations were performed to study the effect of MDT on the deposition of particles of
patient-specific geometries. A carotid artery (CA) with a stenosis and a part of the brain vasculature
were studied. Particle capture close to an assumed tumour was analysed by a radial capture
efficiency, showing increased capture near this tumour for classes of particles larger than 1µm.
Particle capture in the CA can be related to existing derived expressions for cylinders. No simple
scaling relations were found for the complex brain vasculature.
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Flame speed measurements of syngas-air mixtures at high
pressure using heat flux method

P06.25

Mayuri Goswami, Rob Bastiaans, Alexander Konnov, Philip de Goey
Eindhoven University of Technology, EINDHOVEN, Netherlands
The project aims to evaluate flame speed of syngas-air mixtures with high H2 content at conditions
of high pressure relevant for gas turbine applications using heat flux method that stabilizes a
flat flame. The results derived from such experiments are utilized in updating chemical reaction
mechanisms used in modelling of flames and designing burners. Heat Flux Method offers
convenience as no stretch is involved.

Axis-symmetric lattice Boltzmann method for multiphase flow

P06.26

Sudhir Srivastava
MTP, EINDHOVEN, Netherlands, FOM-E-23
Axis-symmetric multiphase flow problem are of relevance to many industrial and Natural
phenomena alike. The axis-symmetric assumption allows to treat three-dimensional flows with
a computational cost greatly reduced and only slightly larger than that of two-dimensional
simulations.
We present an axis-symmetric lattice Boltzmann method (LBM) to simulate multiphase flow
problems. This modi ed LBM is obtained by adding appropriate (spatially and temporally varying)
source terms on top of a standard two-dimensional, nine-velocity D2Q9 LBGK model[1].
[1] T.

Reis and T.N. Phillips, Numerical validation of a consistent axisymmetric lattice Boltzmann
model, Phys. Rev. E, 77(026703), 2008.

Bubble/droplet split-up at microfluidics T-junctions

P06.27

Hoang Duong, Xiaogang Yang, Luis Portela, Volkert van Steijn, Michiel Kreutzer, Chris Kleijn
Faculty of Applied Sciences, DELFT, Netherlands
We present numerical simulations and experimental measurements of the paths of individual
droplets/bubbles arriving at a T-junction in a microfluidic channel network. The bubble/droplet splitup behaviour is governed by the Capillary number and geometric factors. The underlying physics,
whether a Rayleigh-Taylor local instability or a global Laplace pressure driven phenomen, is debated
in literature. Our observations shine a new light on this issue.
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P06.28

Low Reynolds number heat transfer to single layer arrays
of non-equidistantly spaced heated cylinders

Davide Ambesi, Chris Kleijn
Faculty of Applied Sciences, DELFT, Netherlands
Single layer arrays of non-equidistantly spaced cylinders are a simple model geometry for devices
such as woven and non-woven filters, clothing textiles, and fine wire heat exchangers. We present
correlations for the Nusselt number as a function of cylinder based Reynolds number (in the range
0.1-100), Prandtl number, open frontal area, and non-uniformity measures, viz. the first, second and
third moments of the inter-cylinder spacing distribution.

P06.29

Mass Transfer in static mixers

Adrian Toader
Applied Sciences, DELFT, Netherlands
Static mixers are used in many applications in process industry. A static mixer (SM) consists of
a series of stationary mixing elements inserted end-to-end in a pipe. In order to increase mass
transfer in case of a bubbly flow a better understanding of the complex interplay between the
hydrodynamics is needed. In the present work we study the hydrodynamics and mass transfer of a
(dispersed) gas-liquid flow in a Kenics SM. We investigate the mass transfer (directly measuring the
overall transfer and trying to measure separately the interfacial area).
The dissolved oxygen average concentration in a liquid-gas flow in a pipe with a SM is presented,
measurement, will lead to computation of volumetric mass transfer coefficient.

P06.30

Rarefaction effects in supersonic micronozzle flows

Federico La Torre1, Sasa Kenjeres1, Jean-Luc Moerel2, Chris Kleijn1
1Faculty of Applied Sciences, DELFT, Netherlands
2TNO Defense and Security, RIJSWIJK, Netherlands
We show that accurate predictions of gas flow and pressure in micro-nozzles with throat diameters
in the micron-range, and thrusts in the micro-Newton range can be performed by applying a static,
one-way, state-based coupling between a CFD solver applied upstream from a properly chosen
cross sectional interface, and a Direct Simulation Monte Carlo solver applied downstream from that
interface. These hybrid CFD/DSMC simulations can be performed in a small fraction of the CPU time
required for a full DSMC simulation, with an accuracy better than 1-2%. A non-optimal choice of
the interface location may increase the errors up to several tens of percents. We provide a way to
determine the proper interface location a priori.
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Oscillating bubbles in confined microchannels

P06.31

Volkert van Steijn, Michel Rosso, Louis de Smet, Ernst Sudholter, Chris Kleijn, Michiel Kreutzer
Faculty of Applied Sciences, DELFT, Netherlands
We propose a simple method to periodically move bubbles or droplets confined in a microchannel
back and forth in a controlled way. Our method is based on the actuation of a piezo electric bending
disc integrated in our microfluidic device. One of the key questions we address is how the amplitude
of the oscillating motion of the bubble or droplet depends on the frequency with which the piezo
disc is actuated. To understand this frequency dependence, we developed a simple theoretical
model based on a force balance and conservation of mass. Despite its simplicity, this model shows
good agreement with our validation experiments, and teaches one how to design microfluidic
bubble and droplet oscillators.

Combined surface patterning and bonding of microfluidic
biosensors using a single oxygen plasma treatment

P06.32

Volkert van Steijn, Michel Rosso, Louis de Smet, Chris Kleijn, Ernst Sudholter, Michiel Kreutzer
Faculty of Applied Sciences, DELFT, Netherlands
We present a one-step plasma patterning/bonding technique to produce high-resolution patterns
of bioreceptors on the walls of a PDMS microchannel. A single oxygen plasma treatment is used
to etch away bioreceptors attached to a glass surface, and to activate the glass slide underneath
the unprotected regions such that a PDMS microchannel network can be bonded on top. We
demonstrate that this method can be used to form patterns with sizes down to 20 microns in
channels that withstand pressure up to 1 bar. We explanain how much time is needed for an
effective treatment. We show experimentally that the etching process has a diffusive character, and
we succesfully describe this diffusive character using a theoretical reaction-diffusion model.

Experimental study on interplay of turbulent mixing and reaction
in flameless combustion

P06.33

Luis Arteaga Mendez1, E. Oldenhof1, M.J. Tummers1, E.H. van Veen2, D.J.E. Roekaerts2
1TNW, DELFT, Netherlands
2Delft University of Technology, DELFT, Netherlands
oxidation is a combustion technology that can achieve significant fuel savings coupled with low
NOx emissions. To better understand the fundamentals of this process, the turbulent mixing
and ignition of a fuel jet in a coflowing stream of air diluted with combustion products is studied
experimentally. Using high speed camera observations and laser diagnostic measurements of
velocity (LDA/PIV), temperature (CARS), and radical concentration (OH-LIF) it is shown that for the
case of natural gas as fuel, a flame is established due to growth of auto-ignition kernels and the flow
processes involved are identified. The experiments are being extended to low calorific and hydrogen
containing fuels. The project is sponsored by STW.
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Subatomic physics
P07.01

Observing strings in a realistic inflationary background

Ted van der Aalst, Koenraad Schalm
Institute-Lorentz for Theoretical Physics, LEIDEN, Netherlands, FOM-L-01
The current paradigm for early universe cosmology is slow-roll inflation. Although it is a coarse
phenomenon in classical gravity, it is remarkably difficult to describe inflation in worldsheet string
theory due to a sensitive dependence on the microscopic degrees of freedom. This sensitivity
provides an opportunity to probe stringy phenomena by cosmological observations. We consider a
general worldsheet theory incorporating a four-dimensional inflationary background. Comparing
the resulting spacetime dynamics with slow-roll dynamics as found from observations, we
find coarse but generic conditions on the worldsheet theory. Besides constraining string theory
empirically, these may identify techniques necessary to describe string inflation.

P07.02

Geometry encoding for statistics: from Fermi liquids to Cooper
pairing

Mihailo Cubrovic, Jan Zaanen, Koenraad Schalm
Institute Lorentz, LEIDEN, Netherlands, FOM-L-15
The general workings of Fermi-Dirac statistics in strongly interacting fermion matter is a
profound unresolved question in condensed matter physics. We offer an insight from the AdS/CFT
correspondence that reduces the Pauli principle to a ‘shrinking’ of spacetime in the vicinity of the
black hole horizon in the gravity dual. The resulting Lifshitz scaling geometry naturally explains
the empirical stability of Fermi liquids, as well as the workings of unconventional vs. conventional
pairing mechanisms in superconducting materials. The fermionic AdS/CFT setup is markedly
different than for bosons: instead of a condensate at the black hole horizon, the former is just a
single quantum-mechanical fermion particle orbiting the black hole.

P07.03

Shear viscosity from AdS/CFT

Ya-Wen Sun
Lorentz Institute, LEIDEN, Netherlands, FOM-L-15
We review the results people have obtained during these ten years in the calculation of the shear
viscosity of strongly coupled field theories from AdS/CFT. We emphasize that for a large class of
gravity theories, in which the action of transverse gravitons can be written into a form of minimally
coupled scalars with a deformed effective coupling, the shear viscosity of the dual field theory is
determined by the value of the effective coupling at the horizon. We prove this fact at both finite
temperatures and zero temperature. We also generalize the method of effective coupling to a more
general method named effective metric and apply it to the system dual to AdS Gauss-Bonnet gravity
coupled with a nontrivial dilaton.
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Holographic superconductors from Einstein-Maxwell-dilaton
gravity

P07.04

Yan Liu
Instituut-Lorentz, LEIDEN, Netherlands, FOM-L-15
We construct holographic superconductors from Einstein-Maxwell-dilaton gravity in 3+1
dimensions with two adjustable couplings α and the charge q carried by the scalar field. We find that
there is always a critical temperature at which a second order phase transition occurs between a
hairy black hole and the AdS RN black hole in the canonical ensemble, which can be identified with
the superconducting phase transition of the dual field theory. We calculate the electric conductivity
of the dual superconductors and find that when α/q is small the dual superconductor has similar
properties to the minimal model, while when α/q is large enough, the electric conductivity exhibits
novel properties at low frequencies.

Color superconductivity

P07.05

Jasper van Heugten
ITF, UTRECHT, Netherlands, FOM-U-05
In the core of a sufficiently dense neutron star, quarks might become deconfined. These quarks can
become superconducting by forming Cooper pairs. Since quarks occur in all kinds of different colors
and flavors there are a myriad of ways to form pairs. A particularly interesting case of pairing is the
so-called 2SC phase since it is related to the Sarma phase found in spin-imbalanced atomic gases.
To understand the onset of superconductivity, we first need a description of the normal phase of the
quarks using relativistic Landau-Fermi liquid theory.

Physics on the Lattice with dynamical light and charm quarks

P07.06

Siebren Reker, E. Pallante
Center for Theoretical Physics, GRONINGEN, Netherlands, FOM-G-01
We present first result from simulations run by the European Twisted Mass Collaboration with 4
flavours of dynamical quarks: a degenerate light (up, down) doublet and a mass non-degenerate
heavy (charm, strange) doublet. ETMC is currently one of only two groups world wide that is
performing simulations of this kind. Having a dynamical charm is crucial for ab initio calculations
that involve charmed and beauty observables, and will shed light on long standing problems such as
the ΔI=1/2 rule of weak interactions. We present results for light observables (such as pion, kaon and
nucleon) at three different lattice spacings.
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P07.07

DSSD Prototyping for the EXL project at FAIR

Branislav Streicher
Kernfysisch Versneller Instituut, GRONINGEN, Netherlands, KVI
Double-sided silicon strip detectors (DSSD) were tested as the tracking and telescopic detectors for
low energy particles in EXL project as a part of FAIR at GSI Darmstadt. The performance and spectroscopic properties of DSSDs were studied using 241Am source, with emphasis on interstrip
characteristics using implantation from both junction and ohmic side. Detectors were used for proton
energy reconstruction in two experiments at KVI in Groningen. Another experiment performed at TU
München tested the possibility of pulse shape discrimination of light particles using DSSD. Development of differential pumping barrier using DSSD as an UHV window for ESR will also be presented.

P07.08

Measuring W-W’ mixing with spin asymmetries at RHIC

Daniel Boer1, Wilco den Dunnen2
1Kernfysisch Versneller Instituut, University of Groningen, GRONINGEN, Netherlands, FOM-V-01
2VU University Amsterdam, AMSTERDAM, Netherlands
The observed asymmetry between matter and antimatter in the Universe requires CP violation
from physics beyond the standard model (SM), e.g. from a heavier version of the W boson of the
weak interaction, generically called W’ boson, which appears in many extensions of the SM. The W
boson can obtain a small right-handed coupling to quarks and leptons through mixing with the W’
boson. Measuring or even bounding this coupling to the light quarks is very challenging. We discuss
a model independent method sensitive to both the real and CP-violating imaginary parts of the
coupling and demonstrate quantitatively the feasibility of its measurement with polarized proton
collisions at BNL’s Relativistic Heavy Ion Collider (RHIC).

P07.09

The optimized design of the ELISe spectrometer for electron/RI
colliding experiment at FAIR

Tatsuya Adachi1, G.P.A. Berg2, Nasser Kalantar-Nayestanaki1, H. Simon3, M.N. Harakeh1,
H. Wortche1, I.A. Koop4, M. Couder2, M. Fujiwara5
1University of Groningen, GRONINGEN, Netherlands
2University of Norte Dame, NORTE DAME, United States of America
3GSI, DARMSTADT, Germany
4BINP, NOVOSIBIRSK, Russian Federation
5RCNP, OSAKA, Japan
Electron scattering provides the most reliable structure information of nuclei. Charge distributions
are extracted model-independently from elastic scattering. The next generation of studies will
be extended to radioactive ions (RI). The ELectron Ion scattering in a Storage ring experiment
(ELISe) is planned as one of the FAIR projects at GSI. In this facility, electrons are scattered off
RI in the colliding-beam section of the NESR and EAR storage ring. The main instrument is an
electron spectrometer satisfying the desired large angular acceptances and high resolving power.
We will report the conceptual design and show the feasibility with ion optics and magnetic field
calculations, and Monte-Carlo simulations.
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Catching high-energy ions with cryogenic helium gas

P07.10

Manisha Ranjan1, Peter Dendooven1, S. Purushothaman2, W.R. Pla 3, C. Scheidenberger2, P.
Dickel3, D. Schäfer3, I. Moore4, H. Geissel2, H. Penttilä4, H. Weick2, P. Thirolf5
1Kernfysisch Versneller Instituut, GRONINGEN, Netherlands
2GSI, DARMSTADT, Germany
3Justus Liebig University, GIESSEN, Germany
4University of Jyväskylä, JYVÄSKYLÄ, Finland
5Ludwig Maximilians University, MUNICH, Germany
Radioactive Ion-Beam facilities produce radioactive ions at high-energies. Studies requiring lowenergy ions, e.g. using laser techniques and atom and ion traps, thus need an ion catcher device
to transform the high-energy ions into a low-energy ion beam. In the context of the Facility for
Antiproton and Ion Research (FAIR) in Darmstadt, Germany, we are developing an ion catcher that
will stop high-energy ions in cryogenic helium gas and, using electric fields, extract them as a lowenergy beam. Cryogenic operation (down to 60 K), never implemented before, assures the required
high purity of the gas. The design of the device will be presented and the results of commisioning
tests will be discussed.

Processing and managing ATLAS data for physics analysis

P07.11

Hurng-Chun Lee, Daniël Geerts
Nikhef, AMSTERDAM, Netherlands
Since early 2010, the ATLAS experiment has been running stable and taking collision data at the
center-of-mass energy of 7 TeV. The RAW data received from the detector are firstly processed
at CERN and then distributed to the participant institutes, after which physicists in the ATLAS
collaboration can access them world-wide in order to perform physics analysis using the tools based
on the Grid technology.
In this poster, we demonstrate the effort being made to process and manage the data used by the
Nikhef ATLAS Top-Physics group for physics analysis. Detailed studies on data processing efficiency
are also presented to propose a suitable strategy for a long-term and scalable data analysis.

Tracking performance of the ATLAS inner detector and
observation of strange hadrons

P07.12

Manuel Kayl
Nikhef, AMSTERDAM, Netherlands
The ATLAS Inner Detector (ID) is the central tracking device of the ATLAS detector. This poster
describes the tracking performance of the ID using well-known resonances like Ks, Lambda, Phi
and cascade decays like Xi and Omega . Particle identification techniques based on energy loss
have been used to identify the decay products. Furthermore, various techniques of estimating the
tracking efficiency as used in measurements of charged particle densities are presented.
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P07.13

Higgs inflation: A cosmological rôle for the Higgs boson?

Sander Mooij
Nikhef, AMSTERDAM, Netherlands
Inflation, the exponential expansion of spacetime in the very early universe, was proposed over 30
years ago. Even if by now it has been widely accepted, the search for the scalar field driving inflation
is still on. Recently, the option that the Higgs boson might play the role of this inflaton has been
widely considered. Can the Higgs boson, apart from stabilizing the Standard Model, also explain
how inflation took place? We review how the Higgs field should be embedded in the inflationary
framework, how unitarity problems are tackled and what connections between Standard Model and
cosmological parameters might arise from this mechanism.

P07.14

Conformality in gauge theories

Tiago Jose Nunes da Silva, E. Pallante
University of Groningen, GRONINGEN, Netherlands, FOM-G-01
Non abelian gauge theories like the theory of strong interactions describe an incredibly rich variety
of phenomena, driven by the interplay of confinement and asymptotic freedom. What happens
when we increase the matter content of a non-abelian gauge theory? Is the theory entering a
conformal phase before the loss of asymptotic freedom? What are its physical consequences?
We discuss recent progress and our current work, based on analytical and lattice field theory
calculations, and what impact it might have on the physics at the LHC.

P07.15

UHE neutrino & cosmic ray detection with LOFAR

Maaijke Mevius1, Olaf Scholten1, Stijn Buitink2, Heino Falcke3, Joerg Hoerandel3, Clancy James3,
Kalpana Singh4, Ben Stappers5, Sander ter Veen3
1Kernfysisch Versneller Instituut, University of Groningen, GRONINGEN, Netherlands, FOM-G-26
2LBNL, BERKEREY, United States of America
3IMAPP / Radboud University, NIJMEGEN, Netherlands
4ELEM, Vrije Universiteit Brussel, BRUSSEL, Belgium
5Astronomy Department, University of Manchester, MANCHESTER, United Kingdom
When an ultra-high energy (UHE) neutrino or cosmic ray hits the Moon, it initiates an hadronic
cascade below the surface. The cascade has a negative charge excess that propagates faster than
the local speed of light, producing a short pulse of radio Cherenkov emission. The NuMoon project
observes the Moon with radio telescopes to detect the radio pulses arising from UHE particle
impacts on the 107 km2 of visible lunar surface. Our first measurements were performed with the
Westerbork Radio Synthesis Telescope array, resulting in an upper limit on the neutrino flux an
order of magnitude below previous existing limits. The expected sensitivity for LOFAR reaches flux
limits within the range of some theoretical production models.
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Digital pulse-shape analysis and self-adjusting front-end
control loops

P07.16

Victor Ionut Stoica1, Nasser Kalantar-Nayestanaki1, C. Rigollet1, H. Simon2, H.J. Wörtche1
1Kernfysisch Versneller Instituut, GRONINGEN, Netherlands
2GSI, DARMSTADT, Germany
In the framework of the NuSTAR project at FAIR we have to develop controls systems which
integrate automated calibration, optimization and adaptive stabilization, constituting the
characteristics of intelligent sensors and cognitive systems. In the controls concept we investigate
the condition of the hardware structure, the initialization and monitoring of the system along with
the optimization and calibration of the detectors. Based on the digitized detector signal, online
feedback is provided by our controls techniques which support a strong correlation between signal
characteristics and detector settings. In this poster I will discuss front-end electronics developments
and the algorithms that act on the pulse shape at the FPGA level.

Heavy physics from the Cosmic Microwave Background

P07.17

Sjoerd Hardeman1, Ana Achúcarro1, Jinn-Ouk Gong2, Gonzalo Palma3, Subodh Patil4
1Lorentz / LION, LEIDEN, Netherlands, FOM-L-01
2CERN Theoretical Physics Division, GENÈVE, Switzerland
3FCFM, Universidad de Chile, SANTIAGO, Chile
4Laboratoire de Physique Théorique, Ecole Normale Supérieure, PARIS, France
Cosmological inflation provides us with a window of physics at the highest energy scales. Current
observational data agrees very well with the simplest single field models. Yet, on general grounds
more complicated physics can be expected. There have to be more fields present, that are not always
easily integrated out. We have studied when integrating out massive hierarchies is straightforward
and when care has to be taken. In the latter case, we have classified and studied corrections,
that might provide us with tools classify possible features in the CMB. The corrections include a
reduction of the speed of sound during inflation and the creation of isocurvature modes. We have
studied the effect of these corrections on the power spectrum.

Trapping 21Na for precision studies of the weak interaction

P07.18

Duurt Johan van der Hoek, Gouri Giri, Ronny Hoekstra, S. Hoekstra, Klaus Jungmann, Wilbert
Kruithof, Gerco Onderwater, Bodhaditya Santra, Oscar Versolato, Lorenz Willmann, Hans Wilschut
University of Groningen, Kernfysisch Versneller Instituut, GRONINGEN, Netherlands, FOM-G-26
Trapped samples of radioactive 21Na in a magneto optical trap (MOT) provide an excellent
opportunity to look for symmetry violations in nuclear beta decay. The particles are produced at the
TRIµP facility of the KVI. In the second trap of our double MOT system the kinematics of the decay
products are studied. The energetic positron will be detected by an energy and position sensitive
scintillation detector, the recoiling Ne-ion in a reaction microscope with a multi channel plate
detector. Time reversal violating effects can be probed using polarized samples.
We present the the current status of the experiment, in particular the MOT-to-MOT transfer of
atoms and the detection systems.
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P07.19

Neutrino tracks and shower events in the ANTARES Deep-Sea
Telescope

Qader Dorosti Hasankiadeh, Jakko Arbeider, Oksana Kavatsyuk, Herbert Loehner
Kernfysisch Versneller Instituut, GRONINGEN, Netherlands
The ANTARES neutrino telescope in the Mediterranean Sea searches for the cosmic neutrino
flux and point sources in the multi-TeV energy range, primarily by detecting muon tracks. The
reconstruction of hadronic and electromagnetic shower events will extend the sensitivity to
all three neutrino flavors. The sought signature is a bright, point like source of Cherenkov light,
however, with an effective volume much smaller than for track events. We developed a transparent
selection procedure for shower events with high efficiency and purity. For the future multi-km3
KM3NeT telescope a novel multi-PMT optical module has been developed in collaboration with
Nikhef. The advantages of this approach for shower reconstruction will be discussed.

P07.20

Broken symmetries and exotic charmed mesons

Olga Bondarenko, Aleksandra Biegun, Elmaddin Guliyev, Gianluca Inguglia,
Vanniarajan Suyam-Jothi, Ganesh Tambave, Nasser Kalantar-Nayestanaki, Myroslav Kavatsyuk,
Herbert Loehner, Johan Messchendorp
Kernfysisch Versneller Instituut, GRONINGEN, Netherlands
Charmonium spectroscopy provides strong guidelines to our understanding of Quantum
Chromodynamics at long distance scales, thereby gaining insight into quark confinement and the
generation of hadron masses. State-of-the-art research centra for charmonium studies are the
BESIII spectrometer at the Beijing Electron Positron Collider and, in the near future, the FAIR facility
in Germany using cooled beams of antiprotons together with the versatile PANDA spectrometer.
We present new data, measured at BESIII, on isospin suppressed charmonium decays which are
sensitive to light quark-mass differences. Further we present recent developments of advanced
front-end electronics and benchmark simulations for the PANDA spectrometer.

Operating the Gridpix detector in Dark Matter Search Experiments

P07.21

Rolf Schön, Harry van der Graaf, Patrick Decowski
Nikhef, AMSTERDAM, Netherlands
In the DARWIN design study liquid argon and xenon will be used to look for nuclear recoils of nuclei
hit by Weakly Interacting Massive Particles. The detector uses a combination of scintillation and
ionization electron detection to discriminate nuclear from background electron recoils. Gridpix, a
gas-filled detector composed of a Micromegas-like amplification grid on a pixelized read-out chip,
can achieve a single-electron detection efficiency of about 95%, and may be well-suited to identify
the ionization electrons. We are presently testing Gridpix at noble liquid temperatures. It was
recently shown to operate at -73°C. This poster will present the status of Gridpix testing, with an
ultimate goal of reaching LAr temperatures of -185°C.
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Measuring the ATLAS muon identification efficiency

P07.22

John Philip Ottersbach, Egge van der Poel, Peter Kluit
Nikhef, AMSTERDAM, Netherlands
With the LHC steeply increasing its delivered luminosity, the physics communities in ATLAS now
rediscover and study well known Standard Model particles. Soon the discovery or exclusion of
new physics will be feasible. A reliable and well understood identification of muons is essential for
various measurements and possible discoveries. We show how the muon identification efficiency
can be measured, using different methods and muon identification algorithms. The obtained
efficiencies are a key ingredient for the W and Z cross section measurements.

New developments timing circuits in pixel chips for Micro Pattern
Gas Detectors: Gossipo-3 and Timepix2

P07.23

Francesco Zappon1, Ruud Kluit1, Vladimir Gromov1, Klaus Desch2
1Nikhef, AMSTERDAM, Netherlands
2Bonn University, BONN, Germany
Nikhef and Bonn University have developed the Gossipo-3, a customized read-out chip for Micro
Pattern Gas Detectors and large time projection chambers. The purpose of this prototype is to
evaluate several electronic circuits that are designed for fast timing. The ultimate aim is to keep
events apart at the LHC bunch frequency of 25ns and to have 1ns timing resolution for other
applications. Test data shows that the first set requirements have been fulfilled. The next step is the
Timepix2 chip, which is under development. This chip combines features of Gossipo-3 along with a
new structure that foresees reduced dead-time and sparse readout with zero suppression.

High precision 3D measurements of single electrons with GridPix
detectors

P07.24

Wilco Koppert, Harry van der Graaf, Martin Fransen, Rolf Schön
Nikhef, AMSTERDAM, Netherlands
The innovative GridPix detector is an integrated Micro Pattern Gas Detector on top of a pixelated
readout chip. Operated as a micro-time projection chamber it provides high precision 3D track
measurements of ionising radiation by reconstructing the ionisation centres. A GridPix detector with
a 1 mm gas layer is a candidate for the upgrade of the ATLAS inner detector. Tests in the SPS beam
at CERN show promising results for e.g. position resolution. Novel applications of GridPix detectors
in Dark Matter search and polarized X-Ray detection are under study. Furthermore, we consider
applying GridPix technology for a new type of electron-multiplier by using electron emission foils.
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P07.25

Radio detection of cosmic ray air showers at the Pierre Auger
Observatory

Charles Timmermans1, S. Grebe2, Adriaan van den Berg3, A.M. Aminaei2, J. Coppens2,
S.J. de Jong2, K.D. de Vries3, W. Docters3, H. Falcke2, E.D. Fraenkel3, S. Harmsma3, J.R. Hoerandel2,
A. Horneffer2, J.L. Kelley2, A. Nelles2, H. Schoorlemmer2, O. Scholten3
1Nikhef/RU, NIJMEGEN, Netherlands, FOM-N-02
2IMAPP / Radboud University, NIJMEGEN, Netherlands
3Kernfysisch Versneller Instituut, GRONINGEN, Netherlands
Air showers emit radiation in the 10-100 MHz frequency domain. Initial tests to measure this
phenomenon have been performed at the southern site of the Pierre Auger Observatory. These
tests have given more insight into the production mechanisms of radio emission; and also to the
requirements on the radio detectors. As of the fall of 2010 a start has been made to instrument
a total area of 20 km2 with radio detectors (AERA). This will not only be used for studying radio
emission mechanisms, but its data will be used to study the energy region were extra-galactic
cosmic rays start entering the atmosphere of the Earth. We will discuss the status of AERA and show
first results.

P07.26

In pursuit of new physics with Bs->K+K- decays

Robert Knegjens
Nikhef, AMSTERDAM, Netherlands
We calculate the lifetime and CP violation observables of the decay process Bs->K+K-, which will
soon be measured at LHCb. To this end, we determine non-pertubative hadronic parameters,
arising from the tree and penguin topologies, through SU(3) flavour symmetry arguments from
experimental data. We find that these observables depend sensitively on CP-violating New Physics
in Bs mixing, and could provide a striking signal for such an extension of the Standard Model.

P07.27

WZ observation at ATLAS

Egge van der Poel
Nikhef, ROTTERDAM, Netherlands
With the Large Hadron Collider (LHC) providing the ATLAS experiment with proton-proton collisions
at sqrt(7) TeV since March 2010 the search for New Physics has finally started at CERN! Before
getting there just yet, one should observe and study well know Standard Model particles extensively.
For example, observations of the W and Z boson are important milestones for ATLAS on the road to
new discoveries. We show recent results for the observation of the W and Z bosons at ATLAS in the
decay channels involving muons: W→μν and Z→μμ. The performance of the ATLAS detector, and its
components, is evaluated using these well known particles.
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First European top quark

P07.28

Hegoi Garitaonandia, Ido Mussche, Menelaos Tsiakiris, P. Ferrari, M. Vreeswijk
Nikhef, GENEVE, Switzerland
We show the first observation of the top quark in ATLAS. The top quark, discovered in 1995
at Fermilab, is produced in large numbers in the LHC. Its properties play an important role in
confirming the Standard Model, but may also give the first indication of Beyond Standard Model
physics. Top reconstruction makes use of the full potential of the detector, since its decay produces
final states with all the other standard model particles. It therefore plays an important role during
the commissioning phase of LHC. The top quark production rate measurement we performed makes
use of a ‘simultaneous template fit’. With the available limited amount of data we measure a signal
that is in accordance with the Standard Model prediction.

Understanding muons in ATLAS

P07.29

Nicole Ruckstuhl
Nikhef, DIEMEN, Netherlands
Many physics goals for ATLAS at the LHC, from studying known particles, to searching for new
physics and finding the Higgs-boson, depend strongly on the identification of charged leptons, of
which muons are the cleanest to identify in a detector. It is therefore essential to quantify how well
the ATLAS detector reconstructs muons and to be able to separate muons depending on their origin.
Using the momentum measurement in two of ATLAS’s subdetectors, we estimate the uncertainty
on the muon momentum measurement and quantify the ratio of muons coming from the decay
of light meson to muons coming from the decay of other particles. This is used to quantify the
background from light meson to the di-muon mass-spectrum.

Single top production @ LHC

P07.30

Lisa Hartgring
Nikhef, AMSTERDAM, Netherlands
In the era of the LHC, the necessity of predicting cross-sections with next-to-leading order (NLO)
accuracy has become essential. Our research focusses on single top quark physics which provides
information on top-bottom quark mixing. Single top physics will also allow for a more accurate
prediction of the b-quark density in a proton and is an important background
_ signal for the
discovery of new physics. Currently we are calculating the process qg → q’tb. The calculation will be
implemented in MC@NLO, a Monte Carlo based event generator. This will then serve as a basis for
phenomenological and background studies.
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P07.31

Lorentz invariance on trial in the weak decay of rubidium

Stefan Mueller, Jacob Noordmans, Elwin Dijck, Gerco Onderwater, Rob Timmermans,
Hans Wilschut
Kernfysisch Versneller Instituut, University of Groningen, GRONINGEN, Netherlands, FOM-G-26
The invariance of the laws of physics under Lorentz transformations is one of the most fundamental
symmetry principles underlying our current understanding of nature. However, breakdown of this
invariance has been identified in theories that try to unify the Standard Model with (quantum)
gravity. Thus a fascinating possibility exists to detect such suppressed signals from the Planck scale
in dedicated, high-precision experiments at low energy. At the KVI TRIµP facility we will test Lorentz
invariance in the weak decay of spin-polarized 80Rb nuclei. We search for a dependence of the decay
rate on the daily, sidereal or deliberate re-orientation of the spin. Observation of such a dependence
implies the breaking of Lorentz invariance.
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Theme 8 –
Plasma and fusion physics
Edge Localized Mode (ELM) measurements using 2D Electron
Cyclotron Emission Imaging on ASDEX-Upgrade

P08.01

Ivo Classen, Jurrian Boom
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
The edge localized mode (ELM) is one of the most critical instabilities in a tokamak as they are
believed to cause intolerable heat loads on the plasma facing components in future fusion reactors.
Despite their importance, many open questions remain on the nature and dynamics of ELMs, and
on the strategies to avoid or mitigate them. The recently installed electron cyclotron emission
imaging (ECEI) diagnostic on the ASDEX Upgrade tokamak provides, for the first time, a direct 2D
measurement of the electron temperature dynamics of ELM crashes.
Prior to the actual ELM crash, precursor mode activity is observed, followed by several filament-like
structures during the crash phase. The observed 2D dynamics of the ELM crash will be presented.

Rotation control using magnetic perturbation fields

P08.03

Merlijn Jakobs
Science and Technology of Nuclear Fusion, Eindhoven University of Technology, EINDHOVEN, Netherlands
In fluids, turbulence can be excited or quenched by velocity shear, something we exploit when
heating milk: stirring prevents it from boiling over. The same applies to fusion plasmas: ‘stirring’
or rotating the plasma has a strong effect on both stability and turbulent transport. Control of the
rotation profile is therefore a key requirement for the successful operation of future fusion reactors.
However, the possibilities for momentum input in fusion plasmas are limited. Externally applied
magnetic perturbations inject momentum at discrete surfaces in the plasma, leading to spinning up
or magnetic braking. This opens up the possibilities for advanced control of the plasma transport.
Experiments on the TEXTOR tokamak support this claim.

Theory and modeling of tearing mode stabilization by heating and
current drive

P08.04

Bircan Ayten, Diego de Lazzari, Nicola Bertelli, Egbert Westerhof
FOM Insitute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Economic tokamak fusion reactors will require operation at a high ratio of plasma kinetic pressure
over magnetic pressure. This ratio is known as the plasma beta. High beta plasmas are prone
to instabilities. Magnetic islands generated by so-called neoclassical tearing modes are a prime
example: they degrade the confinement and can even lead to disruptions. These instabilities can be
controlled by electron cyclotron resonance heating and current drive, localized inside the magnetic
islands. This work focuses on the theory underlying the stabilization process, and addresses a
number of effects that can affect the minimum power required for full stabilization.
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P08.05

Modeling of EUV driven plasmas

Wim Goedheer, Rob Wieggers, Gerhard van Hunnik, Fred Bijkerk
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
In future lithography tools the intensity of the extreme ultraviolet light source will be so intense
that the buffer gas between the source and the first mirror is ionized by photo-absorption. The
resulting plasma creates a space charge sheath in front of the mirror and ions accelerated through
the sheath can damage the mirror by sputtering.
We have investigated these EUV driven plasmas with a Particle-In-Cell simulation tool and looked
into the effect of parasitic (‘out-of-band’) radiation at lower photon energies, while varying the
composition of the buffer gas. Another topic studied is the charging of small dust particles and their
behavior in the electric field generated by the plasma.

P08.06

A bifurcation model for the L-H transition

Wolf Weymiens, Hugo de Blank, Dick Hogeweij, Joeri de Valenca
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Fusion energy production from hot magnetically confined plasmas came a step closer to realization
with the discovery of a spontaneous plasma transition to a state with double energy confinement,
the H-mode. The mechanism of this H-mode transition, suppression of plasma turbulence, is poorly
understood: The limited range of available quantitative experimental tests cannot discriminate
between the many proposed models. Instead we compare the highly nonlinear dynamics of several
different models by analyzing their qualitative transition behaviour. We reduce these models to sets
of coupled nonlinear ODEs and apply bifurcation analysis. We give the transition characteristics of
the models and indicate their relevance.

P08.07

Fine structure of rotating magnetic islands in the TEXTOR
tokamak from Thomson scattering diagnostic

Mikhail Kantor
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
A fine structure of rotating magnetic islands has been derived from Thomson scattering in the
TEXTOR tokamak. Electron temperature, density and pressure were measured with ~1% accuracy in
>120 spatial points along a 90 cm plasma diameter at 5 kHz frequency. Spatial structures of these
quantities were found to have strong radial asymmetry and deviate significantly from each other in
the region of m/n=2/1 island. The obtained data are compared with theory predictions.
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Toroidal flow: Increasing complexity in the interaction between
fast particles and magnetohydronamical waves in fusion reactors

P08.08

Jan-Willem Blokland
FOM Insitute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Present-day tokamak plasma are rotation dominated, which affects magnetohydrodynamic stability.
In contrast, rotation is expected to be small in future tokamak reactors. This makes it difficult to
extrapolate present experimental findings without a thorough theoretical understanding of the
effects of rotation on plasma stability. A fully consistent model of the bulk plasma, fast particles
and their interaction has been set-up taking toroidal flow into account. The bulk plasma is modelled
using the codes FINESSE and PHOENIX. A kinetic description, implemented in the code HAGIS,
is used for the fast particles. Model results for two tokamak types (circular and JET-like) show a
complex dependence of the plasma stability upon the rotation.

A multiterm Boltzmann equation analysis of charged particle
transport processes in electric and magnetic fields in gases

P08.09

Sasa Dujko1, Ronald White2, Zoran Petrovic3, Ute Ebert1
1CWI, AMSTERDAM, Netherlands
2James Cook University, TOWNSVILLE, Australia
3Institute of Physics, BELGRADE, Serbia
A multiterm solution of the Boltzmann equation has been developed and used to calculate transport
properties of charged-particle swarms in gases under the influence of electric and magnetic fields.
The hierarchy resulting from a spherical harmonic decomposition of the Boltzmann equation
in the hydrodynamic regime is solved numerically by representing the speed dependence of the
phase-space distribution function in terms of an expansion in Sonine polynomials about a variety
of Maxwellian based weighting functions. New and significant numerical results are presented for
electrons and positrons to highlight the rich and diverse range of kinetic phenomena observed in
varying configurations of time-dependent electric and magnetic fields.

Waves and instabilities in rotating tokamak plasmas

P08.10

Willem Haverkort1, Hugo de Blank1, Barry Koren2
1FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
2Centrum Wiskunde & Informatica, AMSTERDAM, Netherlands
We present a thorough investigation of the waves and instabilities that can occur in a rotating
tokamak plasma. The influence of toroidal rotation on magnetohydrodynamic plasma stability is
studied using both analytical and numerical techniques. An insightful new stability criterion is
derived, of which the various parts are explained in clear physical terms. Various new types of both
stable and unstable modes are discovered. Analytical criteria for both the existence and the stability
of these modes are compared with numerical simulations, revealing the merits and limitations of
the obtained analytical results.
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P08.11

ELM-simulation experiments in the Pilot-PSI linear plasma
generators

Jakub Zielinski, Richard Al, Hennie van der Meiden, Wim Melissen, Juergen Rapp,
Gregory De Temmerman
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
The linear plasma generator Pilot-PSI was modified to study the effect of high transient heat and
particle loads, similar to ITER ELMs, on tungsten surfaces[1]. Pulsed operations of the plasma source
result in transient (1ms) increase of the plasma density and temperature to values in the range of
40–120·1020/m3, and 2–6eV, respectively. Energy densities as high as 1MJ/m2 have been reached. A
systematic study of the pulsed plasma properties has been carried out using Thomson scattering,
fast visible and infrared imaging for H, He and Ar operations. Tungsten release was observed by fast
camera imaging (75kHz) to start at 0.23MJ/m2 for hydrogen plasma while no release is observed
below 0.5MJ/m2 for helium plasmas.
[1]

G. De Temmerman et al., Appl. Phys. Lett, 97, (2010) 081502.

P08.12

Interaction of carbon with ITER-relevant mixed plasmas
in Pilot-PSI

Kirill Bystrov, Richard Al, Gregory De Temmerman
FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
Puffing of various impurity gases, such as argon and nitrogen, is proposed in ITER to enhance
radiative cooling of plasma in the divertor region, thus decreasing particle and heat loads on
plasma-facing components. However, presence of such impurities is likely to have an effect on
erosion yields as well as an influence on surface morphology evolution. Carbon samples were
exposed to ITER-relevant mixed plasmas in Pilot-PSI to address these questions. It was concluded
that variations of the plasma composition and properties, including impinging ion energy, lead to
strong modification of the sample surface. In addition, correlation between surface temperature
distribution and morphology changes was observed.

P08.13

Goal-oriented adaptive refinement for the Boltzmann radiation
transport equation

Danny Lathouwers
Reactor Institute Delft, DELFT, Netherlands
The Boltzmann radiative transfer equation describes the radiation intensity which is an important
component in physics models for the description of heat transfer, nuclear fission and fusion
reactors, climate modeling and astrophysics. Its solution is notoriously expensive due to the high
dimensionality of the problem (space, energy, direction). This poster describes goal-oriented spatial
refinement of an unstructured finite element discrete ordinates radiation transport model where
the refinement is tailored to compute a preselected physical quantity of interest with maximum
accuracy. Results are presented that illustrate the effectiveness of the method opening the way to
radiation transport problems that were previously not possible.
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Hydrogenic retention in tungsten exposed to high-flux plasmas

P08.14

Rianne ‘t Hoen1, Matej Mayer2, Karl Ertl2, Pedro Zeijlmans van Emmichoven1, Juergen Rapp1
1FOM Institute for Plasma Physics Rijnhuizen, NIEUWEGEIN, Netherlands
2Max-Planck-Institut fur Plasmaphysic, GARCHING, Germany
In future magnetic fusion devices as ITER, tungsten is foreseen as material for the divertor.
Continuous bombardment with MeV neutrons degrades material properties and introduces damage
into the material. Tritium retention should be kept as low as possible for safety reasons and to
prevent fuel-loss.
In this contribution we show the effect of radiation damage on the hydrogenic retention in tungsten
exposed to high-flux (≤1025 m-2s-1), low temperatures (≤10 eV) plasmas. MeV tungsten ions have
been used as proxy for neutrons to create defects. The analysis has been done with NRA, TDS and
PAS. The dependence of the hydrogenic retention of tungsten on the amount of defects and their
depth profile will be discussed.
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Hotels and buses
Four hotels have been selected for overnight accommodation: NH Koningshof in
Veldhoven, NH Geldrop, Van der Valk Eindhoven and NH Best. Your hotel is stated on the
sticker on the cover of this programme booklet: K means NH Koningshof in Veldhoven,
G means NH Geldrop, E means Van der Valk Eindhoven and B means NH Best.
If you stay overnight at NH Koningshof, you can check in at the hotel reception from
15.00 hours on Tuesday. Please make sure to check out on Wednesday before 10.30 hours.
If you stay overnight at NH Geldrop, Van der Valk Eindhoven or NH Best, you can check
in when you arrive at the hotel. Breakfast is served in the hotel you are staying at.
There will be a bus service from NH Koningshof to Geldrop, Eindhoven and Best on
Tuesday night and back again on Wednesday morning. Additionally, there will be buses
to and from Eindhoven Central Station. The bus times are given below:
Tuesday 18 January 2011
from NH Koningshof to NH Geldrop: 22.00, 23.00, 24.00 and 01.00 hours
from NH Koningshof to Van der Valk Eindhoven: 22.00, 23.00, 24.00 and 01.00 hours
from NH Koningshof to NH Best: 22.00, 23.00, 24.00 and 01.00 hours
from NH Koningshof to Eindhoven Central Station: 24.00 and 01.00 hours
Wednesday 19 January 2011
from NH Geldrop to NH Koningshof: 08.15 hours
from Van der Valk Eindhoven to NH Koningshof: 08.15 hours
from NH Best to NH Koningshof: 08.15 hours
from Eindhoven Central Station to NH Koningshof: 08.15 hours
If you prefer to travel by car to Geldrop, Eindhoven or Best, a route description will be
available at the FOM Desk and the reception of NH Koningshof.
The addresses of NH Best, Van der Valk Eindhoven and NH Geldrop are:
NH Best
De Maas 2, 5684 PL Best
phone +31 (0)49 933 46 10 - fax +31 (0)49 939 16 50
Van der Valk Eindhoven
Aalsterweg 322, 5644 RL Eindhoven
phone +31 (0)40 211 60 33 - fax +31 (0)40 211 07 74
NH Geldrop
Bogardeind 219, 5664 EG Geldrop
phone +31 (0)40 286 75 10 - fax +31 (0)40 285 57 64
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Route description
NH Koningshof Hotel
By car
The roads around Eindhoven are undergoing
massive reconstruction. Please take care
to follow the road signs and consult
www.vananaarbeter.nl (in Dutch only) for the
current state of affairs.
Coming from ’s Hertogenbosch:
- take the A2 direction Eindhoven
- follow the N2, exit 29 t/m 33 direction
Waalre/Veldhoven
- take exit 32 Veldhoven
- at the end of the exit turn right and carry
straight on for approximately 3 km
- you will find NH Koningshof after 3 km on
your left hand side
Coming from Breda/Tilburg:
- take the A58 direction Veldhoven
- follow the N2, exit 29 t/m 33 direction
Waalre/Veldhoven
- take exit 32 Veldhoven
- at the end of the exit turn right and carry
straight on for approximately 3 km
- you will find NH Koningshof after 3 km on
your left hand side
Coming from Venlo:
- take the A67 direction Eindhoven
- follow the N2, exit 29 t/m 33 direction
Veldhoven
- take exit 32 Veldhoven
- at the end of the exit turn left and carry
straight on for approximately 3 km
- you will find NH Koningshof after 3 km on
your left hand side
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Coming from Maastricht:
- take the A2 direction Eindhoven
- follow the N2, exit 29 t/m 33 direction
Waalre/Veldhoven
- take exit 32 Veldhoven
- at the end of the exit turn left and carry
straight on for approximately 3 km
- you will find NH Koningshof after 3 km on
your left hand side
Coming from Antwerp/Turnhout area:
- take the A67 direction Eindhoven
- take exit 32 Eersel
- continue in the direction Steensel
(3/4 roundabout)
- you will find NH Koningshof on your right
hand side after approximately 6 km
Alternative directions:
1) After exit 32 on the A2 continue on the
A67 towards Belgium and take exit 32 on
the A67 (exit Eersel) and see further ‘coming
from Antwerp/Turnhout’
2) In the event of traffic jams on the Eindhoven
ring road, take exit 31 and A2 and then follow
the signs to NH Koningshof
Parking
NH Koningshof has its own private parking
which is free of charge.

By train and FOM Bus
- FOM organises bus services between Eindhoven Central Station and NH Koningshof on
Tuesday 18 January in the morning and night
and Wednesday 19 January in the morning
and afternoon
Tuesday morning
- Upon arrival at Eindhoven Central Station,
leave the platform and turn left, towards
'centrumzijde'
- Outside the station, walk circa 100 metres to
the left, in the direction of the post office
- The buses can be recognised by the FOM Logo
- The FOM Bus service is available between
8.10 hours and 9.20 hours (the buses will wait
for the intercity train arriving at 9.13 hours)
- Please note that about 700 participants will
use this bus service and not all of them can
take the bus at 9.20 hours
- This bus will approximately take 30 minutes
to arrive at NH Koningshof

VELDHOVEN

OIRSCHOT
A2
A58

A270

Tuesday night
- The buses will leave at 24.00 and 01.00 hours
hours from NH Koningshof main entrance to
Eindhoven Central Station
- This bus will approximately take 30 minutes
to arrive at Eindhoven Central Station
Wednesday morning
- Same departure location as Tuesday morning
- The bus will leave at 8.15 hours
Wednesday 19 January
- The buses will leave at 16.45 hours from
NH Koningshof main entrance to Eindhoven
Central Station
- This bus will approximately take 30 minutes
to arrive at Eindhoven Central Station

By train, bus or taxi

EINDHOVEN

GELDROP

VELDHOVEN

A67

WAALRE
A2

A67
N139

NH KONINGSHOF HOTEL
STEENSEL

NH KONINGSHOF HOTEL
Locht 117, 5504 RM Veldhoven
The Netherlands
t. +31 (0)40 253 74 75
f. +31 (0)40 254 55 15
nhkoningshof@nh-hotels.nl

- Upon arrival at Eindhoven Central Station,
leave the platform and turn right, towards the
bus station
- Take the public bus service (bus 150) and get
off at the stop in front of the main entrance
to NH Koningshof. This bus ride will take
approximately 30 minutes
- NH Koningshof can also be reached by taxi
if you wish
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