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Abstract

The N = 2 supersymmetrice = 1 KdV hierarchy inN = 2 superspace is considered and its rich symmetry structure is
uncovered. New nonpolynomial and nonlocal, bosonic and fermionic symmetries and Hamiltonians, bi-Hamiltonian structure
as well as a recursion operator connecting all symmetries and Hamiltonian structuresvVo&tBer = 1 KdV hierarchy are
constructed in explicit form. It is observed that the algebra of symmetries df the2 supersymmetrie = 1 KdV hierarchy
possesses two different subalgebrad/ct 2 supersymmetryl 2002 Elsevier Science B.V. All rights reserved.

PACS:02.20.Sv; 02.30.Jr; 11.30.Pb
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1. Introduction

The N = 2 supersymmetrie = 1 KdV equation was originally introduced in [1] as a Hamiltonian equation
with the N = 2 superconformal algebra as a second Hamiltonian structure, and its integrability was conjectured
there due to the existence of a few additional nontrivial bosonic Hamiltonians. Then its Lax-pair representation
has indeed been constructed in [2], and it allowed an algorithmic reconstruction of the whole tower of highest
commutativdosonic flows and their Hamiltonians belonging to fe- 2 supersymmetrie = 1 KdV hierarchy.

Actually, besides th&v = 2 « = 1 KdV equation there are another two inequivaldht 2 supersymmetric
Hamiltonian equations with th&/ = 2 superconformal algebra as a second Hamiltonian structureMthe2
a = —2 anda = 4 KdV equations [1,3]), but the& =2 o = 1 KdV equation is rather exceptional [4]. Despite
knowledge of its Lax-pair description, there remains a lot of longstanding, unsolved problems which resolution
would be quite important for a deeper understanding and more detailed description ¥fth2 o = 1 KdV
hierarchy. Thus, since the time when tNe= 2 « = 1 KdV equation was proposed, much efforts were made to
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construct a tower of itsoncommutativeosonic and fermionic, local and nonlocal symmetries and Hamiltonians,
bi-Hamiltonian structure as well as recursion operator (see, e.g., discussions in [5,6] and references therein).
Though these rather complicated problems, solved for the case of th@ o« = —2 anda = 4 KdV hierarchies,

still wait their complete resolution for th&y = 2 « = 1 KdV hierarchy, a considerable progress towards their
solution arose quite recently. Thus, tpazzle[5,6], related to the fionexistenceof higher fermionic flows

of the N =2 « =1 KdV hierarchy, was partly resolved in [7,8] by explicit constructing a few bosonic and
fermionic nonlocaland nonpolynomiaflows and Hamiltonians, then theN = 2 superfield structure and origin

were uncovered in [9]. A new property, crucial for the existence of these flows and Hamiltonians, making them
distinguished compared to all flows and Hamiltonians of other supersymmetric hierarchies constructed before,
is theirnonpolynomiality A new approach to a recursion operator treating it as a form-valued vector field which
satisfies a generalized symmetry equation related to a given equation was developed in [10,11]. Using this approach
the recursion operator of the bosonic limit of the= 2 « = 1 KdV hierarchy was derived in [12], and its
structure, underlining relevance of these Hamiltonians in the bosonic limit, gives a hint towards its supersymmetric
generalization.

The present Letter addresses the above-mentioned problems. We demonstrate that the existence and knowledg
of the bosonic and fermionic, nonlocal and nonpolynomial Hamiltonians oMhe2 o« = 1 KdV hierarchy is
indeed a crucial, key point in constructing the recursion operator connecting all its symmetries and Hamiltonian
structures.

The Letter is organized as follows. In Section 2 we present a short summary of the main known facts concerning
the N =2 o =1 KdV hierarchy. In Section 3 we describe a general algorithm of constructing recursion operators
of integrable systems which we follow in the next sections. In Section 4 we construct a minimal, basic set of
fermionic and bosonic flows as well as their Hamiltonians which is then used in Section 5 to derive the recursion
operator and bi-Hamiltonian structure of the= 2 « = 1 KdV hierarchy. We also demonstrate that the algebra
of symmetries of theéV = 2 « = 1 KdV hierarchy possesses two different subalgebras ef 2 supersymmetry.

In Section 6 we summarize our results.

2. The N =2 supersymmetric o =1 KdV hierarchy

The N = 2 supersymmetrie = 1 KdV equation [1]
a%J: [/"+3J[D,D]J + 3] 1)
is the first nontrivial representative of the infinite tower of the commutative fiy®s, 1

0 d
0tom+1 Of2p41

belonging to theN = 2 supersymmetriex = 1 KdV hierarchy. The latter can be defined via the Lax-pair
representation [2]

d
at2p+1

L=[(L¥*™,, L], L=d+[D.D]a"t), peN, ®)

where the subscriptt 0’ denotes the sum of purely differential and constant parts of the opdréitot, J=J(2)

is a superfield of inverse length dimensioh = 1 in the N = 2 superspace with a coordinate= (z, 6, 6), prime

denotes the derivative with respect:taandD, D are the fermionic covariant derivatives §f= 2 supersymmetry
3 1.9 3 1.9 A _ 3

=— — 26—, D=——26—, D?*=D?*=0, D,D}=——=-%. 4
20 2 oz 96 2 9z {D.D} = - @)
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The flows (3) are Hamiltonian

0

1)
J=1J,Hyps1j,=Jo—Hzpt1 5
8l2p+1 { p+ }2 p+ ( )

8J

with the Hamiltonians

Hppi1= f dZHap+1, Hopi1 = reg L2 (6)
and the Poisson brackets
_ 1 — — _
(20, J(22)}, = J2(21)8"=2(Z1 — Z2), JzzE[D,D]8+D]D+D]D+8J+J8, (7)

forming the N = 2 superconformal algebra which is the second Hamiltonian structure oV the?2 « = 1 KdV
hierarchy [1]. HeredZ = dzd6dé, [dZ(--) = [T2°dz DD(--)|y__o, reSLP) is the N = 2 supersymmetric
residue, i.e., the coefficient gb, D101, andsV=2(Z) = 665(z) is the delta function iV = 2 superspace.
The flows (3) admit also the following useful representation [9]
ad

at2p+1

J = H/Zp-‘rl (8)
in terms of Hamiltonian densitieR,,, 11 (6) and possess the complex conjugation

(t2p+1,2,0,0,J)" = (—t2pt1. —2.0,0,J). )

A few first representatives of the HamiltoniaHs,+1 (6) and flowsd/d12,41 (8) are:

H1=/dZJ, H3=/dz(3J[D,5]J+J3), (10)
2 ,
a_nJ:J (11)

and the third row%J which reproduces th& = 2 supersymmetrie = 1 KdV equation (1).
3

3. General algorithm of constructing recursion operators

Let us present a short summary of the general scheme of constructing recursion operators of integrable systems,
considered in [7] (for more details, see [7] and references therein), which we adapt and develop to the problems
under consideration and use in next sections.

In effect, in the theory of deformations of the equation structure a classical recursion operator is a form-valued
vector field which is a nontrivial infinitesimal deformation of the equation structure. For reasons of simplicity and
in order to make it more accessible to the physics oriented reader, in the following the form-valuedness will be
transformed to Fréchet derivatives of the associated variables and quantities.

Our starting point is the one-dimensional system of evolution scale-invaggpiations (with the evolution
time ¢) for the set of superfields=u;(Z) (i =1,...,n)

d
—u—®=0, 12
A (12)

1 This means that all parameters, involved in the equation, are dimensionless.
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their integrals of motion
+00 5
gazfdea, EG‘)‘:F"/" a=0,1,... (13)
—00

and the corresponding symmetry equation

(% — ¢>) Y; =0, Y; = %u (14)
which is derived by differentiation of the system (12) over an arbitrary independertt tintéere, ® = @ ({u})
is a local, whileG; = G;({u}), F; = F;({u}) as well asY; = Y;({u}) in general are nonlocal functionals
of {9"u, D3"u, D3"u,[D, D18"u, n € N}, and the operatos is the corresponding Fréchet derivative of the
functional®.

The symmetry equation (14) represents a complicated functional equation, and its general solution is not known.
Its particular solutions are symmetries of the system (12) we started Witr[,gy.ea%] = 0 by construction. For a
more complete understanding of the original system, its hierarchy structure and solutions (tau function) it seems
necessary to know as many solutions of its symmetry equation (14) as possible.

It turns out that there exist subsets of the whole set of solutions of the symmetry equation (14) for which two
different representatives andY; can consistently be related as

Y;i= %u = P%u + ; Pa%a—la(X = (P + Xa: Paa_lga) Y; := RY, (15)
where the operatqy, is the Fréchet derivative of the functior@l,, P = P({u, 3~1G, 3, D, D}) is a general purely
differential operator over the derivativels D, D} which coefficient-functions are scale-homogeneous polynomials
over{u, ~1G} and their §, D3", D3", [ D, D]3"}-derivatives and®, = P, ({u, 9~ 1G}) is a scale-homogeneous
polynomial functional over its two arguments and theif {D3", Dd", [ D, D]3"}-derivatives obeying the so-
called deformation equatién

9 3 3 d .1 9 _
<<5P>—¢P>¥u+P§Q§+;{((Pa@)o—¢})a)a_ra Ga+Paa—TFa}—o, (16)

which is the consistency condition resulting from the requirement thatfoéimdY; have to satisfy the symmetry
equation (14). Here, the operatgy is the Fréchet derivative of the functiong). By definition, the operator,
defined in Eg. (15), which has a minimal inverse length dimension, is the recursion operator of the hierarchy of
symmetries of Eq. (12). Scale dimensions of the quanti®ieend P, depend on the dimension of the recursion
operator (see Egs. (18)). Extracting the coefficients at linear-independent funct—,}%nalga;aflca and their
{o", D3", D3", D, D]13"u}-derivatives in Eq. (16) and equating them to zero one can derive a complete set of
self-consistent equations for coefficient-functions of the opertand polynomialsP, which solutions specify
the recursion operatat (15).

A few important remarks are in order.

First, coefficient-functions of the operatBrand polynomialP,, can in general be non-polynomial functions of
the dimensionless quantity 1Go ([0 1Go] = 0) (if any).

Second, one can see from a simple dimensional consideration that the sumiovegs. (15), (16) is usually
saturated by a finite number of terms due to pure dimensional restrictions. Indeed, the inverse length dimensions

2 We would like to emphasize that supersymmetric systems in general admit both bosonic or fermionic evolution times. Here, for definiteness
we discuss only the former case, its generalization to the latter case is rather straightforward.
3 Here, the brackets - -)o mean that the relevant operators act only on the superfields inside the brackets.
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of the quantities entering into Eqgs. (15), (16) are related and bounde®, b$ [G,] — [u] = [R] > 0, [P,] > 0O,
[G.]1 > 0, so the inverse length dimensif®, | of the integralgj, (13), contributing the sum over, is bounded
both from below and above as

0< [Gal <[R]+[ul, 7)

but in general there exists only a finite number of integrals which inverse length dimensions belong to a finite
interval [0, [R] + [u]].

Third, a simple inspection of Eq. (16) shows that the functidfglwhich is a factor of the -derivative of the
lowest dimension superfield component of the inteégo&ihighest inverse length dimension entering into Eq. (15),
satisfies the symmetry equation (14), so thjsis a symmetry of Eq. (12).

Summarizing the above-described algorithm, it consists of a few steps. Thus, at the first step, as an input it
is necessary to define the inverse length dimengijnof the recursion operator, then to construct a complete
set of integralgj, (13) for Eqg. (12) which inverse length dimensioigk,] satisfy the inequality (17). The next
step is a rather straightforward technical derivation of general expressions for scale-homogeneousppgiitor
polynomialsP, according to their inverse length dimensions

[P]=I[R], [Po]=[R] —[Gal + [ul. (18)

Then substituting all the derived quantities into the deformation equation (16), extracting equations for coefficient-
functions of the operataP and polynomials?, and, at last, solving them, one can finally obtain a desirable explicit
expression for the recursion operaf(15).

Because of the quite technically complicated construction of the recursion operator we described above, in what
follows we actually make our choice by first imposing conditions{#n P, }, which are more simple than the
deformation equation (16), such that the relation (15) is satisfied only for a set of special symmetries. Then, after
solving these conditions and obtaining the explicit expression for the recursion operator we prove additionally that
it indeed satisfies the deformation equation (16) as well, i.e., proving that associated form-valued vector field is
in fact a generalized (with respect to its form-valuedness) symmetry of Eq. (12). We refer the interested reader to
Ref. [13] for all details of the complete computations of the results of the next sections.

4. Nonlocal Hamiltoniansand flows of the N =2 « = 1 KdV hierarchy

In this section we realize the first step of the general scheme, presented in the previous section, i.e., construct
Hamiltonians and symmetries of the= 2 « = 1 KdV equation (1) which are relevant in the context of the further
construction of the recursion operator of tNe= 2 o« = 1 KdV hierarchy.

4.1. Hamiltonians

To this aim let us first define a dimension of the recursion operator as well as dimensions of Hamiltonians.

Remembering that the recursion operator has to connect two nearest subsequent bosorﬁg—iﬂgﬂvand
ﬁ] (8) of theN = 2 o = 1 KdV hierarchy and tha{tﬁ J1=2p, one can easily establish its inverse length
dimension[R] = 2. Moreover, because the rovgg%J (8) depend on the Grassmann coordingte®} only

implicitly via its dependence on the superfieldZ) as well as the fermionic covariant derivative8, D}, the
recursion operator has to possess the same property as well. Then using inequality (17) and relation (18) one can

4 An N = 2 superfield integral of the form (13) has four independent superfield components in general.
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evaluate dimensions of Hamiltonians

0, 1/2, 1, 3/2, 2, 5/2, 3, (19)
and the corresponding dimensions of the polynom#als

3, 5/2, 2, 3/2, 1, 1/2, 0, (20)

we are interested in. Keeping in mind that the polynonfig) which corresponds to the Hamiltonian with the
highest dimension entering into Eq. (15), has to satisfy the symmetry equation (14) (see the third remark at the
end of the previous section), as well as the above-mentioned fact that the recursion operator does not depend
explicitly on {6, #} and that the minimal dimension of tfe, 6}-independent flows %2 (it is the dimension of the

first bosonic flowaitlj (11)), we are led to the final conclusion that for our ultimate purposes we have to know a
complete set of superfield Hamiltonians with inverse length dimensions

0, 1/2, 1 (21)

only. We would like especially to remark that all superfield components of these Hamiltonians have in general to
be included into the ansatz (15) for the recursion operator.
Superfield Hamiltonians
+00

N
Iy = / dzIns1, me =, (22)

—00

with dimensions{0, %} were constructed in [9]. Their Hamiltonian densities, which are unrestritted 2
superfields containing four independent superfield components, are:

Li=J =" +3[D.D)I + /) (23)
3
_ 0 —
Tap=et® D], 2T = (T4, — 3J T4+ 372T32+3([D. D |J)T3p2) . (24)
1, — 0 —
Typ=e2 YD, 3_1315/2 = (Z3/o+ 3713/, + 37%T3,, + 3([D. D ]J)T35) . (25)

What concerns to the remaining dimension 1 in (21), we have constructed the corresponding Haniit(2@an
with the density

Ty =T3,,0 'T3;2+ (DJ)d ' DJ,

d — — — d — 49 7
S l= |:2(DJ)DJ’ —2(DJ)'DJ +4J(DJ)DJ — (37113/2)3715 32— (DalJ)Dang}
3 3
(26)
by “brute-force”. Hereafter, the subscripts denote inverse length dimensions. The Hamiltlm;iazaur:’adIl*/2 (22)
with the densitiesZz/» (24) andZz,» (25), respectively, are related by the complex conjugation (9), while the
complex conjugation properties of the Hamiltonidps/y are Iy = —1Io, 17 = —1I11. We have verified by explicit
construction thafp, /3/2, 15/2 and; are the only Hamiltonians with dimensiofG % 1}.

5 We have verified by explicit construction that there are no flows with dimensmm%} and that existing flows with dimensiori$, %}
are {0, 6}-dependent (see the expressions for the floys, D1/o7 and D127 ([UpJ1=1,[D1/2J]1=[D1/2J]1= %) in Egs. (30)—(32) and
discussion at the end of the next subsection).
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To close this subsection let us present Fréchet derivafives= % 1) of the Hamiltonian densitie ;1 (24)—
(26)

-1 _ . _oa—1py— _
f2=e*" DD+ 2T3007,  flp=e70 D 215,071,
f1=T4,0  fr2— (07 T372) £+ (DJ) DO~ — (D3 ~1J) D, (27)
as well as their operator conjugated quantities
-1 _ . — _o(p-1 _
flT/z = D2 257155, fl/g =—De 207 4 25 1I§/2,
H = 07 T80+ f15 (07 23/2) — DO~Y(DJ) — D(D ™), (28)

which we use in what follows. Here we use the following standard convention regarding the operator conjugation
(transposition)

(3,0,D)" =—(3,D,D), (0P) =(=1%?pTOT, (29)

whereO (P) is an arbitrary operator with the Grassmann patgy(dp), do = 0 (dp = 1) for bosonic (fermionic)
operatorO.

4.2. Flows

The flows can be derived from Hamiltonians by means of the formula (5). Let us present fermionic and bosonic
flows generated by the superfield integrals with the densite% 2, II/z andZ1 (23)—(26):

UoJ = (0% — 6_%)], 01/2J = 0J, 01/2J = 0J, 8%1 =J, (30)
Di2J =Ds2(00),  UiYJ=Dsp®), Ui 'J=Dsp@), Dzl =Dspd), (31)
D1j2J = Ds)2(00), 171(+)J = Ds/2(0), Uif)f = Ds/2(0), D3/2J = Ds)2(1), (32)
Uil =D300), Q32 =D3(6), Q32 =D3(),  UzJ =D3(1), (33)

respectively, where, > and D2, 0,2 and 0,2 (U,, US” andUS™) (p € N) are new fermionic (bosonic)
evolution derivatives with the following properties with respect to the complex conjugation (9):

_ — — a * a
* * +* _ 57+ * __ +1 _
Dp/z =Drrz Qp/z =2 U =t Ur= DT, (812p+1) - 3t2p+1’
(34)
Q and Q are generators of th¥ = 2 supersymmetry:
d 1.9 — 0 1 9 — _
=— + 20— =— 40—, 2-02%=0, .0} =0,
Q 80+2 0z’ Q 80+2 0z g"=0 te. 2}
{o,py={0.D}=0, {0,D}={0,D}=0, (35)
and in Egs. (30)—(33) we have introduced the operators
Dsja=—Ja2f])2, Dsja= Jof1)5, Ds=Jff, (36)

where the operator$, and fiT are defined in Egs. (7) and (28), respectively. When deriving Egs. (30)—(33) we
integrated by parts and made essential use of the following realization for the inverse derivative:

+o0
1
8;1£§/dxe(z—x), cz—x)=—e(x—2)=1, ifz>x. (37)

—00
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From the derived formulae (30)—(33) one can easily see that only the flows, generated by the highest superfield
components of the Hamiltonians (23)—(26), depend implicitly on the Grassmann coordihatgswhile other
flows comprise the latter explicitly. The minimal dimension of {hed}-independent flows is 2 and it corresponds
to the first bosonic flow-J (30).

4.3. The algebra of flows and Hamiltonians

Using the explicit expressions (30)—(32) for the fermionic flagsso, §1/2, Dy and 51/2 one can calculate
the following anticommutators:

_ _ 5

Df;p=Dfp=0.  {D1j2.D1pp}= o (38)
- _ 9

0%,=07,=0, {01/2. 012} = T (39)

and observe that they form two sets of closed algebraic relations, moreover, each of them dispMys the
supersymmetry. Thus we are led to the important conclusion that ta@ « = 1 KdV hierarchy possesses actually
a more rich symmetry structure, than it is indicated in its title, related to two difféfeat? supersymmetries with
the generator§Q1,2, 01,2, a%} and{D1/2, D12, aill}.

The Poisson bracket algebra (7) can also be used to derive the following useful formula

{/dzﬁl,/dzﬁz} =/dz(f112f{)o, (40)

where f1 and fZT are Fréchet derivatives of the Hamiltonian densifigsand>, respectively. Using this formula

one can calculate the Poisson brackets between the intdgralg2, /7, and /1 (23)—-(26), and this algebra is
isomorphic to the algebra of the corresponding flows. Repeatedly applying this procedure one can derive new
nonlocal Hamiltonians. As an illustrative example we present the Hamiltonian density of the Hamilfgnian
(I*=-12) (22)

_ _ y 3 . =
T3=(DI}4,)0" ' DIaj2 + (DI5,5) 0 DIz/2 + 5D, D]J%- 5/[D.D]J

+J(DJ)DJ - J(D))d*DJ — ([D,D]J) (3 *DJ)da Dy, (41)

derived in this waylt is interesting to remark that the higher superfield component of the Hamiltohidify)
coincides with the Hamiltoniaflz (H1) (10).

A discussion of the complete, very rich superalgebraic structure afthe? « = 1 KdV hierarchy is out of the
scope of the present Letter and will be discussed in [14].

5. Recursion operator and bi-Hamiltonian structure of the N =2 « = 1 KdV hierarchy

Now, the results of preceding sections give us all necessary inputs to construct the recursion operator of the
N =2 a =1 KdV hierarchy following the algorithm described in Section 3 and then to derive its bi-Hamiltonian
structure. In this section we present main results in a telegraphic style and refer the reader to Ref. [13] for more
details.

5.1. Recursion operator

We use the ansatz (15) for the recursion oper&tarhere only superfield components of the Hamiltoni&ns
I1/2, 17, and I1 (23)—(26) are included. Then, as it was already noted at the end of Section 3, we impose the
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condition that two special symmetneﬁ{] and = (8)) of theN = 2 o = 1 KdV equation (1) are related by this
recursion operator as

=reqL’) = RreqL®) = Raitsj (42)

in accordance with Eq. (15), and solve this condition. It is interesting to remark that this condition completely fixes
all unknown coefficient-functions, involved in the ansatz for the recursion operator, and allows to construct the
explicit expression for the latter

R=9%+2J[D,D]+ g([D,B]J)+12

—i—{J [D, 5]+;([D,D]J)+;[D D]/ - D(BJZ)—I_)(DJZ)}al

+ D{ 3/2[ Dy 1y) - %D} DI§/2}81f1/2 + D{Ig/z[(BHlJ) + %5} + Bzg/z}alfl*/z
— D))+ D(DI) {0 fr+ (07 Ta/2)d f1)p+ (DO T) D1}, (43)

where f; (i = 2, 1) are the Fréchet derivatives defined in Eqgs. (27). Then we have explicitly verified that the
constructed expression (43) satisfies the deformation equation (16), i.e., it indeed gives the proper recursion
operator for symmetries of th€ =2 « = 1 KdV hierarchy.

We would like to note that other conditions, similar to the condition (42), which relate fﬁév\lsand

or/and rows—gJ and iU do not fix the recursion operator completely.
For completeness Iet us also present the recurrence relations

3[3

Y[‘;HJ = RY;‘J (44)
for flows Y} J of the N = 2 supersymmetria = 1 KdV hierarchy in the following useful form:

1 n Y ~ —
E[D, D]J' - D(DJ?) - D(DJZ)}B tyas

([p.D]J) +
_ 1

+ (—1)dY"D{ /z[(Da ) - QD] - DI§/2}31Y313/2
1

+ (—1)dya D{I3/2|:(D3 J) + 2Di| + DI3/2}8 Y I§/2

— D))+ D(DI) {0~ YaTo + (—1) (07 T312) 0~ Y5 T5, + (DO TT) DO~ YT}, (45)
whereY is an evolution derivative from the set (34) ady is its Grassmann parity.

5.2. Bi-Hamiltonian structure
We have observed that the constructed recursion opeRai8) can be represented in the factorized form
- - nla— - - 1 * - 1 - *
R=1nJyt,  J;t=[D, D)o + 07100 1+§fl/£8 1f1/2—§f1T/28 Y112 (46)

where J> is the second Hamiltonian structure (5), (7) am@z (fl*/g) is the operator conjugated Fréchet
derivative (28). Then/(;l (1010*1 = ngjo = 1) can obviously be treated as the inverse operator of the zero
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Hamiltonian structure,

d )

J=—H . 47
R Y 47
Therefore, we come to the conclusion that ffie= 2 supersymmetrie = 1 KdV hierarchy is a bi-Hamiltonian
system. Actingk-times with the recursion operator (43) on the second Hamiltonian strugsuf®), (7) of the
N =2 «a =1 KdV hierarchy, one can derive it§2+ 1)th Hamiltonian structure,

{V(20), 1(Z2)}y = Jo(Z1)sV=2(Z1 - Z2), U5

k _
J2e+1) = R" J2, J={J, HZ(p—k)+l}2(k+1) = JZ(k+1>§H2(p—k)+1,

d2p+1
{120, 1(Z2)} 541y = T2+ (208N =2 (21— Z2). (48)

6. Summary

In this Letter we have adapted the general algorithm of constructing recursion operators to the cade-efthe
supersymmetriee = 1 KdV equation inN = 2 superspace. Then we have constructed all basic objects which are
relevant to this aim: nonpolynomial and nonlocal, bosonic and fermionic Hamiltonians (23)—(26) and symmetries
(30)—(33). Furthermore, we have observed thatthe 2 « = 1 KdV hierarchy possesses a more rich symmetry
structure, than it is indicated in its title, related to two subalgebras oNtke2 supersymmetry (38), (39) of its
algebra of symmetries. Finally, we have constructed its recursion operator (43), recursion relations (45) as well as
zero Hamiltonian structure (46), (47) which were unsolved longstanding problems.
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