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1. Introduction

Unfolded dynamics approach [1-3] was designed to formulate the higher-spin gravity theory within the frame of Vasiliev equations
[4,5]. In a nutshell, the unfolded dynamics approach to a field theory amounts to reformulating it as a set of first-order non-Lagrangian
equations, which are manifestly coordinate-independent and gauge-invariant, by means of introducing (usually infinite number of) de-
scendant fields which parametrize all derivatives of the primary fields. Coordinate-independence and gauge invariance make the unfolded
approach attractive beyond the original higher-spin gravity problem. In particular, the unfolded approach proposes new interesting pos-
sibilities for constructing manifestly supersymmetric formulations [6-9], which is topical e.g. for maximally supersymmetric Yang-Mills
theories.
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From the point of view of the unfolded approach, global symmetries (e.g. (super)-Poincaré symmetry) emerge as residual gauge symme-
tries of non-dynamical vacuum fields (gravitational field for Poincaré symmetry, plus gravitino fields for SUSY). Hence consistent inclusion
of the background fields to the unfolded system provides manifest realization of global symmetries. Moreover, unfolded equations are
formulated in terms of differential forms, that guarantees manifest diffeomorphism invariance of the whole formalism, which is a crucial
feature when dealing with a theory that contains dynamical gravity (e.g. higher-spin gravity). This allows, in addition, a straightforward lift
of an unfolded supersymmetric theory from Minkowski space to superspace [6,7]. And the problem of constructing an off-shell completion
for a given on-shell unfolded system, as was shown in [10], amounts to coupling the on-shell system to external currents, which are then
interpreted as off-shell descendant fields.

In this paper we construct and analyze unfolded formulations for 4d off-shell Wess-Zumino and vector supermultiplets, using a mul-
tispinor formalism and proposals of [10]. Infinite sequences of unfolded descendants are collected into master-fields as expansions in
auxiliary spinors Y = (y¢, y%) and scalar p. An advantage of the 4d multispinor formalism is that it automatically imposes tracelessness
in derivatives (following directly from the commutativity of Y-spinors) on the space of unfolded descendants, that effectively puts the
system in question on the mass shell. On the other hand, this does not allow one to simply relax the tracelessness, which is possible in
tensorial unfolded formulation and represents a standard way to generate unfolded off-shell extensions in that case [3,7,11-13]. A way
out, proposed in [10], consists in introducing, on top of Y, an additional variable p, which accounts for the off-shell descendants.

Here we find that this variable allows for a curious reorganization of the supersymmetric unfolded modules: some dynamical and
auxiliary component fields (in particular, scalars in the Wess-Zumino supermultiplet, and a pseudoscalar and zero-helicity subsector of
the vector field in the vector supermultiplet) can be combined into united unfolded modules as even and odd parts in p-expansions, which
leads to a significant simplification of the unfolded equations. Moreover, it turns out that then the various constraints get reformulated
as relations solely in terms of auxiliary Y — p variables: chirality constraint and a non-canonical dimension of the auxiliary scalar for the
Wess-Zumino model, conservation of the electric current and P-oddness of the auxiliary pseudoscalar for the vector supermultiplet. Given
that such a reorganization does not seem to have any immediate simple interpretation in the conventional Lagrangian terms, the proposed
approach can provide new tools for dealing with the off-shell supersymmetry problems.

The paper is organized as follows. In Section 2 we briefly discuss the unfolded dynamics approach and give concrete simple examples
of unfolded systems used later. In Section 3 we present the unfolded off-shell Wess-Zumino model in spinorial formulation, alternative to
the tensorial formulation of [7], and show that it allows one to reduce unfolded off-shell modules to a simpler form. Section 4 is devoted
to the unfolding of the off-shell vector supermultiplet. In Section 5 we summarize our results.

2. Unfolded approach

Unfolded formulation [1-3] of the field theory represents a set of equations of the form
dwAx) + GA(w) =0, (2.1)

on unfolded fields W4 (x), which are differential forms, with A standing for all indices they carry. Here d is the de Rham differential
on the space-time (super)manifold M9 with local coordinates x and GA(W) is built from exterior products of W (wedge symbol will be
always implicit). The identity d* = 0 entails the following consistency condition for an unfolded system

8GA
GE——_ =o, 2.2
SWE (2.2)
which is of the first importance in the unfolding procedure. Equations (2.1) are invariant under a set of infinitesimal gauge transformations
8GA
SWA=de —eB—. (2.3)
SwWB

Gauge parameter £4(x) is a rank-(r — 1) form related to a rank-r unfolded field W#. 0-forms do not have their own gauge symmetries
and are transformed only by higher-forms gauge transformations through the second term in (2.3).

The sense of the unfolded system (2.1) can be understood as follows. A set of unfolded fields W#(x) decomposes into subsets of
primary fields and descendant fields. The unfolded equations express the descendants in terms of the primaries and their derivatives. At
the same time, they may (implicitly) put some differential combinations of primaries to zero, which means that the system is on-shell;
otherwise it is off-shell. Concrete simple examples will be given below.

2.1. Supersymmetric vacuum

The non-dynamical maximally-symmetric space-time background in the unfolded approach arises through a 1-form connection Q =
dxﬂﬂg (x)T 4, which takes values in Lie algebra of space-time symmetries with generators T4 and obeys zero-curvature condition (which
is of the form (2.1))

dQ +QQ=0. (2.4)
A choice of some particular solution Qg breaks the gauge symmetry
8Q =de(x) — [, €] (2.5)

(square brackets stands for the Lie-algebra commutator) to the residual global symmetry g0 that leaves Qg invariant and is determined
by

deglop — [0, £glop] = 0. (2.6)
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Because there are no 0-forms in (2.4), the background is non-dynamical: it describes no gauge-invariant physical d.o.f.
In the paper we consider 4d A" =1 super-Poincaré group, so an appropriate 1-form is a connection

Q:e“ﬁpaﬂ; +ia)°‘ﬁMO,ﬁ+id)‘5‘51\71d5+¢"‘Q0,+¢‘5‘Qd, (2.7)

where Py, Mg, Qg are generators of translations, Lorentz transformations and supercharges, while eO‘B. QP @ are 1-forms of vierbein,
Lorentz connection and gravitino (o and & are sl(2, C)-spinor indices). For this © (2.4) gives, accounting for commutation relations of
generators,

de® + w®e?P 4 @f o7 — P =0, (2.8)
do®? + 00’ =0, do* +a%,a"F =0, (2.9)
Ay + %y’ =0,  dyY+ %7 =o0. (2.10)

Fixing some particular solution to these equations reduces initial supergravity gauge symmetry (2.3) to a global supersymmetry (2.6) and
determines supertransformation rules for all fields coupled to this background.

2.2. Scalar field

The simplest dynamical system is a free scalar field. An appropriate set of unfolded fields to describe it includes all multispinor fields
of the type (%, %), ie. Camy,am)(®) for all n (we make use of the condensed notations in the paper, denoting a set of n symmetrized
indices Aq...A as A(n)) [2]. All these fields can be collected into a single unfolded module by means of the auxiliary commuting spinors

Y = (¥, y%), a, & =1, 2. Spinor indices are raised and lowered by antisymmetric metrics

(0 1 g__ap_( 0 1
60!/3:‘5&5_(_1 0), € =¢“ _<—l 0) (2.11)

Ve =€"Pvg, vy =e€pav?, \7d=ed‘5\7f;, deeﬂd\'/ﬁ, (2.12)

das

so because of commutativity

Y*yPeap =0, 33Pes5=0. (213)
A single unfolded scalar module is then defined as
oo 1 )
— . ANIFSvI* A
C(YIx) = ZO Gz Camam D" G" (214)

and an unfolded equation for C is [5]

DC +ieddC =0. (2.15)
Here

D =d+ 0 yads + 3 jady (2.16)
is a 1-form of a Lorentz-covariant derivative, where Y-derivatives are introduced as

0y’ =845, 37’ =84", (217)

and for brevity we denote

eyjl:e“'éyaj//g, eaéze"‘ﬁaaéﬁ, eyé:eaﬁyaéf;, eyaze“ﬁyf;aa. (2.18)
Representing D as

D =P Dy (2.19)
one gets from (2.15)

Cam),amX) = (iDag)"C(0]x), (2.20)

0C(0jx) =0. (2.21)

Thus Com),am) are descendant fields, forming a tower of symmetrized traceless derivatives of the on-shell primary field C(0|x) which is
subjected to the massless Klein-Gordon equation.

To construct an off-shell completion for the unfolded on-shell system one has to couple it to external currents, as explained in [10].
These currents, sourcing r.h.s. of e.o.m. (Klein-Gordon equation in this case), further can be interpreted as off-shell descendants so that
former e.o.m. turn to constraints expressing these descendants in terms of primaries.

3
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As shown in [10], all off-shell unfolded scalar fields can be collected in a single module by a simple introduction of one more auxiliary
scalar variable p, so that an off-shell unfolded scalar module is

[ee}

1 »
C(Ylpy =) Wc;“{,?),d(mpm<y°‘)“(y“>“. (222)
M,n=0 T

Here we used expansion in even powers of p, differently from [10], what for a separately taken scalar field makes no difference, but is
better suited for the supersymmetric extensions, as we will see below.
An unfolded equation for an off-shell scalar field is

_ 32
DC +ieddC +ieyy——L —C=0, (2.23)
(¢ +D(c+2)
where
d
O =—, (2.24)
ap
N+N
— w (2.25)
2
N=y%y, N=j%g. (2.26)
Now instead of (2.20) one has
Coty.ccon ® =" (1Da)"C O}, (227)
and instead of (2.21)
0C© (x) = cD(x). (2.28)

So (2.23) indeed corresponds to a scalar field C® coupled to an external current C(V. Or, as we take it, it corresponds to an unfolded
off-shell scalar C©@ with €V being one of its descendants determined by (2.28). And as one can see from the comparison of (2.23) and
(2.27), an expansion of C in powers of p? is equivalent to an expansion in powers of boxes of the primary scalar.

2.3. Vector gauge field

Maxwell field in the unfolded language corresponds to a 1-form of the vector potential A = Ap(x)dx™ and two conjugate 0-form
modules

o0 o0

1 . _ _ .
F(Y|x) = - F . aNN+2 od nOE(YX) = - F . (e AN (PavTed Tl+2. 2.29
(Yx) ZO 2y e am I FY ZO ni g2y e e )" (5% (2:29)

Unfolded equations are [5]

i i - -
dA:ZE88F+ZE88F,|Y=0 (2.30)
DF +ieddF =0, (2.31)
DF +ieddF =0, (2.32)
from which one finds
i B, -m - i 8 m

Foo = EDa (J_)aﬁAmv Fog = ED «(07) e Am- (2.33)
Fa(n+2),dt(n) = (iDad)nFota» I_:a(n),d(n+2) = (iDad)nI_:dd- (2-34)
DFgFpy =0,  Du’Fys=0. (2.35)

Thus, F and F encode selfdual Fyg and anti-selfdual F,q parts of the Maxwell tensor and all their on-shell derivatives (2.34). The Maxwell
tensor is built from the vector potential Ay according to (2.33) and obeys Maxwell equations (2.35). From the general formula (2.3) one
restores a conventional gauge symmetry of electrodynamics

SA=de(x), SF=0, SF=0. (2.36)

An off-shell vector field arises through coupling of (2.30)-(2.32) to an external conserved electric current. As shown in [10], an unfolded
electric current module J(Y|p|x) is structured as follows
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JIpl =0+ T+, (2.37)
%
=2 (2M)!(rlz+1)!2]t(xh<4n)+1>,éz(n+1>pm(3’()[)'1+1 FH™ (2.38)
M,Z:O
=2 (2M)!(r3 +2)n! Jams2).am P GG (2.39)
M,:ozo ] ) |
= M;_O m.’é(n))’d(rp{,z)pZM "GN, (2.40)

and an off-shell system for a free vector gauge field is

i

dAzzEaaF—i—%Eéal_ﬂy:o (2.41)
DF +ieddF +ie _;]Jr-l—e S;ﬂ—o (2.42)
Werne+2! T e+’ T '
_ . 1 2
DF +ieddF +ieyy——— | +edy——— J9=0 243
Y e T o) (243)
= s(g+3) 2
DjJr'eaajJr'eyy(z\ur1)(N+2)(1§1+1)(N+2)8"]Jr
- 1
— (JT+20%)° j———(Jt +20%]% =0. 244
+ey8(N+])(N+2)(J + 8p1)+e8y(N+1)(N+2)(1 +20;]°)=0 (2.44)

Equation (2.44) determines all unfolded fields in ] in terms of the primary electric current ];O)d (x) and imposes a conservation condition

Dag J V%% (x) =0 (2.45)
(this can be deduced by using (2.19) and acting on (2.44) with 9%3% 5e8 followed by putting Y =0, p = 0). Then (2.42)-(2.43) describe

od

gluing of the current module J to the on-shell vector module, thus providing and off-shell completion for the latter.

2.4. Spinor field

In [10] only bosonic fields were considered. Here we present an unfolded description of an off-shell spin-1/2 field which reveals an
important peculiarity of fermions.
Weyl (%, 0)-spinor is described by an unfolded module

oo

1 .
x(Y[x) = Z m){a(n-ﬂ),d(n) (X)(ya)nH " (2.46)
= !

supported by an unfolded equation [5]
Dy +ieddyx =0. (2.47)
Analogously to the scalar case, higher-rank multispinors are expressed through a primary field x4 (x) subjected to the Weyl equation
Xa(n+1),6(n) = (iDad)ntha (2.48)
Dyx* =0. (2.49)

To put this system off-shell, one has to couple it to an external current, which in this case is an unconstrained (i.e. also off-shell) (0, %)-
spinor field. An appropriate unfolded off-shell module turns out to be

xYIpo=x"+x", (2.50)
+_ i IR S () 2M eyt iy 251)
X0= 2. aMymim + 1 feern.amP YR '
M,n=0
> 1
- _ (M) 2M+1 /0 0 Sd\n+1
X°= ) Gima s emaasnP OO GO (2.52)
M,n=0
and unfolded equations are
N - 3 _ 3,
Dx +ieddx +ieyy——==-x +eyd—————-I1" x +ed —F  _mnfy=o0, (2.53)
(c+3)(c+3)

edy
(c+3)? c+Di+3)
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where we introduced projectors on positive and negative helicity (identified with the difference between the number of undotted and
dotted spinors) as

fmn= fa(m),/f}(n) YOG,

, m=2n _ , m=n
1_[+fm,n = Jma 7 finn= Jmn . (2.54)
0, m<n 0, m>n

As one sees from (2.53), unlike unfolded off-shell bosons, off-shell fermions require all powers of p to be presented in the module. And
helicities of unfolded fields are related to their p-parity, as follows from (2.51)-(2.52): positive helicities belong to the p-even sector, while
negative ones - to the p-odd.

To get an unfolded description for an off-shell Weyl (0, %)—type spinor z one just needs to flip the relation between helicity and

p-parity:

C(YIpl) =¢~ +¢*, (2.55)

_ s 1 - 4

(=) Wfém,d(nH)PZM(ya)n(ya)nﬂ, (2.56)
M,n=0

_ ° 1 _ »

=2 (2M)!m(n+])!;;ml)_d(n)p2lw+l(ya)n+1 ¥ (257)
M,n=0

while the unfolded equation remains the same

_ _ 92 _ _ 9 _
D +iedds + ieyy——— +eyd————— T +edy—————— Mt =0. (2.58)
(6 +3)2 (c++3) c+E+3)

Finally, to describe an off-shell Dirac spinor one simply unites two modules ¥ and ¢ into an unfolded off-shell Dirac module

EXIplx)=x +¢, (2.59)
and the unfolded equation remains the same once again
DE+ieaz§E+ieyyiE+ey587”n—E +eay87pn+5=o. (2.60)
(c+3)? C+ DG+ C+PE+3)

But now there is no relation between helicity and p-parity: both helicities have all terms in p-expansion.
Thus, for off-shell spinors of all types one has one and the same unfolded equation, but the structure of the unfolded module does
depend on the type. Introducing projectors on p-even and p-odd parts as

f(p+f(=p fp) —f(=p)
n°f(p) = — n°f(p) = B T— (2.61)
one can formulate this dependence as a constraint on the mutual p — Y dependence
left Weyl: TI®=T11", (2.62)
right Weyl: TI° =11, (2.63)
Dirac: no constraints. (2.64)

3. Unfolded Wess-Zumino model revisited

Unfolded formulation of the on-shell Wess-Zumino model in terms of symmetric Lorentz-tensors playing the role of unfolded fields
was built in [6].

pck 4 ebca(k)b . ﬁw“;&“” =0, (3.1)
Dxa" +epxa™” — iv2(0p) 5P "V = 0 (3.2)
ct2hy =0, g P=0.  @)*x;"" =0. (33)

All tensors are traceless and spinor fields are subjected to o -transversality condition. Off-shell extension arises via relaxing tracelessness
and o-transversality conditions and requires introducing a series of symmetric tensor fields F?®, which correspond to an auxiliary
component scalar of the chiral supermultiplet [7]. Resulting off-shell system is

pce® 4 ebca(k)b _ ﬁwa Xg('c) =0, (3.4)
D& +epxa™” — iv/2(01) g P CO0P — V2 FI® =0,
DF®) 4 e, FU0P — /294 (5) 5§ = 0. (3.6)
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Translating this to the multispinor language of this paper, symmetric traceless tensor T*® corresponds to a multispinor To@w),a k), while

o -transverse x;“‘) corresponds t0 Xu(k+1),@(k)- Then p?M_terms of (2.22) and (2.51) correspond to the traces of the Lorentz-tensors, while

pM+1_terms from (2.52) correspond to o -longitudinal contributions of the form (G3,)% x2®°.
In order to build a multispinor equivalent of the system (3.4)-(3.6), one supplements off-shell scalar (2.23) and off-shell spinor (2.53)

with the unfolded auxiliary scalar

oo
1 ) 2M .,
F(YIpy= Y e Famamp OO G, (37)
M,n=0
_ 2
DF +ieddF +ieyy——FL — _F=0 (3.8)
(s+D(s+2)

and deforms (2.23), (2.53), (3.8) with i-dependent terms mixing component C, x and F in a consistent way. We will not describe here
the procedure of this (and other presented in the paper) unfolding, which is quite technical, tedious and lengthy. Detailed examples of
constructing unfolded systems can be found e.g. in [10,14]. In a nutshell, one has to write down the most general suitable Ansatz for
unfolded equations with arbitrary (p|Y)-dependent coefficients and then fix them by imposing consistency condition (2.2).

For the off-shell chiral supermultiplet in question, consistent unfolded equations turn to be

2

a 3

DC +ieddC +ieyy———L——C+y ol y +iyy—L—T " x =0, (3.9)
RS AP

D)(+ieaéx+ieyyix+ey57pn_x+ea}787pl'l+x—
(¢ +3)? G+ +3) S+ +3)

N _ 9 1 1
—iYaC —yy—2L2 —C+ivy F-p VYaF =0. (3.10)
(c+1 (c+1 pop+1
_ 2 _ _ 92

DF +ieddF +ieyy————L—F +iy 00,11 x —yy—L—T"x =0. (311)

C+Dc+2) ot X FETR

This multispinor formulation allows for a new interesting possibility, elusive in the tensor form (3.4)-(3.6). Namely, it is possible to
naturally combine the dynamical and auxiliary scalar modules C and F into a single one. To this end one defines a combined scalar
module

@ =C+idpF, (312)

which thus contains both even (former C) and odd (former F) terms in p-expansion

o0
1 (M) M -6
o(Y[pl =) wivan? Cam P V" T (313)
M,n=0

Note that this incorporation correctly reproduces a scaling dimension of the auxiliary scalar, associated with p-odd part of ®: the scaling
dimension of p is

Ap=1, (3.14)
as one can see e.g. from (2.22) and (2.27), hence

Arp=Ac+1. (3.15)

In terms of @, (3.9)-(3.11) turns to

2 3p

D® +ieaé¢+ieyymd> + (YaII™ + oI~ +i¢fy(§a: %)n— +i1p_y(§ " %)rﬁ)x =0, (3.16)
Dy +ieddy +iey5/87p23x +ey587pl'l_x +e83787p1'1+x—
(c+3)? S+ +3) S+ +3)
— (Y +ivo+yy O +Yy 9 Y® = 0. (317)
(c+1 c+1

A curious feature of the system (3.16)-(3.17) is that naively it looks real, though describing a chiral supermultiplet. The point is that it is
consistent, i.e. satisfying (2.2), only if x is a Weyl module, not a Dirac (or Majorana) one. But as discussed above, unfolded equations for
Dirac and both types of Weyl spinors look completely the same. The difference is in the structure of the unfolded modules, expressed in
(2.62)-(2.64). Thus, (3.16)~(3.17) supplemented by the chirality constraint

Hex = H+X, (3.18)
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determines an unfolded off-shell chiral supermultiplet. And the same unfolded system (3.16)-(3.17), but supplemented with the opposite
anti-chirality constraint

l_[e)( =My, (3.19)

determines an unfolded off-shell anti-chiral supermultiplet.

This “degeneracy” of the unfolded equations (3.16)-(3.17) for chiral and anti-chiral supermultiplets (i.e. that they look completely the
same) becomes manifest only after unifying two scalars of the Wess-Zumino model into a single module ® and is not seen in the
“standard” unfolded formulation (3.4)-(3.6) of [7] or its spinorial version (3.9)-(3.11), where two supermultiplets are related by non-
invariant (i.e. changing the form of equations) complex conjugation. The main ingredient is p-variable, which allows one to unite two
bosonic fields: in a non-supersymmetric situation bosonic modules depend only on p? which, as is seen e.g. from (2.22), (2.27), encodes
descendants containing kinetic operators acting on the primary field; on the other hand, fermions depend on all powers of p, because their
kinetic operators are of the first order and change the type of the spinors. In non-manifestly-supersymmetric reduction of (3.16)-(3.17)
which arises from putting all gravitino 1-forms v and ¢ to zero, p-odd and p-even terms in & become completely disentangled - @
divides into independent modules C and F, and the question of their relative p-parity becomes inessential. But in the supersymmetric
system non-zero ¥ and v non-trivially intertwine p-odd and p-even parts of .

Let us also stress that the unification of two scalars and the resulting degeneracy of the unfolded equations is not easy to explain in
terms of the standard Lagrangian formulation. The reason behind this is that, as mentioned at the end of Subsection 2.2, p? in some sense
is conjugate to the wave operator, so that odd p-powers of the bosonic field ® do not allow a simple interpretation.

4. Unfolded vector supermultiplet

In this Section we are about to build and analyze an unfolded system of an off-shell vector supermultiplet. This is accomplished in
several stages. First, we formulate an on-shell system; then we find an unfolded description for a supersymmetric source for a vector
system, which is a linear multiplet; finally, we couple a linear multiplet to the vector system thus arriving at an unfolded off-shell vector
supermultiplet.

On-shell vector supermultiplet contains Maxwell field and gaugino being Majorana spinor. So one has to take (2.30)-(2.32), (2.47), add
possible terms with v, ¥ mixing the spinor and the vector, and then solve for the consistency condition (2.2). This brings to

i i -1 - o1

dA = ZEaaF + ZEaaF + Eewx/faadx + Eeaawdaam:o (4.1)
DF +ieddF — 91 =0. (4.2)
DF +ieddF — yar=0. (4.3)
DX +ieddr +iydF =0. (4.4)
DA +ieddr +iydF =0. (4.5)

To go off-shell one has to switch on external currents for F and A. In principle, one could start with off-shell systems for F and A
presented in (2.41)-(2.44), (2.60) and then look for consistent supersymmetric iy -corrections. However, there is a more efficient way along
the lines of [10]: to make use of a supersymmetric generalization of an electric current, which is provided by a linear multiplet. This
includes conserved vector, unconstrained Majorana spinor and unconstrained pseudoscalar. So one can first find an unfolded system for a
linear multiplet and then couple it to (4.1)-(4.5).

To this end one takes unfolded systems for an electric current J, off-shell spinor (), x) (it is convenient to separate a Majorana spinor
into two conjugate Weyl's) and off-shell scalar C, and add possible consistent terms with v and v which mix component fields. This
results in
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which is an unfolded form of the linear multiplet. The pseudoscalar nature of C manifests in opposite signs between terms with ¢ and
Y, which mix it with the spinor.
Now coupling of (4.6)-(4.9) to (4.1)-(4.5) yields
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Together equations (4.6)-(4.9), (4.10)-(4.16) form an unfolded off-shell system for the vector supermultiplet. Let us stress a characteristic
feature of the used approach to build off-shell supersymmetric models: in a conventional Lagrangian formulation the off-shell vector
supermultiplet includes the Maxwell field, the gaugino and the auxiliary pseudoscalar which vanishes on-shell, while in the unfolded
approach there is an infinite number of descendant fields, in particular those which vanish on-shell (these are exactly the unfolded module
of the linear multiplet). What is their relation to the conventional off-shell vector supermultiplet with only one auxiliary pseudoscalar?
The answer is that among plenty unfolded fields presented in (4.6)-(4.16), the only primaries when considering Minkowski space with
Y=y =0are A, Ay(p=0), Ae(p =0) and C(p = 0) - which precisely corresponds to the field content of the Lagrangian off-shell vector
supermultiplet. But in our construction this pseudoscalar appears as a part of the external current for the vector supermultiplet, necessary
for relaxing on-shell constraints.

Analogously to what is done in Section 3 for the Wess-Zumino model, it is possible to recombine component fields of the off—shell
vector supermultiplet by modification their p-dependence, such that the unfolded system gets simplified. All spmor modules A, A, x, X
can be combined into a single off-shell Majorana module A, while J* and J~ are naturally included to F and F as their p?- dependent
parts and JO and C get united into a single module ® as p-even and p-odd parts respectively

®=p?J°+pC, (417)
o(Ylp= Y ——— oG oMy ", (418)
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with a constraint on the eigenvalues Ao of ¢ on the subspace I1°®
Aclmea =1, (4.19)

which encodes conservation of the electric current (J° has zero divergence and hence no scalar descendants). Another point one has to
ensure is pseudo-reality of C. This can be elegantly built into a modified conjugation operation h.c., which originally just exchanges dotted
and undotted spinors in the unfolded equations. The modified conjugation now also flips the sign of p in &, thus multiplying C by —1

c.i(@, )= (@B, D(p)—> d(=p). (4.20)

As a result, the unfolded off-shell system for the vector supermultiplet now reads
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Although being somewhat bulky, it obviously looks much simpler than its “non-compressed” form (4.6)-(4.16).
5. Conclusion

In the paper we have constructed and analyzed unfolded off-shell systems for the chiral and vector supermultiplets, by formulating
corresponding on-shell systems and coupling them to the external currents. We worked in the multispinor formalism and found that our
formulation reveals certain new interesting features.

Analyzing the unfolded off-shell Wess-Zumino model, we have discovered a way to reorganize unfolded fields in a more compact
way, with only one scalar and one spinor unfolded modules, which seems elusive in the original tensorial formulation of [6,7]. The clue
is the use of an additional variable p, which was originally introduced as a formal parameter cataloging off-shell descendants of the
primary fields, resulting from the action of kinetic operators [10]. Comparing to the tensorial formulation of [7], this p accounts for the
traces of the off-shell traceful unfolded fields. However, in supersymmetric model it allows one to unite dynamical and auxiliary scalars
of Wess-Zumino model into a single unfolded module. Moreover, it turns out that in this new form unfolded off-shell equations become
pseudo-real, looking completely identical for chiral and anti-chiral supermultiplets. And an additional constraint which chooses between
chiral and anti-chiral systems takes a form of a simple relation constraining p-dependence of the unfolded spinor module. At this moment
p becomes not just a book-keeping parameter but an actual “alive” variable. It cannot be interpreted as just a counterpart of tensor traces
in [7] anymore (in fact, it becomes hard to find any simple straightforward interpretation for it in tensorial terms). It must be emphasized
that this variable is not specially designed and introduced in order to merge two scalar modules into one (otherwise, this would be a
triviality): it necessarily appears for all unfolded off-shell relativistic fields written in terms of multispinors [10].

Further, we have constructed an unfolded description of the vector supermultiplet along the lines of [10]. To this end we first found
an unfolded on-shell system, then built an unfolded formulation for the linear multiplet which is an external source for the vector super-
multiplet, and finally coupled them together. Once again, by modifying p-dependence we managed to put the system in a more concise
form, analogously to what happened for the Wess-Zumino model. And if in that case there were additional (anti-)chirality constraints on
the unfolded modules, formulated in terms of p-dependence, for the vector supermultiplet such additional constraints are electric current
conservation and pseudoscalar parity condition, which are also formulated in terms of p — Y.

Our results show that the unfolded formalism is a fruitful instrument for analyzing supersymmetric theories, which can reveal new
features even for the well-studied SUSY models, like those considered in the paper. It would be interesting to apply the proposed approach
to more complicated theories, including higher-spin supermultiplets, extended-SUSY and interacting models. An important property of
the unfolded formalism is that it allows one to freely pass between different base space-time manifolds (this is possible when the
unfolded consistency condition holds regardless of the dimension of the base manifold, which is usually the case), which gives rise to
various dualities [15]. In particular, one can directly uplift unfolded SUSY-models, formulated in component terms in Minkowski space, to
superspace formulation [6,7]. It would be interesting to see how the superspace unfolded generalizations of the space-time formulations,
constructed in the paper, fit the standard superspace formulations (in particular, what are relation between the spectra of auxiliary fields).
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