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1 Introduction

Since the discovery of supersymmetry in the late 1960’s and early 1970’s' there has been
tremendous progress in the development of supersymmetric theories which undoubtedly
influenced a big part of theoretical physics. For 4D higher spin theories, early develop-
ments led to the supersymmetric extension of free, massless, irreducible representations
with on-shell supersymmetry and their Lagrangian description [4, 5]. The off-shell, super-
space description of such representations was found first in [6-8] and later developments
are [9-11]. Furthermore, various consistent interactions among massless higher spin super-
multiplets have been discovered recently [12-22].

However, after five decades of intensive investigations, the seemingly simple ques-
tion of finding the superspace action principle for free, massive, arbitrary superspin, irre-
ducible representation of 4D, N' = 1 super-Poincaré group still remains unanswered. This
is a very important and necessary first step in order to even consider exploring mani-
festly supersymmetric interactions among massive arbitrary spin supermultiplets. The
non-supersymmetric Lagrangian description of massive irreducible representations of the
Poincaré group was found in [23, 24] almost forty years after the theory of higher spins was
first undertaken by Dirac [25]. It was demonstrated that massive higher spins carry a very
interesting and rich off-shell structure, because they require a (double) tower of auxiliary
bosonic (fermionic) fields of increasing rank.

For the case of supersymmetry such a description and understanding of the off-shell
structure of arbitrary higher spin supermultiplet is lacking, nevertheless there has been
some progress towards that direction. In [26-30] a Lagrangian description of on-shell
massive higher spin supermultiplets was found. This description follows the viewpoint of

!The dramatic story of the discovery of supersymmetry and its early years can be found in (2, 3].



perceiving the on-shell massive spin degrees of freedom as a collection of on-shell mass-
less helicities? and thus, by stitching together a tower of on-shell, massless supermulti-
plets with increasing spin, one can find a description for the on-shell massive higher spin
supermultiplet. However, because the supermultiplets considered only have on-shell super-
symmetry, this approach provides no clues regarding the additional auxiliary structures a
manifestly supersymmetry description may require. Manifestly supersymmetric descrip-
tions of massive irreducible representations do exist [1, 31-35] but unfortunately not for
higher spin supermultiplets.

Nevertheless, the theory constructed in [1] corresponds to the massive extension of
one of the formulations of linearized supergravity which can be extended to arbitrary half-
integer superspin theories. In this paper we construct the superspace Lagrangian for a
4D, N = 1 super-Poincaré irreducible representation of mass m and arbitrary superspin
Y = s+ 1/2. We find that in addition to the real bosonic superfield Hy(5)e(s) which
carries the propagating, on-shell degrees of freedom of this representation, the super-
space Lagrangian description requires a tower of pairs of auxiliary, fermionic superfields
Xa(q)d(g—1)» Ua(g)a(g—1) With 1 < g < s. This is in agreement with the results found in [1]
for the special case of s = 1 and also is consistent with the structures required by the
non-supersymmetric results [23, 24]. The explicit form of the Lagrangian is found by de-
manding that all these auxiliary superfields vanish on-shell, in the free theory limit and
the appropriate constraints on H,(4)4(s) are generated in order to describe the irreducible
representation Y = s+ 1/2.

The paper is organized as follows. In section 2 we review basic features of irreducible
representations of the 4D, N = 1 super-Poincaré group. In section 3 we construct the
superspace action that provides the off-shell description of these irreducible representa-
tions for the arbitrary half-integer superspin supermultiplet. In section 4 we illustrate the
richness of the off-shell structure, by counting the number of off-shell degrees of freedom
of this theory.

2 Massive and massless irreducible representations of 4D super-Poincaré

Often in physics we consider some symmetry (super) group and then ask about its (irre-
ducible) representations. For the majority of the cases, the answer about their existence
and their classification almost certainly already exists somewhere in mathematical litera-
ture. However, for many applications in physics this is not enough, because we do not just
blindly look for any representations but for locally realizable representations that can have
a (super) field theoretic description. This tension between knowing the representation and
realize it in a field theoretic framework is responsible for the richness of many theories.
In this case we consider the 4D, N' = 1 super-Poincaré group but in order to have
a finite number of propagating degrees of freedom we focus on its stabilizer, the super-

2The 25+ 1 on-shell degrees of freedom of a massive spin j = s can be viewed as a collection of the —j, +j
on-shell helicities for massless spins j = 0,1,...,s if s is integer or j = 1/2,3/2,...,s if s is half-integer.
Moreover, if one trust this analogy to hold off-shell, then one will precisely discover the (double) tower of
auxiliary symmetric (spinor) tensor fields appearing in the off-shell Lagrangian description of [23, 24].



Little group.® The diagonalization of its two Casimir operators and its Cartan subalgebra,
determines (7) the type of superfield (number of indices and their symmetries) which realizes
the representation and (i7) the type of constraints it must satisfy in order to be irreducible.
For a massive, half-integer superspin (Y = s+ 1/2) representation one must consider a real
bosonic superfield H(s)4(s), With s dotted and undotted indices which are independently
symmetrized and satisfies the following conditions

OHo(s)a(s) = M Has)a(s) » D Ha(s)a(s) =0 (2.1)

These constraints kill most of the components of superfield H,(,)4(5) but allow the prop-
agation of the physical degrees of freedom of four massive spins, j = s+ 1,5 = s+ 1/2,
j =s41/2,j = s. Describing an irreducible representation this way is an on-shell state-
ment, since it refers to the physical degrees of freedom. A natural question to ask is what
is the off-shell description of this representation. This can be given in terms of an ac-
tion which will generate equations of motion that give raise to the desired constraints. In
this paper, we will answer this question for the case of an arbitrary half-integer superspin
supermultiplet described by (2.1). We will show that the answer includes a hierarchy of
pairs of auxiliary, fermionic, superfields Xq(g)a(g—1)s Ua(g)a(g—1) for ¢ =1,2,...,s.

For a massless, half-integer superspin supermultiplet, the on-shell propagating degrees
of freedom are described by the superfield strength W,(2,11). This is a chiral, fermionic
superfield with 2s + 1 symmetrized undotted indices which must satisfy the constraints

Da25+1Wa(25+1) = 0’ DBWO‘(QS‘H) =0. (22)

This is analogous to the description of the massless spin one representation by the field
strength Fj,,. It is the field strength that carries the physical degrees of freedom, since if we
do an experiment we will measure the electric and magnetic fields. Fj,,, must satisfy on-shell
the constraints 0™ Fp = 0, O Fyyy) = 0. One of them we call the dynamical equations
of motion and the other we call the Bianchi identity. In order to construct the off-shell,
Lagrangian description of the theory we solve the Bianchi identity in terms of a gauge vector
field. The fact that the off-shell description of the theory is given in terms of the gauge
vector field, allows for a smooth transition between the Lagrangian description of a massive
spin one (Proca action) and the Lagrangian description of a massless spin one (Maxwell’s
theory) by taking the massless limit of the Proca action. The discontinuity on the on-
shell degrees of freedom is recovered from the emergence of the redundancy of the vector
field in the massless limit. This approach can be applied to the case of massless irreducible
representations of the super-Poincaré group (see [9]). Briefly, the second constraint in (2.2)
can be solved by expressing superfield strength W, (s11) in terms of a real prepotential
superfield which has the same index structure as the superfield that describes the massive
theory (and thus making the transition from massive action to massless one smooth)

N2 s @
Wa(23+1) x D D(a2s+laa2$ NN 8as+1 1Hoc(s))dc(s) . (23)

3For a detailed review see [9, 36-41].



The prepotential H,(4)4(s), i now a gauge superfield because it acquires a redundancy,
which leaves the superfield strength invariant

1 - 1~

OH o (s)a(s) = o Do, La(s—1))a(s) — QD(dsLa(s)d(s—l)) : (2.4)

Using the above redundancy as a guiding principle, one can find the superspace Lagrangian
description for this supermultiplet. The result is that there are two different off-shell formu-
lations of the same theory based on (2.4) [6, 9, 11]. Both of them require the presence of an
additional, unconstrained, compensating superfield. The one relevant for our discussion?

is the non-minimal description given by the following action principle

a(s)a(s "2
Stvestip= [ dz HOOMODIDD, Hy 40, (2.5)

-2 Ha(s)d(s)l_)dsDQXa(s)d(s—l) +c.c.

1 .
_% NIORESNe

+2 X @4E0D L D Yo 1)as)

Xa(s)a(s—1) T C-C.

where the unconstrained compensator has the redundancy
=2
Xa(s)a(s—1) = D" La(s)a(s—1) + D Ag(sg1)a(s—1) - (2.6)
The equations of motion of the above action will generate the desired condition (2.2) and
thus allow only the propagation of the helicities of spins j = s+ 1 and j = s+ 1/2.

3 Arbitrary half integer superspin supermultiplet action

The massive extension of Sry—_,1/2), denoted as S(,, y—s—1/2), must be such that

lim [S(m, Y=5+1/2)} = S(Y:s+1/2) + S(decoupled sector) (31)

m—0

5S(m, y=st+1/2) = 0= 0 Hy(s)as) = M Ho(s)a(s), D™ Ha(s)a(s) = 0. (3.2)

For simple cases, like the vector supermultiplet (s = 0) the S(gecoupled sector) 15 trivially
zero. However, in general we can allow such term. As an example, consider the theory of
linearized massive supergravity developed in [1]. It requires the presence of an additional
auxiliary superfield wu, which in the massless limit decoupled from the theory. Similar
behavior is demonstrated in [23, 24] were the massless limit of the theory generates a
non trivial decoupled sector which can be ignored from the view point of the massless
theory. Condition (3.1) dictates that the most general interaction between the auxiliary
superfields in Sgecoupled sector) @nd the superfields of massless theory must depend on the
mass parameter. Finally, the various numerical coefficients will be fixed by demanding that
all auxiliary superfields vanish on-shell and condition (3.2) is satisfied. This will fix the
on-shell spectrum of the theory to be the correct irreducible representation.

“We follow the conventions of Superspace [37].



Motivated from the results in [23, 24] and [1], we propose the following coupling scheme:

Massless theory Sy—s11/2)

[:Ia(f)o'z(s) Xa(s)a(s—1)

~in2 ~ m

Starting from the massless action Siy—,y1/2) we introduce a double tower of auxiliary
superfields Xo(g)a(g—1)s Ua(q)a(g—1) €quipped with two types of interactions. The g-th level
superfields (@ and u(? interact via a mass term (vertical dashed lines). This type of
interaction dissolves at the massless limit. The second type of interaction is between the
g-th level superfield u(? and the (¢ — 1)-th level x(~ superfield (solid diagonal lines) and
is persistent, in the sense that it survives the massless limit. Furthermore, in compliance
with the preliminary results of [1], superfield H,(4)4(s) has its own mass term as expected,
but the auxiliary superfields (2, 4(? do not have their own mass term. The consistency of
this scheme with the massless limit is automatic, because the first vertical dashed line will
break, decoupling the entire y, u sector, except x(*) and thus recovers the correct massless
action Siy—gy1/2). Also it is easy to check the consistency with the s =1 results of [1]. In
that case there is only one level (¢ = 1) and thus, only the mass interaction between y,
and u, participates, exactly as found. The most general action that reflects this coupling

scheme is

8 a(s)a(s 52 2 rra(s)d(s
S(my=s11/2) Z/d Z{ HOHIDID ™Dy Hy(s)a(s) +m*H YN Hy ) (3.3)

-2 Ha(s)o'z(s)]jds DQXa(s)d(s—l) +c.c.

s+1
s

+2 x*O4E=DD, DY e 1yage)

Xa(s)d(s_l)DQXa(s)d(s—l) Le.c.

Fm Oy e,

el o@Dy e,
4w @RDD2y e
+c§ w0 OEDDED G e

SO0 —

+C§ls) ua(s)d{(sfl)DasD Ua(sfl)d(s)



s—1
o & (¢+1) (¢+1) »
30 [u @S (6 VD, Doy Xaga(e-1) 05 Doy Dy Xaiala-n) Jree:
q=1

-1 a2

+di? X OB o age-n Fe
+d§‘” Xa(q)d(qil)DQXa(q)a(qfl)+c‘c'
—I—dgq) Xa(q)d(q_I)Danaar(q—l)d(Q)

+di?) x*@WHDD, DY T ag

m X OV D401 +ee.

+ng> Ua(q)d(qil)DQUQ(q)d(qfl)+C'c'

+CgQ) ua(q)d(q—l)D2ua(q)d(q_l) ~+c.c.

+ ng) u@a=1) qu Do, Ua(g—1)a(q)

+cl0 ua(q)d(q_l)Danaqaa(q—l)d(q)] } '

The coefficient of the mass interaction between (9 and u(? can be set to one by adjusting
the normalization of u(9). Similarly, one of the two bl4™1) coefficients can also be set to one
by adjusting the normalization of x(?). The equations of motion generated by the above
action are

(H) o =2 2 2 = 2
Ea()a(s) = 2D D Dy Hos)a(5) +2m” Has)a(s) = 5 Dia D Xa(s)a(s-1)) (3-4)
2 =2 _
51 DD Xa(s—1))a(s)

80(;((5145—1) =—20°D™ Ho(s)a(s) =2 S

S

D*Xa(s)a(s—1) (3.5)

2 =g
51 PlasD Xas—1)a(s) H1 Ua(s)a(s—1)

o

u,s s) 12 S D™ u
Exrhte— =261 D Uagoyats—1) +265” D2uagas— 2 D™ Dia, fa(s-1)a(s) 30

e . ()

s — b D
DD tha(s-1))a(s) 71 Xa@ats—1) + 55,271 PldemsDianXa(s-1)a(s-2)

s!

+

s!

b(s) _
ot Ples Diges Xa(s—1)a(s-2)

and
: Dma, 1 mé 1) =6 o
) oy = = BTIDO D g i) — BT D D g g 1ag (3.7)
@ 2 @ p2 A5 Séapy
2417 D Xa(ga(g-1) + 242" DXa(g)ate-1) T (ag Xalg—1))a(q)

d[(f) .
Qg _
+ 7 D(a,D "Xa(g-1))a(q) T MUa(q)a(g—1)



u, —2 c & _
ES a1y =267 D uagrag-1) + 265" D2uaggaq-1) + = D 'Dia, Tag-1)ag)  (38)

b(‘])

g~ 1)1 Pl DlagXata-1)aa-2)

b(Q)
+ 7(1 (-1 D (0, D1 Xala-1)a(a-2)

forq=1,2,...,s—1. Our strategy is to use these equations of motion with an appropriate
choice of coefficients in order to show that on-shell all auxiliary superfields vanish and we
dynamically generate constraints (2.1):

Uy =0=>Xq=0=---= Ua(q)a(qg—1) = 0= Xa(q)a(g—1) = 0=... (3.9)
O _ _ 2
= Ug(s)a(s—1) = 0= Xa(s)a(s—1) =0= D" Hy(5)a(s) =0, UHa(s)a(s) =M Ha(s)a(s)-

We will do that in steps and recursively. For example, if we assume that v = () =0
for r =1,2,...,s then we can easily generate (2.1). If u®) = x(9) = 0 we get via (3.5) that

n&s _ . . Qs as o(H) _
on-shell D?D H(s5)a(s) = 0. This will lead to D% H,(5)4(s) = 0 based on D& a(s)(s) = 0

and Eé(s))a( ) = 0 will give UHq(s)a(s) = m2Ha(s)d(S). The next step is to assume that
u) = (’") =0forr=1,2,...,s—1 and show that there is a choice of ¢ coefficients such
that u(s), x®) both vanish on-shell. We will show that this approach can be iterated until
we reach the bottom of the sequence (3.9) and in the process we determine all coefficients.
In every iteration we assume that all auxiliary superfields up to some level can be set to
zero and then prove that there is an appropriate choice of coefficients that will make the
next level auxiliary superfields vanish too.

Because the auxiliary superfields are required to vanish on-shell, one is allowed to con-
sider a linear redefinition of the auxiliary superfields 4@ = Au@ + By(@,
9 = Cul? 4+ DY@ without affecting the outcome. Besides this redefinition being in-
vertible (AD — CB # 0), the coefficients (A, B,C, D) are arbitrary and can be used to
fix any four, g-level coefficients in the action. This freedom has already being used in the
ansatz (3.3).

A tool that will be used often in this method is the following. Notice that y(? superfield
appears algebraically in €%, Hence, we can use this to eliminate all x(? dependence in
EXD  for all values of ¢. One way of doing that is to define the following quantity:

(q) _ (x,9) (@12 o(u,q) (@2 ou:q)

Logyata—1) =MEapatg—1) ~ 241 D Eqgrae—1)~ 242 D"Egrata—1) (3.10)
d:(a) b (u,q) diq) 5% g wa)
D Placaiit et~ g Padd Eaggtmac) -



Plugging in equations (3.7) and (3.8) we find that

1) ags 1@ 1) =g
IéQ(L)a(«z—l) = —m b DO DM 1ya g —m bSTTY DUDO g gy 1ag) (3.11)

=2
+m? ua(q)d(qfl)"'{dz(zq)cz(aq)} DD Dryta(g)a(g-1)

— 2 — 2
+{—4d§q)c§q)—d§Q)ciQ)} D D2ua(q)a(q—1)+{—4d§q)cgq)—dfpcgq)} D*D Ua(g)a(q-1)

{20 ) 20D ) ql' DD, D™ tin(g-1))(q)
+{-2d{0c{ ~2d{ () ql, D*D™*D(a, ia(q-1))a(a)
+{d§’Q)CS‘Q)_dE*q) (q:l Cfxq)_cg”q))} ql' D(e, DD uga(y-1)ate-1
+{q;l di(%q)cz(%q)} (q_ll)! D(dqleQDBua(q)Bd(q—%)

+{q;1 diq)cgaq)} Q'(ql—l)' D<%D(c‘vHDBDB%a(q—l))Ba(q—m)
+{_q;1 dg’q)ciq)} q'(ql—l)' D@HquDBDﬂ Ua(g-1))Ba(q-2))
+{—2d§‘”b§q)} q'(ql—l)' DzD(aqf)(dqflxa(q_n)d(q—z))
+{—2a{p?} q,(ql_l), D?*D(4, 1 D(a, Xa(g-1))a(s-2))

N {_ 29— 0 (bgzn_qzl bé‘”)} ql' D (0, D*Day 1 Xatg—2))a(a-1)
+{q;1 dﬁf’b@} q,(ql_l), D(a, Dy Dag1 D Xag-2)36(a-1)
+{q;1 déq)béq)} q,(ql_l), D(a4-1D(agD Doy s Xa(g-2))ia(g-1))-

This expression holds for all values of ¢ = 1,2,...,s — 1.7 However, the validity of (3.10)
can be expanded to include the ¢ = s case as well. In that case, expression (3.11) remains

valid if we assign to the d(*) constants the corresponding values coming from the massless
theory (2.5)

s+ 1

d¥ =0, d = , dY =0, 4 =2 (3.12)

5Note that for ¢ = 1, there are no bngl) and béqzl) coupling constants, as can be seen in (3.3). That
is because the lowest rank x superfield is ¥ and there is no x(*). Hence for that case the last five lines

of (3.11)|q=1 drop out. To simplify, things we can keep using the same expression with the convention the
b= = b= = 0.



and replace the first line with the correct Hg(s)4(5) terms

(s) _ 2~ s
Lo (sya(s—1) = —2m DD " Ho(s)a(s) (3.13)

+m2 Ua(s)a(s—1)

s) (s s) (s =2
N {_4dg 9 — e} D s

A5 gl ) L ondeny
+ i } o PP Dia,tais-1)a(s)

s+1 (s s 1 _ 9
dz(L < 4(1) - Ci(’) )>} g D(asD Dﬂuﬁa(s—l))d(s—l)

s—1 1 s) 1 — EEY:
{ } s — 1) D, D(a,—: DD g5 1)) ga(s—2)

+

_.|_

9 1 .
~2d; } PICE]] DD s, 1 D(as Xa(s—1)a(s-2)

_.|_

541 1 (s 1 ~2 _
+ ( s by >} Sl D(aSD Das—IXa(S—Z))d(s—l)

s—1 )09 1 5 D+
*{ s 4ty Ty PP iDaciD Xa-2)sae-1) -
3.1 Linearized massive supergravity and s-th level auxiliary superfields

The term in the first line of (3.13) can also be generated by DQDdSSC(MIé))d(S) using the mass

term Of Ha(s)o’z(s)

=2 = ‘s = .s
2 DD "D?D™ Hy(5)a(s) + 2m° D* D™ Hp(s)4(s) (3.14)

s+ 1
s

2t o(H)
DD ot =~

-2

=92 2 =2 ™ .s —
D*D D*Xa(s)a(s—-1) + o D’D D4, D™ Xa(s—1))a(s) -

Unfortunately, we also generate additional, unwanted H and x(*) terms. However, no-
tice that all these additional terms can be canceled by D2152€g(<5)0.[(8_1). If we consider
the combination

(s) 21 a(s) o(H) (8) 7272 e(x:8)
]Ca(s)d(s—l) =D"D ga(s)a(s) + fl D°D ga(s)a(s 1) (315)
={-2-2/""} D*D’DD™ Ho(s)a()
s+1 s+1 (s _9
+ {2 -2 | )} D’D"D*Xa(s)a(s—1)
S S
s 1 =2 Qs
+{2+2f| )} = D?D’Da, D™ Xags1)ace
+2m D2D Ha (s)a(s) + f DQD Ua(s)a(s—1)
then obviously the choice fl(s) = —1 is the appropriate one because it cancels all the

unwanted terms and we are left with terms that are proportional to m and m?. These
cancellations are not an accident but a consequence of the gauge invariance of the massless



action (2.5). Because of (2.4) and (2.6) the massless theory equations of motion must

satisfy the following Jacobi identity

as (H,m=0) _ (x,8,m=0)
D™ e =D ENSA) (3.16)

hence, the specific combination IC&()S)Q( ) = DQDQ(S)SL(S))OC(S) D2D Sé)f;)L(S_l) must in-
clude only terms proportional to m and m? which identically vanish in the massless limit

s) _ 2 V2R Os 9=2
K8 ey = 2m? D*D™ Hoga(e) — m DD ta(ga(e1) - (3.17)
Now we can combining (3.13) with (3.17) in order to cancel the common H-terms
(s) _ 1 (s)
Tas)as-1) = 7 Kagoas—1) T La(s)ats-1) (3.18)

{9 — a9 1) DD ungyaion
{2l —2d(e) % D*D™*Dq, a(s-1))a(s)

+ {—dff) (S;rl )~ C:(as)>} g D(a5D2D5uBa(s—l))o’c(s—l)
+{ - 2=l e (s)} s'(sl—U' D(a,Dig, -, D’ DB”Ba(s—l))Bd(s—2))
+ {—2d§$)b§8)} 8,(;_1), D?Da, Do, Xa(s—1))a(s-2))

+ {—dff) (bgs) & Jsr ! bg))} % D(OésD2DasflXa(s—Q))d(s—l)

s 1 (5);(s) 1 5 57+
+ {s b 1y Ples P Dasi D Xags-2)a(-1) -

This gives an equation that depends only on «(®) and x*~1) and includes an algebraic term

for (). On-shell the left hand side of the equation vanishes, because J ) is constructed by
equations of motions. Therefore by tuning the various coefficients we can use the algebraic
term in order to make u(®) vanish.

For the special case of s = 1 (linearized supergravity), the last three lines drop out

and the fourth one identically vanish
T =m? ug +{~4ds eV — dP eV —1} DD u, (3.19)
+{=2d{ e} — 24"V} DD Dyt
P (260 &)} DD
Therefore, in order to have u, vanishing on-shell we must select the coefficients to satisfy
4dMeM 4 a0l = 1
dgl)cg) + dfll)cgl) =0 = cgl) = é, cél) = é, 6511) = i (3.20)

2 0511) - c:())l) =0
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These are precisely the results found in [1].

For the general case (arbitrary s), we assume that all auxiliary superfields of lower levels

vanish on-shell u(") = (") =0 for r = 1,2,...,s5 — 1. Then because of 50%i1?@(g—2) =0,

superfield u(5)4(s—1) Will satisfy the following constraint
ng) DasDas*lua(s)d(s—l) + bSS) Das*lDasua(s)d(s—l) =0 (321)
which leads to the identification of various terms in (3.18)

3 s) (s s) (s =2
Jo(é(i)a(s—l) =m? Ua(s)d(sfl)‘i‘{_lldg ’c§ )—dfl )cé )—1}D2D Uq(s)d(s—1) (3.22)

K S S S 1 ~ s —~
+{—2d§ )cg )—2d4(1 )cg )} EDQD D (o, Ua(s—1))a(s)

9 (5+1 5 o) 51 (9 @b\ 1 L =2
+{_d‘(1)< s CE*)_Cg))_ s d‘(*)ci(%)b?s)} D(a, D" D gas-1))a(s-1)

s!
1

Therefore, in order to be able to make u(®) vanish on-shell we must choose the coefficients
such that

s s s s s S s(s+1
14 04 o0 = 10 =1 REPECS
K] s s s s 52
& ) +d?) & =0 I P 629
(5) (541 (5) () L s—1 4(s) (s) b5 _ (s) _ 53 s—1 b5
dy ( Jsrl €y —C3 )"‘Tl dy’ c3 b?) =0 Cy —% (s+1)(25+1) (1_ sl b?)

Notice that as an input in the above system of equations are the d®) and fl(s) coefficients

fixed by the massless action and Jacobi identity. This will be a repeating pattern that will
(s)

become explicit in section 3.3. Moreover, c; ° remains arbitrary and irrelevant to u® =0
which is consistent with the findings of [1], thus we can set it to zero. Also notice that the

coefficients bgs), bgs) have not being fixed yet, however they participate in the combination

bgs) / bgs) which demands bgs) to be non-zero. Hence, using the freedom to normalize x(*~1)

)

accordingly we can set it to one, b(ls = 1. Finally, the vanishing of x(*) on-shell follows

automatically from equation £(*5) = (.

3.2 Y = 5/2 supermultiplet and (s — 1)-th level auxiliary superfields

Now we repeat the process for (s — 1)-th level auxiliary superfields. The main goal is to

s—1) s=1) will automatically follow as demon-

make u vanish on-shell. If it does then, y! ;
strated above. We start with (3.18) and use it to calculate DaSDasfljo({‘zi)d(s_l) and

~Gs—1 &s—1

I_)dsleo‘Sj;Z)d(S_l) in order to generate the D**D™" " uq(g)4(s—1)s D~ D™ uUqs)a(s—1)

- 11 -



terms that appear in [ (s-1) 6 After some algebra one can find that

a(s—1)a(s—2)"

asy@s—1 7(s) () pls-1yas 7(5) _
D™D ja(s)d(s—1)+b2 D D joz(s)d(s—l)_ (324)

Qs—1

—m?2 DD Ua(s)d(s—1)+m2 b(25) Dds*lDaSua(s)d(s—l)
25—1

s) (s ~2 = 3
dyel? ¢ D*D'DPD Uga (s—1)Ba(s—2)

s—1 () (s ~2 _5-8
{—S dz(l)cé)} D’D"D’D Uge(s—1)Ba(s—1)

s=1 (s) (s),(s = =2
T dz(1 )Cg )bé )} D"D’D Dﬂuﬂa(s—l)ﬁd(s—l)

(=17 (5) (9),(5) 1 52877
52 dy’c3 by (s—1)! D(a,_,D DD DV ugya(s-2))5a(s—-2)

s+1 (s $5—=2 (s) (s 1 = =B =5
=== 0 )> {s il )} D, DD DD 0 1yg5405-3)

(s—2)!

_(5=2)(s=1) dgl%g;)} (8_1)1 D(, ,Da, ,D’D’D'D’

52 I(s—2)1 (s YBya(s—2)Byé(s—3))

2s—1 (s) 1 9=2 —3_
——— 4 } ( DD Do, 1 D" X4 (5-2))a(s—2)

s—1)!

s+1 (s 2 (s) 1 — 3 9=2 _
1_T b2 > d4 (8—1)! D"D"D D(Oésflxoc(s—Q))Bd(s—Q)

a(s—2))Ba(s—2)
§—2 s 1 = 9=f =5 _
1——— b, >{ dy } G=11(s=2)1 Do DD Do, D Xo(s—2))s5a(s—3))

stl @) [ =2 ] 1 % DD .
1-=—— by ){— dy oD D(a,_,D Da,_,D D Xga(5s-3)))5a(s—2)

{
(
(
{
(
{
{
(
[
(
(
{

=2 ) 1 ~ BRBH2
_2 d2 } <3—1) | D(asle(dsf2D D D X,Ba(s—2))

(5-2) Bi(s—3))

(s—1)i(s—2)1 (w1 Dl

SR <
Da, 2 D"D'D X (53 f3(s-3))

+
—N—
—~

w

w | |
NS
N—
(€

QU
ey
N>
——
—

Once again, besides the desired terms of the first line, we generated many more u(®) and
x*~Y terms. However, similarly to (3.14) and (3.15), all these terms can be absorbed
by appropriate use of € 06s=1) and leave only terms that depend on the mass parameter.

SThat is equation (3.11) for ¢ = s — 1.
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A careful examination ofthe terms in (3.24) suggests that we have to consider the following

(s—1)  masRds—1 #(s) () S Os—1~as (S s—1) 21”2 o(x,5—1)
Ica(s—l)d(s—Q)_D D ja(s)d(s—l)+b D ja(s)dc(s—l +f1 D D ga(s 1)a(s—2)

s—1)
(-1 42 eOes—1) f3  n2Rfelbes—1)
+f2 D D D'Yga(sfl)a(sf2)+(8_2)| D(a D D g (S 1)5&(5 3))

szSil) B o(x:5—1)
+(8—1)' D(as 1D D gﬁa(s 2))é&(s—2)
s—1
+L D ,Da DBDBE(X’S Y (3.25)
(s—1)(s—2)1 (@17 (Ga2 Bo(s—2))Bé(s—3))
for appropriate values of fl(s_l), fQ(S_l), ?Es_l), f4(5_1), 5(5_1). Notice, that many terms
in (3.24) cancel if we tune bgs) such that
1 s
=S o) = 0 (3.26)
s+1
With this choice, the contributions proportional to fz(s_l), fés_l) are not relevant anymore
and will be ignored (f; (s=1) fés_l) =0)
(s=1) _
K"a(sfl)d(sf2) = (3.27)

_ Qg Qs—1 (S) Qs—1 04‘5
—m? D% D’ Ug(s)a(s—1)+m* by D™ uq(s)a(s-1)

(S 1

(-Dp2f
i f DD g (o 1ya(s—2) + M s Plow D D g0 2))405-2)

(s—1) 5
N AP :
+m (5—15)!(3—2)! Day-1 D, 2 D™D g0 (5-9))ga(s-3))
25— 1 2 — 3
T f1 } *D°D’D UBa(s—1)B(s—2)

+

() _ p(s=1)p(s) 1 D2 DAD?
b —Jy by } (s—1)! D(a,_,D DD D’yuﬁ"/a(S*Q))"Yd(S*Q)

FONONIFCS) L 5 5D
g5’ — f }(S_I)D( D4, ,D’D"D'D

{
-
e
{2 251
=
S

I(s—2) ~(as—17(ds—2 UBya(s—2))By6(s—3))
+ S 2 Vay 1)} DZD2D2XO¢(571)a(372)
- d(s AT Sy DD D, Rl RSP
N s)_% FOMCIpIC (sil dglsl)_désl))+f5(sl)disl)} 5

% o1y Dian DD D (o2 atens)

IS AT oy D(e.D*Da, 2D "D ooy eesy
+{-2 557 & 2Ny m Do, 1D, 2D D DN sa(s2)a(s-9)
+{(Ss22)2 dff)*zjfés_l)df_l)} m%—l%—a% DDDX g a)
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In order to keep only the terms that depend on mass, we must select the three f (s=1) in
the following way

s—1 2s =1 s s
{ >:Td§)c§,) (3.28)
s—1 s—1 2 s s
R (3:29
s—1 (s=1(s—2) (s (s
Y = - d® ) (3.30)
and the d*~1) parameters must satisfy
s—1 S— s
= o
Yy =22 )
(5 1) dé(l ) 25 1 d(s) (3 31)
5(5 1) dis 1):_(3 1)(s 2) d(s) ’
(8_1258_2) dz(f) (s-l—l)(s 1) d(s s)+fs 1) (381 dgls—l) 35 1) )+f(s 1 s 1) -0
dy) =0
Equations (3.31) are all compatible with each other and have as a solution
g _ S dgs) B NN GV 1 (3.32)
2 - s—1 dfls) ci(,)s) ) 3 — Yy 4 - C:()’S) . .
The last step is to combine ICS(S 1)1) (5-2) with IL(S )l)a(s ) in order to cancel the u(*) term
(s—1) _ (s=1) (s=1)
and construct J, 1) (-2) = m Ko Da(s—2) T Zats-1)a(s—2)
jossli) (s— 2)_m2u04(5 1)é { d(s K ( Y d4(1871) 35 1)+f }DQD Ua(s—1)a(s—2)
(s=1), 57 2 (s—1) (s—1) =2 =6
+{—adf }D D2t o1y sz +{ —20 Ve }(571)!D Do s D i)y s-2)
s—1) (s—1 -1 Cus— _
{2V 27} 2y DD D, ae-apae
S (s 1) (s—1) s—1 1 =2
+{ d ( €4 T3 >+f4 } (s—1)! Do, D Dﬁ“ﬁa(s%))d(sﬁ)
s 1) (s—1) 1 = N
+{ TV gl } GoDiG=2) D1 Dias o DD g (o 0\ gas )
(s— 1 1 23
+{ 2d } m D D(aS,QD(aS,lXa(sz))d(sf?)))
(s 1 1 =2 =
+{-2d } o) P D(as-1D(c'vs-zXa(sfz»a(s—s))
s—1) s (s—1)
+{-di ( =) = 1) D(a,,D Do, sXa(s-3)a(s-2)
S s 1), (s—1) 1 — — 5
i AT} iz Plew i aDaraD Xae-miate-2) - (3.33)



This equation will determine all the ¢(*~1) coefficients in order to have u(*~1) vanishing
on-shell.

For s = 2, Y = 5/2 supermultiplet, the last four lines drop out and we are left with three
equations fixing the three unknowns. For the general case, we work under the assumption
that we have already set to zero all lower level auxiliary superfields (u(r) =x") =0 for
r=1,2,...,5s — 2). Therefore, using EX*=2) we find that u(*~? on-shell will satisfy the
constraint

B DU DN U yagenn) + 05 DUTID® g p)age_z) = 0 (3.34)

forcing the collapse of various terms in (3.33)

«

s—1 s—1) (s—1 s—1) (s—1 s—1 =2
J((S,i)a(s,g)=m2ua(s—1)a(s—2)+{—4dg )Cg )_dz(l )Cz(a )+f1( )}D2D Ua(g)c(g—1)

(s—1) (=1 /2?2 (s—1) (s—1) 1 =2 _ 3 .
+{_4d1 €2 }D D ua(sfl)d(8*2)+{_2d1 2 }(g—l)!D D(a,_,D Un(s—2))Ba(s—2)
(s—1) (s—1) (s—1) (s—1) 1 = Os— _
{2 ey -2V ) g DD D, ae-anace-)
s—1 s—1 s—1 s—1)  bPY —2 ,(s—1) (s—1 s—1
{0 (2 =) () L
1 =2
X (571)]D(045—1D Dﬁuﬁa(s_g))d(S_Q) . (335)
Hence we conclude that we must select coefficients c&sil), c:(,)s*l), cz(f*l) as follows
4457 D gl e = gl (3.36a)
d™V Y gl Y <o, (3.36b)
(s—1) (s—1)
(s=1) (5 (=D _ (=D Oy 572 (s-1) (s-1) _ p(s-1), b (s=1)
d4 <3—1 Cy C3 > bgs_l) s—1 4 Cg = J4 +bgs_1) 5 5 (336C)
atb Y=o, (3.36d)
a V=0 (3.36¢)
The solution of the above is
(=) 1 (s+1)s(s—1)(2s—1) s-1) 1 s(s—1)*2s—1)
= — =—= 3.37
“ 16 (25 + 1) : “ 5T @tz 0 B
(s—1)
(s-=1) _ 1 (s —1)° _ 5—2 by (s—1) _ (s—1) .
¢ =3 oo 1 p— bgs_l) , di =0, ¢y ’ =arbitrary. (3.37b)

Equations (3.32) and (3.37) fix all the (s — 1)-level coefficients. Notice that cés_l) remains
arbitrary and not relevant to the on-shell vanishing of «(*~1). Similarly to 3.1 we adopt

the convention of setting it to zero (cgs_l) = 0). However, in this case equation (3.36d)

offers an explanation for this freedom. Again the input for the determination of ¢~
are the d¢=1 and f(¢~1 parameters. The conclusion is that the kinetic energy terms of

superfield =1 in (3.3) have the same structure as the kinetic energy terms of x(*) which
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are dictated by the massless limit and gauge redundancy. This has the effect of matching
the kinetic energy terms of w5~ with those of u(®). Also, once again, coefficients bés_l)
and bgsil) appear only in the combination bgsil)/bgsfl), which demands bgsil) # 0. By
using the normalization of x(5~2) we can set it to one, bgsil) = 1. Finally, the vanishing of

x5~ trivially follows from equation £®s=1) = 0.

3.3 Vanishing of g-th level auxiliary superfields

The above procedure can be iterated and step by step fix all coefficients such that all auxil-
iary superfields can be set to zero on-shell. Briefly, for the (s —2) level we start with (3.33)
and use it to find K£~2) which will include only v~ and u(*=2) terms proportional to
m? and m respectively. Finding it fixes coefficients f*~2) and d*=2). Then we use it to
find 762 = 1/m K2 + 76-2) which includes only u®*~2 and x*~3) terms. Going

7 we can choose the c¢(®*=2) coefficients

on-shell, and assuming that =3 can be set to zero
so u(572) = (. This will also give 72 = 0.

Here we repeat it for the arbitrary g-th level. We will show that there is a consistent
choice of parameters such that if one assumes that all auxiliary superfields up to level

(¢ — 1) vanish then u(9 and x(9 also vanish
{u<’”) =" =0, r=1,2,...,q— 1} = ul® =0= @ =0. (3.38)

This result holds for all values of ¢ = 1,2,...,s and can be used recursively. For the
special case of ¢ = 1, our assumption (u(’“) = X(T) = 0) is trivially satisfied because there
are no such superfields,® hence the on-shell statement u(Y) = () = 0 does not rely on
any hypothesis and is a pure consequence of action (3.3) given the specific values of the
parameters. Hence, the assumption for the vanishing of u(?), x(? is justified and so on for
all higher auxiliary superfields. As a result, (3.38) can be applied to prove that all auxiliary
superfields indeed vanish on-shell. Moreover, based on the (s) and (s — 1) level results we
conjecture that

d? =0, dP =0, =0, 8W=1, =T vg=1,2,...5. (339

q+1
Our staring point is the end result of level (¢ + 1). That means that
Tataha@ = UM K@ T Totaihal depends only on ulD and x(9 superficlds,
/Céq(;ri)l) () has only terms proportional to m and m? of the form
1 - — 4 q-+ 2 _ . N
Tllct(xq(;r)l)d(q) =m?D 2D g )i () + M q+3 DY Uy oyaggrn)  (3:40)
£

1) 12172 D>
+mf{T DD ug(gi1ya(g) +m D D uga g))a(q)

~—=———D

(q+ 1)~
s

(¢ +1)l¢! Plon

"For the supermultiplet corresponding to s = 3 (Y = 7/2) no such assumption is needed.
8Recall that we encapsulated this information in our convention to assign the following values

= 8RS .
+m D4, D™D Usa(g))ba(g-1))

(bg1> = bél) = 0) for an automatic drop out of these terms.
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and 7t is given by (3.11) for ¢ — ¢ + 1, simplified by (3.39). The coefficients

fl(qH), féq“), fiqﬂ) and dgqﬂ), diqﬂ) have been determined by eliminating additional

w(@2) and x4+ terms. Also the coefficients c{?™, cgqﬂ) ™) have been fixes such

. (g+1) (g+1) . (g+1) B
that if x(? = 0 on-shell then 7, qq " Datg) = 0= Uatgrae) = 0 = Xa(grhatg) = 0
Now we use J(+1) together with & (9 in order to construct K@
(@) _ Gq 7(g+1) q+1 Gga (g+1) 27”2 o (x:9)
Ketata—y =D DTN 4+ i DD T () AT DPDYE )
(q) (9) ;
B (9 5 M B8RS c(x:0)
e D, D DR st sttt DD DD EE )

2q+1

= G =2
42D D ity g 1a() T DD a1y (341)

= szaq+1quua(Q+1)o’c(Q) +m

iQ) f(‘Z) _ 5 _B'
+m 4 Do, D D gl 1)aa-)+ g5 iy Dy 10D g 1yata-2)

2941 (g+1) (¢4+1)  2q+1 ,(¢+1) (Q) 2121 8R8 ,

+{(q—|—1)2 dy "3 algr1)75 } D’D'D’D Ya(g)Bi(q—1)

¢ (1) o)) __4_glat1) _atl (@) 1 BRY
+{(q+1)(q+2) O 7275 274 [ ¢ D, D’D’D'D’ Upya(g-1))va(g—1)

q(g—1) (q+1) (q+1) q—1 .(g+1) (9
+{ (q+1)d +q+1 5 15 }x

5H°prD? .
% e Dt Dy DD DD g 1y sy

+1
241 ) g o) } D’D"DXa(g)a(e-1)

q—1))Bé(g—1)

a(g—1))Bé(g—1)

- f;wdgw} %D%Q%Dﬁ X

q—1 (g+1) (9) 5(a) 1 = BaBn2 ‘
=2 s 2S5 }q!(q_l); D(a,Da, 1 DD DX g0 g-1)) gag-2)

a(a=1) (g+1 1 D DD+
+{<2 LR/ éQ)dE‘q)} =11 PlasP(a, DD DD X4 1))

q+1) lg!(g—1)! q )Byé(q—2)) *

Demanding the cancellation of all terms that do not depend on mass fixes f(9 s as follows

2
50— ( i o <d§f+” ot _ 4t 1 f§q+1>> , (3.42b)
q q
-1 +1
49 _((Ic(lq%- 1)2 (dgqm atD) ) f5<q+1>> (3.42¢)

and the d(@ s . .
@__ 2041 4V g 21 dfY

ds? = — 2 W= T (3.43)
q(qg+1) f@ (g+1)*  flo)
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The last step is to construct J (@ =1 /m K@ + 7@, The result is
_ 9
P =7 s+ (D DD ) DDy 5
(@) (a) @ @\ L n2nbn -
{-2d7ef? —2d el } DD Do, Uy (g-1))a(e-1)
q+1 1 =2
{—dff) <q e — ¢ ) + £ } 4 DD D uga(g-1))a(a-1)
4=1 ) (@ , 4@ 1 = 8RS .
+{_ q dyes” + f5 g'(q—1)! D (agDPaq-1D"D Uga(g—1))a(a-2)
() 1 25
{24} dlg =11 2 Plaa-iDianXata-1ata—2)
=t yal Y popo p. Bix
4 glg— 1) (@ (e Fag Xa(g=2))yelq-2)) -

The above dictates that if we want to make u(?) vanish on-shell, assuming u(") = (") =0,

forr=1,2,...,q — 1, we must select coefficients ¢ s such that:

D _ @ dy”

4 dé‘l) ng)‘FdE;q) Cé‘]) :fl(q) 1 1 [diq)}zle [dgq)]z
(a) _ ¢(a) dy?)

déq) C§Q)+d514) ng) —0 = {0 = sl [dff)]2—44 T (3.45)

g+l 4@ () _ 2 d() () = £ q)+ g (@) (@)

4 (@9 _ 2 (q) f 2
! o o C4q o (q+ql)2 ng +q-(51-1 dz") +(q-qH)2 d?;”

4 Off-shell degrees of freedom

The conclusion of section 3 is that the off-shell description of an arbitrary half-integer
superspin (Y = s+41/2) supermultiplet is given by the following superspace action principle

8 a(s)a(s n2 2 rra(s)ads
SimY=s+1/2) Z/d Z{H AIDYD Dy Hpys)a(s) T2 H* D H 0 4(6) (4.1)
—9 Ha(S)d(S)f)dsDQXa(s)O'c(s—l)—"_c'c'

- a(q)é(q— a(@)d(g-1)p?
_,_Z |:de) % (9)a(q 1)D2Xa(q)d(q—1)+cgq) u (@)a(q I)D ua(q)d(q—1)+c'c‘
q=1
—l—dz(fnXa(q)d(q_I)Danaar(q—l)d(q)+Céq)Ua(q)d(q_I)Danaqaa(q—l)d(Q)

+ P u DD Dty pyag +m (O D tagagen +C‘C')]

s—1
« & M q+1 M
+ {U (+he@ (Danaqﬂxa(q)a(q—lﬁw Daq+1Daqxa<q>a<q—1>)+0-0~]}
q=1

9B681des dropping the last two terms of (3.44), it also imposes on u'?  the constraint

FEs
DD 1) a2 + 2 D D U 1) pagz = 0-
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where the coefficients d(@ and ¢(? are given by the recursive relations (3.42), (3.43)
and (3.45) together with the initial conditions fixed by the massless limit of the theory

dés)z—stl, i =2, f=-1, ;7= =0. (4.2)

The off-shell structure of this theory is extremely rich, since it requires the pres-
ence of two towers of auxiliary superfields with s members each of increasing rank
{u, xW} r=1,2,...,s5. By projecting the superspace action to components, we can
find the component structure of the theory. It will include the auxiliary fields required
by [23, 24] for the off-shell description of irreducible, arbitrary higher spins plus additional
auxiliary fields required by off-shell supersymmetry. Because all participating superfields
are unconstrained and there is no redundancy, all the components of every superfield will
participate in the off-shell component action.

It is straightforward to count the off-shell degrees of freedom of an unconstrained (n, m)
superfield ®,(,)4(m)- The answer is 16(n+1)(m+1) bosons'® and equal number of fermions.
An exception is the case were we can impose a reality condition (# = ® = n = m). In
that case, the real superfield @ (,)4(n) carries 8(n + 1)2 bosons and equally many fermions.
Therefore the total number of off-shell degrees of freedom of this theory is

8(s+1)*+2x Y 16(n+1)n=

n=1

(54 1)(4s* + 115+ 3). (4.3)

w| oo

5 Summary

The supersymmetric Fierz-Pauli program of constructing superspace Lagrangians for
higher spin supermultiplets has been a long standing question since the birth of
supersymmetry.  In this paper we answer this question for arbitrary half-integer
(Y =s+41/2) supermultiplets that on-shell describe the propagation of free massive
spins j =s+1,j=s4+1/2,j=s+1/2, j =s. We find that the off-shell superspace ac-
tion description of this supermultiplet requires a tower of pairs of auxiliary superfields
Un(g)a(g—1)> Xa(q)a(g—1) With ¢ =1,2,... s and it has the form (4.1).

The coupling constants dgn, dflq) and ng)’ cgq),cflq) of (4.1) are given by the
recursive relations (3.42), (3.43) and (3.45) with initial conditions (4.2).  They
have been determined such that on-shell (i) all auxiliary superfields vanish
(Ua(g)a(g—1) = Xa(g)a(g—1) = 0) (i) we generate the appropriate constraints for superfield
Ha(s)d(s) (DasHa(s)d(s) = 0, DHa(s)d(s) = m2Ha(s)d(s)) which allow only the above men-
tioned spin degrees of freedom to propagate and (7ii) the massless limit of the action gives
a smooth transition to the correct description of the arbitrary massless half-integer super-
spin supermultiplet by decoupling all auxiliary superfields with the exception of X (s)a(s—1)
which becomes the compensator of H(s)4(s), as required by the gauge redundancy of the
massless theory.

0For details see [42].

~19 —



These recursion relations can be iterated systematically to extract the numerical value
of all coefficients. For example, as demonstrated by (3.23), (3.37) and (4.2), (3.32), (3.39)
the first two levels of coefficients, for arbitrary values of the parameter s, are:

(9 _1s(s+1l) (9 1 s (s) _ s’ () s+l @ _
T asr1 B T22sr1 4T a2 T 5o =2
(5.1)
s 1 1)s(s—1)(2s—1 s 1 s(s—1)%(2s—1
gy L (sHD)s(s-D@s—1) - oy 1 s(s—1(2s-1) (5.2)
16 (2s+1)2 8 (25+1)2
(s-1) 1 (s—1)3 (s—1) _ (s+1)(25+1)  (s—1) . 2s+1
i V=7 o R A T s B
4 s(2s+1) s?(2s+1) 52

For the special case of s = 1, (5.1) give the numerical value of the coefficients required
for the description of massive Y = 3/2 supermultiplet and they are in agreement with the
findings of [1]. For s = 2 (5.1), (5.2) give the numerical value of coefficients required for
the description of massive Y = 5/2 supermultiplet.

Moreover, the coefficients dgq) and d:(,)q) vanish for all values of q. For ¢ = s this is a
consequence of the gauge invariance of the massless action and it’s effect trickles down to
all other levels. As a result ng) drops out of all equations (for example (3.36d)), remains
undetermined and not relevant for the on-shell spectrum of the theory. For simplicity we
set it to zero.

A characteristic feature of the theory is that it requires the presence of
the ‘bare’ superfield Xxq(5)a(s—1)- This means that the constrained superfield
(Cags—1)a(s—1) X Ddsia(s,l)d(s)) approach of [6, 7] can not be used to generate this re-
sult. From the view point of the massive theory the unconstrained superfield approach
of [9, 10] seem to be the more appropriate variables that one should consider.

Due to the plethora of the auxiliary superfields, the off-shell structure of the theory is
extremely rich and the number of off-shell degrees of freedom scale as ~ s3. Specifically, the
theory carries §(s+1)(4s?+11s+3) bosons and equal number of fermions. In contrast, the
on-shell degrees of freedom are just the 4(s+1) polarizations of bosonic spins j = s+1, j = s
and an equal number of states coming from the two j = s+ 1/2 fermionic spins.
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