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A new description of free massless superfields of arbitrary superspin Y (Y > 1=2) is proposed.
Following the first-order philosophy, we relax some of the properties (reality, gauge redundancy) of the
unconstrained higher spin prepotentials and we construct first and half order invariants quantities. These
are used to write trivially invariant actions. Additional auxiliary superfields that play the role of spin
connections are used to enforce a new local symmetry that restores the degrees of freedom.
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I. INTRODUCTION

The general Ostrogradskiy procedure reduces the order of
derivatives in the Lagrangian (or Hamiltonian) description of
a theory by introducing new variables. A specific application
of this procedure is known as first order formalism. The
power of this method has been epitomized in the frame
formulation of gravity and supergravity. Not only is the first-
order formalism necessary for the gauge theory approach to
gravitation but it is also recommended for the path integral
quantization. By using the frame field and not the metric in
the path integral, one avoids the complication of preserving
the correct spacetime signature and additionally the gravi-
tational and matter Lagrangians take a polynomial form
which is crucial for nonperturbative effects.
For higher spin theories, the first order formalism is

particularly useful. For a spin s gauge field the simplest
gauge invariant object, field strength, carries s derivatives
and thus cannot be used for writing a two derivative action.
In the metriclike description of higher spin gauge fields
[1,2], this problem is addressed by introducing a tower
of higher spin connections [3] and identify appropriate
reductions of the gauge symmetry group that allow the
construction of invariant quantities with two derivatives—
Frosdal’s equations of motion. Alternatively, one can use
the first order formalism. By introducing additional aux-
iliary degrees of freedom it is possible to construct invariant

quantities with only one derivative which can be used to
write the two derivative higher spin Lagrangian as a second
order polynomial and make it manifestly gauge invariant.
This first-order description of higher spin gauge fields was
developed by Vasiliev [4,5].
The metriclike description offers a more geometric

viewpoint to higher spin theory that extends our spin 2
intuition, provides a very economic description in terms of
the number of fields it requires and has been used to
construct various consistent higher spin interactions [6–12].
On the other hand, the framelike description generalizes the
gauge approach to higher spins, provides an economy of
ideas that underlie YM, GR and higher spin, and it has been
the most successful approach toward constructing consis-
tent interactions among higher spins [13–28].
Of course, understanding interactions involving higher

spins is a necessary condition for understanding string
theory as string interactions allow the exchange of higher
spin states. From this perspective one should consider
supersymmetric higher spin theories as for most formula-
tions of string theory supersymmetry is a necessary
ingredient. Manifestly supersymmetric theories of higher
spins have been constructed using the superspace analog of
the metriclike description [29–35] and various cubic
interactions of them with matter supermultiplets have been
found [36–44]. Moreover, cubic interactions among higher
spin supermultiplets of arbitrary superspin Y and super-
multiplets with half-integer [ðsþ 1=2Þ − Y − Y] or integer
superspins [s − Y − Y] have also been constructed [45,46].
These interactions are of the Abelian type because the cubic
superspace Lagrangian is of the form L1 ∼Φ1W2W3,
where Φ1 is the set of superfields that describe the super-
spin Y1 and W2, W3 are the gauge invariant superfield
strengths for superspins Y2;Y3 respectively.
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It would be desirable to consider cubic interactions of the
non-Abelian type L1 ∼Φ1Φ2W3. This class of interactions
are in general more interesting because they have the
potential to generate nontrivial deformations of the gauge
symmetry that may also deform the gauge algebra. Such
cubic interactions have been recently constructed for higher
spin theories with on-shell supersymmetry [47]. An impor-
tant subclass of such interactions are the electromagnetic
interactions of higher spin multiplets, [Y − Y − 1=2] where
the two higher spin supermultiplets form a doublet under
U(1)—must come in pairs of opposite charges—and couple
to the vector supermultiplet. In [48] such non-Abelian
interaction was constructed for the nonminimal supergravity
supermultiplet [3=2 − 3=2 − 1=2]. This was achieved by
developing a first order description of the nonminimal
supergravity supermultiplet in superspace.
In conventional superspace description of supergravity

the superframes are constrained superfields in order to
eliminate the extra degrees of freedom they carry. Solving
these constraints while maintaining supersymmetry mani-
fest is possible by expressing the superframe in terms of a
set of unconstrained prepotential superfields, which include
a complex vector superfield Hα _α. This solution also
introduces new redundancies for the prepotentials in
addition to superspace general covariance and superlocal
Lorentz rotations. All these symmetries can be used to
eliminate all prepotentials except the real part of the vector
prepotential Hα _α. In [48]—while attempting to streamline
the construction of non-Abelian cubic interactions of the
supergravity supermultiplet—the complex nature of the
vector prepotential was restored, ðHα _α → Hα _αÞ while at
the same time a new local symmetry ðδηHα _α ¼ iηα _α; ηα _α ¼
η̄α _αÞ was introduced in order to remove the added auxiliary
degrees of freedom. This symmetry corresponds to the
linearized coordinate transformation of the superframe’s
vector prepotential.
This approach naturally leads to the development of a

first-order formalism for linearized supergravity without
using the conventional constrained superframes but instead
it utilizes the unconstrained superfields of free theory.
Following the first order philosophy:

(i) We introduced new degrees of freedom by complex-
ifying the linearized supergravity superfield

Hα _α → Hα _α ð1Þ
(ii) The relaxed gauge transformation ofHα _α allowed us

to define a simpler gauge invariant quantities Iβα _α

Iβα _α ¼ DβHα _α þ Cβαχ̄ _α ð2Þ
where χα is the compensating superfield.

(iii) Iβα _α satisfies various identities which can be inter-
preted as Bianchi identities for additional sym-
metries. These symmetries correspond to the
symmetries discussed above and are implemented

in the action by the introduction of a pair of
auxiliary, connectionlike superfields Ωβα _α;Wβα _α

S¼
Z
d8zfWβα _αΩβα _αþWβα _αIβα _αþΩβα _αJ βα _αgþc:c:

ð3Þ

where J βα _α depends only on derivatives of Iβα _α.
(iv) One of these additional symmetries is local and

algebraic in nature. Hence it is used to eliminate the
extra degrees introduces in (i). After integrating out
Ωβα _α and Wβα _α, we recover the linearized super-
gravity action described by the prepotential super-
field Hα _α ¼ Hα _α þ H̄α _α and the compensator χα.

One approach toward constructing consistent inter-
actions of higher superspins in superspace would be to
generalize the conventional supergravity description by
considering higher rank superframes and superconnections.
Such superfields, like supergravity, will carry too many
degrees of freedom and must be constrained in order to
describe just the irreducible higher superspins. However,
unlike supergravity, it is not currently known if such set of
constraints exist and how to determine them. An idea is to
use the higher rank superframes and superconnections in
combination with higher rank symmetry generators to
define generalized supercovariant derivatives. Their super-
algebra will form a supersymmetric higher spin algebra and
can be used to define generalized supertorsions and super-
curvatures. The hope is that there is a set of constraints for
the generalized supertorsions and supercurvatures which
are compatible with supersymmetry algebra, the super-
Jacobi identities and describe higher superspin irreducible
representations.
A different approach is to bypass all the above and

consider the unconstrained prepotential superfields [49] used
in the formulation of the free higher superspin theory—which
is the starting point for cubic interactions—and develop a first
order formalism similar to the one developed in [48] for the
supergravity supermultiplet and described above.
In this work, we show that indeed such a first order

formulation of all irreducible 4D;N ¼ 1 higher spin
supermultiplets exist. We find that for half integer superspin
supermultiplets ðsþ 1; sþ 1=2Þ there are two first order
descriptions which correspond to the minimal and non-
minimal descriptions of the supermultiplet. For integer
superspins ðsþ 1=2; sÞ (s > 1) there is a unique first order
description.

II. HALF-INTEGER SUPERSPIN

The half-integer superspin supermultiplet Y ¼ sþ 1=2
on-shell describes the propagation of massless j ¼ sþ 1
and j ¼ sþ 1=2 spins. The superspace realization of this
supermultiplet is given by the equivalence class ½HαðsÞ _αðsÞ�
of an independently symmetric, real ðs; sÞ SL(2,C)
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superfield tensor HαðsÞ _αðsÞ [50] defined by the equivalence
relation (for s > 0):

ĤαðsÞ _αðsÞ ∼HαðsÞ _αðsÞ þ
1

s!
Dðαs L̄αðs−1ÞÞ _αðsÞ −

1

s!
D̄ð _αsLαðsÞ _αðs−1ÞÞ

ð4Þ

This redundancy was initially postulated in [30] and it was
later shown in [31] to be a consequence of demanding a
smooth transition between the Lagrangian description of
massive half-integer superspins [34] and the Lagrangian
description of massless half-integer superspins. The sim-
plest gauge invariant, superfield strength, is

Wαð2sþ1Þ ¼ D̄2Dðα2sþ1
∂α2s

_α1…∂αsþ1

_αsHαðsÞÞ _αðsÞ ð5Þ
and was constructed first in [51].
Following the procedure in [48], we introduce new

degrees of freedom by complexifying the superfield
HαðsÞ _αðsÞ and its L-

HαðsÞ _αðsÞ → HαðsÞ _αðsÞ ð6aÞ

δLHαðsÞ _αðsÞ ¼
1

s!
Dðαs L̄αðs−1ÞÞ _αðsÞ: ð6bÞ

The effect of this on the higher spin fields generated by
HαðsÞ _αðsÞ is to relax the symmetrization of their spacetime
indices and introduce nonsymmetric fields, in a manner
analogous to [4].
First order formalism, being a special case of the

Ostrogradskiy procedure, is based on the factorization of
the operators□ ¼ ∂

m
∂m and ∂m∂n that appears in the second

order Fronsdal equation of motion. In superspace, the
corresponding operators are δ _α

_γDβD̄2Dβ ¼ −DβD̄ _αD̄_γDβ,

δα
γD̄ _αD2D̄ _β ¼ −D _αDαDγD̄_γ , and DαD̄ _αDγD̄_γ . Based on

these factorizations, we attempt to construct a first-order
invariant for HαðsÞ _αðsÞ by considering the following:

IβαðsÞ _αðs−1Þ ¼ D̄ _αsDβHαðsÞ _αðsÞþ
A
s!
CβðαsD

γD̄_γHjγjαðs−1ÞÞ_γ _αðs−1Þ:

ð7Þ
The transformation of IβαðsÞ _αðs−1Þ under (6b) is

δLIβαðsÞ _αðs−1Þ

¼ −
Aþ 1

s!
CβðαsD̄

_αs ½D2L̄αðs−1ÞÞ _αðsÞ − D̄ _αsþ1Λ̄αðs−1ÞÞ _αðsþ1Þ�

þ A
s!
CβðαsDαs−1

�
DγD̄_γL̄γαðs−2ÞÞ_γ _αðs−1Þ

þ s − 1

s
D̄_γDγL̄γαðs−2ÞÞ_γ _αðs−1Þ

−
1

ðs − 2Þ!Dðαs−2Λ̄αðs−3ÞÞÞ _αðs−1Þ

�
ð8Þ

where the two extra parameters Λ̄αðs−1Þ _αðsþ1Þ and
Λ̄αðs−3Þ _αðs−1Þ correspond to additional symmetries emerging
due to the anticommuting nature of the spinorial covariant
derivatives. If we insist on demanding a first-order invariant
quantity, then it becomes obvious from the above that we
must consider two cases. Either choose A ¼ 0 and introduce
a fermionic compensating superfield χαðsÞ _αðs−1Þ with trans-
formation δχαðsÞ _αðs−1Þ ¼ D̄2LαðsÞ _αðs−1Þ þ Dαsþ1Λαðsþ1Þ _αðs−1Þ
or A ¼ −1 and consider a different compensating superfield
χαðs−1Þ _αðs−2Þ with δχαðs−1Þ _αðs−2Þ ¼ D̄ _αs−1DαsLαðsÞ _αðs−1Þ þ
s−1
s DαsD̄ _αs−1LαðsÞ _αðs−1Þ þ 1

ðs−2Þ! D̄ð _αs−2Λαðs−1Þ _αðs−3ÞÞ.
The two cases will correspond respectively to the non-

minimal and minimal formulation of half-integer super-
spins as described in [31]. It is very satisfying that just the
requirement of a first order description determines all
different variant formulations of the theory and generates
all required superfields for each one of them. The two
L-invariant building blocks are

A ¼ 0∶IβαðsÞ _αðs−1Þ ¼ D̄ _αsIβαðsÞ _αðsÞ;

IβαðsÞ _αðsÞ ¼ DβHαðsÞ _αðsÞ þ
1

s!
Cβðαs χ̄αðs−1ÞÞ _αðsÞ ð9Þ

A ¼ −1∶IβαðsÞ _αðs−1Þ ¼ D̄ _αsDβHαðsÞ _αðsÞ

−
1

s!
CβðαsD

γD̄ _αsHjγjαðs−1ÞÞ _αðsÞ

−
1

s!
CβðαsDαs−1 χ̄αðs−2ÞÞ _αðs−1Þ ð10Þ

It is interesting to observe that for supersymmetric theories
Ostrogradskiy’s procedure does not stop at first order
operators. Because of the supersymmetry algebra some
of the first order operators can be further factorized and one
can construct 1=2-order invariants. An example is

Kαðsþ1Þ _αðsÞ ¼
1

ðsþ 1Þ!Dðαsþ1
HαðsÞÞ _αðsÞ ð11Þ

which is invariant under (6b). For the A ¼ 0 case (9),
Kαðsþ1Þ _αðsÞ is not an independent invariant quantity as it is
captured by the symmetric part of IβαðsÞ _αðsÞ which is also an
1=2-order L-invariant. On the other hand, for the A ¼ −1
case (10) Kαðsþ1Þ _αðsÞ is a new and independent L-invariant
quantity which must be used together with IβαðsÞ _αðs−1Þ in
order to derive the first order action.
It becomes evident that the difference between the two

formulations of 4D;N ¼ 1 half-integer superspins is that
there is a fundamental half-order invariant in one case and
all higher order invariants are generated by its derivatives.
In the other case, there are two independent invariants of
half and first order respectively.
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A. First order formalism of nonminimal half-integer
superspin supermultiplets

The advantage of having a half or first order L-invariant
building block as IβαðsÞ _αðsÞ

IβαðsÞ _αðsÞ ¼ DβHαðsÞ _αðsÞ þ
1

s!
Cβðαs χ̄αðs−1ÞÞ _αðsÞ ð12Þ

is that the we can write actions S ¼ S½I � which are trivially
L-invariant. However, there are a couple more symmetries
that we want to impose. The first one is theΛ redundancy in
the definition of the compensator χαðsÞ _αðs−1Þ

δΛχαðsÞ _αðs−1Þ ¼ Dαsþ1Λαðsþ1Þ _αðs−1Þ ð13Þ

δΛIβαðsÞ _αðsÞ ¼ −
1

s!
CβðαsD̄

_αsþ1Λ̄αðs−1ÞÞ _αðsþ1Þ ð14Þ

The second is a new local symmetry that we have to
impose in order to remove the extra degrees of freedom
introduced in the theory via complexification (6a):

δηHαðsÞ _αðsÞ ¼ iηαðsÞ _αðsÞ; ηαðsÞ _αðsÞ ¼ η̄αðsÞ _αðsÞ ð15Þ

δηIβαðsÞ _αðsrÞ ¼ iDβηαðsÞ _αðsÞ: ð16Þ

This is a direct generalization to higher spins of the
transformation introduced in [48] which corresponds to a
change of coordinates transformation of superframe’s
linearized vector prepotential.
The above symmetries will be implemented by an

appropriate set of auxiliary superfields which play the role
of generalized superconnections. Because IβαðsÞ _αðsÞ is a
half-order invariant in order to write an action we require a
pair of them ðWβαðsÞ _αðsÞ;ΩβαðsÞ _αðsÞÞ

S ¼
Z

d8zfWβαðsÞ _αðsÞΩβαðsÞ _αðsÞ þWβαðsÞ _αðsÞIβαðsÞ _αðsÞ

þ ΩβαðsÞ _αðsÞJ βαðsÞ _αðsÞg þ c:c: ð17Þ
where J βαðsÞ _αðsÞ is a 3=2-order invariant—not to be con-
fused with the 1.5-order formalism of (super)gravity—that
can be expressed purely in terms of derivatives of IβαðsÞ _αðsÞ

J βαðsÞ _αðsÞ ¼ f1D2IβαðsÞ _αðsÞ þ f2D̄2IβαðsÞ _αðsÞ þ f3DβD̄
_βĪαðsÞ _β _αðsÞ þ f4D̄

_βDβĪαðsÞ _β _αðsÞ

þ g1
s!
CβðαsD̄

2Iαðs−1ÞÞ _αðsÞ þ
g2
s!
DβD̄ð _αs ĪαðsÞ _αðs−1ÞÞ þ

g3
s!
D̄ð _αsDβĪαðsÞ _αðs−1ÞÞ

þ d1
s!s!

CβðαsD
γD̄ð _αs Ī jγjαðs−1ÞÞ _αðs−1ÞÞ þ

d2
s!s!

CβðαsD̄ð _αsD
γĪ jγjαðs−1ÞÞ _αðs−1ÞÞ ð18Þ

and Iαðs−1Þ _αðsÞ ¼ CβαsIβαðsÞ _αðsÞ. Checking the invariance
of (17) under symmetries (14) and (16) is a little more
involved. This is the usual trade of first order formalism.
The process is simplified by assigning

δS ¼
Z

d8zfδWβαðsÞ _αðsÞIβαðsÞ _αðsÞ þ δΩβαðsÞ _αðsÞJ βαðsÞ _αðsÞ

þWβαðsÞ _αðsÞ½δΩβαðsÞ _αðsÞ þ δIβαðsÞ _αðsÞ�
þ ΩβαðsÞ _αðsÞ½δWβαðsÞ _αðsÞ þ δJ βαðsÞ _αðsÞ�g þ c:c: ð19Þ

appropriate transformations to the auxiliary superfields. We
can eliminate the last two lines in the variation (19) by
choosing the following:

δΩβαðsÞ _αðsÞ ¼ −δIβαðsÞ _αðsÞ ð20aÞ

δLΩβαðsÞ _αðsÞ ¼ 0; ð20bÞ

δΛΩβαðsÞ _αðsÞ ¼
1

s!
CβðαsD̄

_αsþ1Λ̄αðs−1ÞÞ _αðsþ1Þ; ð20cÞ

δηΩβαðsÞ _αðsÞ ¼ −iDβηαðsÞ _αðsÞ; ð20dÞ

δWβαðsÞ _αðsÞ ¼ −δJ βαðsÞ _αðsÞ ð21aÞ

δLWβαðsÞ _αðsÞ ¼ 0; ð21bÞ

δΛWβαðsÞ _αðsÞ ¼
f1
s!

CβðαsD
2D̄ _αsþ1Λ̄αðs−1ÞÞ _αðsþ1Þ þ

�
f3 −

sþ 1

s
g2

�
1

s!
DβD̄ð _αsD

γΛγαðsÞ _αðs−1ÞÞ

−
�
f4 −

sþ 1

s
g3

�
1

s1
D̄ð _αsD

2ΛβαðsÞ _αðs−1Þ −
sþ 1

s
d1
s!s!

CβðαsD
γD̄ð _αsD

ρΛjργjαðs−1ÞÞ _αðs−1ÞÞ; ð21cÞ
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δηWβαðsÞ _αðsÞ ¼ −iðf2 þ f4ÞD̄2DβηαðsÞ _αðsÞ þ ið2f3 − f4 − g2ÞDβD̄2ηαðsÞ _αðsÞ þ
ig1
s!

CβðαsD̄
2Dγηjγjαðs−1ÞÞ _αðsÞ

−
id1
s!

CβðαsD
γD̄2ηjγjαðs−1ÞÞ _αðsÞ þ

ig3
s!

D̄ð _αsDβD̄_γηαðsÞj_γj _αðs−1ÞÞ þ
id2
s!s!

CβðαsD̄ð _αsD
γD̄_γηjγjαðs−1ÞÞj_γj _αðs−1ÞÞ: ð21dÞ

Using Eqs. (19), (20d), and (21d) we find that the
η-invariance of the action ðδηS ¼ 0Þ requires:

f2 ¼ −f4; g1 ¼ 0; g2 ¼ 4f3 − 2f4

g3 ¼ 0; d1 ¼ 4f3 − 2f4; d2 ¼ 0 ð22Þ

For Λ-invariance we substitute (20a) and (21a) in (19). The
terms generated in δΛS are not all linearly independent and
their coefficients cannot vanish independently. This is
resolved by the following identity of IβαðsÞ _αðsÞ

0 ¼ 1

ðsþ 1Þ!Dðαsþ1
D̄ _αsDαsIαðs−1ÞÞ _αðsÞ

−
sþ 1

s
1

ðsþ 1Þ!Dðαsþ1
D̄ _αsDβI jβjαðsÞÞ _αðsÞ

þ sþ 2

s
1

ðsþ 1Þ!D
2D̄ _αsI ðαsþ1αðsÞÞ _αðsÞ ð23Þ

which precisely recombines the above terms in linearly
independent groups. This is a higher spin generalization of
a corresponding identity found in [48]. Using (23), we can
enforce Λ-invariance, ðδΛS ¼ 0Þ to find:

f1 ¼ 0; f3 −
sþ 1

s
g2 þ

�
sþ 1

s

�
2

d1 ¼ 0;

2f4 −
sþ 2

s
g2 −

sþ 1

s
g3 þ 2

ðsþ 1Þðsþ 2Þ
s2

d1 ¼ 0 ð24Þ

The system of equations (22) and (23) uniquely determines
all coefficients up to an overall scaling factor

f1 ¼ 0; f2 ¼ −c; f3 ¼ 2
sþ 1

ðsþ 2Þ2 c; f4 ¼ c

g1 ¼ 0; g2 ¼ −2
�

s
sþ 2

�
2

c; g3 ¼ 0;

d1 ¼ −2
�

s
sþ 2

�
2

c; d2 ¼ 0 ð25Þ

and fix the 3=2-order invariant quantity J βαðsÞ _αðsÞ:

J βαðsÞ _αðsÞ

¼ −c
�
D̄2IβαðsÞ _αðsÞ −

2ðsþ 1Þ
ðsþ 2Þ2 DβD̄

_βĪαðsÞ_β _αðsÞ

− D̄ _βDβĪαðsÞ _β _αðsÞ þ
2s2

ðsþ 2Þ2s!DβD̄ð _αs ĪαðsÞ _αðs−1ÞÞ

þ 2s2

ðsþ 2Þ2s!s!CβðαsD
γD̄ð _αs Ī jγjαðs−1ÞÞ _αðs−1ÞÞ

�
: ð26Þ

The equations of motion for ΩβαðsÞ _αðsÞ and WβαðsÞ _αðsÞ
generated by (17) are

ΩβαðsÞ _αðsÞ∶ WβαðsÞ _αðsÞ ¼ −J βαðsÞ _αðsÞ; ð27aÞ

WβαðsÞ _αðsÞ∶ ΩβαðsÞ _αðsÞ ¼ −IβαðsÞ _αðsÞ; ð27bÞ

and they are consistent with transformations (21a) and
(20a). After integrating them out of action (17), we find:

S½I � ¼ c
Z

d8z

�
IβαðsÞ _αðsÞD̄2IβαðsÞ _αðsÞ þ c:c:

þ 2s2

ðsþ 2Þ2 I
βαðsÞ _αðsÞDβD̄ _αs ĪαðsÞ _αðs−1Þ þ c:c:

−
4ðsþ 1Þ
ðsþ 2Þ2 I

βαðsÞ _αðsÞDβD̄
_βĪαðsÞ _β _αðsÞ

− 2IβαðsÞ _αðsÞD̄_βDβĪαðsÞ_β _αðsÞ

þ 4s2

ðsþ 2Þ2 I
αðs−1Þ _αðsÞDαsD̄ _αs ĪαðsÞ _αðs−1Þ

�
: ð28Þ

By substituting Eq. (12) in the above, we recover the action
for massless, nonminimal, arbitrary half-integer superspin
supermultiplet SðY¼sþ1=2Þ½HαðsÞ _αðsÞ; χαðsÞ _αðs−1Þ� as written in
[31] with the identificationHαðsÞ _αðsÞ ¼ HαðsÞ _αðsÞ þ H̄αðsÞ _αðsÞ.
The equations of motion for superfields HαðsÞ _αðsÞ and

χ̄αðs−1Þ _αðsÞ are respectively:

EðHÞ
αðsÞ _αðsÞ ¼ DβD̄2IβαðsÞ _αðsÞ þ D̄ _βD2ĪαðsÞ_β _αðsÞ; ð29Þ

ĒðχÞ
αðs−1Þ _αðsÞ ¼ D̄2Iαðs−1Þ _αðsÞ þ D̄ _βDαs ĪαðsÞ_β _αðsÞ

þ s
ðsþ 2Þs!D

αsD̄ð _αs ĪαðsÞ _αðs−1ÞÞ

þ sþ 1

sþ 2
DαsD̄ _βĪαðsÞ _β _αðsÞ ð30Þ
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and they satisfy the following Bianchi identities which
capture the invariance under L, η and Λ symmetries

DαsEðHÞ
αðsÞ _αðsÞ ¼ D2ĒðχÞ

αðs−1Þ _αðsÞ ½L − invariance� ð31aÞ

EðHÞ
αðsÞ _αðsÞ ¼ ĒðHÞ

αðsÞ _αðsÞ ½η − invariance� ð31bÞ

D̄ð _αsþ1
ĒðχÞ
αðs−1Þ _αðsÞÞ ¼ 0 ½Λ − invariance� ð31cÞ

Identities (31a) and (31c) are not new as they have the same
form as the Bianchi identities of the S½HαðsÞ _αðsÞ; χαðsÞ _αðs−1Þ�
theory. However, they acquire a new interpretation due to
the existence of this half-order formulation of the theory.
Equation (31a) is a consequence of the ability to write the
action purely in terms of IβαðsÞ _αðsÞ. Identity (31c) is just a
repackaging of property (23) of this basic building block.
Identity (31b)—which was previously trivially true because
superfield HαðsÞ _αðsÞ is real—is now understood as the
Bianchi identity for a new local symmetry (15) which
provides a higher spin generalization off linearized changed
of coordinates.

B. First order formalism of minimal half-integer
superspin supermultiplets

For the A ¼ −1 case and according to Eqs. (10) and (11)
there are two invariants. Equation (10) gives the first-order
invariant IβαðsÞ _αðs−1Þ and (11) gives the half-order invariant
Kαðsþ1Þ _αðsÞ. Based on their respective definitions, it is clear
that the symmetric part of IβαðsÞ _αðs−1Þ does not capture new
information since it can be written as the derivative of
Kαðsþ1Þ _αðsÞ:

1

ðsþ 1Þ! I ðβαðsÞÞ _αðs−1Þ ¼ D̄ _αsKβαðsÞ _αðsÞ ð32Þ

However, the antisymmetric part Iαðs−1Þ _αðs−1Þ defined as:

Iαðs−1Þ _αðs−1Þ ¼ CβαsIβαðsÞ _αðs−1Þ

¼ −D̄ _αsDαsHαðsÞ _αðsÞ −
sþ 1

s
DαsD̄ _αsHαðsÞ _αðsÞ

−
sþ 1

s
1

ðs − 1Þ!Dðαs−1 χ̄αðs−2ÞÞ _αðs−1Þ ð33Þ

is an independent first-order invariant. Therefore, we
consider the S ¼ S½I ;K� class of actions which are func-
tionals of Iαðs−1Þ _αðs−1Þ and Kαðsþ1Þ _αðsÞ and thus automati-
cally L-invariant.
By construction Iαðs−1Þ _αðs−1Þ and Kαðsþ1Þ _αðsÞ are also

invariant under the Λ-redundancy of χαðs−1Þ _αðs−2Þ:

δΛχαðs−1Þ _αðs−2Þ ¼
1

ðs − 2Þ! D̄ð _αs−2Λαðs−1Þ _αðs−3ÞÞ; ð34aÞ

δΛIβαðsÞ _αðs−1Þ ¼ 0; ð34bÞ

δΛKαðsþ1Þ _αðsÞ ¼ 0: ð34cÞ

However, under η-symmetry (6a) they transform as:

δηIαðs−1Þ _αðs−1Þ ¼ −iD̄ _αsDαsηαðsÞ _αðsÞ − i
sþ 1

s
DαsD̄ _αsηαðsÞ _αðsÞ;

ð35aÞ

δηKαðsþ1Þ _αðsÞ ¼
i

ðsþ 1Þ!Dðαsþ1
ηαðsÞÞ _αðsÞ: ð35bÞ

These symmetries will be imposed on the action via three
auxiliary superfields. One auxiliary superfield ωαðs−1Þ _αðs−1Þ
will couple to the first order invariant Iαðs−1Þ _αðs−1Þ and two
more auxiliary superfields (Wαðsþ1Þ _αðsÞ;Ωαðsþ1Þ _αðsÞ) for the
half-order invariant Kαðsþ1Þ _αðsÞ. The general action takes
the form:

S¼
Z

d8z

�
c1ωαðs−1Þ _αðs−1Þωαðs−1Þ _αðs−1Þ

þc2
2
ωαðs−1Þ _αðs−1Þω̄αðs−1Þ _αðs−1Þ þωαðs−1Þ _αðs−1ÞIαðs−1Þ _αðs−1Þ

þWαðsþ1Þ _αðsÞΩαðsþ1Þ _αðsÞ þWαðsþ1Þ _αðsÞKαðsþ1Þ _αðsÞ

þΩαðsþ1Þ _αðsÞJ αðsþ1Þ _αðsÞ

�
þ c:c: ð36Þ

whereJ αðsþ1Þ _αðsÞ is a 3=2-order invariant constructed out of
the derivatives of Kαðsþ1Þ _αðsÞ:

J αðsþ1Þ _αðsÞ ¼ d1Kαðsþ1Þ _αðsÞ þ
d2

ðsþ1Þ!D̄
_αsþ1Dðαsþ1

K̄αðsÞÞ _αðsþ1Þ

þ d3
ðsþ1Þ!Dðαsþ1

D̄ _αsþ1K̄αðsÞÞ _αðsþ1Þ ð37Þ

The transformations of the three auxiliary superfields
are chosen such that the variation of action (36) is
simplified by eliminating all the terms proportional to
ωαðs−1Þ _αðs−1Þ;Ωαðsþ1Þ _αðsÞ and Wαðsþ1Þ _αðsÞ—similar to (19):

δωαðs−1Þ _αðs−1Þ ¼ −
2c1

4c12 − c22
δIαðs−1Þ _αðs−1Þ

þ c2
4c12 − c22

δĪαðs−1Þ _αðs−1Þ; ð38aÞ

δLωαðs−1Þ _αðs−1Þ ¼ 0; ð38bÞ

δΛωαðs−1Þ _αðs−1Þ ¼ 0; ð38cÞ
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δηωαðs−1Þ _αðs−1Þ ¼ i
2c1 − sþ1

s c2
4c12 − c22

D̄ _αsDαsηαðsÞ _αðsÞ

þi
2 sþ1

s c1 − c2
4c12 − c22

DαsD̄ _αsηαðsÞ _αðsÞ ð38dÞ

δΩαðsþ1Þ _αðsÞ ¼ −δKαðsþ1Þ _αðsÞ; ð39aÞ

δLΩαðsþ1Þ _αðsÞ ¼ 0; ð39bÞ

δΛΩαðsþ1Þ _αðsÞ ¼ 0; ð39cÞ

δηΩαðsþ1Þ _αðsÞ ¼ −
i

ðsþ 1Þ!Dðαsþ1
ηαðsÞÞ _αðsÞ ð39dÞ

δWαðsþ1Þ _αðsÞ ¼ −δJ αðsþ1Þ _αðsÞ; ð40aÞ

δLWαðsþ1Þ _αðsÞ ¼ 0; ð40bÞ

δΛWαðsþ1Þ _αðsÞ ¼ 0; ð40cÞ

δηWαðsþ1Þ _αðsÞ ¼−i
d1þd2
ðsþ1Þ!D̄

2Dðαsþ1
ηαðsÞÞ _αðsÞ

− i
d2− sþ2

sþ1
d3

ðsþ1Þ! Dðαsþ1
D̄2ηαðsÞÞ _αðsÞ

þ i
s

sþ1
d2

ðsþ1Þ!D̄ð _αsDðαsþ1
D̄_γηαðsÞÞj_γj _αðs−1ÞÞ ð40dÞ

Using Eqs. (38c), (39d), and (40d), we find that
η-invariance of action (36) requires:

c1 ¼ c; c2 ¼
2s

sþ 1
c; d1 ¼

1

4c

�
sþ 1

s

�
3

;

d2 ¼
1

4c

�
sþ 1

s

�
3

; d3 ¼
1

2c
ðsþ 1Þ4
s3ðsþ 2Þ2 ð41Þ

which fix the 3=2-invariant J αðsþ1Þ _αðsÞ to be

J αðsþ1Þ _αðsÞ ¼ −
1

4c

�
sþ 1

s

�
3

D̄2Kαðsþ1Þ _αðsÞ

þ 1

4cðsþ 1Þ!
�
sþ 1

s

�
3

D̄ _αsþ1Dðαsþ1
K̄αðsÞÞ _αðsþ1Þ

þ 1

2cðsþ 1Þ!
ðsþ 1Þ4
s3ðsþ 2Þ2Dðαsþ1

D̄ _αsþ1K̄αðsÞÞ _αðsþ1Þ

ð42Þ

The equations of motion for the auxiliary superfields are:

ωαðs−1Þ _αðs−1Þ ¼ −
1

2c
ðsþ 1Þ2
2sþ 1

Iαðs−1Þ _αðs−1Þ

þ 1

2c
sðsþ 1Þ
2sþ 1

Īαðs−1Þ _αðs−1Þ; ð43Þ

Ωαðsþ1Þ _αðsÞ ¼ −Kαðsþ1Þ _αðsÞ; ð44Þ

Wαðsþ1Þ _αðsÞ ¼ −J αðsþ1Þ _αðsÞ: ð45Þ

Because of their algebraic nature, we can integrate them out
of (36) in order to find the S½I ;K� action:

S ¼ 1

4c

Z
d8z

��
sþ 1

s

�
3

Kαðsþ1Þ _αðsÞD̄2Kαðsþ1Þ _αðsÞ þ c:c:

− 2

�
sþ 1

s

�
3

Kαðsþ1Þ _αðsÞD̄ _αsþ1Dαsþ1ÞK̄αðsÞ _αðsþ1Þ

− 4
ðsþ 1Þ4
s3ðsþ 2Þ2K

αðsþ1Þ _αðsÞDαsþ1ÞD̄
_αsþ1K̄αðsÞ _αðsþ1Þ

−
ðsþ 1Þ2
2sþ 1

Iαðs−1Þ _αðs−1ÞIαðs−1Þ _αðs−1Þ þ c:c:

þ 2
sðsþ 1Þ
2sþ 1

Iαðs−1Þ _αðs−1ÞĪαðs−1Þ _αðs−1Þ

�
ð46Þ

By substituting Eqs. (11) and (33) back in the above action,
we recover precisely the minimal half-integer superspin
supermultiplet action SðY¼sþ1=2Þ½HαðsÞ _αðsÞ;χαðs−1Þ _αðs−2Þ � as writ-
ten in [31] with the identification HαðsÞ _αðsÞ ¼ HαðsÞ _αðsÞ þ
H̄αðsÞ _αðsÞ.
The equations of motion for superfields HαðsÞ _αðsÞ and

χ̄αðs−2Þ _αðs−1Þ are respectively:

EðHÞ
αðsÞ _αðsÞ

¼2sþ1

s2
½DβD̄2KβαðsÞ _αðsÞ þ D̄_βD2K̄αðsÞ _β _αðsÞ�

þ 1

s!s!
DðαsD̄ð _αs

�
s

sþ1
Iαðs−1ÞÞ _αðs−1ÞÞ− Īαðs−1ÞÞ _αðs−1ÞÞ

�

−
1

s!s!
D̄ð _αsDðαs

�
s

sþ1
Īαðs−1ÞÞ _αðs−1ÞÞ−Iαðs−1ÞÞ _αðs−1ÞÞ

�
ð47Þ

ĒðχÞ
αðs−2Þ _αðs−1Þ ¼ Dαs−1

�
s

sþ 1
Īαðs−1Þ _αðs−1Þ − Iαðs−1Þ _αðs−1Þ

�

ð48Þ

and they satisfy the following Bianchi identities for the
invariance under L, η and Λ symmetries:
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0 ¼ DαsEðHÞ
αðsÞ _αðsÞ ½L − invariance�

þ 1

s!ðs − 1Þ! D̄ð _αsDðαs−1 Ē
ðχÞ
αðs−2ÞÞ _αðs−1ÞÞ

þ s − 1

s
1

s!ðs − 1Þ!Dðαs−1D̄ð _αs Ē
ðχÞ
αðs−2ÞÞ _αðs−1ÞÞ; ð49aÞ

EðHÞ
αðsÞ _αðsÞ ¼ ĒðHÞ

αðsÞ _αðsÞ; ½η − invariance� ð49bÞ

Dαs−2 ĒðχÞ
αðs−2Þ _αðs−1Þ ¼ 0: ½Λ − invariance� ð49cÞ

Identities (49a) and (49c) are consequences of the action
being written purely in terms of the L and Λ-invariant half
and first order quantities Kαðsþ1Þ _αðsÞ and Iαðs−1Þ _αðs−1Þ.

III. INTEGER SUPERSPIN

The integer superspin supermultiplet Y ¼ s on-shell
describes the propagation of the massless spins j ¼ sþ
1=2 and j ¼ s. Its superspace realization is given by the
equivalence class ½ΨαðsÞ _αðs−1Þ� of a ðs; s − 1Þ SLð2;CÞ
superfield tensor ΨαðsÞ _αðs−1Þ which is independently sym-
metric in both types of spinorial indices. The superfield
strength that describes the physical degrees of freedom,
constructed in [51], is

Wαð2sÞ ¼ D̄2Dðα2s∂α2s−1
_α1…∂αsþ1

_αs−1ΨαðsÞÞ _αðs−1Þ ð50Þ

For s > 1, the general redundancy which respects this
superfield strength and defines the equivalence class is [52]:

Ψ̂αðsÞ _αðs−1Þ ∼ ΨαðsÞ _αðs−1Þ þ
1

s!
Dðαs lαðs−1ÞÞ _αðs−1Þ

þ 1

ðs − 1Þ! D̄ð _αs−1ΛαðsÞ _αðs−2ÞÞ ð51Þ

In this case, the highest propagating spin is a fermion and
thus its equation of motion is the, higher spin generalization
of the massless Dirac equation. In general, for these
equations of motion the Ostrogradskiy procedure cannot
be applied since they are already first order and the partial
derivative operator cannot be further factorized. However,
as mentioned previously, for supersymmetric theories such
factorization of first order differential operators is possible
due to the supersymmetry algebra. The Dirac equation for
ΨαðsÞ _αðs−1Þ is ∂ðαs

_αsΨ̄αðs−1ÞÞ _αðsÞ ¼ 0. In superspace, this will
include terms D̄ _αsDðαsΨ̄αðs−1ÞÞ _αðsÞ and DðαsD̄

_αsΨ̄αðs−1ÞÞ _αðsÞ.
Therefore, we consider the following two candidates for
half-order invariants:

IαðsÞ _β _αðs−1Þ ¼ D̄ð _βΨαðsÞ _αðs−1ÞÞ; ð52aÞ

Iαðs−1Þ _αðs−1Þ ¼ DβΨβαðs−1Þ _αðs−1Þ: ð52bÞ

For s¼1, the real part of (52b) f2Re½I�¼DαΨαþ D̄ _αΨ̄ _αg
and also Iα _β of (52a) are Λ-invariant for an appropriate

reduction of the Λα symmetry Λα ¼ iDαΛ;Λ ¼ Λ̄.
Following this will lead to the half-order formulation of
the Ogievetsky-Sokatchev description of the ð3=2; 1Þ
supermultiplet [53]. However, this cannot be generalized
to s > 1. An alternative approach that can be extended to
higher spin supermultiplets is to instead restrict the
lαðs−1Þ _αðs−1Þ symmetry:

lαðs−1Þ _αðs−1Þ ¼ DαsLαðsÞ _αðs−1Þ: ð53Þ

By introducing a complex, bosonic, compensating super-
field Vαðs−1Þ _αðs−1Þ with transformation δLVαðs−1Þ _αðs−1Þ ¼
DαsLαðsÞ _αðs−1Þ, we find an elementary half-order, L-invari-
ant building block:

Iβαðs−1Þ _αðs−1Þ ¼ Ψβαðs−1Þ _αðs−1Þ − DβVαðs−1Þ _αðs−1Þ: ð54Þ

Under the Λ-redundancy, Iβαðs−1Þ _αðs−1Þ transforms as:

δΛIβαðs−1Þ _αðs−1Þ ¼
1

ðs − 1Þ! D̄ð _αs−1Λβαðs−1Þ _αðs−2ÞÞ: ð55Þ

Moreover compensator Vαðs−1Þ _αðs−1Þ, in addition to its
L-transformation, it can be assigned a local algebraic
symmetry similar in nature to (15)

δηVαðs−1Þ _αðs−1Þ ¼ iηαðs−1Þ _αðs−1Þ; ð56aÞ

δηIβαðs−1Þ _αðs−1Þ ¼ −iDβηαðs−1Þ _αðs−1Þ ð56bÞ

with a real parameter ηαðs−1Þ _αðs−1Þ ¼ η̄αðs−1Þ _αðs−1Þ. Similar to
the discussion in the previous section, the class of actions
S ¼ S½I � is trivially L-invariant and the invariance with
respect to symmetries (55) and (56b) will be enforced by
two auxiliary superfieldsWβαðs−1Þ _αðs−1Þ, Ωβαðs−1Þ _αðs−1Þ. The
general action has the form

S ¼
Z

d8zfWβαðs−1Þ _αðs−1ÞΩβαðs−1Þ _αðs−1Þ

þWβαðs−1Þ _αðs−1ÞIβαðs−1Þ _αðs−1Þ

þ Ωβαðs−1Þ _αðs−1ÞJ βαðs−1Þ _αðs−1Þg þ c:c: ð57Þ

where J βαðs−1Þ _αðs−1Þ is a general 3=2-order invariant con-
structed out of the derivatives of Iβαðs−1Þ _αðs−1Þ:
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J βαðs−1Þ _αðs−1Þ ¼ c1D2Iβαðs−1Þ _αðs−1Þ þ c2D̄2Iβαðs−1Þ _αðs−1Þ þ c3DβD̄
_βĪαðs−1Þ _β _αðs−1Þ þ c4D̄

_βDβĪαðs−1Þ_β _αðs−1Þ

þ d1
ðs − 1Þ!Cβðαs−1D̄

2Iαðs−2ÞÞ _αðs−1Þ þ
d2

ðs − 1Þ!DβD̄ð _αs−1 Īαðs−1Þ _αðs−2ÞÞ þ
d3

ðs − 1Þ! D̄ð _αs−1DβĪαðs−1Þ _αðs−2ÞÞ

þ f1
ðs − 1Þ!ðs − 1Þ!Cβðαs−1D

γD̄ð _αs−1 Ī jγjαðs−2ÞÞ _αðs−2Þ þ
f2

ðs − 1Þ!ðs − 1Þ!Cβðαs−1D̄ð _αs−1D
γĪ jγjαðs−2ÞÞ _αðs−2Þ ð58Þ

and

Iαðs−2Þ _αðs−1Þ ¼ Cβαs−1Iβαðs−1Þ _αðs−1Þ
¼ Dαs−1Vαðs−1Þ _αðs−1 ð59Þ

Action (57) is identical in form with action (17), hence
its variation will take the same form as (19). The trans-
formation laws for Wβαðs−1Þ _αðs−1Þ and Ωβαðs−1Þ _αðs−1Þ are
then chosen in a similar manner, by eliminating the terms of
the variation which are proportional to the auxiliary super-
fields. Therefore for Ωβαðs−1Þ _αðs−1Þ we get:

δΩβαðs−1Þ _αðs−1Þ ¼ −δIβαðs−1Þ _αðs−1Þ; ð60aÞ

δLΩβαðs−1Þ _αðs−1Þ ¼ 0; ð60bÞ

δΛΩβαðs−1Þ _αðs−1Þ ¼ −
1

ðs − 1Þ! D̄ð _αs−1Λβαðs−1Þ _αðs−2ÞÞ; ð60cÞ

δηΩβαðs−1Þ _αðs−1Þ ¼ iDβηαðs−1Þ _αðs−1Þ; ð60dÞ

and likewise for Wβαðs−1Þ _αðs−1Þ:

δWβαðs−1Þ _αðs−1Þ ¼ −δJ βαðs−1Þ _αðs−1Þ; ð61aÞ

δLWβαðs−1Þ _αðs−1Þ ¼ 0; ð61bÞ

δΛWβαðs−1Þ _αðs−1Þ ¼ −
c1

ðs − 1Þ!D
2D̄ð _αs−1Λβαðs−1Þ _αðs−2ÞÞ −

c3
ðs − 1Þ!DβD̄

_βDðαs−1Λ̄αðs−2ÞÞ_β _αðs−1Þ

þ c4
ðs − 1Þ!Cβðαs−1D̄

_βD2Λ̄αðs−2ÞÞ_β _αðs−1Þ; ð61cÞ

δηWβαðs−1Þ _αðs−1Þ ¼ iðc2 þ c4ÞD̄2Dβηαðs−1Þ _αðs−1Þ þ ið−2c3 þ c4 þ d2ÞDβD̄2ηαðs−1Þ _αðs−1Þ

− i
d3

ðs − 1Þ! D̄ð _αs−1DβD̄_γηαðs−1Þj_γj _αðs−2ÞÞ − i
d1

ðs − 1Þ!Cβðαs−1D̄
2Dγηjγjαðs−2ÞÞ _αðs−1Þ

þ i
f1

ðs − 1Þ!Cβðαs−1D
γD̄2ηjγjαðs−2ÞÞ _αðs−1Þ − i

f2
ðs − 1Þ!Cβðαs−1D̄ð _αs−1D

γD̄_γηjγjαðs−2ÞÞj_γj _αðs−2ÞÞ ð61dÞ

Using Eqs. (61d) and (60d) we find that the η-invariance
of action (57) requires

c2 þ c4 ¼ 0; d2 ¼ 4c3 − 2c4; d1 ¼ 0;

d3 ¼ 0; f1 ¼ d2; f2 ¼ 0 ð62Þ

For Λ-invariance, some of the terms generated in the
variation of the action by substituting (61c) and (60c)
vanish due to the following identities:

Dαs−2Iαðs−2Þ _αðs−1Þ ¼ 0; D2Iαðs−2Þ _αðs−1Þ ¼ 0: ð63Þ

The rest are eliminated by choosing the coefficients:

c1 ¼ 0; c3 ¼ 0; d3 ¼
s − 1

s
ðd2 þ 2c4Þ ð64Þ

The two systems (62) and (64) give

c1 ¼ 0; c2 ¼ −c; c3 ¼ 0; c4 ¼ c;

d1 ¼ 0; d2 ¼ −2c; d3 ¼ 0; f1 ¼ −2c; f2 ¼ 0

ð65Þ

and determine J βαðs−1Þ _αðs−1Þ
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J βαðs−1Þ _αðs−1Þ

¼ −c
�
D̄2Iβαðs−1Þ _αðs−1Þ − D̄ _βDβĪαðs−1Þ _β _αðs−1Þ

þ 2

ðs − 1Þ!DβD̄ð _αs−1 Īαðs−1Þ _αðs−2ÞÞ

þ 2

½ðs − 1Þ!�2 Cβðαs−1D
γD̄ð _αs−1 Ī jγjαðs−2ÞÞ _αðs−2Þ

�
: ð66Þ

We integrate out the auxiliary superfields Wβαðs−1Þ _αðs−1Þ
and Ωβαðs−1Þ _αðs−1Þ using their respective equations of
motion

Wβαðs−1Þ _αðs−1Þ ¼ −J βαðs−1Þ _αðs−1Þ; ð67aÞ

Ωβαðs−1Þ _αðs−1Þ ¼ −Iβαðs−1Þ _αðs−1Þ ð67bÞ

to find the action S½I � written purely in terms of
Iβαðs−1Þ _αðs−1Þ:

S ¼ c
Z

d8zfIβαðs−1Þ _αðs−1ÞD̄2Iβαðs−1Þ _αðs−1Þ þ c:c:

− 2Iβαðs−1Þ _αðs−1ÞD̄_βDβĪαðs−1Þ _β _αðs−1Þ

þ 2Iβαðs−1Þ _αðs−1ÞDβD̄ _αs−1 Īαðs−1Þ _αðs−2Þ þ c:c:

þ 4Iαðs−2Þ _αðs−1ÞDαs−1D̄ _αs−1 Īαðs−1Þ _αðs−2Þg ð68Þ

By substituting (54), this action becomes exactly the
integer superspin action SðY¼sÞ½ΨαðsÞ _αðs−1Þ; Vαðs−1Þ _αðs−1Þ�
of [31] with the identification Vαðs−1Þ _αðs−1Þ ¼Vαðs−1Þ _αðs−1Þ þ
V̄αðs−1Þ _αðs−1Þ.
The equations of motion for superfields ΨαðsÞ _αðs−1Þ and

Vαðs−1Þ _αðs−1Þ are respectively:

EðΨÞ
αðsÞ _αðs−1Þ ¼

1

s!
D̄2I ðαsαðs−1ÞÞ _αðs−1Þ −

1

s!
D̄_βDðαs Īαðs−1ÞÞ_β _αðs−1Þ

þ 1

s!ðs − 1Þ!DðαsD̄ð _αs−1 Īαðs−1ÞÞ _αðs−2ÞÞ ð69Þ

and

EðVÞ
αðs−1Þ _αðs−1Þ ¼ DβD̄2Iβαðs−1Þ _αðs−1Þ þ D̄ _βD2Īαðs−1Þ_β _αðs−1Þ

ð70Þ

It is straightforward to show that they satisfy the following
identities which play the role of Bianchi identities for the
invariance under L, η and Λ symmetries

D2EðΨÞ
αðsÞ _αðs−1Þ þ

1

s!
DðαsE

ðVÞ
αðs−1ÞÞ _αðs−1Þ ¼ 0; ð71aÞ

EðVÞ
αðs−1Þ _αðs−1Þ ¼ ĒðVÞ

αðs−1Þ _αðs−1Þ; ð71bÞ

D̄ð _αs−1E
ðΨÞ
αðsÞ _αðs−1Þ ¼ 0: ð71cÞ

The interpretation of this equations is now clear. Identity
(71a) reflects that the half-order description of this system
exist and the action for integer superspins can be written
purely in terms of a basic building block Iβαðs−1Þ _αðs−1Þ.
Equation (71c) is a repackaging of the properties (63) of
Iβαðs−1Þ _αðs−1Þ. Finally, Eq. (71b) is a manifestation of the
additional local symmetry (56a).

IV. SUMMARY AND CONCLUSIONS

In this work, we have shown that higher spin super-
multiplets can be described using a first or even half order
formalism. Following the conventional first-order
approach, we start with the set of unconstrained superfields
that participate in the Lagrangian description of the free
theories and we relax some of their characteristic proper-
ties. For non-supersymmetric higher spin fields one relaxes
the symmetry of their indices. For higher spin superfields
this corresponds to relaxing their reality and corresponding
gauge redundancies.
In this configuration, we find first and half order gauge

invariants which are used to write trivially invariant actions.
However, in order to maintain the degrees of freedom of the
theory a new local symmetry is introduced. This symmetry
is a higher spin generalization of the linearized general
covariance in supergravity which reduces the complex
prepotential to a real one. Checking the invariance of the
action under this new symmetry is more involved but it is
possible due to various identities of the basic invariant
building blocks. These identities are promoted to play the
role of Bianchi identities.
The procedure is simplified by introducing auxiliary

superfields that play the role of connections in the sense
that they impose the new local symmetry and their
equations of motion are algebraic in nature that allows
their integration out of the action.
For half-integer superspins (s > 0) we find two varieties

of first order description. In the first one, there is a
fundamental half-order building block IβαðsÞ _αðsÞ (12) and
the action (17) requires a pair of auxiliary superfields
ΩβαðsÞ _αðsÞ and WβαðsÞ _αðsÞ. Their integration yields action
(28) which is equivalent to the action for the nonminimal
half-integer superspin supermultiplet. This result general-
izes to higher spins the first order description of non-
minimal supergravity supermultiplet found in [48]. The
second variety, allows for the construction of two inde-
pendent building blocks, Iαðs−1Þ _αðs−1Þ (33) and Kαðsþ1Þ _αðsÞ
(11) which are first and half order, respectively. The action
(36) requires three auxiliary superfields ωαðs−1Þ _αðs−1Þ,
Ωαðsþ1Þ _αðsÞ and Wαðsþ1Þ _αðsÞ. Their integration generates
action (46) which is equivalent to the minimal half-integer
superspin action.
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The first order description of integer superspins (s > 1)
parallels the nonminimal half-integer superspin description.
There is a half-order invariant Iβαðs−1Þ _αðs−1Þ (54) and the
action (57) is written with the help of two auxiliary
superfields Ωβαðs−1Þ _αðs−1Þ and Wβαðs−1Þ _αðs−1Þ. Their integra-
tion yields action (68) which is equivalent to the known
integer superspin action.
The hope is that the existence of these descriptions will

simplify the investigation of manifestly supersymmetric
higher spin interactions. Moreover for nonsupersymmetric

higher spins, first order formalism allows the study of higher
spin dualities [54,55]. Our results may allow the examination
of similar higher superspin dualities in superspace.
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