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Introduction

Typically, higher-spin gauge theories are based on
infinite-dimensional symmetries with infinite number of fields of
increasing spin. Study of spontaneous symmetry breaking in these
theories is highly non-trivial.

We consider simple 3Dmodels in which massless spin-1 and
spin-3/2 fields play the role of the Goldstones of a spontaneously
broken higher-spin generalization of supersymmetry algebra.



Higher Spin Algebras

Hietarinta Higher-Spin Algebra - FINITE

Fermionic Superalgebra:

{Qa1...an
α ,Qb1...bm

β } = f a1...an,b1...bm,c
αβ Pc ; [Qa1...an

α ,Pc ] = 0.

Bosonic Algebra:

[Sa1...ap ,Sb1...bq ] = f a1...an,b1...bm,cPc ; [Sa1,...an ,Pc ] = 0.

Hietarinta

Conventional Higher-Spin Superalgebra - INFINITE

[Ts1 ,Ts2 ] = Ts1+s2−2 + Ts1+s2−4 + ...+ T|s1−s2|+2

Unlike the conventional HS superalgebra, Hietarinta superalgebra does
not produce more HS generators of ever-increasing spin.



Volkov-Akulov Lagrangian

Dmitrij Vasilievich Volkov
and Vladimir P. Akulov
developed the
Volkov-Akulov Lagrangian
formalism. It realizes
supersymmetry non-linearly.

Akulov

Volkov

Volkov-Akulov formalism enables
the construction of the Lagrangian
of the Goldstone field. It can be
generalised for all higher-spin fields
associated with Hietarinta algebra.



Chern-Simons Goldstone Model
Spin-1



Chern-Simons Goldstone Model

Bosonic algebra: [Sa,Sb] = 2 εabc Pc , [Sa,Pb] = 0 ,

where Sa is the bosonic vector operator.

S1 = −f 2
∫

d3x (detE a
d − 1)

=

∫
d3x

(
εabcAa ∂bAc︸ ︷︷ ︸
Chern-Simons

− f −2

2
εabcεdef Aa Ad ∂eAb ∂f Ac

)



Stueckelberg Trick

Aa → Âa = Aa − f
1
2 ∂aϕ̂

Âa is invariant under δAa = ∂aλ and δϕ̂ = f −
1
2λ.

In the decoupling limit, the Steuckelberg Lagrangian reduces to

Lf→∞ = εabcAa∂bAc − ϕ̂
(
(�ϕ̂)3 − 3�ϕ̂ ∂a∂bϕ̂ ∂b∂aϕ̂+ 2 ∂a∂bϕ̂ ∂b∂c ϕ̂ ∂c∂aϕ̂)

)
This is the same as the quartic term in the Galileon Lagrangian in
modified gravity.



Rarita Schwinger Goldstino Model
Spin-3/2



Rarita-Schwinger Goldstino Model

Spin 3/2 superalgebra: {Qa
α,Q

b
β} = 2Cαβ ε

abcPc , [Qa
α,Pb] = 0

The spin-3/2 goldstino action has the following form:

S3/2 =

∫
d3x


Rarita−Schwinger︷ ︸︸ ︷
i εabc χa ∂bχc +

f −2

2
(εabcεdfg − εafcεdbg ) (χa ∂bχc) (χd ∂f χg )

+
i f −4

6
εa

′b′c′ (εabcεdef − εabf εdec) (χc ∂a′χf ) (χa ∂b′χb) (χd ∂c′χe)

)



Stueckelberg Trick

χ̂a = χa + f
2
3∂aψ

χ̂a is invariant under δχa = ∂aε and δψ = −f −
2
3 ε.

In the limit f →∞ the Stueckleberg Lagrangian reduces to

Lf→∞ = i εabc χa ∂bχc + 2 εabcεdfg (χa ∂d∂cψ) (∂f ψ ∂b∂gψ)− 1
3
tr (M3)

whereMa
d = i εabc ∂bψ ∂d∂cψ.



Full Spin-3/2 Action as Rarita-Schwinger Action

The action reduces to the free Rarita-Schwinger action

SRS = i

∫
d3x εabc χ̂a ∂bχ̂c

upon the following non-linear field redefinition:

χ̂α
a = χα

a +
if −2

3
εdfg χα

d (χf ∂aχg ).

In contrast to the vector Goldstone case, this non-linear model retains
gauge symmetry which is that of the Rarita-Schwinger action.



Conclusions and Outlook

It would be interesting to consider the coupling of the vector
Goldstone to a 3d gravity theory which is invariant under local
symmetry associated with Hietarinta algebra.

What kind of 3d massive gravity or bi-gravity will we obtain in that
case?



Conclusions and Outlook

One can couple the RS goldstino to conventional 3d (super)gravity
and Hypergravity (with spin-2 and spin-5/2 gauge fields) and study
the properties of these models.

One can also consider the RS goldstino model in D=4 associated with
the algebra

{Qa
α,Q

b
β} = 2 εabcd (Γ5 Γc)αβ Pd , (α, β = 1, ..., 4) (a, b, ... = 0, 1, 2, 3)

to see if it reduces to the free Rarita-Schwinger action and has gauge
symmetry or not.

Generalization to yet higher-spin Goldstone fields.



Thank you!


