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General comments

Cosmological constant is negative (e.g., old minimal SUGRA) or
vanishing (e.g., new minimal SUGRA) in unbroken supergravity
without scalars.

According to the latest cosmological data, we live in an expanding
universe with a small but positive cosmological constant.

It is desirable to develop theoretical mechanisms to explain positive
cosmological constant.

It has recently been recognised that such a mechanism is provided
by spontaneously broken supergravity.
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General comments

Recent interest in N = 1 off-shell supergravity coupled to Goldstino
superfields (2015–2017)

Goldstino superfields contain the Volkov-Akulov Goldstone fermion
(Goldstino) and, sometimes, also auxiliary field(s).

Coupling a Goldstino superfield to off-shell supergravity leads to
spontaneously broken local supersymmetry without bringing in new
degrees of freedom, except for making the gravitino massive.
super-Higgs effect D. Volkov & V. Soroka (1973)

S. Deser & B. Zumino (1977)

Absence of scalars is attractive for phenomenological applications.

Positive contribution to the cosmological constant is generated.
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Nilpotent chiral Goldstino superfield

R. Casalbuoni, S. De Curtis, D. Dominici, F. Feruglio & R. Gatto (1989)
Z. Komargodski & N. Seiberg (2009)

X is chiral, D̄α̇X = 0, and obeys the nilpotency constraint

X 2 = 0 =⇒ X = −DαXDαX

D2X

In addition it is required that D2X is nowhere vanishing, D2X 6= 0.
Dynamics of this supermultiplet is described by the action

SX =

∫
d4xd2θd2θ̄ X̄X −

{
f

∫
d4xd2θX + c.c.

}
Component fields of X :

X | = ϕ =
1

2F
ψ2 , DαX | =

√
2ψα , −1

4
D2X | = F

Goldstino ψα and complex auxiliary field F are independent component
fields.
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Nilpotent chiral Goldstino superfield

Component action

S [ψ,F ] =

∫
d4x

[
− ∂a

(ψ2

2F

)
∂a
( ψ̄2

2F̄

)
− iψα∂αα̇ψ̄

α̇

+ F F̄ − f (F + F̄ )
]

Elimination of the auxiliary fields

F = f +
ψ̄2

2F̄ 2
2
ψ2

2F
= f

(
1 +

1

4
f −4ψ̄22ψ2 − 1

16
f −8(ψ2ψ̄22ψ22ψ̄2)

)
Upon elimination of the auxiliaries, the action becomes

S [ψ] = −
∫

d4x
[
f 2 + iψα∂αα̇ψ̄

α̇ + . . .
]
,

up to quartic order in the Goldstino.
At first sight, it appears that off-shell supersymmetry is gone upon
elimination of the auxiliary fields. Actually this is not the case.
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Short nilpotent chiral Goldstino superfield

E. Ivanov & A. Kapustnikov (1978) M. Roček (1978)
φ is chiral, D̄α̇φ = 0, and obeys the constraints proposed by Roček:

φ2 = 0 ,

f φ = −1

4
φD̄2φ̄ .

The auxiliary field F is now a descendant of the Goldstino

F = f
(

1 + f −2
〈
ū
〉
− f −4

(〈
u
〉〈
ū
〉

+
1

4
ψ̄22ψ2

)
+ f −6(

〈
u
〉2〈

ū
〉

+ c.c.)

+
1

4
f −6
(〈
ū
〉
ψ22ψ̄2 + 2

〈
u
〉
ψ̄22ψ2 + ψ̄22(ψ2

〈
ū
〉
)
)

− 3f −8
(〈
u
〉2〈

ū
〉2

+
1

4
ψ2ψ̄22(

〈
u
〉2 −

〈
u
〉〈
ū
〉

+
〈
ū
〉2

) +
1

16
ψ2ψ̄22ψ̄22ψ2

))
.

Notation:
〈
M
〉

= tr(M) = Ma
a, with M = (Ma

b)

u = (ua
b) , ua

b := iψσb∂aψ̄ , ū = (ūa
b) , ūa

b := −i∂aψσbψ̄ .
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Short nilpotent chiral Goldstino superfield

Goldstino action

Sφ =

∫
d4xd2θd2θ̄ φ̄φ−

{
f

∫
d4xd2θ φ + c.c.

}
= −

∫
d4xd2θd2θ̄ φ̄φ = −f

∫
d4xd2θ φ

Off-shell supersymmetry.

Relation to the (CDCDG & Komargodski-Seiberg) X -model:
Nilpotency condition X 2 = 0 is preserved if X is locally rescaled,

X → eτX , D̄α̇τ = 0 .

Requiring the action

SX =

∫
d4xd2θd2θ̄ X̄X −

{
f

∫
d4xd2θX + c.c.

}
to be stationary under such re-scalings of X leads to the equation
− 1

4XD̄2X̄ = fX , and hence

X = φ
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de Sitter supergravity

Old minimal supergravity coupled to a nilpotent chiral scalar X ,

D̄α̇X = 0 , X 2 = 0

E. Bergshoeff, D. Freedman, R. Kallosh & A. Van Proeyen (2015)
F. Hasegawa & Y. Yamada (2015)

Complete locally supersymmetric action

S =

∫
d4xd2θd2θ̄ E

(
− 3

κ2
S̄0S0 + X̄X

)
+

{∫
d4xd2θ E

( µ
κ2

S3
0 − fS2

0X
)

+ c.c.

}
S0 chiral conformal compensator, D̄α̇S0 = 0.
The action is super-Weyl invariant.
Cosmological constant:

Λ = f 2−3
|µ|2

κ2
.
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Pure supergravity can be realised as conformal supergravity coupled
to a compensating supermultiplet.

Different off-shell formulations for supergravity correspond to
different compensators.

Super-Weyl transformations P. Howe & R. Tucker (1978)

δσDα = (σ̄ − 1

2
σ)Dα + (Dβσ)Mαβ ,

δσD̄α̇ = (σ − 1

2
σ̄)D̄α̇ + (D̄β̇ σ̄)M̄α̇β̇ ,

δσDαα̇ =
1

2
(σ + σ̄)Dαα̇ +

i

2
(D̄α̇σ̄)Dα +

i

2
(Dασ)D̄α̇

+(Dβα̇σ)Mαβ + (Dαβ̇ σ̄)M̄α̇β̇ ,

where σ is an arbitrary covariantly chiral scalar superfield, D̄α̇σ = 0.

δσS0 = σS0 , δσX = σX
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Weyl-invariant formulation for Einstein’s gravity

Einstein-Hilbert action with a cosmological term

SEH =
1

2κ2

∫
d4x e R − Λ

∫
d4x e

Weyl-invariant reformulation S. Deser (1970)

S =
1

2

∫
d4x e

(
∇aϕ∇aϕ+

1

6
Rϕ2 − λϕ4

)
,

where ϕ is conformal compensator.
Weyl transformation

δ∇a = σ∇a + (∇bσ)Mba , δϕ = σϕ

Imposing Weyl gauge condition ϕ =
√

6
κ = const takes us back to the

original action.
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de Sitter supergravity

Bergshoeff et al. cited two old papers, probably without noticing that the
same value for the cosmological constant was actually derived in these
papers.

On-shell supergravity
S. Deser and B. Zumino, Phys. Rev. Lett. 38, 1433 (1977)

Off-shell supergravity
U. Lindström and M. Roček, Phys. Rev. D 19, 2300 (1979)

At that time, nobody was interested in a positive cosmological constant.

All attempts were targeted at getting a vanishing cosmological constant.
S. W. Hawking, “The cosmological constant is probably zero,” Phys.
Lett. 134B, 403 (1984)

Significance of the 2015 work by Bergshoeff et al. is that it has renewed
interest in spontaneously broken supergravity.
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de Sitter supergravity
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de Sitter supergravity
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de Sitter supergravity
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Goldstino superfields

Is there anything unique in the nilpotent Goldstino superfield used by
Bergshoeff et al. ? Actually not much (except for one technical point).

Its defining constraints

D̄α̇X = 0 , X 2 = 0

are invariant under local rescalings X → eτX , D̄α̇τ = 0.
Requiring the complete action for supergravity coupled to X ,

S =

∫
d4xd2θd2θ̄ E

(
− 3

κ2
S̄0S0 + X̄X

)
+

{∫
d4xd2θ E

( µ
κ2

S3
0 − fS2

0X
)

+ c.c.

}
,

to be stationary under such re-scalings gives X = φ, where φ is the
Goldstino superfield used by Lindström and Roček,

D̄α̇φ = 0 , φ2 = 0 , fS2
0φ = −1

4
φ(D̄2 − 4R)φ̄
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Goldstino superfields

In the presence of supergravity-matter couplings, the nonlinear constraint
obeyed by φ gets deformed.
Example:

S =

∫
d4xd2θd2θ̄ E

(
− 3

κ2
S̄0S0 e

−κ2

3 K(Φ,Φ̄) + X̄XΥ(Φ, Φ̄)
)

+

{∫
d4xd2θ E

(
S3

0W (Φ)− S2
0XF(Φ)

)
+ c.c.

}
,

Requiring the complete action to be stationary under local re-scalings

X → eτX , D̄α̇τ = 0

leads to deformed nonlinear constraint

F(Φ)S2
0X = −1

4
X (D̄2 − 4R)

(
X̄Υ(Φ, Φ̄)

)
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Two types of Goldstino superfields

There are two general types of N = 1 Goldstino superfields.
I. Bandos, M. Heller, SMK, L. Martucci & D. Sorokin (2016)

Irreducible Goldstino superfields
Every irreducible Goldstino superfield contains only one independent
component field – the Goldstino itself, while the other component
fields are composites constructed from the Goldstino.

Reducible Goldstino superfields
Every reducible Goldstino superfield contains at least two
independent fields, one of which is the Goldstino and the other fields
are auxiliary (the latter become descendants of the Goldstino on the
mass shell).

Every reducible Goldstino superfield can be represented as an
irreducible one plus a “matter” superfield, which contains all the
auxiliary component fields. (Example will be provided below.)
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Irreducible Goldstino superfields

Scalar Goldstino superfields (all of them are nilpotent)

Chiral superfield E. Ivanov & A. Kapustnikov, M. Roček (1978)

D̄α̇φ = 0 , φ2 = 0 , f φ = −1

4
φD̄2φ̄

Improved complex linear superfield SMK & S. Tyler (2011)

−1

4
D̄2Σ = f , Σ2 = 0 , fDαΣ = −1

4
ΣD̄2DαΣ

Complex linear superfield S. Tyler (2011)

D̄2Γ = 0 , Γ2 = 0 , f Γ = −1

4
ΓD̄2Γ̄

F. Farakos, O. Hulik, P. Koci & R. von Unge (2015)
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Irreducible Goldstino superfields

Scalar Goldstino superfields (continued)

Real superfield

V2 = 0 , VDADBV = 0 , VDADBDCV = 0

f V =
1

16
VDαD̄2DαV

I. Bandos, M. Heller, SMK, L. Martucci & D. Sorokin (2016)

Explicit realisation for V was given long ago:

f V = φ̄φ

U. Lindström and M. Roček (1979)
Another realisation for V:

f V = Σ̄Σ

SMK & S. Tyler (2011)
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Irreducible Goldstino superfields

Spinor Goldstino superfields
For every irreducible spinor Goldstino superfield, its spinor covariant
derivatives must be some functions of this superfield and its spacetime
derivatives.

Volkov-Akulov Goldstino E. Ivanov & A. Kapustnikov (1978)

DαΛβ = −f εαβ − if −1Λ̄α̇∂αα̇Λβ , D̄α̇Λβ = −if −1Λα∂αα̇Λβ .

Chiral realisation S. Samuel and J. Wess (1983)

DαΞβ = −f εαβ , D̄α̇Ξβ = −2if −1Ξα∂αα̇Ξβ .

Spinor Goldstino superfields are less convenient to deal with, than
the scalar ones, in supergravity.
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Irreducible Goldstino superfields

All irreducible Goldstino superfields are equivalent
Uniqueness of the Goldstino

D.Volkov & V. Akulov(1972)
E. Ivanov & A. Kapustnikov (1978)

All irreducible Goldstino superfields can be realised as descendants of
one of them.

f φ = −1

4
D̄2(Σ̄Σ) ,

f V = Σ̄Σ ,

Γ = Σ̄− 1

4f
(D̄α̇Σ)D̄α̇Σ̄ ,

Ξα =
1

2
DαΣ̄
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Reducible Goldstino superfields

In addition to the nilpotent chiral scalar X , there also exists
nilpotent real scalar

SMK, I. McArthur & G. Tartaglino-Mazzucchelli (2017)

V 2 = 0 , VDADBV = 0 , VDADBDCV = 0

These nilpotency constraints have to be supplemented with
the requirement that DαWα ≡ D̄α̇W̄

α̇ 6= 0 , where

Wα = −1

4
D̄2DαV .

V has two independent component fields:
(i) Goldstino ∝Wα|θ=0; and (ii) auxiliary D-field ∝ DαWα|θ=0.
All other component fields of V are composite ones, in particular

V = −4
W 2W̄ 2

(DαWα)3
, W 2 = W αWα

Dynamics is governed by

S =

∫
d4xd2θd2θ̄

{ 1

16
VDαD̄2DαV − 2fV

}
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Reducible Goldstino superfields

Nilpotency constraints

V 2 = 0 , VDADBV = 0 , VDADBDCV = 0

are invariant under local re-scalings of V ,

V → eρV ,

where ρ is an arbitrary real scalar superfield. Requiring the action

S =

∫
d4xd2θd2θ̄

{ 1

16
VDαD̄2DαV − 2fV

}
to be stationary under such rescalings leads to the constraint

fV =
1

16
VDαD̄2DαV ,

which expresses the auxiliary field of V in terms of the Goldstino.
Reducible Goldstino superfield V turns into V, which is irreducible.

Goldstino superfields in supergravity Sergei M. Kuzenko



Reducible & irreducible Goldstino superfields

Irreducible complex linear Goldstino superfield

−1

4
D̄2Σ = f , Σ2 = 0 , fDαΣ = −1

4
ΣD̄2DαΣ

can be realised as a descendant of V

Σ = −4f
D2V

D̄2D2V

Remarkable feature of this representation is that
Σ is invariant under local re-scalings of V ,

δρV = ρV =⇒ δρΣ = 0 , ρ̄ = ρ .

Since every irreducible Goldstino superfield is a descendant of Σ and
Σ̄, all irreducible Goldstino superfields are invariant under re-scalings
of V .

E. Buchbinder & SMK (2017)
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Reducible & irreducible Goldstino superfields

Irreducible complex linear Goldstino superfield

−1

4
D̄2Σ = f , Σ2 = 0 , fDαΣ = −1

4
ΣD̄2DαΣ

can be realised as a descendant of X̄

Σ = −4f
X̄

D̄2X̄
,

Remarkable feature of this representation is that
Σ and Σ̄ are invariant under local re-scalings of X ,

δτX = τX =⇒ δτΣ = 0 , D̄α̇τ = 0 .

Since every irreducible Goldstino superfield is a descendant of Σ and
Σ̄, all irreducible Goldstino superfields are invariant under re-scalings
of X .

E. Buchbinder & SMK (2017)
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Reducible & irreducible Goldstino superfields

Every reducible Goldstino superfield can be represented as an
irreducible one plus a “matter” superfield, which contains all the
auxiliary component fields.

Reducible Goldstino superfield V can be realised as

V = V + U , V =
1

f
Σ̄Σ , Σ = −4f

D2V

D̄2D2V

“Matter” superfield U obeys the generalised nilpotency condition

U2 + 2VU = 0
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Reducible Goldstino superfields: from X to V

Nilpotency constraints

V 2 = 0 , VDADBV = 0 , VDADBDCV = 0

are identically satisfied if V is given by

fV = X̄X , D̄α̇X = 0 , X 2 = 0 ,

compare with the irreducible case:

f V = φ̄φ .

V -action

S =

∫
d4xd2θd2θ̄

{ 1

16
VDαD̄2DαV − 2fV

}
turns into higher-derivative action

S =

∫
d4xd2θd2θ̄ E

{ 1

16f 2
DαXDαX D̄βX̄ D̄βX̄ − 2X̄X

}
.
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Reducible Goldstino superfields

Constrained three-form multiplet
E. Buchbinder & SMK (2017)

D̄α̇Ψ = 0 , Ψ2 = 0 , Ψ = 2D̄2 Ψ̄Ψ

D2Ψ + D̄2Ψ̄

It is equivalent to the real Goldstino superfield V

Ψ = −1

4
D̄2V ,

V = −4
Ψ̄Ψ

D̄2Ψ̄
= −4

Ψ̄Ψ

D2Ψ
= −8

Ψ̄Ψ

D2Ψ + D̄2Ψ̄
.
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Three-form multiplet

Three-form multiplet as a variant scalar multiplet J. Gates (1981)

Y = −1

4
D̄2U , Ū = U ,

where real prepotential U is unconstrained. Its specific feature is

D2Y − D̄2Ȳ = i∂αα̇uαα̇ , uαα̇ = [Dα, D̄α̇]U ,

which means that the auxiliary F -field of Y is

−1

4
D2Y| = F = H + iG , G = ∂aC

a

Gauge symmetry: δU = L , L̄ = L , D̄2L = 0 ,
for any linear multiplet L. Reducible gauge theory
Quantisation of the three-form multiplet coupled to supergravity:

I. Buchbinder & SMK (1985,1988)
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Nilpotent three-form multiplet

Infrared limit of nonlinear σ-model E. Buchbinder & SMK (2017)

S =

∫
d4xd2θd2θ̄K (Ȳ,Y) +

{∫
d4xd2θW (Y) + c.c.

}
leads to nilpotent three-form multiplet

Y = −1

4
D̄2U , Ū = U

Y2 = 0

described by action

S =

∫
d4xd2θd2θ̄ ȲY −

{
h

∫
d4xd2θY + c.c.

}
, h = h̄

The same Goldstino superfield was introduced by
F. Farakos, A. Kehagias, D. Racco & A. Riotto (2016)

as a variant formulation of the nilpotent chiral multiplet X .
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Goldstino superfields and cosmological constant

All irreducible Goldstino superfields, as well as the reducible
Goldstino superfields X and V , produce a universal positive
contribution, f 2, to the cosmological constant,

Λ = f 2 + ΛAdS ,

where ΛAdS = −3 |µ|
2

κ2 comes from a supersymmetric cosmological
term. The latter exists only for (i) old minimal supergravity (and its
variant versions); and (ii) n = −1 non-minimal supergravity.

Nilpotent three-form multiplet Y is the only known Goldstino
superfield, which produces two separate positive contributions to the
cosmological constant coming from its auxiliary fields, F = H + iG ,
of which H is a scalar and G is the field strength of a gauge
three-form.

While the contribution from H is uniquely determined by the
parameter h, the contribution from G is dynamical.
The latter may be used to cancel the contribution from ΛAdS.
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Gauge three-form and cosmological constant

Idea to use massless gauge three-forms to generate a cosmological
constant dynamically.

V. Ogievetsky & E. Sokatchev (1980)
M. Duff & P. van Nieuwenhuizen (1980)

A. Aurilia, H. Nicolai & P. Townsend (1980)

Further developments
S. Hawking (1984)

M. Duff (1989)
M. Duncan & L. Jensen (1990)

R. Bousso & J. Polchinski (2000)
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Subtle feature of gauge three-form

M. Duff, “The cosmological constant is possibly zero, but the proof is
probably wrong,” Phys. Lett. B 226, 36 (1989)

S =
1

2κ2

∫
d4x e R − Λ

∫
d4x e +

∫
d4x e (∇aC

a)2

Equation of motion for the three-form

∇a(∇ · C ) = 0 =⇒ ∇aC
a = c = const

Equation of motion for the gravitational field

1

κ2
(Rmn −

1

2
gmnR) + Λgmn = Tmn , Tmn = −gmn(∇ · C )2 = −c2gmn

Correct effective cosmological constant: Λ + c2.
However, plugging the solution for C a back in S would give

S̃ =
1

2κ2

∫
d4x e R − (Λ− c2)

∫
d4x e
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N = 2 Goldstino superfields

New feature of N = 2 supersymmetry:

One can consistently define nilpotent Goldstino superfields that
contain either a gauge one-form or a gauge two-form in addition to
spin-1/2 Goldstone fermions and auxiliary fields.
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N = 2 Goldstino superfields

Deformed reduced chiral superfield
SMK (2013)

SMK & G. Tartaglino-Mazzucchelli (2016)

D̄i
α̇Z = 0 ,

(
Dij + 4S ij

)
Z −

(
D̄ij + 4S̄ ij

)
Z̄ = 4iG ij ,

where Dij = Dα(iDj)
α and D̄ij = D̄α̇(i D̄j)α̇.

• S ij and S̄ ij are dimension-1 torsion superfields
(analogues of the chiral scalar torsion R in N = 1 supergravity).
• G ij is a linear multiplet which obeys the constraints

D(i
αG

jk) = D̄(i
α̇G

jk) = 0 .

and, in addition, is required to be nowhere vanishing, G ijGij 6= 0.
• We identify G ij with one of the two conformal compensators of the
minimal formulation for N = 2 supergravity proposed in

B. de Wit, R. Philippe & A. Van Proeyen (1983)
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Deformed reduced chiral superfield in Minkowski superspace

D̄ i
α̇Z = 0 , D ijZ − D̄ ij Z̄ = 4iG ij , G ij = const

I. Antoniadis, H. Partouche & T. R. Taylor (1996)
E. Ivanov & B. Zupnik (1998)
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N = 2 Goldstino superfields

Nilpotent deformed reduced chiral superfield

Partial N = 2→ N = 1 breaking of rigid supersymmetry in curved
maximally supersymmetric spacetimes:
(i) R× S3; (ii) AdS3 × R; and (iii) supersymmetric plane wave
isometric to the Nappi-Witten group.

SMK & G. Tartaglino-Mazzucchelli (2016)

Z2 = 0

Maxwell-Goldstone multiplet for partial N = 2→ N = 1 breaking.
Generalisation of the 1996 Bagger-Galperin construction for M4.

N = 2→ N = 0 breaking of local supersymmetry.
SMK & G. Tartaglino-Mazzucchelli, arXiv:1707.07390

Z3 = 0

In the super-Poincaré case, constraint Z3 = 0 was studied by
E. Dudas, S. Ferrara & A. Sagnotti, arXiv:1707.03414

Goldstino superfields in supergravity Sergei M. Kuzenko



N = 2 Goldstino superfields

Nilpotent linear superfield
SMK & G. Tartaglino-Mazzucchelli, arXiv:1707.07390

N = 2→ N = 0 breaking of local supersymmetry can be described using
a linear superfield Hij

D(i
αHjk) = D̄(i

α̇H
jk) = 0 ,

which is subject to the following cubic nilpotency condition

H(i1i2Hi3i4Hi5i6) = 0 .

This algebraic constraint is one of the several nonlinear constraints,
which define the irreducible linear Goldstino superfield introduced in

SMK, I. McArthur & G. Tartaglino-Mazzucchelli (2017)
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Outlook

N = 2 story is not yet complete.
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