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1 Introduction

The results of LHC run 2 show no significant deviations from Standard Model predictions
thereby pushing the energy scale of new physics — and in particular low-scale supersymme-
try [1, 2]– to higher and higher values. This empirical observation combines with theoretical
difficulties such as the eta problem that seems to plagues many supergravity models of in-
flation (see e.g. [3] for a review) to make alternative scenarios worth considering. One
easy way out of all problems posed by supersymmetry is to assume that the world is not
supersymmetric at all. On the other hand the high-energy completion of any field theory
containing gravity provided by perturbative superstring theory implies that at some very
high energy scale the world is supersymmetric (and 10-dimensional). In superstring theory
the largest and best understood set of models of low-energy physics — such as Calabi-Yau
or flux compactifications — are such that extra dimensions are compactified at energy
scales which are much above the supersymmetry breaking scale. It is therefore reasonable
to study four-dimensional models in which supersymmetry is broken at a high scale, e.g. at
a scale MS � 1 TeV. While a large MS means that supersymmetry does not help solving
the Standard Model naturalness problem it does open up many new possibilities for writing
consistent actions.

Among these possibilities, some recent proposals use explicitly supersymmetric terms
that look at first sight singular, because when written in superspace they contain inverse
powers of superfields. What makes possible to write such terms is that they in fact they
depend at most on inverse powers of the auxiliary fields. So they are well defined when
supersymmetry is broken. We will study in particular the theory called “liberated N = 1
supergravity”, proposed in ref. [10] and the new Fayet-Iliopoulos (FI) term introduced in [4–
9]. These modifications of the standard supergravity action relax the highly constrained
form of scalar potentials in supergravity. (recall that the scalar potential has the universal
form V = VF + VD, VF = eG(GAGAB̄GB̄ − 3) and VD, for some function G of the chiral
multipet scalars.). The cosmological applications to inflation of such models have been
recently investigated in [5, 12].

Supergravity actions contain many nonrenormalizable operators that depend on the
fermionic fields. Their existence defines an ultraviolet (UV) cutoff scale of the theory. While
this property is generic in locally supersymmetic theories, it is not dangerous when the UV
cutoff is the Planck scale Mpl, which is in any case the ultimate cutoff for supergravity,
and of course also for Einstein gravity. In the models studied in refs. [11, 12] instead, the
UV cutoff is connected to the supersymmetry breaking scale, so it becomes an important
parameter that constraints the domain of validity of those models.

The main purpose of this work is to show a systematic analysis of how a cutoff scale of
an effective supergravity theory is determined by its fermionic nonrenormalizable terms and
what constraints on the cutoff arise from the nonrenormalizable terms. These fermionic
nonrenormalizable Lagrangians are conventionally represented by LF ∼ C(4−δ)O(δ)

F where
δ > 4 is the mass dimension of the fermionic nonrenormalizable operators O(δ)

F . Then,
we find constraints on the expansion coefficients C(4−δ) because these coefficients must be
suppressed by a cutoff scale Λcut of a theory for this to be valid as an effective field theory
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in range of some energies of interest below the cutoff; that is,

C(4−δ) .
1

Λδ−4
cut

. (1.1)

By taking this inequality into account, we are able to determine in what range of energies
a low energy supergravity theory can be considered as an effective field theory. To do
so, it is essential to explore all of the fermionic nonrenormalizable terms as we have just
seen above. Checking these terms may be difficult if we use the superspace formulation
as we have to fully calculate them and the superspace fields contain many more auxiliary
components than needed for the off-shell closure of the supersymmetry algebra. However,
we point out that using the superconformal tensor calculus enables us to compute both
bosonic and fermionic terms in a systematical and economical way. Hence, in this work we
take advantage of the superconformal formalism.

Since this paper is rather technical, the reader chiefly interested in finding the con-
straints on new supergravity terms can skip ahead to section 4. The paper is organized as
follows. In section 2, we review how to embed liberated N = 1 supergravity in the super-
conformal tensor calculus, which was firstly introduced in ref. [11], and explicitly compute
the component action of the liberated supergravity using the tensor calculus in detail.1 In
section 3, we review the component action of a new FI term, which is Kähler-invariant, pro-
posed by Antoniadis, Chatrabhuti, Isono, and Knoops (ACIK).2 In section 4, we recall the
constraints on the liberated supergravity terms derived in [11] and derive the constraints
on the new FI terms used in [12]. Both sets of constraints are based on an analysis of
fermionic nonrenormalizable interactions. In section 5, we briefly summarize our findings.

2 Component action of liberated N = 1 supergravity in superconformal
tensor calculus

In this section, we compute the component action of liberated N = 1 supergravity in
superconformal tensor calculus [13–15]. We find that the superconformal Lagrangian of
liberated N = 1 supergravity [10] can be written by a D-term

LNEW ≡
[
Y2 w2w̄2

T (w̄2)T̄ (w2)
U(Z, Z̄)

]
D

, (2.1)

in which we define Y ≡ S0S̄0e
−K/3 where S0 is a conformal compensator with Weyl/chiral

weights (1, 1) and K is a Kähler potential with the weights (2, 0). The notation for the
other fields is as follows: w2 ≡ W2(K)

Y2 , w̄2 ≡ W̄2(K)
Y2 , W2(K) ≡ Wα(K)Wα(K) where

Wα(K) is a field strength multiplet with respect to the Kähler potential; U(Z, Z̄) is a
general function of matter multiplets Z, and T (w̄2), T̄ (w2) are chiral projection of w̄2 and
its conjugate respectively.

1Section 2 provides the detail calculations of the liberated supergravity, which was omitted in ref. [11].
2We shall call the new FI term proposed by the authors as “ACIK-FI term” to distinguish it from other

types FI terms. Section 3 also provides the detailed calculations of the ACIK-FI term, which were omitted
in ref. [12].
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2.1 Embedding super-Weyl-Kähler transformations as an abelian gauge sym-
metry into the superconformal formalism

In liberated N = 1 supergravity [10], a key idea is that the Super-Weyl-Kähler trans-
formation can be promoted to an Abelian gauge symmetry. Liberated supergravity was
constructed in [10] using the superspace formalism, where a Kähler transformation is in-
troduced to compensate the variation of the action under a super-Weyl rescaling. In this
work instead, we want to construct the equivalent liberated supergravity using the su-
perconformal tensor calculus to analyze the fermionic interactions in a systematical and
economical way. To do so, we introduce a conformal compensator multiplet, called S0,
removing the variation while maintaining the Kähler potential invariant under supercon-
formal symmetry. Therefore, unlike the superspace formalism, it is essential to define such
a gauge transformation independently of superconformal symmetry.

To find the Super-Weyl-Kähler transformations that are compatible with the supercon-
formal formalism, we recall first the Super-Weyl-Kähler transformations that are used in
the superspace formalism. A Kähler function K(z, z̄), whose arguments have the vanishing
Weyl/chiral weights, is defined up to a chiral gauge parameter Σ. The redefinition by Σ
acts on the components of the Kähler multiplet as

K → K + 6Σ + 6Σ̄, (2.2)

W →We−6Σ, W̄ → W̄e−6Σ̄ (2.3)

T → e−4Σ+2Σ̄T, T̄ → e2Σ−4Σ̄T̄ , (2.4)

DαK → eΣ−2Σ̄DαK, Wα → e−3ΣWα, W2 → e−6ΣW2, (2.5)

T (W̄2)→ T (W̄2)e−4Σ−4Σ̄, (2.6)

DαWα → e−2Σ−2Σ̄DαWα, (2.7)

E → Ee2Σ+2Σ̄, E → Ee6Σ. (2.8)

where E and E are the D- and F-term densities, respectively.
Next, it may be useful to recall the relation between the superspace and superconformal

formalisms. The invariant actions from the superconformal formalism are identified with
those from the superspace calculus as follows [16]:

[V]D = 2
∫
d4θEV, (2.9)

[S]F =
∫
d2θES +

∫
d2θ̄Ē S̄, (2.10)

where V is a superconformal real multiplet with the Weyl/chirial weights (2, 0) and S is a
superconformal chiral multiplet with Weyl/chiral weights (3, 3). To make the action invari-
ant under the super-Weyl-Kähler transformations we should impose that the corresponding
superconformal multiplets transform as

V → Ve−2Σ−2Σ̄, S → Se−6Σ. (2.11)
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Instead of considering the Kähler transformation of the Kähler potential a superconfor-
mal compensator is introduced in the superconformal formalism to eliminate the variation
of the action transformed by a super-Weyl rescaling (also called Howe-Tucker transforma-
tion [17]). Thus, the compensator must transform as

S0 → S0e
−2Σ, S̄0 → S̄0e

−2Σ̄, (2.12)

resulting in
S0S̄0e

−K/3 → S0S̄0e
−K/3e−2Σ−2Σ̄, (2.13)

where K is invariant under the superconformal symmetry (i.e. super-Weyl rescaling), so
that the action can be invariant as desired.

At this point, differently from the usual story of the superconformal symmetry, we
require a “Kähler transformation” of the Kähler potential in order to construct a “liber-
ated” supergravity that is invariant under the same Super-Weyl-Kähler transformations as
an abelian gauge symmetry used in [10]. Therefore, we assume that the superconformal
compensators are inert under the super-Weyl-Kähler transformations

S0 → S0, S̄0 → S̄0, (2.14)

while the Kähler potential does transform under the same transformations as above, namely
as K → K + 6Σ + 6Σ̄, so that

Y → Ye−2(Σ+Σ̄), (2.15)

w2 ≡ W2(K)
(e−K/3S0S̄0)2 → w2e−2Σ+4Σ̄, (2.16)

T̄
(
w2
)
→ T̄

(
w2e−2Σ+4Σ̄

)
e2Σ−4Σ̄ = T̄

(
w2
)
. (2.17)

2.2 List of superconformal multiplets

In this section, we present all the superconformal multiplets of the liberated N = 1 super-
gravity following the notations and multiplication laws used in [3, 15].

2.2.1 Kähler potential multiplet

Let us consider n physical chiral multiplets of matter zI ≡ {zI , PLχI , F I} where I =
1, 2, 3, · · · , n and their anti-chiral multiplets z̄Ī ≡ {z̄Ī , PRχĪ , F̄ Ī}.3 Then, according to the
superconformal tensor calculus, the Kähler potential multiplet can be written as follows:

K(z, z̄) = {CK ,ZK ,HK ,KK ,BKµ ,ΛK ,DK} (2.18)

3The complex conjugates are z̄Ī ≡ (zI)∗, χĪ ≡ (χI)C , χ̄Ī ≡ (χ̄I)C , and F̄ Ī ≡ (F I)∗ (The barred index
is the complex conjugate index, so that the handedness of fermion becomes opposite, i.e. (PL/Rχ)C =
(PL/R)C(χ)C = PR/L(χ)C .). The chiralities of fermion are specified as χI ≡ PLχ

I and χĪ ≡ PRχ
Ī . The

Majorana conjugates are (PL/Rχ) = χ̄PL/R. (The handedness is preserved.)
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where

CK = K(z, z̄), (2.19)

ZK = i
√

2(−KIχ
I +KĪχ

Ī), (2.20)

HK = −2KIF
I +KIJ χ̄

IχJ , (2.21)

KK = −2KĪ F̄
Ī +KĪ J̄ χ̄

ĪχJ̄ = H∗K , (2.22)

BKµ = iKIDµzI − iKĪDµz̄
Ī + iKIJ̄ χ̄

Iγµχ
J̄ , (2.23)

ΛK = PLΛK + PRΛK (2.24)

PLΛK = −
√

2iKĪJ [(��DzJ)χĪ − F̄ ĪχJ ]− i√
2
KĪ J̄Kχ

K χ̄ĪχJ , (2.25)

PRΛK =
√

2iKIJ̄ [(��Dz̄J̄)χI − F IχJ̄ ] + i√
2
KIJK̄χ

K̄ χ̄IχJ̄ , (2.26)

DK = 2KIJ̄

(
−DµzIDµz̄J̄ −

1
2 χ̄

IPL��DχJ̄ −
1
2 χ̄

J̄PR��DχI + F I F̄ J̄
)

+KIJK̄

(
− χ̄IχJ F̄ K̄ + χ̄I(��DzJ)χK̄

)
+KĪ J̄K

(
− χ̄ĪχJ̄FK + χ̄Ī(��Dz̄J̄)χK

)
+1

2KIJK̄L̄(χ̄IPLχJ)(χ̄K̄PRχL̄). (2.27)

Here the covariant derivatives4 of chiral multiplets of matter with the weights (0, 0) are
given by

DazI = eµa

[
∂µz

I − 1√
2
ψ̄µχ

I
]
, (2.28)

DaPLχI = eµaPL

[(
∂µ + 1

4ω
ab
µ γab −

1
2bµ −

3
2 iAµ

)
χI − 1√

2
(��DzI + F I)ψµ

]
.

(2.29)

Note that the only bosonic contribution to DK is given by

DK |boson = 2KIJ̄

(
−∂µzI∂µz̄J̄ + F I F̄ J̄

)
≡ F̃ (2.30)

4From eq. (16.34) in ref. [3] we find that for a general superconformal chiral multiplet (zI , PLχI , F I) with
Weyl/chiral weights (w, c = w) and gauge symmetries with Killing vector fields kIA, the full superconformal
covariant derivatives Da are given by

DazI = eµa

[
(∂µ − wbµ − wiAµ)zI − 1√

2
ψ̄µχ

I −AAµ kIA

]
,

DaPLχI = eµaPL

[(
∂µ + 1

4ω
ab
µ γab − (w + 1/2)bµ + (w − 3/2)iAµ

)
χI − 1√

2
(�DzI + F I)ψµ

−
√

2wzIφµ −AAµχJ∂JkIA
]
.
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and we especially denote this by F̃ . We also note that the F̃ is positive definite up to
terms containing spatial gradients; so, for small spatial gradients,

DK |boson ≡ F̃ ∼ 2KIJ̄

(
żI ˙̄zJ̄ + F I F̄ J̄

)
> 0. (2.31)

2.2.2 Compensator multiplet

Chiral compensators S0, S̄0 with the Weyl/chiral weights (1, 1) are defined as follows. The
chiral supermultiplets S0 = {s0, PLχ

0, F0} and S̄0 = {s∗0, PRχ0, F ∗0 } can be embedded into
the superconformal formalism as

S0 ≡
{
s0,−i

√
2PLχ0,−2F0, 0, iDµs0, 0, 0

}
, (2.32)

S̄0 ≡
{
s∗0, i
√

2PRχ0, 0,−2F ∗0 ,−iDµs∗0, 0, 0
}
. (2.33)

Then, the composite real compensator S0S̄0 is

S0S̄0 = {C0,Z0,H0,K0,B0
µ,Λ0,D0}, (2.34)

where5

C0 = s0s
∗
0|0f , (2.35)

Z0 = i
√

2(−s∗0PLχ0 + s0PRχ
0)|1f , (2.36)

H0 = −2s∗0F 0|0f , (2.37)

K0 = −2s0F
∗
0 |0f , (2.38)

B0
µ = is∗0Dµs0− is0Dµs∗0 + iχ̄0γµPRχ

0 = is∗0∂µs0− is0∂µs
∗
0|0f + · · · , (2.39)

PLΛ0 = −
√

2i[(�Ds∗0)PRχ0−F ∗0 PLχ0] = −
√

2i[(�∂s∗0)PRχ0−F ∗0 PLχ0]|1f + · · · , (2.40)

PRΛ0 =
√

2i[(�Ds0)PLχ0−F0PRχ
0] =

√
2i[(�∂s0)PLχ0−F0PRχ

0]|1f + · · · , (2.41)

D0 = 2
(
−Dµs0Dµs∗0−

1
2 χ̄0PL�Dχ0− 1

2 χ̄0PR�Dχ0 +F0F
∗
0

)
= 2(−∂µs0∂

µs∗0 +F0F
∗
0 )|0f + · · · ,

(2.42)

where the covariant derivatives of the conformal compensator (s0, PLχ
0, F 0) with Weyl/

chiral weights (1, 1) are given by

Das0 = eµa

(
∂µs0 −

1√
2
ψ̄µχ

0
)
, (2.43)

DaPLχ0 = eµaPL

[(
∂µ + 1

4ω
ab
µ γab −

3
2bµ −

1
2 iAµ

)
χ0 − 1√

2
(��Ds0 + F 0)ψµ −

√
2s0φµ

]
.

(2.44)

The composite real compensator Υ ≡ S0S̄0e
−K/3

Υ = {CΥ,ZΥ,HΥ,KΥ,BΥ
µ ,ΛΥ,DΥ} (2.45)

5PL,Rγodd indices = γodd indicesPR,L.
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has components

CΥ = Υ = s0s̄0e
−K/3|0f , (2.46)

ZΥ = e−K/3Z0 + i
√

2
3 Υ(KIχ

I −KĪχ
Ī)

= i
√

2Υ
(
− 1
s0
PLχ

0 + 1
s∗0
PRχ

0 + 1
3KIχ

I − 1
3KĪχ

Ī

)
|1f , (2.47)

HΥ = e−K/3H0 + Υ
(

2
3KIF

I +
(

1
9KIKJ −

1
3KIJ

)
χ̄IχJ

)
− 1

2 [Z̄0PLZΥ + Z̄ΥPLZ0]

= −2Υ
(
F 0

s0
− 1

3KIF
I

) ∣∣∣∣∣
0f

+ · · · , (2.48)

KΥ = e−K/3H∗0 + Υ
(

2
3KĪ F̄

Ī +
(

1
9KĪKJ̄ −

1
3KĪJ̄

)
χ̄ĪχJ̄

)
− 1

2 [Z̄0PRZΥ + Z̄ΥPRZ0],

= −2Υ
(
F 0∗

s∗0
− 1

3KĪ F̄
Ī

) ∣∣∣∣∣
0f

+ · · · , (2.49)

BΥ
µ = e−K/3B0

µ− iΥ
(

1
3KIDµzI −

1
3KĪDµz̄Ī −

(
1
9KIKJ̄ −

1
3KIJ̄

)
χ̄Iγµχ

J̄

)

+1
4 i[Z̄0γ∗γµZΥ + Z̄Υγ∗γµZ0],

= iΥ
(

1
s0
∂µs0−

1
s∗0
∂µs
∗
0−

1
3KI∂µz

I + 1
3KĪ∂µz̄

Ī

) ∣∣∣∣
0f

+ · · · . (2.50)

ΛΥ = e−K/3Λ0− i
√

2Υ
((

1
9KĪKJ −

1
3KĪJ

)
[(�DzJ)χĪ − F̄ ĪχJ ]

+1
2

(
− 1

27KĪKJ̄KK + 1
9(KĪJ̄KK +KĪKKJ̄ +KĪKJ̄K)− 1

3KĪJ̄K

)
χK χ̄ĪχJ

−
(

1
9KIKJ̄ −

1
3KIJ̄

)
[(�Dz̄J̄)χI −F IχJ̄ ]

−1
2

(
− 1

27KIKJKK̄ + 1
9(KIJKK̄ +KIK̄KJ +KIKJK̄)− 1

3KIJK̄

)
χK̄ χ̄IχJ̄

)

+1
2
(
[iγ∗��B0 +ReH0− iγ∗ImH0−�D(s0s

∗
0)]ZΥ

+[iγ∗��BΥ +ReHΥ− iγ∗ImHΥ−�D(Υ)]Z0
)
,

= −
√

2ie−K/3[(�∂s∗0)PRχ0−F ∗0 PLχ0] +
√

2ie−K/3[(�∂s0)PLχ0−F0PRχ
0]

−i
√

2Υ
((

1
9KĪKJ −

1
3KĪJ

)
[(�∂zJ)χĪ − F̄ ĪχJ ]−

(
1
9KIKJ̄ −

1
3KIJ̄

)
[(�∂z̄J̄)χI −F IχJ̄ ]

)

+1
2

[ {
iγ∗(is∗0�∂s0− is0�∂s

∗
0) +Re[−2s∗0F 0]− iγ∗Im[−2s∗0F 0]− �∂(s0s

∗
0)
}
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×
{
i
√

2Υ
(
−s−1

0 PLχ
0 + s−1∗

0 PRχ
0 + 1

3KIχ
I − 1

3KĪχ
Ī

)}

+
{
iγ∗

(
iΥ
(
s−1

0 �∂s0− s−1∗
0 �∂s

∗
0−

1
3KI�∂z

I + 1
3KĪ�∂z̄

Ī

))
+Re

[
−2Υ

(
F 0s−1

0 −
1
3KIF

I

)]

−iγ∗
(
−2Υ(F 0s−1

0 )− 1
3KIF

I

)
− �∂Υ

}{
i
√

2(−s∗0PLχ0 + s0PRχ
0)
}] ∣∣∣∣

1f
+ · · · .

DΥ = e−K/3D0 + Υ
[
2
(

1
9KIKJ̄ −

1
3KIJ̄

)(
−DµzIDµz̄J̄ −

1
2 χ̄

IPL�DχJ̄

−1
2 χ̄

J̄PR�DχI +F I F̄ J̄
)

+
(
− 1

27KIKJKK̄ + 1
9(KIJKK̄ +KIK̄KJ +KIKJK̄)

−1
3KIJK̄

)(
−χ̄IχJ F̄ K̄ + χ̄I(�DzJ)χK̄

)
+
(
− 1

27KĪKJ̄KK + 1
9(KĪJ̄KK +KĪKKJ̄ +KĪKJ̄K)− 1

3KĪJ̄K

)

×
(
−χ̄ĪχJ̄FK + χ̄Ī(�Dz̄J̄)χK

)
+ 1

2

{
−1

3KIJK̄L̄ + 1
81KIKJKK̄KL̄

− 1
27 [KIJKK̄KL̄ +KIK̄KJKL̄ +KIKJK̄KL̄ +KIL̄KJKK̄ +KIKJL̄KK̄ +KIKJKK̄L̄]

+1
9 [KIJK̄ +KIJL̄KK̄ +KIJKK̄L̄ +KIK̄L̄KJ +KIK̄KJL̄ +KIL̄KJK̄ +KIKJK̄L̄]

}

× (χ̄IPLχJ)(χ̄K̄PRχL̄)
]

+1
2(H0H∗Υ +H∗0HΥ− 2B0

µB
µ
Υ− 2D(s0s

∗
0) · De−K/3− 2Λ̄0ZΥ− 2Λ̄ΥZ0−Z̄0�DZΥ−Z̄Υ�DZ0).

=
[
e−K/32(−∂µs0∂

µs∗0 +F0F
∗
0 ) + 2Υ

(
1
9KIKJ̄ −

1
3KIJ̄

)
(−∂µzI∂µz̄J̄ +F I F̄ J̄)

+1
2(−2s∗0F 0)

(
−2Υ

(
F 0∗

s∗0
− 1

3KĪ F̄
Ī

))
+ 1

2(−2s0F
0∗)
(
−2Υ

(
F 0

s0
− 1

3KIF
I

))

−(is∗0∂µs0− is0∂µs
∗
0)
(
iΥ
(

1
s0
∂µs0−

1
s∗0
∂µs∗0−

1
3KI∂

µzI + 1
3KĪ∂

µz̄Ī
))

− (s∗0∂s0 + s0∂s
∗
0)
(
−1

3e
−K/3(KI∂z

I +KĪ∂z̄
Ī)
)]

0f
+ · · · . (2.51)

The conventional superconformal gauge is defined by the choice

CΥ = Υ = 1, (2.52)

ZΥ = 0 =⇒ PLχ
0 − 1

3e
K/6KIPLχ

I = 0, (2.53)

bµ = 0. (2.54)
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2.2.3 W2(K) ≡ Wα(K)Wα(K) composite chiral multiplet: (Weyl/Chiral)
weights = (3, 3)

Let us define

W2(K) ≡ {CW ,ZW ,HW ,KW ,BWµ ,ΛW ,DW }, (2.55)
W̄2(K) ≡ {C∗W ,ZCW ,K∗W ,H∗W , (BWµ )∗,ΛCW ,D∗W } (2.56)

where

CW = Λ̄KPLΛK
= −2

[
KĪ′J ′χ̄

Ī′
�∂z

J ′KĪJ�∂z
JχĪ −KĪ′J ′χ̄

Ī′
�∂z

J ′KĪJ F̄
ĪχJ

−KĪ′J ′F̄
Ī′χ̄J

′
KĪJ�∂z

JχĪ +KĪ′J ′F̄
Ī′χ̄J

′
KĪJ F̄

ĪχJ
]∣∣∣

2f
+ · · · , (2.57)

ZW = −i2PL
(
−1

2γ · F̂K + iDK
)

ΛK = −2
√

2iF̃KĪJPL[�∂zJχĪ − F̄ ĪχJ ]
∣∣∣
1f

+ · · · ,

HW = −2(2Λ̄KPL��DΛK + F̂−K · F̂
−
K −D

2
K) = 2F̃2|0f + · · · ≡ −2FW , (2.58)

KW = 0, (2.59)

BWµ = iDµ(Λ̄KPLΛK) = i∂µ(Λ̄KPLΛK)|2f + · · · , (2.60)

ΛW = 0, (2.61)

DW = 0. (2.62)

Note that CW = CW |2f + · · · ,ZW = ZW |1f + · · · ,HW = HW |0f + · · · ,KW = 0,BWµ =
BWµ |2f + · · · ,ΛW = DW = 0, and

CW̄ = C∗W = Λ̄KPRΛK , (2.63)

ZW̄ = ZCW = i2PR
(
−1

2γ · F̂K − iDK
)

ΛK , (2.64)

HW̄ = K∗W = 0, (2.65)

KW̄ = H∗W = −2(2Λ̄KPR��DΛK + F̂+
K · F̂

+
K −D

2
K) ≡ −2F̄ W̄ , (2.66)

BQ̄µ = (BWµ )∗ = −iDµ(Λ̄KPRΛK), (2.67)

ΛW̄ = ΛCW = 0, (2.68)

DW̄ = D∗W = 0. (2.69)

We also defined:

F̂Kab ≡ eµae
ν
b (2∂[µBKν] + ψ̄[µγν]ΛK), (2.70)

˜̂
Fab ≡ −i

1
2εabcdF̂

cd, F̂±ab ≡
1
2(F̂ab ± ˜̂

Fab), (F̂±ab)
∗ = F̂∓ab (2.71)

��DΛK ≡ γ · DΛK , (2.72)

DµΛK ≡
(
∂µ −

3
2bµ + 1

4ω
ab
µ γab −

3
2 iγ∗Aµ

)
ΛK −

(1
4γ

abF̂Kab + 1
2 iγ∗DK

)
ψµ. (2.73)
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Next, we shall consider a gauge fixing that is equivalent to the gauge condition given by
η = 0 in ref. [10]. In fact, this can be obtained by imposing ΛK = 0. We will call this gauge
the “Liberated SUGRA gauge”. Then, the only non-vanishing superconformal components
of the multiplets W2(K), W̄2(K) in this gauge are given by HW = −2(F̂−K · F̂

−
K −D2

K) and
KW̄ = −2(F̂+

K · F̂
+
K −D2

K) = H∗W .
Another representation of the chiral multiplet is

W2(K) =
(
CW ,

i√
2
ZW ,−

1
2HW

)
=
(
Λ̄KPLΛK ,

√
2PL(−γ · F̂K + 2iDK)ΛK , 2Λ̄KPL��DΛK + F̂−K · F̂

−
K −D

2
K

)
≡
(
XW , PLχ

W , FW
)
, (2.74)

W̄2(K) =
(
C∗W ,−

i√
2
ZCW ,−

1
2H
∗
W

)
=
(
Λ̄KPRΛK ,

√
2PR(−γ · F̂K − 2iD∗K)ΛCK , 2Λ̄KPR��DΛK + F̂+

K · F̂
+
K − (D∗K)2

)
≡
(
X̄W̄ , PRχ

W̄ , F̄ W̄
)

(2.75)

We will also need the following definitions:

XW = Λ̄KPLΛK ≡W = −2KĪJ [χ̄J(��DzĪ)− F̄ Ī χ̄J ]KĪ′J ′ [(��DzĪ
′)χJ ′ − F J ′χĪ′ ]

−KĪJ [χ̄J(��DzĪ)− F̄ Ī χ̄J ]KĪ′J̄ ′K′ [χK
′
χ̄Ī
′
χJ̄
′ ]

−KĪ J̄K [χ̄J̄χĪ χ̄K ]KĪ′J ′ [(��DzĪ
′)χJ ′ − F J ′χĪ′ ]

−1
2KĪ J̄K [χ̄J̄χĪ χ̄K ]KĪ′J̄ ′K′ [χK

′
χ̄Ī
′
χJ̄
′ ], (2.76)

X̄W̄ = Λ̄KPRΛK ≡ W̄ = (Λ̄KPLΛK)C , (2.77)

and

DKPLΛK =
[
2KIJ̄

(
−DµzIDµz̄J̄ −

1
2 χ̄

IPL��DχJ̄ −
1
2 χ̄

J̄PR��DχI + F I F̄ J̄
)

+KIJK̄

(
− χ̄IχJ F̄ K̄ + χ̄I(��DzJ)χK̄

)
+KĪ J̄K

(
− χ̄ĪχJ̄FK + χ̄Ī(��Dz̄J̄)χK

)

+1
2KIJK̄L̄(χ̄IPLχJ)(χ̄K̄PRχL̄)

]

×
[
−
√

2iKĪ′J ′ [(��DzJ
′)χĪ′ − F̄ Ī′χJ ′ ]− i√

2
KĪ′J̄ ′K′χ

K′χ̄Ī
′
χJ
′
]
. (2.78)

D2
K =

[
2KIJ̄

(
−DµzIDµz̄J̄ −

1
2 χ̄

IPL��DχJ̄ −
1
2 χ̄

J̄PR��DχI + F I F̄ J̄
)

+KIJK̄

(
− χ̄IχJ F̄ K̄ + χ̄I(��DzJ)χK̄

)
+KĪ J̄K

(
− χ̄ĪχJ̄FK + χ̄Ī(��Dz̄J̄)χK

)

+1
2KIJK̄L̄(χ̄IPLχJ)(χ̄K̄PRχL̄)

]2
. (2.79)
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2.2.4 w2, w̄2 composite complex multiplets: (Weyl/Chiral) weights=(−1,±3)

w2 ≡ W
2(K)
Υ2 = {Cw,Zw,Hw,Kw,Bwµ ,Λw,Dw}, (2.80)

w̄2 ≡ W̄
2(K)
Υ2 = {Cw̄,Zw̄,Hw̄,Kw̄,Bw̄µ ,Λw̄,Dw̄} (2.81)

where

Cw = CWΥ2 , (2.82)

Zw = 1
Υ2ZW −2CWΥ3 ZΥ, (2.83)

Hw = 1
Υ2HW −2CWΥ3 HΥ−

1
2

[
−4 1

Υ3 (Z̄WPLZΥ + Z̄ΥPLZW )+6CWΥ4 Z̄ΥPLZΥ

]
, (2.84)

Kw = 1
Υ2KW −2CWΥ3 KΥ−

1
2

[
−4 1

Υ3 (Z̄WPRZΥ + Z̄ΥPRZW )+6CWΥ4 Z̄ΥPRZΥ

]
, (2.85)

Bwµ = 1
Υ2B

W
µ −2CWΥ3 B

Υ
µ + 1

2 i
[
−4 1

Υ3 (Z̄WPLγµZΥ + Z̄ΥPLγµZW )+6CWΥ4 Z̄ΥPLγµZΥ

]
, (2.86)

Λw = 1
Υ2 ΛW −2CWΥ3 ΛΥ + 1

2

[
− 2

Υ3 (iγ∗�BW +PLKW +PRHW −�DCW )ZΥ

− 2
Υ3 (iγ∗�BΥ +PLKΥ +PRHΥ−�DCΥ)ZW +6CWΥ4 (iγ∗�BΥ +PLKΥ +PRHΥ−�DCΥ)ZΥ

]
,

−1
4

[
6

Υ4
3!
2!Z(W Z̄ΥZΥ)−24CWΥ5 ZΥZ̄ΥZΥ

]
, (2.87)

Dw = 1
Υ2DW −2CWΥ3 DΥ + 1

2

[
− 2

Υ3 2!(K(WHΥ)−B(W ·BΥ)−DC(W ·DCΥ)−2Λ̄(WZΥ)−Z̄(W�DZΥ))

+6CWΥ4 (KΥHΥ−BΥ ·BΥ−DCΥ ·DCΥ−2Λ̄ΥZΥ−Z̄Υ�DZΥ)
]

−1
4

[
6

Υ4
3!
2! Z̄(W (iγ∗�BΥ +PLKΥ +PRHΥ)ZΥ)−24CWΥ5 Z̄Υ(iγ∗�BΥ +PLKΥ +PRHΥ)ZΥ

]
,

+1
8

[
− 24

Υ5
4!
3! Z̄(WPLZΥZ̄ΥPRZΥ) +120CWΥ6 Z̄ΥPLZΥZ̄ΥPRZΥ

]
. (2.88)

Note that we have to insert KW = ΛW = DW = 0 and HW̄ = ΛW̄ = DW̄ = 0 as given in
eqs. (2.62) and (2.69). In addition, the complex conjugate multiplet w̄2 can be obtained
by taking a replacement Q→ Q̄ in the above expressions.

In the Liberated SUGRA gauge (ΛK = 0), the non-vanishing components are given by

Hw|ΛK=0 = HWΥ2 , Kw̄|ΛK=0 = KW̄Υ2 (2.89)

Λw|ΛK=0 = − 1
Υ3PRHWZΥ, Λw̄|ΛK=0 = − 1

Υ3PLKW̄ZΥ (2.90)

Dw|ΛK=0 = − 1
Υ3KΥHW −

3
2Υ4 Z̄PRHWZΥ, Dw̄|ΛK=0 = − 1

Υ3KW̄HΥ −
3

2Υ4 Z̄PLKW̄ZΥ.

(2.91)
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Furthermore, with the superconformal gauge choice ZΥ = 0, the non-vanishing com-
ponents are

Hw|ΛK=0,ZΥ=0 = HWΥ2 , Kw̄|ΛK=0,ZΥ=0 = KW̄Υ2 (2.92)

Dw|ΛK=0,ZΥ=0 = − 1
Υ3KΥHW , Dw̄|ΛK=0,ZΥ=0 = − 1

Υ3KW̄HΥ. (2.93)

2.2.5 T (w̄2), T̄ (w2) chiral projection multiplets: (Weyl/Chiral) weights =
(0, 0)

T (w̄2) =
(
−1

2Kw̄,−
1
2
√

2iPL(��DZw̄ + Λw̄), 1
2(Dw̄ +�CCw̄ + iDaBaw̄)

)
, (2.94)

T̄ (w2) =
(
−1

2K
∗
w̄,

1
2
√

2iPR(��DZCw̄ + ΛCw̄), 1
2(D∗w̄ +�CC∗w̄ − iDa(Baw̄)∗)

)
. (2.95)

The superconformal setting for this and its complex conjugate are then given by

T ≡ T (w̄2) = {CT ,ZT ,HT ,KT ,BTµ ,ΛT ,DT },

T̄ ≡ T̄ (w2) = {CT̄ ,ZT̄ ,HT̄ ,KT̄ ,BT̄µ ,ΛT̄ ,DT̄ }, (2.96)

where

CT = −1
2Kw̄ = − 1

2Υ2KW̄ + CW̄Υ3 KΥ + 1
4

[
− 4 1

Υ3 (Z̄W̄PRZΥ + Z̄ΥPRZW̄ ) + 6CW̄Υ4 Z̄ΥPRZΥ

]
,

ZT = −PL(�DZw̄ + Λw̄), (2.97)

HT = −(Dw̄ +�CCw̄ + iDaBaw̄), (2.98)

KT = 0, (2.99)

BTµ = −1
2 iDµKw̄, (2.100)

ΛT = 0, (2.101)

DT = 0. (2.102)

and

CT̄ = −1
2K
∗
w̄, (2.103)

ZT̄ = −PR(��DZCw̄ + ΛCw̄), (2.104)

HT̄ = 0, (2.105)

KT̄ = −(D∗w̄ +�CC∗w̄ − iDa(Baw̄)∗), (2.106)

BT̄µ = 1
2 iDµK

∗
w̄, (2.107)

ΛT̄ = 0, (2.108)

DT̄ = 0. (2.109)
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In the Liberated SUGRA gauge, the non-vanishing components are given by

CT |ΛK=0 = −1
2Kw̄, (2.110)

ZT |ΛK=0 = −PLΛw̄, (2.111)

HT |ΛK=0 = −Dw̄, (2.112)

BTµ |ΛK=0 = −1
2 iDµKw̄. (2.113)

With the superconformal gauge choice ZΥ = 0, we have

CT |ΛK=0,ZΥ=0 = −1
2Kw̄, CT̄ |ΛK=0,ZΥ=0 = −1

2Hw = −1
2K
∗
w̄ (2.114)

HT |ΛK=0,ZΥ=0 = −Dw̄, KT̄ |ΛK=0,ZΥ=0 = −Dw = −D∗w̄ (2.115)

BTµ |ΛK=0,ZΥ=0 = −1
2 iDµKw̄, BT̄µ |ΛK=0,ZΥ=0 = 1

2 iDµHw = 1
2 iDµK

∗
w̄. (2.116)

2.2.6 Final form of the composite multiplet of liberated N = 1 supergravity

To construct the final composite multiplet which will give the new term in the action of
liberated supergravity, we first collect the following chiral multiplets:(

Xi ≡ {S0, z
I , T (w̄2),W2(K)}, χi ≡ {χ0, χI , χT , χW }, F i ≡ {F 0, F I , F T , FW }

)
,

(2.117)

where

S0 =
(
s0, PLχ

0, F 0) , S̄0 =
(
s∗0, PRχ

0, F 0∗) , (2.118)

zI =
(
zI , PLχ

I , F I
)
, z̄Ī =

(
z̄Ī , PRχ

Ī , F̄ Ī
)
, (2.119)

W2(K) =
(

Λ̄KPLΛK ,
√

2PL(−γ · F̂K + 2iDK)ΛK , 2Λ̄KPL�DΛK + F̂−K · F̂
−
K −D

2
K

)
≡
(
XW , PLχ

W , FW
)
, (2.120)

W̄2(K) =
(

Λ̄KPRΛK ,
√

2PR(−γ · F̂K − 2iD∗K)ΛCK , 2Λ̄KPR�DΛK + F̂+
K · F̂

+
K − (D∗K)2

)
≡
(
X̄W̄ , PRχ

W̄ , F̄ W̄
)
, (2.121)

T (w̄2) =
(
−1

2Kw̄,−
1
2
√

2iPL(�DZw̄ + Λw̄), 1
2(Dw̄ +�CCw̄ + iDaBaw̄)

)
≡
(
XT , PLχ

T , FT
)
,

T̄ (w2) =
(
−1

2K
∗
w̄,

1
2
√

2iPR(�DZCw̄ + ΛCw̄), 1
2(D∗w̄ +�CC∗w̄ − iDa(Baw̄)∗)

)
≡
(
X̄ T̄ , PRχ

T̄ , F̄ T̄
)
.

(2.122)

Then, the lowest component of the final composite real multiplet is

N ≡ Υ2 w2w̄2

T (w̄2)T̄ (w2)
U = Υ−2W2(K)W̄2(K)

T (w2)T̄ (w̄2)
U

= (X0X̄0e−K(zI ,z̄Ī)/3)−2XW X̄W̄ (XT )−1(X̄ T̄ )−1U(zI , z̄Ī). (2.123)
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Then, since N is now expressed as a function of superconformal chiral multiplets, we can
represent the full off-shell expression of the superconformal Lagrangian of the liberated
N = 1 supergravity via eq. (17.19) of Freedman and Van Proeyen [3] as follows:

LNEW ≡ [N]De−1

= 1
2DN −

1
4 ψ̄ · γiγ∗ΛN −

1
6CNR(ω) + 1

12
(
CN ψ̄µγµρσ − iZ̄Nγρσγ∗

)
R′ρσ(Q)

+1
8ε

abcdψ̄aγbψc

(
BNd −

1
2 ψ̄dZN

)
, (2.124)

= Nij̄

(
−DµXiDµX̄ j̄ − 1

2 χ̄
i
��Dχj̄ −

1
2 χ̄

j̄
��Dχi + F iF̄ j̄

)
+1

2
[
Nijk̄

(
−χ̄iχjF̄ k̄ + χ̄i(��DXj)χk̄

)
+ h.c.

]
+ 1

4Nijk̄l̄χ̄
iχjχ̄k̄χl̄

+
[ 1

2
√

2
ψ̄ · γ

(
Nij̄F

iχj̄ −Nij̄��DX̄
j̄χi − 1

2Nijk̄χ
k̄χ̄iχj

)
+1

8 iε
µνρσψ̄µγνψρ

(
NiDσXi + 1

2Nij̄χ̄
iγσχ

j̄ + 1√
2
Niψ̄σχ

i
)

+ h.c.
]

+1
6N

(
−R(ω) + 1

2 ψ̄µγ
µνρR′νρ(Q)

)
− 1

6
√

2

(
Niχ̄

i +Nīχ̄
ī
)
γµνR′µν(Q),

(2.125)

where i, j = 0, I,W, T and j̄, k̄, l̄ = 0̄, Ī, W̄ , T̄ and

Rµνab(ω) ≡ ∂µωνab − ∂νωµab + ωµacω
c
ν b − ωνacω c

µ b, (2.126)

R′µν(Q) ≡ 2
(
∂[µ + 1

2b[µ −
3
2A[µγ∗ + 1

4ω
ab
[µ (e, b, ψ)γab

)
ψν], (2.127)

ωabµ (e, b, ψ) = ωabµ (e, b) + 1
2ψµγ

[aψb] + 1
4 ψ̄

aγµψ
b. (2.128)

2.3 Bosonic Lagrangians

The bosonic contribution to the scalar potential can be found from the term DN . Using
the above results and eq. (2.125), we find the equivalent bosonic contribution to the scalar
potential as follows:

LB ⊃ Nij̄F
iF̄ j̄ ∼ NWW̄F

W F̄ W̄ = Υ−2 1
CTCT̄

UFW F̄ W̄ . (2.129)

Since CT = −1
2Kw̄ ∼ −

1
2
KW̄
Υ2 = −1

2
(−2F̄ W̄ )

Υ2 = F̄ W̄

Υ2 and CT̄ = FW

Υ2 , we have

LB ⊃ Υ−2 Υ2Υ2

F̄ W̄FW
UFW F̄ W̄ = Υ2U . (2.130)

In the superconformal gauge Υ = 1, we get

VNEW = U . (2.131)
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2.4 Fermionic Lagrangians

In this section, we investigate fermionic terms in the liberated N = 1 supergravity La-
grangian. We focus in particular on the matter-coupling and on the most divergent
fermionic terms, in order to explore interesting interactions and check the limits of va-
lidity of the liberated N = 1 supergravity as an effective theory.

First of all, let us recall that the final composite multiplet N in terms of the supercon-
formal chiral multiplets {S0, z

I ,W ≡ W2(K), T ≡ T (w̄2)} are:

N =
(
s0s
∗
0e
−K(zI ,z̄Ī)/3

)−2 WW̄

TT̄
U(zI , z̄Ī). (2.132)

We we also denote their lowest components as W ≡ Λ̄KPLΛK , W̄ ≡ Λ̄KPRΛK , T ≡ CT ,
and T̄ ≡ CT̄ . Note that the final composite multiplet consists of the four superconformal
chiral multiplets only. Remember that CT ∼ F̄ W̄

Υ2 and FW ∝ D2
K |boson ≡ F̃2.

Generically, the matter couplings are found from the following contributions:

Lmatter
F |ψ=0 = Nij̄

(
−DµXiDµX̄ j̄ − 1

2 χ̄
i
��Dχj̄ −

1
2 χ̄

j̄
��Dχi + F iF̄ j̄

)
− N

6 R(ω)|ψ=0

+1
2

[
Nijk̄

(
− χ̄iχjF̄ k̄ + χ̄i(��DXj)χk̄

)
+ h.c.

]
+ 1

4Nijk̄l̄χ̄
iχjχ̄k̄χl̄

∣∣∣∣
ψ=0

,

= LF1 + LF2 + L̄F2 + LF3 + (LF4 + LF5 + h.c.) + LF6 + LF7 (2.133)

where

DµXi|ψ=0 = (∂µ − wibµ − wiAµ)Xi,

DµPLχi|ψ=0 =
(
∂µ + 1

4ω
ab
µ γab − (wi + 1/2)bµ + (wi − 3/2)iAµ

)
PLχ

i −
√

2wiXiPLφµ.

Note that the matter couplings of fermions can be classified into seven types:

LF1 ≡ −Nij̄DµX
iDµX̄ j̄

∣∣∣
ψ=0

, (2.134)

LF2 ≡ −
1
2Nij̄χ̄

i
��Dχj̄

∣∣∣
ψ=0

, (2.135)

LF3 ≡ −Nij̄F
iF̄ j̄

∣∣∣
ψ=0

, (2.136)

LF4 ≡ −
1
2Nijk̄χ̄

iχjF̄ k̄
∣∣∣
ψ=0

, (2.137)

LF5 ≡
1
2Nijk̄χ̄

i(��DXj)χk̄
∣∣∣
ψ=0

, (2.138)

LF6 ≡
1
4Nijk̄l̄χ̄

iχjχ̄k̄χl̄
∣∣∣
ψ=0

, (2.139)

LF7 ≡ −
N

6 R(ω)|ψ=0. (2.140)
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The derivatives of the N are given in general by

N
(r=q+p+m+k)
q,p,m,k = (∂q0∂

p
W∂

m
T ∂

k
IN)

=
[
(∂q0∂

(k−n)
I Υ−2)(N)(Υ2)(CT )(Υ2)(CT̄ )

×(Υ2m1)(∂m1
T CT )(Υ

2m2)(∂m2
T̄
CT̄ )(W )1−p1(W̄ )1−p2U (n)

]
/[

(F̃2)(CT )(F̃2)(CT̄ )(F̃2m1)(∂m1
T CT )(F̃

2m2)(∂m2
T̄
CT̄ )

]
.

= (∂q0∂
(k−n)
I Υ−2)Υ4+2m1+2m2 U (n)

F̃2+2+2m1+2m2
W 1−p1W̄ 1−p2

= (∂q0∂
(k−n)
I Υ−2)Υ4+2m U (n)

F̃4+2mW
1−p1W̄ 1−p2 , (2.141)

where F̃ ≡ 2KI̄

(
−∂µzI∂µz̄ ̄ + F I F̄ ̄

)
; U (n) (0 ≤ n ≤ 4) is the n-th derivative of the

function U(zI , z̄ ı̄) with respect to zI , z̄I , which are the lowest component of the matter
chiral multiplets; q = q1 + q2 where q1 (q2) is the order of the derivative with respect to
the compensator scalar s0 (s∗0); p = p1 + p2 where p1 (p2) is the order of the derivative
with respect to the field strength multiplet scalar W (W̄ ); m = m1 + m2 where m1 (m2)
is the order of the derivative with respect to the chiral projection multiplet scalar T (w̄2)
(T̄ (w2)); k is the order of the derivative with respect to the matter multiplet scalar zI ; n is
the order of the derivative acting on the new term U with respect to the matter multiplet;
q is the total order of derivative with respect to the compensator scalars s0 and s∗0. An
explicit form of the derivatives of N is given in appendix A.

The mass dimension6 of the derivatives of the N is [N (r=q+p+m+k)
q,p,m,k ] = −3p − 4m − 2.

This implies that the mass dimension of the operator coupled to N (r=q+p+m+k)
q,p,m,k must be

equal to 3p+ 4m+ 2.
Now, let us focus on the case such that q = 0 and k = n which gives the most singular

fermionic terms in the limit that the D-term vanishes. The most singular terms are those
that contain the highest power of the auxiliary field D in the denominator and therefore
are the nonrenormalizable operators associated with the smallest UV cutoff mass scale.
That is, we consider that the matter scalar derivatives act only on the new term U and
there are no the derivatives with respect to the compensator scalar. Then, we have

N (r=p+m+n)
p,m,n = Υ2+2m U (n)

F̃4+2mW
1−p1W̄ 1−p2 . (2.142)

In particular, since r = p+m+ n (0 ≤ r ≤ 4), it reduces to

N
(r)
i...l = N (r)

p,m,n = Υ2(1+r−n−p) U (n)

F̃2(2+r−n−p)W
1−p1W̄ 1−p2 . (2.143)

6The mass dimensions of the multiplets’ lowest components are [s0] = 1, [zI ] = 0, [W ] = 3, [T ] = 0,
which gives [F̃ ] = 2.
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Remember that we called r the total order of the derivatives acting on the N . Here n is the
number of derivatives acting on the matter scalars in the new term U ; they produce U (n).
Finally, p = p1 + p2 is the sum of the number of derivatives w.r.t. the multiplets (W, W̄ )
acting on U .

2.4.1 Structure of the fermionic components

Next, let us explore the detailed structure of the chiral fermions of the superconformal
multiplets. First of all, the compensator and matter fermions are given by

χ0 = PLχ
0, χI = PLχ

I . (2.144)

Note that χ0 and χI are fundamental fermions, and later in the S-gauge, the compensator
chiral fermions will be replaced by the matter ones according to: PLχ0 = 1

3s0KIPLχ
I and

PRχ
0 = 1

3s
∗
0KĪPRχ

Ī .
On the contrary, the other fermions χW and χT are composite. Hence, we need to find

their specific structure.
First, the W(K)2-multiplet fermion, say χW , is found to be

χW = PLχ
W =

√
2PL(−γ · F̂K + 2iDK)ΛK

= −2
√

2PLγµν∂[µBKν] ΛK −
√

2PLγµνψ̄[µγν]ΛKΛK + 2
√

2iPLDKΛK

= −2
√

2PLγµν∂[µ(iKIDν]z
I − iKĪDν]z̄

Ī + iKIJ̄ χ̄
Iγν]χ

J̄)ΛK + 2
√

2iPLDKΛK

= 2iγµν∂[µ
(
KI ψ̄ν]χ

I −KĪ χ̄
Īψν] −

√
2KIJ̄ χ̄

Iγν]χ
J̄
)
PLΛK

+2
√

2i
[
2KIJ̄

(
−DµzIDµz̄J̄ −

1
2 χ̄

IPL��DχJ̄ −
1
2 χ̄

J̄PR��DχI + F I F̄ J̄
)

+KIJK̄

(
− χ̄IχJ F̄ K̄ + χ̄I(��DzJ)χK̄

)
+KĪ J̄K

(
− χ̄ĪχJ̄FK + χ̄Ī(��Dz̄J̄)χK

)

+1
2KIJK̄L̄(χ̄IPLχJ)(χ̄K̄PRχL̄)

]
PLΛK

= 2
√

2iF̃(PLΛK)1f + · · ·+ 7 fermions

= 2
√

2iF̃
(
−
√

2iKĪJ [(��DzJ)0fχ
Ī − F̄ ĪχJ ]

)
+ · · ·+ 7 fermions

= 4F̃KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ] + · · ·+ 7 fermions, (2.145)

where PLΛK = −
√

2iKĪJ [(��DzJ)χĪ − F̄ ĪχJ ] − i√
2KĪ J̄Kχ

K χ̄ĪχJ . Note that the composite
fermion χW contains powers of the matter fermions ranging from one to seven, and it is
nonvanishing on-shell.
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Second, the chiral projection multiplet T (w̄2) fermions are found to be as follows:

χT = PLχ
T = − i√

2
PL(�DZw̄ + Λw̄) = − i√

2

[
(�DZW̄ )

Υ2 − (�DΥ)ZW̄
Υ3 − 2CW̄Υ3 PLΛΥ−

i�BΥZW̄
Υ3

]
ZΥ=0

= 1
Υ2

[
�DχW̄ −

(�DΥ)χW̄
Υ − 2Λ̄KPRΛK

Υ PLΛΥ−
i�BΥχ

W̄

Υ

]
ZΥ=0

= 1
Υ2

[
(�DχW̄ )1f −

[(�DΥ)0f + i(�BΥ)0f ]
Υ (χW̄ )1f

]
+ · · ·+ 9 fermions, (2.146)

= 1
Υ2

[
4(�∂F̃)KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ]

−
(

2
s∗0

�∂s
∗
0−

2
3KK̄�∂z̄

K̄ − 2γµ(bµ + iAµ)
)

4F̃KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ]
]

1f
+ · · ·+ 9 fermions,

= 4
Υ2 (�∂F̃)KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ] + (χT )1f |F̃1 + · · ·+ 9 fermions, (2.147)

where F̃ ≡ 2KIJ̄

(
−∂µzI∂µz̄J̄ + F I F̄ J̄

)
; “|F̃1” denotes the terms proportional to F̃1, and

�∂F̃ = 2(�∂KIJ̄)
(
−∂µzI∂µz̄J̄ + F I F̄ J̄

)
+2KIJ̄

(
−(�∂∂µzI)∂µz̄J̄ − ∂µzI(�∂∂µz̄J̄) + (�∂F I)F̄ J̄ + F I(�∂F̄ J̄)

)
. (2.148)

Note that χT is also nonvanishing on-shell.
In the above calculation we have used the formula:

DµPLχW =
(
∂µ + 1

4ω
ab
µ γab −

7
2bµ + 3

2 iAµ
)
PLχ

W − 1√
2
PL(��DW + FW )ψµ

−3
√

2WPLφµ. (2.149)
(2.150)

to find

(��DχW )1f = (��DPLχW )1f

= γµ
(
∂µ + 1

4ω
ab
µ γab −

7
2bµ + 3

2 iAµ
)

(PLχW )1f + 1√
2
PL(FW )0fγ

µψµ

= �∂(PLχW )1f + γµ
(1

4ω
ab
µ γab −

7
2bµ + 3

2 iAµ
)

(PLχW )1f + 1√
2
PLF̃2γµψµ

= 4(�∂F̃)KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ] + 4F̃(�∂KĪJ)[(�∂zJ)χĪ − F̄ ĪχJ ]

+4F̃KĪJ [(�zJ)χĪ +�∂z
J
�∂χ

Ī − (�∂F̄ Ī)χJ − F̄ Ī(�∂χJ)]

+γµ
(1

4ω
ab
µ γab −

7
2bµ + 3

2 iAµ
)

(4F̃KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ]) + 1√
2
PLF̃2γµψµ

= 4(�∂F̃)KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ] + (��DχW )1f |F̃1 + (��DχW )1f |F̃2 . (2.151)
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where FW = 2Λ̄KPL��DΛK + F̂−K · F̂
−
K − D2

K , (F̂−K )0f = 0, and (FW )0f = −(D2
K)0f =

−F̃2, and

(�∂χW )1f = (�∂PLχW )1f = 4(�∂F̃)KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ] + 4F̃(�∂KĪJ)[(�∂zJ)χĪ − F̄ ĪχJ ]
+4F̃KĪJ [(�∂�∂zJ)χĪ +�∂z

J
�∂χ

Ī − (�∂F̄ Ī)χJ − F̄ Ī(�∂χJ)]
= 4(�∂F̃)KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ] + 4F̃(�∂KĪJ)[(�∂zJ)χĪ − F̄ ĪχJ ]

+4F̃KĪJ [(�zJ)χĪ +�∂z
J
�∂χ

Ī − (�∂F̄ Ī)χJ − F̄ Ī(�∂χJ)]
≈ 4(�∂F̃)KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ] + 4F̃(�∂KĪJ)[(�∂zJ)χĪ − F̄ ĪχJ ]
−4F̃KĪJ(�∂F̄ Ī)χJ . (2.152)

Here ≈ means equality up to terms proportional to the equations of motion of free massless
matter fields. Such terms produce only terms that contain additional factors of the matter
field masses in the numerator and therefore give rise to either renormalizable operators
or nonrenormalizable operators weighted by a mass scale higher than that associated to
those terms that do not vanish on shell. The details of the above calculation is given in
appendix A.1.

Finally, we present here the chiral fermions of the superconformal multiplets up to
multiple fermion terms.

χi =



χ0,

χI ,

χW = 4F̃KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ] + · · · 7 fermions,

χT = 1
Υ2

[
4(�∂F̃)KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ]−

(
2
s∗0
�∂s∗0 − 2

3KK̄�∂z̄K̄ − 2γµ(bµ + iAµ)
)

×4F̃KĪJ [(�∂zJ)χĪ − F̄ ĪχJ ]
]

1f
+ · · ·+ 9 fermions,

where

F̃ = 2KIJ̄

(
−∂µzI∂µz̄J̄ + F I F̄ J̄

)
�∂F̃ = 2(�∂KIJ̄)

(
−∂µzI∂µz̄J̄ + F I F̄ J̄

)
+2KIJ̄

(
−(�∂∂µzI)∂µz̄J̄ − ∂µzI(�∂∂µz̄J̄) + (�∂F I)F̄ J̄ + F I(�∂F̄ J̄)

)
.

Notice that none of the chiral fermions χi vanish on-shell, and that only χT dependens on
F̃ and includes the factor of Υ−2. All of these properties affect the mass dimension of the
expansion coefficients of the nonrenormalizable Lagrangians.

We finally expand W and W̄ as follows:

W = −2Kı̄J [χ̄J(��Dz̄ ı̄)− F̄ ı̄χ̄J ]Kı̄′J ′ [(��Dz̄ ı̄
′)χJ ′ − F J ′χı̄′ ]

−Kı̄J [χ̄J(��Dz̄ ı̄)− F̄ ı̄χ̄J ]Kı̄′ ̄′K′ [χK
′
χ̄ı̄
′
χ̄
′ ]

−Kı̄̄K [χ̄̄χı̄χ̄K ]Kı̄′J ′ [(��Dz̄ ı̄
′)χJ ′ − F J ′χı̄′ ]

−1
2Kı̄̄K [χ̄̄χı̄χ̄K ]Kı̄′ ̄′K′ [χK

′
χ̄ı̄
′
χ̄
′ ], (2.153)

W̄ = (W )∗. (2.154)
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Notice that W and W̄ can be represented by products of two, four, and six fundamental
fermions.

2.5 Additional gauge fixing for physical theory in the liberated supergravity

First of all, we consider the conventional superconformal gauge which is chosen by

CΥ = Υ = 1⇐⇒ s0s̄0e
−K/3 = 1, (2.155)

ZΥ = 0 =⇒ PLχ
0 − 1

3s0KIPLχ
I = 0 & PRχ

0 − 1
3s
∗
0KĪPRχ

Ī = 0, (2.156)

s0 = s̄0 =⇒ s0 = s̄0 = eK/6, (2.157)

bµ = 0. (2.158)

Note that the first condition is the D-gauge fixing which gets us to the Einstein frame; the
second one is the improved S-gauge fixing; the third one is the A-gauge fixing; the last one
is the K-gauge fixing.

To compare our results with the formulation of liberated supergravity in [10], we choose
a gauge given by

ΛK = 0⇐⇒ χW = χT = 0. (2.159)

In both the conventional superconformal gauge (2.156), (2.157), (2.158) and in (2.159),
the relevant multiplets are

S0 =
(
eK/6,

1
3e

K/6KIPLχ
I , F 0

)
, S̄0 =

(
eK/6,

1
3e

K/6KĪPRχ
Ī , F 0∗

)
, (2.160)

zI =
(
zI , PLχ

I , F I
)
, z̄Ī =

(
z̄Ī , PRχ

Ī , F̄ Ī
)
, (2.161)

W2(K) =
(
W,PLχ

W , FW
)

=
(
0, 0, F̂−K · F̂

−
K −D

2
K

)
, (2.162)

W̄2(K) =
(
W̄ , PRχ

W̄ , F̄ W̄
)

=
(
0, 0, F̂+

K · F̂
+
K − (D∗K)2

)
, (2.163)

T (w̄2) =
(
T, PLχ

T , F T
)

=
(
−1

2Kw̄, 0,
1
2Dw̄

)
, (2.164)

T̄ (w2) =
(
X̄ T̄ , PRχ

T̄ , F̄ T̄
)

=
(
−1

2K
∗
w̄, 0,

1
2D
∗
w̄

)
. (2.165)

Let us further observe that all the terms coupled to N and its derivatives with respect to
0, I, T vanish because N contains the product of WW̄ , which is zero in the liberated gauge,
i.e. W = W̄ = 0. We see that all the fermionic terms coupled to the derivatives of N with
respect to W or T vanish as well, because these terms always couple to the fermions χW
and χT which vanish in the gauge. The only non-vanishing contribution is given by only
the bosonic term, NWW̄F

W F̄ W̄ which gives us the new term U to the scalar potential.
Therefore, in both gauges, the liberated supergravity Lagrangian is specified by

LLib = LSUGRA + LNEW, (2.166)

where LSUGRA is the standard supergravity Lagrangian which contains the auxiliary fields
F 0, F I and LNEW = U(zI , z̄Ī). Then, with this Lagrangian, after solving the equations of
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motion for the auxiliary fields, we can obtain the usual supergravity action in addition to
the new term.

3 Component action of new FI term in superconformal tensor calculus

In this section, we review the component action of a new, Kähler invariant Fayet-Iliopoulos
term proposed by Antoniadis, Chatrabhuti, Isono, and Knoops [4], using again the super-
conformal tensor calculus. The full Lagrangian with the new FI terms is given by

L = −3[S0S̄0e
−K(z,z̄)]D +

(
[S3

0W (z)]F −
1
4[λ̄PLλ]F + h.c.

)

−ξ
[
(S0S̄0e

−K(z,z̄))−3 (λ̄PLλ)(λ̄PRλ)
T (w̄′2)T̄ (w′2)

(V )D
]
D

, (3.1)

where the last term coupled to the parameter ξ corresponds to the new FI terms.

3.1 Component action of the new FI term

We consider matter chiral multiplets Zi, the chiral compensator S0, a real multiplet V ,
and another real multiplet (V )D, whose lowest component is the auxiliary D term of the
real multiplet V . Their superconformal multiplets are given as follows:

V = {0, 0, 0, 0, Aµ, λ,D} in the Wess-Zumino gauge, i.e. v = ζ = H = 0, (3.2)
Zi =

(
zi,−i

√
2PLχi,−2F i, 0,+iDµzi, 0, 0

)
= {zi, PLχi, F i}, (3.3)

Z̄ ī =
(
z̄ ī,+i

√
2PRχī, 0,−2F̄ ī,−iDµz̄ ī, 0, 0

)
= {z̄ ī, PRχī, F̄ ī}, (3.4)

S0 =
(
s0,−i

√
2PLχ0,−2F0, 0,+iDµs0, 0, 0

)
= {s0, PLχ

0, F0}, (3.5)

S̄0 =
(
s̄0,+i

√
2PRχ0, 0,−2F̄0,−iDµs̄0, 0, 0

)
= {s̄0, PRχ

0, F̄0}, (3.6)

λ̄PLλ =
(
λ̄PLλ,−i

√
2PLΛ, 2D2

−, 0,+iDµ(λ̄PLλ), 0, 0
)

= {λ̄PLλ, PLΛ,−D2
−}, (3.7)

λ̄PRλ =
(
λ̄PRλ,+i

√
2PRΛ, 0, 2D2

+,−iDµ(λ̄PRλ), 0, 0
)

= {λ̄PRλ, PRΛ,−D2
+}, (3.8)

(V )D = (D,��Dλ, 0, 0,DbF̂ab,−��D��Dλ,−�CD), (3.9)

where

PLΛ ≡
√

2PL
(
−1

2γ · F̂ + iD

)
λ, PRΛ ≡

√
2PR

(
−1

2γ · F̂ − iD
)
λ, (3.10)

D2
− ≡ D2 − F̂− · F̂− − 2λ̄PL��Dλ, D2

+ ≡ D2 − F̂+ · F̂+ − 2λ̄PR��Dλ, (3.11)

Dµλ ≡
(
∂µ −

3
2bµ + 1

4w
ab
µ γab −

3
2 iγ∗Aµ

)
λ−

(1
4γ

abF̂ab + 1
2 iγ∗D

)
ψµ (3.12)

F̂ab ≡ Fab + e µ
a e

ν
b ψ̄[µγν]λ, Fab ≡ e µ

a e
ν
b (2∂[µAν]), (3.13)

F̂±µν ≡
1
2(F̂µν ± ˜̂

Fµν), ˜̂
Fµν ≡ −

1
2 iεµνρσF̂

ρσ. (3.14)
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3.1.1 w′2, w̄′2 composite complex multiplets: (Weyl/Chiral) weights = (−1, 3)
and (−1,−3)

We show here the components of the first superconformal composite complex multiplets
w′2 and w̄′2 with Weyl/chiral weights (−1, 3) and (−1,−3) respectively. These composite
multiplets are defined to be

w′2 ≡ λ̄PLλ

(S0S̄0e−K/3)2 = {Cw,Zw,Hw,Kw,Bwµ ,Λw,Dw} (3.15)

w̄′2 ≡ λ̄PRλ

(S0S̄0e−K/3)2 = {Cw̄,Zw̄,Hw̄,Kw̄,Bw̄µ ,Λw̄,Dw̄}. (3.16)

where

Cw = h ≡ λ̄PLλ

(s0s̄0e−K(z,z̄)/3)2 , (3.17)

Zw = i
√

2(−haΩa + hāΩā), (3.18)

Hw = −2haF a + habΩ̄aΩb, (3.19)

Kw = −2hāF ā + hāb̄Ω̄
āΩb̄, (3.20)

Bwµ = ihaDµXa − ihāDµX̄ ā + ihab̄Ω̄
aγµΩb̄, (3.21)

PLΛw = −
√

2ihāb[(��DXb)Ωā − F āΩb]− i√
2
hāb̄cΩ

cΩ̄āΩb̄, (3.22)

PRΛw =
√

2ihab̄[(��DX̄
b̄)Ωa − F aΩb̄] + i√

2
habc̄Ωc̄Ω̄aΩb, (3.23)

Dw = 2hab̄
(
−DµXaDµX̄ b̄ − 1

2Ω̄aPL��DΩb̄ − 1
2Ω̄b̄PR��DΩa + F aF b̄

)
+habc̄(−Ω̄aΩbF c̄ + Ω̄a(��DXb)Ωc̄) + hāb̄c(−Ω̄āΩb̄F c + Ω̄ā(��DX̄ b̄)Ωc)

+1
2habc̄d̄(Ω̄

aPLΩb)(Ω̄c̄PRΩd̄). (3.24)

Notice that when finding the multiplet w̄′2, we can just replace h by its complex conju-
gate h∗.

3.1.2 T (w̄′2), T̄ (w′2) chiral projection multiplets: (Weyl/Chiral) weights=(0, 0)

The second superconformal multiplets that we need are the composite chiral projection
multiplets T (w̄′2) and T̄ (w′2) with Weyl/chiral weights (0, 0). From their component su-
permultiplets defined by

T (w̄′2) =
(
−1

2Kw̄,−
1
2
√

2iPL(��DZw̄ + Λw̄), 1
2(Dw̄ +�CCw̄ + iDaBaw̄)

)
, (3.25)

T̄ (w′2) =
(
−1

2K
∗
w̄,

1
2
√

2iPR(��DZCw̄ + ΛCw̄), 1
2(D∗w̄ +�CC∗w̄ − iDa(Baw̄)∗)

)
(3.26)
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we find the corresponding superconformal multiplets and their complex conjugates as
follows:

T ≡ T (w̄′2) = {CT ,ZT ,HT ,KT ,BTµ ,ΛT ,DT }

T̄ ≡ T̄ (w′2) = {CT̄ ,ZT̄ ,HT̄ ,KT̄ ,BT̄µ ,ΛT̄ ,DT̄ }, (3.27)

whose superconformal components are given by

CT = −1
2Kw̄ = h∗āF

ā− 1
2h
∗
āb̄

Ω̄āΩb̄ ≡ CT (3.28)

ZT = −
√

2iPL
[
�D(−h∗aΩa +h∗āΩā)−h∗āb[(�DXb)Ωā−F āΩb]− 1

2h
∗
āb̄c

ΩcΩ̄āΩb̄

+h∗
ab̄

[(�DX̄ b̄)Ωa−F aΩb̄] + 1
2h
∗
abc̄Ωc̄Ω̄aΩb

]
≡ −
√

2iPLΩT , (3.29)

HT = −2
[
h∗
ab̄

(
−DµXaDµX̄ b̄− 1

2Ω̄aPL�DΩb̄− 1
2Ω̄b̄PR�DΩa +F aF b̄

)
+1

2h
∗
abc̄(−Ω̄aΩbF c̄ + Ω̄a(�DXb)Ωc̄) + 1

2h
∗
āb̄c

(−Ω̄āΩb̄F c + Ω̄ā(�DX̄ b̄)Ωc)

+1
4h
∗
abc̄d̄

(Ω̄aPLΩb)(Ω̄c̄PRΩd̄) + 1
2�

Ch∗+ 1
2 iD

µ(ih∗aDµXa− ih∗āDµX̄ ā + ih∗
ab̄

Ω̄aγµΩb̄)
]

≡ −2FT , (3.30)

KT = 0, (3.31)

BTµ = −iDµCT , (3.32)

ΛT = 0, (3.33)

DT = 0, (3.34)

where we used a, b, c, d = 0, i(≡ zi),W (≡ λ̄PLλ). This gives the superfield components of
the chiral projection multiplet T :

T (w̄′2) = (CT , PLΩT , FT ) (3.35)

where

CT = h∗āF
ā− 1

2h
∗
āb̄

Ω̄āΩb̄, (3.36)

PLΩT = ��D(−h∗aΩa +h∗āΩā)−h∗āb[(��DXb)Ωā−F āΩb]− 1
2h
∗
āb̄c

ΩcΩ̄āΩb̄

+h∗
ab̄

[(��DX̄ b̄)Ωa−F aΩb̄] + 1
2h
∗
abc̄Ωc̄Ω̄aΩb, (3.37)

FT = h∗
ab̄

(
−DµXaDµX̄ b̄− 1

2Ω̄aPL��DΩb̄− 1
2Ω̄b̄PR��DΩa +F aF b̄

)
+1

2h
∗
abc̄(−Ω̄aΩbF c̄ + Ω̄a(��DXb)Ωc̄) + 1

2h
∗
āb̄c

(−Ω̄āΩb̄F c + Ω̄ā(��DX̄ b̄)Ωc)

+1
4h
∗
abc̄d̄

(Ω̄aPLΩb)(Ω̄c̄PRΩd̄) + 1
2�

Ch∗− 1
2D

µ(h∗aDµXa−h∗āDµX̄ ā +h∗
ab̄

Ω̄aγµΩb̄).

(3.38)
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Morever,
T̄ (w′2) = {C∗T , PRΩT , F

∗
T } (3.39)

where

C∗T = haF
a − 1

2habΩ̄
aΩb, (3.40)

PRΩT = ��D(−haΩa + hāΩā)− hāb[(��DXb)Ωā − F āΩb]− 1
2hāb̄cΩ

cΩ̄āΩb̄

+hab̄[(��DX̄
b̄)Ωa − F aΩb̄] + 1

2habc̄Ω
c̄Ω̄aΩb, (3.41)

F ∗T = hab̄

(
−DµXaDµX̄ b̄ − 1

2Ω̄aPL��DΩb̄ − 1
2Ω̄b̄PR��DΩa + F aF b̄

)
+1

2habc̄(−Ω̄aΩbF c̄ + Ω̄a(��DXb)Ωc̄) + 1
2hāb̄c(−Ω̄āΩb̄F c + Ω̄ā(��DX̄ b̄)Ωc)

+1
4habc̄d̄(Ω̄

aPLΩb)(Ω̄c̄PRΩd̄) + 1
2�

Ch− 1
2D

µ(haDµXa − hāDµX̄ ā + hab̄Ω̄
b̄γµΩa).

(3.42)

3.1.3 Composite real multiplet R: (Weyl/Chiral) weights = (0, 0)

We present here a superconformal composite real multiplet R with Weyl/chiral weights
(0, 0). Defining some chiral multiplets XA≡{XA, PLΩA, FA} where A={S0, Z

i, λ̄PLλ, T (w̄′2)}
and their conjugates, we represent the composite one R as

R ≡ (S0S̄0e
−K/3)−3 (λ̄PLλ)(λ̄PRλ)

T (w̄′2)T̄ (w′2)
(3.43)

whose lowest component is

CR ≡ (s0s̄0e
−K/3)−3 (λ̄PLλ)(λ̄PRλ)

CTCT̄
≡ f(XA, X̄Ā) (3.44)

where CT = −D2
+∆−2; CT̄ = −D2

−∆−2, and ∆ ≡ s0s̄0e
−K/3. Then, the superconformal

multiplet of the new Fayet-Iliopoulos term can be written by using

R · (V )D = {C̃, Z̃, H̃, K̃, B̃µ, Λ̃, D̃}, (3.45)

whose superconformal multiplet components are as follows:

C̃ = Df, (3.46)

Z̃ = f��Dλ+Di
√

2(−fAΩA + fĀΩĀ), (3.47)

H̃ = D(−2fAFA + fABΩ̄AΩB)− i
√

2(−fAΩ̄A + fĀΩ̄Ā)PL��Dλ, (3.48)

K̃ = D(−2fĀF Ā + fĀB̄Ω̄ĀΩB̄)− i
√

2(−fAΩ̄A + fĀΩ̄Ā)PR��Dλ, (3.49)

B̃ = (DνF̂µν)f +D(ifADµXA − ifĀDµX̄
Ā + ifAB̄Ω̄AγµΩB̄), (3.50)
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Λ̃ = −f��D��Dλ+D(PLΛf + PRΛf ) + 1
2
(
γ∗(−fA��DXA + fĀ��DX̄

Ā − fAB̄Ω̄A
�γΩB̄)

+PL(−2fĀF Ā + fĀB̄Ω̄ĀΩB̄) + PR(−2fAFA + fABΩ̄AΩB)−��Df
)
��Dλ

+1
2
(
iγ∗γ

µDνF̂µν −��DD
)
i
√

2(−fAΩA + fĀΩĀ), (3.51)

D̃ = −f�CD +D

{
2fAB̄

(
−DµXADµX̄B̄ − 1

2Ω̄APL��DΩB̄ − 1
2�Ω

B̄PR��DΩA + FAF B̄
)

+fABC̄(−Ω̄AΩBF C̄ + Ω̄A(��DXB)ΩC̄) + fĀB̄C(−Ω̄ĀΩB̄FC + Ω̄Ā(��DX̄B̄)ΩC)

+1
2fABC̄D̄(Ω̄APLΩB)(Ω̄C̄PRΩD̄)

}
−(DνF̂µν)(ifADµXA − ifĀDµX̄

Ā + ifAB̄Ω̄AγµΩB̄)

+
(√

2ifĀB[(��DXB)ΩĀ − F ĀΩB] + i√
2
fĀB̄CΩCΩ̄ĀΩB̄

)
��Dλ

−
(√

2ifAB̄[(��DX̄B̄)ΩA − FAΩB̄] + i√
2
fABC̄ΩC̄Ω̄AΩB

)
��Dλ

−(Dµf)(DµD)− 1
2��D

[
i
√

2(−fAΩA + fĀΩĀ)
]

(��Dλ) + 1
2 i
√

2(−fAΩA + fĀΩĀ)(��D��Dλ),

(3.52)

where the indices A,B,C,D run over 0, i,W, T . The component action of the new FI term
is then given by the D-term density formula

LNEW ≡ −[ξR · (V )D]D = −ξ4

∫
d4xe

[
D̃ − 1

2 ψ̄ · γiγ∗Λ̃−
1
3 C̃R(ω)

+1
6
(
C̃ψ̄µγµρσ − i ¯̃Zγρσγ∗

)
R′ρσ(Q)

+1
4ε

abcdψ̄aγbψc
(
B̃d −

1
2 ψ̄dZ̃

)]
+ h.c. . (3.53)

3.1.4 Bosonic term of the new FI term

The new FI term is obtained from the term D2fWW̄F
WF W̄ inside the D-term D̃. Thus,

we get

LNEW ⊃ −ξDfWW̄F
WF W̄ = −ξD (s0s̄0e

−K/3)−3

CTC∗T
FWF W̄ ⊃ −ξD (s0s̄0e

−K/3)−3

(hWFW )(h∗
W̄
F W̄ )

FWF W̄

= −ξD (s0s̄0e
−K/3)−3

(s0s̄0e−K/3)−4FWF W̄
FWF W̄ = −ξD(s0s̄0e

−K/3). (3.54)

Hence, in the superconformal gauge (s0s̄0e
−K/3 = M2

pl = 1), we obtain

Lnew FI/e = −ξD, (3.55)

or
Lnew FI/e = −M2

plξD. (3.56)
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4 Consistency check of supergravity as effective field theory through
superconformal tensor calculus

This section studies the fermionic nonrenormalizable terms in the Lagrangians containing
either liberated N = 1 terms or new FI terms. We will make full use of the superconformal
tensor calculus to find the limits of validity of those effective field theories.

4.1 Constraining liberated N = 1 supergravity

We investigate first the nonrenormalizable fermionic terms in “liberated” supergravity, to
find possible constraints on the liberated term U . To begin with, we rewrite the coefficients

N
(r=q+p+m+k)
q,p,m,k = (∂q0∂

(k−n)
I Υ−2)Υ4+2m U (n)

F̃4+2mW
1−p1W̄ 1−p2 ,

as

N
(r=q+p+m+k)
q,p,m,k = ((−1)q1+q2(q1 + 1)!(q2 + 1)!s−(2+q1)

0 (s∗0)−(2+q2)(∂(k−n)
I e2K/3))

×Υ4+2m U (n)

F̃4+2mW
1−p1W̄ 1−p2 (4.1)

where we used Υ = s0s
∗
0e
−K/3.

The most powerful constraints on U come from the most singular fermionic terms in
the Lagrangian. Such singular terms are those containing the highest power of F̃ in the
denominator. These powers are linearly proportional to m because they are due to taking
derivatives of N with respect to the lowest component of the multiplet T (w̄2). Therefore,
we must investigate the fermionic interactions containing only derivatives with respect to
the chiral projection and matter scalar indices, i.e. T and I, to obtain the terms that are
coupled to U (n) and contain the maximal inverse powers of F̃ . Such terms are those with
q = p = 0 and k = n.

In particular, we find by direct inspection of the fermionic interactions that the most
singular terms are given by the couplings to the derivatives proportional to NT T̄ , NWTT̄ ,
NWW̄TT̄ if our theory has a single chiral matter multiplet, while they are given by NTT T̄ T̄

for two or more chiral matter multiplets. The latter terms vanish identically for a single
multiplet because of Fermi statistics. This has been investigated in detail in ref. [11]. Here
we merely recall the results from ref. [11]:

• For the single chiral matter multiplet case,

LF2|q=p=0,k=n ⊃M
2(n−4)
pl

U (n)

F2(4−n)O
′(2(6−n))
F . (4.2)

• For two or more chiral matter multiplets,

LF6|q=p=0,k=n ⊃ c′M
2(n−6)
pl

U (n)

F2(6−n)O
′(2(8−n))
F . (4.3)

where O(10−2) ≤ c′ ≤ O(1).
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From this, by calling Λcut the cutoff UV scale of liberated supergravity and using the
inequality C(4−δ) . 1

Λδ−4
cut

(δ = 2(6 − n) for Nmat = 1 and δ = 2(8 − n) for Nmat ≥ 2) we
obtain

U (n) .


F2(4−n)

(
Mpl
Λcut

)2(4−n)
where 0 ≤ n ≤ 2 for Nmat = 1,

F2(6−n)
(
Mpl
Λcut

)2(6−n)
where 0 ≤ n ≤ 4 for Nmat ≥ 2.

(4.4)

A conventional definition of the supersymmetry breaking scale MS is given in terms
of F-term expectation value; therefore, we can define M4

S = M4
plF and the constraints on

U (n) then become

U (n) .


(
MS
Mpl

)8(4−n) (Mpl
Λcut

)2(4−n)
where 0 ≤ n ≤ 2 for Nmat = 1,(

MS
Mpl

)8(6−n) (Mpl
Λcut

)2(6−n)
where 0 ≤ n ≤ 4 for Nmat ≥ 2.

(4.5)

The consequences of these constraints were studied in ref. [11].

4.2 Constraining new Fayet-Iliopoulos terms

In this section,7 we explore the possible constraints on the new FI parameter ξ. First of
all, let us find the fermionic terms coming from the new FI terms. From its Lagrangian, we
observe that the most singular terms come from the derivatives of the function f , defined
in eq. (3.44) and below, with respect to the multiplet T since they produce the inverse
powers of the D-term ‘D’. The function f was defined by

f = (s0s̄0e
−K/3)−3 (λ̄PLλ)(λ̄PRλ)

CTCT̄
, (4.6)

where CT = −D2
+∆−2; CT̄ = −D2

−∆−2, and ∆ ≡ s0s̄0e
−K/3.

Then, the most singular terms in the Lagrangians has the generic form

LF ⊃ −c(ξDp · ∂m1
T ∂m2

T̄
f)O(δ)

F , (4.7)

where c is a dimensionless constant of order O(1); ξ is the dimensionless new FI constant,
O(δ)
F is an effective field operator of dimension δ independent of D, m1,m2 are the order of

derivative with respect to the T, T̄ , and p is a power of D where p = 0, 1.
The most singular terms appear in the Lagrangian as follows:

LF ⊃ −(m1!m2!c)ξM4m+2
pl D−2m−4+p(λ̄PLλ)(λ̄PRλ)O(δ)

F

= −(m1!m2!c)ξM4m+2
pl D−2m−4+pO(δ+6)

F , (4.8)

where O(δ+6)
F ≡ (λ̄PLλ)(λ̄PRλ)O(δ)

F and δ = 4− 2p so that [Lf ] = 4. Therefore, we have

LF ⊃ ξM4m+2
pl D−2m−4+pO(10−2p)

F , (4.9)

where we omitted −(m1!m2!c) since this is O(1).
7This subsection also complements the detailed derivation of the constraint on the new FI parameter ξ

omitted in ref. [12].
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Next, we explore the constraints coming from the new FI term. First of all, we recall
that the new FI term proposed by Antoniadis et al. can be added to the standard FI
term, when the theory contains also a gauged U(1) R-symmetry U(1)R. Then, we have the
following auxiliary D-term Lagrangian

Laux D = 1
2D

2 − i(Giki −Gīkī)D − ξD ≡
1
2D

2 − (ξ′ + ξ)D, (4.10)

where ξ is the new FI constant, ξ′ ≡ i(Giki −Gīkī). Here k = ki∂i is the Killing vector of
a standard R-symmetry UR(1) and G is the supergravity G-function. If we restore explicit
powers of the gauge coupling g, then we get

Laux D = 1
2g2D

2 − ξ′D − ξD = 1
2g2D

2 − (ξ′ + ξ)D. (4.11)

After solving the equation of motion for D, we have

D = g2M2
pl(ξ + ξ′). (4.12)

Plugging this result into the Lagrangian again, we obtain

LF ⊃ ξM4m+2
pl (g2M2

pl(ξ + ξ′))−2m−4+pO′(10−2p)
F

= ξ(g2(ξ + ξ′))−2m−4+pM−6+2p
pl O′(10−2p)

F . (4.13)

This implies ξ(g2(ξ + ξ′))−2m−4+pM−6+2p
pl . 1

Λ6−2p
cut

so we arrive at

ξ(g2(ξ + ξ′))−2m−4+p .
(
Mpl
Λcut

)6−2p
. (4.14)

This is a constraint on the new FI term constant ξ, written in terms of the UV cutoff Λcut.

5 Summary

In section 2 of this work we computed the component action of the liberated N = 1 super-
gravity using the superconformal tensor calculus. In section 3, we revisited the component
action of a Kähler-invariant new FI term (called “ACIK-FI term”) in the superconformal
formalism. In section 4, we used the superconformal tensor calculus to constrain the size of
new supergravity terms that are present in liberated supergravity and in the ACIK-FI term,
but absent in standard supergravity. The computations performed in sections 2, 3, and 4
spell out the results of [11, 12]. Specifically, we relate the “liberated” scalar potential U to
the UV cutoff and we derive the constraints on the ACIK-FI term used in [12]. What makes
our constraints powerful is that differently from standard supergravity, both liberated su-
pergravity and the ACIK-FI terms introduce nonrenormalizable interactions proportional
to inverse powers of the supersymmetry breaking scale MS . This makes it impossible to
send MS to zero while keeping the UV cutoff of the theory finite. The most singular non-
renormalizable interactions in the limit MS → 0 are cumbersome, multi-fermion operators,
but they can be found and studies using the superconformal tensor calculus in a systematic
and economical way. Superconformal calculus techniques are general so can be applied to
any supergravity theory. Our analysis is based on standard Effective Field Theory methods
and it is thus complementary to swampland [18–20] constraints.
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A Some detailed calculations in liberated supergravity

A.1 Some details

DµzI = ∂µz
I − 1√

2
ψ̄µχ

I , (A.1)

CW̄ ≡ W̄ = Λ̄KPRΛK = 2 fermions+ 4 fermions+ 6 fermions, (A.2)

PLΛK = −
√

2iKĪJ [(�DzJ)χĪ − F̄ ĪχJ ]− i√
2
KĪJ̄Kχ

K χ̄ĪχJ , (A.3)

(�DχW̄ )1f = 2
√

2i(�DF̃)0f (PLΛK)1f + 2
√

2iF̃(PL�DΛK)1f , (A.4)

�DΛK = γ · DΛK , (A.5)

DµΛK =
(
∂µ−

3
2bµ + 1

4ω
ab
µ γab−

3
2 iγ∗Aµ

)
ΛK −

(
1
4γ · F̂

K + 1
2 iγ∗DK

)
ψµ,

(A.6)

(PL�DΛK)1f = γµDµ|ψ=0(PRΛK)1f + i

2 F̃γ
µψµ, (A.7)

(γ · F̂K)0f = 0, DK |0f = F̃

(F̂Kµν)0f = (2∂[µBKν] )0f = 2i∂[µ(KI∂ν]z
I −KĪ∂ν]z̄

Ī) = 2i(∂[µKI∂ν]z
I − ∂[µKĪ∂ν]z̄

Ī)

= 2i(KIJ∂[µz
(J∂ν]z

I)−KĪJ̄∂[µz
(J̄∂ν]z̄

Ī)) = 0, (A.8)

(�DΥ)0f = (�∂− 2γµbµ− 2iγµAµ)Υ

= (�∂s0)s∗0e−K/3 + s0(�∂s∗0)e−K/3 + s0s
∗
0e
−K/3

(
−1

3 �∂K
)
− 2γµ(bµ + iAµ)Υ

= Υ
(

1
s0

�∂s0 + 1
s∗0

�∂s
∗
0−

1
3KI�∂z

I − 1
3KĪ�∂z̄

Ī − 2γµ(bµ + iAµ)
)
, (A.9)

i(�BΥ)0f = Υ
(
− 1
s0

�∂s0 + 1
s∗0

�∂s
∗
0 + 1

3KI�∂z
I − 1

3KĪ�∂z̄
Ī

)
,

(�DΥ)0f + i(�BΥ)0f

Υ = 2
s∗0

�∂s
∗
0−

2
3KĪ�∂z̄

Ī − 2γµ(bµ + iAµ). (A.10)

A.2 Derivatives of N

In this appendix we give explicit formulas for the derivatives of N with respect to the
multiplets i = 0, I,W, T . The first derivative of N is

Ni = δ0
i ∂0 + δIi ∂I + δWi ∂W + δTi ∂T , Nī = δ0̄

ī ∂0̄ + δĪī ∂Ī + δW̄ī ∂W̄ + δT̄ī ∂T̄ , (A.11)

the second derivative of N is

Nij̄ = δTi δ
0̄
j̄∂0̄∂T + δWi δ

0̄
j̄∂0̄∂W + δ0

i δ
0̄
j̄∂0∂0̄ + δIi δ

0̄
j̄∂I∂0̄ + δTi δ

J̄
j̄ ∂J̄∂T + δWi δ

J̄
j̄ ∂J̄∂W

+δ0
i δ
J̄
j̄ ∂0∂J̄ + δIi δ

J̄
j̄ ∂I∂J̄ + δTi δ

T̄
j̄ ∂T̄∂T + δWi δ

T̄
j̄ ∂T̄∂W + δ0

i δ
T̄
j̄ ∂0∂T̄ + δIi δ

T̄
j̄ ∂I∂T̄

+δTi δW̄j̄ ∂W̄∂T + δWi δ
W̄
j̄ ∂W̄∂W + δ0

i δ
W̄
j̄ ∂0∂W̄ + δIi δ

W̄
j̄ ∂I∂W̄ , (A.12)
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the third derivative of N is

Nijk̄ = δTi δ
J
j δ

0̄
k̄
∂0̄∂J∂T + δWi δJj δ

0̄
k̄
∂0̄∂J∂W + δ0

i δ
J
j δ

0̄
k̄
∂0∂0̄∂J + δIi δ

J
j δ

0̄
k̄
∂I∂0̄∂J

+2δ(W
i δ

T )
j δ0̄

k̄
∂0̄∂T∂W + 2δ(0

i δ
T )
j δ0̄

k̄
∂0∂0̄∂T + δTi δ

T
j δ

0̄
k̄
∂0̄∂

2
T + δIi δ

T
j δ

0̄
k̄
∂I∂0̄∂T

+2δ(0
i δ

W )
j δ0̄

k̄
∂0∂0̄∂W + δIi δ

W
j δ0̄

k̄
∂I∂0̄∂W + δ0

i δ
0
j δ

0̄
k̄
∂2

0∂0̄ + δIi δ
0
j δ

0̄
k̄
∂I∂0∂0̄

+δTi δJj δK̄k̄ ∂K̄∂J∂T + δWi δJj δ
K̄
k̄
∂K̄∂J∂W + δ0

i δ
J
j δ

K̄
k̄
∂0∂K̄∂J + δIi δ

J
j δ

K̄
k̄
∂I∂K̄∂J

+2δ(W
i δ

T )
j δK̄

k̄
∂K̄∂T∂W + 2δ(0

i δ
T )
j δK̄

k̄
∂0∂K̄∂T + δTi δ

T
j δ

K̄
k̄
∂K̄∂

2
T + δIi δ

T
j δ

K̄
k̄
∂I∂K̄∂T

+2δ(0
i δ

W )
j δK̄

k̄
∂0∂K̄∂W + δIi δ

W
j δK̄

k̄
∂I∂K̄∂W + δ0

i δ
0
j δ
K̄
k̄
∂2

0∂K̄ + δIi δ
0
j δ
K̄
k̄
∂I∂0∂K̄

+δTi δJj δT̄k̄ ∂T̄∂J∂T + δWi δJj δ
T̄
k̄
∂T̄∂J∂W + δ0

i δ
J
j δ

T̄
k̄
∂0∂T̄∂J + δIi δ

J
j δ

T̄
k̄
∂I∂T̄∂J

+2δ(W
i δ

T )
j δT̄

k̄
∂T̄∂T∂W + 2δ(0

i δ
T )
j δT̄

k̄
∂0∂T̄∂T + δTi δ

T
j δ

T̄
k̄
∂T̄∂

2
T + δIi δ

T
j δ

T̄
k̄
∂I∂T̄∂T

+2δ(0
i δ

W )
j δT̄

k̄
∂0∂T̄∂W + δIi δ

W
j δT̄

k̄
∂I∂T̄∂W + δ0

i δ
0
j δ
T̄
k̄
∂2

0∂T̄ + δIi δ
0
j δ
T̄
k̄
∂I∂0∂T̄

+δTi δJj δW̄k̄ ∂W̄∂J∂T + δWi δJj δ
W̄
k̄
∂W̄∂J∂W + δ0

i δ
J
j δ

W̄
k̄
∂0∂W̄∂J + δIi δ

J
j δ

W̄
k̄
∂I∂W̄∂J

+2δ(W
i δ

T )
j δW̄

k̄
∂W̄∂T∂W + 2δ(0

i δ
T )
j δW̄

k̄
∂0∂W̄∂T + δTi δ

T
j δ

W̄
k̄
∂W̄∂

2
T + δIi δ

T
j δ

W̄
k̄
∂I∂W̄∂T

+2δ(0
i δ

W )
j δW̄

k̄
∂0∂W̄∂W + δIi δ

W
j δW̄

k̄
∂I∂W̄∂W + δ0

i δ
0
j δ
W̄
k̄
∂2

0∂W̄ + δIi δ
0
j δ
W̄
k̄
∂I∂0∂W̄ , (A.13)

and the fourth derivative of N is

Nijk̄l̄ = ∂i∂j∂k̄∂l̄N = 1 + 2 + 3 + 4 + 5 + 6 (A.14)

1 = δ0
i δ

0
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂
2
0 + δ0

i δ
0
j δ
T̄
k̄
δT̄
l̄
∂2
T̄
∂2

0 + δ0
i δ

0
j δ
K̄
k̄
δ0
l̄
∂0̄∂K̄∂

2
0 + δ0

i δ
0
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂

2
0

+δ0
i δ

0
j δ
K̄
k̄
δL̄
l̄
∂K̄∂L̄∂

2
0 + 2δ0

i δ
0
j δ

(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂

2
0 + δ0

i δ
0
j δ
K̄
k̄
δT̄
l̄
∂K̄∂T̄∂

2
0 + δ0

i δ
0
j δ
T̄
k̄
δL̄
l̄
∂L̄∂T̄∂

2
0

+2δ0
i δ

0
j δ

(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂

2
0 + δ0

i δ
0
j δ
K̄
k̄
δW̄
l̄
∂K̄∂W̄∂

2
0 + δ0

i δ
0
j δ
W̄
k̄
δL̄
l̄
∂L̄∂W̄∂

2
0 + 2δ0

i δ
0
j δ

(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂

2
0

+δIi δ0
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂I∂0 + δIi δ
0
j δ
T̄
k̄
δT̄
l̄
∂2
T̄
∂I∂0 + δIi δ

0
j δ
K̄
k̄
δ0̄
l̄
∂0̄∂K̄∂I∂0 + δIi δ

0
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂I∂0

+δIi δ0
j δ
K̄
k̄
δL̄
l̄
∂K̄∂L̄∂I∂0 + 2δIi δ0

j δ
(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂I∂0 + δIi δ

0
j δ
K̄
k̄
δT̄
l̄
∂K̄∂T̄∂I∂0 + δIi δ

0
j δ
T̄
k̄
δL̄
l̄
∂L̄∂T̄∂I∂0

+2δIi δ0
j δ

(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂I∂0 + δIi δ

0
j δ
K̄
k̄
δW̄
l̄
∂K̄∂W̄∂I∂0 + δIi δ

0
j δ
W̄
k̄
δL̄
l̄
∂L̄∂W̄∂I∂0

+2δIi δ0
j δ

(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂I∂0 + δ0

i δ
J
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂J∂0 + δ0
i δ
J
j δ

T̄
k̄
δT̄
l̄
∂2
T̄
∂J∂0

+δ0
i δ
J
j δ

K̄
k̄
δ0̄
l̄
∂0̄∂K̄∂J∂0 + δ0

i δ
J
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂J∂0 + δ0

i δ
J
j δ

K̄
k̄
δL̄
l̄
∂K̄∂L̄∂J∂0 (A.15)

2 = 2δ0
i δ
J
j δ

(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂J∂0 + δ0

i δ
J
j δ

K̄
k̄
δT̄
l̄
∂K̄∂T̄∂J∂0 + δ0

i δ
J
j δ

T̄
k̄
δL̄
l̄
∂L̄∂T̄∂J∂0

+2δ0
i δ
J
j δ

(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂J∂0 + δ0

i δ
J
j δ

K̄
k̄
δW̄
l̄
∂K̄∂W̄∂J∂0 + δ0

i δ
J
j δ

W̄
k̄
δL̄
l̄
∂L̄∂W̄∂J∂0

+2δ0
i δ
J
j δ

(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂J∂0 + 2δ(0

i δ
T )
j δ0̄

k̄
δ0̄
l̄
∂2

0̄∂T∂0 + 2δ(0
i δ

T )
j δT̄

k̄
δT̄
l̄
∂2
T̄
∂T∂0

+2δ(0
i δ

T )
j δK̄

k̄
δ0̄
l̄
∂0̄∂K̄∂T∂0 + 2δ(0

i δ
T )
j δ0̄

k̄
δL̄
l̄
∂0̄∂L̄∂T∂0 + 2δ(0

i δ
T )
j δK̄

k̄
δL̄
l̄
∂K̄∂L̄∂T∂0

+4δ(0
i δ

T )
j δ

(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂T∂0 + 2δ(0

i δ
T )
j δK̄

k̄
δT̄
l̄
∂K̄∂T̄∂T∂0 + 2δ(0

i δ
T )
j δT̄

k̄
δL̄
l̄
∂L̄∂T̄∂T∂0
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+4δ(0
i δ

T )
j δ

(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂T∂0 + 2δ(0

i δ
T )
j δK̄

k̄
δW̄
l̄
∂K̄∂W̄∂T∂0 + 2δ(0

i δ
T )
j δW̄

k̄
δL̄
l̄
∂L̄∂W̄∂T∂0

+4δ(0
i δ

T )
j δ

(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂T∂0 + 2δ(0

i δ
W )
j δ0̄

k̄
δ0̄
l̄
∂2

0̄∂W∂0 + 2δ(0
i δ

W )
j δT̄

k̄
δT̄
l̄
∂2
T̄
∂W∂0

+2δ(0
i δ

W )
j δK̄

k̄
δ0̄
l̄
∂0̄∂K̄∂W∂0 + 2δ(0

i δ
W )
j δ0̄

k̄
δL̄
l̄
∂0̄∂L̄∂W∂0 + 2δ(0

i δ
W )
j δK̄

k̄
δL̄
l̄
∂K̄∂L̄∂W∂0 (A.16)

3 = 4δ(0
i δ

W )
j δ

(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂W∂0 + 2δ(0

i δ
W )
j δK̄

k̄
δT̄
l̄
∂K̄∂T̄∂W∂0 + 2δ(0

i δ
W )
j δT̄

k̄
δL̄
l̄
∂L̄∂T̄∂W∂0

+4δ(0
i δ

W )
j δ

(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂W∂0 + 2δ(0

i δ
W )
j δK̄

k̄
δW̄
l̄
∂K̄∂W̄∂W∂0 + 2δ(0

i δ
W )
j δW̄

k̄
δL̄
l̄
∂L̄∂W̄∂W∂0

+4δ(0
i δ

W )
j δ

(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂W∂0 + δTi δ

T
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂
2
T + δTi δ

T
j δ

T̄
k̄
δT̄
l̄
∂2
T̄
∂2
T

+δTi δTj δK̄k̄ δ
0̄
l̄
∂0̄∂K̄∂

2
T + δTi δ

T
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂

2
T + δTi δ

T
j δ

K̄
k̄
δL̄
l̄
∂K̄∂L̄∂

2
T

+2δTi δTj δ
(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂

2
T + δTi δ

T
j δ

K̄
k̄
δT̄
l̄
∂K̄∂T̄∂

2
T + δTi δ

T
j δ

T̄
k̄
δL̄
l̄
∂L̄∂T̄∂

2
T

+2δTi δTj δ
(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂

2
T + δTi δ

T
j δ

K̄
k̄
δW̄
l̄
∂K̄∂W̄∂

2
T + δTi δ

T
j δ

W̄
k̄
δL̄
l̄
∂L̄∂W̄∂

2
T

+2δTi δTj δ
(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂

2
T + δIi δ

J
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂I∂J + δIi δ
J
j δ

T̄
k̄
δT̄
l̄
∂2
T̄
∂I∂J

+δIi δJj δK̄k̄ δ
0̄
l̄
∂0̄∂K̄∂I∂J + δIi δ

J
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂I∂J + δIi δ

J
j δ

K̄
k̄
δL̄
l̄
∂K̄∂L̄∂I∂J (A.17)

4 = 2δIi δJj δ
(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂I∂J + δIi δ

J
j δ

K̄
k̄
δT̄
l̄
∂K̄∂T̄∂I∂J + δIi δ

J
j δ

T̄
k̄
δL̄
l̄
∂L̄∂T̄∂I∂J

+2δIi δJj δ
(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂I∂J + δIi δ

J
j δ

K̄
k̄
δW̄
l̄
∂K̄∂W̄∂I∂J + δIi δ

J
j δ

W̄
k̄
δL̄
l̄
∂L̄∂W̄∂I∂J

+2δIi δJj δ
(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂I∂J + δIi δ

T
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂I∂T + δIi δ
T
j δ

T̄
k̄
δT̄
l̄
∂2
T̄
∂I∂T

+δIi δTj δK̄k̄ δ
0̄
l̄
∂0̄∂K̄∂I∂T + δIi δ

T
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂I∂T + δIi δ

T
j δ

K̄
k̄
δL̄
l̄
∂K̄∂L̄∂I∂T

+2δIi δTj δ
(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂I∂T + δIi δ

T
j δ

K̄
k̄
δT̄
l̄
∂K̄∂T̄∂I∂T + δIi δ

T
j δ

T̄
k̄
δL̄
l̄
∂L̄∂T̄∂I∂T

+2δIi δTj δ
(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂I∂T + δIi δ

T
j δ

K̄
k̄
δW̄
l̄
∂K̄∂W̄∂I∂T + δIi δ

T
j δ

W̄
k̄
δL̄
l̄
∂L̄∂W̄∂I∂T

+2δIi δTj δ
(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂I∂T + δTi δ

J
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂J∂T + δTi δ
J
j δ

T̄
k̄
δT̄
l̄
∂2
T̄
∂J∂T

+δTi δJj δK̄k̄ δ
0̄
l̄
∂0̄∂K̄∂J∂T + δTi δ

J
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂J∂T + δTi δ

J
j δ

K̄
k̄
δL̄
l̄
∂K̄∂L̄∂J∂T (A.18)

5 = 2δTi δJj δ
(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂J∂T + δTi δ

J
j δ

K̄
k̄
δT̄
l̄
∂K̄∂T̄∂J∂T + δTi δ

J
j δ

T̄
k̄
δL̄
l̄
∂L̄∂T̄∂J∂T

+2δTi δJj δ
(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂J∂T + δTi δ

J
j δ

K̄
k̄
δW̄
l̄
∂K̄∂W̄∂J∂T + δTi δ

J
j δ

W̄
k̄
δL̄
l̄
∂L̄∂W̄∂J∂T

+2δTi δJj δ
(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂J∂T + δIi δ

W
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂I∂W + δIi δ
W
j δ

T̄
k̄
δT̄
l̄
∂2
T̄
∂I∂W

+δIi δWj δK̄k̄ δ
0̄
l̄
∂0̄∂K̄∂I∂W + δIi δ

W
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂I∂W + δIi δ

W
j δ

K̄
k̄
δL̄
l̄
∂K̄∂L̄∂I∂W

+2δIi δWj δ
(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂I∂W + δIi δ

W
j δ

K̄
k̄
δT̄
l̄
∂K̄∂T̄∂I∂W + δIi δ

W
j δ

T̄
k̄
δL̄
l̄
∂L̄∂T̄∂I∂W

+2δIi δWj δ
(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂I∂W + δIi δ

W
j δ

K̄
k̄
δW̄
l̄
∂K̄∂W̄∂I∂W + δIi δ

W
j δ

W̄
k̄
δL̄
l̄
∂L̄∂W̄∂I∂W

+2δIi δWj δ
(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂I∂W + δWi δ

J
j δ

0̄
k̄
δ0̄
l̄
∂2

0̄∂J∂W + δWi δ
J
j δ

T̄
k̄
δT̄
l̄
∂2
T̄
∂J∂W

+δWi δJj δK̄k̄ δ
0̄
l̄
∂0̄∂K̄∂J∂W + δWi δ

J
j δ

0̄
k̄
δL̄
l̄
∂0̄∂L̄∂J∂W + δWi δ

J
j δ

K̄
k̄
δL̄
l̄
∂K̄∂L̄∂J∂W (A.19)
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6 = 2δWi δJj δ
(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂J∂W + δWi δ

J
j δ

K̄
k̄
δT̄
l̄
∂K̄∂T̄∂J∂W + δWi δ

J
j δ

T̄
k̄
δL̄
l̄
∂L̄∂T̄∂J∂W

+2δWi δJj δ
(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂J∂W + δWi δ

J
j δ

K̄
k̄
δW̄
l̄
∂K̄∂W̄∂J∂W + δWi δ

J
j δ

W̄
k̄
δL̄
l̄
∂L̄∂W̄∂J∂W

+2δWi δJj δ
(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂J∂W + 2δ(W

i δ
T )
j δ0̄

k̄
δ0̄
l̄
∂2

0̄∂T∂W + 2δ(W
i δ

T )
j δT̄

k̄
δT̄
l̄
∂2
T̄
∂T∂W

+2δ(W
i δ

T )
j δK̄

k̄
δ0̄
l̄
∂0̄∂K̄∂T∂W + 2δ(W

i δ
T )
j δ0̄

k̄
δL̄
l̄
∂0̄∂L̄∂T∂W + 2δ(W

i δ
T )
j δK̄

k̄
δL̄
l̄
∂K̄∂L̄∂T∂W

+4δ(W
i δ

T )
j δ

(0̄
k̄
δ
T̄ )
l̄
∂0̄∂T̄∂T∂W + 2δ(W

i δ
T )
j δK̄

k̄
δT̄
l̄
∂K̄∂T̄∂T∂W + 2δ(W

i δ
T )
j δT̄

k̄
δL̄
l̄
∂L̄∂T̄∂T∂W

+4δ(W
i δ

T )
j δ

(0̄
k̄
δ
W̄ )
l̄
∂0̄∂W̄∂T∂W + 2δ(W

i δ
T )
j δK̄

k̄
δW̄
l̄
∂K̄∂W̄∂T∂W + 2δ(W

i δ
T )
j δW̄

k̄
δL̄
l̄
∂L̄∂W̄∂T∂W

+4δ(W
i δ

T )
j δ

(W̄
k̄
δ
T̄ )
l̄
∂T̄∂W̄∂T∂W . (A.20)

Acknowledgments

M.P. is supported in part by NSF grant PHY-1915219.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] ATLAS collaboration, Search for supersymmetry in final states with two same-sign or three
leptons and jets using 36 fb−1 of

√
s = 13TeV pp collision data with the ATLAS detector,

JHEP 09 (2017) 084 [Erratum JHEP 08 (2019) 121] [arXiv:1706.03731] [INSPIRE].

[2] CMS collaboration, Search for supersymmetry in proton-proton collisions at 13TeV in final
states with jets and missing transverse momentum, JHEP 10 (2019) 244
[arXiv:1908.04722] [INSPIRE].

[3] D.Z. Freedman and A. Van Proeyen, Supergravity, Cambridge University Press, Cambridge
U.K. (2012).

[4] I. Antoniadis, A. Chatrabhuti, H. Isono and R. Knoops, The cosmological constant in
Supergravity, Eur. Phys. J. C 78 (2018) 718 [arXiv:1805.00852] [INSPIRE].

[5] I. Antoniadis and F. Rondeau, New Kähler invariant Fayet-Iliopoulos terms in supergravity
and cosmological applications, Eur. Phys. J. C 80 (2020) 346 [arXiv:1912.08117] [INSPIRE].

[6] I. Antoniadis, A. Chatrabhuti, H. Isono and R. Knoops, Fayet-Iliopoulos terms in
supergravity and D-term inflation, Eur. Phys. J. C 78 (2018) 366 [arXiv:1803.03817]
[INSPIRE].

[7] N. Cribiori, F. Farakos, M. Tournoy and A. Van Proeyen, Fayet-Iliopoulos terms in
supergravity without gauged R-symmetry, JHEP 04 (2018) 032 [arXiv:1712.08601]
[INSPIRE].

[8] Y. Aldabergenov, S.V. Ketov and R. Knoops, General couplings of a vector multiplet in
N = 1 supergravity with new FI terms, Phys. Lett. B 785 (2018) 284 [arXiv:1806.04290]
[INSPIRE].

– 33 –

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/JHEP09(2017)084
https://doi.org/10.1007/JHEP08(2019)121
https://arxiv.org/abs/1706.03731
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1706.03731
https://doi.org/10.1007/JHEP10(2019)244
https://arxiv.org/abs/1908.04722
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1908.04722
https://doi.org/10.1140/epjc/s10052-018-6175-4
https://arxiv.org/abs/1805.00852
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1805.00852
https://doi.org/10.1140/epjc/s10052-020-7912-z
https://arxiv.org/abs/1912.08117
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1912.08117
https://doi.org/10.1140/epjc/s10052-018-5861-6
https://arxiv.org/abs/1803.03817
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1803.03817
https://doi.org/10.1007/JHEP04(2018)032
https://arxiv.org/abs/1712.08601
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1712.08601
https://doi.org/10.1016/j.physletb.2018.07.072
https://arxiv.org/abs/1806.04290
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1806.04290


J
H
E
P
1
1
(
2
0
2
1
)
0
7
5

[9] S.M. Kuzenko, Taking a vector supermultiplet apart: Alternative Fayet-Iliopoulos-type terms,
Phys. Lett. B 781 (2018) 723 [arXiv:1801.04794] [INSPIRE].

[10] F. Farakos, A. Kehagias and A. Riotto, Liberated N = 1 supergravity, JHEP 06 (2018) 011
[arXiv:1805.01877] [INSPIRE].

[11] H. Jang and M. Porrati, Constraining Liberated Supergravity, Phys. Rev. D 103 (2021)
025008 [arXiv:2010.06789] [INSPIRE].

[12] H. Jang and M. Porrati, Inflation, gravity mediated supersymmetry breaking, and de Sitter
vacua in supergravity with a Kähler-invariant Fayet-Iliopoulos term, Phys. Rev. D 103
(2021) 105006 [arXiv:2102.11358] [INSPIRE].

[13] E. Cremmer, B. Julia, J. Scherk, S. Ferrara, L. Girardello and P. van Nieuwenhuizen,
Spontaneous Symmetry Breaking and Higgs Effect in Supergravity Without Cosmological
Constant, Nucl. Phys. B 147 (1979) 105 [INSPIRE].

[14] E. Cremmer, S. Ferrara, L. Girardello and A. Van Proeyen, Yang-Mills Theories with Local
Supersymmetry: Lagrangian, Transformation Laws and SuperHiggs Effect, Nucl. Phys. B
212 (1983) 413 [INSPIRE].

[15] S. Ferrara, R. Kallosh, A. Van Proeyen and T. Wrase, Linear Versus Non-linear
Supersymmetry, in General, JHEP 04 (2016) 065 [arXiv:1603.02653] [INSPIRE].

[16] T. Kugo, R. Yokokura and K. Yoshioka, Component versus superspace approaches to D = 4,
N = 1 conformal supergravity, Prog. Theor. Exp. Phys. 2016 (2016) 073B07
[arXiv:1602.04441] [INSPIRE].

[17] M. Rausch de Traubenberg and M. Valenzuela, A Supergravity Primer: From Geometrical
Principles to the Final Lagrangian, World Scientific (2020).

[18] C. Vafa, The String landscape and the swampland, hep-th/0509212 [INSPIRE].

[19] T.D. Brennan, F. Carta and C. Vafa, The String Landscape, the Swampland, and the Missing
Corner, PoS TASI2017 (2017) 015 [arXiv:1711.00864] [INSPIRE].

[20] E. Palti, The Swampland: Introduction and Review, Fortsch. Phys. 67 (2019) 1900037
[arXiv:1903.06239] [INSPIRE].

– 34 –

https://doi.org/10.1016/j.physletb.2018.04.051
https://arxiv.org/abs/1801.04794
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1801.04794
https://doi.org/10.1007/JHEP06(2018)011
https://arxiv.org/abs/1805.01877
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1805.01877
https://doi.org/10.1103/PhysRevD.103.025008
https://doi.org/10.1103/PhysRevD.103.025008
https://arxiv.org/abs/2010.06789
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2010.06789
https://doi.org/10.1103/PhysRevD.103.105006
https://doi.org/10.1103/PhysRevD.103.105006
https://arxiv.org/abs/2102.11358
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2102.11358
https://doi.org/10.1016/0550-3213(79)90417-6
https://inspirehep.net/search?p=find+J%20%22Nucl.Phys.%2CB147%2C105%22
https://doi.org/10.1016/0550-3213(83)90679-X
https://doi.org/10.1016/0550-3213(83)90679-X
https://inspirehep.net/search?p=find+J%20%22Nucl.Phys.%2CB212%2C413%22
https://doi.org/10.1007/JHEP04(2016)065
https://arxiv.org/abs/1603.02653
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1603.02653
https://doi.org/10.1093/ptep/ptw090
https://arxiv.org/abs/1602.04441
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1602.04441
https://arxiv.org/abs/hep-th/0509212
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0509212
https://doi.org/10.22323/1.305.0015
https://arxiv.org/abs/1711.00864
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1711.00864
https://doi.org/10.1002/prop.201900037
https://arxiv.org/abs/1903.06239
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1903.06239

	Introduction
	Component action of liberated N=1 supergravity in superconformal tensor calculus
	Embedding super-Weyl-Kähler transformations as an abelian gauge symmetry into the superconformal formalism
	List of superconformal multiplets
	Kähler potential multiplet
	Compensator multiplet
	W**(2)(K) equiv W(alpha)(K)W**(alpha)(K) composite chiral multiplet: (Weyl/Chiral) weights=(3,3)
	w**(2),bar(w)**(2) composite complex multiplets: (Weyl/Chiral) weights=(-1,+/-3)
	T((bar(w))**(2)),bar(T)(w**(2)) chiral projection multiplets: (Weyl/Chiral) weights=(0,0)
	Final form of the composite multiplet of liberated N=1 supergravity

	Bosonic Lagrangians
	Fermionic Lagrangians
	Structure of the fermionic components

	Additional gauge fixing for physical theory in the liberated supergravity

	Component action of new FI term in superconformal tensor calculus
	Component action of the new FI term
	(w')**(2),((bar(w))')**(2) composite complex multiplets: (Weyl/Chiral) weights=(-1,3) and (-1,-3)
	T(((bar(w))')**(2)),bar(T)((w')**(2)) chiral projection multiplets: (Weyl/Chiral) weights=(0,0)
	Composite real multiplet R: (Weyl/Chiral) weights =(0,0)
	Bosonic term of the new FI term


	Consistency check of supergravity as effective field theory through superconformal tensor calculus
	Constraining liberated N=1 supergravity
	Constraining new Fayet-Iliopoulos terms

	Summary
	Some detailed calculations in liberated supergravity
	Some details
	Derivatives of N


