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We consider a class of models in the framework of metric-affine gravity and establish their
correspondence to the bosonic sector of a class of no-scale supergravity models. The excellent inflationary
behavior of the gravitational models considered is carried over to the corresponding supergravity ones,
thus, enriching the landscape of inflation-compatible models.
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I. INTRODUCTION

Most of the present investigations in cosmology are
based on the working assumption that the quantum aspects
of gravitation can be ignored for energies below the Planck
scale and, therefore, gravity can be treated classically, while
in contrast the full quantum character of standard model
(SM) particle interactions is considered within quantum
field theory. The quantum interactions of gravitating matter
fields introduce modifications to the standard general
relativity action with cosmological implications that can
lead to measurable imprints on inflation observational data
[1-4]. Such modifications are nonminimal couplings of
matter fields to curvature or higher powers of curvature
invariants. In the light of these developments there is a
revived interest on more general formulations of the theory
of gravitation such as the metric-affine formulation of
gravity, where not only the metric g,, but also the affine-
connection I'?,, is an independent variable. In this frame-
work, apart from the curvature, gravity is also characterized
by nonzero torsion T’ = 2F€M] and nonmetricity
O, = V,9,,- A particular case of interest is the so-called
Einstein-Cartan gravity, where the nonmetricity vanishes.
Consistent models in this framework should not contain
higher than quadratic terms of the curvature and the torsion
and should be characterized by a healthy spectrum, not
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containing any ghostlike states [5—12]. This narrows the
possible actions to those containing at most quadratic terms
of the Ricci curvature scalar R and the Holst invariant
R = €,"""R* ), as well as nonminimal coupling terms of
scalars' f(¢)R. g(¢p)R. It turns out that, since both R and
R can be expressed in terms of metric quantities, there is an
equivalent metric expression of the action of these models.
In this action the components of torsion, having at most a
linear derivative term will satisfy an algebraic equation of
motion. The final equivalent metric action may contain
extra degrees of freedom of gravitational origin, such as an
axionlike pseudoscalar attributed to the presence of a Holst
term. It should be noted that as a general rule for these
models their inflationary behavior is intimately linked with
gravity, additional fine tunings of potential parameters are
absent and inflation arises in a more or less generic fashion.

In an entirely different context, with the SM at its center,
quite a few years ago supergravity was considered as a
framework for all interactions. The extreme smallness of
the observed vacuum energy has led to a particular class of
supergravity models characterized by a naturally vanishing
cosmological constant. The simplest of these no-scale
supergravity models [13—15] (see the Appendix), charac-
terized by two chiral superfields 7 and S and a Kéhler
potential K = —3In(T + T —h(S,S)), for a particular
choice of superpotential W(S,T), has been shown to
reproduce the Starobinsky model [16-19] as well as its
corrections [20,21]. It turns out that there is a much wider
class of correspondences between gravitational models
resulting from the above metric-affine framework and
the bosonic sector of no-scale supergravity models.

'Derivative coupling terms to the Ricci tensors (0,0)(0,)RH
are also allowed.
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It should be stressed that the present article explores a
broad class of no-scale supergravity models with excellent
inflationary properties, fully compatible with current obser-
vational data. Although these models are constructed by
adapting specific superpotentials inspired by the successful
metric-affine gravitational models, the correspondence
between the two frameworks is indirect and primarily
phenomenological.2 Nevertheless, this interplay enriches
the theoretical landscape of inflationary model building and
highlights the versatility of the no-scale framework.

In Sec. II, we present the basic framework of metric-
affine gravity and no-scale supergravity. In Sec. III, we
analyze the metric-affine models and their correspondence
with the no-scale supergravity models, identifying suitable
superpotentials. Finally, we summarize our findings and
conclude in Sec. IV.

In what follows, we denote the Ricci scalar in standard
metric gravity by R = R[g], while in metric-affine gravity
by R = R[g,T]. We also set the reduced Planck mass to
unity, Mp = 1.

II. FRAMEWORK

In this section, we review tools from metric-affine
gravity and no-scale supergravity that will be used in the
next section. Metric-affine gravity—We consider models
with actions, in the Einstein-Cartan framework (i.e., van-
ishing nonmetricity), of the general form

S= /d4x\/—_g Bf(qS)R —l—%g(qﬁ)ﬁ + %W +§’er
HSRR =3 0,07 - V(d)]. 0

This action can be set into a metric-equivalent form by
expressing the curvature scalars as

2 I ~ - 1
R =R —+ 2V”Tﬂ - nglTﬂ + ﬁTﬂTﬂ =+ ET;W/)TMW s
~ A 2 A 1
R = —VHT" + gTﬂTﬂ —+ zé‘ﬂypo_fiﬂyflpo., (2)

where V, is defined in terms of the standard Levi-Civita
connection. The torsion vectors are defined as 7~ u= T° up

and 7" = o] wo- The traceless tensorial part of the
torsion enters the action quadratically, and its equation of
motion leads to 7, = 0, meaning that it can be set to zero

Models in the metric-affine framework, set up in their
equivalent metric formulation are matched with corresponding
supergravity models. In many cases the matter content, entirely of
geometric/gravitational origin, and their interactions are very
specific, resulting in specific choices of the corresponding
supergravity superpotentials. This procedure is a generalization
of the matching of the Starobinsky model with supergravity for a
specific choice of superpotential [17].

to begin with. In each of the cases to be considered in
Sec. III, the equivalent metric action is obtained by integrat-
ing out the nondynamical degrees of freedom’ No-scale
supergravity—This class of supergravity models, charac-
terized by vanishing vacuum energy, is defined in terms of
two chiral superfields described by a Kihler potential K =
=3In(T + T — h(S,S)). The function (S, S) for the sim-
plest member of the class, namely the SU(2,1)/SU(2) x
U(1) no-scale model is just i(S,S) = [S[>/3 + - - -, where
the dots signify higher powers of |S|? required for stability,
while more general choices with /¢5(0) > 0 are possible.
Introducing a superpotential W (S, T) for the model, we
obtain a nonvanishing scalar potential (see the Appendix). In
what follows we shall adopt a superpotential of the form

W(S.T) = SZ(T). (3)

and consider the bosonic sector of the model in the limit
S — 0. This ansatz is analogous to the one employed in the
derivation of the Starobinsky model [22] in this framework
[18,19] with the specific choice Z(T) = Zy(T —1). The
single-field bosonic Lagrangian obtained in this procedure
(see the Appendix) is

otz

SRS SR SEh )

This Lagrangian will be matched to those derived from
metric-affine models. Similar scenarios may also be realized
by fixing the modulus 7 and allowing S to play the role of the
inflaton [17,18]. In this setup, the Starobinsky model is
obtained by choosing the superpotential to take the stan-
dard Wess-Zumino form [23], namely W(S) = M(S?/2—
283/ 3\/5) In the following, however, we focus on the first
approach, where S — 0 and Re(7T') plays the role of the
inflaton.

It should be emphasized that the relation between the
metric-affine and supergravity frameworks discussed in this
work is not a strict correspondence but rather a formal
analogy that provides intuition for constructing viable
inflationary potentials within no-scale supergravity.

III. MODELS

In this section, we analyze popular metric-affine models
derived from the general action (1), and identify suitable
superpotentials of the form (3) that can reproduce these

3For the models A and B considered in Sec. II1, an equivalent
formulation can be applied either by setting torsion to zero and
allowing nonmetricity to remain nonzero, or by keeping both
torsion and nonmetricity nonvanishing, leading to the same
equivalent metric action. In models C and D, torsion is nonzero,
while nonmetricity can arise by a projective transformation, still
resulting in the same metric-equivalent theory. In the case of the
locally Weyl-invariant models coupled to matter (model E) the
torsion is necessary, since the torsion vector is identified with the
gauge vector of the underlying local gauge symmetry.

096011-2



TOWARD A GRAVITATIONAL NETWORK: BRIDGING ...

PHYS. REV. D 112, 096011 (2025)

'NO-SCALE SUPERGRAVITY |

Kahler potential
K =-3In(T+T - h(S,35))

'METRIC-AFFINE GRAVITY |

Nonminimally coupled models
@R — (8u9)* — V(9)

Palatini-R? models
R+R? = (0u0)* = V(¢)

e Limit S — 0
eIm(T)=0

e Integrating out I'
e Weyl rescaling

e Canonical ﬁeld] [o Canonical field

Pure gravity models
R+R+R*+R*+RR

Superpotential
W(S,T)=SZ(S,T)

FIG. 1.

Weyl-invariant models
R2+R24+RR

Weyl-invariant/¢ models
SR +R? +¢°T° — (Dug)® — ¢*

Visualization of the “bridge” linking no-scale supergravity with metric-affine gravity models. For simplicity, constants and

numerical coefficients are omitted in the metric-affine models shown, though they are retained in the main text.

models within the framework of no-scale supergravity.
Figure 1 illustrates the connection between metric-affine
and no-scale models.

A. Palatini-R? models

We start considering the simple case of the so-called
Palatini-R”> models defined by the Jordan frame (JF) action

S= / d*x\/=g BR + %W - % (0, — V((,z’z)} . 5)

Going through the steps described above, we arrive at the
equivalent Einstein-frame (EF) action

) R 1 (007 v(g)
s= [ @ {5‘50 T4V +4yv<¢>>}’

(6)

which has been shown to exhibit a by default-inflationary
behavior, with an EF potential plateau in the regime
V(¢p) > 1/(4y) [24-29]. We have neglected the arising
O((0,¢)*) term. The action (6) can in principle be set in
canonical form in terms of the JF potential V(¢), by
defining U(¢) =V (¢)/(1 +4yV(¢)), and introducing a
canonical field @ as d® = d¢/+/1 + 4yV(¢).

As a simple case that can be treated analytically we
consider the case of a quadratic JF potential V(¢) =
m?@?* /2 for which the canonical field ® comes out to be

® = sinh~'(m+/2y¢)/(m\/2y). The EF potential, ex-
pressed in terms of the canonical field, reads

U(®) = 4lytanh2(m\/§}q>). (7)

It is now straightforward to compare the Palatini-R> model
in its canonical form to the general no-scale Lagrangian (4)
and deduce the corresponding superpotential function
Z(T). For real fields, i.e., Im(7T) = 0, we have

q>—\élnr and U(®(T))—4—ly<;:—;i>2, (8)

where v = 2m+/3y. From this we obtain

Z(T) = i% G—:LD 9)

The choice of the superpotential (3), with Z(T) given by
(9), and assuming Im(7) = 0 and S — 0, reduces to the
Palatini-R?> model (5) with a quadratic potential.

B. Nonminimally coupled models

The general features of the above correspondence
between the metric-affine R> models and appropriate
no-scale supergravity hold true also in the case that non-
minimal couplings of the scalars to curvature are present
[30-37]

s= [ r@m-5002 V). (0

The equivalent metric action in the EF is
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_ [ qte=| L g 100" _ V(¢)
s=/a */_g{zR Pl MY

To illustrate the correspondence we focus on the particu-
lar case where the coupling function is given by f(¢) =
1+ &p? and the potential takes the monomial form

V(¢) = 4,¢". The corresponding canonical field is ® =
sinh~!(\/&¢)/+/& and the EF scalar potential turns out to be

A, sinh"(/ED)
O e

Comparing this with the no-scale potential in (4) we obtain

(12)

T1+(1—n/4)1/(T1/ _ l)n/Z
(TI./_|_ 1)2 ’

Z(T) = +Z, (13)

with Z, = 8./, (4&)™"/* and v = \/6¢. In the special case
of a Higgs-like quartic potential [38—40], i.e., n =4, we
obtain

(1° =1

Z(T) = iZOTW.

(14)

C. Pure gravitational action

Let us consider now the purely gravitational general
quadratic metric-affine action

1 _ 5 ~ )
S— /d“xf:g{z?z +§R+£R2+ZR2+§RR},

(15)

where, in addition to the Ricci scalar, we have also included
the other possible curvature scalar, namely the Holst
invariant R. This purely gravitational model has been
shown [41] to contain, in addition to the standard graviton,
a pseudoscalar particle associated with the Holst term. The
corresponding EF action for this model can once again be
expressed in terms of a canonically normalized field and a
potential given by [42]

(sinh(1/2/3®) — 23)?
16(8%y + 6 — 2pe)

U(®) = (16)

Giventhat T = e\/%b, we can immediately read off from (4)
that

Z(T) = i%(ﬂ— 1 —4pT), (17)

where Zy, = 1/+/p*y + 6 — 2fe. Actually, rescaling T —

—T/4p and taking the limit f — oo we obtain the standard

Starobinsky model [43]. Actions of the form (15), which
include both minimal and nonminimal couplings between
matter and curvature, have been extensively studied in the
context of inflationary cosmology [42-51]. A notable
feature of the potential (16), derived from the purely
gravitational action (15), is its flattening, which results
from the inclusion of the parity-violating term linear in R.
This flattening is crucial for realizing a viable inflationary
scenario, as it ensures consistency with observational data.
The remaining terms are subdominant, mainly affecting the
energy scale of inflation.

Apart from the fact that the corresponding no-scale
model has a rather simple structure, the main attractive
feature of this model is that it is purely gravitational.

D. Weyl-invariant Einstein-Cartan models

As a next step, we continue our consideration of models
within the Einstein—Cartan framework, which are invariant
under local Weyl rescalings. Having restricted ourselves to
at most quadratic curvature terms in the action for the
reasons stated in the introduction, the only possible purely
gravitational Weyl-invariant action is [52-55]

o ~ -
S:/d“x./——gERMZR%%RR . (18)

Introducing auxiliary fields y and £, this action can be
rewritten in the equivalent form

1 1 -
S= /d4x\/—_g[§ (}’Z+€C)R+§(5é’+ ex)R

4 4 (19)

Ly lp —;4.
Weyl invariance allows us to fix the gauge by choosing
y = 1/y. Introducing the expressions of R and R in terms
of metric quantities and the torsion and integrating out the
latter, we arrive at an equivalent EF metric action, featuring
an additional pseudoscalar degree of freedom. A suitable
field redefinition reduces the action into a model of a
canonically normalized scalar field ® with a potential

1y (sinh(,/2/30) - %)

VO =56 o=

(20)

This potential can be matched to a no-scale superpotential
function

T2 4 2
ZQ(T)——+%<T2—1——€T>, (1)
v 16(y6—¢7) v
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which in the limit y > 1 reduces to

Z(T) =+ —— (T2 - 1). (22)

1
45

E. Weyl-invariant models coupled to matter

Local Weyl-invariance within the Einstein-Cartan frame-
work consists in promoting the Poincaré group to a local
gauge symmetry. Within this framework, curvature and
torsion are associated with local translations and Lorentz
transformations, respectively. The most general action
consistent with Weyl invariance and restricted to terms
involving at most two derivatives of the fields is given by
[52,53,56]

(D)

1
2__
R—l—R 5

S = / d*x/=g [5452

-t (23)

where the Weyl covariant derivative is defined as
Dﬂqﬁ =d,¢ + 7 ,4/3. Note that the torsion vector 7, is
identified with the gauge vector field of the local Weyl
invariance. Terms involving the Holst invariant, such as,
~@*R and ~R? are also allowed. Nevertheless, they have
been omitted. Their presence introduces an additional
pseudoscalar degree of freedom, as in the case of the
previously analyzed purely gravitational example, promot-
ing the model into a two-field model and complicating the
correspondence with no-scale supergravity models.”*
Varying the action with respect to the torsion we obtain
a set of algebraic equations, the solution of which is
substituted back into the action. The resulting EF action is

3(0,)*
(14 &p*)*(6 + (1 + 68)¢?)

S= /d‘*x\/—_gBR—

1+ yig*
_%} (24)

4r(1+&9°)
Upon applying the appropriate field redefinition,

® = \/6tanh~'[p//6 + (1 + 6&)¢p?], the action is trans-
formed into that of a canonical scalar field ® with a
potential given by

U(®) = 94sinh* [®//6] + (1—6§s1nh2 [@/V/6])°.

(25)

4 .
We also omit terms involving the tensorial component 7,,,,
specifically, ~¢2 ,7"7 and 4526””/)61/1””1}“

o> SINCE it enters the
action quadratlcally, leading to 7,,, = 0.

This potential can be matched to that of a no-scale super-
gravity model, with the function

ZX(T) = % <T2 + % (Ay + E)(T = 1)* = 3&T(T - 1)2>,

(26)
which for Jy < £* reduces to
1 (3¢ ) )
Z(T)~+—|(=(T-1)=-T. 27
n)=2— (- @)

IV. CONCLUSIONS

In this paper, we studied a class of no-scale supergravity
models whose structure was motivated by certain metric-
affine gravitational models known to yield successful infla-
tionary dynamics. While no direct or fundamental corre-
spondence between the two frameworks is established, the
analogy provides a useful perspective: the noncanonical
kinetic terms and scalar potentials that arise naturally in the
metric-affine context can be effectively realized within no-
scale supergravity through suitably chosen superpotentials.
This observation broadens the scope of viable no-scale
constructions and illustrates how insights from alternative
gravitational formulations can guide supergravity model
building. Our results demonstrate that the no-scale frame-
work can accommodate rich inflationary dynamics consis-
tent with current observational constraints.
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APPENDIX: NO-SCALE SUPERGRAVITY
SYLLABUS

The no-scale supergravity framework in its simplest
SU(2,1)/SU(2) x U(1) form, is defined in terms of a
Kéhler potential

K=-3In(T+T-h(S,S3)), (A1)

where 7" and S are two chiral superfields. The scalar
potential of the model, resulting from the Kéhler potential
K and a superpotential W(T', S) is, in terms of the function
G=K+In|W?

(A2)
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with
oG ’K
G, =—, Kj=——. (A3)
0 0p;0¢h;
The kinetic Lagrangian of the bosonic (7', S)-sector is
Ekin = _K:zj(ay¢l)(aﬂq_§;) (A4)
The overall bosonic Lagrangian resulting from the Kihler potential (A1) and a general superpotential W(S, T) is
3|0, T|? 3|9,S]? _ 3(hg0,S0"T + c.c.)
=- Z - . T +T - h)hgg + |hg|? Lkl
(T+T—h)? (T+T—h)2(( * Yhss + [hs) + (T+T—h)?
(WrW +cc.) (Wsl? weP (WrlPlhs + WeWshg + Wi Wshs) (AS)
(T+T-h)? 3Bhg(T+T—-h)? 3(T+T-h) 3hes(T+ T — h)? '

where Wy and W denote the partial derivatives of the superpotential with respect to 7" and S respectively, and kg, hgg are
the corresponding derivatives of /. In general, the function 4(S, S) is a function with 2(0) = 0 and A4 3(0) > 0, while for
the SU(2,1)/SU(2) x U(1) model we take h(S,S) = |S|?/3 + - - -, where the dots signify higher order terms, required for

stability purposes.
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