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We investigate the interplay between moduli dynamics and inflation, focusing on the KKLT-
scenario and cosmological α-attractors. General couplings between these sectors can induce a sig-
nificant backreaction and potentially destroy the inflationary regime; however, we demonstrate that
this generically does not happen for α-attractors. Depending on the details of the superpoten-
tial, the volume modulus can either be stable during the entire inflationary trajectory, or become
tachyonic at some point and act as a waterfall field, resulting in a sudden end of inflation. In the
latter case there is a universal supersymmetric minimum where the scalars end up, preventing the
decompactification scenario. The gravitino mass is independent from the inflationary scale with
no fine-tuning of the parameters. The observational predictions conform to the universal value of
attractors, fully compatible with the Planck data, with possibly a capped number of e-folds due to
the interplay with moduli.

I. INTRODUCTION

Compactifications of string theory generically come
with many moduli : classically massless scalar fields that
parametrize properties of the internal manifold and that
give rise to unobserved long-range interactions.While one
expects quantum effects to generate masses for these
scalar fields, it is difficult to realize this while retain-
ing computational control [1]. In the case of Calabi-Yau
compactifications, the moduli parametrize deformations
of the manifold’s Kähler form, its complex structure and
the string coupling. One may generate a mass for the lat-
ter two by turning on fluxes in the internal manifold [2].
However, the Kähler moduli cannot be stabilized in this
manner. Instead, Kachru, Kallosh, Linde and Trivedi
(KKLT) [3] argued that one can stabilize the Kähler mod-
uli using non-perturbative corrections while maintaining
computational control.

The central issue we intend to address in this paper
is how the presence of the moduli sector can affect an
inflationary regime. Coupling inflation with other mod-
uli generically leads to mutual backreaction. On the one
hand, the inflationary energy can destabilize the mod-
uli. This was anticipated in [4], where it was shown that
stabilizing the Kähler modulus in the simplest model of
inflation leads to a bound H < m3/2 on the inflationary
Hubble scale H, related to the gravitino mass m3/2 in

the vacuum after inflation1. Conversely, the dynamics
of the volume modulus may induce a backreaction which
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1 In the same paper [4], it was pointed out that using a specific

combination of two exponentials in the superpotential generically

renders the inflaton scalar potential too steep to support
inflation.

The issue of moduli stabilization during inflation was
subsequently investigated in an explicit string theory
setup in [7]. In this paper, a scalar field r1 parametrizing
the separation between an anti-brane and a brane serves
as the inflaton. A warped geometry sourced by five-form
fluxes generates a naturally flat potential for r1. As de-
scribed above, fluxes serve to stabilize all moduli except
the volume modulus, which stabilize with a KKLT-like
structure. The interplay of r1 and the Kähler modulus
generically yields a large shift in the second slow-roll pa-
rameter η, thus spoiling inflation.

More generally, the interplay between moduli stabiliza-
tion and supersymmetry breaking has been extensively
studied in literature (see e.g. [8–10]). For quadratic infla-
tion, this topic has been investigated in detail at the su-
pergravity level in [11], where the super- and Kähler po-
tentials were sum separable between the moduli and in-
flaton sectors. In every setup considered in [11], the naive
stability bound H < m3/2 was verified and there was a
destabilization of the Kähler modulus on the inflationary
trajectory, at large field values of the inflaton. Gener-
ating enough e-folds of inflation imposed stringent con-
straints on the parameter space.

The aim of this paper is to study the interplay
of KKLT-like moduli stabilization and supergravity α-
attractor models of inflation. The α-attractor models
provide an elegant description of the inflationary dynam-
ics with robust predictions [12–14] that are in excellent
agreement with the latest data on the cosmic microwave

improves the decoupling of the two physical scales. This so-called
KL model and its coupling to inflation was further explored in
[5, 6].
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background [15–18]. Moreover, they have been coupled
to various other sectors [19–24] (see [25, 26] for reheating
constraints on this class of models). In this paper, we
will investigate their resilience under moduli backreac-
tion. Specifically, we will show that combining these two
sectors together yields surprising consequences. While
the Kähler modulus will turn out to be always stable
during inflation, the major effect of the backreaction can
be instead beneficial. It generically induces/enhances the
attractor inflationary regime as well as produces a super-
symmetric vacuum where the scalars can sit at the end of
their evolution. Remarkably, this allows to decouple the
inflationary and SUSY breaking scales with no amount
of fine-tuning.

We first review the supergravity descriptions of both α-
attractors and moduli stabilization in Sec. II, and outline
the strategy of our analysis and the main physics traits
arising from coupling these two moduli sectors. We then
proceed to discuss the vacuum structure and inflationary
features of different coupling cases. In Sec. III, we anal-
yse the product coupling case while in Sec. IV we show
how the latter can be generalized with surprising physics
outcomes. The resulting inflationary dynamics with con-
crete examples and predictions are the topics of Sec. V.
In Sec. VI we show how the corresponding construction
simplifies in the presence of a nilpotent superfield. We
conclude in Sec. VII with a summary of our results and
future perspectives.

II. REVIEW AND STRATEGY

A. Inflation: α-attractors

The inflationary class of models referred to as α-
attractors has its origin in an underlying superconformal
or supergravity model [12, 13]. A crucial role in these
theories is played by the Kähler manifold spanned by the
scalars: it is taken to be a hyperbolic manifold of maxi-
mal symmetry and negative curvature. For a wide range
of superpotentials of such theories, the resulting infla-
tionary scenarios share a common trait: inflation takes
place around the boundary of the field space leading to
exponential fall-off terms from a de Sitter phase.

While the first constructions of α-attractors conform
to the general supergravity structure of [27, 28] and have
an inflaton and a stabilizer superfield, it turns out that a
more minimal set-up is possible involving only the infla-
ton superfield [29, 30] (alternatively, one can also employ
a vector supermultiplet [31]). We will mainly focus on the
chiral single-superfield formulation of [29], and comment
on the extension with a second superfield in Sec. VI. The
minimal theory consists of a Kähler and superpotential
given by2

Kα = −3α log(Φ + Φ̄) , Wα = Φn− − Φn+f(Φ) , (3)

2 Alternatively, one could work in a Kähler frame related by the

defined in terms of the monomial powers

n± = 3
2

(
α±
√
α
)
. (4)

The Kähler geometry is maximally symmetric and has
constant curvature given by RK = −2/(3α).

The superpotential contains two monomial factors,
which are related to each other by a Kähler transfor-
mation and an inversion of Φ. Taken separately, these
factors yield a Minkowski vacuum along the trajectory
in field space defined by Φ = Φ̄ (i.e. Im (Φ) = 0). This
generalizes the no-scale structure [32, 33] that appears
for α = 1 and has been dubbed α-scale model [29] as
the curvature RK determines stabilization of the imag-
inary direction. When both powers are included in the
superpotential, the cross term between them generates a
non-vanishing cosmological constant, whose sign is oppo-
site to the relative sign between the two factors. When
α > 1, the imaginary direction of Φ is stabilized with a
high mass at Im (Φ) = 0, so that a truncation to Φ = Φ̄
is consistent.

Finally, a function f(Φ) is included to introduce an
inflationary profile instead of a flat de Sitter line. If
this function is expressible as a generic Taylor expansion
around Φ = 0, and it induces a negative linear term, then
inflation will occur3. Along Φ = Φ̄ and when expressed
in terms of the canonically normalized field

ϕ = −
√

3α
2 log(Φ) , (5)

the potential around the singular point Φ = 0 is an ex-
ponentially suppressed deviation from a flat plateau

V = V0 − V1e−
√

2
3αϕ + . . . . (6)

on which inflation can occur. The resulting observables
are very simple and predictive: at lowest order in 1/N ,
the inverse of the number of e-folds, these read

ns = 1− 2

N
, r =

12α

N2
, (7)

which agrees very well with the latest cosmological data
[15–18] for an α of order unity4.

transformation

Kα → Kα −
3α

2
log(Φ)−

3α

2
log(Φ̄) = −3α log

(
Φ + Φ̄

|Φ|

)
, (1)

Wα →WαΦ−
3α
2 , (2)

that makes the rescaling and inversion symmetries of the
Kähler potential explicit [13]. The rescaling symmetry translates
into a shift symmetry of the canonically normalized inflaton.

3 If f(Φ) multiplies the lower power Φn− in Eq. (3), then the
physics remains unchanged when we expand the system around
Φ→∞.

4 Formally, the expression (7) agrees with the data for α . 30, but
the approximations used to derive (7) break down earlier. For
α � 1, α-attractors tend to converge to monomial models such
as V ∼ Φn (see e.g.[12, 29, 34])
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B. Volume stabilization: KKLT

The second model is the KKLT scenario for volume
modulus stabilization [3]. At the supergravity level, it
simply consists of the following Kähler - and superpoten-
tial:

Kmod = −3 log(T + T̄ ) , Wmod = W0 +A exp(−aT ) .
(8)

The logarithmic, no-scale like Kähler potential is natu-
rally generated by flux compactification (see [35, 36] for
some reviews on this topic). The constant W0 is meant
to contain the contribution of other moduli, which are
assumed to be stabilized supersymmetrically at a very
high scale by some other mechanism [2]. The exponen-
tial term is a non-perturbative correction, generated by
gluino condensation or Euclidean D3-branes.

The background in which this setup is embedded is
an orientifolded Calabi-Yau flux compactification of the
type discussed above. KKLT assume a Calabi-Yau with
cohomology h(1,1) = 1, so that there is only a single com-
plex Kähler modulus.

The scalar potential generated by these Kmod and
Wmod has an AdS minimum at T = T0 defined by

3W0 = −e−aT0(3 + 2aT0)A , (9)

which is also the condition for unbroken supersymme-
try, DTW = 0. To stabilize T at a large positive value,
as is necessary for the consistency of the approximation
scheme, one must choose W0 smaller than and opposite
in sign to A. Furthermore, the potential has the Dine-
Seiberg Minkowski minimum at T → ∞, which corre-
sponds to the decompactification of the internal space.
This run-away minimum is always present in the scalar
potential.

C. Coupling and backreaction

The main aim of this paper is to investigate the back-
reaction of moduli on the inflationary dynamics. In par-
ticular, we will show that α-attractors suffer from neg-
ligible backreaction of the moduli sector in many cases.
This special immunity is mainly due to the fact that in-
flation happens at the boundary of moduli space (Φ→ 0
or Φ → ∞). Here the original KKLT AdS minimum
can be lifted to dS thanks to the α-scale mechanism,
while the supersymmetric properties of the T sector re-
main unchanged. Then, the field Φ can drive inflation
while rolling down along a stable minimum defined by
DTW = 0. Upon switching to the canonical variable ϕ,
the stretching of the boundary to a long plateau provides
the key to understanding why δT is minimized during
the inflationary evolution (an analogous behaviour has
been noticed in [23], where the interaction between α-
attractors and matter fields is exponentially suppressed).

Thus the backreaction is negligible during the expansion
period. Note that this behaviour is the opposite of what
was noticed in [11] for the quadratic inflationary scenario.

Towards the end of inflation, the situation turns out
to be non-trivial as it usually depends on the specific
couplings in the superpotential. Generically, the mass
of the modulus T becomes lighter and it can produce
a destabilization point. However, we will show that a
number of interesting things happen in the case of α-
attractors and KKLT: First of all, one can always avoid
the destabilization point by means of a specific profile
function f . Secondly and more importantly, we will prove
the existence of a stable universal vacuum at finite value
of T which can prevent the inflaton to run away towards
the decompactification limit T →∞. We will explain all
these results in detail in the following sections.

Throughout this paper we will consider the case of ad-
ditive Kähler potentials,

K = Kα +Kmod , (10)

in the combined model of inflation and moduli stabiliza-
tion. For the superpotential, we will instead consider a
variety of combinations which maintain the α-scale prop-
erties at the boundary of the moduli space.

III. PRODUCT COUPLING

We start by considering a superpotential which is prod-
uct separable in the moduli and inflaton sectors:

W = Wmod(T ) Wα(Φ) , (11)

where the factors are given by Eq. (3) and Eq. (8).
This corresponds to a sum separable Kähler function
G = K + ln(W ) + ln(W̄ ), which is defined when W 6= 0.
The product coupling reduces the mixing between both
sectors, as found for hybrid inflation [37]. Moreover, it
allows for important simplifications; e.g. the supersym-
metric critical points of the T or Φ sectors remain so in
the combined theory [38, 39].

In the following, we separately analyse the cases with-
out and with an inflationary profile in Wα. In the first
case (f = 1), we present the non-trivial vacuum struc-
ture which arises from the interplay of the two sectors.
In the latter case (f = f(Φ)), we show how a consis-
tent inflationary dynamics can be implemented in this
context.

A. α-KKLT and universal Minkowski vacuum

Let us take f = 1 and consider the following superpo-
tential:

W (Φ, T ) = [Φn− − Φn+ ] [W0 +A exp(−aT )] . (12)

The product structure of W allows to easily uplift the
original KKLT minimum by means of the same α-scale
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↵-KKLT branch

FIG. 1. Plot of the scalar potential defined by Eq. (12) as
function of Re (T ) and Re (Φ). The α-KKLT branch, placed
at T0 with potential value given by Eq. (13), is highlighted by
the red dashed line. It develops an instability around Φ =
1 where one can clearly appreciate the universal Minkowki
minimum, placed at shifted values of T . (Parameters: A = 1,
W0 = −0.0004, a = 0.1, α = 1.5.)

mechanism described in Sec. II A. For this reason, we
will refer to this branch as α-KKLT. It is characterized
DTW = 0 and represents an extremum of the full model
at T = T0, given by Eq. (9), independently of the value of
the field Φ (see Fig. 1). Along this branch, supersymme-
try in the Φ-direction is spontaneously broken yielding a
positive dS phase with

V =
21−3αa2A2e−2aT0

3T0
. (13)

Although the product separable superpotential guaran-
tees a critical point along this branch, it does not imply
stability. In general, this trajectory may be instead a
maximum or an inflection point in the T -direction.

In the left and right asymptotic limits (Φ → 0 and
Φ → ∞, respectively), T = T0 is a minimum in the
Re (T ) direction. To see this, note that the scalar poten-

tial defined by Eq. (12) has terms proportional to Φ−3
√
α

and Φ3
√
α, which dominate in the left and right asymp-

totic limits, respectively. These terms are non-negative
and cancel exactly when the supersymmetry condition
Eq. (9) is substituted. Therefore, the α-KKLT trajec-
tory T = T0 is a minimum at the asymptotic limits;
the Φ±3

√
α terms generate a large mass for Re (T ) in the

left and right asymptotic limits, which is an opposite be-
haviour to what was found in [11].

In the intermediate region between the asymptotic lim-
its Φ→ 0 and Φ→∞, the vacuum structure is different
(see Fig. 1). In particular, there is a universal Minkowski
vacuum that has both product factors of the superpo-
tential vanishing, rendering it supersymmetric. When
Wmod(T ) = 0, (i.e. at T = TS = −log(−W0/A)/a), the

scalar potential reads:

V (Φ, TS) =
2−3α−1a2A2e−2aTSΦ−3

√
α
(

Φ3
√
α − 1

)2

3TS
.

(14)
At Φ = 1, we find a supersymmetric Minkowski minimum
(regardless of the choice of parameters). This minimum
is part of a second branch of solutions to ∂TV = 0, dis-
tinct from the α-KKLT trajectory. This branch of solu-
tions corresponds to solutions T = T1(Φ) of the following
equation:

− 9
(

1 + Φ3
√
α
)2

eaT1W0 =

(
9 + 8aT1 + 4a2T 2

1 + 9Φ6
√
α

− 16aT1Φ3
√
α + 18Φ3

√
α + 8aT1Φ6

√
α + 4a2T 2

1 Φ6
√
α

)
A ,

(15)

which is obtained by first solving ∂TV = 0 for W0.
The latter approach lets us clearly differentiate different
branches of solutions to ∂TV = 0, even though it may
exclude some of them. At Φ = 1, Eq. (15) reduces to
W0 = −Ae−aT1 , to which the solution is T1 = TS . There-
fore, this branch of solutions includes the universal SUSY
Minkowski vacuum. At the asymptotic limits, Eq. (15)
determines the location of the maximum in between the
α-KKLT branch and the Dine-Seiberg Minkowski mini-
mum at T →∞. Fig. 2 illustrates this situation.

The extremal branch T1(Φ) defined by Eq. (15) inter-
sects the α-KKLT branch in two points in field space.
These are inflection points in the T -direction and the
Kähler modulus becomes massless. After the first inflec-
tion point, the α-KKLT branch becomes a maximum and
the other branch a minimum, until the second inflection
point on the other side of Φ = 1. The locations Φ± of
the inflection points are obtained by equating the two
expressions Eq. (9) and Eq. (15):

(1 + 2aT0) Φ
3
√
α

± = 7 + 2aT0 ±
2
√

6(2 + aT0)

1 + 2aT0
, (16)

where T0 is the solution to Eq. (9).

B. Inserting an inflationary profile

One can tilt the original flat positive plateau of the
α-KKLT branch and produce a consistent inflationary
regime by turning the profile function f(Φ) on in W .
The superpotential of the full model then reads

W (Φ, T ) = [Φn+f(Φ)− Φn− ]
[
W0 +Ae−aT

]
. (17)

This procedure is analogous to the single-superfield case
presented in [29] and summarized in Sec. II A. Along the
α-KKLT branch, the scalar potential becomes

V =
a2A2 [Φf ′(Φ) + 3

√
αf(Φ)]

[
3
√
α+ Φ3

√
α+1f ′(Φ)

]
23α−1 27αT0 e2aT0

,

(18)
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FIG. 2. Effective potential V (Φ) (upper panel) and vacuum
structure (lower panel) for the product separable case. The
minimum of the potential in T is denoted by the solid lines,
the maximum with the dashed ones. The red line denotes the
α-KKLT branch at T0 while the green line represents the non-
SUSY branch defined by Eq. (15). (Parameters: A = 1, W0 =
−0.0004, a = 0.1, α = 1.1)

which is identical to the potential generated by Eq. (3),
up to a Φ-independent rescaling. For f being a generic
expansion in the geometric field Φ, the scalar potential
at large values of the canonical inflaton ϕ, becomes an
exponential deviation from dS, as given by Eq. (6).

The stability conditions of the real directions and vac-
uum structure features of the model with an inflationary
slope f(Φ) strikingly resemble the ones described above
with f = 1. In addition to the tilted α-KKLT which is
still supersymmetric in the T sector, there is generically
a second branch which breaks supersymmetry in both
directions. Moreover, for a large class of choices of f ,
there is always a supersymmetric Minkowski minimum
along the latter. To see this, we substitute T = TS in the
scalar potential to obtain:

V (Φ) =
2−3α−1a2A2Φ−3

√
αe−2aTS

(
Φ3
√
αf(Φ)− 1

)2

3TS
.

(19)
The universal Minkowski vacuum is therefore located at
Φ = ΦS = f(ΦS)−1/3

√
α, when the latter gives a real

solution for Φ.
At the asymptotic boundaries of the moduli space

(very small/large values of Φ), the α-KKLT extrema are

stable minima, serving as a perfect starting point for in-
flation. At finite values of Φ, depending on the choice
of f , the two branches may intersect and produce again
two inflection points. However, now these yield impor-
tant consequences for the inflationary dynamics: The
Kähler modulus becomes indeed massless, which implies
that the single-field effective description breaks down.
Running off to the Dine-Seiberg decompactification limit
is one of the greatest risks. Nevertheless, this is not the
only option for the inflaton field, which can instead follow
a safe route and still produce a consistent cosmological
scenario with a proper vacuum. Two possible scenarios
arise indeed at this point:

• An appropriate choice of the profile function f(Φ)
may lead to the end of inflation and produce a phe-
nomenologically suitable vacuum before the inflec-
tion point. This completely avoids the possibility of
decompactification of the internal manifold, as the
Kähler modulus never becomes massless. In this
case, inflation proceeds as it does in the single-field
α-scale model [29]. The observable predictions are
the usual Eq. (7).

• Generic and non-fine-tuned choices of f(Φ) will
have instead the inflaton coming across one of the
two inflection points. The subsequent dynamical
evolution of the scalar fields is difficult to antici-
pate and usually depends on the initial conditions.
It can happen that the Kähler modulus T runs off
to the Dine-Seiberg decompactification limit. Al-
ternatively, it may follow the second branch T1 of
minima towards the universal Minkowski vacuum.
Here, all directions become stabilized again at a
high mass scale and the scalar trajectories are quite
predictable. In this scenario, inflation ends imme-
diately at the inflection point as Re (T ) experiences
a large shift which renders the effective potential
too steep. This is a waterfall effect akin to that
in models of hybrid inflation [40]. It introduces a
positive shift ∆N in the effective number of e-folds
probed by inflation, as the abrupt end moves the
inflationary window further up on the scalar poten-
tial plateau. The predictions thus become:

ns = 1− 2

N + ∆N
, r =

12α

(N + ∆N)2
. (20)

The above qualitative descriptions of the two possible
situations will be complemented by concrete examples
with dynamical simulations in Sec. V.

IV. GENERAL COUPLING

We can generalize the product separable model, pre-
sented above, in a way that preserves the concave infla-
tionary valley represented by the stable α-KKLT branch
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at the boundary. We then consider the following super-
potential:

W = Φn−W−(T )− Φn+W+(T ) , (21)

where we allow for two distinct KKLT structures

W± = W0 +A± exp(−aT ) . (22)

Note that the constant parts can be set equal by rescaling
Φ, while for simplicity we have chosen to keep the power
in the non-perturbative term identical (which would be
natural if they follow from the same non-perturbative
physics). The deviation from the product separable case
is therefore parametrized by the ratio A+/A−.

A. α-KKLT at the boundary

In the general coupling case, when A+ 6= A−, the orig-
inal α-KKLT branch (DTW = 0) is no longer guaranteed
to be a critical point. Furthermore, its location T0 is no
longer a constant, but becomes a function of Φ. However,
in the left and right asymptotic limits, the situation turns
out to be analogous to the product case and the fluctu-
ation of T0 becomes negligible. At the boundary, the
α-KKLT structure remains indeed unperturbed: it has
unbroken supersymmetry in the T direction and a stable
de Sitter minimum. The intuitive reason is because, at
the asymptotic limits, one of the Φn± terms dominates
over the other and W can be effectively considered again
product separable. We explicitly show this below.

The equation that determines T0 (DTW |T=T0,Φ = 0)
as a function of Φ is

W ′+(T )−Φ−3
√
αW ′−(T ) =

3

2T

[
W+(T )− Φ−3

√
αW−(T )

]
,

(23)
which is symmetric under the simultaneous interchange
Φ−3

√
α → Φ3

√
α, W+(T ) → W−(T ). As Φ → 0, the

latter equation reduces to the KKLT condition Eq. (9),

W ′−(T ) =
3

2T
W−(T ) . (24)

Therefore, in the left asymptotic limit, the piece W−
alone determines the DTW = 0 asymptotic trajectory.
The analogous statement holds in the Φ→∞ limit with
W+.

Furthermore, one can calculate the scalar potential by
means of Eq. (10) and Eq. (21) and substitute the full
SUSY condition for T Eq. (23). One then finds

V =
3 · 2−3α−1W−(T0)W+(T0)

T 3
0

, (25)

where T0 is implicitly a function of Φ. This is de Sitter at
the asymptotic limits as long as W−(T ) and W+(T ) have
the same sign at each other’s supersymmetric points.
Therefore, along the DTW = 0 trajectory, the situation

is just analogous to the single superfield case of [29] as
well as to the product case of Sec. III, along the α-KKLT
trajectory.

The stability of this branch is guaranteed at the bound-
ary. The full scalar potential contains a term

2−3(α+1)Φ−3
√
α
[
3W−(T )− 2TW ′−(T )

]2
3T 3

, (26)

which dominates in the limit Φ → 0. It vanishes just
when the SUSY condition for the T sector Eq. (24) is sub-
stituted. Since the term is non-negative, this asymptotic
α-KKLT trajectory turns out to be a stable minimum
in the T direction, as we found in the product separa-
ble case. The Kähler modulus T becomes then highly
massive on the inflationary plateau. This is again an in-
version of the behaviour highlighted in [11], where the T
becomes light (and later tachyonic) in the region of field
space where inflation happens.

B. Universal inflation from backreaction

Moving away from the boundary, the shift in T0 gen-
erates a small fall-off from de Sitter as a backreaction.
This effect is the main qualitative difference between the
product separable case and this more general model. The
backreaction renders the effective potential suitable for
slow-roll inflation even without introducing a non-trivial
profile function f(Φ). We show this below.

The shifts of the position T0 are O(Φ3
√
α) in the Φ→ 0

limit, and O(Φ−3
√
α) in the opposite Φ→∞ limit. Near

the left asymptotic limit, the first fall-off from de Sitter
is then of the form

V = V0 − V1 Φ3
√
α + . . . . (27)

It is interesting to notice that the power of Φ is not
generic but specifically depends on

√
α. This exponent

cancels the α−1/2 in the relation (5) between the geomet-
rical inflaton Φ and the canonically normalized field ϕ,
and we have

Φ3
√
α = e−

√
18
3 ϕ . (28)

The parameter α therefore drops out of the predictions
for ns and r in this model:

ns = 1− 2

N
, r =

4

3N2
, (29)

at leading order in the inverse of the number of e-folds
N and for any order unity α. Note that, unlike the usual
α-attractors’ predictions Eq. (7), this scenario provides
a precise value for the expected amount of primordial
gravitational waves, independently of the value of the
Kähler curvature.

It seems remarkable that the simple coupling of two
moduli sectors naturally induces an inflationary regime
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with universal cosmological predictions given by Eq. (29),
without inserting any profile function5 f(Φ). Yet more
intriguing is the strong insensitivity of the inflationary
predictions to the details of model. Eq. (29) would in-
deed hold for a very large class of parameter choices. We
will provide a concrete and detailed investigation of the
inflationary dynamics of this model in Sec. V.

C. Vacuum structure and universal AdS minimum

In the intermediate region of the field space, the inter-
play of both KKLT terms W± is very important. The
vacuum structure is markedly different from the product
separable case. Specifically, the structure of the inflection
points at finite Φ changes drastically when we allow for
A+ 6= A−. We will discuss this as a continuous deforma-
tion from the product separable model. An infinitesimal
change with A+ > A− has the following effect on the two
inflection points, as illustrated in Fig. 3:

• The left inflection point disappears: the two ex-
tremal branches (that correspond to the α-KKLT
and the non-supersymmetric trajectories in the
Φ→ 0 limit) no longer meet and rather are located
at different values of T , along the entire range of
Φ up to the second inflection point. This is good
news as it implies that the Kähler modulus never
becomes massless along the inflationary trajectory,
depicted in dark blue in Fig. 3. However, there is
still a sudden shift in the Kähler modulus which
ends inflation in a waterfall effect. We will explore
this in detail in Sec. V.

• The right one splits up in two new inflection points
at closeby values in Φ; in between these two inflec-
tion points, there are no critical points in the scalar
potential. This is indicated by the empty regions
in Φ of Fig. 3, which implies that T would run off
to the asymptotic Dine-Seiberg minimum.

The corresponding effective potential is pictured on
the left panel of Fig. 3. This also shows the asymptotic
Φ−3

√
α fall-off from de Sitter due to backreaction induced

by the Kähler modulus (note however that the inflation-
ary potential is not expressed in terms of the canonical
field ϕ). Upon making the difference between both mod-
uli functions more pronounced, the vacuum structure is
further deformed along these lines. For A+ < A−, the
situation is mirror reversed.

The last noteworthy difference between product sepa-
rable and general α-scale coupling concerns the universal

5 One may consider the role of the profile function f(Φ) as
parametrizing freedom in the model. However, in the light of
building concrete string theory models, its presence might be-
come an obstacle due to the difficulty of generating higher powers
than cubic in Φ.
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FIG. 3. Effective potential V (Φ) (upper panel) and vacuum
structure (lower panel) for the general coupling case. The
minimum of the potential in T is denoted by the solid line,
the maximum by the dashed line. (Parameters: A+ = 1.1,
A− = 1, W0 = −0.0004, a = 0.1 and α = 1.1).

SUSY vacuum. We find this minimum at (ΦS , TS) once
we impose ∂TV = ∂ΦV = 0 which returns the following
equations:

TS =
1

a
log

[
A+Φ

3
√
α

S +A−

−W0(Φ
3
√
α

S + 1)

]
,

3Φ
3
√
α

S (A− −A+) =
(

Φ
3
√
α

S + 1
)(

A+Φ
3
√
α

S −A−
)

× log

[
A+Φ

3
√
α

S +A−

−W0(Φ
3
√
α

S + 1)

]
. (30)

This minimum is connected continuously to the asymp-
totic α-KKLT trajectory, as can be seen from Fig. 3. The
minimum is induced by a large shift in the Kähler mod-
ulus, which creates a waterfall effect that ends infla-
tion immediately. Furthermore, it is supersymmetric as
DTW = DΦW = 0. However, as the superpotential does
not vanish it is an AdS vacuum. This is in line with the
general theorem that infinitesimal changes to the theory
will deform a SUSY Minkowski vacuum to a SUSY AdS
one [10] (see [41] for a practical application).
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V. INFLATIONARY DYNAMICS

A. Product coupling with inflationary profile

As outlined above in Sec. III B, in the product sepa-
rable case with inflationary profile f(Φ), there are two
distinct scenarios for inflation which both end in an ap-
propriate Minkowski minimum.

In the first, one simply tunes the profile function f(Φ)
to produce a minimum along the DTW = 0 trajectory,
before the T -direction inflection point. The profile func-
tion f(Φ) must be of at least quadratic order in Φ for
this purpose. Therefore we will consider

f(Φ) = c0 + c1Φ + c2Φ2 , (31)

with the following parameter values:

c0 = 1 , c1 = −2
√

3
√

(2
√
α+ 3α)c0c2

|1− 9α||1− 3
√
α|−1

, c2 = 1 .

(32)
This tuning on the parameters generates a Minkowski
minimum, whose location is determined by the choice of
c0 and c2. The resulting scalar potential is given in the
left panel of Fig. 4 and has two Minkowski minima. The
first of these occurs on the asymptotic α-KKLT trajec-
tory and is generated by the fine-tuned inflationary pro-
file function. The second is the universal Minkowski min-
imum on the non-SUSY branch, which has been shifted
to ΦS as given by ΦS = f(ΦS)−1/3

√
α.

The maximum in between the two Minkowski minima
occurs at the T -direction inflection point. To the left of
the maximum, the Kähler modulus is entirely stable, be-
coming very highly massive on the inflationary plateau
close to Φ = 0. Any deviation in T from the supersym-
metric value T0 is quickly suppressed by the high mass
on the inflationary plateau. The inflaton then proceeds
to the α-KKLT branch Minkowski minimum, where it
first oscillates and then settles during reheating. In this
scenario, there is essentially no dynamics in T and the
observable predictions are (7).

In the second scenario, we leave f(Φ) generic and make
use of the universal Minkowski minimum along the non-
SUSY trajectory. An example is given by

f(Φ) = 1− 0.3Φ + 0.1Φ2 , (33)

whose effective scalar potential is plotted in the right
panel of Fig. 4. In the case of product separable su-
perpotential, this scenario can be dangerous because
the Kähler modulus becomes massless at the inflection
point along the inflationary trajectory. It is necessary
that T does not run off to infinity after the inflection
point is reached. However, the scenario is interesting be-
cause the inflaton settles into a minimum which is SUSY
Minkowski without any fine-tuning.

Figure 5 shows the result of a simulation of the scalar
field dynamics in this scenario. With these initial con-
ditions (Ti = 99, Φi = 0.2), the scalars evolve towards

0.5 1.0 1.5
ϕ
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3.×10-14

4.×10-14

V

0.2 0.4 0.6 0.8 1.0 1.2 1.4
ϕ

5.×10-15

1.×10-14

1.5×10-14

2.×10-14

V

FIG. 4. The effective scalar potential for product separa-
ble models with tuned profile (31) (upper panel) and generic
profile (33) (lower panel). Note the presence of the univer-
sal Minkowski minimum in both cases. In the tuned setup,
there is an additional Minkowski minimum before the water-
fall point. (Parameters: W0 = −0.0004, A = 1, a = 0.1,
α = 1.)

the Minkowski minimum along the non-SUSY trajectory.
When the inflection point is reached, a waterfall happens
which ends inflation almost immediately. This induces a
shift ∆N in the effective number of e-folds which de-
termines the observable predictions Eq. (20). With this
choice of parameters, this shift is small, ∆N ' 1, as the
inflection point occurs at a point in Φ-space which is close
to where inflation would have ended had T been fixed at
its supersymmetric value. The small shift keeps the pre-
dictions firmly in the observationally favored region.

In this example, we end up at a Minkowski minimum
without fine-tuning (see Fig. 4) and generate viable ob-
servable predictions. There are two caveats: firstly, with
a different choice of initial conditions, the scalars can
evolve to the decompactification limit instead. We can-
not calculate the probability of avoiding the decompact-
ification, because there is no sensible definition for a
prior distribution in initial conditions. However, if we
imagine that inflation starts higher up on the plateau
than pictured here, then the high mass scale of the
real Kähler modulus should dampen any deviations from
T = T0 quickly. This implies that the chosen initial con-
ditions are quite sensible. Secondly, with a different f(Φ),
the shift in the effective number of e-folds ∆N can push
ns too close to unity.

The choice α = 1 requires some additional consider-
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FIG. 5. Simulation of scalar field dynamics of Φ (upper panel)
and T (lower panel) versus time for the product coupling case
with generic profile (33). Initial displacements in T from the
α-KKLT trajectory are quickly dampened close to Φ = 0. The
waterfall effect is clearly visible in this picture: the scalars
oscillate around the universal Minkowski minimum after pro-
ducing inflation on the plateau. (Parameters: W0 = −0.0004,
A = 1, a = 0.1, α = 1)

ations due to the stability of the imaginary directions,
as we will discuss in a moment. However, the results on
the effective scalar potentials do not change qualitatively
when we change α by a small amount to e.g. α = 1.1.

Stability of the imaginary directions

We have examined the scalar potential along the tra-
jectory defined by Φ = Φ̄ and T = T̄ , i.e. at Im (Φ) =
Im (T ) = 0. In order for this truncation to be consis-
tent, the imaginary directions of both complex scalars
must have a positive mass of at least order Hubble scale
along this trajectory. In the case of product separable
coupling, the scalar potential along the supersymmetric
trajectory T = T0 is equivalent to the single-superfield
α-scale model in the whole complex Φ space, up to a
rescaling. It follows that the stability analysis of [29]
carries over to our model. For α > 1, the imaginary Φ
direction is positive and divergent in the limit Φ → 0.
For α < 1, it is negative and divergent, and for α = 1
it is negative and has a finite limit as Φ → 0. The most
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FIG. 6. Mass of Im (Φ) for the product case examples with
tuned profile (31) (upper panel) and generic profile (33) (lower
panel) for α > 1. In both cases, there is a divergent positive
mass at the boundary Φ = 0, a large positive mass around
the SUSY Minkowski vacuum and a mild destabilization at
intermediate field values. (Parameters: W0 = −0.0004, A =
1, a = 0.1)

important contributions to the mass are:

M2
Im (Φ) =

a2(α− 1)A2e−2aTΦ−3
√
α

23α−1 9αT
− a2A2c0e

−2aT

9T
.

(34)

When α 6= 1, the Φ−3
√
α term dominates in the infla-

tionary limit. When α = 1, the negative constant term
determines the mass.

At the universal SUSY Minkowski minimum all direc-
tions are stable and become very highly massive. The
expression for the mass of Im (Φ) at the vacuum reads:

M2
Im (Φ) =

a2A2e−2aTΦ
−3
√
α

S

[
3
√
α+ Φ

3
√
α+1

S f ′(ΦS)
]2

23α−1 9αT
(35)

where ΦS = F (ΦS)3
√
α. Clearly, this mass is universally

non-negative. The same can be shown for the other di-
rections in the SUSY Minkowski vacuum.

In the intermediate region, the stability of Im (Φ) is
dependent on the choice of inflationary profile function
f(Φ). For a generic choice of f(Φ), there is some in-
stability at intermediate field values which flattens out
(but does not disappear) as α is increased (see Fig. 6).
There are several ways to deal with this apparent is-
sue. Firstly, the high mass of Im (Φ) in the inflation-
ary limit (when α > 1) dampens fluctuations away from
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Im (Φ) = 0 quickly. Furthermore, the instability occurs
close in canonical variables to the Re (T ) waterfall which
ends inflation. These effects conspire to make the Im (Φ)
instability generally irrelevant for the classical inflation-
ary dynamics. The scalar fields reach the completely
stable region around the SUSY Minkowski vacuum be-
fore Im (Φ) fluctuates enough to upset inflation. Once
again, we find a simplification of the dynamics due to
the asymptotic freedom of the inflaton.

Secondly, one can use the methods described in [42]
to stabilize Im (Φ) universally for any α. The inflaton
sector Kähler potential Kα(Φ, Φ̄) can be generalized in
the following way:

Kα(Φ, Φ̄) =− 3α

1 + 2k2
log

[
Φ + Φ̄

|Φ|

(
1 + k2

(Φ− Φ̄)2

(Φ + Φ̄)2

+ k4
(Φ− Φ̄)4

(Φ + Φ̄)4
+ . . .

)]
, (36)

in the shift-symmetric Kähler frame (2). The ellipses

stand for higher even powers of (Φ−Φ̄)
(Φ+Φ̄)

, which preserve the

inversion and dilatation invariance of the Kähler poten-
tial. Taking k2, k4, . . . → 0, we recover the usual shift-
symmetric Kähler potential. The higher-order terms
have no effect on the scalar potential along Φ = Φ̄, but
they dramatically alter the mass of the imaginary direc-
tions. A suitable choice of parameters renders Im (Φ)
stable over the entire field range.

B. General coupling without inflationary profile

We now consider a model of the general coupling type
as described in Sec. IV. We take α = 1 and examine the
real directions of the complex scalars first. The superpo-
tential is:

W = Φ3(W0 +A+e
−aT )−(W0 +A−e

−aT )+s0Φ
3
2S (37)

with different parameters A±. The S term is included
to uplift the AdS vacuum at the end of inflation to
Minkowski, thus breaking supersymmetry and still al-
lowing for a gravitino mass significantly below the Hub-
ble scale of inflation. The scalar potential along the T -
direction minimum is pictured in Fig. 7.

The waterfall effect ends inflation at ϕ ' 0.43 in canon-
ical variables or Φ ' 0.70 in geometric variables. For
N = 50, the shift of the effective number of e-folds due
to the waterfall is O(1). The shift ∆N is generally very
insensitive to changes of the superpotential parameters.
We conclude that the observables of the general coupling
model without inflationary profile converge to the uni-
versal attractor point (29) for a large class of parameter
choices, for any order unity α.
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FIG. 7. Scalar potential along T -direction minimum (upper
panel) and mass of Im (Φ) (lower panel) for the general cou-
pling case. There is a finite positive mass of order Hubble scale
at the boundary Φ = 0 and a large positive mass around the
vacuum at the end of inflation. (Parameters: W0 = −0.0004,
A+ = 6, A− = 1, a = 0.1, α = 1.)

Stability of the imaginary directions

The stability analysis changes slightly due to the intro-
duction of the nilpotent uplifting. This adds a constant
contribution to the squared mass of the imaginary Φ di-
rection. At the boundary, we have:

M2
Im (Φ) =

a2(α− 1)A2
−e
−2aTΦ−3

√
α

23α−1 9αT
+

2−3α−2e−2aT

9αT 3

×
[
− 8a(α+ 1)A2

−T (2aT + 3)

+ 24a(α+ 1)A+A−S + 9αs2
0e

2aT
]

(38)

Just as before, all directions are stable and highly mas-
sive in the vacuum at the end of inflation. This vac-
uum is SUSY AdS without nilpotent uplifting and non-
supersymmetric Minkowski with the uplifting. In the
α = 1 example, the imaginary direction of Φ is positive
throughout the field range of inflation. The mass is of
the order of the Hubble scale around Φ → 0 and then
quickly rises (see Fig. 7).

If one uses a different uplifting mechanism (e.g. an
explicit supersymmetry breaking term induced by anti-
branes as consider by KKLT), this raising of the Im (Φ)
mass at the boundary of moduli space may not occur.
There is still a stable region of field space which can sup-
port 60 e-folds of inflation, but there is no decoupling of
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Im (Φ) at the boundary. It is possible to solve this using
the methods of the previous section.

VI. GENERAL COUPLING WITH NILPOTENT
SGOLDSTINO

In the previous sections, we have considered the infla-
tionary sector as given by the single-superfield formula-
tion of α-attractors of [29], with no need of additional
superfields to assure stabilization. This model has an in-
tricate structure that is necessary to generate a de Sitter
solution. We can simplify the superpotential consider-
ably by making more extensive use of uplifting. However,
this changes certain qualitative aspects of our previous
setup. Our new starting point is the following model
with simplified superpotential:

W = Φ
3α
2 Wmod(T ) , (39)

with the standard sum-separable Kähler potential and
the usual KKLT Wmod. In the modified shift-symmetric
Kähler frame defined by Eq. (2), the overall power of
Φ is gauged away and the superpotential reads simply
W (Φ, T ) = Wmod(T ).

As a product separable superpotential, the SUSY con-
dition of KKLT carries over exactly and it corresponds
to a solution of ∂TV = 0. However, the scalar potential
is flat AdS with cosmological constant:

Λ = −2−3α−1a2A2e−2aT0

3T0
. (40)

with T0 determined by the SUSY condition (9). We
can uplift the scalar potential by means of a nilpotent
chiral superfield S. This is subject to the constraint
S2 = 0. The non-trivial solution to this superfield equa-
tion involves writing the scalar part in S as a bilinear in
fermions, divided by its auxiliary component. The nilpo-
tent chiral superfield therefore carries no scalar degrees
of freedom. We may treat S as a regular superfield, cal-
culate the scalar potential and at the end impose S = 0,
as advocated in [43] and employed in different cosmo-
logical applications (see e.g. [20, 21, 44–47]). To the
Kähler potential we add a canonical term SS̄. We choose
the following superpotential:

W = Φ
3α
2 Wmod(T ) s0S , (41)

which maintains the product separable structure. The
cosmological constant becomes

Λ =
2−3α−1a2A2s2

0e
−2aT0

9T0
. (42)

We can generate an inflationary slope by deforming
the product separable superpotential. In particular, we
can add generic expansions f(Φ) and g(Φ) to the S-
dependent factor in the superpotential such as

W = Φ
3α
2 [Wmod(T )] [f(Φ) + g(Φ)S] . (43)

This breaks the product separable structure between S
and Φ, but not between T and the other superfields, so
that DTW = 0 still defines an extremal trajectory. We
recover the model of [20] along the trajectory defined by
DTW = 0.

One can further generalized the model by decomposing
the superpotential into all the different types of coupling
it contains:

W = Φ
3α
2

[
A(Φ) +B(Φ)e−aT + C(Φ)S +D(Φ)Se−aT

]
.

(44)

The latter expression generically leads to α-attractor be-
haviour when we consider the functions A(Φ), B(Φ), etc.
to be independent generic expansions in Φ. We conclude
that making use of a nilpotent sector simplifies the su-
perpotential considerably, as was already noted in [20].
Specifically the case α = 2/3 generates a very simple set-
ting with just integer powers of Φ in W and a simple
Kähler potential such as

K = −2 log(Φ + Φ̄)− 3 log(T + T̄ ) + SS̄ ,

W = Φ
[
A(Φ) +B(Φ)e−aT + C(Φ)S +D(Φ)Se−aT

]
.

(45)
Note that one can choose the functions B, C and D also
to be independent of Φ. In addition the three-fields cou-
pling term, parametrized by D, can be set equal to zero.

In the asymptotic region Φ → 0, the location of the
T -direction minimum T0 is determined entirely by the
constant terms in the generic expansion. By choosing
these coefficients appropriately, we can generate an infla-
tionary plateau with stabilized volume modulus. Unlike
in the previous setup, it is possible to choose profile func-
tions A(Φ), B(Φ), etc. such that the scalar potential con-
tains a T -direction minimum throughout the entire range
Φ = (0,∞). This requires tuning one of the constant or-
der coefficients in the expansions if we take polynomial
profile functions. The Kähler modulus minimum T0 as
a function of Φ then smoothly interpolates between its
asymptotic limits. Unlike in the previous setup, there is
no waterfall effect for a generic choice of profile functions.

The first deviation from the asymptotic T0 at Φ = 0
is of order Φ1 (when the linear terms in the expansions
do not vanish). In geometrically defined variables Φ and
T , the field excursions during inflation of Φ and T are
of the same order of magnitude. However, the moduli
space geometry around Φ = 0 stretches out the Φ ex-
cursion in the canonical variable ϕ, so that the effective
single-field description of inflation is justified. In this
case, the decoupling of the volume modulus during in-
flation is entirely due to the boundary point becoming a
very long plateau in canonical coordinates. Remember
that in the previous setup based on α-scale supergravity,
there were two effects contributing to the suppression
of the Kähler modulus backreaction: the inverse power
(Φ−

3
2

√
α in shift symmetric Kähler frame) generated a

large mass for Re (T ), and the moduli space geometry
stretched out the Φ excursion in canonical variables.
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To end with a concrete example, the choice6 A(Φ) =
−0.0004 − 0.0001 Φ + 0.00005 Φ2, B(Φ) = 1, C(Φ) =
0.0006825 and D(Φ) = 0 generates an effective scalar
potential with a linear fall-off at the boundary of mod-
uli space and a nearly Minkowski minimum at Φ ' 1
(i.e. ϕ ' 0). The mass squared of both imaginary direc-
tions Im (T ) and Im (Φ) is order Hubble scale or higher
throughout the inflationary trajectory. The Kähler mod-
ulus makes a relatively modest field excursion of ∆T '
1.7 from Φ = 0 to the vacuum at Φ = 1, with most of
this excursion happening close to Φ = 1, at the end of
inflation. As the fall-off is linear in geometric variables
at the boundary of the moduli space, the predictions are
the ones typical of α-attractors Eq. (7).

VII. CONCLUSIONS

In this work, we have provided strong evidences for
a relative immunity of inflationary α-attractors to the
backreaction of Kähler moduli, within the KKLT stabi-
lization scenario. Specifically, we have shown that the
effects of a Kähler modulus T is negligible during the
expansion period, which is driven by the real compo-
nent of the superfield Φ. This phenomenon has been
observed in all the three coupling cases analysed in this
paper (i.e. product coupling, general coupling and with
nilpotent sGoldstino).

This stability is intimately connected to the fact that
inflation takes place at the boundary of moduli space.
In this limit, the coupling of the two sectors produces
indeed a number of interesting features. The original
KKLT minimum is raised to positive values thanks to
the supersymmetry breaking in the Φ-direction. On the
other hand, its stability and supersymmetry (DTW =
0) features remain unaffected. This so-called α-KKLT
minimum becomes a perfect starting point for inflation.
Once we switch to the canonical variable for the inflaton
field, this boundary point gets indeed stretched to a long
dS plateau.

Moving away from the boundary, the inflaton always
follows the characteristic exponential fall-off, yielding
universal cosmological predictions given by Eq. (7). This
can always be induced by inserting a profile function
f(Φ) (a generic Taylor expansion) into W , analogously to
what happens to the original α-attractor models [12, 19–
21, 29, 34]. More interestingly, we have shown that, in
the case of general couplings (analysed in Sec. IV), the
exponential deviation from a positive plateau simply be-
comes a genuine and natural consequence of the mutual
backreaction between T and Φ. In the latter case, the
observational prediction are universal and restricted to
Eq. (29).

6 Note that the coefficients not multiplying an exponential in T are
much smaller than B(Φ) = 1, as is always necessary in KKLT to
stabilize the Kähler modulus at a large positive value.

Approaching the end of inflation, the interplay between
the modulus T and Φ does become important. It pro-
duces a waterfall effects which ends inflation and leaves
all the scalars in a phenomenologically suitable vacuum.
This vacuum is supersymmetric, in absence of any uplift-
ing mechanism to de Sitter. Remarkably, this means that
there is generically no connection between the gravitino
mass in the vacuum and the Hubble scale of inflation.
Although some proposals have pointed out how to de-
couple these physical scales [4], our results suggest a new
approach to solving this problem.

The above findings represent a novelty in the landscape
of previous studies about the interaction between moduli
and inflation. Especially in the case of large-field scenar-
ios, the claims have been often negative: the backreac-
tion of the Kähler modulus was destabilizing the original
inflationary dynamics. In the most optimistic scenario,
a certain amount of fine-tuning was required in order
to generate the minimum amount of e-folds of exponen-
tial expansion, although with some modification of the
original inflationary predictions. In [11] this effect was
dubbed “flattening” as it generically lowered the value of
the tensor-to-scalar ratio with respect to the original φ2-
predictions.

The present study appears to be free of such problems:
the backreaction of the moduli does not destabilize the
inflationary trajectory. Instead, the additional sector in-
duces an inflationary profile in the case of general cou-
plings, and moreover it offers a universal supersymmetric
minimum to the scalars after inflation. Moreover, strict
bounds between the value of the gravitino mass and the
inflationary scale were always representing a threat to
model-builders.

A number of aspects deserve further study. On the
phenomenological side, these include a detailed investi-
gation of the choice of the inflationary profile. We have
provided a proof of principle that one can either introduce
a tailor-made Minkowski minimum along the asymptotic-
KKLT branch, or end up in the universal Minkowski min-
imum along the other branch. It remains to be seen what
is generic, and how stable various choices are. In con-
trast, on the string theory side, it remains a challenge
of embedding α-attractors in a concrete scenario. De-
spite some approximate realizations in specific contexts
(see e.g. [48, 49] for fibred Calabi-Yau geometries), one
would like to identify the natural mechanism underlying
the attractor nature of these models, once the appropri-
ate inflaton modulus sector has been recognized. In this
respect, the present study provides a useful guideline to
determine the generic structure which always preserves
the asymptotic inflationary plateau at the boundary of
moduli space. Whereas the hyperbolic Kähler geometry
of the inflaton plays again a crucial role, the coupling
patterns here discussed leave a certain freedom for the
superpotential. The general coupling set-up (21) seems
most promising, as it essentially consists of two copies
of no-scale KKLT. It requires no additional inflationary
profile and has universal observational predictions (29).



13

ACKNOWLEDGMENTS

We would like to thank Renata Kallosh, Andrei Linde,
Alexander Westphal, Clemens Wieck and Timm Wrase
for very stimulating discussions and useful comments on a
draft of this paper. MS gratefully acknowledges financial

support by the collaborative research center SFB 676 and
by ‘The Foundation Blanceflor Boncompagni Ludovisi,
née Bildt’. PW acknowledges financial support by the
Dutch Foundation for Fundamental Research on Matter
(FOM).

[1] M. Dine and N. Seiberg, “Is the Superstring Weakly
Coupled?”, Phys. Lett. B162 (1985) 299–302.

[2] S. B. Giddings, S. Kachru, and J. Polchinski,
“Hierarchies from fluxes in string compactifications”,
Phys. Rev. D66 (2002) 106006, arXiv:hep-th/0105097
[hep-th].

[3] S. Kachru, R. Kallosh, A. D. Linde, and S. P. Trivedi,
“De Sitter vacua in string theory”, Phys. Rev. D68
(2003) 046005, arXiv:hep-th/0301240 [hep-th].

[4] R. Kallosh and A. D. Linde, “Landscape, the scale of
SUSY breaking, and inflation”, JHEP 12 (2004) 004,
arXiv:hep-th/0411011 [hep-th].

[5] S. C. Davis and M. Postma, “SUGRA chaotic inflation
and moduli stabilisation”, JCAP 0803 (2008) 015,
arXiv:0801.4696 [hep-ph].

[6] R. Kallosh, A. Linde, K. A. Olive, and T. Rube,
“Chaotic inflation and supersymmetry breaking”, Phys.
Rev. D84 (2011) 083519, arXiv:1106.6025 [hep-th].

[7] S. Kachru, R. Kallosh, A. D. Linde, J. M. Maldacena,
L. P. McAllister, and S. P. Trivedi, “Towards inflation
in string theory”, JCAP 0310 (2003) 013,
arXiv:hep-th/0308055 [hep-th].

[8] E. Dudas, A. Linde, Y. Mambrini, A. Mustafayev, and
K. A. Olive, “Strong moduli stabilization and
phenomenology”, Eur. Phys. J. C73 (2013) no. 1, 2268,
arXiv:1209.0499 [hep-ph].

[9] W. Buchmuller, C. Wieck, and M. W. Winkler,
“Supersymmetric Moduli Stabilization and High-Scale
Inflation”, Phys. Lett. B736 (2014) 237–240,
arXiv:1404.2275 [hep-th].

[10] R. Kallosh, A. Linde, B. Vercnocke, and T. Wrase,
“Analytic Classes of Metastable de Sitter Vacua”,
JHEP 10 (2014) 011, arXiv:1406.4866 [hep-th].

[11] W. Buchmuller, E. Dudas, L. Heurtier, A. Westphal,
C. Wieck, and M. W. Winkler, “Challenges for
Large-Field Inflation and Moduli Stabilization”, JHEP
04 (2015) 058, arXiv:1501.05812 [hep-th].

[12] R. Kallosh, A. Linde, and D. Roest, “Superconformal
Inflationary α-Attractors”, JHEP 11 (2013) 198,
arXiv:1311.0472 [hep-th].

[13] J. J. M. Carrasco, R. Kallosh, A. Linde, and D. Roest,
“Hyperbolic geometry of cosmological attractors”, Phys.
Rev. D92 (2015) no. 4, 041301, arXiv:1504.05557
[hep-th].

[14] J. J. M. Carrasco, R. Kallosh, and A. Linde,
“Cosmological Attractors and Initial Conditions for
Inflation”, Phys. Rev. D92 (2015) no. 6, 063519,
arXiv:1506.00936 [hep-th].

[15] Planck Collaboration, P. A. R. Ade et al., “Planck
2015 results. XIII. Cosmological parameters”,
arXiv:1502.01589 [astro-ph.CO].

[16] Planck Collaboration, P. Ade et al., “Planck 2015. XX.
Constraints on inflation”, arXiv:1502.02114
[astro-ph.CO].

[17] BICEP2, Planck Collaboration, P. Ade et al., “Joint
Analysis of BICEP2/KeckArray and Planck Data”,
Phys. Rev. Lett. 114 (2015) 101301, arXiv:1502.00612
[astro-ph.CO].

[18] BICEP2, Keck Array Collaboration, P. A. R. Ade et
al., “Improved Constraints on Cosmology and
Foregrounds from BICEP2 and Keck Array Cosmic
Microwave Background Data with Inclusion of 95 GHz
Band”, Phys. Rev. Lett. 116 (2016) 031302,
arXiv:1510.09217 [astro-ph.CO].

[19] R. Kallosh and A. Linde, “Planck, LHC, and
-attractors”, Phys.Rev. D91 (2015) no. 8, 083528,
arXiv:1502.07733 [astro-ph.CO].

[20] M. Scalisi, “Cosmological α-attractors and de Sitter
landscape”, JHEP 12 (2015) 134, arXiv:1506.01368
[hep-th].

[21] J. J. M. Carrasco, R. Kallosh, and A. Linde,
“α-Attractors: Planck, LHC and Dark Energy”, JHEP
10 (2015) 147, arXiv:1506.01708 [hep-th].

[22] R. Kallosh, A. Linde, and T. Wrase, “Coupling the
Inflationary Sector to Matter”, JHEP 04 (2016) 027,
arXiv:1602.07818 [hep-th].

[23] R. Kallosh and A. Linde, “Cosmological Attractors and
Asymptotic Freedom of the Inflaton Field”, JCAP 1606
(2016) no. 06, 047, arXiv:1604.00444 [hep-th].

[24] R. Kallosh, A. Linde, D. Roest, and T. Wrase,
“Sneutrino Inflation with α-attractors”, JCAP 1611
(2016) no. 11, 046, arXiv:1607.08854 [hep-th].

[25] Y. Ueno and K. Yamamoto, “Constraints on α-attractor
inflation and reheating”, Phys. Rev. D93 (2016) no. 8,
083524, arXiv:1602.07427 [astro-ph.CO].

[26] M. Eshaghi, M. Zarei, N. Riazi, and A. Kiasatpour,
“CMB and reheating constraints to α-attractor
inflationary models”, Phys. Rev. D93 (2016) no. 12,
123517, arXiv:1602.07914 [astro-ph.CO].

[27] M. Kawasaki, M. Yamaguchi, and T. Yanagida,
“Natural chaotic inflation in supergravity”, Phys. Rev.
Lett. 85 (2000) 3572–3575, arXiv:hep-ph/0004243
[hep-ph].

[28] R. Kallosh, A. Linde, and T. Rube, “General inflaton
potentials in supergravity”, Phys. Rev. D83 (2011)
043507, arXiv:1011.5945 [hep-th].

[29] D. Roest and M. Scalisi, “Cosmological attractors from
α-scale supergravity”, Phys. Rev. D92 (2015) 043525,
arXiv:1503.07909 [hep-th].

[30] A. Linde, “Single-field α-attractors”, JCAP 1505
(2015) no. 05, 003, arXiv:1504.00663 [hep-th].

[31] S. Ferrara, R. Kallosh, A. Linde, and M. Porrati,
“Minimal Supergravity Models of Inflation”, Phys. Rev.

http://dx.doi.org/10.1016/0370-2693(85)90927-X
http://dx.doi.org/10.1103/PhysRevD.66.106006
http://arxiv.org/abs/hep-th/0105097
http://arxiv.org/abs/hep-th/0105097
http://dx.doi.org/10.1103/PhysRevD.68.046005
http://dx.doi.org/10.1103/PhysRevD.68.046005
http://arxiv.org/abs/hep-th/0301240
http://dx.doi.org/10.1088/1126-6708/2004/12/004
http://arxiv.org/abs/hep-th/0411011
http://dx.doi.org/10.1088/1475-7516/2008/03/015
http://arxiv.org/abs/0801.4696
http://dx.doi.org/10.1103/PhysRevD.84.083519
http://dx.doi.org/10.1103/PhysRevD.84.083519
http://arxiv.org/abs/1106.6025
http://dx.doi.org/10.1088/1475-7516/2003/10/013
http://arxiv.org/abs/hep-th/0308055
http://dx.doi.org/10.1140/epjc/s10052-012-2268-7
http://arxiv.org/abs/1209.0499
http://dx.doi.org/10.1016/j.physletb.2014.07.024
http://arxiv.org/abs/1404.2275
http://dx.doi.org/10.1007/JHEP10(2014)011
http://arxiv.org/abs/1406.4866
http://dx.doi.org/10.1007/JHEP04(2015)058
http://dx.doi.org/10.1007/JHEP04(2015)058
http://arxiv.org/abs/1501.05812
http://dx.doi.org/10.1007/JHEP11(2013)198
http://arxiv.org/abs/1311.0472
http://dx.doi.org/10.1103/PhysRevD.92.041301
http://dx.doi.org/10.1103/PhysRevD.92.041301
http://arxiv.org/abs/1504.05557
http://arxiv.org/abs/1504.05557
http://dx.doi.org/10.1103/PhysRevD.92.063519
http://arxiv.org/abs/1506.00936
http://arxiv.org/abs/1502.01589
http://arxiv.org/abs/1502.02114
http://arxiv.org/abs/1502.02114
http://dx.doi.org/10.1103/PhysRevLett.114.101301
http://arxiv.org/abs/1502.00612
http://arxiv.org/abs/1502.00612
http://dx.doi.org/10.1103/PhysRevLett.116.031302
http://arxiv.org/abs/1510.09217
http://dx.doi.org/10.1103/PhysRevD.91.083528
http://arxiv.org/abs/1502.07733
http://dx.doi.org/10.1007/JHEP12(2015)134
http://arxiv.org/abs/1506.01368
http://arxiv.org/abs/1506.01368
http://dx.doi.org/10.1007/JHEP10(2015)147
http://dx.doi.org/10.1007/JHEP10(2015)147
http://arxiv.org/abs/1506.01708
http://dx.doi.org/10.1007/JHEP04(2016)027
http://arxiv.org/abs/1602.07818
http://dx.doi.org/10.1088/1475-7516/2016/06/047
http://dx.doi.org/10.1088/1475-7516/2016/06/047
http://arxiv.org/abs/1604.00444
http://dx.doi.org/10.1088/1475-7516/2016/11/046
http://dx.doi.org/10.1088/1475-7516/2016/11/046
http://arxiv.org/abs/1607.08854
http://dx.doi.org/10.1103/PhysRevD.93.083524
http://dx.doi.org/10.1103/PhysRevD.93.083524
http://arxiv.org/abs/1602.07427
http://dx.doi.org/10.1103/PhysRevD.93.123517
http://dx.doi.org/10.1103/PhysRevD.93.123517
http://arxiv.org/abs/1602.07914
http://dx.doi.org/10.1103/PhysRevLett.85.3572
http://dx.doi.org/10.1103/PhysRevLett.85.3572
http://arxiv.org/abs/hep-ph/0004243
http://arxiv.org/abs/hep-ph/0004243
http://dx.doi.org/10.1103/PhysRevD.83.043507
http://dx.doi.org/10.1103/PhysRevD.83.043507
http://arxiv.org/abs/1011.5945
http://dx.doi.org/10.1103/PhysRevD.92.043525
http://arxiv.org/abs/1503.07909
http://dx.doi.org/10.1088/1475-7516/2015/05/003
http://dx.doi.org/10.1088/1475-7516/2015/05/003
http://arxiv.org/abs/1504.00663
http://dx.doi.org/10.1103/PhysRevD.88.085038


14

D88 (2013) no. 8, 085038, arXiv:1307.7696 [hep-th].
[32] E. Cremmer, S. Ferrara, C. Kounnas, and D. V.

Nanopoulos, “Naturally Vanishing Cosmological
Constant in N=1 Supergravity”, Phys.Lett. B133
(1983) 61.

[33] J. R. Ellis, A. Lahanas, D. V. Nanopoulos, and
K. Tamvakis, “No-Scale Supersymmetric Standard
Model”, Phys.Lett. B134 (1984) 429.

[34] R. Kallosh, A. Linde, and D. Roest, “Large field
inflation and double α-attractors”, JHEP 08 (2014)
052, arXiv:1405.3646 [hep-th].

[35] M. Grana, “Flux compactifications in string theory: A
Comprehensive review”, Phys. Rept. 423 (2006) 91–158,
arXiv:hep-th/0509003 [hep-th].

[36] M. R. Douglas and S. Kachru, “Flux compactification”,
Rev. Mod. Phys. 79 (2007) 733–796,
arXiv:hep-th/0610102 [hep-th].

[37] S. C. Davis and M. Postma, “Successfully combining
SUGRA hybrid inflation and moduli stabilisation”,
JCAP 0804 (2008) 022, arXiv:0801.2116 [hep-th].

[38] A. Achucarro and K. Sousa, “F-term uplifting and
moduli stabilization consistent with Kahler invariance”,
JHEP 03 (2008) 002, arXiv:0712.3460 [hep-th].

[39] A. Achucarro, S. Hardeman, and K. Sousa, “Consistent
Decoupling of Heavy Scalars and Moduli in N=1
Supergravity”, Phys. Rev. D78 (2008) 101901,
arXiv:0806.4364 [hep-th].

[40] A. D. Linde, “Hybrid inflation”, Phys. Rev. D49 (1994)
748–754, arXiv:astro-ph/9307002 [astro-ph].

[41] A. Linde, D. Roest, and M. Scalisi, “Inflation and Dark
Energy with a Single Superfield”, JCAP 1503 (2015)
017, arXiv:1412.2790 [hep-th].

[42] J. J. M. Carrasco, R. Kallosh, A. Linde, and D. Roest,
“Hyperbolic geometry of cosmological attractors”, Phys.
Rev. D92 (2015) no. 4, 041301, arXiv:1504.05557
[hep-th].

[43] S. Ferrara, R. Kallosh, and A. Linde, “Cosmology with
Nilpotent Superfields”, JHEP 10 (2014) 143,
arXiv:1408.4096 [hep-th].

[44] I. Antoniadis, E. Dudas, S. Ferrara, and A. Sagnotti,
“The Volkov-Akulov-Starobinsky supergravity”,
Phys.Lett. B733 (2014) 32–35, arXiv:1403.3269
[hep-th].

[45] R. Kallosh and A. Linde, “Inflation and Uplifting with
Nilpotent Superfields”, JCAP 1501 (2015) no. 01, 025,
arXiv:1408.5950 [hep-th].

[46] G. Dall’Agata and F. Zwirner, “On sgoldstino-less
supergravity models of inflation”, JHEP 12 (2014) 172,
arXiv:1411.2605 [hep-th].

[47] R. Kallosh, A. Linde, and M. Scalisi, “Inflation, de
Sitter Landscape and Super-Higgs effect”, JHEP 1503
(2015) 111, arXiv:1411.5671 [hep-th].

[48] M. Cicoli, C. P. Burgess, and F. Quevedo, “Fibre
Inflation: Observable Gravity Waves from IIB String
Compactifications”, JCAP 0903 (2009) 013,
arXiv:0808.0691 [hep-th].

[49] B. J. Broy, D. Ciupke, F. G. Pedro, and A. Westphal,
“Starobinsky-Type Inflation from α′-Corrections”,
JCAP 1601 (2016) 001, arXiv:1509.00024 [hep-th].

http://dx.doi.org/10.1103/PhysRevD.88.085038
http://arxiv.org/abs/1307.7696
http://dx.doi.org/10.1016/0370-2693(83)90106-5
http://dx.doi.org/10.1016/0370-2693(83)90106-5
http://dx.doi.org/10.1016/0370-2693(84)91378-9
http://dx.doi.org/10.1007/JHEP08(2014)052
http://dx.doi.org/10.1007/JHEP08(2014)052
http://arxiv.org/abs/1405.3646
http://dx.doi.org/10.1016/j.physrep.2005.10.008
http://arxiv.org/abs/hep-th/0509003
http://dx.doi.org/10.1103/RevModPhys.79.733
http://arxiv.org/abs/hep-th/0610102
http://dx.doi.org/10.1088/1475-7516/2008/04/022
http://arxiv.org/abs/0801.2116
http://dx.doi.org/10.1088/1126-6708/2008/03/002
http://arxiv.org/abs/0712.3460
http://dx.doi.org/10.1103/PhysRevD.78.101901
http://arxiv.org/abs/0806.4364
http://dx.doi.org/10.1103/PhysRevD.49.748
http://dx.doi.org/10.1103/PhysRevD.49.748
http://arxiv.org/abs/astro-ph/9307002
http://dx.doi.org/10.1088/1475-7516/2015/03/017
http://dx.doi.org/10.1088/1475-7516/2015/03/017
http://arxiv.org/abs/1412.2790
http://dx.doi.org/10.1103/PhysRevD.92.041301
http://dx.doi.org/10.1103/PhysRevD.92.041301
http://arxiv.org/abs/1504.05557
http://arxiv.org/abs/1504.05557
http://dx.doi.org/10.1007/JHEP10(2014)143
http://arxiv.org/abs/1408.4096
http://dx.doi.org/10.1016/j.physletb.2014.04.015
http://arxiv.org/abs/1403.3269
http://arxiv.org/abs/1403.3269
http://dx.doi.org/10.1088/1475-7516/2015/01/025
http://arxiv.org/abs/1408.5950
http://dx.doi.org/10.1007/JHEP12(2014)172
http://arxiv.org/abs/1411.2605
http://dx.doi.org/10.1007/JHEP03(2015)111
http://dx.doi.org/10.1007/JHEP03(2015)111
http://arxiv.org/abs/1411.5671
http://dx.doi.org/10.1088/1475-7516/2009/03/013
http://arxiv.org/abs/0808.0691
http://dx.doi.org/10.1088/1475-7516/2016/01/001
http://arxiv.org/abs/1509.00024

	Moduli Backreaction on Inflationary Attractors
	Abstract
	I Introduction
	II Review and strategy
	A Inflation: -attractors
	B Volume stabilization: KKLT
	C Coupling and backreaction

	III Product coupling
	A -KKLT and universal Minkowski vacuum
	B Inserting an inflationary profile

	IV General coupling
	A -KKLT at the boundary
	B Universal inflation from backreaction
	C Vacuum structure and universal AdS minimum

	V Inflationary dynamics
	A Product coupling with inflationary profile
	 Stability of the imaginary directions

	B General coupling without inflationary profile
	 Stability of the imaginary directions


	VI General coupling with nilpotent sGoldstino
	VII Conclusions
	 Acknowledgments
	 References


