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We study the consistency of large-field inflation in low-energy effective field theories of string theory. 
In particular, we focus on the stability of Kähler moduli in the particularly interesting case where 
the non-perturbative superpotential of the Kähler sector explicitly depends on the inflaton field. This 
situation arises generically due to one-loop corrections to the instanton action. The field dependence 
of the modulus potential feeds back into the inflationary dynamics, potentially impairing slow roll. We 
distinguish between world-sheet instantons from Euclidean D-branes, which typically yield polynomial 
one-loop Pfaffians, and gaugino condensates, which can yield exponential or periodic corrections. In all 
scenarios successful slow-roll inflation imposes bounds on the magnitude of the one-loop correction, 
corresponding to constraints on possible compactifications. While we put a certain emphasis on Type IIB 
constructions with mobile D7-branes, our results seem to apply more generally.

© 2017 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

Cosmic inflation is the leading paradigm to explain the aniso-
tropies of the Cosmic Microwave Background (CMB) radiation. 
As inflationary theories—especially those involving super-Planckian 
field excitations—are highly UV sensitive, much work has been 
devoted to describing those theories within string compactifica-
tions. However, a study of the cosmological history in phenomeno-
logically realistic string constructions with time-dependent four-
dimensional backgrounds is technically challenging. Therefore, one 
usually addresses the inflationary dynamics by means of low-
energy effective field theories (EFTs). Typically such an EFT has 
multiple cut-off scales, like the mass scales of string and Kaluza–
Klein excitations and the mass scales of geometric moduli. Hence, 
the high energy density involved in large-field inflation necessi-
tates a careful consistency check of all EFT limits.

Fortunately, many important aspects of this consistency can be 
studied in low-energy effective supergravities of different string 
compactifications. We wish to focus on one aspect in particu-
lar, the consistency of integrating out heavy Kähler moduli during 
large-field inflation. In Type IIB flux compactifications, the stabi-
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lization of the Kähler sector is particularly well understood [1,2].1

The interplay between heavy Kähler moduli and large-field infla-
tion in a different sector of the theory has been systematically 
studied in [9–15]. Here we wish to extend and generalize those 
analyses by including one-loop corrections to the non-perturbative 
superpotential in the Kähler sector, which—depending on the de-
tails of the microscopic construction—can depend on the inflaton 
field. This dependence, in turn, feeds back into the inflationary 
potential once the Kähler moduli are stabilized by these non-
perturbative terms. Since in a phenomenologically viable model all 
moduli are stabilized we will focus in this paper on cases where 
the stabilizing non-perturbative term is non-vanishing at the end 
of inflation.

We are particularly interested in toy models with a single Käh-
ler modulus T and an inflaton multiplet � from a different sector 
of the theory. Let us consider cases where the low-energy effec-
tive superpotential contains at least a constant piece, a quadratic 
term for �, and a non-perturbative piece to stabilize T . I.e., we 
consider2

1 While we focus here on the KKLT stabilization mechanism, we expect our re-
sults to be valid in other stabilization schemes as well, such as the ones in [3–8], as 
shown in [9].

2 Note that, with this superpotential, microscopic setups that do not feature a 
shift symmetry for � do not lead to successful models of inflation. However, our 
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K = K (T + T̄ ,� + �̄) , (1a)

W = W0 + μ�2 + A(�)e−αT . (1b)

A low-energy effective theory like this can arise as an effective 
theory of various string compactifications.

One example are Type IIB flux compactifications with mobile 
D7-branes [15–17]. There T parameterizes the volume of a four-
cycle in the compact manifold Y6 and � is the position modulus 
of a single mobile D7-brane, also wrapping a four-cycle. Moreover, 
W0 and μ are sourced by components of G3 flux on Y6 and the 
non-perturbative term is sourced, for example, by a gaugino con-
densate on a separate stack of D7-branes. In that case α depends 
on the rank of the condensing gauge group. Another interesting 
Type IIB construction with an effective theory like (1) is given in 
[18,19]. There the μ-term for the inflaton is sourced by couplings 
to other heavy moduli which are already integrated out.3

In heterotic string/M-Theory and its F-Theory lift, couplings like 
the ones of (1) can arise, for example, from world-sheet instan-
tons. In this case � is a bundle or complex structure modulus, α
is given in terms of the Gromov–Witten invariants of the corre-
sponding cycle and μ and W0 depend on the expectation values 
of other heavy fields.

In [9,15] a Type IIB toy model with KKLT stabilization like the 
one in (1) has been extensively studied to understand the back-
reaction of T on the inflationary dynamics. For constant A, which 
is assumed in those references, the result is that, as long as W0
and μ can be tuned independently, a large mass hierarchy be-
tween inflaton and modulus can lead to the possibility of 60 or 
more e-folds of slow roll inflation in agreement with the most 
recent CMB data. However, this ansatz implies a few non-trivial 
simplifications. First, the arrangement of the aforementioned four-
cycles is drastically simplified, since (1) only contains a single four-
cycle volume parameter. We comment on more complicated cases 
later on. Second, all other fields and moduli, especially the com-
plex structure and dilaton, are assumed to be stabilized at a high 
scale and play no role in the discussion, which seems to be a rea-
sonable assumption [15]. Third, depending on the details of the 
microscopic construction, the coefficient A in W may depend on 
the open-string field � through one-loop corrections to the instan-
ton action. The precise form of A(�) is determined by the details 
of the geometry and the microscopic setup that leads to an in-
flationary universe. Technically, A(�) can be found by computing 
the Pfaffian of the one-loop diagram correcting the instanton ac-
tion, which is a notoriously difficult task. This computation has 
only been performed explicitly in a few examples.

The most important distinction is the origin of the instanton in 
question. We consider the two most common cases, world-sheet 
instantons and gaugino condensates. For the latter, in Type IIB 
A(�) arises as open-string one-loop corrections to the gauge ki-
netic function on the four-cycle parameterized by T [21,22],

f = αT + 1

4π2
log[g(�)] + . . . , (2)

where g also depends on expectation values of complex structure 
moduli. However, none of the examples where g is known explic-
itly features all ingredients (such as G3 flux) necessary to realize 
large-field inflation. The one-loop Pfaffian for Euclidean D-brane 
instantons, as a function of brane position moduli, has been stud-
ied in Type II/F-theory in [23–27], cf. also the earlier discussions 
in [28,29]. In heterotic string theory the relevant references include 

results do not depend on the precise form of W (�), as long as the inflationary EFT 
features super-Planckian field excitations.

3 See, however, [20] for a discussions of the problems that arise when μ is tuned 
to a small value.

[30–34]. Here the Pfaffians have been shown to yield homogeneous 
polynomials in complex structure and bundle moduli. Furthermore, 
the authors of [35–37] have shown that for both types of in-
stantons the one-loop correction, in terms of brane moduli, can 
be found using purely closed-string methods. These can be used 
even in more complicated setups than those considered in [21,
22]. Moreover, in [38–41] the authors study setups where one-loop 
Pfaffians generate the leading-order inflaton potential.

The rest of this paper is structured as follows. In Section 2 we 
discuss the possibility that A(�) is a polynomial function. We dis-
cuss the string theory backgrounds that produce the corresponding 
low-energy EFT, and address the consistency of integrating out T
in these cases. In the resulting inflationary EFT we derive param-
eter bounds that constrain possible compactifications and depend 
on the degree of the polynomial. In Section 3 we discuss the possi-
bility that A(�) is exponential or periodic, cases known to arise in 
Type IIB models with gaugino condensates and mobile D7-branes. 
We repeat the same analysis as in the polynomial case to study 
the viability of inflation. Moreover, we hint at interesting CMB sig-
natures induced by modulations of the inflaton potential through 
the one-loop Pfaffian. Finally, we conclude in Section 4.

2. Polynomial Pfaffians

2.1. Motivation

Let us start by motivating how polynomial Pfaffians arise in 
string theory, following [26,42]. In the case of Type IIB, such 
instantons arise from Euclidean D3 (ED3) branes that wrap an 
internal four-cycle. In the M-theory lift, this corresponds to Eu-
clidean M5-branes wrapping vertical divisors that are elliptic fi-
brations over a divisor in the base of a Calabi–Yau four-fold. In 
the corresponding F-theory description, the elliptic fiber is shrunk 
and the Euclidean M5-branes correspond to ED3-branes. Non-
perturbative superpotentials arise from the intersection of the four-
cycle wrapped by the ED3-branes with the GUT divisor. The moduli 
� are ED3- and D7-brane moduli in this setup, and here we fo-
cus on the D7-brane moduli. If a heterotic dual exists, the Pfaffians 
arise from world-sheet instantons on a curve whose volume is gov-
erned by the Kähler parameter T . The relevant moduli � are in 
this case bundle and complex structure moduli, cf. [26,32–34]. The 
one-loop Pfaffian is then a homogeneous polynomial (or a prod-
uct of homogeneous polynomials) to some power. In the examples 
of [26,32] there is a single polynomial to the fourth power, and it 
was speculated that the power to which the polynomial is raised 
is linked to the number of zero modes of the fermionic differential 
operator from which the Pfaffian arises. Interestingly, as we shall 
see later, the results and implications for inflation differ depending 
on this power.

A full analysis of the entire moduli space including all dynam-
ics is, so far, impossible due to a lack of explicit expressions for 
the Kähler potentials and computer power. Hence, we work un-
der the assumption that there is a separation of scales such that 
some moduli have already been stabilized and integrated out at 
some higher scale. We treat those as effective constants and min-
imize the potential in terms of the lightest moduli that remain as 
dynamical parameters. We thus make the following ansatz for the 
superpotential,

W = W0 + A0

(
2n∑

m=0

δm�m

)
e−αT + μ�2 , (3)

where the constants W0, δm , and μ of the effective theory are 
given in terms of products of vacuum expectation values of heavy 
fields. In the following we use the notation
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