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1 Introduction

Axion monodromy is one of the most promising proposals to achieve transplanckian field

ranges in string theory [1, 2] (see also [3–26]). It is based on having an axion with a

multi-branched/multi-valued potential in such a way that the effective theory preserves the

discrete shift symmetry of the axion if combined with appropriate shifts of the parameters

of the potential. This multibranched structure unfolds the compact moduli space of the

axion, allowing (a priori) for a transplanckian field range even if the fundamental periodicity

(given by the axion decay constant) is subplanckian. Axion monodromy models can be

described in terms of an axion coupled to a Minkowski 3-form field as follows [8, 27–29],

L = −f2(dφ)2 − F4 ∧ ∗F4 + 2mF4φ (1.1)

where f is the decay constant of the axion. Upon integrating out the Minkowski 3-form

(which has no propagating degrees of freedom in four dimensions) a scalar potential for the

axion is generated with the aforementioned multi-branched structure,

∗ F4 = f0 +mφ→ V = (f0 +mφ)2 (1.2)

Here f0 is an integration constant corresponding to a possible constant value of the 4-form

field strength in the vacuum. The above scalar potential is indeed invariant under the

combined global shift

f0 → f0 + c , φ→ φ− c/m (1.3)

which relates different branches labelled by f0. When c/m = 2πf the above transformation

relates gauge equivalent branches identified by the discrete periodicity of the axion. In the
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presence of membranes electrically charged under the 3-form gauge field, the constant

c is quantized in units of the 3-form gauge coupling Λk, implying in turn the following

consistency relation1 2πf = nΛ2
k/m. This is what is commonly known as the Kaloper-

Sorbo model since they were the first ones in using such a description in terms of a 3-form

field for inflation [27, 28, 30, 31] (see, however, also the earlier work of Dvali [32, 33]).

It is important to remark that the discrete shift symmetry of the axion is preserved by

the system and only broken spontaneously (not explicitly) upon selecting a vacuum. At

classical level, f0 is fixed, which selects a concrete branch and consequently a particular

vacuum. One can then classically roll down a single branch for a field range much bigger

than 2πf . However, at quantum level the different branches are dynamically connected to

each other since one can induce quantum tunneling transitions between them by nucleation

of membranes [34–38]. By crossing a membrane of charge k one shifts he value of f0 by k

units. This tunneling between branches reduces the effective field range of the axion ruling

out parametrically large displacements. The concrete bound on the field range will depend

on the specific value of the tension of the membrane, which can be estimated for instance

by using the Weak Gravity Conjecture [39] or specific UV completions in string theory.

In [40–42] it was shown that generically the tunneling rate is highly suppressed and these

‘jumps’ do not generate a problem for large field inflation.

On the other hand, the gauge invariance of the 3-form highly constraints higher order

corrections to the above Lagrangian [28]. Only corrections depending on the gauge invari-

ant field strength are allowed, which implies that, upon integrating out the 3-form, the

corrections to the scalar potential goes as powers of the potential itself,

δV =

(
V0

M4
p

)n
(1.4)

Therefore even if φ takes transplanckian values, as long as the potential energy remains

subplanckian, the corrections remain under control. This is consistent with the fact that

the discrete shift symmetry of the axion must be gauged in a consistent theory of quantum

gravity and therefore cannot be explicitly, but only spontaneously, broken. Since the source

of spontaneous breaking can always be parametrized in four dimensions by coupling the

axion to an effective 4-form field strength, all corrections have to appear as functions of

the field strength itself, which on shell is dual to the shift invariant function ρ = mφ+ f0.

In the case of a single axion and a single 4-form this leads to (1.4). We will see that in

the presence of multiple 4-forms (multiple sources of spontaneous breaking) the corrections

will be proportional to the different parts of the potential induced by each 4-form, so the

corrections will take a more elaborated form than in (1.4). But again, as long as the energy

density is subplanckian, they will be subleading. No need to mention that one can also

have shift-symmetric non-perturbative corrections like ∼ cos(φ). But since they give rise

to periodic bounded potentials the effective theory remains under control. In any case,

1If n 6= 1, the original continuous global symmetry of the axion is broken to a discrete global symmetry

Zn by the coupling to the 3-form field. Therefore, the discrete periodicity of the axion is always preserved

at the level of the theory.
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corrections going as powers of φ/Mp that grow parametrically with the field overrunning

the tree-level potential are forbidden because of the gauge symmetries of the system.

This outstanding protection under higher order corrections makes axion monodromy

a promising proposal to get transplanckian field ranges in a controlled way. Besides, as

explained above, constraints coming from the Weak Gravity Conjecture are much weaker

than in models based on natural inflation with one or multiple axions [43–59]. However, all

attempts to realise axion monodromy in string theory are not free of problems and technical

difficulties [13, 15, 17, 60, 61]. In some cases, the backreaction of the rest of the moduli

of the compactification can have non-negligible effects and reduce drastically the effective

field range [62]. In this sense, the presence of a Kaloper-Sorbo coupling is not enough to

guarantee a transplanckian field range. What is then missing in our above description of

axion monodromy in terms of an axion coupled to a Minkowski 3-form?

In this paper we will explain the differences between the Kaloper-Sorbo model above

and the effective theories that one actually obtain from string compactifications, with

the aim of clarifying the advantages and drawbacks of the construction. Remarkably,

the effective axionic potential coming from string theory can always be rewritten as a

generalization of Kaloper-Sorbo with non-canonical field-dependent metrics [63, 64]. It is

this field-dependence on the kinetic metric of the 3-form field, not present in the original

Kaloper-Sorbo model but characteristic of any supergravity generalization of (1.1), what

generates in the end the backreaction issues found in particular string realisations of axion

monodromy. Here we will reanalysed these problems motivated by the question whether

these difficulties are simply technical limitations of particular models or instead a hint of

an underlying obstruction of having a transplanckian field range in a consistent theory of

quantum gravity. The reformulation of the backreaction issues in the dual picture in terms

of 3-form fields allows for a more model-independent analysis of these difficulties, hopefully

shedding some light on this topic. This paper is organized as follows. In the next section

we will explain the new ingredients appearing when constructing a supergravity description

of the original bosonic model of Kaloper-Sorbo, which will also appear in any N = 1 string

compactification and can lead to the backreaction issues discussed above. In section 3

we will review how the backreaction coming from other non-periodic fields can reduce the

effective field range by redefining the proper field distance of the inflaton, and explain

how this effect is encoded on having field-dependent kinetic metrics for the 3-form gauge

fields. Whether this backreaction rules out transplanckian or only infinite (parametrically

large) excursions depends on the concrete form of the kinetic metric, which will be related

to the Kahler metric of the scalar manifold in an N = 1 compactification. Therefore, in

section 4, we will analyse the effective theories derived in flux compactifications of Type

IIA(B). We reproduce the results of [62] and find that the proper field distance for closed

string axions grow at best logarithmically at large field and, remarkably, this logarithmic

behaviour appears shortly after crossing φ ∼Mp. However, we argue in section 5 that the

presence of open string fields might provide a counter-example to this universal behaviour

since, a priori, one can delay the logarithmic behaviour far away in field distance by tuning

the fluxes. We leave section 6 for conclusions.
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2 Generalization of Kaloper-Sorbo structure in string theory

As we reviewed in the Introduction, one can provide a mass term to an axion without

breaking explicitly the shift symmetry and without adding new degrees of freedom, simply

by coupling the axion to a 4-form field strength living in the four dimensional space-

time [32, 65]. In fact, if the discrete shift symmetry of the axion is preserved, one can always

write such a dual description in terms of a 3-form gauge field. Interestingly, this is indeed

the way in which axions get a perturbative potential in string compactifications.2 In [63]

it was shown that the four dimensional effective theory coming from compactifications of

Type IIA(B) on a Calabi-Yau 3-fold with orientifolds and fluxes can be written in the form

V = −Zab(si)F a4 ∧ ∗F b4 + 2F a4 ρa(φ
i) + Vloc(s

i) (2.1)

where all the dependence of the scalar potential on the axions φi comes from couplings

to 3-form gauge fields. In the above potential, si stand for the saxions (non-periodic

scalars of the compactification), i, j runs over all the moduli and a, b over all the 3-form

fields. In flux compactifications, the 3-forms are not effective or composite fields, but

have a clear microscopic interpretation: they come from dimensional reduction of the

higher RR and NSNS p-form fields. Therefore they are dual to the internal fluxes of the

compactification, which are known to induce an F-term potential for the axions. Even

if the axions only appear through couplings to 3-forms fields, the scalar potential for the

saxions can receive other contributions from other elements of the compactification, which

we include in Vloc(s
i). Upon integrating out the 3-form fields, one gets

V = Zab(s
i)−1ρa(φ

i)ρb(φ
i) + Vloc(s

i) (2.2)

which can be rearranged to recover the usual N = 1 Cremmer et al. scalar potential of

Type IIA(B). In the following we will highlight the differences between this effective theory

and non-supersymmetric Kaloper-Sorbo model (1.1).

• Non-linear couplings → Generic scalar potentials.

In Kaloper-Sorbo, the axion couples linearly to F4 which induces a mass term for the

axion in the effective theory. However, one can have more general couplings which

induce, not only mass terms, but also cubic or higher couplings in the effective the-

ory. In a string compactification, each 3-form couples to a function ρa(φ
i) which only

depends on the axions (and not the saxions) and topological data of the compact-

ification. This function has to be invariant under the discrete shifts of the axions

(corresponding to large gauge transformations in the higher dimensional theory), im-

plying that the parameters inside ρa(φ
i) have to transform accordingly to reabsorb

these shifts. In flux compactifications, these parameters correspond to the internal

2Here we are writing only the scalar potential at perturbative level, but there can also be non-perturbative

corrections leading to additional periodic (shift-symmetric) potentials for the axions. Interestingly, these

terms can also be written in terms of effective 3-form fields, corresponding for instance to a composite

Chern-Simons 3-form in the case of non-perturbative gauge dynamics [32, 33]. The formulation in terms of

3-form fields for the case of non-gauge D-brane instanton effects has been performed in [66].
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flux quanta which indeed enjoy the appropriate shift transformations to keep each

ρa(φ
i) invariant.

• Multiple 3-forms → Higher order corrections.

The presence of multiple 3-forms implies that the higher order corrections will ap-

pear as products or combinations of the different 4-form field strengths. Therefore

the corrections do not necessarily appear as powers of the potential itself, but as

powers of combinations of the different ρ(φ), which are shift invariant by themselves.

Therefore the corrections are under control if all the functions ρa(φ) remain sub-

planckian. This still protects large field inflation over tranplanckian field ranges of

the inflaton, but makes the computation more technically involved, because a priori

one needs then to know all the 3-forms to whom the inflaton couples, in order to have

control over all the ρa(φ). However, as long as the different parts of the potential

remain subplanckian, the corrections will always be subleading. They can though

have important implications for inflation and modify the scalar potential, leading for

instance to interesting flattening effects (see e.g. [67]).

• Non-trivial field-dependent metrics → Backreaction.

The main difference with respect to the non-supersymmetric Kaloper-Sorbo model

comes from the presence of other non-periodic scalars, which we call saxions since

they usually combine with the axions to fill N = 1 chiral multiplets. As usual in

supergravity, the kinetic metric of the 3-form fields is field-dependent and only in the

case in which there is a large mass hierarchy between the inflaton and the saxions,

one can treat these fields as fixed parameters and recover approximately the Kaloper-

Sorbo model of (1.1). However, it is precisely the backreaction of the saxions what

has been proved to reduce drastically the effective field range in some string axion

monodromy models. Therefore, we should reanalyse the problem without assuming

the saxions as fixed parameters, but as fields that are also stabilized due to the

presence of the 3-form fields. This is the task for the next section.

3 Backreaction effects in terms of 3-form fields

In order to have a well-defined and controlled effective theory of large field inflation in the

IR, one needs to either fine-tune an infinite number of parameters corresponding to the

infinite tower of non-renormalizable operators or invoke the presence of some UV symmetry

that forbids these operators and protects the potential from large transplanckian excursions.

Periodic real scalars (axions) with their shift symmetries are then promising candidates for

large field inflation. A long-standing problem though in supersymmetric theories is how

to stabilize the bosonic partner of the axion (the saxion) so that it does not spoil the

dynamics of inflation. The typical solution is try to engineer a model in which the scale

of moduli stabilization is higher than the inflationary scale, so the analysis can be divided

in two steps. First, one stabilizes all the scalars except for the ones relevant for inflation,

and secondly one studies the dynamics of the remaining fields assuming that the heavy
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moduli stay approximately fixed at their minimum values. However, this is not always

a valid truncation of the theory. Sometimes the vacuum expectation values (vev) of the

heavy moduli can depend on the inflaton vev in such a way that they lead to non-negligible

modifications of the effective inflationary model when the inflaton is displaced away from

its minimum. These backreaction effects have been recently studied in the context of

string compactifications, see e.g. [60, 62, 68–70]. The tricky part is to quantify these effects

and extract general conclusions beyond the specific results of a particular model. Let us

consider that the vev of a saxion depends on the value of the inflaton field as follows,

〈s〉 = s0 + δs(φ) (3.1)

This will lead inevitably to backreaction effects on the inflationary dynamics. For large

values of the inflaton φ the displacement of s from its minimum will be bigger, leading to a

bigger modification of the effective theory which can affect both the potential and kinetic

term of the inflaton. In general, one expects this displacement to depend on the mass ratio

δs(φ) ∼ f
(
mφ

ms
φn
)

(3.2)

such that a big mass hierarchy suppresses the backreaction. Unfortunately, sometimes

even a small hierarchy is difficult to engineer (see the no-go theorems postulated for the

complex structure moduli space of Calabi-Yau 3-folds near the large complex structure

point in [15, 17]). In [62] it was claimed that in string theory one cannot delay indefinitely

the backreaction effects by tuning the masses (which will be parametrized by fluxes in

string Type II compactifications), but that the proper field distance of the inflaton will

grow at best logarithmically with the inflaton vev as soon as field displacement becomes

transplanckian. Let us review here the argument. The physical field distance is given by

∆φ =

∫
K

1/2

φ,φ̄
dφ (3.3)

where the metric depends on the saxions of the compactification. If Kφ,φ̄ ∼ 1/s2 (like in

typical string compactifications where K = −log(s)) and the vev of the saxion depends on

the inflaton as in (3.2) with n > 0, then the kinetic metric will be inversely proportional to

the value of the inflaton itself. This leads to a redefinition of the canonical field reducing

the effective field range. In particular if 〈s〉 = s0 +
mφ
ms
φ, then

∆φ =

∫
K

1/2

φ,φ̄
dφ ∼

∫
1

s(φ)
dφ ∼

∫
1

s0 +
mφ
ms
φ
dφ ∼ log

(
s0 +

mφ

ms
φ

)
(3.4)

and the physical field distance scales at best logarithmically for large values of the field,

ruling out parametrically large field ranges. This logarithmic behaviour3 was shown to

appear in some models of Type IIA string Calabi-Yau compactifications [62], but it is

3See also [71] for an analysis of the same type of canonical field redefinition in the context of Type IIB

orientifolds with non-geometric fluxes. This logarithmic behaviour of the proper field distance implies that

the effective potential becomes of Starobinsky-type at large field.
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not fully clear how general it is and if it applies to any axionic field in string theory.

Furthermore, it was shown in [62] that, at least for the cases studied in the paper, even if

the strength of the logarithm is flux-dependent, the proper field distance available before

the point at which δs(φ) > s0 and the logarithmic behaviour appears is flux independent

and bounded by the Planck mass. Therefore one cannot delay the redefinition of the Kahler

metric (and the consequent reduction of the field range) indefinitely by tuning the fluxes.

Recently, in [72] it was argued that this behaviour is model independent and can be related

to the Swampland Conjectures [73, 74], for which the logarithmic behaviour of the proper

field distance at large field is associated to a tower of particles that becomes light for large

values of the field. Hence it must be seen as a universal property of a consistent theory of

quantum gravity. Here we will analyse this effect in more detail and discuss the features

that an effective theory needs to satisfy in order to reproduce this behaviour, with the

aim of finding out whether it is accidental or a universal characteristic of string theory.

Unfortunatly, the backreaction highly depends on the minimization process and therefore

has only been studied in some particular models. In this paper we will reformulate the

problem in terms of Minkowski 4-forms, which can help to analyse the backreaction from

a broader and more model-independent perspective.

Let us also remark that the backreaction does not have to necessarily spoil inflation, but

can have interesting effects. For instance, it can simply correct the inflationary potential

leading to interesting flattening effects, e.g. [60, 67]. Here we are interested in studying

the viability of having a transplanckian field range in string theory, so we will focus on

identifying the cases which give rise to a reduction of the field range.

Let us repeat for convenience the general structure appearing in string compactifica-

tions in terms of Minkowski 4-forms,

V = −Zab(si)F a4 ∧ ∗F b4 + 2F a4 ρa(φ
i) (3.5)

Notice that the axions and saxions appear in a very different way in the scalar potential.

The former appear within shift invariant functions ρ(φ) coupled linearly to the 4-forms,

while the saxions appear on the kinetic metrics of the 4-forms. Upon integrating out the

4-forms, the scalar potential becomes

∗ F a4 = Z−1
ab (si)ρb → V = Z−1

ab (si)ρa(φ
i)ρb(φ

j) (3.6)

We can then minimize the potential with respect to the saxions, obtaining that the vacuum

expectation value for the saxions can always be written as a function of the ρ(φ) functions.

If the metrics Zab can be written in terms of powers of the saxions, then

s ∼
∑

i ρ
ni1
1 ρ

ni2
2 . . . ρ

nia
a∑

j ρ
mj1
1 ρ

mj2
2 . . . ρm

j
a

a

(3.7)

where the different exponents (nia,m
i
a) can be determined upon minimizing the potential.

Remarkably the presence of a possible contribution Vloc(s
i) does not break this structure

in all the known examples, as we will see below. This procedure is simpler than minimizing
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the complete scalar potential, since we do not need to know the explicit form of the ρ

functions in terms of the axions, but only the form of Zab(s). Besides, the backreaction

problems appear intuitively. If the vev of a saxion s, which appears in the Kahler metric of

the inflaton, is proportional to a ρ function including the inflaton φ, the Kahler metric of φ

will decrease with the inflaton vev, leading to a reduction of the field range. For instance,

if φ appears only in ρ1, all we need is that n1 −m1 > 0. Notice also that the metrics Zab
are not arbitrary, but in N = 1 four dimensional effective theories correspond indeed to the

real part of the Kahler metrics of the scalar manifold [29, 63, 75–85]. Therefore, once we

know the Kahler potential, we can determine Zab and compute the exponents (na,ma) in

eq.(3.7). We leave the manifestly supersymmetric description of the above Lagrangian in

terms of 3-form supermultiplets for future work. Let us also comment that the fact that the

axions appears always within the shift-invariant functions ρ(φ), implies that the corrections

arising from backreaction of the saxions also preserve the discrete shift symmetries of the

axions. However, by choosing a branch, the shift symmetry is spontaneously broken and

ρ(φ) can take large values that backreact on the kinetic metric in a non-negligible way.

The question now is how far in field distance we can delay the backreaction effects. The

maximum proper field distance available before the inflaton dependence starts dominating

the vacuum expectation values of the saxions and the Kahler metric starts depending at

leading order on the inflaton itself is given by

∆φ =

∫ √
Kφ,φ̄(s(φ))dφ ∼ φc

√
Kφ,φ̄(s0) (3.8)

where φc is the critical point at which s(φ) ∼ s0 (see figure 1 for a schematic drawing). Let

us recall that this is not the total maximum field range, but only the maximum field range

before s(φ) > s0 and the inflaton dependence on the saxion backreacts on the kinetic metric.

Beyond this value, the effective field range will increase at best logarithmically with the field

value, as discussed above. Therefore it gives us information about how far we can delay the

backreaction effects. The constant value s0 (and consequently Kφ,φ̄(s0)) is given by (3.7)

evaluated at the minimum of the potential, i.e. at ρ = ρ0. The critical value φc can be de-

termined by requiring that at least one of the ρ functions including the inflaton dominates

over all the constant values ρ0 in (3.6). However, in order to give quantitative results re-

garding this issue, we need to know the explicit expression of the shift-invariant ρ functions.

Therefore, for concreteness, we will continue the discussion in the next section analysing

the closed string sector of Type II string compactifications, where (3.5) is known [63, 64].

Before concluding this section, a final remark is in order. The appealing feature of the

original Kaloper-Sorbo model is the protection against higher order dimensional operators.

However, it has been argued that in more elaborated models (like those coming from string

theory) there can be higher operators that break the shift symmetry of the axion, making

the formulation in terms of a 4-form useless. We want to stress here that this is not true:

there is not explicit breaking of the discrete shift symmetry in any case. All higher dimen-

sional operators correcting (3.5) must preserve the discrete shift symmetry (since it is the

remnant of a large gauge transformation) and therefore must appear as functions of the

– 8 –
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Figure 1. Behaviour of the proper field distance at large field.

gauge and shift invariant quantities4 F4 and ρ. The coupling of the axion to the 4-form can

be understood as a way to decompactify the compact moduli space of the axion, converting

a circle in configuration space into an helix. This process of making global a local symmetry

has also been recently discussed in a different context in [86], and it is the basis underlying

axion monodromy. The large gauge transformation relating equivalent vacua requires now

to shift the axion and the flux quanta simultaneously. Therefore, upon choosing a vacuum

by fixing the flux quanta, the axionic field range can be made bigger than its fundamental

periodicity. The backreaction effects can also be understood in this way, without requiring

the introduction of any shift symmetry breaking operator that makes the theory out of

control. The Lagrangian (3.5) is perfectly shift invariant, and the problems come only

upon the choice of vacuum which spontaneously breaks the symmetry. One could think

of integrating out the saxions in order to get the effective theory only in terms of the 4-

forms and the axions, but this is in general not analytically doable. Besides, it is not clear

whether it is even consistent to integrate out the saxion while keeping the 3-form fields in

the effective theory. Notice that we are talking about properly integrating out the heavy

degrees of freedom and not about making a truncation of the theory by fixing the saxions

to their vevs at the minimum of the potential. Therefore we think that the best way of

analysing the backreaction effects in axion monodromy is by considering the generalization

of Kaloper-Sorbo in (3.5) with the non-trivial kinetic metrics. Hence the limitation of

Kaloper-Sorbo is not related to mysterious higher dimensional non-shift-symmetric oper-

ators, but to the field dependent metrics of the 4-forms and our current ignorance of the

manifestly supersymmetric description of Kaloper-Sorbo in N = 1 supergravity.

4Corrections as powers of the field strength F4 give rise to corrections to the scalar potential going as

powers of the potential itself, while corrections going as powers of the coupling F4ρ lead to corrections to

the axionic kinetic term involving higher derivative terms of φ [31].
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4 Backreaction on the Type IIA(B) closed string sector

For the sake of concreteness, let us analyse the above backreaction issues in the context of

Type II string compactifications, so we can see how the generic properties discussed in the

previous section emerge in particular examples. The four dimensional scalar potential of

Type IIA Calabi-Yau orientifold flux compactifications is given by [63]

V = VRR + VNS + Vloc (4.1)

where

VRR =
eKcs

2s

[
− kF 0

4 ∧ ∗F 0
4 + 2F 0

4 ρ0 − 4kgij ∗ F i4 ∧ F i4 + 2F i4ρi −

− 1

4k
gijF̃

i
4 ∧ ∗F̃

j
4 + 2F̃ i4ρ̃j + kFm4 ρm

]
(4.2)

VNS = eKcs
s2

k
H4 ∧ ∗H4 , Vloc = eKcs

2t3

3st3
(2mhiu

i − 2mh0s) (4.3)

and

ρ0 = e0 + biei −
m

6
kijkb

ibjbk + kijk
1

2
qib

jbk − h0c
0
3 − hici3

ρi = ei + kijkb
jqk − m

2
kijkb

jbk

ρ̃i = qi −mbi
ρm = m (4.4)

The ρ functions are invariant under the axionic discrete shifts

bi → bi + ni , qi → ρ̃i(b
i = −ni) , ei → ρi(b

i = −ni) , e0 → ρ0(bi = −ni) (4.5)

cI3 → cI3 + nI , e0 → e0 + hIn
I (4.6)

The 3-form gauge fields come from higher dimensional NSNS and RR p-form fields. In

particular,

F0 = −m, F2 =
∑
i

qiωi , F4 = F 0
4 +

∑
i

eiω̃i

F6 =
∑
i

F i4ωi + e0dvol6 , F8 =
∑
i

F̃ i4ω̃i , F10 = Fm4 dvol6 (4.7)

where i, a = 1, . . . , h
(1,1)
− . The parameters e0, ei, qi,m refer to internal RR fluxes on the

Calabi-Yau Y , and we get 2h
(1,1)
− + 2 Minkowski 4-forms: F 0

4 , F i4, F̃ i4 and Fm4 . The metric

is defined as gij = 1
4k

∫
ωi ∧ ∗ωj . Similarly the NS H3 background and its H7 dual can be

expanded in harmonic forms as

H3 =

h−2,1∑
I=0

hIβI , H7 =

h+2,1∑
I=0

HI
4 ∧ αI (4.8)
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obtaining h+
2,1 + 1 additional Minkowski 4-forms HI

4 coming from the NSNS sector. The

4d axions come from expanding B2 and C3 as follows

B2 =
∑
i

biωi , C3 =
∑
I

cI3αI (4.9)

and correspond to the axionic part of the complex supergravity fields T, S, U ,

T i = vi + ibi , U i = ui + ici3 , S = s+ ic0
3 (4.10)

Upon integrating out the 3-form fields via their equations of motion,

∗4F 0
4 =

1

k
ρ0 , ∗4F i4 =

gij

4k
ρj

∗4F̃ i4 = 4kgij ρ̃j , ∗4Fm4 = ρm (4.11)

the RR and NS scalar potential reads

VRR + VNS =
eKcs

s

[
1

2k
|ρ0|2 +

gij
8k
ρiρj + 2kgij ρ̃

iρ̃j + k|ρm|2 +
1

k
cIJρ

IρJ
]

(4.12)

where cIJ is the metric in the complex structure moduli space. By plugging eq.(4.4)

into the above formula one recovers the well known scalar potential of Type IIA flux

compactifications [87–91]. We will use this scalar potential, written as a sum of the squares

of the different ρ functions, to analyse the backreaction of the saxions.

Finally, the kinetic metrics are determined by second derivatives of the Kahler poten-

tial, which is given by [87]

K = −2log(FKL(NK − N̄K)(NL − N̄L))− log(kijk(T + T ∗)i(T + T ∗)j(T + T ∗)k) (4.13)

Here NK stands both for the dilaton S and complex structure moduli U with K =

0, . . . , h2,1, while FKL = ∂K∂LF is the second derivative of the prepotential F inherited

from the N = 2 unorientifolded theory. Once we are located at a special point in the com-

plex structure moduli space we can expand the periods around it and obtain an explicit ex-

pression for the Kahler potential. For instance, if we consider a manifold with only one com-

plex structure modulus, the result near the large complex structure point will be given by

K = −log(S + S∗)− 3log(U + U∗)− log(kijk(T + T ∗)i(T + T ∗)j(T + T ∗)k) (4.14)

For concreteness, we will use this Kahler potential in the following, and leave the study of

other special points in the complex structure moduli space for future work.

4.1 Minima of the potential

First we minimize the potential with respect to the axions. Since they only appear inside

the ρ functions we do not need to worry about Vloc. If all the fluxes are not vanishing, the

axions bi and the combination φ = h0c
0
3 +hic

i
3 are stabilized by the fluxes. Since φ appears

– 11 –



J
H
E
P
0
6
(
2
0
1
7
)
0
9
8

only inside ρ0 which appears quadratically in the potential, minimazation with respect to

φ implies ρ0 = 0 at the minimum,

ρ0 = 0→ φ0 = e0 +
q

m

(
γ − q2

6m

)
(4.15)

where we denote γ = ei + 1
2
q2

m . Furthermore, each ρ function is the derivative with respect

to bi of the previous one, obtaining

∂V

∂bi
=

2

su3

[
1

2k
ρ0ρi +

gjk

8k
kijlρkρ̃

l + 2kgij ρ̃
jρm

]
(4.16)

We have therefore two options,

(I) ρ̃i = 0→ bi0 = qi/m (4.17)

(II) kijl
gjk

8k
ρk + 2kgilρ

m = 0 (4.18)

For simplicity let us consider only one Kahler modulus t (ie, h
(1,1)
− = 1) and one complex

structure modulus u, which will be enough for our purposes. Notice that then the index i

is not a running index but just i = 1. We will leave it, however, as a label to distinguish

the different ρ functions. We also denote the NS fluxes as ρh0 = h0 and ρhi = hi. The

scalar potential is then given by

VRR + VNS =
4

st3u3

[
(ρ0)2 +

t2

3
(ρi)

2 +
3t4

36
(ρ̃i)

2 +
t6

36
(ρm)2 + s2ρ2

h0 + u2
i ρ

2
hi

]
(4.19)

and the two possible solutions become

(I) ρ̃i = 0→ b = q/m (4.20)

ρi = γ (4.21)

(II) ρi = − t
2ρm
4
→ b0 = q/m±m−1/2

√
2γ − t2/2 (4.22)

ρ̃i = ±m1/2
√

2γ − t2/2 (4.23)

Next we minimize the potential with respect to the saxions. It can be easily checked that

both sets of solutions (since both will satisfy ρi = γ) yield (up to O(1) factors)

s0 ∼
ρ

3/2
i

ρh0
√
ρm

, u0 ∼
ρ

3/2
i

ρh1
√
ρm

, t0 ∼
ρ

1/2
i√
ρm

(4.24)

The only difference is that in the first set of solutions ρ̃i = 0 (implying b = q/m) while in

the second set ρ̃i =
√

6γm (implying b = q
m ±

√
6γ
m ). Notice that the result can be written

indeed as a ratio of the different ρ functions, in agreement with section 3. The explicit

parametric dependence on the fluxes is then given by

s0 ∼
γ3/2

h0
√
m
, u0 ∼

γ3/2

h1
√
m
, t0 ∼

γ1/2

√
m

(4.25)

It is also interesting to notice how the structure of minima found for instance in [91] appears

in a more transparent and clear way in terms of the ρ functions.
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4.2 Backreaction on the kinetic metric

Let us study now how these minima change when we displace the inflaton away from its

minimum. We will consider two options, depending on whether the inflaton belongs to the

NS or the RR sector.

RR sector. The inflaton is the linear combination of RR axions φ = h0c
0
3 + hic

i
3. When

this field is displaced away from its minimum (4.15), then ρ0 6= 0, and the minima will

depend both on ρi = γ and ρ0. In fact, for large field5

s −→
φ→∞

φ

h0
, u −→

φ→∞

φ

h1
(4.26)

and the physical field distance scales as

∆φ =

∫
(hiK

ijhj)
−1/2dφ ∼

∫ √
1

h2
0s(φ)2 + h2

1u(φ)2/3
dφ −→

φ→∞

∫
1

φ
dφ ∼ log(φ) (4.27)

where we have used the field distance formula derived in [62] and valid for the case in

which the inflaton is a linear combination of axions. The larger the field displacement is, the

smaller is the physical increase in field distance, ruling out parametrically large field ranges.

Notice also that how fast the Kahler metric decreases at large field is model dependent

(it might depend on the flux parameters). Therefore, large field inflation with a field

displacement of a few times the Planck mass is still possible by tuning the fluxes. However,

here we are not interested in whether a modest large field excursion is allowed, but in

understanding if string theory distinguishes between sub- or trans-planckian field distances.

We have seen that parametrically large field values are not possible, but does anything

special happen when crossing the threshold ∆φ ∼ Mp? In order to answer this question,

let us see how far we can delay the appearance of the logarithm in the above expression.

Let us roughly divide the field range in two regimes, before and after the metric becomes

field-dependent on the inflaton,

∆φ ∼
∫ φc

φ0

K
1/2

φ,φ̄
dφ+

∫ φ

φc

K
1/2

φ,φ̄
dφ ∼ ∆φ− + ∆φ+ (4.28)

where φc is the critical value at which δs(φc) ∼ s0. Before this point, the metric is roughly

constant (ie, it does not depend to leading order on the value of φ) and the field range is

given by

∆φ− ∼ (φc − φ0)K
1/2

φ,φ̄
∼ (φc − φ0)

√
1

h2
0s

2
0 + h2

1u
2
0/3

(4.29)

After φc the leading contribution on the metric will depend on φ itself and ∆φ+ will grow

at best logarithmically with the field value. The question is, how large can ∆φ− be? As

pointed out in [62] this quantity is flux-independent in the above Type IIA compactifica-

tions and cannot be bigger than the Planck mass, as we proceed to explain in the following.

5Actually, for large field the saxion vevs will go as ρ0(φ)/h, so the inflaton appears always within the

shift invariant ρ functions. This is consistent with the fact that any correction to the effective theory cannot

break explicitely the shift symmetry.
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Let us consider for simplicity h0 > h1 without loss of generality, so we can focus only on

the backreaction of the dilaton field. For small displacements, the dilaton minimum is

modified as follows,

s = s0 +O(1)

√
m

h0γ3/2
ρ2

0 = s0

(
1 +

φ2
0

h2
0s

2
0

)
(4.30)

so δs(φ) > s0 when φ > φc ∼ h0s0. Therefore,

∆φ− ∼
φc − φ0

h0s0
. 1 (4.31)

in Planck units. This result can also be inferred by looking directly at the scalar potential.

At the minima of the potential, all the vacuum expectation values for the saxions depend

on the quantity ρi = γ. When the inflaton is displaced away from its minimum, ρ0 6= 0 and

the minimization process depends on the balance between the terms involving ρ0 and ρi.

The inflaton dependence will dominate when ρ0 > tρi, implying φ > φc ∼ γ3/2/
√
m ∼ h0s0,

recovering the previous result.

To sum up, if φc and s0 scale the same way on the flux parameters, ∆φ− is flux inde-

pendent and at best of order ∆φ− ∼ φc/s0 ∼ 1 in Planck units. This implies that when

the field displacement becomes transplanckian, the metric starts depending on the field

value itself in a non-negligible way, such that it decreases when the field increases. The

flux-independence of the available field range before backreaction effects become important

suggests that there is a qualitative change on the effective theory when crossing ∆φ ∼Mp.

NS sector. Let us analyse now if the same behaviour appears when the inflaton is a NS

axion bi. In this case, the physical field distance will be given by

∆b ∼
∫
K

1/2

T T̄
db ∼

∫ √
3

t(b)
db (4.32)

When b travels away from its minimum, the variation on the ρ functions is given by

∆ρa = −mδb , ∆ρi = −m
2

(δb)2 , ∆ρ0 = fδb− m

6
(δb)3 (4.33)

We should replace this into the scalar potential and minimize again to see how the new

minimum for the kahler modulus depends on b. However, the system of equation becomes

non-linear and cannot be resolved analytically. Numerical studies show that the kinetic

metric again decreases with the field value, and that ∆b− seems to be roughly independent

of the fluxes. Let us though remark that in order to compute ∆b− we do not need to

minimize the scalar potential for arbitrary values of b. We can estimate the critical value

bc by simply requiring that ∆ρi > ρi(b0), i.e. that the variation on ρi dominates over the

value of ρi at the minimum.6 This clearly remarks the simplicity of the computations when

writing the potential in terms of 4-forms. This implies that

bc ∼
√
γ

m
(4.34)

6The same result can be obtained by requiring t2∆ρa > ρi as in the previous section, so the term

involving b dominates over the constant terms in the scalar potential.
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which is valid for both sets of solutions in (4.23), since for both of them ρi(b0) = γ.

Notice that bc has the same parametric dependence on the fluxes than the constant vev

t0 (4.25), implying that the maximum physical field distance available before the metric

starts decreasing with the field vev,

∆b− =
bc
t0
∼ 1 (4.35)

is again flux-independent and at best of the order of the Planck mass, in agreement

with [62].

4.3 Remarks and comments

The flux independence of ∆φ− is clearly remarkable. If it is not accidental but can be proved

to be a generic property of any string model, it would be a strong hint in favour of a funda-

mental reason why transplanckian field ranges are disfavoured in string theory (see [62, 72]

for the relation to the Swampland Conjecture). Let us therefore take a step back and

analyse the reason of this miraculous cancellation. Consider that the kinetic metric of the

inflaton is inversely proportional to a saxion s whose vacuum expectation value is given by

s = s0 + δs(φ) (4.36)

with δs(φ) vanishing at the minimum of φ. We have seen that δs(φ) will be given by some

ratio of the ρ functions. In the case in which this ratio is proportional to φ, the kinetic

metric will decrease when increasing φ leading to a reduction of the effective field range. In

terms of the parameters of the effective theory, this ratio is proportional to some function

of the mass ratio

δs(φ) ∝ f
(
mφ

ms
φ

)
(4.37)

so that a big mass hierarchy suppresses the backreaction. In the limit ms →∞ the saxion

is frozen at its minimum value and the kinetic metric for φ is not field dependent anymore

(we would need infinite energy to move s from its minimum). However, our results and

those from [62] show that a big mass hierarchy is not enough to suppress the backreaction

effects and send the logarithmic behaviour far away in field distance. One needs to check

that by decreasing
mφ
ms

one is not increasing in the same way the value of s0, so both effects

cancel each other. In the examples studied above, one cannot vary the mass hierarchy

while keeping the vev s0 constant. In fact, both scale in the same way with the fluxes (due

to the fact that φc ∼ s0) implying that the maximum proper field distance available before

reaching the inflection point (δs(φ) ∼ s0) is flux-independent and of order one in Planck

units. Can we then construct a string model in which s0 and φc vary independently? We

have shown that this is not possible within the closed string sector of Calabi-Yau compact-

ifications of Type IIA. However, the open string sector might provide a counter-example

to this behaviour, as we will explain in the next section.

Before moving to the open string sector, let us roughly discuss the case of Type IIB.

The effective theory of IIB Calabi-Yau orientifold compactification with fluxes in terms of
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Minkowski 4-forms was derived in [63]. However, the Minkowski 4-forms there correspond

to the complexified 4-forms G4 coming from expanding G7 in harmonic internal 3-forms.

Here G7 is the dual in ten dimensions of G3,

G7 = ∗10G3 , G3 = F3 − SH3 = F̃3 − ie−φH3 (4.38)

with F̃3 = F3−C0H3. Therefore G7 already includes the dilaton in its definition. In order

to get the structure of (3.5) we need to reformulate the effective theory in terms of the real

4-forms F̃4 and H4. In this case, since neither axions coming from B2, C2 nor C4 (belonging

to the Kahler sector) get stabilized by fluxes [92], the only candidate for axion monodromy

(without considering extra contributions from the open string sector) is the fundamental

axion C0, which will appear within the ρ function coupled to the RR gauge invariant form

F̃4. The structure is then much simpler than in IIA, since everything will depend on this

particular ρ function making the backreaction effects unavoidable. Another option would be

to consider the inflaton within the complex structure moduli sector. Interestingly, axions

with exact discrete shift symmetries (and approximate continuous symmetries) appear

near special points in the complex structure moduli space that admit discrete monodromy

symmetries of infinite order [19]. It would be interested to study if an analogous formulation

in terms of effective 4-forms is possible in these cases as well. In any case, we do not expect

qualitatively different results from Type IIA, at least near the large complex structure point,

because many models will be related by those of IIA by mirror symmetry. However, the

complex structure moduli space is richer than considering only the large complex structure

point, and different effective theories can arise near different special points [19, 93, 94].

Therefore, even if it is difficult to imagine how one can get a qualitatively different behaviour

for the field range at large field, we cannot discard that possibility and leave a more careful

analysis for future work. Instead, here we will focus now on the open string sector, which

looks more promising to overcome the difficulties discussed above.

5 A possible way out: open string moduli

The introduction of the open string sector will have two effects in the effective theory. First,

new superpotential couplings can be generated, which in terms of Minkowski 4-forms is

equivalent to modify the ρ functions in order to include the open string axions inside.

Besides, if one turns on open string fluxes, new dual Minkowski 4-forms will appear in the

effective theory. Here we will not write the full scalar potential including the new open

string fields. For our purposes it is enough to consider that the structure (2.1) is still

preserved. A first analysis of the potential in terms of 4-forms in the case of Type IIA

with D6-branes was performed in [64] (see also [18, 63, 95] for partial results for D7-branes

and D5-branes). However, the complete reformulation of the scalar potential in terms of

both closed and open 4-forms is still missing. The second effect is the modification of the

Kahler potential due to the redefinition of the holomorphic chiral variables [96–103]. In

Type IIA compactifications, the complex structure moduli is redefined in the presence of

D6-brane moduli [96–100] and the Type IIA Kahler potential for the complex structure
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sector becomes

KIIA = −2log(FKL(NK − N̄K −QK(φ− φ̄)2)(NL − N̄L −QK(φ− φ̄)2)) (5.1)

where φ are D6 Wilson lines. Analogously, in Type IIB the D7 position moduli appear

modifying the dilaton [101, 102]. Due to the lower codimension of the D7-brane, the back-

reaction of the D7 cannot be treated in a consistent global way within perturbative Type

IIB string theory. Therefore, it is better to continue the analysis in the framework of F-

theory. The complex structure deformations of the Calabi-Yau 4-fold can then be identified

in the weak coupling limit with the IIB axio-dilaton, bulk complex structure moduli and

positions of the D7’s. The Kahler potential of the low energy theory is given by [100, 101]

KCS = −log(

∫
X

Ω4 ∧ Ω̄4)
gs→0
≈ −log((S0 − S̄0)Πi(z)QijΠ̄j(z̄) + f(z, z̄, φ, φ̄))) (5.2)

where φ are the D7 position moduli and Πi(z) the period vectors of the base depending on

the bulk complex structure coordinates z. In particular, the Kahler potential for the vector

moduli of F-theory compactified on K3×K̃3 at the orientifold point (strong coupling limit

of Type IIB on K3× T 2/Z2) is known [104] to all orders in gs and perturbatively exact in

α′. At zeroth order in α′ (but exact in gs) the Kahler potential for the vector moduli is

simply given by

K = −log

(
(S + S̄)(U + Ū)− 1

2

∑
a

(φa + φ̄a)2

)
− log(T + T ∗) (5.3)

where S and T are the complex structure and Kahler modulus of the T 2 on the base

respectively. Higher orders in α′ will imply a mixing between the Kahler and complex

structure sectors. This Kahler potential also corresponds to the one appearing in toroidal

compactifications of Type IIB, with U being the complex structure coordinate along the

torus transverse to the brane. We have focused on D6 wilson lines and D7 position moduli

because they can be stabilized by fluxes and are therefore good candidates for monodromic

axions. Notice that the leading order contribution (tree level in α′ and gs) for the Kahler

metric of open string fields depends only on the closed string saxions. This opens a new

possibility: if one can separate the source of stabilizing closed and open string moduli, one

could a priori increase the critical value φc while keeping the saxion vev s0 constant.

In the case of D6-branes, this can be done by turning on a magnetic worldvolume flux

nF on the brane. This flux will affect to the stabilization of both closed and open string

fields, while some of the RR closed string fluxes can be chosen in order not to affect the

open string field identified with the inflaton. Therefore we can tune nF to small values to

increase φc while keeping s0 approximately constant (since the leading order contribution

will still come from closed string fluxes). However, the possible choices of fluxes that are

globally consistent and satisfy the 10d equations of motion of the internal manifold are

not well understood, because the internal geometry is not Calabi-Yau anymore when we

add the fluxes. Therefore it is not clear for us if the tuning of fluxes required to suppress

the backreaction effects is even globally allowed. In this sense, it is better to consider the

analogous model in Type IIB with D7’s, where the global constraints are better understood.
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In the case of D7’s, one can add a supersymmetric ISD (2,1) flux to stabilize the D7

position moduli, which will appear as an extra term in the superpotential. When this flux is

set to zero, a real field φ− parametrize one of the transverse directions to the brane becomes

massless, while the closed string saxions and the scalar φ+ parametrize the other direction

can be kept stabilized by the presence of other fluxes like ISD (0,3)-fluxes (which break

supersymmetry). The position modulus which is stabilized even if the there is not explicit

term in the superpotential involving the open string fields is the one appearing in the Kahler

potential, due to the well known Giudice-Masiero mechanism. In the notation of (5.3), it

corresponds to φ+ = φ + φ∗, while φ− = φ − φ∗ would be the inflaton. Therefore we can

play the same game and tune the (2,1)-flux to increase φ−c while keeping s0 (and φ+
0 ) ap-

proximately constant. Since ISD fluxes satisfy the supergravity ten-dimensional equations

of motion of a Calabi-Yau manifold [105], this choice of fluxes is also consistent globally.

Notice also that we are assuming that the transverse space to the D7 admits periodic direc-

tions, along the lines of [10, 12, 18]. This example will be analysed in detail in [106] which

presents the implementation of Higgs-otic inflation [11, 18, 67, 107] in a moduli stabiliza-

tion framework. Therefore we refrain ourselves from giving more technical details here. We

will instead discuss the concrete properties and assumptions which allow this behaviour.

Notice that the above examples rely on the fact that the kinetic metric of the inflaton

to leading order does not depend on the scalar within the same supermultiplet than the

inflaton, but on a scalar from a different sector (let us denote it s0) which can be stabilized

independently and whose vev remains approximately constant even if the inflaton mass

tends to zero. This is equivalent to engineer a sort of hierarchy between the inflationary

potential and the scalar potential of the saxion s0, which is possible if there is a flux

entering in one of them but not in the other one. The fact that this seems to be possible

only upon introducing an open string sector nicely fits with the results of [15, 17], in which

this kind of hierarchy was not possible within the complex structure moduli space of a

Calabi-Yau threefold but might be realisable in Calabi-Yau fourfolds (from the point of

view of M/F-theory the D7 position moduli are included as part of the complex structure

deformations of the CY4). In the example of D7-branes discussed above, we have:

• (2,1)-fluxes: they contribute to stabilize both closed string moduli (including s0) and

D7 position moduli (including the inflaton φ−). This implies that the saxion vev will

depend on the inflaton field and eventually backreact on the kinetic metric of the

inflaton, leading to the logarithmic behaviour ∆φ ∼ log(φ) for large field.

• (0,3)-fluxes: they contribute to stabilize the closed string moduli and one D7 position

modulus, but do not affect to the stabilization of the inflaton field φ− (which in the

absence of (2,1)-fluxes is a flat direction). This implies that φc and s0 do not have the

same dependence on the fluxes. For instance, if the contribution from (0,3)-fluxes is

more important than the one from (2,1)-fluxes, then one can increase φc while keeping

s0 approximately constant (at the value determined by the (0,3) fluxes). Therefore

the field range available before the logarithmic behaviour becomes important is flux-

dependent and one can a priori delay the backreaction effects beyond the Planck mass

in proper field distance.
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Notice that the same arguments work for the backreaction coming from the open string

fields in the Kahler potential (5.3), since they are also stabilized by (0,3)-fluxes. Besides, if

φ+ becomes larger than
√
s0u0, the function inside the logarithm in (5.3) becomes negative

and we exit the Kahler cone. This implies that our set of coordinates is not valid anymore in

the local patch under consideration and we have to redefine the complex structure moduli

to reabsorb the shift on the open string modulus. Therefore, what physically matters is

the backreaction from the combination su− (φ+)2.

Let us remark that the above example is possible because the source of supersymmetry

breaking gives the leading contribution to stabilize the saxions while has no effect on the

inflaton field mass. Since we are breaking supersymmetry, one should worry if loop or

higher order corrections do not spoil this behaviour. However, we have argued that the

axion appears in the Lagrangian only inside shift-invariant functions ρ(φ), and higher order

corrections must appear as functions of ρ(φ). This leads to a sort of protection (similar to

a chiral symmetry for fermionic masses) in the sense that the corrections remain naturally

small if ρ(φ) was initially small. If one was able to find a source of supersymmetry breaking

which stabilizes the axion (the inflaton) but not the saxion, then one could hope to get

rid also of the backreaction effects which induce the logarithmic behaviour at large field.

However, the saxions do not enjoy such a protection coming from the 3-form fields, so

higher order corrections will completely spoil any hierarchy generated at leading order.

This is the reason why we expect that the backreaction effects yielding that the proper

field distance grows at best logarithmically at large field is a generic feature of string theory,

but one can still delay this backreaction effects by tuning the fluxes in some cases. This

would imply that parametrically large field values are forbidden in a consistent theory of

quantum gravity, but the constraint on the field range is not necessarily tied to the Planck

mass in axion monodromy models.

These properties suggest that models of axion monodromy based on open string fields

might provide counterexamples to the universal behaviour of ∆φ− discussed in the previous

section (and previously in [62]), since here ∆φ− is flux-dependent. Therefore the threshold

at which backreaction effects become important can be set to a transplanckian value.

However, a more careful analysis is required before extracting general conclusions, to check

that we are not missing any relevant backreaction effect that could also reduce the field

range and forbid transplanckian excursions.

6 Conclusions

We have analysed the differences between the original Kaloper-Sorbo description of axion

monodromy and the effective theory for axions arising in N = 1 four-dimensional string

compactifications of Type IIA/B. The latter can be completely reformulated in terms of a

supersymmetric generalization of Kaloper-Sobro with: non-linear couplings to the 4-forms,

multiple 4-forms and multiple axions, and field-dependent kinetic metrics of the 3-form

fields (depending on the non-periodic scalars of the compactification). The Minkowski 4-

forms couple to shift invariant functions ρ(φ) which encode all the dependence on the axions

in the effective theory. Since the axions do not necessarily appear linearly in ρ(φ) this gives
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rise, not only to mass terms, but to more general couplings in the effective scalar potential.

The discrete shift symmetry of the axions can only be broken spontaneously, so there cannot

be higher dimensional operators generating a explicit breaking. This is translated into the

fact that all higher order corrections must appear as functions of the gauge-invariant 4-

form field strength. However, the presence of multiple 4-forms imply that the higher order

corrections can appear as functions of combinations of the different 4-forms mixing different

parts of the potential, and not simply as powers of the leading order potential itself. Finally,

the presence of the non-periodic scalars (saxions) in the kinetic metric of the 3-form fields

leads to the backreaction issues that make axion monodromy models technically involved

and difficult to control. By displacing the inflaton away from its minimum one can also

destabilize the saxions from their corresponding minima, which might lead to non-negligible

modifications of the effective theory and the inflationary dynamics.

We have analysed these backreaction issues in terms of the Minkowski 3-form fields.

In particular, we have focused on the case in which the saxions backreact on the Kahler

metric of the inflaton, inducing a redefinition of the canonical field and therefore of the

proper field distance. If the vev of a saxion (appearing in the Kahler metric of the inflaton)

is, upon minimization of the potential, proportional to the inflaton vev, then the proper

field distance (for the inflaton) will grow at best logarithmically with the inflaton for large

field values. Whether the saxion depends on the inflaton vev is easy to check when writing

the effective theory in terms of Minkowski 4-forms, where axions and saxions enter in the

potential in a very different way. In particular, the vev of the saxions will be given by

ratios of the different ρ(φ) functions. Therefore, in order to see if the saxion depends

on the inflaton we do not need to minimize the full scalar potential but we only need to

have information about the metrics of the 3-form fields and about in which ρ(φ) appears

the inflaton (i.e. to which 4-form the inflaton couples). Furthermore, the metric of the

3-form fields is not arbitrary but determined by the Kahler potential of the scalar manifold

in N = 1 compactifications. The question is therefore whether string theory allows for

Kahler metrics free of these backreaction problems.

We have then studied in detail the case of flux compactifications of Type IIA/B in

orientifold Calabi-Yau manifolds. We find, in agreement with [62], that any axion within

the closed string sector will suffer from these backreaction effects and its proper field

distance will scale at best logarithmically at large field. This nicely fits with the reluctance

of string theory to get parametrically large field displacements. But even more intriguing,

the maximum field range before these backreaction effects become important turns out to

be flux-independent and tied to the Planck mass. If this behaviour was universal for any

string model it would point to a fundamental obstruction to have a transplanckian field

range in axion monodromy models within string theory.

We propose, however, some possible counterexamples to this universal behaviour based

on open string fields. In particular, one can consider Type IIB/F-theory compactifications

with D7-branes, where one can have two sets of fluxes which allow for a sort of mass

hierarchy between the saxions and the inflaton (the latter belonging to the open string

sector). In these models, one can tune the fluxes in such a way that even if the logarithmic

behaviour at large field is unavoidable, it can be delayed away in field distance. Therefore
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the backreaction effects are not necessarily tied to the Planck mass. It would not be the

first time that the introduction of the open string sector leads to new features that are

not available within the closed string sector of perturbative Type II string theory. For

instance, the prototypical mechanisms to get deSitter vacua in string theory require the

presence of anti-D3 branes or D7-branes with fluxes. But as always happen when we add

new ingredients, the model becomes more involved and a more careful analysis is required to

check the global consistency of the proposal and ensure that we are not missing any relevant

backreaction effect. In any case, they look like a promising arena to test if string theory

only disfavours parametrically large displacements or instead a fundamental obstruction

appears as soon as the field range becomes transplanckian. In addition to the implications

for large field inflation, the definition of the boundaries of the string landscape is interesting

by itself and clearly deserves more investigation.
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