
D-branes and  
multi-branched potentials      

�������	���	���
���� ���������������	�


SPLE%Advanced%Grant

 Instituto de
 F’sica

Te—rica
UAM-CSIC



D-branes and  
multi-branched potentials      

Based on:  
Escobar, Landete, F.M., Regalado [1512.04846]  
Carta, F.M., Staessens, Zoccarato [1606.00508] 

Landete, F.M., Wieck [to appear]

�������	���	���
���� ���������������	�


Multi-branched to talks by D. Escobar, A. Landete, G. Zoccarato and C. Wieck



Can we do it at all?

Can we build models of Large 
Field Inflation in String Theory?Question:

Ongoing debate:

! Di" cult to get scalar Þelds with 
trans-Planckian excursions#

! Di$erent engineerings seem in 
tension with the Weak Gravity 
Conjecture#

! So far the proposal least a$ected 
by this criticism seems to be 
Axion Monodromy Inßation
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Axion monodromy inßation

! Main ingredients:#

! Axion !  (shift symmetry                           
and periodicity)#

! Source of a non-periodic,                       
multi-branched potential

4cAllFstBM  SFlvBMstBFn  WBstLEal’08

SFlvBMstBFn & WBstLEal’08

Early string theory constructions 
use boundaries:



The 4d viewpoint

! In 4d one may obtain these ingredients by allowing the axion 
to couple (only) to a 4d four-form  Þeld strength#

! When we integrate out the 4d four-form we are left with a 
potential for the axion

Z
d

4
x |F4|2 + |d! |2 + ! F4

V =
1
2

µ2f 2
! (n + ! )2

jump by DW  
charged under F4

Proposal for large 
field chaotic inflation

2alKLBM & SKMbK ’08 
2alKLBM  LaRMBncB  SKMbK W11



The 4d viewpoint

! In 4d one may obtain these ingredients by allowing the axion 
to couple (only) to a 4d four-form  Þeld strength#

! Due to the gauge symmetry of the Lagrangian, UV corrections 
only depend on F4

Z
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4
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F-term axion monodromy

! In string compactiÞcations this 4d e $ective action is recovered whenever at 
small Þeld the source for the axion potential is a superpotential#

! We can compare/get inspiration from the 4d sugra literature #

F.4.  SEFP  9ManDa ’14
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F-term axion monodromy

! In string compactiÞcations this 4d e $ective action is recovered whenever at 
small Þeld the source for the axion potential is a superpotential#

! We can compare/get inspiration from the 4d sugra literature #

! Popular model:      Bilinear superpot w/ stabiliser Þeld 

2aRasaGF  YaIaDPcEF  YanaDFAa’00 
2allKsE  LFnAB  6PbB’10 

V! X = Þeld that contains an axion ! #

! S = stabiliser Þeld that retains <S> = 0 during inßation#

! Winf also vanishes during inßation, keeping -3eK|W|2 bounded

Winf = a X áS

Vinf ! |FS |2 ! |a|2 |! |2 small a lowers the inßaton mass

K !
1
2

(X + øX )2 + |S|2 " ! |S|4 large β increases stabiliser mass

F.4.  SEFP  9ManDa ’14



F-term axion monodromy

! In string compactiÞcations this 4d e $ective action is recovered whenever at 
small Þeld the source for the axion potential is a superpotential#

! We can compare/get inspiration from the 4d sugra literature #

! Popular model:      Bilinear superpot w/ stabiliser Þeld 

2aRasaGF  YaIaDPcEF  YanaDFAa’00 
2allKsE  LFnAB  6PbB’10 

V! X = Þeld that contains an axion ! #

! S = stabiliser Þeld that retains <S> = 0 during inßation#

! Winf also vanishes during inßation, keeping -3eK|W|2 bounded

Winf = a X áS

Vinf ! |FS |2 ! |a|2 |! |2 small a lowers the inßaton mass

K !
1
2

(X + øX )2 + |S|2 " ! |S|4 large β increases stabiliser mass

Can we implement this in String Theory?

F.4.  SEFP  9ManDa ’14



Axions and superpotentials 

! Can we generate a superpotential  for these axions?#

! Yes, but typically of the form exp(2 %i! ) due to periodicity #

! a, b !  World-sheet instantons #

! a, c !  D-brane instantons

a =
!

! 1

A c =
!

! p

Cp

RR potentialB-Þeld

b =
!

! 2

B2

D-brane 
Wilson line

But can we generate a polynomial, 
in the spirit of axion monodromy? 



D-branes and their moduli



Wilson lines from D-branes

! Let us consider a Dp-brane wrapping a (p-3)-cycle & on a Calabi-Yau M6. 
Its energy will be minimised if it satisÞes its BPS condition#

To obtain these results one looks at D-brane deformations in a Þxed 
background.

X

M

gluon

6

4

a closed string background of the formR1,3 ! M 6, where M 6 is a Calabi-Yau three-

fold, and a single Dp-brane on R1,3 ! ! p! 3, with ! p! 3 a compact cycle ofM 6. Then,

by either a worldsheet [6, 7] or a D-brane worldvolume [8Ð10] analysis, one determines

the conditions that ! p! 3 must satisfy to preserve some of the supersymmetry of the

background. Finally, one studies the deformations of the internal D-brane embedding

! p! 3 and of the U(1) bundle on it that preserve such supersymmetry conditions, in order

to determine the number of massless deformation or moduli of such D-brane.

D6-brane D7-brane

BPS condition ! 3 special Lagrangian ! 4 holomorphic

complex moduli b1(! 3) h1,0(! 4) + h2,0(! 4)

Table 1: BPS conditions and moduli for D6/D7-branes with ßat bundles in a Calabi-Yau.

hn,0(! 4) counts harmonic (n, 0)-forms on! 4 and b1(! 3) counts harmonic one-forms of! 3.

Table 1 shows the result of such analysis for the simple case of D6 and D7-branes with

ßat U(1) bundles in a Calabi-Yau three-foldM 6.1 For D7-branes,h2,0(! 4) corresponds

to the independent geometric deformations of! 4 that preserve its holomorphicity, while

h1,0(! 4) counts the complex ßat U(1) bundles or Wilson lines that can be turned on.

For D6-branes, the number of deformations of! 3 that preserve the special Lagrangian

condition is given by b1(! 3) [14]. Finally, each D6-brane position is completed into a

complex scalar by a D6-brane real Wilson line, whose number is also counted byb1(! 3).

This moduli counting can be partially modiÞed for more involved compactiÞcations.

Indeed, for the case of the D7-branes one may consider endowing them with non-trivial

worldvolume ßuxes, as well as add the presence of closed string three-form ßuxes in the

background. Both e" ects will in general lift the D7-brane geometric moduli [15Ð17],

while the D7-brane Wilson line moduli will remain una" ected. In contrast, the BPS

conditions for D6-branes do not allow for non-trivial bundles, and considering more general

1More precisely, one should consider such space-time Þlling D-branes in a Calabi-Yau modded out

by an orientifold involution. Implementing such orientifold projection will a ↵ect the deÞnition of the

D-brane Þelds and in particular of its moduli, see [11Ð13] for careful analysis. This subtlety will however

not be relevant for our line of reasoning and we may ignore it for the purposes of the present discussion.

2

DifÞcult to stabilise !
(Wilson lines) Easy to stabilise

[same in ßux compactiÞcations]



D6-brane moduli

! The moduli of a D6-brane wrapping " 3 are#

! 3-cycle deformations X  that preserve the SUSY (sLag) condition#

! Wilson lines A#

! Both classes of moduli are counted by the number of                                               
harmonic 1-forms in " 3. We then have b1(" 3) complex                                         
moduli#

! For each complex modulus/harmonic 1-form we have one non-trivial 2-cycle in " 3. 
Such 2-cycle may be trivial or non-trivial in the compactiÞcation six-manifold

! =
!

! 1

A !
!

! 2

Jc

! 2

1

Jc = B + iJ = Ta! a



! The D6-brane superpotential at large volume reads#

! There are three ways to generate a non-trivial superpotential  for open string moduli: #

! %1 is torsional in homology <z dA '  0 <z A !  F '  0 <z W ~ # 2     [Massive WL]#

! Non-trivial worldvolume ßux F on %2 <z W ~ n #      [breaks SUSY drastically]#

! The two-cycle %2 is non-trivial  in the bulk <z W ~ T #     [bilinear open-closed]

D6-brane superpotential

8EKIas ’01 
4aMtPccF’ 06

W D 6
clas =

!

! 4

(F ! Jc)2 "
!

" 3

A # (F ! Jc)

F.4.  SEFP  9ManDa ’14

T =
!

! 2

Jc
F.4.  6BDalaAK  ZKccaMatK ’14



! Let us analyse the bilinear case in more detail. The related scalar potential is:#

! We can detect  the potential for #  in two ways:#

! Microscopically : study backreaction of D6-brane source. When #  is as 
above, its backreaction generically spoils the supersymmetry of the bulk.

Open-closed bilinear

V = eK
!

K ! ø! |F! |2 + K T øT |FT |2
"

= eK |a|2
!

K ! ø! |T |2 + K T øT |! |2
"

detected 
by DBI

undetected 
by DBI

By freezing T we neglect its F-term

This e! ect is particularly manifest for the case of D6-brane position moduli, whose

deformations modiÞes the backreacted RR ßuxF2. Then, by holomorphicity, a similar

e! ect should apply to the D6-brane Wilson lines that complexity such positions. This is

somewhat more surprising, since Wilson line vevs do not appear neither in the D-brane

action nor in the Bianchi identities for bulk Þeld strengths. Hence, it is not obvious how

the energy of the supergravity plus D-brane system could depend of them. Nevertheless,

using again ßux quantisation we argue that certain Wilson lines do indeed backreact, in

the sense that changing their vev does also shift the value of RR background Þelds by a

closed form, and this generates a potential for them. Such observation applies to both

D6 and D7-brane Wilson lines and we Þnd that in both cases the Wilson lines are lifted

if a simple topological condition is met. Namely, that they are Poincar«e dual in" p! 3 to

a ! p! 2 cycle which is homologically nontrivial inM6.

The paper is organised as follows. In section 2 we discuss the backreaction of D6-branes

in special Lagrangian submanifold of a compact manifold, showing that this backreaction

is not supersymmetric for arbitrary locations. In section 3 we reproduce the same e! ect

in terms of a D6-brane e! ective superpotential that takes the form (1.1). In section 4 we

describe the microscopic mechanism by which certain D6-brane Wilson lines can backreact

and therefore be lifted. In section 5 we extend our analysis to those D7-brane Wilson

lines that su! er the same fate. In section 6 we present our conclusions and brießy discuss

possible applications of our Þndings. Finally several technical details and deÞnitions have

been relegated to the appendices A and B.

2 D6-brane backreaction in compact spaces

The backreaction ofN D6-branes in ßat space is given by

ds2 = e2A" µ! dxµdx! + e! 2A#ijdyidyj (2.1a)

C7 = g! 1
s (e4A ! 1) dx0 " · · · " dx6 (2.1b)

e" = gse3A (2.1c)

e! 4A = 1 +
r6

r
(2.1d)

4

F.4.  6BDalaAK  ZKccaMatK ’14



! Let us analyse the bilinear case in more detail. The related scalar potential is:#

! We can detect  the potential for #  in two ways:#

! Microscopically : study backreaction of D6-brane source. When #  is as 
above, its backreaction generically spoils the supersymmetry of the bulk. #

! Macroscopically : consider the Chern-Simons piece of the D6-brane action 
and obtain the coupling of open string Þelds to Minkowski four-forms

Open-closed bilinear

V = eK
!

K ! ø! |F! |2 + K T øT |FT |2
"

= eK |a|2
!

K ! ø! |T |2 + K T øT |! |2
"

detected 
by DBI

undetected 
by DBI

By freezing T we neglect its F-term

F.4.  6BDalaAK  ZKccaMatK ’14

.scKbaM  LanABtB  F.4.  6BDalaAK ’1&



! Looking at the Chern-Simons D6-brane action we notice the following coupling #

! Which is part of the Lagrangian#

! When we integrate out the 4d four-form we are left with a KS potential for the axion

WL and axion-four-form couplings

!

R1, 3 ! ! 3

C5 ! F "
!

R1, 3
! F4

!

! 3

A ! " 2

C5 = C3 ! ! 2 F = !" ! A

Z
d

4
x |F4|2 + |d! |2 + ! F4

V =
1
2

µ2f 2
! (n + ! )2

4d DW: D4-brane wrapped on ! 2 

 jumps quantum of internal F4

sBB alsK DPAas’14



! To get a global picture one should integrate out these Minkowski four-forms  after 
taking into account their couplings to open and closed  string modes#

! For type IIA vacua with RR ßuxes and no D-branes we have:

The big picture: moduli stabilisation

!
1
2

e! K

32! 2
4

!

R1, 3
ZabF a

4 " # F b
4 +

1
4! 2

4

!

R1, 3
F a

4 " a
F a

4 = dCa
3

from RR p-forms

VRR =
1
! 2

4
eK Z ab" a" b

l2
s ! 2

4VRR (e0, ea, ma, m) = eK 4
!

e0 + baea +
1
2

Kabcmabbbc +
m
6

Kabcbabbbc
" 2

+ eK e! gab
#

ea + Kacd mcbd +
m
2

Kacd bcbd
$ #

eb + Kbef mebf +
m
2

Kbef bebf
$

+ eK 16e2! öV 2
6 gab (ma + mba)

%
mb + mbb&

+ eK 4e3! öV 2
6 m2

BFBllBIan  1banBT  ValBnTPBla ’1&

LKPFs & 4FcP ’02

SBB talG bS LPFs 1baUBT



! To get a global picture one should integrate out these Minkowski four-forms  after 
taking into account their couplings to open and closed  string modes#

! When adding the D6-brane CS actions  we have:

The big picture: moduli stabilisation

F a
4 = dCa

3

from RR p-forms

l2
s ! 2

4VRR (e0, ea, ma, m) = eK 4
!

e0 + baea +
1
2

Kabcmabbbc +
m
6

Kabcbabbbc
" 2

+ eK e! gab
#

ea + Kacd mcbd +
m
2

Kacd bcbd
$ #

eb + Kbef mebf +
m
2

Kbef bebf
$

+ eK 16e2! öV 2
6 gab (ma + mba)

%
mb + mbb&

+ eK 4e3! öV 2
6 m2

!
1
2

e! K

32! 2
4

!

R1, 3
ZabF a

4 " # F b
4 +

1
4! 2

4

!

R1, 3
F a

4 " a

VRR+CS =
1
! 2

4
eK Z ab" a" b = VRR (÷e0, ÷ea, ÷ma, m)

,aMta Bt al.’16



! To get a global picture one should integrate out these Minkowski four-forms  after 
taking into account their couplings to open and closed  string modes#

! When adding the D6-brane CS actions  we have:

The big picture: moduli stabilisation

F a
4 = dCa

3

from RR p-forms
!

1
2

e! K

32! 2
4

!

R1, 3
ZabF a

4 " # F b
4 +

1
4! 2

4

!

R1, 3
F a

4 " a

VRR+CS =
1
! 2

4
eK Z ab" a" b = VRR (÷e0, ÷ea, ÷ma, m)

÷e0 = e0 + nF ! ÷ea = ea ! na! ! nF f a ÷ma = ma + qa

! = ! ! Taf a

Kabcqc = na i f i
b + nb i f i

a

,aMta Bt al.’16



! To get a global picture one should integrate out these Minkowski four-forms  after 
taking into account their couplings to open and closed  string modes#

! When adding the D6-brane CS actions  we have:

The big picture: moduli stabilisation

F a
4 = dCa

3

from RR p-forms
!

1
2

e! K

32! 2
4

!

R1, 3
ZabF a

4 " # F b
4 +

1
4! 2

4

!

R1, 3
F a

4 " a

VRR+CS =
1
! 2

4
eK Z ab" a" b = VRR (÷e0, ÷ea, ÷ma, m)

÷e0 = e0 + nF ! ÷ea = ea ! na! ! nF f a ÷ma = ma + qa

! = ! ! Taf a

Kabcqc = na i f i
b + nb i f i

a

previous WL result: ea =
!

! a

øG4

,aMta Bt al.’16



! The same statement holds at the level of the superpotential :#

! As a result we have the following discrete gauge symmetries#

that leave invariant the dressed ßuxes

The open-closed superpotential

Wcl = e0 + eaTa +
1
2

KabcmaTbTc + m
1
6

KabcTaTbTc

Wop = ! (nF ! naTa)

0PGKv’99 
8aSlKM & VaCa’99

W = Wcl (e0, ea, ma, m) + Wop = Wcl (÷e0, ÷ea, ÷ma, m)

! = ! ! Taf a

! ! ! + k e0 ! e0 " knF ea ! ea + kna

f a ! f a + ra ea ! ea + nF r a maKabc ! maKabc " [nbr c + ncr b]

,aMta Bt al.’16



! These discrete symmetries correspond to #

! performing a loop in open string  moduli space#

! compensate it by shifting an RR ßux#

and are the microscopic version  of the discrete symmetries                                         
in axion monodromy multi-branched potentials

Discrete symmetries and gauge invariance

f a ! f a + ra

ma ! ma � sa

ma =

Z

÷! a
Ḡ2



! These discrete symmetries correspond to #

! performing a loop in open string  moduli space#

! compensate it by shifting an RR ßux#

and are the microscopic version  of the discrete symmetries                                         
in axion monodromy multi-branched potentials #

! What are the dressed ßuxes?#

!  the harmonic component  of the internal gauge invariant ßuxes, including sources#

! The KS statement is that the corrections to the potential depend on these gauge 
invariant quantities, not on the WL individually  (unless they do not break periodicity)

Discrete symmetries and gauge invariance

f a ! f a + ra

ma ! ma � sa

ma =

Z

÷! a
Ḡ2

d(dA1 + øG2) =
!

!

! (! ! ) + ! (R ! ! ) ! 4! (! O6 )

! ! 4 =
!

!

" ! + R" ! ! 4" O6
÷ma = ma +

!

! 4

÷! a =
!

M 6

(dA1 + øG2) ! ÷! a



! Because#

in the bilinear superpotential #

we cannot make a small. It is Þxed to be an integer due to the discrete symmetry. #

! Not good but not disastrous either:  In principle we can still lower the mass of the 
whole inßaton system by making K##  large.

Consequences for inßation

Wcl = e0 + eaTa +
1
2

KabcmaTbTc + m
1
6

KabcTaTbTc

Wop = ! (nF ! naTa)

Winf = a X áS

SBB talG bS D. .scKbaM



D-branes and KŠhler 
potentials



! In the absence of D6-brane moduli we have

KŠhler potential in type IIA

0MFII & LKPFs’04

We propose a model of large-Þeld inßation which contains the nice features from [53]

and [22], and that corresponds to the string theory realisation of the supergravity model

[38].

2 Axions in type IIA vacua

Let us consider type IIA string theory compactiÞed in a six-dimensional manifoldX 6, in

the presence O6-planes wrapping three-cycles ofX 6 and Þlling the remaining four space-

time dimensions. This can be achieved by Þrst compactifying the theory on a Calabi-Yau

three-fold M 6 and then modding it out by the orientifold symmetry O = ( ! 1)FL ! pR ,

whereFL is the left-moving spacetime fermion number,! p is the world-sheet parity op-

erator and R is an isometric involution ofM 6 acting as

R J = ! J R ! = ! (2.1)

whereJ and ! are respectively the K¬ahler form and the holomorphic (3,0)-form ofM 6.

An O6-plane will be located at the Þxed point locus ofR, Þlling as well the for non-

compact dimensionsX 4. In the absence of background ßuxes, the RR tadpoles induced

by the O6-plane can be cancelled by D6-branes wrapping special Lagrangian three-cycles,

leading to N = 1 chiral compactiÞcations to 4d Minkowski [1,2].

The closed string moduli space of type IIA Calabi-Yau orientifolds has been thoroughly

analysed in the literature, see for instance [3Ð5]. It contains in particularh1,1
! (M 6) ax-

ions arising from the dimensional reduction of the B-Þeld. More precisely we haveh1,1
!

complexiÞed K¬ahler moduliTa deÞned by

Jc = B + ie! / 2J = Ta! a (2.2)

where " is the 10d dilaton, J is computed in the Einstein frame,l ! 2
s ! a are harmonic

representatives ofH 2
! (M 6, Z) and ls = 2#

"
$". At the supergravity level the real parts of

of eachTa enjoy a continuous shift symmetry, as is manifest from the K¬ahler potential

K K = ! log
!

i
6

Kabc(Ta ! øTa)(Tb ! øTb)(Tc ! øTc)
"

(2.3)

where Kabc = l ! 6
s

#
M 6

! a # ! b # ! c $ Z are the triple intersection numbers of the com-

pactiÞcation manifold. One can argue that perturbative$" corrections will not spoil

2

K Q = ! 2 log
!

1
4

"
ReF! Imz! ! RezK ImFK

#
$

KŠhler moduli

Cpx. str. moduli

FK = ! zK F

T =
!

B + iJ

F   homogeneous of degree 2
N ! =

!
C3 + iRe!

e! K Q homogeneous of degree 4 on n!K = Im N !K

e! K K homogeneous of degree 3 on ta = Im Ta

K = K K + K Q



! In the presence of D6-brane moduli we still have#

but now the complex structure moduli get redeÞned by the open string modes #

and we need to express KQ in terms of the new chiral variables

KŠhler potential in type IIA

K = K K + K Q

N K = N !K ! h(! )
0MFII & LKLBs’11 

2BMstan & WBFDanA’11

K Q (N !K ) ! K Q (N K + h(! ))



! In the presence of D6-brane moduli we still have#

but now the complex structure moduli get redeÞned by the open string modes #

and we need to express KQ in terms of the new chiral variables#

! Di$erent approaches to detect what h( # ) is#

! look at holomorphic quantities like gauge kin. function or D-instanton action #

! impose that NK transforms holomorphically when closing loops in open string 
moduli space, like (  !  (  + k

KŠhler potential in type IIA

K = K K + K Q

N K = N !K ! h(! )
0MFII & LKLBs’11 

2BMstan & WBFDanA’11

K Q (N !K ) ! K Q (N K + h(! ))

,aIaMa  ,KnABBscP  DPAas’09



! By imposing the latter we obtain that #

where ha are some functionals deÞned by Hitchin#

! In the toroidal case this reduces to #

! In KQ we need to perform the replacement #

hence#

Holomorphic variables and mixing
,aMta Bt al.’16

N K = N !K ! TahK
a (f ) ! = ! ! Taf a f !

Im !
Im T

N K = N !K ! cK Taf a
Im !
Im T

! = Im !

K Q (n!K ) ! K Q (nK , ta, ! )

Kähler and complex structure 
moduli spaces no longer factorise!!

Well known for  

toroidal orientifolds and 

heterotic orbifolds

n!K = nK + tahK
a (! , t, n !)

sBB alsK 0MFII & LKLBs’11



! This mixing complicates  all kind of computations , but still interesting structure: #

! K = KK + KQ only depends on (nK, ta, ! )                                                              
!  shift symmetry  for axions, in particular for Wilson line (#

! K still given in terms of homogenous functions #

! This implies KŠhler metric identities like

Holomorphic variables and mixing

e! K Q

homogeneous 
of degree 0

homogeneous 
of degree 1

homogeneous 
of degree 4

K ! ø" K ! K ø" = 7 K ! ø" K ø" = ø! ! ! ! !

With these one can reproduce the 
tree level F-term scalar potential

,aMta Bt al.’16

hK
a (! , t, n !) n!K = nK + tahK

a (! , t, n !)



Recap: D6-branes in type IIA ßux vacua

K = K K (t) + K Q (n, t, ! )

Wopen = n T ! n ! O(1) bilinear open-closed

shift symmetry for a,b,c axions 
at large volume and tree level

V = VRR+CS + VDBI

Vinf ! K T øT |! |2 + K ! ø! |T |2

KS structure:

 corrected potential only depends 
on WLÕs via dressed ßuxes 

behaviour at large Þeld via DBI:

Vinf ! c
! "

1 + f 2b2 " 1
#



Recap: D6-branes in type IIA ßux vacua

What about moduli stabilisation and 4d backreaction?

K = K K (t) + K Q (n, t, ! )

Wopen = n T ! n ! O(1) bilinear open-closed

shift symmetry  for a,b,c axions 
at large volume and tree level

V = VRR+CS + VDBI

Vinf ! K T øT |! |2 + K ! ø! |T |2

KS structure:

 corrected potential only depends 
on WLÕs via dressed ßuxes 

behaviour at large Þeld via DBI:

Vinf ! c
! "

1 + f 2b2 " 1
#



! With the help of ßuxes we should be able to stabilise all moduli beyond the inßaton 
system above the Hubble scale #

! If we do it vanishing their F-terms we get an e$ective theory for the inßaton system 
given by#

which we obtain by taking W and K Þxing the heavy moduli to their vev.                   
This takes into account the 4d backreaction e $ects

Integrating out moduli

We! (T, ! ) K e! (T, ! )
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! With the help of ßuxes we should be able to stabilise all moduli beyond the inßaton 
system above the Hubble scale #

! If we do it vanishing their F-terms we get an e$ective theory for the inßaton system 
given by#

which we obtain by taking W and K Þxing the heavy moduli to their vev.                   
This takes into account the 4d backreaction e $ects#

! For W everything works Þne, but for K it does not. The shift symmetry  of the parent 
KŠhler potential is inherited by Ke$, which only depends on t and ! #

! It is then impossible to get something like                                                         
because S also has a shift symmetry#

! This ends up generating a tachyonic direction on Im S  along the inßationary traj.

Integrating out moduli

We! (T, ! ) K e! (T, ! )

K !
1
2

(X + øX )2 + |S|2 " ! |S|4

SBB talG bS A. LanABtB



! In principle this problem can be solved if we add e $ects that break the shift 
symmetry of one of the axions#

! Most generic e$ect: world-sheet instantons  breaking the shift symmetry of T #

! These e$ects are only important for volumes comparable to the string scale #

! Nothing wrong with that, but then we lose control over  the moduli stabilisation 
process, which relies on the presence of RR ßuxes#

! A simpler approach is to look for similar setups in type IIB ßux vacua where now#

involves a D7-brane Wilson line and a bulk complex structure mode 

What can we do?

Winf = a X áS



The type IIB scenario



! The D7-brane superpotential is of the form #

! D7-brane with a WL wraps a four-cycle S 4 with one-cycles and three-cycles.      
One-cycles are trivial in the bulk but three-cycles may not be. If they are not WL 
develop a superpotential #

! Again:

D7-brane superpotentials

WD7 =
!

! 5

! ! F " #
!

S4

! ! A 4aMtPccF’ 06

WD7 = ! g(z)

! = ! a + f (z)! b

A = Im ( ! ! (0 ,1) )
g(z) = linear combination of CY periods   

can be chosen linear in the z

z:  complex structure moduli

Vinf ! K z øz |! |2 + K ! ø! |z|2

V = VRR+CS + VDBI

( a, ( b redeÞne F3 ßuxes

SBB talG bS 0. ZKcaMattK



! Type IIB KŠhler potential in the absence of D7-brane moduli

What about shift symmetries?

K K = ! 2 log
!

1
6

K!"# v! v" v#
"

T! =
1
2

K!"# v" v# ! iC !

shift symmetry, but hard 
to Þnd explicit expression

K Q = ! log
!
i (zI F I ! zI F I )

"

shift symmetry only in large 
complex structure limit or 
special points, but hard to 
Þnd explicit expressions 

anywhere else

SBB talG bS ,. WFBcG



! Type IIB KŠhler potential in the presence of D7-brane moduli

What about shift symmetries?

K K = ! 2 log
!

1
6

K!"# v! v" v#
"

öT! = T! !
i
4

C!

Im f
! a Im ! a

if f is not linear in z this redeÞnition also breaks the shift symmetry

Combine these two sources of 
shift symmetry breaking to 
obtain an appropriate Keff 

Idea:

SBB talG bS ,. WFBcG



Epilogue



Conclusions

! We have seen that in several instances a superpotential  of the form #

arises in type II compactiÞcations. We may miss it if we treat D-branes as dynamical 
objects in a Þxed background. This a$ects the counting of D-brane moduli, and 
gives a mechanism to lift Wilson line scalars.#

! This superpotential is connected to several proposals in the 4d inßationary literature: #

! It is an example of F-term axion monodromy , its dynamics can be understood 
from an axion-four-form coupling  or a supersymmetric version of it. This has 
interesting consequences as it constrains possible UV corrections.#

! It is the main ingredient of 4d supergravity models of large Þeld inßation with 
stabiliser Þeld, and it could provide an UV completion of these models. 

W = ! open áX closed



! Our results describe scalar potentials with 
open and closed  strings on equal footing                                                                  
Can be applied to incorporate open strings in 
scenarios of moduli stabilisation , like type IIA 
ßux compactiÞcations

Conclusions

! To realise these models one should have the appropriate KŠhler potential, 
which is more di " cult to realise. #

! Case well understood: type IIA at tree-level and large volume.       
There too many shift symmetries spoil the model. #

! More promising: type IIB with D7-brane WL away from the lcs limit. 
Less understood but in principle possible to break the shift sym of X

DB WKlCB Bt al.’0& 
,aIaMa  FKnt  1baUBT W0&  
5altF  8asFnatK  WaMA ’08

8aGBn CMKI ,aIaMa  1baUBT  ValBnTPBla’14


