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Abstract

In brane inflation, the relative brane position in the bulk of a brane world is the inflaton. For branes moving in a c
manifold, the approximate translational (or shift) symmetry is necessary to suppress the inflaton mass, which then
slow-roll phase for enough inflation. Following recent works, we discuss how inflation may be achieved in superstring
Imposing the shift symmetry, we obtain the condition on the superpotential needed for inflation and suggest how this c
may be naturally satisfied.
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1. Introduction

It is very likely that our universe has gone throu
an inflationary epoch. In slow-roll inflation [1] th
slow-roll condition imposes a very strong constra
on inflationary model building; in particular, it re
quires a very small inflaton mass. In simple bra
world scenarios inspired by string theory, brane in
tion is a natural way to achieve this [2]. For a BP
brane moving in the bulk of the brane world, the tra
lational, or shift, symmetry implies a massless infl
ton, that is, the brane position is a massless G
stone boson. A weak brane–brane interaction bre
this symmetry slightly, so that the shift symmetry
still an approximate symmetry, or equivalently, the
flaton is a pseudo-Goldstone boson. This results
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relatively flat inflaton potential, allowing enough in
flation to take place before the branes collide and g
birth to the radiation-dominated big bang.

It is obviously important to see how brane inflati
may be realized in a more realistic situation, wh
the compactification of the extra dimensions in sup
string theory is dynamically stabilized. Recently, the
was just such an attempt (KKLMMT) [3]. In the supe
gravity approximation, KKLMMT find that the Kähle
potential contribution to the inflaton mass is of ord
m2
φ � 2H 2/3, while the slow-roll condition require

that |m2
φ | � H 2/100. The slow-roll condition may b

reached if the superpotential contribution tom2
φ can-

cels that from the Kähler potential. In this Letter, w
keep track of the shift symmetry, and identify the co
dition imposed by the shift symmetry onW and the
inflaton potentialV . We then suggest that the sh
symmetry inW required for slow-roll inflation may
appear quite naturally. In short, symmetry argum
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alone may be enough to tell us whether slow-roll
flation will take place or not, even though an expli
determination ofW andV may be very difficult.

Here is a brief review and a summary of the s
nario. Start with a 4-fold Calabi–Yau manifold in F
theory, or, equivalently, a type IIB orientifold com
pactified on a 3-fold Calabi–Yau manifold with fluxe
to stabilize all but the volume modulus [4]. For lar
volume, supergravity provides a good descripti
Next, one introduces a non-perturbative superpote
W that stabilizes the volume modulus in a supersy
metric AdS vacuum. The introduction ofD̄3-branes in
a warped type IIB background breaks supersym
try and lifts the AdS vacuum to a metastable de S
ter (dS) vacuum [5] (the KKLT vacuum). To realiz
inflation, KKLMMT introduces a D3–̄D3-brane pair,
whose vacuum energy drives inflation [6]. TheD̄3-
brane is fixed with the other̄D3-branes and the infla
tonφ (complexφi, i = 1,2,3) is the (6-dimensional
position (relative to thēD3-branes) of the D3-brane
Consider the potential for the mobile D3-brane in
D3–D̄3-brane inflationary scenario

(1)V (ρ,φ)= VF
(
K(r),W(ρ,φ)

)+ B

r2
+ VDD̄(φ),

(2)K(r)= −3 ln(2r)= −3 ln(ρ + ρ̄ − φφ̄),
where r is the physical size of the compactifie
volume andρ the corresponding bulk modulus. Th
form of the Kähler potential came from Ref. [7], whe
r is invariant under the constant shift symmetry:

(3)φi → φi + ci, ρ→ ρ + c̄iφi +
∑
ci c̄i/2.

VF(K(r),W(ρ,φ)) is the F-term potential, where th
superpotentialW is expected to stabilize the vo
ume modulus in an AdS supersymmetric vacuu
KKLT then introducesD̄3-branes (theBr−2 term) in
a Klebanov–Strassler throat that breaks supersym
try to lift the AdS vacuum to a de Sitter vacuum
metastable vacuum with a very small cosmologi
constant and a lifetime larger than the age of the u
verse). Note that this term leaves the shift symme
intact. The D3–̄D3 potentialVDD̄(φ) is presumably
very weak due to warped geometry. This inflaton p
tential is designed to break the shift symmetry sligh
so inflation can end after slow-roll.

To realize slow-roll inflation in the early univers
V (ρ,φ) must be very flat in some of theφ directions
around its minimum where the compactification s
is stabilized, that is, some of theφ components
must have very small masses|m2

φ | � H 2/100, where
H is the Hubble constant during the inflationa
epoch, while the remaining components can be m
massive. Hopefully inflation takes place as the D
brane moves slowly towards thēD3-branes. Inflation
ends when they collide and annihilate. In this scena
the inflaton potential comes from 2 sources: (1)
inter-brane potentialVDD̄(φ), which is sufficiently
weak due to the warped geometry, and (2) the D
brane coupling insideVF. KKLMMT showed that
K insideVF alone contributes 2H 2/3 to m2

φ for all
components ofφ, while the non-perturbativeW(ρ)
they used to stabilizer, as it does not depend o
φ, does not contribute tom2

φ . Since the contribution

to m2
φ by the remaining terms inV (ρ,φ) around its

minimum is negligible,m2
φ � 2H 2/3, so the slow-roll

conditionη�m2
φ/H

2 � 1/60 is not satisfied. Withou
a better knowledge ofW , this requires a 1 part in
100 fine-tuning. Actually, smallη is required during
the whole inflationary epoch as the D3-brane mo
slowly towards theD̄3-branes, not just at a sing
value ofφ. This condition is much more stringent tha
the 1 in 100 fine-tuning. Such a condition must co
from a symmetry argument. Here we keep track of
shift symmetry needed for inflation and identify t
condition imposed by the shift symmetry onW .

To realize slow-roll inflation, we should consider
modifiedW in a way that some of the shift symmet
(3) is left intact in VF. Recall thatW(ρ) used in
KKLT is obtained from non-perturbative effects in th
absence ofφ. In the presence of a mobile D3-bran
someφ dependence inW is quite natural. Motivated
by the shift symmetry, we consider

(4)W(ρ,φ)= −w0 +Ae−a(ρ−κiφ2
i /2),

wherew0,A anda are real parameters. In the absen
of φ, Eq. (4) reduces to theW(ρ) used in KKLT.
For generic parametersκi , it is clear that slow-roll
conditions is not satisfied. However, demanding t
the volume modulus is stabilized in a supersymme
vacuum inVF, we show that eitherκi = 0, which
yields the original KKLT vacuum (which has no sh
symmetry left), or

(5)SUSY → |κi | = 1 → η� 0
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that is, the slow-roll condition is satisfied. More pr
cisely, the supersymmetric vacuum has a degene
where 3 components ofφ are massless while the oth
3 havem2 � 2H 2/3, so, during inflation, the D3-bran
will fall rapidly to the minimum in the massiveφ di-
rections and then move slowly along the flat dire
tions. We may setκi = 1 without loss of generality.

More generally, the potentialVF from aW of the
form (for any real constantsβi )

(6)W = F(σ)eiβiφi , σ = ρ − φ2/2

has the remnant shift symmetry (φi → φi + Re(ci))
that leaves the 3 real components ofφ massless and s
slow-roll inflation can take place. This is the conditi
on the D3–̄D3-brane inflation in this scenario. (Mor
precisely, we actually need only one of the|κi | = 1.)

The question reduces to how natural/likely forW to
depend (up to the phase factor) only onσ . To address
this question, let us consider the non-perturba
interactions of theSU(N) super-Yang–Mills theory
due to theN D7-branes wrapping a 4-cycle in th
Calabi–Yau manifold. In the absence of the D
brane, 8π2/g2

YM = Re(ρ). SU(N) strong interaction
generically generatesW(ρ)=Ae−aρ in the absence o
φ. The presence of a D3-brane introduces open st
modes stretching between the D3-brane and theN

D7-branes, which generically yields a bi-fundamen
mode that behaves as a quark charged underSU(N).
The mass of the quark ism= |φ(D7)|, whereφ(D7) is φ
measured with respect to the position of the wrap
D7-branes. (See Fig. 1.) SoW should depend onφ
as well. There should be a subspace ofφ which has
the same quark massm and so the same value for th
W(ρ,φ)=W(Λ,m), whereΛ is the scale forSU(N).
Naively, this subspace might be theS5 surface around
the D7-branes with a radius given bym= |φ(D7)|, that
is, the components ofφ tangent to this surface ar
massless Goldstone modes. However, as pointed
above, supersymmetry and the holomorphicity ofW
allows at most 3 flat directions. For slow-roll inflatio
a single flat direction is enough. In this sense,
presence of a remnant shift symmetry inW is quite
natural. Once one shows that the shift symmetry
present in the supersymmetric vacuum, the slow-
condition is generically satisfied. The precise form
W may not be necessary.
t

Fig. 1. The relative positions of the wrapped D7-branes,
D3-brane and thēD3-branes inside a Calabi–Yau manifold.φ is the
position of the D3-brane relative to thēD3-brane.

Recently, Ref. [8] discusses the shift symmetry
the D7-brane in the D3–D7 inflationary scenario [
We shall comment on this interesting work.

2. The shift symmetry andW

Given the Kähler potential and the superpoten
W , the potentialVF is given by

(7)VF = eK(Kij̄DiWDjW − 3WW
)
,

where

(8)Ki = ∂K

∂ϕi
, DiW = ∂W

∂ϕi
+KiW.

Physics is determined by the particular combinat
G,

(9)G=K + ln(W)+ ln(W)

since it is invariant under the Kähler transformation

(10)K →K + ξ(ϕi)+ ξ(ϕi), W →We−ξ(ϕi ).

The potential is given uniquely in term ofG

(11)VF = eG
[
Gij̄

∂G

∂ϕi

∂G

∂ϕj
− 3

]
,

whereGij̄ =Kij̄ .
For a D3-brane with positionφ in a compact

manifold, the Kähler potential is [7]

(12)K = −3 ln
(
ρ + ρ̄ − k(φ, φ̄)),

whereρ is the bulk modulus andφ is the position
of a mobile D3-brane (in 6 dimensions, we haveφi
(i = 1,2,3)). The physical radius of the Calabi–Ya
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manifold is given by

(13)2r = ρ + ρ̄ − k(φ, φ̄).
Note thatr is invariant under the transformation:

ρ→ ρ + f (φ),
ρ̄→ ρ̄ + f̄ (φ),

(14)k(φ, φ̄)→ k(φ, φ̄)+ f + f̄ .
Let us focus on the simplest choice ofk(φ, φ̄),

(15)k(φ, φ̄)= φφ̄ =
∑
φiφ̄i .

So the above symmetry reduces to the shift symm
(3). The supergravity effective action is valid only f
large r. This is the regime we are interested in. F
a constantW , it is easy to check thatVF = 0. This
is an example of no-scale SUGRA and we have
full shift symmetry. However, we are interested
supersymmetric vacua. Imposing the supersymm
condition,

DiW = ∂W

∂φi
+W ∂K

∂φi
= 0,

DρW = 0,

we obtain

∂

∂φi
ln(W)= −3φ̄i

ρ + ρ̄ − φφ̄ ,

(16)
∂

∂ρ
ln(W)= 3

ρ + ρ̄ − φφ̄ .

Let us first consider a toy model with maximum sh
symmetry and where the bulk modulus is not sta
lized. In this case we can treat Eq. (16) as differen
equations. Imposing the holomorphic condition on
supersymmetricWs, we obtain

(17)Ws =w0
(
ρ − κiφ2

i /2
)3/2
,

where the constantw0 is the normalization and|κi | =
1. The line of the continues solutions of Eq. (16)
given byκi = φ̄i/φi , ρ = ρ̄. This leaves a subset of th
shift symmetry intact: the shift symmetry (3) whe
the ci satisfiesκi = c̄i/ci . Without loss of generality
we can chooseκi = 1 by the field redefinitionφi new=√
κiφi . At the supersymmetric AdS vacuum,VF =

−3
8w

2
0 and the remnant shift symmetry is given by re
ci (ci = c̄i ):
φi → φi + ci ,
φ̄i → φ̄i + ci ,

(18)ρ→ ρ + φc+ c2/2.

Eq. (17) suggests that instead of(ρ,φi), it is natural to
use(σ,φi), where

(19)σ = ρ − φ2

2
= ρ −

∑ φ2
i

2
.

That is,σ is invariant under the above Re(ci) shift. The
transition from(ρ,φ) to (σ,φ) is always non-singular
In term of(σ,φ),Ws(σ )= ω0σ

3/2 and

(20)2r = σ + σ̄ + (φ − φ̄)2
2

.

We see that the remnantc = c̄ shift symmetry will be
left intact for anyW(σ).

Next, we like to find the most generalW that stabi-
lizes the compactification volume in a supersymm
ric vacuum with some remnant shift symmetry. T
physics is more transparent in the(σ,φ) coordinate.
Let lnW(σ,φ) = f (σ,φ), the solution at the supe
symmetric minimum is given by

fi |0 ≡ fφi |0 = 3(φi − φ̄i)|0
2r0

,

(21)fσ |0 = 3

2r0
,

where the subscript 0 indicates the supersymme
minimum point. Under the Re(ci) shift transforma-
tion, these equations remain invariant only if

(22)fσi = fij = 0.

So a solution which has a degenerate supersymm
minimum has the form

(23)f (σ,φ)= h(σ)+ iβiφi,
whereh(σ) is any function ofσ , except being a pur
constant, as can be seen from Eq. (21). Furtherm
Eq. (21) indicates thatβi are real numbers. Finally
the form of the superpotential is (for realβi )

(24)W(σ,φi)= F(σ)eiβiφi .
The above superpotential is not Re(ci) shift invariant,
because of the phase term. However, the combina
lnW + lnW is. This is exactly the contribution of th
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superpotential toG, as can be seen from Eq. (9). Th
is, the minimum (the AdS supersymmetric vacuum
VF is Re(ci) shift invariant.

As a comment, let us look at the kinetic part
the action in terms of(σ,φ). Calculating the Kähle
metricsKij̄ from the Kähler potential (12), we find

Lk = 1

2

√
gKij̄ ∂µϕi∂

µϕ̄j

= 3
√
g

8r2

(
∂µρ∂

µρ̄ + (2rδij + φ̄iφj )∂µφi∂µφ̄j
− φi∂µρ∂µφ̄i − φ̄i∂µφi∂µρ̄

)

(25)

= 3
√
g

8r2

([
2rδij − (φi − φ̄i)(φj − φ̄j )

]
∂µφi∂

µφ̄j

+ (φi − φ̄i)
(
∂µφi∂

µσ̄ − ∂µσ∂µφ̄i
)

+ ∂µσ∂µσ̄
)
.

By constructionσ is Re(ci) shift invariant. It is
clear that the kinetic termLk is shift invariant, when
expressed in either (ρ,φ) or (σ,φ) basis. In the(σ,φ)
basis, each term inLk is explicitly shift invariant.

3. Kähler modulus stabilization and dS vacuum

Following KKLT, we shall introduce non-perturba
tive quantum corrections to the superpotential t
can lead to supersymmetric AdS vacua in wh
the Kähler modulus is fixed. Such a correction c
come from a number of sources: Euclidean D3-bra
wrapping some 4-cycles [10], or strongly coupl
SU(N) super-Yang–Mills theory associated with t
N D7-branes wrapping a 4-cycle in a Calabi–Y
manifold in a type IIB orientifold (or F-theory)
The gauge coupling is related to the dilaton a
the size of the 4-cycle that the D7-branes wrap
Since the dilaton and the complex moduli are alre
stabilized [4], the gauge coupling depends only
the size of the 4-cycle, which is proportional to t
size of the Calabi–Yau manifold. So 8π2/g2

YM =
Re(ρ). SU(N) strong interaction generically generat
W(Λ) = W(ρ), whereΛ is the QCD scale of the
SU(N) super-Yang–Mills theory. In the absence ofφ
and in the large volume regime,W(ρ)=Aexp(−aρ).
For largeN , a � 1/N .

The presence of a D3-brane introducesφ, its
position. As shown in Fig. 1, letχ be the separatio
between the D7-branes and theD̄3-branes. Letφ(D7)
be the position of the D3-brane measured relative
the D7-branes, so|φ(D7)| is the separation distanc
between the D3-brane and the D7-branes. Thenφ =
φD̄3 is the inflaton. We see thatρ = ρD̄3 andρ(D7) are
different but related:

φi = φ(D7)i+ χi,
(26)ρ = ρ(D7)+ χ̄φ(D7)+ χχ̄

2
.

Using the shift symmetry (3), we see that the phys
size of the Calabi–Yau manifold, 2r= ρ + ρ̄ − φφ̄ =
ρ(D7) + ρ̄(D7) − φ(D7)φ̄(D7), is invariant under the
change in coordinates, as it should be.

The presence of a D3-brane introduces open st
modes stretching between the D3-brane and thN
D7-branes, which generically yields a bi-fundamen
mode that behaves as a quark charged underSU(N).
The mass of the quark is

(27)m= |φ(D7)|.
Since the strong interaction dynamics of the sup
Yang–Mills theory depends on the quark massm, W
must depend onφ as well [11]. There should be a su
space ofφ which has the same quark massm and so
the same value for theW(m,Λ) = W(ρ,φ). Treat-
ing (naively) the 4-cycle as a point in the Calab
Yau manifold, one may expect this subspace to
theS5 surface with radius given bym= |φ(D7)|. That
is, the 5 modes tangent to this surface are mass
Goldstone modes. However, as we have shown, su
symmetry and the holomorphicity ofW allows only
3 flat directions. Still, the above argument sugge
that the flat directions should be orthogonal to
φ(D7) direction. Although the interaction between D
D̄3-branes are weak (and given byVDD̄), the interac-
tion betweenD̄3-branes and D7-branes is importa
for the SU(N) strong interaction. There are also b
fundamental modes stretching between theD̄3-branes
and the D7-branes that behave like additional qua
of SU(N), with massm′. Presumably, the stabiliza
tion of the dilaton and complex structure moduli fix
m′, up to an overall volume scaling which is a fun
tion of ρ. This means thatW(m,m′,Λ) = W(ρ,φ).
In general,W can be quite complicated. However, t
above argument suggests that its supersymmetric
uum should have a number of flat directions. For sm
φ, this suggests that the flat direction is orthogona
theχ direction. A simple extension suggests (with re



152 H. Firouzjahi, S.-H.H. Tye / Physics Letters B 584 (2004) 147–154

ec-

at

n
h

at

e.
,
ll

cle
ble
is
one
the
st
ne
e
tive

ow

e
T,
h
the
d.)
re
of

no
ify

cal
to

ift
a

ove
for
rgy
en
,

ry

nds

e

.
the
y

positive parametersw0, A anda)

(28)

W = −w0 +Ae−aρ → (−w0 +Ae−aσ )ei√κi βiφi
that is, the supersymmetric non-perturbative corr
tion to the superpotentialW is a function of

σ = ρ − κiφ2
i /2,

κi = −χ̄i/χi,
(29)βi = β̄i .

Other possible solutions lift at least one of the fl
directions: for example, we may end up withκ1 = 0,
|κ2| = |κ3| = 1 or κ1 = κ2 = 0, |κ3| = 1. For slow-
roll inflation, all we need is one flat direction. O
the other hand, the original solution of KKLT, wit
κ1 = κ2 = κ3 = 0, has no flat direction.

Let us consider the above solution with 3 fl
directions. In the absence ofφ (say after inflation
and the annihilation of the D3–̄D3-brane pair), the
form of the potential reduces to the well-known on
In the coordinate whereχi are purely imaginary
σ = ρ − φ2/2. In the large volume limit and sma
φ, the difference betweenρ and σ is only a small
quantitative correction. Depending on how the 4-cy
is embedded in the Calabi–Yau manifold, it is possi
that part of the rotational/translational symmetry
broken. Once the dynamics are better understood,
may be able to put more precise constraints on
4-cycles that D7-branes can wrap. It will be mo
interesting to see if the inclusion of a mobile D3-bra
yields this form forW . Here, let us simply assum
that there are such supersymmetric non-perturba
correction that leaves the shift symmetry intact. N
we have

(30)G= ln

(∣∣(−ω0 +Ae−aσ )eiβφ∣∣2(
σ + σ̄ + (φ−φ̄)2

2

)3
)
.

The supersymmetric minima is given byGσ =Gφ =
0, which for realσ has the solution

Im(φi0)= r0βi/3,
ω0 =

(
1+ 2a

3
r0

)
Ae−a(r0+

β2

9 r
2
0),

(31)VAdS = − 1

6r0
a2A2e−2ar0e−

2
3β

2r0(1+ a
3 r0).
Next, to lift the AdS vacuum to a dS vacuum, w
must break supersymmetry. Again following KKL
we introduce aD̄3-brane (or more than one), wit
its position fixed by the fluxes. (One must adjust
5-form flux so tadpole cancellation remains vali
This means no additional translational moduli a
introduced. The net effect is simply the addition
an energy density of the formVD̄3 = B/r2. Since
r is invariant under the remnant shift symmetry,
modification of this term is needed here. To simpl
the result we may consider the case whereβi = 0,
corresponding to(φi − φ̄i)0 = 0. For Im(φi) = 0, the
potential takes the form:

V = VF(K,W)+ VD̄3

(32)

= aAe−ar

2r2

(
−ω0 +Ae−ar + 1

3
aAre−ar

)
+ B

r2 ,

which is clearly independent of Re(φi). Of course, one
must fine-tune to obtain a very small cosmologi
constant. One may choose another mechanism
lift the AdS vacuum to the dS vacuum. The sh
symmetry is maintained as long as the lifting is
function ofr only.

4. D3–D̄3 inflation

We can now introduce an extra D3–D̄3-brane pair,
where theD̄3-brane is stuck with other̄D3-branes
while the D3-brane moves towards them. The ab
analysis for the mobile D3-brane can be used
this additional D3-brane. The resulting vacuum ene
drives inflation. The remnant shift symmetry is brok
only by the very weak D3–̄D3-brane interaction
namely,VDD̄(φ) in Eq. (1).

In the case whereβi = 0, the D3-brane rapidly
falls to Im(φ)= 0 at the early stage of the inflationa
epoch, and then moves slowly towardsφ = 0. For very
small|φ|, a tachyonic mode appears and inflation e
quickly, as in hybrid inflation.

For the case whereβi �= 0, the situation may be
different, since theD̄3-brane is not sitting along th
flat direction the D3-brane is moving. For largeβir0,
the D3 may not collide with thēD3, at least classically
Let us consider the case when the D3-brane along
flat direction is close to thēD3-brane, as described b
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the following simple potential:

(33)V = 1

2
m2
φ

(
φ − r0β

3

)2

− C

φ4 + const,

where, to simplify the analysis, we consider on
one component ofφ. The last term comes from th
VDD̄(φ). Heremφ ∼ H . In the absence ofVDD̄(φ),
the D3-brane will move alongφ = Im(φ) = r0β/3.
However, VDD̄(φ) will tend to drive the D3-brane
towards theD̄3-brane. We likeVDD̄(φ) to overcome
m2
φ(φ − r0β

3 )
2/2 so that inflation can end quickly.

The condition that the D3-brane collides withD̄3-
brane along its trajectory is thatV ′ > 0, that isV ′
has no local minimum away fromφ = 0. This in turn
implies that

(34)r0β <
18

5

(
20C

m2
φ

)1/6

.

To estimate this bound, we recall the KKLMM
scenario:C = 4π2

N 2 ϕ
8
0, whereN is the number of the

D3-branes (or 5-form charge) in the original KKL
vacuum, andϕ0 indicates the position of thēD3-brane
in the Klebanov–Strassler throat. We requireφ = ϕ0
for inflation to end. We find

(35)r0β < 4× 10−6m
−1/3
φ .

Assuming that inflation take places at the GUT sc
and restoring the powers ofMPl in the calculations
we obtain r0(βMPl) < 4 × 104, which is not very
restrictive.

5. D3–D7

Ref. [8] considers the shift symmetry for the D
branes. Using the Kähler potential for a D7-bra
(described byS), they consider the D-term potenti
[12] and the shift symmetry in a supersymmetric v
uum. The superpotential which has a supersymme
minimum and is compatible with the shift symmet
S→ S + c for realc has the form

(36)W = e− 1
2S

2
eiγ S,

whereS represents the position of the D7-brane on
Calabi–Yau manifold andγ is a real number, simila
to β in D3 case.
For the system of non-interacting D3- and D
brane, the form of the Kähler potential and t
superpotential are expected to be

K = −3 ln(ρ + ρ̄ − φφ̄)+ S̄S,
(37)W = F(σ)e− 1

2S
2
ei(βφ+γ S).

Now the system has four flat directions, three alo
the(φi) subspace and one along Re(S).

Following the above argument, we do expect t
theφ in Eq. (37) corresponds toφ(D7) measured with
respect to the initial D7-brane position. The inflat
for such a D3–D7-system is the relative positio
of the D3-brane and the D7-branes. However,
discussed earlier, we do expect a non-trivial n
perturbative potential between the D3-brane and
D7-branes due to the quark mass in the super-Ya
Mills theory.

6. Discussions

Instead of Eq. (28), one may also use the racetr
idea to stabilize the Kähler modulus [13]. In th
scenario, there are more than one strongly interac
gauge groups. The number of flat directions may
reduced by the presence of multi-centers of sup
Yang–Mills theories. It will be interesting to find th
constraint on the super-Yang–Mills theories due to
shift symmetry.

There will be quark fields coming from the ope
string modes stretching between theD̄3-branes and
the D7-branes. They will also have impact on the n
perturbative dynamics of the super-Yang–Mills theo
The dynamical effect of this quark is similar, if n
identical, to that for the quark field due to the D
brane. Since the open string modes between the
brane and thēD3-branes are not involved in the supe
Yang–Mills dynamics, one may expect that there is
almost flat direction that connects them, that is,
dynamics may place the D3-brane along an almost
direction that ends on thēD3-branes.

Suppose a fine-tuning is needed to place theD̄3-
branes along the almost flat direction of the D
brane. Generically, let us say this is a 1 in 1
type of fine-tuning. It is known that there are ma
metastable KKLT type vacua, simply by changi
the flux quanta. If the early universe is composed
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100 (or more) causally disconnected regions (a ra
generic situation), each region may correspond t
different vacuum. If at least one of them goes throu
a slow-roll inflationary phase, this region grows
an exponential factor, completely dominates over
regions that do not inflate. It is exponentially unlike
that one will end up in anyone of the regions that
not inflate. That is, cosmologically, there is no fin
tuning.

To conclude, even though the determination
W may be quite difficult, physics becomes mo
transparent when we view from the shift symme
perspective, which alone may be enough to tell
whether slow-roll inflation will take place or not.
slow-roll brane inflation takes place, the inflationa
properties may not be very sensitive to the det
ofW .
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