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How is inflation realized in the 
brane world ?

• Open string mode : tachyon, brane position 
etc.

• Closed string mode :  Kahler and complex 
moduli

Light scalar fields :
Brane inflation

Other talks ........

GOAL : to find stringy signatures in brane inflation



How is inflation realized in brane world ?

Brane inflation         Dvali and H.T., hep-ph/9812483

Inflaton (brane position) 
is an open string mode

Inflaton potential comes from 
the closed string exchange

Vacuum energy that drives 
inflation comes from the 

brane tension



Flux compactification

D7! branesD7! branes

Figure 1: A schematic picture of the Calabi-Yau manifold is presented here. The large
circle given by dashed line represent the 3-cycle where NS-NS three form H3 is turned
on. The smaller circle in the throat stands for the 3-cycle where the R-R three form F3

is turned on. Also shown are D7-branes wraping 4-cycles. There may exists a number of
throats like the one shown here. There is a mirror image of the entire picture due to the
IIB/ Z2 orientifold operation.

From the zero mode we obtain the usual relation between the gravity strength

in four dimensions and the fundamental mass scale of the higher dimensional theory

M 2
P = M D! 2

s

!
dD! 4y

"
|gmn| e2AΨ2

(0) . (2.21)

One may choose Ψ(0) = 1 as a convention, but in order to compare its magnitude to

the excited modes magnitude we keep it as Ψ(0) which is of course a constant. For

the excited mode we impose the following normalization condition

M D! 2
s

!
dD! 4y

"
|gab| e2A Ψ(m)(y) Ψ(m′)(y) = M 2

P ! mm′ (2.22)

After this general discussions we would like to find the KK spectrum of the

gravitons and other closed string modes in the KS background. We postpone the

spectrum analysis until section 6 after some introduction of the KS background.

3. A Thr oat in the Cal abi -Yau Manif old

A KKLT vacuum involves a Calabi-Yau (CY) manifold with fluxes [1]. Consider F-

theory compactified on an elliptic CY 4-fold X . The F-theory 4-fold is a useful way

7

warped deformed throat
Giddings, Kachru, Polchinski,
Kachru, Kallosh, Linde, Trivedi

and many others, 2001.... 

where all moduli of the 6-dim. “Calabi-Yau” manifold 
are stabilized

KKLT vacuum
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anti-D3-brane

D3-brane

Kachru, Kallosh, Linde, Maldacena, 
MacAllister, Trivedi, hep-th/0308055

KKLMMT Scenario

Burgess, Majumdar, Nolte, Rajesh, 
Quevedo, Zhang, hep-th/0105204

Dvali, Shafi, Solganik, hep-th/0105203



Some simple scenarios

D7

D3

D3

D3

D3

Features:

• Mobile D3s

• warped throats

• DBI

• anti-D3s in throats

• Wrapped D5s

• Wrapped D7s! < M P l an ck

Recall chaotic inflation : φ > 10MP l an ck



Possible non-Gaussianity in 
Brane Inflation :

• Multi-field inflation : position of brane in the 6-
dimensional compactifed bulk : one radial mode 
and 5 angular modes

• Dirac-Born-Infeld action

• Active vector, scalar (and tensor) modes of 
fluctuations coming from cosmic superstrings 
and their junctions 

• Steps in the warped geometry

Yadav and Wandelt, arXiv:0712.1148 
Komatsu’s talk at KITPC (Dec. 10, 2007) 

Jeong and Smoot



The inflationary properties depends 
sensitively on the properties of the throat 

and compactification.

D3

Shiu and Underwood, 
Bean, Shandera, HT, Xu,

Baumann, Klebanov, Maldacena, Steinhardt, 
McAllister, Dymarsky, Seiberg, Murugan, . . .

Burgess, Cline, Dasgupta, Firouzjahi, Stoica, . . .

Radial mode +
5 angular modes

in
S2 x S3



Heating after inflation 
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Barnaby etc.,
Kofman and Yi,

X. Chen and H.T., hep-th/0602136

There is a matter-dominated period when energy is 
mostly in A throat before they tunnel to S throat, 

where the standard model branes are sitting.



Possible non-Gaussianity in 
Brane Inflation :

• Multi-field inflation : position of brane in 6-
dimensional compactifed bulk : one radial 
mode and 5 angular modes

• Dirac-Born-Infeld action

• Active vector, scalar (and tensor) modes of 
fluctuations from cosmic superstrings and 
their junctions 

• Steps in the warped geometry



throat, with v = 27/16 for the Klebanov-Strassler throat. With some warping,

the attractive Coulombic potential VC(! ) is quite weak. The quadratic term VK (! )

receives contributions from a number of sources and is rather model-dependent [5, 26].

However m2 is expected to be comparable to H2
0 = V0/3M2

P , where MP is the reduced

Planck mass. This sets the canonical value for the inflaton mass m0 = H0.

For a generic value of m, slow-roll inflation will not yield enough e-folds of

inflation. Ref[6] shows that m ! m0/3 will be needed. Näıvely, a substantially larger

m will be disastrous, since the inflaton will roll fast, resulting in very few e-folds

in this case. However, for a fast roll inflaton, string theory dictates that we must

include higher powers of the time derivative of ! , in the form of the Dirac-Born-Infeld

(DBI) action

S = !
∫

d4x a3(t)

[
T

√
1 ! !̇ 2/T + V (! ) ! T

]
(1.2)

where T (! ) = T3h(! )4 is the warped D3-brane tension at ! . It is quite amazing that

the DBI action now allows enough e-folds even when the inflaton potential is quite

steep, as shown by Silverstein and Tong et. al. [16, 17]. It is easy to see why this

happens. The Lorentz factor " from the DBI action includes the warped tension,

" =
1√

1 ! !̇ 2/T
" !̇ 2 < T (! ) (1.3)

where T (! ) = T3h(! )4. As the D3-brane approaches D̄3-brane, ! and T (! ) decrease,

so h(! ) " h(! A ). Although !̇ may increase, it is bounded by Eq.(1.3), and this

bound gets tighter as T (! ) decreases. This happens even if the potential is steep,

for example, when m > H0. As a result, it can take many e-folds for ! to reach the

bottom of the throat. When " >> 1, the kinetic energy is enhanced by a Lorentz

factor of " . We call this relativistic case the high-roll regime. Note that the inflaton

is actually moving slowly even in the high-roll limit. However, its property is very

different from the usual slow-roll limit, where " # 1. This implies that the brane

inflationary scenario is very robust. The inflaton rolls slowly either because the

potential is relatively flat (so " # 1), or because the warp tension T (! ) is small (so

1 << " < $ ). In this paper, we like to extend the analysis to the intermediate

region (" > 1), i.e., intermediate values of m. Not surprisingly, the analysis of

the intermediate region is somewhat more involved than either the slow-roll or the

high-roll limits.

The predictions of the inflationary properties are quite different as we vary m.

We find it useful to consider the following regions : m << H0 (the KKLMMT

scenario [5] for slow-roll inflation [6]), m >> H0, and the intermediate region. For

m >> H0, the small m region reduces to the well-known chaotic inflation with slow-

roll [?]. Otherwise, it is in the high-roll region[16, 17]. In this paper, we consider

the whole range of m by extending the analysis to the region where m % H0. For
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Dirac-Born-Infeld (DBI) action yields a 
Lorentz factor :

T (φ) ! φ4 " exponentially small

Silverstein, Tong, hep-th/0404084
Alishahiha, Silverstein, Tong, hep-th/0404084 

Inflaton is an open string mode  :

φ =

!
T3r

→

∫

d4x a3(t)

[

˙! 2

2
− V (! )

]

1
cs

=



UV DBI model predicts too large a non-Gaussianity

IR DBI model predicts :
• The CMBR power spectrum goes from blue 

tilt at large scale to red tilt at small scale (ns 

~0.94), with running of ns, dns/dlnk, as large 
as ~ -0.04.

• Since the branes are moving relativistically 
(though still very slow), non-Gaussianity is 
within present bound.

! 256 < fN L < 322
. " γ < 30

P. Creminelli, L Senatore, M. Zaldarriaga and M. Tegmark, astro-ph/0610600

f N L ! −0.32! 2

Bean, Chen, Peiris and Xu, arXiv:0710.1812



Non-Gaussianity (Bi-spectrum)
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Maldacena

X. Chen, M.X. Huang, S. Kachru and G. Shiu, hep-th/0605045

negative fNL



Possible non-Gaussianity in 
Brane Inflation :

• Multi-field inflation : position of brane in the 
6-dimensional compactifed bulk : one radial 
mode and 5 angular modes

• Dirac-Born-Infeld action

• Active vector, scalar (and tensor) modes of 
fluctuations from cosmic superstrings and 
their junctions 

• Steps in the warped geometry



Brane inflation may have another stringy feature : 
warp factor should have step-like feature.

• It is too hard to see it from the geometric 
side.

• One can use gauge/gravity duality to deduce 
such features by studying the gauge theory 
side.

Gauge Theory = Gravity/Geometry

Maldacena , . . . 
AdS/CFT



S = !
!

d4xa3(t)
"
e! T

#
1 !

ú! 2

T + V (! ) ! T)

$

"
S =

!
d4xa3(t)

%
e! ú! 2

2 ! V (! ) ! T(e! ! 1)
&

T(! ) = T3h4
B (! ) = T3/ H (! )

Slow roll : in potential

Ultra-relativistic : in  cs = 1/γ



Key points/strategy

• Using gauge/gravity duality, find the warp geometry 
by analyzing the gauge theory side.

• Finding the correction to the anomalous mass 
dimension that comes into the renormalization 
group flow and Seiberg duality transitions. 

• The new RG flow equations imply that the dilaton 
runs with kinks and the warp factor has steps.

•  Including the step widths, this yields a cascading 
effect in the warp factor.



6. D3-br ane world volume effecti ve act ion

Weliketo discussthe D3-braneworld volumee! ectiveaction in the warpedgeometry.
In particular, we like to seehow the stepsin the warp factor from the Seiberg duality
cascadeshows up here. The presenceof stepsis actually very genericas a correction
to the approximate geometry for a warped throat. The action here may be used to
study how brane inßation can be implemented such that the stepsmay give possible
stringy signatures in the cosmicmicrowave background radiation in the KK LMMT
inßationary scenario. To be concrete, we shall present our discussion within the
context of the KS throat discussed above.

In the KKLMM T scenario, inßation takesplace when a D3-brane movesin the
throat. The inßaton is the location of the D3-brane from the bottom of the throat.
The D3-potent ial gets contribut ions from a Dirac-Born-Infeld (DBI) term and a
Chern-Simonsterm in the action, as well as possibleterms due to a presence of D3-
brane sitt ing at the bott om of the warped deformed throat. The DBI term contains
e! Φ while the Chern-Simons term doesnot. When the dilaton is constant, as in the
KS solution, the two terms cancel out and the D3-potent ial vanishesin the absence
of a D3-brane. Consequently, one needsother sourcessuch as D3-brane to att ract
the D3-brane. Here we can have a dilaton driven inßation, since the dilaton runs
and the D3-potential is dynamically nonzero.

Presumably, we are interested in inßation that takesplace when r < r0, where
r0 is the location of the edgeof the throat. Thus, given r0, we can determineall the
other dualit y transition locations r l and the bottom of the throat is at rA ! rK . In
the large K limit and for small l , the corrections may be very small.

Including the expansion of the universe, the 10-dimensional metric takes the
form:

ds2 = H ! 1/2(r )(" dt2 + a(t)2dx2) + H 1/2(r )(dr2 + r 2ds2
T 1,1) (6.1)

Here the cosmic scale factor a(t) is that of an expanding homogeneousisotropic
universespanned by the 3-dimensions x, and r is the coordinate for the ßow in the
throat. The metric ds2

T 1,1 is for baseof the conifold. Warped spacesare natural in
string theory models and are useful for ßattening potentials and for generating a
hierarchy of scaleswit h the UV at the top (edge) of the throat and the IR scaleat
the warpedbottom (around r # rA). Crudely, H (r ) # (r /R )! 4, whereR $ rA is the
scaleof the throat. The expressionfor the action includesthe dilaton " , the metric
Gµ! , the anti-symmetric tensorBµ! and thegauge Þeld Fµ! . The Chern-Simonsterm
contains couplingsbetweenthe brane and R-R Þelds(p-forms) Cp, with p even for
type I IB theory. We usevariable ! and indices{a,b} for coordinates and quant ities

Ð21 Ð

M = 0 → H(r) "
27πα′2gsN

4r4

r=0

r= !

r=constant

Figure 2: Here is a schematic picture of the conifold (dashed line) and the deformed
conifold (solid line). The apex is at r = 0. The conifold is deformed at the tip such
that r = ε is now an S3, where S2 has shrinked to zero. The dashed circle at constant r
represents the base of the conifold which is a T1,1. For large r , the base of the deformed
conifold asymptotically approaches T1,1.

Geometrically, the conical singularit y of Eq.(3.3) can be removed by replacing
the apex by an S3 [18],

4!

i =1

w2
i = ! 2 (3.8)

wherewe shall take ! to be real and small. The result ing deformed conifold is illus-
trated in Figure 2 and the corresponding metric is non-tr ivial. It will be convenient
to work in a diagonal basis of the metric, given by the following basis of 1-forms
[20, 22],

g1 !
e1 " e3

#
2

, g2 !
e2 " e4

#
2

g3 =
e1 + e3

#
2

, g4 !
e2 + e4

#
2

g5 ! e5 (3.9)

where

e1 ! " sin"1 d#1 , e2 ! d"1 ,

e3 ! cos$ sin"2 d#2 " sin$ d"2 ,

e4 ! sin$ sin"2 d#2 + cos$ d"2 ,

e5 ! d$ + cos"1 d#1 + cos"2 d#2 (3.10)

12

S3 ! S2
T1,1 !

SU(2) " SU(2)
U(1)

Warped deformed conifold

Klebanov-Strassler Throat



Seiberg duality

SU(N + M) ! SU(N)

singular conifold geometry is a good approximation to the deformedgeometry in the
UV region near the edgeof the throat. This is good enough for our purposehereas
it captures the important features of the physics: the steps with their magnitudes
and radial locations. We see that the dilaton and the 2-form NS-NS potential run
with kinks and the NS-NS ßux has steps. This leads to steps in the warp factor.
We writ e down the D3-brane world volume action, which is suitable for the study
of new features in the KKLMM T inßationary scenario. We comment on the map-
ping of the ßow of the gauge theory to the supergravit y ßow, suggesting that the
mapping/dictio nary in the gauge/ gravit y dualit y should have corrections as well.
We will then continue with analyzing the supergravit y side using SU(3) structures
and see how the corrections on the gauge theory side could give rise to geometric
obstruct ions on the supergravit y sidewhich provide special locations and sourcesfor
Seiberg duality tr ansformations. A full supersymmetric solution on the supergravit y
side containing the corrections will involve a detailed analysis of the supergravit y
equations of motion and their solutions and we will not attempt to do that here. We
will conclude with some remarks.

2. Br ief revi ew

Klebanov and Witten found, shortly after the Þrst exampleof a dual gauge/ gravit y
theory wasgiven by Maldacena[15], Gubser, Klebanov and Polyakov [16], and Wit -
ten [17], that type I IB string theory with a stack of N D3-branes on AdS5 × T1,1

was dual to N = 1 supersymmetric SU(N ) × SU(N ) conformal gauge theory wit h
bifundamental chiral superÞeldsA1 and A2 transforming as (!, ø!) and B1 and B2

transforming as ( ø!, !) and a quartic tree level superpotential [13]. The gauge and
ßavor invariant quartic tree level superpotential in this theory is given by

Wtree = w
(

(A1B1)(A2B2) − (A1B2)(A2B1)
)

, (2.1)

wherecolor indices from the same gauge group are contr acted in the gaugeinvariant
Þelds(Ai Bj ) and w is the tree level coupling. Let usdeÞnethe classicaldimensionless
coupling related to the tree level coupling w by ! = ln(w/ µ1+2! η ), where µ has
the dimension of mass. The physical " functions of the two gauge couplings are
" g = 3N − 2N (1 − #g), and that of ! is given by " " = 1 + 2#" , where the #s
are the anomalous massdimensions.Altho ugh the superpotential breaks the ßavor
symmetry to it s diagonal version, there is enough symmetry left so that there is
a common anomalous mass dimension, that is, # = #" = #g. The theory has a
nontrivia l conformal Þxed point, where the physical " functions of the two gauge
couplings associated to the two group factors in SU(N ) × SU(N ) and that of ! all
vanish. This happens for the same value of the anomalous massdimension,namely
#0 = −1/ 2. So the theory is conformal with this value of #, which is independent of
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it captures the important features of the physics: the steps with their magnitudes

and radial locations. We see that the dilaton and the 2-form NS-NS potential run

with kinks and the NS-NS flux has steps. This leads to steps in the warp factor.

We write down the D3-brane world volume action, which is suitable for the study

of new features in the KKLMMT inflationary scenario. We comment on the map-

ping of the flow of the gauge theory to the supergravity flow, suggesting that the

mapping/dictionary in the gauge/gravity duality should have corrections as well.

We will then continue with analyzing the supergravity side using SU(3) structures

and see how the corrections on the gauge theory side could give rise to geometric
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Seiberg duality transformations. A full supersymmetric solution on the supergravity

side containing the corrections will involve a detailed analysis of the supergravity

equations of motion and their solutions and we will not attempt to do that here. We

will conclude with some remarks.
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Klebanov and Witten found, shortly after the first example of a dual gauge/gravity

theory was given by Maldacena [15], Gubser, Klebanov and Polyakov [16], and Wit-
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flavor invariant quartic tree level superpotential in this theory is given by
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(
(A1B1)(A2B2) " (A1B2)(A2B1)

)
, (2.1)

where color indices from the same gauge group are contracted in the gauge invariant

fields (AiBj) and w is the tree level coupling. Let us define the classical dimensionless

coupling related to the tree level coupling w by ! = ln(w/µ1+2! η), where µ has

the dimension of mass. The physical " functions of the two gauge couplings are

" g = 3N " 2N(1 " #g), and that of ! is given by " " = 1 + 2#" , where the #s

are the anomalous mass dimensions. Although the superpotential breaks the flavor

symmetry to its diagonal version, there is enough symmetry left so that there is

a common anomalous mass dimension, that is, # = #" = #g. The theory has a

nontrivial conformal fixed point, where the physical " functions of the two gauge

couplings associated to the two group factors in SU(N) ! SU(N) and that of ! all

vanish. This happens for the same value of the anomalous mass dimension, namely

#0 = " 1/2. So the theory is conformal with this value of #, which is independent of
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UV region near the edgeof the throat. This is good enough for our purposehereas
it captures the important features of the physics: the steps with their magnitudes
and radial locations. We see that the dilaton and the 2-form NS-NS potential run
with kinks and the NS-NS ßux has steps. This leads to steps in the warp factor.
We writ e down the D3-brane world volume action, which is suitable for the study
of new features in the KKLMM T inßationary scenario. We comment on the map-
ping of the ßow of the gauge theory to the supergravit y ßow, suggesting that the
mapping/dictio nary in the gauge/ gravit y dualit y should have corrections as well.
We will then continue with analyzing the supergravit y side using SU (3) structures
and see how the corrections on the gauge theory side could give rise to geometric
obstruct ions on the supergravit y sidewhich provide special locations and sourcesfor
Seiberg duality tr ansformations. A full supersymmetric solution on the supergravit y
side containing the corrections will involve a detailed analysis of the supergravit y
equations of motion and their solutions and we will not attempt to do that here. We
will conclude with some remarks.

2. Br ief revi ew

Klebanov and Witten found, shortly after the Þrst exampleof a dual gauge/ gravit y
theory wasgiven by Maldacena[15], Gubser, Klebanov and Polyakov [16], and Wit -
ten [17], that type I IB string theory with a stack of N D3-branes on AdS5 × T 1,1

was dual to N = 1 supersymmetric SU (N ) × SU (N ) conformal gauge theory wit h
bifundamental chiral superÞeldsA1 and A2 transforming as (! , ø! ) and B1 and B2

transforming as ( ø! , ! ) and a quartic tree level superpotential [13]. The gauge and
ßavor invariant quartic tree level superpotential in this theory is given by

Wtree = w
(

(A1B1)(A2B2) − (A1B2)(A2B1)
)
, (2.1)

wherecolor indices from the same gauge group are contr acted in the gaugeinvariant
Þelds(AiBj) and w is the tree level coupling. Let usdeÞnethe classicaldimensionless
coupling related to the tree level coupling w by ! = ln(w/µ1+ 2γ! ), where µ has
the dimension of mass. The physical " functions of the two gauge couplings are
" g = 3N − 2N (1 − #g), and that of ! is given by " η = 1 + 2#η, where the #s
are the anomalous massdimensions.Altho ugh the superpotential breaks the ßavor
symmetry to it s diagonal version, there is enough symmetry left so that there is
a common anomalous mass dimension, that is, # = #η = #g. The theory has a
nontrivia l conformal Þxed point, where the physical " functions of the two gauge
couplings associated to the two group factors in SU (N ) × SU (N ) and that of ! all
vanish. This happens for the same value of the anomalous massdimension,namely
#0 = −1/2. So the theory is conformal with this value of #, which is independent of

Ð4 Ð

g2
!

µ

g2(µ)

! cµ!

Nf

SU(Nf " N )
N = 1 N = 1

SU(N )
Nf

g2
e(µ)

g2
m(µ)

SU(N ! M ) " SU(N )



Gauge/Gravity Duality

rs

S3

S2

r

r0

r!
s

0

SU ((K + 1)M ) ! SU (KM )

SU((K ! 1)M ) " SU(K M )

SU((K ! 1)M ) " SU((K ! 2)M )

SU(2M) ! SU(M)

. . . .

. . . .

µ ! r

Seiberg 
duality 
cascade

M. Strassler, hep-th/0505153



Steps in warped factor
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Feature in power spectrum
due to a step in a slow-roll potential

J.  Adams, B. Cresswell, R. Easther, astro-ph/0102236
L. Covi, J. Hamann,  A. Melchiorri,  A. Slosar, L. Sorbera, astro-ph/0606452 

J.A.  Adams, G.C. Ross, 
S. Sarkar, 1997

S.M. Leach,  A.R. Liddle,
astro-ph/0010082

Leach, Sasaki, Wands Liddle,
astro-ph/0101406
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Non-Gaussianity due to a step in potential

Kofman, Blumenthal, 
Hodges, Primack

Wang, 
Kamionkowski

Komatsu et. al.
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Step in slow-roll inflation
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Non-Gaussianity due to a step in slow-roll
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Feature in power spectrum due to a step in the warp factor
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A single step in the warp factor
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F igur e 3: Same as Figure 1, but with the step size b fixed. We show two cases with
different step width ∆Ne

light of the five extra degrees of freedom determining the cascade power spectrum
in comparison to the fiducial running model, however, this improvement in ! 2 is not

statistically significant.

We also find that a positive b is not favored by data. Numerically we find that
to fit the l ! 20 dip, we need |b| ! 0.3. However, if we take b = +0.3, it gives too
much power on large scale, more than that is allowed by data. We should also point

out that |b| ! 0.3 is much larger than the steps given by Eq.(2.9),3 which typically
goes like 1/ p3 with p " 1.

This means that if we take the steps generated by the duality cascade, most

probably we will not see any observable effects in the power spectrum. However, as
we estimated in Sec. 5.2.3, the non-Gaussianities associated with the sharp feature

can be very large for a small width ∆Ne, and leaves distinctive features to be detected
by experiments.

5.5 T he Compar ison wit h St eps in Slow-Roll

In this section, we give a brief explanation on the numerical observation that the

effect on the power spectrum is small even for the infinitely sharp feature in DBI

3It is possible that duality cascade will generate large steps if we take p ! 1. However, the
perturbative analysis of the warp factor breaks down with p ! 1, and we do not have any analytic
control in that regime.
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A typical throat probably has many steps so 
it is likely that the steps may show up more 
prominently in the bi-spectrum than in the 

power spectrum.

The non-Gaussianity properties are under investigation.



Possible non-Gaussianity in 
Brane Inflation :

• Multi-field inflation : position of brane in the 6-
dimensional compactifed bulk : one radial mode 
and 5 angular modes

• Dirac-Born-Infeld action

• Active vector, scalar (and tensor) modes of 
fluctuations coming from cosmic superstrings 
and their junctions 

• Steps in the warped geometry

Yadav and Wandelt, arXiv:0712.1148 
Komatsu’s talk at KITPC (Dec. 10, 2007) 



Summary
• Brane inflation offers a wealth of new 

possibilities.

• Search for stringy signatures is promising.

• Many properties remain to be explored.

• Contact with observations brings together 
string theorists and cosmologists.

• More effort should be put into the search 
for stringy signatures in moduli inflation.



Gauge/gravity duality

SU(N + M) ! SU(N)

singular conifold geometry is a good approximation to the deformedgeometry in the
UV region near the edgeof the throat. This is good enough for our purposehereas
it captures the important features of the physics: the steps with their magnitudes
and radial locations. We see that the dilaton and the 2-form NS-NS potential run
with kinks and the NS-NS ßux has steps. This leads to steps in the warp factor.
We writ e down the D3-brane world volume action, which is suitable for the study
of new features in the KKLMM T inßationary scenario. We comment on the map-
ping of the ßow of the gauge theory to the supergravit y ßow, suggesting that the
mapping/dictio nary in the gauge/ gravit y dualit y should have corrections as well.
We will then continue with analyzing the supergravit y side using SU(3) structures
and see how the corrections on the gauge theory side could give rise to geometric
obstruct ions on the supergravit y sidewhich provide special locations and sourcesfor
Seiberg duality tr ansformations. A full supersymmetric solution on the supergravit y
side containing the corrections will involve a detailed analysis of the supergravit y
equations of motion and their solutions and we will not attempt to do that here. We
will conclude with some remarks.

2. Br ief revi ew

Klebanov and Witten found, shortly after the Þrst exampleof a dual gauge/ gravit y
theory wasgiven by Maldacena[15], Gubser, Klebanov and Polyakov [16], and Wit -
ten [17], that type I IB string theory with a stack of N D3-branes on AdS5 × T1,1

was dual to N = 1 supersymmetric SU(N ) × SU(N ) conformal gauge theory wit h
bifundamental chiral superÞeldsA1 and A2 transforming as (!, ø!) and B1 and B2

transforming as ( ø!, !) and a quartic tree level superpotential [13]. The gauge and
ßavor invariant quartic tree level superpotential in this theory is given by

Wtree = w
(

(A1B1)(A2B2) − (A1B2)(A2B1)
)

, (2.1)

wherecolor indices from the same gauge group are contr acted in the gaugeinvariant
Þelds(Ai Bj ) and w is the tree level coupling. Let usdeÞnethe classicaldimensionless
coupling related to the tree level coupling w by ! = ln(w/ µ1+2! η ), where µ has
the dimension of mass. The physical " functions of the two gauge couplings are
" g = 3N − 2N (1 − #g), and that of ! is given by " " = 1 + 2#" , where the #s
are the anomalous massdimensions.Altho ugh the superpotential breaks the ßavor
symmetry to it s diagonal version, there is enough symmetry left so that there is
a common anomalous mass dimension, that is, # = #" = #g. The theory has a
nontrivia l conformal Þxed point, where the physical " functions of the two gauge
couplings associated to the two group factors in SU(N ) × SU(N ) and that of ! all
vanish. This happens for the same value of the anomalous massdimension,namely
#0 = −1/ 2. So the theory is conformal with this value of #, which is independent of
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with kinks and the NS-NS flux has steps. This leads to steps in the warp factor.

We write down the D3-brane world volume action, which is suitable for the study

of new features in the KKLMMT inflationary scenario. We comment on the map-

ping of the flow of the gauge theory to the supergravity flow, suggesting that the

mapping/dictionary in the gauge/gravity duality should have corrections as well.

We will then continue with analyzing the supergravity side using SU(3) structures

and see how the corrections on the gauge theory side could give rise to geometric

obstructions on the supergravity side which provide special locations and sources for

Seiberg duality transformations. A full supersymmetric solution on the supergravity

side containing the corrections will involve a detailed analysis of the supergravity

equations of motion and their solutions and we will not attempt to do that here. We

will conclude with some remarks.

2. Brief review

Klebanov and Witten found, shortly after the first example of a dual gauge/gravity

theory was given by Maldacena [15], Gubser, Klebanov and Polyakov [16], and Wit-

ten [17], that type IIB string theory with a stack of N D3-branes on AdS5 ! T 1,1

was dual to N = 1 supersymmetric SU(N) ! SU(N) conformal gauge theory with

bifundamental chiral superfields A1 and A2 transforming as (!, !̄) and B1 and B2

transforming as (!̄, !) and a quartic tree level superpotential [13]. The gauge and

flavor invariant quartic tree level superpotential in this theory is given by

Wtree = w
(
(A1B1)(A2B2) " (A1B2)(A2B1)

)
, (2.1)

where color indices from the same gauge group are contracted in the gauge invariant

fields (AiBj) and w is the tree level coupling. Let us define the classical dimensionless

coupling related to the tree level coupling w by ! = ln(w/µ1+2! η), where µ has

the dimension of mass. The physical " functions of the two gauge couplings are

" g = 3N " 2N(1 " #g), and that of ! is given by " " = 1 + 2#" , where the #s

are the anomalous mass dimensions. Although the superpotential breaks the flavor

symmetry to its diagonal version, there is enough symmetry left so that there is

a common anomalous mass dimension, that is, # = #" = #g. The theory has a

nontrivial conformal fixed point, where the physical " functions of the two gauge

couplings associated to the two group factors in SU(N) ! SU(N) and that of ! all

vanish. This happens for the same value of the anomalous mass dimension, namely

#0 = " 1/2. So the theory is conformal with this value of #, which is independent of
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H3 flux and in the warp factor. In e! ! for the dilaton and in the B2 NS-NS potential,

it is the slope in the logarithmic running which changes at the cascade steps. The

corrections grow as the cascade proceeds and the difference in the ranks of the gauge

groups gets bigger. Our premise of a changing anomalous dimension as the duality

cascade proceeds and the matter content of the theory changes is consistent with the

picture of the theory flowing to the baryonic branch with SU(2M) ! SU(M). Here

the reason for the flow to a baryonic branch is because an additional Seiberg duality

transformation would require an infinite “charge” at the step.

3. Seiberg dual it y cascade

Let us consider the N = 1 supersymmetric SU(N +M) ! SU(N) gauge theory with

chiral superfields transforming as A1, A2 " (! , !̄ ) and B1, B2 " (!̄ , ! ) in the KS

construction. The quantity ! = ! A + ! B stands for the anomalous dimension of any

one of the gauge invariant objects made out of the bifundamental chiral superfields,

which contains one A and one B superfields and which must have the same anomalous

dimension because of SU(2) global flavor symmetry in the theory. Let us denote the

gauge coupling of the larger group, which is SU(N + M) in the 1st region, by g1,

and that of the smaller group, which is SU(N) in the 1st region, by g2, and define

T1 # $ 2" i#1 = 8" 2/g2
1 and T2 # $ 2" i#2 = 8" 2/g2

2. Suppose we start with taking one

gauge group as a weakly coupled gauge theory relative to the other, then we can treat

that weaker group as a flavor symmetry. The running of the physical couplings [23]

with appropriate normalization of the gauge chiral superfields can then be written

as

$1 = µ
dT1(1)

dµ
= 3(N + M) $ 2N(1 $ ! 1(1)), (3.1)

$2 = µ
dT2(1)

dµ
= 3N $ 2(N + M)(1 $ ! 2(1)), (3.2)

and

$η = µ
d%(1)

dµ
= 1 + 2! η(1), (3.3)

where we have not yet identified the ! s. We have put different indices on ! 1(l) in

(3.1), on ! 2(l) in (3.2) and on ! η(l) in (3.3) since the two gauge groups have different

ranks and “see” different numbers of flavors and would tend to flow with different

anomalous dimensions. The number “1” in the parentheses denotes the l = 1st

region, in the UV region just before the first duality transformation in the cascade.

According to Seiberg duality, N = 1 supersymmetric SU(N) electric gauge

theory with Nf %(3N/2, 3N) flavors, which becomes strongly coupled in the IR, flows

to a nontrivial conformal IR fixed point where it joins a dual SU(Nf $ N) magnetic

gauge theory with Nf flavors. Now if we consider the SU(N + M) gauge theory

and think of the other SU(N) gauge group as a weakly gauged flavor symmetry,
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2. Suppose we start with taking one

gauge group as a weakly coupled gauge theory relative to the other, then we can treat

that weaker group as a flavor symmetry. The running of the physical couplings [23]

with appropriate normalization of the gauge chiral superfields can then be written

as

$1 = µ
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dµ
= 3(N + M )− 2N (1− ! 1(1)), (3.1)

$2 = µ
dT2(1)

dµ
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to a nontrivial conformal IR fixed point where it joins a dual SU(Nf −N ) magnetic
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M = 0 ! ! = " 1/ 2

Klebanov-Witten model



Anomalous mass dimension
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According to Seiberg duality, N = 1 supersymmetric SU(N) electric gauge
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we have N = 1 supersymmetric SU(N + M ) gauge theory with 2N ßavors; its
running is faster than the running of an SU(N ) gaugetheory wit h 2(N + M ) ßavors.
Therefore, the SU(N + M ) gauge theory would get strongly coupled faster in the
IR and following Seiberg duality the appropriate descript ion of the theory in this
region is in terms of a weaker dual magnet ic theory. The question of interest to us
is the e! ective value of the anomalous dimension which dictates the ßow. Altho ugh
it is the SU(N + M ) factor that undergoesduality tr ansformation in the Þrst step
of the cascade,the ßow cannot be dictated simply by the Þxedpoint of SU(N + M )
gauge theory with 2N ßavors for two reasons.First, the SU(N ) group factor which
gives a ßavor symmetry to SU(N + M ) would itself get strongly coupled during
part of the ßow. Second,the running of the tree level coupling hasa Þxedpoint for
anomalous dimension γ! = ! 1/ 2. In fact, if we considerthe two ßows separately, the
SU(N + M ) factor tends to make γ < ! 1/ 2 while the SU(N ) factor tends to make
γ > ! 1/ 2, and the strengths are slightly di! erent and that is where the corrections
to the anomalous dimension will originate. Consider the non-triv ial IR Þxedpoint of
the gauge couplings in the nonperturbativ e regime. The anomalous dimensionγ1(1)
that would follow from the Þxedpoint of SU(N + M ) with 2N ßavors (β1 = 0) is

γ1(1) = !
1
2

!
3
2

M
N

. (3.4)

Similarly, the anomalous dimensionγ2(1) that would follow from the Þxedpoint of
SU(N ) with 2(N + M ) ßavors (β2 = 0) is

γ2(1) = !
1
2

+
3
2

M
N + M

. (3.5)

The dualit y tr ansformation in the Þrst step of the cascade occurs in the SU(N +
M ) factor because it would run faster, when the two gauge factors are looked at
separately. In terms of the anomalous dimensions,it receives more deviation from
! 1/ 2 than SU(N ) does. The e! ective value of anomalous mass dimension which
guidesthe running of the physical couplings must lie in between. One assumption
we make now is that the e! ective value of anomalous mass dimension γ depends
on γ1 and γ2 linearly. Thus we write γ = (aγ1 + bγ2)/ (a + b), where a and b are
constants such that a + b = 1. To Þx a and b, we note that the gaugetheory has
the obvious symmetry M " ! M , N " N + M , which to leading order in M / N
is M " ! M with N Þxed. Clearly, γ should be even under this symmetry and so
cannot depend on M / N at Þrst order. The symmetry M " ! M , N " N + M
implies bM/ (N + M ) ! aM/ N = ! bM/ N + aM/ (N + M ) and thus a = b = 1/ 2.
Thus γ is the average of γ1 and γ2,

γ(1) = !
1
2

!
3
4

M 2

N (N + M )
. (3.6)
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we have N = 1 supersymmetric SU (N + M ) gauge theory with 2N ßavors; its
running is faster than the running of an SU (N ) gaugetheory wit h 2(N + M ) ßavors.
Therefore, the SU (N + M ) gauge theory would get strongly coupled faster in the
IR and following Seiberg duality the appropriate descript ion of the theory in this
region is in terms of a weaker dual magnet ic theory. The question of interest to us
is the e! ective value of the anomalous dimension which dictates the ßow. Altho ugh
it is the SU (N + M ) factor that undergoesduality tr ansformation in the Þrst step
of the cascade,the ßow cannot be dictated simply by the Þxedpoint of SU (N + M )
gauge theory with 2N ßavors for two reasons.First, the SU (N ) group factor which
gives a ßavor symmetry to SU (N + M ) would itself get strongly coupled during
part of the ßow. Second,the running of the tree level coupling hasa Þxedpoint for
anomalous dimension γ! = ! 1/2. In fact, if we considerthe two ßows separately, the
SU (N + M ) factor tends to make γ < ! 1/2 while the SU (N ) factor tends to make
γ > ! 1/2, and the strengths are slightly di! erent and that is where the corrections
to the anomalous dimension will originate. Consider the non-triv ial IR Þxedpoint of
the gauge couplings in the nonperturbativ e regime. The anomalous dimensionγ1(1)
that would follow from the Þxedpoint of SU (N + M ) with 2N ßavors (β1 = 0) is

γ1(1) = !
1
2

!
3
2

M

N
. (3.4)

Similarly, the anomalous dimensionγ2(1) that would follow from the Þxedpoint of
SU (N ) with 2(N + M ) ßavors (β2 = 0) is

γ2(1) = !
1
2

+
3
2

M

N + M
. (3.5)

The dualit y tr ansformation in the Þrst step of the cascade occurs in the SU (N +
M ) factor because it would run faster, when the two gauge factors are looked at
separately. In terms of the anomalous dimensions,it receives more deviation from
! 1/2 than SU (N ) does. The e! ective value of anomalous mass dimension which
guidesthe running of the physical couplings must lie in between. One assumption
we make now is that the e! ective value of anomalous mass dimension γ depends
on γ1 and γ2 linearly. Thus we write γ = (aγ1 + bγ2)/(a + b), where a and b are
constants such that a + b = 1. To Þx a and b, we note that the gaugetheory has
the obvious symmetry M " ! M , N " N + M , which to leading order in M/N

is M " ! M with N Þxed. Clearly, γ should be even under this symmetry and so
cannot depend on M/N at Þrst order. The symmetry M " ! M , N " N + M

implies bM/(N + M ) ! aM/N = ! bM/N + aM/(N + M ) and thus a = b = 1/2.
Thus γ is the average of γ1 and γ2,

γ(1) = !
1
2

!
3
4

M2

N (N + M )
. (3.6)
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we have N = 1 supersymmetric SU (N + M ) gauge theory with 2N ßavors; its
running is faster than the running of an SU (N ) gaugetheory wit h 2(N + M ) ßavors.
Therefore, the SU (N + M ) gauge theory would get strongly coupled faster in the
IR and following Seiberg duality the appropriate descript ion of the theory in this
region is in terms of a weaker dual magnet ic theory. The question of interest to us
is the e! ective value of the anomalous dimension which dictates the ßow. Altho ugh
it is the SU (N + M ) factor that undergoesduality tr ansformation in the Þrst step
of the cascade,the ßow cannot be dictated simply by the Þxedpoint of SU (N + M )
gauge theory with 2N ßavors for two reasons.First, the SU (N ) group factor which
gives a ßavor symmetry to SU (N + M ) would itself get strongly coupled during
part of the ßow. Second,the running of the tree level coupling hasa Þxedpoint for
anomalous dimension ! ! = −1/2. In fact, if we considerthe two ßows separately, the
SU (N + M ) factor tends to make ! < −1/2 while the SU (N ) factor tends to make
! > −1/2, and the strengths are slightly di! erent and that is where the corrections
to the anomalous dimension will originate. Consider the non-triv ial IR Þxedpoint of
the gauge couplings in the nonperturbativ e regime. The anomalous dimension! 1(1)
that would follow from the Þxedpoint of SU (N + M ) with 2N ßavors (" 1 = 0) is

! 1(1) = −1
2
− 3

2
M

N
. (3.4)

Similarly, the anomalous dimension! 2(1) that would follow from the Þxedpoint of
SU (N ) with 2(N + M ) ßavors (" 2 = 0) is

! 2(1) = −1
2

+
3
2

M

N + M
. (3.5)

The dualit y tr ansformation in the Þrst step of the cascade occurs in the SU (N +
M ) factor because it would run faster, when the two gauge factors are looked at
separately. In terms of the anomalous dimensions,it receives more deviation from
−1/2 than SU (N ) does. The e! ective value of anomalous mass dimension which
guidesthe running of the physical couplings must lie in between. One assumption
we make now is that the e! ective value of anomalous mass dimension ! depends
on ! 1 and ! 2 linearly. Thus we write ! = (a! 1 + b! 2)/(a + b), where a and b are
constants such that a + b = 1. To Þx a and b, we note that the gaugetheory has
the obvious symmetry M → −M , N → N + M , which to leading order in M/N

is M → −M with N Þxed. Clearly, ! should be even under this symmetry and so
cannot depend on M/N at Þrst order. The symmetry M → −M , N → N + M

implies bM/(N + M ) − aM/N = −bM/N + aM/(N + M ) and thus a = b = 1/2.
Thus ! is the average of ! 1 and ! 2,

! (1) = −1
2
− 3

4
M2

N (N + M )
. (3.6)
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N = K M

the NS-NS ßux H3 is turned on by wrapping NS5-braneson S2. Thus the equations
are simpliÞed. Now we cannot have a constant dilaton, sincethe right hand side of
(4.8) is nonzero. The solution to this casewit h N = 1 supersymmetry was obtained
by Maldacena and Nunez (MN) [29]. The KS solution on the deformed conifold
with F5 and F3 ßuxesturned on and the MN solution on the conifold with the H3

ßux turned on are two well-known regular solutions on type IIB background with
N = 1 supersymmetry. A natural question was whether there existeda ßow between
them. The possibility for this was analyzed and a metric and a ßux ansatz for it
given by Papadopoulos and Tseytlin [30]. This issuewas further investigated by
Gubser, Herzog and Klebanov [21] who found a leading order perturbativ e solution
around the KS solution. Butti, Grana, Minasian, Petrini, and Za! aroni usedSU(3)
structures to Þnd a oneparameter set of solutions which ßow in a direction from KS
to MN [24].

4.2 Mapping gauge coupling running to supergravity flow

In this section wewant to apply the gauge/ gravit y duality to map therenormalization
group ßow of the gaugecouplings to the running of the dilaton and the backreaction
NS-NS 2-form potential. We discusshow, with the inclusion of the corrections,
the gauge couplings in their renormalization ßow stay Þnite throughout the duality
cascade.

The stack of M D5-braneswrapping S2 of the AdS5 × T1,1 background creates
3-form ßux through S3 which inducesa backreaction 2-form potent ial B2 in the S2

cycle. The sum of the two gauge coupling coe" cients T+ ≡ T1 + T2, which can
be taken as the e! ective gauge coupling, is related to the e! ective string coupling
containing the dilaton in the dual gravit y theory. The di! erencebetween the two
gauge coupling coe" cients T! ≡ T1 − T2 is nonzero becausethe ranks of the two
gauge groups are di! erent and it describes the nonconformal nature of the theory.
Indeed, T! must dictate the ßows in both the gauge and the gravit y theories. We
note that the supergravit y equation of motion in the presenceof nonzeroR-R F3 and
F5 ßuxesfrom the D3- and D5- branescould have a consistent set of solutions only
if the NS-NS2-form potential B2 is nonzero. Indeed,the two parametersT+ and T!

on the gauge theory sideare mapped to the e! ective string coupling and the 2-form
potent ial B2 through the relations [19, 25],

T1 + T2 =
2π

gse!
, (4.14)

T1 − T2 =
2π

gse!
(öb− 1) (4.15)

where
öb= b2 (mod 2) (4.16)
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the NS-NS flux H3 is turned on by wrapping NS5-branes on S2. Thus the equations

are simplified. Now we cannot have a constant dilaton, since the right hand side of

(4.8) is nonzero. The solution to this case with N = 1 supersymmetry was obtained

by Maldacena and Nunez (MN) [29]. The KS solution on the deformed conifold

with F5 and F3 fluxes turned on and the MN solution on the conifold with the H3

flux turned on are two well-known regular solutions on type IIB background with

N = 1 supersymmetry. A natural question was whether there existed a flow between

them. The possibility for this was analyzed and a metric and a flux ansatz for it

given by Papadopoulos and Tseytlin [30]. This issue was further investigated by

Gubser, Herzog and Klebanov [21] who found a leading order perturbative solution

around the KS solution. Butti, Grana, Minasian, Petrini, and Za! aroni used SU(3)

structures to find a one parameter set of solutions which flow in a direction from KS

to MN [24].

4.2 Mapping gauge coupling running to supergravity flow

In this section we want to apply the gauge/gravity duality to map the renormalization

group flow of the gauge couplings to the running of the dilaton and the backreaction

NS-NS 2-form potential. We discuss how, with the inclusion of the corrections,

the gauge couplings in their renormalization flow stay finite throughout the duality

cascade.

The stack of M D5-branes wrapping S2 of the AdS5 ! T 1,1 background creates

3-form flux through S3 which induces a backreaction 2-form potential B2 in the S2

cycle. The sum of the two gauge coupling coe" cients T+ " T1 + T2, which can

be taken as the e! ective gauge coupling, is related to the e! ective string coupling

containing the dilaton in the dual gravity theory. The di! erence between the two

gauge coupling coe" cients T− " T1 # T2 is nonzero because the ranks of the two

gauge groups are di! erent and it describes the nonconformal nature of the theory.

Indeed, T− must dictate the flows in both the gauge and the gravity theories. We

note that the supergravity equation of motion in the presence of nonzero R-R F3 and

F5 fluxes from the D3- and D5- branes could have a consistent set of solutions only

if the NS-NS 2-form potential B2 is nonzero. Indeed, the two parameters T+ and T−
on the gauge theory side are mapped to the e! ective string coupling and the 2-form

potential B2 through the relations [19, 25],

T1 + T2 =
2π

gseΦ
, (4.14)

T1 # T2 =
2π

gseΦ
(b̂ # 1) (4.15)

where

b̂ = b2 (mod 2) (4.16)
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and
b2 !

1
2π2α′

∫

S2

B2. (4.17)

As we will discuss,0 " öb " 2. Flowing towards infrared, b2 decreasesand Seiberg
duality takes place when öb# 1 which initially equals -1 reaches +1. We Þnd it is
convenient to introduce

øb2 = b2 + 1 (4.18)

so, for b2 " 0, we have øb2 " 1.
Following from the quantization condition on H3, πb2 must bea periodic variable

with period 2π. This periodicit y is crucial for the cascade phenomenon. Here these
equations are crucial for relating the supergravit y background to the Þeld theory
β-functions. We will arrange the supergravit y ßow such that b2(r ) would vanish at
the edge of the throat, r = r 0. Note that b2 decreasesas the theory ßows towards
the infrared (smaller r ). The øb2 in (4.17) measures the deviation of T− from zero
due to the backreaction B2 potent ial from wherethe two gaugecouplings have equal
magnitude in r 1 < r < r 0 . Therefore, the ßow is such that øb2 = 0 at the Þrst point
wherethe two couplings are equal. For r 1 " r < r 0, we label the couplings as Ti (1),
whereÒ1Ólabels the fact that they are in the Þrst region of ßow, i.e., the couplings
are for the SU(N + M ) $ SU(N ) gauge theory. We seefrom (3.12) and (3.13) that
running of T1(1) and T2(1) are given by

µ
∂T1(1)

∂µ
= 3M #

3
2

M 2

N + M
(4.19)

µ
∂T2(1)

∂µ
= # 3M #

3
2

M 2

N
(4.20)

µ
∂T−(1)

∂µ
= 6M +

3
2

M 3

N (N + M )
(4.21)

Note that the correct ions make T− run faster.
The ßows are illustrated in Figure 1. Let us Þrst considerthe KS casewithout

the corrections to the anomalous massdimension. Let us start at the value of r < r 0

where öb = 1, øb2 = 0 or b2 = # 1, so that the two gauge couplings are equal. The
dilaton ! = 0 in KS and the running of T1,2(1) is given by (4.21), with ± 3M . As r
decreasesto r = r 1,

T1 % 0 öb% 0, (4.22)

that is, g1 % & when b2 % # 2. With our notation, öb takesvaluesbetween0 and
2. At r = r 1, Seiberg duality transformation occurs, so T1(1) % T2(2) and T2(1) %
T1(2). Now the ßows correspond to that of the gaugetheory SU(N ) $ SU(N # M ),
where T1(2) starts decreasing (t owards small r ), that is, SU(N ) is getting strongly
interacting. In summary, we see that Seiberg duality transformation takes place
when the strongly interact ing coupling g1 is inÞnite. On the other hand, the warped
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the NS-NS ßux H3 is turned on by wrapping NS5-braneson S2. Thus the equations
are simpliÞed. Now we cannot have a constant dilaton, sincethe right hand side of
(4.8) is nonzero. The solution to this casewit h N = 1 supersymmetry was obtained
by Maldacena and Nunez (MN) [29]. The KS solution on the deformed conifold
with F5 and F3 ßuxesturned on and the MN solution on the conifold with the H3

ßux turned on are two well-known regular solutions on type IIB background with
N = 1 supersymmetry. A natural question was whether there existeda ßow between
them. The possibility for this was analyzed and a metric and a ßux ansatz for it
given by Papadopoulos and Tseytlin [30]. This issuewas further investigated by
Gubser, Herzog and Klebanov [21] who found a leading order perturbativ e solution
around the KS solution. Butti, Grana, Minasian, Petrini, and Za! aroni usedSU(3)
structures to Þnd a oneparameter set of solutions which ßow in a direction from KS
to MN [24].

4.2 Mapping gauge coupl ing runni ng t o supergravit y ßow

In this section wewant to apply the gauge/ gravit y duality to map therenormalization
group ßow of the gaugecouplings to the running of the dilaton and the backreaction
NS-NS 2-form potential. We discusshow, with the inclusion of the corrections,
the gauge couplings in their renormalization ßow stay Þnite throughout the duality
cascade.

The stack of M D5-braneswrapping S2 of the AdS5 × T1,1 background creates
3-form ßux through S3 which inducesa backreaction 2-form potent ial B2 in the S2

cycle. The sum of the two gauge coupling coe" cients T+ ≡ T1 + T2, which can
be taken as the e! ective gauge coupling, is related to the e! ective string coupling
containing the dilaton in the dual gravit y theory. The di! erencebetween the two
gauge coupling coe" cients T! ≡ T1 − T2 is nonzero becausethe ranks of the two
gauge groups are di! erent and it describes the nonconformal nature of the theory.
Indeed, T! must dictate the ßows in both the gauge and the gravit y theories. We
note that the supergravit y equation of motion in the presenceof nonzeroR-R F3 and
F5 ßuxesfrom the D3- and D5- branescould have a consistent set of solutions only
if the NS-NS2-form potential B2 is nonzero. Indeed,the two parametersT+ and T!

on the gauge theory sideare mapped to the e! ective string coupling and the 2-form
potent ial B2 through the relations [19, 25],

T1 + T2 =
2π

gse!
, (4.14)

T1 − T2 =
2π

gse!
(öb− 1) (4.15)

where
öb= b2 (mod 2) (4.16)
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