
• The Kahler potential contains:

difficult to get metric for compact CY →need a simpler setting

• Idea:

D3-brane Potential

�m
=

p
T3 ym (77)

V =

�
T + T

�3/2 ) �2 lnV ! �3 ln(T + T ) (78)

W0 = W0 (⇣↵, ⌧) (79)

r↵r�k = g↵� (80)
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where c is a constant (see [319]). Since G3 depends on the dilaton and ⌦
involves the complex structure moduli, the superpotential (3.94) leads to a
non-trivial potential for these moduli. The scalar potential associated with
K0 and W0 is

VF = eK0

h

KIJ̄
0 DIW0DJW0 � 3|W0|2

i

, (3.95)

where I, J run over all the moduli (Ti, ⇣↵ and ⌧). Supersymmetry is pre-
served if all F-terms vanish,17 i.e. if

DIW0 ⌘ @IW0 + (@IK)W0 = 0 , (3.96)

where I runs over all the moduli.

No-scale structure.—The Kähler potential (3.93) is of a specific form that
satisfies

X

I,J=Ti

KIJ̄
0 @IK0@J̄K0 = 3 . (3.97)

Since the superpotential (3.94) is independent of the Kähler moduli, the
scalar potential (3.95) is of the no-scale type, i.e. it is independent of the
F-terms of the Kähler moduli,

VF = eK0

X

I,J 6=Ti

KIJ̄
0 DIW0DJW0 . (3.98)

This potential is positive semi-definite, and VF = 0 when DI 6=Ti
W0 = 0.

The minimum is not necessarily supersymmetric, as in general we may have
DTi

W0 6= 0.

No-scale structure and D3-branes.—Thus far we have discussed the e↵ective
action for massless closed string fields, but the positions of D-branes provide
an important additional class of open string moduli. Consider a D3-brane
that fills spacetime and sits at a point in a flux compactification on a Calabi-
Yau manifold. Evaluating the DBI+CS action (3.30) in an ISD background,
one finds that the potential energy for D3-brane motion vanishes identically:
the complex scalars z↵, ↵ = 1, 2, 3, that parameterize the D3-brane posi-
tion are massless moduli. The four-dimensional action derived from the
dimensional reduction of (3.30) can be expressed in N = 1 supergravity via
the DeWolfe-Giddings Kähler potential, which for a compactification with
a single Kähler modulus T takes the form [320]

K(T, T̄ , z↵, z̄↵) = �3 ln
h

T + T̄ � �k(z↵, z̄↵)
i

, (3.99)

17 When gauge multiplets are present in the e↵ective theory, D-term contributions are an
important alternative source of supersymmetry breaking, but our present discussion is
confined to the moduli sector.
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• To leading order, D3 feels no force (∵ no scale).

• What is the effect of WNP on D3?

D3-brane Potential
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• N=1 SU(Nc) SYM with 4D GN =0

• Not pure glue but Nf = 1

• Mass of 37 matter = ϕ - ϕ7 ∝ l37

• Using “Seiberiology” for SQCD w/ Nf=1

see e.g., Intriligator and Seiberg, hep-th/9509066

D3-brane Potential
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T3V
w
4 = 2⇡T (91)

W = W0 + e�aT
(92)

@TW 6= 0 (93)

DTW = 0 at T = T⇤ (94)

W (m) =

�
Nc⇤

3Nc�Nf
detm

� 1
Nc ! m

1
Nc ⇥ (independent of m) (95)

z1z2 � z3z4 = 0 (96)

z1 = A1B1, z2 = A2B2, z3 = A1B2, z4 = A2B1 (97)

Ak ! �Ak, B` ! ��1B`, k, ` = 1, 2 with � 2 C (98)

|A1|2 + |A2|2 = |B1|2 + |B2|2 (99)

Ak ! ei↵Ak, B` ! e�i↵B` (100)

D = |A1|2 + |A2|2 � |B1|2 � |B2|2 � ⇠FI = 0 (101)

⇠FI 6= 0 (102)

Wtree = �✏ik✏j`AiBjAkB` (103)

VD3 = T3�� = T3
�
e4A � ↵

�
(104)
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W (m) =

�
Nc⇤

3Nc�Nf
detm

� 1
Nc ! m

1
Nc ⇥ (independent of m) (95)

m / � ) W / �
1
Nc ) V (�) 6= 0 (96)

WNP = A
0

e�aT ! A
0

f(z)
1
Nc e�aT

(97)

Rab / gab (98)

if Y
5

⇥ R+

is Kahler (99)

ds2
10

= dr2 + r2ds2Y5
(100)

ds2
10

=

⇣ r

R

⌘
2

⌘µ⌫dx
µdx⌫ +

✓
R

r

◆
2 �

dr2 + r2ds2Y5

�
(101)

, AdS
5

⇥ Y
5

with R4

=

4⇡4gsN↵02

Vol(Y
5

)

(102)

z
1

z
2

� z
3

z
4

= 0 (103)

z
1

= A
1

B
1

, z
2

= A
2

B
2

, z
3

= A
1

B
2

, z
4

= A
2

B
1

(104)

9



• Non-perturbative superpotential:

• Many ways to derive this:

1. open string 1-loop corr. to gauge kin, function (BHK ’04)

2. general topological considerations (Ganor ’96)

3. closed string (i.e., SUGRA) (BDKMMM ’06)

• Implications: WNP gives non-negligible contribution to V(ϕ)

D3-brane Potential
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• For a toy model:

• Distant Σ4  can give non-negligible contribution to V(ϕ)

Compactification Effects
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Nc D7 nothing!

D3

we can compute Vϕ) in full!
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Σ4’’

we’ll parametrize these effects
for Calabi-Yau cones



• Let Y5 be a Sasaki-Einstein manifold

• The cone                                 has a CY metric

• Taking N D3 at the tip of the cone, and in near-horizon limit,

• This is dual to an N=1 SCFT (useful later on).

Calabi-Yau Cones
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• Simplest example of CY cones is the conifold:

• Topologically, the conifold is a cone over S2 × S3:

• Metrically, the base Y5 is the Einstein manifold T1,1:

parametrized by coordinates θ1, θ2, Φ1, Φ2, Ψ (detailed form of the metric can 
be found e.g., in [Candelas, de la Ossa]). Isometry group SU(2) x SU(2) x U(1).

Conifold

5.1 Inflating with Warped Branes 187

For small velocities, ṙ2 ⌧ e4A(r), we can expand the square root to get

L ⇡ �1

2
(@�)2 � T3

⇣

e4A(�) � ↵(�)
⌘

, (5.7)

where we have defined the canonically-normalized field �2 ⌘ T3r
2. From

(5.3), we see that a single D3-brane experiences no force in the anti-de
Sitter background: electrostatic repulsion from the four-form background
exactly cancels the gravitational attraction.

D3-branes on the Conifold

An anti-de Sitter background is not a realistic setting for D-brane inflation.
First of all, the spacetime is not compact, but ranges from r = 0 to r = 1.
Furthermore, the metric becomes singular, with infinite redshift, at r = 0.
A more promising scenario for D-brane inflation4 involves a D3-brane in
a finite warped throat region of a flux compactification [41]. We will now
review a few geometric prerequisites for a discussion of this model.

Singular conifold.—The singular conifold is a six-dimensional Calabi-Yau
cone X6 that can be presented as the locus in C4 defined by

4
X

A=1

z2A = 0 , (5.8)

where A 2 {1, 2, 3, 4}. This describes a cone over a base Y5, which is topolog-
ically — but not metrically — equivalent to S2⇥S3. To see this, note that if
zA is a solution to (5.8) then so is �zA, with � 2 C. Writing zA = xA+ iyA,
the complex equation (5.8) may be recast as three real equations,

x · x =
1

2
⇢2 , y · y =

1

2
⇢2 , x · y = 0 . (5.9)

The first equation defines a three-sphere S3 with radius ⇢/
p
2, while the last

two equations describe a two-sphere S2 fibered over the S3. More precisely,
the base Y5 of the cone is the Einstein manifold5 T 1,1, which is the coset
space

T 1,1 = [SU(2)⇥ SU(2)]/U(1) , (5.10)

4

Mirage cosmology [629] is an alternative to inflation in which the spacetime metric is
the induced metric on a D-brane moving through a background supergravity solution.
Discussions of mirage cosmologies involving D3-branes in warped throat regions include
[630–632].

5 An Einstein manifold satisfies Rab / gab.
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The first of these is an S3, the latter two equations give an S2 fibered over the S3. As there are
no non-trivial such fibrations, the base of the cone is S2 × S3. Calabi-Yau spaces which have such
isolated ordinary double point singularities are known as conifolds and the corresponding point
in the moduli space of the Calabi-Yau is known as a conifold point. The ordinary double point
singularity is also referred to as a node. In figure 25 we illustrate a neighbourhood of a node.

S
S 2

3

Figure 25: The neighbourhood around a node.

Having described the singularity in this way we immediately discern two distinct ways of re-
solving it: either we can replace the apex of the cone with an S3, known as a deformation of the
singularity, or we can replace the apex with an S2, known as a small resolution of the singularity.
These two possibilities are illustrated in figure 26. The deformation simply undoes the degeneration
by re-inflating the shrunken S3 to positive size. The small resolution, on the other hand, has a
more pronounced effect: it repairs the singularity in a manner that changes the topology of the
original Calabi-Yau. After all, replacing an S3 with an S2 is a fairly radical transformation. We
shall find the physical interpretation of these two ways of resolving conifold singularities.

2S S

3S

3S 3S

2

2S

Figure 26: The two possible resolutions of a node.

A second piece of background information is a mathematical fact due to Lefshetz concerning
monodromy. Namely, if γa for a = 1, ..., k are k vanishing three-cycles at a conifold point in the
moduli space, then another three-cycle δ undergoes monodromy

δ → δ +
k∑

a=1

(δ ∩ γa) γa (8.19)

upon transport around this point in the moduli space.
With this background, we can now proceed to discuss the result quoted at the beginning of this

section. We will do so in the context of a particularly instructive example, although it will be clear
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cone X6 that can be presented as the locus in C4 defined by

4
X

A=1

z2A = 0 , (5.8)

where A 2 {1, 2, 3, 4}. This describes a cone over a base Y5, which is topolog-
ically — but not metrically — equivalent to S2⇥S3. To see this, note that if
zA is a solution to (5.8) then so is �zA, with � 2 C. Writing zA = xA+ iyA,
the complex equation (5.8) may be recast as three real equations,

x · x =
1

2
⇢2 , y · y =

1

2
⇢2 , x · y = 0 . (5.9)

The first equation defines a three-sphere S3 with radius ⇢/
p
2, while the last

two equations describe a two-sphere S2 fibered over the S3. More precisely,
the base Y5 of the cone is the Einstein manifold5 T 1,1, which is the coset
space

T 1,1 = [SU(2)⇥ SU(2)]/U(1) , (5.10)

4

Mirage cosmology [629] is an alternative to inflation in which the spacetime metric is
the induced metric on a D-brane moving through a background supergravity solution.
Discussions of mirage cosmologies involving D3-branes in warped throat regions include
[630–632].

5 An Einstein manifold satisfies Rab / gab.



• N D3 at the tip of the conifold → warped conifold; FT dual is 
an N=1 SCFT worked out by [Klebanov, Witten] (more later).

• If we have N D3 at the tip and M D5 wrapping the shrinking S2, 
the conifold is warped and deformed:

• S2 shrinks to zero size while the S3 size remains finite:

• SUGRA solution[Klebanov, Strassler] is everywhere smooth.
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with isometry group SU(2)⇥ SU(2)⇥ U(1). The metric on T 1,1 is

d⌦2
T

1,1 ⌘ 1

9

 

d +
2
X

i=1

cos ✓id�i

!2

+
1

6

2
X

i=1

⇣

d✓2i + sin2 ✓id�
2
i

⌘

, (5.11)

where ✓i 2 [0,⇡], �i 2 [0, 2⇡] and  2 [0, 4⇡]. The metric on the conifold
can then be written as

ds2 = dr2 + r2d⌦2
T

1,1 , (5.12)

where r ⌘
p

3/2 ⇢2/3. To express (5.12) as a manifestly Kähler metric, we
introduce three complex coordinates z↵, ↵ 2 {1, 2, 3}. The Ricci-flat Kähler
metric on the singular conifold,

ds2 = k↵�̄ dz
↵dz� , (5.13)

then follows from the Kähler potential [633]

k(z↵, z̄↵) =
3

2

 

4
X

A=1

|zA|2
!2/3

, (5.14)

via k↵�̄ = @↵@�̄k.

Deformed conifold.—In the singular conifold, the base manifold T 1,1 shrinks
to zero size at zA = 0, and the metric on the cone has a curvature singularity.
To remove the singularity, we consider a small modification of the embedding
condition (5.8),

4
X

A=1

z2A = "2 . (5.15)

This defines the deformed conifold. The deformation parameter " can be
made real by an appropriate phase rotation. Eq. (5.15) can then be written
as

x · x� y · y = "2 , (5.16)

x · x+ y · y = ⇢2 . (5.17)

At the tip of the cone, ⇢2 = "2, the S3 remains finite (x · x = "2), while
the S2 shrinks to zero size (y · y = 0). Su�ciently far from the tip, the
right-hand side of (5.15) can be ignored and the metric of the deformed
conifold is well-approximated by that of the singular conifold. Most models
of D-brane inflation operate in this regime.

The first of these is an S3, the latter two equations give an S2 fibered over the S3. As there are
no non-trivial such fibrations, the base of the cone is S2 × S3. Calabi-Yau spaces which have such
isolated ordinary double point singularities are known as conifolds and the corresponding point
in the moduli space of the Calabi-Yau is known as a conifold point. The ordinary double point
singularity is also referred to as a node. In figure 25 we illustrate a neighbourhood of a node.

S
S 2

3

Figure 25: The neighbourhood around a node.

Having described the singularity in this way we immediately discern two distinct ways of re-
solving it: either we can replace the apex of the cone with an S3, known as a deformation of the
singularity, or we can replace the apex with an S2, known as a small resolution of the singularity.
These two possibilities are illustrated in figure 26. The deformation simply undoes the degeneration
by re-inflating the shrunken S3 to positive size. The small resolution, on the other hand, has a
more pronounced effect: it repairs the singularity in a manner that changes the topology of the
original Calabi-Yau. After all, replacing an S3 with an S2 is a fairly radical transformation. We
shall find the physical interpretation of these two ways of resolving conifold singularities.

2S S

3S

3S 3S

2

2S

Figure 26: The two possible resolutions of a node.

A second piece of background information is a mathematical fact due to Lefshetz concerning
monodromy. Namely, if γa for a = 1, ..., k are k vanishing three-cycles at a conifold point in the
moduli space, then another three-cycle δ undergoes monodromy

δ → δ +
k∑

a=1

(δ ∩ γa) γa (8.19)

upon transport around this point in the moduli space.
With this background, we can now proceed to discuss the result quoted at the beginning of this

section. We will do so in the context of a particularly instructive example, although it will be clear
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D3-branes on the conifold.—Now consider placing a stack of N D3-branes
at the singular tip, zA = 0, of the singular conifold. As before, the branes
backreact on the geometry, producing the warped ten-dimensional line ele-
ment [628]

ds2 = e2A(r)⌘µ⌫dx
µdx⌫ + e�2A(r)

⇣

dr2 + r2d⌦2
T

1,1

⌘

, (5.18)

where

e�4A(r) = 1 +
L4

r4
with L4 ⌘ 27⇡

4
gsN(↵0)2 . (5.19)

For r ⌧ L, the solution is AdS5 ⇥ T 1,1 [634].

Warped deformed conifold.—Finally, we describe the warped deformed coni-
fold, or Klebanov-Strassler (KS) geometry [426]. This is a noncompact,
smooth solution of type IIB supergravity in which warping is supported by
background fluxes. The KS solution can be obtained by considering the
backreaction of N D3-branes at the tip of the singular conifold, together
with the backreaction of M D5-branes wrapping the collapsed S2 at the
tip, but we will find it useful to give an alternative presentation in which all
D-branes are replaced by fluxes carrying the associated charges (cf. [635]).
The geometric substrate for the solution is the deformed conifold (5.15),

which contains two independent three-cycles: the S3 at the tip, known as
the A-cycle, and the Poincaré dual three-cycle, known as the B-cycle. The
background three-form fluxes of the KS solution are quantized

1

(2⇡)2↵0

Z

A
F3 = M and

1

(2⇡)2↵0

Z

B
H3 = K , (5.20)

where M � 1 and K � 1 are integers. These fluxes give rise to non-trivial
warping. The line element for the KS solution takes the form

ds2 = e2A(r)⌘µ⌫dx
µdx⌫ + e�2A(r)ds̃2 , (5.21)

where ds̃2 is the metric of the deformed conifold defined by (5.15). As in the
deformed conifold, the infrared geometry is smooth: the A-cycle is finite in

size, with radius rA =
q

gsM↵0, so the supergravity approximation remains
valid near the tip provided that gsM � 1. For our purposes, it will su�ce
to cut o↵ the radial coordinate at a minimum value r

IR

, and work at r � r
IR

(but see [426] for a precise description of the tip geometry). Far from the
tip, the line element is well-approximated by (5.8), with

e�4A(r) =
L4

r4

 

1 +
3gsM

8⇡K
+

3gsM

2⇡K
ln

r

r
UV

!

, (5.22)
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where

L4 ⌘ 27⇡

4
gsN(↵0)2 , N ⌘ MK . (5.23)

Here, r
UV

is an ultraviolet cuto↵, discussed further below. The logarithmic
running of the warp factor corresponds to that seen in the singular warped
conifold solution of [628]. The warp factor eA(r) in (5.21) reaches a minimal

value eA(r
IR

) ⌘ eAIR at the tip, and is given in terms of the flux quanta by
[295]

eAIR = exp

✓

� 2⇡K

3gsM

◆

. (5.24)

The exponential hierarchy is a consequence of the logarithmic running in
(5.22). The KS solution given in (5.21) and (5.22) is the canonical example
of a warped throat geometry, and provides the basis for the most explicit
studies of warped D-brane inflation.

Before proceeding, we should emphasize that the ten-dimensional KS so-
lution, involving a noncompact warped deformed conifold, does not give rise
to dynamical gravity upon dimensional reduction to four dimensions: the
compactification volume, and hence the four-dimensional Planck mass, are
infinite. For model-building purposes, one considers instead a flux compact-
ification containing a finite warped throat region that is well-approximated
by a finite portion of the KS solution, from the tip r = r

IR

to some ul-
traviolet cuto↵ r = r

UV

. Beyond this, the throat attaches to a bulk space,
corresponding to the remainder of the compactification (see fig. 5.2). The
metric of the bulk is poorly characterized in general, but the influence of
the bulk supergravity solution on dynamics in the throat region can be pa-
rameterized very e↵ectively. The validity of the finite throat approximation
was systematically investigated in [42] — see §5.1.2.

A Field Range Bound

The total compactification volume is the sum of the throat volume,

VT ⌘
Z

d⌦2
T

1,1

Z r
UV

r
IR

r5dr e�4A(r) = 2⇡4gsN(↵0)2 r2
UV

, (5.25)

and the volume VB of the bulk space. The Planck mass (3.47), M2
pl =

V/g2s2, is finite, with V ⌘ VT +VB. Ignoring the bulk volume gives a lower
bound on the Planck mass,

M2
pl >

N

4

r2
UV

(2⇡3)gs(↵
0)2

. (5.26)

See [GS, Underwood];[GS, Underwood, Kecskemeti, Maiden] for CMB effects.

Alternative description in terms of fluxes:

Near tip, S3 x R3
14.1 Type IIB with 3-form fluxes 465

S3

F3 H3

CY

UVIR
~AdS5

Figure 14.1 Warped throat from the deformed conifold with 3-form fluxes.

The exponentially small S3 size allows for a useful approximate description of the throat.
The deformed conifold can be approximated by a singular conifold, with a cone structure

ds̃2
6d = g̃mn dym dyn = dr2 + r2 ds2

T1,1
, (14.46)

with T1,1 = S2×S3 being the 5d base of the cone, whose details are not particularly relevant
here. Fluxes are localized around the S3 and their effect on the supergravity solution can be
approximately described as a stack of Nflux D3-branes at r = 0. The solution is analogous
to that of D3-branes in flat space (6.33), with Z = e−4A, by simply replacing the transverse
R6 metric by (14.46).

ds2 = e2A(r) ηµν dxµ dxν + e−2A(r)
(

dr2 + r2 ds2
T1,1

)
, (14.47)

with the warp factor harmonic function

e−4A(r) = 1 + R4

r4 , with R4 = 4πgs Nflux α′2. (14.48)

At very large radius r ≫ R the solution becomes the conifold metric, which glues to the
rest of the compact CY space. On the other hand, for r ≪ R we can neglect the constant
term, and obtain

ds2 = r2

R2 ηµν dxµdxν + R2

r2 dr2 + R2 ds2
T1,1

. (14.49)

The 4d Minkowski directions combine with the throat radial direction to produce an AdS5

geometry; the angular coordinates parametrize a constant size T1,1 space. This approxima-
tion holds at locations r large compared with the S3 size r̃ = z1/3, at which the fluxes cut
off the AdS throat, with a value for the warp factor

eAmin ≃ r̃ ≃ exp
(

− 2π K
3Mgs

)
, (14.50)

providing an exponential hierarchy of energy scales of physical systems localized at the
bottom of the throat, due to their large redshift.

The system provides a string theory realization of the Randall–Sundrum (RS) warped
dimensions in Section 1.4.3, see Figure 14.1. The throat (14.49) corresponds, upon a
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Far from tip,  

approximated by AdS5 x T1,1 
(up to “log corrections”)



• KW CFT has U(N)xU(N) gauge group & matter fields:

w/ a superpotential (see [Klebanov,Witten] for details)

• Isometry becomes SU(2)xSU(2) global symmetries and U(1)R

• Moduli space of vacua = {D=0}/U(1) is the coset space T1,1:

CFT Dual

z1 = A1B1, z2 = A2B2, z3 = A1B2, z4 = A2B1 (91)

Ak ! �Ak, B` ! ��1B`, k, ` = 1, 2 with � 2 C (92)

|A1|2 + |A2|2 = |B1|2 + |B2|2 (93)

Ak ! ei↵Ak, B` ! e�i↵B` (94)

D = |A1|2 + |A2|2 � |B1|2 � |B2|2 � ⇠FI = 0 (95)

Wtree = �✏ik✏j`AiBjAkB` (96)

9

SU(N+) SU(N) SU(2) SU(2) U(1)B U(1)A U(1)R

A1, A2 N+ N 2 1 1
2N+N

1
2N+N

1
2

B1, B2 N+ N 1 2 − 1
2N+N

1
2N+N

1
2

Λ3N+−2N
1 0 2

N+
2M

Λ̃3N−2N+

1 0 2
N −2M

λ1 0 − 2
N+N 0

Table 1. Quantum numbers in the SU(N + M) × SU(N) model; we have written

N+ ≡ N + M for concision.

The classical field theory is well aware that it represents branes moving on a

conifold [6, 7]. Let us consider the case where the Ai and Bk have diagonal expectation

values, ⟨Ai⟩ = diag(a(1)
i , · · · , a(N)

i ), ⟨Bi⟩ = diag(b(1)
i , · · · , b(N)

i ). The F-term equations
for a supersymmetric vacuum

B1AiB2 − B2AiB1 = 0 , A1BkA2 − A2BkA1 = 0 (10)

are automatically satisfied in this case, while the D-term equations require |a(r)
1 |2 +
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2 |2 = 0. Along with the phases removed by the maximum abelian

subgroup of the gauge theory, the D-terms leave only 3N independent complex vari-

ables. Define n(r)
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i b(r)
k ; then the D-term and gauge invariance conditions are

satisfied by using the n(r)
ik as coordinates. These 4N complex coordinates satisfy the

condition, for each r,
det
i,k

n(r)
ik = 0 . (11)

This is the same as equation (2). Thus, for each r = 1, · · · , N , the coordinates n(r)
11 ,

n(r)
12 , n(r)

21 , n(r)
22 , are naturally thought of as the position of a D3-brane moving on a

conifold.

There are various combinations of the fields and parameters which are invariant
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• Non-compactification gives GN = 0 (not useful)

• General SU(3) holonomy manifold is intractable (need metric)

• Middle ground: inclusion of compactification effects in a finite 
throat: 

• Planck-scale effects come from the bulk of compactification 
(“Planck brane”).

Our Strategy

warped throat

rD3
D3

Ψ

bulk

Figure 37: D3-brane inflation in a warped throat geometry. The D3-branes are spacetime-filling

in four dimensions and therefore pointlike in the extra dimensions. The circle stands

for the base manifold X5 with angular coordinates  . The brane moves in the radial

direction r. At rUV the throat attaches to a compact Calabi-Yau space. Anti-D3-branes

minimize their energy at the tip of the throat, rIR.

the tip of the throat, r = 0, is smoothed by the presence of appropriate fluxes. The tip of the throat

is therefore located at a finite radial coordinate rIR, while at r = rUV the throat is glued into an

unwarped bulk geometry. In the relevant regime rIR ⌧ r < rUV the warp factor may be written as

[115]

e�4A(r) =
R4

r4
ln

r

rIR
, R4 ⌘ 81

8
(gsM↵0)2 , (364)

where

ln
rUV

rIR
⇡ 2⇡K

3gsM
. (365)

Here, M and K are integers specifying the flux background [114, 116].

Warping sourced by fluxes is commonplace in modern compactifications, and there has been much

progress in understanding the stabilization of the moduli of such a compactification [113]. Posit-

ing a stabilized compactification containing a KS throat therefore seems reasonable given present

knowledge.

29.2.2 The Field Range Bound

Before addressing the complicated problem of the shape of the inflationary potential let us ask if

these models can ever source a large gravitational wave amplitude. It turns out that this question

can be phrased in purely geometrical terms and does not depend on the details of inflationary

dynamics [117]. By the Lyth bound we know that a large gravitational wave signal requires super-

Planckian field variation. As a minimal requirement we therefore ask if super-Planckian field values

are accessible in warped D-brane inflation.

The inflaton kinetic term is determined by the Dirac-Born-Infeld (DBI) action for a probe D3-

brane, and leads to an identification of the canonical inflaton field with a multiple of the radial

coordinate, �2 ⌘ T3r
2. Here, T3 ⌘

⇥
(2⇡)3gs↵02⇤�1

is the D3-brane tension, with gs the string
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spectrum of perturbations of the warped conifold, we will be able to identify
the leading corrections to the D3-brane potential.
Locality in the internal space dictates that the e↵ective action for a D-

brane probe at some point is specified by the supergravity fields at that
point. This suggests the following strategy: find the most general super-
gravity solution for a finite warped throat that asymptotes in the infrared to
the Klebanov-Strassler solution, by classifying all possible perturbations ��.
Far from the ultraviolet region, the solution is given to good approximation
by retaining the subset of modes with the lowest values of �, i.e. the modes
dual to the most relevant perturbations of the dual field theory Lagrangian.
In a general six-dimensional cone, it would be challenging to determine

the spectrum of dimensions �. However, the conifold is a cone over the
coset space T 1,1, which is amenable to harmonic analysis via group theory
techniques. Thus, by approximating a finite warped region as a portion of
the warped conifold and using the spectroscopy of T 1,1, one can determine
the leading non-normalizable modes. Correspondingly, one obtains the form
of the leading contributions to the potential of a D3-brane in a KS throat.
We now give a few details of this analysis.

UV perturbations

probe D3-brane

warped conifold

Fig. 5.4. Compactification induces UV perturbations to the warped conifold so-
lution. In the IR the lowest-dimension perturbations dominate in the D3-brane
potential.

10D Supergravity.—To determine the D3-brane potential (5.29), we need

solutions for the warp factor e4A(r) and the four-form potential ↵(r). In
particular, we will be interested in the solution for the field

�� ⌘ e4A � ↵ . (5.48)
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single explicit embedding is known in which inflation can occur [218, 637].
This is the so-called Kuperstein embedding [639]

f(z1) = µ� z1 . (5.45)

In this example, the scalar potential (5.40) receives a correction scaling as

�3/2 (/ z1),

VF (�) ⇡ V0 + · · ·+ ��3/2 +
V0

M2
pl

�2 + · · · . (5.46)

The last two terms shown in (5.46) contribute to ⌘ with opposite signs.
Let �0 be the point in field space where the second slow-roll parameter
vanishes, ⌘(�0) = 0. Near this point we have |⌘| ⌧ 1. This is not even
a fine-tuning, but arises dynamically. What does involve fine-tuning is the
requirement that �0 is in the region of control (i.e. inside the warped throat)
and that the potential is monotonic and has a small first derivative (small
✏) at the same point. If this can be arranged, then we get inflation near
an approximate inflection point. Fig. 5.3 shows an example of a successful
scan in the parameter space of warped D3-brane inflation [218].

10D Perspective

The example above provides an existence proof for inflation in warped throat
geometries, but the setup is too special to provide a good sense for the range
of possibilities. Moreover, the above analysis implicitly assumed that the
physics inside the throat decouples completely from the physics of the bulk,
which as we stressed in §4.2 is rarely the case. Finally, we have modeled the
warped throat region by a finite portion of a noncompact warped Calabi-
Yau cone. This approximation fails where the finite throat is attached to
the remainder of the compactification. In this section, we describe a more
general analysis that addresses these deficiencies.

The essential idea is that all ‘compactification e↵ects’ — i.e. all infor-
mation about moduli stabilization and supersymmetry breaking in the re-
mainder of the compactification — can be expressed as non-normalizable
perturbations of the noncompact solution [42,640],

��(r) = ��(r
UV

)

✓

r

r
UV

◆�

. (5.47)

Here, �� is the deviation of some supergravity field � from its value in
the noncompact solution, r

UV

is the radial location of the ultraviolet end
of the throat, and � is the scaling dimension of ��.6 By determining the

6 In AdS/CFT, this corresponds to the dimension of the operator dual to the perturbation
��.

z1 = A1B1, z2 = A2B2, z3 = A1B2, z4 = A2B1 (91)

Ak ! �Ak, B` ! ��1B`, k, ` = 1, 2 with � 2 C (92)

|A1|2 + |A2|2 = |B1|2 + |B2|2 (93)

Ak ! ei↵Ak, B` ! e�i↵B` (94)

D = |A1|2 + |A2|2 � |B1|2 � |B2|2 � ⇠FI = 0 (95)

⇠FI 6= 0 (96)

Wtree = �✏ik✏j`AiBjAkB` (97)

VD3 = T3�� = T3
�
e4A � ↵

�
(98)

9

On the CFT side: 

z1 = A1B1, z2 = A2B2, z3 = A1B2, z4 = A2B1 (91)

Ak ! �Ak, B` ! ��1B`, k, ` = 1, 2 with � 2 C (92)

|A1|2 + |A2|2 = |B1|2 + |B2|2 (93)

Ak ! ei↵Ak, B` ! e�i↵B` (94)

D = |A1|2 + |A2|2 � |B1|2 � |B2|2 � ⇠FI = 0 (95)

⇠FI 6= 0 (96)

Wtree = �✏ik✏j`AiBjAkB` (97)

VD3 = T3�� = T3
�
e4A � ↵

�
(98)

LCFT ! LCFT +

X

i

O�
i ci (99)

9



Two Dual Views

KW CFTAdS x T1,1

196 5 Examples of String Inflation

single explicit embedding is known in which inflation can occur [218, 637].
This is the so-called Kuperstein embedding [639]

f(z1) = µ� z1 . (5.45)

In this example, the scalar potential (5.40) receives a correction scaling as

�3/2 (/ z1),

VF (�) ⇡ V0 + · · ·+ ��3/2 +
V0

M2
pl

�2 + · · · . (5.46)

The last two terms shown in (5.46) contribute to ⌘ with opposite signs.
Let �0 be the point in field space where the second slow-roll parameter
vanishes, ⌘(�0) = 0. Near this point we have |⌘| ⌧ 1. This is not even
a fine-tuning, but arises dynamically. What does involve fine-tuning is the
requirement that �0 is in the region of control (i.e. inside the warped throat)
and that the potential is monotonic and has a small first derivative (small
✏) at the same point. If this can be arranged, then we get inflation near
an approximate inflection point. Fig. 5.3 shows an example of a successful
scan in the parameter space of warped D3-brane inflation [218].

10D Perspective

The example above provides an existence proof for inflation in warped throat
geometries, but the setup is too special to provide a good sense for the range
of possibilities. Moreover, the above analysis implicitly assumed that the
physics inside the throat decouples completely from the physics of the bulk,
which as we stressed in §4.2 is rarely the case. Finally, we have modeled the
warped throat region by a finite portion of a noncompact warped Calabi-
Yau cone. This approximation fails where the finite throat is attached to
the remainder of the compactification. In this section, we describe a more
general analysis that addresses these deficiencies.

The essential idea is that all ‘compactification e↵ects’ — i.e. all infor-
mation about moduli stabilization and supersymmetry breaking in the re-
mainder of the compactification — can be expressed as non-normalizable
perturbations of the noncompact solution [42,640],

��(r) = ��(r
UV

)

✓

r

r
UV

◆�

. (5.47)

Here, �� is the deviation of some supergravity field � from its value in
the noncompact solution, r

UV

is the radial location of the ultraviolet end
of the throat, and � is the scaling dimension of ��.6 By determining the

6 In AdS/CFT, this corresponds to the dimension of the operator dual to the perturbation
��.

z1 = A1B1, z2 = A2B2, z3 = A1B2, z4 = A2B1 (91)

Ak ! �Ak, B` ! ��1B`, k, ` = 1, 2 with � 2 C (92)

|A1|2 + |A2|2 = |B1|2 + |B2|2 (93)

Ak ! ei↵Ak, B` ! e�i↵B` (94)

D = |A1|2 + |A2|2 � |B1|2 � |B2|2 � ⇠FI = 0 (95)

⇠FI 6= 0 (96)

Wtree = �✏ik✏j`AiBjAkB` (97)

VD3 = T3�� = T3
�
e4A � ↵

�
(98)

LCFT ! LCFT +

X

i

O�
i ci (99)

9

vev describing location 
on Coulomb branchD3 postion

z1 = A1B1, z2 = A2B2, z3 = A1B2, z4 = A2B1 (91)

Ak ! �Ak, B` ! ��1B`, k, ` = 1, 2 with � 2 C (92)

|A1|2 + |A2|2 = |B1|2 + |B2|2 (93)

Ak ! ei↵Ak, B` ! e�i↵B` (94)

D = |A1|2 + |A2|2 � |B1|2 � |B2|2 � ⇠FI = 0 (95)

⇠FI 6= 0 (96)

Wtree = �✏ik✏j`AiBjAkB` (97)

VD3 = T3�� = T3
�
e4A � ↵

�
(98)

LCFT ! LCFT +

X

i

O�
i ci (99)

�D3 (100)

Vrenorm +

X

i,�i>4

ciO�i
1

⇤

�i�4
(101)

9

Now in EFT, we could write:

z1 = A1B1, z2 = A2B2, z3 = A1B2, z4 = A2B1 (91)

Ak ! �Ak, B` ! ��1B`, k, ` = 1, 2 with � 2 C (92)

|A1|2 + |A2|2 = |B1|2 + |B2|2 (93)

Ak ! ei↵Ak, B` ! e�i↵B` (94)

D = |A1|2 + |A2|2 � |B1|2 � |B2|2 � ⇠FI = 0 (95)

⇠FI 6= 0 (96)

Wtree = �✏ik✏j`AiBjAkB` (97)

VD3 = T3�� = T3
�
e4A � ↵

�
(98)

LCFT ! LCFT +

X

i

O�
i ci (99)

�D3 (100)

Vrenorm +

X

i,�i>4

ciO�i
1

⇤

�i�4
(101)

9

Spectroscopy of T1,1 gives the “structure” of the potential;
not the Wilson coefficients ci



Two Dual Views

Here, the structure of operator dimensions {Δi} is not easy to
get from the QFT, as the KW theory is strongly coupled.

We can obtain the spectroscopy of {Δi} in SUGRA and learn:

{Δi} ⇔ what sort of physics (fluxes, branes) in the bulk

This is a first step; next could try to understand the typical
values of ci and eventually statistics of ci in the landscape.



Conifold Spectroscopy

Consider first:                   

198 5 Examples of String Inflation

Taking the metric ansatz

ds2 = e2A(y)gµ⌫dx
µdx⌫ + e�2A(y)gmndy

mdyn , (5.49)

where gµ⌫ is the metric of a maximally symmetric four-dimensional space-
time, the field equations of ten-dimensional type IIB supergravity imply the
master equation7

r2�� = R4 +
gs
96

|⇤|2 + e�4A|r��|2 + Sloc , (5.50)

where r2 is the Laplacian constructed using the conifold metric (5.12), Sloc

is a localized source due to anti-D3-branes, and

⇤ ⌘ �+G� + ��G+ , (5.51)

with
G± ⌘ (?6 ± i)G3 and �± ⌘ e4A ± ↵ . (5.52)

At the same time, the three-form flux must satisfy the equation of motion

d⇤+
i

2

d⌧

Im⌧
^ (⇤+ ⇤̄) = 0 . (5.53)

The solutions to (5.50) can be organized as follows:

V (x, ) = V0 + VC(x) + VR(x) + VB(x, ) , (5.54)

where x ⌘ r/r
UV

and  stands collectively for all five angular coordinates.
We will describe each of the terms in (5.54) in turn.

Constant contributions.—The constant V0 represents possible contributions
from distant sources of supersymmetry breaking — in the bulk of the com-
pactification, or in other throats — that exert negligible forces on the D3-
brane, and only contribute to the inflationary vacuum energy. This situation
corresponds to maximal decoupling of the source of supersymmetry break-
ing from the D3-brane action: the two sectors communicate only through
four-dimensional curvature. As explained in §4.2, complete decoupling of
this sort is very rare. We have in fact made an artificial but convenient
division, using V0 to represent the sum of all8 constant contributions to the
potential, from diverse sources, each of which will in general also contribute
non-constant terms in other categories described below.

7 In comparison to (3.88), we have now allowed the four-dimensional curvature R
4

to be
nonvanishing: compare (3.82) and (5.49).

8 In fact, one constant contribution is grouped in VC rather than in V
0

: this is the vacuum
energy contributed by the brane-antibrane pair, denoted D

0

in (5.55).
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The 3-form flux in turn satisfies:
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can this contribution be
canceled by other sources?
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Brane Inflation [Dvali-Tye]

Localized sources:

Warping flattens the potential 
[Kachru, Kallosh, Linde, Maldacena, McAllister, Trivedi] (KKLMMT)  
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Local sources.—As before, VC(x) is the Coulomb potential sourced by S
local

,

VC(x) = D0

✓

1� 27

64⇡2

D0

T 2
3 r

4
UV

1

x4

◆

. (5.55)

In the inflationary regime (far from the tip), the dependence on the D3-
brane position x is a subdominant e↵ect. This is a restatement of the fact
that warping — captured by the smallness of D0 in (5.55) — makes the
Coulomb potential extremely flat.

The eta problem revisited.—The Friedmann equation relates the Ricci cur-
vature in four dimensions, R4 = 12H2, to the inflationary energy density,
V ⇡ V0 +D0. Integrating (5.50), we find a curvature-induced mass term

VR(x) =
1

3
µ4x2 + · · · , where µ4 ⌘ (V0 +D0)

T3r
2
UV

M2
pl

. (5.56)

This is how the curvature-coupling aspect of the eta problem arises in ten-
dimensional supergravity.

Bulk contributions.—Finally, we have a term that characterizes all possible
contributions from stress-energy in the bulk of the compactification,

VB(x, ) = µ4
X

LM

cLM x�(L) fLM ( ) , (5.57)

where cLM are constant coe�cients, L ⌘ (j1, j2, R) and M ⌘ (m1,m2) label
the SU(2)⇥ SU(2)⇥ U(1) quantum numbers under the isometries of T 1,1,
and the functions fLM ( ) are angular harmonics on T 1,1 (whose explicit
forms can be found in [42]). The exponents �(L) have been computed
in detail in [42], building on a spectroscopic analysis of perturbations on
AdS5 ⇥ T 1,1 [641]. We briefly summarize the results. We split the bulk
contributions into homogeneous solutions of the six-dimensional Laplace
equation [317]

r2�h = 0 , (5.58)

and inhomogeneous contributions sourced by flux [640],

r2�f =
gs
96

|⇤|2 . (5.59)

The solutions are characterized by their scaling dimensions �(L). Solutions
to (5.58) satisfy

�h(L) ⌘ �2
p

H(j1, j2, R) + 4 , (5.60)

where

H(j1, j2, R) ⌘ 6



j1(j1 + 1) + j2(j2 + 1)� 1

8
R2

�

. (5.61)
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Local sources.—As before, VC(x) is the Coulomb potential sourced by S
local

,

VC(x) = D0

✓

1� 27

64⇡2

D0

T 2
3 r

4
UV

1

x4

◆

. (5.55)

In the inflationary regime (far from the tip), the dependence on the D3-
brane position x is a subdominant e↵ect. This is a restatement of the fact
that warping — captured by the smallness of D0 in (5.55) — makes the
Coulomb potential extremely flat.

The eta problem revisited.—The Friedmann equation relates the Ricci cur-
vature in four dimensions, R4 = 12H2, to the inflationary energy density,
V ⇡ V0 +D0. Integrating (5.50), we find a curvature-induced mass term

VR(x) =
1

3
µ4x2 + · · · , where µ4 ⌘ (V0 +D0)

T3r
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UV

M2
pl

. (5.56)

This is how the curvature-coupling aspect of the eta problem arises in ten-
dimensional supergravity.

Bulk contributions.—Finally, we have a term that characterizes all possible
contributions from stress-energy in the bulk of the compactification,

VB(x, ) = µ4
X

LM

cLM x�(L) fLM ( ) , (5.57)

where cLM are constant coe�cients, L ⌘ (j1, j2, R) and M ⌘ (m1,m2) label
the SU(2)⇥ SU(2)⇥ U(1) quantum numbers under the isometries of T 1,1,
and the functions fLM ( ) are angular harmonics on T 1,1 (whose explicit
forms can be found in [42]). The exponents �(L) have been computed
in detail in [42], building on a spectroscopic analysis of perturbations on
AdS5 ⇥ T 1,1 [641]. We briefly summarize the results. We split the bulk
contributions into homogeneous solutions of the six-dimensional Laplace
equation [317]

r2�h = 0 , (5.58)

and inhomogeneous contributions sourced by flux [640],

r2�f =
gs
96

|⇤|2 . (5.59)

The solutions are characterized by their scaling dimensions �(L). Solutions
to (5.58) satisfy

�h(L) ⌘ �2
p

H(j1, j2, R) + 4 , (5.60)

where

H(j1, j2, R) ⌘ 6



j1(j1 + 1) + j2(j2 + 1)� 1

8
R2

�

. (5.61)

After some work, one obtains in this example [Baumann et al] 

V = V0 + cij( )�
1
+ a3/2h3/2( )�

3/2

+ [b2 + c2 + a2h2( )]�
2

+ cp28�3j
p
28�3( )�

p
28�3

+ . . . (104)

10

a-terms:  fluxes; b-terms: effect of R4 ;
c-terms: harmonic parts of Φ−

Tracing the origin:



Dual CFT Operators

Strongly coupled CFT, but Δ of some operators are protected. 

On the gravity side, Δ is related to the eigenvalue of Laplacian:

Δ should correspond to conformal dim. of operators in CFT.

where

fL(Ψ) ≡
∑

M

ΦLMYLM(Ψ) + c.c. , (4.45)

and ΦLM are constant coefficients. The quantities ∆(L) are related to the eigenvalues of

the angular Laplacian

∆(L) ≡ −2 +
√

6[J1(J1 + 1) + J2(J2 + 2) − R2/8] + 4 . (4.46)

To determine the leading perturbations to the brane potential we are interested in the lowest

eigenvalues, since via Eq. (4.44) these correspond to the perturbations that diminish most

slowly towards the tip of the throat. Incorporating the group-theoretic selection rules11

that restrict the allowed quantum numbers [155]:

• J1 and J2 are both integers or both half-integers.

• m1 ∈ {−J1, · · · , J1} and m2 ∈ {−J2, · · · , J2}.

• R sin Z with R
2 ∈ {−J1, · · · , J1} and R

2 ∈ {−J2, · · · , J2}.

one finds that the smallest eigenvalues corresponding to nontrivial perturbations are

∆ =
3

2
for (J1, J2, R) = (1/2, 1/2, 1) , (4.47)

∆ = 2 for (J1, J2, R) = (1, 0, 0), (0, 1, 0) . (4.48)

For simplicity, we now assume that a single mode dominates the expansion in Eq. (4.44),

Φ− ≈ fL(Ψ)

(

r

rUV

)∆(L)

. (4.49)

(If more than one angular mode is relevant during inflation, then the dynamics is signifi-

cantly more complicated than what is described below.) To isolate the radial dynamics, we

first minimize the potential in the angular directions. When the angular coordinates have

relaxed to their minima, the potential reduces to an effective single-field potential for the

radial direction r. In the single-perturbation case of Eq. (4.49), the Φ− perturbation then

always leads to a repulsive force, i.e. the effect of the perturbation is to push the brane

out of the throat. The proof is straightforward: any non-constant spherical harmonic is

orthogonal to the constant (L = 0) harmonic, and hence any nontrivial harmonic neces-

sarily attains both positive and negative values. Therefore, there always exists an angular

location Ψ⋆ where fL(Ψ⋆) is negative. It follows that at fixed radial location, the D3-brane

potential induced by the term in Eq. (4.49) is minimized at an angular location where

the contribution of Eq. (4.49) to the radial potential is negative. This contribution to the

potential is minimized at r → ∞. The potential induced by any individual perturbation

of the form of Eq. (4.49) therefore produces a radially-expulsive force. This is fortunate,

since only a repulsive force allows cancellation with the mass term in Eq. (4.8) to alleviate

the eta problem.

11so as to ensure the existence of single-valued regular solutions
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potential can be generated if the CFT Lagrangian is perturbed by operators composed of

the scalar fields that parameterize the Coulomb branch.

In particular, we are interested in perturbations that do not explicitly break super-

symmetry and that incorporate the effects of bulk Calabi-Yau fields. Consider an operator

of the form of Eq. (4.54), with

Oδ ≡
∫

d4θX†X O∆ , (4.55)

where X is a bulk moduli field. This term, being an integral over superspace, is allowed in

a supersymmetric Lagrangian, but will break supersymmetry spontaneously if X obtains

an F-term vacuum expectation value. Notice that Oδ is a composite operator, containing

both bulk and CFT fields, with total dimension δ = 4 + ∆. Such a perturbation yields a

term in the D3-brane potential of the form [154]

∆V ∝ φ∆ . (4.56)

In the following we will identify the CFT operators O∆ that correspond to perturbations

of Φ− and hence induce a D3-brane potential; the operator dimensions ∆ will then dictate

the structure of possible terms in the D3-brane potential.

4.5.3 Classification of Operators

To enumerate the lowest-dimension contributing operators, we must give a few more details

of the structure of the gauge theory. (More background on the gauge theory dual to the

KS throat may be found in Ref. [160].) The approximate CFT that is dual to the KS

throat is an SU(N + M) × SU(N) gauge theory with bi-fundamental fields Ai, Bi (i, j =

1, 2). These fields parameterize the Coulomb branch and, in particular, contain the data

specifying the D3-brane position. The single-trace operators built out of the fields Ai, Bi

and their complex conjugates are labeled by their SU(2)A × SU(2)B × U(1)R quantum

numbers (J1, J2, R); this symmetry group corresponds to the isometries of the base manifold

T 1,1. Using the AdS/CFT correspondence, the dimensions of these operators are given by

Eq. (4.46). In fact, the leading contributions to the D3-brane potential involve either chiral

operators whose dimensions are dictated by their U(1)R charges, or operators related by

supersymmetry to the Noether currents of the global symmetries, and in either case the

dimensions are protected and could be computed directly in the gauge theory. However,

this will not be true of the operators that induce subleading corrections.

Chiral operators. For J1 = J2 = R/2, one has chiral operators of the form

O∆ = Tr
(

A(i1B(j1A
i2Bj2 . . . AiR)BjR)

)

+ c.c. (4.57)

The dimensions of these operators, ∆ = 3R/2, are fixed by N = 1 superconformal invari-

ance. The lowest-dimension such operators are

O3/2 = Tr (AiBj) + c.c. , (4.58)

which have {J1, J2, R} = {1
2 , 1

2 , 1}. These chiral operators have ∆ = 3/2, and in generic

situations they contribute the leading term in the inflaton potential via Eq. (4.56).
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Chiral operators Δ determined 
by R-charge

J = J = R/2 = 1/4

Non-chiral 
operators

Non-chiral operators. There are a number of operators which have the next lowest

dimension, ∆ = 2. For example, there are operators with {J1, J2, R} = {1, 0, 0}:

O2 = Tr
(

A1Ā2
)

, Tr
(

A2Ā1
)

,
1√
2
Tr
(

A1Ā1 − A2Ā2
)

, (4.59)

and the corresponding {J1, J2, R} = {0, 1, 0} operators made out of the fields Bj . These

non-chiral operators are in the same supermultiplets as SU(2) × SU(2) global symmetry

currents, and so their dimension is exactly 2.

Table 1: AdS/CFT Dictionary for Warped D-brane Inflation.

Gravity Side Gauge Theory Side

∆L ∆V = T3 Φ−

∇2Φ− = 0

∆V = −
(

φ
φUV

)∆

∆L =
∫

d4θ X†X O∆

O∆ = Tr
(

A(i1B(j1 . . . AiR)BjR)

)

∆V = −
(

φ
φUV

)∆

∆ eigenvalue of Laplacian operator dimension

φ radial location energy scale

φUV maximal UV radius UV cutoff
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same multiplet as SU(2)xSU(2) global sym, current, Δ=2 



• Small field inflation (undetectable r) → next lecture

• Kinetic term of DBI form: for “relativistic” motion, inflaton 
reaches “speed limit” (strong and distinctive NG).

• V(ϕ) receives crucial contribution from moduli stabilization, 
e.g., WNP & bulk effects.

• Wilson coefficients depend on UV completion (string theory).
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where V4 is the ‘warped volume’ (3.107) wrapped by the D7-branes. Chang-
ing the position � of a spacetime-filling D3-brane alters the warp factor
A(�), and hence V4(�), so that �W = �W (�). To quantify this e↵ect, one
computes the backreaction of the D3-brane on the four-cycle wrapped by
the D7-branes [335]. For a four-cycle defined by a holomorphic embedding

f(z↵) = 0 , (5.42)

the result can be written as

W (T, z↵) = W0 +A(z↵)e
�aT , a ⌘ 2⇡

Nc
, (5.43)

where the function A(z↵) is defined in terms of the embedding (5.42),

A(z↵) = A0

✓

f(z↵)

f(0)

◆1/Nc

. (5.44)
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Fig. 5.3. Example scan through the parameter space of warped D3-brane inflation
(figure adapted from [218]). The scan parameter s is the ratio of the antibrane
energy to the F-term energy before uplifting. Successful inflation occurs in the
gray shaded region.

Fine-tuning to produce a flat potential.—Which embedding functions f(z↵)
lead to forces that can balance the curvature coupling? This question was
addressed in a number of papers [217, 218, 636, 637]. An important no-go
result was proven in [218, 636]. The infinite class of embeddings studied
in [638] does not allow any inflationary solutions. In fact, to date only a

inflection point
inflation
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