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1 Introduction

Many proposals to construct de Sitter vacua in String Theory involve uplifting the negative
cosmological constant that one typically obtains in flux compactifications after fixing the
moduli. The original and most popular uplifting ingredient are anti-D3 branes placed in
long warped throats within the compactification manifold [1]. They are argued to give a
tunably small uplift energy, which would make the cosmological constant positive without
perturbing the stabilization of the other moduli.

The prototypical example of such a warped throat is the Klebanov-Strassler (KS)
geometry, obtained by adding fluxes to the deformed conifold [2]. There is by now an
extensive body of work investigating the physics of anti-D3 branes in the KS geometry,
in several regimes of parameters. Many of the results of these calculation point towards
the existence of pathologies and instabilities when multiple anti-D3 branes are placed at
the bottom of the KS geometry [3–7]. Furthermore, if the flux on the three-cycle of the
deformed conifold is not large, even a single anti-D3 brane appears to have the power
to cause a runaway behavior in the conifold deformation modulus [7–10], collapsing the
whole KS geometry into the singular Klebanov-Tseytlin one [11] and annihilating against
the singularity.1 A similar behavior is found when considering black holes in the KS
geometry [13, 14]. Hence, the only corner of parameter space where KS antibranes have
any chance of being metastable is when there is a single antibrane and the flux on the
three-cycle of the deformed conifold is large.

However, even a single anti-brane has a significant back-reaction, and is capable of
significantly affecting the other ingredients of the de Sitter construction. It is the purpose
of this paper to calculate the strength the interactions between this single antibrane at the
bottom of a KS solution and other ingredients that are used in the KKLT proposal [1] to
construct de Sitter vacua with stabilized moduli in String Theory.

1For a recent argument against this scenario see [12].
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If we start from a supersymmetric solution in which a KS throat is glued to a CY
geometry, the complex structure of the KS throat will match the complex structure of the
bulk compact CY. Hence, the fluxes sourced by the anti-D3 branes can be decomposed
according to the complex-structure of the KS throat and, as expected, have all possible
components. The values of the field strength fluxes at the top of the KS geometry, where
it is glued to the compactification manifold, are expected to be of the same order as the
values of these fluxes in the rest of this manifold, away from the throat, and they determine
the magnitude of the effect of antibranes on the other ingredients needed in de Sitter
construction proposals.

As we have shown in a previous paper [15], the (0, 3) component of the fluxes sourced
by the anti-D3 branes gives rise to a nontrivial constant term in the superpotential. This
avoids the need of one of the ingredients of the KKLT proposal, namely a finite but very
small constant term in the superpotential, introduced ad hoc by turning on (0,3) fluxes.
Hence, taking the interactions between antibranes and the rest of the flux-compactification
ingredients fully into account can result in simplified “bare-bones” de Sitter proposals [15],
which use one less ingredient than KKLT.

Another possible consequence of the antibrane fluxes is to affect gaugino condensation
on D7 branes wrapping certain divisors of the CY geometry. In the absence of D7 branes,
the volumes of these divisors (which correspond to Kähler moduli of the compactification)
are flat directions. The low-energy physics of the D7 branes wrapping a holomorphic divisor
is an N = 1 Super-Yang-Mills theory, which confines in the infrared. The non-perturbative
Affleck-Dine-Seiberg superpotential [16] of this confining theory depends nontrivially on the
Kähler moduli, and gives rise to a term in the potential that is responsible for stabilizing
the size of the divisors [1].

The fields sourced by the anti-D3 brane can in principle interfere with this sensitive
mechanism of Kähler-moduli stabilization. Indeed, as shown in [17–19], both the (1,2) and
the (0,3) components of the complex three-form field strength give rise to mass terms for
the fermions on the D7 brane. These mass terms break the supersymmetry of the N = 1
theory on the D7 branes, and can modify the RG flow and the gaugino-condensation scale.
More precisely, they can affect the Affleck-Dine-Seiberg superpotential and can introduce
extra terms in the potential for the Kähler moduli, potentially ruining their stabilization.

In this paper we use the expression of the supersymmetry-breaking fluxes sourced by the
anti-D3 branes [3, 20] to calculate precisely their effect on the stabilization of Kähler moduli
via D7-brane gaugino condensation. We obtain a new bound relating various parameters
of compactification with long warped throats, which must be satisfied in order to be able
to stabilize Kähler moduli via D7-brane gaugino condensation. We combine this bound
with other constraints appearing in vanilla-type KKLT compactifications, and find that it is
generically satisfied. We leave the exploration of the importance of this bound on de Sitter
proposals that do involve large warping2 to future exploration.

2Such as the LVS proposals in [21, 22]. Note though that for large warping both KKLT and LVS were
argued to suffer from control issues, the former by the so-called singular bulk problem [23], and the latter by
large α′ corrections [24]. Here we are assuming a constant warp factor in the bulk, such that the singular
bulk problem does not arise.
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Beside their effect on the gaugino condensation on D7 branes, the extra fluxes and
fields sourced by the antibranes can also affect the number of fermion zero modes on the
D3 instantons that also give rise to non-perturbative terms in the superpotential [25] that
can stabilize other Kähler moduli, possibly switching off or on these terms. This is a
subtle effect [26–34], which potentially can be more drastic than the effect on D7 gaugino
condensation: even the tiniest supersymmetry-breaking fluxes sourced by the antibranes are
enough to uplift fermion zero modes and change completely the Kähler moduli stabilisation
process.3 We leave its investigation for future work.

As a byproduct of our calculation, we decode some aspects of the holographic dictionary
corresponding to anti-D3 branes in the Klebanov-Strassler geometry. If a single anti-D3
brane in the KS geometry with large three-form flux on the S3 of the deformed conifold is
indeed metastable, the resulting solution would be holographically dual to a metastable
vacuum of the quiver gauge theory dual to the KS geometry. The structure of vacua of
this theory is quite rich [35], and the existence of a metastable vacuum at strong coupling
would be a nontrivial prediction of holography. It would be very interesting to try construct
this putative vacuum directly in field theory, using for example ISS methods [36] (see [37]
for the dual of a similar suspersymmetry-breaking vacuum). The fact that this vacuum
can only exist in a very restricted region of parameter space may also explain why earlier
attempts at finding it have not been successful [38].

Our analysis gives several clear holographic indications as to what the physics of this
vacuum is. In particular, the fall-offs of the three-form fluxes with the radius can be used
to show that certain dimension-three operators corresponding to fermion bilinears and
certain dimension-seven operators corresponding to fermion bilinears multiplied by FµνF

µν

acquire non-trivial vacuum expectation values. Furthermore, the (1, 2) fluxes sourced by the
antibranes fall off as 1/r4, and hence give rise to a nontrivial vacuum expectation value of
a dimension-4 operator corresponding to a marginal deformation of the superpotential [39].
Since the dictionary between the bulk three-form fields and the fermion bilinears is well
understood [40, 41], we believe this information will be useful in searching for the holographic
dual of the putative KS metastable vacuum.

The paper is organized as follows: in section 2 we review the Klebanov-Strassler
geometry, as well as the most general deformation preserving its SU(2) × SU(2) × Z2
symmetry and describe how the solution corresponding to anti-D3 branes smeared at the
tip of the throat is obtained. In section 3 we write the analytic expression, as well as the
UV expansion, of all G3 flux components that are generated by the addition of the anti-D3
branes and comment on their holographic duals. In section 4 we compute the D7-brane
gaugino mass induced by the G(0,3) flux sourced by the anti-D3 branes and compare it with
a four-dimensional supergravity description of supersymmetry-breaking gaugino masses
finding parametric agreement. Moreover, we derive a bound that all KKLT-like constructions
should satisfy in order for the Kähler moduli stabilization via gaugino condensation to work,
and argue that it is easily satisfied by the existing constructions.

3Fluxes generically uplift some of the zero modes, changing the arithmetic genus of the divisor wrapped
by the instanton, generating (turning off) a superpotential on a cycle that would otherwise forbid (allow) it.
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2 D3formed KS geometry

2.1 Review of the KS solution and its non-supersymmetric deformations

A long warped Klebanov-Strassler-like throat, at the bottom of which anti-D3 branes
(denoted as D3-branes in the following) can sit, is a key element in the KKLT proposal
for constructing de Sitter vacua in String Theory [1]. In this section we review the
supersymmetric Klebanov-Strassler (KS) geometry [2], as well as the ansatz that describes
the most general deformation (with vanishing RR axion C0) that preserves its SU(2) ×
SU(2) × Z2 symmetry [42]. The ten-dimensional spacetime consists of a warped product of
four-dimensional Minkowski space and the deformed conifold:

ds2
10 = e2A+2W−Xds2

1,3+e−6W−Xdτ2+eX+Y (g2
1 +g2

2)+eX−Y (g2
3 +g2

4)+e−6W−Xg2
5 ,

(2.1)
where {A,W,X, Y } are functions of the radial coordinate, τ , and the one-forms gi are:

g1 = − 1√
2

Im(w1 + w2) , g2 = 1√
2

Re(w1 − w2) ,

g3 = − 1√
2

Im(w1 − w2) , g4 = 1√
2

Re(w1 + w2) ,

g5 = dψ +
2∑
i=1

cos θidϕi , g6 = dτ ,

(2.2)

with 0 ≤ ψ ≤ 4π, 0 ≤ θi ≤ π, 0 ≤ ϕi ≤ 2π. Here we introduced the forms w1 ≡
dθ1 + i sin θ1 dϕ1 and eiψw2 ≡ dθ2 + i sin θ2 dϕ2, with Z2 exchanging the two S2’s defined
by wi [42].

The NSNS and RR forms, H3, F3 and F5, are all non-vanishing and their form is fixed
by Bianchi identities and isometries:

H3 = 1
2(k − f)g5 ∧ (g1 ∧ g3 + g2 ∧ g4) + dτ ∧

(
f ′ g1 ∧ g2 + k′ g3 ∧ g4

)
,

F3 = F g1 ∧ g2 ∧ g5 + (2P − F ) g3 ∧ g4 ∧ g5 + F ′ dτ ∧ (g1 ∧ g3 + g2 ∧ g4) ,

F5 =
[
πQ

4 + (k − f)F + 2P f
]

(1 + ⋆10) g1 ∧ g2 ∧ g3 ∧ g4 ∧ g5 ,

Φ = Φ(τ) , C0 = 0

(2.3)

with Q a constant and {k, f, F} functions of τ .
The radial dependence of the functions appearing in the KS metric is:

eXKS = 1
4h(τ)1/2

(1
2 sinh(2τ) − τ

)1/3
, e6AKS = S2 sinh(τ)2

3 · 25 e2XKS ,

e6WKS = 24
h(τ) sinh(τ)2

(1
2 sinh(2τ) − τ

)1/3
, eYKS = tanh(τ/2) ,

(2.4)

where S is a complex-structure modulus and h(τ) is the solution that vanishes at infinity
to the following differential equation:

dh
dτ = 32P 2 gs

τ coth τ − 1
sinh(τ)2

(1
2 sinh(2τ) − τ

)1/3
, (2.5)

– 4 –
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with P = 1
4α

′M and M the number of units of F3 flux on the large S3 of the warped
deformed conifold (also known as the compact A-cycle). To simplify the expressions, it is
useful to define the constants h0 ≡ h(τ=0) and I0 ≡ h0

32P 2gs
.

Moreover, the functions {f, k, F} appearing in the fluxes are given by:

fKS = −gs P
(τ coth(τ) − 1)(cosh(τ) − 1)

sinh(τ) ,

kKS = −gs P
(τ coth(τ) − 1)(cosh(τ) + 1)

sinh(τ) ,

FKS = P
sinh(τ) − τ

sinh(τ) ,

(2.6)

and, when there are not mobile D3 branes, Q is zero.
It is worth noting that in the KS solution the complexified three-form, G3, satisfies the

ISD condition, (i+ ⋆6)G3 = 0. Furthermore, G3 has only (2, 1) components with respect to
the choice of holomorphic vielbeins picked by supersymmetry:

h1 = E1 + i (cosωE2 + sinωE4) ,
h2 = E3 + i (sinωE2 − cosωE4) ,
h3 = E5 + i E6 ,

(2.7)

where sinω = − tanh Y and:

E1 = eX/2√
2 cosh(Y )

(g2 + g4) , E2 = eX/2√
2 cosh(Y )

(g1 + g3) ,

E3 = eX/2√cosh(Y )√
2

(g4 − g2 − (g2 + g4) tanh Y ) ,

E4 = eX/2√cosh(Y )√
2

(g3 − g1 − (g1 + g3) tanh Y ) ,

E5 = e−X/2−3Wdτ , E6 = e−X/2−3W g5 .

(2.8)

We will denote the holomorphic 3-form on the warped geometry as Ω ≡ nh1 ∧ h2 ∧ h3,
where the normalization constant, n, is such that ΩKS, the unwarped Klebanov-Strassler
3-form, satisfies: ∫

A
ΩKS =

∫
A
H−3/4Ω=S ⇒ n=−

√
6

4π2 , (2.9)

where H = e−4A−4W+2x is the warp factor.4 The explicit form of the normalized ΩKS in
terms of the set of {gi} is the following:

ΩKS =− S

16π2 sinh τ
(
tanh

(
τ
2
)
g1∧g2−coth

(
τ
2
)
g3∧g4+ig1∧g3 +ig2∧g4

)
∧ (g5 − ig6) .

(2.10)
Note that with this normalization constant, Ω ∧ Ω = 3i

π4 vol6, instead of Ω ∧ Ω = 8ivol6,
which is the usual convention in the literature.5

4The KS metric (2.1) can be written in terms of H as ds2 = H−1/2ds2
4 + H1/2ds2

6.
5Remember that vol6 is the volume of the six-dimensional internal space including the warp factor.
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2.2 Adding D3-branes

Anti-D3 branes have a charge that is opposite to that of the Klebanov-Strassler geometry
and, in the probe approximation, fall to the S3 tip of the throat. When the antibranes are
localized on the S3, the fields they source have a complicated dependence on τ and the S3

coordinates, and are hard to compute analytically. However, if we are interested in the
solution away from the tip, one can assume the antibranes to be smeared, and then the
solution will have SU(2)×SU(2)×Z2 symmetry. Its metric and fluxes will then be described
by the eight functions of τ appearing in the Papadopoulos-Tseytlin ansatz (2.1)–(2.3):

{Φi} = {X − 2W − 5A, Y, X + 3W, X − 2W − 2A, f, k, F, Φ} , (2.11)

where we performed the above redefinition for convenience.
When the number of the anti-D3 branes, N , is small one can describe their solution as

a small perturbation around the KS geometry [3, 20, 43, 44]:

Φi = Φi
KS + εφi +O(ε2) (2.12)

where ε is an expansion parameter that can be taken to be:

ε = N

gsM2 . (2.13)

We then require the equations of motion of type-IIB supergravity to be satisfied at
leading order in ε. Plugging the particular ansatz (2.1)–(2.3) in the type IIB supergravity
action, one gets an action for the fields {Φi} that can be cast in the following form [42]:

L = −1
2Gij

(
dΦi

dτ − 1
2Gik ∂W

∂Φk

)(
dΦj

dτ − 1
2Gjl ∂W

∂Φl

)
− 1

2
∂W

∂τ
, (2.14)

where G and W are respectively a Φ-dependent metric and superpotential whose exact
functional dependence is not relevant in the following. To study perturbations around a
supersymmetric solution governed by this action [45] it is useful to introduce the set of
functions, {ξi}, conjugate to the perturbations, {φi}. They are defined as:

ξi ≡ Gij(ΦKS)
(

dφj

dτ − Mj
k (ΦKS)φk

)
, Mj

k ≡
1
2

∂

∂Φk

(
Gjl ∂W

∂Φl

)
. (2.15)

The supersymmetric KS background corresponds to ξi = 0 for all i. Our goal is to find
other solutions to the equations of motion:6

dξi
dτ + ξjMj

i(ΦKS) = 0 ,

dφi

dτ − Mi
j(ΦKS)φj = Gijξj .

(2.16)

An analytical form for the most general perturbation can be found and it involves
various nested integrals [20]. Nevertheless, such integrals can be evaluated both as series

6These equations are actually supplemented by the zero-energy condition ξi
dΦi

KS
dτ

= 0.

– 6 –
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expansions in the UV or IR limits, or numerically throughout the whole solution. The
numerical evaluation allows one to match the parameters of the UV and IR expansions.
The simplest example of this matching is the evaluation of the “momentum” ξ1, which
controls the force on a probe D3-brane:

FD3 = 2ε
3 e

−2XKSξ1 , ξ1 = X1 h(τ) , (2.17)

where X1 = 3π
8I0

S4/3

h0
is an integration constant. As we have already observed, the function

h(τ) can be expressed as a definite integral, and its value at an arbitrary τ can only be
evaluated numerically. However, its asymptotic IR and UV expansions can be evaluated
straightforwardly:

hIR = h0 −
16
3

(2
3

) 1
3
gsP

2 τ2 +O(τ4) , hUV = 12 × 2
1
3 gsP

2(4τ − 1)e−4τ/3 +O(e−10τ/3).
(2.18)

The expressions for the other perturbations and momenta are considerably more involved
and can be found in [3].

3 The flux zoo

When the KS throat is deformed because of the presence of anti-D3 branes, the G3 flux
takes the most general form:

G3 = G(3,0) +G(0,3) +G(1,2) +G(2,1) . (3.1)

The first three components, which break supersymmetry, are sourced by the anti-D3 branes
and appear at O(ε). This happens because the fluxes H3 and F3, defined in (2.3), do not
combine anymore into a (2, 1) form (with respect to the complex structure (2.7) of the
zeroth order KS solution) for a generic choice of the functions Φi.

Using the complex structure (2.7), we can extract the various components of G3. For
example, the (0, 3) component of G3 for an arbitrary set of Φi is:

G(0,3) = −1
8 γ(0,3) h1 ∧ h2 ∧ h3 ,

γ(0,3) = e3W−ϕ−X/2
(
2eϕ

(
eY P − cosh Y F − F ′

)
+ eY k′ − e−Y f ′ + k − f

)
.

(3.2)

This expression holds at any order in ε. The function γ(0,3) vanishes in the KS limit, while
its first-order term in the ε expansion is:

γ(0,3) = − 8
√

6 g−1
s

h
3
4 sinh(τ)2

∂τ
(
gs sinh τ φ7 + cosh( τ2 )2φ5 − sinh( τ2 )2φ6

)
+O(ε2) . (3.3)

Let us stress that in (3.2) the vielbeins, hi, can be taken to be the Klebanov-Strassler ones,
since any correction to them would come at order O(ε2). Thus, the first correction to
G(0,3) is:

G(0,3) = π2

2
√

6
γ(0,3)Ω

KS +O(ε2) , (3.4)

– 7 –
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with γ(0,3) given by (3.3) and ΩKS normalized as in (2.9). Following the same procedure, we
obtain the expressions at order O(ε) for the other components of G3. The (3, 0) component
is given by:

G(3,0) = − 8π2 h1/4

S4/3 sinh(τ)2 ∂τ (sinh τ ξ6 − τξ5) ΩKS +O(ε2) , (3.5)

and the (1, 2) component by:

G(1,2) = −2
√

6h1/4

sinh(τ)2

[(
ξ5 − sech(τ)ξ6

)(
h1 ∧ h2 ∧ h3 + h2 ∧ h1 ∧ h3

+ sinh(τ)
(
h1 ∧ h1 ∧ h3 − h2 ∧ h2 ∧ h3

) )
+ (−ξ5 + τ∂τξ5

+ cosh(τ)ξ6 − sinh(τ)∂τξ6 )h3 ∧ h1 ∧ h2

]
+O(ε2) .

(3.6)

Finally, as we have already noted, the (2, 1) component is the only one that has a non-
vanishing term at zeroth order in ε, given by:

G0
(2,1) = 2

√
6

h3/4P csch(τ)sech(τ)
(
2coth(τ)(−1+τ coth(τ))h1∧h2∧h3+

(
cosh(τ)

−τ csch(τ)
)(
h1∧h3∧h1+csch(τ)(h1∧h3∧h2+h2∧h3∧h1)−h2∧h3∧h2

))
,

(3.7)

whereas, at first-order in ε, the non-vanishing G(2,1) components, G1
ijk
hi ∧ hj ∧ hk, are:

G1
123 =

√
3 csch(τ)

5
√

2gsh3/4

(
5φ5 + csch(τ)

(
4gsP (−1 + τ coth(τ)) (6φ1 + 4φ3 − 5(3φ4 + φ8))

− 5(φ′
5 + φ′

6)
)
− 5

(
φ6 + coth(τ)

(
2gsφ7 + φ′

5 − φ′
6
)
− 2gsφ′

7
)
, (3.8)

G1
131 = −G232 =

√
6csch(τ)

5h3/4S4/3

(
10h(ξ5 − ξ6(sech(τ)) (3.9)

+ S4/3(P (6(1 − τcsch(τ)sech(τ))φ1

+ 10τ sech(τ) tanh(τ)φ2 − (−1 + τcsch(τ)sech(τ))(4φ3 − 15φ4
)

+ 10sech(τ)φ7
))
,

G1
132 = G231 = 2

√
6csch(τ)csch(2τ)

5h3/4S4/3

(
10h(ξ6 − ξ5 cosh(τ)) (3.10)

+ S4/3(− 6P (cosh(τ) − τcsch(τ))φ1(τ) + 5P (1 + cosh(2τ) − 4τ coth(2τ))φ2(τ)

− P (cosh(τ) − τcsch(τ))(4φ3(τ) − 15φ4(τ)) − 10φ7(τ)
))
.

Note that the (2,1) flux remains primitive at first order: G1
(2,1) ∧ J = 0, where the Kähler

form is:
J = 1

2 i
(
h1 ∧ h1 + h2 ∧ h2 + h3 ∧ h3

)
. (3.11)
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The behavior in the UV of all components of G3 can be obtained using the UV expansion
of the functions φi and ξi of [4]. The (0, 3) component is given by:

GUV
(0,3) =

(2
3

)3/4 81πε
5I0

1
√
α′Mg

3/4
s

log(r3
UV/|S|)5/4

(
|S|
r3

UV

)7/3

h1∧h2∧h3+O
(
ε2
)
,

(3.12)
where we introduced a new radial coordinate, r:

r ≡ 31/2

25/6 |S|1/3 eτ/3 , (3.13)

such that for large values of τ , the six-dimensional metric of the deformed conifold approaches
the conifold metric: dr2 + r2ds2

T 11 .
Note that G(0,3) falls down as r−7 in the UV and is dual to an operator of dimension

∆ = 7. Such operator is a fermion bilinear of the (schematic) form FµνF
µνλλ where λ is

the gaugino and Fµν the field strength.
In the same way, we can compute the asymptotic behavior of the (3, 0) component of

G3:

GUV
(3,0) =

(3
2

)29/4 2π ε
5I2

0

1
√
α′Mg

3/4
s

log(r3
UV/|S|)5/4

(
|S|
r3

UV

)11/3

h1 ∧ h2 ∧ h3 +O(ε2) .

(3.14)
The asymptotic decay of G(3,0) indicates that it is dual to an operator of dimension ∆ = 11
that is again a combination of a fermion bilinear and the field strength of the gauge field of
the (schematic) form (FµνFµν)2λλ. In a similar way, using the asymptotic expansion of the
more involved G(1,2) component, we find that the leading term is primitive (as one could
also see from (3.6)) and is given by:

GUV
(1,2) =

(
3
2

)7/4 2πε
I0

1
√
α′Mg

3/4
s

log
(
r3

UV
|S|

)1/4( |S|
r3

UV

)4/3(
h1 ∧ h1 ∧ h3−h2 ∧ h2 ∧ h3

)
+O(ε2), (3.15)

which means that this must be holographically dual to the expectation value of an operator
of dimension ∆ = 4, which corresponds to a marginal deformation of the superpotential [39].

Finally, the leading asymptotic terms in the (2,1) component at zeroth order in ε is
given by:

G0 UV
(2,1) =

(2
3

)1/4 1
√
α′Mg

3/4
s

log
(
r3

UV
|S|

)−3/4

(h1 ∧ h3 ∧ h1 − h2 ∧ h3 ∧ h2) , (3.16)

whereas the leading asymptotic behavior of the (2,1) component at first order in ε is

G1 UV
(2,1) = 24ε

√
α′Mg

3/4
s

log
(
r3

UV
|S|

)−7/4

(h1 ∧ h3 ∧ h1 − h2 ∧ h3 ∧ h2) . (3.17)

4 Fermion masses

The presence of new components of the fluxes can strongly affect the worldvolume dynamics
of D7-branes in the UV. In fact, any component of G3 that is not (2, 1) generates fermion
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masses, possibly breaking supersymmetry on the brane. For instance, a non-trivial G(0,3)
component is responsible for a non-vanishing gaugino mass mλ ̸= 0 [17–19]. A gaugino mass
that is larger than the gaugino condensation scale, ΛYM, signals a breakdown of the N = 1
supersymmetric dynamics at this scale, and affects the expression of the ADS superpotential.
Hence, in order for the KKLT “moduli stabilization via gaugino condensation” scenario to
apply we need mλ

ΛYM
≪ 1. Our purpose is to calculate this ratio.

The mass of the canonically normalized gaugino is given by [19]:

mλ =
(
−4π2
√

6

)
1
4

∫
δ

(0)
Σ eϕ/2G3 ∧ Ω∫

Σ
1
2J ∧ J

, (4.1)

where we work in Einstein frame and δ
(0)
Σ localizes the integral on the cycle Σ wrapped

by the seven-branes. The three-form, Ω, is again normalized such that Ω ∧ Ω = 3i
π4 vol6

and the two-form J such that 1
2J ∧ J = vol4. Here vol6 is the volume form of the warped

Calabi-Yau threefold and vol4 is the volume of the 4-cycle wrapped by the D7-branes. The
(0, 3) fluxes (3.12) then generate the D7 worldvolume gaugino mass:7

mλ = (−i)
(2

3

)3/4 162π ε
5 I0

g
−1/4
s√
α′M

log(r3
UV/|S|)5/4

(
|S|
r3

UV

)7/3

, (4.2)

where rUV is the radial cut-off, whose value can be determined if we require the warping to
be of order one in the UV.8

We now compare this with a four-dimensional supergravity computation of the su-
persymmetry breaking gaugino masses. In order to compare correctly, we should use the
Gukov-Vafa-Witten superpotential, without including the non-perturbative superpotential
coming from gaugino condensation on the D7-branes, since the computation of the D3 brane
induced fluxes is performed without it. The general form of Majorana gaugino masses in
four-dimensional supergravity is given, up to an irrelevant phase, by

mλ = 1
2RefK

iȷe
K
2 DȷW

∂f

∂zi
, (4.3)

where K is the Kähler potential, DiW = ∂iW + (∂iK)W is the Kähler covariant derivative
of the superpotential W , f(zi) is the gauge kinetic function and zi denote the complex
scalars in the chiral multiplets.

The relevant quantities in the 4d SUGRA Lagrangian for a single Kähler modulus are9

K = −3 log r − log(2/gs) − log
(
|Ω|2V 2

w

κ12
4

)
, W = 1

κ8
4

∫
M
G3 ∧ Ω , fD7 = T , (4.4)

where
r = T + T − 3c′gs(α′M)2

π|Ω|2Vw
|S|2/3 . (4.5)

7Note that this is the fall-off corresponding to an operator of dimension 7 in the holographic theory dual
to the KS solution, and not to an operator of dimension 3, which would correspond to a gaugino mass in
this theory.

8This is the natural assumption if the Calabi-Yau manifold is weakly warped.
9For more details of this particular form of the Kähler potential and superpotential see [4].
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Here Vw is a fiducial volume that we take to be equal to one, κ4 = M−2
pl , c′ = 1.18 is

a numerical factor coming from taking into account warping effects in the effective field
theory [46] and Ω has the usual normalization: |Ω|2 = 8. From (4.4) one can easily see that

DTW = − 3
κ8

4r

∫
G3 ∧ Ω . (4.6)

Combining all the above relations, the gaugino mass (4.3) is

mλ = −
√
gs

4κ8
4(T + T )r1/2

∫
G3 ∧ Ω . (4.7)

In order to compare this expression with (4.2) we should note that in Einstein frame,
T = vol4

2πα′2 and that for a single Kähler modulus vol6 =
√

2
3 T

3/2. Taking into account the
δ

(0)
Σ localization factor in (4.1), it is not hard to see that, in the regime where we can neglect

the conifold contribution in (4.5), the two results agree parametrically.10

4.1 Gaugino mass and gaugino condensation

As already mentioned, the component G(0,3) is non-vanishing and gives rise to a mass for the
world-volume gaugino of the D7-branes. Since this mass is generated by the addition of D3
branes in the IR throat, we can think of it as the manifestation of a D3-D7 interaction. In
order to see whether and how this mass can affect the dynamics of the gaugino condensation
responsible for Kähler-moduli stabilization in the KKLT scenario, we need to compute
the various energy scales of our system. In the following, we will mostly follow the same
conventions as in [8, 14]. First let us recall that:

M = 1
4π2α′

∫
A
F3 , K = 1

4π2α′

∫
B
H3 , (4.8)

where the A-cycle is the S3 at the bottom of the throat. The B-cycle is a bit more subtle,
extending to the brim of the KS throat and into the Calabi-Yau compactification manifold.
Here we approximate K with the integral of H3 over the part of this cycle inside the throat,
ignoring the contribution from the rest of the compactification manifold.

If we call τUV the distance from the tip of the KS throat to the region where the throat
merges with the CY,11 then

K = 1
4π2α′

∫ τUV

0
dτ
∫

S2
H3 , (4.9)

where the two-sphere is taken at ψ = 0, θ1 = −θ2, ϕ1 = −ϕ2. Using the form (2.3) for the
fluxes and working at zeroth order in ε, we can compute the units of NSNS-flux as:

K = − 2
πα′ f(τ)

∣∣∣∣τUV

0
≈ gsM

2π τUV , (4.10)

10An independent check of the agreement between the 10d versus the 4d description would be a ten-
dimensional computation of the gravitino mass, along the lines of [47], taking into account the backreaction
effects from the antibrane.

11In KS holography this corresponds to the UV cutoff, ΛUV.
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where in the last expression we evaluated f(τ) assuming τUV to be large. This gives the
radial cutoff of the throat and its associated energy scale:

r3
UV = Λ3

UV = 33/2

25/2 |S| e
2πK
gsM , (4.11)

where we used the relation between τ and r given in (3.13). Using holographic KS
terminology, one can also define an infrared energy scale, which can be taken to coincide
with the value of r at the bottom of the throat (τ = 0). We can thus introduce a parameter,
η, measuring the hierarchy between the ultraviolet and infrared scales:

η = 3 ln ΛUV
ΛIR

= 2πK
gsM

. (4.12)

Even if we do not know the full metric and fluxes of the Calabi-Yau compactification,
it is reasonable to assume that, when the size of the compactification manifold is not very
large, the fields at the location of the ND7 seven-branes wrapping a four-cycle Σ are of the
same order as the fields at the brim of the KS throat, at rUV = ΛUV.

In the absence of a gaugino mass, the low-energy world-volume theory of D7 branes at
a non-singular locus is 8-dimensional SU(ND7) SYM theory, which one further compactifies
on Σ.12 The coupling constant of the resulting N = 1 four-dimensional gauge theory runs
logarithmically with the energy and the theory confines in the infrared at a scale

ΛYM ≈ µ0e
− 2π Re T

3ND7 , (4.13)

where µ0 is the “UV scale” that depends on (stabilized) complex-structure moduli and will
be assumed to be of order one (in Planck units). If the world-volume theory has a more
general gauge group, G, the exponent in (4.13) must be replaced by −2πReT/(3 #C(G)),
with #C(G) the dual Coxeter number of G. Furthermore, in the confined phase the gaugino
condenses, giving rise to a nontrivial contribution to the superpotential that depends on
the coupling constant of the four-dimensional N = 1 theory, and hence on the volume of
the four-cycle wrapped by the D7 branes.

In the presence of gaugino mass, mλ, induced by the three-form fields sourced by
the antibranes, this scenario can change. In particular, when mλ is larger than ΛYM, the
theory will confine at an energy scale proportional to mλ, and the resulting potential will
be independent of the four-cycle volume, thus ruining the Kähler moduli stabilization
by gaugino condensation. Hence, gaugino condensation can only stabilize the Kähler
moduli when:

mλ

ΛYM
≪ 1 . (4.14)

To estimate this ratio one can consider a KKLT-like scenario, in which the value of
the potential at the AdS minimum is proportional to the square of the non-perturbative
superpotential, while the contribution to the scalar potential from the anti-D3 branes (which
sit at the tip of the throat, where their energy is minimized) is proportional to H−1. In a
realistic de Sitter compactification, where we want the cosmological constant to be as small

12When the D7 branes are on top of an O7-plane, the gauge group can be orthogonal or symplectic.
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as possible, these two quantities should have approximately the same magnitude, which
means that the following relation should hold13

VD3 ≈ VAdS → |S|4/3

h0
≈ e−

4π
Nc

Re(T ) . (4.16)

In our conventions the hierarchy is given by e−η and we note that τUV ≈ η. We
also require that the warping is O(1) in the UV . All these give a relation between the
complex-structure modulus, S, and the flux-induced D3 charge of the throat, QThroat

D3 = KM :

H = h(τ)
|S|4/3 ≈ 1 → |S|4/3 ≈ h(τUV) ≈ 6π · 21/3(α′)2e−

4η
3 QThroat

D3 . (4.17)

Combining (4.16) (more precisely (4.15)) and (4.17), we can estimate the value of the
stabilized Kähler modulus

ReT ∼ 2NcK

3gsM
= Nc

3π η , (4.18)

where we have ignored logarithmic corrections coming from the non-exponential terms
in (4.15).

Using this approximation, we can evaluate the ratio between the gaugino mass and the
condensation scale in the KKLT scenario:

mλ

ΛYM
≈ 102NM−5/2g−5/4

s η5/4e−
19
9 η . (4.19)

Our calculation indicates that this ratio must be smaller than one in all flux compactifications
where Kähler moduli are stabilized via D7 gaugino condensation and where the cosmological
constant is uplifted using anti-D3 branes in warped Klebanov-Strassler-like throats. It is
not hard to see that for the range of parameters one uses in “vanilla” KKLT scenarios this
bound will be satisfied. For example for the de Sitter minimum of [7], where M = K = 70
and gs = 1/2 we find this ratio to be:

mλ

ΛYM
∼ 10−13 . (4.20)

Hence, in these scenarios, the stabilization of the Kähler moduli via D7 gaugino condensation
is not affected by the fluxes produced by the anti-D3 branes.

In [48] it was also argued, by evaluating the D7-brane gauge coupling function in the
perturbed solution, that the anti-D3 branes do not affect the gaugino condensate for a
sufficiently large throat. It would be interesting to try to span larger families of possible
flux compactifications and other de Sitter scenarios which use a smaller hierarchy (such as
those of [21, 22]) to see whether this bound may become harder to satisfy and may result
in nontrivial constraints on the parameters of the compactification.

13If one takes into account the explicit expression for both V
D3 [10] and VAdS, one finds using (4.17) a

more precise expression

e
− 2π Re T

3Nc ≈
(

Nc

A

)1/3 ( η

Re T

)1/6
e−2η/9 , (4.15)

where A is the Pfaffian factor that appears in the non-perturbative superpotential. Since we assume both
A and Nc to be of order one, the difference between the results obtained with (4.15) and those obtained
with (4.16) is negligible.
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