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The tadpole conjecture

s.t. all mod stabilized    > 𝛼 N

• For a large number N of moduli 

with 𝛼 > 
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Here: IIB flux Compactifications on Calabi-Yau
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Tadpole cancelation condition

• Sum charges should be zero
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- D7-branes and O7-planes 

        wrapped on curved 4-cycles
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• Fixing moduli on K3: choosing 3-plane 𝛴 of self-dual 2-forms            
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• Fixing moduli on K3: choosing 3-plane 𝛴 of self-dual 2-forms            

• We require smooth compactification (no orbifold singularity)
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Evolutionary algorithm

• Optimization inspired by biological evolution (population, mutation, 
selection)

• Random initial population: P={                } (rounded to    ) 

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

N 2 R484

?

a 6= b

↵ 2 H
2

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

B + iJ = T dz ^ dz̄
Z

M6

e
2A

⇣
T̂ = �FµP1...Pn�1F

µP1...Pn�1

⌘

ds
2 = e

2A(y)
ds

2
dS4

+ e
�2A(e2�ds2M5

+ dy
2) (17)

2

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

N 2 R484

22⇥ 22 ?

a 6= b

↵ 2 H
2

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

B + iJ = T dz ^ dz̄
Z

M6

e
2A

⇣
T̂ = �FµP1...Pn�1F

µP1...Pn�1

⌘

ds
2 = e

2A(y)
ds

2
dS4

+ e
�2A(e2�ds2M5

+ dy
2) (17)

2

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

N 2 R484

22⇥ 22

Z
?

a 6= b

↵ 2 H
2

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

B + iJ = T dz ^ dz̄Z

M6

e
2A

⇣
T̂ = �FµP1...Pn�1F

µP1...Pn�1

⌘

2

• For each   , mutate some entries using other elements of population

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

N 2 R484

22⇥ 22

Z
?

a 6= b

↵ 2 H
2

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

B + iJ = T dz ^ dz̄Z

M6

e
2A

⇣
T̂ = �FµP1...Pn�1F

µP1...Pn�1

⌘

2

• From original and mutated, select the one that minimizes a fitness 
function

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

f =
P

w
k
pk(N) + w

Q
Qflux(N)

k

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

N 2 R484

22⇥ 22

Z
?

a 6= b

↵ 2 H
2

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

2

penalty if (i)-(iii)

is violated

penalty for large flux 
charge

weights (determined empirically)

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

f =
P

w
k
pk(N) + w

Q
Qflux(N)

k = 1

3

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

N 2 R484

22⇥ 22

Z
?

a 6= b

↵ 2 H
2

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

2

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

f =
P

w
k
pk(N) + w

Q
Qflux(N)

k = 1

3

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

N 2 R484

22⇥ 22

Z
?

a 6= b

↵ 2 H
2

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

2

(i) M is diagonalizable

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

B + iJ = T dz ^ dz̄
Z

M6

e
2A

⇣
T̂ = �FµP1...Pn�1F

µP1...Pn�1

⌘

ds
2 = e

2A(y)
ds

2
dS4

+ e
�2A(e2�ds2M5

+ dy
2) (17)

y0 Ta

WIIB =

Z
F3 ^ ⌦+

Z
ie

��
H3 ^ ⌦+

Z
e
��

dJ ^ ⌦ =

Z
G3 ^ ⌦ (18)

2

(ii)

O(3,19)
O(3)⇥O(19)

3⇥ 19 = 57

G4 = N
IJ̃
↵I ^ ↵

0
J̃

I = 1, ..., 22

J ⇠ !3

dIJ =
R
K3 ↵I ^ ↵J

!i

↵ 2 H
2(K3,Z) (↵,↵) = �2

↵ ? ⌃

{a
2
1, a

2
2, a

2
3, b

2
1, ..., b

2
19}

a 6= b

M : H2(K3) ! H
2(K3)

M
I
J = N

IK̃
dK̃L̃G

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

T̂ > 0 (13)

T̂ � 2T3⇢3 (14)

R6 � 0 (15)

�(CY4)

24
=

1

4
(h3,1 + h

1,1
� h

2,1 + 8) , (16)

⇠
1

4
N

Z

M6

e
A

h
3,1

⌦ = (dx1 + ⌧dx
2) = dz

B + iJ = T dz ^ dz̄Z

M6

e
2A

⇣
T̂ = �FµP1...Pn�1F

µP1...Pn�1

⌘

ds
2 = e

2A(y)
ds

2
dS4

+ e
�2A(e2�ds2M5

+ dy
2) (17)

y0 Ta

WIIB =

Z
F3 ^ ⌦+

Z
ie

��
H3 ^ ⌦+

Z
e
��

dJ ^ ⌦ =

Z
G3 ^ ⌦ (18)

2

(iii) No root 𝛴



Evolutionary algorithm

• Optimization inspired by biological evolution (population, mutation, 
selection)

• Random initial population: P={                } (rounded to    ) 
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Evolutionary algorithm

• Optimization inspired by biological evolution (population, mutation, 
selection)

• Random initial population: P={                } (rounded to    ) 
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• For each   , mutate some entries using other elements of population
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• From original and mutated, select the one that minimizes a fitness 
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Note: condition (iii) No root in the lattice         is NP hard problem!   
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Evolutionary algorithm

• Optimization inspired by biological evolution (population, mutation, 
selection)
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Results

• 100,989 matrices with 25 

• No matrix                 ≤ 24 

• Cannot stabilize moduli at generic point !

≤  

• Tadpole cancelation condition cannot be satisfied
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Results
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present these results in full detail.
From our searches, summarized in Table 1, we conclude that if the conditions analogous

to moduli stabilization and smoothness are satisfied, there is always a minimal flux-induced
charge, depending on the lattice in question, which scales like

Qmin ⇠ D, (2)

where D is the dimension of the lattice. In particular, for K3⇥K3, we find the minimal
charge to be 25, which is larger than 24, the maximal valued allowed by tadpole cancelation.

The final version of the code that we have used in this paper and in [1] has been made
publicly available online at as part of the bbsearch project [68] (we refer to the sections
called “minitad” in that project). It includes the fitness function we developed, the Spider
algorithm, various utility tools, and an extensive documentation on how to use bbsearch.

This paper is organized as follows. In Section 2.1 we summarize the problem we want
to solve and which was briefly presented in [1]. We continue in Section 2.2 to show how
the problem can be extrapolated to smaller matrices, where our search works even more
reliably and o↵ers further support to our result for K3⇥K3. In Section 3 we explain the
approach we have used: Designing a fast fitness function to sort out appropriate matrices,
which is then used for a di↵erential evolution search and later for the Spider local search.
In Section 4 we present the results of these searches. In Section 5 we discuss these results
and present some concluding remarks. There are two appendices where we present certain
mathematical details underlying our algorithms.

lattice ⇤ D=dim(⇤) Qmin(⇤)
3 U 6 5

A4 � U 6 6
D4 � U 6 6
A4 � 2 U 8 7
D4 � 2 U 8 6
E6 � U 8 9
A4 � 3 U 10 9
D4 � 3 U 10 9

lattice ⇤ D=dim(⇤) Qmin(⇤)
E8 � U 10 10
E8 � 2 U 12 12
E8 � 3 U 14 13

2 E6 � 2 U 16 14
2 E8 � U 18 20

2 E8 � 2 U 20 21
2 E8 � 3 U 22 25

Table 1: An overview of all root lattices7 that we processed using the algorithms described
in Section 3. We list the lattices, their dimensions and the minimal values of Q found. A
detailed account of our results can be found in Section 4.

7
Recall that An, Dn and En denote the root lattices of the Lie algebras of the special unitary groups

SU(n + 1), the special orthogonal groups SO(2n) and the exceptional groups, respectively. Moreover, U

is the two-dimensional lattice with quadratic form of signature (1,1), given below Equation (11).
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• Using properties of lattice embeddings we proved:
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• All solutions with <  30 have non-Abelian gauge groups!

• For stabilisation at a generic point in moduli space (no non-Abelian gauge 
groups) one needs 
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• One could think of this as a positive result, but non-Abelian gauge groups 
come with extra moduli (brane moduli) that need to be stabilised
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We note that the tadpole conjecture refers to stabilization of the real and imaginary
part of the complex moduli. If the conjecture is true there is always some left-over
moduli space, and it is a very interesting question (beyond the scope of this paper)
to understand its structure, in particular if it is compact or not.

3 Aspects of asymptotic Hodge theory

In this work we are interested in the behaviour of the flux-induced charge Q when
stabilizing moduli near the boundary of complex-structure moduli space. A suit-
able framework for discussing this question is asymptotic Hodge theory, which we
briefly review in the following [13].

3.1 Strict asymptotic regime and sl(2)-decomposition

The complex-structure moduli space of Calabi-Yau four-folds is parametrized by
h
3,1 complex scalar fields. Let us consider an asymptotic region in this moduli

space and separate these fields into two groups in the following way

{t
i
, ⇣

↵
} , i = 1, . . . , n , ↵ = n+ 1, . . . , h3,1

, (3.1)

where 0 < n  h
3,1. The ⇣↵ are called spectator fields and will not play any role in

our subsequent discussion, so we will mostly ignore them. The scalars ti correspond
to the coordinates (on the covering space) of the moduli space that parametrize
how far away we are from one of its boundaries. The real and imaginary parts of
t
i will loosely be called axions and saxions, respectively,2

t
i = �

i + i s
i
, s

i
> 0 , i = 1, . . . , n , (3.2)

and the boundary of the moduli space corresponds to the limit s
i
! 1. In the

near-boundary region, we can then consider two regimes:

1. The asymptotic regime is characterized by the following condition for the
saxions si with i = 1, . . . , n

s
i
� 1 , (3.3)

which corresponds to dropping corrections O(e2⇡it
i
) in, for instance, the

Hodge-star operator.

2Note that the real parts not necessarily axions, i.e. they might not have a shift symmetries
even in the leading moduli space metric. [M: generically they will not?]
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We note that the tadpole conjecture refers to stabilization of the real and imaginary
part of the complex moduli. If the conjecture is true there is always some left-over
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In this work we are interested in the behaviour of the flux-induced charge Q when
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briefly review in the following [13].
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1. The asymptotic regime is characterized by the following condition for the
saxions si with i = 1, . . . , n

s
i
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which corresponds to dropping corrections O(e2⇡it
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2Note that the real parts not necessarily axions, i.e. they might not have a shift symmetries
even in the leading moduli space metric. [M: generically they will not?]
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The potential for the complex structure modulus S involves the fluxes M and K, while

it depends on the other fluxes only indirectly through the axion-dilaton ⌧ , whose vev is

determined by all fluxes. Furthermore, unlike the other “bulk” moduli, the potential for S

is highly a↵ected by the warp factor. Its functional form, derived in [16,17] is
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where gs is the stabilized vev of the dilaton, Im ⇢ = (Vol6)3/2 (see Appendix B for more

details), c denotes the constant value of the warp factor at the UV and will not be relevant

here, whereas the constant c0, multiplying the term coming solely from the warp factor,

denotes an order one coe�cient, whose approximate numerical value was determined in [16]

to be

c0 ⇡ 1.18 . (2.18)

The potential VKS is plotted in Figure 1.
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Figure 1: The potential VKS of [16] for the complex structure modulus S of the Klebanov-

Strassler throat given in (2.17). The solid blue line corresponds to the full potential, while

the dotted orange line does shows the näıve potential that does not take into account the

e↵ects of warping (c0 = 0). Both potentials have the same supersymmetric minimum but

di↵er drastically at small S.

The potential (2.17) has a supersymmetric minimum, corresponding to @SW = 0, which,
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0, is at

sKS ' ⇤3
0 exp

✓
�
2⇡K

gsM

◆
. (2.19)

8

In unwarped 

effective theoryV

S M

K

S3

y

ds
2 = e

2A(y)
g̃µ⌫dx

µ
dx

⌫ + gmndy
m
dy

n
, µ = 0, 1, 2, 3 m = 1, ..., 6 (1)

ds
2 = e

2A
ds

2
4 + ds

2
6 , µ = 0, 1, 2, 3 m = 1, ..., 6 (2)

ds
2 = e

2A
ds

2
4 + e

�2A
ds

2
CY , µ = 0, 1, 2, 3 m = 1, ..., 6 (3)

⇠ e
2A

<< 1

R̃ + e
2A
T̂ = 2e�2A

r
2
e
2A (4)

e
2A
R̃ + e

4A
T̂ = 2r2

e
2A (5)

R̃ + T̂ = r
2
e
2A (6)

R4 + T̂ = 0 (7)

T̂ =
1

2
(T m

m
� T

µ

µ
) (8)

T̂ =
n� 1

2n
F

2
� FµP1...Pn�1F

µP1...Pn�1 . (9)

T̂ � 0 (10)

T̂ > 0 (11)

↵

= (
p
⇢)3

⇠ e
�⇢

T̂ > 0 (12)

T̂ � 2T3⇢3 (13)

R6 � 0 (14)

Z

M6

e
A

⌦ = (dx1 + ⌧dx
2) = dz

1

M >
8⇡

3

p
c

V =
Ae

��

�2
((� + 1)Ae�� +W0) +

D

�3

W0 = �Ae
��0

✓
1 +

2

3
�0

◆

W0 =

Z
G3 ^ ⌦ 6= 0

z0,�0

W0 << 1

⇥1015

e
2A ⇠ 1

e
2A ⇠ e

� 4
3⇡

K
Mgs << 1

e
A|bottom =

✓
⇤IR

⇤UV

◆3

= e
� 2

3⇡
K

Mgs > 0.3

S ' e
� 2⇡K

gsM

⌦3 ! �� = ��
1 + ��

3 + ��
5

d��
1 = �

2(⌃) ⌃

VKS =
1

�3

⇣
K

gs
� M

2⇡ log
r
3
0
S

⌘2

h
log r30

S
+ c

(↵0gsM)2

|S|4/3

i , (1)

V
D3 =

1

�3

S
4/3

(↵0gsM)2
. (2)

|rSV |
V

= a
f(S)

S1/3

2

3

✓
1� M

Mmin

◆

|r�V |
V

� 2Mpl

|�|

✓
1� M

Mmin

◆
. (3)

m
2
�
⇠ ⇤AdS

2

Implications for de Sitter with anti-brane uplift



Bena, Dudas, M.G., Lust 18


Moduli stabilization using warped effective field theory 

for conifold modulus Douglas, Torroba 08

The potential for the complex structure modulus S involves the fluxes M and K, while

it depends on the other fluxes only indirectly through the axion-dilaton ⌧ , whose vev is
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where gs is the stabilized vev of the dilaton, Im ⇢ = (Vol6)3/2 (see Appendix B for more

details), c denotes the constant value of the warp factor at the UV and will not be relevant

here, whereas the constant c0, multiplying the term coming solely from the warp factor,

denotes an order one coe�cient, whose approximate numerical value was determined in [16]

to be

c0 ⇡ 1.18 . (2.18)

The potential VKS is plotted in Figure 1.
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Figure 1: The potential VKS of [16] for the complex structure modulus S of the Klebanov-

Strassler throat given in (2.17). The solid blue line corresponds to the full potential, while

the dotted orange line does shows the näıve potential that does not take into account the

e↵ects of warping (c0 = 0). Both potentials have the same supersymmetric minimum but

di↵er drastically at small S.
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whereas the positive sign correspondents to a local minimum and the negative sign to a local

maximum. Thus, the total potential for N anti-D3 branes has extrema only for5

p
gsM > Mmin with Mmin =

8

3

p

⇡c0c00 ⇡ 6.8
p

N . (3.3)

Otherwise the potential becomes monotonically increasing and the only minimum lies at

s = 0. This is illustrated in Figure 3, where we plot the combined potential for di↵erent

values of
p
gsM for a single anti-D3 brane, which we restrict to from now on since it gives the

least strong constraint on
p
gsM . As we will show, this minimum value for

p
gsM is in strong

tension with the tadpole cancelation condition and the requirement of a large hierarchy.

gs M = 7

gs M = 5

gs M = 12

S

V(S)

Figure 3: The combined potential VKS + V
D3 for one anti-D3 brane and

p
gsM = 5, 7 and

12. All three graphs are drawn for the same ratio K/M = 5. A local minimum only exists

if M is larger than the threshold value Mmin ⇡ 6.8.

3.1 de Sitter minima and hierarchy

Requiring the potential to have a critical point forces the lower bound
p
gsM & 6.8. On the

other hand, there is another bound on MK from above by the tadpole cancelation condition

(2.13)

MK 
��Qloc

3

�� . (3.4)

Of course, this bound can only be saturated if there is one complex structure modulus since

the flux required to stabilize additional moduli would contribute to the tadpole cancellation

5 The factor of
p
gs was missing in the first version of this paper and has been corrected in [28]. We thank

Ralph Blumenhagen for correspondence regarding this point. We furthermore corrected the numerical value
of Mmin with respect to the first version.

12

Vtotal

S

Implications for de Sitter with anti-brane uplift



Bena, Dudas, M.G., Lust 18


Moduli stabilization using warped effective field theory 

for conifold modulus Douglas, Torroba 08

The potential for the complex structure modulus S involves the fluxes M and K, while

it depends on the other fluxes only indirectly through the axion-dilaton ⌧ , whose vev is

determined by all fluxes. Furthermore, unlike the other “bulk” moduli, the potential for S

is highly a↵ected by the warp factor. Its functional form, derived in [16,17] is

VKS =
⇡1/2

10

1

(Im ⇢)3

"
c log

⇤3
0

|S|
+ c0

(↵0gsM)2

|S|4/3

#�1 ����
M

2⇡i
log

⇤3
0

S
+ i

K

gs

����
2

, (2.17)

where gs is the stabilized vev of the dilaton, Im ⇢ = (Vol6)3/2 (see Appendix B for more

details), c denotes the constant value of the warp factor at the UV and will not be relevant

here, whereas the constant c0, multiplying the term coming solely from the warp factor,

denotes an order one coe�cient, whose approximate numerical value was determined in [16]

to be

c0 ⇡ 1.18 . (2.18)

The potential VKS is plotted in Figure 1.
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Figure 1: The potential VKS of [16] for the complex structure modulus S of the Klebanov-

Strassler throat given in (2.17). The solid blue line corresponds to the full potential, while

the dotted orange line does shows the näıve potential that does not take into account the

e↵ects of warping (c0 = 0). Both potentials have the same supersymmetric minimum but

di↵er drastically at small S.
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whereas the positive sign correspondents to a local minimum and the negative sign to a local

maximum. Thus, the total potential for N anti-D3 branes has extrema only for5

p
gsM > Mmin with Mmin =

8
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Otherwise the potential becomes monotonically increasing and the only minimum lies at

s = 0. This is illustrated in Figure 3, where we plot the combined potential for di↵erent

values of
p
gsM for a single anti-D3 brane, which we restrict to from now on since it gives the

least strong constraint on
p
gsM . As we will show, this minimum value for

p
gsM is in strong

tension with the tadpole cancelation condition and the requirement of a large hierarchy.
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Figure 3: The combined potential VKS + V
D3 for one anti-D3 brane and

p
gsM = 5, 7 and

12. All three graphs are drawn for the same ratio K/M = 5. A local minimum only exists

if M is larger than the threshold value Mmin ⇡ 6.8.

3.1 de Sitter minima and hierarchy

Requiring the potential to have a critical point forces the lower bound
p
gsM & 6.8. On the

other hand, there is another bound on MK from above by the tadpole cancelation condition

(2.13)

MK 
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Of course, this bound can only be saturated if there is one complex structure modulus since

the flux required to stabilize additional moduli would contribute to the tadpole cancellation

5 The factor of
p
gs was missing in the first version of this paper and has been corrected in [28]. We thank

Ralph Blumenhagen for correspondence regarding this point. We furthermore corrected the numerical value
of Mmin with respect to the first version.
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• Requires a large tadpole charge ⇒ large number of moduli
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• Requires a large tadpole charge ⇒ large number of moduli

• Large number of moduli need to be stabilized with extra fluxes
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• Requires a large tadpole charge ⇒ large number of moduli

• Large number of moduli need to be stabilized with extra fluxes

• Cannot be done if tadpole conjecture is true
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• Requires a large tadpole charge ⇒ large number of moduli

• Large number of moduli need to be stabilized with extra fluxes

• Cannot be done if tadpole conjecture is true

• No anti-brane uplift, no dS vacua à la KKLT



Conclusions

• Tadpole conjecture: for large number N of moduli
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