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Introduction

• Fluxes induce charges

• Realistic string compactifications should have no massless scalar fields 
(moduli)

• How large is the charge induced by fluxes needed to stabilize a given number 
of moduli?

• However, the landscape of Calabi-Yau flux compactifications is populated 
mostly from CY with lots of moduli

• These are also the corners that can give rise to interesting phenomenology
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Possibility of uplifting anti-de Sitter vacua with small c.c.

• Moduli need to be stabilized

Can be done with fluxes
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The tadpole conjecture

s.t. all mod stabilized    > 𝛼 N

• For a large number N of moduli 
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at a generic point in mod space

• Can fluxes that stabilize a large number of moduli have 
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induced charge?

Common lore:  yes

We argue:  no

• Furthermore: we believe there is a relation between the induced charge and 
the number of moduli stabilized 



Motivation

• Black-Hole Microstate Bubbling Geometries

-Same mass and charge as a D1-D5-P black hole, but no horizon

-AdS-CFT: dual to states of D1-D5 CFT.  This CFT counts the black-hole entropy

2-cycles + magnetic fluxes Black Hole charge dissolved in fluxes

“Experimental” observation:                                Bena, Wang, Warner 06

Charge contributions from cycles add up

Otherwise closed time-like curves

BH entropy  number of ways to put susy fluxes on cycles within a given charge   

If possible to get this charge with positive and negative individual contributions  

⊃
⇒ Sfluxes > SBH

Two supporting arguments for the Tadpole Conjecture:

Strominger, Vafa 96



Here: IIB flux Compactifications on Calabi-Yau
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• h2,1 complex structure moduli (volumes of 3-cycles) ~ 
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- Add 3-form fluxes

Z

↵I

F3 = e
I

Z

�I

F3 = mI

Z

↵I

H3 = ẽ
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basis of 3-cycles
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- Potential for complex structure moduli (and dilaton)

depends on complex structure moduli

- Minimum at                    fixes complex structure moduli in terms of M, K
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- Fluxes induce D3-charge.
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In a compact space total charge should be zero



Tadpole cancelation condition

• Sum charges should be zero

 (maximum charge from O3-planes 100(     ))
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- D7-branes and O7-planes 
        wrapped on curved 4-cycles

• Unified description in F-theory

Positive charge

- Fluxes: 

- D3-branes

Negative charge

- O3-planes

     have moduli associated
stabilized by world-volume flux
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h3,1 = 426 775/4 0.45 [3]

M-theory on smooth K3⇥K3 using an evolution-
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KS throat with antibranes, and we argue that one cannot cancel such a large tadpole in a

compactification with stabilized moduli. We present some conclusions and future directions

in Section 7.

2 Flux compactifications

Fluxes in warped compactifications have to satisfy tadpole cancelation conditions arising

from Bianchi identities. These identities lead to local equations, which enforce a profile for

the warp factor in terms of the fluxes and local sources. Here we are interested in the global
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manifold. In these global equations the warp factor disappears, and one obtains conditions
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• All moduli are stabilized at regular points iff
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𝛴

• Goal: find N satisfying all three requirements and minimizing the flux charge
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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 
function
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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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• Tadpole conjecture constant 
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• This behavior confirmed by looking at smaller dimensional lattices
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D7 moduli stabilization

- F-theory on CY 4-fold fibered over a base B3 in Sen limit

•  D7-brane moduli

Tadpole conjecture

all D7-moduli
are stabilized 

If true, cannot stabilize 
a large number of moduli 
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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.

S

V(S)

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,

for S ⌧ ⇤3
0, is at

sKS ' ⇤3
0 exp

✓
�
2⇡K

gsM

◆
. (2.19)
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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.
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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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• If true, cannot stabilize a large number of moduli in F-theory (or in IIB limit)  

• Conjecture supported by several examples, evolutionary algorithm for K3xK3 
and analytic computation for D7-moduli

• If true, no anti-brane uplift in long warped throats, no dS vacua à la KKLT 

• Analytic proof?

- in K3 x K3 

- in particular regions in moduli space
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10272000  vacua not phenomenologically relevant    


