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New paradigm: fundamental laws of physics do not come from  
a deeper underlying theory, but are environmental variables 

determined by where we happen to be in the multiverse.
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THE LANDSCAPE

String Cosmology - Standard Lore



1. Fix Complex-structure moduli: fluxes  
on topologically-nontrivial 3-cycles 

2. Fix Kähler moduli: D3 instantons or gaugino 
condensation (confinement) on D7 branes 

3. Add antibranes: uplift cosmological const.

3 stages of de Sitter construction 
KKLT, LVS, etc

CY moduli:    
- Complex-structure   (twisting shape) 
- Kähler   (volume, breathing mode)
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2-sphere3-sphere

Add anti-D3 probe at tip 
breaks susy

D3 charge  
dissolved in fluxes

Klebanov-Strassler geometry

Ignoring backreaction ⇒ Metastable 
Kachru Pearson Verlinde

Maldacena Năstase (similar)

anti-D3 tunnel and annihilate D3 charge in flux
 decay to susy solution



2 possibilities
• Fluxes ⇒   KS field ~ log r 
• Log running of coupling constant of dual theory 

• Anti-D3 couple to this field 
Intuition ⇒ metastability = artifact of probe approx. 
 
Backreaction: 
1⇒ log affected ⇒ mess up ∞ ⇒ not metastable  
2⇒ log unaffected but IR singularity ⇒ tachyon

2 Another floating brane

This is an M2 wrapped on the S2 and zooming at � = t.

V BI =
⇥

(e2A � e2B)e4S = 8d21e
�6D (2.12)

after imposing the other floating conditions

FWZ = �dVWZ

dr
= 2Q2e

A�B�6D+2S = 4Q2d1 tanhFe�10D (2.13)

1

g21
� 1

g22
⇥

�

S2

B2 ⇥ log r (2.14)
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Other directions negative !

anti-D3 
tachyonic !!!
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Flat tree-level potential  
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Also zero at g sN ≫ 1         
Bena, Graña, Kuperstein, Massai

Brane-brane repelling tachyon always there 
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KT

•  add energy   ⇒   ∞ KS + anti-D3  ➙ ∞ KT
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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] is4

VKS =
⇡3/2

10

gs
(Im ⇢)3

"
c log

⇤3
0

|S|
+ c0

gs(↵0M)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 A 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.

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)

4We follow the Einstein frame conventions of [24] and use 22
10 = (2⇡)7↵04.
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Add single anti-D3 brane:

such that the minimum sKS in (2.19) stays always at the same position. So if one chooses

initial values for ⇤0, K and M such that sKS is small, it will remain small even if the throat

becomes extremely long and we are still in the regime of validity of the potential VKS ((2.17)).

To understand the behavior of VKS in the limit (2.26), we first notice that its numerator

⇠ |@SW |
2 depends on ⇤0 and K exlusively via their combination in sKS. Hence it does

not change under (2.26). On the other hand, the denominator of (2.17) does not explicitly

depend on K, but blows up for ⇤0 ! 1 and fixed S:

c log
⇤3

0

|S|
+ c0

gs(↵0M)2

|S|4/3
= c log⇤3

0 +O(K0⇤0
0) ! 1 , (2.27)

under (2.26). Therefore, VKS converges pointwise to a flat potential:

VKS(S) ! 0 for |S| > 0 . (2.28)

This confirmes the intuition that S is an exact modulus of the infinite Klebanov-Strassler

solution that can be varied without any cost in energy.

2.3 The potential of an anti-D3 brane

An anti-D3 at the tip of the throat uplifts the KS potential (2.17). The contribution to the

potential is determined from

SD3 = SDBI + SCS = �T3

Z
d4x

p
�g4

⇥
1 +O(↵02)

⇤
± T3

Z
C4 , (2.29)

where the sign in front of the second term is determined by the charge of the brane, and T3

is given by

T3 =
1

(2⇡)3↵02 . (2.30)

It is not hard to see that for the D3-brane in a background given by (2.1), the DBI and the

CS pieces of the action cancel each other. Hence, for the D3-brane they add up and one

finds

V
D3 = �2T3C4 =

2

(2⇡)3↵02H
�1 . (2.31)

Using the warp factor given in (2.9) we finally obtain

V
D3 =

⇡1/2

10

1

(Im ⇢)3
21/3

I(⌧)

|S|4/3

gs(↵0M)2
. (2.32)

Because I(⌧), defined in (2.10), is a monotonically decreasing function, this expression has

a minimum at ⌧ = 0. Consequently, a D3-brane has minimal energy if it is placed at the tip

of the throat. For later convenience we introduce

c00 =
21/3

I(0)
⇡ 1.75 . (2.33)
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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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The potential for the complex structure modulus S involves the fluxes M and K, while
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where gs is the stabilized vev of the dilaton, Im ⇢ = (Vol6)3/2 (see Appendix A 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.

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)

4We follow the Einstein frame conventions of [24] and use 22
10 = (2⇡)7↵04.
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existing as solutions to the equations of motion, and this comparison is meaningful because
the underlying phenomenon is the same: the size of the S

3 of the deformed conifold, or
alternatively the vev of the field dual to chiral symmetry breaking is shrunk by the addition
of mass above extremality.

The comparison of the numerical results of [2] with the analytical results of [1] is easiest
to illustrate if one converts the energy above extremality of the black hole in “antibrane”
units, corresponding to the energy above extremality brought about by a single antibrane
placed in the warped deformed conifold. The KS black hole solution exists when

gsM
2
� �

2
BHND3 , (1)

where ND3 denotes the energy density of the black hole in antibrane units, while the an-
tibranes do not have a runaway when

gsM
2
� �

2
D3ND3 . (2)

In this paper we evaluate �BH and �D3 and find them to be

�BH ⇡ 4.16 and �D3 ⇡ 6.8 . (3)

This match is quite remarkable, both because the functional expression of the critical energies
as functions of the parameters of the solution are the same, and because the coe�cients
di↵er by so little despite the fact that we are comparing two very di↵erent sources of non-
extremality. Furthermore, one should not forget that the value of �D3 found in [1] is based on
the analysis of [10], in which the values of certain numerical coe�cients were only estimated
and not rigorously computed. Hence, this value also has error bars.

This remarkable match strongly reinforces the conclusion of [1], that the only warped
KS throats in flux compactifications that are not destabilized by the addition of a single
antibrane must have a RR three-form flux, M , larger then the value given in equation (2).
If one is to build a de Sitter flux compactification with stable moduli, the length of this
throat also needs to be quite large, which puts a lower limit on the amount of the NS-NS
three-form flux on the B-cycle. This in turn implies that the contribution of the fluxes of
this KS throat to the D3 tadpole of the compactification is larger than about 500 [1, 11].

Hence our analysis greatly reduces the space of Calabi-Yau manifolds where one may
hope to build a de Sitter solution in String Theory, by eliminating from the landscape all
the manifolds whose geometrical structure does not allow a negative contribution to the
tadpole whose absolute value is smaller than about 500. In an upcoming paper [12] two of
the authors and collaborators will show that most of these manifolds have unfixed moduli,
and reduce the question of the existence of de Sitter flux compactifications to a rigorous
problem that can be proven or disproven mathematically.
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• Numerics confirmed !                                                           Buchel 
• Deconfined, broken χ-sym phase of dual theory 
• Similar range to metastable antibrane:         Bena, Buchel, S. Lüst
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Lost 500 units of charge Master Calabi-Yau has ? 
How embarrassing ? How embarrassing !



• O3 planes - at most -32 
• D7 planes on 4-cycle S with huge Euler number:  χ(S)/24 
• F-theory : χ(CY4)/24

How to get -500 units of charge ?
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• O3 planes - at most -32 
• D7 planes on 4-cycle S with huge Euler number:  χ(S)/24 
• F-theory : χ(CY4)/24

Thus, we have reduced the arguments of whether such vacua exist to a mathematically-

provable conjecture. The purpose of this paper is to present evidence for this conjecture and

to link it with Lemma 1 and Lemma 2.

In section A we do B. In Section C we do D, etc.

2 The calculation - F theory side

All F-theory compactifications that have large �CY 4 have a large number of moduli as well,

which have to be stabilized. In F-theory these are (3,1) moduli (only? ) and in type IIB

these are D7 moduli. Conversely, to stabilize these moduli one needs to turn of F-theory

four-from fluxes, which in turn increase the tadpole that needs to be canceled. Hence, we

expect that increasing the �CY 4 while demanding that all the moduli be stabilized would

actually result in a positive contribution to the tadpole. Hence, the tadpole constraint one

would have to solve is of the form

N throat
D3 +

1

2

Z

CY4

G ^G =
�(CY4)

24
, (2.1)

subject to the constraint 1.2. We would like to argue that increasing �(Z) results in a

comparable increase in the number of (3,1) moduli and hence in the amount of (2,2) fluxes

one needs to turn on order to stabilize these moduli. This in turn will increase the second

term of the equation above, such that this equation will never be satisfied.

Note that this intuition would even rule out supersymmetric F-theory compactifications

with stabilized moduli when the Euler number is large, independent of the presence of

antibranes. This agrees with the fact that the only F-theory compactification with stabilized

moduli has a very small Euler number. [?]

To give flesh to this expectation it is important to be able to estimate what is the

tadpole contribution from the fluxes is. The naive argument is that for every (1,3) cycle

to be stabilized one needs to turn on one kind of self-dual flux (2,2) flux, which will give a

contribution

1

2

Z

Z

G ^G =
1

2

 Z

A2,2

G2,2

! Z

B2,2

G2,2

!
⌘AB (2.2)

where A2,2 and B2,2 represent all the (2,2) cycles and ⌘AB is their intersection matrix (in

cohomology ? integer cohomology ? something else). This matrix is positive definite,

and each integral in the brackets is integer, so one would expect that the tadpole contribution

coming from these fluxes will be of order

4
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M/F-theory # real moduli IIB orientifold # real moduli

Kähler h1,1(Z)� 1 Kähler h1,1
+ (X)

Complex structure 2h2,1
� (X)

Complex structure 2h3,1(Z) D7 deformations 2 ĥ2,0
� (S)

Dilaton-axion 1

C6 axions h1,1(Z)� 1 C4 axions h1,1
+ (X)

C3 axions 2h2,1(Z) B2, C2 axions h1,1
� (X) + h1,1

� (X)

M2 positions 6ND3 D3 positions 6ND3

The subscripts ± denote the Hodge numbers counting the even resp. odd parts of the

relevant cohomology under the orientifold involution.

F-theory tadpole

ND3 +
1

2

Z

Z

G ^G =
�(CY4)

24
(4.1)

�(CY4) = 6(8 + h1,1 + h3,1 � h2,1) (4.2)

where to get this one uses

h2,2 = 2(22 + 2h1,1 + 2h3,1 � h2,1) (4.3)

In type IIB, the induced D3-charge of D7-branes wrapping a cycle S with world-volume

flux F and O7-planes is

Q3 =
1

24
(�(D7) + 4�(O7)) +

1

2

Z

S

(Tr(F ^ F)� TrF ^ TrF) (4.4)

not completely sure about the last 1/2.

�3�fold(X) = 2(h1,1 � h2,1) (4.5)

Adjunction formula:

�(S) =

Z

X

(S3 + c2(X)S) (4.6)
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flux F and O7-planes is

Q3 =
1

24
(�(D7) + 4�(O7)) +

1

2

Z

S

(Tr(F ^ F)� TrF ^ TrF) (4.4)

not completely sure about the last 1/2.

�3�fold(X) = 2(h1,1 � h2,1) (4.5)

Adjunction formula:

�(S) =

Z

X

(S3 + c2(X)S) (4.6)

7

• Tadpole of fluxes that stabilize (3,1) moduli > χ(CY4) / 18  
• Cannot stabilize all moduli with tadpole -500.  
• KKLT uplift to get de Sitter does not work ! Tough luck ! 

Bena, Blåbäck, Graña, S. Lüst, to appear

How to get -500 units of charge ?
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D7 branes on 4-cycle: 
4D massless N=1 theory: confinement with 

dynamically-generated scale - fixes 4-cycle size

Kähler moduli stabilization

             Anti-D3 
induce fluxes that make 4D N=1 theory massive 
confines at scale of the mass 
independent of 4-cycle size - not stabilized !
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Conclusions

 Romanian Proverb: if 3 people tell you  
that you are drunk, go and take a nap !

Physics Version:  if 3 calculations tell you that 
something does not work, maybe it is time to give it up 

Calculations could have given pro-landscape results. They did not ! 

Where 
are we ?


