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• Tadpole conjecture: common lore not true!
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(3) Very nice byproduct! Stay awake longer
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ĩı
e
ı (29)

2

1
2

R
G4 ^G4 

�(CY4)
24

1

2

Z
G4 ^G4 

�(CY4)

24
(13)

1
2

R
G4 ^G4

�
1
4

J ⇠ !3

>
1
3N

>
1
3nD7

>
1
3n7

e
��

H3 = ?F3R
dF5 =

R
F3 ^H3 +Q

loc
3

2 Z
S ⇠

R
F3 ^ ?F3 + e

�2�
H3 ^ ?H3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

I = 0, ..., h2,1

Qmin ⇠ D

O(100)

?G4 = G4

M10 = M4 ⇥w CY3

nD7 = 16 + 58

Z

B3

c1(B3)
3
, (14)

n7 = 58

Z

B3

c1(B3)
3 + 16 , (15)

F $ �

= 4d

CP3

' 0.26nD7

' 0.26n7

nstab.moduli = 32d+ 1 (16)

nstab.moduli  8d̃+ 1 (17)

� · (�K)

Qflux �
7

2
d̃+ 1� g (18)

Qflux � 14d+ 1 (19)

3

N
I
dIJN

J

1
2

R
G4 ^G4 

�(CY4)
24

1

2

Z
G4 ^G4 

�(CY4)

24
(13)

1
2

R
G4 ^G4

�
1
4

J ⇠ !3

>
1
3N

>
1
3nD7

>
1
3n7

e
��

H3 = ?F3R
dF5 =

R
F3 ^H3 +Q

loc
3

2 Z
S ⇠

R
F3 ^ ?F3 + e

�2�
H3 ^ ?H3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

I = 0, ..., h2,1

Qmin ⇠ D

O(100)

?G4 = G4

M10 = M4 ⇥w CY3

nD7 = 16 + 58

Z

B3

c1(B3)
3
, (14)

n7 = 58

Z

B3

c1(B3)
3 + 16 , (15)

F $ �

= 4d

CP3

' 0.26nD7

' 0.26n7

nstab.moduli = 32d+ 1 (16)

nstab.moduli  8d̃+ 1 (17)

� · (�K)

Qflux �
7

2
d̃+ 1� g (18)

Qflux � 14d+ 1 (19)

3

 and 
flux on D7
H3 , F3

Nflux =

Nflux = ∫ F3 ∧ H3 ≤ |QO3 |

• D7-branes wrapped on 4 cycles also have negative charge (and D7-moduli)

Tadpole conjecture If , cannot stabilize α > 1
4

all moduli in F-theoryNflux > αnstab

∼
1
4

h3,1 χ
24

= 1
4 (h3,1 + h1,1 − h2,1 + 8)

(if number is large)! 



Supporting examples for  in CYNflux

nstab
>

1
3

Description nmod. Qflux

D3
↵ =

Qflux

D3

nmod.

Ref.

Stabilization of D7-brane moduli in the IIB limit

of F-theory with a CP3 base (see Section 5)

n7 = 3728 1638 0.44 [2]

A Type-IIB compactification at a highly

symmetric point in moduli space (see also [36])

h2,1 = 128 48 0.38 [35]

h2,1 = 272 124 0.46 [10]

F-theory on the sextic Calabi-Yau four-fold with

fluxes on algebraic cycles

h3,1 = 426 775/4 0.45 [3]

M-theory on smooth K3⇥K3 using an evolution-

ary algorithm (Section 4)

57 25 0.44

Table 1.1: Examples for flux compactifications at a large number of moduli. We give the

number of moduli which are stabilized by fluxes, nmod., the charge induced by the fluxes which

stabilize these moduli, Qflux

D3
,and the corresponding value of ↵ in the tadpole conjectures.

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

tadpole conditions that arise from integrating these local equations over the whole internal

manifold. In these global equations the warp factor disappears, and one obtains conditions

enforcing the cancelation of the total charge sourced by branes and orientifolds and induced

by the fluxes and the curvature.

In Type IIB compactifications with 3-form fluxes, the cancellation condition of the D3-

brane tadpole is

1

2

Z

X

F3 ^H3 �
1

2

Z

S

⇥
Tr(F ^ F)� TrF ^ TrF

⇤
+Qloc

3
= 0 . (2.1)

where X is the double cover of the six-dimensional manifold and S denotes the four-cycle

wrapped by D7-branes with worldvolume flux F . In these compactifications the fluxes that

8

Description nmod. Qflux

D3
↵ =

Qflux

D3

nmod.

Ref.

Stabilization of D7-brane moduli in the IIB limit

of F-theory with a CP3 base (see Section 5)

n7 = 3728 1638 0.44 [2]

A Type-IIB compactification at a highly

symmetric point in moduli space (see also [36])

h2,1 = 128 48 0.38 [35]

h2,1 = 272 124 0.46 [10]

F-theory on the sextic Calabi-Yau four-fold with

fluxes on algebraic cycles

h3,1 = 426 775/4 0.45 [3]

M-theory on smooth K3⇥K3 using an evolution-

ary algorithm (Section 4)

57 25 0.44

Table 1.1: Examples for flux compactifications at a large number of moduli. We give the

number of moduli which are stabilized by fluxes, nmod., the charge induced by the fluxes which

stabilize these moduli, Qflux

D3
,and the corresponding value of ↵ in the tadpole conjectures.

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

tadpole conditions that arise from integrating these local equations over the whole internal

manifold. In these global equations the warp factor disappears, and one obtains conditions

enforcing the cancelation of the total charge sourced by branes and orientifolds and induced

by the fluxes and the curvature.

In Type IIB compactifications with 3-form fluxes, the cancellation condition of the D3-

brane tadpole is

1

2

Z

X

F3 ^H3 �
1

2

Z

S

⇥
Tr(F ^ F)� TrF ^ TrF

⇤
+Qloc

3
= 0 . (2.1)

where X is the double cover of the six-dimensional manifold and S denotes the four-cycle

wrapped by D7-branes with worldvolume flux F . In these compactifications the fluxes that

8

Description nmod. Qflux

D3
↵ =

Qflux

D3

nmod.

Ref.

Stabilization of D7-brane moduli in the IIB limit

of F-theory with a CP3 base (see Section 5)

n7 = 3728 1638 0.44 [2]

A Type-IIB compactification at a highly

symmetric point in moduli space (see also [36])

h2,1 = 128 48 0.38 [35]

h2,1 = 272 124 0.46 [10]

F-theory on the sextic Calabi-Yau four-fold with

fluxes on algebraic cycles

h3,1 = 426 775/4 0.45 [3]

M-theory on smooth K3⇥K3 using an evolution-

ary algorithm (Section 4)

57 25 0.44

Table 1.1: Examples for flux compactifications at a large number of moduli. We give the

number of moduli which are stabilized by fluxes, nmod., the charge induced by the fluxes which

stabilize these moduli, Qflux

D3
,and the corresponding value of ↵ in the tadpole conjectures.

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

tadpole conditions that arise from integrating these local equations over the whole internal

manifold. In these global equations the warp factor disappears, and one obtains conditions

enforcing the cancelation of the total charge sourced by branes and orientifolds and induced

by the fluxes and the curvature.

In Type IIB compactifications with 3-form fluxes, the cancellation condition of the D3-

brane tadpole is

1

2

Z

X

F3 ^H3 �
1

2

Z

S

⇥
Tr(F ^ F)� TrF ^ TrF

⇤
+Qloc

3
= 0 . (2.1)

where X is the double cover of the six-dimensional manifold and S denotes the four-cycle

wrapped by D7-branes with worldvolume flux F . In these compactifications the fluxes that

8

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)

↵

1
3

⇢

= (
p
⇢)3

⇠ e
�⇢

= �(CY4)
24

CY4

�(CY4) ⇠
1
4h

3,1

1
3N

0.44N

n7 = 58c31(B) + 16

n7 = 3728
7
16(58c

3
1 + 15) + (1� g)

Qflux ⇠ M K Qflux =

1

Description Ref

IIB at symm pt in 
mod space 

48 0.38

124 0.46

F-theory on 
sextic CY at 
symm point

775/4

587/4

0.45

0.34

F-theory on ℂℙ3 
base 1638 0.44

F-theory on 
K3xK3 25 0.44 Bena, Blåbäck, M.G., 

Lust 20

IIB on (3,51) CY3 

at large complex 
structure

32 0.34
Coudarchet, 
Marchesano, Prieto, 
Urkiola ‘23

Giryavets, Kachru, 
Tripathy, Trivedi 03

Demirtas, Kim, 
Mc Allister, Moritz 19

Braun, Valandro 20

Collinucci, Denef 
Esole 08

𝛼=Nflux

nstabNfluxnstab

Braun, Fortin, Lopez Garcia, 
Villaflor Loyola 24 

nmod = 57

95



Supporting examples for linear behavior  Nflux > α nstab

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)

↵

1
3

⇢

= (
p
⇢)3

⇠ e
�⇢

= �(CY4)
24

CY4

�(CY4) ⇠
1
4h

3,1

1
3N

0.44N

n7 = 58c31(B) + 16

7

16
(58c31 + 15) + (1� g) (12)

1
2

R
S F2 ^ F2 

1

Description Ref

F-theory on any 
weak-Fano base 0.44

F-theory on CY 
in asympt region 
(large complex 
structure or 

close to conifold)

In all exemples  
out of a large set

M.G., Grimm, van de 
Heisteeg, Herraez, 
Plauschinn 22 

Bena, Brodie, M.G. 21

𝛼=Nflux

nstab

7
16(58c

3
1(B) + 15) + (1� g)

Qflux = M
I
KI

Qflux  |Qneg|

48
p
gsM � 6.7

48

I = 1, ..., 2h2,1 + 2

1

2

Z

S

F2 ^ F2  (12)

>
1
3

G4 2 H
2(K3,Z)⇥H

2(K30,Z)
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

O(105)
�(K3⇥K3)

24 = 24

↵ = min(Qflux)
moduli = 25

57 ⇡ 0.44

↵ 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
dK̃L̃N

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

H
2(K3,Z) = (�E8)� (�E8)� U � U � U

2

Nfluxnstab

nstab ≤ nmod α n
α > 0.7



Supporting examples for linear behavior  Nflux > α nstab

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)

↵

1
3

⇢

= (
p
⇢)3

⇠ e
�⇢

= �(CY4)
24

CY4

�(CY4) ⇠
1
4h

3,1

1
3N

0.44N

n7 = 58c31(B) + 16

7

16
(58c31 + 15) + (1� g) (12)

1
2

R
S F2 ^ F2 

1

Description Ref

F-theory on any 
weak-Fano base 0.44

F-theory on CY 
in asympt region 
(large complex 
structure or 

close to conifold)

In all exemples  
out of a large set

M.G., Grimm, van de 
Heisteeg, Herraez, 
Plauschinn 22 

Bena, Brodie, M.G. 21

𝛼=Nflux

nstab

7
16(58c

3
1(B) + 15) + (1� g)

Qflux = M
I
KI

Qflux  |Qneg|

48
p
gsM � 6.7

48

I = 1, ..., 2h2,1 + 2

1

2

Z

S

F2 ^ F2  (12)

>
1
3

G4 2 H
2(K3,Z)⇥H

2(K30,Z)
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

O(105)
�(K3⇥K3)

24 = 24

↵ = min(Qflux)
moduli = 25

57 ⇡ 0.44

↵ 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
dK̃L̃N

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

H
2(K3,Z) = (�E8)� (�E8)� U � U � U

2

Nfluxnstab

nstab ≤ nmod α n
α > 0.7

HERE!



Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds



Non-geometric backgrounds:

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

mirror duals of rigid Calabi-Yau manifolds

Hodge diamond of a Calabi-Yau



Non-geometric backgrounds:

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

mirror duals of rigid Calabi-Yau manifolds

Hodge diamond of a Calabi-Yau

h2,1

On the two-dimensional (2,2) SCFT on the world-sheet of strings in CY:   

: marginal deformations in the (c,c) ring

h1,1 : marginal deformations in the (a,c) ring



Non-geometric backgrounds:

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

mirror duals of rigid Calabi-Yau manifolds

Hodge diamond of a Calabi-Yau

Lecher, Vafa, Warner ‘89

h2,1

On the two-dimensional (2,2) SCFT on the world-sheet of strings in CY:   

: marginal deformations in the (c,c) ring

h1,1 : marginal deformations in the (a,c) ring
symmetry



Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds

Hodge diamond of a Calabi-Yau

Lecher, Vafa, Warner ‘89

h2,1

On the two-dimensional (2,2) SCFT on the world-sheet of strings in CY:   

: marginal deformations in the (c,c) ring

h1,1 : marginal deformations in the (a,c) ring
symmetry

1
0 0

0 h 0
1 h̃ h̃ 1

0 h 0
0 0

1



Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds

Hodge diamond of a Calabi-Yau

Lecher, Vafa, Warner ‘89

h2,1

On the two-dimensional (2,2) SCFT on the world-sheet of strings in CY:   

: marginal deformations in the (c,c) ring

h1,1 : marginal deformations in the (a,c) ring
symmetry

1
0 0

0 h 0
1 h̃ h̃ 1

0 h 0
0 0

1

mirror symmetry

1
0 0

0 h̃ 0
1 h h 1

0 h̃ 0
0 0

1



rigid Calabi-Yau

1
0 0

0 h 0
1 0 0 1

0 h 0
0 0

1

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds



rigid Calabi-Yau

1
0 0

0 h 0
1 0 0 1

0 h 0
0 0

1

mirror symmetry

1
0 0

0 0 0
1 h h 1

0 0 0
0 0

1

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds



rigid Calabi-Yau

1
0 0

0 h 0
1 0 0 1

0 h 0
0 0

1

mirror symmetry

1
0 0

0 0 0
1 h h 1

0 0 0
0 0

1

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

 !h1,1 = 0

Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds



rigid Calabi-Yau

1
0 0

0 h 0
1 0 0 1

0 h 0
0 0

1

mirror symmetry

1
0 0

0 0 0
1 h h 1

0 0 0
0 0

1

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

 !h1,1 = 0

No volume form
J ∧ J ∧ J = vol

∈ h1,1

Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds



rigid Calabi-Yau

1
0 0

0 h 0
1 0 0 1

0 h 0
0 0

1

mirror symmetry

1
0 0

0 0 0
1 h h 1

0 0 0
0 0

1

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

 !h1,1 = 0

No volume form
J ∧ J ∧ J = vol

∈ h1,1

Not a manifold

Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds



rigid Calabi-Yau

1
0 0

0 h 0
1 0 0 1

0 h 0
0 0

1

mirror symmetry

1
0 0

0 0 0
1 h h 1

0 0 0
0 0

1

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

 !h1,1 = 0

No volume form
J ∧ J ∧ J = vol

∈ h1,1

Not a manifold

But perfectly fine from the  world-sheet point of view 

Description in terms of Landau-Ginzburg models Vafa  ‘89

Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds



rigid Calabi-Yau

1
0 0

0 h 0
1 0 0 1

0 h 0
0 0

1

mirror symmetry

1
0 0

0 0 0
1 h h 1

0 0 0
0 0

1

1
0 0

0 h1,1 0
1 h2,1 h1,2 1

0 h2,2 0
0 0

1

 !h1,1 = 0

No volume form
J ∧ J ∧ J = vol

∈ h1,1

Not a manifold

But perfectly fine from the  world-sheet point of view 

Description in terms of Landau-Ginzburg models

Standard notions in geometric flux compactifications (flux superpotential, tadpole) still apply 

Vafa  ‘89

Becker, Becker, Vafa, Walcher ‘06

Non-geometric backgrounds:

mirror duals of rigid Calabi-Yau manifolds



IIB Landau Ginzburg models with flux

• h2,1 complex structure moduli ((c,c) marginal deformations or RR ground states in CFT)

- Add 3-form fluxes

basis of 3-cycles  (susy cycles wrapped by A-branes  bdy cond in the CFT) ↔

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

O(105)
�(K3⇥K3)

24 = 24

↵ = min(Qflux)
moduli = 25

57 ⇡ 0.44

↵ 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
dK̃L̃N

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

H
2(K3,Z) = (�E8)� (�E8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

2 Z
Qflux = 1

2

R
G4 ^G4 =

1
2tr(M)

I = 0, ..., h2,1

Qmin ⇠ D

O(100)

M10 = M4 ⇥w CY3

nD7 = 16 + 58

Z

B3

c1(B3)
3
, (13)

F $ �

= 4d

CP3

2

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)

↵

1
3

⇢

= (
p
⇢)3

⇠ e
�⇢

= �(CY4)
24

CY4

�(CY4) ⇠
1
4h

3,1

1
3N

0.44N

n7 = 58c31(B) + 16
7
16(58c

3
1 + 15) + (1� g)

Qflux =

I = 1, ..., 2h2,1 + 2

1

- 4d  EFT𝒩 = 1

V = eK ( |DIW |2 − 3 |W |2 ) with W = ∫CY
G3 ∧ Ω

G3 = F3 − τH3

∼ (M − τK ) f(z)

∫Γn

F3 = Mn ∫Γn

H3 = Kn n

Becker, Becker,
Vafa, Walcher 06

exact (no perturbative or 
non-perturbative corrections)



IIB Landau Ginzburg models with flux

• h2,1 complex structure moduli ((c,c) marginal deformations or RR ground states in CFT)

- Add 3-form fluxes

basis of 3-cycles  (susy cycles wrapped by A-branes  bdy cond in the CFT) ↔

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

O(105)
�(K3⇥K3)

24 = 24

↵ = min(Qflux)
moduli = 25

57 ⇡ 0.44

↵ 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
dK̃L̃N

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

H
2(K3,Z) = (�E8)� (�E8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

2 Z
Qflux = 1

2

R
G4 ^G4 =

1
2tr(M)

I = 0, ..., h2,1

Qmin ⇠ D

O(100)

M10 = M4 ⇥w CY3

nD7 = 16 + 58

Z

B3

c1(B3)
3
, (13)

F $ �

= 4d

CP3

2

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)

↵

1
3

⇢

= (
p
⇢)3

⇠ e
�⇢

= �(CY4)
24

CY4

�(CY4) ⇠
1
4h

3,1

1
3N

0.44N

n7 = 58c31(B) + 16
7
16(58c

3
1 + 15) + (1� g)

Qflux =

I = 1, ..., 2h2,1 + 2

1

- 4d  EFT𝒩 = 1

V = eK ( |DIW |2 − 3 |W |2 ) with W = ∫CY
G3 ∧ Ω

G3 = F3 − τH3

∼ (M − τK ) f(z)

∫Γn

F3 = Mn ∫Γn

H3 = Kn n

Becker, Becker,
Vafa, Walcher 06

Gukov, Vafa, Witten 99

exact (no perturbative or 
non-perturbative corrections)



- In the 4d  EFT𝒩 = 1 V = eK ( |DW |2 − 3 |W |2 ) W = ∫CY
G3 ∧ Ω ∼ (M − τK ) f(zI)

- Minima at 

• equation for complex structure moduli: get a vev depending on  DIW = 0 → Mn, Kn

DIW = ∫CY
G3 ∧ χI ⇒ G(1,2) = 0

IIB Landau Ginzburg models with flux



- In the 4d  EFT𝒩 = 1 V = eK ( |DW |2 − 3 |W |2 ) W = ∫CY
G3 ∧ Ω ∼ (M − τK ) f(zI)

- Minima at 

• equation for complex structure moduli: get a vev depending on  DIW = 0 → Mn, Kn

DIW = ∫CY
G3 ∧ χI ⇒ G(1,2) = 0

• DaW = ∂aK W = 0 → W = 0 . No equation for Kähler moduli. Unfixed by fluxes

IIB Landau Ginzburg models with flux



- In the 4d  EFT𝒩 = 1 V = eK ( |DW |2 − 3 |W |2 ) W = ∫CY
G3 ∧ Ω ∼ (M − τK ) f(zI)

- Minima at 

• equation for complex structure moduli: get a vev depending on  DIW = 0 → Mn, Kn

DIW = ∫CY
G3 ∧ χI ⇒ G(1,2) = 0

• DaW = ∂aK W = 0 → W = 0 . No equation for Kähler moduli. Unfixed by fluxes

IIB Landau Ginzburg models with flux

if no Kähler moduli



- In the 4d  EFT𝒩 = 1 V = eK ( |DW |2 − 3 |W |2 ) W = ∫CY
G3 ∧ Ω ∼ (M − τK ) f(zI)

- Minima at 

• equation for complex structure moduli: get a vev depending on  DIW = 0 → Mn, Kn

DIW = ∫CY
G3 ∧ χI ⇒ G(1,2) = 0

• DaW = ∂aK W = 0 → W = 0

- SUSY vacua are Minkowski ( ) , or AdS ( )W0 = 0 W0 ≠ 0

. No equation for Kähler moduli. Unfixed by fluxes

IIB Landau Ginzburg models with flux

if no Kähler moduli



- In the 4d  EFT𝒩 = 1 V = eK ( |DW |2 − 3 |W |2 ) W = ∫CY
G3 ∧ Ω ∼ (M − τK ) f(zI)

- Minima at 

• equation for complex structure moduli: get a vev depending on  DIW = 0 → Mn, Kn

DIW = ∫CY
G3 ∧ χI ⇒ G(1,2) = 0

• DaW = ∂aK W = 0 → W = 0

- SUSY vacua are Minkowski ( ) , or AdS ( )W0 = 0 W0 ≠ 0

. No equation for Kähler moduli. Unfixed by fluxes

IIB Landau Ginzburg models with flux

if no Kähler moduli

- Here restrict to Minkowski .(W0 = 0)



- In the 4d  EFT𝒩 = 1 V = eK ( |DW |2 − 3 |W |2 ) W = ∫CY
G3 ∧ Ω ∼ (M − τK ) f(zI)

- Minima at 

• equation for complex structure moduli: get a vev depending on  DIW = 0 → Mn, Kn

DIW = ∫CY
G3 ∧ χI ⇒ G(1,2) = 0

• DaW = ∂aK W = 0 → W = 0

- SUSY vacua are Minkowski ( ) , or AdS ( )W0 = 0 W0 ≠ 0

. No equation for Kähler moduli. Unfixed by fluxes

IIB Landau Ginzburg models with flux

if no Kähler moduli

- Here restrict to Minkowski .(W0 = 0) Adding    onlyDτW = 0 ⇒ G2,1



- In the 4d  EFT𝒩 = 1 V = eK ( |DW |2 − 3 |W |2 ) W = ∫CY
G3 ∧ Ω ∼ (M − τK ) f(zI)

- Minima at 

• equation for complex structure moduli: get a vev depending on  DIW = 0 → Mn, Kn

DIW = ∫CY
G3 ∧ χI ⇒ G(1,2) = 0

• DaW = ∂aK W = 0 → W = 0

- SUSY vacua are Minkowski ( ) , or AdS ( )W0 = 0 W0 ≠ 0

. No equation for Kähler moduli. Unfixed by fluxes

IIB Landau Ginzburg models with flux

if no Kähler moduli

at Mink minimum

Nflux = ∫ F3 ∧ H3 = MnKn ≤ |QO3 |- Tadpole cancelation condition }
> 0

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

O(105)
�(K3⇥K3)

24 = 24

↵ = min(Qflux)
moduli = 25

57 ⇡ 0.44

↵ 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
dK̃L̃N

ML̃
dMJ

H
2(K3,Z) = (��8)� (��8)� U � U � U

H
2(K3,Z) = (�E8)� (�E8)� U � U � U

⌦ = !1 + i!2

J ⇠ !3

H3 = ?F3R
dF5 =

R
F3 ^H3 +Q

loc
3

2 Z
S ⇠

R
F3 ^ ?F3 + e

�2�
H3 ^ ?H3

Qflux = 1
2

R
G4 ^G4 =

1
2tr(M)

I = 0, ..., h2,1

Qmin ⇠ D

O(100)

M10 = M4 ⇥w CY3

nD7 = 16 + 58

Z

B3

c1(B3)
3
, (13)

2

- Here restrict to Minkowski .(W0 = 0) Adding    onlyDτW = 0 ⇒ G2,1



Landau Ginzburg Vafa  ‘89

Lerche, Vafa, Warner  ‘89

- 2d  theories of  chiral fields ,  𝒩 = (2,2) r Φi i = 1,...,r

S2d = ∫ d2z d4θ 𝒦(Φi, Φ̄i) + ∫ d2z d2θ 𝒲(Φi)
world-sheet 
superpotential

world-sheet 
Kähler potential 𝒲(λωiΦi) = λd𝒲(Φi)

models



Landau Ginzburg Vafa  ‘89

Lerche, Vafa, Warner  ‘89

- 2d  theories of  chiral fields ,  𝒩 = (2,2) r Φi i = 1,...,r

S2d = ∫ d2z d4θ 𝒦(Φi, Φ̄i) + ∫ d2z d2θ 𝒲(Φi)
world-sheet 
superpotential

world-sheet 
Kähler potential 𝒲(λωiΦi) = λd𝒲(Φi)

- For any such , there is a  such that IR fixed point is a compact SCFT𝒲 𝒦
(model is completely determined by )𝒲

models



Landau Ginzburg Vafa  ‘89

Lerche, Vafa, Warner  ‘89

- 2d  theories of  chiral fields ,  𝒩 = (2,2) r Φi i = 1,...,r

S2d = ∫ d2z d4θ 𝒦(Φi, Φ̄i) + ∫ d2z d2θ 𝒲(Φi)
world-sheet 
superpotential

world-sheet 
Kähler potential 𝒲(λωiΦi) = λd𝒲(Φi)

- For any such , there is a  such that IR fixed point is a compact SCFT𝒲 𝒦
(model is completely determined by )𝒲

- If  : CFT is a prod. of  minimal models at levels 𝒲 = ∑
i

Φki+2
i r ki ⇒ c = ∑

i

3ki

ki + 2

models



Landau Ginzburg Vafa  ‘89

Lerche, Vafa, Warner  ‘89

- 2d  theories of  chiral fields ,  𝒩 = (2,2) r Φi i = 1,...,r

S2d = ∫ d2z d4θ 𝒦(Φi, Φ̄i) + ∫ d2z d2θ 𝒲(Φi)
world-sheet 
superpotential

world-sheet 
Kähler potential 𝒲(λωiΦi) = λd𝒲(Φi)

- For any such , there is a  such that IR fixed point is a compact SCFT𝒲 𝒦
(model is completely determined by )𝒲

- If  : CFT is a prod. of  minimal models at levels 𝒲 = ∑
i

Φki+2
i r ki ⇒ c = ∑

i

3ki

ki + 2

- When : good for string “compactifications”c = 9

models



Landau Ginzburg Vafa  ‘89

Lerche, Vafa, Warner  ‘89

- 2d  theories of  chiral fields ,  𝒩 = (2,2) r Φi i = 1,...,r

S2d = ∫ d2z d4θ 𝒦(Φi, Φ̄i) + ∫ d2z d2θ 𝒲(Φi)
world-sheet 
superpotential

world-sheet 
Kähler potential 𝒲(λωiΦi) = λd𝒲(Φi)

- For any such , there is a  such that IR fixed point is a compact SCFT𝒲 𝒦
(model is completely determined by )𝒲

- If  : CFT is a prod. of  minimal models at levels 𝒲 = ∑
i

Φki+2
i r ki ⇒ c = ∑

i

3ki

ki + 2

- When : good for string “compactifications”c = 9

- Also need to require  charges ,  need to orbifoldU(1)R qNS ∈ ℤ qR ∈ ℤ+ 1
2 ⇒

g(Φi) = eiωΦi ω = 2π/(k + 2)E.g. k1 = k2 = . . . kr = k

models



Landau Ginzburg Vafa  ‘89

Lerche, Vafa, Warner  ‘89

- 2d  theories of  chiral fields ,  𝒩 = (2,2) r Φi i = 1,...,r

S2d = ∫ d2z d4θ 𝒦(Φi, Φ̄i) + ∫ d2z d2θ 𝒲(Φi)
world-sheet 
superpotential

world-sheet 
Kähler potential 𝒲(λωiΦi) = λd𝒲(Φi)

- For any such , there is a  such that IR fixed point is a compact SCFT𝒲 𝒦
(model is completely determined by )𝒲

- If  : CFT is a prod. of  minimal models at levels 𝒲 = ∑
i

Φki+2
i r ki ⇒ c = ∑

i

3ki

ki + 2

- When : good for string “compactifications”c = 9

- Also need to require  charges ,  need to orbifoldU(1)R qNS ∈ ℤ qR ∈ ℤ+ 1
2 ⇒

g(Φi) = eiωΦi ω = 2π/(k + 2)E.g. k1 = k2 = . . . kr = k

orbifolds



Landau Ginzburg Vafa  ‘89

Lerche, Vafa, Warner  ‘89

- 2d  theories of  chiral fields ,  𝒩 = (2,2) r Φi i = 1,...,r

S2d = ∫ d2z d4θ 𝒦(Φi, Φ̄i) + ∫ d2z d2θ 𝒲(Φi)
world-sheet 
superpotential

world-sheet 
Kähler potential 𝒲(λωiΦi) = λd𝒲(Φi)

- For any such , there is a  such that IR fixed point is a compact SCFT𝒲 𝒦
(model is completely determined by )𝒲

- If  : CFT is a prod. of  minimal models at levels 𝒲 = ∑
i

Φki+2
i r ki ⇒ c = ∑

i

3ki

ki + 2

- When : good for string “compactifications”c = 9

- Also need to require  charges ,  need to orbifoldU(1)R qNS ∈ ℤ qR ∈ ℤ+ 1
2 ⇒

g(Φi) = eiωΦi ω = 2π/(k + 2)E.g. k1 = k2 = . . . kr = k Model ≡ kr

orbifolds



Landau Ginzburg Vafa  ‘89

Lerche, Vafa, Warner  ‘89

- 2d  theories of  chiral fields ,  𝒩 = (2,2) r Φi i = 1,...,r

S2d = ∫ d2z d4θ 𝒦(Φi, Φ̄i) + ∫ d2z d2θ 𝒲(Φi)
world-sheet 
superpotential

world-sheet 
Kähler potential 𝒲(λωiΦi) = λd𝒲(Φi)

- For any such , there is a  such that IR fixed point is a compact SCFT𝒲 𝒦
(model is completely determined by )𝒲

- If  : CFT is a prod. of  minimal models at levels 𝒲 = ∑
i

Φki+2
i r ki ⇒ c = ∑

i

3ki

ki + 2

- When : good for string “compactifications”c = 9

- Also need to require  charges ,  need to orbifoldU(1)R qNS ∈ ℤ qR ∈ ℤ+ 1
2 ⇒

g(Φi) = eiωΦi ω = 2π/(k + 2)E.g. k1 = k2 = . . . kr = k Model ≡ kr

- Lead to 4-dimensional  string vacua (as CY)𝒩 = 2

orbifolds



Landau Ginzburg orbifolds

- Can orientifold; quotient by .    Ω σ 𝒲(σ(Φ)) = − 𝒲(Φ)

E.g. in  model  (  )   can take  kr 𝒲 =
r

∑
i=1

Φk+2
i σ(Φi) = eiπ/(k+2)Φi



Landau Ginzburg orbifolds

- Can orientifold; quotient by .    Ω σ 𝒲(σ(Φ)) = − 𝒲(Φ)

E.g. in  model  (  )   can take  kr 𝒲 =
r

∑
i=1

Φk+2
i σ(Φi) = eiπ/(k+2)Φi

Two particularly interesting  models with kr c = 9

19 26



Landau Ginzburg orbifolds

- Can orientifold; quotient by .    Ω σ 𝒲(σ(Φ)) = − 𝒲(Φ)

E.g. in  model  (  )   can take  kr 𝒲 =
r

∑
i=1

Φk+2
i σ(Φi) = eiπ/(k+2)Φi

Two particularly interesting  models with kr c = 9

19 26

1
0 0

0 0 0
1 63 63 1

0 0 0
0 0

1

 h1,1 = 0

1
0 0

0 0 0
1 90 90 1

0 0 0
0 0

1



Landau Ginzburg orbifolds

- Can orientifold; quotient by .    Ω σ 𝒲(σ(Φ)) = − 𝒲(Φ)

E.g. in  model  (  )   can take  kr 𝒲 =
r

∑
i=1

Φk+2
i σ(Φi) = eiπ/(k+2)Φi

Two particularly interesting  models with kr c = 9

19 26

1
0 0

0 0 0
1 63 63 1

0 0 0
0 0

1

 h1,1 = 0

1
0 0

0 0 0
1 90 90 1

0 0 0
0 0

1

σ(Φ1, . . . , Φ9) = − (Φ2, Φ1, Φ3, . . . , Φ9)With σ(Φ1, . . . , Φ6) = ieiπ/4(Φ1, . . . , Φ6)



Landau Ginzburg orbifolds

- Can orientifold; quotient by .    Ω σ 𝒲(σ(Φ)) = − 𝒲(Φ)

E.g. in  model  (  )   can take  kr 𝒲 =
r

∑
i=1

Φk+2
i σ(Φi) = eiπ/(k+2)Φi

Two particularly interesting  models with kr c = 9

19 26

1
0 0

0 0 0
1 63 63 1

0 0 0
0 0

1

 h1,1 = 0

1
0 0

0 0 0
1 90 90 1

0 0 0
0 0

1

σ(Φ1, . . . , Φ9) = − (Φ2, Φ1, Φ3, . . . , Φ9)With
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Fluxes & Moduli stabilisation

- Massive moduli 

nmass = rank M

M = DD W = (
DIDJW DIDJ̄W̄
DĪ DJW DĪ DJ̄W̄) DW=0

= (
DIDJW gIJ̄ W̄
gĪJ W DĪ DJ̄W̄) DW=0,W0=0

= (
∂I∂JW 0

0 ∂Ī∂J̄W̄)
nmass = rank (∂I∂JW ) Independent of the Kähler potential

- Note! 

< 3 Nfluxnmass ≤ nstab

- Here testing a weaker form of tadpole conjecture

tadpole conjecture

here

Σ li = 10 ⇒ I
Σ li = 14 ⇒ Ī
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Two alternative procedures

- Turn on  on one, two, three,…  component ( )G3 LI Σ li = 10
 automatic∈ H(2,1)

 to be imposedMN, KN ∈ ℤ

- Turn on  on one, two, three,…  componentF3 , H3 ΓN

 to be imposedG3 ∈ H(2,1)

 automaticMN, KN ∈ ℤ

• Compute Nflux , nmass

Nflux = ∫ F3 ∧ H3 = MNKN

Nflux =
i

τ − τ̄ ∫ G3 ∧ Ḡ3 =
1

2τ2
|GI |

2

nmass = rank (∂I∂JW )

• Can be done exhaustively (using  permutations) up to  componentsS6 ∼ 8

• Beyond: use algorithms for smart search (start from a set of minimal length vectors)
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Results: 26
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One solution with all moduli stabilised with Nflux = 40
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• Clarified many questions about tadpole conjecture

Is it only valid for stabilisation of all moduli as originally stated?
No, more general than that, valid for 10 ≲ nstab ≤ nmod

Moduli stabilized or (more restrictively) massive? ( )nmass ≤ nstab
We/many others checked massive, but results in  and  at higher order indicate19 26

Becker, Rajagaru, Sengupta, Walcher, Wrase ’24

Does it apply beyond tadpole bound?
Yes!

Nflux > 1
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also true with nstab

Rajagaru, Sengupta, Wrase ‘24
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Conclusions

Does it apply to susy/Minkowski solutions only?

Probably yes M |DW=0 = (
DIDJW gIJ̄ W̄
gĪJ W DĪ DJ̄W̄)

S.Lust, Wiesner22

Shown e.g   sol at point with discrete symmetry with   W0 ≠ 0
Nflux

nstab
=

3
1052

Here if   AdS W0 ≠ 0 ⇒

A point where non-Abelian gauge symmetries is not generic (K3 x K3)

What does generic point mean?

Braun, Fraiman, MG, Lust, Parra de Freitas 23

Bena, Blåbäck, M.G., Lüst 20

A point with discrete symmetries (Fermat) satisfies tadpole conjecture

Generic = no non-Abelian gauge symmetries?

at generic ptNflux > 1
4 nstab
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Conclusions

Is it a sugra/classical/ /geometric statement?𝒪(α′￼)

We’ve shown that it applies beyond all of that!!

Nflux >
1
4

nstab

• To stabilise all complex structure/dilaton moduli with  need either: W0 = 0

Small  or h2,1 h3,1

Type IIB orientifolds with |QO3 | >
1
4

h2,1

THANK YOU!


