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Parameter space:

Assume some global symmetry can be restored in a 
continuous way at some special points of the parameter space

(e.g. sending gauge coupling                 )gYM ! 0

Global symmetries



They can only be restored at infinite field distance 
(boundaries of the moduli space)

Global symmetries are not allowed in quantum gravity

Field space in String 
Theory
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Effective field 
theory description

WGC, SDC = Quantum Gravity Obstruction to restore global symmetries

“how badly broken should the symmetry be?”

but still, the EFT must break down when approaching the boundary
by quantum gravity effects

These limits seem under control from the point of view of QFT 

Infinite distance loci: 
special limits where a weakly 
coupled description arises

(weakly coupled gauge theory, 
approximate global symmetries…)

Global symmetries
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[Ooguri-Vafa’06]
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g ⇠ exp(����) ! 0

and cut-off

Weak Gravity Conjecture

Strong version: Infinite tower/lattice with

It implies ⇤ ! 0

[Arkani-Hamed et al.’06]

Q � m

If the scalars enjoy a potential: V ⇠ V0 exp(�c��)

deSitter conjecture [Obied,Ooguri,Spodyneik,Vafa’18] [Ooguri,Palti,Shiu,Vafa ’18]

|rV | � cV,



Physics at infinite field distance

Einstein gravity, weak gauge theories, axions, large field 
ranges, approximate global symmetries…

Why interesting?

…come at a price



Physics at infinite field distance

Einstein gravity, weak gauge theories, axions, large field 
ranges, approximate global symmetries…

Why interesting?

…come at a price

Geometrical tool Limiting Mixed Hodge Structure

Growth theorem: gives the leading asymptotic growth of hodge norm 
w.r.t moduli

(behaviour of field metric, gauge coupling, masses, flux potential…)

Model independent! Only depends on properties of infinite distance singularity



Physics at infinite field distance

Swampland Distance Conjecture [Ooguri-Vafa’06]

Weak Gravity Conjecture [Arkani-Hamed et al.’06]

deSitter conjecture [Obied,Ooguri,Spodyneik,Vafa’18] [Ooguri,Palti,Shiu,Vafa ’18]

Identify an infinite tower of BPS states at infinite field 
distance in Calabi-Yau threefolds [Grimm, Palti, IV’18]

[Grimm,Palti,Li’18]

[Corvilain, Grimm, IV’18]

[Font,Herraez,Ibanez’19]

[Marchesano,Wiesner’19]

[Grimm,van de Heisteeg’19]

Check behaviour of gauge couplings and decay constants 
and how SDC tower satisfies WGC

ongoing work
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Dual to 4d F-theory:

Analyse asymptotic structure of flux-induced potential at any infinite 
distance limit of the complex structure moduli space of CY4



Flux scalar potential

Aim: 

Three steps:

• Classify all possible large field limits 

Analyse asymptotic structure of flux-induced potential at any infinite 
distance limit of the complex structure moduli space of CY4

• Obtain asymptotic form of the scalar potential at every limit

• Analyse flux vacua and test deSitter conjecture
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Ni = log Ti
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Im(t1) ! 1
singular locus

N2

N = N1 +N2
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II

[Grimm, Palti, IV’18]

[Grimm,Palti,Li’18]

V

IV

Five main types: I, II, III, IV,  VClassification of singularities in              CY4

[Grimm,Li, IV’ ongoing]
[Grimm,Li, Zimmermann’ ongoing]

[Schmid,Cattani,Kaplan]



II0,m̂�2

IV0,m̂�2

V2,m̂

Asymptotic limits



Classification of singularities in

Asymptotic limits

CY4 [Grimm,Li, IV’ ongoing] [Grimm,Li, Zimmermann’ ongoing]



Classification of singularities in

Asymptotic limits

CY4

H4
p(Y4,R) =

M

`2E
V` , ` = (`1, . . . , `n̂)

Finer splitting of the cohomology group adapted to the singularity type:

(each singularity type determines a particular splitting of the fluxes 
                into different components labelled by   )G4 2 H4
p (Y4,R) `

[Grimm,Li, IV’ ongoing] [Grimm,Li, Zimmermann’ ongoing]
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Asymptotic leading behaviour of hodge norm:

axionssaxionsy : � :

%(G4, x) ⌘ e

x

i
NiG4Z`(y)Kinetic metric of 3-forms

shift symmetric 
functions

Natural interpretation in terms of the potential derived from Minkowski 3-form gauge fields:

⇤FA
4 = ZAB%B

(à la Dvali-Kaloper-Sorbo)

[Bielleman,Ibanez,IV’15]

V = �ZAB(y)F
A
4 FB

4 + FA
4 %A(�) V = ZAB(y)%A(�)%B(�)

[Carta,Marchesano,Staessens,Zoccarato’16]
[Herraez,Ibanez,Marchesano,Zoccarato’18] …[Farakos,Lanza,Martucci,Sorokin’17]



Two moduli limits
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V3
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⇣ X
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⌘
,
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X

`2E
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Amn = k⇢mnk21 > 0 A
loc

⌘ hG
4

,G
4

i

t1 = �1 + i⌧ , t2 = �2 + i⇢

⌧, ⇢ ! 1
Consider

Take limit with

Asymptotic flux splitting:

Asymptotic behaviour of scalar potential:

Asymptotic behaviour of the field metric:

K = � log

�
⌧d1⇢d2�d1

+ . . .
�

gt1 t̄1 =
d1
⌧2

gt2 t̄2 =
d2 � d1

⇢2

V behaves exponentially on the 
canonically normalised fields 

⌧ � ⇢ � 1
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Two moduli limits

We compute leading behaviour 
of the flux induced scalar 

potential for the 46 possible 
asymptotic limits

⌧, ⇢ ! 1

weak coupling + large volume limit in IIA

V
M

⇠ 1

V3

4

 
X

p=0,2,4,6

Afp

⇢p�3⌧
+

X

q=0,1,2,3

Ahq⌧

⇢3�2q
�A

loc

!



V =
1

⌧↵

⇣ NX

i=1

Amini⌧
mi�4⇢ni�mi �A

loc

⌘

⇢@⇢V =
NX

i=1

(ni �mi)Vi = 0

⌧@⌧V =
NX

i=1

(mi � 4� ↵)Vi + ↵VN+1 = 0

Asymptotic flux vacua

Av = 0

A =

0

@
1 1 . . . �1 ±1

n1 �m1 n2 �m2 . . . 0 0
m1 � 4� ↵ m2 � 4� ↵ . . . ↵ 0

1

A

a(mi � 4� ↵) + b(ni �mi) + c � 0 ,

↵a� c � 0 ,

±c � 0

Minimization conditions:

Linear optimization problem:

Scalar potential:

vT = (V0, V1, V2, . . . , VN+1)

deSitter

Anti-deSitter



Asymptotic flux vacua

Parametrically controlled vacuum:

We check the presence of (anti)deSitter extrema of the potential at 
parametric control for every two moduli limit 

⌧ ⇠ �p , ⇢ ⇠ �q p, q > 0with

It must survive in the limit � ! 1

V =
1

⌧↵

⇣ NX

i=1

Amini⌧
mi�4⇢ni�mi �A

loc

⌘
⇠

NX

i=1

Ai�
ri

ri = (mi � 4� ↵)p+ (ni �mi)qwith

(We can only keep terms in the potential that scale the same way with     )�

Impossible to get any extremum if all fluxes are bounded Ai ⇠ O(1)



G4 = Ĝ4 +Gr
4

(1) hĜ4, Ĝ4i = 0 , hĜ4,G
r
4i = 0 ,

(2) kĜ4k ! 0 on every path with t1, ..., tn̂ ! i1 .

Unbounded massless fluxes

unbounded

In principle, only fluxes that contribute to tadpole cancellation are upper bounded

We identify all possible unbounded massless fluxes      at each singular limit

massless

More general Ansatz:

Ĝ4

Ĝ4 :  unbounded massless flux (it can take arbitrarily large values)

Gr :  remaining fluxes with same asymptotic scaling (parametric control)



Asymptotic flux vacua

Results:

No deSitter extrema at parametric control 

(if we require              at the large field limit) V ! 0

The no-go is based on the scaling of the potential with the moduli that become large 

Similar to previous no-go’s in Type IIA at large volume and weak coupling 

Our no-go contains this limit but also the other 45 possible limits in a CY4

[Hertzberg, Kachru, Taylor, Tegmark ’08] (more recently [Wrase,Junghans,Andriot…])



Asymptotic flux vacua

Results:

No deSitter extrema at parametric control 

(if we require              at the large field limit) V ! 0

The potential also satisfies |rV | � cV

(work in progress if the bound is satisfied when involving a finite distance divisor)

at the infinite distance singularities

with c ⇠ O(1)

Linked to Distance conjecture

[Ooguri,Palti,Shiu,Vafa ’18]



Asymptotic flux vacua

Results:

No deSitter extrema at parametric control 

(if we require              at the large field limit) V ! 0

Contrary, the presence of unbounded massless fluxes can yield AdS vacua 
if we allow for an overall field prefactor (as happens when mapping to IIA)

V =
1

⌧↵

⇣ NX

i=1

Amini⌧
mi�4⇢ni�mi �A

loc

⌘

We classify all possible AdS extrema appearing 
at parametric control



Summary

We have studied the asymptotic behaviour of the flux induced 
scalar potential at every two large field limit in M/F-theory 

Calabi-Yau fourfold compactifications

We generalize no-go’s for classical deSitter at parametric control at every 
singular two field limit (not only large volume/weak coupling in Type II)

Results consistent with a “generalized” Dine-Seiberg problem for every scalar
as in

Outlook:

• Multiple (more than two) large field limits
• Beyond SL(2) approximation (consider subleading corrections to V)

Notice: It does not apply to KKLT or non-classical vacua!

• …

[Ooguri,Palti,Shiu,Vafa ’18]
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