
An Entropic Argument for the  
Swampland Distance Conjecture

José Calderón Infante
Instituto de Física Teórica UAM/CSIC, Madrid

Based on ongoing work with A. Castellano, A. Herráez and L.E. Ibañez

21st String Phenomenology Conference, Liverpool, 05/07/2022 



The Swampland Distance Conjecture



The Swampland Distance Conjecture
[Ooguri, Vafa ’06]
There is an infinite tower of states becoming light at infinite-
distance points in moduli space:

Δ → ∞ (MPl = 1)Mtower ∼ e−λ Δ  when



The Swampland Distance Conjecture
[Ooguri, Vafa ’06]
There is an infinite tower of states becoming light at infinite-
distance points in moduli space:

Δ → ∞ (MPl = 1)Mtower ∼ e−λ Δ  when

True for every geodesic exploring infinite distance



The Swampland Distance Conjecture
[Ooguri, Vafa ’06]
There is an infinite tower of states becoming light at infinite-
distance points in moduli space:

Δ → ∞ (MPl = 1)Mtower ∼ e−λ Δ  when

True for every geodesic exploring infinite distance

Exponential behaviour with the moduli space distance



The Swampland Distance Conjecture
[Ooguri, Vafa ’06]
There is an infinite tower of states becoming light at infinite-
distance points in moduli space:

Δ → ∞ (MPl = 1)Mtower ∼ e−λ Δ  when

True for every geodesic exploring infinite distance

Exponential behaviour with the moduli space distance

Bounds on the exponential decay rate
[Grimm, Palti, Valenzuela ’18] [Andriot, Cribiori, Erkinger ’20]  
[Gendler, Valenzuela ’21] [Etheredge, Heidenreich, Kaya, Qiu, Rudelius ’22]  

λ



The Swampland Distance Conjecture
[Ooguri, Vafa ’06]
There is an infinite tower of states becoming light at infinite-
distance points in moduli space:

Δ → ∞ (MPl = 1)Mtower ∼ e−λ Δ  when

Lots of evidence…

[Grimm, Palti, Valenzuela ’18] [Lee, Lerche, Weigand ’18]  
[Marchesano, Wiesner ’19] [Font, Herráez, Ibáñez ’19] …

String theory:

[Baume, JCI ’20] [Perlmutter, Rastelli, Vafa, Valenzuela ’20]
AdS/CFT:

True for every geodesic exploring infinite distance

Exponential behaviour with the moduli space distance

Bounds on the exponential decay rate
[Grimm, Palti, Valenzuela ’18] [Andriot, Cribiori, Erkinger ’20]  
[Gendler, Valenzuela ’21] [Etheredge, Heidenreich, Kaya, Qiu, Rudelius ’22]  

λ



The Swampland Distance Conjecture
[Ooguri, Vafa ’06]
There is an infinite tower of states becoming light at infinite-
distance points in moduli space:

Δ → ∞ (MPl = 1)Mtower ∼ e−λ Δ  when

Lots of evidence…

[Grimm, Palti, Valenzuela ’18] [Lee, Lerche, Weigand ’18]  
[Marchesano, Wiesner ’19] [Font, Herráez, Ibáñez ’19] …

String theory:

[Baume, JCI ’20] [Perlmutter, Rastelli, Vafa, Valenzuela ’20]
AdS/CFT:

True for every geodesic exploring infinite distance

Exponential behaviour with the moduli space distance

…but no general bottom-up rationale!

See [Hamada, Montero, Vafa, Valenzuela ‘21]  
for an argument in the presence of weakly 
coupled U(1) at infinite distance
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Covariant entropy bound [Bousso 1999]

S ≤ SBH Λ−1
UV

L

Λ−1
UV

(ΛUVL)D−1 ≲ LD−2 ΛUV ≲ L− 1
D − 1

IR/UV mixing!

Applied to AdS, this recovers AdS Distance Conjecture [Lüst, Palti, Vafa ’19]

(See talk by Luís Ibañez)

[Castellano, Herráez, Ibañez ’21]: In QG, identify the UV cutoff with the species scale!

ΛUV ∼ Mp/(D−2+p)
tower where p parametrizes the density of the tower

Can we also motivate the Swampland Distance Conjecture from this perspective?
We need background relating moduli space and  spacetime distances!

L ∼ eaΔ Appears naturally in the context of dynamical cobordisms
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Topological in nature, how does this happen dynamically? Dynamical cobordisms (to nothing)

[Angius, JC, Delgado, Huertas, Uranga ’22]: Bottom-up approach + more examples!

Bottom-up approach: Local dynamical cobordisms (See talk by Jesús Huertas)

More examples: Dp-branes as dynamical cobordisms (See talk by Roberta Angius)

Interpret already known solution as dynamical cobordism to 
make sense of the singularity, and check scaling relations

[Blumenhagen, Cribiori, Kneissl, Makridou ’22]: 

(See talk by Andriana Makridou)

Bubbles of nothing and dimension changing bubbles as 
dynamical cobordisms!

[Angius, Delgado, Uranga ’22]: 

(See talk by Matilda Delgado)
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Action: S = ∫ dDx −g ( 1
2

R −
1
2

Gab∂μϕa∂μϕb)
Ansatz: ds2 = e2A(L)dxαdxα + dL2 ϕa = ϕa(L)
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Gravity:{
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(non-affine parameter!)

Relation between moduli 
space and geometry!

Just gives a (satisfied) 
compatibility condition
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Bottom-up approachWe want a bottom-up argument for the SDC

Solution(s)

Moduli:

ϕa(L) Any geodesic trajectory!

Δ(L) =
D − 2
D − 1

log ( L
L0 ){ L ∼ e

D − 1
D − 2 Δ !

Metric: {L → ∞ Flat space limit

L → 0 ETW-brane singularity satisfying scaling relations

Expected to be resolved to walls of nothing

EFT realization of the Cobordism Distance Conjecture in moduli space
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λ ≥
D − 2 + p

p (D − 1)(D − 2)

Depends on the density of the tower!
A single KK tower: p = 1 λ ≥

D − 1
D − 2

Emergent string: p → ∞ λ ≥
1

(D − 1)(D − 2)

Saturated in circle 
compactifications

Proposed in relation to TCC in 
[Andriot, Cribiori, Erkinger ’20] 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λ ≥
D − 2 + p

p (D − 1)(D − 2)

Is it respected in string theory ?
Compare with [Etheredge, Heidenreich, Kaya, Qiu, Rudelius ’22]:

In examples they find: {
λ ≥

1

D − 2
In tension with our bound 

depending on density of the tower!

KK tower satisfying by far their bound Saturating our bound!

String tower saturating their bound Satisfying by far our bound!

(See talk by Muldrow Etheredge)
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Bounds on the Exponential Decay Rate
We can also get an upper bound!

ΛUV ≳ ΛIR ∼ L−1 λ ≤
D − 2 + p

p
D − 1
D − 2

Is it respected in string theory?
Compare with [Etheredge, Heidenreich, Kaya, Qiu, Rudelius ’22]:

λ ≤
D − 1
D − 2

Stronger than our bound and 
respected in all examples
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Conclusions and Outlook
+ Bottom-up argument in support of the 

Swampland Distance Conjecture

Covariant entropy bound

Dynamical cobordisms

True for every geodesic exploring infinite distance

Exponential behaviour with the moduli space distance

Bounds on the exponential decay rate λ

λ ≥
D − 2 + p

p (D − 1)(D − 2)

?Improved understanding of CEB 
cutoff, what about CKN bound ?Resolution of ETW-

brane singularities

Depends on density of the tower!

Satisfied in known string theory examples!

?Adding a potential, 
relation with dS conjecture



Thank you for your attention


