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all at a common  (neglect energy in the interactions )

L mn = n1/pmt
T MPl,d ≫ Λsp ≥ T
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• What about other kinds of towers?         Emergent String Conjecture
[Basile, (Cribiori), Montella, Lüst ´23 ‘24] [Bedroya, Mishra, Wiesner ’24]

Towers in the swampland

[Lee, Lerche, Weigand ´19]
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• What about other kinds of towers?         Emergent String Conjecture

✴ Polynomial (or constant) density:    

✴ Exponential density (string-like):      

✴ Superexponential  Divergent Canonial Partition Function

✴ Subpolynomial:   

mn = n mt , dn = np−1

mn = N mt , dn = e N

p → 0

[Basile, (Cribiori), Montella, Lüst ´23 ‘24] [Bedroya, Mishra, Wiesner ’24]

T ≲ Ms ≃ Λsp (gs → 0)

Towers in the swampland

S
NT

≃
p + 1

p
→ ∞

[Lee, Lerche, Weigand ´19]
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• Study configurations that do not collapse gravitationally and approach maximum 

possible entropy ( )

• Recover volume scaling and species thermodynamics scalings in the right limits

  for   and   for 

T ≃ 1/L

S ∼ (TL)d−1 T ≫ 1/L S ≃ NT → Nsp T ≃ 1/L → Λsp

On the origin of species thermodynamics 
and the black hole-tower correspondence
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• Study configurations that do not collapse gravitationally and approach maximum 

possible entropy ( )

• Recover volume scaling and species thermodynamics scalings in the right limits

  for   and   for 

• These towers can give rise to a tower-black hole correspondence and the scaling of 

the entropy of black holes can be accounted by the entropy of the free system

• Polynomial and exponentially degenerate towers have the right scaling of entropy as 

 (i.e. recover area law for small black holes)          Emergent String Conjecture

T ≃ 1/L

S ∼ (TL)d−1 T ≫ 1/L S ≃ NT → Nsp T ≃ 1/L → Λsp

T → Λsp

On the origin of species thermodynamics 
and the black hole-tower correspondence
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Open Questions — Food for Thought

•   vs.   Interpreted as maximum temperature Λsp ≃ Ms Λsp ≃ Ms log(Mpl /Ms)

Tmax = Λsp ≃ Ms
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•   vs.   Interpreted as maximum temperature 

• Details on the transition between black holes/branes and towers of species 

(dynamics)

• Relation to the Emergence Proposal? 

✴  (no kinetic energy for species at maximum T)

✴ Entropy of strongly coupled gravitational BH from towers of states in the 

decoupling limit

Λsp ≃ Ms Λsp ≃ Ms log(Mpl /Ms)

Tmax = Λsp ≃ Ms

T ≃ 1/L → Λsp

Open Questions — Food for Thought
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Thank you!
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• Configuration of energy  in a box of size  can collapse gravitationally unless

• Covariant Entropy Bound

• Coincide for  

E L

T ≃ 1/L

L ≥ RBH(E) = ( E
MPl,d )

1
d − 3

M−1
Pl,d

S ≤
A

4GN,d
∼ (LMPl,d)d−2

S ∼
E
T

E ≲ Ld−3

E ≲ TLd−2 S ≲ Ld−2

S ≲
Ld−3

T

Emax(T ) ≃
1

Td−3
≥

1
Λd−3

sp
≃

Nsp

Λsp

Smax(T ) ≃
1

Td−2
≥

1
Λd−2

sp
≃ Nsp

All one-particle states in the box with 
non-zero momentum have a large 
Boltzmann suppression  ∼ e−Em/T

p = n2/L2Em = mm + pm

[Bousso´99]
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Gravitational Collapse and the Covariant Entropy Bound


