
Carmine Montella,  27/06/2024                                                                                                            Presentation for String Pheno '24

Based on a series of works with Ivano Basile, Niccoló Cribiori and Dieter Lüst.  
[2305.10489],  [2311.12113],  [2401.06851]

Do black holes know about the 
emergent string conjecture?
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The emergent string conjecture

• From a bottom-up point of view, an infinite distance limit in a space of vacua is a factorisation limit, 

i.e. a point function can be reduced into one point functions. [Stout ’21] 

• However, gravity abhors factorisation (due to equivalence principle), thus it must couple to an 
infinite tower of species. [Stout ’22]                 In string theory: tower is asymptotically massless. (SDC!) 

The Emergent String Conjecture expresses the nature of the tower, stating that any infinite 
distance limit in the space of vacua is either a decompactification limit or a limit in which there is a 
weakly coupled (critical) string becoming tensionless. [Lee, Lerche, Weigand '19]  

•

N− N−

2

     Carmine Montella,  27/06/2024.                                                                                                                                                                                                                                                Presentation for String Pheno '24



The emergent string conjecture

• From a bottom-up point of view, an infinite distance limit in a space of vacua is a factorisation limit, 

i.e. a point function can be reduced into one point functions. [Stout ’21] 

• However, gravity abhors factorisation (due to equivalence principle), thus it must couple to an 
infinite tower of species. [Stout ’22]                 In string theory: tower is asymptotically massless. (SDC!) 

The Emergent String Conjecture expresses the nature of the tower, stating that any infinite 
distance limit in the space of vacua is either a decompactification limit or a limit in which there is a 
weakly coupled (critical) string becoming tensionless. [Lee, Lerche, Weigand '19]  

•

N− N−

2

     Carmine Montella,  27/06/2024.                                                                                                                                                                                                                                                Presentation for String Pheno '24

⟶



The species scale 
• The species scale is (an upper bound to) the cut-off of an effective theory of gravity.  

1. The scale at which perturbative gravity breaks down due to the presence of  

species [Dvali ’09]:                              

2. The cut-off scale  appears in the higher derivative terms of an effective gravitational 

action. A modern view in string theory context: [van de Heisteeg, Vafa, Wiesner, Wu ’22-'23]:            

         

Nsp ≫ 1

Λsp =
Mpl,d

Nd−2
sp

ΛUV

SEFT ∼
Md−2

pl,d

2 ∫ ddx −g (R + ∑
n

cn

Λ2n−2
UV

On(g, Riem, ∇)) .
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Does the species scale define the 
smallest black hole? 
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A depiction of the correspondence or transition between (asymptotically) massless 
species and minimal black hole

?
?

See also coming talks!



The entropy side

Tower of species picture as black hole?
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The entropy side

Tower of species picture as black hole?

• We parametrise a general tower as  , with a degeneracy of .mn = mtowχ(n) dn

Fixing the energy , then the micro-canonical entropy can be calculated as 

, i.e.      

                                           

Esp

Ssp = log D(Esp) Z(q) = ∑
M

qMD(M) = ∏
n≤N

(1 − qχ(n))−dn

Ssp ∼ Nsp + ∑
n≤N

dn log
Esp

Nspmn
+ corr.
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The energy side

Tower of species picture as black hole?
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The energy side

Tower of species picture as black hole?

• In order to study a possible ToS/black hole transition (or correspondence), we define the  

species energy as                Esp ≡ ⟨ℋ̂⟩0 ∼ ∑
n≤N

dnmn + th. corr .
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The energy side

Tower of species picture as black hole?

• In order to study a possible ToS/black hole transition (or correspondence), we define the  

species energy as                Esp ≡ ⟨ℋ̂⟩0 ∼ ∑
n≤N

dnmn + th. corr .

• Coincides with the thermal energy of the tower at !TmBH

A. The question we asked ourselves is: given leading towers at infinite distance limit, when is 

it possible to have a correspondence/transition with the smallest black hole in the EFT?
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N

N + 1

N → + ∞

N + 2

δSsp = Tsp δEsp

δ log Λsp
δ log mtow

= α(mtow)

How two miniml blck 
holes re connected?

Tsp = Λsp + corr → 0

In a given EFT, any consistent tower at infinite distance limit must allow a tower-black hole transition (or 
correspondence) and viceversa [Basile, Lüst, Montella ’23] 

• Due to  for the leading towers, we impose , for any point at 
infinite distance of the space of vacua.  

Ssp ∼ Λ2−d
sp + corr. Esp = γΛ3−d

sp + corr

A bottom-up approach
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Recursive equation!



An example
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An example
• In general, the constraint returns a precise relation between the allowed masses and 

degeneracies
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An example
• In general, the constraint returns a precise relation between the allowed masses and 

degeneracies

• Let’s study with the simplest case, i.e. constant degeneracy:   dn ∼ β

, with χ(N) =
N

∏
j=1

∑j
n=0 dn

∑j+1
n=0 dn − 1

γ dj+1

=
Γ(N + 1)Γ(α + 1)

Γ(N + 1 + α)
α = 1 −

1
γ
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• This is a parametrisation of a KK-tower due to a torus! [Castellano, Herráez, Ibáñez '21]p−
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+ corrections

An example
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+ corrections

An example

• Let’s add corrections to the species energy  :    Esp Esp = γΛ3−d
sp +ωΛα≥0
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+ corrections

An example

• Let’s add corrections to the species energy  :    Esp Esp = γΛ3−d
sp +ωΛα≥0

• This correction is lead by higher derivative corrections, and by massless species [Tian, Xiao ’21]

SEFT = ∫ℳ

R
16π

+ [c1(μ)R2 + c2(μ)RμνRμν + c3(μ)RμνρσRμνρσ] − [αR ln(
□
μ2

)R + βRμν ln(
□
μ2

)Rμν + ζRμναβ ln(
□
μ2

)Rμναβ], and ω > 0
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• Again, for large :        now with   N χ(N) =
Γ(N + σ + 1)Γ(α + 1)
Γ(N + 1 + α)Γ(σ + 1)

∼ N
1
p , p ≥ 1!
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• Again, for large :        now with   N χ(N) =
Γ(N + σ + 1)Γ(α + 1)
Γ(N + 1 + α)Γ(σ + 1)

∼ N
1
p , p ≥ 1!

• In general, every different solution  always satisfies the same implicit pattern between  and (mn , dn) Λsp
mtow
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Do black holes know about the emergent string conjecture?
Results 

• We can state that at infinite distance limit only two classes of towers allow a tower-black holes transition (or 
correspondence) [Basile, Lüst, Montella '23]

                                                              Λsp ∼ m
̂p

̂p + d − 2
tow M

d − 2
d − 2 + ̂p

pl,d
Λsp ∼ mtow

                                                                                 ̂p = 1,2,… ̂p = + ∞
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• We can state that at infinite distance limit only two classes of towers allow a tower-black holes transition (or 
correspondence) [Basile, Lüst, Montella '23]

                                                              Λsp ∼ m
̂p

̂p + d − 2
tow M

d − 2
d − 2 + ̂p

pl,d
Λsp ∼ mtow

                                                                                 ̂p = 1,2,… ̂p = + ∞

A. From a bottom-up approach,  represent a generic parameter defined by the black hole 
thermodynamics, and define different parametrizations of the “microstates". 

̂p ( ̂c(mn, dn)) ≥ 1

B. From a top-down perspective it corresponds to the number of extra dimensions!                                              mtow ≡ mKK , Λsp ∼ Mpl,d+ ̂p

The limit  is not defined in terms of mass—degeneracy, but it is always well defined for every thermodynamics 

quantities. The tower-black hole transition returns (the already well known) string-BH transition

̂p → ∞

                                                             In Planck units.Tsp ∼ Ms ≡ THag Mc ∼ M3−d
s =

Ms

g2
s
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mtow ≡ Ms , Λsp ∼ Ms



Thanks! 
Questions? 


