
1

Species and their Thermodynamics 

DIETER LÜST (LMU, MPP)

Daejeon, 6th. July 2023



1

Species and their Thermodynamics 

DIETER LÜST (LMU, MPP)

Daejeon, 6th. July 2023

Joint work with 

Niccolo Cribiori and Georgina Staudt, arXiv: 2212.10286,
Niccolo Cribiori and Carmine Montella, arXiv:2305.10489,

and with Niccolo Cribiori, arXiv:2306.08673

 



I) Introduction

Outline :

II) Species Scale

III) Species Entropy

IV) Species Temperature

V) Species Thermodynamics

VI) Summary



I) Introduction

Outline :

II) Species Scale

III) Species Entropy

IV) Species Temperature

V) Species Thermodynamics

VI) Summary



Introduction:

Apparently Quantum Gravity is of holographic nature and also 
possesses thermodynamic and entropic properties.



Introduction:

Apparently Quantum Gravity is of holographic nature and also 
possesses thermodynamic and entropic properties.

<latexit sha1_base64="PCJokGeeBwyZpyRTut7t20YYkBY="></latexit>

SBH ' (RBH)d�2Md�2
P

' (MBH)
d�2
d�3M

2�d
d�3

P

BH entropy of black hole geometries            area law:<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268="></latexit>•



Introduction:

Apparently Quantum Gravity is of holographic nature and also 
possesses thermodynamic and entropic properties.

<latexit sha1_base64="PCJokGeeBwyZpyRTut7t20YYkBY="></latexit>

SBH ' (RBH)d�2Md�2
P

' (MBH)
d�2
d�3M

2�d
d�3

P

BH entropy of black hole geometries            area law:<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268="></latexit>•

<latexit sha1_base64="YkinNUuYF27bb78cABob4CPdsbY="></latexit>

TBH '
�
RBH

��1

Black hole decay           Hawking temperature:<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268="></latexit>•



Introduction:

Apparently Quantum Gravity is of holographic nature and also 
possesses thermodynamic and entropic properties.

<latexit sha1_base64="PCJokGeeBwyZpyRTut7t20YYkBY="></latexit>

SBH ' (RBH)d�2Md�2
P

' (MBH)
d�2
d�3M

2�d
d�3

P

BH entropy of black hole geometries            area law:<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268="></latexit>•

<latexit sha1_base64="YkinNUuYF27bb78cABob4CPdsbY="></latexit>

TBH '
�
RBH

��1

Black hole decay           Hawking temperature:<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268="></latexit>•

What is the entropy of particles species in quantum gravity ? 

Is it extensive (volume law) or does it follow an area law ?
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<latexit sha1_base64="2A+FreqbI84H6Aq2yqsZiiJej2c="></latexit>
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Replace the number of species         by the species entropy           :
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In other words: definition of species entropy:<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268="></latexit>•
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Species thermodynamics:

Determines the motion of species properties in moduli space.

We will also introduce a species temperature                
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In other words: definition of species entropy:<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268="></latexit>•



Two arguments for the species entropy  
A) Perturbative: one loop propagator

Consider        massless (light) species:
<latexit sha1_base64="nDwPaXNL+8UlaElcabh20fAEfgI="></latexit>

N0



Two arguments for the species entropy  
A) Perturbative: one loop propagator
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One loop graviton propagator:
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[X. Calmet, R. Casadio, A. Kamenshchik, O. Teryaev (2017)]
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[X. Calmet, R. Casadio, A. Kamenshchik, O. Teryaev (2017)]

Species scale: Gravity becomes strong: 
<latexit sha1_base64="h9D+g4ET6udR3XOe1MMbDZDMO8Q="></latexit>
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[A. Castellano, A. Herraez, L. Ibanez (2022)]

<latexit sha1_base64="r1XcA8oFwx7uBUthKmbU4astX2U="></latexit>

N0 ! 1



Two arguments for the species entropy  
A) Perturbative: one loop propagator

Consider        massless (light) species:
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[X. Calmet, R. Casadio, A. Kamenshchik, O. Teryaev (2017)]

Species scale: Gravity becomes strong: 
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Two arguments for the species entropy  
A) Perturbative: one loop propagator

Note that there are no multiplicative log corrections 
for towers with increasing masses, like KK tower !

Consider        massless (light) species:
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Species entropy is identical to the BH-entropy of a minimal BH of size                
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Smallest possible BH with minimal entropy              tower is given in terms of species
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Modular invariant species entropy

Use calculation of fermionic  free energy 

Consider heterotic string on                          and include also the winding modes on the torus.
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It provides a preferred direction in moduli space: Movement towards its boundary
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This is also relevant for dark dimension scenario.

This duality might be also related to the emergence proposal: 
               species built space-time geometry

Species entropy and black hole entropy follow area law.

This duality is also relevant for dark matter as KK particles or primordial black holes

There is a dual picture:  species as particles  -  species as minimal black hole 
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