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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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Smallest possible BH with minimal entropy              tower is given in terms of species
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Charged N=2 black holes that probes KK modes:

IIA, N=2 Calabi-Yau compactification (D0/D4/D4/D4 system):
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Species thermodynamics :

Time corresponds to a modulus        that is moving adiabatically 
along a geodesics in moduli space:
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Summary :

The laws of species thermodynamics shed new light on swampland conjectures, 
like the distance conjectures.
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There is a preferred direction in moduli space towards larger number of species, 
i.e. decompactification and weak coupling and smaller cosmological constant.
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This is also relevant for dark dimension scenario.



28

Summary :

The laws of species thermodynamics shed new light on swampland conjectures, 
like the distance conjectures.

<latexit sha1_base64="loo5uJIpfTzG3IDQKuR+5YqVcJo="></latexit>á
There is a preferred direction in moduli space towards larger number of species, 
i.e. decompactification and weak coupling and smaller cosmological constant.

<latexit sha1_base64="loo5uJIpfTzG3IDQKuR+5YqVcJo="></latexit>á
[M. Montero, C. Vafa, I. Valenzuela (2022)]

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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