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The spectrum of quantum gravity

some EFTd

must use QG

this is the generic situation

particles

BHs



The spectrum of quantum gravity

new scales can show up

some EFTd

cutoff for any EFTd

(Veneziano, 2001) (Dvali, 2007) (Dvali, Gomez, Lüst, Isermann, Stieberger, 2009-2014) (...)



The spectrum of quantum gravity

new scales can show up

some EFTd

cutoff for any EFTd

(Veneziano, 2001) (Dvali, 2007) (Dvali, Gomez, Lüst, Isermann, Stieberger, 2009-2014) (...)

 cutoff for any EFT whatsoever
(depending on definition: “species scale”)



The spectrum of quantum gravity

some EFTd

some EFTd+p
smaller Planck scale  

(this range may not exist)

no EFT at all

must use QG

Md+p



The spectrum of quantum gravity

if ΛQG<< Md+p UV-completion weakly coupled 

way above the QG cutoff! most likely, stringy
(Camanho, Edelstein, Maldacena, Zhiboedov, 2014) (Caron-Huot, Komargodski, Sever, Zhiboedov, 2016)
(Lanza, Marchesano, Martucci, Valenzuela, 2020-2021) (Geiser, Lindwasser, 2022)
(Caron-Huot, Li, Parra-Martinez, Simmons-Duffin, 2022) (Cheung, (Hillman) Remmen, (Sciotti, Tarquini), 2022-2025)
(IB, (Cribiori), Lüst, Montella, 2023-2024) (Bedroya, Mishra, Wiesner, 2024) (Herráez, Lüst, Masias, Scalisi, 2024)
(Häring, Zhiboedov, 2023) (Arkani-Hamed, Cheung, Figueiredo, Remmen, 2023) (Eckner, Figueroa, Tourkine, 2024)
(Berman, Elvang, 2024) (Bhardwaj, Spradlin, Volovich, Weng, 2024) (Albert, Knop, Rastelli, 2024) (Caron-Huot, Li, 2024)
(Grieco, Ruiz, Valenzuela, 2025) (IB, Remmen, Staudt, WIP)

(some strong-QG-coupling scale)



The spectrum of quantum gravity

this talk: we don’t assume what these new d.o.f. are! BUT:

❖ carried by new light species. must be infinitely many.

❖ should not accumulate: they form a tower.

we constrain their density of states using BHs

(IB, (Cribiori), Lüst, Montella, 2023-2024)
(Bedroya, Mishra, Wiesner, 2024)
(Herráez, Lüst, Masias, Scalisi, 2024)
see also (Dvali, Gomez, Lüst, Isermann, Stieberger, 2009-2014)



The spectrum of quantum gravity

key idea: shrinking a BH below the minimal threshold

minimal BH mass

where does the entropy go? EFT d.o.f. are not enough!

     minimal BHs must “melt” into the new species!



Minimal black holes & species

❖ transition: light tower  ⇔  minimal black hole

➢ ansatz spectrum for species

➢ “typical” species energy 

➢ thermodynamics must match (energy, entropy, charges…)

max level



A familiar example: Kaluza-Klein towers
KK towers [reparametrized to “constant degeneracy”] (Castellano, Herráez, Ibáñez, 2022)

p = number of extra dimensions

name of the game: repeat for more general towers



The good, the bad and the stringy
❖ punchline: not any tower goes! up to reparametrizations, we found

➢ only “KK-like” or “string-like” towers work

➢ some just don’t work



Outlook
❖ minimal BHs are sensitive to UV physics

➢ weakly coupled UV completions: light tower of species

➢ consistent towers look like KK or strings!

❖ further evidence that (weakly coupled) QG is string theory
➢ multi-pronged approach to constrain QG

➢ combine w/ amplitude bootstrap, anomalies etc. for profit & for fun

thank you!


