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The fundamental scale of gravity

® Many additional species can lower the
fundamental scale of gravity My via
[Dvali 2007]:

Ms = —. 1
=N (1)
 Large extra dimensions model (ADD),
N = 1032 [Arkani-Hamed,
Dimopoulos, Dvali 1998], N = 1016
[Montero, Vafa, Valenzuela 2023].
* Many copies theory , N = 1032 [Dvali,
Redi 2008)].
* Nnaturalness, N = 10*, N = 10'®

[Arkani-Hamed, Cohen, D'Agnolo,
Hook, Kim, Pinner 2017].
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Black Hole physics in low scale gravity theories

® The species scale is a new scale in the physics of BHs.

® In the high mass limit the Einsteinian picture of a BH should
hold. But for low mass BHs, My is the relevant scale.

VNMp (species)

(MpR)Mp  (extra dimensions)

M < M <«

()

[Dvali 2008; Dvali, Pujolas 2008]

Manuel Ettengruber Institut de Physique Théorique

3/12

Light Micro Black Holes and their astrophysical consequences



Black Hole physics in low scale gravity theories

e Within the intermediate regime the properties of a BH
changes. [Argyres, Dimopoulos, March-Russel 1998; Dvali
2008; Dvali, Pujolas 2008]
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The memory burden effect

® The memory burden effect applied to black holes [Dvali 2018]
suggests that they should depart from the semiclassical
evaporation behavior after they lost the fraction g of their
mass.

® In the memory burden phase the evaporation changes to

dM| 1 dMm
dt |yp Sk dt

(6)

SC
and recent studies suggest that g and the transition width ¢
are given by [Dvali, Zantedeschi, Zell 2025]

q~ (p25)_1/[2(P_1)] ) (73)

5 q 5 (pzs)*l/[2(pfl)]
~(p=1)InS~ (p—1)InS

(p#1), (7b)
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The memory burden effect on micro black holes

The change of entropy for micro black holes also changes the
effect of the memory burden.

® The change in entropy modifies the evaporation in the
memory burden phase

¢ Also g and § change accordingly to [M.E., Kiihnel 2025]

~1/[2(p-1)] ( rs

n/[2(n+1)(p-1)]
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Qspecies X (M

Within a large range the memory burden effect is stronger, sets in
earlier, and with sharper transition.
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Micro black holes as dark matter

This also changes the lifetime of such black holes. To demonstrate
this let us show examples with specific parameter picks.

® For n =3 and k = 2 we get in the species case
Tsll);gies ~ <_) ) (9)
M¢ MM¢

and in the extra-dimensional case for n = 2
4 1/3
DS ~ M (M ] (10)
M2\ Mg
® For demanding that these BHs have the lifetime of the
Universe we get with My = 10T7eV
Mspecies = 10%° GeV ~ 10° g, (11)

Mapp = 10'* GeV ~ 107 1%¢ . (12)

Manuel Ettengruber Institut de Physique Théorique

Light Micro Black Holes and their astrophysical consequences 7/ 12



AGNs as micro black hole factories

¢ In the environment of an active galactic nucleus (AGN)
particles can get accelerated to energies up to E > 108 GeV.

® If such a high-energy particle interacts with an souround
particle at rest or another cosmic ray black holes can be
formed. (Classicalization for \/s > My [Dvali, Giudice,
Gomez, Kehagias 2011; Dvali, Gomez, Isermann, Liist 2015])

® The production cross-section for black holes is
2
o0 =TrL . (13)

® Therefore, AGNs can produce micro black holes and would
populate their surrounding coronae [M.E., Herrera 2025].
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Signatures of micro black holes in the coronae of AGNs

The BH production could cool the observed jets of AGNs more
efficiently than SM processes. This can be used to give a bound on
M;.

= AGN cooling (TXS 0506+056) ==« Projected CR-p collisions
= = AGN cooling (KM3-230213A) * == Projected CR-CR collisions
= Projected AGN cooling (GZK neutrinos)
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Signatures of micro black holes in the coronae of AGNs

One can search for the Hawking radiation of the micro black holes
in the spectrum of the AGN corona.
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Signatures of bulk particles in a braneworld

Instead of BHs also bulk particles like gravitons can be produced.
Within a braneworld such particles can reach us from another
brane.

Our brane Other brane
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Conclusion

® Due to the drastic change of black hole physics for micro BHs
also the influence of the memory burden effect changes.

® The memory burden effect is stronger, sets in earlier, and with
sharper transition for most of the parameter space.

® The evaporation by now bounds change drastically for micro
BHs.

® |n the extra-dimensional case even BHs with masses of
10719 have lifetimes of the universe.

® Due to the low cutoff of gravity one expects black hole
production due to cosmic ray collisions in the corona of an
AGN.
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