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» Black hole evolution likely not self-similar
» Memory burden: indication for slowdown of evaporation?
» Small PBHs below 10'° g as dark matter

» Inflationary production compatible with CMB [talk B. Gladwyn]

2G. Dvali, L. Eisemann, M. Michel, S. Z., Black Hole Metamorphosis and Stabilization
by Memory Burden, arXiv:2006.00011.



PBH constraints

M[Mo]
- 10-17 10-11 10-5 10! 107 1013 1019
GC
§ 102
E HSC
I
G
I
] \'
A 10 A B
EGB
1 -6

1015 1020 1025 1030 1035 1040 104 1050
M{grams|

Figure from: B. Carr, F. Kiihnel, Primordial Black Holes as Dark Matter: Recent
Developments, arXiv:2006.02838.
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Figure from: B. Carr, F. Kiihnel, Primordial Black Holes as Dark Matter: Recent
Developments, arXiv:2006.02838.

A. Alexandre, G. Dvali, E. Koutsangelas, New Mass Window for Primordial Black
Holes as Dark Matter from Memory Burden Effect, arXiv:2402.14069.

V. Thoss, A. Burkert, K. Kohri, Breakdown of Hawking Evaporation opens new Mass
Window for Primordial Black Holes as Dark Matter Candidate, arXiv:2402.17823.
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MB (in one slide)®

» Microstate entropy:

» Effective energy gaps

A P o
5K~@(1—<”°>) M)=3

» MB
Ok

i 8[70

» Stored information ties system to initial state®

5G. Dvali, A Microscopic Model of Holography: Survival by the Burden of Memory,
arXiv:1810.02336.

5MB also in inflation: G. Dvali, L. Eisemann, M. Michel, S. Z., Universe’s Primordial
Quantum Memories, arXiv:1812.08749. 6
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[ MB: slowdown of evaporation’ ]

» When does MB set in?

tmB ~ gT7sc q <

N

» Indications for early MB?®
1
s

’G. Dvali, L. Eisemann, M. Michel, S. Z., Black Hole Metamorphosis and Stabilization
by Memory Burden, arXiv:2006.00011.
8 M. Michel, S. Z., The Timescales of Quantum Breaking, arXiv:2306.09410.
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» How drastic is the slowdown?

1
» Quantum analogue system:®
k~1,...,3
» Full evolution
1 M(t) > (1 — q)My
dM(t) =T dM(0) 277
dt o dt 1
ﬂ M(t) < Mug

[ How does the black hole transition to MB? ]

°G. Dvali, L. Eisemann, M. Michel, S. Z., Black Hole Metamorphosis and Stabilization
by Memory Burden, arXiv:2006.00011. 8
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g, Dvali, M. Zantedeschi, S. Z., Transitioning to Memory Burden: Detectable Small

Primordial Black Holes as Dark Matter, arXiv:2503.21740.
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The transition!

» Suppressed rate:

1\ s (1—q)Mo — M(t)>
r (S) rsc exp (_ 5M0 rsc

» “Steep” transition with width

5~ 0(107 g
» Solve iy
G
» Result: “slow” change of rate
dM(t) 1.~ 0Tsc
e e

g, Dvali, M. Zantedeschi, S. Z., Transitioning to Memory Burden: Detectable Small

Primordial Black Holes as Dark Matter, arXiv:2503.21740.
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Observational constraints

» Strongest constraint from today’s Universe!?

§<1071

» Indication for early onset of MB

q~ §~0(10 g M>10%g

Gl -

[ Small PBHs detectable today ]

1See also G. Montefalcone et al., Does Memory Burden Open a New Mass Window

for Primordial Black Holes as Dark Matter?, arXiv:2503.21005.
11
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Conclusion

» MB opens new window for small PBHs as dark matter
» Transition crucial for constraints
» Indication for early onset of MB

» Small PBHs currently transitioning to MB detectable today
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Imitate entropy

» Entropy S: need e microstates

1 Al
1 - -

» Natural explanation: S modes 3 ., dg

(with [, JT] = 0j)

()76 o)

» Crucial: all microstates must have similar energy

» Microstates
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Time evolution

0
0 ~Sry

Memory burden:1® entropy prevents evaporation

16G. Dvali, A Microscopic Model of Holography: Survival by the Burden of Memory,
arXiv:1810.02336. 17
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» Exact time evolution:!® transition suppressed dynamically
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Full model*®

N A 1 A ~
H="Hs. +hp+ 5 (égb + h.c.) + Hs_ + interactions

» Exact time evolution:!® transition suppressed dynamically

» Slowdown at the latest after half evaporation

g, Dvali, L. Eisemann, M. Michel, S. Z., Black Hole Metamorphosis and Stabilization
by Memory Burden, arXiv:2006.00011.
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Black hole criticality

» Gravitational coupling

1
_ -2 _
o= hGrg =3
» Black hole constituents
M
N=_—== S
hrg
» Critical collective coupling®’
aN =1

7a. Dvali, C. Gomez, Black Holes as Critical Point of Quantum Phase Transition,
arXiv:1207.4059.
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Imitate criticality

» Prototype model
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=

» Critical point

» Study quantum break-time:'®
timescale of breakdown of semi-classical approximation

18G. Dvali, C. Gomez, D. Flassig, A. Pritzel, Scrambling in the Black Hole Portrait,

arXiv:1307.3458.
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On unitarity

[¢] lele]e}

Classical black hole: no hair

» Geometry fully determined by mass
rg ~ GM

» No hair outside?!

21 See e.g., P. Chrusciel, J. Costa, M. Heusler, Stationary Black Holes: Uniqueness and
Beyond, arXiv:1205.6112. 23
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Quantum black hole: entropy??

» Entropy

r2

~ &
S hG

» Black holes quantum-mechanically distinct

» exp(S) different versions of a black hole of mass M

22 ). Bekenstein, Black holes and entropy, Phys. Rev. D 7 (1973).
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Add evaporation!’

» Not unitary: information about initial state los

t18

» Question: how long is Hawking evaporation valid?

g, Hawking, Particle Creation by Black Holes, Commun. Math. Phys. 43 (1975).
18g, Hawking, Breakdown of predictability in gravitational collapse, Phys. Rev. D 14 (1976).25
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On unitarity
[eele]e] ]

Breakdown of semi-classicality

» Semi-classical approximation: fixed mass

» Small correction after single emission

—1
hrg

hrg” _ 1
M _5

IBH; M) |BH § M 1_§> ~ M

» Full breakdown of semi-classical description
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» Microscopic model
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» Memory burden
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Microscopic MB*°

» Microscopic model

A p S
_n0+f<1—> th
rg S
» Effective energy gap

» Memory burden

0k
# 8”0

nO p_l 1 &)
:p<1—5) \@rg an
k
» Critical value

q= (S_go)c”t — (p\fs)*l/(pfl)

19G. Dvali, L. Eisemann, M. Michel, S. Z., Black Hole Metamorphosis and Stabilization
by Memory Burden, arXiv:2006.00011. 27
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» Increased energy gap
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206, Dvali, M. Zantedeschi, S. Z., Transitioning to Memory Burden: Detectable Small

Primordial Black Holes as Dark Matter, arXiv:2503.21740.
28



Transition to MB
(o] lo}

Transition to MB2°

» Increased energy gap

AN = pirg =

» Suppressed emission

206, Dvali, M. Zantedeschi, S. Z., Transitioning to Memory Burden: Detectable Small

Primordial Black Holes as Dark Matter, arXiv:2503.21740.
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Transition to MB2°

» Increased energy gap

AN = pirg =

pf(/v/o ;/IO M( ))"1

» Suppressed emission

1 AN
r - (5> rsc

» Approximate around onset of MB

- _(1—q)Mo—M(t))
I'_exp< 5/\/’0 rsc
with
f=—3
(p—1)InS

206, Dvali, M. Zantedeschi, S. Z., Transitioning to Memory Burden: Detectable Small

Primordial Black Holes as Dark Matter, arXiv:2503.21740.
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