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Motivations of PBHs...

(OAsteriod mass window
(ONon-baryonic and still exist
(ONon-relativistic and nearly collisionless
(ONo new physics required

(ONot rival against particle DM

PBH
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Motivations of MB PBHs...

PBH

. Planck mass Mp

104-101% g

. 10° Solar mass

(ONew window below M<1015 g: Memory burden
(ONo new physics required
(ONot rival against particle DM

(OAvailable signals to observe:
(electromagnetic signals
(Oneutrinos
(Ocosmic rays
(Ogravitational waves
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Memory burdend PBHS as dark matter

PBH BBN Today
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Memory burdend PBHS as dark matter

Memory burdend PBHs: Information loaded in a system resists its decay.

PBH

so crowded inside!
(gapless) g

gapped modes
outside!

2026-10-24

BBN

Today

Inside the object, the information is stored in the excitations of gapless modes.
At the same time, the asymptotic modes at outside of the PBHs are highly gapped.

Information inside creates a back-reaction which resists against the decay of the
object.
© G. Dvali, etc. arXiv:2405.13117v1



Memory burdend PBHS as dark matter

Memory burdend PBHs: Information loaded in a system resists its decay.

PBH

BBN Today

mb
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After the black hole loses part of its mass through Hawking radiation, its internal
capacity for storing information shrinks.

The quantum information cannot simply disappear, then carries an energy cost: the

originally gapless memory modes gradually develop a gap as the capacity decreases,
making information storage "expensive."

This acts as a barrier that prevents them from continuing to radiate at its original rate.



Memory burdend PBHS as dark matter

Memory burdend PBHs: Information loaded in a system resists its decay.
BBN Today
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Memory burdend PBHS as dark matter

Memory burdend PBHs: Information loaded in a system resists its decay.

PBH BBN
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Memory burdend PBHS as dark matter

Memory burdend PBHs: Information loaded in a system resists its decay.
PBH BBN Today

he? 10
TBH ¢ e 109 ( &

= G V m
8mkpG Mgy Mgy ) ¢ Mpgy = ¢Mpgn

} M&? 2110%,1014] ¢
dMpu  Gmgem Mp dMpy _

e 7 480 Mgﬁ\ dt

graybody factor Planck mass
For PBHs in certain mass ranges that don't mess with big bang nucleosynthesis,

this memory burden effect means they might not fully evaporate.

Heavier PBHs keep on evaporating.



Gamma rays from MB PBHS @galactic sources
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Gamma rays from MB PBHS @galactic sources

The Gamma rays from memory burdend PBHs for GS:
oS fopu NP
dE,dt 4rMZP, dEdt

Crab Nebula

Galactic Center where DM is concentrated. If PBHs are the
o ) DM, lots of small PBHs would be along our line of sight.

Dec=60" =50 Dec=40" Dec=30° Dec=20"

PBH contributes when integrate along this direction.
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Gamma rays from MB PBHS @galactic sources

With IC spectrum:
Expected Inverse-Compton (IC)

emission spectrum from accelerated
electrons within a magnetized nebula.

This spectrum is described by a log-

parabolic function.
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Gamma rays from MB PBHS @galactic sources
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Gamma rays from MB PBHS @galactic sources

The bounds at the 95% C.L at k=2: 109

10~
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Neutrinos from MB PBHS @DSphs

Memory burdend PBHs:

e g s
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The production ratio at the sourceis 1 : 1 : 1. 1019
Consequently, the total flux remains equally
partitioned among the three flavors after 1016
propagation over astronomical distances. 104
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Neutrinos from MB PBHS @DSphs

The neutrinos from memory burdend PBHs for DSphs:
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Neutrinos from MB PBHS @DSphs

With 4 kinds of D Factors: e (€
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Generally, the D-factor
values determine the
strength of the constraints,
larger D-factor values
correspond to higher dark
matter densities, produce
stronger neutrino fluxes
and consequently more
detectable events.
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Neutrinos from MB PBHS @DSphs

nuisance
parameter
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Neutrinos from MB PBHS @DSphs
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Neutrinos from MB PBHS @DSphs

With k=2: 10° g
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Neutrinos from MB PBHS @DSphs

With k=1:

The spectrum is harder and matches
IceCube's energy range.

Up to approximately 101° g which

. o . . === Fermi_LAT
significantly improves upon previous 1078 LHASSO
UHEy
results. HE.
10—10 i sl N
107 108 10° 1010
Among the 14 dSphs, Ursa Major 11 -
provides the strongest, owing to its
high D-factor value. 102 !
10~4 -
z
&
106 .
Fermi_LAT
1078 LHASSO ]|
UHE y
7 HE v
© Xiu-hui Tan, et al, arXiv:2606.16145 10710 & E—

2026-10-24

L k=1.0
GS sets

10—4 -
s
&
10—6 -
=== Fermi_LAT
10-8 LHASSO 7]
UHEy
HE
10—10 PR " sl " U
107 108 10° 1010
Mpgy [g]
100
10—2 -
10—4 -
z
=g
10—6 =
Fermi_LAT
108 LHASSO ]
UHE y
HEv
10—10 P

MpgH [g]

1010

21



Neutrinos from MB PBHS @DSphs

With k-M relation:

A clear trend with a different slope
compared to previous studies, this
reflects the growing sensitivity of th
IceCube detector to harder neugrino

spectra characteristic of mgre massive

PBHs under the MB franiework.

Stronger constraints than previous
studies for k<1.3, and even for k<1.5
when all dSphs are combined.

© Xiu-hui Tan, et al, arXiv:2606.16145
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Anti-nuclei from MB PBHS @...

The anti-nuclei from memory burdend PBHs:
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Anti-nuclei from MB PBHS @...

The anti-nuclei from memory burdend PBHs:

le\fSBHe)(E, Miy) -

dE; (D3He)dt i=g,q,W,Z,h

MB MB .
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_ ppBH(T; 2) “''5(D,3He)
Qﬁ(DagHe)(T o E) 06 dFEdt

When do sensitivity prediction, lighter constraints than
previous, but still waiting for real data.

No astrophysical background as this signal.
A clean smoking-gun channel! &
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MB
/ 45 ANMB(E;, Min) AN 5 ey (£
s dE;dt dE

© AMS collaboration 2021 PR894(2021)1

Very precise anti-positron data
No confirmed anti-deuterium detections

© Aramaki et al. 2015 AP74(2016)6
Design to detect sub-GeV anti-deuterium
Data are going to be released...
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Take-home message

MB PBHs - Information resists decay — half mass, Sk -
Gamma ray (4 GS, 1.4X10° g) & Neutrino (14 dSphs, k=1 > k=2, 10'° g) & Antinuclei

the strongest single-band limits & higher-sensitivity window & clean low-background channel

(OMemory burdened effect are particularly important for lighter PBHs.
(OTighter constraints derived in these two works.
(ORight sources selection might help constraint PBHs.

(OMass function model, astrophycial processes, DM profiles, etc, need to
be comfirmed.

OLooking forwaed to Multi-messenger analysis (including GWs together!)
in the future.
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Thank you!
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