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Introduction of PBH




PBH Introduction

PBH is the hypothetical black hole formed in the early
universe.

Collapse of overdense regions
Cosmology first-order phase transtions

Mpgu can range from 1072°M, ~ 10*° M,
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Hawking Rad

lation

PBH emits partic

es due to the Hawking evaporation.

It emits particles with masses lighter than its

temperature
B. Carr et al.
arxiv: 2002.12778
TLCS 10_18M®
T s ~ 5.3 MeV
e 8 ( Mppn )

L s e g Bk L emils b g

(~ 10" g)
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Memory Burden Effect




Master mode and memory modes

The information of a system is proposed to be stored in
the quantum state, which is composed by x “memory

mode”

Gia Dvali |n1,n2,---,nK> o "nfl) &) ‘n2>®""nK>
arxiv: 1810.02336

Bl
Ni = a,;a;
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Master mode and memory modes

The Hamiltonian is

K
e ZEka

e b 1

Energy gap for each memory mode
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Master mode and memory modes

The Hamiltonian is

K
e ZEka

e b 1

Energy gap for each memory mode

Energy difference between different occupation number
(or “memory pattern”) is

/

AE = Y ex(ng — ny)

1
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Master mode and memory modes

The Hamiltonian is

K
H = ZEka

e b 1

Energy gap for each memory mode

Energy difference between different occupation number
(or “memory pattern”) is

AE =) ep(ng —n})

1M

If ez = 0 or negligible, we can have a lot of

Memory Burden Effect and degenerate states Contributing to entropy



Master mode and memory modes

Instead, we introduce the “master mode” by adding
attractive interaction

R
e s e (1 = FO) Zeka.
aga(ﬁ—l

Interaction strength
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Master mode and memory modes

Instead, we introduce the “master mode” by adding
attractive interaction

Noyto
H = egNg + (1 e —) E €N
A k=1
aga(ﬁ—l i

Interaction strength

p
ng % 0, eiﬁ—(l——n—o) €L

nO:Nc, ek: _0
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Master mode and memory modes

Instead, we introduce the “master mode” by adding

attractive interaction

Niybe
H = egNg + (1 e —) E €N
A k=1
aga(ﬁ—l i

Interaction strength

p
ng % 0, eiﬁ:(l—@) €L

—|no = Ne, 11,05 MK )
with various value of n;
are degenerate. The entropy

S = In(microstate number)
~ K
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Master mode and memory modes

The energy of ng = N, pattern is the local minimum.
Changes in g requires a climb uphill the energy barrier
and creates the resistance against the loss of the master
mode.
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Master mode and memory modes

The energy of ng = N, pattern is the local minimum.
Changes in g requires a climb uphill the energy barrier
and creates the resistance against the loss of the master
mode.

S =4rGyMggy (S ~ 10%° for Mpgy = 10° g)

We assume PBH is initially at ng = N, pattern,
as PBH evaporate, Mpgpy |, S| (ng )
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Memory burden of PBH

When free parameter p is large, the memory burden can
be delayed until half-decay.
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Memory burden of

PBH

W

nen free parameter P is

arge, the memory burden can

be delayed until half-decay.

MPBH(t) B qMPBH|T¢ —>  Semi-classical phase

Mpgnu(t) < ¢gMpBH|T, — Memory burden phase

qg= 0.5
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Memory burden of PBH

The mass loss rate and the emission rate are suppressed
by entropy factor S(Mpgw) "

dMpsu e dMppu
7 (t > tq) =l (MPBH) P

unsuppressed rate

(t e tq) = S_k(MpBH)

dtdE 7_ dtdE A

duration of semi-classical phase
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P. Y. Tseng, Y. M. Yeh, arxiv:2511.01848
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Graviton-Photon conversion
(Gertsenshtein effect)

Instead of studying the gamma-ray directly from PBH,
we consider the photon converted from graviton.
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Graviton-Photon conversion
(Gertsenshtein effect)

Instead of studying the gamma-ray directly from PBH,
we consider the photon converted from graviton.

Oh,, = —16nT),,, — energy-momentum tensor of EM field

V. Domcke,
C. Garcia-Cely
arxiv: 2006.01161
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Graviton-Photon conversion
(Gertsenshtein effect)

Instead of studying the gamma-ray directly from PBH,
we consider the photon converted from graviton.

Oh,, = —16nT),,, — energy-momentum tensor of EM field

o Cosmic filament magnetic field

By el

V. Domcke,
C. Garcia-Cely
arxiv: 2006.01161

Memory Burden Effect and PBH constraint - P. Y. Tseng, Y. M. Yeh



Graviton-Photon conversion
The photon flux at red shift z is given by

o B3(z)
P
@ e o
dE(Z)_/z e
d(}J(Z,)_fPBHIT(ﬁQDMpc(tO) S ide il N
iE Mpgn|r, o H(2) dEdt | 5_ gt
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P.Y. seng, Y. M. Yeh, arxiv:2511.0148 BO = 100 nG
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Graviton-Photon conversion
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Summary

*The MB opens a new mass window for PBH DM lighter
than 10'° g .

*The MB spectrum exhibit double peak feature.

*The MB photon spectra from k- conversion provide a
complimentary constraint on fpgg for photon spectra
directly from PBH.

Memory Burden Effect and PBH constraint - P. Y. Tseng, Y. M. Yeh
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Figure 3: Left panel: The comparison of fppu|r, constraints via photon flux from
graviton-photon conversion (blue curve), PBH merger (black curve), and combination of
the two (green curve). Compared with other analysis, the cyan-shaded region is the merger
neutrino constraint derived from IceCube Collaboration [36], and the orange-shaded region
is the combined gamma-ray constraint (galactic and extragalactic) from [39]. The dashed
part of the “Merger exg-v” indicates the evaporated mass before present epoch for k =1,
and the "x” label the benchmark points (BP’s) with corresponding values in Table 1.
Right panel: The corresponding photon spectra of BP’s from left panel, and their values
are listed in Table 1



dNZ i nd.o.frz_( MPBH)
dEdt o 27T(€E efs 1)
B a C kU p lower mass, higher temperature, higher energy peak

) = R T /R

NFW (a, 8,7, Rs) = (1.0,3.0,1.6,20 kpc)
Isothermal (@, 8,7, Rs) = (2.0,2.0,0, 3.5 kpc)

By scanning over the coefficients of the effective potential B, C,D,
A, the asymmetry parameter, 7)py, the Yukawa coupling g,, and

the mass of dark fermion M;, we select six benchmark points that
lie on the best fit band of 511 keV line and calculate their gamma-

ray spectra.
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dDEG 1 min(teva,to) e dszY
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l
prediction than that from the Galactic center gamma-ray. The lower limit of temporal in-
tegral starts at the time of last scattering, tcyp = 3.8 x 10° yr, after that, photons decouple
from thermal plasma and become free steaming. Photons generated before recombination
epoch abruptly thermalize with other particles and never escape to Earth. Meanwhile, the

dt
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Ph_>}, = |KUSC|2£§SC S]_n2 (E ) . (3.1)
0S¢

The oscillation amplitude and characteristic oscillation
length are given as

kB B 2
L+u’ ™ 21— )2 +«2B2

(3.2)

| oscl —

where k2 = 1677 G y and p is the refractive index . The refrac-
tive index relates to the characteristic plasma and the Euler—

Heisenberg frequencies, i.e. u:\/ 1 — (a)g] — wéH) Jw? [21].
This work focuses on graviton-photon conversion in the cos-
mological filament. Since the plasma frequency with the
electron number density in the cosmological filament is
wp ~ 107 eV and wgn /@ ~ 10733 (B /60 nG), we adopt
the approximation & =~ 1. The £,s. becomes almost indepen-
dent on w and vastly exceeds the Hubble radius. As a result,

2503.19019

Domain B (nG) |£ (Mpc)| fvel B2(f 0
Filaments| 10—100 ~1 |~107Y 10-10°
Clusters ~10° |~107%|~1072%| ~10°
Voids 1007—=107* ~1 ~1 [107"—-10""

TABLE I. Comparison of cosmological domains where gravi-
ton to photon conversion can occur. Filaments [4, 5, 28],
galaxy clusters [28, 35], and voids [28, 36, 37] possess different
typical magnetic fields B, coherence lengths ¢, and volume fill-

ing fractions fyo1. The contribution to the diffuse gamma-ray
background from DM decavs to gravitons scales with B2/ fyal.

which is largest for cosmic filaments.

2503.19019

Assuming characteristic present-day filament parame-
ters By = 60 nG and n, = 107 %cm ™3 in Egs. (6) and
(7), the plasma and Euler-Heisenberg frequencies are are
comparable for w ~ GeV in the gamma-ray band. For
these reference values, the w dependence in Eq. (4) is
negligible, so the present-day oscillation length for h — ~
conversion is simply

lose = 2 x 10* Gpc, (9)

which vastlv exceeds the present dav Hubble radius of
H, ! ~ 4Gpc. Indeed, Fig. 2 shows that e is much

the conversion probability in each filament can be approxi-
mated as P, =~ 4G N|BL|.
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In particular, the radiation from evaporating PBHs can disrupt the neutron-to-proton
ratio, a key parameter in determining the final abundances of helium and other light nu-
clei. Moreover, high-energy photons and hadrons emitted during evaporation can trigger
photodissociation and hadrodissociation processes, fragmenting existing nuclei and altering
the predicted elemental abundances.

The standard BBN framework, which assumes no additional energy injection, has been
remarkably successful in matching the observed primordial abundances of light elements. As
a result, any deviations caused by PBH evaporation are subject to stringent observational
constraints. Modifications to the predicted abundances must remain minimal to avoid conflict
with astrophysical and cosmological measurements, making the study of light element abun-
dances a powerful probe for understanding PBH dynamics in the early Universe. According
to the findings presented by [6], which build upon earlier results from [4] and incorporate
updates from |79, 80| and [81-83], the initial fraction of dark matter comprised of primordial
black holes is tightly constrained to fppag ~ 10~* for My € [10'°,10'3]. The upper limit of
this mass range is determined by the lifetime of the PBHs exceeding the radiation-dominated
phase of the Universe. Beyond radiation-matter-equality, the processes responsible for the

modification of the abundance of light elements become inefficient, leading to a weakening of
- the constraint. -
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The injection of energy from PBH evaporation after recombination
can ionize the otherwise neutral medium. This in turn leads to the
rescattering of CMB photons that affects the angular power spectrum
of temperature and polarization. Comparisons with measurements of
the CMB have led to strong constraints on PBH in the mass range M,
€ [3 x 10", 10"7] g (Poulin, Lesgourgues & Serpico 2017; Stocker
etal. 2018; Acharya & Khatr1 2020; Cang, Gao & Ma 2022). Stocker
etal. (2018) have developed the publicly available code EXOCLASS,
a branch of the Boltzmann code CLASS (Blas, Lesgourgues & Tram
2011). It is able to compute the CMB power spectra for any value of
M, and fpgy o. To achieve this, the code computes the rate of energy
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