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Introduction

PBH generated in the very early universe is the one of candidates
for dark matter. . ...

It releases the particles through evaporation.

Through this predicted flux, we estimate the sensitivity to the
primordial black hole abundance of experiments.
Measurement of the photons in the range of MeV — GeV
(currently COMPTEL, e-ASTROGAM in future) are providing the
most stringent upper limit on PBH abundance.

Photon travels in straight line, transparent after CMB, and there
are many observable devices in a wide energy range.

It is a topic that is being actively studied.

We figured out how to produce this photon flux more effective.
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Introduction

(garyy — m,) Parameter space

CROWS ALPS-I

ABRA OSQAR
10-8 -
10 cm SN1987A

10-9 ' )
10-10 1. SH Horizontal branch
10—11
10712
10—13
10—14
10—15
10—16
10717
10—18

10—19
AW 9 % T 6 5 A 3 1
10 3070 0710707 10707100 70 P07 A 48 A 48 48 48 48 4

ma [eV]

-
]
(<]
2
=]
=

»7 - UOonesuoy

|8yl [GeV 1]

Areas that covered by future detections are colored with a bit transparency,
while areas that are not are we already have.



A bird-eye view
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Hawking Radiation from PBHs

Hawking radiation is an approximately thermal particle emission with temperature

An uncharged, non-rotating Schwarzschild PBH

« the temperature of PBH
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ALP decays to a photon pair

e ALP (Axion-Like Particle) :

1. SOLELY interact with 2 photons
2. mass and coupling are INDEPENDENT
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Extragalactic Contribution

We considered only the extragalactic contribution

e From detections, the fraction of PBH is a very small.

= we focused on extragalactic contribution to accumulate a sufficient amount of signal

e Sensitivity in e-ASTROGAM is better for extragalactic contribution
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Calculation Set Up
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E : redshifted energy E’ : Boosted energy

redshift ~ boost
/ (lga(tavv)

decay

E,(t,) : The energy of the ALP emitted by the evaporation of PBH at time ¢,

E.(te,) : The redshift energy of E, (t,) observed at time t,,,

* E!(tayy) : The boosted energy of decay photon from ALP at time t,,,

E,, : The energy of photon observed from Earth at ¢, which is redshifted energy of E/



Redshift Effect

Redshift effect for particles propagating in an expanding universe
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Calculation Steps

STEP 1  The number density of ALPs with time

The number density of ALPs with energy E, at time taryy
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Calculation Steps

STEP 2  The change of number density with respect to time

* During the ALPs emission period, T' = [(ta) i, 1 tayy)
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Calculation Steps

STEP 2  The change of number density with respect to time

* During the ALPs emission period, T' = [(ta) i, 1 tayy)

By using the logarithmic energy bin AE ~ E: dn. -~ g &N,
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Calculation Steps

STEP 2  The change of number density with respect to time

 During the ALPs emission period, T' = [(ta) i, 1 tayy)

By using the logarithmic energy bin AE ~ E: dna N d*N,
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Calculation Steps

STEP 2  The change of number density with respect to time

 During the ALPs emission period, T' = [(ta) i, 1 tayy)

By using the logarithmic energy bin AE ~ E: dna N d*N,
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Rest Frame
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Boost Effect

Lorentz transformation
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Calculation Steps

STEP 3  Boosted photon number density after decay

~ dnd(E,) dn

FE, - E — —° — =

[ ) 7 dt dt
1 dn, 1 dn,
. dt | Bt |

Ek+1 Ea E’Iynin :
- 1 - ~
log, E’J,mid =35 (logw EF! 4 log, EIS)
- [
Br -
'Yk _ I:r,Lmld E’Y

Emax E
g ="Ta.
= Rest energy of ALP

min __ * k 2

max __ % k k)2

16



STEP 3

,mid

Boosted Spectn—grﬁ
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Calculation Steps

Boosted photon number density after decay
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Calculation Steps

STEP 4 The expected differential photon flux with respect to energy
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e feea = Qpeu/py : The fraction of PBH
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The Spectral Photon Flux

Differential Flux w.r.t photon energy

at m, = 10.0 MeV, mppy = le + 16 g

- g, =1.0c-11 G(:V’ll

Gany=1.00-15 GeV ™ * MpPBH = 1 x 1016 g

- g, =1.0e-17 GeV !
© Gup=1.0e-18 GeV 1
Gany=1.0e-19 GeV 1

—— Direct Photon (EG)

Gayy = [10711,10715,10717,10718,10719] GeV
The black line : Direct photon (EG) from PBH

The green line over the Direct photon:

the concave region

Comparision of examples

at m, = 1.0 MeV, mpgy = le +16 g

== guyy=1.0e-11 GeV L
Ma | 1.0 MeV | 10 MeV
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1 eak Energy
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D. Flux
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There is a region where the

generated photon in our model
exceed the direct photon.
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e-ASTROGAM Sensitivity

The exceed area seen earlier exists on the scale by MeV
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e e-ASTROGAM open the window of MeV range

« One-two orders of magnitude improvement in sensitivity comparing
to COMPEL experiment
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e-ASTROGAM Sensitivity

e-ASTROGAM sensitivity
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Gamma rays in the MeV — GeV range

o Experimental Astronomy 44 (2017) 25-82

PBH — ~

fesa < C(mppn)

PBH — (v +a(— 7))

If C' < C effectively

feeu < C'(mppu, Ma, Gayy) — Enhanced!
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Result

AfPBH at MpBH = 8.00el4 g where fPBH;A, = 3.85e-11
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fPBH;’y
: PBH fraction by Direct photon

fpBH
: PBH fraction by our model

: Minimum value of fpgn

: A reference point of fper
Contour

: 5%, 10%, and 15%
improvement over f_PBH from
direct photon

X-rays

: From other experiment
(axion decay), independent

on fppu
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Summary

PBH is a good source for emitting both SM / BSM particles through hawking
radiation.

For numerical calculations, the emission rate of particles containing a complex
graybody factor was calculated using the program BlackHawk.

Considering the redshift and boost effects of particles flying across the
expanding universe, we formulate the amount of photon flux observed from the
Earth.

The process (PBH — a — «+) can significantly increase the amount of photon
flux some parameter space.

Through the sensitivity of e-ASTROGAM, which is 1-2 orders of magnitude
better than the previous observation, Our model imposes the stringent
constraint of fppy in the (g,,, — m,) parameter space.
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