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Content

* Exotic stellar bubble formation mechanism

* Observations of primordial black hole (PBH)
stellar bubbles:

- gamma rays
- gravitational waves (GWSs)

e Summary
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Exotic stellar bubbles

We put forward a novel class of exotic celestial objects that can be produced
through new-physics phenomena occurred in the primordial Universe, such as
guantum tunnelings, inhomogeneous baryogenesis and multi-stream inflation etc.

1socurvature
>
=
b=
= patch B
8
o~ S
S S
Y - region A
—
(most of the
A PB? observable
ormation universe)
Multi-stream inflation potential Position space of universe

2/16



PBH stellar bubbles

PBH stellar bubble

" Gravitational waves:
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Two observational windows for a PBH bubbles:

« gamma rays (Hawking radiation)
 gravitational waves (binary mergers)
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Detectors
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PBH formation

Comoving scale
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Hawking radiation

dt [Gev™! s
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Hawking radiation:

Standard emission picture: a BH emits only those particles which appear

d*N

1

T (E, M)

dtdE ~ 27 eSnGME _ (_1)2s’

elementary on the scale of the radiated energy (A BH should emit all elementary
particles whose rest masses are less than or of the order of the BH temperature).
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Photon emitted spectra
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Radiation from Bubble

PBH bubble with lognormal distribution PBHs
The lognormal mass function

fPBH In? (M /Myy)
VoroM ¥ -0

YN (M) = V(M) = Mnpgu(M)/ppm

The time-dependent physical number density of
elementary particle emitted by a distribution of PBHs per
unit time and per unit energy (BlackHawk):
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Radiation from Bubble

A PBH stellar bubble located at redshift z with an initial

lognormal mass distribution
Bubble volume

The intrinsic luminosity: L(E,t)=F VdE ~ E*—V
dtdE dtdE
L(E,z2)
The photon flux observed on Earth:  F(E,z2) = —%—~
4md; (z)
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E? x flux [erg cm ™ s7T]

Observation

Diff. flux sensitivity ( PBR3_SOURCE_V2, 10 years, TS=25, > 10 photons per bin)
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[https://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm]
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Parameter Space

Parameter space: g, My, My, z
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The closer the stellar PBH bubbles are to the Earth,
the easier they could be probed.
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UHE gamma ray astronomy

Recently, LHAASO reported the detection of more than 530 photons at energies

above 100 teraelectronvolts and up to 1.4 PeV from 12 ultrahigh-energy y-ray sources.
These findings overturn our traditional understanding of the Milky Way and open up an
era of UHE gamma astronomy.
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The astrophysical sources responsible for these events are under debate.
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LHAASO data fit
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« The present lognormal mass distribution;
« o =1, which is allowed to vary and leads to better fits to observations.
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PBH binary formation

The equation of proper separation r of two nearby PBHs with mass M Is
2M r

2
¥+ (H+H?)r+ g

Initially PBHSs follow Hubble flow, r(a) = a r;,,;, the numerical solution

IS

f

Am = ——

According to the solution,

the PBH decouple at
3(1 + Zeq)
“TTT
A is ratio of p,, and binary
PBH density

-1

Ali-Haimoud, Yacine, Ely D. Kovetz, and
Marc Kamionkowski. "Merger rate of
primordial black-hole binaries." Physical

Review D 96.12 (2017): 123523.

12/16



GW radiation

After PBH binary decoupling from the background, the merger time is

3 a* .

t = j

85G3mm,M
Applying the initial distribution of major axis a and dimensionless
angular momentum j, the comoving merger rate of PBH binaries is

~ P(m;) P(m;)_ dP
R(t) = szBHmln( -, )A

m; m] dt

Observed GW energy density
1 1  dE;y

'QGW(f) — pﬁlnd%fr df.

The energy emission per frequency interval in the rest frame of source
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LISA
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UHF GW
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Potential detection in future ultrahigh frequency experiment
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Summary

* We propose the hypothetical possibility of stellar bubbles
which are starlike objects in the sky with exotic features;

 We analyze EM and GW observational windows for a
PBH stellar bubble. Impressively, this scenario can make
a decent fit to the ultrahigh-energy gamma-ray events
discovered by LHAASO,;

« Cosmic neutrinos and ultra-high frequency GWs could

also be observational windows for these primordial stellar

bubbles.
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