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Primordial Black Holes (PBHSs)

What are PBHs and why are PBHs interesting?

PBHs are black holes formed in the early Universe from the gravitational collapse of large

denSITy Per‘Tur'bC]TiOnS, Zel'dovich and Novikov Astron. Zhu, 1966, Hawking MNRAS 1971, Carr and Hawking MNRAS 1974,
Some review articles: Green et al. 2020, Carr et al. 2020 & Escriva et at. 2022
PBHs can have a wide mass range: | ime of PBH formation
[
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~J —_—
Mpgy ~ 10 52 |8 .
10 \) Minimum Mass for the

PBH Dark Matter
Mppy =~ 5 X 10!%g
(For nonspinning BHs)

Can have zero and non-zero spin.

A candidate for Dark matter.

Can probe the very early Universe.
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» Can have zero and hon-zero spin.
* A candidate for Dark matter.
» Can probe the very early Universe.

How to detect PBHs? Various search strategies have been explored to find or constrain the
PBHs, e.g., Evaporating PBHs



Evaporating PBHSs

Black Holes evaporate and emit thermal Hawking radiation at a temperature.

1 013 g The spectrum closely resembles a black-body radiation
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PBH as Dark Matter
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Lyman-a Forest measurements
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1216 A

NS Lyman-a absorption line

What is Lyman-a forest?

Series of absorption lines in the
distant galaxies or quasars spectra

due to Lyman-a transition of
neutral Hydrogen

To Earth

Lyman-a Forest Measurement
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Observed Wavelength [Angstroems]

Picture credit: Futura Sciences Webpage



Lyman-a Forest Measurement
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What is Lyman-a forest?

Series of absorption lines in the AN
distant galaxies or quasars spectra
due to Lyman-a transition of T,
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Lyman-a forest observations can be used to infer IGM temperatures.

Picture credit: Futura Sciences Webpage



IGM Temperature Measurements

18000 | | | |
Infer thermal evolution of IGM by comparing
the measured Lyman-a forest power spectra

to the hydrodynamical simulations. T }HJ |

16000 =

T, K

10000 =

8000 |~

6000 |- *

Measurements: BOSS, HIRAS, 4000
MIKE, etc. ook

Walther et al. (2019) & Gaikwad et al. (2020)

determined the IGM temperature
in the redshift range 1.8 < z< 5.8
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IGM Temperature
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Redshitt, 1 + 2



IGM Temperature Measurements
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Can we use these IGM temperature measurements s 3 A . .
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to probe PBHs?



Tonization & IGM Temperature Evolution

Evaporating PBHs will inject energetic particles into the intergalactic medium and therefore, can
affect the reionization and IGM temperature.

I: Neutral Hydrogen
IT: Tonized Hydrogen

Base Term: Recombina’rion/

I’y = Intergalactic medium

XHTT = ratio of number
xHII = x(o) + XPBH + xltlII density of free protons to

HII HII the total number density of

\ hydrogen

Reionization due to

astrophysical sources;
Use Planck results

Energy injection due
to PBH evaporation

temperature ro_ ' Tk
Ty = T(o) + IpgH + T\
Base term: Hubble expansion, T Photoheating due to

Recombination, Compton Energy injection due astrophysical reionization
scattering to PBH evaporation
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Free Electron Fraction, x.

XHIT =

Tonization and

PBH

.(0)
A AHIT

HII

ok
AHIT

—_
-

—— No PBH and reionization
Planck FlexKnot Bounds
— PDBH, latest FlexKnot

Redshift, (1 + z)

Mpgy = 10168

o =
o o

o
-

IGM Temperature, T}, [10%K]

=
o

IGM Temperature

Tm — T(o) + TPBH + T*
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—— No PBH, ‘photoheated’” T*
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Obtained by modifying the DarkHistory Code
by Liu et al. arXiv:1904.09296




Constraints on PBH Abundance
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Parashari et al. (in preparation)



Constraints on PBH Abundance
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Summary

» Evaporating PBHSs can inject energetic particles into the intergalactic
medium and therefore, can affect the reionization and IGM temperature.

» We compute the reionization and thermal IGM histories in the presence
of PBH energy injection and astrophysical reionization (Planck results).

» Lyman-a forest measurements of IGM temperature can constrain the
evaporating PBHs.
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Thank you!

Email: ppriyank@iisc.ac.in
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Spinning PBHs

a: = 0.9999

» Similar analysis can be done for the
spinning PBHs.

10139 \/1—a3

Tpgy = 1.06 GeV
Mpph 14+4/1—aZ
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Dimensionless spin
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. . — Super-K
Constraints on PBH abundance using o
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Parashari et al. (in preparation)
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n=2

NS NS

n=1

What is Lyman-a Line?

Spectral Line of Hydrogen atom in the Lyman Series.
n = Principle quantum number

Lyman-« : Electron transition between n=1 and n=2

e N= I ————

1=1216 A

>0 n:l >0

Lyman-a absorption line Lyman-a emission line
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Astrophysical Reionization and Photoheating

For astrophysical reionization, we use the results given Planck 2018 Reionization Histories
by Planck 2018 for two different models. ™ term Tanh
Planck collaboration 2018 arXiv:1807.06209 | Flex Knot

0 H 10 15 20 25
Redshift 1 + z



Astrophysical Reionization and Photoheating

For astrophysical reionization, we use the results given s

. . Planck FlexKnot
by Planck 2018 for two different models. x* term Planck Tanh
Planck collaboration 2018 arXiv:1807.06209 104X
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How to treat Photoheating (T™) from reionization? 9
=
. = 10
Two scenarios: »
: &
1. Conservative - No photoheating,ie., 7% =0 10
2. Photoheated - Assume photoheating rate is proportional
to the reionization rate x* Miralda-Escudé et al. (1994), McQuinn (2012) 1 10 10 10
McQuinn et al. (2016) (1 Tz )

No heating due to PBH evaporation
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2
15, = !.pred ~ 'idata
. » Ti,pred > 1 data

%.data
l & N
ATS T pred)) = == ) (TS 1)
' P 2N & g \(N = )1

A. AT > 0;: Photoheated I
B. AT > 2 x 10*K: Photoheated IT



