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Introduction

The idea was proposed by Hawking (1971)

[however, some discussion appeared also before, see,

for example, Zeldovich & Novikov, 1966].

The idea is that at early times large-amplitude overdensities would
overcome internal pressure forces and collapse to form black holes.
The mass of a PBH is close to the Hubble horizon mass.

Of course, we are interested only in PBH formed after inflation.

PBHs may also form at the phase transitions expected in the early universe,
in particular, PBH formation can be related to topological defects.

PBH contribute not only to y-ray, but also to CR and v background.

See introductions in arXiv: 0709. 2380, 0910.1876, astro-ph/0304478



Primordial black holes

Primordial black holes (PBH)

are formed with masses about the mass
inside a horizon at the given moment
(particle horizon).
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The time for complete evaporation
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Mass-spectrum

Mass function in the standard model
(Kim-Lee)

The case n = 1 corresponds to a scale-invariant (Harrison-Zel'dovich) spectrum
which yields a Carr initial mass function, dn/dM; ~ M52, .

As some authors realized, the n = 1 spectrum does not yield a significant PBH
abundance when normalized to COBE observations (astro-ph/0304478).

PBH can be considered non-charged, non-rotating as both (spin and charge)
are rapidly emitted due to particle creating (Hawking radiation).
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Hawking spectrum
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For non-rotating,
non-charged BH.
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EGRET and constraints on PBH
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Background radiation at energies:
30 MeV — 120 GeV.

The upper limit on the density of PBHs
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Qppa < (5.1 +1.3) x 107°R 72,
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Constraints on cosmological parameters
from data on PBH

Data on PBHs in principle can provide constraints on different cosmological
parameters related to the density fluctuations.
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For example, on the parameter n,
characterising the power spectrum
of fluctuations.
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About other constraints
see Carr (2005)
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Particle emission during PBH evaporation
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When a BH mass is below 1014 g,
it starts to emit hadrons.
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Particle spectrum for
uniform distribution of PBHs
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Antiprotons are detected in cosmic rays.
1 GeV.

They are secondary particles.
during PBH evaporation at energies

antiprotons should be different from
properties of antiprotons generated
0.1

Comparison between calculations
and the observed spectrum of
antiprotons provides a limit on

the spatial density of PBHSs

Properties of these secondary

-

antiproton kinetic energy (GeV)
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PBH and antiprotons

Barrau et al. 2003, taken from Carr 2005
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Constraints from galactic y-ray background

The authors assume that PBHs e
are broadly distributed like
dark matter in the halo of our Galaxy.

1. spacetime is 4D;

2. PBHs form through
a cosmological scenario;

3. most PBHs are presently neutral
and non-rotating;

4. being part of the dark matter,
PBHs are distributed alike.

The flux peaks at higher energy
(around 5 kT)

than for a pure blackbody at

the same temperature

(which flux is maximum at 1.59 kT)

arxiv: 0906.1648

12



The spectrum

Since the typical temperature

of PBHs born in the early Universe
and that end its life at present time
Is about 20 MeV,

a distinctive signature of

guantum black holes would be a
guasiplanckian spectrum at
unexpectedly high energy,

peaking at about 100 MeV

5]
-

@
=
Is]
=
=2
s
n
Ll
e
ha]

1

log

100 150 200 250 300
Photon energy (MeV)

arXiv: 0906.1648 .



Density distribution
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arXiv: 0906.1648

—— NFW
—— NFW_

Moore

Isothermal

It was assumed that

PBH follow the DM distribution.

Several different variants
have been used.
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Results and limits

DM distribution Qpsr(M,)
Moore 6.04 £ 0.0510~ 1.3810 | 0.9810~
Moore, 1.07 = 0.07 1077 0.24107° | 0.17107%

NFW 6.70 £ 0.0510° | 1.53107 | 1.0810~"
NFW. 1.93 £ 0.08 1077 04410-° | 03110~
1sothermal 1162+00410° | 26510°° | 1.8710°7

Upper limits for the local PBH density are:
3.3 107 — 2.1 108 per pc3.
Explosion rate ~0.06 pc3 yr 1.

arXiv: 0906.1648
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Spectra in different models

The spectrum can be non-thermal.
This is due to creation of particles
which then demonstrate series of
transformations (decays) and interactions;
only at the very end we have photons.
And their spectrum is different
e from the thermal

(i.e. from the blackbody).

However, the situation is not that clear
(see recent criticism in arXiv: 0709.2380).
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Note, that y-ray limits are made for

PBH with T~20MeV, so effects of
photospheres are not important.

But they can be important for UHECRS.
Effects can be strong at Tg,;~A\qcp~300 MeV

arXiv: 0706.3778
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Emission rate ot photons

1 I 1 _ T
300 MeV
100 MeV

30 MeV secondary

primary
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New constraints

HEAO-1+balloon
COMPTEL
EGRET *+-
Fermui LAT Ist-year +-
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Constraints from H.E.S.S.

Nothing detected.

Upper limits can be derived.

At the moment these limits
are not very constraining.
However, with HESS-2

it will be possible to obtain
more interesting limits.
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th pnlumndrv upper limit on the explosion rate 1s
Prey < 1.4 x 1”41:]L 'vr— ! at the 95% CL for T = 30s.
1€ hﬂtlhllﬂi[} imit, defined in section [5.3] is 1.7 x

10*pc—yr~!. By comparison, the preliminary upperhmlt
obtained with the T = 1s search time-window 1s Pppy <
4.9 x 10*pcyr~! (95% CL).
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Limits from the Kepler data

Limits are based on lensing searches.
The idea was to put new limits on PBHs
as dark matter candidates looking for MACHOs.

Kepler is sensitive to PBHs in the mass range
2 1019 M, <Mg,<2 10° M

solar solar

Solid black is the new limit.
It excludes the mass range
10° |\/Isolar<|v|BH<:|-O_7 |\/Isolar
l.e., PBHs from this range
cannot explain halo DM.
The allowed range is
10 3M 5 <Mp<10° M
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Milagro limits

See also
1507.01648

CYGMNUS Limit {1 sec), Whipple Limits (1, 3, 5 sec). about future
Alexandreas (1993) Linton (2006) ..
limits from HAWC.
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oint limits
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logy0fapH

monochromatic
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Searches W1th GRB network of detectors

With IPN the authors try to put limits
on the distance to short gamma-ray
bursts.

It is expected that PBHs evaporation
IS visible from short distances.

w

The are some (36) candidates
with possibly small distances (<1 pc).
But these are LOW limits.

l.e., it is still very uncertain if these
bursts are related to PBHSs.

M

Number of Bursts

2 3 4
log Minimum Distance (AU)

1512.01264
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Radio transients

Low-frequency (8-meter wavelength) antenna — ETA.

According to Blandford (1977) low-frequency radio observations
can provide a limit much better than gamma-ray observations.
The limit strongly depends on the Lorentz factor of the fireball.

Depending on parameters a burst ~0.1s long can be detected from
the distance ~hundreds parsec.
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