Primordial Black Holes and
microlensing




Schwarzschild radius=2GM/c?

Stellar BH (from several up to
several tens of solar masses):
discovered by electromagnetic
telescopes and 240 by gravitational
telescopes (2 collapsing and one
merged);

Supermassive black holes in centers
of large galaxies (10°-10'! solar
masses);

Intermediate black holes (above 100
solar masses): several from
gravitational telescopes and signs
from other experiments (GRB
lensing).

Primordial Black Holes are
hypothetical types of BH formed
soon after the inhomogeneous Big
Bang.

Black Holes

Masses |n ‘the Stellar Graveyard

LIGO )-KAGRA Black Hc EM Neutron Star:

Black Holes and
Neutron Stars
discovered via

electromagnetic and
gravitational
telescopes (Image
credit: Ligo-Virgo/
Aaron Geller/
Northwestern)

Image obtained by Event Horizon Telescope,
published on 12 May 2022, of the supermassive BH at

the center of the Milky Way (4.15x10° solar masses).
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Formation of PBH and their masses

(Hawking, 1971, MNRAS, 152, 75)
(Carr&Hawking, 1974, MNRAS, 168 (2), 399)

Heuristic treatment. A commoving volume V inside the early universe.
Potential energy: Gp2V/5/3 ; Kinetic energy of expansion: pV 3/3(V [V )2
In a flat universe (Friedmann equations): (V]V)2 ¢ G P
Any local increase in density, Po , could stop the expansion.
Internal energy (radiation era): pc2V
Condition for collapse, (potential energy higher than internal): ¥V > (¢2/Gp)3/2.
Condition for a BH (R under Schwarzschild radius): M oc (c®/G3pg)*/?
Evolution of density in early universe (radiation-dominated era): p o< T#
PBHmass: M oc 1/T?
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An enormous mass range: PBHs formed at the Planck time (1043s) - the
Planck mass 10> g; PBHs formed at 1s - 10° M ; And further on.




If they exist

Might lead to various interesting astrophysical consequences:
Provide seeds for supermassive black holes in galactic nuclei;
Influence the generation of large-scale structure;

Provide a fraction of the dark matter.

DARK MATTER
Accounts for about 85% of the matter in the universe;
Interacts with baryonic matter and radiation only through gravity.

What’s the value of f(M), the fraction of this dark matter in PBHs of mass M?



Observational constraints on f(M)
(B. Carr, F. Kihnel, SciPost Phys. Lect. Notes, 48, (2022) )

From evaporations
(red), lensing (dark
blue), gravitational
waves (GW) (brown),
dynamical effects
(green), accretion
(light blue), cosmic
microwave
background
distortions (orange),
and large-scale
structure (purple).
There are four mass
windows (A, B, C, D) in
which PBHs could
have a significant

density.
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Gravitational Lensing constraints
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* The bending of light by
astronomical masses;

 First test of the GR in
1919;

When lenses are

galactic masses:

distortions by several
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arcsecs. Strong lensing.




Gravitational microlensing

 Lensing by stellar objects and below;

e The image separation is the order of , SO it cannot be
resolved;

 Aspecific time-dependent amplification of the source brightness;

Time-scale of the event (t;, Einstein time).

The Earth, a close star, and a brighter, more distant star, Gravity from the closer star acts as a lens and
happen to come into alignment for a few weeks or months  magnifies the distant star over the course of the transit
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The change in brnghtness can be plotted on a graph

Einstein ring

Amplification




Microlensing observations
* Galactic bulge (8 kpc),
(Lb) > (0°,0°)

e LMC (50 kpc)
(Lb) >  (280.5°,—-32.8°)

M31:778 kpc y
e SMC (61.5 kpc)
(Lb) >  (307°, —46°)

e M31 (778 kpc)
(Lb) > (121.17°,—21.57°)

LMC: 50 kpc
SMC: 61.5 kpc




Microlensing missions

Kepler Data (toward stars in a kiloparsec of distance) obtained during two years of
observations.

Subaru Suprime-Cam (HSC), telescope 8.2 m in Mauna Kea, 2019. By monitoring
tens of millions of stars.

EROS (1996-2004 telescope in the ESO site) measurements towards Galactic Bulge,
Light curves of 5.6 x10° clump giant stars distributed over 66 deg2 of the Bulge
were monitored during seven Bulge seasons.

Macho: 5.7 years of LMC observations. 1,27 m telescope in Australia. 1992-1999.

OGLE (1992-now, four phases, 1m and 1,3m telescope-Las Campagnas; LMC, SMC
and Galactic bulge).
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Gravitational microlensing constraints

* Kepler Source Microlensing Data (no
event) and Subaru/HSC Andromeda 100!'1'1' _ '10-5 101
observations-one event (HSC);

* EROS and MACHO measurements
towards Galactic Bulge-120 events
(EM);
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* OGLE measurements toward LMC-
two+two events, and SMC-one+three
events (O);
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e Gravitational lensing of type Ila PA
supernovae would magnify them and i
affect the probability distribution of
their magnification (SN). 10-6
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OGLE IV observations (Galactic bulge)
Mroz, Przemek, et al. 2019
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Figure 1. OGLE-IV fields toward the Galactic bulge. Colors mark the typical
cadence of observations: red—one observation every 20 minutes, yellow-—one
observation every 60 minutes, green—two to three observations per night. blue
—one observation per night, cyan—one observation per 2 nights. Silver fields
were regularly observed during 2010-2013, usually once every 2-3 days.




OGLE IV observations versus models

Here we compare the observational results with numerical ones, based on
theoretical models (Besancon model) for star distributions.

Left: Diagrams with the values of the optical depth, found in 121 channels of OGLE

Results by OGLE
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IV observations (colors and surfaces of circles indicate the value)

Right: Numerical values (stars: 7 thin disk and thick disk; bar; halo).
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Besancon Model

ot =14 (3)°
Thin disk Pd = Po [exl) (—\/0.25 + (Rid)z) — exp (—\/0.25 + (Rih)z)] Rd = 2170 pe
Ry, — 1330 pe

Thick disk hr = 2355.4 pc
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OGLE IV observations and the Dark Matter

Here we show the map of the optical depth values for the DM (OGLE IV
observations — numerical values for stars);
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Optical depth of the order of 10°.

Further analysis.
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Our PREVIOUS STUDIES

About microlensing optical depth and rates for free-floating planets towards the
Kepler's field of view”

Estimating finite source effects in microlensing events due to free-floating
planets with the Euclid survey

Investigating the free-floating planet mass by Euclid observations

Predictions on the detection of the free-floating planet population with K2 and
Spitzer microlensing campaigns

Gravitational microlensing constraints on primordial black holes by Euclid
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