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 Black hole vs Primordial Black Hole
o Early Matter Dominakion

- PBH Mass Distribution

Various Components of the Universe
Role of PRH

5 Eim&ropv Release



o Dark Matter from PBH

o Memory Rurdened ¥BH



Rlack hole vs Primordial Blaclk Hole

@ Formation Mechanism:
Normal black holes: Form from the gravitational
collapse of massive stars (supernovae) or by mergers
of compact objects.

Primordial black holes: Hypothetically formed from
high-density fluctuations it the very early universe
(within fractions of a second after 214@. Big Bang).




Rlack hole vs Primordial Blaclk Hole

o Formation btime:
Normal black holes: Form much laker in cosmic
history — millions to billions of Yyears after the Big
Bairg.

Prinmordial black holes: Could form during the
radiation-dominated era, much earlier thawn stars or
qgalaxies.



Rlack hole vs Primordial Blaclk Hole

o Possible Mass Range:
Normal black holes: Typically a few solar masses
(stellar) to billions of solar masses (supermassive).

Primordial black holes: Could spai a huge mass

range — from as tiny as ~107!g ko thousands or
millions of solar masses, d@.[pﬁmc{m;ﬂ on early-
universe conditions.



Rlack hole vs Primordial Blaclk Hole

o Observable Environment:
Normal black holes: Usually found in stellar environments,
galaxies, and active galactic nuclei — associated with
visible as%raphvsi;&at processes Lilke accretion diskes, eraj
emission, or gravitational wave mergers.

Primordial black holes: Might exist in interqgalactic space
with no stellar environment — their presence is inferred
indirectly, e.q,, via gravitational lensing, cosmic microwave
background constraints, or gravitational wave signals.



Rlack hole vs Primordial Blaclk Hole

o Cosmological Implications:
Normal black holes: Important for galaxy evolution,
star formation feedback, and qravitational wave
astrophysics,

Primordial black holes: Hypothetical candidates for
dark matter, seeds Afor supermassi;ve black holes, and
Erobes of early-universe physics (e.q., inflation, phase
ransikions).



Early Matter Domination

o A phase before Big Bang Nucleosynthesis (BBN) where
the universe’s expansion is temporarily dominated bv
non-relativistic malter (instead of the usual
radiation dominakion).



Early Matter Domination

o A phase before Big Bang Nucleosynthesis (BBN) where
the universe's expansion is temporarily dominated bv
non-relativistic malter (instead of the usual
radiation dominakion).

o Occurs after inflation but before standard radiation
domination fully takes over.



Early Matter Domination

How Can EMD Re Achieved?

- Massive Long-Lived Particles: EMD can MPP@M U a
heavy field or particle (e.q., moduli, scalar
Cc;:-s«czemsa&e, heavy relic) dominates the energy
dems&%v because EE redshifts more slowly than
radiation,



Early Matter Domination

Exampi& Mechanisms:

- Oscillating scalar fields (like moduli from skring
theory) behave Like pressureless matter,

- Decay of a massive unstable particle can delay
reheating and prolong matter domination.



Early Matter Domination

Whv Does EMD Matter for PBHs?

- In matter domination, density per%urba&oms grow
linearly with the scale factor instead of remaining
constant (as in radiation dominakion). This boosks the
Frobaba&v of PBH formation.,



Early Matter Domination

Why Does EMD Matter for PBHs?

- In matter domination, density Fvermrbaémms grow
lLinearly with the scale factor thstead of remaining
consbant {as i radiaktion dominakion). This boosts the
probability of PBH formation.

- Radiatkion pressure resisks &cwi.i.apse — bubk th ann EMD
phase, the lack of significant pressure allows
overdense reqions to cmi.iapse nmore. easitj ko PRHs,



Early Matter Domination

Why Does EMD Matter for PBHs?

- In matter domination, density Fm&urba&oms grow Linearly with
the scale factor instead of remaining constant (as in radiation
domination), This boosts the Prab&bitiév of PBH formation,

- Radiation pressure resists &oﬁagse — bubk th an EMD Pkase, the
lack of significant pressure allows overdense regions to
«r:c::»ti.apse more @.asitv into PRHs.

- Evein small primordmt fHuctuations can proc’xu&@. a sizable PBH
population i EMD persists Llong enough,



Early Matter Domination

Why Are PBHs a Good Candidate in EMD?

- PBHs formed during EMD can naturally explain part
(or all) of dark matter — their mass function depends
on the EMD duration and decay time.



Early Matter Domination

Why Are TBHs a Good Candidate tin EMD?

- PBHs formed during EMD can naturally explain part
(or all) of dark matter — their mass function depends
on the EMD duration and decay time.

- PBHs from EMD have distinct mass ranges and
abundance, Po&em&auj testable via gqravitational
lensing, gravitational waves, or CMB distortions,



Early Matter Domination

Why Are PBHs a Good Candidabe in EMD?

- PBHs formed during EMD cai naturally exgiai;m part (or all) of dark
matter — their mass function depends on the EMD duration and
decay time.

- PBHs from EMD have distinct mass ranges and abundance, potentially
testable via gravitational lensing, gravitational waves, or CMB
distortions.

- EMD phases are generic in many bevomdmﬁkemSEamdardeOc&et (BSM)
scenarios, linking PBHs to new ijsws (e.q., moduli, inflaton
remrants).



PRH Mass Diskribution

- Mownochromatic Mass Diskribubion
1. AlL YBHs have wmass M = M,,
2. The mass function: y(M) = fopy6(M — M),
3, S&m!ati;ﬂf&es abundance calculakions,
4. Allows direct comparison with observational
consbraints at fixed mass M,.



PRH Mass Diskribution

- Nown Mownochromatic Mass Distribution
1. PBHs srcm a continuous range of masses,
2. Typical forms include log-normal distribution,
power Law distribution,
3. Reflects more realistic formation scenarios.
4. Constraints depend on the integrated contribution
across the wmass range.
5. Enables richer phenomenology for observational
stghatures.
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o Key Cosmological Comgomem&sz

The energy content of the Universe can be broadly
cateqorized into:

1. Radiakion (relakivistic particles, e.q., photons,
neubrinos)

2. Matter (non-relativistic, e.q., baryons, dark
makter)

3. Vacuum Enerqy (cosmological constant, darke
enerqgy, false vm:uumg
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Stage Dominant Component
Radiation-Dominated (RD) Relativistic particles
Matter-Dominated (MD) Non-relativistic matter
Vacuum-Dominated (VD) Cosmological constant /

false vacuum
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o Kev Equ&&ms«s:




o Entropy erodu&mw
PBHs evaporate via Hawking radiation:

1 1 M3

S7GM 8_7z M

TBH B



- Evaporation injects enerqy into the surrounding
plasma:

1. Reheats the universe if PBHs dominate the energy
d@.ms&v temporarily

2. Increases tokal es«%rc}pfj«



- Evaporation injects energy into the surrounding plasma:

1. Reheats the universe if PBHs dominate the energy density
temporarily

2. Increases btobal em&ropj.

- Em&mm c&emsaéj in Jection:




o PBHs can produce stable dark matter particles (e.q.,
WIMPs, gravitinos, axions) during

evaporation(m, < Tp)

n 3 Te a
° Dark Matter Yield: ¥, = 2% x ———Br(y)
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o Modification of Hubble parameﬁersz

Higy o /PR(CZ);‘ P;BH(CZ)
MPZ



Enkro Py

° Light PBH (Mpy < 10° 2) can dominate the early
universe and evaporate resulting in the release of
entropy,

o For a monochromatic mass distribution and assuming
thskant d@.ﬂ&fj approximation, the het release in
@;Mﬁrapv s show:
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Entropy release as a function of PBH inikial
mass. (Chaudhuri and Dolgov, JETP
133 (2o21) 8, 552-566 )



Ewnkro pY

o For Non-Monochromabic disktribubtion:

A Fl(x) = ﬁ/(xmax o xmin)

b, Fo(x) = ¢ a*b*(¥la - ¥y (1/x — 1/b)*:

N



Diskribution a. Diskribuktion b.



IMS Atenks Qﬂf DM Pro du,&& LOWN

from PBH diskribution

o Im Por&om!: Parameter:

1. PBH initial mass ( 1’3'}1
2. Dark Matter mass (m,,,)

ini

3. f = PPBH

PeBH t Prod

1 L g1
B, = A~} (gg #H(TBH)

106407

o Cownsktrains from BBN, Inflation and GW Observations



Relic Contours: $ EMS le
Diskribubkion

DM of mass range (1 — 107)GeV
produced fyom an evaporating
monochromatic PBH distribution
cannot sa&isfj DM relic in the PRH
dominated region of parameter
space due to the BBN bounds

PHYS. REV. D 108, 015023 (Ro22)




ZPBH Seenarito: For mwal LSV

o Temporall sepm*o&ed formation of two monochromatic
PBH distributions,

o T, > T, and hence, Mg‘m < Mg;n

o The one-PBH case is compared to the second PBH of
the two-PBH scenario,

8 g Per1(11) i Per1(15) + ppen(15)
13 s ) —
Pea111) + Praa(1) Per1(12) + peen(13) + praa(13)




Formalism: Evolution of



Conkours

DM mass= 6 GeV

B2 = Bc B2 = Bc
= = Single PBH = = Single PBH
—— ALogio(Mg},) =1.0 —— ALog1o(MJ,) =1.0
-_— - ALOglo(Mg'H) =0.5 -_— - ALOglo(Mg’H) =0.5




Conktours

B2 =B
= = Single PBH
— ALOglo(Mg,H) = 1.0

= = ALOg10(Mp},) =0.5

DM mass= 4 x 108 GeV

= = Single PBH
— ALOglo(Mg'H) =1.0
w = ALOGq10(Mp},)=0.5

DM mass= 10° GeV




Exack window C)“f relaxation

o We wanted to squeeze the disallowed region.



Exack window C)“f relaxation

o We wanted to squeeze the disallowed region.

- For ALog; (M) = 1.0 in grams, the disallowed DM mass is
(7.24 — 8.91 X 107Y GreV.

- For ALog; (M) = 0.5 in grams, the disallowed DM mass is
(5.56 — 2.67 X 107y GreV.

(Chaudhuri, Coleppa and Loho
PRD 1oy (2023) 3, 035040)



Memor ™ Burdened PRH

o The evaporation of PBH gels suppressed largely after
it has Lost half of iks wmass.

o This is called the memory burden effect (Dvali, PRD
102, 10, 1035823 (2022))

dMpy € M
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Memwor ™ Burdened TRH

@ The sum:eressmm cwf Hawlking evapara&iom due to the memory
burden effect ﬂfumdamesr\&auj reshapes constraints on PBHs,

most v\o%abtv for My < 10" g - assuming it becomes relevant
when the black hole has Lost half iks inikial mass,

o Previous work has focused on the question, whether this opens
up a hew window for PRHs ko make up the entire dark matter.

@ However, even much lighter PBHs that cannot evaiam the
present dark matter density can be interesting probes of the
physics of the early Universe.



Modified BBN bounds
Chaudhuri, Kohri, Thoss arXiv:28606.20717



https://arxiv.org/abs/2506.20717

10

: ) . k % — q=0.01
L,..l' ;

103 10° 107 10’ 102 10°
M, [g] M, (g

10

Bounds oh JeenoMo) from BBN (shaded regions). The left ponel dLsptavs constrainks for q=0.5 and
various values of k. The right panel shows bounds for k=2 and various value of q.



Memor ™ Burdened PRH

o The bounds from BBN extend the existing cownskraints
to Lighter PBHs that do not survive to the eresem% c:loqj
- ulless H\ﬁj leave behind relics.



Memor ™ Burdened PRH

o The bounds from BBN extend the existing constraints
to Lighter PBHs that do not survive to the Presew& d&fj -
unless %k@j leave behind relics.

o While they are thus excluded from making up the
present dark matter, light evaporating PBHs have been
studied as a mechanism to produ&e particle DM, to
address b&rvagev\esis or as a source of gravitational
waves, recently also in the context of the memory

burden effect,



Memwor ™ Burdened TRH

o For these amatvses, our constraints prov&o&e &mgor%am&
Limits for the available parameter space. In fogr&a:umr,

for k=1, PBHs have to be Lighter thanM, = 10"g in
order to avoid cosmological constraints and
evaporate before the onset of BBN.

o Observational Limiks on bthe bensor-to-scalar rakio
imply that TBHs, which form from demsi&v fHuctuations

seeded b:j inflation, have a mass of ok least ~ 1 g,



Memor ™ Burdened PRH

o Together with our results, this imposes a bound of

kS 3 i order to have nfuii.j evaporating ¥BHs that are
not strongly constrained by BBN, although the precise

bound will depend on the value of 7 and the
accretion of the black hole after horizon formation.
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