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Evidences

@ neutral

@ weakly interacting
@ right relic density

Candidates

@ Axions

@ Sterile neutrinos
e WIMPs
@ Primordial Black Holes (PBHs)
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Primordial Black Holes

Definition
A PBH is a type of black hole that is not formed by the gravitational

collapse of a star, but by the extreme density of matter present during the
Universe's early expansion.

PBHs properties
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Press-Schechter Formalism

The Press-Schechter formalism is a
model for predicting the number density
of bound objects of a certain mass.

= [ " (G M(R))

v=w3/2~02
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Press-Schechter Formalism

The Press-Schechter formalism is a
model for predicting the number density
of bound objects of a certain mass.

v=w32~0.2
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2
Gaussian PDF: Pg(¢; R) = m exp <—%)
fo = Lerfc (gh / 2a§(R))
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Press-Schechter Formalism

The Press-Schechter formalism is a
model for predicting the number density
of bound objects of a certain mass.

v=w32~0.2

/

2
Gaussian PDF: Pg(¢; R) = m exp <—%)
fo = Lerfc (gh / 2a§(R))

non-Gaussian: Pnxg((; R) = exp <_
(R)) 0g(R)

fiua = erfc (1/C,, + 02(R)/\/202(R))

E. Erfani (IASBS) PBHs from Particle Production during Inflatic 21 July 2017 4 /11



f(> M) diagram for the mass range 10° — 10* g
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Result

Ns(kppy) > 1.418 = Pr~2x 1072 for Gaussian PDF
Ns(kpyy) > 1322 = Pr~4x10"* for non-Gaussian PDF
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Inflation

Inflation parameters

k ns(k)—l
7D(,v.ac.(k) = P(,Vac.(kO) (0>
_ dInPg vae (K)

ns(ko) —1=

dlInk
_ Puk) _ 2 (H) (k"
= P2 () (i
Be(k1, ko, k3) = fNLF (k1, ko, k3)

Observation

In(10°P¢, vac. (ko)) = 3.094 & 0.034 ko = 0.05 Mpc~!
ng = 0.9645 + 0.0049

r.002 < 0.10  (95%CL)

faL = 22.7+25.5
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PBHs formation from Particle Production

direct or gravitational coupling of the inflaton (¢) to another field (x)
1 1
£(9, X) = ~50u90"6 — V(9) = 50ux 0" — U(X) + Lie(6,%)

The equations of motion for the<nﬂaton field:

2_ - 1'2
= 3M1% 2¢ + V(¢)+Px)

- : ALin
b+3HO+V/(9) = 5~

The inflaton fluctuations satisfy
2

8§ +3H8p — %&b T V($) 86 =5 (%)
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1 1
£(9, X) = ~50u90"6 — V(9) = 50ux 0" — U(X) + Lie(6,%)

The equations of motion for the<nﬂaton field:

2_ - 1'2
= 3M1% 2¢ + V(¢)+Px)

- : ALin
b+3HO+V/(9) = 5~

The inflaton fluctuations satisfy
2

8§ +3H8p — %&b T V($) 86 =5 (%)

PC(k) = PC, vac.(k) + PC, src.(k)

7Dt(k) — Pt,vac.(k) + Pt,src.(k)
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Gauge Production

1 & 3
ot = —=F F" — — o F, F
Ling 4+ 4f J
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Gauge Production

1 & 3
ot = —=F F" — — o F, F
Lint 4+ 4f

direct coupling
Pr = P vac. (1+7.5 X 107° € Pr, vae X°)

14 2.2 x 107" Py vac, X2

~16
T I 75 X 105 2P, o X2

fl\c}(ﬁug ~ 4.4 x 10103 Pg’, vac. 3¢

where
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Result
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Scalar Production

2

Lun(d: %) = =5 (6= 60)° X

2
Pewo () ~ AkPe™E (%)
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Conclusions

@ The fluctuation which arise at inflation are the most likely source of
PBHs.

@ The spectral index at scale of PBHs formation should be at least
1.418 (1.322) for Gaussian (non-Gaussian) PDF.

@ The most stringent constraints on the gauge production parameter is
derived from the non-production of DM PBHs at the end of inflation
and the bounds from the bispectrum and the tensor-to-scalar ratio are
weaker.

@ In the scenario where the inflaton field coupled to a scalar field, the
model is free of DM PBHs overproduction in the CMB observational
range if the amplitude of the generated bump in the scalar power
spectrum, A is less than 4 x 10~4.
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Afterglow Light
Pattern
380,000 yrs.

Inflation

Quantt
Fluctuations
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Dark Energy

Accelerated Expansion

Dark Ages Development of
Galaxies, Planets, etc.

1st Stars
about 400 million yrs.
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