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Overview

@ Efects of reheating on PBHs and SGWB
o If PBHs do not form during reheating
o If PBHs form during reheating

© SGWB signatures from ultra low mass PBHs dominated universe

@ Ultra low mass PBHs form during radiaion domination
@ Explaining the NANOGrav signal

© Ultra low mass PBHs form during reheating then dominates
@ Degeneracy with memory burden effect
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Inflationary model and scalar power spectra
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Primordial black holes and stochastic GW background
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Effects of reheating

We assume reheating phase with a constant equation of state w,e, and duration N,ep.
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Effects of reheating

We assume reheating phase with a constant equation of state w,e, and duration N,ep.
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Effects of an early Matter dominated (eMD) reheating on ISGWB

Dependence on kernel I(u,v,x)
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ISGWB for different reheating histories
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Formation of PBHs during reheating

@ PBH formation during reheating has not been studied very extensiely.
@ We follow Harada, Yoo and Kohri formalism [ Harada et al, arXiv:1309.4201 |
Q@ Mass: M=~y M,, 7=Wr3:e/2

© Abundance : .

ﬁ(M)zzerfc{\ﬁj;(M)},

2(1+wre)}2 ( k

Ps(k) = { 3w 3H)4 Pr(k).

o2(R) = /d In k Ps(k) W?(k R).
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Please also check Prof. L Sriramkumar’s talk for details.
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PBH formation and SGWB during w-domination
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PBH formation during reheating can explain NANOGrav data
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Ultra low mass PBHs form during radiaion domination
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Adiabatic perturbations from two contributions

3 2
Peu(k, 7r) = 5= (kULV) (5 + %%)

@ Poisson Distribution of PBHs
kuy =y~ Y38Y 3k

@ Cutoff for scales bellow PBH mean

distance [Papanikolaou et al (2021),
© Finite duration of PBH domination Domenech et al (2021)]
(Non-linearity bound) o1
Punn(k, ) = As (£)" Onlkn — K)

&(k, 1) = Gina(k, 7r) + PpH(k, )
P(k, ) = Pina(k, 7r) + Preu(k, /)
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Two poltergeistic peaks of ISGWB
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Two Peaks of ISGWB
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Detection prospects for ISGWB (SNR > 10 ) and CMB Complementarity
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Signatures in NANOGrav signal
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Bayesian analysis
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Ultra low mass PBHs form during reheating
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The resultant SGWB spectra from reheating and memory burden effect
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To break the degeneracy
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Summary

@ When there is a non-standard reheating phase, for a given inflationary model, PBH
formation and SGWB generation is altered even if PBHs form during RD.

@ PBH formation during reheating can explain NANOGrav 15 year data.

o Early ultra-low mass PBH-dominated universe leads to a uniquely shaped doubly peaked
ISGWB spectrum; one peak from the inflationary adiabatic and another from
isocurvature-induced adiabatic scalar modes.

@ The amplitude of the ISGWB peaks enables us to constrain the initial abundance of PBHs.

o If a broadly peaked inflationary scalar spectra leads to ultra-low mass PBH formation and
domination, it can also lead to resonant amplification of ISGWB just after PBH
evaporation and explain the NANOGrav signal.

@ The formation of ultra-low mass PBHs during non-stanadard reheating is degenerate with
the memory burden effect for PBH density fluctuation induced SGWB peak, but this
degeneracy is broken if we consider also the inflationary adiabatic peak.

Thank You
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Effects of eMD on the transfer function

The scalar transfer function in RD
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Scalar transfer function 7, (7) and Kernel I(u,v,x,x;)

Oscillating terms

Z=1I(u,v,x,xr) X (x — x/2)
T = I sin(x) + Z. cos(x) + 4 other terms

Oscillation avarage I'=lerp + lemp + IrD
g q)(k,’rr) = q)inﬂ(k,Tr)-i-(DpBH(k’Tr)

2= (12 + 12

N

Different k regiemes

Ts =~ Tss +| gy x} |+ other terms

Te ~ Tes +| Zgx? |+ other terms
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Isocurvature Perturbation
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Analytical form of ISGWB for inflationary adiabatic perturbation
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Analytical form for isocurvature induced adiabatic contribution to ISGWB

where,

and

QGW(TO;k) = Cg r,0 j/
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Inflationary adiabatic and isocurvature-induced adiabatic perturbation

k < keq

koo \ ’
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[KODAMA, SASAKI (1987). International Journal of Modern Physics A, 02(02), 491-560.]
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Computation of Mass function

Press Schechter Formalism
(Radiation dominated Epoch w=1/3 R=1/k = (aH)™1)
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Induced Stochastic GW Background (ISGWB)
he(T) + 2Hhi (1) + K> hie(T) = 45¢(7)

s d3 4 -1 -1
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Transfer function in RD in presence of eMD

T (7 )+4H77<(T)+ Tk( )=

s () +s0an ()]
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Resonant amplification of ISGWB
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Total efolds

In radiation dominated universe, a t1/2, Hox t™!and k = aH o< t71/2 o« HY/2 As
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