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Overview

@ Ultra low mass PBHs and isocurvature peturbations

© Induced stochastic gravitational wave background (ISGWB)

© Summary
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Ultra low mass PBHs
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Ultra low mass PBHs
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Adiabatic perturbations from two contributions

-2
Pepu(k, ) = & <ﬁ) <5 + %%)

@ Poisson Distribution of PBHs 1/3A1/3
@ Cutoff for scales bellow PBH mean kuv =1 B ke

distance [Papanikolaou et al (2021),
© Finite duration of PBH domination Domenech et al (2021)]

(Non-linearity bound) i
Pinﬁ(ka 7—r) = As (kip) 9H(km - k)

O(k, 7r) = Pina(k, /) + Ppu(k, 7r)
P(k,1r) = Pina(k, ) + Ppeu(k, )
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Induced stochastic gravitational wave background (ISGWB)
h(T) + 2Hh(7) + k?h(T) = 45¢(7) [Matarrese et al (1998)]

Dependence on kernel 1(u,v,x)

v v2i— vZ—y?)2 20—
Qaw(n, k) = & (£)° J° dv [+ du (2B 2y, 0, ) Pr (kv)Pr (ku)
[ Ananda et al(2006), Baumann et al (2007), Kohri et al (2018) .. ]

I(u,v,x,x;) = lerp + lemp + Irp =~ Irp(u, v, x, x;) f iR a(x)f (u, v, %, x)kG(X, x)

[Inomata et al (2019)][NB, R. K. Jain (2021)] [Domeénech et al (2021)]

f(u,v,X,x;) = g [()_( — X, /2)0xT (ux, ux,)((X — x,/2)05T (vX, vx;)

+T(vx, vx )+ T (ux, ux, ) (X — x,/2)05T (vX, vx,) + 3T (vx, vx.))

x = nk xr = Nk H =aH
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Two resonant peaks of ISGWB
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Two resonant peaks of ISGWB

1.0
0.8]
0.6| — k= kg X107
= — k= ke X107
Y "
X — K= Knax X 10
<
= 0.2]
0.0]
-0.2) For ;=10 Knay
-0.4b L L L
0.01 10 10 10

N Krax

Qawh?

10
10
1071
1072
107
1071
10

10710

10712 s

107

0716

102

AL B R R R R B B R B B R A AL R

ol sl ol ool v sl

o voond cound ool v vowed oo o vend voned vowed ol v o el vl 1

1071 10 10°¢ 104 0.01 1 100 10*
/IHz]

— Mpgy=10" g
B=1.0x10"*

— Mppy=10° g
B=2.5x10"

— Mppy=10%g
B=32x107

— Mppy=10° g
B=3.2x107

— Mppy=10°g
Br=4.8x10"

— Mppy=10" g
B=4.8x107

— Mppy=10% g
By=4.8x10710

8/24



Detection Probability
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Summary of Results

@ Ultra-low mass PBHs can dominate the universe before BBN and contribute to
isocurvature perturbations.

@ Such an early PBH dominated universe leads to an uniquely shaped doubly peaked
ISGWB spectrum; one peak from the inflationary adiabatic and another from isocurvature
induced adiabatic scalar modes.

@ The detection or non-detection of these peaks would act as a probe of such a reheating
history.

@ The BBN and CMB bounds on the ISGWB constrain the parameter space for PBHs and
also for scenarios, like PBH induced Baryogenesis, dark radiation or dark matter relic
abundance from PBHs.

Thank You
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Testing the PBH induced Baryogenesis
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Work in progress: Initial PBH spin
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Effects of reheating for PBH forming infltionary models

We assume reheating phase with a constant equation of state w,ep, and duration N,ep,.
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Effects of reheating for PBH forming infltionary models

We assume reheating phase with a constant equation of state w,ep, and duration N,ep,.
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ISGWB for different reheating histories
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Scalar transfer function Tx(n) 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

16 /24



Isocurvature Perturbation
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Analytical form of ISGWB for inflationary adiabatic perturbation

3x 1077355 150xmat’ < x < 1
QGW(TOa k) ~ 6.6 x 10_7Xfxr?13x I Xr 5 Xr?ﬂ/a?( (1)
A2cg Q0 |3 x1077x/ x,i/a?( <x < T{/gxmax ’
2 Xr 2
C(k) 1+\/§ S Xmax ﬁ
where
X 2ns—2
C(k) = 0.00638 x 272m~13 3ns xT o, ( d ) X
Xmax
3 5 s2 1 3 82 1 3 s?
<—5§2F1(2, —ng; = =) +42h1(5,1 - ns; 5 go) = 32R(5, —nsi o §)> )

18/24



Analytical form for isocurvature induced adiabatic contribution to ISGWB

where,

and

QGW(TO;k) = Cg r,0 j/

Qr,O jgso
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Inflationary adiabatic and isocurvature-induced adiabatic perturbation

k < keq

ke \ 2 ’
<kq> k> keq

135 [ koo \* 7 2 k
CDZE/I\]/DT(I( > keq; a> aeq) ~ T6 <kq> <|n4 - 5 + Ve + In (\/;k))
eq

[KODAMA, SASAKI (1987). International Journal of Modern Physics A, 02(02), 491-560.]

Cbg{vsﬂg(k; a> acq) ~

AW G~
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Induced Stochastic Gravitational Wave Background (ISGWB)
(1) + 21 b (7) + K hi(7) = 45¢(T)

d3q 4 _ _
Sk = / W e;(k)aiqj [2¢q¢k—q + m(ﬁ oL+ D) (H T + (Dk—CI)}

Qew(T, k) < ) / dv/1+v <4V2 _ (144:“‘//2 _ u2)2>2

x 135 (v, u, x)Pr(kv)Pr(ku)

Irp(u,v,x) = [y dx a (u,v,x)kG(X,x)
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Transfer function in RD in presence of eMD
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Background expansion

2 or
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Two Peaks of ISGWB
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