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Introduction

Formed in the early universe when the density fluctuations of high amplitude (6 > d.)
_ _ 4 —1,3
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re-enter the Hubble horizon at post-inflationary epochs and collapse gravitationally.
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Introduction

Formed in the early universe when the density fluctuations of high amplitude (6 > d.)
re-enter the Hubble horizon at post-inflationary epochs and collapse gravitationally.
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o Nonrelativistic and collisionless: Can be a significant component of DM.
e GW experiments (LIGO, VIRGO, LISA etc.) will look at more binary black hole
events: M > Mg stellar black holes are rare = Massive PBH?

e A tool to probe the epoch from the time the smaller scales (k > k&iig) exit
inflationary horizon - - - BBN.
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e GW experiments (LIGO, VIRGO, LISA etc.) will look at more binary black hole
events: M > Mg stellar black holes are rare = Massive PBH?

e A tool to probe the epoch from the time the smaller scales (k > k&iig) exit

inflationary horizon - - - BBN.

L]
e The effect of a modified evolution during stiff~domination 1/3 < w < 1 on PBH
formation.
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PBH in a stiff-domination
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PBH in a stiff-domination
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PBH Abundance: Relevant Quantities

e Critical density contrast: §. = ?’éi‘gzg sin? (f@)

e Fraction of the Horizon mass going into PBH: v = 0.2
e Mass fraction: )
C
B(M) = L Srmmin T g = erte

f Ce
Ce \/ﬂaum V2o (M)
G = $12s.

o(M): variance of density contrast.

e Abundance: Fraction of PBH of a particular mass M as DM: fppu (M) = 2eu(M)

Qedm

critical value of curvature perturbation.

e Total abundance: Fraction of total PBH as DM:
fltp%tH = gPBH = ffPBH dlnM

cdm
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Dynamics of PBH formation

Energy density during a single additional pre-BBN epoch:
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PBH of mass M is formed at temperature T'. At formation, 22BE() — 4 g( ).
PT
(TN ([ gs(T)\ (T \*" ([ T0\ [ Qnh?
M) = M =
feon(31) =y ( L) (L) (1) 7 (L) (St
o5u = [ feeu(M)dIn M.
e Gain over PBH formation at radiation domination:
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Results: Analysis with different power spectra

better understanding of the gain due to w > 1/3

e 2. Broken Power Law:

k ng—1 k m
P:(k) = As|— I+ Bl — k < kp,
ko kp
k ng—1 k —n
I P E>k
(k) i (k) =
ng—1 2
e 3. Gaussian Power Spectrum: P (k) = A, (ki) + P, exp {* (Nk;i]zvp)}
* =)

e 2 and 3 are theoretically motivated, e.g. Hybrid inflation leads to power 3.
e Analysis done for k, ~ 10°Mpc=" (near solar mass PBH) and k&, ~ 10" Mpc "
(frequency corresponds to LISA; M ~ 107 '9Mg where fi%y = 1 still allowed).
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Power spectra
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PBH Mass Spectra
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PBH Mass Spectra
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for comparison, check 1812.11011
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PBH Total Abundance
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Gravitational Waves

* Modified evolution of the background affects the evolution of the modes that enter
during w-domination — modifies the source-free GW ( 1st order in perturbation).

0 Guk .0 43 (o o\ 2 2 (a+ 1/2)
Q() k) = rad x,k s,C in 2(1—a)
GW( ) 1272 Js .k Js.k 22(1704)06204:‘2(3/2) W(H)Fi

Mpy

and Kk =

_ 2
where a = 5= k(T1) — f(T1)°
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Second order GW

e 1st order scalar perturbations are source for 2nd order tensor perturbations.
» Difference between sourced GW in radiation epoch and kination w = 1 epoch: first

order scalar transfer functions ®(p,n) = W second order tensor transfer

1/2
functions t(k,n) = (@) ( Feq )aeq; evolution of source S ~ a~®.
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Summary

e Early stiff domination 1/3 < w < 1 can lower the requirement for power necessary

for PBH formation with fair abundance. Interesting to further speculate how exactly
the inflation model parameters accommodate these changes.
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Summary

e Early stiff domination 1/3 < w < 1 can lower the requirement for power necessary
for PBH formation with fair abundance. Interesting to further speculate how exactly
the inflation model parameters accommodate these changes.

e GW in this epoch can be large: order 1 depends on Hins and T7; order 2 depends on
the scalar perturbation: extremely relevant for scenarios that lead to PBH formation.
GW amplitude for both orders are quite large: LISA can be key to understand
smaller scales of inflation and pre-BBN cosmology.
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Summary

e Early stiff domination 1/3 < w < 1 can lower the requirement for power necessary
for PBH formation with fair abundance. Interesting to further speculate how exactly
the inflation model parameters accommodate these changes.

e GW in this epoch can be large: order 1 depends on Hins and T7; order 2 depends on
the scalar perturbation: extremely relevant for scenarios that lead to PBH formation.
GW amplitude for both orders are quite large: LISA can be key to understand
smaller scales of inflation and pre-BBN cosmology.

o If PBH production takes place during the additional w-dominated epoch AND during
radiation domination, then the mass spectra and fi%y will be different. Interesting
to find the full mass spectrum and corresponding second order GW for different w.

e Spins of PBH formed in this epoch.
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