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PBH parameter space
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Resulting GW spectra today

GW energy density
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Conclusions

Next generation GW observatories may indirectly PBHs in the early universe

These observatories will indirectly detect long-lived black holes in almost
the entire allowed parameter space (depending on the primordial curvature

perturbation shape)

Black hole parameter ﬁ Primordial curvature
space perturbation

parameter space

Existing bounds from BBN, EGB, etc. (current observational bounds on long
lived black holes) can be used to indirectly bound the parameter space of
primordial curvature perturbations

We can also probe primordial perturbations at small scales and high
amplitude, because of the induced black hole dominated era.
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Primordial Black Hole Formation

We work in the Press-Schechter formalism — PBHs are formed when the
density contrast exceeds a certain threshold (various papers have
calculated this numerically)

Black Hole Mass Function A7

2.5 -3
—— Monochromatic Plk) = A exp (_logz(k/k*)) mpyg X ?prr»,*H*
—_— =1 V2ro? 202
2.0 1 o=2
b C
B o< AErfc | —
| 15 VA
=k
Sl _
1.0 A monochromatic curvature

perturbation with A=0.01

/ gives an abundance of 8 =4 x 10
0.5 1

0.0 : , ,
100 10!




Evolution of the source term
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Second order perturbation
theory
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Nonlinearities from MD era

Since matter density perturbations grow with the scale factor, in a long
enough MD era, they will eventually become non-linear, what happens
then?

o Possible clustering effects, PBHs form halos and transfer power to
smaller scales?

In our results, we apply a conservative estimate: apply a cutoff to the source
when the matter perturbations become nonlinear.
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Additional Sources of GWs

o Mergers
o Hawking radiation 107
o Rapid reheating from black hole 107
dominated —> radiation dominated 10-13
RS
% 10-16
G

We don't take into account the mergers +
Hawking radiation, as the scales are too
small to appear in our reaches.

Rapid reheating also requires a very narrow
mass function, so we don't consider this case
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