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A simple but fine-tuned process...
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A simple but fine-tuned process...

For Gaussian perturbations,
the density of PBH depends

exponentially on the threshold (Scr)
and fluctuation amplitude :

form / 5gr
B = PPBH _ erfc( Ocr ) ~ 2vP e 2Ps
Pcr V Ps 7T 5cr

PBHs do not have the same mass

Double fine-tuning problem!




...linked to the QCD epoch

From known thermal history:

® Chandrasekhar mass ~ Horizon mass
at QCD epoch

® Change 1n the number of relativistic
degrees of freedom

® Equation of state reduction
® (Critical threshold is reduced
® Formation of (sub)solar-mass PBHs 1s boosted

Byrnes, Hindmarsh, Young, Hawkins, 1801.06138
Carr, S.C., Garcia-Bellido, Kilhnel, 1906.08217



...linked to the QCD epoch

Carr+, 1906.08217

From known thermal history: 1 0. = 0.965
? ns =097
® Chandrasekhar mass ~ Horizon mass 0.100-. . = 0.975
| fom=1
at QCD .epoch - 0010/ s | DM
® Change in the number of relativistic f z g -
PBH - -y -
degrees of freedom 0.001| -~
® Equation of state reduction [ |
® Critical threshold is reduced
® Formation of (sub)solar-mass PBHs 1s boosted 107}
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Continuous waves from planetarv-mass PBHs
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Boosted GW background from subsolar PBHs

Gravitational-wave background from early PBH binaries:

PTA’s LISA Ground-based
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Boosted GW background from subsolar PBHs

Gravitational-wave background from early PBH binaries:

Ground-based

1077 v | i
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_ — stellar BHs + neutron stars
EinStein Telescope
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f (Hz) [E. Bagui, SC, 2021]

10



Boosted GW background from subsolar PBHs

Gravitational-wave background from early PBH binaries:

Ground-based

107 | i
3 PBHs ... g
1078
\,
N el S
G 1072
_ — stellar BHs + neutrons>
EinStein Telescope
10—10
5 10 50 100 500
f (Hz) [E. Bagui, SC, 2021]

Well above stellar BH predictions due to solar-mass + planetary-mass binaries
At the limit of being detected by LIGO/Virgo !



Subsolar black hole mergers

In O2 data, Phukon, SC, et al, 2105.11449

TABLE I. The candidates of the search with a SNR > 8 and a FAR < 2yr~'. We report here the FAR, In £, the UCT time of
the event (date and hours), template parameters that pick the events and the associated SNRs.

FAR [yr '] InZL UTC time mass 1 [Mg] fmass 2 [My] | spinlz  spin2z Network SNR. H1 SNR L1 SNR
0.1674 8.457 2017-03-15 15:51:30 3.062 0.9281 0.08294 -0.09841 3.027 8.027 -
0.2193 8.2 2017-07-10 17:52:43 2.106 0.2759 0.08703  0.0753 8.157 - 8.157

0.4134 7.985 2017-04-01 01:43:34 4.897 0.7795 -0.00488 -0.04856 3.072 6.319 0.939
1.2148 6.089 2017-03-08 07:07:18 2.257 0.6997 -0.03655 -0.04473 8.935 6.321 5.736
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Subsolar black hole mergers

In O2 data, Phukon, SC, et al, 2105.11449

TABLE I. The candidates of the search with a SNR > 8 and a FAR < 2yr~'. We report here the FAR, In £, the UCT time of
the cvent (date and hours), template paramcters that pick the events and the associated SNRs.

FAR [yr '] InZL UTC time mass 1 [Mg] fmass 2 [My] | spinlz  spin2z Network SNR. H1 SNR L1 SNR
0.1674 8.457 2017-03-15 15:51:30 3.062 0.9281 0.08294 -0.09841 3.927 8.027 -
0.2193 8.2 2017-07-10 17:52:43 2.106 0.2759 0.08703  0.0753 8.157 - 8.157

0.4134 7.985 2017-04-01 01:43:34 4.897 0.7795 -0.05488 -0.04856 3.072 6.319 0.939
1.2148 6.089 2017-03-08 07:07:18 2.257 0.6997 -0.03655 -0.04473 8.935 6.321 0.736

Noise or tip of the iceberg ?

11



Subsolar black hole mergers
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Subsolar black hole mergers
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Subsolar black hole mergers

100 T 1 LB B | I 1 l\l LI l-lﬂ:
\
- A Union
JLA
\ ©~
<
/){/9
—1 W -
- 10 %,
: Y
S
104 -
10~1 10" 10*

m (Mz)

JpBH

10" ¢

102

’.
Ll
B
o
....
Y
L J
-

10 }

...
-
...
L
]
...
.,
...
-,
o
L™
L
L
L™
-

T I I I I

...... —-—- 0O2pub.
------ Ol 3
-------- GstLAL-O3a
---- MBTA-0O3a
— PyCBC-03;

-
~
.s.
~.
-~
.
-~
‘.s
.-..

— “»
- .
[ ey
— -
S i,
" .
] .,
“ "
"
-— . .,
-~ ...
B

S
S
~—
— .
— - L -
e o
- - L)

~~~ -
—
S

| | | | | |
0.4 0.5 0.6 0.7 0.8 0.9 1.0

mppi (M)



GW background from density perturbations
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GW background from density perturbations
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GW background from density perturbations
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