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Plan of the talk

- NANOGrav 12.5 yr signal consistent with the PBH
scenario. If so, PBHs may comprise the totality of
the dark matter

In collaboration with V. De Luca, G. Franciolini, PRL (2021)



Motivation

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern




Black Holes

Astrophysical BHs forms from the gravitational collapse of a star. We
know they exist. Their mass must be above the Chandrasekhar limit,

M > O(1) Mg

PBHs are formed in the early universe. Their mass can be small and
they can still be around as long as they do not evaporate within the age
of the universe

M > 107" Mg
Can PBHs account for some of the LIGO/Virgo events?
How to distinguish PBHs from astrophysical BHs?

Can PBHs be the dark matter?



PBHSs

Primordial black holes can compose
all the dark matter (or a fraction of it)

fPBH — QPBH/QDM
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PBHs may be originated from
peaks of the density contrast
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PBHs are rare events, tail of the distribution

One possible mechanism: large fluctuations from inflation



Ultra-slow-roll during inflation

non-attractor
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PBHs are originated from
peaks of the density contrast
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In fact, many non-Gaussian effects
in the threshold and in the non-linear mapping going from
the inflaton fluctuations to the curvature perturbation and to the density contrast

Musco et al. (2020), Biagetti et al. (2021)



GWSs from PBHs

The same curvature perturbations giving rise to PBHs are
unavoidably a source for GWs at second-order in perturbation theory
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Potentially observable at current and future GW observatories

.




GWSs from PBHs at second-order

Emission takes place near Hubble crossing time
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GW abundance
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GW Power Spectrum

Power spectrum of GWs: -~ \C
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At second order in comoving curvature perturbation,
after averaging over the fast oscillating pieces
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Jesu(M)

The PBH dark matter-LISA serendipity
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Nano-Grav 12.5 year

Cross-correlation of h2
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Nano-Grav 12.5 year

Strong evidence for a stochastic
common process across 45 pulsars
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Possible flat spectrum with amplitude
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Nano-Grav 12.5 year

Strong evidence for a stochastic
common process across 45 pulsars
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Possible flat spectrum with amplitude ~ Q(f) ~ 5 - 10— 1Y



Nano-Grav 12.5 year

Non-conclusive evidence for quadrupolar
Hellings-Downs (HD) correlation pattern (GW footprint)

x 1030

5.0

254 ;1
3 ﬂ M T% - 4—}-4“
= 0.0 _ __T_, -="
(q: E
== == HD
—2.5 7 NG12 Monopole
| l l
0 45 90 135 180

Need to wait for more data (two years on)



Can be consistent with a PBH = DM scenario
f[Hz]
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From flat curvature power spectrum

Pe(k) = AcO(ks — k)O(k — ki) ks > ki

PBH mass peaked at the shortest scale
De Luca et al. PRL (2021)



Can be consistent with a PBH = DM scenario

MPBH [MG]
10° 1073 106 109 102 105 1078 102

T L UL LR LR LR LR LR L T T W T T T WY LU L LR L T
1
)

10-0F

’ /
/
- f {
C / I,’
E ’ 4 ’
= | PPTA M100 /
10—8 E / ,/ [ aLIGO,I,
E ’ 4 s
. NANOGrav12.5/ | o \ 7 /
- ’
y \ % \ / /
5 III ‘\sf”' '. f \\5_" III
E ¥/ /
L S J
7 ’ 1 2
/ / i )
/! 4
1

|||||J\Trum| Lo

% 10-0F ]
: y E
S SKA / \ CE, E
10—12 = .FT //,/ .
1014 ]

10_16:“"" vl v v vl v v vl v v v vl v 1 |

May be confirmed by LISA



fPBH

Can be consistent with the HSC event

Hyper-Supreme Camera searches for microlensing
of light from the Andromeda galaxy (M31)
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Sugiyama et al. (2020)



Conclusions

NANOGrav 12.5 yr signal consistent with the PBH scenario.

If so, PBHs may comprise the totality of the dark matter.



