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Introduction

e GW from black hole mergers have been measured by LIGO/VIRGO.

e Depending on their mass, black holes can also produce SM particles
through Hawking radiation.

e Because the GW and EM signals are uniquely dependent on black
hole parameters mass and spin, being able to measure both would
provide valuable information about the black holes.

S. J. Clark (steven_j_clark@brown.edu) Correlating G-Wave and -ray Signals Feb 24, 2022 2



Introduction

e Unfortunately, it is hard to measure the Hawking radiation and GW
from merger events (Don't fall in the same observational window).

e Is there a mass range where it is possible to measure both GW and
EM signals?

o If there is, what can we do with it?
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BH Mass Range

For Hawking radiation, the most ideal mass range is easy to find.

e We want the most brightest BH that are still around today.

014—16

This corresponds to Mgy ~ 1 g.

Also, from EGB and CMB experiments, we know that the maximum
observable monochromatic BH (fgg = 1) is Mgy ~ 10'7 g.

— 101417

Therefore, our search range is Mg g, i.e. asteroid mass.

S. J. Clark (steven_j_clark@brown.edu) Correlating G-Wave and -ray Signals Feb 24, 2022 4



Producing PBH and GW

e These masses correspond to Hawking temperatures around 0.1 — 100
MeV and will be measured by upcoming Gamma-ray detectors.

e This mass range cannot be produced by stellar collapse and falls
under the name Primordial Black Holes (PBHs).

e Mergers of PBHs in this range cannot give a sizable GW signal.
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Producing PBH and GW

These masses correspond to Hawking temperatures around 0.1 — 100
MeV and will be measured by upcoming Gamma-ray detectors.

e This mass range cannot be produced by stellar collapse and falls
under the name Primordial Black Holes (PBHs).

Mergers of PBHs in this range cannot give a sizable GW signal.

Remarkably, there is another source of GW!
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Producing PBH and GW

e Many theories predict the formation of PBHs through the gravitation
collapse of order 1 density fluctuations. (2108.12475)

e These large density fluctuations also source GW. (1804.08577)

e Combining the two together, we can gain insight into the PBH
production method.
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Density Perturbations

We consider the large curvature perturbations as either

o Delta: P, 45(k) = Asd <log (%))
e Log-Normal: P:(k) = 2~ exp (_M)

V2no? 20
0.0025F ~ 2.5, LogjyA: =2.0, ky: l()li‘l\lp('l : 2.5, LoggA: 1.9, ky: 10" Mpe
a2 3.0, Log;yA: =2.0, ky: 10°Mpe™! 0, ky: 5x10""Mpe

0.0020 1 107

0.0015
2 = 107
< o
< g
a =

0.0010 1 10-15

1072,
10 10'% 10'¢ 10'7 101 1015 10%0 10'7 10% 10"
k [Mpc™! BH mass [g]

S. J. Clark (steven_j_clark@brown.edu) Correlating G-Wave and -ray Signals Feb 24, 2022



EM and GW Signals

7
Galactic Center, |Rj<5 k=510 Mpe, ~2.706zLogAs2-2.664 v
0.001 Vo
G-function ky4=5x101% Mpe, ~28565Logy,As-2.820 1079 /
10° Mpe™, ~2754sLogy Ay=-2.609 \
COMPT
1074 10-19)
10 2 107 N
g AN
G Lisa 3 N/
1079 10-12 4
107 10713 ‘
10
0.1 1 10 100 1000 107 0001 0.010  0.100 1 10 100
£y (MeV] fow [Hz)
0.001} Galactic Center, [Ri<5 ! 5705 Lo 4 )

10 Mpe

Log-normal,

Az-1

—1.850<Logy A<-1.843

1074|
10°7)
10°°)
1077)
0
0.1 1 10 100 1000 107 0001 0010  0.100 1 10 100
E, [MeV] Jaw [Hz]

clark@brown.edu

Clark (steven

Correlating G-Wave an

ray Signals

eb 24, 2022



Example Models
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Model I

e High sensitivity to A and strong anti-correlation between the two
data-sets permit a high precision determination of curvature

parameters.

o Measurement with BBO can lead to further confidence in model.
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Model Il

e Because the EM signal is so sensitive to A, the associated region can
vary greatly while the GW doesn't.

T
o3
Ky 3x 104

log,,A: -1.820, -

k, [Mpc™]

S. J. Clark (steven_j_clark@brown.edu)

Correlating G-Wave and

o3
ky: 3x10M

log,gA: ~1.820
2.1

2 f T
2 [ =2
x [ x
a [ S, totar a
K — 10" -=-10" N
c% 3x10" 4x104 —= 107! --- 1073 Lg‘ 2.7 2.8 2.9 3.0 3.1 32 3.3
g = S
= h — LISA
o, total — BBO
—— LISA | —10° -=-102 ~— e~ASTROGAM
~ BBO 107! -- 107
~— e-ASTROGAM 10 10
| I L L
10 10'% 2.5 3.0 1.0 4.

Feb 24, 2022




Model |

e Capable of obtaining fppy = 1.

e Individually, each experiment has poor confinement of parameters as
large degenerate parameter spaces are found. (Note that most of
these degenerate regions should be ruled out by other measurements.)
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e The measurement of Hawking radiation from asteroid mass black
holes produced by density perturbations can be correlated with the
predicted GW signal from the density perturbations to lead to a
smoking gun signal in order to distinguish them from other sources.

e Performing this correlation will allow for precise measurement of the
Primordial Matter Spectrum at high k.

e Much more work needs to be done, particularly on theory leading to
the generation of PBHSs in order to be confident in the results.
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Thank You!
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