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Many GW efforts to detect PBHs focus

on “sub-solar mass” regime, O(0.1 M 100.0% S
—=— 01-02
H GWs from PBHs with T oros
owever, s from s with masses — 01-02 HMR: m; =~ 37TM

10-7 - 10-3/M o have not been searched for

Matched filtering in this mass range 1s
extremely computationally challenging

Signal for binaries in this mass range

resemble continuous waves, since these 01 02 03 04 05 06 07 08 09 1.0
systems will mspiral for a very long time Primordial Black Hole Mass [M¢]
and spin up very slowly Nitz & Wang: Phys.Rev.Lett. 127 (2021) 15, 151101.

LLVK: Phys.Rev.Lett. 129 (2022) 6, 061104
LVK: arXiv: 2212.01477



(Quasi-monochromatic, persistent signals, subject
to Doppler modulations

The longer we can observe for, the more sensitive
we are to these kinds of signals

A completely new GW signal type: first detection

will be another major milestone

We can keep observing continuous-wave (CW)
sources!

So many sources, and so many algorithms not
based on matched filtering!
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Four pipelines used

A FrequencyHough
+  SkyHough
e TD Fstat

These limits represent the %" L] sw
minimum detectable amplitude A

as a function of gravitational-wave
frequency, at 95% confidence
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They are generic, in the sense that
they can be interpreted to be for
any system that follows a linear
frequency evolution over time

GW frequency [Hz]
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All-sky continuous-wave upper limits give
ho(f) averaged over all sky positions

Searches specify a maximum spin-up,
consider systems with linear frequency
evolutions

There could be binary systems with very
small masses (PBHs) that are inspiraling
and “chirping” linearly

Reinterpret upper limits for chosen chirp

masses

fgw <2x 107 Hz/s
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Chirp mass determines spin-up

Search ranges for spin-up and
frequency restrict which upper
limits we can include here
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1: how long binary spends 1n the band
R: rate
Ny, : number of detected binaries (< 1)




CW limits h>*(f) = d>"

Only allow linear frequency
evolution: f(t) = f, + f(t — t,)
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Maximum f searched over [~ 1uHz/s)
—> fixed ranges for A, f
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Distance & no detection — > rates

Constarints shown for asymmetric

mass ratio binaries, m; = 2.5M

LVK: Phys.Rev.D 106 (2022) 10, 102008; arXiv:2201.00697



All-sky searches provide decent upper himits, but they are not the
optimal way to search for inspiraling PBHs

In fact, inspiraling compact objects with chirp masses <@(10_3)M®
would exhibit power-law frequency evolutions over time

Methods to detect “transient” continuous waves, such as those used to
search for a remnant of GW170817/, can be tuned to search for

ispiraling PBHs

Note that searches/methods do not assume PBHs exast



~[10-7 - 10-3] M o give rise to signals that
are long lasting, compared to those

detected from O(M ) black holes

The evolution of these binaries can be
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described as quasi-Newtonian circular
orbits

Techniques used in GW data analysis
for quasi-monochromatic or power-law
signals can also be applied to detect

PBHs
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Attempt to detect power-law
signals that slowly “chirp”™ in time
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plane to hines [7,11
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Generalization of method to
search for i1solated neutron
stars

Output: two-dimensional
histogram in the frequency/
chirp mass plane of the
source
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Current CW search results limited
— > designed new method to search

for ight PBHs that tracks the

“chirp” inspiral

Projected constraints on equal-
mass PBHs. for monochromatic and
thermal mass functions (solid and
dashed lines, respectively)
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CW limits can be mapped to constraints on rates as a function of
chirp mass for imspiraling systems, without any model assumptions

When assuming particular models for PBH formation rates, these
limits can be translated to the fraction of dark matter that PBHs
compose, for both equal-mass and asymmetric-mass ratio binaries

IFuture observing runs, especially Einstein Telescope, can probe

physical values for the fraction of dark matter at planet and asteroid
Masses



Multi-Messenger CW Workshop

> 11-13 July 2023, Amsterdam

> Registration 1s open!
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> https:/indico.nikhef.nl/e/mmew
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https://indico.nikhef.nl/e/mmcw




L.ow spins of LLIGO/Virgo black hole

mergers, and merging rate inferences
have revived the mterest in PBHs

Black holes that formed 1n the early
universe can take on a wide range of
masses depending on when they
formed

Could be linked to Dark Matter
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Asteroid-mass region not well
constrained
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L.imits based on uniform
distribution of PBHs, while GWs
could probe clusters of PBHs

Microlensing
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Constraints can be evaded 1n
particular PBH formation
models, e.g. if PBHs form

clusters
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Wide range of masses Mpgy [M)
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PBH Formation

> Could have formed in early universe which contained
inhomogenities that stopped too dense regions from
expanding, causing collapses

> Quantum fluctuations in various inflation theories

> A binary could form it two PBHs form independently but

are kept from merging by the gravitational pull of other
nearby PBH

> Binaries would take age of the universe to merge

> Also, formation could occur through capture in a PBH halo

> Many more....
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For chosen chirp masses, compute
the distance reach at each frequency
in the upper limit

Irequencies > ~250 Hz give rise to
signals with spin-ups greater than
the maximum allowed by the search

lypically, at a fixed chirp mass,

higher frequencies —larger distance chirp mass (Mo)
reach
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T'1s the ime that a binary system
would spend n a frequency range f to

f+ of, where 6f = f.o.. Tops;
I'= max(AT,T,)

To obtain constraints, sum over
bimaries present at each frequency,
and demand that the total number of
binaries observed 1s less than one
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Can derive model-independent
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=
o
(o)}

Constraints are made on effective

=
o
Ul

parameter f that equals Joon fOT @

|
o
>

-
>
T
O
O
V4
)
.
(V)
L
(@)
=
(@)
et
)
&

monochromatic mass function

Assume rate model from G.

Hutsi+ (2021) & Raidal (2019)
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