DM and Astroparticle
Physics

Panel members :
Pippa Cole (Milano-Bicocca) : Overview
Djuna Croon (Durham) : Astroparticle DM and GW
Ed Daw (Sheffield) : Axions
Ema Dimastrogiovanni (Groningen) : Stochastic GW from DM
Eugene Lim (KCL) : Coherent GW from DM



Coherent GW from ECO/DM
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Coherent GW from ECO/DM

Black hole VS ECO/Boson stars

Single dynamic scale Mgy Multiple scales M, m, ...

Lots of hair (equilibrium

i)
No hair! vs excited states)

BH horizon “protection”
from poor high
curvature dynamics

No horizon : need to resolve physics
at large curvature ranges

Initial conditions easy Initial conditions hard/unsolved
(Vacuum solutions!) (matter fields!)



Coherent GW from ECO/DM

What do we need?

Initial Conditions
for Binaries

Equilibrium? Excited?
GIGO!

Waveform
signal
modeling

Stable and precise
evolution

Multiple dynamic
scales, no horizon
(expensive!)

None so far. “IMRPhenom
for ECO/DM”



DM + GW

Background image from G. Bertone, DC, et al. Scipost, arXiv:1907.10610
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Mass scale of dark matter

(not to scale)

QCD axion WDM limit unitarity limit
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non-thermal dark sectors
bosonic fields sterile v
can be thermal Tongyan Lin

1. Dark matter that produces GWs

2. GWs from black hole mergers affected by
the presence of dark matter

Philippa Cole, University of Milano-Bicocca
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1. Dark matter that produces GWs

Axion-like particles

* Axions could decay or annihilate and produce
gravitational waves
m, ~ 1070 — 107" eV
* Frequency of GWs for annihilation vs decay
channel Mpy; ~ 1019 — 1073 M,

) 10° Hz

n,
10-9 ¢V Mor.\ochromatlc signals
= continuous wave searches

» For annihilations to be efficient, need super radiant (@lso BH spin limits)
cloud

-t

Axions (decay/annihilation)

UHz. mHz Hz Hz MHz



Superradiance

* |f Compton wavelength of axion-like particle is
comparable to Schwarzschild radius of black hole,
a superradiant cloud forms as angular momentum
IS extracted from the spinning black hole.
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« Measurements of high black hole spins can 02y s
therefore place constraints on axion masses. S
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2. GWs from black hole mergers affected by

the presence of dark matter

Environmental effects

* Cold dark matter - dynamical friction
and accretion

e Superradiance - ionisation and
accretion

* Need long duration inspirals and
extreme mass ratio systems - LISA
(maybe PTA?), but scenarios possible
with ET/CE (PBHSs)
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High frequency searches
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