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Coherent GW from ECO/DM
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Coherent GW from ECO/DM
Black hole 

Single dynamic scale Multiple scalesMBH
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ECO/Boson starsvs

No hair! Lots of hair (equilibrium

vs excited states)

BH horizon “protection”

from poor high 


curvature dynamics
No horizon : need to resolve physics 


at large curvature ranges

Initial conditions easy 

(Vacuum solutions!)

Initial conditions hard/unsolved

(matter fields!)



Coherent GW from ECO/DM
What do we need? 

Initial Conditions 
for Binaries

Stable and precise 
evolution

Waveform 
signal  

modeling

Equilibrium? Excited? 

GIGO!

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

A	rich	field…

cosmo 
SGWB

Binary mergers
• very	sensitive	to	assumed	
formation	mechanism


• possible	identification:	mass,	
spin	distribution

Binary mergers
• very	sensitive	to	assumed	
formation	mechanism


• possible	identification:	tidal	
Love	number,	mass,	spin	

• Observable	via	power-
spectrum


• Isotropic	signal

• relies	on	high	SNR

EMRI 
Binaries
• relies	on	our	
understanding	of	
EMRI	waveforms


• relies	on	DM	spikes



1. Dark matter that produces GWs 

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

Tongyan Lin

Philippa Cole, University of Milano-Bicocca



1. Dark matter that produces GWs
Primordial black holes

• If primordial black holes 
explain some of the dark 
matter, mergers could be 
detected with current and 
future detectors


• Sub-solar or very high 
redshift most convincing, 
otherwise very difficult to 
distinguish

Hzμ mHz Hz kHz MHz

Primordial black hole mergers

∼ 10−3 − 104 M⊙

Andres-Carcasona et al. 2024



1. Dark matter that produces GWs

• Axions could decay or annihilate and produce 
gravitational waves


• Frequency of GWs for annihilation vs decay 
channel


• 


• For annihilations to be efficient, need super radiant 
cloud

f =
1
2

(2)( ma

10−9 eV ) 106 Hz

mHz Hz kHz MHz

Axions (decay/annihilation)

ma ∼ 10−20 − 10−7 eV

MBH ∼ 1010 − 10−3 M⊙

Monochromatic signals 

= continuous wave searches


(also BH spin limits)

Hzμ

Axion-like particles



Superradiance
• If 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.


• 


• Measurements of high black hole spins can 
therefore place constraints on axion masses.

ma = ( M⊙

M ) 10−10 eV

mHz Hz kHz MHz

Axions

Baumann, Bertone, Stout, Tomaselli 2021

Ng et al. 2021

Hzμ

ma ∼ 10−20 − 10−7 eV

MBH ∼ 1010 − 10−3 M⊙



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

• Cold dark matter - dynamical friction 
and accretion


• Superradiance - ionisation and 
accretion


• Need long duration inspirals and 
extreme mass ratio systems - LISA 
(maybe PTA?), but scenarios possible 
with ET/CE (PBHs)

mHz Hz kHz MHz

Environmental effects Environmental effects? 3G

Cole et al. 2023

Hzμ

Environmental effects



High frequency searches

• “Clean” signals of new 
physics


• But narrow band, and 
sensitivities at the 
moment a long way of

Aggarwal et al. 2020




