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Detecting DM with Einstein Telescope

● Presence of DM ‘spikes’ around BHs can alter inspiral dynamics

● GW waveform gradually goes out of phase with the 
corresponding  
vacuum-only waveform 

● Possibility to detect and constrain dense DM ‘spikes’ with just a 
few cycles of GW ‘dephasing’ → but these subtle differences 
can be hard to detect!

Kavanagh et al., https://arxiv.org/abs/2002.12811  
Coogan et al., https://arxiv.org/abs/2002.12811 

Ideal case for 
Machine learning!

DM

https://arxiv.org/abs/2002.12811
https://arxiv.org/abs/2002.12811
https://arxiv.org/abs/2002.12811




Dephasing  
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Detector Antenna Sensitivity  
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• Antenna patterns             

• Sampled GW signal 

 
• Sampled detector response

h[i]=
cos(2ψ) sin(2ψ)
−sin(2ψ) cos(2ψ)
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ξ[i]= F+ h+[i]+F× h×[i]= F
T ⋅h[i]



• Develop a catalog of waveforms for different 
luminosity distances and masses  

We have 9500 GW for the vacuum and 9500 GW with dark matter

Total:   19000  waveform 
            

• Luminosity distance  d=10kpc, 100kpc, 1Mpc, 10Mpc, 100Mpc            

• Mass  

• Antenna Sensitivity     100 different directions

Waveform Dataset





Machine Learning for GW Classification

 Vacuum

 Dark Matter



Pipeline Structure

Input  GW data
• Basic GW wavedorm 

•  Add a noise   
• Antenna Sensitivity     100 different directions 

• Whitened strain

Classification
• Basic GW Image creation from time frequency (spectrograms) 

• Tested various networks, including a 4-block layers





Conclusions 

• We can measure the properties of dark matter 
spike around binaries with Einstein Telescope 

• We can distinguish between vacuum and dark 
matter for distance up to 100kpc

Futuro work: 
• Eccentric waveforms 
• Post-Newtonian corrections



Thank you for your attention  


