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What is the nature of dark matter? 



Each has different properties. 

DM candidates  

• Weakly interacting massive particles (WIMPs) 

• Axion 

• Strongly interacting particles 

• Dilaton (light scalar field) 

• Primordial black holes 

• Fuzzy dark matter 

etc. 

• Hidden photons 

Different experiments have different target. 
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We have to consider various possibilities and propose 
many ideas. 
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Dawn of GW astronomy 

We have gained a new tool to probe 
dark sector!! 

Can we use GW interferometers to 
search dark matter? 



YES!! 
GW interferometers are useful to test weakly 
interacting light scalar field as dark matter. 

Arvanitaki, Huang, Tilburg ‘15 

• Motion of detectors 
• More systematic calculation 



Cosmic evolution of light scalar field 

After 𝑚𝜙 = 𝐻, the field oscillates 

with its frequency given by. 

Behaves as dust. 
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（𝑚𝜙: mass of the field） 
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Initially, 𝜙 ≠ 0. 



The scalar field 𝜙 is not exactly uniform and 
inhomogeneities grow by the structure formation.  

Inside the dark matter halos, 𝜙 is virialized. 
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𝜙𝑘: random variables 
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𝑘 = 𝑚𝜙𝑣 

𝑣 ≃ 200km/s 
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DM halo 

𝑣 = 200km/s 

For scales > 𝜆𝜙, 𝜙 behaves as CDM. 



We consider the following interaction between 𝜙 and SM particles. 

EM field Gluon field Quark field 

GW detectors are primarily sensitive to 𝒅𝒈 

𝒅𝒆, 𝒅𝒈, 𝒅𝒎𝒊: dimensionless coupling constants we want to probe 

Nucleon mass becomes a function of 𝝓 

Damour, Donoghue, ‘10 

Phenomenological Model 

Change of 𝜙 produces change of the QCD scale and thus 
the change of the nucleon mass.  

1/(Planck mass) 
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Effect of the scalar field on a mirror 

Spatial variation of 𝜙 exerts force on the mirror 
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𝑚(𝜙): Mirror mass 

Action of a mirror 

Equation of motion of the mirror 



• Oscillation frequency of the mirror = frequency of  𝜙  

Effect of the scalar field on a mirror 

• Mirror motion // propagation direction of 𝜙  



𝜙 

Mirror 2 

Mirror 1 

laser 

laser 
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Arvanitaki, Huang, Tilburg ‘15 

Detection of the scalar field by GW interferometers 

GW interferometers can probe the scalar field for  
        𝑚𝜙 ∈ frequency band of the detectors 

For LIGO-like detectors, 

• What type of signal? 

• What type of data analysis? 

• How strong are the constraints? 



𝑡 

𝑥 𝐿 

𝛿𝑡 

2𝐿 



16 

Signal 

𝑥1 

𝑥2 

𝐿 
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Signal 

New term 

Arvanitaki, Huang, Tilburg ‘15 

Proportional to 𝑑𝑔 
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Earth 

The signal is modulated over the 
timescale given by  
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Upper limit on h 
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 1/𝑇𝑜𝑏𝑠 



𝜌 

𝑁(𝑓𝜙) 

≃ 𝟕 (overlooked in the    
literature) 

Upper limit on h 

Case of noise only 



Expected upper limit 

GW interferometers are very powerful! 



EP(equivalence principle) tests probe 
different region of the parameter space 

Colored region: not constrained 
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Summary 

Ultralight scalar field is a candidate of dark matter. 

GW interferometers are powerful to test this 
hypothesis. 

Future: use of real data 


