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 Large scale Laser interferometer detector 
for Gravitational Wave(GW) 

• LIGO, EGO-Virgo, GEO600, KAGRA 

• Detecting known astrophysical sources 

• Expect real detection around 2020 

 Possibly detect stochastic GW of 
cosmological origin 

• A new window to study very early universe 
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Introduction 
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GW Observatories 



 Isotropic, stationary, unpolarized 

 Frequency spectrum is main property 

• Energy density per unit log frequency, ℎ0
2Ω𝐺𝑊(𝑓) 

• Spectral density of ensemble average the Fourier 
component of the metric, 𝑆ℎ(𝑓) 

• Characteristic amplitude of the stochastic 
background, ℎ𝑐(𝑓) 
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Characterization of stochastic 
backgrounds of GWs 



 Definition Ω𝐺𝑊 𝑓 =
1

𝜌𝑐

𝑑𝜌𝐺𝑊

𝑑 ln 𝑓
 

 𝜌𝑐 =
3𝐻0

2

8𝜋𝐺
,  𝐻2 =

8𝜋𝐺

3
𝜌 (1st Hubble equation) 

 𝐻0 = ℎ0 × 100km/s ∙ Mpc,  0.5 < ℎ0 < 0.65 

 ℎ0
2Ω𝐺𝑊(𝑓) independent of ℎ0 

 Total density parameter for GW 

Ω𝐺𝑊 =  Ω𝐺𝑊 𝑓 𝑑 ln 𝑓
∞

0
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Energy density parameter 



 Fourier transform 
ℎ𝑎𝑏 𝑡

=   𝑑𝑓 𝑑Ω ℎ 𝐴(𝑓, Ω )𝑒−2𝜋𝑖𝑓𝑡e𝑎𝑏
𝐴 (Ω )

∞

−∞𝐴=+,−
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Spectral density 
Ω  

𝑚 𝑎 

𝑚 𝑏 



 

 

 

 

 

 Energy density 
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Characteristic amplitude 



 

2nd Korea-Japan Workshop, 28-29 May 2012 9 

Relationships 



 Detector signal   
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Detector responses 



 Noise spectrum 

 

 

 

 Detectable if 
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Detectability 
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Sensitivity curve 



 Frequency of GW (characteristic) 
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Production of relic GWs 



2nd Korea-Japan Workshop, 28-29 May 2012 14 

Stochastic signal 

From LIGO homepage 



 Observed stochastic GW will depends on  
• Creation mechanism 

• Cosmological evolution model 

• Various interactions with environments 

 Bayesian method should be applied 

• ℘ 𝛼 𝑥 =
℘(𝑥|𝛼)℘ 𝛼

 ℘(𝑥|𝛼)℘ 𝛼 𝑑𝛼
 

• ℘ 𝛼, 𝑥 = ℘ 𝑥 𝛼 ℘ 𝛼 = ℘(𝛼|𝑥)℘ 𝑥  

• 𝛼 : unobservable model parameters 

• 𝑥 : observable data 
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Parameter estimation 



 Scattering GW by Galaxies? 

 Interference between GWs? 

 Effect of cosmological evolution? 

 Is it possible to detect high frequency in 
future? 
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Remarks 


