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Introduction

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

LIGO, EGO-Virgo, GEO600, KAGRA
Detecting known astrophysical sources
Expect real detection around 2020
o Possibly detect stochastic GW of
cosmological origin
A new window to study very early universe
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KACRAharacterization of stochastic
backgrounds of GWs

o Isotropic, stationary, unpolarized

o Frequency spectrum is main property

Energy density per unit log frequency, h§Qqu ()

Spectral density of ensemble average the Fourier
component of the metric, S;, (f)

Characteristic amplitude of the stochastic
background, h.(f)
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Energy density parameter

s AT _ 1 dpgw
o Definition Q. (f) = 3Inf

2
o, = %, Héa— % p (1st Hubble equation)

o Hy = hy X 100km/s - Mpc, 0.5 < hy < 0.65
o hiQcqy (f) independent of A,
o Total density parameter for GW

B f Qew (FHdIn f
0
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Spectral density

o Fourier transtform

ab (t)

Mg

N f df [ dQRa(f, Dye2m e, (@)

A=+,—

m,my, — n,ny, e,(Q) = m,n, + n,m, .

AL QR (f, Q) = o(f — f)(1/41) 0%, Q)0 44 3Su(f)
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~ Characteristic amplitude

f=o

dfsi() = 4f d(log )/ Si(/)

— o =0

o0

Chap(DR(D)> = 2 f
f=w

Chan(O(1)) = 2L;d(logf)h§(f)

o Energy density
Pew = (1/321G) B
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Relationships

4 (f==
f d(logf)f(2mf)*Si(f)

Pev = 301G |,
dpew/dlogf = (n/2G)f*S,(f)= (n/4G) f*hi(f)
Qo (f) = (2r?/3H3) f2he(f)

Qo (f) = (4n?/3H5) f*Si(f)
he(f) ~ 1.263 x 107 13(1 Hz/f)\/ h3 Quw( )

f+HAf A I
L d(log /)G Qe (f) ~ —];fh%ng(f) ho(f. Af) = ho()AfIf)'?
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Detector responses

o Detector signal S(t) = s(f) + n(t)
s(1) = (6L(t) — SLy(1))/Li= D*h(1)

s(t) = j df|dQh(f. Q)e 2™/ D%ed (Q)
A= +,X — 00

s(t) = f df |dQR(f; QF4(Q)e™ ™!
A= +,X — o0

(/) = fdszhA(f O)F,(O)F4(Q) = Dy (2)
A= + X
=F d)‘ig = jd){gn){)
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- Detectability

o Noise spectrum
(RS = o(f — f)2Sa(f)
(n*(1)) = L df S.(f) hy = /S.(f)

o Detectable if

Su(f) > (1/F)S,(f)
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Sensitivity curve
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~ Production of relic GWs

o Frequency of GW (characteristic)
fo =f.alt,)/alty) ~ 8.0 x 107 1%, (100/gs(T )" *(1 GeV/T )

The production time ¢, and the production temperature T, for GWs observed today at frequency f,, if at time of
production they had a wavelength of the order of the horizon length

Detection frequency (Hz) Production time (s) Production temperature (GeV)
- Tx10713 600

1 7x 10721 6x10°

100 Tx 10723 6x 10"

10° Tx10727 6x10°

fo ~400(g,,/100)°GHz, (T, = Mpn/\/87)
fo ~2GHz, (T* = Mgur)
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Stochastic signal

x 102 Example Stochastic Gravitational Wave

4 T I T T T

Gravitational Wave Signal
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Time (sec)

From LIGO homepage
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Parameter estimation

o Observed stochastic GW will depends on
Creation mechanism
Cosmological evolution model
Various interactions with environments

o Bayesian method should be applied

_ p|a)p(a)
2l | po(x|a)fo(a)da

#(a,x) = p(x|a)p(a) = p(alx)p(x)
a : unobservable model parameters
x : observable data
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Remarks

o Scattering GW by Galaxies?
o Interference between GWs?
o Effect of cosmological evolution?

o Is it possible to detect high frequency in
future?




