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Gravitational-wave spectrum
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Astrophysical sources of gravitational waves

Binary mergers

Burst

Continuous waves

Stochastic background
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GWs from Ellipsoids

I Consider triaxial ellipsoid with

I(t = 0) = diag(I1, I2, I3) (1)

I Orbitting at frequency ω
I Gravitational waves emission

h+ =
1

r

4G

c4
ω2 (I1 − I2) cos(2ωt), (2)

h× =
1

r

4G

c4
ω2 (I1 − I2) sin(2ωt). (3)

I Decrease of rotation frequency due to GW emission

ω̇ = −32G

5c5
I23 ε

2ω5. (4)
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Neutron Star Oscillations

McDermott et al. 1988
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Astrophysical sources of gravitational waves

Binary mergers

Burst

Continuous waves

Stochastic background
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Binary

I Two objects with masses m1 and m2 in a circular orbit around
the common center of mass (CM),

I Angular frequency ω and separaton R.
I Gravitational waves emission

h+ =
4

r

GµR2ω2

c4
1 + cos2(ι)

2
cos(2ωtret)n (5)

h× =
4

r

GµR2ω2

c4
cos(ι) sin(2ωtret). (6)

I Decrease of rotation frequency due to GW emission

d(v/c)

dt
=

32ηc3

5GM

(v
c

)9
(7)

I where v = Rw, M = m1 +m2, η = µ/M
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Effects of Spin

Privitera 2014
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Matter effects

Bernuzzi et al. 2015
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Eccentricity Efffects

Huerta et al. 2014
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Full Binary Waveform
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Quasi-Normal Modes

h(t) =
∑
lmn

Almne
−t/τlmn cos (ωlmnt+ φlmn) (8)

Kamaretsos et al. 2012
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Astrophysical sources of gravitational waves

Binary mergers

Burst

Continuous waves

Stochastic background
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Supernova Waveforms
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Astrophysical sources of gravitational waves

Binary mergers

Burst

Continuous waves

Stochastic background
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Stochastic Gravitational-wave Background

I From the Big Bang or astrophysical origin
I Assume: stationarity, Gaussian, isotropci, unpolarised

〈
hij(t)h

ij(t)
〉

= 4

∫ ∞
0

dfSh(f) (9)

I where Sh(f) is the signal power spectrum
I where 〈. . .〉 is the essemble average
I Fractional energy density given by

ΩGW =
4π2

3H2
0

f3Sh(f) (10)
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SGWB from Binaries

Zhu et al. 2012
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SGWB Sources

Abbott et al. 2009
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