
Response of gravitational wave detectors in
metric theories of gravity

Arkadiusz Błaut

Institute of Theoretical Physics,

University of Wrocław

1st. Conference of Polish Relativity Society
Spała, 3 July 2014

A. Błaut (Inst. Th. Ph., Wrocław) Response of gravitational wave detectors ... Spała, 3 07 2014 1 / 14



Contents

1 Detector response

2 Sensitivity: monochromatic signal

3 Sensitivity: stochastic signal

4 Egzamples: LISA, eLISA, BBO

A. Błaut (Inst. Th. Ph., Wrocław) Response of gravitational wave detectors ... Spała, 3 07 2014 2 / 14



Signal

plane monochromatic wave with polarization π moving along Ω

eiω(t−Ω·x)επ

π = sl, st (scalar), vx , vy (vector), tp, tc (tensor)

επ are the polarization tensors with components:

ε̃
sl =

 0 0 0
0 0 0
0 0 1

 , ε̃
st =

 1 0 0
0 1 0
0 0 0

 ,
ε̃

vx =

 0 0 1
0 0 0
1 0 0

 , ε̃
vy =

 0 0 0
0 0 1
0 1 0

 ,
ε̃

tp =

 1 0 0
0 −1 0
0 0 0

 , ε̃
tc =

 0 1 0
1 0 0
0 0 0


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Detector response

∆Taba(t) – time of flight: a−→b−→a

∆Taba(t)
T

= T (ω L,Ω · nab) Fπ(nab)︸ ︷︷ ︸ eiω(t−Ω·xa)

H(ω L,Ω) – detector response

T (x , c) =
1
2

[
sinc

[ x
2

(1 + c)
]

e−
i x
2 (1+c)+

sinc
[x

2
(1− c)

]
e−

i x
2 (3+c)

]
frequency transfer

Fπ(n) =
1
2

n⊗ n : επ angular pattern
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Detector response = frequency transfer × angular pattern

Frequency transfer

Frequency transfer× angular pattern (detector arm along x)

st sl

v t
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Monochromatic gravitational wave

tensor, vector

h(x, t) = hπ1
0 cos [ω(t −Ω · x) + φ0]επ1 + hπ2

0 sin [ω(t −Ω · x) + φ0]επ2

scalar t, scalar l

h(x, t) = hπ0 cos [ω(t −Ω · x) + φ0]επ

Triangular configuration:
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Monochromatic gravitational wave

eLISA, X ; uniform distribution of sky location and 〈orientations〉.
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Sensitivity: sky map; SNR = 5; 10mHz

|

eLISA, X ; sensitivity [10−23]; 〈uniform distribution of orientations〉.
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SNR for sl mode

sl response for eLISA arms:

SNR (h = 10−22); uniform distribution of orientations.
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Triangular configuration - stochastic signal

stochastic background: self- and cross- correlations

〈sI (t)sJ (t)〉 =
1

2

∫ ∞
−∞

∫
S2

Sh(ω,Ω)FIJ (ω,Ω)× filter ×
dΩ

4π
dω,

Sh(ω,Ω) - possibly anisotropic background

antenna pattern

FIJ (ω,Ω) = eiω Ω·(xJ−xI ) [TI (ωL,Ω · nI )Fπ(nI )
] [
TJ (ωL,Ω · nJ )Fπ(nJ )

]∗
spherical harmonic decomposition of FIJ : alm(ωL) =

∫
S2 Y∗lm(Ω)F(ωL,Ω) d Ω

4π

angular power of the antenna pattern: σl (ωL) =

√√√√√ 1

2l + 1

l∑
m=−l

|alm(ωL)|2

sensitivity

self-correlations: heff = (4π)1/4
√

Sn(f )
σl (f )

, cross-correlations: heff =
(

4π
2 T f

)1/4
[

SnI (f )SnJ (f )

σ2
l (f )

]1/4
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self-corr: LISA: AA eLISA: XX
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cross-corr: LISA

cross-corr: AE, T = 1yr
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cross-corr: Big Bang Observer (hexagonal config.)

cross-corr: AA + AE + · · ·+ TT, T = 1yr
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