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Topics 

  Infer characteristics of 
the universe 

  Measured parameters 

  Test GR through its 
phase evolution 

  Measured parameters 

Cosmology Testing General Relativity 

Compare parameter estimation for different Einstein 
Telescope design studies € 

ΩM ,ΩΛ,Ωk,w0,wa( )   

€ 

φ0,φ2,φ3,…( )
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Design Sensitivities 

  ET-B 
 Single 3rd generation 

broadband detector  

  ET-C: Xylophone 
 2 band interferometer 
 high-power, high-

frequency 
 cryogenic low-power, 

low-frequency 
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Infer characteristics of the universe by observing 
coalescing  binary neutron stars 

Cosmography 
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Cosmology 

  Infer characteristics of the universe 
 GW signal carries information about content of the 

universe between source and observer 
  Information encoded in the luminosity distance 

  Measure set of parameters 
       densities 
       dark energy equation of state € 

dL = dL (z;ΩM ,ΩΛ,Ωk,w0,wa )

€ 

Ωi
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Measure cosmological parameters 

  Put sources across universe 
  Measure luminosity distance 
  Infer cosmological 

parameters 
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Trade Study 

  Ratio of root mean square errors (ET-C/ET-B) 

  Lower cut-off frequency 10Hz 

2 September 2010 

7 

ET F2F, Nice 

C
os

m
ol

og
y 



Discussion 

  Advantage of ET-C 
comes in at lower 
frequencies 
 At 10Hz, higher SNR 

for ET-B due to better 
sensitivity for >30Hz 

 Need to go below 
10Hz to gain full 
potential of ET-C 
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Conclusions 

  Parameter 
estimation lower 
cut-off frequency 
 10Hz not sufficient 

to probe full 
extend of ET-C 

 Only if flow ~ 5Hz, 
will ET-C be 
beneficial for 
parameter 
estimation 

10Hz 

5Hz 

1Hz 
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Checking consistency between post-Newtonian 
phase coefficients 

Testing General Relativity 
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Post Newtonian Formalism 

  General form of waveforms in Post-Newtonian (PN) 
formalism 
 Both amplitude and phase expanded in v/c 

  Phase evolution represented as 

   Similar in frequency domain (e.g. SPA) 

  

€ 

h(t;
 
θ ) = Ank (t) cos(nΦ(t) + φnk )

k=0

K

∑
n=1

NH

∑

€ 

Φ(t) = φc − φl (tc − t)
(5− l ) / 8

l=0

L

∑ where φl = φl (m1,m2)

  

€ 

h( f ;
 
θ ) = A( f )eiΨ( f )

€ 

Ψ( f ) = 2πftc −φc + ψ l f
( l−5)/ 3

l=0

L

∑
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Testing General Relativity: Concept 
Arun et al. 2006 

  Measure     independently 
  Check for consistency between PN phase coefficients 

  In GR, only two 
phase 
coefficients 
independent 

  Assume spinless 
systems 
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Frequency Domain Coefficients 

  Proposed test 
explored in frequency 
domain 
 Using SPA waveforms 
 ETB shown 

  Shows validity of 
scheme 
 Errors for ψ3~0.01% 
 Greater errors for ψk, 

k>3  (1%-100%) Mishra et al arXiv:1005.0304 
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Time Domain Coefficients 

  Similar can be done for 
time domain phase 
coefficients 
      instead of  

  Time domain 
parameterisation shows 
better perfomance 
 ~50x better relative 

sensitivity 
  Yet to understand in full 

detail 

2 September 2010 

14 

ET F2F, Nice 

Te
st

in
g 

G
en

er
al

 R
el

at
iv

ity
 

€ 

φi

€ 

ψ i



Trade Study 
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Discussion 

  ET-C performs better than 
ET-B in the high mass 
region 
  Flso decreases with mass 

  Difference as large as 
40% 

  Transition around 70-90 
Msun 

Best performance depends 
on the sources of interest 
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ET-C better 

ET-B better 



Discussion 2 
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Improvement of  
several percent 



Discussion 3 
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Flso(100Msun) 

Increase mass 
Decrease  

Advantage ETB 

Decrease mass 
Increase  
Advantage ETB 

Flow 



Concluding Remarks 
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  Cosmology doesn’t benefit from ET-C if lower cut-
off is set to 10Hz 

  Testing General Relativity only benefits at high total 
mass systems 

  All can be attributed to sensitivity loss between 
30Hz-500Hz 

Full benefits of ET-C are only used if the lower cut-off 
frequency can be pushed down to below 10Hz 
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If the talk did not provide sufficient detail 

Backup Slides 
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