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A fish
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Why worry about next gen data now? 
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ET geometry still to be decided

ET-2L : Two 15 km L-shaped detectors 

ET-Δ : Three 10 km nested V-shaped 
detectors 

We need to analyze ET datatoday to 
better assess the merits of each 
design! 



Going towards next generation
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Space of allowed solutions  
is smaller for louder 
signals

Signal rate will 
raise by 3 orders 
of magnitude

Signals will last 
longer in the 

detector
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How is designs comparison carried out?
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By simplifying the problem!
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Prior
1. Assume posterior is 

concentrated only 
around the peak

2. Assume linear response 
of the detector around 
the peak

Fisher matrix:



Simplify the problem.
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Prior

First order 
posterior
approximation 

Computational costs:
- Nested sampling: 106-108 

likelihood evaluations
- Fisher matrix: 15 derivatives 

and a matrix inversion



Out of water
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Do our assumption hold for ET?
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Fisher assumes the final posterior will be a multivariate Gaussian. 
So it fails whenever its not

❌ ❌ ❌



Do the assumption hold for ET?
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Break symmetries (unimodality)

Posterior signal- rather than 
prior-dominated

Higher order modes suppressed

Fisher is equivalent to 
the 1st order therm in 
1/SNR of the Bayesian 
posterior.

And High SNR signals

(basically are just more gaussian)



Why we should worry for design comparisons

Different networks -> Different 
likelihood morphologies

Fisher should be more inaccurate for 
more degenerate networks
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⛰ VS 

But inaccurate does not imply 
bias



Do the assumption hold for ET?

Compare Fisher, 
Fisher + priors and 
nested sampling for 
130 signals, 
injected in 10 next 
generation networks 
of ET (+CE)
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No
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The results 

14

Unbiased 
results: 
white 
block



Distance
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Distance
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Accounting for 
duty cycle 



Distance bias driven by inclination angle and sky position 

17



SNR dependency of the distance bias
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Priors help reduce a lot the bias, but it does not eliminate it
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Chirp mass
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Chirp mass
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Uncertainties 
underestimated for all 

networsks



Chirp mass

22Derivative can be quite noisy when 
signal is merger-dominated



Spins
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Spins
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Sky area
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Sky area
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Conclusions

- Fisher can introduce artificial biases when comparing 
detector designs

- Fisher tends to exaggerate the difference between 
networks, overshooting the uncertainties for networks 
with lower-SNRs and shorter baselines.

- The high-SNR limit is not guaranteed for all but 1 
signals in the CoBA dataset
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The posterior is (not) concentrated around true values

Meaning : assume Posterior is unimodal.

If posterior is multimodal (eg., symmetries in the problem) Fisher will fail!
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The response is (not) linear
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Fisher is equivalent to and 
expansion of 1st order in 
1/SNR of the Bayesian 
posterior

Higher modes might be 
relevant



The prior information is (not) negligible

If injection lies next to 
the prior bound,      
Fisher could predict 
unphysical values
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The numerical precision is (not) unlimited

- Noisy likelihood leads to noisy 
finite differencing. 

- Matrix inversion can introduce 
noise due to numerical precision  
if the dynamic range of the 
eigenvalues is too large.  
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Do the assumption hold for ET?

High SNR signals
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Breaking of symmetries 
(unimodality)

Posterior become signal 
dominated rather than 
prior-dominated

Higher order modes become 
less prominent

Numerical instabilities can easily 
be caught and results thrown away


