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FIG. 1. Top panel: Location of the ET detectors in case of
two L-shaped interferometers, showing also the possible dif-
ferent arm-lengths in misaligned orientations. Bottom panel

(left): Power spectral density (PSD) curves for the xylophone
configuration in cryogenic mode for different arm-lengths.
Bottom panel (right): Representation of the ET triangular
configuration, located in Sardinia for the purpose of this work.

formability and the other parameters of BNS systems via
full PE analysis. In all the studied cases, we analyze BNS
simulations, and look at differing results from varying the
detector setup, keeping the source properties of the BNS
system and the settings of the PE analyses unchanged.
Given the significant costs of ET, our study may provide
useful information to make an estimate based on the Sci-
ence returns to reach a more informed decision about the
final configuration of the detector. Some of our results
have already been presented in [72], but in a much more
compressed and less detailed form.
We provide details of the PE methods in Sec. II and give
the results of our study in Sec. III. We provide a summary
and conclude in Sec. IV.

II. METHODS

Following standard techniques, we use a Bayesian anal-
ysis to construct posterior probability density functions
(PDFs) on the parameters of interest, i.e., those charac-
terizing the GW waveform describing a BNS merger. As
we use quite low values of flow to make our estimates
realistic with what is envisaged for the ET detector, our
likelihood integral calculation is computationally expen-
sive. For this reason, we resort to the technique of relative
binning following the analyses of GW170817 in [55–57].

This approach reduces our computational costs notice-
ably and makes our runs computationally feasible.

A. Bayesian analysis

In the employed Bayesian framework, all information
about the parameters of interest is encoded in the PDF,
given by Bayes’ theorem [73]:

p(~✓|Hs, d) =
p(d|~✓,Hs) p(~✓|Hs)

p(d|Hs)
, (1)

where ~✓ is the set of parameter values and Hs is the
hypothesis that a GW signal depending on the param-
eters ~✓ is present in the data d. For parameter estima-
tion purposes, the factor p(d|Hs), called the evidence for
the hypothesis Hs, is effectively set by the requirement
that PDFs are normalized. Assuming the noise to be
Gaussian, the likelihood p(d|~✓,Hs) of obtaining data d(f)
given the presence of a signal h(f) is determined by the
proportionality

p(d|~✓,Hs) / exp
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where the noise-weighted inner product ( · | · ) is defined
as

(d|h) = 4<

Z fhigh

flow

d̃(f) h̃⇤
(f)

Sh(f)
df. (3)

Here a tilde refers to the Fourier transform, and Sh(f) is
the power spectral density (PSD).

Our choices for the prior probability density p(~✓|Hs) in
Eq. (1) are similar to what has been used for the anal-
yses of real data when BNS signals were present with
masses similar to GW170817. To sample the likelihood
function in Eq. (2), we use the Bilby library [74, 75],
and specifically dynesty [76, 77] algorithm. The wave-
form we use for both signal injection and recovery is
IMRPhenomD_NRTidalv2 [78–80].

B. Relative Binning

The likelihood integral shown in Eq. (2) is constructed
over a grid of frequencies and becomes computationally
expensive as both the range of the integral grows, and as
we analyze longer waveforms like those of BNS sources,
which last for many cycles in the frequency band.
For our PE studies, we have varied flow starting from
6 Hz up to 20 Hz, making the duration of the BNS signal
in band from about 75 to about 3 minutes, respectively.
In addition, for an inference study to estimate parame-
ters, we generate millions of waveforms, each associated
with its own likelihood value for the sampling to get up-
dated and for points to move towards higher likelihood
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We used a synthetic population of 
BNS mergers to predict the 
accuracy in the reconstruction of 
the tidal parameter  and the NS 
radius using the Fisher matrix 
approach
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OSB Div 6 for “CoBA-science”: Fisher matrix
We used these Fisher results to get predictions 
for the reconstruction of the NS mass-radius 
relation at ET


This is done by MC sampling a large set of 10 
independent, uniformly distributed empirical 

  parameters characterising the density 
dependence of the energy in the symmetric 
matter and of the symmetry energy


Different configurations do not make any 
significant difference in the outcome!  
 



OSB Div 6 for “CoBA-science”: Fisher matrix
We are further checking the 
adherence of the Fisher approach 
with ful l PE runs, and also 
considering different waveforms 
and EoSs to see their impact on 
the population estimates NS mass-
radius relation reconstruction

(Still work in progress, Dietrich et al., in preparation)
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OSB Div 6 for “CoBA-science”: PE runs
Also for these sources we 
used the MC sampling to 
get estimations of the 
reconstruction of the NS 
mass-radius relation

(APR4 shows differences because of the 
adopted nuclear physics prior)



OSB Div 6 for “CoBA-science”: post merger
At 2G detectors we do not expect to be able to detect the post merger phase of 
BNS mergers (  ) but this can carry invaluable information on BNS 
physics, and 3G detectors can observe it!

f ≳ 1 kHz

BNS merger at 100 Mpc



OSB Div 6 for “CoBA-science”: post merger
We used a set of 6 numerical relativity 
simulations (SACRA) to compute the 
SNRs only in the BNS post merger 
phase attainable at ET (we also 
average over the sky position angles 
and polarisation)



OSB Div 6 for “CoBA-science”: conclusions
• ET will significantly advance our ability to constrain fundamental nuclear 

physics properties 


• ET, will be able to determine NS radii with sub-percent precision due to the 
immense statistics (  ev/yr) and accuracy, and will also be able observe the 
post merger phase


• there is no significant difference between the different detector configurations, 
with longer arm-lengths leading to slightly better results 

105



Thanks for your attention… questions?

(lots of) work from: 

Tim Dietrich,  
Francesca Gulminelli,


Tanja Hinderer, 
Chinmay Kalaghatgi, 

Chiranjib Mondal, 
Micaela Oertel, 
Anna Puecher, 

Anuradha Samajdar 


