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Spectral sirens
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LVK GTWC-4.0 population analyses [2111.03634]
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Methods

Mass models
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Methods

Mass models O3 data shows strong bayes evidence

in favour of camel over P G:

In #3pL/PLG > 3
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Results
O3 real data

e camel = 30% accuracy
improvement compared to (LVK)

O3 PLG

e O3 Hy measurement competitive
with current GWTC-4.0 results
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Methods

Simulating mock data sets
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Methods

Simulating mock data sets

1. Draw events (m, m,, 7) from > 2. Realistic detection simulation:
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Methods

Simulating mock data sets
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2. Realistic detection simulation:

Duty cycles based on observing
plans (O4 1.5yrs / O5 3yrs)

Coloured gaussian noise from
design PSDs

Signal with IMRPhenomXHM
Matched-filter SNR > 12
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3. Realistic parameter estimation:

Full realistic PE procedure on
each event

Gaussian likelihood

samples generated with the
nessai samplerfrom bilby

Similar procedure as LVK's MDC study [2412.14244]
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Results

Hy constraints forecasts
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Results

Hy constraints forecasts
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Results

Beyond H,y : constraining €2 4
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Results

Beyond H,,: constraining €2 _
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Methods

Beyond ACDM : modified GW propagation

Models under consideration (see GWTC-4.0 analyses [2509.04348])

dEW_E .\ 1 - &, dLGW—exp C_M"Z dz’
dEM TV (1 4 ) df™ o (1+2)EXZ)

Phenomenological Horndeski gravity,

parametrisation

[Belgacem, E., et al. 2019,
JCAP, 07,024, arXiv:1906.01593]

running Planck mass
[Horndeski, G., 1974, 1JTP 10 363-384]

GR Ho=1 and ndegenerate Cyy = 0

Models for later studies:
alternative dark sector models within FLRW, dynamical DE, coupled DM/DE
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Results

=qmodel (..when issues arise)

Injected (GR) value:

e recovered at level

o excluded at ~ 3o level
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Results

=qmodel (..when issues arise)

Injected (GR) value:

® recovered at level
o excluded at ~ 3¢ level

e recovered at ~ 2o level
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Results

=qmodel (..when issues arise)

GW o = JEM _
dL dL IR

NL_JO

n>>1 Iigﬂ’

c(1 + 2) J’Z dz’
0 E(Z')

Perfect degeneracy !
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Results

=qmodel (..when issues arise)
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Results

=qmodel (..when issues arise)
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Results

=qmodel (..when issues arise)
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Conclusions

e O3: H, accuracy increase with camel compared to

e Forecasts:

e accuracy on Hy by camel (resp. )
O4: 20% (resp. )/ O8: 2.7% (resp. )

e beyond ACDM parameters :

Main assumptions:

Negligible redshift evolution
of the mass function

Likely over constraining
features in the mass spectrum

great accuracy enhancement, but prone to models’ effective degeneracies

e Our results are optimistic (for spectral sirens) but in reality we expect EM counterparts +

contribution from galaxy catalogs
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Spectral sirens

Non parametric studies

LVK GTWC-4.0 population analyses [2111.03634]

e RB-SPLINE, GWTC-4.0
~ BROKEN POWER LAW + 2 PEakS, GWTC-4.0
PoweRr Law + Peak, GWTC-3.0
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Numerical stapility

[icarogw (2305.1/973)]

o # of (detected) injections for selection effects:

e O4:500,000
e O5:6,000,000

e Numerical stability indicators: —>  (min) NeffPE
e Effective number of injections 3PL

Neffinj / 4*Nobs O4 O5
3PL 13 12
220 211

O4 OS5

19 15

81 103

o Effective number of PE samples (per event)

* \We had to remove some 3PL events because of numerical
stability. We checked that it does not affect the results (it is
negligible wrt Poisson noise)
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