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O3 result LVK Cosmology group

Constraints on the cosmic expansion history from the third LIGO–Virgo–KAGRA
Gravitational-Wave Transient Catalog (using gwcosmo)
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Why did we need to rewrite the method?

The previous version of gwcosmo was slow

We expect more events during Run O4

The resulting H0 posterior depends on

CBC mass distribution
CBC merger rate (with z)

−→ informative priors impact the result and introduce a bias

Before, gwcosmo was too computationally expensive to vary these inputs. Thus, many
hyperparameters were fixed
The new version (1000x faster) allows joint estimation of cosmological and compact binary
population parameters
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‘Dark Siren’ method
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Theory
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LOS redshift prior

One healpy pixel
In-catalogue contribution: Gaussian peaks corresponding to galaxies
Out-of-catalogue contribution: Galaxies uniformly distributed in comoving volume and
luminosities following a Schechter function distribution
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LOS redshift prior

The H0 dependence comes down to a normalization constant

The same prior is used to evaluate the GW likelihood and GW selection effects, so this
dependence cancels
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LOS redshift prior - angular resolution

Implicit angular resolution dependence in galaxy weighting and magnitude thresholds

Ensure convergence for increasing angular resolution
Define 2 levels of resolution: nmap and nhigh

Calculate the effective number of galaxies at nmap and adjust to nhigh
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LOS redshift prior

Angular resolution: control galaxy weighting using precomputed skymaps

nside 32 nside 64
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LOS redshift prior

z resolution
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LOS redshift prior

GW190814
Weighted sum of LOS zpriors of multiple pixels
Illustrates over- and underdensities compared to the empty catalogue distribution
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Joining spectral sirens

Spectral sirens: features of the mass distribution of the compact object population break
the mass-redshif degeneracy.

Have been always carried out separately due to computational difficulty.

Novel method for carrying out cosmological and GW population parameters jointly.
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Selection effects

In the previous version of gwcosmo the only parameter being constrained was H0.

Now, we calculate GW selection effects for various hyperparameters using MCMC or
Nested Sampling.
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Results and comparison

GW Events from GWTC-3 catalogue with SNR > 11

42 BBHs

2 NSBH (GW200105 and GW200115)

2 BNS (GW170817 and GW190425)

1 asymmetric mass binary (GW190814), treated as NSBH

GLADE+ galaxy catalogue K-band
Compare results from the previous and new method
3 separate analyses

1 A pure population analysis using 42 BBHs

2 A galaxy catalogue analysis with fixed population assumptions using all the BBHs,
NSBHs and BNSs

3 A population + galaxy catalogue analysis which uses all GW events and galaxy catalogue
information, and jointly estimates cosmological and population parameters
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Results and comparison

1) The population analysis of GWTC-3 BBHs
In agreement with icarogw
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Results and comparison

2) The galaxy catalogue analysis of GWTC-3 with fixed population assumptions
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Used parameters match the previous analysis
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Results and comparison

GW190814
Most informative event (nearby and small sky location area)
H0 posterior shape more impacted by nmap than nhigh

nmap=32 results are more robust (high number statistics)
Convergence at high nhigh
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Results and comparison

2) The galaxy catalogue analysis of GWTC-3 with fixed population assumptions
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Results and comparison

3) Combined cosmological and population inference using GWTC-3
Less informative result but far more robust and no longer susceptible to bias due to fixed
assumptions about the GW population
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Appendix
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Dictionary
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Priors
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