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Abstract:

This study presents the modelling of the gravitational wave (GW) bias parameter by bridging between simulated GW sources
and galaxies in low redshift galaxy surveys 2MPZ, WISExSCOS (WISC) and SDSS DR7. We study this connection by creating a
mock host catalog for GW events and populating galaxy surveys with binary black holes (BBHs) for different scenarios of the GW
host-galaxy probability as a function of the galaxy stellar mass, SFR and metallicity. For 2MPZ, WISEXSCOS (WISC) galaxy
surveys with only stellar mass information, we consider a phenomenological broken power law model for the host-galaxy
probability function, with a potential turnover where the star formation efficiency begins to drop. We vary the parameters of the
GW host-galaxy probability function and find that generically the GW bias increases as the turnover point increases. The change
in the GW bias parameter shows a maximum change of about 30% for different scenarios explored in this work in comparison to
the galaxy bias. For the SDSS DR7 survey with stellar mass, SFR and metallicity information, we use a joint host-galaxy
probability function defined over stellar mass, star formation rate (SFR), and metallicity. This probability is modelled as the
product of three broken power-law distributions, each with a turnover point motivated by astrophysical processes governing the
relation between current-day galaxy properties and BBH mergers, such as galaxy quenching and BBH delay time. In this case,
our results show that GW bias is most sensitive to host-galaxy probability dependence on stellar mass, with increases of up to
~0(10)% relative to galaxy bias as the stellar mass pivot scale rises. We also find a notable relationship between GW bias and
SFR: when the host-galaxy probability favors low-SFR galaxies, the GW bias significantly increases. In contrast, we observe no
strong correlation between GW bias and metallicity. These findings suggest that the spatial clustering of GW sources is primarily
driven by the stellar mass and SFR of their host galaxies and shows how GW bias measurements can inform models of the
host-galaxy probability function.
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Outline
——

* Motivation : Why should we study the spatial clustering of the gravitational waves (GW)
source?

* What is the gravitational wave bias parameter?
* Big picture of our proposal

* Modeling “GW host-galaxy probability function” : Connection between GW sources and
astrophysical properties of galaxies using observed galaxy catalogs.

* Introducing galaxy surveys used in the analysis
* Results:

* GW bias estimation from photometric galaxy surveys '

* GW bias estimation from spectroscopic galaxy survey
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Why Study Gravitational Wave Sources?

What can we learn from the spatial clustering of GW sources observed—especially with upcoming third-
generation gravitational wave observatories?

* Cosmic Structure and Galaxies (Halo-galaxy connection) = From Galaxies to Stars = Stellar evolution and
compact Binary formation and evolution:

* GW sources trace the large-scale structure of the Universe.

* Their spatial clustering holds clues to:
- The astrophysical processes that form compact binaries.
- The connection between GWs, galaxies, and dark matter halos.

* Studying their clustering allows us to:
- Probe the cosmic environment of GW sources.
- Test and refine models of binary formation and evolution.
- Place new constraints on cosmological parameters.
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GW Bias parameter
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Our proposal
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* Merger rate of BBHs per galaxy is positively correlated with the SFR history. SHETIIE, o |
N Merger rate

* Consequently, merger rate per galaxy is expected to be positively correlated with the stellar mass up to a particular mass scale.
* High mass galaxies form stars rapidly at early times before their star formation is quenched.
« P(GW|M,) depends on the two timescales in the problem, the delay time and the quenching time.

- Quenching time scale: The time it takes for a galaxy to transition from being actively star-forming to a quenched (non-star-
forming) state.
- Delay time: the time between the formation time of the progenitor stars in a binary system and the time of the merger event

Mergers already happened Suppl:esscc.l nu1:_nher of mergers in
Active star-forming 8 ¥ happ Quenched  £alaxies with high stellar mass

galaxies ' i galaxies —_——— Lower M K

e Short delay time
e' Quenching time
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Time

* Delay time shorter than the quenching timescale = Suppression in the number of BBHs in galaxies with high stellar mass.

* Longer delay times = No suppression b
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Host-galaxy probability functions

Encapsulating the physics from the formation to the merger of BBHs

P(GW|M,) P(GW|M,,SFR,Z)

* 2MPZ and WISC only provide the mass. * SDSS provides the mass, SFR, and metallicity.
* Photometric surveys * Spectroscopic surveys
* Angular power spectrum * 3D power spectrum

* joint probability
distribution of P(GW|M,), P(GW |SFR) and P(GW |Z)
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Photometric Redshift Galaxy Catalogs

* | million galaxies, with a median z = 0.07.  18.5 million galaxies with a median of z=0.2.

2MPZ Galaxies WISC Gaaxios

0 Number of galaxics N, 37 0 Number of galaxies N, 131
Built by cross-matching the 2 Micron All-Sky Survey Extended WISExSCOS Photometric Redshift catalog (WISExS- COSPZ,
Source Catalog (2MASS XSC), the All-Sky data release of the or WISC for short).
Wide-field Infrared Survey  Explorer (WISE), and
SuperCOSMOS.
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Results, GW bias vs My, redshift and scale
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Redshift dependence of GW bias inherits the trend in the redshift dependence of
galaxy bias.
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Galaxy catalog: Sloan Digital Sky Survey (SDSS) Data Release 7

Spectroscopic survey - contains astrophysical properties of galaxies such as stellar mass, SFR and metallicity - Maximum
redshift of z= 0.2
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Results, GW bias vs Mg, SFRy , Zx
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Summary

We have studied the dependence of the GW bias parameter for BBHs on the GW host-galaxy
probability using observed galaxy catalogs.

The host-galaxy probability is formulated by broken power-laws in terms of stellar mass, star
formation rate (SFR), and metallicity.

GW host—galaxy probabilities : P(GW |M,) and P(GW|M,,SFR, Z)for the photometric and
spectroscopic surveys, respectively.

GW bias generally depends on parameters of the host-galaxy probability function which in
turn 1s related to formation channels of BBHs, in particular the delay time distribution.

GW bias correlates more strongly with stellar mass. It also relates to SFR, while we did not
see significant correlation with metallicity (due to redshift limitations surveys, simplifications
of host-galaxy probability function.)

With upcoming GW detectors and galaxy surveys, we are entering an exciting era for
connecting large-scale structure with gravitational wave sources.
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Thank you for your attention
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