Observing Black Holes with GWs
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The Problem

Spacetime is STIFF
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CARDIFF
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Distance: 800 MPc
Total mass: 200 M.
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Data & Best-fit Waveform: LIGO Open Science Center (losc.ligo.org); Prediction & Animation: C.North/M.Hannam (Cardiff University)
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Signal Templates

Template Banks
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Signal Templates
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Extracting Astrophysics from a GW Observation

25 30 35 40 45 50
miOUICG/M o




Extracting Astrophysics from a GW Observation
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Masses in the Stellar Graveyard

in Solar Masses

EM Neutron Stars

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern
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Masses in the Stellar Graveyard
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Masses in the Stellar Graveyard

LIGO-Virgo-KAGRA | Aaron Geller | Northwestern




Masses in the Stellar Graveyard

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Neutron Stars
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LIGO-Virgo-KAGRA | Aaron Geller | Northwestern




01 (3) + 02 (8) + O3a (44) + 03b (35) + O4a (139) + O4b (161) = 390, O4c* = 68, Total = 458

*0O4c entries are preliminary candidates found online.
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LIGO-G2302098 (f244d4f6), updated on 25 May, 2026 Credit: LIGO-Virgo-KAGRA Collaboration







What can we learn?
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What can we learn?

globular clusters

chemically nuclear clusters

homogenious
evolution L young star clusters

open clusters
population I

ultrafaint

common envelope dwarf mergers

active galactic nuclei

Gas Assisted




Extracting Astrophysics many GW Observations
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Foreman-Mackey et al 2014 ApJ 795 64




Population Mass Properties
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R. Abbott et a/ 2021 ApJL 913 L7 (GWTC-2 Pop.)
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Population Mass Properties
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R. Abbott et al 2021 ApJL 913 L7 (GWTC-2 Pop.)
R. Abbott et al 2022 arXiv:2111.03634 (GWTC-3 Pop.)
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Semi-Parametric Modeling
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Bruce Edelman et al 2022 ApJ 924 101
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What can we learn?

i —— PixeLPop, GWTC-5.0 _
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What can we learn?

— PIXELPOP, GWTC-5.0
—— DEFAULT BBH, awTC-5.0
—— DEerAuULT BBH, awTCc-4.0
--==_SFR, Arbitrary norm




Additional Resources

The Gravitational Wave Open Science Center

Tutorials (jupyter/collab notebooks, videos, etc.)

https://www.gwosc.org/tutorials

Open Data
https://www.gwosc.org/data

Event portal

https://www.gwosc.org/eventapi



