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The overall goal

e The data d(¢) generated by LIGO detectors looks just like noise.
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Matched filtering

Data around GW150914
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Matched filtering result

Data around GW150914 GW150914 matched filter
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Challenges

Large parameter space

Only considering black hole binaries, signals depend on 15
parameters

It is not computationally possible to search for every possible
combination of parameters in this |5+ dimensional space

In order to detect unknown gravitational-wave signals, we must
significantly reduce the size of the parameter space
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What about the noise?

LIGO-Virgo data was stationarity and Gaussian, all we would need is the matched filter

However, we know that over the timescales we need to analyze, these assumptions are

definitely not the case

Data is non-stationary and non-Gaussian

In order to identify gravitational-wave signals, we need additional methods to separate

signals from noise

Ve can use our knowledge of CBC signals to help reject noise artifacts
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New events from IAS-HM across O3

Colored: new detections Gray: LVK catalog + Other pipelines (IAS-22 + OGC)
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New events from IAS-HM across O3

Colored: new detections  Gray: LVK catalog + Other pipelines (IAS-22 + OGC)
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Population results
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Astrophysical models of binary black hole mergers

 We fit the binary black hole merger population with simple parametric model for its

parameters.
Primary mass, Power law
distribution with
7r(m1 -l &y TNmin 5m7 Mmax; Apeaka Hm 7y oaon.
— (]- — )\peak) P(ml ‘ _aammax)
+ )\peak g(ml ‘ Hm s Um) S(ml ‘ M min (Sm) Gaussian
\ distribution with
—— meany, and
Mass ratio, variance ¢,

ﬂ-(q | ﬁ(p mi, Mmin, 5m) X q'Bq S(qml ‘ TMmin 5m)

Redshift evolution,
R(z) = Ro (1 +2)",
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Measured Population Properties
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Summary

Different search pipelines, applied to the same dataset, can yield different results
because they handle data complexities differently— for example, in dealing with
power spectral density variations or signal-consistency tests.

The IAS-HM pipeline 1dentifies about 11 new events 1in the O3 data with
astrophysical probability greater than 50%. These events tend to lie at higher
redshifts and show lower mass ratios, pointing to more asymmetric mergers.

A population analysis using the IAS-HM catalog suggests higher merger rates and
a preference for asymmetric mergers compared to LVK’s GWTC-3.

With the O4a data now available, 1t will be exciting to see how these results
evolve.
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