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Gravitational Wave

What is Gravitational Wave and how is it measured?

e Gravitational waves are the
perturbations in space-time metric
triggered by the movement of massive

objects (1) = &0, Ph(D)

o Strain is measured by gigantic
iInterferometers

s(t) = ¢(0, p)A(1) + n(?)

LIGO - A GIGANTIC INTERFEROMETER

GRAVITATIONAL WAVE BLACK HOLE SPACETIME

3 The light MIRROR

waves bounce

SN
and return:

o,

A "beam splitter” splits the
light and sends out two
identical beams along the

4 km long arms.

' A gravitational wave affects the
4 interferometer’s arms differently;
when one extends the other contracts
as they are passed by the peaks and
troughs of the gravitational waves.

Laser Light is sent into L
the instrument to
measure changes in
the length of the two
arms. = ~ At J 5 Normally, the light returns unchang-
a —#‘_i._-_—, ed to the beam splitter from both
arms and the light waves cancel
each other out.
LIGHT WAVES
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BEAM SPLITTER LIGHT DETECTOR

If the arms are disturbed by a , o L i
gravitational wave, the light waves e W) Al J LIGHT V.‘hA\IES HI o
will have travelled different distan- I THE LIGHT-DETECTOR
ces. Light then escapes through the BEAM SPLITTER LIGHT DETECTOR

splitter and hits the detector.
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Burst

Unmodelled and Transient GW signal

x 10°° Example Inspiral Gravitational Wave
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coherent WaveBurst

Algorithm for detecting generic transient signal

 cWB identifies the coherent excess power in multiple detectors
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coherent WaveBurst

Attributes to capture the properties of the identified triggers

Likelihood 584 - di(ms) [7.8125:250] - df(hz) [2:64] - npix 134 Null 21 -dt(ms) [7.8125:250] - df(hz) [2:64] - npix 130
gZOO '| §200
Time (sec) : GPS OFFSE.T = 1242459590.000 Time (sec) : GPS OFFSE‘T = 1242459590.000
Likelihood * Null
= Coherent Energy + Incoherent Energy >> Background noise component
>> GW signal component of the total E of the total E
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coherent WaveBurst

Attributes to capture the properties of the identified triggers

Likelihood 584 - di(ms) [7.8125:250] - df(hz) [2:64] - npix 134 Null 21 -dt(ms) [7.8125:250] - df(hz) [2:64] - npix 130
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cWB trigger attributes (!!)

mass® massl spin@® spinl spin2 spin3 spin4 spin5 time@® lag® lagl lag2 slag® slﬁe

rhol gnet anet netcc@® netccl netcc2 netcc3 netedd netedl neted2 neted3 neted4
T s ECOR factor Qveto® Qvetol frequency® frequencyl dtL dtH reconstrt
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= Coherent Energy + Incoherent Energy >> Background noise component
>> GW signal component of the total E of the total E

AXIS



coherent WaveBurst

Background analysis using unphysical Time shift
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* Background analysis gives glitches that are identified as event triggers
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Gaussian Mixture Modelling

Enhance the detection efficiency using machine

learning

GMM uses a superposition of Gaussian functions to

characterize the parameter space covered by a set of

data points. K
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Gaussian Mixture Modelling

Signal-Glitch classification

* Use trained GMMs to calculate the log-
likelihood

n n K
In L = Zlnp(a’c’z\@) — Zln {ijN(fiujazj)}
1=1

1=1
O = qﬁj,,uj, Zj, {] — ].K}

* With 2 models representing signal and
glitch, the GMM detection statistic for
each trigger is calculated

W — 111(,CA>|K

T =W, — W,

GMM detection statistic distribution for O3a short gravitational-wave bursts
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Gaussian Mixture Modelling
Result : cWB vs cWB+GMM and updates ...
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« GMM enhances the detection performance of standard cWB



cWB+GMM

Summary

 The coherent WaveBurst covers a broad range of parameter space without
requiring model waveforms

« GMM method enhances the detection efficiency of cWB algorithm
* Updates for O4 run are being prepared
* New method to determine the optimal number of Gaussians

* [est on parallelizing the training process to use more training data which
was not possible due to high computational cost
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