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Machlne Learmng Plpehnes

AresGW

model 2 A 3

Network Type:

Deep Residual Network (ResNet)
enhanced with Deep Adaptive Input
Normalization (DAIN) and

curriculum learning.

Input:

Time - Series
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Network Type:

Convolutional Neural Network
(CNN), a deep learning model
specialized for image recognition
tasks.

Input:

Spectrograms
(Time - Frequency)
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Main Goal - : Main Goal
Detect astrophysical

gravitational-wave signals directly
from raw strain time-series.

Identify and classify non-astrophysical
noise transients (glitches)

Collective Goal
Lower false-alarm rates and improve

sensitivity of GW searches
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Represent instances where the neural network

identified a potential event of interest.
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filtering methods

Evdokia C. Koursoumpa ' 21st conference in the series "Recent Developments in Gravity" (NEB)


https://arxiv.org/search/gr-qc?searchtype=author&query=Koursoumpa,+E+C

Importance of N01se Flltermg for Improvmg the False Alarm Rate 1n Grav1tat10nal Wave Events

| F11ter1ng Methods
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Filter

Empirical Filter
Developed by Alexandra E. Koloniari

Gravity Spy Glitches
Removal Filter
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Selective Noise Rejection

“Signals that survive strict noise checks”

It doesn’t pass the strict “Selective
Passband” conditions.

o It can’t be explained away by nearby

noise triggers either

Evdokia C. Koursoumpa

Empirical Filter e
Developed by Alexandra E. Koloniari s

Importance of Noisé Filtering for Improving the False Alarm Rate in Gravitational Wave Events

Selective Pass Band
“High-confidence signals™
. Higher cut-off frequencies
. Ranking statistic (Rs) stays
consistently high
e No nearby noise triggers with high Rs
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Frequency [Hz]

1.8 1.2 0.6 0 0.6 1.2 1.8
Time [seconds] from 2019-05-23 14:01:41.091 UTC (1242655319.091408)

-0.4000001 -0.3199999 -0.24 -0.1600001 -0.0799999 0 0.0799999 0.1600001 0.2 0.3199999 0.4000001
Time [seconds] from 2019-05-19 13:49:52.148 UTC (1242309010.1484375)

Source: Light scattering from Swiss-cheese baffles in the Source: Likely due to unintended modulation of the laser
interferometer light inside the interferometer
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pt L

What’s the False Alarm Rate from
the real O3 data duration?

Number of noise triggers with R, > R,

FAR(> R;) =

Total analyzed live time (6.7 months)

1,
R

4
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T /
o admele f v S .
vy e . ..
.’ 4 ~ '
e Rigle J
P 4 L

' Default Low-Pass % Lo,
2 Selective Noise Rejection b
_ Selective Noise Rejection+GravitySpy e
Selective Passband

Selective Passband+GravitySpy
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Importance of N01se Flltermg for Improv1ng the False Alarm Rate 1n Grav1tat10nal Wave Events
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o Results

—— Selective Noise Rejection+GravitySpy
---- Selective Passband

—— Selective Passband+GravitySpy

The false alarm rate significantly
decreases when employing all three filtering
processes.

10 12 14 16
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Importance of N01se Flltermg for Improvmg the False Alarm Rate 1n Grav1tatlonal Wave Events'
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Applymg n01se filters also 1mproves ’
background 1n p astro galculatlon
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Applymg nmse filters also 1mproves
background 1n p_astro calculatlon

Increased .
Astrophysical g8 Candidate

Probability Event

Background distribution
(false alarms from real

O3 noise)

Foreground
distribution (signals
from injections)
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Results

Training Region
GWTC

OGC

IAS

AresGW
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: Results

Training Region
GWTC

OGC

IAS

AresGW

AYesGW detects gravitational waves with high 8 rfew low-SNR gravitational wave events[5]

confidence, outperforming traditional were 1dentified - the first to be detected
pipelines.

solely by a machine learning pipeling
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Three Fl. ,terlng Process
/ . 'Slgmflcant decrease 111 the FAR

"",Outperformlng Tradltlenal Plpehnes,”
UiAreGW detects the maJ Omty of the events Wlth high
} confldence ;

’

D1scovery of 8 new GW events

First to be detected solely by a machine learning
pipeline.

Contact: ekoursou@auth.gr
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