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Gravitational waves introduction

© 2012 Encyclopadis Eritannica, Inc,

Generally, gravitational waves
originate from the acceleration of
massive bodies. We now routinely
observe gravitational waves from

compact binary mergers.

Maryam A. Abchouyeh 3 Nov. 2022 Workshop for Korea-UK Al/ML Research in fundamental science



www.scitechdaily.com

Www.Sciencecircle.org phys.org

zhuanlan.zhihu.com

Maryam A. Abchouyeh 3 Nov. 2022 Workshop for Korea-UK Al/ML Research in fundamental science



How do gravitational waves propagate 1n the Universe?

GWs stretch space-time 1n one
direction and squeeze 1t 1n the other
direction, while traveling in a
third direction - a transverse wave

just like EM but with spin-2.
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Laser Interfeometer Gravitational-wave Observatory (LIGO)
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Laser Interfeometer Gravitational-wave Observatory (LIGO)

LIGO 1s configured to detect spin-2 gravitational-waves by interferometry in a km-
scale Michelson-Morley type experiment
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Laser Interfeometer Gravitational-wave Observatory (LIGO)

LIGO 1s configured to detect spin-2 gravitational-waves by interferometry in a km-
scale Michelson-Morley type experiment
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Ground Based Gravitational waves observatories

LIGO Hanford
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LIGO started 1ts mission 1n 1995,
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BBH
M1=29 solar mass
M2=36 solar mass
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BBH

M1=29 solar mass

M2.=36 solar mass
First detection: GW150914 (O1) Chirp Mass-30 solar mass

Distance=410 Mpc

Shn Remnant mass=62 solar mass
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DNS
M1=1.46 solar mass
M2=1.27 solar mass

B@glnnlng Of the amaZIHg StOI’y GWI 708 1 7 (02) Total Mass=2.7 solar mass

It 1s not a silent event like 150914,

but a festival of radiations:

GW, GRB,

Kilonova, x-ray,

optical, radio, even a post-merger signal.
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Frequency=350 Hz
Distance=40 Mpc

Workshop for Korea-UK Al/ML Research in fundamental science

NASA/Goddard Space Flight Center



But 1t 1s not the full story.......

Masses In the Stellar Graveyard
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There 1s room for serious improvements
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Important factors in event detection
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O1-0O3ab.....what’s next for O4-0O5?
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o lighest priosity softwzre and services
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LIGO Open Science Center ™ ™
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Automation 1s inevitable!

Convert data to a
desired extension

check the consistency of set the data to the users
data in two detectors desired time interval
FFT windowing Bandpass filtering

First steps in search of
unknown signals

Downloading the data

Store the data 1n an
casily accessible extension

Loading the data

Smoothing the ends Calculating the Spectrum :)

Accessing the data

Check for data

Second Step to
get the Spectrum

Select the frame rate



Automation 1s inevitable!

Spectrogram

Congrats!
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Detecting the signal,
1f exists

Making the audio

3 Nov. 2022

Third step to get

Bandpass filtering again
the spectrogram

Whitening and lor th
whitening band width S ulizite
Forth step to hear .Wh@tening and.
the signal Whitening band width
Speed Amplifying factor
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Our Sweet App: scope and use
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g8 8888

8

Frequency (Hz)

& 5588

Frequency (H2)
8

8

Time (s)

frequency Hz

Maryam A. Abchouyeh 3 Nov. 2022 Workshop for Korea-UK Al/ML Research in fundamental science



Our Sweet App: scope and use

-In our App, we use FFT as the most common time-symmetric matched-filtering method,
-You need only four clicks to hear the signal (and of course a stable internet connection),
-It stores all the outputs and figures on your machine,

-One important characteristic of this App 1s its outreach factor....even high school students
Installation 1s easy and straight forward,

-By considering the standard deviation of Spectrum 1t gives a well defined measure of
high quality data, in search of unknown signals,

-No need for MATLAB installation,

-1t 1s open source,

-It will be extended......... :
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