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Detector and its purpose
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http://public.virgo-gw.eu/advanced-virgo/
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link fo the interactive plot

Observations

in Solar Masses

Masses in the Stellar Graveyard
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1 LIGO-Virgo Neutron Stars

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern


https://media.ligo.northwestern.edu/gallery/mass-plot
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Multi—messenger Observations of a

Binary Neutron Star Merger

GW170817/ GRB110811/ AT2017gto (NGC+993)

B. P. Abbott et al. 2017 ApJL 848 L12
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Multi—messagner
astronomy

AsTROPHVSICAL JOURNAL LETTERS, B4B:L12 (S9pp), 2017 October 20
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https://doi.org/10.3847/2041-8213/aa91c9

Signal or glitch?

GW signal

Hanford _Livingston
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Ditterential programming application fields

« Low—latency Binaries
7L / o Mergers search
D&’ d analysis  Parameter estimation
« Compact binary objects
Population studies

Detector monitoring

gznet COST action

Detector opfimisation

Noise cancellation

@

Detector control
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https://www.g2net.eu/

gznet — A network tor Gravitational Waves,
Geophysics and Machine Learning

e aGravitational wave searches
e Parameters estimation
. Glitch recognition and classification

. Disentanglement of aw from distinct sources

. efe. _
- MLEoN=T &
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How to build recipe

&———— Filter0

Suspension wire
Moatorized fishing rod

Horizontal
geophone

Horizontal | — . Vertical
LVDT/actuator | ¥ ' LVDT/actuator

«—_ Inverted
pendulum

Standard filters
Wire

Intermediate
filter

Bench wire

Filter 7

central part of the interferometer
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How to build recipe
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The Task

external frame

[ Mode cleaning

marionetta

y
& % Hy
E'd
TR z

x troller desi
£ ) e S o
S \\\ System resonances
20} Ff\ e . 1.0
| 1* foundation resonance —

~ 10} // J -
CEE P ‘/ =
2 OF & d
o
==} e
E -107 First two internal | c » Vesr _
i_-‘:_; 20t resonances [e) [ h
2 005
2 30} 7 54
g 1 ¥ \/\ 'ﬂ
& 0f o . £
t s b A as}
g =50r o b g
2 . SR She o TR ] [ v

60| — Isolator 1 & 2 - realistic 8 N/ \ 1a © FSR, conf

--- isolator 1 & 2 - massless N L o e ot
-70H — lIsolator 3 - realistic e (o
--- Isolator 3 - massless 5
-805 = e 0.0

10 10 F10 s T]::qu 01 TEMq 00 TE"'NIq 01 TEMqH 00 TI::MqH 01 TE'Mq+2 00
redueney (1) . Cavity Modes
01/04/ 72021 Louvain—la—Neuve 13



Sensors | Controllers | Actuators

accelerometers
photo—detectors
LVDTs

optical levers
cameras

efc,

01/04/ 2021

. digital signal
processing
controllers

Louvain—Ila—Neuve

o laser funing inputs
« coils

. piezoelectric stacks
« pico—motors

o optical modulators
. signal generators

. efe,
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Typical local control FB loop

DOF_SET

DOF_CORR_SET

v

DOF_ENABLE_ERR DOF_NOISE DOF_CORR_NOISE

(L

- \*/ \t) - =
» Driving .
Control filters Mat
—>» —>»
DOF_ERR DOF_GAIN DOF_PRE DOF_POST T DOF_OUT DOF_CORR
DOF_ENABLE
Triggers

* blendin
* boost ﬁ/fers.
" driving matrices digital up to signal demodulation
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Easier Than It seems
but more difficult than expected

o Classical control theory works

but

- Non—stationarity (temperature dependence, ageing)
- Non—linearity

. Cross—coupling

01/04/ 2021 Louvain—la—Neuve
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example: Quantum Noise Reduction subsystem

a) ground state; b) squeezed vacuum; c) coherent state;
d) bright  phase—squeezed  state; e) bright  amplitude
squeezed state

F. Acernese et al. 2019 Phys. Rev. Lett. 123,231108
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https://doi.org/10.1103/PhysRevLett.123.231108

example: Quantum Noise Reduction subsystem

Laser phase—lock loops x3 RN i

Suspended bench controls x4 P e e ral

Filter cavity alignment xz (Gr+IR) |2 y

Beam pointing x2 (aGr+IR)

Homodyne detfector alignment

Green to IR frequency tuning

Alignment with Virgo
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e hierarchization

Orchestration

. frequency multiplexing
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I would forgef.

— JUST OUTSIDE THE BOX

Hey Bob,
can't hearyou, [/
You're on mute, |2

we count on operators’ during the observation run

?

4
__Hanford Livingston

Conference calls
What it looks like when you are on mute

Copyrght werm FoUT e b Ear oo tom

Whitened Strain [10°2
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and on the rapid response team
in case of probable detection
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Toys in the sandbox

classic

« DAR, UDSFT

» Algorithms for Control

and Locking (Acl)
+ dataDisplay

. Metfatron

01/04/ 2021

machine learning
« GW wavetorm recognition

. glifch recognition in the aux
channels

- optimal strategies for
Newtonian noise reduction

Louvain—Ila—Neuve
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supplementary materials

« gznet publications list

« gznet WG3 training school on Machine Learning

. Scientific softwaresdata exchange ESCAPE project
« Glifch recognition gym gravityspy.org

« Kaggle challenge on 6W detection

01/04/ 72021 Louvain—la—Neuve
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https://www.g2net.eu/publications-and-talks
https://indico.ego-gw.it/event/217/
https://projectescape.eu/
https://www.zooniverse.org/projects/zooniverse/gravity-spy
https://www.kaggle.com/c/g2net-gravitational-wave-detection/overview
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Thank you tfor your attention:

This presentation is based upon work from COST Action CA17137,
supported by COST (European Cooperation in Science and Technology)

Louvain—Ila—Neuve
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Support slides
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gznet — A network for Gravitational Waves,
Geophysics and Machine Learning

Gravitational wave searches - Deep NN D, George arXiv:1701,00008

Parameter estimation — A, Chua arXiv:19049,059¢ & H, Gabbard
arXiv: 1909, 062 96

. Glitch recognition and classification - Convolutional NN M, Razzano
arxlv:1§03,09935 & Fractal analysis of data - M, Cavaglia

Disentanglement of W - F, Badaracco

etc, in the ML review paper — E, Cuoco arXiv:2005,03745
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