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@ REINFORCE Together for Gravitational-wave Research

REsearch INfros es FOR Citiz

e Promote GW research

* Propose communication
means enjoyable by the
vastest audience

>
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‘ %ke citizens active
contributors

« Jointly develop knowledge
Aerial view of the Virgo and the .
European Gravtational-wave Observatory and new teChnlqueS
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REINFORCE Djscovering Gravitational-wave data

Recorded in the form of time series and stored in large
computing centers.

® LIGO Hanford data (shifted) @ LIGO Livingston data
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B. P. Abbott et al. (LIGO Scientific
Collaboration and Virgo Collaboration)
Phys. Rev. Lett. 116, 061102
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@ rewrorce  Buried in the noise
The signal detection problem

Signal: the strain produced by an incoming gravitational wave

Detector output
Noise: the effect, equivalent to a strain, produced by non-astrophysical sources

Aerial view of Virgo
e | Detector output representation

Q Detection problem:

The ability to extract the
Information about the
astrophysical signal is
limited by our knowledge
about the noise.

Whitened strain
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PhysRevLett.120.141103
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https://doi.org/10.1103/PhysRevLett.120.141103

@ rewroree HOW to characterize detector noise?
The stationary part

W e can characterize the stationary part of the noise with the curves below, representing the energy
of the background noise at the various frequencies (spectrum).

Reference sensitivity curves during O3b These curves a|SO give the
L B reference sensitivity of our
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https://arxiv.org/abs/2111.03606

reveoree \What about the rest of the noise?
Glitches come to play

Glitch rates during O3b
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Detector data contains noise transients, and in '
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https://arxiv.org/abs/2111.03606

@) REINFORCE |mpact of glitches on GW searches

Core collapse
Compact binary supernovae, Pulsars, Stochastic

coalescences unmodelled bursts  continuous waves background

L1 data inthe correspondence of GW170817
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Phys.Rev.D 98 (2018) 8, 084016
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.084016

@BREINFURBF Impact of glitches on the detector

Example of an extremely loud glitch The working point of a detector is highly
unstable; the apparatus must be controlled
to keep it around “equilibrium position.”

Virgo strain channel

Loud glitches can cause the control
losses... 30 minutes to recover!!

- 100

Frequency [HZz]
ABJaus pazijewloN

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Time [s]

Global control losses decrease the detector duty
cycle and, in turn, the coincident time with the other
detectors in the network.
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REINFORGE

REsearch INfrostructures FOR Citizens in Europe

How glitches look like

Virgo strain channel Virgo strain channel
il [ f
| | | r14
L ‘ LY it !
4 MW"M‘H [ A
e Z | -122
-;\ 9‘ — M i i o
g 3 . , g LT
g 5 Distribution of glitch parameters 2 . ARE’ 5
e ‘o \ : V g
4 3 - - - T ]
£ 3§ \ ] .- i E 6§
< - <
" J
Lo 1 - - o 02 o4
Time [s] E p - - =" m Time [s]
] - e -
Virgo strain channel — d - 3
< > L: E— ‘ Vrgo strain channel -
1 - -
200 g " om L - e ..
- 17522, w J - - f— »52
= meg > L~ ¥ E
E 100 ‘125§ g - ‘; -4%
[ Q v
§ ma% '-lt _LGC_ - E - § :{L
2 L2 5 ‘> - g 33
< — i - I E mm L é
e E E - EEE s e 4
L 25 -+ h L
1%25 025 C - - . 1
Time [s] GJ - -
U J Time [s]
-
Virgo strain channel 4 : 7
atoth y Virgo strain channel
P Lo
-
- 153 v -
T 3 = - - )
> 2 10 2 10 1 g 3
v -4 N —
$ ‘8 : g &
: 2 Duration [sec] 8 g
& '8 g '3
< w g
3 ~<
2
0.4 0.3 0.2 0.1 o 01 0.2 03 : 1
Time [s]
Time [s]

REINFORCE International training course 2022




@) RENFIREE  Glitches induced by environmental noise

Glitch rate is larger during bad weather conditions: intense wind and sea
activity. Many glitches correlated with ground motion.

Correlation of glitch rate and microseismic noise
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https://arxiv.org/abs/2203.04014

REINFORCE Unveiling a complex instrument
and Its subsystems

Thousands of auxiliary sensors are used to monitor and control the status
of the apparatus and its physical environment. P .
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Investigate Detector Noise and
Make Detectors More Sensitive

If we find a similar signature in the gravitational-wave strain channel
(red) and in that of some auxiliary sensor (blue), this could be a hint of
the possible origin of the glitch...

Power in the IMC
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The combination of
palette has been
designed to ensure
images can be inter-
preted accurately by
everyone.
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https://colororacle.org/
https://www.color-blindness.com/coblis-color-blindness-simulator/

REINFORCE A \W/eb Platform where Anyone can
Contribute to GW Research

https://www.zooniverse.org/projects/reinforce/gwitchhunters, or just gwitchhunters zooniverse X

/; . Google Search I'm Feeling Lucky

GWitchHunters — Zooniverse X+
< Cc @ 08 W zooniverse.org ts/reint, tchhunt 2% 7Y & In D Q@ % e =

@ PROJECTS ABOUT  GET INVOLVED  TALK BUILD A PROJECT NEWS NOTIFICATIONS MESSAGES FDIRENZO v

unoerreviewGWIitchHunters ABOUT CLASSIFY TALK COLLECT RECENTS LAB

Help us to improve our —
Gravitational Wave detectors and Help us to improve our Gravitational Wave

detectors and unlock the secrets of the Universe!

unlock the secrets of the Universe!

Learn more

Mobile Challenge - Lasso that glitch!

Mobile Challenge - Noise Profilers

GETITON

P> Google Play

2. Download on the
' App Store
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https://www.zooniverse.org/projects/reinforce/gwitchhunters

s ) bl \What you will find

* The Science of gravitational-wave detectors,

Including the highlights on the most recent
upgrades and results

« Acommunity, where to meet and share
Ideas with researchers and enthusiasts

I « Entertainment, while learning and contributing
: to the research of gravitational waves
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i) REINFORCE \A/hat citizens will do: classification

o Similar noise features are likely to share similar origin:
learn to recognize them;

o Get familiar with the kind of data produced by GW
detectors and its noise features;

o Distinguish transient noise from
transientastrophysical signals
(coalescence of compact binaries)

Virgo strain channel . T R
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@) REINFORCE  \\/hat citizens will do: identify noise features

o Draw rectangles around noise features For each task
Tutorial, Help section,

/ and Field Guide
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") REINFORCE \A\/hat citizens will do: correlations

o Big picture on the detector functioning;

o Find similarities in noise features and discover the origin of such
disturbances;

o Help researchers get rid of the noise and improve detector sensitivity.

Power |n the IMC Power |n the WA Tsk | TUTORIL
| ‘ 3 H i : If you see a noise featurs

Auxiliary channels
monitoring the
detector and its
environment
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& REINFORCE Make Detector Data More Accessible
with Images and Sounds

Highlight relevant features of the data and make them understandable and enjoyable everyone.

Image representation of transient signals Signals as piano note progressions

GW150914 - LIG Hanford strain

N
o

Frequency [Hz]

0 —0710 —0705 0.60 0.65 0.:‘[0
025 02 015 01 005 0 005 01 015 02 025 Time [seconds] around 2015-09-14 09:50:45 365000 (1126259462 365)

Time [s]

REINFORCE International training course 2022



QEEEEE;EEE.: En gag | f g C |t| ens .. Participation vs. Time

1.4 4| = Classifications A I E— !
C e . ‘ - Participants F'roje‘:t I [ Winter ]
Many initiatives to promote . Launch | [challenge] |
I E
the project of e |
. - \\ i
Winter/Easter challenges 7o I yagTr— 1 Eastar || 2
e Dedicated WOFkShOpS = Science Course h | I“ | Challenge |
§ 0.6 fznd FSVADF c.nzerﬂ | | L 100
° EventS 8 l nce WorkshopJ I | | /
1
» Course - [Open science | T
. | Fair Workshop | | i n l..l - 50
 This School! O'Z'W k \: X Mw
0.0 -feean e -0
240
£ 180 -
o
= 120-
S 60- |
~ 04 A e e

Jun JuI Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2022



unters: The big picture




@ REINFIRCE  \achine Learning processing

CNN for automatic classification
* First step of a multi-stage pipeline (including other tasks)

Checks and development on simulations
* Experience from previous works
* Deep, multi-layer structure g
* Runon GPUs

Razzano&Cuoco, 20:
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REINFORCE  Machine Learning processing

2D vs 1D | S

e 2D good results, both on simulations and previously -
labeled real data

e Convolutions robust for multi-glitch situations

* Image-building (little) time consuming, tried 1D CNN
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REINFORCE The road ahead

e GWitchHunters project on Zooniverse
o Successfully launched: we keep monitoring the data inflow
o New datasetsincluded, more challenges to come

e Data Analysis
® \We have started the first analysis using the data collected so far
® Development based on simulations
® Comparison CNN/human in progress
® Not only classifications, processing regression and localization d
S\Q
o Next steps oty 1 g\\‘o\-\eS‘\
o Add new glitch datasets & new auxiliary channels k& (;\8‘55\W

o Offer novel challenges for data exploration & noise hunting



g-BRE'NFﬂRBE Get ready for the hands-on session!

Scan one of the QR codes below to start
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