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@) REINFORCE How tOo detect gravitational waves

« Typical GW sources induce a deformation
of 1018 m over a length of ~ few km
« High background noise!

®
« Exploiting interference between orthogonal laser beams
. Typical km-long scale + Fabry-Perot cavities e~ ) il
« Frequency range ~20-20000 Hz ﬁ? kot

« Advanced methods to reduce noise : -t
« Detectors working as a network 1
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Commissioning Upgrades
“Observing Scenario” paper

Abbott et al, (LVK collaborations) 2020, LRR, 23, 3



Time (seconds)
-10 -8 -6 -4 -2 0

00 - . 500 6
..’ 5]5"! uﬂmfsgcﬁsﬁﬁ N O I S e g I ItC h e S LIGO-Livingston raw data %
T =
= o)
) S 100 g
5 2
« Transient noise events can happen "0 3 §
« Not related to astrophysical source, but local disturbances 100
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« Detect and classify glitches to find their origin and remove them Time (seconds)
« Hardware/software origin Glitch in LIGO L1 detector during GW170817
. Data from auxiliary sensors important to understand origin Abbottetal 2017

Machine learning offers promising approach (e.g. George&Huerta2017, Razzano&Cuoco 2018)
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Glitch morphologies
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Z-BREINFGRB Glitches and citizen science

@
« Promising to classify complex time-frequency patterns of glitches (timeseries/images)

« Large input required to train machine learning models
« Not only for detector characterization. Various ML works for GW data analysis

. | GravitySpy ©

« Mostly supervised approach

o
. Preparing labeled dataset (a la GalaxyZoo)
o I _ I Help scientists at LIGO search for
Tlme frequency SpeCtrOgramS (ImaQES) gravitational waves, the elusive

« Look at glitches & other noise sources . ripples of spacetime.
and help characterizing them p—
« Unveil novel glitch classes

« Success story: Gravity Spy on Zooniverse (2016)
by LIGO team and NSF

M. Razzano I




REINFORCE GWitchHunters:
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

%ﬁ“ unoerreviewGWIitchHunters ABOUT CLASSIFY TALK COLLECT RECENTS LAB
AP

Help us to improve our p—

Help us to improve our Gravitational Wave

Gravitational Wave detectors and

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

£, Download on the
' App Store



https://www.zooniverse.org/projects/reinforce/gwitchhunters

@) REWFIRCE - Hghlights of GWitchHunters

e Introduce a new, original way to power GW research with citizen science
o GravitySpy as a success story
o Can we complement this approach?

e New frontiers

o Go beyond classification tasks — Noise hunting
o Include signals from sensors in the detector (“auxiliary channels™)
o Run on mobile devices

GWitchHunters Levels

DeSktOp > [ Fl;l:,'r|ral..'r:|:I - What is a glitch? ] [ Lavel 1 - Catch the noisa! ] [ Level 2 = Find them all! ] [ Level 3 - Gat the auxiliary channels

M Oblle > | Mabile Challenge - Noise Profilers ‘ [ Maobile Challenge - Lasso that glitchl ]

M. Razzano &



@) RENFORCE — Qyr Challenges

Power in the IMC Power in the WA
! e ' * + ) » . § ‘. | $ ’ l'.

e Be engaging and innovative
o Attract GravitySpy fans and more 10 2
o Offer new challenges in GW science

100

e More data, more fun!
o Auxiliary channels offer new insights
Into how detectors work
o Auxiliary channels are not public.~— Prepared ad hoc REINFORCE-EGO MoA(
o As a result, an updated & more rich dataset than first dataset

e Go beyond glitches
o Flexible workflow, can accomodate other noise features (lines/slowly-varying noise)

M. Razzano 0



@) REINFORCE  Fayw words on data

e Source data

® Real data from Advanced Virgo O3 (for the launch, next steps we plan to include LIGO)
® Main "strain" channel (aka h(t)), also publicly available
® Auxiliary channels, not public but available thanks to Virgo-EGO-REINFORCE MoA

e Datasets
® Timeseries (+ preprocessing, whitening) to Time-Frequency image maps

® Two Data Releases so far
® DRO1 (2021, launch) - 2000 glitches from O3a + 8 aux channels
® DRO02 (2022, follow-up) - +4000 glitches from O3b + 8 aux channels

M. Razzano



RevFORcE - G\WitchHunters: The big picture
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") REINFORCE  Ctjzen Tasks: classification

o Classify glitch morphology

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

o Dedicated Playground Level for self-training

o Get familiar with the kind of data produced by ( Virgo strain channel * e
. . I Hy . ; ] | ‘ se glitch in this image?
detectors and its noise features; LB T L 1 e L AL U LU

KKKKKKK

o Distinguish transient noise from
transientastrophysical signals
(coalescence of compact binaries)
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@) REINFORCE  Cjtizen Tasks: identify noise features

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

/ and Field Guide
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i) REINFORCE  Ct|zen Tasks: correlations

o Check similar morphology between main physics channel (h(t) and auxiliary channels
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 in the IMC

Auxiliary channels
monitoring the
detector and its
environment

- N w £~ w
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Where we are

Launched in Nov 2021, very good feedback from the citizens community

Some numbers (Aug 30,2022):

GWITCHHUNTERS STATISTICS

25% Complete

Volunteers Classifications Subjects Completed Subjects

Mobile Challenges done quickly: first data release completed in mid Feb

M. Razzano



REINFORCE
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Status of the tasks

Some tasks are in a very good stage

Level 1- Catch the noise

Retirement limit: 12

Images retired: 1,201/ 4,788
Classifications: 30,753 / 57,456
ETC* 585 days

54% Complete

Level 2 - Find them all! Level 3 - Watch out the sensors!
Retirement limit: 12 Retirement limit: 12
Images retired: 1,210 / 4,788 Images retired: 1,100 / 6,436
Classifications: 28,395 [ 57,456 Classifications: 27,117 / 77,232
ETC* 783 days ETC* 1871 days
) 0,
49% Complete 35% Complete

Mobile Challenge - Lasso that glitch!

Retirement limit: 12

Images retired: 1,608 / 5,185
Classifications: 41,694 / 62,220
ETC* 170 days

67% Complete

Mobile Challenge - Noise Profilers

Retirement limit: 12

Images retired: 11,497 / 20,221
Classifications: 185,428 [ 242,652
ETC* 305 days

76% Complete

https://www.zooniverse.org/projects/reinforce/gwitchhunters

M. Razzano




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

* Discussion forum very active! (>100 active participants, >1700 discussions)

New Challenges launched: "Fantastic Glitches and where to find them"
(6 new classes proposed, under discussion)

GWitchHunters Talk

Search orenter a #tag Q

Notes

General comment threads about individual subjects

e oneOverH Subject 75191645 35 minutes ago

Chat

A board for general discussions on GWitchHunters or any other topic you want to discuss

Q Coralbell Congratulations Francesco di Renzol 14 days ago

Feedback and suggestions

Report here any bug that you may have found or any suggestions for improving the project

g Coralbell Playground Level - Hit/Miss Feedback Text a month ago

The Science

A board to discuss the research on gravitational waves and the science of GWitchHunters

& ZngabitanT Narrowband glitches in Virgo 03 - Pirate Ships and all that.. a month ago

Fantastic Glitches and Where to Find Them

A board to discuss and propose new class of glitches

& ZngabitanT New glitch class: Lightning 2 months ago

Help Desk

e you found troubles with t|

@ ZngabitanT Boxes 2 months ago

News and Announcements

A board for News and Announcements from the tear

of GWitchHunters

Q. fdirenzo pzzmEERWelcome to the Easter Challenge! 3 months ago

e interface or questions on the tasks? This is the right place to ask questions

& 123 Participants
[E21750 Discussions

9 2333 Comments

& 14Pa ants
915 Discussions

# 96 Cor

& 21 Participants
[@E34 Discussions

236 Comments

& 11 Participants
[E217 Discussions

@ 63 Comments

& 2 Participants
[ED7 Discussions

16 Comments

& 7 Participants
B34 Discussions

17 Comments

& 2 Participants
B35 Discussions

¢ 8 Comments

Recent Comments
Popular Tags:
scattered-light

scratchy
lip
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others

tomte

low-frequency-burst

low_frequency_burst
agriculture
scattered_light
fireballs _tall
koi_fish

hfb

blips

extremely_loud

blip_clear

koi-fish

8 Active Participants:

acdoll echaniot dedunn pritam25

lagalas Qaa wischob cryptoref

Projects:

Zooniverse Talk

Notes from Nature - Big Bee Bonanza!
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Ighlights of results

* Detailed study of distributions of efforts among levels
* Mobile levels very effective (as expected)

%105 Number of Classifications per Workflow Number of Participants per Workflow
2.00
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Data from May 18,2021 to Jul 15 2022




Ll ~ |
REINFORCE  Highlights of results
* Putative class assigned on majority vote Confusion Matrix of Level 3 - Watch out the sensors!
* Results good for some classes, for other Others - e [ [T

requires more data .
Blip 7% JEFAN 4% 10% 8% 0% 0% 0% 7% 0%

Extremely Loud 6% 12% 3% 12% 0% 0% 0% 1% 0%
Helix 9% 16% 2% 6% 1% 1% 0% 16% 0%

Koi Fish 3% 12% 12% 4% 0% 0% 0% 3% 0%

Low Frequency Burst 14% 0% 3% 1% 0% 20% 0% 0% 1%
Scattered Light 8% 0% 1% 1% 0% 7% 0% 1% 0%
Scratchy 13% 0% 0% 0% 0% 2% 3% 0% 12%

Tomte 5% 6% 1% 15% 5% 1% 2% 0% 0%

Violin Mode 5% 0% 0% 0% 0% 0% 0% 14% 0%

Oz‘/)ers @//b &1’"@ /Y@/’;\' 46",4;;? (oh/’(} Sce e Sc,efc 0,77[@ V/b /i,
Data from May 18,2021to Jul 15 2022 %, e, Yy, ¢ Mo
ey 7o 8, 9,
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i g h I I g h tS Of reS u I tS Distributions of Scattered Light parameters

» Useful to find glitch parameter distribution 0o
2.0 5
* Betterdiscrimination among glitch classes 15 &
L10 2
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Ighlights of results

Correlations of glitches in the strain and in the aux channels
100

* Only 8 channels, many info already Tomte | Low Frequency Burst
10 = E
* DARM correlation is a known fact

e Useful to show how glitch with similar morphology 100
correlate with different aux channels (e.g. Scattered
Light and Low Frequency Bursts)

Scattered Light Scratchy

100 E
Others 3 Extremely Loud

Correlation with auxiliary channels [%]

10 3
1 .
100 3
Blip ] Violin Mode
10 < E
1 - - T I T T T T T T
100
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1 . -
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REINFORCE The road ahead

e GWitchHunters project on Zooniverse
O Successfully launched: we keep monitoring the data inflow
O New datasets included
O New challenges for citizens (e.g. find new glitches)

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

e Next steps
O Add new glitch datasets & new auxiliary channels
O Offer novel challenges for data exploration & noise hunting
O Project is growing! Involve more people interested, etc...

M. Razzano
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