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i¢») REINFORCE Citizen Science

Citizen Scientists participation:

« Data Collection / Volunteer Mapping
« Data Interpretation / Analysis

« Publication / Dissemination of results

Examples:

25/11/2021



4} REWFORCE REINFORGE Muon Tomography

Goal: Decrease the knowledge gap between
research and society

High Energy Physics Neutrino Astronomy

Gravitational aves

SPL/Alamy
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¢ REINFORCE What is the Zooniverse?

World’s largest and most popular platform for
people-powered research.

Many Scientific Topics
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Help us to improve our
Gravitational Wave detectors and
unlock the secrets of the Universe!

New Particle Search at CERN
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Muoagraphy2021

l® KM3NeT

L
unoerrevewDeep Sea Explorers

Help us to study bio-activity in the
deep sea! With your help, we will
better understand marine sources
of noise in the KM3NeT detector,
making our s inos

\

%, ¢ ueowrevewCosmic Muon Images

Using Muon Tomography we can
probe the internal structure of

r
massive objects, like \‘anoes,
with particles from stars and




REINFORCE Data Sonorisation - SonoUno

((\III

.. ﬂ'DA
Software and Online platform Fx l I 1{ I‘.'I l‘ s @} rewronce

Hear your data on the fl
! i More difficult for Particle

. g . sonoUno is a User Centered software that allows people with Traj eCtO res
Great Effort towards the sonification =~
sensory styles to explore scientific data, visually and by

of all datasets sonorization, (from sonoUno website) O New Particle Search at CERN

and make science.
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http://sion.frm.utn.edu.ar/sonoUno/

&iig REINFORCE Cosmic Muon Images @ ZOOniverse
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T ';__:" unoer ReviewCosmic Muon |mages ABOUT CLASSIFY TALK COLLECT RECENTS

Link to the
same section

~~

Using Muon Tomography we can

probe the internal structure of
massive objects, like anoes,

with particles f_l:bm stars and

25/11/2021



REINFORCE Cosmic Muon Images @ ZOOniverse

UNDERREWEwCosmicMuonImages ABOUT CLASSIFY TALK COLLECT RECENTS

Link to the same
section

Get started ¥

detectors and help us to cé yme to try and find the

yer particle tracks and e le strikes on the detector surfaces. The "Introductory” wo ' looks at simpler cases, where our computer proposes a track.

seStyle” workflow looks at events where the proposition of a track becomes difficult for our machine but it should be easy if you spent some time in the

Introductory ‘ FreeStyle

— N S ————

Learn more




REINFORCE Cosmic Muon Images @ ZOOniverse

WORDS FROM THE RESEARCHER ABOUT COSMIC MUON IMAGES EXTERNAL PROJECT LINKS

. ‘ We are a team of young researchers from different &
walks of science. We place muon detectors all 2
Llnk to the same "l am very excited about this around the globe and we study the inner structure
t. project hepaneaat st of massive objects from volcanoes to ancient )
section { ; tombs and from underground tunnels to blast
get the chance to investigate =z
furnaces.
our methods in great detail
with the he/p ofpeop/e from Jacques is in charge of the group activities being “
the most experienced researcher he takes care of
(Scroll down) around the world. | look i &
. the design and the calibration of our detectors, and
Introduct - y
ntroauction forward to see where this plans the future missions of the team. Marina and
ResearCher Quote Journey will take us. Antoine perform analyses using muon tomography
Related Lln ks ' BT ' data creating crisp and beautiful images of

Volcanoes and underground tunnels. Where the
untrained eye only sees density differences, they
see magma highways, underground networks of
water pathways and dangerous ground instabilities
that are about to catastrophically collapse. Amelie B
and Matias study the impact of the earth’s
environment on the amount of muons our
detectors receive, without their work our method
wouldn't be that accurate. Theodore develops
simulations of our detectors and tries to identify

the various background sources in our data.

25/11/2021 Muoagraphy2021



About Page
Breakdown

Three Sections:

1) Research
2) The Team
3) FAQ

25/11/2021

a) La Soufriere example
b) X-ray Analogy

c) EAS

d) Measurement

Principle
e) Detector Description

f) Signal vs Background

Muoagraphy2021

il FAQ

Muon Tomography
Introduction

Cosmic-Ray Showers

The Method
The Detector

Background Types

Thare are other particles that can mimic this kind of behavior. The problem with this mimicking is that they artificially increase the statistics for a certain diraction and this leads to an und
diraction Of course, this affects all directions and leads to a smoothing out of the density contrast. it woukd be nice if we could identify indicators that help us get rid of this background.

We already mentioned that, as well as muons, othar particles also arive at the ground level as part of showars Hadrons can interact with our target, craate a shower of partickes themsalves,
datector (Fig, 6, laft).

Alternatively, a hadron can coma from above cur detector and create a shower of particies just above it (Fig €, right). These partickes will then propagate together, occupying appraximately ti
light, and aven theugh the planes of the detector are struck by differant particles, the points on the datector planes are, to a degree, collingar.

“ 5 P mckdent hadvon
—P Bowe hasron
= =P Recenswecind

-« Ot rer veet bor

Figure 6: The two ways a handron can interact with the datector and mimic the straight line signal of a muon {arXiv. 1906 03834)

T T INETT NN RS )

Figure 4: Schematic of a muon tomography setup for the determination of the inner density of a geclogical structure. Opacity is the amou
the trajectory of the muon, which is considered a straight line.

10



About Page
Breakdown

Three Sections:

1) Research
2) The Team
3) FAQ

25/11/2021

Jacques Marteau _ PR e
Dep. Director IP2I, Lyon B 27 SORER  © oo e
(slides 2, 3) X Ly AR M

Amelie Cohu 88 7 I —
PhD Researcher IP2l, Lyon ™ |
(slide 14) Yok N @ sanmalii o

[ S aisduton
Marina Rosas-Carbajal @ antcine_Chavaties

Researcher IPGP, Paris
(slides 8, 9, 12)

Matias Tramontini
PhD Researcher UNLP, ;

@ acohu

® MARTEAU

Antoine Chevalier @ schanion

Member of PULSASYS, Paris N .
(slides 10, 11, 12) =

Avgitas Theodore
Post-Doc Researcher |P2|

Muoagraphy2021 11



About Page o
Breakdown b

A muon is 8 fundamental particle which maans that it doesnt have any internal Structure. You can take the largest ma; FAQ
mare for you 10 see. One can imagine the muon as 8 "fat” slectron that is to say an electron with much heavier mass bu B
muon in your house you can be sure that it will not be thers when you come back, most ikely it won't be there after you We answer q uestlons that
s 0.0000022 seconds ard people's blink lasts around 100 - 150 ms or 0.001 seconds. So the phrase "blink and you miss .

decay after 15 minutes so plenty of blinks there. A muon decays into an electron and two other interesting particles call We mOStly recelve

Three Sections:
1 ) Resea rch Why do you need my help instead of using machines? through Various
Human brain is by evolution a pattern recognition machine. Except from the general bias of a human brain towards the commun ication Channels:

2 ) T h e Te a m “human machine® has itz own biases as well. Someons may see an elephant in the clouds when another can see a trucl 2
inztance where someone sees a snake someene else sees a garden hose. We believe that in cur case this competing bé Talk’ Fora " e-mall etc_

3 ) FAQ consonsus a result much more accurate that any other program or machine.

Qur project would indood benefit by the use of a machine if the machine was locking for something specific. it is difficult for computers to follow a heuristic approach in
problem solving and it would take a huge amount of effort to do this properly, not to mention rescurces that are very scarce in research nowadays. Even if we were capable of
creoting thiz human replacing machine, ot some point we would need people to oheck the results by oye to sce if what the machine provides makes senze.

Inztoad of this we decided to use the results you will provide to afterwards train a machine to rooreate themo
What if | do the task wrong?

Don't worry about that If you think that what you recognize is right then that's anough. Of course

wa can provide you with some guidance as to the procedure you have to follow and this is what we try to do through the tutonal but what the result of following this guidelines
will be is entircly up to you. Thare i no right or wrong, In the end ovary event will ba subjacted to the consansus of the majonty but like in democracy that doesnt mean that tha
minonty was on the wrong.

-
»

Avgitas Theodore
Post-Doc Researcher |P2I

25/11/2021 Muoagraphy2021



Muons Travel in straight lines A detector that can reconstruct straight lines

1-Front matrix
2-Control-box
3-Central matrix
4-Shielding
(steel + lead)

5-Back matrix
6-Muon
trajectory
/-matrix
connections

8- mount swing

25/11/2021 Muoagraphy2021 12



Workflow: A series of predetermined steps to guide the citizen
scientist through his/her assignment.

Goal: The identification of patterns using a series of straight lines
and points on our detector visualization plots.

2 Workflows: Introductory, FreeStyle (advance)

Get started ¥
Take a look into events registered by our detectors and help us to categorise their signal. In both of the workflows in the project you are welcome to try and find the
proper particle tracks and extra particle strikes on the detector surfaces. The "Introductory” workflow looks at simpler cases, where our computer proposes a track.

The "FreeStyle" workflow looks at events where the proposition of a track becomes difficult for our machine but it should be easy if you spent some time in the
"Introductory” workflow.

25/11/2021 Muoagraphy2021 14




o o The Detector monitors two
X -direction y -direction : _ _
directions on its 3 planes.

A 3d line is projected
(analyzed) on two planes
xz—plane & yz-plane

/,.

y-direction

. E¥ElEBzl

25/11/2021 Muoagraphy2021
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Example 1
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TASK TUTORIAL

Draw the proper line(s) for this event

Track

Drawer

() Extra Particle
Strikes drawn

Back Done & Talk &

0 of 0 required, 6 maximum
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Example 2

TASK TUTORIAL

®  wge tzp x * enge = y

Draw the proper line(s) for this event

/  Track 10f 1 required, 11 maximum
Drawer Cre
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Example 3
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TASK TUTORIAL

Draw the proper line(s) for this event

/ Track 2 of 1 required, 11 maximum
Drawer drawn

Extra Particle

Strikes

Back Done & Talk &
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Example 1
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TASK TUTORIAL

s there a pattern?

yes i can see a pattern (line, points or both)

no track and nothing remarkable

Proposal: no wrong
answers
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Example 2

TASK TUTORIAL
50 il = - Draw the proper line(s) for this event
1000 e
- 50
o o / Track 2 of 1 required, 11 maximum
5 X Drawer drawn

Extra Particle

Strikes
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y n gm =
g@ REINFORCE We ’ve made the classifications...
Now what?

a) Catalog patterns: 1 line + 1 extra hit, 1 line + 2 extra hits, 2 lines + ..., etc.
b) Neural Network training

c) Theory + Simulation to explain them based on frequency

d) Guided Study of detector response to Air Showers

Beyond ZOOniverse: Organize Virtual visits to Lab
Discuss Detector Calibration techniques
Open to feedback and implementation of new ideas
The entire dataset available -> Tryout your own
reconstruction algorithms.

12/7/2021 FRONTIERS Workshop 2021



9\ REINFORCE Sym mary

== Geosciences, Geotechnics, Archaelogy Muon tomography has many practica|

applications

Important work that can help improve our
techniques, analysissand design better

Mm;m e ==l https://www.reinforceeu.eu/
vl o TR il | and
at our Cosmic Muon Images
WEBINAR

https://www.zooniverse.org/projects/reinforce/cosmic-muon-images

12/7/2021 FRONTIERS Workshop


https://www.reinforceeu.eu/
https://www.reinforceeu.eu/events/webinars/how-use-cosmic-rays-study-geosciences-and-archaeology
https://www.zooniverse.org/projects/reinforce/cosmic-muon-images

4| REINFORCE

REsearch INfrastructures FOR Citizens in Europe

12/7/2021 FRONTIERS Workshop



¢\ REINFORCE

REsearch INfrastructures FOR Citizens in Europe

JOIN OUR COMMUNITY

()

reinforceeu.eu /company/reinforceeu @ReinforceEU

© Copyright 2019 — This project has received funding from the European Union’s Horizon 2020 project call
H2020-SwafS-2018-2020 funded proiject Grant Aareement no. 872859
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giiig REINFORCE What is Muon Tomography?

Like X-rays scans but
for large objects X-ray generator

Purpose: Study the matter density
distribution of Massive Objects Object
X-ray

Muon Detector

placed underground %TZZ_
to study the iy
overburden density =

o e — T
1 T 3.625
361

Easting Imi

12/7/2021 FRONTIERS Workshop 2021



Archaelo
gy Industrial controls

Geosciences

Volcanology

Geology

Hydrology Pyramids

Atmosphere physics Tumulus

CR physics Anthropic structures
Ruins

Non invasive controls
Nuclear cycle production
Civil engineering

Tunnel boring machines
Prospection & mining

12/7/2021 FRONTIERS Workshop 2021 27



geological object

Ep, Z Emm(g)

12/7/2021 FRONTIERS Workshop 2021 29



REINFORCE \Why does it work?

[0 years of accelerator physics

o MS P HC, Cl
{ -\15 CMS Experiment at the LHC, CERN

\ . - P/ CMS/CERN
\  Victor Hess  Auger Observatory

1911

FRONTIERS Workshop 2021



@) REINFORCE Muon Tomography Example

1. Measure Angular muon flux.
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REINFORCE Muon Tomography Example

1. Measure Angular muon flux.
2. Measure Open Sky muon flux.

Log10 (NHits Tomo)

2 Log10( NHits calib )
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REINFORCE Muon Tomography Example

1. Measure Angular muon flux.
2. Measure Open Sky muon flux.
3. Measured vs Expected -> OPACITY

1 Log10 (NHits Tomo) 2 Log10( NHits calib )
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REINFORCE Muon Tomography Example

1. Measure Angular muon flux.

2. Measure Open Sky muon flux.

3. Measured vs Expected -> OPACITY
4. Known muon path distance

Log10 (NHits Tomo) Log10( NHits calib )
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REINFOREE Muon Tomography Example

1. Measure Angular muon flux.

2. Measure Open Sky muon flux. Obi . -
ﬁ > ect Density Profile

3. Measured vs Expected -> OPACITY J y

4. Known muon path distance
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Goal: Identify patterns
In recorded events

Cosmic Muon Images ABOUT | cLASSIFY | TALK  COLLECT  RECENTS

— ——scarm from your Zooniverse experience

LAB

Most Important Sections:

The Team

Muon Tomography
" Muon tomography is a non-invasive method for the determination of the inner density distribution of ma
| the remote examination of an object is preferable to other on-site techniques. It has been proven most su|
I cooperation with other geophysical techniques, like gravimetry (Fig. 1) and electric resistivity. Since 2008,
Grande Soufriére volcano in Guadeloupe while simultaneously expanding its scope to other domains like

a) Rocher Fendu

v

Zenir angle (4 /
8 8 g 8 /8

Figure 1: Joint measurements with three muon detectors and several gravimeters, with the final goal bein
muon telescopes (diamonds) and gravity stations (circles). Gravity stations are coloured according to the
Red cones indicate the region of the dome sampled by each telescope. (b - d) Muon radiographies obtaine
of sight of the telescope. The average density is computed from the opacity, which is inferred from the nui

25/11/2021

Research

Research The Team

What is a muon?

Amuon is a fundamental particle which means that it doesnt have any internal structure. You can take the largest ma)

more for you to see. One can imagine the muon as a "fat” electron that is to say an electron with much heavier mass bu .

muon in your house you can be sure that it will not be there when you come back, most likely it won't be there after you We a nSWG r q u eStI O nS th at
is 0.0000022 seconds and people’s blink lasts around 100 - 150 ms or 0.001 seconds. So the phrase "blink and you miss I .

decay after 15 minutes so plenty of blinks there. A muon decays into an electron and two other interesting particles call We mOSt y recelve

Why do you need my help instead of using machines? th rO Ug h Va rl O US
Human brain is by evolution a pattern recognition machine. Except from the general bias of a human brain towards the - COMMUN |Cat|on Chan neIS

“numan machine" has its own biases as well. Someone may see an elephant in the clouds when another can see a trucl

instance where someone sees a snake someone else sees a garden hose. We believe that in our case this competing bi Tal k, Fora, e-ma |I etC
consensus a result much more accurate that any other program or machine.

Our project would indeed benefit by the use of a machine if the machine was looking for something specific. It is difficult for computers to follow a heuristic approach in
problem solving and it would take a huge amount of effort to do this properly, not to mention resources that are very scarce in research nowadays. Even if we were capable of
creating this human replacing machine, at some point we would need people to check the results by eye to see if what the machine provides makes sense.

Instead of this we decided to use the results you will provide to afterwards train a machine to recreate them.
What if | do the task wrong?

Don't worry about that. If you think that what you recognize is right then that's enough. Of course

we can provide you with some guidance as to the procedure you have to follow and this is what we try to do through the tutorial but what the result of following this guidelines
will be is entirely up to you. There is no right or wrong. In the end every event will be subjected to the consensus of the majority but like in democracy that doesn't mean that the
minority was on the wrong.

Avgitas Theodore
Post-Doc Researcher IP21
Lvon ¥4



https://www.zooniverse.org/projects/reinforce/cosmic-muon-images

Scintillator

Dow Styron 663W ; B PNT

doped w/ PPO and POPOP blue .’ I!l‘lllllll@

Put such strips one next to the other =
and you have a plane that monitors
one direction

A
\

-_.
-_ B

:

Place two such planes one on top

of the other with the

strips perpendicular and you monitor
both x and y coordinates

12/7/2021 FRONTIERS Workshop 2021 29



Distant/Safe Measurement

Total Structure Imaging
Monitoring

Muography Excels in Volcanology

Magmatic

1) What happens Hydro-vc

-
.

inside a volcano
during unrest

2) Links between
observations and
iInternal activity

3) Which types of
unrest are precursors
to (which eruptions)

FRONTIERS Workshop 2021 20



REINFORCE Muon Tomography Volcanology
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Simulation Proof of Concept

Tunnel Boring Machine: Density anomaly
Builds Tunnel while Digging the Hole
Density Anomalies in Front = Problem

d_(t)-d" (1)
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Challenges: Moving Detector Results
Digital Elevation Model (DEM) Reconstruction: Walls of Matter at Distances

Buildin Foop int Model
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REINFREE 100 Tomography Archaeology

Apollonia Tumulus: Covered Ancient Tomb
Muon detector placed inside Van
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Same Method — Bad result: Why? Average Density (g/cm3)
Method reaches its limits:
1) Harder Imaging
2) Smaller Target
3) Signal: Horizon

Signal compara

BUt What IS S_Ignal? 2R "» T —— ) 160 170 180 . 190
One (X,y) p0|nt on “ - ‘» 2 3% : } m Azimuth angle

What about this?
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Let’s look at a shower Let’s look at
hadrons muons electrs neutrs 0.00 -10"°sec Proton 10 " eV Muon An U UIar DiStribution

h''= 21311 m
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J.Oehlschlaeger,R.Engel,FZKarlsruhe
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Low Energy Muons

—  True trajectory ——P True trajectory
— =—§ Reconstructed — =) Reconstructed

@ Observed hit O Hitatt,
Q Extrapolated hit @] Hitat=t +Lic

Muon telescope

« « + P Incident hadron « « « P Incident hadron
=3P Shower hadron - Shower hadron
— — Reconstructed — =) Reconstructed

® Observed hit ] Observed hit

Muon telescope Muon telescope
arXiv:1906.03934



https://arxiv.org/abs/1906.03934

Goal: Identify patterns
In recorded events

Cosmic Muon Images v | TALK COLLECT RECENTS LAB

Most Important Sections:

Get started ¥ 2 Workflows

Classify Take a look into events registered by our detectors and help us to categorise their signal. In both of the workflows in the project you are welcome to
try and find the proper particle tracks and extra particle strikes on the detector surfaces. The "Introductory” workflow looks at simpler cases, where

our computer proposes a track. The "Advanced"” workflow looks at more complicated events where the proposition of a track becomes increasingly
difficult.

Introductory Advanced Average Density (g/cm3)

1) S=iold coinCidences.events from Anollonia Dataset
2) Only background — Not those used to produce this
3) Use lines and pair points to give rise to patterns

160 170 180 190 200 210 220

Azimuth angle
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https://www.zooniverse.org/projects/reinforce/cosmic-muon-images

@ REINFORCE Outlook
" REsearch INfrastructures FOR Citizens in Europe u o o

v' Data Summary:
» Collected Summer 2018
« Synergies: Muography & Geosciencies
« Diaphane Detector Description
« Detection principle outline

v' Data Analysis and Selection
 DAAQ registers >2-fold coincidences
« ZOOniverse filtering: 3-fold only (minimal bias)
« Conversion: PMT channels -> Scintillator strips and orientation axis

v' Data Elaboration
- Data -> images 1D, 2D, 3D

19/11/2020 WP6 status - REINFORCE General Assembl



