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Citizen Science
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Active participation of the public in scientific 
research that generates new knowledge or 
understanding.

Citizen Scientists participation: 
• Data Collection / Volunteer Mapping
• Data Interpretation / Analysis
• Publication / Dissemination of results Examples:

Amateur Astronomy Ornithology: Bird Watching
Bird Migration

Butterfly Count:
Monarch Butterfly 
Migration monitoring



REINFORCE
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REsearch INfrastractures FOR Citizens in Europe   

Goal: Decrease the knowledge gap between 
research and society

Neutrino AstronomyGravitational Waves

Engage Citizens in scientific discovery through
Data Analysis from 4 Major Physics Domains
Utilizing the Zooniverse website

High Energy Physics

Muon Tomography
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World’s largest and most popular platform for 
people-powered research.
Many Scientific Topics

What is the Zooniverse?

• Researchers upload data to the Site
• Citizens use site tools to Analyze data
• Promotes Citizens & Researchers

discussion

Reinforce Zooniverse Demonstrators
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European Research Infrastructures
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Data Sonorisation - SonoUno
Opens a new sensory window for 
understanding and interpretating data
Software and Online platform
Hear your data on the fly
Huge contribution towards inclusion

Sonorization shines with timeseries data
e.g. Variability in luminescence.
Variable Stars, Planets orbiting stars,
Solar eclipses etc.

(from sonoUno website)

Great Effort towards the sonification
of all datasets

More difficult for Particle 
Trajectories

http://sion.frm.utn.edu.ar/sonoUno/
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Cosmic Muon Images @ ZOOniverse
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Welcome Page 
Breakdown
Link to the 
same section
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Cosmic Muon Images @ ZOOniverse
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Welcome Page 
Breakdown
Link to the same 
section
(Scroll down)
Workflow Description
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Cosmic Muon Images @ ZOOniverse
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Welcome Page 
Breakdown
Link to the same 
section
(Scroll down)
Workflow Description
(Scroll down)
Introduction
Researcher Quote
Related Links
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Cosmic Muon Images @ ZOOniverse
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About Page
Breakdown

Three Sections:
1) Research
2) The Team
3) FAQ

a) La Soufriere example
b) X-ray Analogy
c) EAS 
d) Measurement 
Principle 
e) Detector Description 
f) Signal vs Background 

Goal: Identify patterns from 
particles inside our detector.
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Cosmic Muon Images @ ZOOniverse
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About Page
Breakdown

Three Sections:
1) Research
2) The Team
3) FAQ
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Cosmic Muon Images @ ZOOniverse
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About Page
Breakdown

Three Sections:
1) Research
2) The Team
3) FAQ



The Detector
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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
7-matrix 
connections
8- mount swing

Muography202125/11/2021
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Cosmic Muon Images Workflows

1425/11/2021

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)



The Workflows

15

The Detector monitors two 
directions on its 3 planes.

x -direction y -direction

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

3D plot on left just for 
visualization purposes.

All work gets done on the 
right plot.

What work?

25/11/2021 Muography2021

x-direction y-direction



Introductory Workflow Examples
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Example 1

25/11/2021 Muography2021



Introductory Workflow Examples
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Example 2

25/11/2021 Muography2021



Introductory Workflow Examples
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Example 3

25/11/2021 Muography2021



Advanced Workflow Examples
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Example 1

Proposal: no wrong 
answers

25/11/2021 Muography2021



Advanced Workflow Examples
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Example 2

25/11/2021 Muography2021



We ’ve made the classifications… 
Now what?
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1) Train Neural Network to retrieve the results (lines vs no lines)
2) Compare its performance to current event selection algorithms
3) Use it for complicated events that current algorithms don’t analyze

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. 



Summary
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Muon tomography has many practical 
applications

Citizen Scientists can help us 
understand better our detectors

Important work that can help improve our 
techniques, analysis and design better 
detectors.

More resources at 
https://www.reinforceeu.eu/
and 
at our Cosmic Muon Images
WEBINAR

Come and Play with our Cosmic Muon Images Zooniverse project at 
https://www.zooniverse.org/projects/reinforce/cosmic-muon-images

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
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Thank you for your attention
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reinforceeu.eu /company/reinforceeu @ReinforceEU

JOIN OUR COMMUNITY

http://www.reinforceeu.eu/
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Backup Slides

FRONTIERS Workshop 2021



What is Muon Tomography?
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Like X-rays scans but 
for large objects

Detector field of viewMuon Detector 
placed underground 
to study the 
overburden density

Purpose: Study the matter density
distribution of Massive Objects



Why is it Important?

12/7/2021 FRONTIERS Workshop 2021 27

1. Simple
2. Cost Effective
3. Safe



How Does it Work?
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1. Measure angular muon flux downstream of an object.
2. Compare with the expected angular muon flux without the object. (Open Sky)
3. (steps 1+2) -> provide the opacity of the object

Opacity: how much matter lies in a certain path
4. Topographic map to calculate distance on muon path (A->B)

A

B



Why does it work?
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Primary Reason: Existence of a constant muon Flux.
(A present by mother Nature herself)

Second Reason: Our Good Understanding of 
Particle Physics 

100 years of Cosmic Ray Studies
Many ongoing experiments

70 years of accelerator physics

Victor Hess
1911

Auger Observatory 
CMS/CERN



Muon Tomography Example
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1. Measure Angular muon flux.

Muons coming from behind

1.



Muon Tomography Example
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1. Measure Angular muon flux.
2. Measure Open Sky muon flux.

1. 2.



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

1. 2.

3.

Amount of matter 
crossed by muons



Muon Tomography Example
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1. Measure Angular muon flux.
2. Measure Open Sky muon flux.
3. Measured vs Expected -> OPACITY
4. Known muon path distance

4.



Muon Tomography Example
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1. Measure Angular muon flux.
2. Measure Open Sky muon flux.
3. Measured vs Expected -> OPACITY
4. Known muon path distance

Object Density Profile



Diaphane Detector
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ü Diaphane Muon Telescope
• 3 Detection Planes
• x-y orientation strips -> x-y detection matrix
• time coincidences (Coinc window 200ns)

ü Data output
• (x, y, t) for every plane
• Charge

ü Signal - Muons
• 3 consecutive hits
• Selection criterion -> Colinearity (or How well can a line 

be fitted through them)
ü Background

• Muon Bundles
• Electrons
• Particle cascades
• Random Triggers

20/11/2020 WP6 – REINFORCE Advisory Board



ZOOniverse Demonstrator
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ü Objective: increase our signal to background ratio
• How: 

Show images of:
1. background events
2. borderline muon events

Ask people to identify better lines and denote ”out-of-place” charge points 

20/11/2020 WP6 – REINFORCE Advisory Board
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Cosmic Muon Images @ ZOOniverse
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https://www.zooniverse.org/projects/reinforce/cosmic-muon-images

Goal: Identify patterns 
in recorded events 

Most Important Sections:
About
Classify

Research Section:
Presents what we 
discussed in this 
presentation so far (more 
or less)

Jacques Marteau
Dep. Director IP2I, Lyon
(slides 2, 3)

Antoine Chevalier
Member of PULSASYS, Paris
(slides 10, 11, 12)

Marina Rosas-Carbajal
Researcher IPGP, Paris
(slides 8, 9, 12)

Amelie Cohu
PhD Researcher IP2I, Lyon

(slide 14)

Matias Tramontini
PhD Researcher UNLP,  

Buenos Aires
(slide 14)

Avgitas Theodore
Post-Doc Researcher IP2I  

Lyon

FAQ:
We answer questions that 
we mostly receive 
through various 
communication channels:
Talk, Fora, e-mail etc. 

25/11/2021

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


Detector Components - Detection Principle
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Put such strips one next to the other 
and you have a plane that monitors 
one direction

x

y

Place two such planes one on top
of the other with the 
strips perpendicular and you monitor
both x and y coordinates 



Muon Tomography: Volcanology
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Muography Excels in Volcanology
Total Structure Imaging

Distant/Safe Measurement

Monitoring
Magmatic

Non - Magmatic

1) What happens 
inside a volcano 
during unrest
2) Links between 
observations and 
internal activity 
3) Which types of 
unrest are precursors 
to (which eruptions)



Muon Tomography Volcanology
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Surrounding a Volcano Dome with detectors
5+1 Detectors

Volcano 3D - Reconstruction
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Tunnel Boring Machine:
Builds Tunnel while Digging the Hole
Density Anomalies in Front = Problem

Paris Metro Boring Machine Alert System
Simulation Proof of Concept

On Site Proof of Concept
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Paris Metro Boring Machine Alert System
Challenges: Moving Detector

Digital Elevation Model (DEM)
Building Footprint Model
3D imaging – 2 Detectors 

Results
Reconstruction: Walls of Matter at Distances



Muon Tomography Archaeology 
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Apollonia Tumulus: Covered Ancient Tomb
Muon detector placed inside Van

Topographic Map

FRONTIERS Workshop 2021

Goal: Muography Discovery Potential
Combined with Geophysical Methods 



Muon Tomography Archaeology 
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Same Method – Bad result: Why?
Method reaches its limits:
1) Harder Imaging -> Detector not point like
2) Smaller Target Mass
3) Signal: Horizontal Muons ->

Signal comparable to background 

But what is signal?
One (x,y) point on each plane on a straight line

What about this? This opens the discussion 
about background



Showers and Muons
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Let’s look at a shower Let’s look at
Muon Angular Distribution Most Background 

complications 
arise from the 
fact that the 
detector operates 
within an 
environment full 
of Cosmic Ray 
Cascades



The Background
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Low Energy Muons

Hadrons/Showers

Simulation (colleagues 
Annecy) find electrons in 
front two panels not 
arriving on the back one.

Muons 
accompanied by 
electrons… why?

arXiv:1906.03934

https://arxiv.org/abs/1906.03934


Cosmic Muon Images @ ZOOniverse
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https://www.zooniverse.org/projects/reinforce/cosmic-muon-images

Goal: Identify patterns 
in recorded events 

Most Important Sections:
About
Classify

1) 3-fold coincidences events from Apollonia Dataset
2) Only background – Not those used to produce this
3) Use lines and pair points to give rise to patterns

2 Workflows

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


Outlook

19/11/2020 WP6 status - REINFORCE General Assembly 4

ü Data Summary:
• Collected Summer 2018
• Synergies: Muography & Geosciencies
• Diaphane Detector Description
• Detection principle outline

ü Data Analysis and Selection
• DAQ registers >2-fold coincidences
• ZOOniverse filtering: 3-fold only (minimal bias)
• Conversion: PMT channels -> Scintillator strips and orientation axis

ü Data Elaboration
• Data -> images 1D, 2D, 3D


