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Muon Hunter: 
A Zooniverse Project

Michael Daniel 
michael.daniel@cfa.harvard.edu 

for the Muon Hunter team: Ralph Bird, Hugh Dickinson, Qi Feng, Lucy Fortson, Amy Furniss, Johanna Jarvis, 
Reshmi Mukherjee, Rene Ong, Iftach Sadeh, David Williams and 5,000+ citizen science volunteers

mailto:michael.daniel@cfa.harvard.edu


2TAUP 2017 - Muon Hunter

What is the Zooniverse?
The world’s largest and most powerful platform for people-powered research 

At the Zooniverse, anyone can be a researcher
You don’t need any specialised background, training, or expertise to participate. 

Volunteers and professionals make real discoveries together
Zooniverse projects are constructed with the aim of converting volunteers’ efforts into 
measurable results. They have produced a large number of published research papers, 
open source data sets and even scientifically significant discoveries.

http://www.zooniverse.org/about 

Ten years since Galaxy Zoo launched, now 100+ projects

http://www.zooniverse.org/about
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Citizen Science Muon Ring Finder

Goal: Train machines to classify 
events and identify muon images for  

• background rejection 
• calibration events 

Instead of solely using simulations or 
hard coded search algorithms we 
explore the power of people to get a 
good clean set of muon ring images 
for the training.

http://muonhunters.org/ 

http://muonhunters.org/
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Start: a random VERITAS image

Can 
you see a 

muon ring in this 
image?

Done: not a muon

Draw a circle that is 
your best guess at a 

muon ring

Additional questions about the ring:  
➡ Is the ring you drew completely in the camera? 
➡ Is the ring complete? 
➡ Is the part of the ring in the camera complete?

Done: a muon

No

Yes

Retire an image when classified 15 times
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Test phase

Launched 28th February
1 million classifications 

in the first week!
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Also recruite/engage volunteers with social media presence

Facebook
Wordpress blog

Twitter feed
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Even a postcard to hand out, e.g. school science fairs, 
FLWO visitor centre, etc



9TAUP 2017 - Muon Hunter

People Reached
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People Engaged



11TAUP 2017 - Muon Hunter



12TAUP 2017 - Muon Hunter



13TAUP 2017 - Muon Hunter



14TAUP 2017 - Muon Hunter



15TAUP 2017 - Muon Hunter

~1 month after launch

VERITAS
collaboration 

O(100) 
members
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16 volunteers classified 
>10,000 images each

https://muonhunterblog.wordpress.com/2017/05/24/a-quick-look-at-the-volunteer-input/

The median number of image 
classifications per volunteer is 30

Gini co-efficient = 0.83 
  

Most have less time to commit, but contribute what they can. 
A few have a lot of time/interest to devote

0 = equally shared 
1 = one dominates( )

https://muonhunterblog.wordpress.com/2017/05/24/a-quick-look-at-the-volunteer-input/
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Of 134,000 images: 
12% unanimous votes a ring present 

73% unanimous ring not present 
15% split votes

Treating all images with ≥9/15 votes for ring as muon events 
trained a convolutional neural network model with score of 0.97 

cf previous algorithm score of 0.95

Machine 
People
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Summary

• Citizen science is a great resource for both 
outreach and practical science. 

• People are willing (& able) to look through a 
mountain of data in the search for circles 
➡ Having a simple, clearly defined project task 

helped a lot with the success of the project. 

• They are also likely to find other interesting 
things when parsing that much data 
➡ Feeds into what projects to do next…


