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MINERvA masterclass measurement

• The MINERvA masterclass measurement enables you to examine actual events from the 
MINERvA detector in the MINOS neutrino beamline at Fermilab 

• It enables you to draw conclusions based on categorization of the data and the 
kinematics of the interactions
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Signal and background events

• There are both background and signal events 
• In each signal event, a neutrino penetrates a nucleus in carbon target and undergoes a 

weak interaction with a neutron in that nucleus  
• The neutrino interacts with the neutron to become a muon, causing the neutron to 

become a proton!
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• Background event: any other event type



Interaction kinematics

• While MINERvA cannot directly detect the neutrino, it detects and measures the 
kinematics of both the muon and the proton that emerge from the interaction  

• You can find this kinematic information with Arachne, the MINERvA event display that 
you will use to visualize the events.  

• You will then put this information into a spreadsheet which applies conservation of 
momentum to give the momentum of the system prior to the interaction in three 
dimensions. 
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Masterclass objectives

• Determine which events are signal events (from which effective measurements may be 
made) and which events are background (that cannot be used for measurements).  

• Apply conservation of momentum and energy to measure the approximate energy of a 
neutrino beam from the Fermilab accelerator complex.  

• Apply conservation of momentum and energy to measure the properties of neutrons 
in nuclei of atoms in the target of a neutrino beam.
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Software

• The entire MINERvA masterclass measurement runs online in a browser  
• Please use Google Chrome, which should already be open at this page in your 

desktop, otherwise let us know!
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MINERvA muon neutrino measurement 2019

 

 

First things: prepare ahead
Each computer should have robust internet access. Two students should work together at each computer to complete a 50 events dataset. Before the masterclass, mentors,
tutors, and teachers should:

Schedule and participate in an online Orientation (https://quarknet.org/content/nuorientation-2019).
Review the MINERvA Masterclass Documentation (https://quarknet.org/content/minerva-masterclass-documentation-2019) and Understanding MINERvA
Masterclass Results (http://quarknet.org/content/understanding-minerva-masterclass-results).
Try out the measurement. Use the practiceTuples (https://quarknet.org/content/minerva-masterclass-practice-data) and Practice Spreadsheet
(https://docs.google.com/spreadsheets/d/1rSaBuz7ktoRWAaveUZfDyMHQrW2uJ5rfcF3IY4jIE7I/edit?usp=sharing).
Prepare a presentation on particle physics and neutrino experiments.
Review the MINERvA Masterclass Measurment slides (to be released soon).
Go over all the steps in this page.
Prepare and test your Zoom connection (https://quarknet.org/content/connect-zoom).

 
 

Students arrive
This should occupy the first 30-60 min

Registration: please have students sign in on a registration sheet (/sites/default/files/imc_signin_0.pdf) with name, school, and teacher.
Gateway experience: have a cloud chamber, e/m apparatus, or something similar to whet interest
Ice-breaker activity: students in small inhomogeneous groups create 1-2 good questions about particle physics, neutrinos, MINERvA, and/or DUNE.

 

 

Shift training
Get students ready for their data analysis shift! This will take about 3 hours, though parts of it can be moved to other times of the day.

Mentor presentation, 30-60 min:

keep it interactive - ask questions about prior experience, shows of hands, wild guesses, etc.
give students something to touch, e.g. a wave-shifting fiber
connect to classroom prep (https://quarknet.org/content/nuclassroom-2019)
touch on standard model
talk about your research
Focus on theme of MINERvA masterclass: using a neutrino beam from Fermilab to probe the atomic nucleas and better undersand weak scattering in preparation for
DUNE.

Navigation
Neutrino Masterclass Project Map (https://quarknet.org/content/neutrino-masterclass-project-map-2019)
Online tools
Start of masterclass day
Shift training
Data analysis
Understanding results

 

• We will use the Arachne event display to visualize, select and analyse the events 
• We will use Google Sheets to fill kinematic information, make plots and extract results



First Step: Find events

• Please work in pairs: two students per computer. Each pair of students is assigned a 
unique mergedTuple (a 50-event dataset)  
• Aula IV uses mergedTuples 51-75 
• Aula V uses mergedTuples 76-100
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Second Step: Open and use Arachne

• When you click on your assigned mergedTuple, Arachne will open in a new tab
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• Arachne will open at the initial time Slice in the first Gate (or event, shown as Entry 0; 
the next Gate will be Entry 1, etc.).  

• In most cases, it will not initially show the event you are looking for. You must find it, if it 
is there, by advancing from Slice to Slice within the Gate. 



Second Step: Open and use Arachne

• You choose Next Slice, which moves to a slightly later time in the Gate with each click. 
The progress can be seen in the Time Histogram in Arachne.  

• You advance the Slice until you find an instance of one long track and one short track 
coming from a common vertex. This is the actual event you seek: 
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Second Step: Open and use Arachne

• In this particular Gate, we find two possible events but both are background.  
• The first one, in Slice 8 of 11, has two short tracks rather than one: 

�10



Second Step: Open and use Arachne

• In this particular Gate, we find two possible events but both are background.  
• The second one, in Slice 11 of 11, has a an extra track which appears to go 

backwards (negative z direction) from the vertex, plus several lines of red and orange 
dots also coming from the same place. 
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Second Step: Open and use Arachne

• Here is an example of a good signal event: 
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• Note we are in a different Gate! 
• This is close to a "classic" event: one clear long track for the muon and one clear short 

track for the proton. 



Second Step: Open and use Arachne
• Now you must find the kinematics from each track. Here we pick the long muon track: 
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• When you choose a track, the Track Information box pops up. Because this is a muon, 
you choose the Copy button for a muon.  

• This copies the kinematic data for the muon to the computer clipboard. 



Third Step: Enter data into the spreadsheet
• Track information is then pasted at the appropriate place in the Valencia Google sheet, 

in this case in the row for mergedTuple 79, Entry 5 and in the column under Muon KE 
(MeV):
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Third Step: Enter data into the spreadsheet
• For the same signal event, you then choose and copy proton track information:
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Third Step: Enter data into the spreadsheet
• Then paste the proton kinematics in the next cell to the right of the muon numbers:
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• Note that the spreadsheet automatically calculates Net px, Net py, nu-beam pz



Third Step: Enter data into the spreadsheet
• Repeat this for all 50 entries (or gates) 
• Put a “Background = 1” for entries with no signal events in any time slice, leaving 

empty muon and proton cells
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• DONE! This afternoon we will present our findings!


