
CMS Masterclass 2025
for Moderators



• Nearly 20K events (divided into 190 datasets):
• 1-lepton (plus missing ET): W
• 2-lepton: Z, J/Psi, Upsilon
• 4-lepton: H, ZZ

• Event display: iSpy-WebGL
• CIMA – CMS Instrument for Masterclass Analysis
• Documentation at http://cern.ch/go/76BG. 

Students find e:mu and W+:W-.
Students create dilepton and 4-lepton mass plots.

CMS masterclass features

https://www.google.com/url?q=http://cern.ch/go/76BG&sa=D&source=editors&ust=1740391531700324&usg=AOvVaw31AZDsRiiV-XgOnZGV2KI4


• Protons as “bags of partons”
• Parton-parton collisions 
• Each parton shares only a portion of proton momentum
• W+:W- as probe of proton structure

About collisions
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Matching muon chambers



Students distinguish electron tracks from muon tracks.

Student tasks

Muon

Electron



Students must distinguish 1-lepton plus missing ET, 
2-lepton, and 4 lepton events.
Typical questions are about extra lepton tracks or 
missing ET together with 2- or 4-lepton events.
 

Student tasks



Students distinguish W+ from W- using track curvature.

Student Tasks

Clockwise +



Students determine invariant mass.

Student Tasks

Click on electron or muon tracks to 
highlight

Press “M” to reveal invariant mass



Recording event data

Students find their 
dataset. 

They record parent 
particles and 
decay modes. 



What you see



4-lepton events

https://arxiv.org/abs/1706.09936



Brief discussion of plots

• Ask students how many peaks they see. (Show of 
hands for 0, 1, 2, … peaks.)

• Where is Z boson in the dilepton plot? Is there a 
similar peak in the 4-lepton plot?

• The Higgs should be at ~125 GeV. Do we see that? 
Can we claim discovery?

• If a peak is uncertain, what do we expect at that 
mass? It might be useful to have CMS invariant 
mass plots handy.

Do not ask leading or open-ended questions as this is 
often too time-consuming. Let students ask questions.



What you see



Brief discussion of ratios

• Ask students to calculate the e:mu ratio. (Hopefully 
done before videocon.) Is the result consistent with 
expectations?

• Do the same for the ratio of W+ to W- bosons. Ask 
students or point out how proton structure leads to 
this. (But do not over-explain: keep to the “2 up, 1 
down” level.)



How to see results in CIMA

Get login and password from IMC Central Coordination!



How to see results in CIMA

Get login and password from IMC Central Coordination!



Students might ask:
● About individual events: try to keep it general 
● Life at CERN or Fermilab
● Seemingly “weird” physics
● Why we do research; how do we justify it

Additionally you might ask or comment on:
● What did they learn?
● How their day went

Questions for Ken: kcecire@nd.edu 

More Q&A

mailto:kcecire@nd.edu

