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CMS: Our sophisticated camera

5



6



7



8



Key:
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The W and Z bosons

• W and Z bosons are the particles mediator of the weak force

• They have been predicted in the 1960’s to explain the “beta” 
decays observed well before by Fermi

• Theory predicted W and Z masses
around 100 GeV and physicists at
CERN built in early 1980’s the first
most powerful collider able to
reach such high energies: the SppS
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Discovery of a new particle

• The Z and W bosons produced at LHC do not live long, but

decay immediately to other elementary particles that can be 

measured by the CMS and ATLAS detectors

• So when in an LHC collision we produce a Z or W particle, what

we detect in the our experiments are only electrons and muons!
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The Z boson mass reconstruction
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• Measuring the energies and the direction of production of the two
electrons or muons, we can compute the mass of the particle that
have produced them in its decays:

• In each event where we have two electrons/or muons we compute 
the Z mass with this formula and we fill an histogram of events:
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The Z boson mass reconstruction
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• A peak of events will appear close to the true value of the mass of the 

Z boson if the Z exists

• If the “excess” of events is significantly big → we discovered a new particle
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The Z boson Nobel Prize
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• A peak of events will appear close to the true value of the mass of the 

Z boson if the Z exists

• If the “excess” of events is significantly big → we discovered a new particle

• In 1983 the UA1 and UA2 experiments at CERN: discovery of the W 

and Z boson



The Z role in the Higgs discovery
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• The discovery of the Z boson opened the opportunity to “use” the recently

discovered particle for the quest of the Higgs boson:

• Either decays of the Z to electrons/muons are considered
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The Higgs discovery
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Now it’s your turn!

• Today we will look at the REAL DATA collected by CMS at LHC 
and we will try to “RE-DISCOVER” the Z and the W boson

• We will learn how to work in team in data analysis and how to 
present our own results like in a major physics conference!
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iSpy tool – CMS event
Different planes views

Subdetectors and physics 

objects visualization
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Particles Identification

Muon 𝜇

Neutrino 𝜈
Electron 𝑒
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Charge Identification

X-Y view: 

clockwise: 
positive

X-Y view: 

counterclock-wise: 
negative
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W → 𝜇 + 𝜈
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W → 𝑒 + 𝜈
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Z → 𝜇 + 𝜇
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Z → 𝑒 + 𝑒
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BACKUP
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Many resonances around!
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