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Na realidade, para além dos 
quarks uud, o protão é 
composto por um mar de 
quarks e gluões

Rute Pedro

O Z tem outros decaimentos: Z → e+e-, τ+τ-, par de quarks ou neutrinos.
Na nossa actividade vamos considerar também o processo Z → e+e- 



Z → μ+μ-
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Depois de muitos eventos...

Espectro de massa invariante dos pares de 
muões

Na nossa actividade vamos considerar também 
o processo Z → e+e- Rute Pedro
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p+p collisions – the common picture 



Como se detectam partículas Particle Detectors 
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HYPATIA 

interactive event display of real data of collisions                

@ sqrt(s) = 8 TeV

Event classification, histograming 

user: idpasc17

passwd: WPL*9999

$java -jar Hypatia_7.4_Masterclass.jar
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Events (Track Momenta Window):

events/SelectedEvents.zip
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Cut at p

T
 > 10 GeV is somewhat arbitrary but is useful at this step.
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Part II

http://atlas.physicsmasterclasses.org/pt/zpath_exercise2.htm

Events (Track Momenta Window):

events/Events2_Z.zip

p
T
 cut > 5 GeV

http://atlas.physicsmasterclasses.org/pt/zpath_exercise2.htm
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Backup
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Z boson properties

The Z boson (as well as W+ and W- bosons) mediate the weak interaction. While the W bosons are 

responsible for some types of radioactive decay (those transforming a neutron in a proton and vice-

versa), the Z boson plays an important role in the neutrino interactions.

The Z boson is heavy – its mass is 91.2 GeV/c2 – and its live is very short: half-life of 3x10-25 s 

The Z boson is neutral → the sum of electric charge of its decay products is zero. Z Decays 

through: 

- Quark-antiquark pair (70%) → identified by jets in the calorimeter;

- Neutrino-antineutrino pair (20%). Neutrinos cross the detector untouched. This decay mode 

may be identified if missing transverse momentum (MET) is high.

- Lepton-antilepton pair (10%). The three lepton types (electron, muon, tau) are equally 

probable.



24

Higgs boson

The Standard Model does not predict the mass of the Higgs boson, instead, for a given mass, 

predicts the production rates in p+p collisions at the LHC and the decay probabilities in other 

particles. For a mass of 125 GeV/c2  the SM predicts:
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p+p collisions – the common picture 
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