
Z-Path 2016 – Event Displays 
Examples of l+l- , γγ and 4-lepton events 

 
This compilation goes through examples of events the students will be looking at. This 
includes events easy to interpret, as well as some difficult ones. The tutors are asked to 
keep enough time for discussion at the end of the measurements, even if the students would 
not finish their assigned sample. Quality primes against quantity and some extra work 
dedicated to difficult (and very interesting) cases should be encouraged. It is also through 
such cases that students will learn a lot. 
 

e+e- events 
Event 1 
Electrons have a charged track in the inner detector pointing to deposits in the 
electromagnetic calorimeter. The left figure shows clearly two tracks pointing towards 
the calorimeter deposits. In the right figure it is clear that both tracks point to an energy 
deposit in the calorimeter both in the end- and z-view. 

  
 

 

The 2-electrons are of 
opposite charge, have 
more than 30 GeV 
momentum, and stem 
most probably from a Z 
boson decay: M(e+e- )=82.7 
GeV  



 

Event 2 
Another event where a Z decays to a pair of e+e-. 

 

In this event one of the calorimeter deposits 
is not visible in the end-view. By zooming in 
on the z-view however two clear energy 
deposits are found, with one track pointing to 
each cluster. The invariant mass of the two 
tracks is compatible with a Z boson, M(e+e-

)=91 GeV. 

 

γγ events 
Event 1 

  
 

 

This event has 2 calorimeter objects 
clearly without tracks pointing to them 
(left figure).  After a pT cut of > 5 GeV all 
tracks disappear (right).  
M(γγ)=110 GeV 



 

Event 2 

                   

 

Another di-photon event with 2 clear 
calorimeter objects: M(γγ)=108 GeV. After a pT 
cut of > 5 GeV, one track remains, which 
however does not point to the cluster in the z-
view. In fact, by requiring > 2 pixel hits, the 
track disappears (right figure). The 
requirement of pixel hits helps remove charged 
particles that weren’t produced at the collision 
point  

 

µ+µ− event 
 
Muons are the easiest particles to recognise: hits in the muon spectrometer and in the 
inner detector, and very little activity in the calorimeter.  

 

This is an example of a di-muon event 
from Z decay. Two tracks (#89 and #117 
have opposite charge) with hits in the 
muon spectrometer (both views). 
M(µµ)=84.3 GeV.  

  



4-lepton events 

Event 1: µ+µ−µ+µ− 

This interesting event has 4 clear muons, stemming from ZZµ+µ−µ+µ− : M(µµ)=94.1 
GeV  and M(µµ)=89.3 GeV. M(µµµµ)=373.5 GeV. One of the muons has hits only visible 
in the z-view.  

  

Event 2: e+e-µ+µ− 

 

Another 4-lepton event stemming from 
ZZµ+µ−e+e− with M(µµ)=91.1 GeV  and 
M(ee)=89.6 GeV. There are 2 additional 
tracks, see further below. 

  

 



 

The 2 additional tracks (#4 and #31) with   invariant 
mass M(ee)=1.2 GeV stem from a converted photon. In 
most cases such tracks disappear when requiring > 2 or  
> 3 pixel hits. If not, just ignore them. In fact a higher pT 
cut of 12 GeV (well justified) will get rid of them. 

  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Extra difficult events 

Event 1: Converted photon 

 

 
This event has 2 calorimeter clusters, one 
without any track pointing to it and one with a 
double track pointing to it (see zoom below). 
Assuming these are photons: M(γγ)=100.1GeV. 
Is this a 2-photon event? Study further! 

 
Let’s look at the 4 double tracks. 
The double track pointing to some calorimeter 
energy (with numbers 45 and 46, see below) 
has an invariant mass M(e+e-) =0.2GeV, 
compatible with a converted photon! In fact 
this pair disappears when requiring at least 2 
pixel hits (below right). 
What about the other pair remaining? It has no 
energy deposited in the calorimeter and both 
tracks have the same sign and can therefore be 
ignored. 

 

  



Event 2: Double converted photons 

  
Left: pT > 1GeV; Right: pT > 5 GeV. The zoom below reveals 2 pairs of e+e-. The left pair 
disappears if at least 2 pixel hits are required (see bottom left picture below). Each pair 
has an invariant mass of ~0.1 GeV, i.e. consistent with a photon conversion! We are in 
presence of di-photons, both converted. The invariant mass of the 4 electrons is ~134 
GeV.   

 

One pair of tracks is 
rejected by requiring 3 
pixel hits. 

Here is the calorimeter object information:  

 
The conclusion is that the 2 objects correspond to 2 
photons, which have converted and lead to 4 tracks. 
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