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The Detector 
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The Detector Display
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The Data

10000 bbar-b jets events generated with
Geant4

- P>3GeV required in order for the Muon to 
reach the Muon Detector

- A polar angle cut define the barrel.
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The Algorithm

Rely on the 2 main characteristic properties of the muon
1. The muon creates a repetitive pattern of 1 to 2 hits per 

cell all the way
2. The muon travels deep without interacting whereas 

hadrons are filtered out
Each Charged track with a good fit in the tracker hits are 
Collected  in a road in ( , ) in ECal, HCal and Mudet  
-Accounting for v&B and dE/dx effects
-requiring no more than 2 hits/cell
-requiring a given depth reached into the Muon detector
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Layers with Non-zero Hits in HCal and Mudet
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Filter to Hadrons-The Cuts

Hadrons tend to interact Irregular hit patterns
They don t reach out

1/ we cut on large energy deposit in the path
2/ we cut on void on 2-3 consecutive layers 
3/  we require at least 1 hits on the last 4 layers of 

HCal and less than 4 hits/layer (still allows 
neutral from neighbor tracks)
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Layers with > 3 Hits
(Typical of Hadron activity) In HCal & Mudet 
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A b Interacting Hadron Content

Red Tracks include
a 35GeV & 37GeV .

Depleted 
Region
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Muon Eff/Purity =f(Interaction Length)
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The Purity improves from
69% end of HCal (4.95 )
to
94% end of Mudet(15 )

The Efficiency improves 
from  95% to 99.6%

Remark: Muons which do not enter the layer e.g. bending into the endcaps at
a certain level of their path, are not included in the normalization.
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HCal & MuDet Bar r el - Pur it y and Ef f iciency Cut s
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Momentum distributions in b jets
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In bbar-b jets events the muon is ~1.7% of the particle population
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Study of  Muons @ The End of their Trajectory

A muon detector allows to filter out hadrons and
allows to detect the muons in b jets,(1.7% of 
the jet particle population) with 93.5% efficiency

The code is developed further to detect the
muons curling back at the end of their trajectory.
We use  a momentum dependant  dE/dx, with
the Bethe-Block formula ( in progress).

The dE/dx @ reconstruction is also compared to 
the dE/dx @simulation with Geant4
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Reconstructed And Simulated -Details

Reconstructed-Yellow Simulated- Green and blue
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Event  Reconstructed Before and Now

Before Now



C. Milsténe 16

Comparison dE/dx G4-Sternheimer
on Iron

dE/dx;pi^+;on Fe,From J.McCormick
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dE/dx-mu^-; on Fe; From J. McCormick
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A study of Muon ID and Purity in the detector shows that
in bbar-b jets one is able to identify the muons (1.7% of the 
population) with an efficiency which can reach 99.6%
and a purity of 95%
We have also shown that we get a steady improvement of purity
and muon efficiency with depth.  The purity rises from 69% at the 
end of HCal to 94% at  the end of Mudet and the efficiency from 
95% to 99.6%
It requires just the instrumentation of part of the return
iron of the magnet.
The code is being developed to take a better care of the muons
at the end of their trajectory.
Due to small losses of barrel muons to the endcap the muon 
efficiency will improve further with the inclusion of the endcap
to the code in development.   

Conclusion



C. Milsténe 18

The upper figure shows the layer 
number where the muon reaches z-
max.  All the muons that reach z-
max in layer 11 or higher meet the 
ID requirement.  I.e. they are 
detected. The plot shows that most 
of the barrel muons above 3 GeV/c 
stay in the barrel and meet the muon 
penetration requirement for ID.

The lower figure is a blow-up of the 
upper histogram that shows the exit
layer for those muons that do not 
meet the penetration requirement of 
12 or more layers.  33 barrel muons 
exit the barrel before they reach z-
max, so they are un-detected 
muons; they  do not penetrate 12 
layers.

Last Layer With Activity 
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