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Compact Muon Solenoid
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Longitudinal cross-section of the CMS detector. The outermost layers 
comprise the muon system, where four concentric stations track 

muons using drift chambers [1].



What’s Muon ID?
We want to identify all primary interaction muons and measure 
relevant observables. The muon system should 

• Identify muons 

• Determine muon momenta, charge, etc. 

• Distinguish between muons from the primary vertex and those 
produced in subsequent interactions or background processes 

• Trigger over the full kinematic range of the LHC 

Reconstruction creates muon objects, ID distinguishes primary 
interaction muons, and isolation distinguishes muons from jets. Here 
we will primarily concern ourselves with cuts for muon identification. 
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Muon Backgrounds
There are several sources of muons in CMS 

1. Primary Interaction 

2. Decay-in-Flight 

• Kaon 

• Pion 

3. Cosmic Muon 

4. Hadronic Punch-Through
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The Need for Muon ID

Probability that kaons and pions are reconstructed as 
global muon objects, as a function of pt. The black 
histograms correspond to the total rate, and the red 

histograms are only decays-in-flight [2].
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Reconstructed Muon Tracks
Reconstructed muon tracks fall into 3 categories [1] 

• Stand-Alone Tracks are assembled using only hits in the 
Muon Detector 

• Tracker Muons are created by matching inner detector 
tracks with expected calorimeter and muon system 
information 

• Global Muon Tracks are stand-alone tracks matched to inner 
detector tracks to create a Global Muon reco-object 

In this discussion we will outline some cuts on Tracker and Global 
muons, and what muon ID cuts are relevant for the DY analysis.
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Tracker Muons
Tracks from the muon chamber are assigned continuous 
variable quantities which evaluate the compatibility of a 
muon candidate with the muon hypothesis 

• Calorimeter Compatibility evaluates the energy stored 
in calorimeter objects along the extrapolated muon 
track and their consistency with muon objects (MIPs). 

• Muon Segment Compatibility evaluates data on which 
crossed stations have matching muon segments, and 
the expected uncertainty of extrapolated position 
(multiple scattering).
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Calorimeter Compatibility
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Normalized calorimeter-based compatibility for muons (up 
to 500 GeV) and kaons (up to 200 GeV) for |eta| < 2.4 [2]



Segment Compatibility
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Normalized segment-based compatibility for muons (up 
to 500 GeV) and kaons (up to 200 GeV) for |eta| < 2.4 [2]



Total Compatibility
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Calorimeter vs. segment-based compatibility for muons (up to 500 GeV) and kaons 
(up to 200 GeV) for |eta| < 2.4. The solid and dashed lines correspond to   

TM2DCompatibilityTight and Loose cuts, respectively [2].



Global Muons
Global Muons consist of stand-alone muon tracks in 
the muon system matched to tracker muons from the 
inner detector. We cut on global muon tracks to 

• Improve Track Quality 

• Suppress muons from decays-in-flight and 
hadronic punch-through 

Here we discuss some of the typical cuts on Global 
Muon tracks.
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Global Muon Cuts
Global Muon chi-squared <10 

• Reduces fakes from hadronic punch-through and 
decays in flight
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Normalized chi-squared reconstructed in single kaon and muon events. The black 
histogram is for all global muons, and the red histogram the decays-in-flight [2].



Global Muon Cuts
Track Quality cuts 

• Transverse Impact parameter |d| < 2mm 

• Reduces background from cosmic muons and decays-in-flight.
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Impact parameter in the transverse plane for single kaon and muon events. The black 
histogram is for all global muons, and the red histogram the decays-in-flight [2].



Global Muon Cuts
Track Quality cuts 

• Number of hits in tracker 

• Reduces background from decays-in-flight and ensures a quality pt 
measurement
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Number of tracker hits in single kaon and muon events. The black histogram 
is for all global muons, and the red histogram the decays-in-flight [2].



Global Muon Cuts
Muon Detector penetration 

• Veto tracks ending in first muon station 

• Reduces background from punch-through and accidental track/segment 
matching
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RZ endpoint of muon track in single kaon and muon 
events which pass all previous cuts [2].



Tight Global Muon Efficiency
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Global Muon efficiency vs pt (left) and eta (right) for 
GlobalMuonPromptTight trigger, including track quality cuts [2].



DY Global Muon Cuts
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Description Cut Comments

Global Muon ID GlobalMuon

Particle Flow Muon ID PFMuon

Muon pt > 25GeV Muons from Z-decay peaked at

45GeV.

Muon |⌘| < 2.1 Fiducial Region

�

2
/dof < 10 Suppress punch-through and

decays-in-flight.

# of valid Muon hits > 0 Suppress punch-through and

decays-in-flight.

# of Matched Stations > 1 Suppress punch-through and

accidental track to segment

matches.

# of Tracker Layers > 5 Suppress decays-in-flight and en-

sure a good pt measurement.

# of Valid pixel hits > 0 Suppress decays-in-flight.

Transverse impact parameter d0 < 2mm Suppress cosmic muons and

decays-in-flight. The 2mm cut

preserves e�ciency for muons

from b and c quark decays.

Longitudinal impact parameter dz < 0.5mm Suppress cosmic muons and

decays-in-flight.

Particle Flow Isolation / pt < 0.12 Muons required to be isolated

Cuts for global muons used in the DY analysis [3]



Summary
• Muon ID is designed to use reconstructed tracker and 

muon detector tracks to identify primary interaction muons 

• There are several sources of muon background from 
decays in flight, hadronic punch-through, and cosmic rays 

• We reconstruct muon track candidates using data from the 
muon system, tracks from the inner tracker, and matching 
them together 

• Cuts on Global Muons eliminate backgrounds while 
maximizing muon reconstruction efficiency
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