
Available on CMS information server CMS DP -2015/015

CMS Performance Note 

22 July 2015

Muon Reconstruction and Identification
Improvements for Run-2 and First Results with

2015 Run Data
CMS Collaboration

Abstract

Run2 development performance: efficiency improvements and displaced muon reconstruction.
First results with Run2 data: data-MC comparison with muons from DY.
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Muon Reconstruction and 
Identification improvements 

l  Definition and performance of standard muon selections (in 
part. Loose and Tight Muon ID) on Run-1 (2012) Data and MC 
in DP-2013/009: 
https://cds.cern.ch/record/1536406?ln=en 

l  The Run-2 reconstruction improves the average efficiency by  
1-2%, in particular in events with high multiplicity of proton-
proton interactions per bunch crossing (pileup) 

l  The improved Run-2 performance is mainly due to new muon-
specific tracking iterations, as described in:  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
TrackingPOGPlots2014#Muon_Efficiency_With_Dedicated_I 



Performance of Tight Muon ID 

Tag-and-Probe efficiency for Tight Muon ID on Z→µµ events from a subsample 
of data recorded in the last part of the 2012 Run, reconstructed with both the 
Run-1 and Run-2 reconstruction algorithms  

-  Left: efficiency as a function of muon pseudorapidity for muon pT > 20 GeV  

-  Right: efficiency as a function of the number of reconstructed vertices for  
          muon pT > 20 GeV and |η| < 2.4  



Two new muon reconstruction algorithms have been introduced for Run-2  

l  Displaced Standalone Muon reconstruction  

-  Designed for muons produced in decays happening very far from the proton-proton 
interaction point (displaced), possibly with significant delay with respect to the time of the 
interaction (out-of-time or delayed)  

-  If muons are produced outside the inner-tracker volume, they can be detected only by the 
muon chambers  

-  The reconstruction is seeded by groups of segments in the muon chambers, with criteria 
similar to those used for the reconstruction of cosmic-ray muons  

-  For each seed, a muon track is reconstructed with the same Kalman-filter technique used for 
prompt muons, but removing any constraint to the interaction point  

-  It also benefits from a new algorithm for segment reconstruction in the barrel Drift Tube 
chambers, which improves the performance for out-of-time particles. See:  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/DTDPGResults20062014  

-  The Displaced Standalone algorithm has also been implemented for the High-Level Trigger, 
where it brings a significant improvement to the trigger efficiency for displaced & delayed 
muons. See:  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/L1TriggerDPGResults#Plots_2015   

Displaced-Muon Reconstruction (I) 



l  Displaced Global Muon reconstruction  

-  Designed for displaced in-time muons produced within the inner-tracker volume, with the 
muon leaving hits in both the inner tracker and the muon chambers 

-  The standard tracker reconstruction is not optimized for displaced particles, therefore a 
specific displaced-muon tracking was implemented in the inner tracker  

-  The new displaced-muon tracking is seeded by the Displaced Standalone Muons and does 
not use any constraints to the interaction point in the pattern recognition nor in the track fit  

-  Finally the inner track stub is fitted together with the muon stub  

-  Including the track stub in the fit greatly improves the momentum resolution  

Displaced-Muon Reconstruction (II) 



l  The performance of the Displaced Standalone Muon reconstruction is shown in a 
simulated samples with displaced and delayed muons  

-  Modified Drell–Yan production of long-lived leptons with electric charge  
Q = 2e and mass of 500 GeV  

-  This long-lived multiply charged particle (mchamp) stops in the detector – 
typically in the HCAL or muon barrel – and decays to 2 back-to-back muons, 
each with momentum of 250 GeV at generator level  

-  Due to the stopping positions of the mchamps, the muons are typically displaced 
by at least 1 m from the interaction point  

Displaced Standalone Muons (I) 

mchamp stops at (293, -163, -27) cm  
and produces highly displaced muons 

Image from:  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
L1TriggerDPGResults#Plots_2015 



Distributions of the q/pT relative residual for 
displaced muons from the mchamp decay, 
reconstructed with the new Displaced Standalone 
algorithm (green) and with the standard muon-
only algorithm without vertex constraint 
(magenta) 

Displaced Standalone Muons (II) 

For comparison, the corresponding distribution 
is shown for prompt muons with a fixed 
momentum p = 250 GeV, reconstructed with 
the standard muon-only algorithm without 
vertex constraint (red) and with the standard 
tracker+muon fit (black) 

The new algorithm (green) improves significantly the momentum resolution for highly 
displaced muons with respect to the standard algorithm (magenta), although this is still worse 
than the resolution of the standard algorithm for prompt muons (red).  

The full tracker+muon fit for prompt muons (black) has much better resolution and is shown 
here for reference. 



l  Muon reconstruction efficiency as a function of the production radius, for muons from 
the direct decay  stop → b + µ  (with muon pT > 10 GeV and |η| < 2.4) 

l  Standard algorithms for muon-only (black) and tracker+muon (red) reconstruction, 
compared with the new algorithms for displaced-muon reconstruction: Displaced 
Standalone (blue) and Displaced Global (magenta)  

Displaced Global Muons: Efficiency 

Simulated signal process:  

l  PYTHIA8 stop pair production  

―  M(stop) = 200 GeV,  cτ = 1 m 

―  Decay:  stop → b + ℓ   

l  Flat average pileup distribution 10-50 
events 

l  Bunch spacing: 25 nsc 



l  Signed inverse transverse momentum (q/pT) resolution as a function of the muon pT, 
for muons from the direct decay stop → b + µ  (averaged for muon |η| < 2.4 and 
production radius < 60 cm)  

l  The resolution for the Displaced Standalone algorithm (blue) is shown in comparison 
with that of the Displaced Global algorithm (magenta) 

Displaced Global Muons: Resolution 

Simulated signal process:  

l  PYTHIA8 stop pair production  

―  M(stop) = 200 GeV,  cτ = 1 m 

―  Decay:  stop → b + ℓ   

l  Flat average pileup distribution 10-50 
events 

l  Bunch spacing: 25 nsc 



l  Data  

-  Collision data at 13 TeV and 50 ns bunch spacing  

-  Prompt reconstruction, certified only on the basis of DCS detector status 
-  DoubleMuon dataset  

-  Integrated luminosity ~ 43 pb–1  
 

l  Monte Carlo  

-  Samples of Drell–Yan, W + jets, top-top, single-top, dibosons generated 
with MadGraph_aMC@NLO  

-  Detector alignment and calibration conditions as expected after about  
1 fb–1 of integrated luminosity  

-  Overall normalization of simulated distributions scaled to the data yield  

-  No event re-weighting is applied to match the pileup distribution in data 

Muons in 13 TeV Collisions 
Data and MC 



l  Trigger  

-  double-muon trigger with pT thresholds of 17 and 8 GeV on higher- and 
lower-pT muon, loose tracker-based isolation on each muon  
 

l  Offline selection  

-  at least two opposite-sign muons passing the Loose ID  

-  pT > 20 and 10 GeV,  |η| < 2.4   
-  both muons passing a loose isolation requirement:  

  Σ pT(tracks) + max(0, Σ ET(ECAL) + Σ ET(ECAL) – k · ρ) < 0.2 · pT(muon)  
  (where ρ is the average energy density in the event)  

-  di-muon invariant mass between 60 and 120 GeV  

-  if more than one muon pair satisfies the requirements above, the pair 
with invariant mass closest to the nominal Z boson mass is selected  

Muons in 13 TeV Collisions 
Selection 



Muons in 13 TeV Collisions 
Invariant Mass 

linear scale logarithmic scale 



Muons in 13 TeV Collisions 
Leading Muon pT 

linear scale logarithmic scale 



Muons in 13 TeV Collisions 
Leading Muon Pseudorapidity 

linear scale logarithmic scale 


