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• Review of the Muon performance with CMS detector in Run2

• Summary
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CMS Experiment
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Muon System: Present Status
• Three types of detector: 

• Precise position measurement and triggering by Drift Tubes (DT) in the barrel, 
and Cathode Strip Chambers (CSC) in the endcap  

• Redundant triggering and timing by Resistive Plate Chambers (RPC) 

• Barrel: 0 < | η| < 1.2 
• 5 wheels / 4 stations instrumented 

with DTs and RPCs 
• Endcap: 0.9 < | η| < 2.4 
• 3 discs / 4 stations instrumented 

with CSCs and RPCs 



Cathode	Strip	Chamber	(CSC)

• 0.9	<	|η|	<	2.4	
• 540	chambers	
• Spatial	resolution	50-140	

µm,	time	resolution	3	ns

Drift	Tube	(DT):

• 0	<	|η|	<	1.2	
• 250	chambers	
• Spatial	resolution	100	µm	

time	resolution	2	ns

Resistive	Plate	Chamber	(RPC)
• 0	<	|η|	<	1.8	
• 480	(barrel)	+	576	(endcap)	

chambers	
• Spatial	resolution	0.8-1.3	cm,	

time	resolution	1.5	ns

Robust	trigger	and	efficient	muon	reconstruction

All	currently	installed	Muon	detectors	will	be	kept	operational	at	HL-LHC

Muon system overview
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Drift Tubes Chambers 
(DT):
• 0 < |η| < 1.2
• 250 chambers
• Spatial resolution 

1 0 0 µ m t i m e 
resolution 2 ns
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• Cathode Strip Chambers 
(CSC):

• 0.9 < |η| < 2.4
• 540 chambers
• Spatial resolution 50-140 

µm, time resolution 3 ns
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•Resistive Plate Chamber (RPC):
•0 < |η| < 1.8
•480 (barrel ) + 576 (endcap) 

chambers
•Spatial resolution 0.8-1.3 cm, time 

resolution 1.5 ns
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Muons Reconstruction and Identification
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1. Local hit - segment reconstruction (RPC - 
DT/CSC)

2. Reconstruction of muon spectrometer stand-
alone track(s) (pT estimation)

3. Reconstruction of inner track(s) using silicon 
detector

4. Global Muon are defined from standalone + 
inner tracks (combined fit performed - pT 
re-evaluated: outside-in)

5. Ins ide-out identificat ion of “tracker 
muons”(by matching inner tracks with CSC/
DT segments)

6. Plus more, e.g. :
• “Ad hoc” high-pT refits
• Computation of isolation quantities 

around muons (both based on 
detector quantities and “particle flow” 
ones)
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Tag and Probe Overview
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General Definition of Efficiency
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Muons Identification (ID) definition
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Loose ID

Medium ID

Tight ID

Prompt muons + muons from light and heavy flavor decays 

Prompt muons + muons from heavy flavor decays 

 

Prompt muons + suppress decay-in-the-flight & hadronic punch-through

Soft ID

High-pT ID

Low-pT muons for B-physics & quarkonia analysis requiring high 
purity on tracker-track

Optimised for high-pT muons (pT > 200 GeV)
No requirement on global fit 𝝌2 & requirement on error(pT)/pT < 30% 
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Loose ID

Medium ID

Tight ID

Prompt muons + muons from light and heavy flavor decays 

Prompt muons + muons from heavy flavor decays 

 

Prompt muons + suppress decay-in-the-flight & hadronic punch-through

Soft ID

High-pT ID

Low-pT muons for B-physics & quarkonia analysis requiring high 
purity on tracker-track

Optimised for high-pT muons (pT > 200 GeV)
No requirement on global fit 𝝌2 & requirement on error(pT)/pT < 30% 

Standard ID
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Muon Isolation definition
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Muon Isolation definition



Muons: Identification Efficiencies 
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The loose ID efficiency exceeds 99% over the entire range, 
and the agreement between data and simulation is better 
than 1%. 

The tight ID efficiency varies between 95% and 99% and the 
agreement with simulation ranges from 1% to 3%. 
The dips in efficiency close to |eta| = 0.3 are due to the cracks 
between the central muon wheel and the two neighboring 
wheels 

Z→μμ (two global muons) 

pT>20GeV

pT>20GeV

Z→μμ (two global muons) 

“2015 data” = about 2/fb of p+p collisions collected in 2015

Reference:CMS-MUO-16-001- 
Published - 19 June 2018 in J. Instrum.

https://arxiv.org/abs/1804.04528


Muons: Identification Efficiencies 
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Z→μμ (two global muons) 

pT>20GeV

Z→μμ (two global muons) 

pT>20GeV

CMS DP 2018 042 was presented in ICHEP 2018

Efficiency of 2017 data (41.3 fb-1) compared to 
Monte-Carlo (MC) simulation using LooseID and 
TightID.

* Error bars in the plot include only statistical uncertainty

https://cds.cern.ch/record/2629364/files/DP2018_042.pdf


Muons: Isolation Studies 
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Good agreement between data and MC simulation is 
always ~0.5 % 

The Tight Muon to also satisfy tight isolation requirements is 
about 5% in the barrel and goes up to about 15% in endcap

Z→μμ (two global muons) 

pT>20GeV

Z→μμ (two global muons) 

pT>20GeV

“2015 data” = about 2/fb of p+p collisions 
collected in 2015

Reference:CMS-MUO-16-001- 
Published - 19 June 2018 in J. Instrum.

https://arxiv.org/abs/1804.04528


Muons: Isolation Studies 

 30

• Efficiency of 2017 data (41.3 fb-1) compared to Monte-Carlo (MC) simulation 
using TightID.

• Overall ~96%
• Data and MC agree within 0.5% 

CMS DP 2018 042 was presented in ICHEP 2018

* Error bars in the plot include only statistical uncertainty

https://cds.cern.ch/record/2629364/files/DP2018_042.pdf


Muons: Comparison with 2016 Performance 
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• Comparison of the efficiency of the 2016 (16.3 fb-1) and 2017 data (41.3 fb-1) 
using several Muon IDs.

• In 2017 pixel upgrade suffered upgrade  with one additional layer was installed.
• We can see that there is a slight improvement for the TightIDs.

CMS DP 2018 042 was presented in ICHEP 2018

* Error bars in the plot include only statistical uncertainty

https://cds.cern.ch/record/2629364/files/DP2018_042.pdf


Muon Performance 2016 vs 2017 vs 2018
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CMS DP 2018 042 was presented in ICHEP 2018

• Efficiency of 2016, 2017, 2018 data using 
TightID.

• In 2017 pixel upgrade suffered upgrade  with 
one additional layer was installed.

• The performance of 2018 data is slightly better 
than 2017 

•

* Error bars in the plot include only statistical uncertainty

https://cds.cern.ch/record/2629364/files/DP2018_042.pdf


Trigger Efficiencies: Isolated Muon
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The efficiency of combined L1 and high-level trigger requiring 
isolated single muon with pT > 24 GeV between after and 
before  L3 muon update.

CMS-DP-2018-034
CMS-DP-2018-034

-  Large improvement in 1.2 < |𝝶| < 1.6 
-  Overall efficiency:  89-90 % 

24 < pT < 120 GeV 

The errors are statistical only

https://cds.cern.ch/record/2627469/files/DP2018_034.pdf
https://cds.cern.ch/record/2627469/files/DP2018_034.pdf


Trigger Efficiencies: Non Isolated Muon 
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CMS-DP-2018-034 CMS-DP-2018-034

The efficiency of combined L1 and high-level trigger requiring 
non isolated single muon with pT > 24 GeV between after 
and before  L3 muon update.

-  Large improvement in 1.2 < |𝝶| < 1.6 
-  Overall efficiency:  89-90 % 

50 < pT < 200 GeV 

The errors are statistical only

https://cds.cern.ch/record/2627469/files/DP2018_034.pdf
https://cds.cern.ch/record/2627469/files/DP2018_034.pdf


Heaviest Dimuon Mass from 2018 Data 
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3.1TeV 

https://cds.cern.ch/record/2624681?

https://cds.cern.ch/record/2624681?
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Higgs -> ZZ-> 4 l

✓ CMS-PAS-HIG-18-001  
✓ 2016 + 2017 dataset 
✓  Single/double/triple muon triggers + 
cross trigger with electrons 
✓  Loose ID & customized High-PT ID + 
PF-based isolation 
✓  Good agreement between data and 
prediction 

http://cds.cern.ch/record/2621419/files/HIG-18-001-pas.pdf


Summary
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• We can observe nice reconstruction performance measurements 
using muon objects in CMS experiments during Run-II data taken, 
even with the increase of instantaneous luminosity and Pile-up 
events

• Therefore, this enables to explore all physics program proposed for 
CMS experiments for Run-II and beyond.

Thank you for your attention



Backup slides

 38



 39



Muon system overview (DTs) 
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Muon system overview (CSCs) 

 41



Muon system overview (RPCs) 
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Muon Reconstruction Overview on CMS



TnP method and samples used
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TnP Parameters for Identification
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CMS Muons: Identification Efficiencies
TnP definitions
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• Probe = single tracker tracks associated with tag

• Single tracks reduce combinatorial bkgd at low pT

• Standard technique:  tag + probe invariant mass fit with signal and background

• Signal = sum of 2 Voigtians (Gaussian  Lorentzian) 

• Background = exponential

• Efficiency = ratio of signal normalization factors, numerator has probes that pass 

selection

• Plots contain statistical errors only

• Systematic errors ~1%, dominated by backgrounds

• Estimated by varying pT and isolation cuts on tag muon
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Particle Flow on CMS

• Particle Flow (PF) reconstruction:
• “global event” reconstruction paradigm
• outputs a list of particles identified across different detectors
• identify the “primary vertex” (PV) from PU
• uses particles from PV to build jets, compute missing-ET, lepton isolation ...

arXiv:1706.04965



L3 Muon Trigger Reconstruction Evolution 
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Muon Isolation
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Muon Isolation Setup

 50


