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Measurement of muon 
efficiencies in CMS open data

Tag and Probe method
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○ Tag & Probe method efficiency (ε);
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○ Sideband subtraction & results;
○ Fitting method & results;
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A brief overview of the work

efficiency (ε) 

As function of:
● Transverse Momentum (pT)
● Pseudorapidity (η)
● Azimuthal angle (ϕ)

Data (2011)

Simulated Data
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pp ➔ ϒ ➔ 𝜇𝜇 

Tag & Probe

CMS Open Data



CMS Open Data
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The CMS Open Data is an initiative that makes 
scientific data from the CMS experiment 
available to the public.
With data transparency It tries to make science 
more inclusive and open.

https://home.cern/news/news/experiments/cms-
releases-more-one-petabyte-open-data



Tag & Probe workflow
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Muon (𝜇) collection

Tag muon
(tight criteria)

Probe muon
(no criteria)

𝜇 𝜇

1. J/ψ

2.    ϒ

𝜇-

𝜇+

𝜇-

Invariant mass of
desired resonance

Tag & Probe
Tag pT >= 7 GeV
Tag |eta| <= 2.4 ɛ = ?

𝜇𝜇

Desired resonances:

𝜇+



Tag & Probe method efficiency (ε)

The Tag & Probe method consists in calculating the efficiency of a detector using gathered data 
without the dependency on the simulations.
This method uses known resonances (e.g J/ψ,ϒ,Z)

Tag muon = well identified, triggered muon (tight selection criteria)

Probe muon = unbiased set of the desired particle type with a very loose selection criteria
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Tracker muon



Muon identification
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Evaluating efficiencies
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The efficiency is calculated using only signal
For example using J/ψ invariant mass 
distribution we have:

Signal = Gaussian + Crystal Ball

How can we extract signal quantities probe 
muon (pT, η, ϕ)?



Signal extraction methods evaluation
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We would like to evaluate two signal 
extraction methods:
● Sideband subtraction
● Fitting



Extracting signal: sideband subtraction using J/ψ candidates

sideband regions

signal region Total (signal + background)

Background (background)
Signal = Total - ɑ x Background

example for tracker probes pT
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(tag muon + passing probe) (tag muon + any probe)



Results: efficiencies for J/ψ using sideband subtraction
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Extracting signal: sideband subtraction for ϒ (1S)

12

(tag muon + passing probe) (tag muon + any probe)

Phys. Rev. D 83 (2011) 112004



Results: efficiencies for ϒ (1S) using sideband subtraction
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Results: comparison between J/ψ and ϒ (1S) using sideband subtraction
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Extracting signal: Fitting method

Select region

Compute Efficiency 

Fit Invariant Mass on Selected Region
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Results: efficiencies for J/ψ using fitting method
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Results: efficiencies for ϒ (1S) using fitting method



Comparison between both methods



Results: comparison between sideband subtraction and fitting for J/ψ
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Results: comparison between sideband subtraction and fitting for ϒ (1S) 
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Summary
● We developed a tool to evaluate tag & probe method using CMS Open Data 

for J/ψ and ϒ decaying in dimuons;
● We measured efficiency for tracker muon ID making a comparison between 

data and MC;
● Tested sideband subtraction and fitting method to extract signal;

○ At first look, fitting seems to be a better method;

Next steps
● Use standalone and global muon IDs;
● Optimize the code for CMS Open Data users;
● Implement s-Plot method;
● Evaluate efficiency for Z boson
● Improvement propagating uncertainties in sideband method



References
Our Workspace:
https://cern.ch/cms-lip/internship/tnp

Githubs:
https://github.com/allanjales/tag-probe
https://github.com/AthomsG/LIP_INTERNSHIP

Used Ntupples:
shorturl.at/dqv45

Tag and probe Wiki:
shorturl.at/imILM

22

https://cern.ch/cms-lip/internship/tnp
https://github.com/allanjales/tag-probe
http://shorturl.at/dqv45
http://shorturl.at/imILM


References
Datasets:

● Jpsi MC: http://opendata.cern.ch/record/1335
● Upsilon MC: http://opendata.cern.ch/record/1522
● Data (2011 Legacy): http://opendata.cern.ch/record/27

CMS Open data:
http://opendata.cern.ch/search?experiment=CMS

LIP Internship 2020
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HLT Triggers Path (J/ψ - Data/MC):
➢ HLT_Dimuon10_Jpsi_Barrel_v*

HLT Triggers Path (ϒ - Data):
➢ HLT_Dimuon0_Barrel_Upsilon 

HLT Triggers Path (ϒ - MC):
➢ HLT_Dimuon0_Upsilon 

http://opendata.cern.ch/record/1335
http://opendata.cern.ch/record/1522
http://opendata.cern.ch/record/27
http://opendata.cern.ch/search?page=1&size=20&experiment=CMS
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CMS Detector
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CMS Detector
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Inner Tracker
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Muon Chamber
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Barrel
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Barrel
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CMS DP-2018/042
https://cds.cern.ch/record/2629364/files/DP2018_042.pdf

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


CMS DP-2018/042
https://cds.cern.ch/record/2629364/files/DP2018_042.pdf

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


Results for J/ψ in sideband subtraction
Data (2011) Simulated Data



Results for J/ψ in sideband subtraction
Data (2011) Simulated Data



Results for J/ψ in sideband subtraction
Data (2011) Simulated Data



Results for ϒ in sideband subtraction
Data (2011) Simulated Data



Results for ϒ in sideband subtraction
Data (2011) Simulated Data



Results for ϒ in sideband subtraction
Data (2011) Simulated Data


