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How can we calibrate

the CMS Detector?

...
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MOTIVATION

𝐻 → 2𝑍 → 4𝑙

Mainly at low energy, but why ?

In this channel, electrons can have 𝑝𝑇 as low as 7 GeV, and the 

uncertainty on their scale factors (SFs) at low pₜ is one of largest 

experimental systematics

Improving those SFs gives you a more precise Higgs measurement
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INTRODUCTION

@cern
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INTRODUCTION

@cms
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INTRODUCTION

@M.Hakkı Ehliz
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INTRODUCTION
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INTRODUCTION

1  @M.Hakkı Ehliz
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DoubleElectron_Run2012

4

Scale Factor

Methods

Data
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Tracking and Calorimeter Systems

1

1  @cms

Kalman Filter Gaussian Sum Filter
2

2  @S. Harper
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Tracking and Calorimeter Systems

1

1  @cms

Kalman Filter Gaussian Sum Filter
2

2  @S. Harper

3 @ Yong Yang
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Tracking and Calorimeter Systems

1

1  @cms

Kalman Filter Gaussian Sum Filter
2

2  @S. Harper

3 @ Yong Yang

Matching

or not

3

4

4 @ tikz
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Datasets

Run-3 data at 𝑠 = 13.6 TeV from 2024 with an integrated luminosity of about 109.8 𝑓𝑏−1Data

MC
Monte Carlo samples with the aMC@NLO generator at next-to-leading order in QCD, then ran them through a full 

GEANT4 simulation of the CMS detector

1,2 @ tikz

1 2

𝜂 ≡ −ln[tan(
𝜃

2
)]
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Tag and Probe Method

𝑍 → 𝑒+𝑒−

Tag Probe
- Strict selection criteria (isolation, trigger…)

- Introduces bias

- Loose selection criteria (enough selection 

to form Z candidate with the Tag)

- It is unbiased
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Data-driven approach
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Tag and Probe Method

Simple Example

• Baseline (loose) selection:

 𝐸𝑇 > 20 𝐺𝑒𝑉 

Has a matching tracker track

• Study (tight) selection to be measured:

𝐻/𝐸 < 0.05, where H/E is the ratio of hadronic to electromagnetic energy
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Tag and Probe Method

Simple Example

• Baseline (loose) selection:

 𝐸𝑇 > 20 𝐺𝑒𝑉 

Has a matching tracker track

• Study (tight) selection to be measured:

𝐻/𝐸 < 0.05, where H/E is the ratio of hadronic to electromagnetic energy

𝜖 =
𝑁𝑝𝑎𝑠𝑠

𝑁𝑝𝑎𝑠𝑠 + 𝑁𝑓𝑎𝑖𝑙
=

1

2

without background
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Tag and Probe Method

Simple Example

• Baseline (loose) selection:

 𝐸𝑇 > 20 𝐺𝑒𝑉 

Has a matching tracker track

• Study (tight) selection to be measured:

𝐻/𝐸 < 0.05, where H/E is the ratio of hadronic to electromagnetic energy

𝜖 =
𝑁𝑝𝑎𝑠𝑠−𝑠𝑖𝑔

𝑁𝑝𝑎𝑠𝑠−𝑠𝑖𝑔 + 𝑁𝑓𝑎𝑖𝑙−𝑠𝑖𝑔
𝑆𝐹𝑠 𝐸𝑇 , 𝜂 =

𝜖 𝐷𝑎𝑡𝑎 𝐸𝑇 , 𝜂

𝜖𝑀𝐶 𝐸𝑇 , 𝜂
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Models of signal & background

Signal

• Breit–Wigner

• Gaussian

• Crystal Ball

• Double Crystal Ball

Background

• Exponential

• Bernstein Polynomial

• Chebychev Polynomial

• RooCMSShape

𝛔 = 𝟏 Mean = 0
𝒏 = 𝟏,𝜶 = 𝟏𝟎
𝒏 = 𝟏, 𝜶 = 𝟏𝟎
𝒏 = 𝟏,𝜶 = 𝟏𝟎

CB Functions Z − BW

𝑴𝒆𝒂𝒏 = 𝟗𝟏. 𝟐
𝚪 = 𝟐. 𝟒𝟗𝟓 𝐆𝐞𝐕
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Models of signal & background

Signal

• Breit–Wigner

• Gaussian

• Crystal Ball

• Double Crystal Ball

Background

• Exponential

• Bernstein Polynomial

• Chebychev Polynomial

• RooCMSShape

𝝀 = −𝟎. 𝟓

Exponential

𝑏𝑣,𝑛 𝑥 =
𝑛

𝑣
𝑥𝑣 1 − 𝑥 𝑛−𝑣𝑓𝑜𝑟 𝑣 = 0,… , 𝑛

𝑇𝑛 𝑥 = cos 𝑛 arccos 𝑥 , 𝑥 𝜖[−1,1]

𝑓 𝑥 = 𝑒𝜆

Bernstein 2nd Degree

𝐵2 𝑥 = 𝑎0 1 − 𝑥 2

+𝑎12𝑥 1 − 𝑥 + 𝑎2𝑥
2

𝒂𝟎 = 𝟏
𝒂𝟏 = 𝟐
𝒂𝟐 = 𝟏
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Measurements for several 𝐸𝑇 and 𝜂 bins
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Measurements for several 𝐸𝑇 and 𝜂 bins
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Measurements for several 𝐸𝑇 and 𝜂 bins
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Optimizations at Low Probe 𝐸𝑇 Cut

Tag 𝑝𝑇 Threshold
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Optimizations at Low Probe 𝐸𝑇 Cut

Track Isolation
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Passing Probes, 𝐝𝐞𝐟𝐚𝐮𝐥𝐭 𝜼, 𝐄𝐓, 𝐭𝐚𝐠 𝐩𝐓, 𝐚𝐧𝐝
𝐢𝐬𝐨

𝒑𝐓
< 𝟎.𝟏𝟓

DATA

𝐄𝐧𝐭𝐫𝐢𝐞𝐬 = 𝟒 𝟐𝟗𝟒
𝛔 = 𝟑. 𝟎𝟓𝟏 ± 𝟎. 𝟏𝟏𝟑 𝐆𝐞𝐕

Mean = 89.648 ± 0.665 GeV
𝛜𝟑 = 𝟎.𝟗𝟔𝟏𝟗± 𝟎. 𝟎𝟎𝟓𝟏

𝐄𝐧𝐭𝐫𝐢𝐞𝐬 = 𝟓𝟐𝟔

Failing Probes, 𝐝𝐞𝐟𝐚𝐮𝐥𝐭 𝜼, 𝐄𝐓, 𝐭𝐚𝐠 𝐩𝐓, 𝐚𝐧𝐝
𝐢𝐬𝐨

𝒑𝐓
< 𝟎. 𝟏𝟓

DATA
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Optimizations at Low Probe 𝐸𝑇 Cut

Transverse-Mass Veto

𝑊 → 𝑒𝜈

𝑚𝑇 = 2 𝑝𝑇,𝑒 𝐸𝑇
𝑚𝑖𝑠𝑠(1 − cosΔ𝜙 )

Δ𝜙 is the angle between the electron and

the missing ergy vector

𝐸𝑇
𝑚𝑖𝑠𝑠 is missing transverse energy
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Optimizations at Low Probe 𝐸𝑇 Cut
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Results
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Conclusion and the Future

• Electron Reconstruction Efficiency: Measured using the Tag-and-Probe method on 

CMS Run-3 data, comparing real data and Monte Carlo in bins of 𝐸𝑇 ​ and 𝜂, 

calculated scale factors 

• Background Suppression: Applied optimized cuts to reduce background under the 

Z peak, improving the peak in the falling probes in low 𝐸𝑇 bins.

• Impact and Outlook: Results show per-cent level agreement between data and 

simulation

• Methods extensions: to other resonances (J/𝜓)

• 2nd Uncertainty: Calculation of systematic uncertainty
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the CMS Detector?

...

Thanks for listening

Questions ?
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Backup…
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Efficiency Measurements
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Extra Plots
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