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The ATLAS detector
The ATLAS detector is a general-purpose particle detector at the
Large Hadron Collider (LHC) at CERN, designed to observe
high-energy proton-proton collisions (atps = 13 TeV for run 2).
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The ATLAS detector
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The ATLAS detector
Themulti-layer structure of the detector allows identifying
different object in an unambiguous way

Electrons are of great interest for most of the physics analyses.
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Electron Reconstruction
Electrons reconstruction starts from an energy clusters and then
tracks from the Inner Detector are matched.
Calorimeter clusters without matching tracks are classified as
photons.
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Electron Efficiency

Accurate measurement of electrons in ATLAS is challenging due
to the complexity of final states and a wide range of energy.

Due to the limitations in the real-life detector (resolution,
reconstruction algorithm,..), the reconstruction process is not
perfect.

For this, we need to study the efficiency of electronmeasurement
at different levels.
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Electron Efficiency

The overall efficiency ϵtotal for a single electron can be expressed
as:

ϵtotal = ϵreco×ϵid×ϵiso×ϵtrig =
Nreco

Nclusters
× Nid
Nreco

× Niso
Nid

× Ntrig
Niso

,

with
• ϵreco : reconstruction efficiency

• ϵid : identification efficiency

• ϵiso : isolation efficiency

• ϵtrig : trigger efficiency
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Scale Factor

We have real data collected from the detector, andMonte Carlo
(MC) simulations which are used to interpret the data.

Because the simulation cannot perfectly replicate real-world
data, we end up with a difference between the two corresponding
efficiency values.

The scale factor (SF) is a correction factor applied to theMC
simulation to bring theMC efficiency into better agreement with
that of the data:

SF = ϵdata

ϵMC
, MCcorrected = SF ×MC

The results obtained for SF are used by the entire ATLAS
collaboration in physics analyses.
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Aim of The Internship: Electron Reconstruction
Efficiency

Focus: Reconstruction efficiency ϵreco (and SF ).

Reconstruction efficiency definition:

ϵreco = Nreco
Ncluster

= NQT−BQT

(NQT−BQT )+(NNo-QT−BNo-QT )+(NNo-Track−BNo-Track )

• N(B): Number of reconstructed (background) probes

• "QT" (Quality-Track): Probes with good-quality track (7 precision hits,
at least one pixel hit).
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Aim of The Internship: Electron Reconstruction
Efficiency

ϵreco = Nreco
Ncluster

= NQT−BQT

(NQT−BQT )+(NNo-QT−BNo-QT )+(NNo-Track−BNo-Track )

Denominator divided into three terms for background
determination

There are two types of background: electron candidates with an
associated track, and those without an associated track.

Background subtraction is not necessary for the simulated
samples due to the use of truth information during generation
and simulation.
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Tag and ProbeMethod

The Tag and ProbeMethodmeasures electron reconstruction
efficiency in the Z −→ ee events.

Strict criteria are applied to select a high-quality electron as the
"Tag electron" to make sure that they correspond to real electrons

Loose conditions are applied to select the "Probe electron" to
reduce the bias on themeasurements
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Tag and ProbeMethod

Only the probe electron is used for efficiencymeasurements.

The invariant mass of the tag and probe electron pair is
reconstructed, which need to be close to themass of the Z boson
(mZ ≈ 91GeV).

Tag electron

Probe electron

Z0

Figure: Z −→ ee decay
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Background estimation: Electron candidates with an
associated track

Background estimation uses background templates for probes
with associated tracks.

Templates built by inverting identification and isolation
selections.

The high-mass region assumed to haveminimal signal
contamination.
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Electron candidates with an associated track
Equation for background estimation:

Be =Ntemplate
peak

×
Ne
tail −NMC

tail × Ndata,tight
peak

NMC ,tight
peak

Ntemplate
tail

• Be is the number of background in the signal region.
• Ne andNtemplate are the total number of probes and number of probes in the background template in data.
• Npeak andNtail represent Z-peak and highmass control region.
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Background Estimation: Electron candidates with no
associated track
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Electron candidates with no associated track

Observation: Photon term peaks around Zmass, which is not
expected at the Z-mass value, while we expect a smooth
distribution in this region.

Photon background is obtained by using a third-order
polynomial fit on the regions slightly above and below the
Z-mass region (sidebands).

Difference between the peak and the photon background
represents real electron candidates in the photon container (no
matched track).
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Analysis and Results

The study was conducted using data from run 2 of the LHC in
2018 at a center-of-mass energy of 13 TeV andMC simulation.

Reconstruction efficiency results were obtained for different
kinematic regions, specifically as a function of electron’s
transverse momentum PT and pseudo-rapidity η.

Electron Reconstruction Efficiency 22/6/2023 21 / 34



Analysis and Results
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Analysis and Results
The ATLAS detector reconstructs electrons with a high efficiency
(from 95% to to 99%).
Themaximum uncertainty is 2%
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Analysis and Results
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Analysis and Results

The efficiency varied with respect to η, reflecting the effects of the
detector’s geometry andmaterial profile:
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Analysis and Results
The scale factorswere close to 1, with deviations of up to 2% at
low PT :
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Conclusion

In the first twomonths of the internship, my activities involved:

Determining efficiencies as functions in the transverse
momentum PT and pseudo-rapidity η.

Obtaining the scale factors that are crucial for conducting
physics analyses.

The reconstruction efficiency values were consistently high,
ranging from 95% to 99%.

My next task will involve utilizing newer data from LHC run 3,
which started in 2022 with the center-of-mass increased to 13.6
TeV, to compute the efficiencies and improvemeasurement
methodologies, such as background estimation.
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Electron Reconstruction Efficiency 22/6/2023 30 / 34



Backup: Tag and Probe Selection

Figure: Object level selections for tag and probe system
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Backup: Efficiency

In proton-proton collisions at the Large Hadron Collider (LHC),
leptons serve as markers for events of interest.

The number of events (Nev) expected to be detected by the
detector for a given process pp→ x , with a cross section σx , and
an integrated luminosity L= ∫

L(t)dt, is given by:

Nx
ev =σx ·L ·A ·ε

where A represents the acceptance of the detector and ε represents
the efficiency.
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Backup: Efficiency for all PT bins
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Backup: Uncertainties

Statistical uncertainties are calculated using the error
propagation formula in [2].

Systematic uncertainties are strongly correlated. They are
estimated by applying variations on the selection procedure:

• Variations on the Z-mass peak window: ]80, 100[, ]75, 105[ and
]85, 95[ GeV. Allows the variation of some identification criteria
efficiencies depending on the invariant mass (lowmass region rich
in bremsstrahlung electrons).

• Four sidebands variations for the fit of the photon background:
[70, 80] ∪ [100, 110], [60, 80] ∪ [100, 120], [50, 80] ∪ [100, 130], and
[55, 70] ∪ [110, 125] GeV to ensure the stability of the analytic form.
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