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Efficiency Methods using Zee Events: Mass and Isolation Methods

Electron Efficiency Measurements

The total electron efficiency: 

- Reconstructed electron: electromagnetic cluster matched to a track passing basic tracking cuts 
• Measured with Z→ee events, for ET>15 GeV electrons 

- Identified electron: passes cut-based or likelihood selection 
• High-ET electrons measured using Z→ee methods 
• Low-ET electrons: J/Ψ→ee, Z→ee and Z→eeγ (where the final state radiates a photon)

J/Ψ decays have prompt and non-prompt contributions. 
- Pseudo-proper time discriminates between the two 

Two J/Ψ Efficiency Methods to measure prompt, isolated electrons: 
- Cut out events with large pseudo-proper time 
- Fit pseudo-proper time to find prompt and non-prompt contributions

Efficiency Methods using J/Ψ Events

Select electron pairs with an invariant mass in a 
window around mee=90 GeV. 

Background estimated using a template 
method.  
- Tag and probe method is applied, but an 

identification menu or set of cuts is reversed 
- Take background shape from this sample 
- Normalized to a background-dominated region 

Two methods used to measure efficiencies with 
different discriminating variables: 
- mee and calorimeter isolation 

Main uncertainty in both methods is 
background estimation at the probe level via 
templates.

Efficiency Measurement Results

Efficiencies are studied in data using the tag and 
probe method:  
- Use Z→ee and J/Ψ→ee events 
- Events collected using single-electron triggers 
- Strict identification requirements on the 

triggered electron (“tag”) 
- No requirement on the second “probe” electron 
- Probe is unbiased source of electrons for 

efficiency measurements 

Measurements performed in bins of ET and η

Identification measurements from Z→ee, Z→eeγ and J/Ψ→ee are combined using a global χ2 fit which 
correlates systematic uncertainties between bins of ET and η for a given method.

Electron identification uses tracking, calorimeter, and track-calo matching variables. 
• Track quality cuts including number of b-layer hits, pixel+SCT hits and TRT hits 
• FHT: TRT ratio of high-threshold to low-threshold hits, indicating electron transition radiation 
• Track parameters: e.g. d0, distance of closest approach to primary vertex 
• Calorimeter shower shapes: energy ratios of cell clusters and layers, and lateral widths 
• RHad, energy deposited in the hadronic calorimeter, divided by the cluster electromagnetic energy 
• Track-calorimeter matching: distances between the extrapolated track and the electromagnetic 

cluster (∆φ and ∆η)

Electron identification must discriminate between 
prompt electrons and three main backgrounds: 
light-flavor hadrons (most abundant), 
converted photons (“conversions”) and heavy-
flavor hadrons, whose decays include electrons.

Electron 
Efficiency in 
data

Background 
Efficiency 
(MC)

Medium Cuts 88.1 ± 0.2% 1.11 ± 0.02%

Tight LH 87.8 ± 0.3% 0.51 ± 0.01%

Cut-based Identification method 
- Simplest and most robust electron identification 

technique 
- Rectangular cuts are applied to discriminating 

distributions to reject background. 
- Used in 2011 and 2012 data-taking periods 
- Re-optimized in 2012 to account for harsher 

pileup conditions 
- Cut-based 2015 menus in preparation, with 

relaxed cuts on pileup-dependent variables

Electron Identification

Range of 
measurement

Introduction: The ATLAS Experiment requires efficient discrimination of electrons from backgrounds as a vital part of its physics 
program. Electron identification is achieved using Inner Detector and Electromagnetic Calorimeter quantities. 

Electron efficiency measurements and uncertainties are needed for cross section measurements and searches. Electron efficiencies 
in the detector are measured and data-Monte Carlo correction factors are produced using in-situ methods with electrons from Z→ee 
and J/Ψ→ee resonances.

Likelihood-based Identification method 
- Developed for 2012 data-taking period 
- Constructed by creating probability distribution 

functions (pdfs) for signal and background 
distributions 

- Form discriminant based on the products of the 
pdfs evaluated for a given electron with variable 
values   : 

                                    with 

- Cut on the discriminant dL applied to define the 
selection 

- Designed to have the same signal efficiency as 
the 2012 cut-based menu, with better 
background rejection (see table).  

- Prepared for use offline and in the trigger in 
2015.

Table 2: The variables used in the di↵erent selections of the electron identification menu.

Cut-based Likelihood
Name loose medium tight multilepton loose medium very tight

RHad(1) X X X X X X X
f3 X X X X X X
W⌘2 X X X X X X X
R⌘ X X X X X X X
R� X X X
wstot X X X X X X X
Eratio X X X X X X X
f1 X X X
nBlayer X X X X X X
nPixel X X X X X X X
nSi X X X X X X X
d0 X X X X
�d0 X X
�p/p X X X X
nTRT X X X
FHT X X X X X X
�⌘1 X X X X X X X
��2 X
��res X X X X
E/p X
isConv X X

most pileup-sensitive variables (RHad(1) and R⌘) and tightened on others to keep the performance (ef-
ficiency/background rejection) roughly constant as a function of the number of reconstructed primary
vertices. A cut on f3 was added in 2012, as well. Furthermore a new operating point was added, called
multilepton, which is optimized for the low energy electrons in the H ! ZZ⇤ ! 4` analysis. For these
electrons, multilepton has a similar e�ciency to the loose operating point, but a better background re-
jection. In comparison to loose, cuts on the shower shapes are loosened and more variables are added,
including those measuring bremsstrahlung e↵ects.

4.2 Likelihood identification

Multivariate analysis (MVA) techniques are powerful, since they allow the combined evaluation of sev-
eral properties when making a selection decision. Out of the di↵erent MVA techniques, the LH has been
chosen for electron identification because of its simple construction.

The electron LH makes use of signal and background probability density functions (PDFs) of the
discriminating variables. Based on these PDFs, which are treated as uncorrelated, an overall probability
is calculated for the object to be signal or background. The signal and background probabilities for a
given electron are combined into a discriminant dL on which a cut is applied:

dL =
LS

LS +LB
, LS (~x) =

nY

i=1

Ps,i(xi) (1)

where ~x is the vector of variable values and Ps,i(xi) is the value of the signal probability density function
of the ith variable evaluated at xi. In the same way, Pb,i(xi) refers to the background probability function.

Signal and background PDFs used for the electron LH identification are obtained from data. As in the
multilepton cut-based selection, variables measuring bremsstrahlung e↵ects are included. Furthermore,
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Number of probe electrons passing tight cuts. 
The bars below show the range of each method.

Efficiency measurements as a function of ET (left) and number of primary vertices (right). Data-MC 
correction factors are shown in the ratio plots below.

An illustration of the d0 variable for electrons, 
conversions and hadrons. The tight cut is 
indicated with arrows.

use of the characteristic signatures of the Z ! ee and J/ ! ee decays. In both cases, strict selection
criteria are applied on one of the two decay electrons (called “tag”), and the second electron candidate
(“probe”) is used for the e�ciency measurements. Additional selection criteria on the event properties
are applied to further reject background: Only events passing data-quality criteria, in particular con-
cerning the inner detector and the calorimeters, are considered. Furthermore, at least one reconstructed
primary vertex with at least three tracks should be present in the event. The tag-and-probe pairs must also
pass requirements on their reconstructed invariant mass. In order to not bias the selected probe sample,
each valid combination of electron pairs in the event is considered; an electron can be the tag in one pair
and the probe in another.

The probe samples are contaminated by background objects (for example hadrons misidentified as
electrons, electrons from semi-leptonic heavy flavor decays or from photon conversions). This contam-
ination is estimated using either background template shapes or combined fits of background and signal
analytical models to the data. The number of electrons is independently estimated at the probe level and
at the level where the probe passes the tested criteria. The e�ciency ✏ is defined as the fraction of probe
electrons passing the tested criteria.

The e�ciency to detect an electron in the ATLAS detector is not measured as a single quantity but
is divided into di↵erent components, namely trigger, reconstruction and identification e�ciency, as well
as the e�ciency to pass additional analysis criteria, like isolation. The full e�ciency ✏total for a single
electron can be written as:

✏total = ✏reconstruction ⇥ ✏identification ⇥ ✏trigger ⇥ ✏additional (2)

The e�ciency components are defined and measured in a specific order to preserve consistency: The re-
construction e�ciency, ✏reconstruction, is measured with respect to clusters reconstructed in the electromag-
netic calorimeter; the identification e�ciency, ✏identification, is determined with respect to reconstructed
electrons. Trigger e�ciencies are calculated for reconstructed electrons passing a given identification
criterion. Therefore, for each identification selection a dedicated set of trigger e�ciency measurements
is performed, as documented in Ref. [2]. Additional selection criteria are often applied in analyses of
collision data, for example on the isolation of electrons (introduced in Section 4.3). The e�ciency of
these selection criteria is dependent on the specific analysis and is therefore determined in each case
separately and not covered in this note.

The determination of ✏identification and ✏reconstruction is described in Sections 7 and 9. The e�ciencies
are measured in data and in simulated Z ! ee and J/ ! ee samples. To compare the data values
with the MC estimates, the same cuts are used to select the probe electrons. However, no background
subtraction needs to be applied on the simulated samples; instead, we require the reconstructed electron
track to be matched to an electron trajectory provided by the MC simulation within �R < 0.2. In the
matching procedure electrons coming from converted photons that are radiated o↵ an electron originating
from a Z or J/ decay are also accepted by the analyses. In the reconstruction e�ciency measurement,
electrons can be reconstructed as clusters without a matching track. To select these in the simulated
Z ! ee samples, the Z decay electrons provided by the MC simulation are matched to the reconstructed
cluster within �R < 0.2.

5.1.1 Data-to-MC correction factors

The accuracy with which the MC based detector simulation models the electron e�ciency plays an
important role in cross-section measurements and various searches for new physics. In order to achieve
reliable physics results, the MC samples need to be corrected to reproduce the measured data e�ciencies
as closely as possible. This is achieved by a multiplicative correction factor defined as the ratio of
the e�ciency measured in data and to that in the simulation. These data-to-MC correction factors are
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Top plot: all probes in the mee 
discriminant. Bottom: probes 
after applying tight cuts.
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variations of the same measurement. This allows to cover the systematic uncertainty due to the back-
ground estimation method, as the two methodologies use completely di↵erent approaches.

7.2 Tag-and-probe with J/ ! ee events

7.2.1 Introduction

J/ ! ee events are used to measure the electron identification e�ciency for 7 GeV < ET < 20 GeV.
At such low energies, the probe sample su↵ers from a significant background fraction, which can be
estimated using the reconstructed di-electron invariant mass (mee) of the selected tag-and-probe pairs.
Furthermore, the J/ sample is composed of two contributions. In prompt production, the J/ meson
is produced directly in the proton-proton collision via strong interaction or from the decays of directly
produced heavier charmonium states. The electrons from the decay of prompt J/ particles are expected
to be isolated and therefore to have identification e�ciencies close to those of isolated electrons from
other physics processes of interest in the same transverse energy range, such as Higgs-boson decays. In
non-prompt production, the J/ meson comes from b-hadron decays and its decay electrons are expected
to be less isolated.

Experimentally, the two production modes can be distinguished by measuring the displacement of
the J/ ! ee vertex with respect to the primary vertex. Due to the long lifetime of b-hadrons, electron-
pairs from non-prompt J/ production will have a measurably displaced vertex, while prompt decays
occur at the primary vertex. To reduce the dependence on the J/ transverse momentum, the variable
used in this analysis to discriminate prompt and non-prompt production, called pseudo-proper time [21],
is defined as

⌧ =
Lxy · mJ/ 

PDG

pJ/ 
T

. (3)

Here, Lxy measures the displacement of the J/ vertex w.r.t. the primary vertex in the transverse plane,
while mJ/ 

PDG and pJ/ 
T are the mass [22] and the reconstructed transverse momentum of the J/ particle.

Two methods have been developed to measure the electron e�ciency using J/ ! ee decays. The
short-⌧ method, already used in Ref. [12, 3], considers only events with short pseudo-proper time, se-
lecting a subsample dominated by prompt J/ production. The remaining non-prompt contamination is
estimated using MC simulation and the ATLAS measurement of the non-prompt fraction in J/ ! µµ
events [23]. The ⌧-fit method, used in Ref. [3], utilizes the full ⌧-range and extracts the non-prompt
fraction by fitting the pseudo-proper time distribution both before and after applying the identification
cuts.

7.2.2 Event selection

Events are selected by five dedicated J/ ! ee triggers. These require tight trigger electron identifica-
tion11 and an electron ET above a threshold for one of the two trigger objects, while only requiring an
electromagnetic cluster above a certain ET threshold for the other.

Events with at least two electron candidates with a transverse energy ET > 5 GeV and within the
pseudorapidity range |⌘| < 2.47 are considered. The tag electron candidate must be matched to a tight
trigger electron object within �R < 0.005 and satisfy the cut-based tight identification selection. To
further clean the tag electron sample an isolation criterion is applied in most of the analysis variations.
The other electron, the probe, needs to pass the track quality criteria. It is also required to match an
electromagnetic trigger object of the J/ ! ee triggers within �R < 0.005 and have a transverse energy

11The tight electron identification selection applied in the J/ trigger is looser than the corresponding analysis cuts. In
particular, no selection is applied on ��2, E/p and isConv.

16

Pseudo-proper Time:


