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Table 1. Definition of variables used for loose, medium and tight electron identification cuts for the central region of the detector
with |η| < 2.47.

Type Description Name
Loose selection
Acceptance |η| < 2.47
Hadronic leakage Ratio of ET in the first layer of the hadronic calorimeter to ET of Rhad1

the EM cluster (used over the range |η| < 0.8 and |η| > 1.37)
Ratio of ET in the hadronic calorimeter to ET of the EM cluster Rhad

(used over the range |η| > 0.8 and |η| < 1.37)
Middle layer of Ratio of the energy in 3×7 cells over the energy in 7×7 cells Rη

EM calorimeter centred at the electron cluster position

Lateral shower width,
√

(ΣEiη2
i )/(ΣEi)− ((ΣEiηi)/(ΣEi))2, wη2

where Ei is the energy and ηi is the pseudorapidity of cell i
and the sum is calculated within a window of 3× 5 cells

Medium selection (includes loose)

Strip layer of Shower width,
√

(ΣEi(i− imax)2)(ΣEi), where i runs over all strips wstot

EM calorimeter in a window of ∆η ×∆φ ≈ 0.0625 × 0.2, corresponding typically
to 20 strips in η, and imax is the index of the highest-energy strip
Ratio of the energy difference between the largest and second largest Eratio

energy deposits in the cluster over the sum of these energies
Track quality Number of hits in the pixel detector (≥ 1) npixel

Number of total hits in the pixel and SCT detectors (≥ 7) nSi

Transverse impact parameter (|d0| <5 mm) d0
Track–cluster ∆η between the cluster position in the strip layer and the ∆η
matching extrapolated track (|∆η| < 0.01)
Tight selection (includes medium)
Track–cluster ∆φ between the cluster position in the middle layer and the ∆φ
matching extrapolated track (|∆φ| < 0.02)

Ratio of the cluster energy to the track momentum E/p
Tighter ∆η requirement (|∆η| < 0.005) ∆η

Track quality Tighter transverse impact parameter requirement (|d0| <1 mm) d0
TRT Total number of hits in the TRT nTRT

Ratio of the number of high-threshold hits to the total number of fHT

hits in the TRT
Conversions Number of hits in the b-layer (≥ 1) nBL

Veto electron candidates matched to reconstructed photon
conversions

EM calorimeter strip layer, track quality requirements and
track-cluster matching are added to the medium selection.
The tight selection adds E/p, particle identification using
the TRT, and discrimination against photon conversions
via a b-layer hit requirement and information about recon-
structed conversion vertices [17]. Table 1 lists all variables
used in the loose,medium and tight selections. The cuts are
optimised in 10 bins of cluster η (defined by calorimeter
geometry, detector acceptances and regions of increasing
material in the inner detector) and 11 bins of cluster ET

from 5 GeV to above 80 GeV.
Electron identification in the forward 2.5 < |η| < 4.9

region, where no tracking detectors are installed, is based
solely on cluster moments1 and shower shapes [14]. These

1 The cluster moment of degree n for a variable x is defined
as:

〈xn〉 =
∑

i
Ei x

n
i∑

i
Ei

, (1)

where i runs over all cells of the cluster.

provide efficient discrimination against hadrons due to
the good transverse and longitudinal segmentation of the
calorimeters, though it is not possible to distinguish be-
tween electrons and photons. Two reference sets of cuts are
defined, forward loose and forward tight selections. Table 2
lists the identification variables.

4.5 Inclusive single and dielectron spectra

To illustrate the electron identification performance, the
left of Figure 2 shows the ET distribution of all electron
candidates passing the tight identification cuts and having
|η| < 2.47 excluding the transition region, 1.37 < |η| <
1.52. The data sample was collected by single electron
triggers with varying thresholds. The Jacobian peak at
ET ≈ 40 GeV from W and Z decays is clearly visible
above the sum of contributions from semi-leptonic decays
of beauty and charm hadrons, electrons from photon con-
versions and hadrons faking electrons.

•LOOSE SELECTION Expected jet rejection of about 500 
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Table 1. Definition of variables used for loose, medium and tight electron identification cuts for the central region of the detector
with |η| < 2.47.

Type Description Name
Loose selection
Acceptance |η| < 2.47
Hadronic leakage Ratio of ET in the first layer of the hadronic calorimeter to ET of Rhad1

the EM cluster (used over the range |η| < 0.8 and |η| > 1.37)
Ratio of ET in the hadronic calorimeter to ET of the EM cluster Rhad

(used over the range |η| > 0.8 and |η| < 1.37)
Middle layer of Ratio of the energy in 3×7 cells over the energy in 7×7 cells Rη

EM calorimeter centred at the electron cluster position

Lateral shower width,
√

(ΣEiη2
i )/(ΣEi)− ((ΣEiηi)/(ΣEi))2, wη2

where Ei is the energy and ηi is the pseudorapidity of cell i
and the sum is calculated within a window of 3× 5 cells

Medium selection (includes loose)

Strip layer of Shower width,
√

(ΣEi(i− imax)2)(ΣEi), where i runs over all strips wstot

EM calorimeter in a window of ∆η ×∆φ ≈ 0.0625 × 0.2, corresponding typically
to 20 strips in η, and imax is the index of the highest-energy strip
Ratio of the energy difference between the largest and second largest Eratio

energy deposits in the cluster over the sum of these energies
Track quality Number of hits in the pixel detector (≥ 1) npixel

Number of total hits in the pixel and SCT detectors (≥ 7) nSi

Transverse impact parameter (|d0| <5 mm) d0
Track–cluster ∆η between the cluster position in the strip layer and the ∆η
matching extrapolated track (|∆η| < 0.01)
Tight selection (includes medium)
Track–cluster ∆φ between the cluster position in the middle layer and the ∆φ
matching extrapolated track (|∆φ| < 0.02)

Ratio of the cluster energy to the track momentum E/p
Tighter ∆η requirement (|∆η| < 0.005) ∆η

Track quality Tighter transverse impact parameter requirement (|d0| <1 mm) d0
TRT Total number of hits in the TRT nTRT

Ratio of the number of high-threshold hits to the total number of fHT

hits in the TRT
Conversions Number of hits in the b-layer (≥ 1) nBL

Veto electron candidates matched to reconstructed photon
conversions

EM calorimeter strip layer, track quality requirements and
track-cluster matching are added to the medium selection.
The tight selection adds E/p, particle identification using
the TRT, and discrimination against photon conversions
via a b-layer hit requirement and information about recon-
structed conversion vertices [17]. Table 1 lists all variables
used in the loose,medium and tight selections. The cuts are
optimised in 10 bins of cluster η (defined by calorimeter
geometry, detector acceptances and regions of increasing
material in the inner detector) and 11 bins of cluster ET

from 5 GeV to above 80 GeV.
Electron identification in the forward 2.5 < |η| < 4.9

region, where no tracking detectors are installed, is based
solely on cluster moments1 and shower shapes [14]. These

1 The cluster moment of degree n for a variable x is defined
as:

〈xn〉 =
∑

i
Ei x

n
i∑

i
Ei

, (1)

where i runs over all cells of the cluster.

provide efficient discrimination against hadrons due to
the good transverse and longitudinal segmentation of the
calorimeters, though it is not possible to distinguish be-
tween electrons and photons. Two reference sets of cuts are
defined, forward loose and forward tight selections. Table 2
lists the identification variables.

4.5 Inclusive single and dielectron spectra

To illustrate the electron identification performance, the
left of Figure 2 shows the ET distribution of all electron
candidates passing the tight identification cuts and having
|η| < 2.47 excluding the transition region, 1.37 < |η| <
1.52. The data sample was collected by single electron
triggers with varying thresholds. The Jacobian peak at
ET ≈ 40 GeV from W and Z decays is clearly visible
above the sum of contributions from semi-leptonic decays
of beauty and charm hadrons, electrons from photon con-
versions and hadrons faking electrons.
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Table 1. Definition of variables used for loose, medium and tight electron identification cuts for the central region of the detector
with |η| < 2.47.

Type Description Name
Loose selection
Acceptance |η| < 2.47
Hadronic leakage Ratio of ET in the first layer of the hadronic calorimeter to ET of Rhad1

the EM cluster (used over the range |η| < 0.8 and |η| > 1.37)
Ratio of ET in the hadronic calorimeter to ET of the EM cluster Rhad

(used over the range |η| > 0.8 and |η| < 1.37)
Middle layer of Ratio of the energy in 3×7 cells over the energy in 7×7 cells Rη

EM calorimeter centred at the electron cluster position

Lateral shower width,
√

(ΣEiη2
i )/(ΣEi)− ((ΣEiηi)/(ΣEi))2, wη2

where Ei is the energy and ηi is the pseudorapidity of cell i
and the sum is calculated within a window of 3× 5 cells

Medium selection (includes loose)

Strip layer of Shower width,
√

(ΣEi(i− imax)2)(ΣEi), where i runs over all strips wstot

EM calorimeter in a window of ∆η ×∆φ ≈ 0.0625 × 0.2, corresponding typically
to 20 strips in η, and imax is the index of the highest-energy strip
Ratio of the energy difference between the largest and second largest Eratio

energy deposits in the cluster over the sum of these energies
Track quality Number of hits in the pixel detector (≥ 1) npixel

Number of total hits in the pixel and SCT detectors (≥ 7) nSi

Transverse impact parameter (|d0| <5 mm) d0
Track–cluster ∆η between the cluster position in the strip layer and the ∆η
matching extrapolated track (|∆η| < 0.01)
Tight selection (includes medium)
Track–cluster ∆φ between the cluster position in the middle layer and the ∆φ
matching extrapolated track (|∆φ| < 0.02)

Ratio of the cluster energy to the track momentum E/p
Tighter ∆η requirement (|∆η| < 0.005) ∆η

Track quality Tighter transverse impact parameter requirement (|d0| <1 mm) d0
TRT Total number of hits in the TRT nTRT

Ratio of the number of high-threshold hits to the total number of fHT

hits in the TRT
Conversions Number of hits in the b-layer (≥ 1) nBL

Veto electron candidates matched to reconstructed photon
conversions

EM calorimeter strip layer, track quality requirements and
track-cluster matching are added to the medium selection.
The tight selection adds E/p, particle identification using
the TRT, and discrimination against photon conversions
via a b-layer hit requirement and information about recon-
structed conversion vertices [17]. Table 1 lists all variables
used in the loose,medium and tight selections. The cuts are
optimised in 10 bins of cluster η (defined by calorimeter
geometry, detector acceptances and regions of increasing
material in the inner detector) and 11 bins of cluster ET

from 5 GeV to above 80 GeV.
Electron identification in the forward 2.5 < |η| < 4.9

region, where no tracking detectors are installed, is based
solely on cluster moments1 and shower shapes [14]. These

1 The cluster moment of degree n for a variable x is defined
as:

〈xn〉 =
∑

i
Ei x

n
i∑

i
Ei

, (1)

where i runs over all cells of the cluster.

provide efficient discrimination against hadrons due to
the good transverse and longitudinal segmentation of the
calorimeters, though it is not possible to distinguish be-
tween electrons and photons. Two reference sets of cuts are
defined, forward loose and forward tight selections. Table 2
lists the identification variables.

4.5 Inclusive single and dielectron spectra

To illustrate the electron identification performance, the
left of Figure 2 shows the ET distribution of all electron
candidates passing the tight identification cuts and having
|η| < 2.47 excluding the transition region, 1.37 < |η| <
1.52. The data sample was collected by single electron
triggers with varying thresholds. The Jacobian peak at
ET ≈ 40 GeV from W and Z decays is clearly visible
above the sum of contributions from semi-leptonic decays
of beauty and charm hadrons, electrons from photon con-
versions and hadrons faking electrons.

The ATLAS Collaboration: Electron performance measurements with the ATLAS detector 5

Table 1. Definition of variables used for loose, medium and tight electron identification cuts for the central region of the detector
with |η| < 2.47.

Type Description Name
Loose selection
Acceptance |η| < 2.47
Hadronic leakage Ratio of ET in the first layer of the hadronic calorimeter to ET of Rhad1

the EM cluster (used over the range |η| < 0.8 and |η| > 1.37)
Ratio of ET in the hadronic calorimeter to ET of the EM cluster Rhad

(used over the range |η| > 0.8 and |η| < 1.37)
Middle layer of Ratio of the energy in 3×7 cells over the energy in 7×7 cells Rη

EM calorimeter centred at the electron cluster position

Lateral shower width,
√

(ΣEiη2
i )/(ΣEi)− ((ΣEiηi)/(ΣEi))2, wη2

where Ei is the energy and ηi is the pseudorapidity of cell i
and the sum is calculated within a window of 3× 5 cells

Medium selection (includes loose)

Strip layer of Shower width,
√

(ΣEi(i− imax)2)(ΣEi), where i runs over all strips wstot

EM calorimeter in a window of ∆η ×∆φ ≈ 0.0625 × 0.2, corresponding typically
to 20 strips in η, and imax is the index of the highest-energy strip
Ratio of the energy difference between the largest and second largest Eratio

energy deposits in the cluster over the sum of these energies
Track quality Number of hits in the pixel detector (≥ 1) npixel

Number of total hits in the pixel and SCT detectors (≥ 7) nSi

Transverse impact parameter (|d0| <5 mm) d0
Track–cluster ∆η between the cluster position in the strip layer and the ∆η
matching extrapolated track (|∆η| < 0.01)
Tight selection (includes medium)
Track–cluster ∆φ between the cluster position in the middle layer and the ∆φ
matching extrapolated track (|∆φ| < 0.02)

Ratio of the cluster energy to the track momentum E/p
Tighter ∆η requirement (|∆η| < 0.005) ∆η

Track quality Tighter transverse impact parameter requirement (|d0| <1 mm) d0
TRT Total number of hits in the TRT nTRT

Ratio of the number of high-threshold hits to the total number of fHT

hits in the TRT
Conversions Number of hits in the b-layer (≥ 1) nBL

Veto electron candidates matched to reconstructed photon
conversions

EM calorimeter strip layer, track quality requirements and
track-cluster matching are added to the medium selection.
The tight selection adds E/p, particle identification using
the TRT, and discrimination against photon conversions
via a b-layer hit requirement and information about recon-
structed conversion vertices [17]. Table 1 lists all variables
used in the loose,medium and tight selections. The cuts are
optimised in 10 bins of cluster η (defined by calorimeter
geometry, detector acceptances and regions of increasing
material in the inner detector) and 11 bins of cluster ET

from 5 GeV to above 80 GeV.
Electron identification in the forward 2.5 < |η| < 4.9

region, where no tracking detectors are installed, is based
solely on cluster moments1 and shower shapes [14]. These

1 The cluster moment of degree n for a variable x is defined
as:

〈xn〉 =
∑

i
Ei x

n
i∑

i
Ei

, (1)

where i runs over all cells of the cluster.

provide efficient discrimination against hadrons due to
the good transverse and longitudinal segmentation of the
calorimeters, though it is not possible to distinguish be-
tween electrons and photons. Two reference sets of cuts are
defined, forward loose and forward tight selections. Table 2
lists the identification variables.

4.5 Inclusive single and dielectron spectra

To illustrate the electron identification performance, the
left of Figure 2 shows the ET distribution of all electron
candidates passing the tight identification cuts and having
|η| < 2.47 excluding the transition region, 1.37 < |η| <
1.52. The data sample was collected by single electron
triggers with varying thresholds. The Jacobian peak at
ET ≈ 40 GeV from W and Z decays is clearly visible
above the sum of contributions from semi-leptonic decays
of beauty and charm hadrons, electrons from photon con-
versions and hadrons faking electrons.
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Table 1. Definition of variables used for loose, medium and tight electron identification cuts for the central region of the detector
with |η| < 2.47.

Type Description Name
Loose selection
Acceptance |η| < 2.47
Hadronic leakage Ratio of ET in the first layer of the hadronic calorimeter to ET of Rhad1

the EM cluster (used over the range |η| < 0.8 and |η| > 1.37)
Ratio of ET in the hadronic calorimeter to ET of the EM cluster Rhad

(used over the range |η| > 0.8 and |η| < 1.37)
Middle layer of Ratio of the energy in 3×7 cells over the energy in 7×7 cells Rη

EM calorimeter centred at the electron cluster position

Lateral shower width,
√

(ΣEiη2
i )/(ΣEi)− ((ΣEiηi)/(ΣEi))2, wη2

where Ei is the energy and ηi is the pseudorapidity of cell i
and the sum is calculated within a window of 3× 5 cells

Medium selection (includes loose)

Strip layer of Shower width,
√

(ΣEi(i− imax)2)(ΣEi), where i runs over all strips wstot

EM calorimeter in a window of ∆η ×∆φ ≈ 0.0625 × 0.2, corresponding typically
to 20 strips in η, and imax is the index of the highest-energy strip
Ratio of the energy difference between the largest and second largest Eratio

energy deposits in the cluster over the sum of these energies
Track quality Number of hits in the pixel detector (≥ 1) npixel

Number of total hits in the pixel and SCT detectors (≥ 7) nSi

Transverse impact parameter (|d0| <5 mm) d0
Track–cluster ∆η between the cluster position in the strip layer and the ∆η
matching extrapolated track (|∆η| < 0.01)
Tight selection (includes medium)
Track–cluster ∆φ between the cluster position in the middle layer and the ∆φ
matching extrapolated track (|∆φ| < 0.02)

Ratio of the cluster energy to the track momentum E/p
Tighter ∆η requirement (|∆η| < 0.005) ∆η

Track quality Tighter transverse impact parameter requirement (|d0| <1 mm) d0
TRT Total number of hits in the TRT nTRT

Ratio of the number of high-threshold hits to the total number of fHT

hits in the TRT
Conversions Number of hits in the b-layer (≥ 1) nBL

Veto electron candidates matched to reconstructed photon
conversions

EM calorimeter strip layer, track quality requirements and
track-cluster matching are added to the medium selection.
The tight selection adds E/p, particle identification using
the TRT, and discrimination against photon conversions
via a b-layer hit requirement and information about recon-
structed conversion vertices [17]. Table 1 lists all variables
used in the loose,medium and tight selections. The cuts are
optimised in 10 bins of cluster η (defined by calorimeter
geometry, detector acceptances and regions of increasing
material in the inner detector) and 11 bins of cluster ET

from 5 GeV to above 80 GeV.
Electron identification in the forward 2.5 < |η| < 4.9

region, where no tracking detectors are installed, is based
solely on cluster moments1 and shower shapes [14]. These

1 The cluster moment of degree n for a variable x is defined
as:

〈xn〉 =
∑

i
Ei x

n
i∑

i
Ei

, (1)

where i runs over all cells of the cluster.

provide efficient discrimination against hadrons due to
the good transverse and longitudinal segmentation of the
calorimeters, though it is not possible to distinguish be-
tween electrons and photons. Two reference sets of cuts are
defined, forward loose and forward tight selections. Table 2
lists the identification variables.

4.5 Inclusive single and dielectron spectra

To illustrate the electron identification performance, the
left of Figure 2 shows the ET distribution of all electron
candidates passing the tight identification cuts and having
|η| < 2.47 excluding the transition region, 1.37 < |η| <
1.52. The data sample was collected by single electron
triggers with varying thresholds. The Jacobian peak at
ET ≈ 40 GeV from W and Z decays is clearly visible
above the sum of contributions from semi-leptonic decays
of beauty and charm hadrons, electrons from photon con-
versions and hadrons faking electrons.
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Table 1. Definition of variables used for loose, medium and tight electron identification cuts for the central region of the detector
with |η| < 2.47.

Type Description Name
Loose selection
Acceptance |η| < 2.47
Hadronic leakage Ratio of ET in the first layer of the hadronic calorimeter to ET of Rhad1

the EM cluster (used over the range |η| < 0.8 and |η| > 1.37)
Ratio of ET in the hadronic calorimeter to ET of the EM cluster Rhad

(used over the range |η| > 0.8 and |η| < 1.37)
Middle layer of Ratio of the energy in 3×7 cells over the energy in 7×7 cells Rη

EM calorimeter centred at the electron cluster position

Lateral shower width,
√

(ΣEiη2
i )/(ΣEi)− ((ΣEiηi)/(ΣEi))2, wη2

where Ei is the energy and ηi is the pseudorapidity of cell i
and the sum is calculated within a window of 3× 5 cells

Medium selection (includes loose)

Strip layer of Shower width,
√

(ΣEi(i− imax)2)(ΣEi), where i runs over all strips wstot

EM calorimeter in a window of ∆η ×∆φ ≈ 0.0625 × 0.2, corresponding typically
to 20 strips in η, and imax is the index of the highest-energy strip
Ratio of the energy difference between the largest and second largest Eratio

energy deposits in the cluster over the sum of these energies
Track quality Number of hits in the pixel detector (≥ 1) npixel

Number of total hits in the pixel and SCT detectors (≥ 7) nSi

Transverse impact parameter (|d0| <5 mm) d0
Track–cluster ∆η between the cluster position in the strip layer and the ∆η
matching extrapolated track (|∆η| < 0.01)
Tight selection (includes medium)
Track–cluster ∆φ between the cluster position in the middle layer and the ∆φ
matching extrapolated track (|∆φ| < 0.02)

Ratio of the cluster energy to the track momentum E/p
Tighter ∆η requirement (|∆η| < 0.005) ∆η

Track quality Tighter transverse impact parameter requirement (|d0| <1 mm) d0
TRT Total number of hits in the TRT nTRT

Ratio of the number of high-threshold hits to the total number of fHT

hits in the TRT
Conversions Number of hits in the b-layer (≥ 1) nBL

Veto electron candidates matched to reconstructed photon
conversions

EM calorimeter strip layer, track quality requirements and
track-cluster matching are added to the medium selection.
The tight selection adds E/p, particle identification using
the TRT, and discrimination against photon conversions
via a b-layer hit requirement and information about recon-
structed conversion vertices [17]. Table 1 lists all variables
used in the loose,medium and tight selections. The cuts are
optimised in 10 bins of cluster η (defined by calorimeter
geometry, detector acceptances and regions of increasing
material in the inner detector) and 11 bins of cluster ET

from 5 GeV to above 80 GeV.
Electron identification in the forward 2.5 < |η| < 4.9

region, where no tracking detectors are installed, is based
solely on cluster moments1 and shower shapes [14]. These

1 The cluster moment of degree n for a variable x is defined
as:

〈xn〉 =
∑

i
Ei x

n
i∑

i
Ei

, (1)

where i runs over all cells of the cluster.

provide efficient discrimination against hadrons due to
the good transverse and longitudinal segmentation of the
calorimeters, though it is not possible to distinguish be-
tween electrons and photons. Two reference sets of cuts are
defined, forward loose and forward tight selections. Table 2
lists the identification variables.

4.5 Inclusive single and dielectron spectra

To illustrate the electron identification performance, the
left of Figure 2 shows the ET distribution of all electron
candidates passing the tight identification cuts and having
|η| < 2.47 excluding the transition region, 1.37 < |η| <
1.52. The data sample was collected by single electron
triggers with varying thresholds. The Jacobian peak at
ET ≈ 40 GeV from W and Z decays is clearly visible
above the sum of contributions from semi-leptonic decays
of beauty and charm hadrons, electrons from photon con-
versions and hadrons faking electrons.
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Table 1. Definition of variables used for loose, medium and tight electron identification cuts for the central region of the detector
with |η| < 2.47.

Type Description Name
Loose selection
Acceptance |η| < 2.47
Hadronic leakage Ratio of ET in the first layer of the hadronic calorimeter to ET of Rhad1

the EM cluster (used over the range |η| < 0.8 and |η| > 1.37)
Ratio of ET in the hadronic calorimeter to ET of the EM cluster Rhad

(used over the range |η| > 0.8 and |η| < 1.37)
Middle layer of Ratio of the energy in 3×7 cells over the energy in 7×7 cells Rη

EM calorimeter centred at the electron cluster position

Lateral shower width,
√

(ΣEiη2
i )/(ΣEi)− ((ΣEiηi)/(ΣEi))2, wη2

where Ei is the energy and ηi is the pseudorapidity of cell i
and the sum is calculated within a window of 3× 5 cells

Medium selection (includes loose)

Strip layer of Shower width,
√

(ΣEi(i− imax)2)(ΣEi), where i runs over all strips wstot

EM calorimeter in a window of ∆η ×∆φ ≈ 0.0625 × 0.2, corresponding typically
to 20 strips in η, and imax is the index of the highest-energy strip
Ratio of the energy difference between the largest and second largest Eratio

energy deposits in the cluster over the sum of these energies
Track quality Number of hits in the pixel detector (≥ 1) npixel

Number of total hits in the pixel and SCT detectors (≥ 7) nSi

Transverse impact parameter (|d0| <5 mm) d0
Track–cluster ∆η between the cluster position in the strip layer and the ∆η
matching extrapolated track (|∆η| < 0.01)
Tight selection (includes medium)
Track–cluster ∆φ between the cluster position in the middle layer and the ∆φ
matching extrapolated track (|∆φ| < 0.02)

Ratio of the cluster energy to the track momentum E/p
Tighter ∆η requirement (|∆η| < 0.005) ∆η

Track quality Tighter transverse impact parameter requirement (|d0| <1 mm) d0
TRT Total number of hits in the TRT nTRT

Ratio of the number of high-threshold hits to the total number of fHT

hits in the TRT
Conversions Number of hits in the b-layer (≥ 1) nBL

Veto electron candidates matched to reconstructed photon
conversions

EM calorimeter strip layer, track quality requirements and
track-cluster matching are added to the medium selection.
The tight selection adds E/p, particle identification using
the TRT, and discrimination against photon conversions
via a b-layer hit requirement and information about recon-
structed conversion vertices [17]. Table 1 lists all variables
used in the loose,medium and tight selections. The cuts are
optimised in 10 bins of cluster η (defined by calorimeter
geometry, detector acceptances and regions of increasing
material in the inner detector) and 11 bins of cluster ET

from 5 GeV to above 80 GeV.
Electron identification in the forward 2.5 < |η| < 4.9

region, where no tracking detectors are installed, is based
solely on cluster moments1 and shower shapes [14]. These

1 The cluster moment of degree n for a variable x is defined
as:

〈xn〉 =
∑

i
Ei x

n
i∑

i
Ei

, (1)

where i runs over all cells of the cluster.

provide efficient discrimination against hadrons due to
the good transverse and longitudinal segmentation of the
calorimeters, though it is not possible to distinguish be-
tween electrons and photons. Two reference sets of cuts are
defined, forward loose and forward tight selections. Table 2
lists the identification variables.

4.5 Inclusive single and dielectron spectra

To illustrate the electron identification performance, the
left of Figure 2 shows the ET distribution of all electron
candidates passing the tight identification cuts and having
|η| < 2.47 excluding the transition region, 1.37 < |η| <
1.52. The data sample was collected by single electron
triggers with varying thresholds. The Jacobian peak at
ET ≈ 40 GeV from W and Z decays is clearly visible
above the sum of contributions from semi-leptonic decays
of beauty and charm hadrons, electrons from photon con-
versions and hadrons faking electrons.
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Table 1. Definition of variables used for loose, medium and tight electron identification cuts for the central region of the detector
with |η| < 2.47.
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√

(ΣEiη2
i )/(ΣEi)− ((ΣEiηi)/(ΣEi))2, wη2
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√
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Electron identification in the forward 2.5 < |η| < 4.9

region, where no tracking detectors are installed, is based
solely on cluster moments1 and shower shapes [14]. These
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