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Physics Motivation

2

• Provide direct high energy test of Standard Model (SM) predictions

• Probe for new physics through deviations from SM expectation 
e.g. anomalous TGCs

• Irreducible background for Higgs measurements
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1 Introduction19

The production of Z boson pairs at the Large Hadron Collider (LHC) is of great interest since it provides20

an excellent opportunity to test the predictions of the electroweak sector of the Standard Model (SM) at21

the TeV energy scale. In the SM, Z boson pairs can be produced via non-resonant processes or in the22

decay of Higgs bosons. Deviations from SM expectations for the total or differential ZZ production cross23

sections could be indicative of the production of new resonances decaying to Z bosons or other non-SM24

contributions.25

In the Standard Model, ZZ production proceeds via quark-antiquark t-channel annihilation, with a26

small contribution from gluon fusion, calculated using MCFM [1] to be 5.9% in pp collisions at 8 TeV.27

Figure 1 shows the corresponding leading-order Feynman diagrams for ZZ production. The ZZZ and ZZγ28

neutral triple gauge boson couplings (nTGCs) are zero in the Standard Model, hence there is no contri-29

bution from s-channel qq̄ annihilation at tree level. At the one-loop level the contribution is O(10
−4

) [2].30

Many models of physics beyond the Standard Model predict values of nTGCs at the level of 10
−4

to31

10
−3

[3]. Those non-zero nTGCs increase the ZZ cross section especially at high ZZ invariant mass and32

high transverse momentum [4].33
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Figure 1: Leading order Feynman diagrams for ZZ production through the qq̄ and gg initial state at

hadron colliders. The s-channel diagram, (c), contains the ZZZ and ZZγ neutral TGC vertices which do

not exist in the SM.

Recently, ATLAS [5] and CMS [6] have measured the ZZ production cross section in proton-proton34

collisions at
√

s = 7 TeV. In addition there are results from ATLAS [7] and CMS [8] based on
√

s = 835

data while the used samples do not comprise all data collected during 2012. ZZ production has also been36

studied in e+e− collisions at LEP [9–13] and in proton-antiproton collisions at the Tevatron [14, 15].37

No deviation of the measured cross section from the Standard Model expectation has been observed,38

allowing limits on non-zero (anomalous) nTGCs to be set. The production cross section at the LHC for39

a centre-of-mass energy of 8 TeV is predicted to be about 5.5 times larger than at the Tevatron, and about40

1.2 times larger than in 7 TeV collisions at the LHC.41

In this note we present the measurement of the cross section for ZZ production (throughout this note42
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How do we measure the cross section?

1. Measure the cross section in the detector fiducial region

σfid
ZZ =

Nobs −Nbkg

L · CZZ

σtot
ZZ =

Nobs −Nbkg

L · BR(ZZ) · AZZ · CZZ

efficiency correction for 
detector effects obtained from 
Monte Carlo and corrected by 
efficiencies measured in data

acceptance correction for 
kinematic and geometric 

selection criteria

correction for ZZ→4l Branching Ratio

fiducial volume definition
pl

T > 7GeV, |ηl| < 2.7
min(ΔR(l,l)) > 0.2, 
66 < mll < 116 GeV 

2. then extrapolate to the full 
phase space

3Vasiliki Kouskoura 2 - 9 March 2013 Rencontres de Moriond EW



• Z+jets

• Zbb

• Z+γ+jet

• top decays

tau contribution: 0.30% ±0.02% of selected ZZ events estimated from simulation

• Single lepton (electron or muon) trigger

• Leading lepton in the event with transverse momentum pT > 25 GeV 

• 4 isolated leptons with high transverse momentum (pT > 7GeV)

• Opposite sign same flavor lepton pairs - e+e-e+e-, μ+μ - μ+μ -, e+e - μ+μ -

• Mass range of each 2 lepton pair: 66 < mll < 116 GeV 

• All selected leptons are separated by ΔR(l,l) > 0.2

electron efficiency muon efficiency

4Vasiliki Kouskoura

ZZ event selection
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Sources of background:
• Z/W+X (jets or photons) 
• tt or single top
• Other di-boson final states  

• Irreducible background Z+tt, ZZZ, ZWW 
(estimated from simulation)

Background Background contamination in ZZ 4

* Leptons from decays of heavy
flavoured hadrons (e.g
Zbb Zcc)

* Muons from in-flight decay of
pions ( ) and kaons (K )

* Jets and photons
misidentified as leptons

* Jets containing real leptons

* W Z WW WZ

* W Z X

* tt

A. Petridis (AUTh) September 21, 2012 11 / 31

• Z+jets

• Zbb

• Z+γ+jet

• top decays

Estimated with data-driven method

• Build control regions (data samples enriched in background events)

• select 4 lepton events where 1 or 2 leptons fail isolation criteria

• Obtain the fraction of fakes (f) from Z + lepton candidates 

• Extrapolate the background yield from the control region to the signal region

5Vasiliki Kouskoura

Background Estimate
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true leptons. Thus, we write the number of background events as:852

Nfake

4� = NTT FF × f × f + NTTT F × f (5)

where f is the fraction of fake leptons which are reconstructed as selected leptons. NTTT F events can be853

WZ+1 jet events, while NTT FF events can be, for example, from Z+2 jets, tt̄, tW+1 jet and single top+2854

jets. Of course, when having a data event at hand, we never know what it truly is. So, we first classify the855

events according to the number of selected leptons and lepton-like jets there are, and then try to relate to856

the equation above, using the fake-factor we’ve measured.857

If we denote selected leptons as L and lepton-like jets as J, then the fake factor (FF) and the proba-858

bility (f) of a fake lepton to be found as selected lepton are859

f =
L

L + J
and FF =

L
J

(6)

which when combined give:860

FF =
f

1 − f
and f =

FF
1 + FF

(7)

If we examine events with two selected leptons and two lepton-like jets, we can relate them to their861

true composition by writing:862

NLLJJ = NTT FF × (1 − f )
2

(8)

If we examine events with three selected leptons and one lepton-like jet, we can relate them to their863

true composition by writing:864

NLLLJ = NTT FF × 2 f (1 − f ) + NTTT F × (1 − f ) (9)

where the factor of 2 is due to combinatorics. We can combine these two event categories to get the865

correct value for the background estimate:866

NLLLJ ×FF−NLLJJ ×FF2 = (NTT FF ×2 f 2+NTTT F × f )−NTT FF × f 2 = NTT FF × f 2+NTTT F × f (10)

which is correct under the assumption that L/(L + J) = 1 for true leptons. Correcting for the small867

contribution (NZZ
LLLJ) from ZZ → 4� events which are reconstructed as LLLJ events, we get for the868

background estimate:869

Nfake

4� = (NLLLJ − NZZ
LLLJ) × FF − (NLLJJ − NZZ

LLJJ) × FF2
(11)

10.1.5 Statistical and Systematic uncertainties870

In the case when LLJJ and LLLJ events are found in the data, the statistical uncertainty can be calculated871

directly by adding the relative error from the FF applied to those events in quadrature with the relative872

error on the number of events measured in the channels. As a systematic uncertainty, we take the differ-873

ence between the data-driven background estimate using fake-factors which are parameterized in pT and874

η and the data-driven background estimate using average fake-factors for each particle type (muons and875

electrons). The average fake factor for electrons was measured to be 0.152 ± 0.001 while the average876

fake factor for central muons was measured to be 0.302 ± 0.005.877

T: true isolated leptons
F: fake leptons 
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expectation of 20.4±2.9(stat)±5.0(syst.).272

Final state e+e−e+e− µ+µ−µ+µ− e+e−µ+µ− �+�−��+��−

Observed 62 85 158 305

Signal (MC) 59.5±4.0 90.2±2.7 142.7±5.6 292.5±10.6

Background 10.0±1.8±1.4 1.1±1.4±0.5 9.3±2.1±3.1 20.4±2.9±5.0

CZZ 0.55±0.04 0.83±0.03 0.66±0.03 0.68±0.02

Table 4: Summary of observed events, expected signal and background contributions, and reconstruction

acceptance factor in all four-lepton channels, after applying the ZZ selection. The signal expectation is

derived from Monte Carlo; the combined statistical and systematic uncertainty is shown, but the lumi-

nosity uncertainty is not included here. The background predictions are obtained with the data-driven

method for sources with fake leptons and from MC for the irreducible sources. The first error is sta-

tistical while the second is systematic. The reconstruction acceptance factor, CZZ , is estimated from

Monte Carlo, and is used to correct back from the observed events to the number of events in the fiducial

phase-space, taking into account the selection efficiencies and contamination from ZZ decays involving

τ leptons; the error shown is the combined statistical and systematic uncertainty.

Figure 3 shows the invariant mass distributions for the leading and subleading lepton pairs after273

all selection requirements are applied, the transverse momentum distributions of the lepton pairs and274

the four-lepton system, and the invariant mass of the four-lepton system. No significant discrepancy is275

observed between the data and the expectation.276

The ZZ cross sections are determined using a likelihood fit with the systematic uncertainties included277

as nuisance parameters. The final results for the fiducial cross section corresponding to the phase-space278

defined in Section 1 is:279

σfid

ZZ→������ = 20.7+1.3
−1.2(stat.) ± 0.8(syst.) ± 0.6(lumi.) fb

where �+�−��+��− refers to the sum of the e+e−e+e−, µ+µ−µ+µ− and e+e−µ+µ− final states. This result280

is consistent with the Standard Model prediction of 21.1+0.9
−0.7 fb, calculated at NLO using MCFM, where281

the error reflects the uncertainty on the PDFs and on the scales, as described below. The fiducial cross282

sections in each decay channel are shown in Table 5.283

Channel Measured σ f id [fb] Theoretical σ f id

ZZ →e+e−e+e− 4.6+0.8
−0.7(stat.)

+0.4
−0.4(syst.)

+0.1
−0.1(lumi.) 5.3+0.2

−0.2 fb

ZZ →µ+µ−µ+µ− 5.0+0.6
−0.5(stat.)

+0.2
−0.2(syst.)

+0.2
−0.2(lumi) 5.3+0.2

−0.2 fb

ZZ →e+e−µ+µ− 11.1+1.0
−0.9(stat.)

+0.5
−0.5(syst.)

+0.3
−0.3(lumi.) 10.5+0.4

−0.4 fb

Table 5: Fiducial cross sections per channel. The measured value is compared to the theoretical predic-

tion from MCFM.

The total cross section is determined by extrapolating the ZZ fiducial cross section to the full phase-284

space, correcting for the Z → �+�− branching ratio and the acceptance of the fiducial cuts. The measured285

value of the total ZZ cross section is:286

σtot

ZZ = 7.1+0.5
−0.4(stat.) ± 0.3(syst.) ± 0.2(lumi.) pb.

6Vasiliki Kouskoura

ZZ Candidate Events
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ZZ Candidate Events
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   Total cross section

  NLO SM prediction (MCFM, PDF set CT10) 

   Fiducial cross section

   NLO SM prediction (MCFM, PDF set CT10) 
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Channel Measured σ f id [fb] Theoretical σ f id

ZZ →e+e−e+e− 4.6+0.8
−0.7(stat.)+0.4

−0.4(syst.)+0.1
−0.1(lumi.) 5.3+0.4

−0.4 fb

ZZ →µ+µ−µ+µ− 5.0+0.6
−0.5(stat.)+0.2

−0.2(syst.)+0.2
−0.1(lumi) 5.3+0.4

−0.4 fb

ZZ →e+e−µ+µ− 11.1+1.0
−0.9(stat.)+0.5

−0.5(syst.)+0.3
−0.3(lumi.) 10.5+0.9

−0.7 fb

Table 5: Fiducial cross sections per channel. The measured value is compared to the theoretical predic-
tion from MCFM.

evaluated by comparing the acceptance in MCFM and PowhegBox. The total systematics uncertainty of298

the fiducial-to-total phase-space acceptance correction is found to be 1.3%.299

The measured value of the total ZZ cross section is:300

σtot
ZZ = 7.1+0.5

−0.4(stat.) ± 0.3(syst.) ± 0.2(lumi.) pb.

This result is consistent with the Standard Model prediction of 7.2+0.3
−0.2 pb, calculated at NLO using301

MCFM and the CT10 PDF set.302

Figure 4 shows measurements of the total ZZ production cross section as a function of centre-of-mass303

energy, showing results from the ATLAS and CMS [6] experiments at the LHC, and from the CDF [14]304

and D0 [15] experiments at the Tevatron, as well as the theoretical predictions.305

7 Conclusions306

A measurement of the ZZ production cross section in LHC proton-proton collisions at
√

s = 8 TeV has307

been performed using data collected by the ATLAS detector in 2012, with electrons and muons in the308

final state. The dataset corresponds to an integrated luminosity of 20 fb−1. In total, 305 candidate ZZ309

events with both lepton pairs in the mass range 66 < m�+�− < 116 GeV are observed, with a back-310

ground expectation of 20.4±2.9(stat)±5.0(syst.). The Standard Model expectation for the number of311

signal events is 292.5. The fiducial and total ZZ production cross sections are determined to be:312

σfid
ZZ→������ = 20.7+1.3

−1.2(stat.) ± 0.8(syst.) ± 0.6(lumi.) fb
σtot

ZZ = 7.1+0.5
−0.4(stat.) ± 0.3(syst.) ± 0.2(lumi.) pb

where the fiducial cross section is defined with both Z bosons with mass between 66 GeV and 116 GeV,313

all four leptons with pT > 7 GeV, |η| < 2.7 and no pair of leptons with ∆R < 0.2, while the total cross314

section is defined with both Z bosons with mass between 66 GeV and 116 GeV. The results are in good315

agreement with the NLO Standard Model total cross section for this process of 7.2+0.3
−0.2 pb and supercedes316

the previous measurements made with part of the same dataset [7].317
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Channel Measured σ f id [fb] Theoretical σ f id

ZZ →e+e−e+e− 4.6+0.8
−0.7(stat.)+0.4

−0.4(syst.)+0.1
−0.1(lumi.) 5.3+0.4

−0.4 fb

ZZ →µ+µ−µ+µ− 5.0+0.6
−0.5(stat.)+0.2

−0.2(syst.)+0.2
−0.1(lumi) 5.3+0.4

−0.4 fb

ZZ →e+e−µ+µ− 11.1+1.0
−0.9(stat.)+0.5

−0.5(syst.)+0.3
−0.3(lumi.) 10.5+0.9

−0.7 fb

Table 5: Fiducial cross sections per channel. The measured value is compared to the theoretical predic-
tion from MCFM.

evaluated by comparing the acceptance in MCFM and PowhegBox. The total systematics uncertainty of298

the fiducial-to-total phase-space acceptance correction is found to be 1.3%.299

The measured value of the total ZZ cross section is:300

σtot
ZZ = 7.1+0.5

−0.4(stat.) ± 0.3(syst.) ± 0.2(lumi.) pb.

This result is consistent with the Standard Model prediction of 7.2+0.3
−0.2 pb, calculated at NLO using301

MCFM and the CT10 PDF set.302

Figure 4 shows measurements of the total ZZ production cross section as a function of centre-of-mass303

energy, showing results from the ATLAS and CMS [6] experiments at the LHC, and from the CDF [14]304

and D0 [15] experiments at the Tevatron, as well as the theoretical predictions.305

7 Conclusions306

A measurement of the ZZ production cross section in LHC proton-proton collisions at
√

s = 8 TeV has307

been performed using data collected by the ATLAS detector in 2012, with electrons and muons in the308

final state. The dataset corresponds to an integrated luminosity of 20 fb−1. In total, 305 candidate ZZ309

events with both lepton pairs in the mass range 66 < m�+�− < 116 GeV are observed, with a back-310

ground expectation of 20.4±2.9(stat)±5.0(syst.). The Standard Model expectation for the number of311

signal events is 292.5. The fiducial and total ZZ production cross sections are determined to be:312

σfid
ZZ→������ = 20.7+1.3

−1.2(stat.) ± 0.8(syst.) ± 0.6(lumi.) fb
σtot

ZZ = 7.1+0.5
−0.4(stat.) ± 0.3(syst.) ± 0.2(lumi.) pb

where the fiducial cross section is defined with both Z bosons with mass between 66 GeV and 116 GeV,313

all four leptons with pT > 7 GeV, |η| < 2.7 and no pair of leptons with ∆R < 0.2, while the total cross314

section is defined with both Z bosons with mass between 66 GeV and 116 GeV. The results are in good315

agreement with the NLO Standard Model total cross section for this process of 7.2+0.3
−0.2 pb and supercedes316

the previous measurements made with part of the same dataset [7].317

σtot
ZZ = 7.2+0.3

−0.2pbσfid
ZZ→lll�l� = 21.1+0.9

−0.7fb
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Final Result

✓ Statistical uncertainty 
dominates the measurement

✓ Systematic uncertainties 
originate from:
✓ luminosity (2.8%)
✓ background estimate (1.6%)  
✓ reconstruction efficiencies 

(3.3%)
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Figure 4: Comparison of experimental measurements and theoretical predictions of the total ZZ produc-
tion cross section as a function of centre-of-mass energy

√
s. Shown are experimental measurements

from CDF [14] and D0 [15] in pp̄ collisions at the Tevatron at
√

s = 1.96 TeV, and experimental mea-
surements from ATLAS [5] and CMS [6, 8] in pp collisions at the LHC at

√
s = 7 TeV and

√
s = 8 TeV.

The blue dashed line shows the theoretical prediction for the ZZ production cross section in pp̄ collisions,
calculated at NLO in QCD using MCFM with PDF set CT10. The solid red line shows the theoretical
prediction for the ZZ production cross section in pp collisions, calculated in the same way. The theo-
retical curves are calculated using the natural width of the Z boson in the mass range 66 to 116 GeV.
At
√

s = 8 TeV, the theoretical prediction using the zero-width approximation is 5% higher than the
prediction using the natural width, restricted to the mass range 66 to 116 GeV.
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Back up slides
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8 Reconstruction455

The reconstructed physics objects used in this study are briefly described here. The main objects needed456

to reconstruct the ZZevent are electrons, muons, and missing transverse momentum.457

8.1 Muons458

Table 4 summarises the muon selection requirements for each final state.459

Requirement �+�−��+��− final state

Standard Muons

1. µ: type “loose” STACO muons, Combined or SegmentTagged

2. µ: pT and η pT > 7 GeV, |η| < 2.5
3. µ: ID hits MCP recommendation, see Sec.8

4. µ: z0 ∗ sin(θ) |z0 ∗ sin(θ)| < 0.5 mm

5. µ: d0 |d0|/σ(d0) < 3.0
6. µ: track iso ΣpT(∆R < 0.2)/pT < 15%

Forward Muons

1. µ: type “loose” STACO muons, Combined or StandAlone

2. µ: pT and η pT > 10 GeV, 2.5 < |η| < 2.7
3. µ: ID hits MCP recommendation, see Sec.8

4. µ: z0 ∗ sin(θ) |z0 ∗ sin(θ)| < 0.5 mm

5. µ: d0 |d0|/σ(d0) < 3.0
7. µ: calo iso calo ΣET (∆R < 0.2)/pT < 15%

Calorimeter-tagged Muons

1. µ: type Calorimeter Tagged muons

2. µ: pT and η pT > 20 GeV, |η| < 0.1
3. µ: ID hits MCP recommendation, see Sec.8

4. µ: z0 ∗ sin(θ) |z0 ∗ sin(θ)| < 0.5 mm

5. µ: d0 |d0|/σ(d0) < 3.5
6. µ: track iso ΣpT(∆R < 0.2)/pT < 15%

8. Quality Cuts CaloMuonIDTag > 10 || CaloLRLikelihood > 0.9
9. Overlap Removal Remove if overlaps with a standard muon in ∆R < 0.1

Table 4: Muon selection requirements.

The reconstructed muons used in this analysis are reconstructed either using the STACO algorithm or460

the CaloTrkMuID algoritm.461

STACO muons are reconstructed through the statistical combination of the parameters from an inner462

detector track and those from a muon spectrometer track. Energy loss in the calorimeter is taken into463

account with parameterizations. The STACO muons used fall into three exclusive categories: Combined464

muons, Segment Tag muons and Stand Alone muons. Combined muons and Segment Tag muons are465

reconstructed through the statistical combination of the parameters from an inner detector track and466

those from a muon spectrometer track or track segment respectively. Stand Alone muons have no inner467

detector track and are reconstructed from a muon spectrometer track only. All STACOmuons are required468

to pass the “loose” identification criteria.469

Combined muons (CM) and Segment Tag muons (ST) are used in the pseudo-rapidity region |η| < 2.5,470

with pT > 7 GeV. Muons in the region 2.5 < |η| < 2.7 are required to have a full muon spectrometer471

track, which is combined with an inner-detector track if possible. Only muons up to |η| < 2.6 have such472
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8.2 Electrons521

In table 5 we describe briefly the requirements which must be satisfied by the selected electrons.522

Requirement �+�−��+��− final state

Central Electron Selection:

1. e: Type author==1 or 3

2. e: Quality (OQ AND 1446 == 0)

3. e: ID cut Loose++

4. e: η |η| < 2.47 (include crack: 1.37 < |ηCluster | < 1.52)

5. e: ET ET > 7 GeV

6. e: z0 ∗ sin(θ) |z0 ∗ sin(θ)| < 0.5 mm

7. e: d0 |d0|/σ(d0) < 6

8. e: Track isolation ΣpT (∆R < 0.2)/pT < 15%

10. e: Overlap removal a) Remove e if ∆R < 0.1 from µ
b) Remove lowest ET e in ∆R < 0.1 from another e

Table 5: Electron selection requirements.

In the pseudo-rapidity region |η| < 2.47, ‘central’ electrons are reconstructed with the “standard”523

electron algorithm (author 1 or 3). In order to account for the effect of bremsstrahlung in the inner de-524

tector, tracks are refitted using a Gaussian-sum filter (GSF). Electrons in ATLAS lose up to 50% of their525

energy by the time they have left the SCT. The bremsstrahlung emission causes the electron track to have526

lower momentum as it travels towards the calorimeter; thus the assumption of the standard track recon-527

struction having a constant curvature track is no longer valid. Furthermore, this bremsstrahlung emission528

introduces, in general, non-Gaussian contributions to the event-by-event fluctuations of the calorimetry529

and tracking measurements. By fitting electron tracks in such a way as to allow for proper modeling530

of the energy loss due to bremsstrahlung, it is possible to improve the reconstructed track parameters.531

GSF is a non-linear generalization of the Kalman filter, which takes into account non-Gaussian noise532

by modeling it as a weighted sum of Gaussian components and therefore acts as a weighted sum of533

Kalman filters operating in parallel. A dedicated algorithm was used in order to re-process the electrons534

(egammaBremRec) starting from the information available in the AOD. The egammaBremRec algorithm535

refits all tracks associated to existing electrons using the GSF, and then loops over electron and photon536

calorimeter clusters trying to match them with a GSF refitted track.537

To avoid problems with the front-end boards of the liquid argon calorimeter or other data quality538

issues, all electron candidates are required to pass the object quality cut (OQ AND 1446 == 0). The539

bitmask, 1446, defines a bad electron and indicates that its cluster is affected by at least one of the540

following three conditions: the presence of a dead front-end board in the first or second sampling layer,541

the presence of a dead region affecting the three samplings, or the presence of a masked cell in the core.542

To ensure that the candidates come from the primary vertex, the distance of closest approach of the543

electron’s track in the R-Z plane with respect to the primary vertex, |z0 ∗ sin(θ)|, must be less than 0.5 mm544

and the d0 significance is required to be less than 6. Electrons in the “crack” region 1.37 < |ηcluster | < 1.52545

are retained;546

For electron candidates with 4 or more silicon (SCT and Pixel) hits, the energy of the electron is547

taken from the cluster measurement, and the eta and phi are taken from the track. For electron candidates548

with fewer than 4 silicon hits, all electron parameters are taken directly from the cluster. In both cases,549

the cluster eta and phi are used for the η requirement and for overlap removal. Using the momentum550

defined in this way, the electron candidates are required to have ET > 7 GeV in the �+�−��+��− final state.551

Similarly to our requirements on muons, electrons are required to be isolated in the tracker. The electron552
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Source e+e−e+e− µ+µ−µ+µ− e+e−µ+µ− �+�−��+��−

Reconstruction Uncertainties

Lepton identification and reconstruction 6.2% 1.2% 3.1% 2.8%

Lepton energy/momentum 0.4% <0.1% 0.2% 0.1%

Lepton isolation and impact parameter 1.8% 2.6% 1.5% 1.6%

Trigger efficiency <0.1% 0.2% 0.1% 0.1%

Total Reconstruction Uncertainty (CZZ) 6.4% 2.8% 3.4% 3.3%

Theoretical Uncertainties

PDF & Scale (CZZ) 0.1% 0.1% <0.1% <0.1%

MC Generator Difference (CZZ) 1.7% 0.9% 1.8% 1.5%

PDF & Scale (AZZ) 1.0%

MC Generator Difference (AZZ) 0.8%

Total for CZZ 6.6% 3.0% 3.9% 3.6%

Total for AZZ 1.3%

Luminosity 2.8%

Table 1: Summary of systematic uncertainties, as relative percentages of the correction factor CZZ or the
acceptance of the fiducial region AZZ . Sums in quadrature of the weighted average of the three channels
and a combined llll uncertainty are shown for the reconstruction uncertainties. The assignment of the
various uncertainties to the two correction factors (CZZ) and (AZZ) are shown in parenthesis next to the
description of the uncertainty source.

7


