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We present measurements of the forward-backward asymmetry in Drell-Yan dilepton (ee and
W) events with the data sample of pp collisions at /s = 7 TeV and 8 TeV collected by ATLAS
and CMS detector. At CMS, the measurements are extended up to the boson rapidity, |[y|=5, by
including forward electrons. At ATLAS, the measured forward-backward asymmetry is used to
extract the effective electroweak mixing angle, sin’ Heljef}t. The measured sin’ Oel;‘}t from combining
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1. Introduction

The forward-backward asymmetry (Arp) of Drell-Yan process originates from the interference
of vector and axial-vector couplings of electroweak bosons to fermions. The forward-backward
asymmetry is defined as

Appg = (1.1)

where o (03) is the total cross section for the forward (backward) events. The forward (backward)
events are defined by cos 8 > 0 (cos 8 < 0) where 0 is the emission angle of the negatively charged
lepton relative to the quark momentum in the rest frame of the dilepton system. Agp has a strong
dependence on the dilepton mass (M). It is close to zero near Z boson mass peak, whereas it is large
and negative (positive) at low (high) dilepton mass. The App parameter as a function of dilepton
mass is sensitive to the electroweak mixing angle sin” Oy, and has been used to extract the effective
weak mixing angle.

To reduce the uncertainties due to the transverse momentum (pr) of the incoming quarks, App
is calculated in the Collins-Soper (CS) frame [1]. In pp collision, the quark (g) and anti-quark
(@) direction is not known. However, the Z boson is boosted into the quark direction on average
since the quark carries more momentum than the anti-quark as the anti-quark must originate from
the parton sea. Therefore, the quark direction (positive z-axis) is determined based on the rapidity
direction in the measurement. Since the ambiguity of determining the quark direction increases at
low rapidity, the Arpp measurement in pp collision has a strong rapidity dependence. Arp is more
pronounced at large rapidity due to the better identification of quark direction. Here, we present
the latest Arp measurements as a function of dilepton invariant mass in ATLAS and CMS.

2. Data and event selection

The analysis is performed using pp collision data collected with ATLAS and CMS detector.
[2, 3] The ATLAS data corresponds to the integrated luminosity of 4.8 (4.6) fb~! at \/s =7 TeV
for dielectron (dimuon) candidates. A single lepton (e or u) trigger is used with E7(e)>20 or 22
GeV depending on the instantaneous luminosity and pz(tt)>18 GeV. Electrons are categorized to
central (C) and forward (F) electron based on the pseudorapidity (1) range, |n|<2.47 for central
electrons and 2.5<|n|<4.9 for forward electrons. All electrons are required to have E7>25 GeV.
Di-electrons have two event topologies. Here, CC events have two central electrons which are
required to be oppositely charged electrons and pass 'medium’ identification selection. The CF
events have one ’tight’ central electron and one *'medium’ forward electron candidate. An isolation
energy requirement (E;,,<5 GeV) is applied for the central electron in CF events to reduce the
background. In the muon channel, muons are required to have pr>20 GeV and |n| < 2.4. The
identification selection of muon is based on quality requirements for the sub-detector components
and a fractional tracker isolation requirement () p’T’“‘“k / p# <0.1).

The CMS data corresponds to an integrated luminosity of 19.7 f6~! at \/s = 8 TeV for both
dielectron and dimuon candidates. A dilepton (e or u) trigger with E7(e) or pr(pt) > 17 and 8 GeV
with |n| < 2.4 is required for the leading and sub-leading lepton. For forward dielectron events,
a single electron trigger with E7(e) > 27 GeV and |n| < 2.4 is required. Dielectron candidates
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in CMS are selected in a similar way as ATLAS. Central electrons are selected with E > 20 or
30 GeV and |n| < 2.4 and are required to pass electron identification criteria. Central electrons
are required to have a matched track and pass a fractional particle flow isolation requirement.
Forward electrons are selected with E7 > 20 GeV and 3 < || < 5 requiring the selection criteria.
The selections of the forward electrons are optimized based on isolation variables. CC events are
selected with two central electrons with Er > 20 GeV and are required to have opposite charges.
CF events are selected with one central electron (E7 > 30 GeV) and one forward electron (E7 > 20
GeV) and both electrons are required to be on the same side of detector (177 x 1 > 0) to reduce the
dijet background contribution. Muon candidates are required to have pr > 20 GeV and |n| < 2.4
and pass muon identification criteria and a fractional tracker isolation requirement (¥, p#4 / p‘T‘ <
0.1).

3. Simulations

Simulated Z/y* — pp and Z/y* — ee signal samples are generated differently in CMS and
ATLAS. The ATLAS measurement uses the PYTHIAv6.4 generator [4] with MSTW2008(LO)
parton distribution functions (PDFs) [5] with sin 6295?? =0.232. In CMS the POWHEG generator
[6] with CT10 (NLO) PDFs [7] with sin 9295;-’}[ = 0.2312 is used. For the background samples,
both measurements use various generator programs depending on the physics process. All samples
include a full simulation of the detector based on GEANT4 [8]. In addition, the MC simulations
are tuned to describe the data including pileup distribution, efficiencies for trigger, identification,
and reconstruction, and lepton energy/momentum scales and resolutions. More details for the

simulation samples are described in [11, 10].

4. Background estimation

The major backgrounds for the Drell-Yan process are Z/y* — 77 at low mass and ¢7 in the high
mass region. In addition, the multi-jet background is one of the dominant sources in the dielectron
channel. In ATLAS Z/y* — 77, t7, and diboson (WW /WZ/ZZ) processes are estimated using
MC simulations. The multi-jet background is estimated using a data-driven method which uses
a control region selected by applying reverse lepton identification criteria. In CMS, the multi-jet
background is measured using same charge events for both dielectron (CC) and dimuon channels.
For CF dielectron events a fitting method is used. The Z/v* — t7, t7, W+jets, and tW processes
are estimated using the e method for the muon channel. All other remaining backgrounds are
estimated using MC simulations.

The dilepton invariant mass distribution of selected events for data and MC simulation (in-
cluding background contributions) are shown in Fig. 1 for ATLAS, and 2 for CMS, respectively.

5. Measurement of Arpp

The measured Arp for reconstructed events (A7) is defined as

Ncos Ocs>0 — Ncos Ocs<0

App = (5.1

Ncos Ocs>0 + Ncos Ocs<0
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Figure 1: Dilepton invariant mass distributions for CC electrons (left), CF electrons (middle), and dimuon
(right) events in ATLAS, for /s = 7 TeV are compared for data and MC simulations (including background
contributions).
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Figure 2: Dilepton invariant mass distributions for CC electrons (left), CF electrons (middle), and dimuons
(right) events in CMS at /s = 8 TeV are compared for data and MC simulations (including background
contributions.

ATLAS collaboration measures App in bins of dilepton invariant mass for three events categories,
ee(CC), ee(CF), and pu events. The ATLAS measurement is further corrected for dilution effects
which originate from the mis-identification of the quark direction. A correction factor for the effect
of dilution is estimated using PYTHIA signal MC samples.

The CMS collaboration measures App in in bins of dilepton invariant mass for five dilepton
rapidity bins, [y| <1, 1 <[y| <1.25,1.25 <|y| < 1.5, 1.5 < |y| < 2.4, and 2.4 < |y| < 5. Subse-
quently, the App measurements are corrected for the detector resolution, acceptance, efficiency, and
the effect of final-state QED radiation (FSR) using an iterative unfolding method based on Bayes’
theorem [9]. Fig. 3 show the unfolded Arp as a function of dilepton invariant mass and rapidity
measured in CMS. The unfolded App is combined for both ee and pp events up to |y| = 2.4. The
highest rapidity bin, 2.4 < |y| < 5, includes only CF electron events. The unfolded Agp is in good
agreement with the POWHEG (NLO) prediction with sin? Gel;p ' = 0.2312 for all rapidity regions.
[10]

The unfolded Arp in the ATLAS measurement at the the Born level including correction of
dilution is shown in Fig. 4 for ee(CC), ee(CF), and uu events, respectively. The ATLAS measure-
ment is compared with the PYTHIA prediction with sin’ 661;’}1 = 0.232. The unfolded Arp agrees
with the PYTHIA prediction in general. However, some deviation is observed at high mass in the
muon channel. [11]

The major systematic uncertainties in the Arp measurement originate from the lepton en-
ergy/momentum scale and resolution, unfolding procedure, and background estimation.
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Figure 3: The unfolded forward-backward asymmetry measured in CMS as a function of the dilepton
invariant mass for the five rapidity bins.
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Figure 4: The unfolded forward-backward asymmetry measured in ATLAS as a function of the dilepton
invariant mass for CC electrons (left), CF electrons (middle), and dimuon (right) events.

6. Measurement of sin> Oel;’;f

ATLAS collaboration extracts the effective weak mixing angle from the measured Ay%’". The
extraction is done using a template method with a PYTHIA MC simulation. Templates for App
are constructed by varying sin’ Gel;'}’ in the range 0.218 < sin’ 65;? < 0.236. Weights for each

sin? 9;;’}’ value are calculated at the generator level, in bins of dilepton invariant mass and cos O¢s.
The A¥y values from the re-weighted MC samples are compared with data and x? test between
data and templates over the dilepton invariant mass range of 70 to 250 GeV is used to extract
sin? Bel;‘;’f. Table 1 summarizes the extracted sin’ Gel;’}’ in each of the three channels (CC electron,
CF electron, and muon). The dominant systematic uncertainty of the sin’ Gel;?f measurement is the
PDF uncertainty. [11]
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sin? Oel;f}f
CC electron 0.2302 £ 0.0009(stat.) 4= 0.0008(syst.) 4+ 0.0010(PDF) = 0.2302 + 0.0016
CF electron 0.2312 +£ 0.0007(stat.) & 0.0008(syst.) &= 0.0010(PDF) = 0.2312 + 0.0014
Muon 0.2307 £ 0.0009(stat.) &= 0.0008(syst.) & 0.0009(PDF) = 0.2307 4 0.0015
El. combined | 0.2308 4 0.0006(stat.) = 0.0007(syst.) = 0.0010(PDF) = 0.2308 + 0.0013

Combined 0.2308 + 0.0005(stat.) £ 0.0006(syst.) £ 0.0009(PDF) = 0.2308 + 0.0012

Table 1: ATALAS measurements of the effective weak mixing angle in three channels, CC electrons, CF
electrons and dimuons. Also shown is statistical combination of both electron channels and all three chan-
nels.

7. Conclusion

The forward-backward asymmetry in Drell-Yan events is measured at ATLAS (/L =4.8 fb!
at /s =7 TeV) and CMS ([L =19.7 fb~! at /s = 8 TeV) with Run I data. The measurements

are in good agreement with PYTHIA and POWHEG theory predictions. The Arp measurements in

ATLAS are used to extract the effective mixing angle. The measured sin’ Qel;ff from combining all

channels in ATLAS is 0.2308 £ 0.0005(stat.) & 0.0006(syst.) £ 0.0009(PDF).
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