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Why Electroweak physics?
W and Z final states are interesting:

they are the “standard candle” used to get to 
know our detector, i.e. understand and calibrate 
it (object identification and reconstruction, 
energy scale, trigger efficiency...),

they are background to searches for new 
particles.
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Di-bosons play an important 
role in electroweak physics:

production rate and 
kinematic distributions are 
sensitive to the triple gauge 
couplings,
important background to 
Higgs boson and new physics 
searches. quark annihilation gg fusion

s-channel t-channel

Example: W+W- production
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The ATLAS Detector
ATLAS (A Toroidal LHC ApparatuS) is one of the two multi-purpose experiments at the LHC.
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Tracking system:
charged particles 
momentum measurement
vertex reconstruction

Solenoid 
Calorimeter system
Toroid
Muon system see N.Benekos’ talk this morning 
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ATLAS 2010 Data
In the year 2010 the ATLAS Experiment has 
collected 45 pb-1 of data, corresponding to 93.6% 
of the integrated luminosity delivered by the 
LHC.

Now, the integrated luminosity is higher 
than 1 fb-1.

Luminosity weighted relative fraction of good 
quality data:

During the running of the first year, the 
luminosity profile changed considerably, due to 
the machine commissioning.

Different pile-up conditions throughout the 
year. 
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ATLAS Cross Section Measurement
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The cross section is measured using the 
following formula:

where:
Nobs is the number of events selected in 
data.
Nbkg is the number of background events 
expected (extracted from data or from 
Monte Carlo, depending on the analysis).
L is the integrated luminosity.
AW denotes the kinematic and geometric 
acceptance for the signal process. It is 
determined from generator level Monte 
Carlo.
CW is the ratio between the number of 
reconstructed events passing the 
selections of the analysis and the 
number of events within the fiducial 
acceptance. 

σtot
W ·BR(W → lν) =

Nobs −Nbkg

AW · CW · L

Example for W → eν : 
ETe > 20GeV, 
|η| < 2.47, 
excluding 1.37 < |η| < 1.52, 
pTν > 25 GeV, 
mT > 40 GeV.

Example for Z→μμ : 
pTμ  > 20 GeV,
|η| < 2.4, 
66 < mμμ < 116 GeV.

[ Example for W analysis ]

The cross section is also measured in 
the fiducial region:

This cross section is not affected by 
significant theoretical uncertainties. 
Future improvements on the 
prediction of the acceptance can be 
used to extract improved total cross 
section measurements.

σfid
W ·BR(W → lν) =

Nobs −Nbkg

CW · L
[not shown in the following]
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Remarks
In the following, analyses including final states with W and Z 
bosons will be shown, mainly in leptonic channels.

Therefore, electron and muon reconstruction and 
identification are essential.

Electrons:
identification efficiency known at the 1% level,
energy scale uncertainty < 1%.

Muons:
reconstruction efficiency uncertainty 
<0.2/0.4%,
momentum scale uncertainty < 2%.
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Another key aspect of the analysis presented in the following is the evaluation of 
the background: data-driven techniques have been developed in different analysis.

2D side-band methods (e.g. QCD background for Z→ττ cross section),
fitting data with templates from either data or simulation (e.g. QCD background 
for W+jets analysis).
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W and Z bosons production
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In the following:
W and Z/γ* production cross section
Z→ττ cross section
W+jets and Z+jets cross section
W charge asymmetry measurement
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W and Z/γ* cross section
W → eν/μν analysis:

the signature is 
one lepton and 
missing energy 
from the 
neutrino.

Z → ee/μμ analysis:
the signature is 
two opposite 
charged leptons.

Background estimate:
EW background 
from Monte Carlo,
QCD background 
extracted from 
data.

Lidia Dell’Asta
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W and Z/γ* cross section
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5 Combined Cross Section and Ratio Results

5.1 Cross Sections

The total cross sections for W± and Z/γ∗ production as obtained in the electron and muon decay chan-
nels, presented above, are consistent within their measurement uncertainties. They are combined to
obtain an averaged result, assuming the two lepton decay mode cross sections to be independent, apart
from the common parts in the acceptance calculation, the transverse missing energy uncertainty in the
W channels and the luminosity uncertainty. The forward Z → ee result is at present not included in this
combination. The result is given in Table 8.

σ tot
W (±) · BR(W → �ν) [nb]

W+ 6.257±0.017(sta)±0.152(sys)±0.213(lum)±0.188(acc)
W− 4.149±0.014(sta)±0.102(sys)±0.141(lum)±0.124(acc)
W 10.391±0.022(sta)±0.238(sys)±0.353(lum)±0.312(acc)

σ tot
Z/γ∗ · BR(Z/γ∗ → ��) [nb], 66 < mee < 116 GeV

Z/γ∗ 0.945±0.006(sta)±0.011(sys)±0.032(lum)±0.038(acc)

Table 8: Total averaged cross sections times leptonic branching ratios for W+, W−, W and Z/γ∗ pro-
duction in the combined electron and muon final states. The uncertainties denote the statistical (sta)
and experimental systematic (sys) errors, the acceptance (acc) errors and the luminosity induced errors
(lum).

Compared to the first measurement of ATLAS [19], the statistical uncertainty of the total cross-
section measurement is improved by a factor of ten, to per mille level, the systematic uncertainty by a
factor of about three, to 2.4 (1.2)% for the W (Z) cross section, and the luminosity uncertainty by a
factor of four, to 3.4 %. The extrapolation uncertainty due to the acceptance is 3 (4)%, respectively, and
calculated as in [19]. The result is more accurate than, and consistent with, a recent result published by
the CMS Collaboration [21].

The measured cross sections are compared with QCD calculations using both the ZWPROD [6]
and the FEWZ [9, 31] programs for four sets of parton distributions, which are available in NNLO
perturbation theory 2). Here the so-called Gµ electroweak parameter scheme is used while the values
of the strong coupling constant, αs, are those used in the original determination of the PDFs. The
theoretical cross section results are listed in Table 9. The measurements and the predictions are compared
in Figure 8, which shows the W+ vs. the W− cross section (left) and the sum of W+ and W− vs. the Z/γ∗
cross section (right). The predictions rely essentially on an evolution at fixed Bjorken x � 0.01 of the
PDFs determined by deep inelastic scattering data, mainly from HERA, into the region of the W and Z
mass scales. Within the total accuracy of the present cross section measurement of about 5 %, all NNLO
predictions are consistent with the data.

2)The accuracy of a few per cent reached with the present measurement is matched best with the NNLO calculations. If,
for example, the W cross section predictions to NLO and NNLO for the corresponding MSTW08 PDF sets are compared, the
NLO result is lower by about 3 % than the NNLO calculation. In addition, the dependence of the cross section predictions on
the renormalisation (µr) and factorisation (µ f ) scales is reduced at NNLO. Varying µr and µ f independently up-and-down by
a factor of two around their central values, taken to be MW or MZ , with the constraint 0.5 < µr/µr < 2, an effect of about 3 %
is observed on the NLO cross sections, which is reduced to 0.6 % at NNLO, using the MSTW08 PDF sets.
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Figure 8: Measured and predicted cross sections times leptonic branching ratios. Left: σW− vs. σW+;
right: (σW+ +σW−) vs. σZ/γ∗ . The systematic uncertainties on the luminosity and on the acceptance
extrapolation are treated as fully correlated between W and Z channels. In the W+ and W− comparison,
also the missing transverse energy uncertainty is treated as fully correlated. The projections of the ellipse
to the axes correspond to one standard deviation uncertainty of the cross sections. The uncertainties of
the predictions are the PDF uncertainties only.
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Figure 9: Measured and predicted cross section ratio, (σW+ +σW−)/σZ/γ∗ . The experimental uncertainty
of the measurement includes statistical and experimental systematic errors. The uncertainties of the
predicted cross sections are small, see Table 11.
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ATLAS-CONF-2011-041

Main systematic come from:
electron reconstruction and identification 
(∼1.5/3%)
missing energy scale (2% for W channels)

anyway, smaller than the systematic on luminosity 
(3.4%).
The systematic on the acceptance (∼3/4%) evaluated 
taking into account three contributions:

uncertainties within one PDF set were derived 
using the CTEQ 6.6 PDF,
uncertainties were found between different PDF 
sets (maximal difference between the MRST LO*, 
CTEQ 6.6 and HERAPDF 1.0 sets),
difference obtained between the PYTHIA and 
MC@NLO simulations, using the same PDF set, 
CTEQ 6.6.
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Cross section measurement of Z→ττ production, 
combining di-lepton and lepton-hadron channels.
Event selection:

single lepton trigger
one electron with pT > 16 GeV or muon with pT > 15 
GeV
one tight τh with pT > 20 GeV, 1 or 3 tracks
tight lepton isolation
MT < 50 GeV and ΣcosΔφ(l, ETmiss) > - 0.15
opposite charge of lepton and τh 
35 GeV < mvisible < 75 GeV

Main sources of systematics:
energy scale: ∼11%
tau identification: ∼8.6%
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W+jets production
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The study of massive vector bosons 
production in association with one or 
more jets is interesting as:

it is an important test of QCD,
these channels are background 
to SM processes (e.g. ttbar) and 
to Higgs boson searches.

W+jets studied both in electron and 
muon channels.
Jets are reconstructed with anti-kt 
algorithm with radius parameter 
ΔR=0.4.

pT > 20 GeV
|y| < 2.8
lepton-jet overlap removal 
within ∆R < 0.5.

The event selection is based on:
single lepton trigger
one isolated lepton (ET > 20 GeV)
no additional leptons
high missing transverse energy.

ATLAS-CONF-2011-060

Background was estimated:
QCD: through data fitting with templates
leptonic background: from Monte Carlo

Main systematics from:
jet energy scale: ∼9%
pile-up: ∼7% 
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Z+jets production
Z+jets studied both in electron 
and muon channels.
Jets are reconstructed with 
anti-kt algorithm with radius 
parameter ΔR=0.4.

pT > 30 GeV
|η| < 2.8
lepton-jet overlap removal 
within ∆R < 0.5.

The event selection is based on:
single lepton trigger
two opposite charge leptons 
(ET > 20 GeV)
66 < mll < 116 GeV.
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ATLAS-CONF-2011-042

Background was estimated:
QCD: from data in electron channel 
and from MC in the muon channel
others: from Monte Carlo

Main systematics from:
jet energy scale: ∼10/20%
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W charge asymmetry
The measurement of W charge asymmetry is important 
as it is sensitive to valence quark distribution.

The measurement at the LHC can contribute to the 
understanding of PDFs in the low x rage.

The charge asymmetry has been studied in the muon 
channel.

Similar selection as the cross section measurement.
Main systematics from:

Trigger and reconstruction: ∼6-10%
Background: ∼1-2%
pT scale and resolution: ∼2-5%

χ2 comparison between measurement  uncertainty and 
PDF predictions:

CTEQ: 9.16/11
HERA: 35.81/11
MSTW: 27.31/11

14

of the PDF predictions yields values per number of degrees
of freedom of 9.16/11 for the CTEQ 6.6 PDF sets, 35.81/11
for the HERA 1.0 PDF sets and 27.31/11 for the MSTW
2008 PDF sets.

In summary, this letter reports a measurement of the
W charge asymmetry in pp collisions at

√
s = 7 TeV per-

formed in the W → µν decay mode using 31 pb−1 of data
recorded with the ATLAS detector at the LHC. Until the
start of the LHC, it has not been kinematically possi-
ble to precisely measure the valence quark distributions
and in particular the ratio of u/d quarks below x ! 0.05.
Whereas none of the predictions with different PDF sets
are inconsistent with these data, the predictions are not
fully consistent with each other since they are all phe-
nomenological extrapolations in x. The input of the data
presented here is therefore expected to contribute to the
determination of the next generation of PDF sets, helping
reduce PDF uncertainties, particularly the shapes of the
valence quark distributions in the low-x region.
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Figure 4: The muon charge asymmetry from W -boson decays in bins
of absolute pseudorapidity. The kinematic requirements applied are
pµ
T

> 20 GeV, pν
T

> 25 GeV and mT > 40 GeV. The data points
(shown with error bars including the statistical and systematic un-
certainties) are compared to MC@NLO predictions with different
PDF sets. The PDF uncertainty bands are described in the text and
include experimental uncertainties as well as model and parametriza-
tion uncertainties.
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Abstract

This letter reports a measurement of the muon charge asymmetry fromW bosons produced in proton-proton collisions
at a centre-of-mass energy of 7 TeV with the ATLAS experiment at the LHC. The asymmetry is measured in theW → µν
decay mode as a function of the muon pseudorapidity using a data sample corresponding to a total integrated luminosity
of 31 pb−1. The results are compared to predictions based on next-to-leading order calculations with various parton
distribution functions. This measurement provides information on the u and d quark momentum fractions in the proton.

1. Introduction

The measurement of the charge asymmetry of leptons
originating from the decay of singly produced W bosons
at pp, pp̄ and ep colliders provides important information
about the proton structure as described by parton distri-
bution functions (PDFs). TheW boson charge asymmetry
is mainly sensitive to valence quark distributions [1] via the
dominant production process ud̄(ūd) → W+(−) and pro-
vides complementary information to that obtained from
measurements of inclusive deep inelastic scattering cross-
sections at the HERA electron-proton collider [2, 3, 4, 5].
The HERA data do not strongly constrain the ratio be-
tween u and d quarks in the kinematic regime of low x,
where x is the proton momentum fraction carried by the
parton [6]. A precise measurement of the W asymmetry
at the Large Hadron Collider (LHC) [7] on the other hand,
can contribute significantly to the understanding of PDFs
and quantum chromodynamics (QCD) in the parton mo-
mentum fraction range 10−3 ! x ! 10−1.

In pp collisions the overall production rate ofW+ bosons
is significantly larger than the corresponding W− rate,
since the proton contains two u and one d valence quarks.
The first measurements of the inclusive W± cross-sections
at the LHC by the ATLAS [8] and the CMS [9] Collabora-
tions confirmed the difference predicted by the Standard
Model. The asymmetry in pp collisions is symmetric with

respect to theW rapidity, whereas in pp̄ collisions it is anti-
symmetric; the small sensitivity to sea quark contributions
is strongly suppressed in pp̄ compared to pp collisions [10].
Measurements in pp̄ collisions have been performed at the
Tevatron by both the CDF [11, 12] and DØ [13, 14] Col-
laborations, and the data have been included in global fits
of parton distributions [15, 16].

This letter presents a differential measurement of the
muon charge asymmetry from the decay of W± bosons in
pp collisions at a centre-of-mass energy of

√
s = 7 TeV at

the LHC. The asymmetry varies significantly as a function
of the pseudorapidity1 ηµ of the charged decay lepton ow-
ing to its strong correlation with the momentum fraction x
of the partons producing the W boson. It is defined from
the cross sections for W → µν production dσWµ±/dηµ as:

Aµ =
dσWµ+/dηµ − dσWµ−/dηµ
dσWµ+/dηµ + dσWµ−/dηµ

, (1)

where the cross sections include the event kinematical cuts
used to select W → µν events. No extrapolation to the

1The nominal pp interaction point at the centre of the detector
is defined as the origin of a right-handed coordinate system. The
positive x-axis is defined by the direction from the interaction point
to the centre of the LHC ring, with the positive y-axis pointing up-
wards. The azimuthal angle φ is measured around the beam axis and
the polar angle θ is the angle from the z-axis. The pseudorapidity is
defined as η = − ln tan(θ/2).

Preprint submitted to Elsevier March 16, 2011

arXiv:1103.2929
Submitted to PLB

W lepton asymmetry data
Inclusion of ATLAS data

Slight reduction of uncertainty at  medium-small x for light (anti)quark

-18%-15%

M.Ubiali - LHC EWK Workshop - 04.2011

Measurement is 
input to PDF fits
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Di-bosons productions
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In the following:
Wγ and Zγ production
W+W- production
W±Z production
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Zγ

Wγ and Zγ production
The measurement of W and Z in association 
with high energy photons provide important 
tests of the Standard Model.

Physics beyond the SM would enhance 
those cross sections.

Leptonic channels are considered.
The event selection is based on the presence 
of one high pT lepton and one high ET photon 
and:

for Wγ: ETmiss > 25 GeV and mT(l,ν) > 40 
GeV
for Zγ: m(l,l) > 40 GeV 
suppression of photons from FSR with 
isolation cut

The main systematic uncertainties come from:
photon reconstruction and identification 
efficiency (∼11%)

16

ATLAS-CONF-2011-013
arXiv:1106.1592 

Submitted to JHEP

NNLO prediction:
Wγ: 42.1 ± 2.7 pb        
Zγ:  6.9 ± 0.5 pb

Wγ
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W+W- production
Candidate W+W- events are reconstructed 
in the fully leptonic decay channel (tau 
leptonic decays included): 

looking for l+νll-νl events
better signal to background ratio 
than the semi-leptonic or hadronic 
channels,
main backgrounds are W+jets, Drell-
Yan production, top production (ttbar 
and Wt) and other di-bosons 
processes.

The main sources of background have 
been evaluated from Monte Carlo, except 
from the background from W+jets. 
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The W+jets background was estimated directly from data (the rate at which hadronic jets are mis-
identified as leptons may not be accurately described in the MC).

The W+jets background is defined by defining a control region, similar to W+W- signal selection, that 
is enriched in W+jets events. 

The control region is defined using an alternative lepton definition. 
The selected events are then required to pass the full W+W- event selection. 

The jet is treated as if it were a fully identified lepton. 
The W+jets background is then estimated by scaling this control sample by a measured fake factor. 
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W+W- production
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Good background description

4

TABLE I. Summary of observed events and expected standard model signal and background contributions in the three dilepton

channels and their combination. The first uncertainty is statistical, the second systematic.

Final State e+e−Emiss
T,rel µ+µ−Emiss

T,rel e±µ∓Emiss
T,rel Combined

Observed Events 1 2 5 8

Expected W+W−
0.79± 0.02± 0.09 1.61± 0.04± 0.14 4.45± 0.06± 0.44 6.85± 0.07± 0.66

Backgrounds

Drell-Yan 0.00± 0.10± 0.07 0.01± 0.10± 0.07 0.22± 0.06± 0.15 0.23± 0.15± 0.17
WZ, ZZ, Wγ 0.05± 0.01± 0.01 0.10± 0.01± 0.01 0.23± 0.05± 0.02 0.38± 0.04± 0.04
W+jets 0.08± 0.05± 0.03 0.00± 0.29± 0.10 0.46± 0.12± 0.17 0.54± 0.32± 0.21
Top 0.04± 0.02± 0.02 0.14± 0.06± 0.07 0.35± 0.10± 0.19 0.53± 0.12± 0.28

Total Background 0.17± 0.11± 0.08 0.25± 0.31± 0.15 1.26± 0.17± 0.31 1.68± 0.37± 0.42

tematic uncertainties on the jet-veto efficiency: the jet-

energy scale and the amount of initial and final state

radiation (ISR/FSR). The jet-energy calibration uncer-

tainty [16] corresponds to a 40% change in the top back-

ground. The uncertainty due to the ISR/FSR modeling

is estimated using the AcerMC [21] generator interfaced

to pythia [18], and varying the parameters controlling

ISR and FSR in a range consistent with experimental

data [22]. The resulting uncertainty of 32% is a combi-

nation of the shift in the prediction and the statistical

uncertainty on the simulation.

W bosons produced in association with a jet that is

misidentified as a lepton contribute to the selected sam-

ple. The rate at which hadronic jets are misidentified

as leptons may not be accurately described in the sim-

ulation, because these events are due to rare fragmen-

tation processes or interactions with the detector. This

background is therefore determined from data using con-

trol samples dominated by W+jets events and subtract-

ing all other components using simulation. The alp-
gen+herwig+jimmy simulation of the W+jets back-

ground used in Figure 1 gives comparable results to this

method. The W+jets data samples are constructed by

requiring one electron or muon passing the full selection

criteria and a lepton-like jet, which is a reconstructed

electron or muon that is selected as likely to be due to a

jet. For electrons, the lepton-like jets are electromagnetic

clusters matched to tracks in the inner detector that fail

the full electron selection. For muons, lepton-like jets are

muon candidates that fail at least one of the requirements

on isolation, distance from the primary vertex, or ID and

MS consistency. These events are otherwise required to

pass the full event selection, treating the lepton-like jet

as if it were a fully identified lepton.

The W+jets background is then estimated by scaling

this control sample by a measured pT-dependent factor

f . The factor f is the ratio of the probability for a jet to

satisfy the full lepton identification criteria to the prob-

ability to satisfy the lepton-like jet criteria. The factor f
is measured in a QCD jet data sample and corrected for

the small contribution of true leptons to the sample using

simulation. The systematic uncertainty on f is 36% for

both electrons and muons, and is determined from vari-

ations of f in different run periods and in data samples

containing jets of different energies, which covers differ-
ences in the quark/gluon composition between the jets in

the QCD jet and W+ jets data samples.

The resulting signal and background expectations are

shown in Table I. Eight events are observed in the data

with a total expected background of 1.7 ± 0.6 events.

As shown in Figure 2, the kinematic properties of the

observed events are qualitatively consistent with the

standard model expectation. To estimate the statisti-

cal significance of the signal, Poisson-distributed pseudo-

experiments are generated, varying the expected back-

ground according to its uncertainty. The probability to

observe 8 or more events in the absence of a signal is

1.2×10
−3

, which corresponds to a significance of 3.0 stan-
dard deviations. The W+W−

production cross section is

determined using a maximum likelihood fitting method

to combine the three dilepton channels. A cross section

of σW+W− = 41
+20
−16(stat.)±5(syst.)±1(lumi.) pb is mea-

sured. The luminosity uncertainty for this measurement

is 3.4% [23]. The total systematic uncertainty (11.5%)

includes the signal acceptance and efficiency (∆A/A =

7.4%) and background estimation (∆Nb/Nb = 33%) un-

certainties. The dominant systematics uncertainties are

due to the jet-veto (7.5%), and the lepton selection and

identification (4.3%)

The measured W+W−
production cross section is in

good agreement with the standard model prediction of

44 ± 3 pb calculated at next-to-leading order in QCD

and the recent measurement by CMS [3]. With the sig-

nificantly larger integrated luminosities expected to be

provided by the LHC, this signal will form the basis of a

research program that will include searches for the stan-

dard model Higgs boson, anomalous triple gauge cou-

plings, and other processes beyond the standard model.
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NNLO prediction: 44 ± 3 pb

Candidates selected in data: 8

expected signal: 6.85 ± 0.07 (stat.) ± 0.66 (syst.)

expected background: 1.68 ± 0.37 (stat.) ± 0.42 (syst.)
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Main systematics coming from:
modelling of jet production in association with W+W-

jet energy scale

Systematic error smaller than statistical!

Background rejection:
requirements on the leptons invariant mass, veto 
events with |mll - mZ| < 10 GeV and mll < 15 GeV (Z 
bkg)
high missing transverse energy, ETmiss,rel > 40 
GeV (20 GeV for eμ channel) 
veto events with jets (ttbar bkg)

The event selection is based on:

single lepton trigger

Signal selection:

two opposite-sign leptons (pT > 20 GeV)
missing energy
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W±Z production
New results using 205 pb-1 2011 data.
W±Z searched in the fully leptonic channel: both the W and 
the Z decay leptonically (tau leptonic decays taken into 
account).

The signature is three leptons and missing energy.
The backgrounds come from other di-bosons 
production (ZZ and Zγ), Z+jets and top events.

Event selection based on:
two same flavour opposite sign leptons with mll within 
10 GeV from Z mass,
additional third lepton,
transverse missing energy, ETmiss > 25 GeV
mT(third lep, ETmiss) > 20 GeV

The dominant systematic contribution is from the 
description of the pile-up condition description for ETmiss.
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To combine the different channels a common phase space region is defined to extract a fiducial

cross-section. The common phase space is defined as pµ,e
T
> 15 GeV, |ηµ,e| < 2.5, pν

T
> 25 GeV,

|M�� − MZ Pole| < 10 GeV, and MW
T
> 20 GeV, and covers approximately the active detector volume.

In order to extrapolate to the total cross-section, the acceptance Ci
in Equation 2 is scaled by the ratio

Ai
for each channel, calculated using the event generator information. This ratio Ai

equals 0.37, 0.37,

0.35 and 0.34 for the µµµ, eµµ, eeµ, and eee channels, respectively. The uncertainties on Ai
due to the

statistics of the signal MC are estimated to be about 2% (uncorrelated among channels) and included

in the systematic uncertainties. The uncertainty due to the parton distribution functions, estimated to be

about 0.8%, is not included in the experimental systematic uncertainties.

The final results for the combined fiducial cross section for the W±Z bosons decaying directly into

electrons and muons excluding contributions from tau decays and the combined total inclusive cross-

section measurements are shown below.

σfid

WZ→�ν�� = 96
+37

−30
(stat)

+15

−14
(syst)

+5

−5
(lumi) fb, with � = e, µ

σtot

WZ = 18
+7

−6
(stat)

+3

−3
(syst)

+1

−1
(lumi) pb

The systematic uncertainties include all sources (assumed to be independent) except luminosity,

which is listed separately. The systematic uncertainty is evaluated for each source for signal and back-

ground simultaneously. The resulting shifts in the cross-section are added in quadrature for all sources

of systematic uncertainty.

9 Conclusion

A measurement of the W±Z production cross-section with the ATLAS detector in LHC proton-proton

collisions at
√

s = 7 TeV has been performed using final states with electrons and muons. With an

integrated luminosity of 205 pb
−1

a total of twelve candidates is observed with a background expec-

tation of 2.0±0.3(stat)±0.7(sys). The Standard Model expectation for the number of signal events is

9.1±0.2(stat)±1.3(sys). The fiducial and total cross-sections were determined to be respectively

σ f id
WZ→�ν�� = 96

+37

−30
(stat)

+15

−14
(syst)

+5

−5
(lumi) fb and σtot

WZ = 18
+7

−6
(stat)

+3

−3
(syst)

+1

−1
(lumi) pb.

Good agreement with the Standard Model total cross-section [5] for this process of 16.9+1.2
−0.8 pb is

observed. The result is shown in Figure 4 together with previous cross-section measurements of various

gauge boson and tt̄ production processes from ATLAS. All results are consistent with the SM expecta-

tions.

8

NNLO prediction: 16.9 pb

ATLAS-CONF-2011-084

Candidates selected in data: 12
expected signal: 9.1 ± 0.2 (stat) ± 1.3 (sys) 
expected background: 2.0 ± 0.3 (stat) ± 0.7 (sys)

Systematic error smaller than statistical!
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Conclusions
In the year 2010, ATLAS has collected 45 pb-1 of proton-proton interactions at a centre-of-mass 
energy of 7 TeV.
Such amount of data has allowed to commission the full detector and the online and offline object 
reconstruction.
Main electroweak results with ∼35 pb-1 of data:

Cross section measurement of W and Z/γ* production
W+jets and Z+jets production cross section measurement
W charge asymmetry
Di-bosons production cross section:

Wγ and Zγ
WW

New results with 2011 data (∼205 pb-1):
WZ production cross section

20Lidia Dell’Asta

2011
More data is coming.

Analysis for which the statistical error is the dominating 
one (e.g. di-bosons production) will profit from the 
increased statistic.
New analyses will be possible (W→τν cross section, pT(W), 
pT(Z), W/Z+b in W/Z+jets events, ZZ production, WW/WZ 
also in hadronic channels...)



Back Up
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W and Z/γ* cross section
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W → eν/μν selection:
one well reconstructed lepton with pT > 
20 GeV

Electron
passing tight ID requirements
|η | < 2.47, excluding also the 
transition region, 1.37 < |η | <1.52

Muon
combined (Inner Detector and 
Muon system) and isolated
|η | < 2.47

missing transverse energy, ETmiss > 25 
GeV
mT > 40 GeV

Z → ee/μμ selection:
two reconstructed leptons with 
opposite charge

Electron
passing medium ID
forward region included

66 < mll < 116 GeV
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W+jets production - electron channel
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W+jets production - electron channel
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W+jets production - muon channel
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W+jets production - muon channel
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e/μ + ETmiss + 2 jets
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Using a selection similar to 
the one of CDF.

Using the standard ATLAS 
W+jets selection.
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Z+jets production - electron channel
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Z+jets production - muon channel
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W→τν observation
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W→τν decay observation with only ∼0.5 pb-1.

Very challenging analysis due to overwhelming QCD background.

High background rejection by means of a cut on the significance of 
missing transverse energy.

Events selected in data: 78

expected QCD background (from data): 11.1 ± 2.3 (stat.) ± 3.2 (syst.)

expected EW background (from MC): 11.8 ± 0.4 (stat.) ± 3.7(syst.)

observed signal: 55.1 ± 10.5 (stat.) ± 5.2 (syst.)

expected from MC: 55.3 ± 1.4 (stat.) ± 16.1 (syst.) ATLAS-CONF-2010-097


