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Electroweak physics

Important ingredient in theoretical calculations is the parameterization of

the momentum distribution of the partons in the proton

Parton distribution functions (PDFs) have been determined up to NLO

(CTEQ, NNPDF) and NNLO (MSTW, ABKM, HERA, JR)

Production cross sections of W and Z bosons (+ jets) constrain the PDFs

and provide an important test for QCD

Leptonic decays of W and Z provide clear signatures, these standard

candles are a valuable tool to understanding the detector

Processes involving W /Z (+ jets) are important backgrounds to many

new physics searches
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The ATLAS detector

Geometrical acceptance: inner tracker: |η| < 2.5, muon system: |η| < 2.7, calorimeter: |η| < 4.9
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Electron/muon identification
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Results

σtot
W × BR(W → `ν) [nb]

W → eν 10.551± 0.032 (sta)± 0.300 (sys)± 0.359 (lum)± 0.316 (acc)
W → µν 10.322± 0.030 (sta)± 0.249 (sys)± 0.377 (lum)± 0.310 (acc)

σtot
Z/γ∗ × BR(Z/γ∗ → ``) [nb]

Z/γ∗ → ee (central) 0.972± 0.010 (sta)± 0.034 (sys)± 0.033 (lum)± 0.038 (acc)
Z/γ∗ → ee (forward) 0.903± 0.022 (sta)± 0.087 (sys)± 0.031 (lum)± 0.035 (acc)
Z/γ∗ → µµ 0.941± 0.008 (sta)± 0.011 (sys)± 0.032 (lum)± 0.037 (acc)

Fiducial cross section is extrapolated to the full phase space, acceptance

uncertainty is the uncertainty in this extrapolation

Good agreement with theory predictions:

Predictions

MSTW08 ABKM09 HERA JR09

W → `ν 10.46± 0.18 10.71± 0.15 10.84± 0.26 9.94± 0.19
Z/γ∗ → `` 0.964± 0.018 0.987± 0.015 0.994± 0.029 0.909± 0.018
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W charge asymmetry

Aµ =
dσWµ+ /dηµ − dσW

µ−
/dηµ

dσWµ+ /dηµ + dσW
µ−
/dηµ

pµT > 20 GeV

More valence u in the proton: W+ is

favored over W−

Asymmetry measured versus muon

rapidity

Rapidity dependence probes u and d

parton distribution functions
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(b) τeτh final state

Figure 3: The distributions of the visible mass of the combination of the selected τ candidate and se-
lected lepton are shown for the τµτh (a) and τeτh (b) final states. These distributions are shown
following the full object selections and event selections, except for the visible mass window.
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(a) τµτh final state
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(b) τeτh final state
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(c) τµτh final state
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(d) τeτh final state

Figure 4: Distributions of the selected τ candidate pT and η, for events passing all signal selection for
the τµτh and τeτh final states.

8

Z → ττ cross section

measured using four

channels:

Z → τuτh

Z → τeτh

Z → τeτu

Z → τµτµ


          






















          

































 


          





















(a) τµτe final state

) [GeV]µ, µm(
0 10 20 30 40 50 60 70 80 90 100

Ev
en

ts
 / 

5 
G

eV

0

5

10

15

20

25 Data
ττ→*/Zγ

ll→*/Zγ
ν l→W

MultiJet
tt

 = 7 TeVs
-1 Ldt = 35.5 pb∫

ATLAS Preliminary

(b) τµτµ final state

Figure 7: The distributions of the visible mass for the τµτe (a) and τµτµ (b) final states. These distri-
butions are shown following the full object selections and event selections. For the τµτe final
state the visible mass window selection is not applied.





       




























       




































 





       
























(a) τµτe final state


          






















          

































 


          





















(b) τµτe final state





       



























       



































 





       























(c) τµτe final state


          





















          
































 


          




















(d) τµτe final state

Figure 8: Distributions of the selected leptons pT and η, for events passing all signal selection for the
τµτe final state.
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Main backgrounds:

Z → ``

Multijet

ATLAS-CONF-2011-045
Eric Jansen Production of W and Z bosons and of W /Z+jets at ATLAS 10 / 23

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-045/


Introduction
W and Z

W/Z + jets
Diboson

Conclusions

Inclusive cross section
Cross section ratios
W charge asymmetry
Z → ττ

Z → ττ

<116 [GeV]) [nb]
inv

, 66<mττ →(Z σ
0.5 0.75 1 1.25 1.5

ττ →Z  ATLAS

hτ µτ →Z 

hτ eτ →Z 

µτ eτ →Z 

µτ µτ →Z 

Stat

 Stat ⊕Syst 

 Lumi⊕ Stat ⊕Syst 

Stat

 Stat ⊕Syst 

 Lumi⊕ Stat ⊕Syst 

ATLAS Preliminaryττ →Z  ATLAS

hτ µτ →Z 

hτ eτ →Z 

µτ eτ →Z 

µτ µτ →Z 

(a)

 ll) [nb]→(Z σ
0.5 0.75 1 1.25 1.5

ττ →Z  ATLAS

µµ ee/→Z  ATLAS

ττ →Z  CMS

Stat

 Stat ⊕Syst 

 Lumi⊕ Stat ⊕Syst 

Stat

 Stat ⊕Syst 

 Lumi⊕ Stat ⊕Syst 

ATLAS Preliminary
ττ →Z  ATLAS

µµ ee/→Z  ATLAS

ττ →Z  CMS

(b)

Figure 11: Four-final state combination results. Left: The individual cross-section measurements by
final state, and the combined result. Right: Comparison of the combined Z → ττ cross-
section from 4 final states to theory, to the combined cross-section Z → "" measured by
ATLAS in the Z → µµ and Z → ee final states and to the combined measurement of the
Z → ττ cross-section in 4 final states, published recently by the CMS collaboration. CMS
measured the Z cross-section in the mass range 60 < minv < 120 GeV.

τeτh τµτh τeτµ τµτµ
σZ→ττ (nb) 1.14 0.86 1.06 0.96

pre-BLUE total unc. (nb) 0.24 0.15 0.17 0.26
Weight 8.1% 39.8% 39.8% 12.3%
Pull -0.76 1.04 -0.68 0.07

Table 5: Individual cross sections and their total uncertainties for the BLUE combination, the weights for
each of the final states in the combined cross section, together with their pulls. The pull here is
defined as the ratio of the difference between the measured cross section and the combined one,
and the uncertainty on this difference. The uncertainty on the difference between the measured
and combined cross section values involves the uncertainties on the cross section both before
and after the combination, taking all correlations into account.

22

τ reconstruction is

performing well

Important step towards

channels such as H → ττ

Good agreement with

Standard Model

expectations

Combined result

σZ × BR(Z → ττ) [nb]

Measured 0.97± 0.07 (stat)± 0.07 (syst)± 0.03 (lumi)
Predicted 0.96± 0.05 (syst)
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W /Z + jets

Jets reconstructed using the anti-kT algorithm with R = 0.4

pjet
T > 20 GeV for W + jets and pjet

T > 30 GeV for Z + jets analysis

Jets within ∆R < 0.5 of a selected lepton are rejected

Pile-up jets are rejected by requiring the jet-vertex-fraction1 (JVF) > 0.75

Z + jets

Exactly two opposite sign

combined muons
medium electrons

66 < m`` < 116 GeV

W + jets

Exactly one

combined muon
tight electron

No medium electrons present

Main backgrounds: top and QCD (electron channel, estimated from data)

Bin-by-bin unfolding correction is applied to correct back to parton level

Dominant systematic uncertainty is the jet energy scale: 10-20%
1JVF = Scalar

∑
pT of tracks in a jet pointing towards the primary vertex divided by the

scalar
∑

pT of all tracks in the jet

Eric Jansen Production of W and Z bosons and of W /Z+jets at ATLAS 12 / 23
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Dijet background for Z → ee is

estimated from data:

Orthogonal control sample

containing two loose electrons

Use this to determine the

shape of the dijet background

Fit the shape for each jet

multiplicity separately

ATLAS-CONF-2011-042
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pjet
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Main background for W → eν is QCD (data-driven determination)

Main background for W → µν is Z → µµ with one of the muons outside

of the detector acceptance

ATLAS-CONF-2011-060
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WW
WZ

W γ and Zγ

Sensitive to triple gauge couplings

Probe ZZγ and Zγγ vertices which vanish in the SM at tree level

E iso
T : excess transverse energy in a cone of ∆R < 0.4 around the photon

W + jets background estimated

from data

Sidebands in two dimensions:

photon quality and isolation

Statistics currently insufficient to

do the same for Z + jets

Purity of the resulting W γ (Zγ)

sample is ∼ 80 % (∼ 85 %)

arXiv:1106.1592, submitted to JHEP
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 isolation [GeV]γ

5 0 5 10 15 20 25 30

E
n
tr

ie
s
 /
 2

.5
 G

e
V

20

40

60

80

100

120

data
 γ)+νW(l

)+jet νW(l

) ντW(

ttbar 

Z(ll) 

ATLAS
1

Ldt = 35pb∫ = 7TeV, s

 isolation [GeV]γ

5 0 5 10 15 20 25 30

E
v
e
n
ts

 /
 2

.5
 G

e
V

0

5

10

15

20

25

30

35

data

 γZ(ll)+

Z(ll)+jets 

ttbar 

ATLAS
1

Ldt = 35pb∫ = 7TeV, s

Results

σtot [pb] (measured) σ [pb] (predicted)

pp → e±νγ 48.9± 6.6 (stat)± 8.3 (syst)± 1.7 (lumi) 42.1± 2.7 (syst)

pp → µ±νγ 38.7± 5.3 (stat)± 6.4 (syst)± 1.3 (lumi) 42.1± 2.7 (syst)

pp → `±νγ 42.5± 4.2 (stat)± 7.2 (syst)± 1.4 (lumi) 42.1± 2.7 (syst)

pp → e+e−γ 9.0± 2.5 (stat)± 2.1 (syst)± 0.3 (lumi) 6.9± 0.5 (syst)

pp → µ+µ−γ 5.6± 1.4 (stat)± 1.2 (syst)± 0.2 (lumi) 6.9± 0.5 (syst)

pp → `+`−γ 6.4± 1.2 (stat)± 1.6 (syst)± 0.2 (lumi) 6.9± 0.5 (syst)

Eric Jansen Production of W and Z bosons and of W /Z+jets at ATLAS 19 / 23



Introduction
W and Z

W/Z + jets
Diboson

Conclusions

Wγ and Zγ
WW
WZ

W γ/Zγ cross section ratio

 γZ
σ/γW

σ
0 2 4 6 8 10 12 14

Electron channel

Muon channel

Combined

)γ 

l

+
 l→(pp σ

)γ ν l →(pp σ

Theory (NLO)

ATLAS

1
 L dt = 35 pb∫

 = 7 TeV)sData 2010 (

Vertical band indicates 1σ uncertainty on the Standard Model prediction

Cross section ratio is a direct test of the WW γ triple gauge coupling

Measured values are in good agreement with the SM prediction
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ATLAS =7TeVs

Select events with:

Opposite sign leptons of

p`T > 20 GeV

Emiss
T ,rel

{
> 40 GeV ee/µµ

> 20 GeV eµ

Veto |m`` −mZ | < 10 GeV

Veto jets with pjet
T > 20 GeV

and |η| < 3

Results

σW+W− [pb]

Meas. 41 +20
−16 (stat)± 5 (syst)± 1 (lumi)

Pred. 44± 3 (syst)

arXiv:1104.5225, submitted to Phys. Rev. Lett.

Eric Jansen Production of W and Z bosons and of W /Z+jets at ATLAS 21 / 23

http://arxiv.org/abs/1104.5225


Introduction
W and Z

W/Z + jets
Diboson

Conclusions

Wγ and Zγ
WW
WZ

WZ

 [GeV]Z

T
p

0 20 40 60 80 100 120 140 160 180 200

E
v
e
n
ts

 /
 1

0
 G

e
V

0

1

2

3

4

5

6

7
∫ 1Ldt = 205pbATLAS Preliminary =7TeVs

Data

WZ
W/Z+X
Top

ZZ
stat+sys

σ

 [GeV]W

T
p

0 20 40 60 80 100 120 140 160 180 200

E
v
e
n
ts

 /
 1

0
 G

e
V

0

0.5

1

1.5

2

2.5

3

3.5

4
∫ 1Ldt = 205pbATLAS Preliminary =7TeVs

Data

WZ
W/Z+X
Top

ZZ
stat+sys

σ

 [GeV]miss
TE

30 40 50 60 70 80 90 100 110 120

E
v
e
n
ts

 /
 1

0
 G

e
V

0

1

2

3

4

5

6
∫ 1Ldt = 205pbATLAS Preliminary =7TeVs

Data

WZ
W/Z+X
Top

ZZ
stat+sys

σ

Results

σtot
WZ [pb]

Measured 18 +7
−6 (stat)± 3 (syst)± 1 (lumi)

Predicted 16.9 +1.2
−0.8 (syst)

Using 205 pb−1 of 2011 data!

Good agreement with SM prediction

ATLAS-CONF-2011-084
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Conclusions and outlook

ATLAS W and Z results with the 2010 dataset (31–35 pb−1)

W Z γW γZ tt WW WZ

 [
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l
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3
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)
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Data 2010  (~35 pb

)1Data 2011  (205 pb

Theory (NLO)
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1
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 = 7 TeVs

1
 L dt = 35  205 pb∫

 = 7 TeVs

1
 L dt = 35  205 pb∫

 = 7 TeVs

Important tests of pQCD,

constraints for PDFs

W and Z bosons have been

observed using electron, muon

and tau channels

Demonstrates good performance

and understanding of detector

Results show good agreement

with Standard Model expectations

The 2011 data will dramatically improve statistics, especially for channels

such as WW and WZ
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