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The rediscovery of the W/Z Bosons 

Goals:
Detector commissioning and explore its capabilities
Establish analysis for σW,Z measurement at 7 TeV

Stringent test of QCD
Constraints parton distribution functions

First step towards possible discoveries in high-pT physics

2

pp      W + X

μν
eν

pp      Z + X

μμ
ee

@ 7 TeV

σNNLO

W→�ν = 10.45 nb σNNLO

Z/γ∗→�� = 0.989 nb
FEWZ, MSTW2008

~3% uncertainty
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Data Sample

Data Collected from March to May 2010

Monte carlo samples:
Pythia 6.4, MRST LO pdfs, GEANT 4
Signal: corrected to NNLO cross section
Background: measured in data or normalized to σ (details later)

3

L ChannelChannelL
Electron Muon

W 6.7 nb-1 6.4 nb -1

Z 6.7 nb-1 7.9 nb-1
Z →μμ analysis 
does not require 

calorimeters

Stable beams
Good quality data

Luminosity uncertainty: 20%

Electron EM calorimeter (threshold ~ 2 GeV), |η| < 2.5 1.2 x 107

Muon Open road - no pT requirement, |η| < 2.4 2.8 x 105

Number
of events

Level 1
Hardware 
triggers
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Electron Preselection

One PV with ≥ 3 tracks
At least one Loose Electron

Cluster-ET > 20 GeV, |η| < 2.47

Excluding region
1.37 < |η| < 1.52
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Good agreement with MC shapes
• MC cross section higher by ~2.2
• Normalized to total data events

Loose Electron:
ID track matching an EM calo cluster
Selected on shower shape on 2nd calo layer
and energy leakage into hadronic calo 
ε=94%, Rejection factor = 1100
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Muon Preselection

One PV with ≥ 3 tracks, |ZPV| < 15 cm
At least one combined muon

PT > 15 GeV, |η| < 2.4

Muon Spectrometer PT(MS) > 10 GeV
Reduces decays-in-flight

|PT (MS)  - PT (ID)| < 15 GeV
Removes bad track matches

| Ztrack - ZPV| < 1 cm
Removes cosmic events
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Good agreement with MC shapes
• MC cross section higher by ~1.9
• Normalized to total data events
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00

Radiation shield

MDT chambers

End-cap
toroid

Barrel toroid coil

Thin gap 
chambers

Cathode strip
 chambers

Resistive plate chambers

14161820 21012 468 m

TGC Doublets
TGC Triplet

ATLAS

RPC Conf. Plane

RPC Pivot Plane



W
/Z O

bservation -- Physics at LH
C

 2007 --  Joao G
uim

araes          
Missing Transverse Energy

Calorimeter Missing Energy
Topological clusters

Seeded by cell with                        
|E| > 4 σnoise

Electromagnetic scale
No correction for different 
calorimeter  response to 
photons, electrons or hadrons

W →eν selection:

W →μν selection:
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•

•

•

Emiss,µ
T = Emiss,calo

T − pµ
T

Emiss,e
T = Emiss,calo

T = −
�

i

Ex,y

W →eν

W →μν
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W Candidates in the Electron Channel
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QCD background scaled to 
measurement in data

Requirement
Number

of events

Triggered 1.2 x 107

Preselection 2.2 x 103

Tight electron 77

ETmiss > 25 GeV 17

MT > 40 GeV 17

Tight Electron:
TRT high-threshold hits
Cluster E/p
Conversion veto, detailed shower shapes,
impact parameter requirement
ε=72%, Rejection factor = 92000
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W →eνCandidate Event
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W Candidates in the Muon Channel
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Requirement
Number

of events

Triggered 2.8 x 105

Preselection 534

PT > 20 GeV 166

Track Isolation 76

ET
miss > 25 GeV 42

MT > 40 GeV 40

QCD background scaled to 
measurement in data

99% efficient
87% bkg rejection

Track Isolation:
∑ pT (cone = 0.4)/ pT

μ < 0.2
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Properties of the W Boson Candidates
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17 Candidates
• 11 e+

•   6 e-

40 Candidates
• 25 μ+

• 15 μ-

SM NNLO prediction W+/W- ~1.4

W →μνW →eν

Electron Transverse Energy Muon Transverse Momentum
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Properties of the W Boson Candidates

Small excess of high-pT W bosons in muon channel
8 events with jets

W+ jets events
QCD background 11

W →μνW →eν

Transverse Momentum of the W boson
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Properties of the W Boson Candidates

High-pT W candidates in muon channel

All muons are well isolated and consistent with the W boson hypothesis
All final events inspected: 

Lepton reconstruction quality

Event topology

Timing tests in TRT, Calorimeters and MDT ==> inconsistent with cosmics
12

W →eν
W →μν

(no MT cut applied)(no MT cut applied)
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W →μν Candidate Event with 3 Jets
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Background Estimation: Electron Channel
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Preselection

Medium electrons

QCD background
Heavy-quark decays, conversions 

and hadrons faking electrons

Data driven 
estimation:

Calorimeter Isolation
∑ E (cone = 0.3)/ ET

e

Templates from MC

Binned maximum likelihood fit

Use medium electrons

Scale to expectations 
for tight electrons (4.9 ± 1.0)

Little
statistics

NQCD = 2.0 ± 1.2(stat) ± 0.4 (syst)

{
W →τν: 0.4 events Z →ee small

Other backgrounds
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Background Estimation: Muon Channel
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Figure 4: EmissT versus calorimeter-isolation parameter for electron candidates (a) and track-isolation param-
eter for muon candidates (b) after preselection plus the “tight” requirement for electrons and muon combined
pT > 20 GeV.

pT are shown in Figure 4 and are plotted against the EmissT of the event. The isolation variable will
be used in the electron analysis to make a data-driven estimate of the background contributions to the
W → eν candidates; therefore, no form of isolation is explicitly applied in the electron-channel selection.
An isolation requirement of

�
pIDT /pT < 0.2 is used in the muon analysis given that, after all other

selections are made to identify W candidates, this requirement rejects over 87% of the expected QCD
background while keeping 99% of signal events. All further results shown in this section have passed
the preselection requirements of Section 6, the “tight” requirement for electrons, the muon combined
pT > 20 GeV, and this muon isolation requirement.

Additional kinematic requirements are explored in the last step of the signal selection: the EmissT of
the event and the transverse mass mT of the lepton-EmissT system defined as

mT =
�
2p�Tp

ν
T(1 − cos(φ� − φν)) (5)

where the measured EmissT components in (x, y) provide the neutrino information. All Monte Carlo
one-dimensional distributions shown in this section have been normalised to integrated luminosities of
6.7 nb−1 and 6.4 nb−1, in the electron and muon channels, respectively, using the cross sections as given
in Table 1. In addition, the QCD background contributions have been scaled by factors of 1/2.2 and 1/1.9
in the electron and muon channels, respectively, to account for the over-estimation of the the dijet Monte
Carlo cross section described in Section 6.

Figure 5 shows the EmissT distribution of all electron and muon candidates passing the requirements
listed above. Both distributions indicate that applying a requirement of EmissT > 25 GeV would greatly
enhance the W signal over the expected background. This observation is also evident from the two-
dimensional plot of EmissT versus electron cluster ET and muon combined pT shown in Figure 6. True
W → �ν events in the Monte Carlo are predominantly at high EmissT due to the escaping neutrino in the
event. Although some of the QCD background may also have neutrinos in their final state, these events
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AB

CD

QCD background
Heavy-quark decays, decays in flight 

and hadrons punch-through

Data driven 
estimation:

Assume -- Track isolation and 
missing ET not correlated

Use non-isolated control sample

Scale QCD MC to data

Cross 
check

NQCD = 1.0 ± 0.5 (stat) ± 0.7 (syst)

ND
QCD = NC x NB

 NA 

Scale
MC/data = 1.9NQCD = 0.2 ± 0.1 (stat)

Apply to isolated muon data

Z →μμ: 1.0 events tt : 0.08 events

W →τν: 0.7 events Z →ττ: 0.03 events

1.3±1.2 evts

Apply MT cut 

Other backgrounds

Remove
EW+SGN 
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Summary
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W → eν W →μν

Signal 20.7 ± 1.7 (syst) ± 4.1 (lumi) 25.9 ± 3.6 (syst) ± 5.2 (lumi)

Bkg 2.4 ± 1.2 (stat) ± 0.4 (syst) ± 0.5 (lumi) 2.8 ± 0.5 (stat) ± 0.8 (syst) ± 0.6 (lumi) 

Expected 23.1 ± 1.2 (stat) ± 1.7 (syst) ± 4.6 (lumi) 28.7 ± 0.5 (stat) ± 3.9 (syst) ± 5.7 (lumi)

Observed 17 40

Stat error due to data-driven background estimation

Systematic Uncertainties W →eν W →μν

Lepton Identification 5% 10%

Trigger small 7%

Momentum Resolution --
5%

ET
miss 5%

5%

Theoretical σ + pdf 4% 4%

 e: εtrigger ~ 100%
μ: εtrigger ~ 85% in data

 e: Data/MC comparisons
μ: Cosmic ray data

 e: Choice of ETmiss

μ: Cosmic ray data
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Observation of the Z boson
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Observation of the Z Boson
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Z → ee Z →μμ
Signal 1.6 ± 0.1 (syst) ± 0.3 (lumi) 3.2 ± 0.7 (syst) ± 0.6 (lumi)

Bkg 0.01 (2.1 ± 0.8 (syst) ± 0.4 (lumi)) x 10-4

Observed 1 2

Mass
reconstructed

91.4 GeV 87.6 GeV
80.2 GeV

Selection Z →ee Z →μμ
Looser Lepton Identification Medium electron PT(2) > 15 GeV, |η| < 2.5

Opposite Lepton Charge ✔ ✔

80 GeV < mll < 100 GeV

Executed full analysis

Systematic uncertainties similar to the W analysis but taking 
into account correlations between leptons
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 The First Z Boson in the Electron Channel
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The First Z Boson in the Muon Channel
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Conclusions

W →μν and W →eν have been observed in ATLAS

Individual results are consistent with Standard Model 
expectations

Small excess of events is observed in the muon channel
Data has been scrutinized and so far there is no evidence 
of problems

Z boson events have been observed in both channels

Work well advanced towards cross section measurements

21
We eagerly await the addition of more data

Observed 57 events

Expected 51.8 events

Observed 3 events

Expected 4.8 events
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Backup Slides
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ATLAS Tracking Detectors (ID)

ID Coverage
SCT + Pixels

|η| < 2.5

Pixels: 3 points

SCT: 4 points

TRT

|η| < 2

~ 30 hits/track
Discriminates between electrons and 
pions over energy range between 1 
and 200 GeV using transition 
radiation (TR) in foils and fibres. 

Two thresholds: 

The lower registers minimum-
ionising particles

The higher intended for transition 
radiation (TR) photon 
interactions

23

5  

ATLAS Tracking Detectors 

 4 105 channels 

with e/! separation"

6 106 channels 

0.8 108 channels 

TRT  

Cosmics 

Pixel/SCT cosmic track 

Higgs 

Simulation 

2 T solenoid  

#/pT ~ 3.8x10-4 pT (GeV) $ 0.015 

~ 6m long, 1.1 m radius 

Christophe Clement Physics at LHC,  DESY, June  9th, 2010  !  ATLAS First Physics Results 
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Electron reconstruction
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Coverage:
• LAr electromagnetic calorimeter: 
• Barrel: |η| < 1.475
• Endcap: 1.375 < |η| < 3.2

• Hadronic calorimeter 
•Tile calorimeter: |η| < 1.7
•LAr endcap calorimeter: 1.5 < |η| < 3.2

= Electrons =

Loose:
• EM shower in second 
layer of calorimeter

Medium:
• Include first layer of 
calorimeter
• Cluster-track matching

Tight:
• Includes TRT information
• Includes pixels
• Further removes 
contamination from 
conversion and hadrons
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The Muon Spectrometer
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Transverse Mass for Electron Candidates
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W →eν W →eν
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Transverse Mass for Muon Candidates
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W →μν W →μν
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Isolation variables
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W →eν W →μν
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Properties of the W Boson Candidates

Outliers in muon channel checked for a diverse set of problems
All muons are well isolated and consistent with the W boson hypothesis

Possibility of extra QCD background is not ruled out

All events passed timing tests (in TRT, Calorimeters and MDT) showing 
they are inconsistent with being from cosmic 
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W →eν
W →μν
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Missing Energy Prior to Transverse Mass Cut
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W →eν W →μν
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W →eνCandidate Event
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W →μν Candidate Event with Di-jets

33



W
/Z O

bservation -- Physics at LH
C

 2007 --  Joao G
uim

araes          

34


