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outline

ATLAS Status

Luminosity Delivered

Trigger Commissioning

Performance Measurements

First high PT measurements

For more info look to pLHC talks and        
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/
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ATLAS STATUS
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! A Toroidal LHC ApparatuS: multipurpose detector designed to 

cover all the expected physics channels at the TeV energy scale

! weight ~ 7000 tons

! height 25m 

! length 46m 

! ~108 channels 
(90% in the tracker)

!=-"#$%&#$'()**

67'62

7000 Tons
25 m height
46 m length

0.1 billion channels

Detector Channels % Operational

Pixel 80 M 97.5%

SCT 6.3 M 99.3%

TRT 350 K 98%

Lar EM CAL 170 K 98.5%

Tile Cal 9800 97.3%

HEC 5600 99.9%

Forward LAr 3500 100%

Calo Trigger 7160 99.8%

muon RPC  Trigger 370K 99.7%

muon TGC Trigger 320K 100%

MDT 350 K 99.7%

CSC 31 K 98.5%

RPC 370 K 97.3%

TGC 320 K 98.8%
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Beam Conditions

very stable beam 
conditions within fill

some pileup events 
already!
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Multi-vertex event
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Luminosity 

Will reach 1031 by end 
of year? 1032 by end 
of run

hope for 100 pb-1 by 
end of year? 1 fb-1 by 
end of the run

closing in on 100 nb-1 

soon 

1st W 1st Z 
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Triggers

At startup ran with 
only LVL1 

HLT in pass 
through for most 
chains

Commission 
triggers with data
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Minbias Trigger

16 x 2 counters

used for dn/dη paper

efficiencies from high 
rate random trigger
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ATLAS trigger has 3 levels of increasing selectivity and able to handle 40MHz 

collisions (storing ~ 250Hz). 
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scaled to measure the MBTS efficiency.

BPTX

MBTS

BPTX= electrostatic beam 

pick-up 175m from ATLAS

MBTS= Minimum Bias 

Trigger Scintillator, mounted 

on EC LAr at 3.5m from IP, 

covers BACD$EFED$GAH with 

16+16 counters.

Collision event at 900 GeV. The MBTS 

counters above threshold  are shown 

in yellow. 
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Trigger Menu

At the moment 
relying mostly on 
L1

minbias and lowest 
threshold em trigger 
rejecting events at 
HLT

Object Lowest L1
Threshold

Lowest HLT 
Threshold

Electron/
Photon EM2 e3

Tau Tau 5 tau 12

Muon Mu 4 mu 4

Met XE 10 xe 20

Jet J5 j20

Simplified Menu
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understanding 
Triggers

Turn on curves relative 
to offline reconstruction

Most object triggers 
functioning as expected

Muon timing being 
adjusted
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Performance 
Highlights
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Mapping the 
Detector

Traditionally use conversions 
to map detector

Here - hadronic interactions 
with material used look for 
vertices rejecting Ks, gamma, 
Lambda

General good description

Beam pipe displaced! ~ mm
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Tracking 
comparisons

Excellent description of 
ID, material, beam spot

dn/dη paper at 900 
GeV accepted

7 TeV paper in the 
works
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Charged Particle 
Multiplicity

dn/dη at 7 TeV

average charge particle multiplicity at 
900 GeV and 7 TeV

good agreement with Pythia tune
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Jet Distributions

Jets for pT > 20 
GeV

using antiKt 
algorithm

evaluated at EM 
scale 
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Figure 2: Observed inclusive p jetT (left) and y jet (right) distributions (black dots) for jets with p
jet
T > 30 GeV and

|y jet |< 2.8. Only statistical uncertainties are included and the distributions are normalized. The data are compared
to PYTHIA Monte Carlo predictions (yellow histograms).
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Figure 3: Observed mj j (left) and |#" j j| (right) distributions (black dots) in inclusive dijet events for jets with
p
jet
T > 30 GeV and |y jet | < 2.8. Only statistical uncertainties are included and the distributions are normalized.
The data are compared to PYTHIA Monte Carlo predictions (yellow histograms).

6.2 Jet Shapes and Charged Particle Flow

The distribution of the transverse momentum inside the jet cone and the charged particle flow in the

event are studied with the aim to verify the presence of collimated flows of particles in the final state.

The differential jet shape (see Fig. 4) is defined as the average fraction of the jet transverse momentum

that lies inside an annulus of inner radius r−#r/2 and outer radius r+#r/2 around the jet axis:

%(r) =
1

# r

1

N jet &
jets

pT (r−# r/2,r+# r/2)

pT (0,R)
, 0≤ r ≤ R (1)

where pT denotes the scalar sum of the transverse momentum of the calorimeter clusters in a given

annulus, N jet is the number of jets, and R = 0.6 and #r = 0.1 are used. The observed jet shapes in
the inclusive jet sample are presented in Fig. 5 for jets with p

jet
T > 30 GeV and |y jet | < 2.8 in different
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Figure 2: Observed inclusive p jetT (left) and y jet (right) distributions (black dots) for jets with p
jet
T > 30 GeV and

|y jet |< 2.8. Only statistical uncertainties are included and the distributions are normalized. The data are compared
to PYTHIA Monte Carlo predictions (yellow histograms).
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Figure 3: Observed mj j (left) and |#" j j| (right) distributions (black dots) in inclusive dijet events for jets with
p
jet
T > 30 GeV and |y jet | < 2.8. Only statistical uncertainties are included and the distributions are normalized.
The data are compared to PYTHIA Monte Carlo predictions (yellow histograms).

6.2 Jet Shapes and Charged Particle Flow

The distribution of the transverse momentum inside the jet cone and the charged particle flow in the

event are studied with the aim to verify the presence of collimated flows of particles in the final state.

The differential jet shape (see Fig. 4) is defined as the average fraction of the jet transverse momentum

that lies inside an annulus of inner radius r−#r/2 and outer radius r+#r/2 around the jet axis:
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pT (r−# r/2,r+# r/2)

pT (0,R)
, 0≤ r ≤ R (1)

where pT denotes the scalar sum of the transverse momentum of the calorimeter clusters in a given

annulus, N jet is the number of jets, and R = 0.6 and #r = 0.1 are used. The observed jet shapes in
the inclusive jet sample are presented in Fig. 5 for jets with p

jet
T > 30 GeV and |y jet | < 2.8 in different
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Jets II

Multiplicity in 
good agreement 
with Pythia

Rapidity 
distribution 
reasonably well 
reproduced - small 
deviations under 
investigation
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Jet Shapes

good agreement of 
particle/energy flow 
within jets

slightly narrower jets 
in pythia
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Figure 2: Observed inclusive p jetT (left) and y jet (right) distributions (black dots) for jets with p
jet
T > 30 GeV and

|y jet |< 2.8. Only statistical uncertainties are included and the distributions are normalized. The data are compared
to PYTHIA Monte Carlo predictions (yellow histograms).

  [GeV]
jj

m

0 200 400 600 800 1000

 ]
-1

  
[G

e
V

jj
m

/djj
N

 djj
N

1
/

-6
10

-5
10

-410

-3
10

-210

  [GeV]
jj

m

0 200 400 600 800 1000

 ]
-1

  
[G

e
V

jj
m

/djj
N

 djj
N

1
/

-6
10

-5
10

-410

-3
10

-210

-1 dt=1 nbL!Data   

PYTHIA

ATLAS Preliminary

 = 7 TeVs

 jets R=0.6
t

anti-k

|<2.8
jet

y>30 GeV    |
jet

T
p

 [radians]|
jj
"#|

/2$ /3$2 /6$5 $

]
-1

 [
ra

d
ia

n
s

jj
"

#
/djj

N
 djj

N
1
/

0

1

2

3

-1dt=1 nbL!Data 

PYTHIA

ATLAS Preliminary
=7 TeVs

 jets R=0.6
t

anti-k

|<2.8jety>30 GeV   |
jet

T
p

 [radians]|
jj
"#|

/2$ /3$2 /6$5 $

]
-1

 [
ra

d
ia

n
s

jj
"

#
/djj

N
 djj

N
1
/

0

1

2

3

Figure 3: Observed mj j (left) and |#" j j| (right) distributions (black dots) in inclusive dijet events for jets with
p
jet
T > 30 GeV and |y jet | < 2.8. Only statistical uncertainties are included and the distributions are normalized.
The data are compared to PYTHIA Monte Carlo predictions (yellow histograms).

6.2 Jet Shapes and Charged Particle Flow

The distribution of the transverse momentum inside the jet cone and the charged particle flow in the

event are studied with the aim to verify the presence of collimated flows of particles in the final state.

The differential jet shape (see Fig. 4) is defined as the average fraction of the jet transverse momentum

that lies inside an annulus of inner radius r−#r/2 and outer radius r+#r/2 around the jet axis:

%(r) =
1

# r

1

N jet &
jets

pT (r−# r/2,r+# r/2)

pT (0,R)
, 0≤ r ≤ R (1)

where pT denotes the scalar sum of the transverse momentum of the calorimeter clusters in a given

annulus, N jet is the number of jets, and R = 0.6 and #r = 0.1 are used. The observed jet shapes in
the inclusive jet sample are presented in Fig. 5 for jets with p

jet
T > 30 GeV and |y jet | < 2.8 in different
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Muon Performance

J/ψ➝µµ observed

good description of 
inclusive muon 
spectra

Muon combined performance

“LHC and Beyond“ - 08.06.2010 - Heidi Sandaker 21

• Muon reconstruction working well either in 
standalone mode or in combination with Inner 
Detector tracks

• Correspond well with simulated values

• Di-muon invariant mass distribution of 49 signal 
events (28 background)

- Invariant mass: 3.06 ± 0.02 GeV
       ( PDG: 3096.916 ± 0.011 MeV)

- Resolution 0.08 ± 0.02 GeV

Di-muon invariant mass 
distribution for 320!b-1 at 7 TeV

Energy (mu) > 3 GeV

At least one muon 
combined with trackerm(J/!)

Sunday, May 30, 2010

Sunday, July 11, 2010



Electron/Photon 
performance

Excellent description 
of data

On the way to in-situ 
calibration with SM 
resonances

11 µb-1 of data 

Sunday, July 11, 2010



Observation of W 
and Z candidates  

Preselection 

Electron/Muon

MET

Background Estimation

Candidates and Properties

Luminosity
nb-1 electron muon

W 6.7 6.4

Z 6.7 7.9

Sunday, July 11, 2010



Electron

At least one Loose Electron

Cluster-ET > 20 GeV

|!| < 2.47

Excluding region

1.37 < |!| < 1.52
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.

 [GeV]
T

p

0 10 20 30 40 50 60 70 80 90 100

E
n

tr
ie

s
 /

 5
 G

e
V

1

10

210

3
10

 [GeV]
T

p

0 10 20 30 40 50 60 70 80 90 100

E
n

tr
ie

s
 /

 5
 G

e
V

1

10

210

3
10

ATLAS Preliminary

-1
 L = 6.36 nb!

 = 7 TeV)sData 2010 (

"µ #W 

QCD

"$ #W 

µµ #Z 

(a)

!

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

E
n

tr
ie

s
 /

 0
.2

3

0

10

20

30

40

50

60

70

80

!

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

E
n

tr
ie

s
 /

 0
.2

3

0

10

20

30

40

50

60

70

80
ATLAS Preliminary

-1
 L = 6.36 nb"

 = 7 TeV)sData 2010 (

#µ $W 

QCD

#% $W 

µµ $Z 

(b)

!

-3 -2 -1 0 1 2 3

E
n

tr
ie

s
 /

 0
.3

1

0

10

20

30

40

50

60

70

80

!

-3 -2 -1 0 1 2 3

E
n

tr
ie

s
 /

 0
.3

1

0

10

20

30

40

50

60

70

80
ATLAS Preliminary

-1
 L = 6.36 nb"

 = 7 TeV)sData 2010 (

#µ $W 

QCD

#% $W 

µµ $Z 

(c)

Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299

Good agreement with MC shapes

• MC cross section higher by ~2.2

• Normalized to total data events

At least one Loose Electron

Cluster-ET > 20 GeV

|!| < 2.47

Excluding region

1.37 < |!| < 1.52
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299

June 3, 2010 – 15 : 22 DRAFT 8

 [GeV] TE

0 10 20 30 40 50 60 70 80 90 100

E
n
tr

ie
s
 /
 5

 G
e
V

 

-110

1

10

210

3
10

410
PreliminaryATLAS  

 
-1

 L = 6.69 nb!

 = 7 TeV )sData 2010 ( 

" e#W 

Conversions

Hadrons

b/c

"$ #W 

0 10 20 30 40 50 60 70 80 90 100

-110

1

10

210

3
10

410

0 10 20 30 40 50 60 70 80 90 100

-110

1

10

210

3
10

410

0 10 20 30 40 50 60 70 80 90 100

-110

1

10

210

3
10

410

(a)

!

-2 -1 0 1 2

E
n
tr

ie
s
 /
 0

.1

0

20

40

60

80

100

120

140

= 7 TeV)sData 2010 (

"e#W

QCD 

"$#W

ATLAS  
-1

 L= 6.69 nb%Preliminary   

(b)

!

-3 -2 -1 0 1 2 3

E
n
tr

ie
s
 /
 0

.3
2

0

50

100

150

200

250

= 7 TeV)sData 2010 (

 "e#W

QCD

"$#W

ATLAS  
-1

 L=6.69 nb%Preliminary   
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299

Good agreement with MC shapes

• MC cross section higher by ~1.9
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299
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Figure 1: Cluster ET (a), as well as η (b) and φ (c) (measured in the second layer of the electromagnetic calorime-
ter) of electron candidates after preselection for data and Monte Carlo candidates broken down into the various

signal and background components. The total number of Monte Carlo candidates is normalised to the number of

observed data candidates. In Figure 1(a), the total QCD background is broken down into its constituents: hadrons

misidentified as electrons, electrons from conversions, and electrons from semi-leptonic decays of heavy quarks.

 [GeV]
T

p

0 10 20 30 40 50 60 70 80 90 100

E
n
tr

ie
s
 /
 5

 G
e
V

1

10

210

3
10

 [GeV]
T

p

0 10 20 30 40 50 60 70 80 90 100

E
n
tr

ie
s
 /
 5

 G
e
V

1

10

210

3
10

ATLAS Preliminary

-1
 L = 6.36 nb!

 = 7 TeV)sData 2010 (

"µ #W 

QCD

"$ #W 

µµ #Z 

(a)

!

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
E

n
tr

ie
s
 /
 0

.2
3

0

10

20

30

40

50

60

70

80

!

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
E

n
tr

ie
s
 /
 0

.2
3

0

10

20

30

40

50

60

70

80
ATLAS Preliminary

-1
 L = 6.36 nb"

 = 7 TeV)sData 2010 (

#µ $W 

QCD

#% $W 

µµ $Z 

(b)

!

-3 -2 -1 0 1 2 3

E
n
tr

ie
s
 /
 0

.3
1

0

10

20

30

40

50

60

70

80

!

-3 -2 -1 0 1 2 3

E
n
tr

ie
s
 /
 0

.3
1

0

10

20

30

40

50

60

70

80
ATLAS Preliminary

-1
 L = 6.36 nb"

 = 7 TeV)sData 2010 (

#µ $W 

QCD

#% $W 

µµ $Z 

(c)

Figure 2: Combined pT (a), η (b), and φ (c) of muon candidates after preselection for data and Monte Carlo
candidates broken down into the various signal and background components. The total number of Monte Carlo

candidates is normalised to the number of observed data candidates.

bars only, corresponding to 68.3% confidence intervals. These distributions show reasonable agreement292

in shape between data and Monte Carlo events. More details on the properties of inclusive muons are293

given in Ref. [24].294

Figure 3 shows their transverse missing energy normalised in the same fashion as for Figures 1 and295

2. Within the limited statistics afforded by the muon analysis, the Emiss
T

distribution from the data is well296

reproduced by the Monte Carlo, and an excess of events around the expected signal peak region com-297

pared to the background is already visible at this stage of the selection (and is the reason for the different298

histogramme-stacking order between the electron and the muon channel). The higher-statistics compari-299

Good agreement with MC shapes

• MC cross section higher by ~1.9

• Normalized to total data events
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Isolation in cone of    
ΔR =0.3 from MC 
templates for signal and 
background

Fit in both background 
and signal dominated 
region for fraction of 
dijets/W

shows the electron cluster ET and muon combined pT of the lepton candidates while Figure 11 shows

the pT spectrum of theW → !ν candidates. Both channels demonstrate a clearW signal over an almost

negligible background. No attempt is made in this analysis to specifically identify and remove Z bosons

from the W channel.

A few outlier events, with respect to the expected signal region, are observed in the muon channel

and correspond to the events with large W boson transverse momentum in Figure 11. These candidates

have been inspected in detail and are consistent with the presence of a W boson with a well isolated

muon. Different missing energy calibrations and muon-momentum measurements have been attempted

and no evident pathologies have been found.

8 Signal and background expectations for theW → !ν candidates
The Monte Carlo samples discussed in Section 3 are used to provide an expectation for signal events

and, in some cases for the background events. These results are summarised in Table 4. A total of

20.7 events are predicted to come from the W → eν process and 25.9 events from the W → µν process,
with negligible statistical uncertainties. The difference between these two expectations stems primarily

from the lower reconstruction efficiency of “tight” electrons compared to that of combined muons.

For the electron channel, the contribution from theW → τν process is expected to be small (0.4 events).
Instead, a predominantly QCD background is expected (based on the dijet Monte Carlo, the expectation

is evenly divided between heavy-quark decays, conversions, and hadrons faking electrons). Z bosons

decaying to electrons are expected to contribute at the 10% level of the QCD background. A partially

data-driven estimate of the QCD background to the observedW candidate events is made. The calorime-

ter isolation in a cone of ∆R = 0.3 divided by the electron ET (as described in Section 7) is used as a

discriminating variable in a binned maximum likelihood fit which uses Poisson statistics as described in

Ref. [25]. This technique uses the prediction for the shape of the signal and the QCD background for

this variable in the form of histogram templates taken from Monte Carlo samples. The distribution of

this variable after the preselection is shown in Figure 12(a).

Due to the limited statistics and the very few background events, the fit cannot be performed after the

final selection. Therefore only the “medium” instead of the “tight” electron identification requirement

as described in Section 4.1 is applied, while the requirements on Emiss
T

and mT are kept. Also for this

reason, the signal and background templates are obtained from PYTHIA Monte Carlo samples. The fit

result is shown in Fig. 12(b) and provides a background estimate of NQCD, medium = 9.8 ± 5.7 events,
where the uncertainty contains the statistical uncertainty of the data and of the templates. The number

of QCD background events after the final selection is estimated by scaling this number with the jet

rejection factor for the “tight” requirement, with respect to the “medium” requirement extracted from

the data for Emiss
T
< 20 GeV. This number is found to be 4.9 ± 1.0, thus giving a total QCD background

of NQCD, tight = 2.0 ± 1.2(stat). The total background in the W channel is estimated to be this QCD

contribution plus that coming from theW → τν process (0.4 events).
Different sources of systematic uncertainties were investigated. The QCD PYTHIA template was

replaced by one obtained from the HERWIG [26] Monte Carlo. In addition, instead of dropping the

“tight” requirement, the fit was performed on a sample where the “tight” requirement was applied but

the Emiss
T

and mT requirements were dropped. Finally, the number of bins used in the fit was varied in

a large range. The observed variations are all small compared to the uncertainty of the fit which is to a

large extent statistical. Therefore, the number of QCD background events as estimated by this template

method is NQCD = 2.0 ± 1.2(stat) ± 0.4(syst). The predicted number of QCD background events based
on the dijet Monte Carlo given in Table 1 scaled by the factor of 1/2.2 (as described in Section 6) is

0.8 events and so is in good agreement with this measurement.

An alternative estimate of the QCD background has been derived with the following data-driven

15
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Figure 4: Emiss
T

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 Emiss
T

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

∑
pID
T
/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 Emiss

T
of

the event and the transverse mass mT of the lepton-E
miss
T

system defined as

mT =

√
2p"

T
pν
T
(1 − cos(φ" − φν)) (5)

where the measured Emiss
T

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 Emiss
T

distribution of all electron and muon candidates passing the requirements

listed above. Both distributions indicate that applying a requirement of Emiss
T
> 25 GeV would greatly

enhance the W signal over the expected background. This observation is also evident from the two-

dimensional plot of Emiss
T

versus electron cluster ET and muon combined pT shown in Figure 6. True

W → "ν events in the Monte Carlo are predominantly at high Emiss
T

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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Figure 12: (a) Calorimeter isolation/ET (as described in Section 7) after preselection. The total number of Monte
Carlo candidates is normalised to the number of observed data candidates. (b) Result of the template fit where

the event selection contains all requirements but that of the “tight” electron (these are “medium” electrons). The

Monte Carlo distributions are scaled to the result of the fit.

method. The ratio between the number of electrons passing the “tight” selection and the number of

electrons passing the “loose” but failing the “medium” selection (as described in Section 4.1) is measured

in data for events with Emiss
T
< 10 GeV. The estimated number of QCD events after the signal selection is

then obtained as the number of observed events with one “loose” electron failing “medium” requirements,

which pass the signal selection requirements on Emiss
T

and transverse mass. Several sources of systematic

uncertainties have been considered such as the limited statistics of the Monte Carlo samples, the expected

contamination ofW and Z events in the control regions, and the stability of the accuracy of the estimate

varying each individual component (hadron, conversion, and heavy flavour) in the Monte Carlo sample

by a factor of two. The size of QCD background in the signal candidates selection is estimated to be

1.2 ± 0.5 events and is in agreement with the result of the template method quoted above.
For the muon channel, the total background estimate is 2.8 events, primarily coming from multijets

and Z → µµ decays (36% each of all the background). Other sources of backgrounds are 24% from

W → τν decays, 3% from top production and 1% from Z → ττ decays. Given the high uncertainty
in the Monte Carlo dijet cross section, this source of background has been also measured in data using

the distribution of missing energy versus isolation prior to the transverse mass requirement, as described

below. The isolation distribution for preselected events is shown in Figure 13.

The primary assumption of this method to extract the multijet component of the total background

is that the Emiss
T

and the lepton isolation are uncorrelated. The Emiss
T

versus track-isolation plane is

divided into four separate regions defined by the same Emiss
T

and isolation requirements as for the W

selection (Figure 4(b)). The background contribution to theW signal region is obtained from a similarity

relationship between the contents in the four regions of the Emiss
T
-isolation space. The calculation is

corrected for the contributions from the signal and the electroweak backgrounds described above.

This method yields a jet background estimate of 1.3 ± 1.2 events if no mT requirement is imposed

or 1.0 ± 0.5(stat) ± 0.7(syst) events if mT>40 GeV. The systematic uncertainty in this method is due to

16
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W→μν Event

Muon: 3 Pixel hits, 8 SCT hits, 17 TRT hits, 14 MDT hits, Z~0.1 mm from vertex, 
ID-MS matching within 1 GeV, ET

miss (calorimeter only) ~  3 GeV
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Figure 8: mT of the electron-Emiss
T

system without (a) and with (b) a requirement of Emiss
T
> 25 GeV. In Figure 8(a),

the total QCD background is broken down into its constituents: hadrons misidentified as electrons, electrons from

conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 9: mT of the muon-Emiss
T

system without (a) and with (b) a requirement of Emiss
T
> 25 GeV.

combined pT > 20 GeV and muon isolation requirements, EmissT
> 25 GeV and mT > 40 GeV. Figure 10351

shows the electron cluster ET and muon combined pT of the lepton candidates while Figure 11 shows352

the pT spectrum of theW → !ν candidates. Both channels demonstrate a clearW signal over an almost353
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Figure 5: Emiss
T

of selected electron (a) and muon (b) candidates.

 [GeV]TE

20 30 40 50 60 70 80 90 100

 [
G

e
V

]
m

is
s

T
E

0

10

20

30

40

50

60

70

80

90

100

=7TeV)sData 2010 (

! e "W 

! # "QCD + W 

Preliminary  ATLAS

 
-1

 L = 6.69 nb$

(a)

 [GeV]
T

p

20 30 40 50 60 70 80 90 100

 [
G

e
V

]
m

is
s

T
E

0

10

20

30

40

50

60

70

80

90

100

 [GeV]
T

p

20 30 40 50 60 70 80 90 100

 [
G

e
V

]
m

is
s

T
E

0

10

20

30

40

50

60

70

80

90

100

 = 7 TeV)sData 2010 (

!µ "W 

Backgrounds

-1
 L = 6.36 nb#Preliminary  ATLAS

(b)

Figure 6: Emiss
T

versus the electron cluster ET (a) and the muon combined pT (b). For the purpose of this figure,

the requirement of the muon combined pT is lowered to 15 GeV.

demonstrated in Figure 7 which shows a two-dimensional plot of the Emiss
T
-mT plane. Figures 8 and 9342

show projections of Figure 7 where the mT of the event is shown without and with a requirement of343

Emiss
T
> 25 GeV.344

Tables 2 and 3 summarise the number ofW → !ν candidates remaining after each major requirement345

pT > 20 GeV

Track based muon isolation

! pT (cone = 0.4)/ pT
" < 0.2

ET
miss > 25 GeV

MT > 40 GeV

12

MC background normalized 

to data measurement
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Figure 7: Emiss
T

versus mT of the lepton-Emiss
T

system for electrons (a) and muons (b).

Requirement Number of

candidates

Triggered (Section 5) 1.2 × 107
Preselection (Section 6) 2.2 × 103
Tight electron (Section 4.1) 77

Emiss
T
> 25 GeV 17

mT > 40 GeV 17

Table 2: Number ofW → eν candidates remaining after each major requirement is applied.

Requirement Number of

candidates

Triggered (Section 5) 2.8 × 105
Preselection (Section 6) 534

pT > 20 GeV 166
∑
pID
T
/pT < 0.2 76

Emiss
T
> 25 GeV 42

mT > 40 GeV 40

Table 3: Number ofW → µν candidates remaining after each major requirement is applied.

in the respective analyses described in this note. A total of 17 candidates (11 e+ and 6 e−) pass all346

requirements in the electron channel and 40 candidates (25 µ+ and 15 µ−) in the muon channel in the mT347

region above 40 GeV.348

The properties of the final W → "ν candidates are presented here. For the final selection, leptonic349

channels use the preselection requirements of Section 6, the “tight” requirement for electrons, the muon350
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Figure 8: mT of the electron-Emiss
T

system without (a) and with (b) a requirement of Emiss
T
> 25 GeV. In Figure 8(a),

the total QCD background is broken down into its constituents: hadrons misidentified as electrons, electrons from

conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 9: mT of the muon-Emiss
T

system without (a) and with (b) a requirement of Emiss
T
> 25 GeV.

combined pT > 20 GeV and muon isolation requirements, EmissT
> 25 GeV and mT > 40 GeV. Figure 10351

shows the electron cluster ET and muon combined pT of the lepton candidates while Figure 11 shows352

the pT spectrum of theW → !ν candidates. Both channels demonstrate a clearW signal over an almost353
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Figure 5: Emiss
T

of selected electron (a) and muon (b) candidates.
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Figure 6: Emiss
T

versus the electron cluster ET (a) and the muon combined pT (b). For the purpose of this figure,

the requirement of the muon combined pT is lowered to 15 GeV.

demonstrated in Figure 7 which shows a two-dimensional plot of the Emiss
T
-mT plane. Figures 8 and 9342

show projections of Figure 7 where the mT of the event is shown without and with a requirement of343

Emiss
T
> 25 GeV.344

Tables 2 and 3 summarise the number ofW → !ν candidates remaining after each major requirement345

pT > 20 GeV

Track based muon isolation

! pT (cone = 0.4)/ pT
" < 0.2

ET
miss > 25 GeV

MT > 40 GeV

12

MC background normalized 

to data measurement
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Figure 7: Emiss
T

versus mT of the lepton-Emiss
T

system for electrons (a) and muons (b).

Requirement Number of

candidates

Triggered (Section 5) 1.2 × 107
Preselection (Section 6) 2.2 × 103
Tight electron (Section 4.1) 77

Emiss
T
> 25 GeV 17

mT > 40 GeV 17

Table 2: Number ofW → eν candidates remaining after each major requirement is applied.

Requirement Number of

candidates

Triggered (Section 5) 2.8 × 105
Preselection (Section 6) 534

pT > 20 GeV 166
∑
pID
T
/pT < 0.2 76

Emiss
T
> 25 GeV 42

mT > 40 GeV 40

Table 3: Number ofW → µν candidates remaining after each major requirement is applied.

in the respective analyses described in this note. A total of 17 candidates (11 e+ and 6 e−) pass all346

requirements in the electron channel and 40 candidates (25 µ+ and 15 µ−) in the muon channel in the mT347

region above 40 GeV.348

The properties of the final W → "ν candidates are presented here. For the final selection, leptonic349

channels use the preselection requirements of Section 6, the “tight” requirement for electrons, the muon350

Muons
Require tight electrons

ET
miss > 25 GeV

MT > 40 GeV
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Figure 5: Emiss
T

of selected electron (a) and muon (b) candidates.
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Figure 6: Emiss
T

versus the electron cluster ET (a) and the muon combined pT (b). For the purpose of this figure,

the requirement of the muon combined pT is lowered to 15 GeV.

demonstrated in Figure 7 which shows a two-dimensional plot of the Emiss
T
-mT plane. Figures 8 and 9342

show projections of Figure 7 where the mT of the event is shown without and with a requirement of343

Emiss
T
> 25 GeV.344

Tables 2 and 3 summarise the number ofW → !ν candidates remaining after each major requirement345
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Figure 8: mT of the electron-Emiss
T

system without (a) and with (b) a requirement of Emiss
T
> 25 GeV. In Figure 8(a),

the total QCD background is broken down into its constituents: hadrons misidentified as electrons, electrons from

conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 9: mT of the muon-Emiss
T

system without (a) and with (b) a requirement of Emiss
T
> 25 GeV.

combined pT > 20 GeV and muon isolation requirements, EmissT
> 25 GeV and mT > 40 GeV. Figure 10351

shows the electron cluster ET and muon combined pT of the lepton candidates while Figure 11 shows352

the pT spectrum of theW → !ν candidates. Both channels demonstrate a clearW signal over an almost353
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Figure 7: Emiss
T

versus mT of the lepton-Emiss
T

system for electrons (a) and muons (b).

Requirement Number of

candidates

Triggered (Section 5) 1.2 × 107
Preselection (Section 6) 2.2 × 103
Tight electron (Section 4.1) 77

Emiss
T
> 25 GeV 17

mT > 40 GeV 17

Table 2: Number ofW → eν candidates remaining after each major requirement is applied.

Requirement Number of

candidates

Triggered (Section 5) 2.8 × 105
Preselection (Section 6) 534

pT > 20 GeV 166
∑
pID
T
/pT < 0.2 76

Emiss
T
> 25 GeV 42

mT > 40 GeV 40

Table 3: Number ofW → µν candidates remaining after each major requirement is applied.

in the respective analyses described in this note. A total of 17 candidates (11 e+ and 6 e−) pass all346

requirements in the electron channel and 40 candidates (25 µ+ and 15 µ−) in the muon channel in the mT347

region above 40 GeV.348

The properties of the final W → "ν candidates are presented here. For the final selection, leptonic349

channels use the preselection requirements of Section 6, the “tight” requirement for electrons, the muon350

MC background normalized 

to data measurement

Require tight electrons

ET
miss > 25 GeV

MT > 40 GeV
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Figure 5: Emiss
T

of selected electron (a) and muon (b) candidates.
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Figure 6: Emiss
T

versus the electron cluster ET (a) and the muon combined pT (b). For the purpose of this figure,

the requirement of the muon combined pT is lowered to 15 GeV.

demonstrated in Figure 7 which shows a two-dimensional plot of the Emiss
T
-mT plane. Figures 8 and 9342

show projections of Figure 7 where the mT of the event is shown without and with a requirement of343

Emiss
T
> 25 GeV.344

Tables 2 and 3 summarise the number ofW → !ν candidates remaining after each major requirement345
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Figure 8: mT of the electron-Emiss
T

system without (a) and with (b) a requirement of Emiss
T
> 25 GeV. In Figure 8(a),

the total QCD background is broken down into its constituents: hadrons misidentified as electrons, electrons from

conversions, and electrons from semi-leptonic decays of heavy quarks.
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Figure 9: mT of the muon-Emiss
T

system without (a) and with (b) a requirement of Emiss
T
> 25 GeV.

combined pT > 20 GeV and muon isolation requirements, EmissT
> 25 GeV and mT > 40 GeV. Figure 10351

shows the electron cluster ET and muon combined pT of the lepton candidates while Figure 11 shows352

the pT spectrum of theW → !ν candidates. Both channels demonstrate a clearW signal over an almost353
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Figure 7: Emiss
T

versus mT of the lepton-Emiss
T

system for electrons (a) and muons (b).

Requirement Number of

candidates

Triggered (Section 5) 1.2 × 107
Preselection (Section 6) 2.2 × 103
Tight electron (Section 4.1) 77

Emiss
T
> 25 GeV 17

mT > 40 GeV 17

Table 2: Number ofW → eν candidates remaining after each major requirement is applied.

Requirement Number of

candidates

Triggered (Section 5) 2.8 × 105
Preselection (Section 6) 534

pT > 20 GeV 166
∑
pID
T
/pT < 0.2 76

Emiss
T
> 25 GeV 42

mT > 40 GeV 40

Table 3: Number ofW → µν candidates remaining after each major requirement is applied.

in the respective analyses described in this note. A total of 17 candidates (11 e+ and 6 e−) pass all346

requirements in the electron channel and 40 candidates (25 µ+ and 15 µ−) in the muon channel in the mT347

region above 40 GeV.348

The properties of the final W → "ν candidates are presented here. For the final selection, leptonic349

channels use the preselection requirements of Section 6, the “tight” requirement for electrons, the muon350

MC background normalized 

to data measurement

Electrons

Missing ET > 20 GeV
Transverse Mass > 40 GeV

Observe
17 Electron Events

40 Muon Events

Tighter electron selection
Isolated Muon
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W Expectations

Electrons Muons

Signal 20.7±1.7(syst)±4.5(lumi) 25.9±3.6(syst)±5.2 (lumi)

Background
2.0 ±1.2(stat)±0.4(syst)±0.2 

(lumi)
2.8±0.5 (stat)±0.8(syst)±0.6 

(lumi)

Total Expected
22.7±1.2(stat)±1.7(syst)

±4.5(lumi)
28.7±0.5(stat)±3.9 (syst)±5.7 

(lumi)

Observed 17 40

Sunday, July 11, 2010



Properties of W 
Candidates

Transverse momentum of the W boson

Small excess of high-pT W bosons in muon channel

8 events with jets

W+ jets events

QCD background
15
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Figure 10: Electron cluster ET (a) and muon combined pT (b) of the W candidates after final selection.

Emiss
T
> 25 GeV and mT > 40 GeV are required in both channels.
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Figure 11: pT of the W candidates in the electron-channel (a) and muon-channel (b) after final

selection.Emiss
T
> 25 GeV and mT > 40 GeV are required in both channels.

negligible background. No attempt is made in this analysis to specifically identify and remove Z bosons354

from the W channel.355

A few outlier events, with respect to the expected signal region, are observed in the muon channel and356
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Figure 10: Electron cluster ET (a) and muon combined pT (b) of the W candidates after final selection.

Emiss
T
> 25 GeV and mT > 40 GeV are required in both channels.
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Figure 11: pT of the W candidates in the electron-channel (a) and muon-channel (b) after final

selection.Emiss
T
> 25 GeV and mT > 40 GeV are required in both channels.

negligible background. No attempt is made in this analysis to specifically identify and remove Z bosons354

from the W channel.355

A few outlier events, with respect to the expected signal region, are observed in the muon channel and356
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Z Summary

electron muon

expected signal 1.6±0.1(syst)±0.3(lumi) 3.2±0.7(syst)±0.6(lumi)

expected background 0.01 (2.1±0.8(syst)±0.4 
(lumi))x10-4

observed 1 2

in 80-100 
GeV window
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Summary
ATLAS detector functioning well

Excellent performance and turn around time 
on analysis

Standard Model particles being rediscovered

Era of High Pt physics has started

Luminosity expected to increase by orders of 
magnitude so stay tuned!

Expect many new results for ICHEP
Sunday, July 11, 2010


