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W production at the Tevatron
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[1] C. Balazs, C. P.  Yuan, Phys. Rev. D 56, 5558-5583 (1997).
[2] P. M. Nadolsky et al., Phys. Rev. D 78. 013004 (2008) Rapidity
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anti-proton proton 

• In proton-antiproton collisions, W production is mostly valence u and d quark annihilation.

• On average, u quarks carry more of the proton(anti-proton) momentum, than d quarks.

• Results in a production asymmetry, A(yw).

• W+(W-) are boosted along the proton(anti-proton) direction.

• The W rapidity (yw) cannot be measured directly, due to the unknown pz of the ν.

A(yw)=
dσ(W+)/dyw - dσ(W-)/dyw

dσ(W+)/dyw + dσ(W-)/dyw

W rapidity
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anti-proton proton 

• In proton-antiproton collisions, W production is mostly valence u and d quark annihilation.

• On average, u quarks carry more of the proton(anti-proton) momentum, than d quarks.

• Results in a production asymmetry, A(yw).

• W+(W-) are boosted along the proton(anti-proton) direction.

• The W rapidity (yw) cannot be measured directly, due to the unknown pz of the ν.

• Measure instead the muon charge asymmetry,  A(η), which folds in the V-A decay asymmetry.

A(η)=
dσ(W+)/dη - dσ(W-)/dη 
dσ(W+)/dη + dσ(W-)/dη 

Muon pseudorapidity
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Motivations and earlier measurements

• This measurement constrains the u and d quark PDFs,

• Leading to increased precision on cross section predictions.

• E.g. predictions for Higgs and NP production, and many of their backgrounds.

• W mass measurement (current σPDF ~ 13 MeV[1]).

• Previous lepton asymmetry measurements.

• Muon channel from DØ with 300 pb-1 [2].

• Electron channel from DØ with 750 pb-1 [3].

• Alternative W asymmetry measurement.

• CDF  W→eν asymmetry using 1.0 fb-1 [4]. 

[1] DØ Collaboration, V. M. Abazov et al., Phys. Rev. Lett. 103 141801 (2009).
[2] DØ Collaboration, V. M. Abazov et al., Phys. Rev. Lett 101 211801 (2008).
[3] DØ Collaboration, V. M. Abazov et al., Phys. Rev. D 77 011106 (2008).
[4] CDF Collaboration, T.  Aaltonen et al., Phys. Rev. Lett. 102, 181801 (2009).

This analysis
(4.9 fb-1)
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The DØ detector

[1] The DØ Collaboration, V. M. Abazov et al., Nucl. Instr. Meth. A 565 463-537 (2006).

Muon system
Wire chambers and trigger                
scintillators cover up to |ηdet| < 2.
1.8 T toroidal magnet for 
momentum measurement.

Calorimeter
Liquid Argon and uranium, with 
excellent energy resolution, and 
angular coverage.

Central tracker
Inner silicon tracker covers the 
region |η|<3, and scintillating wire 
tracker covers |η| < 2. Both are 
inside a 2T solenoidal field, whose 
polarity is regularly flipped.
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Event selection

• Select a high statistics background free sample of  W→μν events.

• Events are required to have fired a single muon trigger and

• contain one isolated muon* with pT > 20 GeV,

• event missing transverse energy, ET > 20 GeV,

• transverse mass, MT > 40 GeV.

• 1.7 M events after selection.

*Events with a second back-to-back muon are vetoed, in order to control 
backgrounds from Z/Υ*→μμ events. 
Muons are isolated in the calorimeter and tracker to reject muons from 
heavy flavour jet decays, and are required to be in coincidence with the 
bunch crossing to reduce contamination from cosmic ray muons.

MT =
�

2pµ
T pν

T (1− cos(∆φ))
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Signal + background simulation

• The measured muon charge asymmetry must be corrected for 

• backgrounds, and detector resolution and acceptance.

• Signal and electroweak backgrounds are simulated by Monte Carlo event generators.

• Events are generated using PYTHIA, and passed through a GEANT based detector 
simulation, and scaled to higher order predictions.

• The simulation is corrected for trigger efficiency and differences compared to data in 
various offline efficiencies, and central tracker momentum resolution.

• Multijet backgrounds are estimated from data.
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Figure 8: Distributions of W transverse mass, pT and E/T of data (black), multijet background
(red), electroweak backgrounds from Monte Carlo: W → τν (green), Z → µµ (cyan), Z → ττ
(pink) for Run IIa (left) and Run IIb (right). The blue line is the sum of MC W → µν, QCD
and electroweak backgrounds.
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(red), electroweak backgrounds from Monte Carlo: W → τν (green), Z → µµ (cyan), Z → ττ
(pink) for Run IIa (left) and Run IIb (right). The blue line is the sum of MC W → µν, QCD
and electroweak backgrounds.

23

TM
0 20 40 60 80 100 120 140 160

En
tr

ie
s/

(2
.0

 )

5000

10000

15000

20000

25000

30000

 > 20 GeV
T

DØ Run IIa, p
data_trMass

Entries  594283
Mean     69.1
RMS     15.76

Data

MC Signal + QCD

!"#MC W

µµ#MC Z

""#MC Z

QCD background

 > 20 GeV
T

DØ Run IIa, p

(a) Transverse mass distribution, Run IIa

TM
0 20 40 60 80 100 120 140 160

En
tr

ie
s/

(2
.0

 )

10000

20000

30000

40000

50000

60000

70000

80000

90000

 > 20 GeV
T

DØ Run IIb, p
data_trMass

Entries  1709405
Mean     69.6
RMS     15.48

Data

MC Signal + QCD

!"#MC W

µµ#MC Z

""#MC Z

QCD background

 > 20 GeV
T

DØ Run IIb, p

(b) Transverse mass distribution, Run IIb

T
p

0 20 40 60 80 100

En
tr

ie
s/

(2
.0

 )

10000

20000

30000

40000

50000

60000
 > 20 GeV

T
DØ Run IIa, p

data_pt
Entries  594283
Mean    35.36
RMS     9.625

Data

MC Signal + QCD

!"#MC W

µµ#MC Z

""#MC Z

QCD background

 > 20 GeV
T

DØ Run IIa, p

(c) Muon momentum distribution, Run IIa

T
p

0 20 40 60 80 100

En
tr

ie
s/

(2
.0

 )

20

40

60

80

100

120

140

160

310$
 > 20 GeV

T
DØ Run IIb, p

data_pt
Entries  1709405
Mean    35.43
RMS     9.474

Data

MC Signal + QCD

!"#MC W

µµ#MC Z

""#MC Z

QCD background

 > 20 GeV
T

DØ Run IIb, p

(d) Muon momentum distribution, Run IIb

TE
0 20 40 60 80 100

En
tr

ie
s/

(2
.0

 )

10000

20000

30000

40000

50000

 > 20 GeV
T

DØ Run IIa, p
data_met

Entries  594283
Mean    35.13
RMS     9.285

Data

MC Signal + QCD

!"#MC W

µµ#MC Z

""#MC Z

QCD background

 > 20 GeV
T

DØ Run IIa, p

(e) Transverse missing energy, Run IIa

TE
0 20 40 60 80 100

En
tr

ie
s/

(2
.0

 )

20

40

60

80

100

120

140

310$
 > 20 GeV

T
DØ Run IIb, p

data_met
Entries  1709405
Mean     35.9
RMS     9.707

Data

MC Signal + QCD

!"#MC W

µµ#MC Z

""#MC Z

QCD background

 > 20 GeV
T

DØ Run IIb, p

(f) Transverse missing energy, Run IIb

Figure 8: Distributions of W transverse mass, pT and E/T of data (black), multijet background
(red), electroweak backgrounds from Monte Carlo: W → τν (green), Z → µµ (cyan), Z → ττ
(pink) for Run IIa (left) and Run IIb (right). The blue line is the sum of MC W → µν, QCD
and electroweak backgrounds.

23

DØ Preliminary
Run IIb, pT > 20 GeV

En
tr

ie
s 

(x
10

4 )

7Tuesday, 16 February 2010



Systematic uncertainties

• In such a charge asymmetry measurement, we benefit from the cancelation of many 
systematic uncertainties.

• E.g. luminosity and absolute efficiencies, since this is a ratio measurement.

• Nevertheless, the dominant sources of systematic uncertainty are

• the modelling of electroweak, and multijet backgrounds,

• and parameterisation of the detector corrections.

• Apart from the highest ημ bins, σstat ≈ σsyst.
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Results
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• The data are compared to an NLO prediction from ResBos[1], with QED radiative 
corrections from PHOTOS[2], and CTEQ 6.6 PDFs[3].

• Assuming A(η) = -A(-η), we can “CP fold” the asymmetry to increase statistics.

[1] C. Balazs, C. P.  Yuan, Phys. Rev. D 56, 5558-5583 (1997).
[2] E. Barberio, Z. Was, Comp. Phys. Comm. 79, 291 (1994).
[3] P. M. Nadolsky et al., Phys. Rev. D 78. 013004 (2008)
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• The data are compared to an NLO prediction from ResBos[1], with QED radiative 
corrections from PHOTOS[2], and CTEQ 6.6 PDFs[3].

• Assuming A(η) = -A(-η), we can “CP fold” the asymmetry to increase statistics.

• Apart from the highest ημ bin, the data are more precise than the prediction.

• The data are well described by the prediction.

[1] C. Balazs, C. P.  Yuan, Phys. Rev. D 56, 5558-5583 (1997).
[2] E. Barberio, Z. Was, Comp. Phys. Comm. 79, 291 (1994).
[3] P. M. Nadolsky et al., Phys. Rev. D 78. 013004 (2008)
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V-A decay asymmetry 
dominates at low pT(μ)

• The data are compared to an NLO prediction from ResBos[1], with QED radiative 
corrections from PHOTOS[2], and CTEQ 6.6 PDFs[3].

• Assuming A(η) = -A(-η), we can “CP fold” the asymmetry to increase statistics.

• Apart from the highest ημ bin, the data are more precise than the prediction.

• The data are poorly described by the prediction for 20 < pT(μ) < 35 GeV.

[1] C. Balazs, C. P.  Yuan, Phys. Rev. D 56, 5558-5583 (1997).
[2] E. Barberio, Z. Was, Comp. Phys. Comm. 79, 291 (1994).
[3] P. M. Nadolsky et al., Phys. Rev. D 78. 013004 (2008)
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• The data are compared to an NLO prediction from ResBos[1], with QED radiative 
corrections from PHOTOS[2], and CTEQ 6.6 PDFs[3].

• Assuming A(η) = -A(-η), we can “CP fold” the asymmetry to increase statistics.

• Apart from the highest ημ bin, the data are more precise than the prediction.

• The data are poorly described by the prediction for pT(μ) > 35 GeV.

Production asymmetry 
dominates at high pT(μ)

[1] C. Balazs, C. P.  Yuan, Phys. Rev. D 56, 5558-5583 (1997).
[2] E. Barberio, Z. Was, Comp. Phys. Comm. 79, 291 (1994).
[3] P. M. Nadolsky et al., Phys. Rev. D 78. 013004 (2008)
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Conclusions

• DØ has measured the muon charge asymmetry with 4.9 fb-1of data.

• Most precise measurement of this quantity, using the largest data set.

• The data are compared to NLO predictions with CTEQ 6.6 PDFs.

• Data are well described by the prediction for inclusive pT(μ),

• but poorly described when split into two bins of pT(μ).

• Apart from the highest ημ bin, the data are more precise than the prediction.

• Will provide tight constraints on the u and d quark PDFs,

• which will benefit the entire hadron collider physics spectrum!
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Binning in muon pT

• Low pT and high ημ

• V-A asymmetry dominates

• High pT and low ημ 

• W asymmetry dominates

• Further dependence on pT(W)
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Compare with A(ηe) and MRST PDFs

• Compare with published DØ 
electron charge asymmetry[1]

• Comparison is complicated by 
different binning in ημ, but the two 
measurements are in reasonable 
agreement.

• CTEQ6.6 and MRST04NLO 
predictions agree very well.
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[1] DØ Collaboration, V. M. Abazov et al., Phys. Rev. Lett. 103 141801 (2008).
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CDF measurement

• By constraining the invariant mass of the 
electron and neutrino to the PDG W mass, 
the neutrino longitudinal momentum can be 
determined with a two fold ambiguity.

• This can be resolved statistically, by making 
assumptions about the V-A coupling of the 
decay.

• The data agree reasonably well with NLO 
predictions with CTEQ 6.1m and 
MRST2006NLO PDFs.

6

TABLE I: Statistical and systematic uncertainties for the W production charge asymmetry. All values are (×10−2) and show
the correlated uncertainties for both positive and negative rapidities.

|yW | Charge Back- Energy Scale Recoil Electron Electron PDFs Stat.
MisID grounds & Resolution Model Trigger ID

0.0 - 0.2 0.02 0.04 0.01 0.11 0.03 0.02 0.03 0.31
0.2 - 0.4 0.01 0.09 0.04 0.22 0.08 0.07 0.08 0.32
0.4 - 0.6 0.02 0.11 0.06 0.22 0.13 0.17 0.15 0.33
0.6 - 0.8 0.03 0.15 0.07 0.34 0.14 0.30 0.22 0.32
0.8 - 1.0 0.03 0.20 0.07 0.42 0.11 0.47 0.24 0.34
1.0 - 1.2 0.04 0.18 0.08 0.33 0.09 0.69 0.27 0.38
1.2 - 1.4 0.05 0.18 0.15 0.67 0.06 0.78 0.28 0.43
1.4 - 1.6 0.04 0.14 0.14 1.10 0.04 0.85 0.28 0.50
1.6 - 1.8 0.08 0.12 0.26 0.92 0.03 0.89 0.29 0.55
1.8 - 2.05 0.22 0.13 0.31 0.82 0.06 0.80 0.34 0.62
2.05 - 2.3 0.44 0.21 0.53 0.59 0.17 0.85 0.42 0.83
2.3 - 2.6 0.45 0.19 0.62 0.40 0.27 0.86 0.50 1.10
2.6 - 3.0 0.14 0.10 0.60 0.43 0.28 0.65 0.53 2.30

Table I summarizes the statistical and systematic uncer-
tainties on A(|yW |).

The measured asymmetry A(|yW |), which combines
the positive and negative yW bins, is shown in Fig. 1.
Also shown are the predictions of a NNLO QCD cal-
culation using the MRST 2006 NNLO PDF sets and a
NLO QCD calculation using the CTEQ6.1 NLO PDF
sets, which are in agreement with the measured asym-
metry. Values of A(yW ) and the total uncertainty for
each |yW | bin are listed in Table II. Since this measure-
ment depends on the width of the W , in particular for
the highest yW bin, the bin centers account for the W
rapidity and W mass range accepted in each bin. We
correct the bin centers to the value of < |yW | > (average
of W+ and W− rapidities) for which the asymmetry is
equal to the one for a fixed W mass of 80.403 GeV/c2.

In conclusion, using a new analysis technique we re-
port the first direct measurement of the W boson charge
asymmetry from Run II of the Tevatron, using data from
1 fb−1 of integrated luminosity taken with the CDF II de-
tector. Since the total uncertainties are smaller than the
uncertainties coming from PDFs, as is also shown in [9],
this direct measurement of the asymmetry is more sen-
sitive to the ratio of d/u momentum distributions in the
proton at high x than previous lepton charge asymme-
try measurements. This result is therefore expected to
improve the precision of the global PDFs fits.

We wish to thank R.S. Thorne and W.J. Stirling for
useful discussions on the theoretical predictions. We
thank the Fermilab staff and the technical staffs of the
participating institutions for their vital contributions.
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FIG. 1: The measured W production charge asymmetry
and predictions from (a) NLO CTEQ6.1 and (b) NNLO
MRTST2006, with their associated PDF uncertainties.
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the Natural Sciences and Engineering Research Council
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CDF/DØ comparison

• CDF also measured the electron 
charge asymmetry (without 
systematics), and find good 
agreement with the published DØ 
data.

• Neither agree with NLO 
prediction, when binned in pT(μ).
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Detector corrections

• Generator level and detector level 
asymmetries are parameterised, and 
the data is corrected by the ratio.

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

A
sy

m
m

et
ry

-0.2

-0.15

-0.1

-0.05

-0

0.05

0.1

0.15

0.2

Generation level

Detector level

DØ Preliminary
 < 35 GeV

T
Run IIb, 20 < p

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

A
sy

m
m

et
ry

-0.2

-0.15

-0.1

-0.05

-0

0.05

0.1

0.15

0.2

Generation level

Detector level

DØ Preliminary
 > 20 GeV

T
Run IIb, p

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

A
sy

m
m

et
ry

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Generation level

Detector level

DØ Preliminary
 > 35 GeV

T
Run IIb, p

19Tuesday, 16 February 2010


