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W asymmetry in p-pbar collisions
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• U-quark more momentum 
than d quark → W+ boosted 
in p direction (corresponding 
for anti-particles)

• Yields information for valence-quarks 
for wide range of  x and high Q2 

• In corresponding LHC measurement 
W produced from  sea quarks/gluons 

• Atlas:1109.5141 

• CMS:1103.3470, 1312.6283
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Two Methods
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FIG. 1: (color online). (a) The W boson rapidity (yW ) and electron pseudorapidity (ηe) distributions in pp̄ collisions. (b) The
charge asymmetry for the W boson and the decay electron. The electron asymmetry has a “turn-over” due to the convolution
of the W boson asymmetry and the V − A structure of the W boson decay. These predictions were obtained using the MC
event generator resbos [5] with the CTEQ6.6 [6] central PDF set, using the kinematic cuts peT > 25 GeV and pνT > 25 GeV.

In the W → eν decay mode used in this analysis, the
experimentally measured W → eν cross section times
branching ratio as a function of electron pseudorapidity
(ηe) is

σ(ηe)×Br(W → eν) =
Ne(ηe)

L×A× ϵ
, (2)

where Ne(ηe) is the number of events with electron in
the ηe bin, A is the acceptance, L is the integrated lumi-
nosity, and ϵ is the selection efficiency. In the simplified
case that the acceptances and efficiencies are the same
for W+ and W− bosons, the electron charge asymmetry,
A, can be written using the numbers of electrons (Ne−)

and positrons (Ne+) in each ηe bin as:

A(ηe) =
Ne+(ηe)−Ne−(ηe)

Ne+(ηe) +Ne−(ηe)
. (3)

The lepton charge asymmetry in W boson decay has
been measured by both the CDF [7–9] and D0 [10–12]
Collaborations. The latest lepton charge asymmetry
measurement from the D0 Collaboration was performed
in the muon channel using 7.3 fb−1 of integrated lumi-
nosity [12]. The W boson asymmetry was extracted us-
ing missing transverse energy to estimate the neutrino
direction, using 1 fb−1 of integrated luminosity by the
CDF Collaboration [13] and 10 fb−1 by the D0 Collab-
oration [14]. The lepton asymmetry has also been mea-
sured at the Large Hadron Collider (LHC) in pp collisions

by the ATLAS [15] and CMS Collaborations [16] using
integrated luminosities of 35 pb−1 and 840 pb−1, respec-
tively. At the LHC, W boson production is dominated
by gluons and sea quarks, providing different information
than the lepton asymmetry measured at the Tevatron.

In this analysis, we present a new measurement of the
electron charge asymmetry based on data collected be-
tween April 2002 and September 2011 with the D0 detec-
tor at

√
s = 1.96 TeV, corresponding to an integrated lu-

minosity of 9.7 fb−1 [17]. We measure the electron charge
asymmetry in five kinematic bins by selecting on the elec-
tron transverse energy (Ee

T ) and event /ET . Results from
different kinematic bins probe different ranges of yW , and
thus different ranges of the fraction of proton momentum
carried by the parton. There are three symmetric bins,
(Ee

T > 25 GeV, /ET > 25 GeV), (25 < Ee
T < 35 GeV,

25 < /ET < 35 GeV), (Ee
T > 35 GeV, /ET > 35 GeV)

and two asymmetric bins, (25 < Ee
T < 35 GeV, /ET >

25 GeV), (Ee
T > 35 GeV, /ET > 25 GeV). With more

data than in previous measurements and more data in
the high pseudorapidity region, we provide information
about the PDFs for a broader x range (0.002 < x < 0.99
for |ηe| < 3.2) at high Q2 ≈ M2

W , where x is the fraction
of the proton momentum carried by the colliding parton,
Q2 is the momentum scale squared, and MW is the W
boson mass. This analysis improves upon and supersedes
the previous D0 electron charge asymmetry result [11].
That result did not include the improved detector level
calibrations discussed in Sec. IVE and Sec. IVF. In addi-
tion, it did not include MC modeling of the difference in
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FIG. 1: (color online). (a) The W boson rapidity (yW ) and electron pseudorapidity (ηe) distributions in pp̄ collisions. (b) The
charge asymmetry for the W boson and the decay electron. The electron asymmetry has a “turn-over” due to the convolution
of the W boson asymmetry and the V − A structure of the W boson decay. These predictions were obtained using the MC
event generator resbos [5] with the CTEQ6.6 [6] central PDF set, using the kinematic cuts peT > 25 GeV and pνT > 25 GeV.

In the W → eν decay mode used in this analysis, the
experimentally measured W → eν cross section times
branching ratio as a function of electron pseudorapidity
(ηe) is

σ(ηe)×Br(W → eν) =
Ne(ηe)

L×A× ϵ
, (2)

where Ne(ηe) is the number of events with electron in
the ηe bin, A is the acceptance, L is the integrated lumi-
nosity, and ϵ is the selection efficiency. In the simplified
case that the acceptances and efficiencies are the same
for W+ and W− bosons, the electron charge asymmetry,
A, can be written using the numbers of electrons (Ne−)

and positrons (Ne+) in each ηe bin as:

A(ηe) =
Ne+(ηe)−Ne−(ηe)

Ne+(ηe) +Ne−(ηe)
. (3)

The lepton charge asymmetry in W boson decay has
been measured by both the CDF [7–9] and D0 [10–12]
Collaborations. The latest lepton charge asymmetry
measurement from the D0 Collaboration was performed
in the muon channel using 7.3 fb−1 of integrated lumi-
nosity [12]. The W boson asymmetry was extracted us-
ing missing transverse energy to estimate the neutrino
direction, using 1 fb−1 of integrated luminosity by the
CDF Collaboration [13] and 10 fb−1 by the D0 Collab-
oration [14]. The lepton asymmetry has also been mea-
sured at the Large Hadron Collider (LHC) in pp collisions

by the ATLAS [15] and CMS Collaborations [16] using
integrated luminosities of 35 pb−1 and 840 pb−1, respec-
tively. At the LHC, W boson production is dominated
by gluons and sea quarks, providing different information
than the lepton asymmetry measured at the Tevatron.

In this analysis, we present a new measurement of the
electron charge asymmetry based on data collected be-
tween April 2002 and September 2011 with the D0 detec-
tor at

√
s = 1.96 TeV, corresponding to an integrated lu-

minosity of 9.7 fb−1 [17]. We measure the electron charge
asymmetry in five kinematic bins by selecting on the elec-
tron transverse energy (Ee

T ) and event /ET . Results from
different kinematic bins probe different ranges of yW , and
thus different ranges of the fraction of proton momentum
carried by the parton. There are three symmetric bins,
(Ee

T > 25 GeV, /ET > 25 GeV), (25 < Ee
T < 35 GeV,

25 < /ET < 35 GeV), (Ee
T > 35 GeV, /ET > 35 GeV)

and two asymmetric bins, (25 < Ee
T < 35 GeV, /ET >

25 GeV), (Ee
T > 35 GeV, /ET > 25 GeV). With more

data than in previous measurements and more data in
the high pseudorapidity region, we provide information
about the PDFs for a broader x range (0.002 < x < 0.99
for |ηe| < 3.2) at high Q2 ≈ M2

W , where x is the fraction
of the proton momentum carried by the colliding parton,
Q2 is the momentum scale squared, and MW is the W
boson mass. This analysis improves upon and supersedes
the previous D0 electron charge asymmetry result [11].
That result did not include the improved detector level
calibrations discussed in Sec. IVE and Sec. IVF. In addi-
tion, it did not include MC modeling of the difference in

• Traditional: lepton rapidity 

• W boson asymmetry and V-A 
structure convoluted

• New: W rapidity  

• Requires some creativity due 
to missing pz

ν 
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General Selection

• Using full Run II dataset: 9.7fb-1 

• Require exactly one electron  

- One triggered, good electron in calorimeter 

- η(e)  < |1.1| or |1.5|< ηe <|3.2|  

- 25 < pT(e) < 100 GeV,  

- ET
miss > 25 GeV  

- 50< m(W)<130 GeV 

• Additional selections include restrictions on the z vertex range, recoil and 
total calorimeter activity etc 

• Backgrounds include QCD, W→τν, Z→ee, Z→ττ,  

- Largest background is QCD (4%),no charge asymmetry  

• Efficiency corrections: charge mis-ID, electron energy scale, trigger, 
hadronic response, electron ID efficiency, etc.

4
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Corrections

• Charge mis-ID:  
Tag and probe method with Z→ee  

- Function of  η and pT(e)  

- Similar efficiency in data and MC 
(central) 

- If  necessary correct MC to match data 
(forward) 

• Electron energy:  

- Use Z events to perform ‘in situ’ 
calibration 

- Compare to LEP value and fit for 
correction parameters iteratively  

- Lepton η, luminosity and calorimeter 
scalar ET dependencies 

5
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Example Distributions

6

Reasonable Agreement
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Lepton Asymmetry Details

• If  the W+ and W- efficiencies and acceptances are similar, 
we can approximate 

• Perform unfolding to remove detector effects and compare 
with generator level 

- considering electron selection efficiencies, luminosity, 
and event acceptance  

• 5 bins, for electron pT and/or ET
miss thresholds of  25 and 35 

GeV (symmetric and asymmetric bins) 

7
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Uncertainties

• Variety of  systematics considered: 1-20% for increasing η 
modeling, selection efficiencies, corrections, unfolding

8

• Example: symmetric selection ET
miss>25 GeV, ET>25 GeV
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Results

• Results shown in detailed tables for each η-bin and selection

9

• Predictions from MC@NLO + NNPDF2.3
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FIG. 15: (color online). The lepton charge asymmetry distribution after CP folding with symmetric kinematic cuts Ee
T >

35 GeV, /ET > 35 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between the
data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots show
the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical lines showing
the total uncertainty. The red triangles show the published D0 muon charge asymmetry [12]. The red dashed lines and cyan
bands are the central value and uncertainty band from mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show
the prediction from mc@nlo using the MSTW2008NLO central PDF set, and the green dot-dashed lines show the prediction
from resbos using the CTEQ6.6 central PDF set.
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FIG. 16: (color online). The electron charge asymmetry distribution after CP folding with asymmetric kinematic cuts 25 <
Ee

T < 35 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences
between the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black
dots show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical
lines showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from
mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO
central PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.
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FIG. 13: (color online). The lepton charge asymmetry distribution after CP folding with symmetric kinematic cuts Ee
T >

25 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between the
data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots show
the measured electron charge asymmetry, with the horizontal bars showing the statistical uncertainty and the vertical lines
showing the total uncertainty. The red triangles show the published D0 muon charge asymmetry [12]. The red dashed lines
and cyan bands are the central value and uncertainty band from mc@nlo using the NNPDF2.3 PDF sets. The blue dotted
lines show the prediction from mc@nlo using the MSTW2008NLO central PDF set, and the green dot-dashed lines show the
prediction from resbos using the CTEQ6.6 central PDF set.
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FIG. 14: (color online). The electron charge asymmetry distribution after CP folding with symmetric kinematic cuts 25 <
Ee

T < 35 GeV, 25 < /ET < 35 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences
between the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black
dots show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical
lines showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from
mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO
central PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.

Results Symmetric Selections

10

ET
(miss)>25 GeV

ET
(miss)>35 GeV
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FIG. 15: (color online). The lepton charge asymmetry distribution after CP folding with symmetric kinematic cuts Ee
T >

35 GeV, /ET > 35 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between the
data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots show
the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical lines showing
the total uncertainty. The red triangles show the published D0 muon charge asymmetry [12]. The red dashed lines and cyan
bands are the central value and uncertainty band from mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show
the prediction from mc@nlo using the MSTW2008NLO central PDF set, and the green dot-dashed lines show the prediction
from resbos using the CTEQ6.6 central PDF set.
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FIG. 16: (color online). The electron charge asymmetry distribution after CP folding with asymmetric kinematic cuts 25 <
Ee

T < 35 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences
between the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black
dots show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical
lines showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from
mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO
central PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.
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FIG. 13: (color online). The lepton charge asymmetry distribution after CP folding with symmetric kinematic cuts Ee
T >

25 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between the
data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots show
the measured electron charge asymmetry, with the horizontal bars showing the statistical uncertainty and the vertical lines
showing the total uncertainty. The red triangles show the published D0 muon charge asymmetry [12]. The red dashed lines
and cyan bands are the central value and uncertainty band from mc@nlo using the NNPDF2.3 PDF sets. The blue dotted
lines show the prediction from mc@nlo using the MSTW2008NLO central PDF set, and the green dot-dashed lines show the
prediction from resbos using the CTEQ6.6 central PDF set.

|eη|
0 0.5 1 1.5 2 2.5 3

A
sy

m
m

et
ry

-0.8

-0.6

-0.4

-0.2

0

0.2

 < 35 GeVe
T25 < E
 < 35 GeVTE25 < 

eDØ A

MC@NLO NNPDF2.3

NNPDF2.3 uncertainty

MC@NLO MSTW2008NLO

RESBOS CTEQ6.6

-1DØ, 9.7 fb(b)

|eη|
0 0.5 1 1.5 2 2.5 3

N
N

PD
F2

.3
e

 - 
A

e
A

-0.05

0

0.05

0.1
eDØ A

MC@NLO NNPDF2.3
NNPDF2.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQ6.6

(b) -1DØ, 9.7 fb

 < 35 GeVe
T25 < E
 < 35 GeVTE25 < 

FIG. 14: (color online). The electron charge asymmetry distribution after CP folding with symmetric kinematic cuts 25 <
Ee

T < 35 GeV, 25 < /ET < 35 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences
between the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black
dots show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical
lines showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from
mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO
central PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.

Results Symmetric Selections

11

ET
(miss)<25 GeV

ET
(miss)>35 GeVNo agreement with any  

predictions 

In agreement with most  
predictions 
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FIG. 17: (color online). The electron charge asymmetry distribution after CP folding with asymmetric kinematic cuts Ee
T >

35 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between
the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots
show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical lines
showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from mc@nlo

using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO central
PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.

TABLE XV: Correlation matrix of the statistical uncertainties between different |ηe| bins for the kinematic bin Ee
T > 25 GeV,

/ET > 25 GeV. The matrix elements are multiplied by 100.

|ηe| bins 1 2 3 4 5 6 7 8 9 10 11 12 13

1 100 0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 100 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 100 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 100 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 100 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 100 0.32 0.00 0.00 0.00 0.00 0.00 0.00

7 100 0.53 0.00 0.00 0.00 0.00 0.00

8 100 0.40 0.00 0.00 0.00 0.00

9 100 0.07 0.00 0.00 0.00

10 100 0.41 0.00 0.00

11 100 0.15 0.00

12 100 0.31

13 100
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FIG. 15: (color online). The lepton charge asymmetry distribution after CP folding with symmetric kinematic cuts Ee
T >

35 GeV, /ET > 35 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between the
data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots show
the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical lines showing
the total uncertainty. The red triangles show the published D0 muon charge asymmetry [12]. The red dashed lines and cyan
bands are the central value and uncertainty band from mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show
the prediction from mc@nlo using the MSTW2008NLO central PDF set, and the green dot-dashed lines show the prediction
from resbos using the CTEQ6.6 central PDF set.
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FIG. 16: (color online). The electron charge asymmetry distribution after CP folding with asymmetric kinematic cuts 25 <
Ee

T < 35 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences
between the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black
dots show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical
lines showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from
mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO
central PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.
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FIG. 13: (color online). The lepton charge asymmetry distribution after CP folding with symmetric kinematic cuts Ee
T >

25 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between the
data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots show
the measured electron charge asymmetry, with the horizontal bars showing the statistical uncertainty and the vertical lines
showing the total uncertainty. The red triangles show the published D0 muon charge asymmetry [12]. The red dashed lines
and cyan bands are the central value and uncertainty band from mc@nlo using the NNPDF2.3 PDF sets. The blue dotted
lines show the prediction from mc@nlo using the MSTW2008NLO central PDF set, and the green dot-dashed lines show the
prediction from resbos using the CTEQ6.6 central PDF set.
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FIG. 14: (color online). The electron charge asymmetry distribution after CP folding with symmetric kinematic cuts 25 <
Ee

T < 35 GeV, 25 < /ET < 35 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences
between the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black
dots show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical
lines showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from
mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO
central PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.
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FIG. 17: (color online). The electron charge asymmetry distribution after CP folding with asymmetric kinematic cuts Ee
T >

35 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between
the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots
show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical lines
showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from mc@nlo

using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO central
PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.

TABLE XV: Correlation matrix of the statistical uncertainties between different |ηe| bins for the kinematic bin Ee
T > 25 GeV,

/ET > 25 GeV. The matrix elements are multiplied by 100.

|ηe| bins 1 2 3 4 5 6 7 8 9 10 11 12 13

1 100 0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 100 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 100 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 100 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 100 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 100 0.32 0.00 0.00 0.00 0.00 0.00 0.00

7 100 0.53 0.00 0.00 0.00 0.00 0.00

8 100 0.40 0.00 0.00 0.00 0.00

9 100 0.07 0.00 0.00 0.00

10 100 0.41 0.00 0.00

11 100 0.15 0.00

12 100 0.31

13 100
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FIG. 15: (color online). The lepton charge asymmetry distribution after CP folding with symmetric kinematic cuts Ee
T >

35 GeV, /ET > 35 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between the
data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots show
the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical lines showing
the total uncertainty. The red triangles show the published D0 muon charge asymmetry [12]. The red dashed lines and cyan
bands are the central value and uncertainty band from mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show
the prediction from mc@nlo using the MSTW2008NLO central PDF set, and the green dot-dashed lines show the prediction
from resbos using the CTEQ6.6 central PDF set.
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FIG. 16: (color online). The electron charge asymmetry distribution after CP folding with asymmetric kinematic cuts 25 <
Ee

T < 35 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences
between the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black
dots show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical
lines showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from
mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO
central PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.
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FIG. 13: (color online). The lepton charge asymmetry distribution after CP folding with symmetric kinematic cuts Ee
T >

25 GeV, /ET > 25 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences between the
data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black dots show
the measured electron charge asymmetry, with the horizontal bars showing the statistical uncertainty and the vertical lines
showing the total uncertainty. The red triangles show the published D0 muon charge asymmetry [12]. The red dashed lines
and cyan bands are the central value and uncertainty band from mc@nlo using the NNPDF2.3 PDF sets. The blue dotted
lines show the prediction from mc@nlo using the MSTW2008NLO central PDF set, and the green dot-dashed lines show the
prediction from resbos using the CTEQ6.6 central PDF set.
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FIG. 14: (color online). The electron charge asymmetry distribution after CP folding with symmetric kinematic cuts 25 <
Ee

T < 35 GeV, 25 < /ET < 35 GeV. (a) Comparison between the measured asymmetry and predictions and (b) the differences
between the data and MC predictions and the predicted central value from mc@nlo using the NNPDF2.3 PDF set. The black
dots show the measured electron charge asymmetry, with the horizontal bars showing statistical uncertainty and the vertical
lines showing the total uncertainty. The red dashed lines and cyan bands are the central value and uncertainty band from
mc@nlo using the NNPDF2.3 PDF sets. The blue dotted lines show the prediction from mc@nlo using the MSTW2008NLO
central PDF set, and the green dot-dashed lines show the prediction from resbos using the CTEQ6.6 central PDF set.
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RESBOS + CTEQ6.6 

No agreement with any  
predictions 

Agrees with  
RESBOS + CTEQ6.6 
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Comparison with CDF

14

• CDF, D0 agrees well
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W Asymmetry Overview

• Asymmetry is difference in W differential cross-sections (in rapidity) over 
total. 

• Unknown neutrino z value is an issue 

• Well known m(W), use to determine z momentum within some two-fold 
ambiguity:  

- In case of  complex pz(ν) assume ET
miss is mis-reconstructed and scale 

accordingly 

• Ambiguity resolved by assigning weights to the event, for each solution, 
related to cosθ*, W rapidity and pT(W) 
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W Asym Results
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W Asym Results

17

Good agreement with  
predictions 
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Summary

• New W charge asymmetry measurements using the 
full Run II dataset in W→eν decays 

• Two separate methods to measure charge 
asymmetry: 

- Difference charged electron number  
(arXiv:1412.2862) 

- Reconstructing the W using neutrino weighting 
(arXiv:1312.2895) 

• Probe different phase space than LHC 

• Measurements agree with previous Tevatron results 

• Most precise measurements to date, and should be 
for useful for PDF fits 

• From recent CT14 paper (1506.07443):  
"....these new A_ch data sets are perhaps the most 
challenging and valuable among all that were added 
in CT14"
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