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๏Single weak-boson production at LHC:
‣ Precision test of pQCD  
‣ Measurements in rapidity bins ⟹ 

information for parton flavour 
parametrisation as a function of x  
‣ Production charge asymmetry between         

and W�
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๏ In this talk:
‣ W and Z boson production at 5.02 TeV 
‣ W cross-section and charge asymmetry at 8TeV
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W and Z boson production at 5.02 TeV
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๏ First W,Z measurements at 5.02 TeV in ATLAS with pp collisions,  
๏ Serves as references for Pb+Pb interactions at the LHC 
๏ W, Z event selection:
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‣Single-lepton trigger ‣ Isolated leptons

‣                 or                            ,|⌘e| < 1.37
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‣                   GeVpe(µ)T > 25
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‣               GeVmT > 40
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W and Z boson production at 5.02 TeV
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๏ Use of Z-boson:
‣ Lepton calibration and efficiency correction (tag-and-probe method) 
‣ Recoil calibration (in situ corrections to resolution/scale of uT )

๏ Use of hadronic recoil (      ) for missing transverse energy definition

one (Z Z) or zero (WW , W Z) additional partons at NLO QCD accuracy and up to three additional partons
at LO. In addition, the S����� diboson sample cross section is scaled to account for the cross section
change when the Gµ scheme [29] is used instead of the native one for the EW parameters, resulting in an
e�ective value of ↵ ⇡ 1/132. Multiple overlaid pp collisions were simulated with the soft QCD processes
of P����� v8.186 using the A2 tune [30] and the MSTW2008LO PDF set [31]. For the comparison with
data in di�erential distributions and the evaluation of single-boson EW backgrounds for the cross-section
calculations, the single-boson simulations are normalised to the results of NNLO QCD calculations [2, 3],
with uncertainties of 3%. The simulations of all other processes are normalised to the predictions of NLO
QCD calculations, with uncertainties of 10% for the diboson and top-quark processes.

4 Object definitions and event selection

This section describes the reconstruction of electrons, muons and hadronic recoil objects, and the selection
of W and Z bosons. Candidate events are required to have at least one primary vertex reconstructed
from at least three tracks with pT > 400 MeV and to pass a trigger selection, which requires a single
electron or muon candidate with a pT threshold of 15 GeV or 14 GeV, respectively. In addition, a loose
likelihood-based identification requirement [32, 33] is applied in the electron trigger.

Electron candidates are required to have pT > 20 (25) GeV in the Z (W) boson analysis and |⌘ | < 2.47.
Candidates within the transition region between barrel and endcap calorimeters (1.37 < |⌘ | < 1.52)
are rejected. In addition, medium likelihood-based identification and tight isolation requirements are
applied [32, 33]. Muon candidates must satisfy pT > 20 (25) GeV in the Z (W) boson analysis and |⌘ | < 2.4
and pass the requirements of medium identification and tight isolation [34]; both criteria were optimised
for 2015 analysis conditions.

Additional requirements are imposed on the significance of the transverse impact parameter, d0, such
that |d0 |/�d0 < 5 (3) for electron (muon) candidates. To ensure that lepton candidates originate from the
primary vertex, a requirement is also placed on the longitudinal impact parameter, z0, multiplied by the
sine of the track polar angle, ✓, such that the absolute value is smaller than 0.5 mm.

Events with Z boson candidates are selected by requiring exactly two opposite-charge electrons or muons,
at least one of which is matched to a lepton selected at trigger level. The dilepton invariant mass must
satisfy the fiducial requirement 66 < m`` < 116 GeV.

Events with W boson candidates are selected by requiring exactly one electron or muon that is matched
to a lepton selected at trigger level. In events where a W boson is produced and decays leptonically, the
full event kinematic reconstruction is not possible due to the presence of an (anti-)neutrino that escapes
direct detection. A measure of the missing transverse momentum corresponding to the neutrino, p

⌫
T, can

be inferred from information about the hadronic system recoiling against the W boson. The hadronic
recoil is the vector sum of all calorimeter energy clusters excluding the deposits from the decay muon or
electron, and is further described below. The transverse projection of the recoil onto the r–� plane, ÆuT, is
used together with the decay lepton transverse momentum Æp `

T for the calculation of the missing transverse
momentum vector,

ÆE miss
T = �

⇣
ÆuT + Æp `

T

⌘
,

4

‣  
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Recoil resolution Momentum scale of recoil

~uT
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๏ Background contributions:
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‣ Electroweak ~ 2 - 6%,  top-quark ~ 0.2% 
‣Multi-jet 0.1 - 1.4% ⟹ data-driven method

๏ Selected events:
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‣ ~24k                        and   ~28k W� ! µ�⌫
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‣ ~38k                        and   ~44kW+ ! e+⌫
<latexit sha1_base64="qfQyNz7zFDvVan5a2q68Opq1OJk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1gEQShJFXRZdOOygr1AE8tketoOnUzCzEQsIa/ixoUibn0Rd76NkzYLbf1h4OM/5zDn/EHMmdKO822trK6tb2yWtsrbO7t7+/ZBpa2iRFJo0YhHshsQBZwJaGmmOXRjCSQMOHSCyU1e7zyCVCwS93oagx+SkWBDRok2Vt+udB7Sswx7OsKQkyeSvl11as5MeBncAqqoULNvf3mDiCYhCE05UarnOrH2UyI1oxyyspcoiAmdkBH0DAoSgvLT2e4ZPjHOAA8jaZ7QeOb+nkhJqNQ0DExnSPRYLdZy879aL9HDKz9lIk40CDr/aJhwbC7Ng8ADJoFqPjVAqGRmV0zHRBKqTVxlE4K7ePIytOs197xWv7uoNq6LOEroCB2jU+SiS9RAt6iJWoiiJ/SMXtGblVkv1rv1MW9dsYqZQ/RH1ucPJ7mT3w==</latexit>

W+ ! µ+⌫
<latexit sha1_base64="eC3ik7TegM4Aj0iWDM0n4XMivUQ=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASLIAhlpgq6LLpxWcFeoDOWTJppQ5PMkItQh+KruHGhiFvfw51vY6btQlt/CHz85xxyzh+ljCrted9OYWl5ZXWtuF7a2Nza3nF395oqMRKTBk5YItsRUoRRQRqaakbaqSSIR4y0ouF1Xm89EKloIu70KCUhR31BY4qRtlbXPWjdZ6djGOgEBtzkHAjTdctexZsILoI/gzKYqd51v4Jegg0nQmOGlOr4XqrDDElNMSPjUmAUSREeoj7pWBSIExVmk+3H8Ng6PRgn0j6h4cT9PZEhrtSIR7aTIz1Q87Xc/K/WMTq+DDMqUqOJwNOPYsOgvTWPAvaoJFizkQWEJbW7QjxAEmFtAyvZEPz5kxehWa34Z5Xq7Xm5djWLowgOwRE4AT64ADVwA+qgATB4BM/gFbw5T86L8+58TFsLzmxmH/yR8/kDyLqUzA==</latexit>

‣ Electroweak + top-quark + 
multi-jet ~0.3%
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‣ ~4.8k                and  ~7.4k Z ! ee
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๏Measurements combination  yields a good  

๏  Dominant systematic uncertainties (integrated cross section): 
�2/Nd.f = 37.5/25
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‣ Lepton calibration and efficiency ~0.8 - 1.4% 

‣Background evaluation ~0.8% (W) and ~0.2% (Z)
‣Recoil correction ~0.5% 
‣ Luminosity: 1.9%

Fiducial cross section
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๏ Predictions are at              in QCD (NNLO) and LO in EW 
๏ Predicted cross sections are systematically lower than measured

O(↵2
s)
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‣ In most of η range for W+
<latexit sha1_base64="KO/5bv4CnS+rmRcIuQkzRLpj8Dg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEqigh6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS33zMzibdcsWtujOQZeLlpAI56t3yV6cXszRCaZigWrc9NzFBRpXhTOCk1Ek1JpSN6ADblkoaoQ6y2bETcmKVHunHypY0ZKb+nshopPU4Cm1nRM1QL3pT8T+vnZr+dZBxmaQGJZsv6qeCmJhMPyc9rpAZMbaEMsXtrYQNqaLM2HxKNgRv8eVl0jivehdV9/6yUrvJ4yjCERzDKXhwBTW4gzr4wIDDM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AZPDjoY=</latexit>

‣At low η region for W�
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Fiducial cross section

๏ Lepton charge asymmetry: 
๏ Precision of measurements does not allow to discriminate among PDFs  
๏ In most of         range predictions tend to underestimate the measured 

asymmetry by a few percent
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Figure 9: Di�erential Z boson production cross section as a function of absolute lepton-pair rapidity, for the electron,
muon and combined results. Statistical and systematic errors are shown as corresponding bars and shaded bands. The
luminosity uncertainty is not included. The lower panel shows the ratio of channels to the combined di�erential cross
section in each bin. In the lower panel, error bars represent statistical uncertainties in the ratio, while the shaded band
represents systematic uncertainties in the combined di�erential cross sections.

Table 9: Ratios of integrated W and Z production cross sections.

R
fid
W+/W� 1.617 ± 0.012 (stat) ± 0.003 (syst)
R

fid
W/Z 9.81 ± 0.13 (stat) ± 0.01 (syst)

R
fid
W+/Z 6.06 ± 0.08 (stat) ± 0.01 (syst)

R
fid
W�/Z 3.75 ± 0.05 (stat) ± 0.01 (syst)

boson charge asymmetry, as a function of the absolute pseudorapidity of the decay lepton:

A`(|⌘` |) =
d�W+/d|⌘` | � d�W�/d|⌘` |
d�W+/d|⌘` | + d�W�/d|⌘` |

.

Uncertainties in A` are calculated considering all sources of correlated and uncorrelated systematic
uncertainties in the di�erential cross sections. The resulting dependence of A` on |⌘` | measured in the
electron and muon channels is presented in Figure 10 together with the combined values, while the
combined results are summarised with the corresponding uncertainties in Table 10. Good agreement
between the two channels is found.

9.2 Comparison with theoretical predictions

The measured cross sections are compared with theoretical predictions obtained using a modified version
of DYNNLO 1.5 [2, 3] optimised for speed of computation. The calculation is performed at O(↵2

S) in
QCD and at leading order in the EW theory, with parameters set according to the Gµ scheme [29]. The
input parameters (the Fermi constant GF, the masses and widths of W and Z bosons, and the CKM matrix
elements) are taken from Ref. [43]. The DYNNLO predictions are calculated using the NNLO PDF sets
from CT14���� [44], NNPDF3.1 [45], MMHT14����68�� [46] and HERAPDF2.0 [47]. All considered
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๏Use data collected in pp collisions at                TeV,  luminosity:                           
๏ Integrated and differential cross-sections for                         and  
๏Dominant background contributions              :

W+ ! µ+⌫
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Figure 1: The muon ⌘ (top), muon pT (centre), and W boson transverse mass (bottom) distributions of selected events
with positive muons (left) and negative muons (right). The statistical uncertainties of the data points are smaller than
the size of the markers.
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๏ Dominant sources:              miss-modelling, modelling uncertainty → comparing 
several generators (Powheg+Pythia8 and Sherpa1.4.1), muon efficiency 

๏ Measurement in       and        channels provide a check of corrections procedure 
๏ Most sources are treated as correlated between       and        (reduce impact on     )           Al
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ATLAS DRAFT

Table 2: The CW±,i values with their associated systematic uncertainties as a function of |⌘µ| and the integrated global
correction factor CW± , each for W+ and W�.

|⌘µ| W+ ! µ+⌫ W+ ! µ+⌫
0.00–0.21 0.508 ± 0.004 0.505 ± 0.004
0.21–0.42 0.684 ± 0.004 0.679 ± 0.004
0.42–0.63 0.702 ± 0.005 0.702 ± 0.005
0.63–0.84 0.611 ± 0.004 0.613 ± 0.005
0.84–1.05 0.603 ± 0.004 0.601 ± 0.005
1.05–1.37 0.795 ± 0.006 0.796 ± 0.007
1.37–1.52 0.848 ± 0.008 0.845 ± 0.007
1.52–1.74 0.861 ± 0.009 0.856 ± 0.007
1.74–1.95 0.856 ± 0.009 0.855 ± 0.008
1.95–2.18 0.792 ± 0.008 0.794 ± 0.009
2.18–2.40 0.802 ± 0.008 0.812 ± 0.011

Integrated 0.736 ± 0.003 0.727 ± 0.003

of the absolute pseudorapidity of the muon, along with the data statistical uncertainties and dominant239

systematic uncertainties. Most sources of systematic uncertainty are treated as being correlated between240

the positive and negative muon channels, and therefore their relative impact is reduced for the asymmetry241

measurement.242
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Figure 2: The relative systematic uncertainty from each source for the W+ (left) and W� (right) di↵erential cross-
sections as a percentage of the di↵erential cross-section. Also shown are the total systematic and statistical
uncertainties.

Experimental sources of uncertainty are possible mis-modelling of the muon momentum scale, resolution,243

or charge-dependent bias as well as of the reconstruction, trigger, and isolation e�ciencies. Such uncer-244

tainties form a small but non-negligible fraction of the total uncertainty, 0.5% or less of the di↵erential245

cross-section. A test is performed to check the compatibility of the cross-sections measured separately in246

positive and negative muon pseudorapidity; this is an important cross-check of the correction procedure. A247
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๏ Theory predictions: NNLO QCD with LO EW using DYNNLO with CT14nnlo PDF set 
๏ Data and theory agree within the total systematic and PDF uncertainties 
๏ PDF dominates over scale uncertainty in theory prediction 
๏ Data precision is higher than the PDF uncertainty ⟹ constraining potential  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Figure 4: The W+ (left) and W� (right) fiducial cross-sections, di↵erential in muon pseudorapidity multiplied by
the branching fraction for the decay into a muon and a neutrino are shown as a function of the absolute muon
pseudorapidity. The data are presented with systematic and total uncertainties (the data statistical uncertainties are
smaller than the size of the markers) and are compared with the predictions from DYNNLO. In the top two plots, the
CT14 NNLO PDF set is used, and DYNNLO is shown with its associated total theoretical uncertainty. In the bottom
two plots, the data are compared with the central values of six di↵erent PDF sets described in the text. The statistical
uncertainties of the DYNNLO predictions are indicated by error bars. The ratios of the data to the corresponding
prediction are shown in the lower panels.
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๏ Shape of W differential cross section is well described with predictions 
๏ATLAS data discriminate among PDFs 
๏ Predictions with NNPDF3.1 are closest to the measured data

ATLAS DRAFT

|
µ
η|

0 0.5 1 1.5 2

 [p
b]

µ
η

/d
σ

 d

600

650

700

750

800

Data DYNNLO-CT14 NNLO

Stat.+Sys. Unc. DYNNLO-CT14 PDF Unc.

Stat.+Sys.+Lum. Unc. DYNNLO-CT14 Tot. Unc.

-1 = 8 TeV, 20.2 fbsATLAS

ν  +µ → +W

|
µ
η|

0 0.5 1 1.5 2

Th
eo

ry
/D

at
a

0.95

1

1.05 |
µ
η|

0 0.5 1 1.5 2

 [p
b]

µ
η

/d
σ

 d

350

400

450

500

550

600

650

700
Data DYNNLO-CT14 NNLO

Stat.+Sys. Unc. DYNNLO-CT14 PDF Unc.

Stat.+Sys.+Lum. Unc. DYNNLO-CT14 Tot. Unc.

-1 = 8 TeV, 20.2 fbsATLAS

ν  −µ → −W

|
µ
η|

0 0.5 1 1.5 2

Th
eo

ry
/D

at
a

0.95

1

1.05

0 0.5 1 1.5 2

µ
η

600

650

700

750

800
 [p

b]
µ
η

/d
σ

 d

Data
Stat.+Sys. Unc.
Stat.+Sys.+Lum. Unc.

CT14 NNLO
ATLASepWZ16
HERAPDF2.0
NNPDF3.1
PDF4LHC15
MMHT2014 NNLO

-1 = 8 TeV, 20.2 fbsATLAS

ν  +µ → +W

0 1 2
|
µ
η|

0.95

1

1.05

Th
eo

ry
/D

at
a 0 0.5 1 1.5 2

µ
η

350

400

450

500

550

600

650

700 [p
b]

µ
η

/d
σ

 d

Data
Stat.+Sys. Unc.
Stat.+Sys.+Lum. Unc.

CT14 NNLO
ATLASepWZ16
HERAPDF2.0
NNPDF3.1
PDF4LHC15
MMHT2014 NNLO

-1 = 8 TeV, 20.2 fbsATLAS

ν  −µ → −W

0 1 2
|
µ
η|

0.95

1

1.05

Th
eo

ry
/D

at
a

Figure 4: The W+ (left) and W� (right) fiducial cross-sections, di↵erential in muon pseudorapidity multiplied by
the branching fraction for the decay into a muon and a neutrino are shown as a function of the absolute muon
pseudorapidity. The data are presented with systematic and total uncertainties (the data statistical uncertainties are
smaller than the size of the markers) and are compared with the predictions from DYNNLO. In the top two plots, the
CT14 NNLO PDF set is used, and DYNNLO is shown with its associated total theoretical uncertainty. In the bottom
two plots, the data are compared with the central values of six di↵erent PDF sets described in the text. The statistical
uncertainties of the DYNNLO predictions are indicated by error bars. The ratios of the data to the corresponding
prediction are shown in the lower panels.
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๏ Predictions with CT14nnlo are systematically lower then the measured Al
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‣ Similar trend as for 7 TeV measurement  Eur. Phys. J. C 77 (2017) 367

๏ ATLASepWZ2016 is generally closer to data than the alternatives
‣ Given PDF set includes ATLAS W charge asymmetry data at 7 TeV, which is  

uncorrelated to the given measurement 
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Figure 5: The W boson charge asymmetry as a function of absolute muon pseudorapidity. The data are presented
with systematic and total uncertainties (the data statistical uncertainties are smaller than the size of the markers). In
the left plot, the data are compared with the prediction from DYNNLO in which the CT14 NNLO PDF set is used.
The DYNNLO prediction is also shown with its associated total theoretical uncertainty, along with the component
from the PDF set. In the right plot, the data are compared with the central prediction from DYNNLO produced using
a selection of PDFs. The statistical uncertainties of the DYNNLO predictions are indicated by error bars. The ratios
of the data to the corresponding prediction are shown in the lower panels.
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Summary
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๏ W and Z boson production at 5.02 TeV

๏ W cross-section and charge asymmetry at 8TeV

‣ First W,Z measurements at 5.02 TeV in ATLAS are performed   
‣ Fiducial                 and Z cross sections are measured with a precision of 1.2–1.7% 
‣ Measured differential cross sections show 1–2𝜎 deviations from the predictions 

based on different PDF sets. 

W+,W�
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‣ Cross-sections are measured with the precision of 0.8–1.5% in bins of η 
‣ Precision of measured charge asymmetry is higher than the predictions 
‣ The measured data demonstrate sensitivity to the performance of PDF selection



Backup slides

15DIS2019                         Artur Trofymov



16

W and Z boson production at 5.02 TeV

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
eη 

0.65
0.7

0.75
0.8

0.85
0.9

0.95

1
1.05

Ef
fic

ie
nc

y

Reconstruction
Identification
Isolation
Trigger

ATLAS
-1=5.02 TeV 25 pbspp 

 tag-and-probe-e+ e→Z 

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
µ
η

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ef
fic

ie
nc

y

and identification
Reconstruction

Isolation

Trigger

ATLAS
-1=5.02 TeV 25 pbspp 

 tag-and-probe-µ+µ →Z 

๏ Lepton efficiencies
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W and Z boson production at 5.02 TeV
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๏ Di-lepton invariant mass (log-scale)
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applied to the simulation are obtained as a function of p
Z
T :

u
W,corr
k = huZ

k + p
Z
T idata � huZ

k + p
Z
T iMC + huZ,data

k i +
⇣
u
W,MC
k � huZ,data

k i
⌘
·
�data
u?

�MC
u?

; (1)

u
W,corr
? = u

W,MC
? ·

�data
u?

�MC
u?

. (2)

Equation (1) describes corrections applied to the recoil response in simulation. It includes a shift which
brings the average value of uk in the simulation closer to the one in data, taking into account di�erences
in the bias. In addition, it corrects the response distribution for resolution di�erences (last term in the
equation). The resolution correction is directly described by Eq. (2) where it is applied to the u? distribution
in the simulation. The impact of the calibration on the scale and resolution in events where a Z boson
decays to a dimuon pair is shown in Figure 3. The distributions are shown for the simulation before
and after applying the corrections and for data. Agreement of the distributions from simulation with
data distributions is improved after applying the calibration, and residual di�erences are covered by the
systematic uncertainties described in Section 8.
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Figure 3: Distributions of (a) uk + p
Z
T and (b) u? in data and Z ! µ+µ� MC simulation before (squares) and

after (circles) recoil calibration. The shaded band in the ratio panels represents the statistical uncertainty of the data
sample, while the error bars represent the systematic uncertainty associated with the calibration procedure.

6 Background determination

6.1 W channels

The reported cross-section measurements correspond to inclusive Drell–Yan production of single vector
bosons which decay leptonically. Background processes that contribute to the W

± boson production

8

๏Recoil corrections

Table 1: Background contributions as a percentage of the total for the W
+, W

� and Z candidate samples in the
electron (muon) channels.

Background W
+ ! e

+⌫ (W+ ! µ+⌫) W
� ! e

�⌫ (W� ! µ�⌫) Z ! e
+

e
�(Z ! µ+µ�)

[%] [%] [%]
Z ! `+`�, ` = e, µ 0.1 (2.8) 0.2 (3.8) –
W

± ! `±⌫, ` = e, µ – – <0.01 (<0.01)
W

± ! ⌧±⌫ 1.8 (1.8) 1.8 (1.8) <0.01 (<0.01)
Z ! ⌧+⌧� 0.1 (0.1) 0.1 (0.1) 0.07 (0.07)
Multi-jet 0.9 (0.1) 1.4 (0.2) <0.01 (<0.01)
Top quark 0.1–0.2 (0.1–0.2) 0.1–0.2 (0.1–0.2) 0.06 (0.08)
Diboson 0.1 (0.1) 0.1 (0.1) 0.14 (0.08)

• for Z production : p
`
T > 20 GeV, |⌘` | < 2.5, 66 < m`` < 116 GeV.

Integrated fiducial cross sections in the electron and muon channels are calculated using:

�fid
W±!`±⌫[Z!`+`�] =

NW [Z] � BW [Z]
CW [Z] · Lint

,

where NW [Z] and BW [Z] are the number of selected events in data and the expected number of background
events, respectively. The integrated luminosity of the sample is Lint = 25.0± 0.5 pb�1, determined with the
method described in Ref. [40]. A correction for the event detection e�ciency is applied with the factor
CW [Z] , which is obtained from the signal simulation as:

CW [Z] =
N

MC,sel
W [Z]

N
MC,fid
W [Z]

.

Here, N
MC,sel
W [Z] is the number of events which pass the signal selection at the detector level, corrected for

the observed di�erences between data and simulation such as in reconstruction, identification, isolation,
and trigger e�ciencies. The denominator N

MC,fid
W [Z] is computed applying the fiducial requirements to

the generator-level leptons originating from W and Z boson decays. The measurement is corrected for
QED final-state radiation e�ects by applying these requirements to the lepton momenta before photon
radiation.

The uncertainty associated with the CW [Z] correction is dominated by experimental systematic uncertainties,
described in Section 8. Uncertainties in CW [Z] of theoretical origin comprise uncertainties induced by the
PDFs, by the description of the W and Z boson transverse momentum distributions, by the implementation
of the NLO QCD matrix element and its matching to the parton shower, and by the modelling of the parton
shower, hadronisation and underlying event. These uncertainties are discussed in Ref. [4], where they are
evaluated to be smaller than 0.2% and thus are negligible at the present level of precision.

The procedure described above is extended to the measurement of di�erential cross sections as a function
of the decay lepton pseudorapidity in W boson production, and as a function of the lepton-pair rapidity in Z

boson production. The dependence of cross sections on these kinematic variables is particularly sensitive
to the choice of PDFs. For W production, following Ref. [4], the lepton |⌘ | boundaries are defined as:

• 0 – 0.21 – 0.42 – 0.63 – 0.84 – 1.05 – 1.37 – 1.52 – 1.74 – 1.95 – 2.18 – 2.50;

12

๏Background:

Rfid
W

+
/W

� 1.617 ± 0.012 (stat) ± 0.003 (syst)

Rfid
W/Z 9.81 ± 0.13 (stat) ± 0.01 (syst)

Rfid
W

+
/Z

6.06 ± 0.08 (stat) ± 0.01 (syst)

Rfid
W

�
/Z

3.75 ± 0.05 (stat) ± 0.01 (syst)

๏Ratios:

W and Z boson production at 5.02 TeV
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Figure 9: The W boson charge asymmetry as a function of absolute muon pseudorapidity. ATLAS data at centre of
mass energies of 7 TeV (Eur. Phys. J. C 77 (2017) 367) and 8 TeV (this paper) are plotted. The error bars reflect the
uncertainties uncorrelated bin-to-bin, and are mostly smaller than the marker size. The data are compared to the
predictions from DYNNLO in which the CT14nnlo PDF set is used. A compatibility test of the two measurements
is performed via a double ratio between the measurements and predictions at both center of mass energies, taking
into account all uncertainties and their bin-to-bin correlations (assuming the two data curves are fully uncorrelated).
The �2 per number of degrees of freedom (dof) is 14/9.
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๏ Charge asymmetry (comparison to 7TeV results)
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Figure 10: The W+ fiducial cross-sections, di↵erential in lepton pseudorapidity, multiplied by the branching fraction
for the decay to a lepton and a neutrino, are shown as a function of the absolute lepton pseudorapidity. ATLAS data
in the electron (JHEP 05 (2018) 077) and muon (this paper) decay channels at centre of mass energy of 8 TeV are
plotted. The green error bars and the blue error band on the electron and muon-channel measurements respectively
reflect the total uncertainty (excluding luminosity). The binning of the two measurements is not identical.

9th April 2019 – 15:00 26

ATLAS DRAFT

|
l
η|

0 0.5 1 1.5 2
 [p

b]
l
η

/d
σ

 d
300

350

400

450

500

550 ATLAS
 -1 = 8 TeV, 20.2 fbs JHEP 05 (2018) 077

Data e-channel

-channelµData 

Figure 11: The W� fiducial cross-sections, di↵erential in lepton pseudorapidity, multiplied by the branching fraction
for the decay to a lepton and a neutrino, are shown as a function of the absolute lepton pseudorapidity. ATLAS data
in the electron (JHEP 05 (2018) 077) and muon (this paper) decay channels at centre of mass energy of 8 TeV are
plotted. The green error bars and the blue error band on the electron and muon-channel measurements respectively
reflect the total uncertainty (excluding luminosity). The binning of the two measurements is not identical.
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๏ Cross sections (comparison of electron and muon channels)
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