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W charge asymmetry
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> W± bosons primarily produced in pp
collisions through ud̄→W+ and
ūd→W−

> W asymmetry is an e�ect of
asymmetric production of W+

bosons over W−

µ+

A(η) =
dσ
dη

(W+→µ+ν)− dσ
dη

(W−→µ−ν̄)
dσ
dη

(W+→µ+ν)+ dσ
dη

(W−→µ−ν̄)



Previous studies
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W asymmetry was studied by ATLAS, CMS and LHCb.
Main topics of interest:

> Studies of additional constraints on the d/u ratio and on the sea antiquark densities
in the proton.

> improvement of the the PDF uncertainties for d and u quark �avors.

Previous CMS studies:

> 7 TeV: arXiv:1312.6283, Phys. Rev. D 90 (2014) 032004

> 8 TeV: arXiv:1603.01803, Eur. Phys. J. C 76 (2016) 469

Signi�cant improvement for
10−3 < x < 10−1



W± production cross section analysis
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Data sample:
> 2015 at 13 TeV
> Integrated luminocity 2.2 fb−1

Events selection:
> at least one muon, pT > 25 GeV,
|η| < 2.4

MET (��E T ) estimation is used to extract
the W± boson signal from the
background.



��E T and signal extraction
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The ETmiss model is �tted to the observed distribution as the sum of three
contributions:
> Signal: W±

> Background:
• EWK + tt̄ (modeled with

simulation-based �tting functions.)
• QCD (modeled by an analytic
function)

TheW boson signal and background yields
are obtained from the �E T distributions using
an unbinned maximum-likelihood fit.



QCD background
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QCD estimation is performed using fake
factor method:

> Control region:

• prescaled non-isolated muon trigger
• inverted isolation requirements

> The shape of the �E T control sample
distribution is modeled by modi�ed
Rayleigh distribution:

f(x) = x∗e
x2

ax2+bx+c ∗(ax2 + bx+ c) > 0
a = 4.0 ∈ [−10.0, 10.0]
b = 6.0 ∈ [0.0, 20.0]
c = 2.9 ∈ [0.3, 6.0]
x ∈ [0.0, 2.0, 150.0]



Missing ET for the whole eta region for W+ & W−
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Results represent signal extraction.

W− → µ−ν̄ W+ → µ+ν



Pseudorapidity binning and cross section
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For the future W asymmetry studies, �E T

has to be represented in a bins of η:

Region ηmin ηmax
1 0.0 0.2
2 0.2 0.4
3 0.4 0.6
4 0.6 0.8
5 0.8 1.0
6 1.0 1.2
7 1.2 1.4
8 1.4 1.6
9 1.6 1.85
10 1.85 2.1
11 2.1 2.4

A(η) =
dσ
dη

(W+→µ+ν)− dσ
dη

(W−→µ−ν̄)

dσ
dη

(W+→µ+ν)+ dσ
dη

(W−→µ−ν̄)

Cross section per eta region allows to obtain
the asymmetry values



Eta binned results in a log scale for W− → µ−ν̄
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Converged �ts provide signal yields
for the cross-section calculations:

0.0− 0.2 0.2− 0.4 0.4− 0.6 0.6− 0.8 0.8− 1.0 1.0− 1.2

1.2− 1.4 1.4− 1.6 1.6− 1.85 1.85− 2.1 2.1− 2.4

All eta regions shows a good agreement of MC with the Data



Eta binned results in a log scale for W+ → µ+ν
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Summary and outlook
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Summary:
> Well converged �t allowed η-binning implementation.
> Extracted signal yields for di�erent pseudorapidity

regions allow to calculate the cross-section values.

Outlook:
> Cross sections calculated for each pseudorapidity region

will allow us to obtain the asymmetry values.
> The muon charge asymmetry can be used in the global

QCD analysis at NNLO together with the combined
measurements of neutral- and charged-current cross
sections of DIS at HERA:
→ tool will be used for the �tting



BACK-UP
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Muon selection requirements
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Muons are identi�ed using the following requirements:

Observable Value or Range
pT > 25 GeV

|η| < 2.4

Id Global Muon
Id PFMuon

χ2/ndof < 10

# Valid Muon Hits > 0

# Matched Stations > 1

# Tracker Layers > 5

# Valid Pixel Hits > 0

|d0,pv| < 0.2

|dz,pv| < 0.5

PFIso/pT < 0.12



Additional Muon Veto selection requirements
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Events with additional muons are vetoed.
This veto-muon passes a looser selection:

Observable Value or Range
pT > 10 GeV

|η| < 2.4

Id Global Muon || TrackerMuon
Id PFMuon

PFIso/pT < 0.2



Lepton e�ciencies
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The muon e�ciencies are estimated in data and simulation
using tag-n-probe technique:

etotal = etracking+ID+ISO × eSTA × etrigger

< etracking+ID+ISO− e�ciency for a track in the muon
detector to be matched to a global muon that passes the
identi�cation and isolation criteria.

< eSTA− e�ciency for an isolated tracker track from a muon
to be matched to a global muon.

< etrigger− e�ciency for a fully identi�ed and isolated muon
to pass the trigger (HLT and Level-1) requirements.



Fit quality W+ → µ+ν
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Fit quality W− → µ−ν̄
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Eta binned results in a linear scale for W+ → µ+ν
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0.0− 0.2 0.2− 0.4 0.4− 0.6 0.6− 0.8 0.8− 1.0 1.0− 1.2

1.2− 1.4 1.4− 1.6 1.6− 1.85 1.85− 2.1 2.1− 2.4



Eta binned results in a linear scale for W− → µ−ν̄
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Eta binned results in a log scale for W+ → µ+ν

M.D’Alfonso, V.Danilov, E.Gallo, K.Wichmann | DPG-Frühjahrstagung, Würzburg | March 22, 2018 | Page 20

0.0− 0.2 0.2− 0.4 0.4− 0.6 0.6− 0.8 0.8− 1.0 1.0− 1.2

1.2− 1.4 1.4− 1.6 1.6− 1.85 1.85− 2.1 2.1− 2.4



Control region eta binned results in a log scale for W− → µ−ν̄
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