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Motivation
> In pp collisions, more W+ are 2 L — \ \
expected than W™ due to the excess £ 12
w
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of u valence quarks wrt d quarks. o

S

An asymmetry measurement as a

80
function of boson rapidity can be used

to constrain PDFs. 6
Boson.rapidity is not directly 0 P vty
accessible [ W rapidit

20 —e— I' pseudorapidity

# |” pseudorapidity

Direct accessible measurement is the
lepton charge asymmetry

W rapidity/lepton pseudorapidity
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> This asymmetry is given by the combination of the W production asymmetry and
the well understood parity violation asymmetry in the W decay.
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Motivation

CMS preliminary 840 pb'1 at \s=7TeV
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History

» Previous CMS measurement with the
full 2010 dataset of 36pb—! in both
electron and muon channel

‘ ATLA‘S+CII‘:1$+LI-‘ICb—,

T T
0.3 \s=7 TeV
£ Preliminary 3

> Lepton charge asymmetry and W
charge asymmetry also been studied
at ATLAS and LHCb

» Muon channel measurement using
234pb~—1 of 2011 dataset

p‘T >20 GeV

ATLAS (extrapolated data, W — Iv) 35 pb'
CMS (W— pv) 36 pb”
LHCb (W—> pv) 36 pb"
MSTWO8 prediction (MC@NLO, 90% C.L.)
[EHEE CTEQSS prediction (MC@NLO, 90% C.L.)
L w HERA‘1 0 pred‘\ctwcn (M‘C@NLO“ 90%0‘\_.) ) )
0 05 1 15 2 25 3 35 4
» This new measurement has been Inl
performed with 840pb~1 of data from

the 2011 dataset.

Lepton charge asymmetry
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Analysis Overview

» W — ev characterised by

> High Pt lepton
> Missing transverse energy (MET) due
to neutrino

v

Background contributions,
» EWK background ( W — Tv,
Drell-Yan)
> tt background
> QCD background (multi-jet,
photon+jet)

v

The number of the electron / positron
is extracted from a extended binned
likelihood fit of the MET distribution
11 bins in |n|
> 0.0 < |n| < 2.4 in bin widths of 0.2
> [1.4 — 1.6] bin excluded because of

the transition region between Ecal
Barrel and Ecal Endcap

v

Martyn Jarvis

Electron Charge Asymmetry

CMS Experiment at LHC, CERN
CMS j Run 133874, Event 21466935

1 Lumi section: 301
Sat Apr 24 2010, 05:19:21 CEST

Electron p = 35.6 GeV/c / [ \
ME; =369 GeV (
Mr=71.1 GeV/c?
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Event Selection

Electron Selection:

> Pr > 35GeV
> Constrained by trigger

v

» Electron ldentification

> Track cluster matching PT > 35GeV
W — ev 76.2%
>
> Shower shape and H/E . . QCD Background 16.0%
Track, E'CAL .and' HCAL isolation EWK Total Background 7%
» Conversion rejection EWK DYtautau 0.2%
EWK DYee 6.4%
> Z veto EWK Wtaunu 0.8%
. 0
> 2nd lepton with P > 15 GeV EWK ttbar 0-4%
» Require that all three methods of Table: Composition of selected events.

charge assignment agree to reduce
misassignment (Gaussian Sum Filter,
Kalman Filter, Relative phi position of
cluster center and first tracker hit)
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Selected Events

> Apply electron selection, then extended binned maximum likelihood fit to the
MET distribution for electrons and positrons separately
» Two template shapes:

> Signal + EWK backgrounds : MC + correction from Z — ee recoil in data
> QCD shape is determined using a signal-free control sample obtained by inverting a
subset of the electron ID criteria

x10° CMS preliminary 840 pb* at Ns=7TeV
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Systematics and Corrections

> To compare with the theoretical value, the measured lepton asymmetry has to be
corrected for experimental effects:

> Charge mis-id (w):
» Introduces a dilution factor to the real asymmetry
» Evaluated from the ratio same-sign / opposite-sign Z yield
> Statistical error propogated to asymmetry as systematic error

> Relative detection efficiency (R = ¢ /¢~ ) between electrons and positrons:

P The detection efficiency is different for electrons and positrons and produces a bias in the

measured asymmetry
P> Measured with tag and probe.

> Systematic error (energy scale and signal shape) cancel out in the ratio R, only the statistical
error is propagated to R

_ 1 Ay(R+1)—-(R-1) 1 (R—1)(1— A3)
AR_172w(R+1)7.AM(R71)_172w<AM7 2 2)
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Systematics and Corrections

> Signal extraction method
> Systematic uncertainties evaluated by varying the shapes used in the fits
> Energy Scale and Resolution
> The electron energy resolution and scale can introduce a bias on the asymmetry, due to
the effect of resolution for leptons with a transverse momentum close to Pt cut.
»> The correction factor has been evaluated by comparing the asymmetry at gen level and
the asymmetry after simulating the particle-matter interaction
> An additional data/mc correction is applied to account for differences between data and
simulation . e Data/ MC
P = P‘.Ig.e" ® Res" ® ResP??/ 3)
> where:
> Ps.e" is from resbos with CT10
> ResMC is from a (W — ev) MC sample
> ResPata/MC i from a residual data/MC correction
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Summary of Systematic Uncertainties
Stat Signal Energy Charge Efficency  » The efficiency ratio is the
Error | Yield  Scale and Res.  Misld. Ratio domi P
0.0 < [n] < 0.2 3 18 06 0.0 75 ominant source o
0.2 < |n| <0.4 3 25 0.6 0.0 4.4 systematic error on our
0.4 < |n| < 0.6 3 2.7 03 0.0 44
0.6 < |n| <0.8 3 25 0.3 0.0 44 measurement
0.8 < |n| < 1.0 3 1.9 0.6 0.1 4.4 . ..
1.0 < |n| < 1.2 3 24 1.0 0.1 2.9 » This is limited by statistics of
1.2 < |n| < 1.4 3 26 08 01 5.4
16 < |n| <1.8 3 31 08 01 0.2 the Z data sample
1.8 < [n| < 2.0 3 2.0 16 02 8.7 .
2.0 < |n| <22 3 20 26 03 10.0 > We also_ give a f_U” error
22 < |n| <24 4 2.9 2.4 0.3 12,5 correlation matrix with the

5 measurement (backup)
Table: Summary of systematic errors, (X107°).

Martyn Jarvis

Electron Charge Asymmetry




Imperial College
London

Results

CMS preliminary 840 pb? at \s=7 TeV
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Conclusion

> Lepton charge asymmetry has been measured in W — ev for Pt > 35 GeV in 11
|| bins with 840 pb~!

> o(Ae) = (6 — 14)x1073

» This measurement data with full error correlation matrix will be used by theorists
to improve the knowledge of PDFs
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Selection
[ Variable cut value (barrel) cut value (endcap) |
ID Cuts
H/E 0.04 0.025
A 0.06 0.03
An 0.004 0.007
onn 0.01 0.03
Isolation Cuts
TSOpx /ET 0.00 0.04
1SOgcat / ET 0.07 0.05
ISOp 2 /ET 0.10 0.025
Conversion Rejection Cuts
Missing Hits <0
Dist || Deot > 0.02

Table: Electron selection.
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Results

Table: Summary of the measured charge asymmetry results. All values are in units x1073.

Measured Theory Prediction

Asymmetry (A) CT10 HERAPDF  MSTW _ NNPDF
0.0 < [n] <02 | 102+345 10075 10677 837 10745
0.2 < |n| <0.4 | 1114345 114t 11074 8573 11045
0.4 < |n| < 0.6 | 1164345 11975 154 9213 11645
0.6 < |n| <0.8 | 123£3+5 12675 1224 9873 12345
0.8 < |n| <1.0 | 1334345 13875 13274 108t 13445
1.0 < |n| < 1.2 | 1364346 146t66 14ot58 1201“5 14545
1.2 < |n| < 1.4 | 1564346 16416 15315 136175 15845
1.6 < |n| < 1.8 | 16643410 10518 18175 16815 190+4
1.8 < || <2.0 | 1974349 207t810 196t43 184t65 206+4
2.0 < |n| <22 | 22843411 22478 2118, 10876 21044
22 < |n| <24 | 21044413 2414:812 2251’94 2144:65 23145
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Covariance Matrix

[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][1.6, 1.8][1.8, 2.0][2.0, 2.2][2.2, 2.4]
[0.0,0.2] 23.7 2.6 2.2 25 2.7 2.9 2.9 2.9 2.8 3.1 4.2
[0.2,0.4] 26 26.2 2.6 2.9 3.1 33 3.4 3.2 3.0 3.9 4.7
[0.4,0.6] 22 2.6 26.6 2.6 2.8 2.9 3.2 2.9 25 33 4.1
[0.6,0.8] 25 2.9 26 25.6 33 3.4 37 33 2.8 37 47
[0.8,1.0] 27 3.1 28 33 233 3.9 4.2 3.7 3.4 4.6 5.6
[1.0,1.2] 29 33 2.9 3.4 3.9 308 4.5 4.1 4.0 5.7 6.8
[1.2,1.4] 29 3.4 3.2 3.7 4.2 45 36.5 43 3.7 5.8 6.7
[1.6,1.8] 2.9 3.2 2.9 33 3.7 4.1 4.3 94.9 3.8 5.1 6.2
[1.8,2.0] 28 3.0 25 2.8 3.4 4.0 3.7 3.8 82.4 6.2 7.0
[2.0,2.2] 3.1 3.9 33 3.7 4.6 5.7 5.8 5.1 6.2 1107 103
[2.2,2.4] 42 4.7 4.1 4.7 5.6 6.8 6.7 6.2 7.0 103 1710

Table: Covariance matrix, (x1075).
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