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Introduction

Introduction

m Vector boson production is one of our strongest tools for
constraining PDFs at the LHC

m Absolute cross-sections predicted with uncertainty of ~ 5%

m Asymmetries and ratios offer best prospect of early
measurement with potential to constrain the PDFS since
many systematics cancel out

m This talk presents recent work within the ATLAS SM group
on measurements of the W production cross section

m Also presented are some recent MC studies on W asymmetry

measurements. %
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W P ro d u Ct | on W production Kinematics

Cross Section

ributions

LHC parton kinematics W Production at AT MS
10° T T T T T
X, = (M/14 TeV) exp(ay) m Will explore a new range of
10 Q=M M =10TeV

parton kinematics

m Not only lower x than
TeVatron, also lower x than
HERA at central rapidity

m LHCb has potential to further
extend measurement in x

Q (GeV)

m W production cross section in
pp collisions very sensitive to
PDFs ...
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W production Kinematics

C ross S eCt | on ﬁ/ross. Section

eve
Rapidity Distributions
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m Uncertainty obtained using different PDF sets on total cross
section usually 5%

m Central values of different PDF sets can differ by > 5%
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W e d e]/e W production Kinematics

Cross Section

- W — eve
Selectlon Rapidity Distributions
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m Main experimental
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backgrounds
expected:
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m Z — ee (0.2%) Mrw [GeV]

W production preliminary measurement studies performed for 14 TeV \
dataset from forthcoming ATLAS Standard Model group CSC note:
ATL-COM-PHYS-2008-064
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W Cross Section W production | Kinematics

Cross Section
W — eve

MeaSU rement Rapidity Distributions

m Expected systematic precision of measurement % ~ 5%
(50 pb™1)— 2.5%(1fb1)
m Expected 10% early luminosity uncertainty not included

m Theoretical contributions to measurement uncertainty:
ISR (2%)

input PDFs (0.9%)

Intrinsic k7 of partons (0.4%)

FSR (0.3%)

Underlying event (0.2%)

Early measurement of cross section with 10% luminosity
uncertainty at LHC cannot constrain the PDFs @
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Ra pld |ty W production Kinematics

Cross Section
W — eve

D istri b utions Rapidity Distributions

W*y Distribution by Flavour
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Ra pld |ty W production Kinematics

Cross Section

W — eve

D istri b utions Rapidity Distributions

W* Lepton n Distribution by Flavour
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W Rapidity Asymmetry

Asym m et rles Asymmetry Intro Charged Lepton Asymmetry

Comparison To Tevatron Asymmetries

Two measurable W* asymmetries to be discussed :
m W boson production asymmetry as a function of yy
m Charged-lepton asymmetry as a function of 7,

Both have been measured in pp at TeVatron
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W Rapidity Asymmetry

W Rapidity
Charged Lepton Asymmetry
Asym m et ry Comparison To Tevatron Asymmetries

Asymmetry Intro
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W Rapidity Asymmetry
Charged Lepton Asymmetry

Lepton

Asymmetry Intro

Asym m et ry Comparison To Tevatron Asymmetries

Definition

A— do/dn 4+ —do/dn,—
~ do/dn++do/dn,—
Charged lepton ®&— =@ @— 0
asymmetry:

m Directly measurable

m Asymmetry of W I .”,:;eT 77777

. . o -
production itself - /
washed out by V-A at W rest frame ©at W rest frame
et —

v

decay

m V-A decay very well
understood
theoretically
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Lepton

W Rapidity Asymmetry

Asymmetry Intro Charged Lepton Asymmetry

Asym met ry Comparison To Tevatron Asymmetries
Definition
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I_ H C VS W Rapidity Asymmetry

Asymmetry Intro

Charged Lepton Asymmetry

Te\/atron Comparison To Tevatron Asymmetries
TeVatron LHC
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W or lepton rapidity W or Lepton Rapidity

m TeVatron asymmetries antisymmetric about 0, LHC
symmetric.

m LHCb can measure 1.9 < || < 4.9 region - good overlap
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MC Studies of

FSR effects
Lepton Asymmetry QCD uncertainty

I Asymmetry

Presentation here of some studies with HERWIG and PYTHIA MC
on prospects for W — er measurement

m Effect of FSR on measured W asymmetry

m Is the expected understanding of QCD background at ATLAS
sufficient?

o
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FS R Effects FSR effects

Lepton Asymmetry QCD uncertainty

Zzg+++++++++++ Study comparing HERWIG with and

s E without FSR (PHOTOS):
o T 3 m FSR reduces cross section for
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FS R Effects FSR effects

Lepton Asymmetry QCD uncertainty

o | oiolfsRonWesymmen ] - Study comparing HERWIG with and
55, & 1 without FSR (PHOTOS):
EL<cu <105+ + + +
m No significant effect on
09; T Asymmetry from FSR
n

o
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Importance of

FSR effects

Q C D u ncerta | nty Lepton Asymmetry QCD uncertainty

m Uncertainties of order 5%
on prediction (from PDF

L N

?0'24; Corrected Asymmetry with f 7%
. . o) [ =7%
uncertainties) Eo2of ° o
; r 100% uncertainty
m Expected uncertainty of 020 50% uncertainty
c il
0O(50)% on QCD bkg SO18 [ por uncenany
. .. 00.16
(7 £ 4%), gives similar = oaab
uncertainties on 0_12;
measurement o1
m Priority at ATLAS: 0.08=F=
0 02040608 1 12141618 2 2224
accurate QCD bkg' Pseudorapidityn O

determination using
data-driven techniques
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Determining QCD
Background

FSR effects

Lepton Asymmetry QCD uncertainty

Example Method For Determining QCD Background to W — ev

m Principle: Measure shape and normalisation of jet background
prior to EF'** cut.

m Requirement: A pure jet background sample with appropriate
M+ and jet multiplicity distributions

m Usage: Use sub-sample to evaluate E7r9iss cut rejection and
determine uncertainty

m Implementation: Apply similar selection to W — ev except
use a single  trigger and select v candidates rather than e
candidates

(This method used to determine background in W — ev
cross section discussed earlier) @
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Determining QCD

FSR effects
Lepton Asymmetry QCD uncertainty

Background
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Method succeeds in describing the QCD background well @
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Direct W
The Method
LHC vs TeVatron environment

Asy mm et ry W Prod. Asymmetry

Method for measuring direct W-asymmetry presented by Bodek et
al. in aryiv:0711.2859[hep-ph]
m Use Mass constraint M3, = (E; + E,)? — (P, + P,)? to find
two possible solutions for neutrino momentum

m Use both solutions, each with a weight proportional to
probability from V-A decay and differential cross-section

This method has also been used by CDF (CDF Note 8942)
Showing here a comparison of the environment at LHC compared
to TeVatron for this measurement
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http://arxiv.org/abs/0711.2859
http://www-cdf.fnal.gov/physics/ewk/2007/WChargeAsym/W_Charge_Asymmetry.html

LHC vs TeVatron

enVl ron ment W Prod. Asymmetry

The Method

LHC vs TeVatron environment

W* Production at 14 TeV
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flatter at LHC
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LHC vs TeVatron

enVl ron ment W Prod. Asymmetry

The Method

LHC vs TeVatron environment
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G/q much closer to 1
over large phase space
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Summary

Summary

m W production asymmetries very promising for putting an early
constraint on PDFs at LHC with ATLAS
m For charged lepton asymmetry:
m FSR effects negligible

m Expected understanding of QCD backgrounds is sufficient to
allow constraint on PDF

m For full W production asymmetry:

m distributions used to extract event by event weights at CDF
seem much flatter

m Investigating whether this presents a problem for the method

m Potential disadvantage is dependence on input PDFs @
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