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N\,

will start with rediscovery of
the Standard Model

— New detector conditions and
unprecedented energy

e WZand Z boson measurements
will form a key component

— Large statistics

— Rich event topologies, exercising
many detector subsystems

— Opportunity to test predictions
from perturbative QCD and
evolution of parton distribution
functions (PDFs)
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Rediscovery of the SM at LHC

* Physics at the Large Hadron Collider
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QCD with Weak Bosons

* Next-to-leading order (NLO)

perturbative QCD calculations v
available up to W+3 jets, Z+2 jets gt
— Important to test these predictions ¢ /
at LHC en ergies o Mo 1 Tev _________ p— _
— Examples: jet p; distribution, o o /]
cross-section vs. jet multiplicity S
* Largest remaining theoretical <
uncertainty from PDFs
— New territory at low x, high Q? | |
— Differential measurements can ’

provide additional contraints A

— Exa m_pl‘eS: W Charg_e asymmetry, Campbell, Huston, Stirling
Z rapidity distribution Rep. Prog. Phys. 70 (2007) 89



Muon Detectors Electromagnetic Calorimeters

2 T Solenoid :
A / ; Forward Calorimeters

End Cap Toroid

22 m

Barrel Toroid Inner Detector

Hadronic Calorimeters

The ATLAS Detector

=
43 m

Total weight 7000 tons
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Inner detector |n| < 2.5
<> Silicon pixels and strips
<> Transition radiation tracker
<> 2T solenoid field

, Calorimetry |n| < 4.9

<> EM: lead/liquid argon
<> Hadronic: iron/scintillator tile
<> Forward: copper/liquid argon

Muon spectrometer |n| < 2.7
<> Open structure
<> 4T toroid field



The CMS Detector

Superconducting Solenoid

P '/’ = Silicon Tracker
n (¢ '/\..\ /é == Pixel Detector

Inner detector [n| <2.5
<> Silicon pixels and strips

Very-forward
Calorimeter

<> 4T solenoid field ' ‘I _
Calorimetry [n| < 5.0 ~ I h e
<> EM: lead tungstate crystal " //%%\ ' ‘

<> Hadronic: brass/scintillator tile

W QT

{ S,
<> Forward: iron/quartz fiber D “'
<> 4T solenoid field ?Zﬂ',?ﬁeterElectro
Calorimeter
Muon spectrometer |n| < 2.4 < Compact Muon Solenoid R v
< Interleaved with magnetic 22 m

field return Total weight 12500 tons

Both detectors have similar coverage and performance
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/Z+Jets: Particle Identification

Muons Example selection: ATLAS Z+Jets
<> Isolated di-muon trigger

<> Combined reconstruction using spectrometer and inner detector

< Muon p; > 15 GeV
< |n| < 2.4 excluding barrel/endcap 2 -
transition region (1.2, 1.3) § 10" ATLAS E
<> Isolation within cone of 0.2 510_2 ]
Electrons E
<> Isolated single or di-electron trigger 107 E
<> Electron p; > 25 GeV 10 ]
<% |n| < 2.4 excluding barrel/endcap - ]
calorimeter crack (1.37, 1.52) H‘ﬂjrri'n%nn S
< Shower shape and tracking ° e 0 08 "R,
requirements \ Ratio of energy in EM calorimeter 2" layer in
Jets An x Ag =0.075 x 0.175 versus 0.175 x 0.175

<> Seeded cone algorithm, radius 0.4
<> Require AR > 0.4 angular separation from leptons
< Infrared and collinear safe algorithms under study

—_— Z—ee
====QCD jets faking electrons



/+Jets: Detector to Hadron Level

* Correct data to hadron level for comparison with theory

— Largest correction, electron efficiency, also measured in-situ
with tag and probe method using Z—>ee events
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W+Jets: Background Estimation

» Relative background contributions vary with jet multiplicity
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Signal:
1 ALPGEN+HERWIG
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Backgrounds:
PYTHIA
10°
108 CTEQ6L1 PDFs
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> Njets (PT(Jet) > 20 GeV)

4 5 6 7 8 9
> Njets (PT (jet) > 20 GeV)
* Difficult to determine QCD background using Monte Carlo

— Developing data-driven techniques based on identification criteria
EPS-HEP '09
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* Expect dominant
uncertainty from jet
energy scale (JES)

— 10% energy shift leads
to 20% change in the
cross-section for W+3 jets
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Uncertainty on the cross-section
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= Njets (PT(jet) > 20 GeV)

—

— Similar size effect to
ratio of NLO to LO

— Measurements such as
dijet, y+jet, and Z+jet
balance can reduce
uncertainty with data,

tOWard C]e:]gr] go:'_ll Or l% _0.6\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\\\\\\\
0 20 40 60 80 100 120 140 160 180 200 220 240

P; leading jet (GeV
EPS-HEP '09 I. Jen-La Plante (U. Chicago) r leading jet (GeV) 9

0.6

ATLAS W-evdets

0.4

0.2

E= ,/ 10% JES unc.

Uncertainty on the cross-section

B= /5% JESunc.

o
\\\‘\\\‘\\\\\\‘\\\‘\\\




 Dominant theoretical
uncertainty from PDFs

— Impact on acceptance
and jet counting

* Uncertainty estimated
by reweighting using
CTEQ6M error sets

— Effect of up to 5% at
low p-

— Could decrease with
constraints from W
and Z differential
measurements
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/+]ets: Cross-Section Measurement

* Parton level predictions from

L L B L N ) O B ) N B B B

5106? o 3
MCFM corrected to hadron level ¢ Fmen e S
?10° —— 4 mcfm E

— Include effects of underlying & e Alpgen
event and jet fragmentation o . E
— Plan to re-evaluate corrections ¢ seesiots E
. . r ATLAS - ]
using underlying event ek ]
measurements from data TP et (Pllen40 Gev)

* Uncertainty dominated by jet

energy scale, based on Srep AT Zoeerot ]

conservative estimates Hg E

— Priority to reduce using data, S ost ]

including Z+jet balance 50 E

L. . (30-4} + Unfolding, Backgrounds, Statistics {

— Also sensitive to uncertainty oot + S datsnrgy sl urortay E
on integrated luminosity SR e

1 2 3 4
Inclusive jet multiplicity



W Charge Asymmetry

W2 production asymmetry expected for p-p collisions;
observed lepton pseudorapidity distribution correlated

ud > W+ > p*v @ @ Al) do(W*>u*v)/dn - do(W->pv)/dn
- n) =
du > W~ > v @ do(W*=>ptv)/dn + do(W->pv)/dn
;5; 025 [F>25Gev. o206y | Vo 14Ty
* Asymmetry is senstive e

to PDF modeling

— Direct dependence on
u and d quark PDFs
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e Data-driven estimation used
to subtract QCD background

— Require isolation within cone of
0.3, excluding muon energy loss

in calorimeters, Z =1 - p;
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W Charge Asymmetry: Measurement

* Uncertainties small enough to constrain PDFs with 100 pb-1

CMS PAS EWK-09-003
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/ Rapidity

pp > (Z,77)+X
e Stable QCD prediction with s o ;
low theoretical uncertainty 2 : |
— Shape unchanged by % : |
NNLO corrections T westeors v\ |

— Error bands show effect of

Y
Anastasiou, Dixon, Melnikov, Petriello,

varying renormalization and Phys. Rev. D 69 (2004) 094008
factorization scale by a | CMS PAS EWK-09-005
factor of 2 0.04;_L “”Jf
— Uncertainty 6% at NLO, less ) Zzs Hﬂxﬁ ﬁf ?
than 1% at NNLO T e
* Particularly sensitive to PDFs &0 == LLUJJ
. T s = 10 Tev
at higher rapidity . CTEQ6.5 PDF vector #13
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Events/0.25 Units of Rapidity

* Bin-by-bin correction for efficiency and acceptance
derived from measured single electron efficiencies

— Include electrons with 3 < |n,| <5 reconstructed using the
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/ Rapidity: Measurement

forward hadron calorimeter
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Conclusions & Outlook

* Ready to measure W+jets and Z+jets cross-sections with

the first LHC collision data
— Important test of expectations from perturbative QCD

— Will compare to theoretical predictions at hadron level
e Estimated uncertainties indicate useful early
measurements, improving with detector experience

— Dominant experimental uncertainty from jet energy scale

* Also prepared for differential measurements, including
W charge asymmetry and Z rapidity distribution
— PDF constraints possible with the first 100-200 pb-t
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Efficiencies from Tag and Probe

e Select “tag” electron in Z->ee events, then measure
efficiency to find second “probe” electron
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* Trigger efficiency decreases with jet multiplicity

— Isolation requirement sensitive to increased hadronic activity

* Reconstruction efficiency including offline selection
criteria is stable



Evolution to LHC Energies

e Gluon momentum distribution enhanced at low x

— g%qa contributions become important
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