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CMS Experiment and Detector
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Inclusive W—lv and Z—I1l Studies at CMS

The inclusive W and Z reconstruction and cross section measurement using in leptonic
channels are important to the VB + jets study
> Measurement of basic efficiency
lepton ID, selection, isolation, trigger, Z ID, W ID, Missing Et, MT
> Measurement of properties of inclusive W and Z production
cross section, distribution
> Tuning of MC tools and study of theoretical issues
NLO and NNLO (related easy for inclusive analysis)
> Study of detector systematic uncertainty
lepton momentum resolution, scale, misalignment
> Measurement of QCD and other Background

Two New Studies Recently Approved by CMS

> Towards a measurement of the inclusive W—uv and Z—pu+u- cross section in pp collisions
at sqrt(s)=14 TeV

> Available at http://cms-physics.web.cern.ch/cms-physics/public/EWK-07-002-pas-v8.pdf
> Towards a measurement of the inclusive W—ev and Z/y— e+e- cross section in pp collisions
at sqrt(s) = 14 TeV

> Available at http://cms-physics.web.cern.ch/cms-physics/public/EWK-07-001-pas-v5.pdf
Many important measurements can be done with 10 pb™ and extracted from
dedicated studies on data

Next a few slides summarize some important results of
inclusive W/Z analysis to the VB+jets study
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QCD Background
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Reconstructed Inclusive Z and W in Muon Channel

CMS preliminary, L=10 pb” I
Wz 0
>0 W- £4000
(L SUV o Wy
- F Il QCD bkg 3500
8L B Z>uu g
50 Z3000 0 2y
m -
8. 2500

2000

1500

1000
10"

500

N R
20 4 60 8 100 120 140 160 180 200 %20 40 60 80 100 120 140 160 180 200
m,, (GeV) M, (GeV)

2
10 0

Vector Boson + Jet Workshop at Berkeley, March 25-27, 2008



Reconstructed Inclusive Z and W in Electron Channel
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W/Z+jets Study in 2006 and After

In the following slides, results of W/Z+jets are from the analysis performed in

2006. The approved results can be viewed at
h ttps://twiki.cern.ch/twiki/bin/view/CMS/WZJetsAN2006

The work was concentrated on
> Evaluation of MC-based selection efficiency of Signal & Background
> Study of W/Z identification
> Study of lepton isolation, primarily justified from the MC-based evaluation of QCD
background for lepton+jet+Missing E_ final states

> Jet selection strategy
» Evaluation of missing E_ correction

> Primitive study of suppressing TThar background for high jet multiplicity final states

The first step towards the comprehensive reconstruction and analysis of
W/Z+jets
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Signal and Background of W/Z+jets

Signal Samples: W+0/1/2/3/4 jets, Z+0/1/2/3/4 jets

Generated by latest ALPGEN (version 2.05) with matching between matrix element and
parton shower provided by PYTHIA

W+0jet, W+ljet, Z+0jet and Z+1jet are not covered by the full simulated datasets, so CMS
Fast Simulation Software is used for W+Njets (N=0,1,2,3,4) and Z+Njets (N=0,1,2,3,4)
simulation for consistency of analysis

The partonic level W+ Njets (N=3,4) and Z+Njets (N=3,4) shared the same files of “official”
CMS production. W+ Njets(N=0,1,2) and Z+Njets(N=0,1,2) were generated based on the same
configuration and event generation process ...

Background Samples: TTbar, WW+jets, WZ+jets, ZZ+jets, QCD events

Generated by PYTHIA
Full detector simulation
High level trigger

Detector reconstruction
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Quick Review of Selection Cuts

Table 2: Summary of Event Selection Cuts

Selection

Configuration

Pre-Selection
(W/Z+jets Only)

Quark pp > 20 GeV/c
ARgq > 0.7

|nq| <5

Ine| < 10

Trigger

Standard single muon and electron for W+jets analysis
Standard di-muon and di-electron for Z+jets analysis

Lepton Calo-Isolation

Electron: Ez* /(Ex* + E°) > 0.95
096 < E/p < 1.25

|E92 - E5| < 6.0 GeV
|(E3* — Ef)/E%| < 0.1

EY* < 8.0 GeV

Ej*/E§ <0.12

Ep? < 6.0 GeV

E32/ph < 0.1

EY* < 8.0 GeV

Eg* ph < 0.12

Muon :

Lepton Track-Isolation

ar0.15 - par0.30
;\'“_k oy 4\ 1k << 3

Faked Jet Removal

ARy > 05

Lepton py Cut

W+jets: pp > 30 GeV/e
Zrjets: pr = 20GeV/e

E} niss Cut

Wijets: B7V55 > 45 GeV
Z+jets: B < 40 GeV

W/Z Identification

Wijets: M — 80.4| < 25 GeV
Z+jets: [Mz — 91.2] < 4 GeV

Jet Selection

Er > 50 GeV
In| < 4.5

Selection Strategy

\4

\4

\4

\4

\4

\4

Highly suppress QCD
background
Reduce TThar background
Jet counting strategy to be
consistent with MC data
W and Z ID
Consideration systematics
Use full detector coverage
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Combined Distribution in W/Z+jets Candidate Events

v

Combined experimental observable (signal and background)
> W+>Njets (N=0,1,2,3,4) and Z+>Njets (N=0,1,2,3,4) candidates
Using one selection schemes

v

> Inclusive

v

Number of events scaled to 1 fb™

v

Basic observables of W/Z+jet properties
- W/Zp_distribution

> W/Z n distribution
> Jet ET distribution
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W p_ in W+jets Selection (S & B)
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Events/20 GeVin 1 b

Events/20 GeVin 1 b
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Events/20 GeV in 1 fb™’

W/Z P, in W/Z+>Njets(N=1,2,3,4) as Observed Spectrum

—_
(-]
[=2]

— —_ —_
o (] o

[5] = o
P * TTTTTT T

—
o
M2

LILRRL 1 | |

]

m 1JetSample |
0 2Jet Sample |H
& 3JetSample ||

A 4 Jet Sample

0 50 100 150

200 250 300 350
P; (GeV/c)

Events/20 GeV in 1 fb™

Z+jets
(S+B)

A

: CA :
IIII|IIII|IIII|IIII|III'¢'|

|||||||||||

u 1 Jet Sample
O 2 Jet Sample
i 3 Jet Sample

4 4 Jet Sample

] -
o 1
[ ] : ]
H L] :

: ] im

.l o
¢||||||||EE|'|

0 50

Vector Boson + Jet Workshop at Berkeley, March 25-27, 2008

100 150 200 250 300 350

P, (GeV/c)

15



Expected Systematic Uncertainty at 1-10 fb™

Detector Systematic Uncertainty (Conservative Estimation)

Luminosity 5%
Jet energy scale (3%) 8%
Missing E_ 5%
Trigger & Lepton ID 3.5%
Lepton Isolation 5%

Background Subtraction ~10%
(to be evaluated and subject to S/B w.r.t. Jet multiplicity)

> Overall 12.3% det-systematics without background subtraction
> Largely dependent on how jet energy scale reach w.r.t. Luminosity
> Missing E_ uncertainty is “over-estimated”, selection cuts can reduce the

systematic uncertainty
> Lepton ID and trigger uncertainty is much smaller
> Strategy of lepton isolation needs some thinking, but not a serious issue
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W/Z+jets Event Rate at 1 fb™

Table 6: Event Rate in | fh~" with W+>Njets(N=1,2,3 4) Selection

Table 7: Event Rate in | fb™" with Z+ >N jets(N=1,2,34) Selection

Channels Wiz 1jet Wi 22jet Wizdjet  Wezdjet

Wotets 260652£828  S6702+£300 10964 £178 2164 £81

Z+ets 0M0+0%.6 32374369 024312 239416l

ttajets 12897+ 1136 11342+ 1088 90524952 5420+736

WWWZ/ZZ+pets | 10772328 Tl4£267  Bexl96  L5L£123

total 283060 £ 842 TMO5£400 213742205 T4 LILLL
For W+jets

Channels Lzl Lezdet Lizdet  Zedzjet
L4jets BIOLIET 61852786 9772313 1561125
thbjets 64280  Bz76 49470 1436
WWWZ/ZZ4jets | 33258 1242 5z23 1zl4
total 306188 6260790 10312322 1904038

very serious contamination from TTbar background for W+>Njets (N=2,3,4)
“flat” TThar contribution for various jet multiplicities
Large uncertainty in background subtraction for W+>Njets (N=3,4) because S/B~ 1

for low jet multiplicity, systematics dominated by detector effect

for high jet multiplicity, systematics dominated by background uncertainty
For Z+jets
“flat” TThar contribution for various jet multiplicities
high S/B for Z+>Njets(N=1,2,3)
systematics dominated by detector effect

Vector Boson + Jet Workshop at Berkeley, March 25-27, 2008
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Measured Cross Section for Signal W/Z+jets using 1 b

o(W+ > Ljet) = 260.6 £ 0.845% £ 34.9%5(pb) 8 " | E
a(W+ > 2jet) = 56.7 £ 0.41%%2 £ 9.1 (pb) s R
o(W+ > 3jet) = 10.9 £ 0.21% 4 2.9%%(pb) & . v '
o(W+ > djet) = 2.2 4 0.115% + 1.2%(ph) 2

o(Z+ > 1jet) = 35.1 £ 0.195 4+ 4.3%(ph) e |

o(Z+ > 2jet) = 6.18 £ 0.0795* £ 0.77%%(pb) = § | ,

o(Z+ > 3jet) = 0.97 £ 0.0325 £ 0.13%(pb) 5
o(Z+ > 4jet) = 0.16 + 0.0145* + 0.024%%(pb) O TRV YOV P P VO Y

Jet Number

v

Det-systematics dominates the uncertainty of the measurement of cross section at 1 fb”

> High jet multiplicities of W+jets have very large uncertainty

> Based on systematics, W+>1/2jet and Z+>1/2/3/4jets provides very good sensitivity for cross
section measurement and theoretical model-dependent analysis

> Improving S/B for W+>3/4jets is important to extend the sensitivity for high jet multiplicities of

WHjets and comparison study with Z+jets

The effective cross section is what we observed for a given selection. It is
detector and selection dependent. Unfolding of jet multiplicity wasn't done.
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Theoretical uncertainty related to NLO

The calculation of NLO cross section for high jet multiplicity events and incorporation
with the matching mechanism between ME and PS remain a question for the theoretical
predication for W+jets and Z+jets.

> 50 GeV jet E_ cut highly suppresses the soft gluon radiation, which is the main effect of

NLO correction.
> Tevatron illustrated the basic consistency between the data and NLO-based prediction
» LO-based prediction using 20-50 GeV jet E._ threshold will be tested with LHC data. We

expect the physics properties (e.g. shape of the jet E_distribution) of W+jets and Z+jets
can be well predicted via a LO-based event generator when a high jet E_threshold is
chosen.

> We expect the upper limit of NLO correction of WW/WZ/ZZ for W+1jets, W+2jets,
W+3jets and W+djets selection is 0.1%, 0.5%, 0.9% and 0.9% respectively. Similar
expectation applies to their influence on Z+jets.

» TTbar is a very serious background. The high E_jets in TTbar are dominated by b jets

from t- >Wb and jets from W hadronic decay, we expect the physics properties of TTbar
can be well predicted via a LO-based event generator.

Vector Boson + Jet Workshop at Berkeley, March 25-27, 2008
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Summary

CMS will carry out comprehensive studies of W/Z+jets

> Understand detector performance and tune the event generation and simulation
> Characterize and optimize the physics objects with their reconstruction

> Evaluate important trigger streams

> Strongly affect the new physics search

Work towards the solutions for many important issues under the
condition of real data analysis (especially data driven method ...)

> Reduce the systematic uncertainty

> Measure the fake lepton rate from QCD and optimize the isolation
> Measure the lepton-related reconstruction and selection efficiency
> Improve the reconstruction of jet and missing Et

> Explore a variety of data driven analysis strategies

With 1 fb™ or less of LHC data
> Most measurement w.r.t. W/Z+jets can be “done” with significant statistics
> Many optimizations based on real data analysis just start
> “Discovery” of problems in the system
> Work towards significant improvement in those difficult topics (?): high jet
multiplicity final states, VB + heavy flavor ...

Vector Boson + Jet Workshop at Berkeley, March 25-27, 2008 20



Outlook: Detector Simulation and Reconstruction in Real Data Analysis

Any comparison between theoretical prediction and real data depends on a

decent simulation which is reflected in many small details : jer shape, low pt
particles, underlying event structure, pileup, soft track in the lepton isolation cone, fake

track rate ...
> To tune the simulation based on the real data is not an easy job

> To make the tuning/comparison possible, dedicated selection strategy needs to be
studied (the comparison are better to be done via “clean” samples)
> The inconsistency will affect the analysis selection strategy. Need to minimize the

impact of those inconsistency
> The inconsistency between the simulation results and data might also be our

incomplete knowledge in the event generation level
Differentiating the generation and simulation issues is important

Comprehensive investigation of reconstruction performance vs jet

multiplicity
- The dependency of jet and missing E_scale/resolution on the jet multiplicity is

potentially a serious issue
> The data driven jet energy scale is primarily derived from lepton(s)/y + 1 jet event.

The systematic uncertainty from 3 or 4" jet needs to be studied
> Lepton isolation using calorimeter information needs to be evaluated
Do reconstruction algorithm and calibration affect the results of

comparison (other than affecting the S/B)? If so, in what level?

Vector Boson + Jet Workshop at Berkeley, March 25-27, 2008
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Outlook: Physics Analysis

Assuming the reconstruction and basic selection efficiency are well
understood, physics analysis can be more concentrated on

> Optimizing the offline algorithm to improve the resolution of high level physics
objects
> Jet Et, Missing Et, lepton Pt
> Increasing signal to background ratio
> W/Z ID, lepton isolation, correlation between Missing Et and lepton/jet
> Looking for best observables to resolve the theoretical uncertainty
> Need to develop a comprehensive set of observable system sensitive to physics
prediction, reducing the background, and canceling the systematic uncertainty

Studies of high jet multiplicity final states is important but challenging due to
large background contamination

> Complicated selection techniques introduces more systematic uncertainties in the
selection chain
> But reducing background significantly reduces systematic uncertainty due to
background subtraction.
> Jet performance plays an important role
> Does jet merging-splitting help increase the sensitivity to physics predictions?
> Sensitive to jet counting strategy

Vector Boson + Jet Workshop at Berkeley, March 25-27, 2008 22



