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The CMS detector

The Compact Muon Solenoid (CMS) detector

> Inner silicon tracker to determines the tracks and vertices.

» PbWO, ECAL and brass-scintillator HCAL to measure the energies of
photons, electrons, and hadrons.

» Muon subsystem with DTs, RPCs, and CSCs to measure muons with pr
up to 1 TeV in pr with resolution of 1-5%.
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Motivation

» Fundamental test of perturbative QCD.

» Test performance of MC generators and calculations, and provide
measurement spectra to test performance and parameters of MC
generators and theoretical calculations.
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What is measured?

Variables and Motivation

Jet Multiplicities
Kinematics

» How well-modeled are multiplicities by .
ME-PS MC? > Jet transverse momenta (pr) is

often cut on for final states in

» How does this compare to NLO iy IS Al

predictions?

> Jet pr is sensitive to higher order

2 == v, < sow [ o )
g ol oy S corrections.
§ wg == = g ke w 3 i
= — 3 b - ] » Scalar sum of jet momenta (Hr)
o e .
o e T = is also. usgd as a componer.1t of
e By A< == L o 7 factorization and renormalization

scale choices.

NLOat

> Angular variables, like 1, are
sensitive to modeling of parton
emission.

M
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Inclusive Jet Multplicity
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Selections and objects

I I

Particle-level phase space

» Due to trigger limitations, measurements are fiducial.
» The particle-level is defined similar to the cuts on reconstructed events.

Z+Jets Wt Jets

> (70" with{=eorp
> pr(£) > 20 GeV, |n| < 2.4
> 71 < M(4,¢) < 111 GeV

» Muon with pr > 25 GeV, |n| < 2.1
> Mr(u, £1) > 50 GeV

Object properties

> Jets are anti-kT jets with R = 0.5. pr > 30 GeV, |n| < 2.4.

> Considering all generated particles except neutrinos
> Separated from leptons with AR > 0.5

> Leptons are “dressed” to account for FSR
> Adding to lepton p all photon p within AR < 0.1

Measurement of Differential Cross Sections, of W+jets and Z+jets Processes , with the CMS Detector at the LHC 6/28




R

The Experimental Apparatus Motivations Measurement Distributions Signal Extraction Uncertainties Results Conclusions / looking forward BackUp

[e] [e] [e] [e]
oe [¢] 00000

I
Selections and objects

Reconstructed event selection

» Same overall kinematic requirements as the particle-level.
> Only trigger, identification, and signal-purity conditions are added.

71 Jets Selection W+ Jets Selection

> Isolated p trigger pr > 24 GeV, |n| < 2.1

> Dilepton trigger (17 GeV, 8 GeV) > Muon relative isolation

+ —
> 7L< M(£7,67) <111 GeV > (Ecal+Hcal+Trk)/pr < 0.15
> PU-corrected lepton isolation » Supress tt contamination
> Veto events with > 1 bjet

o prelminary
27TV Ly 249"
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T
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Signal and background modeling

Background and Signal Simulation

v

W and Z/v* events (Npartons < 4), with MADGRAPH 5.1.1

> Normalized to NNLO calculation from FEW?Z
» Using CTEQ6L1 PDF

» tf events, generated with MADGRAPH 5.1.1

DiBoson WW ,WZ,ZZ generated with PYTHIA 6.424
Single-top quark events, generated with POWHEG
Pileup modeled in the MC

v

v

\4

Gy e p—— W+Jets Backgrounds

» All background estimated with MC » Most backgrounds estimated with MC

> QED s Found) s oo maslfiflls » QCD estimated with data in inverted

isolation control region.
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Background subtraction and unfolding

Background subtraction and deconvolution of detector effects

200
100

> Response is trained on the
MADGRAPH signal MC

Unfolding £ 900F T T T T T T T ™
5 Elm m e e e e e | .

F 80 =

» Deconvolution is performed with 3 70

regularized SVD unfolding using 2 '

ROOUNFOLD B 5

> Arxiv 1105.1160 2 4 |

» Background is subtracted from data 300

100 200 300 400 500 500 700 800 900

» The unfolding procedure uses the p,(jet,) [GeV] Reco
response matrix to invert the effects
of reconstruction, and estimate the Response Matrix
deconvoluted distribution.

» ROOUNFOLD allows for treatment of > A response matrix defines the
misreconstructed and fake objects probability of migration from a true

> i.e. differences between the Gen and quantity to a reconstructed quantity
Reco level

Measurement of Differential Cross Sections, of W-Hjets and Z-+jets Processes , with the CMS Detector at the LHC
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[s=7TeV,L, =50fb"

Systematic uncertainties

= I
< 103? CMS Preliminary Tl e 3
2 f --Generator ]
. . £ - Statistical |
> Systematic uncertainties are propagated 5] :()‘5 Ve
. T 0? . e . E
through the unfolding g 1% AllOther
> Including jet energy and lepton momentum 5 |
scale and resolution 10k
» Corrections for reconstruction, ID, isolation
efficiencies - 1
> The statistics of the data-background and of 1= ! E
the response matrix R i
10-1\\‘\\v:\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\7
. 1 2 3 4 5 6
Zt+jets Jet Multiplicity (Exclusive)
Systematic source % d%’r 1stjet % 2nd jet dder 3rd jet % 4th jet
Efficiency 0.3 0.3 0.3 0.3 0.3
JEC+]ER 20-17.7 | _4.9-8.7 6.3-16.2 8.8-15.1 15.2-21.5
Unfolding 1.7-8.1 1.3-22.0 0.5-21.4 0.8-13.2 0.3-11.8
PU 0.3-0.8 0.2-2.7 0.3-1.1 0.2-0.7 0.5-1.1
Bkg XSec 0.8-25.3 0.1-1.1 0.6-1.8 1.6-3.3 2.7-4.7
Total Systematics | 2.8-31.9 | 5.1-23.5 9.0-26.8 10.2-20.0 | 16.9-24.8
[ Statistics [07-63 [ 0175 | 15128 | 3.0-13.1 | 62196 |
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Overview of theory predictions
I

» Several comparisons to MC generators and calculations are performed
> Including an NLO calculation from SHERPA2 or BLACKHAT+SHERPA

» Intended as comparisons with common tools, not complete picture.

Z-+Jets Predictions W Jets Predictions

» NLO from SHERPA2 (beta2)
» CT10 PDF
> NLO virtual corrections with
BLACKHAT library
> NLO for 0+1 jet, merged with LO

» NLO from BLACKHAT+SHERPA
» CT10 PDF
> Parton-level predictions corrected
for showering using

P MADGRAPH+PYTHIA
for up to four real emissions . .
> NLO up to four jets, fixed order
matched to PS ..
predictions

» PS with PYTHIAG
» SHERPA 1.4

» MADGRAPH 5.1.1+PYTHIA 6.424
> Same as for unfolding

» POWHEG + PYTHIAG
» MADGRAPH 5.1.1 + PYTHIA 6.424
> Same as for unfolding

Measurement of Differential Cross Sections, of W+jets and Z+jets Processes , with the CMS Detector at the LHC 11/28
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Differential cross section measurements
The jet multiplicity
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CMS Preliminary
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Inclusive Jet Multiplicity

> Agreement within uncertainties across jet multiplicity.
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Differential cross section measurements

The jet transverse momentum

CMS Prelminary | ["ZZZ4Z2 Data - - 1 | #%44 Data
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» Good agreement w/ NLO, some mis-modeling with MADGRAPH/SHERPA
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Differential cross section measurements

The sum of jet transverse momenta (Hr)

dofdH, [pb/GeV]

Theory/Data  Theory/Data.
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oMs preliminay  "ZZZE27 Daa
V=TTV Ly =497 ™ Sherpa2 (0,1j@NLO <4j@LO +PS)
=== Powheg+Pythia6 (Z+1@NLO +PS)
S MadGraph+Pythia6 (4{@LO +PS)
107
107

=
©
T

3
E antik, (R=0.5) Jets
E p*>30Gev, " <24
[ Zly*~ ll channel
\ | , ,
E Sherpaz (0.1@NLO <4/@LO +PS)

£ 1 meory unc. (gen) [ statistial unc. (gen)

Powheg+Pyihias (Z+1}@NLO +PS) E|

Theory unc. (gen) [ Sttistcal unc. (gen)
MadGraph+Pythias (<4j@LO +PS)

do/dH; [pb/GeV]

MC/Data NLO/Data

MC/Data

)
>~ | —&— BlackHat+Sherpa (NLO)
==s== Sherpa (LO+PS)

E=EE= MadGraph+Pythia (LO+PS)

CMS Preliminary

—o—

anti-k; (R = 0.5) Jets vrrrrrrrrrrriirrrrrrrrrrrag
e, t———

pr>30 Gev, In*<2.4 3
W - pv channel
; ; ;

e

Scale Unc

Sherpa (LO+PS), Normalized 100,y

S

O.5E" Madgraph (LO+PS), Normalized 10 0,y
200 400 600 800 1000 1200 1400 1600

H; (2 1 jet) [GeV]

» Some deficits in NLO due to lack of of higher order contribution
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Differential cross section measurements
The jet pseudorapidity (|n|)
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» Good agreement in |n| with all predictions.
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Differential cross section measurements
The jet-muon angular separation
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» Some diagreement at low A¢(u, jet) for the leading jet.
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Conclusions and looking forward.

> We have measured the Z+jets and W+jets cross sections as a function of
jet multiplicity up to 6 jets and differentially as a function of several
kinematic variables up to 4 jets.

> The jet transverse momentum
> The jet pseudorapidity
> The scalar sum of jet transverse momenta (Ht)

» Deconvoluted detector affects using regularized SVD unfolding
> Accounted for important systematics including energy and momentum
scales and reconstruction modeling
» Compared with predictions from MC generators and NLO calculators
» Found good agreement with predictions in most generators
> Some disagreement observed in pr, Hr, and A¢(¥, jet) distributions

» Measurements serve as a good fundamental test of perturbative QCD and
improve understanding of major backgrounds in LHC searches and
measurements.
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Exclusie jet multiplicity
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