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Test of higher-order QCD calculations
Signhature of new physics / Background to searches

Measurement of PDFs, calibration of detector
response
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Luminosity

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 03 00:00 UTC)
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2010 running: ~36 pb™ integrated luminosity of
certified data
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Event Reconstruction @
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Event Reconstruction @

Mlssmg energy (neutrino) reconstruction: partlcle flow
algorithm » e .

mral? \ Clusters
hadron i : ” detector

— Reconstructed elements: tracker tracks, muon system
tracks, calorimeter clusters

— Elements linked together into “blocks”

— lteration: as particle objects identified, removed from
block

— Missing energy calculated from full particle collection
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Analysis Methods @
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Lepon Selection Efficiency: Tag and Probe
method

— Reconstruction, isolation, trigger steps

lepton probe

— Select sample of probable Z events using
mass window 60-120 GeV

— ldentify well-reconstructed lepton object as
“Tag” 4

— Partner object is “Probe”

— Efficiency = (probes passing given _CMS preliminary

. 11007 —
selection)/(total probes) g 150t atNE <7 ey ]
Data-driven Background Estimation: Template S 75 - data
— Relative Isolation: Ratio of energy, =:§ =R
momentum in cone around lepton to 50 M qco
lepton momentum
— Invert isolation cut to select QCD-rich 21
sample : E |
— Take shape of this sample as QCD o o1 0z o3 D4 03
background
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W — ev Event Selection @
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Require
— Muon p_> 25 GeV, |n| < 2.1
— Reject events with two good
muons, p_ > 20 and 10 GeV
Acceptance

— W:0.4638 +- 0.0003
— W+:0.4570 +- 0.0004
— W-:0.4706 +- 0.0004
QCD E_™ distribution obtained by
inverting isolation cut

Fraction of events within acceptance
passing full selection

— W: (83.0 +- 0.3)%
— W+: (83.5 +- 0.4)%
— W-: (82.5 +- 0.4)%

number of events / 2 GeV
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T ae Cl‘(lS preliminary

ReqUIre 1.2;— 36 pb™ at \s =7 TeV

— Two good electrons: isolated, s :

ET > 25 GeV, ECAL fiducial & ]

— Invariant mass between 60 Fos) :

and 120 GeV E
Acceptance <0

— 0.3876 +- 0.0005 N e [e” |

QCD baCkground estimated by o | 36 pb™ at Vs =7 TeV _

iInverting isolation cut e

E]] 1 Zoet |

Fraction of events within acceptance =

- . g EﬁW%l+ -
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~ (60.9 +-1.1)% 11T
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Z — uMu Event Selection ..
WECONSIN
Require T
— Two good muons, p_> 20 ﬂ , g
GeV, |n| < 2.1 f
— Invariant mass between 60 S| 1
and 120 GeV ST,
Acceptance

M(wy) [GeV]

— 0.3977 +- 0.0017

Simultaneous fit to events with
muons passing or failing one of
two reconstruction methods,
trigger, or isolation

number of events / 2 GeV
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Systematic Uncertainties @

WISCONSIN
Source Woev | Wouv |Z—seTe |Z=uTu™
" Lepton reconstruction & identification 1.3 0.9 1.8 n/a
Trigger pre-firing n/a 0.5 n/a 0.5
Momentum scale & resolution 0.5 0.22 0.12 0.35
E 1 scale & resolution 0.3 0.2 n/a n/a
Background subtraction / modeling 0.35 0.4 0.14 0.28
Total experimental 1.5 1.1 1.8 0.7
PDF uncertainty for acceptance 0.6 0.7 0.9 1.2
Other theoretical uncertainties 0.7 0.8 1.4 1.6
Total theoretical 0.9 1.1 1.7 2.0
Total 1.7 1.6 25 2.1

Lumi uncertainty 4%

Theoretical uncertainty
— PDF's: MSTWO08, CT10, NNPDF2.0

— Other: renormalization scale; calculated ISR/FSR
corrections, NNLO and >NNLO corrections
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36 pb™at Vs =7 TeV

NNLO, FEWZ-HMSTWO08 prediction
[with PDF4LHC 68% CL uncertainty]

‘ ~ 1044+ 0.52 nb

W ev t+4
10.48+ 0.03, + 017, + 0.42,, nb

W — KLV Fed
10.18+ 0.03 __, + 0.16 syst =041 .. nb
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NNLO, FEWZ-+HMSTWO8 prediction
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Cross Sections
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CMS 36 pb™tat \s =7 TeV
— — - - 1 1 - 1 T 1
NNLO, FEWZ-+HMSTWO8 prediction, 60-120 GeV
[with PDFALHC 68% CL uncertainty]

Z 0.97 £ 0.04 nb

Z > ee HeH
0.992+0.011,,, + 0.024  + 0.040,, . nb

Z— HeH
0.968+ 0.008 = 0.020, , + 0.039,, nb

Z > Il (combined) HH
0.975+ 0.007 _ + 0.019__ + 0.039,, . nb
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Cross Section Ratios

CMS 36 pbtat \s =7 TeV CMS 36 pblat \s =7 TeV
' ' ' 1 ' ' ' 1 ' ' ' 1 ' ' ' 1 ' ' ' 1 ' ' ' 1 ' ' ' T T T T T T T T T T T T T T T T T
NNLO, FEWZ-+HMSTWO08 prediction NNLO, FEWZ-+HMSTWO08 prediction
[with PDFALHC 68% CL uncertainty] [with PDFALHC 68% CL uncertainty]
VV / Z 10.74+ 0.04 V\/ —|—/ V‘/ - 143+ 0.04
Wo>ev, Z>ee HoH W ev e
10.56+0.12 , + 0.19_ 1.418+ 0.008  + 0.036 _
W pv, Z— up HeH W > v -
10.52+ 0.09 + 0.20, 1.423+0.008  + 0.036 _
W |v, Z- (combined) HH Wo v (combined) [
10.54+ 0.07 = 0.18_ 1.421+ 0.006  + 0.033_
| | | | | | L |
0 2 4 6 8 10 12 14 0 0.5 1 + 1.5 )
Ryz=[cxBIW)/[cxBIZ) Ry.=[loxBIW™)/[oxBW")

Cross sections and ratios: Overall good agreement
with theory

Good consistency between electron, muon
measurements
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Comparison With Theory/
Previous Results

CMs 36 pblat \s =7 TeV
I I I I I Ilm I rt‘ nty:l 49'6 ‘ I I ‘ I I ‘ I
TeB(W) e 090085, =0%he | Combined results agree
ox B (W*) —fat— 0.982+ 0.009.,, = 0.049,, .
well with theory
cxB (W) —— 0.993+ 0.010,,, = 0.056
cxB(Z) —jo— 1.003+ 0.010,, + 0.047 ,
Ry HeH 0.981+ 0.010,, + 0.016
R, i 0.990 & 0.011,,, + 0.037
0.6 O.IB . i 1.I2 1.I4
Ratio (CMS/Theory) T F . cwms, 3. pb, 2010 W
2 10 CDF Run II e
b c DO Run 1
i UA1

ZI1T

Results confirm increase of
cross section with increasing
energy, consistent with theory
and previous results
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Theory: FEWZ and MSTWO08 NNLO PDFs

C olllder energy (TeV)
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Conclusions

Inclusive cross sections of W and Z measured with 36
pb™ of 7 TeV data

Results agree with NNLO calculations

Results consistent with previous measurements from
SPS and Tevatron
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