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® [ntroduction

m Inclusive W and Z production cross-section
e W charge asymmetry
m W polarization
® Additional selected results:
« WW cross-section
» Z—TT Cross-section
r W,Z + jets
« Drell-Yan do/dM

» Z differential cross-sections: do/dy, do/dg-
» AFB and sin?6,,
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W

m 47pb1 delivered by LHC and 43pb of data collected by CMS
» Overall data taking efficiency ~92%.
» ~84% of recorded data good quality for physics analysis — ~36pb1

e Excellent performance in coping with more than 5 order of magnitude
Increase in instantaneous luminosity

Total Integrated Lum|n05|ty 2010 (Mar 30 10:00 UTC - Nov 03 00:00 UTC)
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" Motivations for Electroweak Physics at CMS

m Although Electroweak processes are well understood from earlier
experiments, precise measurements at LHC are important for many
reasons:

m Detector and physics object commissioning:

» W, Z: predominant source of isolated high p; leptons

= Benchmark for lepton reconstruction and identification (understand
efficiency, resolution)

m Test of perturbative QCD, constrain proton PDFs
®  Understand backgrounds for many new physics searches

e Deviations from standard model predictions can be a sign of new physics,
e.g. anomalous TGCs in di-boson production

m Estimators of LHC Luminosity
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CMS Experiment at LHC, CERN
CMS Run 133874, Event 21466935
Lumi section: 301
Sat Apr 24 2010, 05:19:21 CEST

Electron p;=35.6 GeV/c
ME; =36.9 GeV
Mr=71.1GeV/c?

W— ev

CMS Experiment at LHC, CERN O S—

i| Run 135149, Event 125426133 S—
Il Lumi section: 1345
Sun May 09 2010, 05:24:09 /
Muon p;=67.3, 50.6 GeV/c / / N
Inv. mass =93.2 GeV/c? XV

CMS

Z— [
candidate

CMS Experiment at LHC, CERN
Run 133875, Event 1228182

Il Lumi section: 16 TRETRTR
Sat Apr 24 2010, 09:08:46 CEST

CMS

Muon p; =38.7 GeV/c

ME; = 37.9 GeV

M =75.3 GeV/c?
=

- CMS Experiment at LHC, CERN
CMS Run 133877, Event 28405693
1| Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST

Electrons py=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2

Z— ee
candidate
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"W and Z: Signal and Background characteristics

e W—lv Signal:
= Single high p; isolated lepton with significant missing transverse energy

e Z—ll Signal:
= Two high p; isolated leptons with di-lepton invariant mass close to M,

e W-—lv Backgrounds:
» QCD di-jets and y+jets (for electrons)

» Fake leptons, leptons from heavy flavour decays, photon conversions (for
electrons)

¢ Drell-Yan including Z—ll
e W—tv
« Small contributions from Z—tr, di-bosons (WW, WZ, ZZ) and ttbar
e Z—ll Backgrounds:
=« Very low: Small contributions from Z—tr, di-bosons (WW, WZ, ZZ) and ttbar
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m One (W) or two (Z) isolated electrons or muons with p;>25 GeV, passing
ID and quality requirements
= Explicit rejection of converted photons (for electron case)
= Explicit rejection of cosmic muons (for muon case)

m  No cut on missing E; or transverse mass for W selection
E For Z require 60<M,<120 GeV/c?
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Signal yield extracted from fits to Integrated luminosity:
distributions of: « largest source of systematic
» missing transverse energy for W uncertainty in the

« di-lepton invariant mass for Z measurement (4%)

\N

OXBR= Signal :
Axex | Ldt

.

Selection efficiency for signal falling

Fiducial and kinematic within the acceptance :
acceptance: « obtained using simulation
» determined from simulation « corrected using efficiencies measured
(POWHEG NLO with in data and MC with tag and probe:

CTEQG6.6 PDFs) TP

TP
€ =&y X( DATA /EMC
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W

CMS preliminary
—

® Signal extraction performed via a maximum likelihood 2 {%—————
fit to missing transverse energy distribution

36pb!at\s=7TeV

—
)]
LU L

®  Missing transverse energy calculated using the
Particle Flow algorithm
» -2p; for all particles reconstructed in the event
+ Well reproduced by simulation

number of events /2.5 GeV
)

5 1 I I T
; 25_ LN L L L N L L L L L L L L Y L L L ) LB l_ > g ".$0‘L0¢‘,’¢. .4.'.#.9,.9:"‘."...’.‘.
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T Sl Shape modeing T

m  Accurate modeling of MET distribution difficult due imperfect simulation of low
level physics and detector effects

 Z—ll events in data are used to derive corrections for:
« Lepton energy scale and resolution:

= Apply a range of energy scale and resolution (smearing) factors to Z—Il MC
and minimize negative log likelihood of invariant mass distribution compared
to data

» Response and resolution of hadronic recoil:

‘ Hadronic = ——
Recaoll u= ET - E;
Lepton

= Measure components of recoil u, , u, parallel/perpendicular to boson p; axis
iIn Z—|l data and MC events

= derive data/MC correction factors for means and widths of u, , u;
distributions as functions of boson p; — apply corrections to W MC

Lepton
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" QCD background modeling: W—ev

CMS 2010

\s=7TeV

® Electrons: MET shape parameterized using a = Jroszom
modified Rayleigh function 0 N A

- 1k 17

I g | 1o[\ :

= X — > I 102f ]

f(Er) =Bt xexp ( 2(0p +0’13T)2> 5 5 0 20 40

® Shape parameters o,, o, and normalization 8 I

0 10 20 30 20 50

allowed to float in the fit
. |C.M.S lprlelifnilna}ry

® Alternative method extracts MET shape from data 1w} 36" at Vs 7TeV -
using a control sample obtained by inverting one Ewﬁ + data _
of the electron ID cuts (~uncorrelated with MET) % E ggg?
» Signal contamination in the control sample (~1%) ;2102
IS estimated using the tag and probe technique g
with Z—ee events. Signal yield is corrected 2 10
accordingly 1
® Yields from the two approaches agree to within < 0 [t
0.3% B o T
B [GeV]
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8D badkground modelng Woaw

ﬂmof.‘?’a. e IMS P’.‘*."{T.‘".‘?‘D_’
e MET shape constructed from control sample 9 36 pt" &t NG 7 TeV ]
. . . . . o i
obtained by inverting isolation cut Sl o ~ data
5 L Sgnal
-g F| selection [ wopy
= | cut B Ewka
50— B aQcD ]
Inverted cut
. for QCD
250 control ]
:] sample ]
. . .. . 0 .
m  Control sample has high purity (negligible signal 0 o1 02 03 04 05
. . . solation
contamination) but MET shape suffers a bias MET templates in MG
due to a correlation between isolation and MET ~ &ous — M
. . ® 0.07 —a=0.16
« Mean value of MET positively correlated with 5 0065l —esoz
Isolation go.os i —a-028
. . _ “-0-04' —a:O._32 A
« Correction derived by fitting the observed £ oo - pure inversion
correlation in data: gooz o
/ o rel 0.01 :::_ -
ET o ET/(l +a[comb) % 9020 30 40 50 60
MET [GeV]
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10°

J L dt =36.14 pb|

—data
COW-ev
EQcCD
EWtaunu
4|l !
Edi-boson
M ttbar

e Electroweak background composed of:
e Z—ee+ -1t

[ W%‘IZV
« Di-boson: WW, WZ, ZZ

e tthar

1024

10

(] 20 40 60 80 100
pfMET

m Shapes for Z—ll and W—tv taken from MC with corrections as for signal

m Shapes for di-boson and ttbar directly from MC

e Normalization of each component w.r.t. signal fixed using theoretical cross
-section ratios

» Signal+EWK treated as a single fixed shape template in the fit
— combined normalization as the only free parameter
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W

e Cut and count di-lepton events within invariant mass window
60<M,,. <120 GeV/c?

e Corrections applied for energy scale (data) and resolution (MC)

%10° CMS preliminary 10* —r————— : CMS prellmlnar)_/
C T ] g E
12 36pb’ at\s=7TeV - 36pb1 at\]_ 7TeV 7
> ] 310° L .
8 1F 210°L
\g - -— N e data N
L08 - ol Z se'e
§ s 2 102 E_ 1 Z—e'e _§
® 06 2 C .
5 [ (&} - r i
é 04 :_ g 10 E— 1V:I.'.'.‘;. _%
=1 B Q |\ I|I||| "nl | | ]E
c02- § "I ||| h " s |I| || | |
- c 1 I Sl 8 A IRE
0 y
5 ' ! 5 ‘ ’ ’ ’ } g

= 0 S S ———

-5 | I ! . | A A A | A ! A |
60 80 100 120
M(e'e) [GeV] S S SR
50 100 150 200
m  Subtract background: M(e*e) [GeV]

r EWK (Z—1r, ttbar, di-boson) = 30.8 + 0.4, from MC using NNLO cross-sections
+ QCD negligible (consistent with O events from data driven estimates)
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W

® A simultaneous fit is used to extract signal yield and selection efficiency
» Efficiency corrected yield from fits is N /e, = 13728 + 121 events

x10° | C'}"S preliminary CMS preliminary
! ! ! ! ! ! ! T T T T T T T T T T T T T

2r 36pb’ at\s=7TeV | 10" 36pb’ at\s=7TeV 3
s [ ] > f ]
[ . 3
Q) - G10 = =
=157 No scale : -
o i ® data ) ; C .
§ L[] Zop'w corrections "S‘ 102 & .
2 b required o .
o - et L ]
R . © 10 -
8 T ] 3 3
Eos| - E
c — ~ E 1

5 | | | ‘
= O o ) 8 of

- | N s 4 s \ y 5 3 - | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

60 80 100 120 50 100 150 200
M) [GeV] M) [GeV]
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m Breakdown of systematic uncertainties (%)
e Data driven methods used to derive all experimental uncertainties

Lepton Reco & ID

Momentum scale & resolution 0.5 0.22 0.12 0.35
MET scale & resolution 0.3 0.2 - -

BKG subtraction 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 2.5 2.1

m Uncertainty from integrated luminosity: 4%
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CMS 36pb'at Vs=7TeV
1 1

NNLO, FEWZ+MSTWO08 prediction
[with PDF4LHC 68% CL uncertaintyl

10.74 £ 0.04

W/Z | m
ratio

W-oev, Zoee

10.56+0.12,,, +0.19

Wouv, Z-up HeH
1052+ 0.09 , +0.20_
W-lv, Z— Il (combined) HH

10.54+0.07 ,, +0.18
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T T T I T T T I T T T T T T I T T T I T T T I T
NNLO, FEWZ+MSTWO8 prediction
[with PDF4LHC 68% CL uncertainty]l
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W —ev o4
10484003, +0.17  +0.42, . nb
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10.31+0.02_,,+0.13_ +0.41, . nb
L Il L I | L L I | L Il | L L Il | L Il L | L L L I Il
0 2 4 6 8 10 12
o(pp = WX )xB(W —=Iv) [nb]
CMS 36pb'at Vs=7TeV
— L B — 1 T
NNLO, FEWZ+MSTWO08 prediction, 60-120 GeV
[with PDFALHC 68% CL uncertaintyl
Z 0.97 + 0.04 nb
Z—ee b HeH—
0.992+0.011,,,+0.024 _  +0.040,, . nb
Z - pp —HoH—
0.968 + 0.008 _,,, + 0.020 _ , +0.039,, .nb
Z — Il (combined) —HH—
0.975+ 0.007 ,, + 0.019_ , +0.039, . nb
. . L | L L | L L N | L L n l . . . | n . . |
0 0.2 0.4 06

08 1 12
o(pp — ZX)x B(Z = 11) " [nb]

o 2 4 6 8 10 12 14
Ryz=[0XBIW)/[cxB]2)
CMS 36pb’at Vs=7TeV
NNLO, FEWZ+MSTWO08 prediction
[with PDF4LHC 68% CL uncertaintyl
1.43+0.04
W —ev HH
1.418+0.008 ,, + 0.036 W+ /W-
W — v - HH
1.423+0.008 ,,, + 0.036 rat' O
W — Iv (combined) o
1.421+0.006 ,,, +0.033 _
0 05

1 15
R,.= [6XB]W*)/[cxB]W")
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CcMS 36pb'at Ve=7TeV __
T T T T T T T T T T T T T o] -
lumi. uncertainty: +4% s CMS, 36. pb-1, 2010 Wow
m W TI'v
10 CDF Run/i )
ocxB(W) —— 0.987+0.009,, £ 0.051, X g DO Run | W STy
+ - UA2
ox B (W) —p—1 0.982+0.009,, +0.049, N
: UA1 .
u Z 1
oxB(W) —— 0.993+0.010,, +0.056,, 1 PP
6xB(2Z) —jol— 1.003+0.010,,, +0.047 a _
: - pp
Rwz HeH 0.981+0.010,,, + 0.016, -
107
R.. - 0.990+0.011,,, +0.037,, - Theory: FEWZ and MSTW08 NNLO PDFs
| 1 L | B 1 1 L 1 I L 1 1 1 1 1 1 L I 1
0.6 0.8 1 12 14 1 .10
Ratio (CMS/Theory) Collider energy (TeV)
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W Charge Asymmetry

e W+ produced in greater numbers than W- at LHC due to prevalence of
u quarks w.r.t. d quarks in protons

. Measurement of asymmetry can provide important constraints on
proton PDFs
= Particularly sensitive to d(x)/u(x) ratio

e Experimentally accessible observable is the charge asymmetry as a
function of lepton pseudorapidity:

8 (¢r) — 2 ()
__ dn dn

m Analysis performed for both e and u channels using 6 n bins
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"W charge asymmetry: Signal Extraction

e W—ev signal extraction as for g cMs 36 pb" at \5 =7 TeV

H H H H > | | | | | | | | |
Inclusive measurement using a fit 3 12| o er o >25Gevic | b) e b >25 Gevic |
to particle flow missing E; R Il <0.4 il <0.4
; 08} i
. . . . ) ® data ® data
e W—uv signal extraction with fitto £ 4 |
. . . . L Ml L] W+ ety . [l W se vV
modified isolation variable: 04} M OEwksf | B OEWK
B QcD I QcD
E= YIp,(tracks)+ E,(em)+ E,(had) °?, :
A’_e<0'3 _ o0 20 40 60 8 0 20 40 60 80
» Signal+EWK shape: convolution Fr [GeV] Fr [GeV]
of Gaussian with Landau, with . e —
parameters fixed using Z—uu G 4f out p,>25GeV/c | d) 1 p, > 25 GeVic -
.. 0 ml < 0.4 Inl < 0.4
» QCD shape: empirical _ BE S o B | |
parameterization: g 8 B . data a . data
= ¢ fixed from control sample S . wiopty .. W sy
] ) 1\ B Ewk+t N B Ewk+t
= 3 allowed to float in the fit 1| S B acp 1 [ @ aco -
» EWK normalized to signal using o L NN . o
I 1 1 0 5 10 15 20 0 5 10 15 20
theoretical cross-section ratios ¢ [GeV] e
David_Futyan Eleqtroweak phy_sics at CMS 23



CHarge Iaentl?lcatlon

m For muons, curvature in Silicon Tracker unambiguous in this momentum range
« Charge mis-ID <10 in MC, <10 from cosmic data (track splitting method)

m Electron charge-ID challenging due to bremsstrahlung and conversions

Single MC electron, p;=35 GeV [ Tracker Material Budget |
CMS Experiment at the LHC, |:ERN §° oF EcTa;siae
. [hata recorded: Srsated (MC) event | C [ ToB
' 1 ' 1.8 Erie+Ti0
C [ pixel
16:_ [l Beam Pipe
1.4f
1.2

B
0.83
0.63
0.4 5

0.2}
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W

®  Minimize charge mis-ID probability by \
requiring 3 charge assignment ! Conversion
measurements to agree 1
« Q(CKF track) = q(GSF track) = g(A¢) " \e— Photon
B,
Mis-ID rate <0.5% \«
g 0% - - , ] True electron ;
I;J F CMS Preliminary 2010,\'s =7 TeV _:
'§0'035 det:SG pb” I
& 0.03F 7 O Majority (data) —:
%ﬂo -3 oy ) T 1 supeRChiER e Reconstructed Electron
SR ey | \ with wrong charge
0.02f- - \ -
0015 E A first hit \‘
3 E Beam spot T
0.005[- % % —
g 1 I
R . . ]

EE- EB- EB EE
: : Reconstructed general

track stopping short
. Asymmetry corrected for measured charge mis-I1D

® Uncertainty on correction taken as a systematic
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T charge asymmety: Resuis T

CMS preliminary 36 pb” at \s=7 TeV
-

Pl > 25 GeV/c ] Results quoted within two well
—— defined regions of phase space:

¢ P >25=30 GeV, no cuton pT

. Good agreement between electron
and muon results

0.3

0.2

errors: stat @ syst

0.1 — MCFM + CT10W
=== MCFM + MSTW2008NLO
theory bands: 90% C.I.

m First constraints on PDF’s from LHC

p! > 30 GeV/c i

— m\\»\\‘\\:\m_

" T) awn= S
U N

¥
SN \ti \\\\\

Lepton Charge Asymmetry

0.1 [

= o

0 1 2
Lepton Pseudorapidity |
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"W charge asymmetry: Combination with LHCb

Lepton Charge Asymmetry

PRELIMINARY

CMS+LHCb
|

- pT‘l > 20 GeV

b LHCD, prelim. 16.5pb™ |

\s=7TeV
|

g W-puv
| CMS, prelim. 36 pb” B
o W v MCFM+MSTW2008NLO
CMS _
" L
f— | | | | T lu .
0 1 2 3 4 5

Lepton Pseudorapidity  In|

David Futyan

Electroweak physics at CMS



®  Dominant production mechanism for high p; W-bosons (>50 GeV) at the
LHC is valence quark - gluon

= Favours production of right handed W bosons, regardless of whether
valence quark is u or d —i.e. true for both W+ and W-

g § First time this has
Replacing u with d — " fzms\ (000> 05 been measured at

Changes Charge Preferred W spin directions helicity a proton COI“der
but not helicity d

CMS z-dir

W+1jet dominant production mechanism
at LHC (not a Feynman diagram)

» Expect strong polarization effects in the transverse plane
— left-right polarization asymmetry expected

m Differs from ppbar collisions at the Tevatron where antiquark-gluon
processes contribute equally, canceling the effect
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m Polarization characterized by cos(6*)

= 0% is the polar angle of the charged lepton in
the W rest frame w.r.t. the boson direction in
the lab frame

m  Cannot measure cos(6*) directly because

longitudinal component of neutrino momentum oo

(and hence the boson momentum) is unknown bl
1 0806-04-02 0 0204 0608 1

Events / 100 pb™’

e Need a detector level quantity which is highly

cos(0,.)
correlated with cos(6*) — Lepton projection g 1200 S
. i +
variable: — — 8 1000 W
£ oaf & |1 = Pr(f)- Pr(W) o 800" W
§ o.s%— § p — 2 g -
04t ‘PT(W)‘ > 600 . .
0.2 — = ME i
oF > - - 400 . i -
_0_2;_ PT(W) — PT(e) _|_ E_ll’_nlss V\I.' ] e :
04 200 - 7
—0.65— l+-‘ i J:: )
'°'£:T,. lepton e ——
- 05 05 0 0.5 1 15
2(Lp-0.5) projection LP variable
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T WPolarization: Fitresults

m Fit templates from MC corresponding to each helicity state to the L distribution:
« f_ = left handed

e fz =right handed

=2}
o
o

(=2}
(=4
o

-IIIIIIIIITTTTIIIIIIITIIIT-
- CMS preliminary: L = 36pb™'@7 TeV

[ f,-,=0.240+0.036(stat.}+0.031(syst.) . f,
- f,=0.183+0.087(stat.)+0.123(syst.) wifly

T T T I T T T ] T T T ] T T T l' ¥ T T l 8 2 T T I T ]
CMS preliminary: L = 36pb™’@7 TeV
f,-1,=0.310£0.036(stat.)£0.017(syst) . f,

Events/ 0.1
3
o

|
Events/ 0.1

3

o

f,=0.171£0.085(stat.)+0.099(syst.) il
_ . . B EWK ]
» fy = longitudinal e 3 N :
300f
o, et T
1005 et .
Z= o P e e i 25
e Forelectron case, QCD ~ © 07 04 05 08 1 L)
P
background is non S T s prominary L= 3o @7 ] G F |y WS prliminary: L sop'@7 v
o ? 400 TS 11,=0187:0.069(stat):0.066(syst) | @ 400 TS 1,9,=0.277:0.060(stat )£0.050(syst)
-negllglble € 350F .. f: f,=0.130+0.200(stat.)+0.174(syst.) £ 350 R f,=0.240+0.190(stat.)+0.090(syst.)
>
« Template shape 500 500
. 250 250
derived from data
] 200 200
(inverted electron ID) 4, ) 55
« Normalization 100 e . R
allowed to float in fit ~ *°p oo S e T e el

02 04 06 08 1 12 6 0. :
Le( ) Le( ")
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T WPolarization: Simultaneous fit

e Perform simultaneous fit for electron and muon channels

o 1 +o 1:
0.9- + 1 0.9
0.8F W 0.8F W-
0.7 0.7
065 065
055 Right | Left 055 |~ Statistical uncertainty
04F handed | handed 04F
03¢ 03¢ _ Statistical+systematic
"% "% uncertainty
0.1; 0.1;
0108205 0402 0 02 04 08 08 1 0108705 0402 0 0204 08 08 1
fL-fr f-fr
7.80 from O 5.10 from O
(fL-fR)- | 0.226 = 0.031 (stat) = 0.050 (syst)
fO- 0.162 + 0.078 (stat) £ 0.136 (syst)
(fL-fR)+ | 0.300 £ 0.031 (stat) £ 0.034 (syst)
fO+ 0.192 £ 0.075 (stat) £ 0.089 (syst)
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CMS Experiment at LHC, CERN
Data recorded: Sun Oct 17 06:19:04 2010 CEST
Run/Event: 148031 / 466240176
Lumi section: 586

Dampact Muon Solencid
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m Provides a benchmark for Higgs and new physics searches

» Standard Model WW production is the dominant background for the Higgs —
WW search

« New physics inducing anomalous WWy and WWZ triple-gauge-boson
couplings (aTGC) enhances the WW production cross section at high p-

q W q ) . Wt
, Z/~
q
q W~ q W
m  Simple cut and count method

e Fully leptonic decay channels only (ee, uu, eu)

m  Select events with two oppositely charged isolated high p; leptons with
significant missing transverse energy

= Explicit Drell-Yan and top vetos
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CMS,Ns=7TeV,L  =35pb’
T LI B B T

% 70 _; I l I I I l ! ' ! .I Id;t]a ! I ! ! ! ! ! ]— .E 5 l_cvs’lqg |= 7 ITelv’ I.ilm =| 35| pbl.1 | L T T T I T T T T )
S - ww | = | W :
2 60 Bl Z+jets — o i B Z+jets i Event
S I W, tw ] c L[ W, tw _ Channel .
S B B di-boson . g i B di-boson i Yi el d
o 50 :— C ut | [ Wijets —: O i [ Wjets 1
a0~ i . 3 ] €€ 1
30 ] - ! uu 2
20] eu 10
Total 13
10
0 1 2 3 n 5 0 50 100 150 200
Niets m, [GeV]

Oy = 41.1x15.3(stat.) = 5.8(syst.) = 4.5(lumi.) pb
NLO prediction: 43.0 = 2.0 pb

Tww _ (4.46+1.66+0.64)-10™
GW

NLO prediction: (4.45 + 0.30).104
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18

. . > - ]
®  Non-zero anomalous coupling gives R CMS.\S =7 TeV. 1, =355 pi” 3
. Q E SM prediction E
enhancement of WW cross section at P 1‘2‘ B 5ockeround ]
5 F ATGCO. =05, Ak =0, =
Iarge pT [_E 10;_ —e— Bkg + aTGC(A =-0.5, Ax =0.75) _;
= Derive limits on aTGC parameters by 3 — E
fitting to leading lepton p; distribution = J E
and inclusive cross section i :
%O 30 40 50 60 70 80 90 100
p, [GeV]
¥>-1-5_"'|"'1"'1"'1"'|"'|_ t\é{)—o-ﬁ_"'l"w"w"'|"'|"'|_
< | CMSNs=7TeV.L =36pb’ 1 < [ CMSNs=7TeV,L =36pb’ ]
q Wt IFagi=0 l_ E 04r dky=0 ;
Z/v, 050 i 0.2 .
of E oF R
9 W 055 i -0.2F ]
1_— ] a0 e ;
B TR R S iy S Y- R N F R VR Y-

}"’/,, }‘7,
m Limits are consistent with SM and are comparable with current Tevatron results
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Events / (10 GeV)

Events / (10 GeV)

CMS 185 (/S a—
U T SN ARELE ) WSV LI I SR T !y LN IR R VN LS ) AR N R L N X i
; Bpb’ at\s=7TeV | o | 36pb at\s=7Tev { | MO | o e ot 46 2010 CEST
B ] (D L B _‘\ \ Run{Even_t: 1.42971 /323188785
150 Zo>1tt—> TuThad o | Z = TT = TeThag : Lumi section: 348
- 1 = . Orbit/Crossing: 91187947 / 2286
[ i E 100 -
100 * data 4 & e data
- £ z-1r u>J i ] zo1r
[ B Ewk+t ] i B Ewk+i
I B ocDp 501 Bl Qcp
50 |- - i i
i ~300 evts 1 i ~200 evts |
B yields from fit 7] yields from fit :
00 50 100 150 200 00 50 100 150 200
Visible Mass [GeV] Visible Mass [GeV]
CMS CMS
50 | LR R (LR I N A TR JE AR S\ B I RN BEUCRY JREURNE LR O U B ]
- 36pb’at\s=7TeV | et I 36pb’ at\s=7TeV |
o I Z - 1T — TeT, (OD F Ity
i 1 & - e data i
anl 1 © 10° F [ z-ostt =
— 1 < E B Zy*—up 7
- ® data 1 o - .
i Bz ] u>J - B Qacp 4
L = T N _
2 moaoco | O ~30 evts 3
E -85 evts : E yields from fit E
10 N ] 1 —
- yields from fit ] E §
i v i ol E
00 50 100 150 200 50 1_00 150 200
e-it Invariant Mass [GeV] u-p Invariant Mass [GeV]
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CMS 36 pb” at \'s =7 TeV
Ll 1 1 1 I 1 1 1 1 l T 1 1 1 I 1 1 1 1 .
NNLO, FEWZ+MSTW08 [PDF4LHC 68% CL] (60-120 GeV) ® Global fit of the TMThad and TeThad
_ channels with the cross-section
H-e-H Z — 1T (combined) _
: . fixed to the value measured for
e Ty T . .
| ©o Z—ee,uu provides a 7% constraint
H T +'t . .
BRRE | = on the hadronic tau reconstruction
HE—— Tty efficiency
H_-,_H Te+T“ 1-4‘I"'I"'l"‘l"'l'qlv"s
: - 36pb! at\s=7TeV A
. Z— ee,uu - Bl es%CL
:| luminosity uncerltalnty not shown | . B [] 90% CL -
0.5 1 15 2 25 “I B osweL ]

o(pp — ZX) x BR(Z — 1) [nb]

.................. NNLO, FEWZ+MSTWO08 -
[PDF4LHC 68% CL] |
(60-120 GeV)

6(pp — ZX) x BR(Z - 17) [nb]

o
oo
T T T T

1 1 1 I 1 1 L

PR M A | g e g g B g g
0.6 0.8 1 1.2 1.4 1.6
Thae-1D Efficiency (data/sim)

o
o
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m High p; lepton + jets is an important final state
for many new physics searches

m Cross-sections difficult to calculate, especially

for high nJets

CMS preliminary
| |

2} g T T T T E
S u 36pb”’ at Vs=7TeV
> 6 :
o 10F E/* >30 GeV J
S [, .
@ 10° £ ® data ~
-g £ [ ] W—uv (MadGraph) 3
S [ top ]
c 10 =
I other backgrounds 3
10° E
10
10
isf ' ]
I e T T .
Sos5f , , .

3 4 5 6
exclusive jet multiplicity

2] T T T T T T
S 36 pb" at \'s =7 TeV
C|>J 10° E. et

7 > 30 GeV
©
o 10° e data
-g [ ] W—ev (MadGraph)
S [ top
c 10* I other backgrounds

IIIIII|.|,| IIIIII|.|,| IIIIII|.|,| IIIIII|.|,| IIIII|.|.|,| L L1l

0 1 2 3 4 5 6

exclusive jet multiplicity
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CMS preliminary
— 3

CMS preliminary
—_———

i C e i : — : —
m For each njet multiplicity bin 32_5 36 00" at s~ 7 ToV ] E ; 360" at 5= 7 TeV ]
fit the 2D distribution of 0 W—pv+=1jet | 104500 W=y += 3jets
- 2 %) i
_ btagged » I i +
MT VS njetS c e data g N ® data
Q15 Wy ® 100 o Weww o
o E= non-top E= non-top
1 == top B top
50
0.5
QCD Top
normalization normalization 0 50 100 50 50 100 150
M; [GeV] Mr [GeV]
c x10° CM? preliminary c x10° | CM§ preliminary
§ a0k 36pb'at\Vs=7TeV | & 1.5} 36pb” at \Vs=7TeV
‘UE) i W —uv+=1-jet - yé W — uv + = 3-jets
o B ° R (O]
o 30 1 3 '
- e data ] 1 B e data
I = W-—=uv ] Wy
20 B E= non-top ] E= non-top
- = top 1 = top
i 1 05 —
10 ] - i :
0 L—o : = 070 1 >2
N jg{b-tagged N jo{0-tagged
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T Wand 2 7 Jeis crosssections

B Measure cross-section ratios:

o(V + njets)/o(V,,)

‘O’(V+ nyels) | o(V + (72— 1)/'efs)|

- W% ThY, CIV:S preliminary - | Z%ee CIV:S preliminary
§§‘10.1; ... 5 6 pb” at\E=7Tev_' _‘91-2’?10_1'_ 23 36 pb! at\E=7Tev_'
p N - W —uv E < N S Z —ee -
+ - jet - + B jet .
; ; : '”i"' ET > 30 Gev - b‘l \N/ : :._u,i”,_-:__. ET > 30 Gev ]
Ll g - — — — ] o) o) ) 7]
olo 5
1 0-2 E_ — 10 E_ _E
E ° data ///I///, E E ° data — E
- energy scale i - energy scale I S ]
B 777777 unfolding —_—— . - B 77777 unfolding - -
10°F  — MadGraph 22 e T aad 10°E — MadGraph 22 7 7
- - MadGraph D6T ///I/m 3 = === MadGraph D6T =
B —_— Pythla 72 ] B —- Pythla Z2 o ]
i | | [—— | | |
%) I I I | ] = N I | | .
2| 219 03+ i
q_)‘/:_\‘ 021 ///IL// L q.—)".,I:\ B 7/ ’
2 R et Sl T 1% 02} S P —_ -
+|n 01F - m A 01:_.'”'I"m'___"_TIT_'-————_
2|t : > -
\_/ ; o} N [~ i
0= 0 | | | % 0 | | |
E 1 2 3 4 1 2 38 4
inclusive jet multiplicity, n inclusive jet multiplicity, n
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m Correct for resolution effects using MC response matrix (“unfolding”)
CMS preliminary N?bs —_ Zk Tik N;{rue

£ : g 600 1
Qo [ 36pb” at\s=7TeV ]
::-’- . ? I e data = %‘
e f R ) .
;:: 1035 E 3‘;"":::[ E| gzoo @ 10 =. T T T T 1 1171 ICMIS prellmlnary
- M EWK i 12 - = 102 1 = —zl
i 3 e = 36pb’ at \s=7TeV 3
102 g | Lo) :
g 60 1 = 10_2 B 1 O Z/ * —|
o 2 g s 10 YU
g 30 bN B 7]
1 [ ]] [ ] X = 1'5_ E
& %.5E - ™5 30 60 120 200 s00 0 E E
% .1jf_‘ tototololololler T+ s generated M(u) (post-FSR) [GeV] 10_1 L N
= 0.5) . E =
T 15 30 60 120 200 600 E ]
MGuD:10av" i3 CMS preliminary 102 -
w L. - 3
2 [TY : C . data :
B Axe from MC with : | 10°F NNLO, FEWZ+MSTW08 .
_ 0 = y - uncertainty on modeling E
corrections to ; s 104k e
. . 0.4 . —— _ 1 1 1 1 1 11 1 1 1 1 1
efficiency from data ; B _ 15 30 60 120 |f/lo(o - 3;30
I i e
(tag and probe) ozf- | - ] L
015 30 60 120 200 600
M(up) (post-FSR) [GeV]
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1/o do/d|y|

(data - theory)/Gieory

do/dy

CMS prellmlnary

0.4+ | | | | 36 pb! at \s 7 TeV —
= () a2l
iéf’ §§§§§*§ * *

o S, -
L
e data (e + 1 combined) H{

I FEWZz il
0.1 ﬂ -
L
- L z p=
e
[ 072, ECAL+ECAL
o ECAL+HF
| ) | L | L | ]
10F T ¥ | : | | : —
0 —0.0..0.000Q’Q’Q’ QQ**HH#H Hl =
-10 L . | ) ] ) | l ; —
1 2 3 4

lyl

0L0-0}-MM3-SVd-SNO

do/dp (p+>20 GeV/c)
CMS preliminary
_'_‘ = T T T LR B | T T T T 3
> F 36 pb’ at\s=7TeV -
~ -2
S 107 E
8 = —e— o
= i — f
i s E|
_g_ = —.— 3
B [= o g
8 10* E e 3
= E 7
10° - e data(e+p combined) —%
- FEWZ NLO
ol Ml<21, p,, <20 GeVic
10 E 1 1 1 1 1 l
g T T T T T 1.1 ] T T T T ]
& 2F + B
b -
E: 0 /)4 § 1 1 / ”L“ ...... ;
S ) N L 7
E | + )
é -2 -_ 1 L L 1 L 11 ] 1 L L L _-
g 20 30 60 100 200 300 600
pr [GeV/c]

1/c do/dp+ [(GeVic)™]

(data - theory)/Ggata

do/dp (p+<30 GeV/c)

80

60

40

20

CMS prellmmary

B 36pb at\s 7TeV T

° data (e and u combined) —

Pythia D6T

+  Pythia PO
Pythia ProQ20
Pythia Z2

1 1 1 I 1 L | I 1 1 1
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T ZForward-Backward Asymmetry

_ CMS preliminary %10° CMS preliminary
AFB — GF GB § 8001 b) l [ 36 pb ! at I\'s=7TeV | § i a) ' ' 36pb at '\s=7TeV
O F + O B ; e data (uanon_'rected) ; [ e data (unc:)r'rected) N
. Eeoof- © Zroete 4 & os MAork ]
m Forward/backward defined 3 et 3 ool .m_;__m_m;,N,T,_WT_,W |
: 400~ | e - ' i :
In terms of polar angle of N i, sl 2 W i
lepton on Collins-Soper T L1 oo .-
0 o) : ; : k 0 . n ' 1 .
frame £ 150 ' ' ’ 1 Ets) | | h
Collins-Soper frame Ccos st = 2(Pl+2P2_ 2—PI_I:2+) § 0.51 _‘T ) TF,.TH_ L.u* B ‘:'_‘"' '_’4_‘ § 0.51 jHT Lk,‘L.—u L.HTﬁ* ",V o .
-1 05 0 0.5 1 -1 05 0 0.5 1
\/Q (Q N QT) COoS 0%cs cos 0%s
. QMS preliminagry _ QMS plrelin'llina}ry
0.5 b) Y pb' at\s=7TeV | 0.5 a) " 36 pb' at\s=7TeV |
m A diluted due to: _ | ! j bt
[a0] [a0]
« Detector resolutionand < + 1< Ow i
QED FSR + POWHEG 1 :
L Acce ptan ce « data (uncorrected)  data (uncorrected)
. 05 — Zy*—ee i 05 — Z*—>uu ul
» Unknown quark/antiquark o . . o l ,
i i 60 100 200 600 60 100 200 600
directions. M(ee) [GeV] M(up) [GeV]
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""Measurement of Weak Mixing Angle sinf,,

CMS preliminary 40 pb'at\s =7 TeV
 Unbinned masimunm %w* ‘;’ +
likelihood fit based on 3 S A A T I A F '
variables: =t ; g Y |
« di-lepton rapidity s @ \
¥ COSO.g TR @ w a
» di-lepton Invariant mass 5% 3
® Probability density functions E A -
from theory with corrections
for detector and acceptance
effects  SOC, . — |
M(up) [GeV]
Sin?0; = 0.229 * 0.008(stat) + 0.004(syst)
PDG value: 0.23116(13)
Tevatron: 0.232 + 0.002
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W

36 pb' at s =

7 TeV

CMS preliminary
I

lumi. uncertainty: +4% !
oxB(W) o 0.988 + 0.009,,+0.050, .,
oxB(W") o 0.982+0.017,,+0.047
oxB(W) 0.993+0.019,,,+0.054,
oxB(Z) 'j: 1.003 £ 0.010ex +0. 047
oxB(Z—11) H 4 H 1.029+0.097,,,+0. 043
oxB(Wy) H o H 1.12110.177mi0.077theo
oxB(Zy) m P4 H 0.969+0.121,,,+0.042,
oxB(WW) | o , 0.956 £ 0. 381ex + 0. 007
oxB(tl) 1+jets H o H 1.055+0.236,,,+ 0. 079
oxB(tl) I+jets+b-tag o — 0915+£0.117 % 0.079 heo
GXB(ti) dilepton — - == 1.014 + 0.138 exp + O°079theo
oxB(tt) y P — 0.963+0.115,,+0.079,
oxB(t) } o 1.342+ 0478, +0.039,
Rz - 0.981+0.018,,,+0.015,,
Ry- el 0.994 + 0.0138,( +0. 035
Zg—puu o ; o ;1.208 + 0.280ex +0.021,
Z,—>eew o | 0.992+0.199,,,+ 0. 020
W, —uv a — e 0.833+0.088,,+0. 017
W,— eva i 0.894 + 0.0973,( +0. 017
sin“0,, —ed— 0.989 + 0.0373,( +0. 001
M,,/World Average e 1.014+0.038,,,+ 0. 006
Zysors yul Zioy $ — 1.000+0.272_,,+ 0. 185
Z, ot el Zioy | ' o — 1.059 + 0.2813", +0.167 .,
0.5 1 1.5 2
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*

e The first year of data from CMS has allowed a large number of Standard
Model measurements at a new energy scale

m  Several to very high precision
« W and Z cross-section measurement limited by theoretical uncertainties

m W polarization measured for the first time at a proton collider

e We are starting to put new constraints on:
= PDF uncertainties
« Standard Model Couplings
+ NNLO differential calculations
» Associated jet production
e These results form the reference baseline for this year’'s data taking

® Experience from making these measurements has given us a high level of
understanding of our detector and of the backgrounds for searches
+ Ready for new physics!
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T Signal shape modeling (contd)

m Effect of hadronic recoil correction:

x10° a
3 100} . % 50000
© : Fh - wme c ;
I 80F : * 40000
] i * 4 2 i
o i * ] 5
& - b j o Corrected W MC 3 30000
& - :
I w * 20000
i & Y i
: R . :
20+ . - 10000fF
- " e i
[ b [
O 10 20 30 40 50 60 70 80 90 100 O 10 20 30 40 50 60 70 80 90 100
I?r(GeV) %(GeV)
8 o015 8 o5
g O.(l))-!!) oo g 0-%!!’ B ag® iﬁ&} ; I}
og% e * Seete, .0 §! : og% ﬁ l ﬁ
g-o'(;l-go 0 ® » » w .3. inii ] -} o lg-o'(;l-go S;;I i} I w 3
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T Tau D efficiency vs fake rate

CMS Preliminary 2010,\/s=7 TeV, 36 pb'1
| I | I
O PTDR, W+jet :

T

- O PTDR, QCDu O 7

- —#-TaNC, W+jet o 7
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| —m- HPS, W+jet 1

§2
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-
O
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' - ]
.,‘E B ]
P - -
'o - -
Q i i
- .
8 B (' i
(]
E 10-3 | | | |
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expected 1 efficiency
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CMS preliminary
, | .

36 pb'at\Vs=7TeV
| i |
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