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o Studies of W and Z bosons In the early
phase of the LHC will allow to
o Measure the first Electroweak

observables at the LHC

Understand the building blocks for
future analysis (leptons, met, jets)

Test perturbative QCD predictions and
PDFs in pp Collisions at the TeV scale

Improve
Luminosity

our measurements of

o W and Z are characterized by their high

production rates
experimental

and clean and simple
signatures in  their

leptonic decay channels
o W: High pt, isolated lepton + high

Missing Transverse Energy (ME )
Z: 2 high pt isolated leptons

ElectroWeak Physics at the LHC
I

CMS: Integrated Luminosity 2010

2 350
a 350
=

Delivered 346 nb™

300 —

C Recorded 303 nb™’
250 — : :

200 [
150
100 -

50 -

0 C 0 | PRR— —L'"T_I-’ P N S R | T T N |
30/0310:10 21/04 14:04 13/0517:57 04/06 21:50 27/06 01:43 19/07 05:36
Date

o JLdt=198 nb -1 analyzed

o Data quality ensured
both through online
monitoring of the detector
status and validation of
reconstructed quantities
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Outline
-

o Muons
o W- v event selection and cross-section determination
o Z- U4 event selection and cross-section determination
o Systematic effects

o Electrons
o W-ev event selection and cross-section determination
o Z- ee event selection and cross-section determination
o Systematic Effects

o Measurements
o Combined results for cross-section and Ratios
o W Charge Asymmetry
o Associated V+Jets production

o Conclusions

Maria Cepeda, ICHEP2010



W_>pv and Z -

.| CMS Experiment at LHC, CERN
CMS /1 run 133875, Event 1228182
§

il Lumi section: 16
Sat Apr 24 2010, 09:08:46 CEST {

Muon p; = 38.7 GeV/c
ME;=37.9 GeV

Z Candidate

.| CMS Experiment at LHC, CERN > SEE——
CMS

Sun May 09 2010, 05:24:09

|| Run 135149, Event 125426133 e
i| Lumi section: 1345 '

Muon p;=67.3, 50.6 GeV/c
Inv. mass =93.2 GeV/c?

W Candidate



W - v Selection
- |

o Event triggered by Levell+HLT , p;> 9 GeV > 1sp e preliminarg SU10__ Ne =7 To¥
. . . (D +d t o 1
o Selection Criteria (lg Dvx?i " Iﬂdt 198 nb
— I EWK
o Muon p, > 20 GeV, [(nO< 2.1 % | maco }
o Isolation (Zps (tk)+ ZE; (had+em))/p< 15% < 100 7
o |
o ME; reconstructed using Pflow techniques s
o
o Drell Yan rejection (veto on events with a second b
muon of p:>10 GeV) -g 50 -
CMS preliminary 2010 Ns=7TeV g
o A I L L LN BN
E' 20 ILdt=198 nb? ¢
8 —e— data-driventemplate |  Jransverse mass (“'1 MET) 0 20 40 100 120
0 5-_ | ——— QCD MC, isolated h |\/|T [GeV]
E §§ --------- QCD MC, not isolated : MT _ \/ZPT F)ET * (1 . COS(A(;DF ET a
§ 10: i _
9 - o Main source of BG: QCD (b hadron decays)
S _
= Z 1 | o W Signal yield extracted through a Binned Likelihood fit
5 °r ] to the MT distribution (Signal + QCD & EWK BGs)
m B ]
=0 1 | o W Signal and EWK MT shapes modeled from MC
L | e gl g | g ] i . . .
% 20 40 60 80 100 120| O QCD MT Shape extracted from data (isolation inversion)

M- [GeV
Tl | Maria Cepeda, ICHEP2010



W=* - u*v Selection

CMS preliminary 2010 \Ns =7 TeV CMS preliminary 2010 \Ns =7 TeV
>100_"'|"'|"'|"'|"'|*"_ >100_"‘|"'|"'|"'|"'|*"_
8 - *data JL dt=198 nb" - 8 - —*data JL dt=198 nb" -
o - W S iy 1 [ s - W - uv
- 80 mWEwkK 1 | 22 80 mEwkK B
%) | QCD ]| @ | QCD ]
- c
2 S 60 .
o (O]

y— y—

(= O

o o 40 a

O O

= =

> >

| o= c 20 —]

] ¢
O0 20 40 60 80 100 120 O0 20 40 60 80 100 120

M, [GeV] My [GeV]

529 + 24 W+ Yield o(pp2>W+X2>uv+X) =9.14 £ 0.33 nb
289 + 13 W- Yield ™= R =1.69 +0.12

(statistical error only)

o(W*>u*v) = 5.75x 0.26 nb
o(W>uv)=3.39£0.15 nb
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/Z - U Selection
e

CMS preliminary 2010 \'s =7 TeV
I T T T T I T T T T | T I

o Event triggered by Levell (Muon)+HLT

5
o 10°F =
(Muon+Tracker), pr> 9 GeV g g IL dt=198 nb" ]
o Selection Criteria & 10E ' data -
o 2 muons p> 20 GeV g | T —im
. ()] 100 ] l B QCD =
o Opposite charge muons 5 f| =
o Atleastone in (< 2.1 8ol LLL\ ]
o Track-Based isolation (Zp; < 3 GeV) g : T‘M_ ]
CMS ity N e R 10 |
30 ]
il - j}; dt=198 nb"
[]Z-un . 107

50 100 150 200
M(u* u) [GeV]

o Background negligible (~0.3%)

o 77 Events selected the invariant mass
range m,, (60,120) GeV
i [

3 - o(pp —>Z+X—pp+X) =0.88 £0.10 nb
60 70 80 90 100 110 120

M(u™ ) [GeV] Maria Cepeda, ICHEP2010

number of events/ 2 GeV
M
o
[

-
o
L I B




Systematic Uncertainties
-

Reconstruction and Lepton ID from data—driven studies

o Momentum Scale and Resolution from J/Psis, cosmic studies, Z Mass spectrum
o E; scale/resolution from W recoll studies

o QCD Background uncertainty from the difference between isolated MC distribution
and non-isolated data template

o PDF uncertainties evaluated via CTEQ66, MSTWO8SNLO, NNPDF2.0 sets

Source W channel (%) | Z channel (%)

Muon reconstruction/identification 3.0 2.5

Trigger efficiency 3.2 0.7

Isolation efficiency 0.5 1.0

Muon momentum scale/resolution 1.0 0.5
E 1 scale/resolution 1.0 -
Background subtraction 3D -

PDF uncertainty in acceptance 2.0 2.0

Other theoretical uncertainties 1.4 1.6

TOTAL (without luminosity uncertainty) 6.3 3.8

Luminosity 11.0 11.0

Maria Cepeda, ICHEP2010



W_>ev and Z - ee

.| 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 / [ \/ / \

Mr=71.1 GeV/c? ’ - - Z C an d I d ate

.| CMS Experiment at LHC, CERN
CMS || Run 133877, Event 28405693

I| Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

Cotmgest M

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

W Ce{ndidate



W - ev Selection
o I

Events triggered by Levell (ECAL) + HLT (E>15 GeV) CMS preliminary 2010 Vs o7 TeV

8]
o

o Selection Criteria : [ £ de= 198

o Electron E;> 20 GeV
o 0On0< 1.4442 (Barrel), 1.566<[nk 2.500 (Endcap)
o Isolation (independent cuts on track, em, had)

10k
‘I._
10°7F

102k . .
0 20 40

—
o
T T T

]
#

—
o
T T T

fraction of events / 2.5 GeV [%]

o Drell Yan rejection (veto on events with a second 5: e inverted-cut sample ]
electron Of ET>20 GeV) data-driven template |
cms Prelin‘rirllaryl291lﬂ _ \'E:»:I?Te\lf 9020 25 "0 5_-0
% i | T T | | ] ET [GeV]
O 400 JLdt=198 nb™ -
(g ] .
=~ | . Data : o QCD BG dominated by fake electrons
G| ewk o Unbinned Likelihood fit to the ME;
et - distribution
© 200 :
o o W Signal and ElectroWeak ME; shape
E well modeled from Monte Carlo
= 100 _ _
o QCD background is parameterized
0 : through a modified Rayleigh distribution
0 20 40 60 80 100 with E; dependent resolution
[ [GeV]
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W= = e*v Selection
e

CMS preliminary 2010 \s =7 TeV CMS preliminary 2010 \s =7 TeV

250- T T T ] Illl!llllll- 250_ |||||||||||||:||||_
l JL dt=198 nb' i det=198 nb'
200 i e Dt N 200 (7 —e— Data ]
W ety i W S ey 5

B EWK B EwK

B Qcp

B acp

-
o
o
-
o
o

number of events / 5 GeV
&

number of events / 5 GeV
(@) ]
o

9]
O
()]
O

0O 20 40 60 80 100 0 20 40 60 80 100
. [GeV] £ [GeV]

o(pp ?W+X—>ev+X) = 9.34 £ 0.36 nb

458+23 W Yield R=1.26+0.10

339420 W- Yield =)

(statistical error only)

o(W*—>e+v) =5.18 £ 0.26 nb
o(W-2e-v) =4.13 £0.24 nb
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o Events trigger by Levell (ECAL) + HLT (E+>15

/ - ete selection
-

GeV)
o Selection Criteria
o 2 electrons with E+>20 GeV

o Isolated (independently on tracker and
calorimeters)

CMS preliminary 2010

number of events / 2 GeV

15

10

20}

s =7 TeV

—— data

|:]Z—> ee

N

i

Ldt=198nb" ]

hi

100 120
M(ee) [GeV]

CMS preliminary 2010

\s =7 TeV

number of events / 2 GeV

50 100

JL dt=198 nb”'

-»-data

[1Z— ee i
QcD .
B EWK 2
Mt

150 ZE)O
M(ee) [GeV]

J Background negligible

mass range m., (60,120)

] 61 events selected in the Invariant

o(pp~>Z+X->ee+X) =0.88 £ 0.11 nb

Maria Cepeda, ICHEP2010



Systematic Uncertainties
-

o Electron energy scale and resolution from Z Mass shape

o E; scale/resolution from W recoll studies

o QCD subtraction uncertainty from comparison with control samples (cut

inversion)

o PDF uncertainties evaluated with CTEQ66, MSTWOSNLO, NNPDF2.0

Source W channel (%) | Z channel (%)

Electron reconstruction/identification 6.1 72
Trigger efficiency 0.6 -

Isolation efficiency 1.1 1.2
Electron momentum scale/resolution 2.7 -
Ht scale/resolution 1.4 -
Background subtraction 2.2 -

PDF uncertainty in acceptance 2.0 2.0

Other theoretical uncertainties 1.3 1.3

TOTAL (without luminosity uncertainty) 7 27

Luminosity 11.0 11.0

Maria Cepeda, ICHEP2010




Measurements

Cross-Sections, Ratios
Charge asymmetry
W+Jets associated production

Maria Cepeda, ICHEP2010



W,Z production cross-sections...
e

CMS preliminary ICHEP2010 \'s =7 TeV CMS preliminary ICHEP2010 \Vs=7TeV
Ll 1 1 I T T 1 I 1 1 1 I T T 1 I 1 1 1 I L] T T I 1 T T T I I T T L} T I T T T T I
1 NNLO, MSTWO08 68% CL prediction 1 NNLO, MSTWO08 68% CL prediction, 60-120 GeV
JL dt =198 nb’ 10.44 £ 0.52 nb JL dt=198 nb 0.97 +0.04 nb
W v
W%HV e Z/'Y*—)HLL o ——
9.14+0.33 , +0.61,,,+1.00,  nb 0.88 +0.11,,,,+0.03 ., +0.10 ,  nb Z ”
—
W —ev —h— Zly*éee . H——p—
9.34+0.36 ,,+0.70 _ +1.03 . nb 0.88+0.13 , +0.06 , +0.10  nb
W — IV (combined) ———t P —— ZIv* — Il (combined) P N —
9.22+0.24 , +0.52  +1.01,  nb 0.88+0.08 ,, +0.05 _ +0.10,,  nb
1 1 1 I 1 1 1 I L L L I 1 1 L I L I Il L I L 1 1 L I I 1 L Il L I L L L L I
0 2 4 6 8 10 12 0 0.5 1 1.5
S(pp — WX — v+X ) [nb] S( pp — ZI*+X — 14X ) [nb]
CMS preliminary ICHEP2010 \s=7TeV
' ' 1 ; 1 ' T ' ' '
J‘ 1 NNLO, MSTWO08 68% CL prediction
FEETWIZ Ratio
W — uv, ZIv* — uu H— W :
Measurements In
W ev, ZIv* — e | agreement with
10.57 £1.54 ,,, +1.20 SM pl‘edICtIOnS
W - |V, Z/Y* — I (combined) H—@P—+
10.45+0.99  +0.65
| L . . . | |
0 10 15

5
Rpyz =6(pp = W+X — v+X

Yo( pp — ZIy*+X = l1+X)
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... added to the picture
ey

'8_ B e CMS preliminary 2010 Wb
0o nal ® CDFRunll W* = I*v
m10 — B DORunl i W —= IV
g m A UA2
_ *  UAT
s ?
B Z—1T
10 pp
[ o
i PP
102
— Theory: FEWZ and MSTW08 NNLO PDFs
= CMS points do not include luminosity uncertainties.
1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1

Collidélroenergy (TeV)
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W+*, W~ Cross-Sections
17
_

CMS prellmlnary ICHEP2010 \s=7TeV CMS prellmlnary ICHEP2010 Vs = 7 TeV
T T I T T I T T T I T T T I T L} T I T T I T T I T T I T
p NNLO, MSTW08 68% CL prediction 1 NNLO, MSTWO08 68% CL prediction
L dt =198 nb 6.15 + 0.29 nb L dt=198 nb’ 4.29+0.23 nb
e WS Y
W* - utv — . ST W™ > uv lr—l-|¥H—i W— I V
575+0.26,,+0.38  +0.63  .nb 3.39+015,,+0.23_ +0.37, nb —
W* ey t e+ J W" —eV B 7 =
5.18+0.26 ,, +0.41_  +0.57  nb 413+0.24,, 033 +0.45  nb
+ + ¢ - -
W™ =17V (combined) e W™ — |'V (combined) i
550+ 018, +0.26 sy - 0.61,, .nb 3.60£0.13__ +0.21 oyst & 0.40, . nb
I L L . I . . . I . . . I L L L L L I L L L I L L L I L L L I L L L
0 2 4 6 8 0 2 4 6 8
W*+X = I"v+X) [nb] - -
o( pp — o(pp = W +X = "v+X) [nb]
CMS preliminary ICHEP2010 \s=7TeV

1 NNLO, MSTWO08 68% CL prediction
L dt=198 nb’ 1.43 £ 0.04

wou CWHTWT e
Ratio

stat — syst

W — ev

1.26 £ 0.10 _,_ +0.05

stat — syst

Wolv (combined) P+

1.51+0.08 , +0.06

0

' 05 1 — 15 2
R..=0(pp— WX = I'viX)io( pp — W X\p X aneda, ICHEP2010




o W charge asymmetry as a
function of lepton
pseudorapidity will improve
our knowledge of Parton
Density Functions (PDFs)

do't) /dn, — do' =) Jdy,
do(+) /dn, + do=) /dn,

A(n) =

lepton charge asymmetry

o
»
I

o o
N N
!

=
N
|

W Charge Asymmetries
I

CMS preliminary 2010

\s=7TeV

J.L dt = 198 nb™’

o

L
A

W — uv data

W — ev data H
=== NLO+NNLL (ResBos+CTEQ6.6)

o

0.5

1

|
1.5

2

2.

lepton pseudorapidity, n

o With the current limited statistics, we perform a first
measurement in 3 pseudorapidty bins

Maria Cepeda, ICHEP2010



o Jet Reconstruction:
o Anti-Kt algorithm (infra-red safe)
o Particle Flow

CMS preliminary 2010 \s =7 TeV
> — 1 1 rrr]rrr1rrr1rr1
O 103k |
O 10 : JLdt=198nb‘1
L(\) i —&— data i
(7)) B [ ] W- ev,uv (MadGraph) -
T 102k I Evk __
q>J = -QCD+y+jet .
o
Y
O -

o 10F

0 -

€ I

-

= i
1

200 40 60 80 100
leading jet ET [GeV]

o IIIIII|

W+Jets Associated Production
-

CMS preliminary 2010 \s=7TeV
= C T | T | ]
S ke ¥ JLdt=198nb'11
£ - =
Al -
+ - - W evuv 7
S ek Er'>30 GeV _
=z = 3

Qe MadGraph =

u PYTHIA (D6T)

normalization: MCFM NLO
1E =
| statistical errors only - =
-1 ] ] | ]
107 1 2 3 7]
P ";;\ T T
oo
o1
¢lw 0.2 7
= i | !
+ | Al — +
=i I
=
= 0
= 1 2 3 4

o Statistical error only
(Jet energy scale (10-20%) )

inclusive jet multiplicity, n
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Conclusions
-

o We have presented the first measurements of ElectroWeak
physics in CMS
o Inclusive Cross-Sections of W and Z in their leptonic decays (e,
mu)
o Ratios of W/Z and W */W- cross sections
o W Charge asymmetry as a function of the lepton pseu  do-rapidity
o W +jets Production

o Efficiencies and Backgrounds studied and evaluated from data control
samples

o Leptons and ME; performance is in very good agreement with Monte
Carlo simulations of the CMS detector

All results are in agreement with the

Standard Model predictions,
Maria Cepeda, ICHEP2010
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Events recorded online using Level-1 Muon
trigger and High Level Trigger (pt> 9 GeV,
In|<2.1)

Muon Identification:  Consistency between
tracker detector and muon system
measurments:

o Muon reconstructed by two algorithms (in-
out, out-in)

o Good quality of Global fit (muon+tracker)

Precise measurement of momentum

ensured requiring a minimal amount of tracker
hits, and at least one in the innermost detector

Muon must have minimal activity in tracker and
calorimeters

Cosmic contamination  reduced through a
cut on transverse impact parameter

More details iIn G. PETRUCCIANI's talk

Muon Reconstruction and ldentification
22
T

Reconstruction, ID Efficiencies
estimated through Inclusive muon
samples and Tag&Probe methods

Trigger efficiencies calculated through
Tag&Probe, and cross-checked through
Jet, MET and Tau triggered samples

Isolation efficiency from Random Cone
Techniques. Consistent with Tag&Probe

Maria Cepeda, ICHEP2010



o Events required to pass Level-1 and High Level
Trigger requirements , with a ECAL cluster E;>15
GeV

o Electron ID requirements:

o Clusters of ECAL deposits matched to tracks in
the inner detector , taking into account
bremsstrahlung

o Good matching (track, cluster) in n and ¢

o ElectroMagnetic shower shape characteristics
(limited leakage in the hadronic calorimeter,
narrow width in n )

o Photon conversion rejection (hits in tracker, opening
angle with neighbour tracks)

o Isolation criteria , cutting separately on tracker,
Ecal and Hcal activity around electron candidates,
(rejection of misidentificated particles + real
electrons from jet fragmentation)

Electron Reconstruction and ldentification
23
T

Talk by R. SALERNO

Efficiency studies on data:

Reconstruction and ID Efficiencies
calculated from Tag&Probe

Trigger Efficiency from Minimum
Bias collisions

Isolation efficiency from Random
ConesE

Maria Cepeda, ICHEP2010



|Isolation Efficiencies
-

o Random Cone studies for Isolation Efficiency
performed both for muons and electrons

( €4ata/ Epc )-1 [%]

=
]
L

CMS preliminary 2010 s =TTeV
I I I I I | I I I

4 _[Ldt=193nh" —

isolation cones based
2 on lepton-kinematic templates  —
in W — pv events

25 ]
4+ l -
| I .

| |
0 0.1 0.2 0.3 0.4 0.5

[E Pr+ B+ X E'T*c‘“"] /p . threshold

CMS preliminary 2010

s =TTeV

I I 1 1 I I 1 1 I 1 1 1
_[L dt=198nb'
isolation cones based

on lepton-kKinematic templates —
in Z — pp events

I4I 1 IBI 1 IB 1 1 I1{]

Epjr“d“, threshold [GeV]
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W+Jets Associated Production
-

CMS preliminary 2010 Vs =7 TeV
- i | | | | ]
o Same lepton selection as the inclusive 8 o ® JHt:m b
analysis s . 5
+ i W—evuv 7
S ek = Er'>15 GeV _
= - 3
o Jet Selection: - MadGraph )
) ] ‘ PYTHIA (D6T)
o Infra-red safe Anti-Kt Jet reconstruction g — m::i iﬁmprm ’ =
= o
o Two thresholds E;>15 GeV and E{>30 [ normalization: MCFM NLO ]
GeV i3 E
o Lepton-Jet separation: AR<0.5 [ statistical errors only ]
) ] .ID_1 ] ] ] ]
o Particle Flow reconstruction ~ 0 " 2 3 4
o Cone radios of AR=0.5, g% 04T o ]
| i i [
O |r]|<2.5 n ‘E’I' 02k — -
= R
5
z 0 - - -

1 2 3 4
Inclusive jet multiplicity, n

o My used as discriminating variable in both channels

o Main source of systematics error: jet energy scale (10-20%)
Maria Cepeda, ICHEP2010



150

number of events / 5 GeV
(@) ]
o

W - pv, Track-ME+ Algorithm

\s =7 TeV

100

T
- data

B acb

number of events / 5 GeV

[JW—puv
B EWK

40

20}

151

10

JL dt =198 nb’’

CMS preliminary 2010

Ns =7 TeV

100

A

80|-

1w I

60/

TIRANZI W1 W Wl

40l

20

—e— data-driven template
——— QCD MC, isolated

QcbD

LY ST YPAP.

60 80 100 120 %
M; [GeV]
CMS preliminary 2010 \Ns=7TeV
L L L L L L LI I
B det=198nb" ]

MC, not isolated

80 100 I i20
M, [GeV]

] I | T T
-o-data

CIW" = utv |
B EWK T
B QcD ]

20

JL dt =198 nb™

40 60 80 100 120
M; [GeV]

number of events / 5 GeV

-
o
o

CMS preliminary 2010

CMS preliminary 2010 \s=7TeV
1 T T I T T T ] T T T l T T T I T T T I T LR
~*-data J.L dt = 198 nb"!
W > uv —
B EWK =

mQcb

T | T T T I T T T } T T T

0 20 40 60 80 100 120

M; [GeV]

Alternative MET reconstructon algorithm used
for cross-check

Results in perfect agreement for the baseline
particle-flow and track-corrected ME; analysis

Maria Cepeda, ICHEP2010



W - ev, Track-ME+ Algorithm
[

CMS preliminary 2010 \s =7 TeV CMS preliminary 2010 \s=7TeV CMS preliminary 2010 \s =7 TeV
> RECTEL B R L L B e >2 S B SR R LR R >2 [T AT [T T [ PP T[T [T T
O - b QO - Q
O 400 JL dt=198nb’ | (O s J.Ldt=198 nb' 1 L '[L dt =198 nb™
T} i ] w© [ 1 w =
~ —e— Data ~ 2001, —e— Data . ~ 200 L . —e— Data
0 b B W — ev { @ - S Wsev 1 & W ety
S 300 B EWK 1 5 B EWK ] € B EWK 1
S T B QcD L 150 B acD 1 %150 B acD .
© () ] o ]
IS S 1 ©
© @ 100 \ -4 %100 -
£ N Wt -
-} = o b\ ]
c c 50 t ‘; 1 2 50 5
\ ] ¢
é \
5 0 . " e
¢ 4 & B 1N 0 20 40 60 80 100 0 20 40 60 80 100
Ge
s [GeV] r [GeV] Er [GeV]
CMS preliminary 2010 Ns=T7TeV
L L I L B
20~ det=193nb"

7 Alternative ME reconstructon algorthym used
1 for cross-check

10E

—
an
LI I

N
Q
O
2
S 1
[ 10"k ] i .
2 1o ol e Results in perfect agreement for the particle-
5 e flow and track-corrected ME;
% I data-driven template |
[ R N ST ey Y
Er [GeV]
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