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; Introduction

 First measurement in pp CMS: Integrated Luminosity 2010
collisions at 7 TeV of inclusive 2 pueeasss o
productions for W and Z | Rocordea o3

3 Importance: P

= Benchmark for lepton reconstruction“"; |
and ID : f

= Test of perturbative QCD and PDFs +

07 L PR — L1 T R T R R
30/0310:10 21/04 14:04 13/0517:57 04/06 21:50 27/06 01:43 19/07 05:36

= Possible estimator of luminosity pate
= Background of many interesting ‘ JLdt=198 nb* analyzed ‘
processes
~of Z- 1 i E_E
#of Wo N E_E“.S %1V [0 5000 | § 8 boK
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4 Introduction
-

d MET

= Essential piece for W - u v analysis

= Several techniques to compute MET:

« Pure calorimetrical measurement; with corrections from tracker:;
using fully reconstructed particles.

* Result shown to be compatible
« Used pfMET as baseline for this analysis
O Simulation

— Large MC sample to evaluate:

« Acceptance of different non-QCD processes (pt, eta phase space)
« QCD and signal shape
+ Efficiencies of different selection steps

— MC generation:
« POWHEG NLO + CTEQ 6.6 (NLO) (signal), QCD with PYTHIA
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s Muon channels
-

JdMuons
= Muon identification and selection
= Efficiency
AV TRERY
7D ut
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; W=>uvandZ->pupu

; CMS Experiment at LHC, CERN
CMS § Run 133875, Event 1228182
il Lumi section: 16
Sat Apr 24 2010, 09:08:46 CEST i

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

Z Candidate

.| CMS Experiment at LHC, CERN e e ——
CMS

il Run 135149, Event 125426133 s
il Lumi section: 1345

Sun May 09 2010, 05:24:09

-

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

W Candidate
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7 Muon ID and selection
-

 Event triggered In |n|<2.1 with pt>9 GeV

J Muon selection:

= Good qulity muon: Id by two different algorithms, good quality
track (y? /ndof < 10).

= Aviod punch through and good trigger pt measurement: at least
segments from two p chambers

= Ensure good pt measurement in tracker: # hits in tracker > 10, #
hits in pixels > 0

= Avoid cosmics: impact parameter < 2mm
QW - uvchannel Acceptance = 64.1%
= Zrejection: Events with 2 p p+,>20, p+,>10 rejected
= [solation: (Zp; (tk)+ XE; (had+em))/p< 15% (AR < 0.3)

dZ - ppchannel Acceptance = 47.6%
= 60 < muu <120 GeV
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: Efficiency
.

 Efficiency split in several terms (1 single
value for whole phase space):

.SZSRECOXS_TRIXS_ISC_) |
1D and selection efficiencies

* |Inclusive muon samples and Tag&Probe
methods (switching on/off the different selection
cuts)

Trigger efficiency

= calculated through Tag&Probe (Zmumu), and
cross-checked through Jet, MET and Tau
triggered samples
dIsolation efficiency

* from Random Cone Techniques. Consistent with T&P
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9 W= nuv
-

[ After selection 1254 W candidates 1so°9".s,pre!‘?‘i"?fy.291'}‘ e
[ e I dt=198nb" |
1 Background: o
= QCD: data-driven template ool CO |
= EWK processes: Z 2 pu (~=3%), -

W2tv(~2%)andZ > 1t
= ttbar: negligible (~0.3%)

number of events / 5 GeV
(@)
o

CMS preliminary 2010 Ns=7TeV

ILdt=198nb'1 — . .
—e— data-driven femplate | & 0 20 40 60 80 100 120

— QCD MC, isolated M; [GeV]

N
o

—
n
LENS N

O ]
(9] -]
E ......... QCD MC, not isolated ] MT = \/ZPT(F)ET * (1 — COS(QQb%ET))
o | i
s O Binned fit (binned likelihood to M)
é 53_ - = 2 free param. (QCD and W normalization)
ﬁ : : _ = Signal and EWK bg templates from MC
) S = U TR, = QCD background data-driven method
0 20 40 60 80 100 120

M [GeV] (isolation inversion)
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10 W= nuv
-

CMS preliminary 2010 \s=7TeV CMS preliminary 2010 \s=7TeV
1 OO i LI I T T I | T | BN I 1 1 T I LI I LI 100 i | S S I | ENNE I | I 1 T T I | S S | I LI T I LI
- ~*-data j L dt =198 nb"! - *data J. L dt =198 nb'
- W — 'y . - W > uv .
80 - WEWK . 80 - EEWK 7
B QcD ] [ [eledn) ]

number of events / 5 GeV
3

number of events / 5 GeV
3
|
|

40
20
0 0
0O 20 40 60 80 100 120 0 20 40 60 80 100 120

M [GeV] M [GeV]

O(pp2?W+X2Duv+X) =9.14 0.33 nb

529 24 WT Yield R=1.69 0.12

289 13 W Yield o(W+Du*v) = 5.75 0.26 nb
(statistical error only) O(W>uv)=3.39 0.15nb
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11 Z%Hu

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

J After selection 77 Z candidates _ CMSpreliminary20to __ Ne=7Tev
.. o 10°F -
’ O = - nb'
[ Background (negligible): O | at=18mm
= QCD, Z = 11, tthar (~0.3%) o 10F - data .
% C [JZ-pp
> B EWK 2
o 1 . I QCD =
o OO preliminary 2010 NESTTEV. S F i ;
30F ] o
% B +2ata JL dt=198 nb" é R E
o [z 1 _Good agreement 5 |
£ 7" Data/MC without 10
32 | Any corrections
© i 10
-
g

—
o
T T T T 1

d Counting of candidates

60 70 80 90 MESEM‘H?Be\}IEO o(pp2>Z+X>p+X) =0.88 0.10 nb
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1 Electron channels
-

JElectrons
= Electron identification and selection
= Efficiency
- W+/- = e+/- .
n/ 2> e et
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1 W-=>evandZ > ee

.| CMS Experiment at LHC, CERN
CMS || Run 133874, Event 21466935
il Lumi section: 301
Sat Apr 24 2010, 05:19:21 CEST

Electron p=35.6 GeV/c / 1 ¥a / \\
ME; = 36.9 GeV T

Mt =71.1 GeV/c?

.| CMS Experiment at LHC, CERN
CMS /1l Run 133877, Event 28405693
y ‘ il Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST

WMuon Sole

.

Electrons p;=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2
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14

Electron ID and selection

 Event triggered within the region |n|<3 with a et threshold at
15 GeV

[ Electron selection:

ET > 20 GeV, |n|<1.144 (EB) and 1.57<|n|<2.5 (EE)

ECAL cluster matched to tracker track; HCAL energy after ECAL
cluster limited in a cone; narrow ETA cluster in n.

Photon conversion rejection: no missing hit in the electron track
before the 15t hit; no partner track near to the electron one.

Fake electron rejection: isolation
2 selections applied: tight (e=75%, for Wev), loose (¢=90%, for Zee)

d W = e v channel

Events with 2" electron satisfying loose criteria rejected

1 Z = e e channel

IHEP, Protvino

Two electrons E;>20 GeV with loose criteria
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s Efficiency
-

dSplit in different terms (1 single value for
whole phase space): :

"E=ERecoXETRIX €50
(JReco and ID efficiencies
= With Tag&Probe method

dTrigger efficiency
= From minimum bias collisions

dlsolation
* Tag&Probe method
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L W —->ev
-

J After selection 1931 W candidates _  cuspreiminayzot0

Js=7TeV

D Background g 205— | J-Ldt=193nh-1 _
= QCD: modeled with Rayleigh distributiof 1s- 105 .
= EWK processes:Z>ee,W>tv 2 | ol -
= Prompt photons I “’0 S

CMS preliminary 2010 \Ns=7TeV _5 5 —e— inverted-cut sample |
> L B B e s e s ey s s e B data-driven template |

o 4] e i

G 400 JLdt=198 nb” = OO L I1IGI L .2|O. s _4|O.. ———
"-L?. —e— Data : . . ET [GeV]
£ 300 e - d Unbinned fit (likelihood to MET)

3 - : » 4 free param. (QCD and W

o 200 ’ normalization, Rayleigh parameters)

E : = Signal and EWK background modeled

100 : from MC

0 20 40 60 80 100
Er [GeV]

IHEP, Protvino Javier Santaolalla



17 W->ev
-

CMS preliminary 2010 \'s =7 TeV CMS preliminary 2010 \s =7 TeV
>250—Illllllllllllll[llIll >250_"'|"'|lII|III||||||
Q I )] |
Q) J.Ldt=198nb'1 Q) L det=198nb‘1
To) i To) R |
12 200f i — 200} e Data y
i W ety 0 i W osev
GC) B EWK GCJ B EWK
S 150 B acp S 150 B acp
()] o
y— Y—

(@] (@]
@ 100 & 100
o) o)
= =
= >
c 50 c 50
0 ] 0 :
0 20 40 60 80 100 0 20 40 60 80 100
Z. [GeV] E; [GeV]
L u o(pp2W+X2ev+X) =9.34 0.36 nb
458 23 W™ Yield R=1.26 0.10

339 20 W Yield

_ o(W*>e+v)=5.18 0.26 nb
(statistical error only)

o(W-=>e-v) =4.13 0.24 nb
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1 /2> ee

] After selection 61 Z candidates

1 Background (negligible), less than one
event expected.

CMS preliminary 2010 \'s =7 TeV
. . > I“"l""l""g
d Counting candidates 2 [ 1 ot=158m07
o 10 =

CMS preliminary 2010 \s =7 TeV _.\g Ega_t)aee

= L = macD
. o 1

8 20, e | Ldt=198nb" >
E\: [ ]z—ee i ?10-1
2 15 ' 3
c B [ ]
) i { . =
! T~ ~196/energy 210"
‘S 4nl scale shift
> 10} _ - E
E I ] 50 100 150 200
S5 5L } H B M(ee) [GeV]
C - -

: | B (pp->Z+X-dee+X) =0.88  0.11 nb

] | 1 | | .
%O 80 100 120

M(ee) [GeV] Javier Santaolalla



. Outline

1 Systematic uncertainties
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2 Systematics

-
] I\/Iuons

Reconstruction and Lepton ID from data—driven studies
= Momentum Scale and Resolution from J/Psis, cosmic studies, Z Mass spectrum
= E; scale/resolution from W recoil studies

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

= PDF uncertainties evaluated via CTEQ66, MSTWOSNLO, 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 3.5 -

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

IHEP, Protvino Javier Santaolalla



21 Systematics
.

L Electrons:

= Electron energy scale and resolution from Z Mass shape
= E. scale/resolution from W recolil studies

= QCD subtraction uncertainty from comparison with control samples
(cut inversion)

= PDF uncertainties evaluated with CTEQ66, MSTWO08NLO, NNPDF2.0

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 3.5 -

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
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” Outline

] Results
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= \W,Z production cross-sections
-

IHEP, Protvin

0 5 10 15
Ryz = 6( PP = WHX — Iv+X )/a( pp — ZIY*+X — [1+X )

CMS preliminary ICHEP2010 \s=7TeV CMS preliminary ICHEP2010 \s=7TeV
-— /T — _—
F NNLO, MSTWO08 68% CL prediction i NNLO, MSTWO08 68% CL prediction, 60-120 GeV
L dt=198 nb 10.44+0.52 nb L dt =198 nb 0.97 +0.04 nb
W — v | — W : ZIv* — up
9.14+0.33  +0.61,,,+1.00,  nb 0.88+0.11,,,+0.03 , +0.10 . nb Z } ”
W — ev s Z/’Y* — ee B 2
9.34+0.36,,,+0.70 +1.03  nb 0.88+0.13 , +0.06 , +0.10 , nb
W=y (combined) = Z/’Y* -l (combined) - @
9.22+0.24 ,, +0.52  +1.01,, nb 0.88+0.08 ., +0.05 , +0.10  nb
—a 1 PR ISR T S (S SR S SR (N SR T S [ S M TR N L N N | . | N N . . | . . . . |
0 2 4 6 8 10 12 0 0.5 1 1.5
o( pp > W+X — v+X) [nb] o( pp = ZIy*+X = lI+X ) [nb]
CMS preliminary ICHEP2010 \s=7TeV
—_—
, NNLO, MSTWO08 68% CL prediction
L dt=198 nb’ . 10.74 +0.04
W /Z Ratio
* [
W — v, ZIy* = ui —F— Measurements in
10.38 £1.32, +0.82
[ )
. agreement with SM
W —ev, ZI7* — ee s
10.57 +1.54 , £1.20 o Lo
predictions
W = lv, ZIv* > Il (combined) H—@—+
10.45+0.99  +0.65
| " " L L 1 i L L L 1
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24

W+, W- Cross-Sections

CMS preliminary ICHEP2010 \s=7TeV CMS preliminary ICHEP2010 \s=7TeV |

—_— — ; —_— - —
4 NNLO, MSTWO08 68% CL prediction " NNLO, MSTWO08 68% CL prediction
L dt =198 nb 6.15 + 0.29 nb L dt=198 nb” 4.29+0.23 nb
w+ + W ; I V - o —
—utv — W W™ 5u-v s .
5.75+0.26 ., +0.38  +0.63 . nb 3.39£0.15 ,,,£0.23  , £0.37 ,, nb W— ; I —V
W* se*v s s W' —eV i
518+0.26 , +0.41_, +0.57 _ nb 413+0.24,,,+0.33_ +0.45  nb
+ + 2 - -
W™ =17V (combined) T — W™ = 1"V (combined) —ri -
5.50+0.18 ., +0.26 ,,,, +0.61,,, Nb 3.60+0.13,,,+0.21 , +0.40,, nb
S S —— SRS SR S SR S S—— S (N TR TR L T R T | (S G
0 2 4 . 6 . 8 2 4 6 8
o( pp > W' +X = ["V+X) [nb] o(lpp>W +X > 1"v+X) [nb]
CMS preliminary ICHEP2010 \s=7TeV

IHEP, Protvino

T T T T T T T T T T T T T T T T T T T T T T T T

JLdt= 198 nb™ 1.43 + 0.04

+ —
W — v W W =y
1.69£0.12,, £0.07
Ratio
W — ev ke
1.26£0.10 £ 0.05
W = Iv (combined) H-@—+

1.51+0.08 _ +0.06

stat — syst

| T S R N TR ST S S |

v I S N G S |

NNLO, MSTWO08 68% CL prediction

0 05 T 15 2
R,.=0(pp > W™+X = I'v+X )lo( pp > W+X = | T+X)
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= W, Z production cross-sections
-

'8_ B e CMS preliminary 2010 Wb
0 nal e CDFRunll W* = Iy
m 10" £ ®= DORunl b W [T
; — A UA2
_ *  UA1
L ?
B Z-1T
ot pp
= r
_ 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

CoIIidtgr0 energy (TeV)
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2 W+Jets Assoclated Production
.

0 Jet Reconstruction: L . S
- - - kol = dt =198 nb" _
= Anti-Kt algorithm (infra-red safe) = 'O f LA=198nn S
A\ g
. + i W —ev,uv 7
= Particle Flow : oL ® £530 Gev
CMS preliminary 2010 \s =7 TeV = :
> T [ r 1| ¢ 1 [ r rT = —‘?—
O 103 . 10F  —— MadGraph =
& - jL dt=198 nb"' 3 g PYTHIA (D6T)
Te) B ] N normalization: MCFM NLO
S - —&— data - 1L il
7)) - [ ] W—ev,uv (MadGraph) - :
E 102 = [ Ewk - | statistical errors only
q) E - QCD +Y+jet E 10-1 | | | |
) B . 0 1 2 3 7
© i . £ j"_% L
L o5 02 .
o 10F o cle 2ol E—
L - ] ¥~ :.%7+7_
E B ] =+ i tl
5 [ ' =£ L. . . .
c [ ] z 1 Z 3 4
1t A inclusive jet multiplicity, n
- Statistical error only
0

0 |e4§din96joet ES?GG\}? . (Jet energy scale (10-20%) )
T
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2 W Charge Asymmetries
-

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

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

jf!.( ) = dﬂr(—l_]fd}if - dﬂr{_] fd?ff CMS preliminary 2010 \s =7 TeV
P G /dne+do=) /dn, ' | ' |

o
(&)

6 JLdt=198nb’1 -

S

o
N
[
—
|

o

® W — uv data

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

1 15 2 25
lepton pseudorapidity, |

lepton charge asymmetry
o
N

o
N
I

o
o
o
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= Updated results (~2.9 pb)
I

 New public plots for ~2.9 pb-!
[ Results systematically limited
1 Starting “differential cross section” era

- Total Integrated Lum|n05|ty 2010 {Mar 30 10:00 UTC - Oct 13 10:49 UTC}
T T T

—_— Delwerel:l 17.52 pb™!

L pb!
&

|| == Recorded 15.96 pb™'

2+

] | — ) ) ) e ) ) )
29/03 08/05 17/06 27/07 05/09 15/10
: Date .
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»  Updated results (2.9 pb1)
T

AW -2 puv dZ->pup
CMS 2010 \'s =7 TeV CMS 2010 \s =7 TeV
~ 1000 —————T——T T T = 400 ——— —————
) (€D)
O, i J.Ldt=2.9 b’ 1 O i J.Ldt=2.9 pb" ]
N 80O -+ data 4N} o das .
v I | v 300__ ? AR
- I | = i |
2 600} 49 | |
(@)) B 1 @ i i
— = = | — _]
5 [ | 5 200} + 4 :
5 400 15 | |
.D n .D | |
= I —
€ 200 1 210 __
O . i | ] ] ] |
O 20 40 60 80 100 120 Q5 20 100 50

M [GeV] gl
18571 candidates ! 913 candidates M(u'w) [GeV]
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Updated results (2.9 pb)

-
AW 2> e v

CMS preliminary 2010

\N's=7TeV

> B
® i
O 3000L.
'-Q i
N |
Z I
S 2000
-
Q
Y—
o
o
2 1000
&
=
c

%
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40 60 80

J L dt = 2.88 pb

—e— Data
W — ev

B EwWK
B QcD

-l P l | |

100

£y [GeV]

27875 candidates

dZ > ee

()
o
o

(A
o
o

number of events / 2 GeV

CMS 2010 \Ns =7 TeV

J Ldt=2.9pb’

—— data
J; [ Z° = e'e

100 120
M(e'e) [GeV]
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2 2 TT

g s \- First convincing
=R\ V% signal of Z > 1 1
with 1.7 pb-1

W5 Fapsrimen| al LHC, CERM

ila necondod: Sun Aug 15 035748 A0 CEST
mEwen| 142971 ) TBATES

il segiion MB

hiliCroksing BHRETEIT 1136

up, =22.8GeV/c T _FE =32.9GeV Vis. Mass = 60.8 GeV/c'
M, (4, MET) = 10.1 GeV
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2 . 2D TT
-

dFirst preliminary

T R R
results with 1.7 pbt ‘;‘ m;_ 5““
QTau selection @ 5 =
= Mu Pt >15 GeV ; ﬁ ,?

= |sorel . < 0.1 o e

= Tau Pt > 20 GeV 2 ]

= | oose Isolation 00 20 40 60 80 mmzummﬁmﬁ

visible Mass[GeV/c?]
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Conclusions
-

O The first measurements of ElectroWeak physics in
CMS are presented

= Cross section of W and Z in e and u channels
= Ratios of W/Z and W+/W- cross sections
= First measurement of diferencial cross sections
= W + jets production

At the same time:
= |Lepton reconstruction and ID tested
= Possible indicator of LHC luminosity

dWaiting for new data to enter the “differential cross section”
era

In agreement with

Standard Model
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