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proton - (anti)proton cross sections

Motivation SR ——
10° g - O 10°
Properties of W, Z are well known 12 : Tevagtron LHC ”-’6
- mass & width ol
- production & decay modes N
- cross sections CF
10 E g
>> Can use W, Z as .candles" |JREH: b
to understand g ©F =
- detector M H
- luminosity (~machine) .
- initial state (PDF) ok
- backgrounds o b
- data-driven methods 0 e
10° I,
>> Clean signals for analysis of s F...(.H

first nb-! ... pb-! of data
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CMS Detector

Total weight 12500 +
Overall diameter 15 m
Overall length  21.6 m

Pixel  66M channels for ~4itg
Tracker 9.6M channels for ~210 m?
ECAL 76k PbWOs4 crystals

HCAL interleaved scintillator/brass
Muons redundant DT (CSC) and RPC

Solenoid coil 4T field

Electromagnet

|||||||||||||||

ic

1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1
N | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =] 1 1
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CMS - A brief historical overview . ..

Cosmic Ray Runs
- Fall 2008, 2009
- months-long commissioning runs

- 23 detector commissioning papers
(Special issue of JINST 05)

Beam Collisions

- Nov/Dec 2009
@ 900 GeV center-of-mass energy
(LHC injection energy)

@236Tey = % B =
- since March 30, 2010 — —— P
@ 7 TeV (+some runs @ 900 GeV/) [JYEEIprItEmn Collision seen @ CMS

- 1 1 1 ! ! ! ! ! ! ! ! ! ! ! ! ! ! | = ! ! ! ! ! ! ! ! ! ! 1 ! ! ! ! ! ! | 1 o, CMS
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CMS Performance

28:48:00 i
Up time Total Uptime: 219h15m

24:00:00 B0 Down time

19:12:00
14:24:00

09:36:00 -

time (hh:mm:ss)

1005

CMS: Integrated Luminosity 2010

18

L nb"

16

14

12

10

Total Downtime: 2&i85m
Efficiency: 91 %

oo IL Lllullllnl_|L tLl. [lll,LllLulm

Delivered 18.76 nb™"

Recorded 17.09 nb™

1033 1068 1128
LHC Fill #
Detector In readout (%)
Pixel 98.2
Strips 98.1

ECAL Crystals 99.2 (EB=99.3%, EE=98.9%)

ECAL Preshower 99.8

HCAL 99.2 (HB=99.9%, HE=100.0%
HF=99.9%, H0=96.9%)

DT 99.8
RPC 98.8
CSC 98.5

| —

30.-‘(]'.?10:10 10/04 14:I54 21/04 19:38

03/0500:22 14/05 05:05 25/05 09:49
Date

1 1 1 1 1 1 1 1 1 1 1 1 =] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 LI
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Carsten Magass :: June 25,2010 ::: W/Z @ BNL -6 - Z |




NLO W and Z cross sections at the LHC (s = 7 TeV)

http://projects.hepforge.org/mstwpdf/pdf4lhc/
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90% C.L. PDF
- MSTWO08
- CTEQ6.6
—— NNPDF2.0
—¥- HERAPDF1.0
—4— ABKMO9
GJRO08

Clo v b b g |?||

W/Z : General Remarks 2z 1
JJJJJJJJJJJJJ - E L
GT .
Rather Iarge cross sections into leptons & ..
3] sl
Pressss (VT TR lereecd s uicDeFrSta?ﬁties J ;
+1.33 nb 0.9
139 nb -
56.05 ’_’I'jg:t? 0.35}3*
+0.91 nb i
28.| | 20.95 :b 0,8_— PDFmS uncertainties
9.4

Masterformula :

96 98 10 10.2104 10.6 10.8 11
o, BIW" - Fv) (nb)

o x Br( W/Z - leptons ) =

#Hobserved events - #background events

efficiency x acceptance x luminosity

cross section measurement <-> luminosity measurement

First data :
simple object identification with high purity

- understand data & determine efficiencies from data
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1nb!  10nb! 100nb! 1pb!  10pb? 100 pb-t

5 50 | 500 5000 50k 500k
Z > ee/up :
5 I 5 00 5000 50k
_ (_.candidate hunting" .
[ I : 1B 56\ /GW <10%

. | data-driven me‘rho“

00,/6, < 5%
systematics

RWNTH Carsten Magass :: June 25,2010 :: W/Z @ BNL -8 -




RWNTH Carsten Magass :: June 25,2010 :: W/Z @ BNL -9 -

W = nv: Candidate Event

CMS Experiment at LHC, CERN
Run 133875, Event 1228182
Lumi section: 16

Sat Apr 24 2010, 09:08:46 CEST

LS b /
b
___.;-‘-"'&-m Muon Selenaid

Muon p;=38.7 GeV/c

ME = 37.9 GeV

7\
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W = nv: Selection

SelecTion : NO _I [ | T | T | L | T | T | T | L | T | [ IL
1 Muon WlTh Pt >2b GeV in |T]| < 2, = C L =10pb CMS Preliminary -
- ® 3000 -
isolated (tracker), O 2danet - -
. . \s=10TeV

muon fired trigger N i
N 2500 cuT ]

% - §

muo _ > 2000+ B Wy -
................... MET=pr & | 1acD - x| 1

Z 15001 Bz ]

hadronjc recoll - -

| 1000 =
Neutrino escapes S :

- observe missing energy in - :
transverse plane (MET) . e e LT
D 20 40 60 8D 100 120 140180 180 200

Reconstruct . M (GeV/c?)

Transverse mass m, = \/ 2¢T Di “(1—cos Aqo)




Events /10 GeV/c?

W = nv: Data - Monte Carlo Comparison

24—
22°
20
18F

— — — —
N &+ O
TTTTTTTTTTTTTTT

N A O
ITTTTTTTTTTTTTT]TI

0 20

Total

CMS Preliminary 2010
L,=16nb" \s=7Tev

EWK Cross sections :
MCFM NLO using
MSTWO8 NLO PDF

W Signal shape :
POWHEG NLO

EWK shapes :
mixed (POWHEG, PYTHIA)

QCD shape :

PYTHIA LO (k = 1)

40 60 80 100 120 140 160

M, [GeV /c?]

: 70

mr > 50 GeV : 57

Data-Driven (later)
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W = pv: Matrix Method

o L . e

Contributions from QCD processes difficult to predict
-~ Estimate from data using the Matrix Method

Variable 2
A

Used for Analysis

Signal

(isolated muons)

QCD Background

(usually not isolated)

Assume : N,
Two variables are uncorrelated '

Important :
Correct for correlations & signal contaminationin A, B, C
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Muon Performance

L L e e e . pmm

.Global Muon"
combined fit of all

tracker and muon hits

0
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p[GeV/c]
Very good agreement

L] Data
7] muons from heavy flavours
B uons from light hadrons
I hadron punch-throughs
[ mistaggec tracks

CMS preliminary, \'s = 7 TeV
L =0.2nb”

Global Muons
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N
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400

200

® Data
{73 muons from heavy flavours
B muons from light hadrons
I hadron punch-throughs
[ mistagged tracks

CMS preliminary, \'s =
L,=0.2nb"

Global Muons
(18 000 tracks)

7 TeV

Pseudorapidity n

Entries/(0.005cm)

02 <015 0.1 -0.05

Transverse impact parameter

® Data
§ mugns from heavy favours
T muons from ight hadrons
N hadron punch-throughs
B mistagged teacks
CMS preliminary, \'s = 7 TeV

1

L., =02nb

005 01 015 0.2

dy[cm]

....................................... cMms, |
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W - e v : Candidate Event

o  pmm g e pmm e

. i . . . . e .

.| 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

M:=71.1 GeV/c2 l{ ‘

Cempact Muon Solenol




Events / 1.0 GeV

\e]
4]
Q
o

N
o
o
Q

W = e v: Selection

Selection :

single electron trigger fired, 1 Electron with p; > 30 GeV in |n| < 2.5,
identified via track matched to ECal cluster (Gaussian Sum Filter)

and cuts on shape variables, veto on further electrons with p;+> 20 GeV

Extract QCD background
from data

-

CMS Preliminary , chIt =10 pb’
ot 0

-
(9]
(=]
(]

- Invert isolation cuts
within electron ID

1000

500; S | IR Expect total systematic
- I uncertainty 2.4% (method)
0 - and 10% for luminosity

W/Z @ BNL
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W - e v : Data - Monte Carlo Comparison

g Cuts on MET and Sum(ET),
sophisticated electron ID

No cut on MET,
robust electron ID

ﬁ L L L R L L o - L B B B N e
> L CMS Preliminary 2010 QO - CMS Preliminary 2010 g
L > - B
g S0 \5=7 TeV L, =0.012pb' O 14~ \E=7 TeV L,,=0.0126 pb™ |
% i —$— Data o B —+— Data N
c L I woev i w12j ] woev o]
S 401 [ QcD+yj - Ok [ acosyj -
il B [ Others 7 7)) 1 0 - [ others ]
e L _
CICJ - _
> 8 ]
L - |
6 -
4 -
2 -
L N 0 : oo TR N N R N SR :

0 20 40 60 80 100 120 0 20 40 o60 80 100 120 140 160
My [GeVic] M; (GeV/c?)

Total : 44

m+> 50 GeV : 40
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W - e v: Template Method

L o R e e e e

MET sensitive to everything (real objects, noise) in the detector

- Use Z events as ,templates” to estimate MET in W events
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CMS Preliminary

- Remove one electron in
Z > ee sample

- Take different kinematics
iInto account

det =10 pb™

e
o
a

MET from W - ev

O
o
@

llIlIllllllllllllllllllllllIIIIII

corrected MET
- from Z > ee

Arbitrary Units/1
o
o
Y

- Good description of MET 10 TeV

Er (GeV)
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Nb. of ele. candidates/0.025

2

I Illlllil

Electron Performance (1)

Gaussian Sum Filter Level 1 trigger efficiency
makes use of high granular tracking L1 candidate found offline ?

Detectors (track seeding)

. ¥
(&)

| Illllll|

IIIl!

Nominal trigger threshold : 2 GeV

L L —] > 1_| ................. MR HRNREREH
CMS Preliminary 2000 | @ [ eeeEEEEEEE
\'s = 900 GeV 1 o I B
—e— Data - O -
C_JMCely 4 ¥£08- s 1 s S s
B MC others 1wl -
- [1_SingleEG2]| -
I £=0.99+000|
= 0.6 {u=231£000|
] i 6 =0.35+0.00] | |
1 o4k
> ] —_ EUUOE O JNOE S S - H : A __:
E 0-2_ P CMS preliminary 2010 (7 TeV)
- B : : L1 Ecal Trigger Efficiency (EB) ‘
ISR ol T T
0 0.2 0.4 0.6 0.8 1 -
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Electron Performance (2)

/>—\ I [T I : />\
() CMS Preliminary 2009 | O
) \s = 900GeV g
g! Reconstructed Electrons. S
5 10F —— Data E %
)] 1 =
© | [ Imc ©
O a O
©
-8 1:— (YY) ° = %
S - 1 O
o f 19
O - 1 o
o "B 10 U_I_FB
> - . - 1 .
- 1 0
B 10%5 Z - 1 Z
C\! E S I | | | | I | | 1 NN | | | I I | | I | | I
g, i 0 1 2 3 4 5 6 7 8
® 104 M, ECAL Isolation X E; in AR=0.4 (GeV)
© - ote Lo -
9 - o | |. e | o o | i
R AT
C —y o|® & O I:i [ ] [ ] [ X ] ® —
8 1§ r*L_, E
© 5
o 1
S 1075 =
o -
Z = \llll\‘lll\‘lllll\\Illl\llll\\llll\\

0

1 2 3 4 5 6 7 8
Track Isolation X p_in AR=0.3 (GeV/c)

. i . . . . e .

T T T T 1T T | L I T I ’ T I I T T
n CMS Preliminary 2009 |
102 L \'s = 900GeV B
= Reconstructed Electrons
L —— Data 1
T

10,6 [ Imc E
S T §
L IT I I .

= [ [ ]
e U )
107 .
:I L1 ‘ [ N | L1 1| | I | L1 1 | L1 1 | | L1 1 | | 111 :
8

0 1 2 3
HCAL lIsolation X

4 5 6 7
E,in AR=0.4 (GeV)

U] Isolation variables nicely

described by Monte Carlo
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Z 2 L : Candidate Event

CMS Experiment at LHC, CERN
Run 135149, Event 125426133
| Lumi section: 1345

Sun May 09 2010, 05:24:09
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Z > u L : Selection

110 .

Selection : " CMS Prelimi §

, , o reliminary -

2 Muons with pr> 20 GeV in || < 2, 1081 :

isolated (tracker), opposite charge, .06 Fitted cross section normalized to

. . - 133 pb  result ’

>= 1 Muon fired trigger . oal B

T \s=10TeV ]

. — . i - 4

CMS preliminary, L = 10 pb’ 'IZLHMH 1.02F .

Ng-m - W->uv B l ‘ :

- Bl QCD bkg _ = 1]

S - B Z->) k: l I l b

%102 - - 0.98:“ —:
‘ MC o2 8 3

10 [Ldt(pbh

Statistical precision

40 60 80 100 120 140 ~0.5% with 100 Pb—l

m, , (GeV/c?)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 LI
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Z 2 1L Data - Monte Carlo Comparison

L o R e e e e

< prrrrrere e Measure efficiencies from data
- B CMS Preliminary 2010 .
% i L, =16 nb™” s=7TeV | US|n9 Tag"QNd"PrObe Me'rhOd
u(.".l_: 1§_ » data 2
5 I T .
g I —ve il FI 7 decays provide such
G107 e I samples used for muon
: il (and electron) efficiency
102E - measurements
I ] "good” Muon (7ag)
10°F
0 20 40 60 80 100120 140160 180 200 Tracker <: LS.,

m, , (GeV/c?)

Muon detector — ?
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Z = e e : Candidate Event

CMS Experiment at LHC, CERN
CMS : Run 133877, Event 28405693
- il Lumi section: 387 e S
_/— " | Sat Apr 242010, 14:00:54 CEST // N
\

Electrons p;=34.0,31.9 GeV/c 4
Inv. mass =91.2 GeV/c2

ompact Muon Solenold
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Z 2> ee: Selection

L o R e e e e

Selection :
single electron trigger fired, 2 Electrons with p;> 20 GeV |n| < 2.5,
identified via track matched to ECal cluster (Gaussian Sum Filter)
and cuts on shape variables

Efficiencies
] T | | -I T T LI B B _; T i 81_ looo/o
CMS Preliminary , | Ldt = 10 pb . r"9 °
N eID - 90 /O
10° di-jets v1Z — e*e =

8To‘r = i':IDZ * ( 1- (1 81’!"!9)2)
= 82 o/o

Signal+Bkgd e

Acceptance : 40 %

Efficiencies again via
Tag-and-Probe Method

Expect total systematic
40 60 80 100 120 140 uncertainty 4% (method)
M. (GeV/c?) and 10% for luminosity




Events / 4.0 GeV/¢&

Z - e e : Data - Monte Carlo Compamson

Imt =0.017 pb'

$

0 50 100 150 200
M., [GeV/c]
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1/0 do/dY

0 _4 [ T T T T | T T T T | T T T T | T T T T T | T T T T | T T T T | T ] 6 :l 1 | Error sOurce n‘tn{)u{lolns “““““ T l T T 1 ‘ T l:
— CMS PRELIMINARY | - Bin/Migration CMS PRELIMINARY ]
o5t 10 TeV oopo 4 | oS L S
S MC - ¢ - ool :

03 — * * '_F 4 _: 5 ------ g’a:alsft);titsticst ;
- 10 107 =
0.25— - © = ]
= mi C -
0.2 ] = I I R 7
- Black Line : : R T By i
0.15- MC w/ PDF mean + O = = N B Qe E
0.1—Red Line : - : -
0.0s. MC w/ PDF variation (vector #18) L S5 ]
E T S R B [ | [ | ol T 10_3 T A T R [ S I [T B

% o5 1 15 2 25 3 35 -3 -2 -1 0 2 3
Y, &
-+ ———— —— — — — 1 — 2 CMS §
!
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Z - e e : Rapidity

o  pmm g e pmm e

Cross section as a function

of Z Boson rapidity Y =

1ln
2

E—pz

- Constrain PDF uncertainties

.

C \1% PRELIMINAR
100 pb"




du(W—i— N ‘ll+]7 dor (W N }l U”)

d)]

Muon Charge Asymmetry Ao - o i — )

o  pmm g e pmm e

d;]

. i . . . . e .

Provides robust measurement
- clean observable, no knowledge of luminosity required

chs, |

% Sg”SlTlve On PDF ; 0.3:| T T I T T I T T | T T | T T | T T I TTTT I T TTT I_

& 0.087— = g - Mc CMS Preliminary;

§ 0_072_ ES!gnal Heglon CMS Preliminary _; ; 0.25} - -

5 oo (Sideband : 2 [ { 10TeV,100 pb?! ¢ -

< o E © 02 .

o 005 = o B i

§ 0.04; —f E B i

< - E O 015~ ¢ i —

> om ) :

g o_ozz— E - * f .

< o0iE . 0.1 p1>25 GeV, p>20 GeV N

- = _ | 1 pp—>W(uv)+X (Pythia 6.0+CTEQ6M) i

2 16F S 3 N . CMS simulation (uncorrected) ]

S 14F = 0.05

C q2F = B Statistical error ]

o.e; : | : - Systematic error -

065_ L L L L L _E 0_| L1 | I | 11 I»| | | L1 1 I»| | | | | | | |_

2 -1 0 1 2 "2 15 -1 05 0 05 1 15 2

Muon pseudorapidity Muon pseudorapidity

Matrix method for QCD Dominant systematic uncertainties
Background estimation due to efficiency measurements
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Effective Cross Section (pb)
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W and Z with Jets

L o R e e e e

Important channels :
- test QCD
- background for searches
- Jet Energy Scale
(Z + Jets)

.
(&)
w
T

—
O
~o
T 111

—
o
TTTT1 T T T TTITM0

W/Z + Jets analyses need
estimates of :

- Jet Energy Scale

- QCD background

- top background (!)

oW /Z+(N+1) Jets)

Jet Number O'(W /Z+ N JetS)




W/Z + Jets : Ratio

Interesting : Double Ratio (2
W +n jets =
Cy _W+@n+1)jets -> uncertainties
C, Z +n jets cancel
Z+(n+1) jets z
@ 450
o CMS Preliminary
5 [ \s=10 TeV, L=100 pb’ -
400} T T | Mc N
3501 [ . Z§
%m lower jet multiplicity bins T %_
3007 W(uv)+> 4 trackjets T Wev)> 4 track-jets é?

N(VB+=z n jets)
N(VB+= n+1 jets)
o
T

- —e— W(—uv) + = n track—jets
— —&— Z(—=pu) + = n track—jets

\'s=10 TeV, L=100 pb'

CMIS Preliminary

—
<
>

—ry
o
o

track—jet

ultiplicity (n)

—e— W(— ev) +=n PF-jets

E —— Z(—ee) +=nPF-jets

CMS Preliminary | —:
Ns=10 TeV, L=100 pis’ -

_‘
On
M

icity (n)

" —e— W(—u
" —a— Z(—uu) + = n calo-jets

) | uItipI

v) += N calo-jets

CMS Prellmmary

%
ultiplicity (n)

3 4
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Z + Jets : Tool for New Physics

300———

. . | ‘CMS Ilal:ellirﬁilnzl-lrlyl | _
v Z + jets > eeand pu + jets \5=10 TeV, L=100 pb’
v loose selection

v different jet reconstruction v , 4+t "" ]

| e measured Z+> 4 jets
o SM candle expected (from Z+> 1 jets and Z+> 2 jets)

£+ 4 jets
N
o
(=]

algorithms . ' ;
v’ cross section and ratio s oo ]
A - r )
EMc CMS Prellmlnary 1 § ™ 5 20 40 60 80 100  fe0 140
10°E \s=10 TeV, L=100 pb E Reconstructed SUSY Eventsf[LM4
- —»— Z(—>uw)+> 1 jets data . . .
0%, —o— Z(—>vv)+2 1 jets from Z(—syup)+ > Tjets— AEM
o - (}lmZ(—>\.»'\.r)+21jets MC Ell > look for deviations at high
T % = jet multiplicites
- oy il > calibrate (W = pv) +jets
103.1.11,,,..,, j'“ “Ll. sing(Z%uu)+je’rs
100 15 250 300 » predict MET in (Z > vv) +jets

MET (GeV) using (Z > pp) + jets
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anti-kt R = 0.5 300

200

2o b OO Cuspeimnay 200+ Data -

Jet Performance b VeV B smain -

B pT(jet):- 25 GeV 7

o e FnRE nGet) < 3 B

30002 CMS prlaliminary 21:)10 500j 1

Jet Algorithm : L ey - :
. L p_(jet)> 25 GeV 400 -
Particle Flow  2s00p ™ . :

_lllIllIll]lllllllll]llll'lll!IIIII
=~ CMS preliminary 2010
800 —

- \s=7TeV

100

700 - pr(jet)> 25 GeV

E ngen] <3 0 02 04 06 08 1
600} h charged hadron fraction for diPFjets
500
400 0O 02 04 06 08 1
300~ 1 neutral hadronic fraction for diPFjets
2000 | -

100; =8 \Very good agreement between
EEEErrExaaEd Data and Monte Carlo

number of jet constituents
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Z (> ee, up) + bb : Outlook

L o R e e e e

: JL =100pb " || Bl 2t ]
- . Zcctjets -

| o

w
] o
N
o
T

N
9]

umber of events / 10 GeV/c?

20 -® 100pb'data |

(dominant) : MC .
. 15:— CMS Preliminary —:

Top background estimated : | :
from data from side-bands 10 i ee + Ul |

4

Requires two b-tagged Jefts

20 40 60 30 100120140160180200
M, (GeV/c?)
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CMS Preliminary 2010

!llllIIIIIIIITI!IIIII!II‘!lIII
N *DATA

s 3

© n ]

b - Tagging Performance S BlE

99 9 210t = gmC (charm)_E

L o) = BMC (bottom) 3

8 f i

| CMS Experi € 10°E =
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MET Commissioning <-> Understand Detector
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/ -> fake electrons

-> fake photons
-> fake MET

.Nice" detector feature :
Noise in the ECal

- caused by heavily ionizing
particles in the APD

Tag the noisy events
and apply cleanup :
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MET Performance
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Challenge : Pile-up

2-Vertex Event

. . . Impact on MET ?

e

3-Vertex Event

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

R“TH Carsten Magass :::

June 25, 2010 ::

W/Z @ BNL

cMms, |




1nb!  10nb! 100nb! 1pb!  10pbt 100 pb-t

-I—H—I—I—"I—I'F

5000 50k

| .Candidate hummg )y
56,/ 0y, < 10%—

Very successful ,
commissioning of data-driven me’rho”

electrons, muons, 06,/67 < BT . :

jets and MET systematics
dominates 6y, @
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Analysis of inclusive W and
Z events essential :

- understand detector

- measure efficiencies

- test data-driven methods
- cross-check luminosity

Presented a robust program

for start-up @ CMS

Many analyses engelngy *

proton - (anti)proton cross sections

o (nb)

10°

A\ ;
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e StAY tunee
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All Results shown in this talk can be found
at the CMS Physics Results Twiki
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Particle Flow (1)
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Figure 3: Charged-hadron tracks (lines with squares, representing the hits measured in the
tracker and the various extrapolation positions to the ECAL and HCAL) each linked to (a) one
or two ECAL clusters and (b) an HCAL cluster (dots). Each square represents a calorimeter
cell. The grey area is proportional to the logarithm of the energy measured in each cell. The
clusters represented by a star are linked to neither of the two tracks, and are therefore photon
candidates.
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Particle Flow (2)
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 Fit to the data
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Muon Momentum Reconstruction
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Use Z events to correct > 1200

. i . . . . e .

Normal conditions

Tracker misaligned

Muon System misaligned

CMS Preliminary

M = 90.87 = 0.03
for muon scale biases ¢ [ Men-sesom
7)) - B - B distorted
o Mean = 90.70 + 0.05
due to e.qg. lmper'fCCT §1ooo_ IR f i
detector knowledge @ | Mean=91.00+003
L Width = 3.76 + 0.08
;‘ 941 1 ﬁl [ Il \. 1T 7 [ [ [ [ [ [ T [ [ _I 800_ Mean=go'g1i_0.03
8 - CMS Preliminary . — Width = 3.77 = 0.08 S enunns s
=t " before corr -
e s ]
N aftercorr 7 600
= 92f ]
. T B ’
- ' ﬁ\;\“ﬁ_ﬁ%{_
Nt . 7 LT
90; ¥2 [ ndf 16.79/10 ¥/ ndf 23.77 /10
| offset  91.07 £0.03134 offset 90.9+ 0.03149
89; parab 0.1103+0.01742 | || parab 0.0173+0.01728
887 1 1 1 1 | | | | | | | | | | | | | | | |
-2 -1 0 1 2
Pr = F(pTaﬂa (0;'")' Pr
—————+—+—+—+—————+—+—+————+—+ - ——+—+—+————+—+—+—————+—+—+—

Carsten Magass

June 25, 2010

W/Z @ BNL




RWTH Carsten Magass ::: June 25,2010 :: W/Z @ BNL - 44 -

Noise Cleaning <-> MET
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