CMS in 2010:
A Very Good Year
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Outline

* Compact Muon Solenoid

* Detector/Object Performance
— tracking, photons/electrons, jets, MET
* Physics

— QCD, electroweak, top, searches, heavy ions —
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Luminosity

proton running heavy 1on running
Pb-Pb

Total Integrated Luminosity 2010 (Nov 08 07:00 UTC - Dec 06 13:31 UTC)

I — Delivered 8.38 b’
— Recorded 7.82 ;b~'

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 09 13:54 UTC)

— Delivered 47.03 pb™'
— Recorded 43.17 pb~!

12/05 25/06

19/11 25/11 01/12 07/12
Date

12/05 25/06 o 21/09
Date

* significant increase in data from
preliminary summer results




CMS Detector

December 12, 2010 Conference on LHC First Data - T. Adams



CMS Detector
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CMS Detector

B Pixels
B Tracker
B ECAL

B HCAL
B MUON Dets.

B Superconducting
Solenoid

Total weight: 12500 t

Overall diameter: 15 m
Overall length : 21.6 m

Magnetic field : 4 Tesla http://cms.cern.ch

December 12, 2010 Conference on LHC First Data - T. Adams
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Detector Performance

e Journal of Instrumentation, Volume 5, March 2010
— 23 articles about CMS performance using cosmic rays

* “The CMS Experiment at the CERN LHC,” J. Inst., Vol. 3 (2008)

S08004
— 300 page article describing detector

* “CMS Tracking Performance Results from Early LHC
Operation,” arXiv::1007.1988
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December 12, 2010 Conference on LHC First Data - T. Adams



Tracking

CMS preliminary
\s=7TeV

* silicon tracker

— 3 layers of pixels, 10 layers of strips
(barrel)

 tracker operating at high efficiency

Candidates/0.01GeV

u: 1.867 = 0.002 GeV

* tracking resolution similar to OLE 000 186350002 Gev
: S/NS+B: 131 Width: 0.014+0.002 GeV
expectation

1.7 175 18 185 19 195 2
mg . [GeV]

CMS Preliminary 2010 \s =7 TeV
TR

-
o

—— Fit to reference Data
L — Extrapolation
5§ =K :‘—f +c

with K= 2.579 =0.001
with C= 2,557 =0.001

dE/dx estimator (MeV/cm)

o Good Modules

= All Modules

= N W A~ O O N o ©

o

005115 2253354455
P (GeV/c)



% Tracking and Muons

* Dimuon resonances are excellent for
— detector performance
— efficiency/resolution

| Y(1,2,3S)
— physics

Events/(GeV/c?)

)

/c?

1000 —cMms Vs =7 Tev N Lg.=314nb"
e data
signal+background

CMS Preliminary

background-only

\s=7TeV, L_ =3.1pb"

o = 28 MeV/c?

Events / (0.02 GeV.

+ 102 2
L' mass (GeV/c?)

already resulted in submitted paper (J/y)

il Tt Tl R i ST I | o TOT T 87T T TO7 ) 19

R TR T s v var yarvasrll  sce talk by Giordano Cerizza on Monday

u* w invariant mass (GeV/c?)




Electrons and Photons
e (Calorimeter  ECAL

— EM: lead tungstate crystals — excellent calibration important for

— HAD: brass/steel and scintillator physics, particularly H>vyy

CMS preliminary\/s = 7 TeV

oreliminary\/s =7 TeV
ECAL Barrel

—_
o
o

n%—yy Calibration Trigger

yy pairs /0.005 GeV/c?
3

vy pairs /0.005 GeV/c?
&

Opata = 16.5%

Oy = 15.9%

%06 0.08 0.1 012 0.14 0.16 0.18 0.2 022
yy invariant mass (GeV/c?)

intercalibration with ©° 2 vy

$.060.08 0.1 0.120.140.160.18 0.2 0.22 0.24
yy invariant mass (GeV/c?)




R Electrons and Photons

* Dielectron resonances (J/y and Z) are useful for energy scale

IIIIII

Y(1,2,38)

CMS Preliminary 2010
\s=7 TeV, L_=35 pb"*

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| [T IIII| I TTI

1 IlIIIIl IIIIl|

10

—

ete ma!s,?s.2 (GeV/c?)




ECAL Spikes

* anomalous signal observed in ECAL
Tme, 7 Tev — large energy in single crystal
- Data, 7 TeV — distorted time resolution

. * direct energy deposition in photodiode

1 _ ZE faces

-
Y
(=3
(=3
o

CMS 2010 Preliminary

number ofdevents
N
o
o
o

-
[} o
o o
(=} (=3
o o

. * use energy ratio/timing to clean

ECAL hits
H B

center

CMS 2010 Preliminary

Max E;>3 GeV

— All events
1-E4/E1<0.95

1-E4/E1>0.95

~ spikes
' EM showers

40
Signal timing [ns]

200 220
time [ns]

R
IS A e




Jets

* Three methods of jet reconstruction M| e 3225300

Dijet Mass : 2.130 TeV

— calo: calorimeter

smaller 77, Jet1Pr:585Ge

corrections 7\ ‘r’

w-ev PF jets Jet 2 Pr: 557 GeV |

anti-k; R=0.5
Particle Flow jets

— JPT: calorimeter + tracker }

— PF jets: particle flow

CMS Preliminary
\s=7TeV 1
anti-k; R=0.5 Ca O
Calorimeter jets .-

CMS Preliminary

\s=7TeV
anti-k; R=0.5
Jet-Plus-Track jets

—=— Data
—e— Data+Residual
|:| Uncertainty (pT =100 GeV)

—— Data+Residual
|:| Uncertainty (pT =100 GeV)

—e— Data+Residual
|:| Uncertainty (pT =100 GeV)

<Rel. Response Data/Simulation>
<Rel. Response Data/Simulation>
<Rel. Response Data/Simulation>

relative response
(dijet pT balance)

N
o
o
o

CMS Preliminary CMS Preliminary CMS Preliminary

N
N

—— Calorimeter jets
B Jet-Plus-Track jets
EE5E Particle Flow jets

—— Calorimeter jets
B Jet-Plus-Track jets
EE52 Particle Flow jets

—— Calorimeter jets
B Jet-Plus-Track jets
EESE Particle Flow jets

o
)
o
©

o
o
o
o

\s =7 TeV
anti-k; R=0.5
n=0.0

\s =7 TeV
anti-k; R=0.5
n=20

\s =7 TeV
anti-k; R=0.5

absolute response
(photon+tjet pT balance)

N
»
-
»

o
o

Jet Energy Correction Factor
o

Jet Energy Correction Factor
Jet Energy Correction Factor

iy
-

o
o]
o
[os]

100 200 100 30 40 50 60

1000 200 100
Jet P, (GeV) Jet P, (GeV) Jet [N (GeV)



three methods of MET measurement

— calo MET: calorimeter + u’s

— tcMET: tracks + calorimeter + u’s

— pfMET: particle flow objects

— —
N <

Number of Events / 2 GeV
o

—
Q
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Data vs. Simulation

* Need simulation that properly

photon

E - models the detector
el el — see previous plots
detectors

— 1mportant for physics results

CMS preliminary 2010 \s =7 TeV

CMS Preliminary 2010

J.L dt = 35 pb’
—— Data

[ ] simulation: conversions .
|:| Simulation: fakes

Conversions/0.2 cm

f H

)

number of events

80 100 120
Conversion radius (cm) for |z|< 26cm MT [G eV]

18




Number of photon pairs

Number of photon pairs

mt =135.2+0.1 MeV/ ¢?
O, =132+ 0.1 MeV/ ¢

+7-TeV Data, 0.1 nb”

CMS Preliminary 2010
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% Climbing the Stairway
to Knowledge

* Study those signals which have
largest cross sections
— strong force — jets

— electroweak production — W and Z
bosons

— b physics (strong)

— top pair production (strong)

— diboson production (WW, WZ, Z7)
— Higgs production?

— New physics???

 We have already observe m——
several of these

December 12, 2010 Conference on LHC First Data - T. Adams



% “Low Energy” Physics Results

* “First Measurement of the Underlying Event Activity at the LHC
with Vs = 0.9 TeV,” arXiv::1006.2083, submitted to Eur. Phys. J.
C.

* “Transverse momentum and pseudorapidity distributions of
charged hadrons in pp collisions at Vs = 0.9 and 2.36 TeV,” J. of
High Energy Physics, Vol. 2 (2010) 041

* “First Measurement of Bose-Einstein Correlations in proton-
proton Collisions at \'s = 0.9 and 2.36 TeV,” Phys. Rev. Lett., \
105 (2010) 032001 BT

* “Measurement of the che

Oct. 23,2010 SESAPSI10 - First CMS Results - T. Adams



* largest cross section 1s strong . T
production of light quarks and
gluons

\s=7TeV

lyl<0.5 (x1024)
0.5<lyl<1.0 (x256)
1.0<lyl<1.5 (x64)
1.5<lyl<2.0 (x16)
2.0<lyl<2.5 (x4)
2.5<lyl<3.0 (x1)

charged particles
(pT >0.5 GeV/c, nl <2, 60° < IA¢l < 121

leading track-jet p,> 3 GeV/c

A A

— NLO pQCD+NP
[ ] Exp. uncertainty
Anti-k; R=0.5 CALO

100 200 1000
P, (GeV)

see talk by Colin Jessop today



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

—_
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* electroweak production
gives well-defined signals
— W’sand Z’s
* excellent for studies and
physics
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lepton charge asymmetry
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see talks by Jonathan Efron (today) RS ' el
and Kalanand Mishra (Monday) M(ee) [GeV]
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Bottom Physics

CMS Preliminary

* heavy flavor in strong production
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Top Quarks

/e T

 LHC’s primary advantage
1s ability to produce high
mass particles =
* Top quark
— Tevatron: ~8 pb
— LHC: ~160 pb
* Final states
— dilepton
— lHjets :
— all jets D &
— tau final states i

7\

Tevatron 1s no longer the only place to study the top quark!
See talk by Kevin Lannon on Monday



% Searches for New Physics

.
LHC search most sensitive for high mass or under-explored
channels

— already breaking new ground in a number of searches
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Heavy lons

[C) \ﬁ/ CMS Experiment at LHC, CERN

* CMS also studies heavy ions -~ —
(Nov-Dec, 2010)
e first results (Dec. 2) il

e first observation of Z in HI

ECal 2339, pt: 37.9 GeV|

* diet energy asymmetry

| cMs Experimentat LHC, CERN
X | Dat: Orded Mon Nov. 5 07:52:01 2010 CEST
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Event Fraction
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* Fraction of jets
with imbalance
larger than 0.24

* Plotasa
function of
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Paper Submissions
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First Physics Publications

* “Measurement of the Isolated Photon Production Cross Section in pp
Collisions at Vs=7 TeV,” arXiv::1012.0799

«  “Search for Stopped Gluinos ii pp Collisions at Vs=7 TeV,” arXiv::1011.5861.

«  “Charged Particle Multiplicities in pp Interactions at Vs=0.9, 2.36, and 7 TeV,”
arXiv::1011.5531.

«  “Prompt and Non-prompt J/y Production in pp Collisions at Vs=7 TeV,”
arXiv::1011.4193.

e “First Measurement of the Cross Section for Top-Quark Pair Production in
Proton-Proton Collisions at Vs=7 TeV,” arXiv::1010.5994.

* “Search for Quark Compositeness with the Dijet Centrality Ratio in pp
Collisions at \/s =7 TeV,” arXiv::1010.4439, submitted to Phys Rev Lett.

“Observatlon of Long- Range Near-Side Angular Correl

Oct. 23,2010 SESAPSI10 - First CMS Results - T. Adams



Summary

CMS has had a remarkable 2010
First 7 TeV Collisions

Excellent data acquisition efficiency and detector
performance

Many standard model processes observed

Probing new regions of parameter space

December 12, 2010 Conference on LHC First Data - T. Adams




