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The CMS Collaboration

Number of
Laboratories
Member States 29
Non-Member States 67
USA 49
Total 175
Nr of Scientific
Authors
Member States 1084
Non-Member States 503
USA 723
Total 2310

Associated Institutes
Number of Scientists 62
Number of Laboratories 9
oct 3rd 2007/gm

Belgium

Austria

2310 Scientific Authors
38 Countries
175 Institutions
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CMS Detector Design Priorities

Expression of Interest (EOI): Evian 1992

1. A robust and redundant Muon system

2. The best possible e/y calorimeter consistent with 1.
3. A highly efficient Tracking system consistent with 1. and 2.
4. A hermetic calorimeter system.

5. A financially affordable detector.
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Compact Muon Solenoid (CMS)
vl Letter of Intent (LOI): LHCC, 1 Oct 1992

6.920 m

5.635 m

4.645m

3.850 m

2.950m

2.864

=~1.320 m

Transverse View

solenoid as large as possible
barrel as long as possible

Strong Field 4T
Compact design

Solenoid for Muon P,
trigger in transverse
plane

Redundancy: 4 muon
stations with 32 r-phi
measurements

AP/P,~ 5% @1TeV for
reasonable space
resolution of muon
chambers (200um)

Technical Proposal 1994
Technical Design Report

1997 Magnet, HCAL ECAL, Muon

1998 Tracker
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December 2005
Cosmic Muons in CMS

2 SaatE W D Tl T e e P i |

Track reconstruction
efficiency in MB2

It Works!
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Building 40 at CERN — 6 stories
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L " : Atlas: 22m ¢ Xx44m L
ol 7000 tons

CMS: 15m ¢ x 22m L
12500 tons
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CALORMETER |

Tolal Weight - 12,5001
Overall Diameter: 15.00m
Overall Lengh - 21.60m
Magneific Feld ATesla

The CMS detector

Total weight
Overall diameter
Overall length

12500t
15m
21.6m

All silicon tracker
micro strips (10M ch)
pixel (60M ch)
(5.4m long, 2.4m ®: |n| <2.5)
Hermetic calorimeter
ECAL: PbWO4 crystal
HCAL: brass+scinti.
(Inl <3.0)

in 4 Tesla solenoid
(12.5m long, 6m ® in)

Robust muon system
DT+RPC (barrel)
CSC+RPC (endcap)

(iniron yoke: |n|<2.1)

Fast cerenkov calor.
guartz fibber
(3<|n|<5)
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The CMS detector

ul II | 3I 4I 5I 6I
m m 2 m m m m
Key: "
Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron {e.g. Neutron)
""" Photon

Silicon
Tracker

3 Electromagnetic
}_|! ]] Calorimeter
Hadron Superconducting

Calorimeter Solenoid

Iron raturn yoke intersparsed
with Muon chambers

Transverse slice
through CMS

D Barnay, CERM, Felvomey 2004
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The LHC

R=45Km
E=7+7 TeV (pp)

crossing rate
=40MHz
(25nsec)

design luminosity
= 10%cm2s

~20 pp interactions
per crossing
at design luminosity

First collision in 2008

h = 4 pwith 20 min. bias evt.
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CMS at Cessy, France

(LHC Point 5)

Surface building (SX)

Major assembly of
the CMS detector
was done in the
surface building,

in parallel to
construction of
underground
experimental hall.

Service cavern (US) iII ar

" LHC tunnel UX5 about 100

meters underground
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\

Surface buildings and main shaft

My slide from 2003

Installation of the first muon chamber

= —

‘Muon barrel yoke
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March 2003 — USC55

LHC Point 5 - UXC 55 Cavern - Point

| e

AR R
4 Headwall

My slide from 2003
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2005: Underground Cavern
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Coll Insertion

August 2005

The 220 ton cold mass was rotated in
15 min in the surface building.

Moving YBO with vac tank over the coil.

—

CMS Road to Early LHC Physics




Inner VacTank/Screen Insertion in Sept 2005
These operations require a free length of 30

19-Nov-2007 / S. Kunori CMS Road to Early LHC Physics



Coll swiveling in Surface Hall August 05

SX 1st phase 90 m
Extension < >
over shaft
P —— T i *********** col ]
9%%'7 V336

CMS Surface Assembly (A. Herve)

Same scale!

* These heavy construction activities
cannot be done in a reasonable time,
safely, in the underground hall.

Underground
* A much longer and wider underground hall Detector
hall, equipped with two 80-ton cranes, fully open
would be needed, and more time....
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T HCAL Barrel (HB) Insertion into the Magnet
:

Two ECAL (EB) modules in HB
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Barrel Ready for Cosmic Muon Runs
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Endcap also ready for cosmic runs
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CMS Detector — closed and reached 4T

A
ment closed
first time

e Magnet
- commissioning and
field mapping
Il « Combined operation
of full chain: Detector
— Electronics - DAQ -
Trigger — Software

e Establish timing,
calibration, operation
procedures

- MTCC 2006

Magnet Test and
Cosmic Challenge
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MTCC: Detectors synchronized and read-out!

» Recorded ~200M cosmics
« [rigger rate up to 200 Hz

« Data very useful to
measure detector
performance, validate
detector simulation and
reconstruction algos,
study noise

¢ Infactitis still a treasure
trove

Run 2605/ Event 3981 / B=3.8 T/ 27.08.06, 22h
Muon traversing DT, RPC, HCAL, ECAL, Tracker
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Cosmic Muons in MTCC

Track parameters are compared to Cosmic Muon MC:

A = o 600
~ 200f ¢ data with B=0T - s ¢ data with B=4T
B ToO s | = )
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0 .
¢ -140 120 -100 -BO -80  -40 -20 ]
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€\ery good match for 6 (top).

¢ (bottom) is reasonably described
by MC,

- 2400
EM s data with B=4T

é 22001 ) )
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g 000K
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1400
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1000;

>
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[ aof cosmic track as measured by DT chambers [GeV]

Transverse Momentum is also
in reasonable agreement

Almost every aspect of final CMS from detector to off line
software has to work to produce these plots
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Operation of Magnet and Field Mapping

UUUUU

3.8T7 i G 4T = 19.140KA:
3.0T ~~ stable operation
o il confirmed
4 12000 H\ Temp Stab”lty
7 o R margin 0.6 K
g BOOO
10 Pct th 3 Ngv 2006
0 |

date 2006

Field mapped at: 2.0, 3.0, 3.5, 3.8(twice) & 4.0 T with OT references.
statistical precision of 10~ achieved
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4T reached
on 22/8/06

g
YB wheels steady mm YB2 towargs |5~
compression e

with increasing field

The detector deforms due to the magnetic forces
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Lowering detector to underground

15 heavy objects (350-2000tons) 2000 ton crane

5 barrel rings

3+3 endcap disks , ““Tnﬂ
1+1 HB+/HB- FEL B ';:-.:7?357;1375:'1??.'@@

1+1 HF+/HF- € First one Nov.2006 i |

! i

FIEEENI
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5@0 tens HB+ I

350 tons HF+ — First detector descended. G it 100 1

(Nov 2006)
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Commissioned YE+1 (endcap muon) with HE
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First Barrel Muon Ring YB+2 lowered 19-Jan-2007
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Opening plug under 2000-ton load

Y o
l r
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2000-ton YBO’s 100 meter trip

28-Feb-2007
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-underground-

Commissioning in UX5

PUITS @ 12m PUITS @ 20.4m
PMS4 PX58

PUITS (B} T
PSS EXISTANT
TUMMEL LHC

CAVERNE EXPERENCE
LKCSS

TLRNEL BY_PASS MACHINE

CAVERNE CONTROLE . CRYQGENE
SERVICES . PUISSANCE ( LISCSS )

(BPEEEE GMS )
@ENSENEBIE SOUTERRAS )

MO LE B4 = OCTONE - BGT
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g Increasing Complexity of the 2007 Global

Reached scale of
MTCC'06

Participating Subsystems in Globa[

B - - -
First coincidence
. of 2 subsystems
Upgrade to final
6 DAQ software
architecture
5 - . : OHO
First cosmic mHB
3 B Tracker FEDs
.| muon triggers BCSC FEDs
ORPC
1 BEB
Ftrs_t glo_bal el
running since OHF
Nov.'06
1 -
] T T T T
May June July August September
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Snapshots from September Global Run

A little crowded in the
underground control room,
since systems are still expert
driven

(Surface control room ready Jan’08)

But good camaraderie
as run operations
begin to take shape
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CMS Tracker Integration Facility

The silicon strip tracker connected and readout from January —
July 2007 in dedicated surface facility.
e Nearly 2M channels, more than CDF silicon vertex

Gain operational experience, detector performance studies,
alignment studies.

* 5M cosmic muon tracks collected @ T=15, 10, -1, -10, -15°C

‘Tracker Analysis Centem F
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Cosmics in the Tracker

Example of Performance

A cosmic at -15°C

Sectors 2,3 TEC+

warm, HV on, Peak

Integral
Mean
RMS

¥/ ndf
Constant

Mean
Sigma

Normal Strips
Dead Strips

Noisy Strips

& TEC +

483328
1014.57
60.84

4315.590/ 114
27053.76 £ 47.94
1014451 0.08
56.11%0.06

99.852 %
(241 313 Strips
0.116 %
(275 Strips)
0.032 %
(76 Strips)

N—r

Validated clusters shown | { I Normal Strips
| 1 [ Dead Strips “
250007 I Noisy Strips
2 .
: S0000]
! N _
4 G :
2150001
2
£10000°
Z
5000 _A}
0+

Normed and Scaled CMS Noise [electrons]

*The Quality of the CMS Tracker is Excellent:

» Dead or Noisy Strips < 3/ 1000
 Signal:Noise > 25:1 in Peak Readout Mode

| Enormous experience gained in operating the Tracker at TIF |

0 500 1000 1500 2000 2500 3000
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1st Measurements of Efficiency of Tracker

The alignment position error (APE) is set to 2 mm

Layer Efficiency Real DATA
1.01

RHgpy:RHgpx | Region considered

H H H 5 =
S 5 *100

099

40

20

1]

&
]

L1
10
Layers

The layer efficiency in the region considered is more than 99.7% for
single side layers and more than 99% for double side layers.
Further cross check need for double side layers.
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TB2006: Calorimeter Response to Hadrons

TOF1 TOFz
Uphy Mulgn Veto
Beam Dump g WC A+B rant
22 VLE CK1 \l/ WC 23 |
J - | 'l : : L ﬂ HCAL | .i..
' s WC D+E
r rigger Muon Veto
Counters Back
Muon
Beam Halo Veto Wall
Counters
ECAL+ HCAL response
Pivot of table
=|P at LHC 5 C -
Ll 1F ]
""--L r -
-D [ —
A phi slice of 2 0.9F -
CMS calorimeter ’ E =
- 'l' p } . Ix
HB: 2 wedges 0.8 C | ]
8 ¢ segment C l ]
Ad = 40 deg. 0.7¢ 3 a
r 44 .
HE: 4 $ segment 0.6 3 : B
A¢ = 20 deg C ] e
3 0.5r - on+ H
HO: Ring 0,1, 2 o 5 ]
ECAL: SM9 0.4F 'E E
+ production 0.3F K+ ]
electronics
1 10 10 GeV/
beam [ e C]

Tuning of hadron physics model in GEANA4 is in progress. (especially P<10GeV).
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TB2006 - ECAL Crystal Calibration with T°'s

- Preparation for in-situ calibration with 1t%s -

Crystals are calibrated with ~140 pO’s/crystal.

Spread of peaks of reconstructed energy for
50GeV electrons centered at each crystal
(total 72 crystals) is 0.67% - consistent with
statistical expectation.

S1 582 Al Target ECAL SM9

Mean 1.002
> RMS  0.00868T7
2 1400 w oo B gl
ot a) 9 GeV beam § 25[-a) '

3 12005- uncalibrated .; o=0.67+0.07 %
2 1000[- g 20r
0 - b7 B
T %!7.010.1 % 5 r
$ 800 15F
w g -
600 [
: )
400 [
200F oL
Q: 005 01 015 02 025 03 0:‘""""'“ AL ik tikaa
o : - 2 0. ' 0.96 097 0.96 0.99 1 1.01 1,02 1.03 1.04
Invariant Mass of Photon Pairs (GeV) Electron Peak Position / 50 GeV
Raw 7° mass 50 GeV electrons
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CSAOQ7: Computing Software and Analysis Challenge

Planning + Coordination + Execution  (MC events)

Prompt Reco
= —

IT

Computing/software groups

Calibration Re-Rec
Detector performance groups Skims
~|OMB/s

Simulation
Analysis

Physics object groups
Physics groups Data transfer
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CSAOQ7: Computing Software and Analysis Challenge

Commissioning of the data handling system: 50% of 2008 Goal
Software development program with analysis activities and users.

Service Status
2006
Tier-0 Reco Rate Achieved
Network Transfers between Achieved
TO-TI (6/7 cont.)
Network Transfers between Achieved
T1-T2 (15 sites)
Not
Network Transfers T1-T | Attempted
Job Submission to Tier-1s 3k jobs/d
Job Submissions to Tier-2s Achieved
) . Not
MC Simulation Attempted

100% 50% 25%
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FNAL Involvement in CMS Operation

Role:
FNAL Remote Operation Center (ROC) -Remote shifts in local time zone.

-Work with various local groups

LHC Phyis. Center (LPC)-
software & analysis
Detector groups-
detector commissioning
test beam
Computing-
data operartion
FNAL machine group-
LHC monitoring

Being used during
Global runs
Test beam data taking
Tracker commissioning
Data operation

The FNAL ROC group delivered
online/monitoring sw, based on
experience with operation of
CDF/Dzero at Tevatron.

(remote monitoring during TB2007 data taking)

19-Nov-2007 / S. Kunori CMS Road to Early LHC Physics



Physics at LHC

16
15
14

io0 13

12

S LHC  Vs=14TeV L=1034cm'® LI O L
barn — T T L T — T T T ] " J ' 10
"""""""" Siheiastic. LV inpit 2o GHz
e bb
---------------------------- MHz
.

ub T B L T

kHz

nb

Hz

(R e N

pb

HemYY

bt

mHz

\IHHH‘ L1l W Lol il

fb i
ar
S b Hz
scalar LQ\ 5 H
i i
50 500 1000 2000 5000

particle mass (GeV)

11

10 10

10 ?

10 8

10 7

10 ®

10 °

Standard Model

Higgs
Origin of EW symmetry
breaking? Mass?
Top, b-quark, ...

Beyond Standard Model

Supersymmetry (SUSY)
Dark matter
Unify gauge couplings

Extra dimension

Little Higgs

Technicolor

Heavy Z', W’

Black Hole

Quark substructure
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Beam Commissioning

Lt will most likely take YEARS to reach design luminosity Il

Parameter Phase A Phase B Phase C Nominal
k / no. bunches 43-156 936 2808 2808
Bunch spacing (ns) 2021-566 75 25 25
N (10! protons) 0.4-0.9 0.4-0.9 0.5 1.15
Crossing angle (urad) o) 250 280 280
V(B*/B* pom) 2 V2 1 1
o* (um, IR145) 32 22 16 16
L (em=3s-1) 6x1030-1032 1032-1033 (1-2)x1033 1034
My guess
year 2008 2009 2010 2011

Luminosity O(100pb-1) O(1fb2) O(10fbL) O(100fb-1)

W= uv 106

Zoup 10°

tt=2>uvX 104

Comparable statistics to Tevatron
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Use of Early Data

Calorimeter/Jet Calibration

« Measure Standard Model Processes at 14TeV
 Background in search for new physics Dijet balance
— With 10pb* Response vs 1
 Measure W (10°) and Z (10%) cross section
* Observe top production
— With 100pb-
* Measure top production (10%)

-> good understanding of SM at 14TeV and start
search for new physics

— With 1fb? @
* Beyond Tevatron precision Esoof

 May observe new physics
 Improve detector alignment and calibration

M,(1j) from top decay

— examples
e 100k Z=>pp with 100pb-! for alignment 150
» Dijet balance for calorimeter calibration mf

* M(jj) in ttbar events for jet energy scale

— Many processes

» Triggers and software in preparation ] 80 100 120 140 160
M (”) my, (GeV/c?)
w
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Physics Selection (Trigger)

0 LHC ve=tdTeV  L=10"om’s’ e eviyer QON-line .
ban 1 N _ < OFF-line
a Ji LEVEL-1 Trigger
——a inelastic e ﬁ Hardwired processors (ASIC, FPGA)
4OMH " L |Pipelined massive parallel
z el | - .
mb : " Eeanall Reduction:
———1bb : 77 W ([
MHz 10 ® It 1 1/400
L St ot 1 DN |- HIGH LEVEL Triggers
100kHz max L1 oylputl m " e/ @ - | Farms of
MaX HLT input sy " — ¢ - -"-;;_ processors
jib 1 = (~2000 cpu’s)
kHz 10 1/700
HLT Ut ey 10°
150Hz | . ' Reconstructlon&ANALYSIS
b 110 Y'Y |  TIERO/1/2
Centers
i
susvaapss | 1" s
tanf=2, ji=m_=m /2 110t . A | T AR
tanfj=2, ji=m=m: © ’ 8 =
ph S — > BRI ol i e
. | PR S
ZAHL_)EI mHz 1 10“ - adbeal ol fL]‘ - I
- 4 4 # 4
110° Ll L
: S| ] | ]
{10? ‘
" HSM-&ZO—M Jﬂ -[.J A ;l.‘ J,_
uHz 410
(O I scalar LQ\  Z,72 25ns 3us ms sec hour year
0 10 20 50 100 200 s | '10° 106 "10p '10° 108 ' _
jet E, or particle mass (GeV) Giga Tera Petabit

Processing time 43msec/event June-2007

19-Nov-2007 / S. Kunori CMS Road to Early LHC Physics 47



- Example - e CMS jet trigger saves all high E; jets & pre-scales the lower E; jets.
-+ Prescale means to save 1 event out of every N events.

] L1 HLT ANA Mass values
Preparatlon of Path | E. |Pre- |Rate | E, |Rate | DijetMass ||are Efﬁ_clent for
trigger for (GeV) | scale |(Hz) |(Gev)|Hz) | (Gev) [ 2¢ tr'gger’.th
dijet physics L =107 Jige Elss

100 pb-? Low 25 2000 146 60 2.8 prior trigger

Med 60 40 97 120 24 330
High | 140 | 1 44 | 250 | 2.8 670 |['As luminosity
increases new
L = 1033 Add New Threshold (Ultra).  Increase Prescales by 10. trigger paths
-1
1% Tura | 270 | 1 19 | 400 | 26 | 1130 | @readded
Add New Threshold (Super). Increase Prescales by 10. Seler Bl i
L =103 unprescaled
10 fb-1 | Super | 450 | 1 14 | 600 | 238 1800 || threshold.
::'— 105 m] ﬂ = H"-gh: PT;:SO § D.EEI T T T | T T T T I T T T T T T T T 1] T T T T T IE
= = . = - =
g_ o w . —a— :'led.. i::-;jﬂ EU.'ISE Tl‘ig for L=1032 NN ]
SifEE —— Low: PT> g 0.1E 100 pb’" qt:itlstlcal error |-
= B e, v | B el | ~+ 3% at[1.5TeV |-
ag A o - 100pb-1 L U_ ..||I||||‘| =
A i :
= a a - o 7
L 102 A o - -0.05F =
kS " O - = | —=— High: PT>250 -
- s o . 0.1 =
B 10 " Ty - = | —— Med: PT>120 3
ol * o = -
= « o - 015 -
L *. o ++ C |—— Low: PT>60 -
P . Y PP I =W I D U oo 7 Ll A
500 1000 1500 2000 2500 3000 3500 4000 4500 ' 1000 2000 3000 4000 5000

Corrected Diiet Mass (GeV) Corrected Diiet Mass (GeV)
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Topology-based analysis

 Exclusive channels for discovery
— e.g. H2>upup, H>yy, H2jjtt
— many channels to cover at LHC

* Inclusive channels (topology) for discovery
* Dijet

e Jets + MM’ | New Particles Decaying to Dijets at CMS |

* Lepton + jets+ MET g . T
;’10 2 Dijet Resonances =
 Dilepton + jets + MET e F Excled Quarks E

106\ === Axigluon or Coloron
* Deleptons é ? ----------- i wiedN E
= —— Color Octet Technirho ]
* PhOtonS :10§ NI N s R S Graviton (k/Mp =0.1) 5
S . F - =
e Others* g1 .
— Develop model templates ‘a0 .
1] E E
« to discriminate signal L -
_ 107 .
— Analysis groups C Listetal<t ;
* CMS + Theorists

10‘“E

e Critical mass @ LPC/Fermilab

‘ L1 1 1 L1 L1 1 1 11 1 L1 1 I| I\I L L Il ..l‘
1 2 3 4 5 6 7 8
Resonance Mass (TeV)
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| New Particles Decaying to Dijets at CMS |

Dijet Ratio — small systematic uncertainty
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Preparation for Early Physics at LPC/Fermilab

US CMS Physics Workshop, Oct-2007
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Conclusion

« CMS is taking cosmic data with more and more elements in the
underground collision hall.

« CMS detector will be closed for 4Tesla operation in spring 2008.
It will be ready for pp data taking by mid-2008.

 If we have done a good job, then with 1fb-! data, we might see
something new.
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