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CMS Road to Early LHC Physics
- my personal view -

S.Kunori / U. of Maryland
19-Nov-2007
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CMS Detector Design Priorities

1. A robust and redundant Muon system

2. The best possible e/γ 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.

Expression of Interest (EOI): Evian 1992
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Compact Muon Solenoid (CMS)
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CMS-TS-00079

Letter of Intent (LOI): LHCC, 1 Oct 1992
Strong Field 4T

Compact design

Solenoid for Muon Pt
trigger in transverse 
plane

Redundancy: 4 muon 
stations with 32 r-phi 
measurements

ΔPt/Pt ~ 5% @1TeV for 
reasonable space 
resolution of muon 
chambers (200μm)

solenoid as large as possible
barrel as long as possible

Technical Proposal  1994
Technical Design Report

1997    Magnet, HCAL ECAL, Muon
1998    Tracker
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December 2005
Cosmic Muons  in CMS

It Works!
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Building 40 at CERN – 6 stories

6.920  m

5.635  m

4.645 m

3.850  m

2.950 m

2.864  m

1.840 m
1.320  m

Y

X
ϕ

Towards
Center of LHC

Transverse View 

μ

CMS-TS-00079

Atlas:  22m φ x 44m L
7000 tons

CMS:  15m φ x 22m L
12500 tons



19-Nov-2007 / S. Kunori CMS Road to Early LHC Physics 7

The CMS detector

All silicon tracker
micro strips   (10M ch)
pixel                (60M ch)
(5.4m long, 2.4m Φ:  |η| <2.5)

Hermetic calorimeter
ECAL: PbWO4 crystal
HCAL: brass+scinti.

( |η| <3.0)

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

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

(in iron yoke:   |η| <2.1)

Fast cerenkov calor.
quartz fibber 

( 3<|η|<5)Total weight           12500 t
Overall diameter    15 m
Overall length        21.6 m
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The CMS detector
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The LHC

CMS

ATLAS

R = 4.5 Km
E = 7+7 TeV (pp)

crossing rate
=40MHz

(25nsec)

design luminosity
= 1034cm-2s-1

~20 pp interactions
per crossing
at design luminosity

h 4 μ with 20 min. bias evt.

First collision in 2008
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CMS at Cessy, France    
(LHC Point 5)

UX5 about 100 
meters underground

Major assembly of  
the CMS detector 
was done in the 
surface building,
…
in parallel to 
construction of 
underground 
experimental hall.
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Installation of the first muon chamber

Surface buildings and main shaft

HCAL barrel

HCAL/Muon endcap

Muon barrel yoke

My slide from 2003

Oct 2000
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My slide from 2003

March 2003 – USC55

USC55
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2005: Underground Cavern 2005: Muon Barrel (DT) and Endcap (CSC)
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Superconducting
Solenoid

Feb 2004

Oct 2004
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The 220 ton cold mass was rotated in 
15 min in the surface building.  

Ready to insert.

Moving YB0 with vac tank over the coil.

Coil Insertion
August 2005
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Inner VacTank/Screen Insertion in Sept 2005
These operations require a free length of 30 m min.

Air pads
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Underground 
hall Detector 
fully open

43 m

Same scale!

SX 
Extension 
over shaft

1st phase 90 m
HBs

Coil

IVT

Shaft

CMS Surface Assembly  (A. Herve)

Coil swiveling in Surface Hall August 05
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HCAL Barrel (HB) Insertion into the Magnet

Two ECAL (EB) modules in HB
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Barrel Ready for Cosmic Muon Runs
summer 2006

HCAL

Coil

Tracker

Muon chambers

ECAL
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Endcap also ready for cosmic runs



19-Nov-2007 / S. Kunori CMS Road to Early LHC Physics 21

CMS Detector – closed and reached 4T
22-August-2006 (in SX5- Surface building)

• Experiment closed 
first time

• Magnet 
commissioning and 
field mapping

• Combined operation 
of full chain: Detector 
– Electronics – DAQ –
Trigger – Software

• Establish timing, 
calibration, operation 
procedures

MTCC 2006 

Magnet Test and 
Cosmic Challenge
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MTCC:  Detectors synchronized and read-out!
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Cosmic Muons in MTCC
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Operation of Magnet and Field Mapping

2006
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Lowering detector to underground
15 heavy objects (350-2000tons)

5 barrel rings
3+3  endcap disks
1+1  HB+/HB-
1+1  HF+/HF- First one Nov.2006

2000 ton crane
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350 tons HF+ – First detector descended.
(Nov 2006)

500 tons HB+ in front of muon barrel rings
10 hours after 100 meters trip from surface.
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Commissioned YE+1 (endcap muon) with HE        9-Jan-07
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First Barrel Muon Ring YB+2 lowered    19-Jan-2007
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Opening plug under 2000-ton load

Plug

1

2

3

4

28-Feb-2007
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2000-ton YB0’s 100 meter trip

28-Feb-2007
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EB- Installation Completed

27-July-2007
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Commissioning in UX5
-underground-
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Snapshots from September Global Run
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CMS Tracker Integration Facility
The silicon strip tracker connected and readout from January –
July 2007 in dedicated surface facility.

• 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 oC
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Cosmics in the Tracker

•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

Normal Strips 99.852 % 
(241 313 Strips)

Dead Strips 0.116 % 
(275 Strips)

Noisy Strips 0.032 % 
(76 Strips)

Example of Performance
A cosmic at -15°C
Validated clusters shown
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1st Measurements of Efficiency of Tracker
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TB2006:  Calorimeter Response to Hadrons

Tuning of hadron physics model in GEAN4 is in progress. (especially P<10GeV).

H2 beam line for 1-300GeV with P-ID.
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TB2006 - ECAL Crystal Calibration with π0’s

Crystals are calibrated with ~140 p0’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.  

- Preparation for in-situ calibration with π0’s -
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Physics object groups
Physics groups

Detector performance groups

Computing/software groups

CSA07: Computing Software and Analysis Challenge
Planning + Coordination + Execution      (MC events)

Data transfer
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CSA07: Computing Software and Analysis Challenge
Commissioning of the data handling system:  50% of 2008 Goal
Software development program with analysis activities and users.

100%               50%                25%
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FNAL Involvement in CMS Operation
FNAL Remote Operation Center (ROC)

(remote monitoring during TB2007 data taking)

Role:

-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.
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Physics at LHC
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

My guess 
year                                    2008             2009                     2010                   2011

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

W μν 106

Z μμ 105

tt μνX 104

Comparable statistics to Tevatron

J.Wenninger
June 2007



19-Nov-2007 / S. Kunori CMS Road to Early LHC Physics 46

Use of Early Data
• Measure Standard Model Processes at 14TeV

• Background in search for new physics
– With 10pb-1

• Measure W (105) and Z (104) cross section
• Observe top production
• …

– With 100pb-1

• Measure top production (104)
• …

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

– With 1fb-1

• Beyond Tevatron precision
• May observe new physics

• Improve detector alignment and calibration
– examples

• 100k Z μμ with 100pb-1 for alignment
• Dijet balance for calorimeter calibration
• M(jj) in ttbar events for jet energy scale

– Many processes
• Triggers and software in preparation

MW(jj)

Calorimeter/Jet Calibration

Dijet balance

MW(jj) from top decay
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Physics Selection (Trigger)

Reduction:
1/400

1/700

LEVEL-1 Trigger 
Hardwired processors  (ASIC, FPGA)  
  Pipelined massive parallel 

HIGH LEVEL Triggers 
  Farms of 

processors

10-9 10-6 10-3 10-0 103

25ns 3µs hour yearms

Reconstruction&ANALYSIS 
TIER0/1/2 

Centers

ON-line OFF-line

sec

Giga Tera Petabit

(~2000 cpu’s)

40MHz

100kHz

150Hz

Processing time 43msec/event June-2007
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Preparation of 
trigger for 
dijet physics

Statistical error
~ 3% at 1.5TeV

- Example -
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Topology-based analysis
• Exclusive channels for discovery

– e.g.  H μμμμ, H γγ, H jjττ
– many channels to cover at LHC

• Inclusive channels (topology) for discovery
• Dijet
• Jets + MET
• Lepton + jets+ MET
• Dilepton + jets + MET
• Deleptons
• Photons
• Others*

– Develop model templates
• to discriminate signal

– Analysis groups
• CMS + Theorists
• Critical mass @ LPC/Fermilab
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X

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-1 data, we might see 
something new.

Z’ μμ

lM(bb)

SUSY    1fb-1

Higgs
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