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Where do we are Today
• Which is the origine of the mass?
            - Why the Z0 boson has a mass and not the photon?

•Which is the origine of the matter-antimatter 
asymmetry?
            - Is the CP violation giving the complete response?

• Does it exist a new Symmetry?       SUSY?
           - Are we taking the right way to the Forces UNIFICATION?
              - Is a unique particle able to explain the Dark Matter?                                   

•  Does it exist a new form of matter?
            - Quark-gluons Plasma?

• Does it exist a sub-structure for presently known 
particles?

• Can Physics be unified : “Theory of Everything”?
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The LHC program has been undertaken
to give responses to these questions
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Le big-bang

Quantum Gravity Era
(1019 GeV - 10-34 m)

Grand Unified  Era
(1016 GeV - 10-32 m)

Electroweek Era
(100 GeV - 10-18 m)

proton - neutron
(1 GeV - 10-16 m)

Neutrinos are  decoupled

Nuclei

Atoms + Light

Galaxies

Man

Unveiling the Universe



Towards unification
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Open Cosmological Questions

• Why is the Universe so big and old?
    ~ 15,000,000,000 years

• Why is its geometry nearly Euclidean?
    almost flat: density nearly critical

• Where did the matter come from?
    1 proton for every 1,000,000,000 photons

• How did structures form?
    ripples + invisible dark matter?

• What is the dark matter?
• How will the Universe end?

Need particle physics to answer these questions

LHC



Astronomers say
that most of the
matter in the 
Universe is
invisible 
Dark Matter 

‘Supersymmetric’ particles ?
We shall look for 

them with the 
LHC

   

Dark Matter in the Universe
   

C2



•
LHC : 27 km long

100m underground

General Purpose,

pp, heavy ions

General Purpose,

pp, heavy ions

!"#

$%&%'"

(%)(#

Heavy ions, pp

()*!'

pp, B-Physics,

CP Violation

Towards physics at CERN with LHC
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First LHC data
A possible scenario for LHC

8

LHC Schedule

No run at 900 GeV in 2007

“Success-oriented” schedule: Machine closed April 2008, collisions July 2008



LHC Startup Stages
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2008 2009 > 2010
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Atlas - CMS
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The detector subsystems are designed to measure with the best precision:
energy and momenta of γ, e, µ, jets, missing ET up to few TeV
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Atlas
about ready

CMS
all components are now

in the cavern

The LHC Detectors



12

Layout of CMS

MAGNET COIL

VERY-FORWARD
CALORIMETER

HADRON CALORIMETER

H

H

ELECTROMAGNETIC 
CALORIMETER

HSILICON STRIP
TRACKER

PIXEL
DETECTOR

PRESHOWER
DETECTOR IRON YOKE

BARREL MUON
CHAMBERS (DT+RPC)

ENDCAP MUON
CHAMBERS (CSC+RPC)



All Silicon Tracker

1398

5.4 m

End Caps (TEC)

 2
,4

 m

Inner Barrel & Disks
 (TIB & TID)

Barrel and 
Forward Pixels

Outer Barrel (TOB)

volume 24.4 m3

running temperature  – 20 0C
207m2 of silicon sensors
10.6 million silicon strips
65.9 million pixels ~ 1.1 m2



Tracker Ready for instalation
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Tracker Ready for instalation
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•All systems operated reliably for 5 months. Performance meets
•~5 millions cosmics recorded and analysed
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Silicon Strip Tracker

TIB/TID+

TEC layer

TEC

220  m2 of Si sensors, 10.6  million Si strips



ECAL layout

Barrel
‘Supermodule’
(1700 crystals)

Pb/Si 

Barrel crystals
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ECAL layout

Barrel
‘Supermodule’
(1700 crystals)

Pb/Si 

Barrel crystals

Endcap
‘Supercystals’
(5x5 crystals)

Endcap ‘Dee’
(3662 crystals)

Endcaps: 1.48 < |η| < 3.0
4 Dees

14648 crystals (3x3x22cm3)

Barrel: |η| < 1.48
36 Super Modules

61200 crystals (2x2x23cm3)

Lead tungstate
(PbWO4)

~ 10 m3, 90 t
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ECAL Barrel completed

Common ECAL - DT event



18

Muon System

For redundancy and robustness, 3 types of 
muon detectors, are used both for precision 
tracking and triggering: 

✦ drift tubes (barrel), 
✦ cathode strip chambers (endcaps), 
✦ resistive plate chambers (barrel, 

endcaps).

Drift tube chambers

Cathode strip chambers

Resistive plate chambers
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Transfer CMS Underground

Start YB0 lowering (2000t): March 07

Gantry installed over PX56. load test in June and start HF lowering.

Overview of CMS integration progress



YE lowering 

Tower to shaft 
distance ~7cm

Overall lowering 
time ~10h

20 YE+3
30.11.2006

YE+2
12.12.20

YE+1
9.1.2007



YB0 going to the experimental hall
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The CMS Collaboration

2030 Scientific Authors, 38 Countries, 174 Institutions
Estonia

1055

428
547

2030

Member States
Non-Mem. States

Total
USA

Scientists

 61

49
174

Member States

Total
USA

64Non-Mem. States

Institutions

May, 04 2006/gm
http://cmsdoc.cern.ch/pictures/cmsorg/overview.html

CERN

France

Italy

UK

Switzerland

USA

Austria

Finland

Greece
Hungary

Belgium

Poland
Portugal

Spain
Pakistan

Georgia

Armenia

Ukraine
Uzbekistan

Cyprus
Croatia

China, PR
Turkey

Belarus

India

Germany

Korea

Russia

Bulgaria

China (Taiwan)Iran

Serbia

New-Zealand

Brazil

Ireland
Mexico

Slovak Republic

ColombiaAssociated Institutes
Number of Scientists
Number of Laboratories

46
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First physics at 14 TeV 
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Understand detector performance in situ in the LHC environment, and 
perform first physics measurements:

  Measure particle multiplicity in minimum bias (a few hours of data taking …)
  Measure QCD jet cross-section to ~ 30% ?

         (Expect >103 events with ET (j) > 1 TeV with 100 pb-1)   <=== <1Day of data

  Measure W, Z cross-sections to 10% with 100 pb-1?
  Re-discover the top!!! (expect signal with ~30 pb-1) <=== few hours of good data
  Measure tt cross-section to 20% and m(top) to 7-10 GeV with 100 pb-1 ?
  Improve knowledge of PDF (low-x gluons !) with W/Z with O(100) pb-1 ? 
  First tuning of MC (minimum-bias, underlying event, tt, W/Z+jets, QCD jets,…)

Often remarked: LHC can make discoveries with one month of data.

May be correct.  But not the first month of data…

             pp at 14 TeV being ATLAS and CMS new territory.
We need to find the north, make a map, firm ground under our feet.
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Understand detector performance in situ in the LHC environment, and 
perform first physics measurements:

  Measure particle multiplicity in minimum bias (a few hours of data taking …)
  Measure QCD jet cross-section to ~ 30% ?

         (Expect >103 events with ET (j) > 1 TeV with 100 pb-1)   <=== <1Day of data

  Measure W, Z cross-sections to 10% with 100 pb-1?
  Re-discover the top!!! (expect signal with ~30 pb-1) <=== few hours of good data
  Measure tt cross-section to 20% and m(top) to 7-10 GeV with 100 pb-1 ?
  Improve knowledge of PDF (low-x gluons !) with W/Z with O(100) pb-1 ? 
  First tuning of MC (minimum-bias, underlying event, tt, W/Z+jets, QCD jets,…)

And, more ambitiously: 
 Discover SUSY up to gluino masses of ~ 1.3 TeV ?     <=== End 2008 with 1fb-1

 Discover a Z‘ up to masses of ~ 1.3 TeV ?
 Surprises ? 

Often remarked: LHC can make discoveries with one month of data.

May be correct.  But not the first month of data…

             pp at 14 TeV being ATLAS and CMS new territory.
We need to find the north, make a map, firm ground under our feet.
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Detector commissioning

Understanding the detectors will be a MAJOR task.

➡LHC eagerly awaited by  a large community, theorists…
➡Pressure for early results
➡Strong internal competition

 But must not compromise quality!



Detector commissioning

Understanding the detectors will be a MAJOR task.

➡LHC eagerly awaited by  a large community, theorists…
➡Pressure for early results
➡Strong internal competition

 But must not compromise quality!
Blind analyses: desirable, but practical?
Look at 107 bins, see three 5σ peaks even if no new physics!
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Major Commissioning Challenges

→form the base for the “commissioning of  physics tools” 
like b and τ tagging, jets, missing ET … 

109 105 102
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Why MET in the Trigger is Tough?

• Jets tend to fluctuate wildly:
– Large shower fluctuation
– Non-linear calorimeter response
– Non-compensation (i.e., e/h ≠ 1)
– Fluctuations in the e/h energy ratio

• Instrumental effects:
– Dead or “hot” calorimeter cells
– Cosmic rays
– Poorly instrumented area of the 

detector
– Muons that can’t be accounted for 

at the Level 1

Raw MET spectrum at the Tevatron and 
that after a thorough clean-up
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Challenge: tracker alignment

At start-up: hardware based-alignment, plus cosmics

Barrel SCT grid (512)

End-cap SCT grid (165)

End-cap SCT grid (165)

e.g. ATLAS: frequency
 scanning interferometry
 in silicon strip detector

CMS: laser alignment

 20-200 µm accuracy at startup

842 grid line lengths measured precisely
   measures structure shapes, not sensors
   monitor movements over ~hours
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Challenge: tracker alignment

At start-up: hardware based-alignment, plus cosmics

Barrel SCT grid (512)

End-cap SCT grid (165)

End-cap SCT grid (165)

e.g. ATLAS: frequency
 scanning interferometry
 in silicon strip detector

CMS: laser alignment

Track-based alignment using minimum bias, Zee, µµ

 20-200 µm accuracy at startup

842 grid line lengths measured precisely
   measures structure shapes, not sensors
   monitor movements over ~hours

Few days of data taking: sufficient statistics.

Challenge: <10 µm precision, 120 000 parameters (CMS)
                                                   36 000 parameters (ATLAS)

“robust” local
 vs big matrix inversion 



Challenge: tracker alignment

Track-based alignment using minimum bias, Zee, µµ

ideal
 alignmentinitial

 alignment
alignment
 after few fb-1

Z’

CMS plots:

initial:

after few fb-1 

pT
dca
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Cross section and Events rate (√s=14 TeV) 

Process σ(nb) L=10pb-1 L=1 fb-1

Minimum 
bias

Inclusive 
jets – 

pT>200GeV

W → eν
Z → e+e-

Dibosons

tt →µ+X

108

100

15
1.5

0.2

1012

106

105

104

10

103

~1014

~108

~107

~106

105

105

~ few hour ~ 1 Day ~ end 2008
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HCP07  -  Early physics in CMS - Christophe Delaere 822/05/2007

Measure dNch/d!, dNch/dpT 
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Possible early discovery:
anomalies in high ET QCD jets, di-jet masses
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• 1 fb-1 : jets up to 3-3.5 TeV, di-jet masses up to 6 TeV: new territory!
• Sensitive to substructure, contact interactions, high mass resonances
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Possible early discovery:
anomalies in high ET QCD jets, di-jet masses

CMS

• 1 fb-1 : jets up to 3-3.5 TeV, di-jet masses up to 6 TeV: new territory!
• Sensitive to substructure, contact interactions, high mass resonances

LHC
Tevatron

Jet cross 

ET 

CMS
Challenges 

• Jet energy scale, 
• Parton density function (PDF)

           (notably: gluon at high x)

• underlying event, trigger,
• scale variation, hadronization
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Underlying Event in pp collisions at √s = 14 TeV
Underlying Event particles come from region transverse to the leading jet.
 (The underlying event is defined as everything in the collision except the hard process .)

Large difference depending on the models 

Charged particles:
pt>0.5 GeV and |η|<1 

Cone jet finder:
 ATL-PHYS-PUB-2005-007

Pile up and underlying events affect :
➡ isolation of leptons and jets,
➡ jet energy reconstruction (“pedestal”)
➡ jet veto 
➡ ....

Extrapolation Uncertainties of UE: 
➡Multiple interactions
➡ Radiation
➡ Fragmentation
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  LHC is a tt factory

Total production cross section

tt production cross section at LHC:
~833 pb

tt production cross-section 
at Tevatron:

6.7 pb

+

(90%)

(10%)

2 tt events per second !
> 8 millions tt events expected per year
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11

Early Early top top studies studies :  100 pb:  100 pb-1-1

Typical event selection:

  

Compute invariant mass of 3 jets 
with highest !pT

 :

Focus on semileptonic channel :

BR (tt"WbWb"(l#b)(bjj)) ~30 %

Easy to trigger thanks to isolated lepton (e or µ)

Clean topology :  t and t central and back-to-back

If 2 b-jets requested :

BKG <2% : mainly W/Z+jets, WW, WZ, ZZ

Efficiency 1-2%

Signal with ~100 pb-1

Top combinatorics

no b-tag !

Isolated lepton 

pT>20 GeV

ET
miss > 20 GeV

3 jets  pT >40 GeV

4th jet pT >40 or

                  20 GeV

- - -

-

W + jets

ATLAS preliminary
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Can we see the top in a couple of days from LHC 
switch on?

Most important BKG is W+jets
No b tag
Selection :

Isolated lepton with pT> 20 GeV
4 jets with max pT for the W

Reconstruction : 
Select 3 jets with maximal pT for the first top
Select 2 jets with maximal pT for the second top

W and top peaks visible with 30 pb-1

No QCD background considered
Then we start to learn how our detectors works...

150 pb-1 (few Days) are enough to introduce b Tagging ... 
big improvement!
Statistics is enough to study b Tagging...
Systematic errors are already our main concern...
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Most important BKG is W+jets
No b tag
Selection :

Isolated lepton with pT> 20 GeV
4 jets with max pT for the W

Reconstruction : 
Select 3 jets with maximal pT for the first top
Select 2 jets with maximal pT for the second top

W and top peaks visible with 30 pb-1

No QCD background considered
Then we start to learn how our detectors works...

150 pb-1 (few Days) are enough to introduce b Tagging ... 
big improvement!
Statistics is enough to study b Tagging...
Systematic errors are already our main concern...

1fb-1

PYTHIA

S/B = 12

Dilepton channel
Clean channel but need to reconstruct 2 ν’s (via 0C fit assuming  

mW and 2 equal masses for top mt1=mt2 (6 eq. , 6 unknowns)
➡The different ν solutions are weighted using the SM prediction 

for the ν  and Eν spectra
➡The neutrino solution with the highest weight is chosen for mtop
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Reconstruction : 
Select 3 jets with maximal pT for the first top
Select 2 jets with maximal pT for the second top

W and top peaks visible with 30 pb-1

No QCD background considered
Then we start to learn how our detectors works...

150 pb-1 (few Days) are enough to introduce b Tagging ... 
big improvement!
Statistics is enough to study b Tagging...
Systematic errors are already our main concern...

Top is there ... we can start to play!
1fb-1

PYTHIA

S/B = 12

Dilepton channel
Clean channel but need to reconstruct 2 ν’s (via 0C fit assuming  

mW and 2 equal masses for top mt1=mt2 (6 eq. , 6 unknowns)
➡The different ν solutions are weighted using the SM prediction 

for the ν  and Eν spectra
➡The neutrino solution with the highest weight is chosen for mtop
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 We could get top signal with ~ 100 pb-1

 σ(tt) to ~13% and Mtop to 1% with 1fb-1 
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• However successful the Standard Model (SM) has been so far (it 
well describes all current experimental data), it is at the same time 
plagued by instabilities (divergent loop corrections at high energy). 

• So different ideas  have been proposed to cure these limits, so 
called “beyond the SM” models :
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• However successful the Standard Model (SM) has been so far (it 
well describes all current experimental data), it is at the same time 
plagued by instabilities (divergent loop corrections at high energy). 

• So different ideas  have been proposed to cure these limits, so 
called “beyond the SM” models :

Supersymmetry 
Introduction of superpartners to the SM particles solves some of these 
divergences. SUSY symmetry breaking scale needs to be of the order of 1 
TeV.
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• However successful the Standard Model (SM) has been so far (it 
well describes all current experimental data), it is at the same time 
plagued by instabilities (divergent loop corrections at high energy). 

• So different ideas  have been proposed to cure these limits, so 
called “beyond the SM” models :

Supersymmetry 
Introduction of superpartners to the SM particles solves some of these 
divergences. SUSY symmetry breaking scale needs to be of the order of 1 
TeV.

Little Higgs
Introduces a set of heavier vector bosons and top-antitop quarks that 
provide a limited cancellation and push the divergences up to 10 TeV
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• However successful the Standard Model (SM) has been so far (it 
well describes all current experimental data), it is at the same time 
plagued by instabilities (divergent loop corrections at high energy). 

• So different ideas  have been proposed to cure these limits, so 
called “beyond the SM” models :

Supersymmetry 
Introduction of superpartners to the SM particles solves some of these 
divergences. SUSY symmetry breaking scale needs to be of the order of 1 
TeV.

Little Higgs
Introduces a set of heavier vector bosons and top-antitop quarks that 
provide a limited cancellation and push the divergences up to 10 TeV

Extra dimensions
Has the SM interactions confined to four dimensions and gravity occupying 
the extra dimensions



Supersymmetry

• Symmetry between bosons and fermions
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• Possible candidat to explain the dark matter
The lightest sparticle (“LSP”)  is stable

• Allows the Grand Unification
• But introduce a new set of parameters
• and has to be broken at an energy scale of 1 TeV
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Supersymmetric events
In hard processes, strongly interacting 
sparticles (squarks, gluinos) dominate 
production
• ~100 events/day (for squarks/gluions masses of 

~1TeV at 1033 cm-2s-1)
• Discovery possible with only 1 fb-1

Heavier sparticles than sleptons, gauginos... 
have cascades decays to the lightest SUSY 
particle (LSP)
Long decay chains and large mass 
differences between SUSY states 
• Many high pT objects observed (leptons, jets, b-jets)
If R-Parity is conserved LSP is stable and 
sparticles pair are produced

• Large ETmiss signature
The largest physics background is neutrino 
emission (eg. Z->νν)
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Supersymmetric events
In hard processes, strongly interacting 
sparticles (squarks, gluinos) dominate 
production
• ~100 events/day (for squarks/gluions masses of 

~1TeV at 1033 cm-2s-1)
• Discovery possible with only 1 fb-1

Heavier sparticles than sleptons, gauginos... 
have cascades decays to the lightest SUSY 
particle (LSP)
Long decay chains and large mass 
differences between SUSY states 
• Many high pT objects observed (leptons, jets, b-jets)
If R-Parity is conserved LSP is stable and 
sparticles pair are produced

• Large ETmiss signature
The largest physics background is neutrino 
emission (eg. Z->νν)

Missing transverse energy 
carried away by dark matter particles



SUSY in (lepton+)jets+ET
miss final state

lqq
l

g~ q~ l~χ0~ χ0~
p p

Inclusive searches:
 - high pT jets
 - large ET

miss

 - optional: high pT lepton(s) (QCD)

SUSY could show up in:
 - ET

miss

 - HT

 - Meff Backgrounds:
 QCD, top-pair, 
W, Z production

Large cross section
 for gluinos, squarks

ATLAS, jets + ET
miss



Maybe nature has some REAL SURPRISES in store…

sphericity

Large extra dimensions,
 Planck scale ~ EW scale

Possible micro black hole
 production; decay via
 Hawking radiation into
 photons, leptons, jets…

CMS and ATLAS might see
 this with 1-100 pb-1 !

Black hole event in ATLAS
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Sensitivities for various new physics models

Z’

ADD-type extra dimensions

CMS

n=3

6 TeV scale

Randall-Sundrum gravitons

2-2.8 TeV CMS

CMS



Higgs hunting

Higgs event displays
H!ZZ!ee"" at CMS Event Display
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H!ZZ!4" at ATLAS Event Display
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H!ZZ!4" at ATLAS Event Display
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CMS Atlas



Origine of mass: the Higgs mechanism

• In the basic theory => Particles are massless
            

• One suppose that there exist in the Univers a specific Field
           

• All particles interacting with that field are getting their 
mass. It’s value is related to the strength of the interaction. 
           

• The quantum of that Field is the Higgs boson

• The observation of the Higgs  boson will establish the 
existence of the Field and so the origin of the particles 
mass. 
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Search for H→γγ
• Narrow peak over  a hudge smooth background

– Higgs’ width negligible for low masses
– Relies on photon id, energy resolution and primary vertex 

determination
• Powerful at low mH (6 to 8σ @ 30fb-1)

==> Key points: 
• Photon id

– ATLAS: high granularity 
→ high γ/π0 separation

– Isolation cuts
– Recovery of conversions

• Different strengths, 
similar sensitivity
– ATLAS: photon id, angle
– CMS: energy resolution



Higgs or not....
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Implications for the Standard Model

• Current state of mt,mW ,mH plane
• mW up from 80392 to 80398 MeV

• Uncertainty from 29 to 25 MeV

• SM prediction for Higgs from:

85+39
−28 GeV⇒ 76+33

−24 GeV LEPEWG

• The 95%CL upper limit on mH
drops from 199 to 182 GeV

– Includes direct search lower
bound and recent top mass
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A SM Higgs boson with a mass of 165 GeV

Challenge: extremely good 
knowledge of background needed

No mass peak: counting experiment

Backgrounds: qqWW, ggWW, ttWWbb, tWbWWb(b),
                     ZWlll, ZZll,νν

Get background from data itself: control samples: tt, WW, WZ

HCP07  -  Early physics in CMS - Christophe Delaere 1822/05/2007

Early discovery... with some luck

H->WW->lνlν

A 165 GeV/c² Higgs boson can be discovered with 1fb-1.

Robust cut-based analysis. 
• Full simulation of the detector.
• Realistic estimation of the early systematics.

• Et > 20 GeV, | |<2, ! "IP <3
• No jet with Et > 15 GeV and | |<2.5!

• Missing energy > 50 GeV
• 12 GeV/c² < mll < 40 GeV/c²
• 30 GeV/c < pt(lept)max < 55 GeV/c
• pt(lept)min > 25 GeV/c
• #ll < 45°

 CERN-CMS-NOTE 2006/047
 CERN-CMS-NOTE 2006/048
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Conclusions (1)
The early phase of data taking will be crucial
✤ determine the efficiency of L1 triggers
✤ understand the HLT trigger
✤ adjust out understanding of the SM processes
✤ look for new physics
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✤ look for new physics

Atlas and CMS are getting ready for that phase
✤ intensive studies using full detector simulation of the detectors are driven. They include 

misalignment and miscalibration effects. 
✤ the effect of systematics are in particular studied
✤ the detector commissioning is on the way as well as the validation of the software and also 
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There are open windows into BSM
Of coarse my list is not complete, many other subjects will be studied
But essential: put everything in place to get reliable results quickly when 
more luminosity will be available.59
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has in store at the 1 TeV energy scale. It can also study a 
possible new state of matter, the quark-gluon plasma 

• Our notion of space and time may be radically altered 

• There may even be a revolution in physics

• In one Year from now, first data will be available.
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The LHC is a telescope
as well as a microscope

C2

C1

P1

P2

C3
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Thanks
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