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LHC Collider and Experiments

Albert De Roeck/CERN
ICTP 11-6/09/06
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Lecture Plan

• The LHC Collider
– Introduction to the LHC
– Experimental challenges

• The ATLAS and CMS experiments
• The specialised experiments

– The LHCb experiment
– The ALICE experiment
– The forward experiments (TOTEM, LHCf) and 

MOEDAL
• Startup scenarios and first physics at the LHC
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LHCb:  b-physics at the LHC

Sensitive to 
new physics
complementary 
to ATLAS/CMS

Examples

CKM
triangle

Measurement
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The LHCb experiment
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LHCb Cavern
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LHCb Magnet
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VErtex LOcater
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LHCb tracking performance
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LHCb Particle identification
Based on cherekov light emission 

π, K, p separation

Ring Imaging Cherenkov
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Paticle identification
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LHCb Trigger
Select interesting B-meson decays
• large background/signal ratio                            

~160
• small branching ratios (<10-3) 
• limited detector acceptance

Require selective/efficient trigger

B-meson signatures:
• leptons, hadrons with large Pt
• secondary vertices
• tracks with large impact parameter

bbinelastic σσ /

Trigger for LHCb is very challenging
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LHCb Trigger
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LHCb in the Cavern

Preparing for data in 2007/2008
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LHCb Summary
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Heavy Ion Physics at the LHC

ϒJ/ψ

Heavy ions part of the LHC physics program
with ALICE, but also CMS and ATLAS

LHC ready for heavy ions in 2008?

High PT
particle and
jet production
Jet-quenching

Υ melt down

Event shapes Size: 16 x 26 meters
Weight: 10,000 tons
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LHC: pp / heavy ion comparison

Running time: ~ 4 weeks/year (106 s effective);   typically after pp running 
Luminosity: 1027 (Pb) to >1030 (light ions) cm-2s-1 ⇒ rate from 10 kHz to 

several 100 kHz; Integrated luminosity 0.5 nb-1/year (Pb-Pb)
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~ ½ ATLAS,CMS; ~ 2x LHCb
30 Countries
90 Institutions

Spain just joined

13 US institutions submitted a proposal to 
DOE  of about  10 M$  for a large EMCAL 
in ALICE 

Brazil is applying for membership

~1000 collaborators total

UK
PORTUGAL

JINR

GERMANY

SWEDEN
CZECH REP.

HUNGARYNORWAY

SLOVAKIA
POLANDNETHERLANDS

GREECE
DENMARK

FINLAND
SWITZERLAND

RUSSIA CERN

FRANCE

MEXICO
CROATIA ROMANIA

CHINA

USA
ARMENIA

UKRAINE
INDIA

ITALY
S. KOREA

A large community 
which has been 

constantly 
growing over the 

years, and still grows:

The ALICE Collaboration
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ALICE Design Parameters

• Guideline: to measure flavor content and phase-space distribution 
event-by-event
– Track and identify most (2π * 1.8 η units) of the hadrons from 

very low (< 100 MeV/c; soft processes) up to fairly high pT
(~100 GeV/c; hard processes)

– Vertex recognition of hyperons and D/B mesons in an 
environment   of very high charged-particles density             
(up to dN/dη = 8000)

– Dedicated & complementary systems for di-electrons and di-
muons

– Excellent photon detection ( in ∆φ =45° and 0.1 η units)
– High throughput DAQ system + powerful online intelligence ('PC 

farm')
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ALICE nowALICE in the cavern today

Solenoid (‘L3’)  and Muon Dipole: 
assembled and commissioned

field mapping done

Space frame, Muon Filter and 
Absorber: installation completed
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510 cm

DRIFT GAS
Ne/CO2/N2 (90/10/5)

E
E

88µs

High structural integrity 
with low-mass and low-Z 
material (composite 
structures: Nomex, Tedlar, 
fiber matrices) X/X0~3%

the largest gaseous detector ever built (95 m3)
# of Pixels:570,132 pads x 500 time bins

corresponding  to ~3x108 pixels in space Readout plane 
segmentation
18 trapezoidal sectors 
each covering 20 
degrees in azimuth

Time Projection Chamber
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TPC Field Cage and RO Chamber Installation
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ALICE: cosmics seen in the TPC

First results from analysis of commissioning data:
Features very close to TDR specifications
Start instalation in Nov. 06



25

Time of Flight Detector

Multi-gap Resistive Plate 
Chamber (MRPC):
10 gas gaps, each of 250 

micron width 
built in the form of strips 
(1600 in total), each with an 
active area of 120 x 7 cm2, 
readout by 96 pads (each 
2.5 x 3.5 cm2)

A revolution in technology: a 
standard TOF system built of 
fast scintillators + 
photomultipliers would cost > 
100 MCHF

157,248 channels
total sensitive area: ~150 m2
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Testbeam

Cosmic rays

σ(TOF) ~ 60 ps

Time of Flight Detector
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5 stations of high granularity 
pad tracking chambers,  
over 1 million channels  

Complex absorber/small 
angle shield system (~10 λI) to 

minimize background
(90 cm from vertex)

RPC Trigger Chambers

0.7 T, bending power 3 Tm
4 MW power, 800 tons
World’s largest warm dipole

Muon arm of ALICE
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ATLAS & CMS present a large lepton acceptance |η|<2.4

ALICE combines muonic and electronic channels

- covers the low pT region (quarkonia) 

- covers the forward region 2.5<η<4.0

ALICE vs ATLAS/CMS acceptance



29

p (GeV/c)

For track densities  dN/dy = 2000 –
4000, combined tracking   efficiency 
well above 90% with <5% fake track 

probability

dN/dy = 4000, B=0.4 T

resolution ~ 5% at 100 GeV/c   
excellent performance in hard region!

ALICE Tracking performance
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Charged Particle Identification

0                     1                     2                   3                     4                    5  p (GeV/c)

TPC + ITS
(dE/dx)

π/K

π/K

K/p

K/p

e /π

HMPID
(RICH)

TOF

1                              10                            100 p (GeV/c) 
TRD e /π
Rejection factor 100

π/K

K/p

HADRON-ID 3 σσ separation power

ITS

kaons

pions

protons

dE
/d

x
(M

IP
 u

ni
ts

)

TPC

P(GeV/c)

All known PID techniques used in ALICE

sdE/dx = 6.8% 
at dN/dy=8000 
(5.5% for 
isolated tracks)



31

Summary on ALICE
• ALICE is taking shape 
• All large structures are installed and integration 
of detector subsystems will start in August

• The ALICE Collaboration looks forward to first 
operation of LHC for the expected and the unexpected…
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Forward Coverage: TOTEM/LHCf

LHCf: measurement of 
photons and neutral pions
in the very forward region 
of LHC

Add a EM calorimeter at
140 m from the Interaction
Point (of ATLAS)

TOTEM: measuring the total, elastic and 
diffractive cross sections
Add Roman pots (and inelastic telescope)
to CMS interaction regions.
Common runs with CMS planned

Connection with
cosmic rays



33



34



35



36



37

LHCf: an LHC Experiment for Astroparticle Physics
LHCf: measurement of 
photons and neutral pions
and neutrons in the very forward 
region of LHC

Add an EM calorimeter at
140 m from the Interaction
Point (IP1 ATLAS)
For low luminosity running
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High Energy Cosmic Rays

Interpreting cosmic ray data depends
on hadronic simulation programs
Forward region poorly know/constrained
Models differ by factor 2 or more
Need forward particle/energy measurements

e.g.  dE/dη…

Cosmic ray
showers:
Dynamics of the
high energy 
particle spectrum
is crucial
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H
gap gap

b

b -jet

-jet

η

Roman Pots at 420m: FP420 R&D Project
A recent development: search for exclusive Higgs production:
Exclusive diffractive Higgs production pp→ p +H+ p  :    2-100 fb SM/MSSM 

p p

beam

p’

p’roman pots@420 m roman pots@420m

dipole

dipole

22 )''( ppppMH −−+=

Advantages Exclusive:
• Jz=0 suppression of gg→bb background
• Mass measurement via missing mass 

∆M = O(1.0 - 2.0) GeV

New: allows to 
measure CP quantum 
numbers of the Higgs
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Baseline Detector Coverage

• LHCF 
→ Neutral particles at zero degrees
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MOEDAL: the 7th experiment?

MOEDAL is an experiment so search for monopoles or other heavy
ionizing particles
Detector: plastic track-etch sheets (50-70% of the solid angle)
Location:  Around the LHC-b vertex chamber 
Status: Proposal

Signal: set of collinear 
etch pits in the sheets

Remove the sheets after some running time and inspect for ‘holes’
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LHC Startup  & first Data



44

2007: 450 GeV – Calibration Run

• Aims:
– Commission essential safety systems
– Commission essential beam instrumentation
– Commission essential hardware systems
– Perform beam based measurements to check:

• Polarities
• Aperture
• Field characteristics

– Establish collisions
– Provide stable two beam operations
– Interleave with further machine development, in particular, 

the ramp.

Should provide a firm platform for eventual commissioning to 7 TeV and 
provide lead time for problem resolution.
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450 GeV - Performance

71.10.30.05Z rate 3 (per 24h)

701130.5W rate 2 (per 24h)

6410.32.80.4event rate 1(kHz)

3 10304.8 10297.2 10281028luminosity

1.1.45.12.06beam energy (MJ)

1.6 10136.2 10121.7 10128.6 1011intensity per beam

11111111β* (m)

10442ib (1010)

1561564343kb

1. Assuming 450GeV inelastic cross section 40mb
2. Assuming 450GeV cross section W → lν 1nb
3. Assuming 450GeV cross section Z → ll 100pb

Several days

Reasonable All out max
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Event rates in  2007
• 6 weeks beam time⇒
• 3 weeks beam commissioning

– Essentially single beam, low intensity for the most part
• 3  weeks collisions

– Low intensities initially, with staged increase to an 
optimistic 156 x 4 x 1010

– Interleafed with low intensity single beam MD 
• ramp to 1.1 TeV etc

• L = 4.8.1029, 3 weeks of collisions with 450 GeV beams
� σinel = 40 mb 10.3 kHz
� σ(W l ν) =1 nb 11 evts/24h
� σ(Z l l)=100 pb 1.1 evts/24h

From Mike Lamont 05/09/06 at Alignment workshop
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Machine expectations 2007/2008

2008:   7 TeV beam collisions for roughly 4 months

0.1-1 fb-1 in 2008?
O(10) fb-1 in 2009?

20→100 fb-1

F. Gianoti: ICHEP06
M. Lamont: alignement
workshop

Note: The estimates 
for lumi are mine
Not official numbers!
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First Data: Calibration of the Detector
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First data: understanding underlying event
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2008 data: SM process
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Early Discoveries possible? 
Example: a di-lepton resonance

May be seen very
early: first weeks pp→µµ +X
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Early Supersymmetry?

SUSY could be at the 
rendez-vous very early on!

Main signal: lots of activity (jets, leptons, taus, missing ET)

Note: establishing that the new signal is SUSY will be more difficult!

Msp(GeV) σ (pb) Evts/yr
500 100 106-107

1000 1 104-105

2000 0.01 102-103

10fb-1

Therefore:
SUSY one of the 
priorities of the
“search” program
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And Maybe…
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What can we expect in 2010 with 10 fb-1?
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Upgrades of the LHC
J. Strait 2003:
Not an “official” LHC plot

If startup is as optimistic as assumed here (1034 cm-2s-1 in 2011 already) 
⇒After ~3 years at maximum luminosity the simple continuation becomes 

less exciting
⇒Time for an upgrade?

hypotethical lumi scenario
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The LHC upgrade: SLHC/DLHC

•Higher luminosity  ~1035cm-2 s-1 (SLHC)
–Needs changes in machine and and particularly in the detectors
⇒ Start change to SLHC mode some time 2013-2016

 ⇒ Collect ~3000 fb-1/experiment in 3-4 years data taking.

Two options presently discussed/studied

•Higher energy? (DLHC)
–LHC can reach √s = 15 TeV with present magnets (9T field)
–√s of 28 (25) TeV needs ~17 (15) T magnets ⇒ R&D needed!
–Even some ideas on increasing the energy by factor 3 (P. McIntyre)

Already time to think of upgrading the machine if wanted in ~10 years

~500 pb100 pb320 GeV300 GeVHERA

~4-8fb100 pb1.96 TeV1.8 TeVTevatron

Int. Lumi (expected)Int LumiRun I   √sRun I   √s
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LHC Luminosity/Sensitivity with time…

100 fb-1/yr

SH
U

TD
O

W
N

1000 fb-1/yr

20
0 

fb
-1

/y
r

3000

300

30

10-20 
fb-1/yr

First physics run: O(1fb-1)

SUSY@1TeV

SUSY@3TeV
Z’@6TeV

ADD X-dim@9TeV

Compositeness@40TeV

H(120GeV) γγ

Higgs@200GeV

F.
 M

oo
rtg

at
, A

. D
e 

Ro
ec

k
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Summary of Lecture 3
• Large variety of experiments at the LHC 

– Will cover a large physics program, more that searches 
for new physics or the Higgs boson

– Most of the experiments will be ready in time for 2007 
data.

• First data in 2007/2008 is eagerly awaited for. It will be 
used to calibrate the experiments and for measuring 
Standard Model processes

• Early discoveries are possible so we should always stay alert
• …and maybe we can celebrate soon

End of these lectures




