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1.  1.  LEP PhysicsLEP Physics
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LEPLEP
• First conceived in 1976 after SPEAR’s J/Ψ discovery in 1974. 

– “Very high-energy electron-positron colliding beams for the study of 
the weak interactions”, B.Richter (NIM 136 (1976) 47).

• LEP Summer Study in 1978 (Les Houches, CERN 79-01)
– Z Production and Decay
– WW Production (gauge cancellation)
– Higgs Search 
– Search for New Leptons and Quarks
– QCD
Note: W and Z not discovered until 1983.

The study correctly foresaw LEP Physics !
except:
– Missing energy measurement with hermetic detector (ex. SUSY)
– B physics (micro-vertex detectors)
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• Physics benchmarks
– Z0 decay, Z→bb tag via e/µ, AFB(bb)
– B lifetime
– Neutrino counting via Z-width and ννγ
– Toponium ζ '→ γ+3P(tt) → ζ+γ+γ (ζ →l+l-),  ζ '→ γ+3P(tt) → γ+hadrons
– Search for Higgs via e+e-→ Z+H, charged Higgs e+e-→ H++H-

– Search for free quarks of Q=1/3 and 2/3  (no LEP publication yet!)

• Nov. 1982 … 6 LoI discussed
Approved ALEPH   (Jack Steinberger)

DELPHI (Ugo Amaldi)
L3           (Sam Ting)
OPAL     (ALDO Michelini)

Disapproved ELECTRA
LOGIC



2.2. LEP AcceleratorLEP Accelerator
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Why is LEP so Big?   Why SC RF?
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Losses due to Synchrotron Radiation

Power Dissipated in the walls of the Cu cavities

Power to Beam from the SC cavities.....

So to minimise power you need ρ to be as large as 
possible i.e. large radius. The radius for LEP1 was 
optimised for around 80GeV with Cu cavities.

For sc cavities the power needed is “only” proportional 
to the 4th power of energy. NOTE to operate LEP at 
103 GeV with copper cavities would have needed 1280 
cavities and 160MW of RF power!! Impossible for 
many reasons.

LHC For protons since E0 is 
a factor of 1836 higher, the 
RF power is not an issue and 
the bending radius can be 
made as low as is technically 
possible. i.e. High fields. 

E0 = .511MeV for electrons and 938.256 for protons
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Le 14 juillet 1989 - la joie éclate dans la salle de contrôle : 
le premier faisceau circule dans le LEP
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Summary of LEP Performance

Record
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LEP Modes of Operation
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Luminosity Limitation
LEP1
l Limited by beam-beam interaction
⇒ needs more bunches,

Pretzel scheme, Bunch train.

LEP2
⇒ more SC RF cavities installed.

l Cryogenic limit
l Injection current limit
l RF stability limit

ξ: beam-beam tune shift
Luminosity ∝ ξ
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Pretzel Scheme Bunch Train
• e+ and e- travel on orbits which are 

distorted in opposite directions by 
horizontal electrostatic fields.

• Potential for large # of bunches/beam, 
8 equidistant bunches per beam.

• String together individual bunches in 
trains, 2-3bunches/train, 4trains/beam.

• Electrostatic separators(ZL) to build the 
vertical separation bump.
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RF-Cavity
• 56 Cu-Cavity, 288 SC-Cavity(16Nb, 272Cu/Nb), 44 Klystron
• Cavity Gradient=7.5MV/m after conditioning (design 6.1MV/m) 
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Huge effort for maintaining RF
• After 2 days at 101GeV .

– available RF 
voltage 3510 MV

– margin 210 MV
(2 klystrons can trip)

• Still at 101GeV...
– but available RF 

voltage down to 
3440 MV

– margin 140 MV
(1 klystron can trip)
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Beam Energy Calibration
LEP1
l Proton velocity
l Resonant depolarization
but no beam polarization at LEP2!
⇐ Large beam energy spread

Strong synchrotron spin resonance

LEP2
l NMR – Extrapolation from 41-60GeV
l Spectrometer – dipole magnet
l Synchrotron tune Qs ∝ Acc. voltage
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Quadrupole

Heineken Beam Stopper June 20, 1996

10 metres to the right



3.3. LEP DetectorsLEP Detectors
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「New Detectors for High Energy Physics」ＫＥＫ（１９８２）
　　　　　OPAL DETECTOR AT LEP, S. Orito
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First Z event at LEP
observed by OPAL

13 August 1989 at 23:17
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OPAL Lead Glass Counter 9440-ch  --- ALL ALIVE during 12 Years !   BRAVO !!!
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– Turn ON after the "Tune Jump", 
detected by a background spike.

– HV is ON when the collimators are 
moved IN, and start data taking 
BEFORE the Stable Beam 
indicator by LEP.

– About 1% extra luminosity on tape, 
very low Operation inefficiency !

Data Acquisition in ALEPHData Acquisition in ALEPH example in 1999
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ALEPH performance: excellent efficiency ~ 95% in 1999.

ALEPH data taking inefficiencies (%)

0
1
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4
5
6
7
8
9

10

Z0 192 GeV 196 GeV 200 GeV  Total 1999

Dead Time DAQ Operation Bad data
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Central Tracker

TPC - Original idea by G.Charpak (1970)
Pioneering work by D.Nygren(’70s)

ALEPH  – TPC + ITC(trigger)
DELPHI – TPC + RICH(for π/K/p id.)

ALEPH - TPC
B=1.5T
1 Atm.

OPAL – JET
B=0.43T
4 Atm.

Large Size

DELPHI - TPC
B=1.2T
1 Atm.

L3 – TEC
B=0.5T
2 Atm.

Small or 
Medium Size

TPCWire Chamber
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Vertex Detector
• 1960’s – silicon detectors for Nuclear Physics
• Fixed target experiment for study on charm quark.
• First design for Collider Physics (ALEPH,CDF) in 1981.
⇒ Opened the door to the heavy flavour ((t),b,c,τ) physics.

Upgraded at LEP2 for Search for Higgs via e+e-→ZH(H→bb).

ALEPH@LEP1 ALEPH@LEP2
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LEP2 Vertex Detectors
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Vertex Detector Performance at LEP2
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CP violation in B0→ J/Ψ K0
s event



2001.11.5 LEP SYMPOSIUM 2001 45

B Physics
• DELPHI – 3 layers
• SLD – CCD at r=2.7cm

beam spot size
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Calorimeter (EM)
• Crystal:  BGO(L3), Lead Glass(OPAL)
• Sampling:  Pb-Gas Chamber(ALEPH), HPC(DELPHI)

ALEPH – fine granular EM calorimeter 

l 3D 3cm×3cm cathode pad (3×73,000 readout cells)
l 3 longitudinal segmentation
“Position resolution is more 
important than energy resolution”
(Jacques Lefrançois, Orsay)
⇒ Strong impact on physics, 

ex. τ and B-physics
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Energy Flow
Total energy 
in the Jets

u to improve the energy flow 
resolution, the neutral particle id 
such as γ(π0), neutron, K0

L is most 
important,

u this is achieved with fine granular 
and hermetic calorimeter design.

u e/π ratio can be corrected to unity 
with software correction
(i.e. don't need to construct
Scinti:Pb=1:4 calorimetre for
hardware compensation).

ETOT=pe+ pµ + pcharged hadron+ Eγ + Eneutral hadron
[ tracks only]               [calorimeter only]
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4.4. SummarySummary
l Physics
ü LEP experiment with 20 year-long physics vision.

l Accelerator
ü LEP had never been the same accelerator each year.
ü 6 optics in operation , 2 on 2 ~ 16 on 16 bunches,          

wide beam energy range of 45 ~ 104.5 GeV/beam.
ü About 4,000 physics fills ⇒ ∫Ldt=1 fb-1/experiment. 

l Detector
ü Tracking: Gas-chamber → Silicon, 3D-tracking(TPC).
ü Calorimetry: importance of fine granular calorimeter. 
ü Energy-flow: jet physics, heavy flavour(b,τ) as tool.


