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LEP
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• Even before direct observation by UA1 and UA2

• Cleanness of e+ e- collider 

• But synchrotron radiation (⇒size !)  

• Future already foreseen : LHC

NIM 136 (1976) 47)
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Imbedded in the CERN accelerators structure 

LAL



• 1981  Approval
• 1983  Start of civil engineering
• 1988  tunnel done

under the Jura mountains

08 February 1988

5

Four detectors

ALEPH DELPHI

LAL (IJCLab) and CEA

L3 OPAL

The tunnel
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• Onion shape and 4p
• General purpose detector
• Tracking measurements with as little 

material as possible (TPC)
• PID (dE/dx, Cerenkov)
• Calorimeters (different choices)
• Muon chambers
• Luminometers
• Si vertex detectors (close to beam pipe). 

ALEPH and DELPHI from the beginning 
(LoI)

• Start: 4 bunches against 4 bunches (!)
• 1992 : 8 x 8 
• 1995 12 x 12

• ~ 400 physicists/experiment

8m

10m

4 experiments: 4 different choice but some similarities



The (heroic) start

• 14th July 1989 First beam turn
• 13th Aug 1989 First Z0s (4 exp)  
• 20th Sept First physics run
• 13th Oct 1989 First results 

My own logbook

OPAL

DELPHI
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During the same period at SLAC

MARK-II and later SLD (from 1991)First Z0 hadronic decay: April 11th 1989
(low luminosity : 3 10 27 cm-2 s-1) 

106 Z0 decays

µµ, tt, qq
Phys. Rev. Lett. 63,  724 (1989)

MARK-II
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Study of the Z0 
boson

50 years neutral currents 9



Z0 à µµ
t-→e- 𝜈t 𝜈e 

t+→µ+ 𝜈t 𝜈µ 

Z0 à tt

Z0 àee (large polar angle)
Z0 àqq
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SM: Tree level 

=1 in the SM (Higgs doublet)

Z0 couplings to fermions depends on their 
charge and weak isospin

Z0

f

f
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SM: radiative corrections

vertex correctionspropagator corrections (self energy)

𝑔!
" = 𝜌" 𝑇#

" − 2𝑄" sin$ 𝜃%&&
"

𝑔'
" = 𝜌"𝑇#

"

sin$ 𝜃%&&
" = 𝜅" sin$ 𝜃(

𝜌" = 1 + Δ𝜌)* + Δ𝜌"

𝜅" = 1 + Δ𝜅)* + Δ𝜅"

propagator corrections: all observables, suppressed in ratio of widths eg
vertex corrections: mostly Rb 
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The Z line shape

lu
m

in
os

ity

Center of mass energy

MZ

GZ

MZ

GZ

BR(Z0 →qq) ~ 70%
BR(Z0 →ℓℓ) ~ 3% ℓ=e, µ or t 
BR(Z0 → 𝜈𝜈)~ 20% (N𝜈= 3)

SM
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What do we extract as information ?

• Z0 mass: one of the SM parameter 
• Z0 width: sensitive to radiative corrections (top 

mass, Higgs mass (log))  

• Peak cross section : sensitive to the number of 
light neutrinos 

• test of lepton universality:                     ?  Γ* = Γ+ = Γ,

BR(Z0 →qq) ~ 70%
BR(Z0 →ℓℓ) ~ 3% ℓ=e, µ or t 
BR(Z0 → 𝜈𝜈)~ 20% (N𝜈= 3)

SM
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Nn      =

~4 106 Z0/experiment , (1990-1995), many challenges: final(*) results in 2005

-0.23% to be applied to 
take into account t mass

2 10-5

(*) but full width (2019)

9 10-4
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A. Blondel (CR Academie des Sciences)

https://doi.org/10.1016/0370-2693(89)90706-5

DELPHI

50 years neutral currents 16

https://doi.org/10.1016/0370-2693(89)90706-5


Challenges in the energy calibration
Most sensitive parameter: MZ

Strategies in the energy scan developed (energy changed at each fill)
Resonant depolarization technique (end of fill) 
NRM probes

Rise of dipole field due to 
electric perturbations 
due to TGV passing  

Change in the orbit length

change in circonference : 
1mm ⇒ 10 MeV DMz =1.7 MeV50 years neutral currents 17



Challenges in the luminosity determination
Bhabha scattering

Accuracy 5 10-4

Theoretical computation + 
precision luminometers (~ 5 µm 
tolerance)  

luminometers

Beam-beam effect

underestimation of the integrated 
luminosity by -0.1 % 

Physics Letters B 800 (2020) 135068 

In 2019 ! 

50 years neutral currents 18



An overall test of the Standard Model: couplings
Z0 partial widths : 𝑔!

" #
+ 𝑔!

" #

Asymmetries: %𝑔!
" 𝑔$

" and sin# 𝜃%&&
"

FB asymmetries, t polarisation
SLC initial state polarisation  

PDG review

e- e+q

f

f
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Predictions
Electroweak corrections in the prediction of observables:  depends on m2

top and 
ln(mHiggs)
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2005

2012: 
discovery of a light Higgs boson

𝑚* = 125.25 ± 0.17 ⁄GeV 𝑐+
PDG

2023

2005:
mH < 285 GeV/c2 @95 %CL LEP1 only 

mH < 152 GeV/c2 @95 %CL LEP1+ LEP2

LEP1 only

50 years neutral currents 21



PDG review

1s
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Nobel 1999 prize to M. Veltman and G. ’t Hooft
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Use of the Z0 boson
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Z0



Z, → 𝑏2𝑏 ~ 15%

~ 1.2 millions b-hadrons produced per experiment 

Bu Bd Bs Lb

1.9 106 1.9 106 0.48 106 0.48 106

In total ~ 16 millions Z0 were produced 

b-physics
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Total at LEP



DELPHI

https://doi.org/10.1016/0370-2693(92)91385-M

Evidence for Bs production in Z decays

Bs →Ds ℓ𝜈

1990 -1991 data

PLB 313 (1993) 498 

Observation of the time-
dependence of B0 B0 mixing
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𝜏 = 1.54-..0#1..02 ± 0.04 ps

Dms> 6.6 ps-1 Full LEP1 data

Bs →Ds ℓ𝜈Was only possible given the innovative Si detectors 

1990 : ALEPH and DELPHI 

1993 : all 4 experiments, Be beampipe with smaller radius (~ 5 cm)
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A few mm between the Interaction point and 
the b-hadron vertex 



vector

gluon spin measurement 

ALEPH

0.5 % precision ! 

QCD
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4-jets events
⇒ Observation of 
gluon self-coupling



Summary
August 1989 : 1 Z0/day End of 1995 :1000 Z0 /h

1988 
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A last word

May 1990 Last paragraph of the concluding remarks of my PhD thesis

Thank you for your attention  50 years neutral currents 30



Backup slides
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DELPHI solenoid (superconducting magnet) 
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Left-Right asymmetry @ SLC

NL= # of Z0 produced for left-handed electron bunches
NR= # of Z0 produced for right-handed electron bunches
<Pe> = electron polarization

In 1998 : total 0.5 106 Z0 recorded

Compton-scattering polarimeter installed near the IP: 
0.5 % precision on the polarisation measurement
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Asymmetries and t polarisation
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An overall test of the Standard Model: couplings

Z0 partial widths : 𝑔!
" $

+ 𝑔!
" $

Asymmetries: :𝑔!
" 𝑔'

" and sin$ 𝜃%&&
"

FB asymmetries, t polarisation, at SLC 
initial state polarisation  

b-quark c-quark
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mH < 152 GeV @ 95%CL
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Effect of the TGV on beams energy 

50 years neutral currents 39



50 years neutral currents 40

Non-abelian structure of QCD


