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1.Neutrino counting at LEP (ADLO 2005) 
2.Improvement 2020 by P.Janot and S.J. 
3.Prospects at FCC-ee 

Outline
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Invisible Z width  
from Z peak cross section at LEP

Very simple basic idea:
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Effective no. of neutrinos   
parametrises invisible Z decay width 
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= hadronic cross section at the Z peak upon removing QED effects: 
almost 100% detector acceptance, luminosity error dominates. 
σ0

had

 = ratio of hadronic to leptonic branchings: 
 just ratio of event rates easy to measure, QED corrected.  
R0

ℓ

 Standard Model prediction(Γνν /Γℓℓ)SM = 1.99125 ± 0.00083

, well known correction due to finite  lepton massδτ ≃ − 2.263 × 10−3 ± 0 τ

 Combination of measurements of four LEP experiments(2005): 
   

  deviation from the SM value 
Nν = 2.9840 ± 0.0082

∼ 2σ Nν = 3

 was determined using formula exploiting best measured observables:Nν

Lumi error  propagates into dominant  . δℒ/ℒ ≃ 6.1 ⋅ 10−4 δNν ≃ 7.5 (δℒ/ℒ) ≃ 0.0046
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Quick derivation (P. Janot)
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A Little bit of history: 
Theoretical error of the 
luminosity at LEP era  
and its composition 
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Milestones in LEP lumi TH error

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
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Evolution of luminosity theoretical error at LEP1
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J&J 2020

“Lumi TH error” = theoretical error of BHLUMI MC used by all four LEP collaboration
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LEP lumi TH milestones
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Evolution of components in TH lumi (BHLUMI) error
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QED is back!VP dominatesQED dominates
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Recent revival of the interest  
in Bhabha luminometry and  measurements Nν

FCC-ee oriented studies 
have triggered new interest 
in re-analysing LEP data
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Beam-beam effect in LEP data 
G. Voutsinas, E. Perez, M. Dam and P. Janot (VPDJ) 

Phys. Lett. B800 (2020) and JHEP10 (2019) 225 
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Beam-beam effect in LEP data
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New study by P.Janot and S.J. 
arXiv:1912.02067 and Phys. Letters B803 (2020) 135319

Correcting LEP 1990-95 data for low angle Bhabha of ALEPH, DELPHI, L3 and OPAL 
for realistic event selection, emulating all eight variants of small angle Bhabha LEP detectors.

MC programs used by LEP collaborations 

Bhabha event selections in LEPEight luminosity detectors used at LEP

All the above was implemented in the mixture of new C++ and old F77 code on top of BHLUMI 4.x 
Corrections due to improvements in the BHLUMI matrix element were calculated using MC samples  
of 160M events generated at seven energies 88.471, 89.444, 90.216, 91.227, 91.959, 93.00, 93.710 GeV.s =
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New study by P.Janot and S.J. 
arXiv:1912.02067 and Phys. Letters B803 (2020) 135319 

including beam-beam VPDJ effect

Correcting 
LEP 1990-95 data for 
low angle Bhabha 
of ALEPH, DELPHI, L3 
and OPAL
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New study by P.Janot and S.J. 
including beam-beam effect of Voutsinas+Perez+Dam+Janot 

arXiv:1912.02067 and Phys. Letters B803 (2020) 135319

Collaborations-wise

Combined new

Old ADLO 2005 value
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New study by P.Janot and S.J. 
arXiv:1912.02067 and Phys. Letters B803 (2020) 135319 

A litle bit of details
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Update of Z-exchange correction
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title

Vacuum polarisation of Fred Jegerlehner (2019) was cross-checked with the private vacuum-
polarisation code from the DHMZ team (Michel Davier, Andreas Hoecker, Bogdan Malaescu, 
Zhiqing Zhang) and the KNT team (Alexander Keshavarzi, Daisuke Nomura, Thomas Teubner)
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title

• Only OPAL corrected its data. Others included fermion pair corrs. in the error budget. 
• Now we do the same as OPAL for all luminosity LEP data. 
• Real pair emissions using FERMISV MC (Leiden) and KORALW MC (Krakow) 
• Virtual pair corrs. added using S. Actis et.al. Phys.Rev.D78 (2008) 085019.
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Light fermion pairs

• Only OPAL corrected data. Others included fermion pair corrs. in error budget. 
• Now we do the same as OPAL for all luminosity LEP data. 
• Real pair emissions using FERMISV MC (Leiden) and KORALW MC (Krakow) 
• Virtual pair corrs. added using S. Actis et.al. Phys.Rev.D78 (2008) 085019.
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Summary on new LEP luminosity TH error 
arXiv:1912.02067 and Phys. Letters B803 (2020) 135319

Pure QED dominates again as before 1998
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• LEP legacy, lumi TH error budget                     LEP lumi update 2018 
 
 
 
 
 
 

• By the time of FCC-ee VP contribution will be merely 0.006% 
• QED corrections and Z contrib. come back to front! 
• Z contr. easy to master, even if rises at FCC-ee, because (28-58)->(64-86) mrad. 

• Our FCC-ee forecast is 0.01% 
provided QED m.e. and VP 
are improved.

Low angle Bhabha (luminosity) at FCCee    
arXiv:1902.05912

https://arxiv.org/abs/1902.05912


Z invisible width from peak cross section and radiative return  

24

Present (LEP) FCC-ee
Peak cross section

δℒ
ℒ

=
δσ0

had

σ0
had

≃ 0.06 %

dominates LEP exp. error Nν ≃ 2.984 ± 0.008 {±0.006}QED

FCC-ee exp. error (syst.)  δNν ≃ 0.001QED err. of luminosity

(Factor ~60 improvement in QED rather easy.)

Radiative return I
Expected FCC-ee exp. error of     not yet established, 
most likely: 

σνν̄γ
δσ /σ ≃ 0.03 % → δNν ≃ 0.001

Factor ~10 improvement in luminosity is needed!
δℒ
ℒ

≃ 10−4 → δNν ≃ 8 ⋅ 10−4 seems achievable.

e+e− → νν̄γ

Nν ≃ 2.69 ± 0.15 {±0.06}QED

Limited by poor LEP statistics at 161GeV

Future luminosity error 0.01% looks ok.

Estimate of h.o. QED effects using KKMC 
is merely 0.02% (unpublished).
Altogether     seems achievable:)δNν ≃ 0.001

Radiative return II

R =
σνν̄γ

σμ+μ−γ
Measuring ratio

Luminosity error drops out!

QED uncertainty due to FSR in                rated at 0.03% 
(unpublished study using KKMC). 

σμ+μ−γ

Again δNν ≃ 0.001
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• LEP data on luminosity and Z peak cross section are corrected  
using improved hadronic vacuum polarization, Z-exchange and 
light pair corrections. 

• Invisible Z decay width  derived from Z peak cross agrees 
now much better with the SM — 20 years old 2 sigma 
discrepancy is gone. 

• Factor 4 or even more precise measurement of Z invisible 
width will be possible in FCC-ee collider.

Summary
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