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Systematics on EWPO measurements: Z line-shape + AFB (sin2ϑW)
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§  Slightly different situation wrt pre-LEP era, certainly not less interesting 

 any significant inconsistency àexistence of New Physics

Motivations for looking at the systematics on EWPO  
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§  Search for new physics effects by measuring very precisely key SM observables :

§  Probe energy scales beyond the direct kinematic reach

§  FCCee: 5 order of magnitude luminosity more than LEP 
                                       à need to match the statistical uncertainty

1803.01853	



ElectroWeak Precision(*) Observables: which & how precise?	

(OPAL)
§  Single experiment

§  Combination experiments (ADLO)

3	*10-5		

2	*10-5	à	10-6	

2	*10-3	

0.9	*10-3	à	10-4	

1	*10-3	

1	*10-3	à3	*	10-5	

2	*10-3	

1	*10-3à	4	*10-5	

6	*10-2	

12*10-2	

Nν				=					2.9840	±	0.0082		

(*) pseudo-observable ‘X0’
      with theoretical corrections	
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§  Choice reduce correlation 

à	0.001	

à0.000005	

ΓZ  statistically  dominated  (even
 after combination)

hep-ex/0509008v3 

Rel.	unc.		

Target	FCC	
Rel.	unc.		



§  Ingredients:
§  Bkg & selection corrections                    
§  Luminosity determination 

§  Acceptance & theory corrections
§  Center of mass energy determination
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§  mZ ,  ΓZ,  σ0
had , R0

    , A0
FB    

§  @LEP clever/hard work to get small systematics 
                 àstatistics could be fully  exploited

Basic: cross section  e+e- àff  measurements vs  √s 
_			

§  Basic observables: &   √s	

hep-ex/0509008v3 
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Statistics & experimental errors

§  @ LEP experimental error on “basic” observables (mainly acceptance & bkg)
          mostly uncorrelated among experiments  

~ 0.05%

~ 0.25 % 	

2-5 times bigger
than systematics 	

STAT/exp.	SYST(1994)	
~ 0.02%

detailed in the next
slide

§  From   ~ 2 *10 7  Z  (LEP)  à 5 * 1012   Z (FCC-ee)     5 orders of magnitude
à  Statistical uncertainty ~ 300 times smaller
      (challenging demand on systematics)

@Z	peak:	

hep-ex/0509008v3 



Selection & acceptance systematics @ LEP 
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§  Clean environment: “easy” separation
background from 2γ (ee à eeff), 4 fermions, 
                     for Zlep also cosmics, beam-gas

OPAL	

§  Definition of the Phase Space of the measurement
                        (≈ detector fiducial phase space)

e+e-à e+e-   @ peak
           OPAL 

§  Δf/f ~ 1/3 smaller in Zàhad
             ~ 3 higher  in  Zà ττ

 à @FCC challenge: 
        control of acceptance (vs √s)
        important for

f  = corr. factor
   f *Nmeas= NPS	

R	

_	_	

Eur.	Phys.	J.	C19	(2001)	587–651	

§  MC modelling
      geometrical boundary
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§  For s channel:

§  No dependence on luminosity or overall efficiency  but 
     dependence on efficiency vs cos θ  &  asymmetry in 
     charge mis-identification 

§  @FCCee: fiducial acceptance asymmetric: beam crossing angle 30 mrad 
    can be measured from e+e- ->μ+μ- 106 dimuon events (5’                                             )                                              
    (1909.12245)

§  Basic measurement
      systematics @ LEP:

AFB measurement @ LEP 

L3 e+e- -> μ+μ-

e- e+
l+

l-
ϑ*	

§  Important to extract  gV , gA and sin2 ϑeff 

F	B	

data driven

§  Statistical uncertainty:
      2-5 times bigger	



§  @FCC  à extraction of sin2 ϑeff    from e+e- à  μ+μ-  assuming lepton universality
       Uncertainty  ~ 0.000005     (= 5 *10-6,    factor ~ 30 wrt LEP)
       (main uncertainty point-to-point energy error)   
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Extraction of sin2 ϑeff  

§  Using from τ polarisation avoids assumption on lepton universality

@LEP all asymmetries used to extract sin2 ϑeff   

à @FCC  use τ à ρν     Uncertainty  on sin2 ϑeff ~ 6.6* 10-6

@ LEP several decay modes were used.  Main uncertainties: from  τ   BR and
             hadronic  τ  decay modelling	

§  e+e- colliders  unique  power for  sin2 ϑeff  determination @ mZ



SiCal	

§  Definition of geometrical acceptance

§  Steep variation of cross section with Esum
      (cut to fight beam background)
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Luminosity systematics  

§  Luminosity from small-angle Bhabha-scattered electrons
§  Uncertainty important for σ0

had 
     @LEP after combination contributes to 
      ~  half its  total error

(use of special methods, or W mask) 

§  Total error: ΔL/L ~ 10-3   (ADL)
     (reanalysis 1908.01704	beam-beam effect:10-3 bias)

ALEPH

Eur.	Phys.	J.	C	14	(2000)	1-50	

§  @ FCC-ee (1812.01004)  (use also ee->γγ):
      ΔL/L: absolute ~ 10-4 

                           (àreduction of factor 8 on ΔNν)
      ΔL/L: point-to-point 5*10-5   (relevant for ΓZ)

§  Theory error biggest single contribution

(BHLUMI)	

!	



(approx.	
		errors)	

§  Impact on EWPO uncertainty also from beam energy spread:  δE

hep-ex/0509008v3 
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Impact of the energy measurement

§  Control of √s uncertainties essential for precision on mZ ,  ΓZ , AFB  

=	
E												2			ν																
me															ge-	2	

§  √s  calibration from spin tune (ν) measurements via 
    resonant depolarisation 

§  Uncertainty common across experiments

§  @ FCC challenging:    δE increases wrt LEP and may fluctuate (beamstrahlung)
      Measured with e+e- à  μ+μ-  (5’)      à ΔΓZ   ~ 25 keV  (arXiv:1812.01004) 
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Impact of the energy measurement

§  Impact of error 
     on √s for 3 point
     scan:   

§  From: “Polarization and Centre-of-mass Energy Calibration at FCC-ee”
            A. Blondel et al   (1909.12245)	

•  Absolute	dominate	for	Z	mass	
•  Point-to-point	dominate	for	ΓZ	&	AFB

µµ	(peak	and	off-peak)		
•  Due	to	sampling	negligible	for	1	Resonant	Depolarisation	every	15’	(=	1000s)	à	104	measts		

Three	categories:	

§  With an improved  systematics error evaluation
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Theoretical uncertainties

§  Common across the experiments

§  small angle Bhabha cross section for the luminosity  (@LEP ~ 0.061% ) 

§  t-channel and s-t interference contribution to the  e+e- cross section  

§  QED radiative effects  
        (@LEP:  ± 0.3 MeV on mZ,   ± 0.3 MeV on ΓZ ,  0.02% on σ0

Z)   

§  parametrization of line shape and AFB 
      in term of the pseudo  observables

§  Theory uncertainties related to the knowledge of :

need: 

* Dedicated generators
* Three loop calculations (EW, QCD, mixed)

§  Need to match experimental uncertainties: dedicated workshop, 2018 à @FCC 

* New approach for the extraction of the observables

§  Need close collaboration theorists-experimentalists
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Work in progress

§  From talk: “Detector requirement”, Alain Blondel, Mogens Dam  
							(https://indico.cern.ch/event/887925/)	FCC physics, 30 March 2020 Thanks	to	Alain		

13	
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Conclusions

§  The target precision is challenging:  need clever ideas and work on systematic
      common uncertainties  (beam related & theory )  but also on detectors  and 
      analysis techniques (control of acceptance)

§  LEP has set  very high standards for the evaluation of systematic errors
§  @FCC it must be improved a lot to benefit from the huge jump in statistics

§   EWPO measurements are very valuable probes of BSM physics

* theory -experiment
* experiment-machine

§  Important to work closely: FCC-ee	

HL-LHC	

FCC	

§  Machine and detector challenge:
     high power environment

?	
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From	CDR	
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Ancillary measurements: αQED(mZ)

Dominated by hadron vacuum  polarisation corrections

§  αQED(mZ)	 important ingredient of the EW fits (Gfitter, 2014):

§  At present:  Δα/α ~ 10 -4 

§  Proposal to use  AFB(s±) just below/above the peakμμ

P.	Janot	
JHEP	02	(2016)	53	

§  Total uncertainty (except missing EW high 
      orders, so far few 10-4) dominated by √s 
      calibration :

Statistical	uncertaimty		1	y	running	
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0.00015	
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Additional measurement: Neutrino Light Species 

Largest contribution  from lumi
 (0.061% @ LEP)

Also	from	radiative	return	Zγ	


