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■ Couplings of b-quarks to Z bosons through partial widths and forward-
backward asymmetry sensitive to specific radiative corrections and possibly 
new physics
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■ LEP experiments (ALEPH, DELPHI, L3, OPAL) and SLD at SLC ~15 +0.4 
Million hadronic Z decays 

■ Expected statistics at FCC-ee ~ 3 Tera hadronic Z decays FCC-ee
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Statistics
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PISA

working	point	 luminosity/IP	
[1034	cm-2s-1]	

total	luminosity	(2	IPs)/	yr	 physics	goal	 run	%me	
[years]	

Z	first	2	years	 100	 26	ab-1/year	 150	ab-1	 4	

Z	later		 200	 52	ab-1/year	

W	 32	 8.3	ab-1/year	 10	ab-1	 1	

H	 7.0	 1.8	ab-1/year	 5	ab-1	 3	

top	(350	GeV)	 0.8	 0.2	ab-1/year	 0.2	ab-1	 1	

top	later	(365	GeV)	 1.5	 0.38	ab-1/year	 1.5	ab-1	 4	

FCC-ee

LEP
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■ Leptons: B(b→µ/e)~10%
■ Lifetime (𝞃B ~1.6 ps~500 µm)

◆ impact parameter
◆ secondary vertex displacement

■ Mass (mB~ 5.3 GeV)
◆ invariant mass of secondary vertex
◆ event shapes

■ Double tagging techniques
◆ N tags:

● N(N+1)/2 double tag fractions
● N single tag fractions
● 3N efficiencies 
● N(N+1)/2 correlations

● multivariate analysis could benefit reducing the impact of correlations, and measure 
a few of them

5

PISA

Rb: tagging methods
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Detectors and b-tag performances
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■ Tracking resolutions (best from SLD)
◆ impact parameter r𝜙 7.7 µm ⊕ 33µm /(p sin𝜗3/2 ) 
◆ impact parameter z 9.6 µm
◆ beam 3µm x 700 µm

■ FCC-ee
◆ impact parameter r𝜙 3 µm ⊕ 15 µm /(p sin𝜗3/2 )
◆ impact parameter z 9.6 µm
◆ beam 6 µm x 420 µm

■ Impact parameter resolution a factor 2 better
◆ SLD PV z resolution 17 µm for b, 10 µm for charm and uds
◆ FCC-ee PV resolution ~ 9 µm and 5 µm respectively

■ Lifetime-mass tagging efficiencies for SLD (should be better at FCC-ee)
◆ 60% (b), 1% (c), 0.1% (uds)

PISA
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Statistical error scales ~1/𝜀b2 

Correlation (taken from MC) due to: 
detector inhomogeneities [checked with data] 
common primary vertex in case of i.p. based taggers, 
  not important for SV 
kinematic correlations  

momentum dependent efficiency 
(hard) gluon radiation 

Large b-tagging efficiencies reduce correlations 

Uncertainty due to B (and C) physics affect correlation 
lifetimes, decay multiplicity, fractions, fragmentation 

Charm and uds tag efficiencies from MC  
Uncertainties due to physics and modelling (see next) 
Impact proportional to the charm and uds tag efficiencies
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■ Compare “components” of correlations in data and MC
◆ usually the correlation decreases if efficiency is large or flat in the variable 

■ Require hermetic detector coverage 
■ Design a tagger using (using several tag variables in a NN) to flatten out the 

efficiency vs momentum
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“Measuring” the correlation
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PISA

E(𝝂) = Efficiency to tag vs variable 𝝂   

F(𝝂) = Biased distribution of variable 𝝂  
after tagging the opposite hemisphere

DELPHI
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Role of b-tagging
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■ Thanks to the better performance of the detector one 
could achieve a better rejection of light-quark and charm 
background with an efficiency of ~60%.

■ Statistical error  ~0.3 10-6 with 60% b-tagging efficiency 
◆ Going down to ~30% one could extrapolate a 5 times 

smaller charm efficiency, for a total of ~99.5% purity, 
and a stat error  ~0.8 10-6 thanks to a charm impact 
5 times smaller. 

➨However the correlation is larger for smaller 
efficiency

➨Incidentally                                hence 
reducing charm efficiency is beneficial 

➨Must find a trade off between statistical and 
systematic error

■ Extrapolating from the current sensitivity, one could go 
to 50-100 x 10-6 (10 times better than now!)

PISA

ΔRb
Rb

~ −2 εc
εb

ΔRc
Rb



F. Palla INFN Pisa

What about Theory?

11

PISA



■ Fit of F-B asymmetry as a function of the scattering 
angle 

◆ At SLD, given the polarised beam they measured directly Aq

■ Ingredients
◆ Tag quark-flavour (b-quark) 

● b-tagging as for Rb

◆ Identification of quark vs anti-quark
● charge of the leptons, jet-charge, vertex-charge, kaons

◆ Determine the quark direction (ϑ)
● Use the “thrust” axis

➨sensitive to QCD effects
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Forward-Backward asymmetry AFB(b)
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PISA
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quark vs anti-quark tagging
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■ Leptons
◆ direct (b→l) versus cascade (b→c→l).

● sensitive to effective B mixing. 
● uncertainties on sample composition from modelling of semileptonic 

decays are large.
■ Jet and secondary vertex charge

◆ typical values of k 0.3 to 1
◆ At SLD thanks to its superior tracking performance use secondary vertex 

charge 
◆ Use double tagging techniques in a pure sample of b-quarks to estimate 

charge tagging mistake (otherwise limited by fragmentations and B-
decays if taken from MC)
● fraction of same sign double tags: 2 w*(1-w)

PISA



■ Current precision is limited by statistics

◆ At LEP+SLD 1.5x10-3
● Statistical error at FCC-ee will be ~1000 times smaller, 

hence 1.5 10-6

● internal systematics (detector) 0.6x10-3 mostly statistical
➨Could be reduced by at least a factor ~2 at FCC-ee

● QCD effects 0.4x10-3

➨Mostly theoretical (mass effects and missing higher 
orders)

➨Experimental correction mainly due to selection and 
analysis methods, introducing bias, corrected using MC.

➨Can be reduced by ~2 at FCC-ee ?
■ At FCC-ee: ΔAFB(b)~ ± O(10-4) (systematic dominated)
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AFB(b) precision
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PISA
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Other methods to measure AFB(b)
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■ Could use exclusive B decays
◆ Likewise we did for charm using D*?BR (B+→J/𝜓 (µµ) K+)~6x10-5

◆ Some BR:
◆ BR (B+→Dº(Kπ) π+)~16x10-5

◆ BR (B+→Dº(K-π+πº) π+)~56x10-5

◆ BR (B+→Dº(K-2π+π-) π+)~32x10-5

◆ BR (B+→K*º(892)π+)~10-5

◆ BR (B0→K+π-)~2x10-5

◆ BR (Bo→D-(K+2π-)π+ )~23x10-5 
◆ BR (Bo→D-(K+2π-πo)π+ )~15x10-5

◆ Plus many more decay modes

◆ With 1012 B+ (and B0) and assuming a conservative 10% 
efficiency one could have few 108 reconstructed events
◆ stat error <10-4

◆ potential smaller systematics 

PISA

270 Bs candidates/4M Z
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■ The incredible statistics foreseen to be collected at 
FCC-ee will allow unprecedented precision in measuring 
the electroweak b-physics parameters by at least one 
order of magnitude better than the current ones
◆ Both Rb and AFB(b) will be limited by systematics

● ΔRb (x 10-6) ~±0.3 (stat) ± 60 (syst)
● ΔAFB(b) (x 10-6) ~± 1.5 (stat) ± 100 (syst)

◆ Theory error for Rb is expected to reach 50 x 10-6 
■ Any hint of new physics could emerge already from 

early FCC-ee operations!

PISA
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■ How the measurement is effectively done … 
PISA



SLD
DELPHI



SLD


