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5·1012 hadronic Z
( 105 LEP1)



W-pairs at FCCee : the OkuW

√s=240 GeV : L~0.7 1035 collect  5/ab 
80 106 WW decays

Snowmass CKM Matrix - Jan 12 2021 P. Azzurri - Flavour tagging in W decays @FCCee 3

√s=162 GeV : L~3 1035 collect 12/ab  
45-60 106 WW decays

√s=365 GeV : L~ 1034 collect  1.65/ab 
20 106 WW decays

In total è 300 106 W decays

3·105 (LEP 161)

2·103 (LEP 200)



W decay BR 
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Lept universality test at 2% level
tau  BR  ~2.6 σ larger than e/mu

è FCCee @ 3-4 10-4 level 

q/ l universality at 0.5%
è FCCee @ 10-4 level 

For lept BR will need excellent control of 
lepton id and cross contaminations in signal 
channels  ( τàe,μ and  e,μ channels)

Scaling major syst 
uncertainties with data 

luminosity  (as stat)

Less stringent requirements for syst 
uncertainty control for hadr BR 



Hadronic W BR

Flavor tagging can also allow to measure coupling to c & b-quarks (Vcs, Vcb,.. ) directly ! 

è ΔαS (FCCee) ≈(9 π/2)ΔBq≈  10-3

If the CKM unitarity is not assumed in the sum, and αS (m2
W) is taken

form other independent precision determinations, Bq and RW

measurements can be used in turn to provide a stringent test of CKM 
unitarity for the five lightest quarks

SW = |Vud|2 + |Vus|2 + |Vub|2 + |Vcd|2 + |Vcs|2 + |Vcb|2

From LEP : |Vcs| = 0.969 ± 0.013
𝝙|Vcs| (FCCee) à 2 10-4
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Hadronic W flavor tagging : cX cs
Charm (and strangeness) tagging at LEP2 

DELPHI (161+172 GeV ~150 WW)   Phys. Lett. B 439 (1998) 209

𝝙|Vcs| (stat) FCCee à 3 10-4

ALEPH  172-183GeV (~1K WW)   Phys. Lett. B 465 (1999) 349

𝝙Rc
W (stat) FCCee à 1.5 10-4  𝝙 |Vcs| (stat) FCCee à 3 10-4
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http://dx.doi.org/10.1016/S0370-2693(98)01061-2
http://dx.doi.org/10.1016/S0370-2693(99)01088-6


Hadronic W flavor tagging : cX cs

OPAL 183-189 GeV (4K WW)  Phys. Lett. B 490 (2000) 71-86

𝝙Rc
W (stat) FCCee à 2 10-4         𝝙 |Vcs| (stat) FCCee à 4 10-4
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http://dx.doi.org/10.1016/S0370-2693(00)00971-0


Hadronic W flavor tagging : cX cs

binned likelihood fits to the shape of the output distributions
Including Zàqq Control Regions
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Hadronic W flavor tagging : cb Xb
|Vcb| = (41.0 ± 1.4) × 10−3 è BR = 5.6  10−4 (1.7 105 Wàcb @FCCee)
|Vub| = (3.82 ± 0.24) × 10−3 è BR = 4.9  10−6 (1.5 103 Wàub @FCCee)

With 𝜺b=40%  and 𝜺c=10-3 @FCCee:  N(W→cs)≈100k N(W→bX)≈75k
𝝙Rb

W (stat)(FCCee)  à 0.6% (rel)   &  𝝙 |Vcb| (stat) (FCCee) à 0.3% (rel)  
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Hadronic W flavor tagging : cb Xb
|Vcb| = (41.0 ± 1.4) × 10−3 è BR = 5.6  10−4 (1.7 105 Wàcb @FCCee)
|Vub| = (3.82 ± 0.24) × 10−3 è BR = 4.9  10−6 (1.5 103 Wàub @FCCee)

First tag 𝜺b=40%  and 𝜺c=10-3 𝜺uds=10-5 Second tag  with 𝜺c=60%  and 𝜺b=0.1 𝜺uds=0.2
@FCCee:  N(W→cs,cd)≈20k   N(W→cb)≈50k  è direct  𝝙 |Vcb| (stat) (FCCee) à 0.2%(rel) 

Inverting second tag could also obtain 𝝙 |Vub| (stat) (FCCee) à ~3-5%(rel) 
(less interesting : ~1% from LHCb/Belle2/ FCCee Z) 

Similar conclusions on s19 here ( M.H.Schune FCC workshop Jan 2020)
https://indico.cern.ch/event/838435/contributions/3635812/attachments/1971221/3279502/FCCee_17Jan2020_v2.pdf
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Z pole
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Particle specie at FCC-ee B0 B+ B0
s ⇤b B+

c cc ⌧�⌧+

Yield (⇥109) [5.1012 Z] 310 310 75 65 1.5† 600 180

FLAVOUR PHYSICS MEASUREMENTS

Table 7.2: List of inputs useful to constrain NP in �F = 2 quark transitions and comparisons of the
projected precisions of the Belle II, LHCb upgrade I and FCC-ee experiments. The central values for the
angles are scaled to the same SM-like extrapolation. The estimate of the mixing-induced observables’
precision at FCC-ee assumes a flavour tagging efficiency of 7% (10%) for the Bd (Bs meson). The esti-
mate of the |Vub| precision relies on an extrapolation of hadronic inputs calculated on the Lattice [182].

Observable / Experiments Current W/A Belle II (50 /ab) LHCb-U1 (23/fb) FCC-ee
CKM inputs
� (uncert., rad) 1.296

+0.087
�0.101 1.136 ± 0.026 1.136 ± 0.025 1.136 ± 0.004

|Vub| (precision) 5.9% 2.5% 6% 1%

Mixing-related inputs
sin(2�) 0.691 ± 0.017 0.691 ± 0.008 0.691 ± 0.009 0.691 ± 0.005

�s (uncert. rad 10
�2) �1.5 ± 3.5 n/a �3.65 ± 0.05 �3.65 ± 0.01

�md (ps�1) 0.5065 ± 0.0020 same same same
�ms (ps�1) 17.757 ± 0.021 same same same
adfs (10

�4, precision) 23 ± 26 �7 ± 15 �7 ± 15 �7 ± 2

asfs (10
�4, precision) �48 ± 48 n/a 0.3 ± 15 0.3 ± 2

ing amplitudes. Measurements at the FCC-ee will be sensitive to BSM contributions to the amplitudes of
B0 and B0

s mixing larger than 5% of the SM ones. These potential deviations can be related to the energy
scale ⇤ associated with the new effective local operators at play. In MFV scenarii, where the new flavour
structures are aligned with the SM yukawa couplings, energy scales up to 20 TeV can be probed by the
joint measurement of the properties of the B0 and B0

s meson mixings and the tree-level CKM parameters.
Releasing the constraint of MFV, scales up to several hundred TeV can be probed.

7.1.5 Additional Flavour Physics Opportunities

The aforementioned illustrations of measurements or searches for rare decays are experimentally very
challenging. The study of their sensitivity reach has shown that the statistics available at a high-luminosity
Z-factory, complemented by state-of-the-art detector performance, can allow their potential measurement
at unequalled precision. They can serve as benchmarks to open the way to other flavour physics observ-
ables in both quark and lepton sectors, and are for the most part related to the understanding of flavour in
presence of BSM Physics. Their experimental sensitivity will be studied in the next stage of the FCC-ee
design study. Here we list a few additional possibilities for which an FCC-ee experiment will definitely
be able to push the experimental envelope. The FCNC-mediated leptonic decays Bd,s !ee, µµ, tt, as
well as the EW penguin dominated b!snn, provide SM candles and are sensitive to several realisations
of BSM Physics. The observation of Bs !tt is invaluable to complement our understanding of present
LFUV anomalies and likely uniquely reachable at FCC-ee. The charged-current mediated leptonic de-
cays Bu,c !µn or tn, on the other hand, offer a possibility to determine the CKM elements |Vub| |Vcb|
with minimal theoretical uncertainties [213]. The cleanliness of the e

+
e
� experimental environment will

be beneficial to the study of the decay modes involving Bs, Bc or b-baryons with neutral final state parti-
cles, as well as the many-body fully hadronic b-hadron decays. The harvest of CP -eigenstates in several
b-hadron decays will allow to measure comprehensively the CP -violating weak phases. Rare exclusive
Z decays [214] might probe both new physics and perturbative QCD factorization.

DRAFT - NOT FOR DISTRIBUTION
93

B+ ➝ 𝛕𝛎

See recent review New physics in B meson mixing: future sensitivity and limitations
arXiv:2006.04824 Phys. Rev. D 102, 056023 (2020)
« identify the measurement of |Vcb| as one of the key ingredients in which progress beyond current
expectations is necessary to maximize future sensitivity .» 

From Stephane Monteil

https://arxiv.org/abs/2006.04824
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From M.H.Schune FCC workshop Jan 2020

Analysis of Bc→τντ at CEPC
arXiv:2007.08234

https://arxiv.org/abs/2007.08234
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From M.H.Schune FCC workshop Jan 2020



Conclusions
• 200M Hadronic W decays at FCCee will offer a great 

opportunity for precise direct CKM measurements 
• Bq => test of unitarity at 10-4 level for |Vud|2 + |Vus|2 + |Vub|2 + 

|Vcd|2 + |Vcs|2 + |Vcb|2

• Direct measurements of Rc and |Vcs| with charm- (and s-) 
tagging, also at ~ 10-4 level stat : what will be syst limitations ? 
• Direct measurements of Rb and |Vcb| with b- (and charm-) 

tagging at few 10-3 level stat . Maybe also |Vub| at 5% (less 
interesting) 
• Looking forward to more detailed studies for a better 

understanding of these measurements
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arXiv:2006.04824

https://arxiv.org/abs/2006.04824

