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                        Disclaimers 
1. Mandate from the organisers was to not have another talk 

about Higgs physics. I tried indeed another approach (and 
probably will fail at).  

• Starting from what we know and how we know it  

• Discussing the experimental landscape at horizon 2040 

2. Good to know from where people are speaking. I’m 
committed to FCCee since 2014.   

3. We are orphan of the {Higgs or BSM} no-loose theorem. 
This talk aims at discussing elements to build the next 
theorem.  

ECFA WS — ECR day —  October 2024 — Paris
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                        Outline 

1. The free parameters of the Standard Model (SM) 

2. The two pillars of the SM and the case for next 
machine.  

3. Within the section 2, I’ll discuss physics cases for the 
next machine (including Flavour program).  

4. Conclusion:  a desirable physics programme. 

ECFA WS — ECR day —  October 2024 — Paris
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The free parameters of the SM:

• SU(2)L⊗U(1)Y unification: 
  

• the weak and electromagnetic coupling constants GF /gW and αEM. 

• After the spontaneous breaking of the symmetry: 

• The nine masses of the fermions: mf .  
  

• The masses of the electroweak gauge bosons: mZ and mW . 

• The scalar sector parameters:    

v (the v.e.v) and mH .

1. The SM seen from its free parameters 
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The free parameters of the SM  

• The CKM matrix elements : it’s a 3X3 complex and unitary matrix 
and hence can be described by means of only  4 independent 
parameters. As the masses of the fermions (except for the top 
quark), these 4 parameters  are decoupled from the rest of the 
theory. A consistency test of these parameters is in order.         

   
• If you’d like like QCD in (and you should), just add αS  (and θS

CP ).  

• Neutrino oscillations are implying neutrinos to be massive and to 
mix → 7  parameters to minimally describe them.  

• The number of parameters amounts to 20 (28 w/ neutrinos and 
strong CP). Not all of them are independent though. 

1. The SM seen from its free parameters 
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Reorganisation:  
• QCD and αS : LEP, LHC and others did great already. Limitation of the 

consistency test is not yet fully on the theory side for most of the 
determinations.  

9. Quantum chromodynamics 39

reasonably stable world average value of αs(M2
Z), as well as a clear signature and proof of

the energy dependence of αs, in full agreement with the QCD prediction of Asymptotic
Freedom. This is demonstrated in Fig. 9.3, where results of αs(Q2) obtained at discrete
energy scales Q, now also including those based just on NLO QCD, are summarized.
Thanks to the results from the Tevatron and from the LHC, the energy scales at which
αs is determined now extend up to more than 1 TeV♦.

QCD αs(Mz) = 0.1181 ± 0.0013

pp –> jets
e.w. precision fits (NNLO)  
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Figure 9.3: Summary of measurements of αs as a function of the energy scale Q.
The respective degree of QCD perturbation theory used in the extraction of αs is
indicated in brackets (NLO: next-to-leading order; NNLO: next-to-next-to leading
order; res. NNLO: NNLO matched with resummed next-to-leading logs; N3LO:
next-to-NNLO).

9.5. Acknowledgments

We are grateful to J.-F. Arguin, G. Altarelli, J. Butterworth, M. Cacciari, L. del
Debbio, D. d’Enterria, P. Gambino, C. Glasman Kuguel, N. Glover, M. Grazzini, A.
Kronfeld, K. Kousouris, M. Lüscher, M. d’Onofrio, S. Sharpe, G. Sterman, D. Treille,
N. Varelas, M. Wobisch, W.M. Yao, C.P. Yuan, and G. Zanderighi for discussions,
suggestions and comments on this and earlier versions of this Review.

♦ We note, however, that in many such studies, like those based on exclusive states of
jet multiplicities, the relevant energy scale of the measurement is not uniquely defined.
For instance, in studies of the ratio of 3- to 2-jet cross sections at the LHC, the relevant
scale was taken to be the average of the transverse momenta of the two leading jets [379],
but could alternatively have been chosen to be the transverse momentum of the 3rd jet.

February 10, 2016 16:30

36 9. Quantum chromodynamics

τ-d
ecays

lattice
stru

ctu
re

fu
n

ctio
n

s
e+

e
- an

n
ih

ilatio
n

hadron 
collider

electroweak
precision "ts

Baikov

ABM
BBG
JR

MMHT

NNPDF

Davier

Pich
Boito
SM review

HPQCD (Wilson loops)

HPQCD (c-c correlators)

Maltmann (Wilson loops)

JLQCD (Adler functions)

Dissertori (3j)

JADE (3j)

DW (T)

Abbate (T)

Gehrm. (T)

CMS 
  (tt cross section)

GFitter

Hoang 
  (C)

JADE(j&s)

OPAL(j&s)

ALEPH (jets&shapes)

PACS-CS (vac. pol. fctns.)

ETM (ghost-gluon vertex)

BBGPSV (static energy)

Figure 9.2: Summary of determinations of αs(M2
Z) from the six sub-fields

discussed in the text. The yellow (light shaded) bands and dashed lines indicate the
pre-average values of each sub-field. The dotted line and grey (dark shaded) band
represent the final world average value of αs(M2

Z).

whereby the dominating contributions to the overall error are experimental (+0.0017
−0.0018), from

parton density functions (+0.0013
−0.0011) and the value of the top quark pole mass (±0.0013).
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1. The SM seen from its free parameters 
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Reorganisation:  
• QCD IS the theory of strong interactions. Beyond that provocative 

statement, improved determination of αS, LQCD (getting mature in its 
predictions as well) tests and developments are desirable. Tau lepton 
physics and Z pole are keys to advance.   
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Z), as well as a clear signature and proof of

the energy dependence of αs, in full agreement with the QCD prediction of Asymptotic
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energy scales Q, now also including those based just on NLO QCD, are summarized.
Thanks to the results from the Tevatron and from the LHC, the energy scales at which
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1. The SM seen from its free parameters 
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Reorganisation:  
• This figure is often advocated as a tremendous success of the SM 

predictions over impressive order of magnitude. This is a QCD 
success at first. 

1. The SM seen from its free parameters 
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Reorganisation:  

• The nine masses of the fermions: mf . 

• They are for 8 of them decoupled from the rest of the SM parameters. 

• One of the Flavour problems and there’s nothing much to do here as 
well till the moment a theory comes with a prediction.   

• They are however captured in the Yukawa couplings. We’ll come 
back there.

• The top deserves a special mention.     

1. The SM seen from its free parameters 
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Reorganisation: the specific status of the top quark.  

• The top quark has a specific status because it enters dominantly in the 
radiative corrections of the intermediate bosons mass propagators (in 
particular), e.g.  

• In turn, a prediction of the top quark mass in the SM is possible in the 
consistency fit of the SM hypothesis against the electroweak precision 
observables (gauge boson masses, widthes, electroweak couplings…)  

Top dominates. Mostly 
sensitive to m2

t

Non abelian structure of 
the EW theory. TGC. 

Scalar sector. Contains 
Higgs mass info (ln mH) !

1. The SM seen from its free parameters 
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Reorganisation: the specific status of the top quark.  

• The top quark has a specific status because it enters dominantly in the 
radiative corrections of the intermediate bosons mass propagators (in 
particular), e.g.  

• When the guys weighing 200 pounds are saying certain things, those of 
100 pounds are listening  (Michel Audiard, french screenplay writer). 

•

Top dominates. Mostly 
sensitive to m2

t

Non abelian structure of 
the EW theory. TGC. 

Scalar sector. Contains 
Higgs mass info. 

1. The SM seen from its free parameters 
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Reorganisation: the specific status of the top quark.  

• On top of the (universal) propagator corrections, one finds vertex 
corrections

• In SM, these corrections are proportional to the CKM matrix elements Vtq.

• Hierarchy (within the SM):

• Vertex corrections are only relevant for b quarks:

• A unique observable of interest there: Rb = P(Z →bb) / P(Z →qq)

1. The SM became a theory  
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Reorganisation: the main observables 

• Measurements at the Z pole and mw : (universal) propagator corr. 

2. The two pillars of the SM: first pillar
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Reorganisation: the main observables 

• The Tevatron and LHC  contributions (universal) propagator corr. 

• Challenging the SLC / LEP precisions but syst. dominated

2. The two pillars of the SM: first pillar
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The global EWPO fit :  
• Six free parameters are therefore part of the so-called electroweak 

precision observables consistency check. This is the first pillar of the SM.  
Fix  GF ,  αEM  and mZ  at their measured value and produce a prediction 
of  mtop , mW  and mH. A tremendous success ! 
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2. The two pillars of the SM: first pillar
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Spelling out the predictions.   

• The SM EW global fit has a remarkable  
χ2

min/d.o.f = 1.40 (p-value=15%).  

• The SM hypothesis passes the test. It 
does not mean that SM IS the Nature. In 
Science, one can usually only say NO...    

• Two (if we put aside mW) observables 
depart « with some significance » from 
their prediction. It happens they are the 
two most important for the constraint on 
the Higgs boson.   

• One can go one step further and make 
the metrology of the parameters.   

Measurement Fit |Omeas−Ofit|/σmeas

0 1 2 3

0 1 2 3

∆αhad(mZ)∆α(5) 0.02750 ± 0.00033 0.02759
mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1874
ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4959
σhad [nb]σ0 41.540 ± 0.037 41.478
RlRl 20.767 ± 0.025 20.742
AfbA0,l 0.01714 ± 0.00095 0.01645
Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1481
RbRb 0.21629 ± 0.00066 0.21579
RcRc 0.1721 ± 0.0030 0.1723
AfbA0,b 0.0992 ± 0.0016 0.1038
AfbA0,c 0.0707 ± 0.0035 0.0742
AbAb 0.923 ± 0.020 0.935
AcAc 0.670 ± 0.027 0.668
Al(SLD)Al(SLD) 0.1513 ± 0.0021 0.1481
sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314
mW [GeV]mW [GeV] 80.385 ± 0.015 80.377
ΓW [GeV]ΓW [GeV] 2.085 ± 0.042 2.092
mt [GeV]mt [GeV] 173.20 ± 0.90 173.26

March 2012

2. The two pillars of the SM: first pillar
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Spelling out the predictions.   

• We must now compare the direct and indirect determinations:

• The agreement is remarkable.   

• LEP/SLD + SM predicted the top quark mass. 

• This is simultaneously a triumph of the Standard Model and the HEP 
physics experiments. Probe quantum corrections of the electroweak 
theory to predict the existence of a particle in the Nature.          

mtop = 173.18± 0.96 GeV/c2, [direct � Tevatron]

mtop = 172.6+13.2
�10.2 GeV/c2, [indirect � LEP1]

mtop = 172.44± 0.48 GeV/c2, [direct − LHC]

2. The SM became a theory  
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Spelling out the predictions.   

• Once the top quark is known, it can enter in the EWP consistency and 
constrain further the rest of the parameters, and bound the Higgs boson 
mass: 
mBEH < 152 GeV/c2 95% CL.

2. The two pillars of the SM: first pillar
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Spelling out the predictions.   

• The modern plot gathering all constraints
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2. The two pillars of the SM: first pillar
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The case:  narrow scalar physics as a portal to NP    

• The measured couplings are so far 
(with a 10-30 % precision though) in 
good agreement with the SM predictions.  

• HL-LHC will continue to improve this 
precision. 

• The next duty is to bring the precision 
test at the level of the gauge sector test 
of the SM. 

• This is the consensual outcome of the 
previous ESPP that an e+e- collider 
operated in particular at the Higgs 
threshold must be the next machine.   

γ

30%

11%
8%

6%

11%
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   Self-contained program in 
which each machine brings 
nominally the needed 
breakthrough in precision.  

• e+e- machines at 250 GeV are all the 
adequate tools to reach the needed 
precision.  

• The duty is to bring the precision test 
at the level of the gauge one of the SM. 

• + Measure the Higgs width at 1%. 
Measure the invisible / exotic width.   

• + Measure the so far elusive 
couplings to charm and strange. 

• + And why not the electron Yukawa 
(FCCee)?     

γ

©in a talk by J. DeBlas. LCWS  2024

The case:  narrow scalar physics as a portal to NP    
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Back to quark masses and mass mixing matrix.  

• Again, the name of the game consists in a global consistency check from a fit 
of the SM hypothesis against the relevant Flavour observable 
measurements.  

• Most of the constraints  are coming from b-hadron decays and neutral B-
meson mixings.  These can be CP-conserving or CP-violating observables. 

• The global fit relies heavily, as far as CP-conserving observables are 
concerned, on QCD predictions, mostly numerically established (Lattice 
QCD).    

• The observables related to the strange flavour (K  decays and K0 mixing) are 
also consistently described, though suffering from large(r) hadronic 
uncertainties (long distance physics where LQCD does not apply 
straightforwardly).   

2. The two pillars of the SM: second pillar
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 Back to quark masses and mass mixing matrix.   
• The 4 CKM matrix elements are decoupled from the rest of the theory. 

The consistency check of the SM hypothesis in that sector is the 
second  pillar of the SM:  © A. Claude et al. 

ckmlive.in2p3.fr 

• Flavour observables are also predicting 
(well postdicting in that case) the top 
quark mass through mixing processes! 

2. The two pillars of the SM: second pillar
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Back to quark masses and mass mixing matrix.   
• The 4 CKM matrix elements are decoupled from the rest of the theory. 

The consistency check of the SM hypothesis in that sector is the 
second  pillar of the SM: 

• To date, remarkable agreement about the CKM profile. Beyond CP 
symmetry breaking physics, rare decays of heavy flavours are offering 
another vibrant territory for NP searches. No clear observation yet.   

Loops - BSM friendly Trees - supposedly SM friendly

2. The two pillars of the SM: second pillar
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2. The second pillar:  Flavour Physics 

• Heavy Flavour Physics has a vibrant experimental program ahead, before 
the next Higgs / top / EW machine.  

• LHCb collaboration operates (very successfully these days) its first upgrade 
and targets 50/fb (reasonably achievable). This shall constitute a first 
breakthrough for rare decays and CP violation program.   

• SUPERKEKB and Belle II presents a program targeting at 50 /ab, and 
already reported  world class results, such as the tau lepton mass 
measurement and the evidence of b->s nu nu decays.  

• LHCb collaboration advocates an upgrade at the horizon of LHC Run 5 to 
reach 300 /fb.  

• These two environments are complementary and will increase our 
knowledge by bringing the CKM profile in an era of precision at the horizon 
of 203x.            
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• The second upgrade of LHCb (not yet funded) is a must do to maximally 
exploit the physics potential of HL-LHC phase. High expectations there.  

• A continuation of the Flavour program at the next e+e- (circular, one needs 
more than 1012 Z) collider is however possible and desirable, with strong 
and unique assets:   

• Conclusions  of the Feasibility Study: 
• Semileptonic rare decays with neutrinos and 3rd generation couplings, 
• Interpretation of the CKM profile with Vcb at WW, CP eigenstates 
• Tau physics (e.g. lepton unversality) etc …  
• Strong detector requirements (vertexing, PID, calorimetry)   

2. The second pillar:  Flavour Physics 
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The Case:  
  

• The SM has (mostly) cleared so far the tests from SLC, LEP, TeVatron, B-
factories, LHC and single-observables experiments. 

• There are compelling theoretical arguments for Beyond Standard Model 
(BSM) Physics. There are strong cosmological indications (Dark matter, 
BAO). The neutrino masses make another evidence.  

• But the next energy scale (where SM breaks) is unknown. 

• The Higgs study case at e+e- machines is a straightforward and must-do 
physics case and can shed light to the next scale.   

• Precision physics at the Z, W and top thresholds is a key in addition through 
improved consistency checks.             
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The Case: Physics scenarii for next machine (to be disputed)

1) Find a new heavy particle at the Run III of LHC:  
• HL-LHC can study it to a certain extent. 
• If mass is small enough (and couples to electrons), CLIC can be the way. 
• Larger energies are needed to study (find) the whole spectrum. 
• The underlying quantum structure must be studied.  

2) Find no new particle, but non-standard H properties
• HL-LHC can study it to a certain extent.
• Higgs factory. 
• Z, W, top factories for the quantum structure. 
• Energy frontier (also for precision measurements)  

3) Find no new particle, standard H properties but flavour observables departing from SM: 
• Higgs factory. 
• Z, W, top factories for the quantum and flavour structure. 
• Energy frontier to find the corresponding spectrum. 

4) Find no new particle, standard H properties and flavour observables in SM: 
• Asymptotic Z, W, H, top factories for asymptotic precision. 
• Push the energy frontier to the best of our knowledge. 
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•International Linear Collider project is proposed since a decade to be 
hosted by Japan. 250 GeV (Higgs factory) machine upgradable in energy.  

•FCC-ee project  is the proposal at CERN for the next e+e- Higgs factory.  
It is more than a Higgs factory: 

•Z factory [O(1013)]
•b, τ , c factories  [O(1012)] 
•W factory [O(5.108)] 
•top factory [O(106)]  

•You can make there the LEP in a minute! 

•Before this:  the completion of Belle II and the desirable advent of the 
second LHCb upgrade (300 /fb). Our knowledge will improve a lot.  

•FCC-ee is allowing in particular for a continuation of the Flavour program 
and to deepen it further. 

4.  Conclusions: a desirable programme.  
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FCC-ee Physics Programme

FCC-ee
•Axion-like	par3cles,	dark	photons,		
Heavy	Neutral	Leptons	 
•	long	life3mes	-	LLPs	

direct searches  
of light new physics

"

flavour factory 
(1012 bb/cc; 1.7x1011 !!) 

! physics

•!-based EWPOs  
•lept. univ. violation tests 

B physics
•Flavour EWPOs (Rb, AFBb,c)  
•CKM matrix,  
•CP violation in neutral B mesons 
•Flavour anomalies in, e.g., b ➝ s!! 

"intensity  
frontier”

1

Higgs
mHiggs, ΓHiggs 

Higgs couplings 
self-coupling

2

mtop, Γtop 
EW top couplings

Top

3

detector req.

detector hermeticity 
tracking, calorimetry

particle flow 
energy resol. 

particle ID

momentum resol. 
tracker

vertexing, tagging 
energy resolution 

hadron identification

EW & QCD

•αS(mZ) with per-mil accuracy 
•Quark and gluon fragmentation  
•Clean non-perturbative QCD studies 

•mZ, ΓZ, N" 
•Rl, AFB  
•mW, ΓW
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4.  Conclusion: a desirable programme.  

• Triptych: Higgs / Top / EW factory (Intensity).

© C. Grojean

LC
 Physics Program

m
e 
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• Is it reasonable to plan a Physics program for seventy years? It was.   

• The previous HEP European planning was only for … 60+ years! 

• The new one in Europe guarantees that we’re closing the Higgs and 
Electroweak gauge chapters with a precision machine and let options 
opened to high energy protons if a compelling case is made.

4.  Conclusions: a desirable programme.  
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Les Renforts! The back-ups 
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Scientific context:  historical timelines 

1964  Electroweak 
unification

Neutral current 
discovery in 1973 

by Gargamelle 
(CERN).  

1979  Glashow, 
Salam and 

Weinberg get the 
Nobel.          

1971   EW loops 
and RN

Top quark mass 
predicted by LEP, 
CERN (from MZ 

and other EWPO). 

Top quark 
discovered by 
CDF, FNAL.  

 
1999  t’Hooft and 
Veltman get the  

Nobel.         

1964   Fundamental 
Scalar 

Higgs boson mass 
cornered by LEP 

(EWPO) and 
Tevatron (top and 

W mass).   

An alike Higgs 
boson discovered 

where said at LHC.   
 

2013  Englert and 
Higgs get the  

Nobel.               

1973   CP violation

The B-factories 
establish that the 
KM paradigm is 

the dominant 
source of CP 

violation in K and B 
particle systems. 

  
2008  Kobayashi 
and Maskawa get 

the  Nobel.         
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Scientific context:  LHC timeline (GPD-wise)

LHC Run II

2015 - 20 /fb 2018 - 50 /fb 2026 - 300 /fb ~2040- 3000 /fb

Legend and disclaimer: 

• on track or running
• foreseen projects 
• timeline mistakes, lumi. 
approximation, omissions 
are mine. 

LHC Run I LHC Run III, … HL-LHC
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Landscape of future colliders - Flavour_centered 

LHC(b) LHCb Upgrade I LHCb Upgrade II 

2019 - 9 /fb ~2030-  50/fb ~2040 - 300 /fb

Belle II

FCC-ee 

2045 - 150 /ab

Comet-Meg& friends. 

KOTO  - NA62 ... 

Legend and disclaimer: 

• on track or running
• foreseen projects 
• timeline, lumi, mistakes, 
omissions are mine. 

ILC, CLIC, C3 …

ShIP

FCC-hh 
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• Aparté: how NP can show up in Flavour data or how strong is 
the CKM consistency check?  

• Back in early 2010s, the B-factories results had established the KM 
paradigm as a tremendous success of the SM. 

• Yet, a single measurement at the time (it was the first observation 
of B+ → τ+ν:  ) came and has shaken the edifice.    

• It was receiving a “natural” explanation with additional amplitudes 
contributing to the neutral meson mixing processes. 

• The precision improved and SM stroke back but the precision 
nowadays is yet limited at 25% on the BF. 

• Re-enforces the need to get that measurement better and the 
quasi-model-independent NP in mixings at the adequate precision.      
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Key points: luminosity and operation   

• We‘re speaking of 105 Z/s , 104 W/h,  1.5 103 H and top /d, in a very 
clean environment: no pile-up, controlled beam backgrounds, E and p 
constraints, ~w/o trigger loss. In particular, you do the LEP in a minute!  
We’ve seen that a significant part of our knowledge is still coming from 
the LEP experiments. 
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Try me
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•Baseline: 
•Flexibility is key, e.g. one year at the Z pole, installation of RF, one year 

for WW, then full ZH program, …  

Key points: FCC-ee luminosity and operation   
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The Physics Case at large: big picture  
Z 

po
le

W
W
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• Ultimate quantum completeness 
consistency test of the SM. 

• The improvements in theory 
prediction precision is part of the 
FCC program. 
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The Physics Case at large: the indirect constraints
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 The Physics Case at large: the big picture 

• Ultimate quantum completeness 
consistency test of the SM. 

• The improvements in theory 
prediction precision is part of the 
FCC program. Precision 1.4 GeV. 

Z 
po

le
W
W

 th
r.

tt 
th

r.
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 The Physics Case at large: the Higgs factory 

• It is interesting to note that the extrapolations provided for the CDR have mostly 
received confirmation from the latest studies, featuring more realistic detectors

© J. Eysermans, as  
was shown end of 
january 2024.  
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The Physics Case at large: the top threshold 

• Can get the top quark mass at the level of 20 MeV. Top width at 50 MeV. 
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 The Physics Case at large: the strong coupling constant

• The prospects for the strong coupling constant at Z and WW (width). 

© D. D’Enterria
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 The Physics Case at large: discovery potential

• Much more than what I’m flashing here for Heavy Neutral Leptons. Full program 
feature Axion-like Particles, dark sectors etc…  
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 The Physics Case at large: discovery potential

• The Z pole can be a rich factory of Lepton Flavour violation processes. We’ll see 
later for the tau lepton.

Bottomline:  With the expected tracking performance at FCC-ee (beam spread 
equivalent resolution at 45 GeV),  the current limits are pushed by three orders of 
magnitude, e.g. O(10-9 —10-10).    
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νν l→ τ, with ττ →bckg: Z 

 lτ →signal: Z 

• Lepton Flavour-Violating Z decays in the SM with 
lepton mixing are typically < 10-50.

• Any observation of such a decay would be an 
indisputable evidence for New Physics.  FCC-ee 
exploration [JHEP 1504 (2015) 051]. Z →τμ/e is 
unique at FCC. 

• The dominant background is (Z →ττ), where one 
tau decays into a close to beam energy lepton. 
The search is limited by the momentum resolution. 
A lot of phenomenology to explore yet.  
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A- Particle production at the Z pole: 

• About 15 times the nominal Belle II anticipated statistics for B0 and B+.
• All species of b-hadrons are produced. 

   

48S. Monteil

4) FCC-ee ABCD specifics for Flavour Physics.

Particle species B0 B� B0
s ⇤b B+

c cc ⌧�⌧+

Yield (109) 740 740 180 160 3.6 720 200

Table 1: Particle abundances for 6 · 1012 Z decays. Charge conjugation is implied.
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B- The Boost at the Z:

• Fragmentation of the b-quark: 
• Makes possible a topological rec. of the decays w/ miss. energy.

C- Versatility : the Z pole does not saturate all Flavour possibilities. Beyond 
the obvious flavour-violating Higgs and top decays, the WW operation will 
enable to collect several 108 W decays on-shell AND boosted. Direct 
access to CKM matrix elements.

D- Comparison w/ LHC and B-factory. Advantageous attributes:

49S. Monteil

4) FCC-ee ABCD specifics for Flavour Physics.
hEXbi = 75%⇥ Ebeam; h��i ⇠ 6.
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D- Comparison w/ LHC and B-factory. Advantageous attributes: 

Important note: there’s a hole in this table. The Heavy Quarks production at 
the LHC is invincible. The exquisite luminosity at the Z pole mitigates this 
LHC(b) advantageous attribute to a certain extent. Yet, the statistics at play 
for fully charged modes can be commensurate with those of LHCb-Upgrade 
II, and in general less with muons in the final state.    

50S. Monteil

4) FCC-ee ABCD specifics for Flavour Physics.
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4) FCC-ee ABCD specifics for Flavour Physics.

2106.01259
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Invariant-mass resolution is a must: exquisite tracking is necessary and at 
reach. Invariant-mass resolution as it is in the current state of IDEA fast 
simulation:    

Seems granted w/ state-of-the-art tracker.  Ultra-high resolution calorimetry is 
in addition desirable to touch high performance for modes w/ neutrals

51S. Monteil

4) FCC-ee ABCD specifics for Flavour Physics.

2106.01259



Physics Landscape @ FC 

Final remarks on this section - 

Advantageous attributes  / detector requirements 

• The boost of the Z makes the b-flavoured (tau) particles fly  ~3 (2) mm on 
average.  Flavour Physics successful if those are resolved with high precision in 
particular when the mom. of the tracks is low  

      —> go beyond the state-of-the art.   
• CP violation studies requires excellent KS and neutral pions reconstruction. In 

order to make full advantage of the available statistics, exquisite energy and 
angular reconstruction in calorimetry  

      —> go beyond the state-of-the art. 
• Hadronic p / K / π  Particle IDentification has to come from the dE/dx (dN/dx) or a 

Cerenkov detector to fit in front of the ECAL
      —> go beyond the state-of-the art.  

Four IPs provide opportunities for a flavour-oriented detector concept.

52S. Monteil

4) FCC-ee ABCD specifics for Flavour Physics.
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5) Reviews of current / foreseen activities (Feas. Study)
•Rare semileptonic decays and leptonic decays:  

•b→sτ+τ- , e.g. B0 → K*0 τ+τ-.  (case for mid-term review)
•b→sνν, e.g. Bs→ φνν  
•Bc → τν; b→s(d) 𝓁𝓁

•CP violation studies: 
•The CKM γ angle, e.g. Bs→ DsK.  
•The semileptonic asymmetries (CP breaking in mixing). 
•The CKM α angle, e.g. B0 → (𝜋0𝜋0). 
•The matrix elements Vub and Vcb  ….

•Tau Physics:  
•Lepton flavour violating τ decays
•Lepton-universality tests in τ decays.

•Charm Physics: 
•The rare decays, e.g. D→𝜋νν, D0→γγ  
•The hadronic decays, D+→𝜋+𝜋0 … 

•
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5) Reviews of current activities (Feas. Study)
•Flashing some of the recent studies: b→sνν

© A. Wiederhold, M. Kenzie 
arXiv:2309.11353
 

First indication of such a 
transition just came from 
Belle II (2023). 

Analysis based on the 
hemisphere missing energy 
measurement confronting the 
event properties.  
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• Bc → τ+ν: another fundamental test of lepton universality. Counterpart of 
RD,D*. A promising study lies here [2105.13330, see also 2007.08234]

Bottomline:   few percent precision mostly limited yet by the 
knowledge of the normalisation BF (J/ψ𝜇𝜈). 

© X. Zuo et al.

5) Reviews of current activities (Feas. Study)

https://arxiv.org/abs/2105.13330
https://arxiv.org/abs/2007.08234
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• B+ → τ+ν: access |Vub| with the only knowledge of the decay constant. 

Bottomline:   similar yields / purities as for Bc → τ+ν. A paper out. arXiv
2305.02998 that makes the synthesis of both analyses. 

© X. Zuo

3) Reviews of current activities (Feas. Study)

© X. Zuo et al.
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• Sub-degree gamma angle measurement with just one mode : 

• A lot more to do with neutrals !  
• Several null tests of the SM accessible w/ potentially unprecedented 

precision, e.g. semileptonic asymmetries, φs in penguin-dominated 
diagrams … 

𝛿 𝑠𝑖𝑛2𝜙஼௄ெ ൎ 𝛿 𝑠𝑖𝑛2𝛾 ൎ 5 ൈ 10ି3ሺ𝑠𝑡𝑎𝑡. ሻ
𝛿 𝜌 ൎ 3.2 ൈ 10ି3ሺ𝑠𝑡𝑎𝑡. ሻ

≅ 𝛿 𝛾 ൎ 0.4° ሺ𝑠𝑡𝑎𝑡. ሻ

Measurement of CP violation with 𝑩𝒔 → 𝑫𝒔𝑲

PDG: 𝛾 ൌ ሺ71.1ି5.3+4.6ሻ°

Result 3 :

න𝐿𝑑𝑡 ൌ 150 𝑎𝑏ି1

Potential statistical gain of factor 4-5 with 𝐷௦േ → 𝐾∗0𝐾േ, 𝜙𝜌േ,… but background needs to be studied (see later)+
Additionnal potential gain (another factor ~2 ) with 𝐵௦ → 𝐷௦∗േ𝐾∓,𝐷௦േ𝐾∗∓, 𝐷௦∗േ𝐾∗∓ , most modes including g(s)

© R. Aleksan  

3) Reviews of current activities (Feas. Study)
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• Tau Physics: Lepton Flavour Universality

Bottomline:   lifetime resolution obtained with three-prongs decays. 
Orders of magnitude improvements.  

5) Reviews of current activities (Feas. Study)

© A. Lusiani

Comment: B-factories did not improve (much) LEP measurements 
(Belle II might). FCC-ee has much better experimental conditions than 
LEP  and about 5× the statistics of tau pairs w.r.t. Belle II. 
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• Tau Physics: Lepton Flavour Violation

Bottomline:   improved sensitivity by about two orders of magnitude.

5) Reviews of current activities (Feas. Study)

© A. Lusiani
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• The unitarity triangle: fixing CKM 
parameters w/ |Vub|, |Vcb| and gamma. 
This is the anticipated landscape after 
Belle II and LHCb Upgrade I.    
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FIG. 1. The past (2003, top left) and present (top right) status of the unitarity triangle in the presence of NP in neutral-meson
mixing. The lower plots show future sensitivities for Stage I and Stage II described in the text, assuming data consistent with
the SM. The combination of all constraints in Table I yields the red-hatched regions, yellow regions, and dashed red contours
at 68.3%CL, 95.5%CL, and 99.7%CL, respectively.

tal and theoretical sides. Our Stage I projection refers
to a time around or soon after the end of LHCb Phase I,
corresponding to an anticipated 7 fb−1 LHCb data and
5 ab−1 Belle II data, towards the end of this decade. The
Stage II projection assumes 50 fb−1 LHCb and 50 ab−1

Belle II data, and probably corresponds to the middle
of the 2020s, at the earliest. Estimates of future experi-
mental uncertainties are taken from Refs. [17, 18, 21, 22].
(Note that we display the units as given in the LHCb and
Belle II projections, even if it makes some comparisons
less straightforward; e.g., the uncertainties of both β and
βs will be ∼ 0.2◦ by Stage II.) For the entries in Ta-
ble I where two uncertainties are given, the first one is
statistical (treated as Gaussian) and the second one is

systematic (treated through the Rfit model [8]). Consid-
ering the difficulty to ascertain the breakdown between
statistical and systematic uncertainties in lattice QCD
inputs for the future projections, for simplicity, we treat
all such future uncertainties as Gaussian.

The fits include the constraints from the measurements
of Ad,s

SL [10, 11], but not their linear combination [23],
nor from ∆Γs, whose effects on the future constraints
on NP studied in this paper are small. While ∆Γs is in
agreement with the CKM fit [10], there are tensions for
ASL [23]. The large values of hs allowed until recently,
corresponding to (M s

12)NP ∼ −2(M s
12)SM, are excluded

by the LHCb measurement of the sign of∆Γs [24]. We do
not consider K mixing for the fits shown in this Section,

• Knowing the CKM 
parameters, one can 
introduce the constraints of 
the B mixing observables 
depending on the NP 
complex number  (here 
parameterised as Δ).   

6) Focus#1: the CKM matrix element Vcb
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2003 2013 Stage I Stage II

|Vud| 0.9738 ± 0.0004 0.97425 ± 0 ± 0.00022 id id

|Vus| (K!3) 0.2228 ± 0.0039 ± 0.0018 0.2258 ± 0.0008 ± 0.0012 0.22494 ± 0.0006 id

|εK | (2.282 ± 0.017) × 10−3 (2.228 ± 0.011) × 10−3 id id

∆md [ps−1] 0.502 ± 0.006 0.507 ± 0.004 id id

∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id

|Vcb| × 103 (b → c"ν̄) 41.6 ± 0.58 ± 0.8 41.15 ± 0.33 ± 0.59 42.3 ± 0.4 [17] 42.3 ± 0.3 [17]

|Vub| × 103 (b → u"ν̄) 3.90 ± 0.08 ± 0.68 3.75 ± 0.14 ± 0.26 3.56 ± 0.10 [17] 3.56 ± 0.08 [17]

sin 2β 0.726 ± 0.037 0.679 ± 0.020 0.679 ± 0.016 [17] 0.679 ± 0.008 [17]

α (mod π) — (85.4+4.0
−3.8

)◦ (91.5 ± 2)◦ [17] (91.5 ± 1)◦ [17]

γ (mod π) — (68.0+8.0
−8.5

)◦ (67.1 ± 4)◦ [17, 18] (67.1 ± 1)◦ [17, 18]

βs — 0.0065+0.0450
−0.0415

0.0178 ± 0.012 [18] 0.0178 ± 0.004 [18]

B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.

qiq̄j flavor quantum numbers due to the operator

C2
ij

Λ2
(q̄i,Lγ

µqj,L)
2 , (2)

one finds that

h ! 1.5
|Cij |2

|λt
ij |

2

(4π)2

GFΛ2
!

|Cij |2

|λt
ij |

2

(

4.5TeV

Λ

)2

,

σ = arg
(

Cij λ
t∗
ij

)

, (3)

where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-

hep-ph 2006.04824

6) Focus#1: the CKM matrix element Vcb
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2003 2013 Stage I Stage II

|Vud| 0.9738 ± 0.0004 0.97425 ± 0 ± 0.00022 id id

|Vus| (K!3) 0.2228 ± 0.0039 ± 0.0018 0.2258 ± 0.0008 ± 0.0012 0.22494 ± 0.0006 id

|εK | (2.282 ± 0.017) × 10−3 (2.228 ± 0.011) × 10−3 id id

∆md [ps−1] 0.502 ± 0.006 0.507 ± 0.004 id id

∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id

|Vcb| × 103 (b → c"ν̄) 41.6 ± 0.58 ± 0.8 41.15 ± 0.33 ± 0.59 42.3 ± 0.4 [17] 42.3 ± 0.3 [17]

|Vub| × 103 (b → u"ν̄) 3.90 ± 0.08 ± 0.68 3.75 ± 0.14 ± 0.26 3.56 ± 0.10 [17] 3.56 ± 0.08 [17]

sin 2β 0.726 ± 0.037 0.679 ± 0.020 0.679 ± 0.016 [17] 0.679 ± 0.008 [17]

α (mod π) — (85.4+4.0
−3.8

)◦ (91.5 ± 2)◦ [17] (91.5 ± 1)◦ [17]

γ (mod π) — (68.0+8.0
−8.5

)◦ (67.1 ± 4)◦ [17, 18] (67.1 ± 1)◦ [17, 18]

βs — 0.0065+0.0450
−0.0415

0.0178 ± 0.012 [18] 0.0178 ± 0.004 [18]

B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.
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where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-
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2003 2013 Stage I Stage II

|Vud| 0.9738 ± 0.0004 0.97425 ± 0 ± 0.00022 id id

|Vus| (K!3) 0.2228 ± 0.0039 ± 0.0018 0.2258 ± 0.0008 ± 0.0012 0.22494 ± 0.0006 id

|εK | (2.282 ± 0.017) × 10−3 (2.228 ± 0.011) × 10−3 id id

∆md [ps−1] 0.502 ± 0.006 0.507 ± 0.004 id id

∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id

|Vcb| × 103 (b → c"ν̄) 41.6 ± 0.58 ± 0.8 41.15 ± 0.33 ± 0.59 42.3 ± 0.4 [17] 42.3 ± 0.3 [17]

|Vub| × 103 (b → u"ν̄) 3.90 ± 0.08 ± 0.68 3.75 ± 0.14 ± 0.26 3.56 ± 0.10 [17] 3.56 ± 0.08 [17]

sin 2β 0.726 ± 0.037 0.679 ± 0.020 0.679 ± 0.016 [17] 0.679 ± 0.008 [17]

α (mod π) — (85.4+4.0
−3.8

)◦ (91.5 ± 2)◦ [17] (91.5 ± 1)◦ [17]

γ (mod π) — (68.0+8.0
−8.5

)◦ (67.1 ± 4)◦ [17, 18] (67.1 ± 1)◦ [17, 18]

βs — 0.0065+0.0450
−0.0415

0.0178 ± 0.012 [18] 0.0178 ± 0.004 [18]

B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.
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where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-
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|Vus| (K!3) 0.2228 ± 0.0039 ± 0.0018 0.2258 ± 0.0008 ± 0.0012 0.22494 ± 0.0006 id

|εK | (2.282 ± 0.017) × 10−3 (2.228 ± 0.011) × 10−3 id id

∆md [ps−1] 0.502 ± 0.006 0.507 ± 0.004 id id

∆ms [ps−1] > 14.5 [95% CL] 17.768 ± 0.024 id id

|Vcb| × 103 (b → c"ν̄) 41.6 ± 0.58 ± 0.8 41.15 ± 0.33 ± 0.59 42.3 ± 0.4 [17] 42.3 ± 0.3 [17]

|Vub| × 103 (b → u"ν̄) 3.90 ± 0.08 ± 0.68 3.75 ± 0.14 ± 0.26 3.56 ± 0.10 [17] 3.56 ± 0.08 [17]

sin 2β 0.726 ± 0.037 0.679 ± 0.020 0.679 ± 0.016 [17] 0.679 ± 0.008 [17]

α (mod π) — (85.4+4.0
−3.8

)◦ (91.5 ± 2)◦ [17] (91.5 ± 1)◦ [17]

γ (mod π) — (68.0+8.0
−8.5

)◦ (67.1 ± 4)◦ [17, 18] (67.1 ± 1)◦ [17, 18]

βs — 0.0065+0.0450
−0.0415

0.0178 ± 0.012 [18] 0.0178 ± 0.004 [18]

B(B → τν) × 104 — 1.15 ± 0.23 0.83 ± 0.10 [17] 0.83 ± 0.05 [17]

B(B → µν) × 107 — — 3.7 ± 0.9 [17] 3.7 ± 0.2 [17]

Ad
SL × 104 10 ± 140 23 ± 26 −7 ± 15 [17] −7 ± 10 [17]

As
SL × 104 — −22 ± 52 0.3 ± 6.0 [18] 0.3 ± 2.0 [18]

m̄c 1.2 ± 0 ± 0.2 1.286 ± 0.013 ± 0.040 1.286 ± 0.020 1.286 ± 0.010

m̄t 167.0 ± 5.0 165.8 ± 0.54 ± 0.72 id id

αs(mZ) 0.1172 ± 0 ± 0.0020 0.1184 ± 0 ± 0.0007 id id

BK 0.86 ± 0.06 ± 0.14 0.7615 ± 0.0026 ± 0.0137 0.774 ± 0.007 [19, 20] 0.774 ± 0.004 [19, 20]

fBs [GeV] 0.217 ± 0.012 ± 0.011 0.2256 ± 0.0012 ± 0.0054 0.232 ± 0.002 [19, 20] 0.232 ± 0.001 [19, 20]

BBs 1.37 ± 0.14 1.326 ± 0.016 ± 0.040 1.214 ± 0.060 [19, 20] 1.214 ± 0.010 [19, 20]

fBs/fBd
1.21 ± 0.05 ± 0.01 1.198 ± 0.008 ± 0.025 1.205 ± 0.010 [19, 20] 1.205 ± 0.005 [19, 20]

BBs/BBd
1.00 ± 0.02 1.036 ± 0.013 ± 0.023 1.055 ± 0.010 [19, 20] 1.055 ± 0.005 [19, 20]

B̃Bs/B̃Bd
— 1.01 ± 0 ± 0.03 1.03 ± 0.02 id

B̃Bs — 0.91 ± 0.03 ± 0.12 0.87 ± 0.06 id

TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.
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where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-
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TABLE I. Central values and uncertainties used in our analysis (see definitions in Ref. [10]). The entries “id” refer to the
value in the same row in the previous column. The 2003 and 2013 values correspond to Lepton-Photon 2003 and FPCP 2013
conferences [4]. The assumptions entering the Stage I and Stage II estimates are described in the text.

qiq̄j flavor quantum numbers due to the operator

C2
ij

Λ2
(q̄i,Lγ

µqj,L)
2 , (2)

one finds that

h ! 1.5
|Cij |2

|λt
ij |

2

(4π)2

GFΛ2
!

|Cij |2

|λt
ij |

2

(

4.5TeV

Λ

)2

,

σ = arg
(

Cij λ
t∗
ij

)

, (3)

where λt
ij = V ∗

ti Vtj and V is the CKM matrix. We used
NLO expressions for the SM and LO for NP, and ne-
glected running for NP above the top mass. Operators
of different chiralities have conversion factors differing by
O(1) factors [6]. Minimal flavor violation (MFV), where
the NP contributions are aligned with the SM ones, cor-
respond to σ = 0 (mod π/2).
Analogously, in K mixing, we choose to parameterize

NP via an additive term to the so-called tt contribution
to MK

12 in the SM. This is justified by the short distance
nature of NP, by the fact that in many NP models the
largest contribution to MK

12 arise mostly via effects in-
volving the third generation (“23–31” mixing), and more
practically, since this allows one to maintain a consistent
normalization for NP across the three down-type neu-
tral meson systems. In this paper, D-meson mixing is
not considered, due to the large uncertainties related to
long-distance contributions.

Comments are in order concerning our assumption of
neglecting NP in charged current b → u, c transitions. If
a NP contamination is present and has a different chiral
structure than the SM, it will manifest itself by modify-
ing decay distributions, such as the lepton spectrum in
semileptonic B decays. On the contrary, if NP has the
same chiral structure as the SM, it cannot be physically
separated in the determination of ρ̄ and η̄. In such a case,
the extracted values of these parameters will not corre-
spond to their SM values. This discrepancy will propa-
gate to the NP fit, and will manifest itself as a nonzero
value for hd,s [7], with a specific pattern for hd,s and σd,s.

III. GENERIC FIT FOR Bd AND Bs MIXINGS

Table I shows all inputs and their uncertainties used in
our fit, performed using the CKMfitter package [4, 8, 9]
with its extension to NP in ∆F = 2 [10] (for other stud-
ies of such NP, see Refs. [5, 11–16]). We use standard
SM notation for the inputs, even for quantities affected
by NP in ∆F = 2 whose measurements should be rein-
terpreted to include NP contributions (e.g. α, β, βs).
We consider 2003 (before the first measurements of α
and γ) and 2013 (as of the FPCP 2013 conference), and
two future epochs, keeping in mind that any estimate of
future progress involves uncertainties on both experimen-
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• Theory:  none at WW threshold and beyond! Marginal correction to the B 
scale.  Clean observable and hence becomes a benchmark to test the 
Lattice-QCD predictions.  

• Experiment: this study can be a test bench for jet-flavour tagging 
algorithms. The latest (or close) performance of FCC-ee is tested today.  

c-tag b-tag

6) Focus#1: the CKM matrix element Vcb
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• Jet tagging performance supposed as in the previous slide
• Consider (academic) NWW = 108 ;  count the signal and background.

• |Vcb| measurement precision can be 0.15 %, one order of magnitude better 
than the current precision and close to the asymptotic stat. precision.

• Jet-tagging efficiencies shall be determined from data at Z-pole  

Eff. \ 
Flav.

b c uds

b-tag 0.87

c-tag 0.001 0.65 0.0001

5−10 4−10 3−10 2−10uds
btagP

5−10

4−10

3−10

2−10

c bt
ag

P

0.0015

0.002

0.0025

0.003

0.0035

relative precision on Vcb
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The scope: 

•  Semileptonic decays (Electroweak penguins in the SM) with tau in the final states 
are not measured. First evidence with neutrinos just out!  

• One of the flavour physics sectors that are beyond the reach of the current 
experimental programme(s). Boost at the Z / case for luminosity at the Z (FCC-ee). 

• Occupied some space as a change of paradigm for the search of New Physics from 
the Flavour problem(s). Though the excitement has lowered with better 
measurements from LHCb, third fermion generation couplings are a must to study     

• The canonical decays with taus places ultra-demanding requirements on the vertex 
detector (fully solvable kinematics provided the decay vertices are known).

6) Focus#2: the transition b→sτ+τ- 
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• B0 → K*0 τ+τ-: some vertices indeed.   

• Six momentum components to be searched for: 
• B0  momentum direction from Kπ fixes 2 d.o.f. 
• τ momenta direction fixes 4 d.o.f.
• Mass of the τ  provides 2 additional constraints 
• Since both tau legs provide quadratic equations, one ends up w/ 4 solutions. 
• Yet, the system is over-constrained and in principle fully solvable. 

• B0 → K*0 τ+τ-: some backgrounds as well 

FDB K
τ

π

B0

π

π
π

π

π

π
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• B0 → K*0 τ+τ-: topological reconstruction + selection

• B0 → K*0 τ+τ-: we could see unambiguously the SM signal with this 
emulated detector! But it is an arbitrarily good one. 

6) Focus#2: the transition b→sτ+τ- 
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• B0 → K*0 τ+τ-: Checking how much to improve a vertex detector design? 
The IDEA example @ FCC-ee. 

• One lesson: need to reduce the material of the beam pipe, or better, put 
the vertex detector in the beam pipe.       

6) Focus#2: the transition b→sτ+τ- 


