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Why flavour?

Open questions related to Flavour dynamics
“The flavour Puzzle”
Is there a dynamical origin for the observed masses and mixings?

“The New Physics flavour Problem”
If New Physics is light it must have non-trivial flavour structure

“Baryogenesis”
Where are the CP violating sources beyond the CKM phase necessary for
Baryogenesis?

“Strong CP Problem”
Why is the QCD vacuum CP conserving?
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FCNCs & CKM unitarity triangle: Traditional Flavour

�ark-sector provides multiple observables, overconstrained system

Ü test the SM by testing the CKM unitarity triangle

SM-fit

1− 0.5− 0 0.5 1

ρ

1−

0.5−

0

0.5

1

η γ

β

α

sm∆
dm∆ dm∆

Kε
cbV
ubV

summer18

[UTfit 18]

Very successful program so far
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[talk by Z. Ligeti]

Still not sensitive to many observables (FCNCs/CP-violation with τ ’s,
Bq → ee/ττ , . . . )

Experimental e�orts continue
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Flavour physics: past and future

The B-factory legacy continues

[talk by N. Taniguchi]

Kaon experiments
Searches for K → πνν

[@CERN]

[@J-PARC]

Flavour program at a future Z-factory, FCC-ee, CEPC?
(Few sensitivity studies, ongoing progress, but flavour community busy with LHCb upgrades
and Belle2)
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[talk by Z. Ligeti]
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[talk by Z. Ligeti]
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Complementarity of LHCb and Belle 2 [talk by N. Taniguchi]
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Belle 2 will shed light in present anomalies (RK(∗) , RD(∗))

[talk by N. Taniguchi]

> 5σ discoveries possible

typically, “deviation” implies a NP scale, example RK → Z ′ with mass 2 TeVZ ′

confirmation of these or any new deviations can inform the discussion for
future colliders
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Going beyond: flavour at Z factories (FCC-ee/CEPC)

Tera-Z at FCC-ee or CEPC

production of 1012 Z’s

3 no phase-space limitations like at Belle-2

3 LEP environment, less hadronic activity than at LHCb

8 larger
√
s than at Belle-2, more hadronic activity

3 decay products of Z more boosted than at Belle 2
more separation in lab-frame, be�er experimental resolution?

It is not clear (and process specific) whether the combination of higher hadronic activity
but larger boost is beneficial for the tera-Z. Input and dedicated studies needed.
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Tera-Z vs Belle 2 and LHCb

From CEPC’s CDR using fragmentation ratios from Amhis et al, 17

Similar statistical sample of B0,±, τ ’s at Belle 2 and a tera-Z

Two orders of magnitude more Bs at tera-Z wrt to Belle 2

b-baryon physics possible

Limited possibilities for charm physics at Belle 2
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Flavour at a tera-Z factory: summary [from CEPC CDR]

At the moment mostly based on rescaling limits from LEP

Important to perform (non-trivial) sensitivity studies, including backgrounds and
detector simulation. (FCC-ee and CEPC advocates should combine e�orts)
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Flavour at a tera-Z factory: highlights

Simulation-wise the study of flavour at FCC-ee or CEPC has only just begun

Given the statistics, the tera-Z will compete well with both Belle-2 and LHCb

But in some cases tera-Z is expected to outperform both:
τ Physics
BRs and lifetime, lepton-flavour violating decays [FCC-ee study by M. Dam]

lepton flavour violating Z decays [FCC-ee study by M. Dam, and CEPC CDR]

B0 → K∗ττ andBs → ττ [FCC-ee study by Kamenik et al 17]

b → sνν transition
access to Bs → φνν and Λb → Λνν [ongoing CEPC study]

Bc physics
so far uncharted territory, determination of Vcb, relation to RD∗ anomaly

[ongoing CEPC study]

The full potential is not yet explored, significant work still required.
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“The flavour of Higgs”, a new era for Flavour
Flavour is more than the test of CKM unitarity

[talk by F. Yu]

Test the SM by probing the flavour and CP properties of the Higgs

Ü A new “unitarity triangle”
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Probing Higgs Yukawas: beyond standard approaches I

Search for exclusive Higgs decays, H → J/ψγ, H → φγ,. . .

[talk by F. Yu]
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Probing Higgs Yukawas: beyond standard approaches II
Probe light-quark Yukawas in Higgs distributions

[talk by F. Yu]
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CP properties of the Higgs Yukawas
EDM measurements sensitive to CP violation in Higgs Yukawas

Complementarity of high-energy and high-intensity frontier

Probing models for eletroweak Baryogenesis
Example: top-quark
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Flavour and light New Physics
O�en emphasis is laid on testing high-energy scales for NP

Flavour also probes light-NP scenarios that weakly interact with SM particles
Example: probing the QCD axion via flavour-violating coupling

From R. Ziegler @ La Thuille 2019

Kaon sector,K+ → π+νν already probes the Axion DM window

Improvements expected in the future (Belle 2, NA62, KOTO)
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Conclusions and Outlook
Traditional Flavour (FCNCs)

FCNC processes probe scales� 1 TeV

Rich ongoing and planned experimental program (20% NP e�ects still possible)

Tensions in data will be resolved, 5σ discoveries possible

Ü useful input for decision on future colliders
Flavour is more than FCNCs

Higgs Flavour
Large NP e�ects may be hiding in Higgs Yukawas

Important target measurements for LHC and future colliders

Probe flavour and CP structure, complementary info from high-intensity data
(FCNCs, EDMs)

Flavour and light NP
FCNCs probe also light but weakly interacting NP scenarios (example QCD
axion)

Improvements expected from Belle 2, NA62, . . . , but tera-Z would probe new
relevant channels

E. Stamou (U Chicago) 18



Final thoughts

Without tensions/deviations from the SM the scale of BSM Flavour dynamics
is unknown

Ü Models most useful in order to correlate predictions in light of anomalies

Future-collider discussion should learn but not heavily rely on current tensions
in data

Ü Prioritize i) probing weakly constrained channels, ii) identifying new
experimental methods/observables, and iii) pursuing reliable theory predictions

Zoltan’s flowchart
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Appendix
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τ ’s and LFV at the tera-Z

lifetime measurement, 3 orders of
magnitude be�er than LEP

Lepton flavour universality tests

Z limits from rescaling LEP, 3 orders of magnitude improvement

τ limits 1-2 orders of magnitude improvement [FCC-ee study by M. Dam]

[FCC-ee study by M. Dam with some simulation, see also CEPC-CDR]
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B0 → K∗ττ at the tera-Z

Expected sensitivities from LHCb and Belle II far from SM expectations

Important test of LFU violation given present RK and RK∗ tensions

B → K∗ττ a golden mode for the tera-Z

Fully reconstruct the decay
Z vertex from primary tracks, B vertex
fromKπ, τ vertices from 3 prong decays

Expect O(103) reconstructed events
[Kamenik et al 17]

Angular analysis possible

Thus Bs → ττ also accessible for the first time at the tera-Z

Together with Bs → φνν and Λb → Λνν possible to disentangle
chiral-structure of operators
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Origin of axion–fermion couplings

axion couples to PQ current

PQ basis 6= mass basis

CV,A
ui,uj

= (V †
ULPQqVUL)ij ± (V †

URPQuVUR)ij

If PQ charge non-universal Üflavor violating couplings
e.g., non-universal DFSZ models [Celis et al 14; di Luzio et al 17]

e.g., PQ = FN (“axiflavon”/“flaxion”) [Wilczek 82; Calibbi et al 16; Ema et al 16]

ÜFlavor violating couplings o�er another way to search for the QCD axion

ÜNeed (o�en neglected) dedicated analyses
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