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Why Flavour Physics?

LSM ⊃ i ψ̄D/ψ + ψ̄iyijψjϕ

SM Flavour Puzzle
22 free parameters??
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SM Flavour Puzzle

SM describes flavour sector very well (so far).
But we don’t have an explanation.

▶ Why 3 generations?

▶ Why masses so different (mu/mt ∼ 10−5)?

▶ Why quark mixing so differently?

▶ Why lepton universal?
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Why Flavour Physics?

L ⊃ i ψ̄D/ψ + ψ̄iyijψjϕ+
∑
d≥5,i

ci
Λd−4

Od
i

SM Flavour Puzzle
22 free parameters?? NP Flavour Puzzle (?)

Very sensitive to NP scale
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Flavour Physics × New Physics

Flavour observables are VERY sensitive to New Physics.

Leading order of FCNC is
already loop level in SM.

▶ ΓSM ∝ m5
f /m

4
W

Could have tree level
FCNC in BSM.

▶ ΓBSM ∝ m5
f /Λ

2
NPm

2
W

Could have new states
(e.g. LFV) in BSM.

▶ ΓBSM ∝ m5
f /Λ

4
NP

[Ellis et al. (2019)] (Light: Current; Dark: Mid-term prospects)
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e+e− Collider in the Future?

CEPC (China) FCC-ee (Switzerland)

Nominal CEPC operation scheme.
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What is good?

White: compared to LHCb; Yellow: compared to B-factories
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Estimated b-hadron yields

[Li et al. (2022)]
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(Cannot cover all contributions, only present a portion of them) 9 / 28



CEPC Flavour White Paper [Anticipate to go out this year!!!]
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Fully Neutral Final States [Wang et al. (2022)] [See also Y. Wang’s Talk]

▶ Measuring BR(B0
(s) → π0π0 → 4γ)

uncert.(B0 → π0π0 → 4γ) ∼ 0.45%

uncert.(B0
s → π0π0 → 4γ) ∼ 4.5%

[Not observed]

▶ Measuring BR(B0
(s) → η0η0 → 4γ)

uncert.(B0 → η0η0 → 4γ) ∼ 18%
[Not observed]

uncert.(B0
s → η0η0 → 4γ) ∼ 0.95%

[Not observed]

▶ Benefit from: Cleanness, ECAL resolution,

High eff. and purity flavour tagging, ...

Testing charmless 2-body decays, |Vub|,
hadron physics, ...
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CKM elements: α(ϕ2) in UT [Wang et al. (2022)] [See also Y. Wang’s Talk]

See also: [Charles et al. (2017); Abada et al. (2019); Chang et al. (2017); Monteil and Wilkinson (2021); Hsiao

and Geng (2015)]

▶ Isopsin anaylsis of B → ππ
▶ Measuring α(ϕ2) from B0 → π0π0 → 4γ

uncert.(α) ∼ 0.4◦

▶ Removed mirror solutions!!!
a00CP = 0.95; a00CP = 0.53

Current determination of α is limited by direct CP asymmetry of
B0 → π0π0
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CKM elements: UTsb angles [Aleksan et al. (2022, 2021)]

See also: [Aaij et al. (2013, 2015); Xiao et al. (2014)]

▶ Measuring αs from B̄s(Bs) → D±
s K∓

uncert.(αs) ∼ 0.4◦

▶ Measuring βs from B̄s(Bs) → J/ψϕ

uncert.(βs) ∼ 0.035◦

▶ Measuring γs from B± → D̄0(D0)K±

uncert.(γs) ∼ O(1◦)

Challenging because UTsb is relatively flat
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Charged (Pseudo)Scalar Decays [Zheng et al. (2020); Amhis et al. (2021)]

▶ Measuring Bc → τν

uncert.(BR) ∼ O(10−4) [Not observed]

uncert.(|Vcb|) ∼ O(1%)

▶ Benefit from: Knowing PV, Ecm,

abundant Bc , ...

Testing |Vcb|, fBc , LFUV
BSM (e.g. 2HDM, Leptoquark)
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Neutral Current b → sττ measurements [Li and Liu (2021); Miralles (2021)]

See also: [Kamenik et al. (2017); Monteil and Wilkinson (2021)]

▶ Measuring BR(B0 → K ∗0τ+τ−),
BR(Bs → ϕτ+τ−), BR(B+ → Kτ+τ−)

uncert.∼ O(10−7 − 10−6)[Not observed]

▶ Measuring BR(Bs → τ+τ−)

uncert.∼ O(10−5)[Not observed]

▶ Benefit from: Vertexing, Known Ecm, Clean Env., ...

Testing 3rd generation FCNC NP (e.g. τ FCNC LFUV)
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Ulta-rare (and LFV) decays [Monteil and Wilkinson (2021); Chrzaszcz et al. (2021)]

See also: [Monteil and Wilkinson (2021); Descotes-Genon et al. (2021)]

▶ Measuring BR(B0
s → µ+µ−), BR(B0 → µ+µ−)

Limit of BR(B0
s → µ+µ−): ∼ O(10−10)

BR(B0 → µ+µ−) affected by B0 → π+π− mis-ID

▶ Benefit from: Low mis-ID rate

Potentially also measuring B0
s → µ+µ− Lifetime, CP asymmetries

▶ Measuring LFV decays: B0 → K ∗0τµ
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Di-neutrino Final State [Li et al. (2022)]

See also: [Batell et al. (2011); Dror et al. (2017)]

▶ Measuring BR(Bs → ϕνν)
uncert. ∼ O(1%)

▶ Benefit from: Abundant Bs ,

Ecm, Vertexing, ... =⇒ Deduce EB

Useful for extracting CKM elements:
Clean theoretical predictions
Potentially constraint BSM,

which acts as Emiss (e.g. Dark Photon, ALP [Ongoing], ...)
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Lepton Flavour Universality [See also X.H. Jiang’s Talk]
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Consider FCCC (RJ/ψ, RD
(∗)
s

, RΛc ), FCNC

and other related measurements together.
(where RHc =

Br(Hb→Hcτν)

Br(Hb→Hcµν)
for FCCC)

Benefit from: Ecm, Clean Env.,
Abundant b-hadrons, ...

Constraint of NP up to
multi-TeV when Wilson Coeff.

are about O(1)

(at 10TeV)
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τ Physics [Dam (2019)]

See also: [Dam (2021); Pich (2014); Celis et al. (2014); Calibbi and Signorelli (2018)]

Z factory produces ∼ O(1010) τ+τ− pairs from Z → τ+τ−

▶ Measuring BR(τ → ℓνν̄)
Improvement: ∼ O(102)

▶ Measuring τ lifetime
Improvement: ∼ O(103)

▶ Measuring BR(τ → 3µ) and BR(τ → µγ)
Improvement: ∼ O(10− 102)
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Flavour Physics From Z Decays [Calibbi et al. (2021, 2022); Dam (2019)]

▶ Measuring BR(Z → ℓℓ′) with (ℓ ̸= ℓ′)

Limits ∼ O(10−8 − 10−10)

Z decays can well constrain operators
involve top quarks.
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Other Opportunities

Exotic Hadrons [See also F.K. Guo’s Talk]:
▶ From b-hadron decays/ Direct Z → bb̄, cc̄

BR(Z → T
{cc}
[q̄q̄′]

+ X ) ∼ O(10−6), BR(Z → Ξ+
cc + X ) ∼ 1× 10−5,

BR(Z → Σ+
cc + X ) ∼ 5× 10−5 [Qin et al. (2021)]

Charm-Physics:
▶ BR(Z → cc̄) ∼ 12% v.s. BR(Z → bb̄) ∼ 15%

▶ Similar to those of b-physics (e.g. CKM, FCNC, ...) [Bause et al. (2021)]

W -Decays (e+e− → W+W−) at
√
s ∼ 160 GeV:

▶ Direct measurement of CKM elements

|Vcb| based on flavour tagging, |Vcs | [Charles et al. (2020)], ...

▶ Similar to those of Z decays

Flavour Physics in Higgs & Top ??? [König and Neubert (2015); Shi and Zhang (2019)]
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