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flavor physics

• many open questions
• SM flavor puzzle

• the origin of masses and mixing pattern 
 
 
 

• NP flavor puzzle

• TeV scale NP (hierarchy problem) has to have 
highly nontrivial flavor structure
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successful in the past

• indirect probes of high scales

• several examples from the past

• suppressed   charm quark

•   existence of 3rd gen. (t,b quarks) 

•   

•   

• instrumental in construction of the SM

• will it play the same role in discovery of NP?

•  anomalies...

KL → μ+μ− ⇒
ϵK ⇒
ΔmK ⇒ mc ∼ 1.5 GeV

ΔmB ⇒ mt ≳ 100 GeV

b → cτν, b → sℓℓ
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Glashow, Iliopoulos, Maiani, 1970 

Kobayashi & Maskawa, 1973 

Gaillard & Lee; Vainshtein & Khriplovich, 1974  
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exptected progress
• assuming NP is heavy, can be integrated out  dim. 6 SMEFT ops.

• flavor probes very high scales

• large expected increases in sensitivity in many probes

⇒

41910.11775
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Belle II and LHCb 
upgrades

• upgrades planned at both Belle II and LHCb
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Tom Browder @ Snowmass 2022 in Cincinnati
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Tera-Z: impressive 
flavor program

• very large and clean samples of  decays ( LEP)

• production yields at Tera-Z compared to Belle II 
 
 
 

• similar yields expected for the new CEPC operation 
scenario

• comparison with LHCb more complex

• LHCb has advantage if final state fully reconstructed

• TeraZ may be better for neutrals or missing eng. final state

B ∼ 106 ×
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the reasons for 
improved measurements

• in many cases the theory error not saturated

• determination of  angle

•  and  mixing phases

• lepton flavor universality ratios

• lepton violating modes

• ...
• with ~100x increase in datasets will probe fairly generic 

BSM scenarios

• in many respects complementary to the high  
program

γ
B Bs

pT
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flavor @ CEPC

• can make clear improvements in the "standard" flavor 
observables

• , , etc

• there are also unique measurements

• due to the initial states 

•  from 

• FV Z decays

• ,  decays

• or due to final states

• rare B decays into invisibles

βs γ

|Vcb | W → cb

Bc Bs
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Rare Z decays

• large increase in sensitivity to 

• not excluded by 

Z → eμ, eτ, μτ
τ → 3μ, τ → 3e
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CEPC for Snowmass, 2205.08553
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invisible decays

• decays of the form MET, 
MET,...

• could be due to , with X 
long lived

• if  is light (say below eV) long 
lifetimes on collider scales natural

B → K+
B → ρ+

B → K + X

X
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the case for light new 
physics searches

• explored only part of the NP parameter space
• light particles: a window to high UV dynamics
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the case for light new 
physics searches

• explored only part of the NP parameter space
• light particles: a window to high UV dynamics
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light new particles

• how generic are light new particles?

• any spontaneously broken global 
symmetry 

•  massless Nambu-Goldstone boson⇒
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portals
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light new physics  
probe of high scales

⇒

• rare decays into a light state, X, e.g.,  
B → KX or μ → eX, 

• exquisite probes of UV physics 

• parametric gains compared to  
probing NP through dim-6 ops.

• SM decay width power suppressed: 

• if through dim 5 op. suppressed by  

•  

• similar for dim 4

• no such  enhancement for dim. 6 couplings

•

ΓM ∝ m5
M /m4

W

1/fa
⇒ Br(B → Kφ) ∝ (m2

W /famB)2

1/mM

Br(μ → 3e) ∝ (mW /Λ)4

14



CEPC workshop, May 24, 2022J. Zupan  Flavor theory...

upshot

• searching for , ,  
decays expect to reach very high UV 
scales

K → πX B → KX τ → μX
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example: flavor  
violating QCD axion

• QCD axion with FV couplings to quarks

• solves the strong CP problem

• can be a cold DM candidate

• effectively massless in FV transitions

• general analysis, allowing for FV couplings as well

• first focus on quark FV transitions
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the strongest FV 
constraints
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Martin Camalich, Pospelov, Vuong, Ziegler, JZ, 2002.04623
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GN violating models

• one can use SU(3) related modes

•  vs. 

•  vs. 

•  vs 

• ....

• there are also decay modes where spectator quark participates

• example: GN violating modes that explain KOTO

•  or  mix into dark sector

• possible to have  MET with very suppressed signal in B 
decays

Bd → Ka Bs → Ka
Bd → ρa Bs → K*a
B → K*a Bs → ϕa

Bd Bs

Bs → π+
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Ziegler, JZ, Zwicky, 2005.00451
Hostert, Kaneta, Pospelov, 2005.07102
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conclusions

• we are entering a new era of precision 
measurements: Belle 2, LHCb, muon 
experiments, dark sector searches, ....

• flavor program at CEPC can improve 
on many observables

• especially with invisible final states  
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