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Theoretical Peculiarities of Charm: 

1. The strong coupling is strong 

2. The charm quark is not really heavy 

3. There is almost no CPV in charm 

4. There are extremely pronounced GIM cancellations in the charm sector 

See e.g. 
AL, G. Wilkinson 

2011.04443
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Charm Physics at a Super-tau-charm Factory

Try to be complementary to what is already known and what will 
be said at this workshop

Gudrun Hiller:      Rare charm decays to invisible final states 
Marcel Golz:        CP violating rare charm decays  
Alexey Nefediev: On the nature of exotic Zcs states 
Sergei Trykov:     Prospects for dark matter search  
Vitaly Popov:       Strong phases in D-> K0(s) h decays  
Timofey Uglov:    Charmed baryons  
Huijin Li:               Leptonic decays of charm mesons  
Yulan Fan:            D0 -> K1 e nu 
Jiajun Liu:            CKM element Vcs and fDs in D_s^+ -> l nu 

But

So what is left?



Outline

1. CKM Unitarity 

2. Inclusive Charm Decays 

3. CP Violation 

A. Determination of  
B. D Meson Baryogengesis 
C. CPV in Charm Decays 
D. CPV in Charm Mixing 

γCKM



1. CKM Unitarity

 3.9σ

Cabibbo Anomaly 
See e.g. Crivellin et al. (6), 
Grossman, Passemar, Schacht 
1911.07821, Kirk 20008.03261,…

PDG: what about the second row?

Leptonic  and  decays are  
theoretically very clean

D+
s D+



2. Inclusive Charm Decays
Test of theory tools in an “easy” system, without CPV and GIM 

Inclusive decays - Sum over all exclusive channel = quark level description



2. Inclusive Charm Decays

-1 -0.5 0 0.5 1 1.5 2

Experiment 

HQE kinetic mass 

HQE 1S mass

Charm Phenomenology: King, AL, Piscopo, Rauh, Rusov, Vlahos 2109.13219 

Darwin Term: AL, Piscopo, Rusov  2004.09527, Mannel, Moreno, Pivovarov 2004.09485, 2009.08756

• Huge uncertainties 

• HQE covers experiment 

•  deviation for SU(3)F breaking in sl< 1σ

Convergence of HQE in the charm system?



2. Inclusive Charm Decays

Lattice cross-check of HQET sum rules:  

RBC-UKQCD, Oliver Witzel, Matthew Black

How to improve the precision of the  HQE in the charm system?

Moment analysis from B-factories: Bordone, Capdevilla, Gambino 2107.00604

STCF



3A. Determination of γCKM

Determination of  via  decays (interference of  and  transitions)γ = arg(−VudV*ub /VcdV*cb) B± → DK± b → cūs b → uc̄s

Ultra-clean within the SM: 1308.5663

For experimental analysis strong phases needed

Mostly LHCb with BESIII input 

γ = (65.4+3.8
−4.2)∘

CKMfitter 

γ = (65.66+0.90
−2.65)

∘



3A. Determination of γCKM

Can there be new physics effects in non-leptonic tree-level decays?

Constrain BSM effects in tree-level via

AL, Tetlamatzi-Xolocotzi 1912.07621 Deviations of several degrees  
Possible



3A. Determination of γCKM

Colour-allowed non-leptonic 
 tree-level decays 

QCD factorisation should work best!

But: Huber, Kränkl, Li 1606.02888, Bordone, Gubernari, Huber, Jung, van Dyk 2008´7.10338, Cai, Deng, Li, Yang 2103.0438 

Either QCD factorisation fails significantly or BSM effects of the order of 15% 

If BSM is CP violating => clean experimental proof possible
Gershon, AL, Rusov, Skidmore 2111.04478 



3B. D Meson Baryogengesis
Baryogenesis plus Dark matter via B and D mesons: Elor, Escudero, Nelson 1810.00880

Alonso-Alvarez, Elor, Escudero  
2101.02706

Elor, McGehee  
2011.06115

Charged D meson into an odd  
number of charged pions



3B. CPV in Charm Decays
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3B. CPV in Charm Decays

Direct CPV plus control measurement 
Baryonic analogue of D → π+π−, K+K−

Control hadronic contributions in charm system



3B. CPV in Charm Mixing
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3B. CPV in Charm Mixing



Conclusion: very rich Charm Physics Programme

• Precise Measurements of  and  

• Inclusive semi-leptonic decays - moment analysis - Precision of HQE in charm sector 

• Input for precise determination of  - BSM in tree-level B decays? 
• Search for CPV in charm decays: Baryogengesis, CPV in charged D decays 
• Search for CPV in charm decays:  is SM or BSM? 
• CPV in charm mixing 

• Rare Charm decays 
• Exotics 
• …

Vcs Vcd

γCKM

ΔACP

Some highlights - additional motivation
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