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understanding of DDbar mixing

• KS-KL asymmetries in charmed 
meson and baryon decays
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More data and more precision 
is very important for the progress in theory
and in turn for the progress in experiment 

Charm physics 
if of highly connection 

between experiments and theories
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✤ QCD-inspired methods at the leading 1/mQ
• PQCD, QCDF, SCET                                                  
✦ NLO, NNLO effects by αs       
• perturbative, successful in B decays                                       

✤ Big Problem in charm : 1/mc power corrections
• Non-perturbative
• Long-distance contributions are important around 

1GeV and below, final-state interaction or resonance.

Theories of heavy flavor decays
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✤ Amplitudes are described by effective Hamiltonian 
based on OPE in the heavy-quark limit



✤ In phenomenology
• some data to be explained
• some important observables to be predicted 

✦ Basic ideas:
• Calculate what we can — HQET and factorization
• Parametrize what we cannot — 1/mQ corrections
• Include important information — SU(3) breaking
• Non-perturbations/corrections — extracted from data
• Predict some observables to be tested
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Factorization-Assisted Topological-amplitude (FAT) 
approach works well for D decays
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H.n.Li, C.D.Lü, FSY, ’12; Q.Qin, H.n.Li, C.D.Lü, FSY, ’14

D0 decays.    [H.Y.Jiang, FSY, Q.Qin, H.n.Li, C.D.Lü, ’17]



Factorization-Assisted Topological-amplitude (FAT) 
approach works well for D decays

1. Enough data is required to extract non-perturbative 
parameters

2. Theoretical results must be consistent with data
3. Understanding all the data is the first step for 

predictions
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[H.n.Li, C.D.Lü, FSY, PRD2012][Q.Qin, H.n.Li, C.D.Lü, FSY, PRD2014]



Before 2016 After 2016

ℬexp ℬth ℬexp ℬth

< 1 1.1

< 0.56 1.1D0 → K*0K0

D0 → K*0K0 0.18 ± 0.04 0.19 ± 0.03

0.21 ± 0.04 0.19 ± 0.03

PDG,’16 LHCb,’16

Let’s see its impact on the prediction of DDbar mixing

(×10−3)

EV − EP

Pure W-exchange

Qin, Li, Lü, 
FSY, ’14

 Jiang, FSY, 
Qin, Li, Lü, ’17

told by Yu Lu @ BESIII charm workshop in 2016



Mixing
• The time evolution 

• Mixing parameters: Mass and Width differences

 13

• Useful to search for new physics, 
• but less understood in the Standard Model



Inclusive approach                

Bobrowski, Lenz, ’09, ’10
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quark level

x~(ms/mc)4 y~(ms/mc)6

Heavy Quark Expansion

Inclusive approach is three-orders smaller

x ∼ 10−6, y ≤ 0.9 × 10−5



Exclusive Approach

Sum up all the intermediate states
• Falk,Grossman,Ligeti,Petrov, ’02

D→PP and PV: precise data + FAT approach 

Only qualitative
• Cheng, Chiang ’10 Large error

During the past decade, exclusive approach is almost 
the only hopeful approach.



vanish in the SU(3) symmetry limit
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D→PP modes
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More decay modes Qin, Li, Lü, FSY, ’14

D→PV modes
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 Jiang, FSY, Qin, Li, Lü, ’17

All D0→PP and PV modes

• All the measured data are understood in theory
• Unmeasured processes are predicted



Results before 2016

But now…



 20

Before2016 : 2.2 × 10−3

After2016 : 0.38 × 10−3

cos δ ∼ 1

∼ 2 × 10−3reduced by



But now, yPV = (1.1 ± 0.7) × 10−3

Before 2016 yPV = (3.2 ± 0.7) × 10−3

∼ 2 × 10−3reduced by

Measurements on D0 → K*0K0D0 → K*0K0

change the predictions on DDbar mixing yD
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 Jiang, FSY, Qin, Li, Lü, ’17



Exp

yD

yPP+PV before 2016

yPP+PV after 2016

• Before 2016, exclusive approach is hopeful

• After 2016, exclusive approach is dying

New measurements change our understanding !! 
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More measurements on all possible D decays
 would be helpful as well
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Experiment

Theory

1. DDbar mixing

Experiment

2. Prediction and discovery 
of doubly charm baryon



Topologies of two-body 
non-leptonic charmed baryon decays
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color-favored tree emitted color-suppressed emitted color-commensurate

W-exchange 1 Bow tie
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Hierarchy in heavy quark expansion
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SCET: |C/T|~|C’/T|~|E/T|~O(𝛬QCD/mQ), |B/E|~O(𝛬QCD/mQ), 

[Leibovich, Ligeti, Stewart, Wise, ’04]

c decay: |C/T|~|C’/T|~|E/T|~O(𝛬QCD/mQ)~1 
|B/E|~O(𝛬QCD/mQ)~1 

|P|~0 

𝛬c decay would help to understand dynamics



FSY, Jiang, Li, Lü, Wang, Zhao, 1703.09086

Ξ++
cc → Ξ+

c π+

July 
2017

July 
 2018

LHCb observed 𝛯cc++ 



More measurements on 𝛬c decays 
will be helpful to understand dynamics 

and predict doubly heavy baryon decays

See Pei-Rong’s talk
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Theory Experiment

Charming 
Dance



3. KL-involved decay modes



KS-KL asymmetry
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A(K0
S) = ACF − ADCS A(K0

S) = ACF + ADCS• amplitudes

ADCS

ACF
≡ reiδ



KS-KL asymmetries in charm mesons

Measurements distinguish models, and what’s more…

Bhattacharya, Rosner, ’10

Cheng, C.W.Chiang, ’10
Gao, ’15

Muller, Nierste, Schacht, ’15 PDG

Wang, FSY, Guo,Jiang, ‘17

Sifan Zhang’s talk: 
R(D0) = 0.1077 ± 0.0125

R(D+) = 0.001 ± 0.009 ± 0.009

R(D+
s ) = − 0.021 ± 0.019 ± 0.016

BESIII preliminary
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D.Wang, FSY, H.n.Li, Phys.Rev.Lett 119, 181802(2017)

CPV induced by 
mother decay and daughter mixing 

Im(ϵ) Re(Vcd*Vus/Vcs*Vud)=10-4 ~ -3

NEW
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New Observable 
revealing 

new CPV effect

Measurement @ LHCb 

Wang, FSY, Li, PRL’17
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See Liang Sun’s talk



KS-KL asymmetries

[1] [2] [3] [4] [5] [6]

Aint
CP ∝ rf sin δf

Sifan Zhang’s talk: R(D+) = 0.001 ± 0.009 ± 0.009

R(D+
s ) = − 0.021 ± 0.019 ± 0.016BESIII preliminary



KS-KL asymmetries 
in charmed baryon decays 
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• First doubly Cabibbo-suppressed (DCS) process measured is 

Belle, ’15
• But no two-body DCS decay is measured. 

1.two-body decay is more interesting in theory
2.dynamics in charm baryon decays is not known, 

and DCS is important
3.DCS amplitude is required in the new CPV effect in 

neutral Kaon involved modes



KS-KL asymmetry
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R(Λc → pK0
S,L) ≡

Γ(Λc → pK0
S) − Γ(Λc → pK0

L)
Γ(Λc → pK0

S) + Γ(Λc → pK0
L)

to search for two-body DCS amplitude

ADCS

ACF
≡ reiδ

R(Λc → pK0
S,L) ≈ − 2r cos δ

If non-zero, signal of 2-body DCS



Two-body DCS Lambda_c decays

Λ+
c → pK0

Λ+
c → nK+

Λ+
c → nK*+ ( → nK0

Sπ+, nK+π0)
Λ+

c → pK*0 ( → pK+π−)

Λ+
c → Δ+K0 ( → pπ0K0)

Λ+
c → Δ0K+ ( → pπ−K+)

R(pK0
S,L) ∝ r = |ADCS /ACF | = λ2

ℬ(nK+) ∝ |ADCS /ACF |2 ℬCF = λ4ℬCF

ADCS

ACF
≡ reiδ R(Λc → pK0

S,L) ≈ − 2r cos δ



Numerical Results

Wang, Guo, Long, FSY, ’17



Summary
• Theory and experiment interplay in charm physics 
• More measurements on D meson decays are 

helpful for understanding of DDbar mixing. 
• More measurements on charm baryon decays are 

helpful to understand dynamics and predict 
doubly charmed baryon decays

• Measure KS-KL asymmetries to distinguish 
models, benchmark for how large the new CPV 
are, and search for first two-body DCS charmed 
baryon decays

• Charming potentials are expected at BESIII



Theory Experiment

Charming 
Dance



Thank you!


