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• Charmed baryons decays

BESIII :  at 4.6 GeV, providing clean backgrounde+e− → Λ+
c Λc

−

Belle :  collisions at  or e+e− Υ(4S) Υ(5S)

LHCb : pp collisions, largest charmed hadron samples
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 under the phase rotations of   CP violation.VCKM ≠ V*CKM (Uq(1))6 →

• CP violation in charm - overview
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SU(3) flavor analysis 

 Tree +  Penguin  


 Insensitive to CP-even quantities & undetermined


Pole model + Rescattering

 Tree +  Tree  ( Penguin / Tree )  


                       Determined by the PM + rescattering 

λd,s λb

λd,s λb ×

λq = V*cqVuq



• SU(3) flavor analysis — Tree

From PDG


SU(3) flavor representations : 

ℳ = ⟨BM; t → ∞ |ℋeff |Bc⟩ = iu (F − Gγ5) uc



ℋeff =
GF

2 ∑
qq′￼

V*qcVq′￼u (C+Oqq′￼

+ + C−Oqq′￼

− ) − λb ∑
i=3∼6

CiOi

Oqq′￼

± = (uq′￼)V−A(qc)V−A ± (qq′￼)V−A(uc)V−A
3 ⊗ 3 ⊗ 3

ℋeff

= (15 ⊕ 3+)
O+

⊕ (6 ⊕ 3−)
O−

Cabibbo-suppressed decays (c → u)λd + λs + λb = 0

λq = V*cqVuq

• SU(3) flavor analysis — Tree



For CP-even quantities it is safe to take  λb → 0
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⟨BP |ℋeff |Bc⟩ = iu (F − Gγ5) uc

• SU(3) flavor analysis — Tree

To date, there are in total 30 data points but 359 × 2(S- & P-waves) × 2(complex) − 1 =
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Phys. Rev. D 108, no.5, 053004 (2023)

In the absence of final state interactions   18→
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⟨BP |ℋeff |Bc⟩ = iu (F − Gγ5) uc

• SU(3) flavor analysis — Tree



To date, there are in total 30 data points but 359 × 2(S- & P-waves) × 2(complex) − 1 =
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In the absence of final state interactions   18→
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16 input, 

10 parameters*

0.94+0.06
−0.11 0.955 ± 0.0180.91+0.03

−0.04α (Λ+
c → Ξ0K+) =

(2019) (2023) (2023)

• SU(3) flavor analysis — Tree

28 input, 

18 parameters
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18 parameters



0.94+0.06
−0.11α (Λ+

c → Ξ0K+) =

16 input, 

10 parameters*

• Free parameters: 18 10→

PLB 794, 19(2019)

ℬ(Λ+
c → Σ0K+) = ℬ(Λ+

c → Σ+K0
S)

BESIII PRD 106, no.5, 052003 (2022)

(4.7 ± 1.0) × 10−4 (4.8 ± 1.4) × 10−4EXP(2022):

⟨qaqbqc |Oqq′￼

+ |Bi⟩ = 0

• The  Körner-Pati-Woo theorem:

Oqq′￼

+ =
1
2 [(ūq′￼)V−A (q̄c)V−A

+ (q̄q′￼)V−A
(ūc)V−A] ,

Color symmetric Color singlet

(2019)

= 0
PRD 54, 2132 (1996)

Chau, Cheng, Tseng

• SU(3) flavor analysis — Tree



To date, there are in total 30 data points but 355 × 2(S- & P-waves) × 2(complex) − 1 =
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Considering the Körner-Pati-Woo theorem:   19→
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• SU(3) flavor analysis — Tree

To date, there are in total 30 data points but 355 × 2(S- & P-waves) × 2(complex) − 1 =



β =
2 Im (S*P)
|S |2 + |P |2

• Sizable strong phases

ℬ(Ξ0
c → Ξ−π+)

ℬ(Ξ0
c → Ξ−e+νe)

= 1.37 ± 0.08

Belle, PRL 127 121803 (2021)

ℬ(Ξ0
c → Ξ−π+) = (3.26 ± 0.63) %

×

| |

ℬ(Ξ0
c → Ξ−e+νe) = (2.38 ± 0.44) %

LQCD, CPC 46, 011002 (2022)

• SU(3) flavor analysis — Tree

arXiv:2310.05491 [hep-ph]

?

• KPW + SU(3) 
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• SU(3) flavor analysis — Tree
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(1.43 ± 0.32) %

(1.80 ± 0.52) %

(2.72 ± 0.09) %
Belle

PDG 
SU(3)

> 4σ

< 2σ



CP ∝ f̃ e, g̃e

arXiv:2312.xxxx [hep-ph]

CP-odd quantities ∼ 10−4

adir
D→K+K− − adir

D→π+π− = (−1.57 ± 0.29) × 10−3

• SU(3) flavor analysis — Tree
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LD=

“Hence, it is plausible to 
assume that PE is of the 
same order of magnitude as 
E. We took PE =E.’’   

      PRD 100, 093002 (2019)

LD=

Proved by Di Wang

JHEP 03, 155 (2022)
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Completeness relation:

For s-channelb − loop is absent!

P ∼ f(1710)

Phys. Rev. D 81, 074021 (2010)

• Pole model + Rescattering — Penguin / Tree 

Penguin / Tree = 1

MD − Mf = 130
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• Pole model + Rescattering — Penguin / Tree 

Penguin / Tree = 1

MD − Mf = 130
鄭海揚, 蔣正偉

呂才典, 李湘楠, 于福升

Figure from Pro. 于福升

P ∼ f(1710)
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CP ∝ 6 × 3Ratio between  is 
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3 & 6

 becomes complex if aRE
BcBI

MBc
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+ MP′￼

• Pole model + Rescattering — Penguin / Tree 



Preliminary results

Case in D meson; Phys. Rev. D 100, 093002 (2019)

Case in charmed baryons; arXiv: 2312.xxxx

30 input, 

10 parameters −0.29 ± 0.07 − 0.75 ± 0.23

β δp − δs
−0.64 ± 0.70 − 1.55 ± 0.25

Theory
Data

• Pole model + Rescattering — Penguin / Tree 

 Color-allowed tree ,   Color-suppressed treea+, T ∝ a0, C ∝
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What have been done

Tree[  +  ( Penguin / Tree )  ] 


                      


λd,s λb

SU(3) flavor symmetry PM & Rescattering

What we need
Measurements of  and  in near futureβ γ

Measurements of  in STCFACP



• Pole model + Rescattering

PLB 794, 19(2019) ℬ(Λ+
c → Σ0K+) = ℬ(Λ+

c → Σ+K0
S)

BESIII PRD 106, no.5, 052003 (2022)

(4.7 ± 1.0) × 10−4 (4.8 ± 1.4) × 10−4



• CP violation in charm - overview

ACP( f; t) ≡
Γ (D0(t) → f) − Γ (D̄0(t) → f)
Γ (D0(t) → f) + Γ (D̄0(t) → f)

≈ adir
f +

t
τD0

ΔYf

Ann. Rev. Nucl. Part. Sci. 71, 59-85 (2021)

Phys. Rev. Lett. 122, 211803 (2019)

Phys. Rev. Lett. 131, 091802 (2023)

⊗
Δadir

CP = adir
K+K− − adir

π+π− = (−1.57 ± 0.29) × 10−3

ΔaSD
CP ≤ 2.6 × 10−4

 JHEP 07 (2019) 161



• Backup slide



• Pole model + Rescattering — Penguin / Tree 
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    35( 4 + 1 + 4 ) × 2(S- & P-waves) × 2(complex) − 1 =

  breaking effects are expected to be much larger than SU(3)F F3!

Sensitive to CP-odd  
Insensitive to CP-even 
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