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01 Introduction



1. Introduction Charmed baryons
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 Spectrum & Structure

 Decay:𝐵𝐵𝑐𝑐 → 𝐵𝐵 𝑀𝑀
 Decay mechanism

 Spectrum 

 Structure

 CPV

…



Pole terms 

Color suppressed DPE/DME

Motivation1. Introduction

 Non-factorizable transition mechanisms: 
• Color suppressed contribution 
• Pole term contribution
 The property of light diquark
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 Λc/Ξc → 𝐵𝐵 𝑀𝑀

 Weak interaction 
 Strong interaction



Diquark1. Introduction

three-quark system 
or with compact 
diquark degrees of 
freedom ?

𝑀𝑀Σ −𝑀𝑀Λ = 80 MeV
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Experimental data and theoretical works1. Introduction
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02 Frame Work
The wave functions of hadrons
The effective Hamiltonian



2.1 Wave function of light baryons2. Frame Work 

ISGUR N, KARL G. Phys.Rev.D, 1978, 18:4187
F. Hussain and M. Scadron, Nuovo Cim. A 79, 248 (1984)
LE YAOUANC A, OLIVER L, PENE O, et al. HADRON TRANSITIONS IN THE QUARK MODEL[M]. 1988.

Nonrelativistic constituent quark model
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2. Frame Work

The Hamiltonian of three quark system

𝐻𝐻 = �
𝑖𝑖

𝑚𝑚𝑖𝑖 +
𝒑𝒑𝑖𝑖2

2𝑚𝑚𝑖𝑖
+ �

𝑖𝑖<𝑗𝑗

𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑖𝑖𝑗𝑗 + 𝐻𝐻ℎ𝑦𝑦𝑦𝑦

𝑖𝑖𝑗𝑗 ,

where

𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑖𝑖𝑗𝑗 = 𝐶𝐶𝑞𝑞𝑞𝑞𝑞𝑞 +

1
2
𝑏𝑏 𝑟𝑟𝑖𝑖𝑗𝑗 −

2
3
𝛼𝛼𝑠𝑠
𝑟𝑟𝑖𝑖𝑗𝑗

=
1
2
𝛽𝛽𝑟𝑟𝑖𝑖𝑗𝑗2 + 𝑈𝑈𝑖𝑖𝑗𝑗 ,

𝐻𝐻ℎ𝑦𝑦𝑦𝑦
𝑖𝑖𝑗𝑗 = �

𝑖𝑖<𝑗𝑗

2𝛼𝛼𝑠𝑠(𝒓𝒓𝑖𝑖𝑗𝑗)
3𝑚𝑚𝑖𝑖𝑚𝑚𝑗𝑗

8𝜋𝜋
3
𝑺𝑺𝑖𝑖 ⋅ 𝑺𝑺𝑗𝑗𝛿𝛿3 𝒓𝒓𝑖𝑖𝑗𝑗 +

1
𝑟𝑟𝑖𝑖𝑗𝑗3

3𝑺𝑺𝒊𝒊 ⋅ 𝒓𝒓𝒊𝒊𝒊𝒊 𝑺𝑺𝒊𝒊 ⋅ 𝒓𝒓𝒊𝒊𝒊𝒊
𝑟𝑟𝑖𝑖𝑗𝑗2

− 𝑺𝑺𝑖𝑖 ⋅ 𝑺𝑺𝑖𝑖 .

Harmonic oscillator potential：𝐻𝐻 = ∑𝑖𝑖 𝑚𝑚𝑖𝑖 + 𝒑𝒑𝑖𝑖
2

2𝑚𝑚𝑖𝑖
+ 1

2
𝐾𝐾 ∑𝑖𝑖<𝑗𝑗 𝒓𝒓𝑖𝑖 − 𝒓𝒓𝑗𝑗

2

2.1 Wave function of light baryons
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2.1 The wave functions of hadrons2. Frame Work

𝑹𝑹 =
𝑚𝑚 𝒓𝒓1 + 𝒓𝒓2 + 𝑚𝑚′𝒓𝒓3

𝑀𝑀
, 𝑷𝑷 = 𝒑𝒑1 + 𝒑𝒑2 + 𝒑𝒑3,

𝝆𝝆 =
1
2
𝒓𝒓1 − 𝒓𝒓2 , 𝒑𝒑𝜌𝜌 =

1
2

𝒑𝒑1 − 𝒑𝒑2 ,

𝝀𝝀 =
1
6
𝒓𝒓1 + 𝒓𝒓2 − 2𝒓𝒓3 , 𝒑𝒑𝜆𝜆=

1
6𝑀𝑀

3𝑚𝑚′𝒑𝒑1 + 3𝑚𝑚′𝒑𝒑2 − 6𝑚𝑚𝒑𝒑3 .

⇒

𝐻𝐻 =
𝑷𝑷2

2𝑀𝑀2 +
𝒑𝒑𝜆𝜆
2

2𝑚𝑚𝜆𝜆
2 +

𝒑𝒑𝜌𝜌2

2𝑚𝑚𝜌𝜌
2 +

1
2
𝑚𝑚𝜌𝜌𝜔𝜔𝜌𝜌2𝝆𝝆2 +

1
2
𝑚𝑚𝜆𝜆𝜔𝜔𝜆𝜆

2𝝀𝝀2,

Jacobi coordinates: 

The total wave function of the momentum space 

Ψ𝑁𝑁𝑁𝑁𝑁𝑁 𝑷𝑷,𝒑𝒑𝜌𝜌,𝒑𝒑𝜆𝜆 = 𝛿𝛿3 𝑷𝑷 − 𝑷𝑷′ 𝜓𝜓𝑐𝑐𝜌𝜌𝑙𝑙𝜌𝜌𝑚𝑚𝜌𝜌 𝒑𝒑𝜌𝜌,𝛼𝛼𝜌𝜌 𝜓𝜓𝑐𝑐𝜆𝜆𝑙𝑙𝜆𝜆𝑚𝑚𝜆𝜆 𝒑𝒑𝜆𝜆,𝛼𝛼𝜆𝜆
𝑙𝑙𝜌𝜌,𝑙𝑙𝜆𝜆;𝐿𝐿

,

where 

𝜓𝜓𝑐𝑐𝑙𝑙𝑚𝑚 𝒑𝒑,𝛼𝛼 = 𝑖𝑖𝑙𝑙 −1 𝑐𝑐 2𝑛𝑛!

𝑛𝑛 + 𝑙𝑙 + 1
2 !

1
2 1

𝛼𝛼𝑙𝑙+
3
2
𝑒𝑒−

𝒑𝒑2
2𝛼𝛼2𝐿𝐿𝑐𝑐

𝑙𝑙+12 𝒑𝒑2

𝛼𝛼2
𝒴𝒴𝑙𝑙𝑚𝑚 𝒑𝒑 .

11

𝝆𝝆2/𝝀𝝀2 =
3
2

1
𝛼𝛼𝜌𝜌/𝜆𝜆
2

𝒓𝒓𝑞𝑞𝑐𝑐2 =
3
2 𝝀𝝀2 +

1
2 𝝆𝝆2



2. Frame Work

Baryon wave function as 
representation of 3-dimension 
permutation group.

𝜙𝜙𝑐𝑐 SU 6 ⊗ O(3) = 𝜙𝜙𝑐𝑐 𝑁𝑁6, 2𝑆𝑆+1𝑁𝑁3, N, L, J

Light baryons 56, 28 , 0, 0, 1
2

:

1
2
𝜙𝜙𝜌𝜌𝜒𝜒𝜌𝜌 + 𝜙𝜙𝜆𝜆𝜒𝜒𝜆𝜆 Ψ000(𝒑𝒑𝜌𝜌,𝒑𝒑𝜆𝜆)

2.1 Wave function of light baryons
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2. Frame Work

Anti-triplet

Sextet

L.A Copley, Isgur N, Karl G. Phys.Rev.D, 20, 758(1978)
Xian-Hui Zhong and Qiang Zhao, PHYSICAL REVIEW D 77, 074008 (2008)

3 ⊗ 3 = �3 ⊕ 6

2.1 Wave function of light baryons
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2. Frame Work 2.2 Operators

Λ𝑐𝑐 → Λ𝜋𝜋

 Weak interaction 
 Strong interaction
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2.2 Operators: weak interaction

𝐻𝐻𝑊𝑊,2→2 ∶

2. Frame Work
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2. Frame Work 2.2 Operators: weak interaction

𝐻𝐻𝑊𝑊,1→3 ∶
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2. Frame Work

In the non-relativistic limit:

𝐻𝐻m =
1

2𝜋𝜋 32𝜔𝜔𝑚𝑚
�
𝑗𝑗

1
𝑓𝑓𝑚𝑚

𝜔𝜔𝑚𝑚
𝝈𝝈 ⋅ 𝒑𝒑𝑐𝑐

𝑗𝑗

2𝑚𝑚𝑐𝑐
+
𝝈𝝈 ⋅ 𝒑𝒑𝒊𝒊

𝑗𝑗

2𝑚𝑚𝑖𝑖
− 𝝈𝝈 ⋅ 𝒌𝒌 𝐼𝐼𝑚𝑚

𝑗𝑗 𝛿𝛿3 𝒑𝒑𝑐𝑐
𝑗𝑗 + 𝒌𝒌 − 𝒑𝒑𝒊𝒊

𝑗𝑗

The isospin operator 𝐼𝐼𝑚𝑚
𝑗𝑗 is written as   𝐼𝐼𝜋𝜋𝑗𝑗 =

𝑏𝑏𝑢𝑢
† 𝑏𝑏𝑑𝑑 for 𝜋𝜋−

𝑏𝑏𝑑𝑑
† 𝑏𝑏𝑢𝑢 for 𝜋𝜋+
1
2
𝑏𝑏𝑢𝑢
† 𝑏𝑏𝑑𝑑 − 𝑏𝑏𝑑𝑑

† 𝑏𝑏𝑢𝑢 for 𝜋𝜋0

2.2 Operators: chiral quark model

𝐻𝐻𝑚𝑚 = �
𝑗𝑗

�𝑑𝑑𝒙𝒙
1
𝑓𝑓𝑚𝑚

�𝑞𝑞𝑗𝑗 𝒙𝒙 𝛾𝛾𝜇𝜇
𝑗𝑗𝛾𝛾5

𝑗𝑗𝑞𝑞𝑗𝑗 𝒙𝒙 𝜕𝜕𝜇𝜇𝜙𝜙𝑚𝑚(𝒙𝒙)

17



2. Frame Work 2.3 Amplitudes and parity asymmetry parameter 

Normalization:

𝑀𝑀 𝑷𝑷𝑐𝑐′ 𝐽𝐽,𝐽𝐽𝑧𝑧 𝑀𝑀 𝑷𝑷𝑐𝑐′ 𝐽𝐽,𝐽𝐽𝑧𝑧 = 𝛿𝛿3 𝑷𝑷𝑐𝑐′ − 𝑷𝑷𝑐𝑐 ,

𝐵𝐵 𝑷𝑷𝑐𝑐′ 𝐽𝐽,𝐽𝐽𝑧𝑧 𝐵𝐵 𝑷𝑷𝑐𝑐′ 𝐽𝐽,𝐽𝐽𝑧𝑧 = 𝛿𝛿3 𝑷𝑷𝑐𝑐′ − 𝑷𝑷𝑐𝑐 .

Decay width：

Γ 𝐴𝐴 → 𝐵𝐵 + 𝐶𝐶 = 8𝜋𝜋2
𝒌𝒌 𝐸𝐸𝐵𝐵𝐸𝐸𝐶𝐶
𝑀𝑀𝐴𝐴

1
2𝐽𝐽𝐴𝐴 + 1 �

𝑠𝑠𝑦𝑦𝑖𝑖𝑐𝑐

𝑀𝑀 2,

where 
𝛿𝛿3 𝑷𝑷𝐴𝐴 − 𝑷𝑷𝐵𝐵 − 𝑷𝑷𝐶𝐶 𝑀𝑀 ≡ 𝐵𝐵𝐶𝐶 𝐻𝐻 𝐴𝐴 .

𝑀𝑀 = 𝐺𝐺𝐹𝐹𝑚𝑚𝜋𝜋
2 �𝐵𝐵𝑐𝑐 A − B𝛾𝛾5 𝐵𝐵𝑖𝑖

𝛼𝛼 =
2Re(𝑠𝑠∗𝑝𝑝)
𝑠𝑠2 + |𝑝𝑝2|

𝑠𝑠 = 𝐴𝐴,

𝑝𝑝 = 𝐵𝐵
𝒑𝒑𝑐𝑐

𝐸𝐸𝑐𝑐 + 𝑚𝑚𝑐𝑐

𝛼𝛼 =
2Re(𝑀𝑀PV

∗ 𝑀𝑀PC)
|𝑀𝑀PC

2| + |𝑀𝑀PV
2|

The parity asymmetry parameter 

The transition rate is proportional to

18



03 The hadronic weak decay 
of charmed baryons

The hadronic weak decay of Λ𝑐𝑐
The hadronic weak decay of Ξ𝑐𝑐



3.1 Previous works: hadronic weak decays of Λ𝑐𝑐3. 𝚲𝚲𝐜𝐜 → 𝚲𝚲/𝚺𝚺𝝅𝝅

𝜙𝜙Λ𝑐𝑐 =
1
2
𝑢𝑢𝑑𝑑 − 𝑑𝑑𝑢𝑢 𝑐𝑐, 𝜙𝜙Λ =

1
2
𝑢𝑢𝑑𝑑 − 𝑑𝑑𝑢𝑢 s,𝜙𝜙Σ0 =

1
2
𝑢𝑢𝑑𝑑 + 𝑑𝑑𝑢𝑢 𝑠𝑠

 DPE process should not be the only dominant processes.
 The important of non-factorizable processes

Processes Λ𝑐𝑐 → Λ𝜋𝜋+ Λ𝑐𝑐 → Σ+𝜋𝜋0 Λ𝑐𝑐 → Σ0𝜋𝜋+

DME   

CS   

Pole term   

Br 1.30% 1.29% 1.24%

Peng-Yu Niu, Jean-Marc Richard, Qian Wang, and Qiang Zhao, Phys. Rev. D.102.073005 20



3.1 Previous works: hadronic weak decays of Λ𝑐𝑐3. 𝚲𝚲𝐜𝐜 → 𝚲𝚲/𝚺𝚺𝝅𝝅

 The parity-conserving amplitudes of the pole terms are dominant.
 The interferences between factorizable and non-factorizable processes are essential.

BESIII PRL.128.142001(2022)(1.31 ± 0.08 ± 0.05)% (1.22 ± 0.08 ± 0.07)% 21



3.1 Previous works: hadronic weak decays of Λ𝑐𝑐3. 𝚲𝚲𝐜𝐜 → 𝚲𝚲/𝚺𝚺𝝅𝝅

𝜌𝜌2 ∝
1
𝛼𝛼𝜌𝜌2

22



3.2 The diquark revisit3. 𝚲𝚲𝒄𝒄 → 𝚲𝚲/𝚺𝚺 𝑲𝑲+

Λ𝑐𝑐 → Λ/Σ 𝐾𝐾+

23Pengyu Niu, Qian wang and Qiang Zhao  arXiv: 2507.04393 

The constituent quarks of the 
final baryons are the same but 
with different isospins carried 
by the light quarks. 



3.2 The diquark revisit3. 𝚲𝚲𝒄𝒄 → 𝚲𝚲/𝚺𝚺 𝑲𝑲+

The weak Hamiltonian
𝑐𝑐𝑠𝑠 → 𝑠𝑠𝑢𝑢, 𝑐𝑐𝑑𝑑 → 𝑑𝑑𝑢𝑢 and 𝑐𝑐 → 𝑠𝑠 �𝑢𝑢 𝑠𝑠: 

Δ𝐼𝐼 =
1
2

,Δ𝐼𝐼3 =
1
2
⇒ 𝐻𝐻𝑊𝑊 =

1
2

,
1
2

Λ𝑐𝑐 = 0, 0
⟨Λ| = 0, 0
⟨Σ0| = 1, 0

24



3.2 The diquark revisit3. 𝚲𝚲𝒄𝒄 → 𝚲𝚲/𝚺𝚺 𝑲𝑲+

𝜃𝜃 = 30°𝜃𝜃 = 0°

25

Only the 𝛼𝛼𝜌𝜌 of anti-triplet charmed baryon are changed.



3.2 The diquark revisit3. 𝚲𝚲𝒄𝒄 → 𝚲𝚲/𝚺𝚺 𝑲𝑲+

The 𝛼𝛼𝜌𝜌 and 𝛼𝛼𝜆𝜆 of  are treated as free parameters

𝜃𝜃 = 30°𝜃𝜃 = 0°

26

Neither the [ud] quark pair nor the heavy-light diquark in 
the single charmed baryons is point-like structure.

Λ𝑐𝑐 → Λ 𝐾𝐾+

Λ𝑐𝑐 → Σ 𝐾𝐾+



3.2 The diquark revisit3. 𝚲𝚲𝒄𝒄 → 𝚲𝚲/𝚺𝚺 𝑲𝑲+

Selection Rules

The amplitudes (in unit of 10−9 GeV−1/2)

The mixing angle 
of 𝑁𝑁 1535 and 
𝑁𝑁 1650 is 30°.

27



3.2 The diquark revisit3. 𝚲𝚲𝒄𝒄 → 𝚲𝚲/𝚺𝚺 𝑲𝑲+

Λ selection rule: leads to the vanishing transition matrix element between 
𝑁𝑁 1650 of [70,4 8] and [56,2 8] in 𝑁𝑁 1650 → Λ 𝐾𝐾/ 𝐾𝐾∗. 

The spin of u and d must be persevered.

𝑁𝑁 1535 : [ 70,2 8]
𝑁𝑁 1650 : [ 70,4 8]

Qiang Zhao and Frank E. Close, arXiv:0711.0151v1 28



3.3 Heavy quark conserving hadronic weak decays3. 𝚵𝚵𝐐𝐐 → 𝚲𝚲𝐐𝐐𝝅𝝅

𝑓𝑓Ξ𝑏𝑏−
𝑓𝑓Λ𝑏𝑏

ℬ Ξ𝑏𝑏− → Λ𝑏𝑏𝜋𝜋− = 5.7 ± 1.8−0.9
+0.8 × 10−4

𝑐𝑐Ξ𝑏𝑏
−

𝑐𝑐Λ𝑏𝑏
≈ 0.1~0.3 ⇒ ℬ Ξ𝑏𝑏− → Λ𝑏𝑏𝜋𝜋− = 0.57 ± 0.21 %~ 0.19 ± 0.07 %

ℬ Ξ𝑐𝑐0 → Λ𝑐𝑐𝜋𝜋− = (0.55 ± 0.02 ± 0.18)%

Peng-Yu Niu, Qian Wang, and Qiang Zhao, Phys. Lett. B 826(2022)136916 29



3.3 Heavy quark conserving hadronic weak decays3. 𝚵𝚵𝐐𝐐 → 𝚲𝚲𝐐𝐐𝝅𝝅

Larger than the theoretical values

30



3.3 Heavy quark conserving hadronic weak decays3. 𝚵𝚵𝐐𝐐 → 𝚲𝚲𝐐𝐐𝝅𝝅

31



3.3 Heavy quark conserving hadronic weak decays3. 𝚵𝚵𝐐𝐐 → 𝚲𝚲𝐐𝐐𝝅𝝅

explain the sizable branching ratio for Ξ𝑐𝑐0 → Λ𝑐𝑐𝜋𝜋
32



3.3 Heavy quark conserving hadronic weak decays3. 𝚵𝚵𝐐𝐐 → 𝚲𝚲𝐐𝐐𝝅𝝅

33

 The parity-conserving amplitudes of the pole terms are dominant for 
Ξ𝑐𝑐 → Λ𝑐𝑐𝜋𝜋.

 The importance of non-factorizable terms for Ξ𝑏𝑏 → Λ𝑏𝑏𝜋𝜋.



3.4 The first study of Ξ𝑐𝑐0 → Ξ0𝜋𝜋0/𝜂𝜂/𝜂𝜂𝜂 @ Belle and Belle II 3. 𝚵𝚵𝒄𝒄

From Chengping Shen 第七届强子谱和强子结构研讨会 · 成都 Belle and Belle-II, JHEP10(2024)04534



3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄

Ξ𝑐𝑐0 → Ξ0𝜂𝜂(′)

35

Ξ𝑐𝑐0 → Ξ0𝜋𝜋0

Peng-Yu Niu, Qian Wang, and Qiang Zhao, Phys. Rev. D 111, 093004 (2025)



3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄

Ξ𝑐𝑐+ → Ξ0𝜋𝜋+

Ξ𝑐𝑐0 → Ξ−𝜋𝜋+
36

Ξ𝑐𝑐0 → Σ+𝐾𝐾−

Ξ𝑐𝑐0 → Ω−𝐾𝐾+



3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄

Ξ𝑐𝑐+ → Ξ0𝜋𝜋+

Ξ𝑐𝑐0 → Ξ−𝜋𝜋+
37

Ξ𝑐𝑐0 → Σ+𝐾𝐾−

ΓΞc+→Ξ0𝜋𝜋+
ΓΞc0→Ξ−𝜋𝜋+

=
𝜏𝜏Ξ𝑐𝑐0 × Br Ξc+ → Ξ0𝜋𝜋+

𝜏𝜏Ξ𝑐𝑐+ × Br Ξc0 → Ξ−𝜋𝜋+
≈ 0.38

Br Ξc0 → Ξ−𝜋𝜋+ = (14.3 ± 2.7) × 10−3

Br Ξc0 → Σ+𝐾𝐾− = (1.8 ± 0.4) × 10−3



3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄
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3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄

ΓΞc+→Ξ0𝜋𝜋+
ΓΞc0→Ξ−𝜋𝜋+

=
𝜏𝜏Ξ𝑐𝑐0 × Br Ξc+ → Ξ0𝜋𝜋+

𝜏𝜏Ξ𝑐𝑐+ × Br Ξc0 → Ξ−𝜋𝜋+
≈ 0.38

ΓΞc0→Ξ−𝜋𝜋+
ΓΞc0→Ξ0𝜋𝜋0

=
Br Ξc0 → Ξ−𝜋𝜋+

Br Ξc0 → Ξ0𝜋𝜋0
≈ 2.61
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3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄
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3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄

Branching ratio

Ξ𝑐𝑐0 → Ξ0𝜋𝜋0 ?

41



3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄

Br(Ξ𝑐𝑐+ → Ξ0𝜋𝜋+):
PDG：(1.6 ± 0.8)%
Our result：(1.8 ± 1.7)%

Branching ratio

Belle-II and Belle, arXiv: 2503.17643v1
The third uncertainties are from Ξ𝑐𝑐+ → Ξ−𝜋𝜋+𝜋𝜋+
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3.4 The Cabibbo-favored hadronic weak decays of the Ξ𝑐𝑐3. 𝚵𝚵𝒄𝒄

Asymmetry 
parameter

Ξ𝑐𝑐0 → Ξ−𝜋𝜋+
Ξ𝑐𝑐0 → Ξ0𝜋𝜋0

43



04 Summary
 The hadronic weak decay can be described with the 

NRCQM framework
 Pole terms play a crucial role. There is direct evidence 

for pole terms which play a crucial role in Ξ𝑐𝑐
 Prob the light quark correlations inside hadrons
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Thank you !
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