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Decay pattern /207

✦ Nagahiro et al. PRD95, 014023 (2017)

One-pion emission

BQ → B′ Q + π

π

BQ B′ Q

Baryon wave function 
Quark-pion coupling

HO wave function

Chiral quark model

Axial-vector type coupling

- Analytic solution 
- Realistic WF (GEM)

V = ∑
i<j

1
2

kr2
ij

Nonrelativistic reduction
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Charmed baryon

Λc(2595) Λc(2625)

JP = 1/2−

Γ = 2.6(6) MeV Γ < 0.97 MeV
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Ξc(2790) Ξc(2815)
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JP = 1/2− JP = 3/2−

Ξb(6087) Ξb(6100)

Γ = 2.43(51) MeV Γ = 0.94(30) MeV

JP = 1/2− JP = 3/2−

Bottom baryon

✦ LHCb. PRL 131, 171901 (2023) 
✦ CMS. PRL 126, 252003 (2021)

• Narrow resonances 
• Dominant decay: two-pion emission

Anti-symmetric flavor 3̄F
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Phase space

Two-pion emission decay

Sequential decays

Λc(1/2−) Σc(1/2+) + π

Λc + π

Λc(1/2−) Σc(3/2+) + π

Λc + π

Λc(3/2−) Σc(1/2+) + π

Λc + π

Λc(3/2−) Σc(3/2+) + π

Λc + π

(S wave)

(D wave)

(S wave)

(D wave)
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(P wave)
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/2011Coupling constants

✦ Nagahiro et al. PRD95, 014023 (2017) ✦ Kawakami et al. PRD97, 114024 (2018)

Sequential process

π

B̃′ Q BQ

Chiral quark model

Direct process

B*Q (1
2

−) B̃′ Q (1
2

+)
Chiral partner structure



 and Λc(2595) Λc(2625) /2012

✦ Belle. PRD107, 032008 (2023) 
✦ Arifi et al. PRD98, 114007 (2018) 
✦ Arifi et al. PRD95, 114018 (2017) Back-up slide #1



Σc(3/2+)

Σc(1/2+)

Λ*c (1/2−,3/2−)

Λc

 and Λc(2595) Λc(2625) /2012

✦ Belle. PRD107, 032008 (2023) 
✦ Arifi et al. PRD98, 114007 (2018) 
✦ Arifi et al. PRD95, 114018 (2017) Back-up slide #1



Σc(3/2+)

Σc(1/2+)

Λ*c (1/2−,3/2−)

Λc

 and Λc(2595) Λc(2625) /2012

Λ+
c π+π− Λ+

c π0π0

Λc(2595)

1/2−

Dominant

✦ Belle. PRD107, 032008 (2023) 
✦ Arifi et al. PRD98, 114007 (2018) 
✦ Arifi et al. PRD95, 114018 (2017) Back-up slide #1



Σc(3/2+)

Σc(1/2+)

Λ*c (1/2−,3/2−)

Λc

 and Λc(2595) Λc(2625) /2012

Λc(2625)

3/2−

Λ+
c π+π− Λ+

c π0π0

Λc(2595)

1/2−

Dominant

✦ Belle. PRD107, 032008 (2023) 
✦ Arifi et al. PRD98, 114007 (2018) 
✦ Arifi et al. PRD95, 114018 (2017) Back-up slide #1



Σc(3/2+)

Σc(1/2+)

Λ*c (1/2−,3/2−)
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 and Λc(2595) Λc(2625) /2012

Λc(2625)

3/2−

Λ+
c π+π− Λ+

c π0π0

Λc(2595)

1/2−

Dominant

✦ Belle. PRD107, 032008 (2023) 
✦ Arifi et al. PRD98, 114007 (2018) 
✦ Arifi et al. PRD95, 114018 (2017)

Support 

✦ -mode assignment can 

naturally explain the 

invariant mass.

λ

Back-up slide #1
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✦ Nongnaphat. Arxiv: 2407.10063

Λb(5920)

3/2−

Λb(5912)

1/2−



 and Λb(5912) Λb(5920) /2013

✦ Nongnaphat. Arxiv: 2407.10063

Λb(5920)

3/2−

Λb(5912)

1/2−

Observation 
✦ Dominated by 

non-resonance 

(Tail + direct ) 

contributions. 

✦ Decay width 

becomes tiny. 

✦ Asymmetry in  

invariant mass.

ππ
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Invariant mass distribution
/2014

Λc(2625)

3/2−

Λb(5920)

3/2−

✦ Nongnaphat. Arxiv: 2407.10063

✦  further supports . 

✦ Assymmetry due to the direct process. 

✦ Visible when S-wave resonance is 

suppressed.

mΛ+
c π+ JP = 3/2−
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c π+π0



 and Ξc(2790) Ξc(2815) /2015

Ξc(2815)

3/2−

Ξ+
c π+π− Ξ+

c π0π0 Ξ+
c π+π0

Ξc(2790)

1/2−

Ξ+
c π+π− Ξ+

c π0π0 Ξ+
c π+π0



 and Ξc(2790) Ξc(2815) /2015

Ξc(2815)

3/2−

Ξ+
c π+π− Ξ+

c π0π0 Ξ+
c π+π0

Ξc(2790)

1/2−

Ξ+
c π+π− Ξ+

c π0π0 Ξ+
c π+π0

✦   

S-wave resonance is dominant. 

✦   

Direct process is large, but two-

body decay is cominant.

Ξc(3/2−) :

Ξc(1/2−) :
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Ξb(6087)

1/2−

Ξ0
bπ

+π− Ξ0
bπ

0π0 Ξ−
b π+π0
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 and Ξb(6087) Ξb(6100) /2016

Ξb(6100)

3/2−

Ξ0
bπ

+π− Ξ0
bπ

0π0 Ξ−
b π+π0

Ξb(6087)

1/2−

Ξ0
bπ

+π− Ξ0
bπ

0π0 Ξ−
b π+π0

✦ S-wave resonance is dominant. 

✦ No visible direct process.
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✦ Arifi et al. PRD101, 094023 (2020)

Σc(3/2+)

Σc(1/2+)

Λ*c (2765)

Λc

Sequential process

The information is still poor (1 star)
(Broad resonance ~ 50 MeV)
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✦ Arifi et al. PRD101, 094023 (2020)

Σc(3/2+)

Σc(1/2+)

Λ*c (2765)

Λc

Sequential process

The information is still poor (1 star)
(Broad resonance ~ 50 MeV)

Spin-parity determination

Angular correlation 1/2+

Note: finite width effect.

R =
Γ(Λ*c → Σ*c π)
Γ(Λ*c → Σcπ)

Branching ratio

Heavy-quark symmetry

!

Back-up slide #2
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Λb(6072)

Σb
Σ*b

1/2+Σb(3/2+)

Σb(1/2+)

Λ*b (6072)

Λb

• Invariant mass distribution is 
consistent with . 

• Ratio of  and  peaks is crucial.
1/2+

Σb Σ*b

✦ Arifi et al. PRD101, 111502(R) (2020) 
✦ LHCb. JHEP06, 136 (2020) ✦ Belle. PRD103, 111101 (2021)



Spin-parity determination /2018

Λb(6072)

Σb
Σ*b

1/2+Σb(3/2+)

Σb(1/2+)

Λ*b (6072)

Λb

• Invariant mass distribution is 
consistent with . 

• Ratio of  and  peaks is crucial.
1/2+

Σb Σ*b

Ξc(2970)

1/2+

Ξ′ c(3/2+)

Ξ′ c(1/2+)

Ξ*c (2970)

Ξc

• The angular distribution is convex. 

• Evidence to have spin-1/2. 

• Positive parity is infered from 
Branching ratio (R=1.67).

✦ Arifi et al. PRD101, 111502(R) (2020) 
✦ LHCb. JHEP06, 136 (2020) ✦ Belle. PRD103, 111101 (2021)
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Mass gap (ΔM = M2S − M1S)
/2019

✦ Arifi et al. PRD106, 014009 (2022)

Baryon ΔM ≈ 500 MeV

✦ There is a competition between  

short-range interaction and 

Confinement 

Meson ΔM ≈ 600 MeV

✦ For NG bosons, 

pion & kaon, the 

mass gap is badly 

broken.



Summary /2020

This work is supported by: 



Summary /2020

Decay analysis 
✦ Give insight to the internal structure  

✦ Help determining their spin & parity

Problems 
✦ Large width & mass gap of radial 

excitations?  

✦  mode excitations? exotic states?  HQS 

partner?

ρ

Plans 
✦ More realistic WF, relativistic quark model 

analysis, applications to other systems, etc.

This work is supported by: 



Summary /2020

Decay analysis 
✦ Give insight to the internal structure  

✦ Help determining their spin & parity

Problems 
✦ Large width & mass gap of radial 

excitations?  

✦  mode excitations? exotic states?  HQS 

partner?

ρ

Plans 
✦ More realistic WF, relativistic quark model 

analysis, applications to other systems, etc.

This work is supported by: 

Prospect 
✦ More data from LHCb, BESIII, or Belle2, 

J-PARC, EIC(c), etc



Summary /2020
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✦ Help determining their spin & parity

Problems 
✦ Large width & mass gap of radial 

excitations?  

✦  mode excitations? exotic states?  HQS 

partner?

ρ

Plans 
✦ More realistic WF, relativistic quark model 

analysis, applications to other systems, etc.

This work is supported by: 

Prospect 
✦ More data from LHCb, BESIII, or Belle2, 

J-PARC, EIC(c), etc

Thank you for your attention!
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