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Interaction between quarks : di-quark correlations

Ą Charmed baryon

mu, md << mcĄ diquark + c-quark

(qq)       (Q)
di-quark correlation is enhanced by 

weak Color Magnetic Interaction with 

a heavy quark

Q

Physics of charmed baryons 

- di-quark picture

Ą Nucleon / Strange baryons
mu, mdå msĄ (qqq)  uniform

Every pair can not be distinguished.

di-quark as new degree of freedom.  

- Easier to understand baryons.



Physics of charmed baryons
-weak decay process 

W̧eak decay of charmed baryon is not well understood.

- Three diagrams contribute, strength of each is not known.

Ļaboratory of strange baryons as decay proceed via╬ᴼ▼transition.

- intermediate states in decays of charmed baryons

B̧elle hasὩὩ data collected with ~1 ab-1 luminosity (mainly at Ɉ(4S)).

- 109 e+e-Ÿ cc samples

- 7.7×108 BB samples

Huge data enable to study many charmed baryons 

in various production/decay processes.
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Pentaquark search via ȿc
+Ÿ 0́űp

ÅHidden charm pentaquark state [ὧӶὧόόὨ] at LHCb 

in ȿb
0Ÿ K- Pc

+Ÿ K-(J/ɣ p).

ÅSearch for hidden-strangeness pentaquark [ίӶίόόὨ] at Belle                    

in  ȿc
+Ÿ ́0 Ps

+Ÿ 0́(ű p) 

switching b Ą c (ȿb
0Ÿȿc

+), c Ą s (J/ɣ Ąű) 

Phys. Rev. D 96, 051102(R)

Pc
+[ὧӶὧόόὨ] at LHCb Ps

+[ίӶίόόὨ] at Belle 



Pentaquark search via ċ
+ 0̫̱p 

(result)

Ņo significant ȿc
+ signals is observed so far.

New upper limits:

- Br (ȿc
+Ÿűp 0́) < 15.3x10-5

- Br (ȿc
+ŸK+K-p 0́ )NR < 6.3x10-5

Ņo significant Ps
+ signal observed in M(űp)

- Br(ȿc
+Ÿ 0́Ps

+)xBr(Ps
+Ÿűp)< 8.3×10-5

- Br(ȿb
+Ÿ 0́Pc

+)xBr(Pc
+ŸJ/űp) = 1.3×10-5

From LHCb Phys. Rev. Lett. 115, 072001

M(K+K-p 0̫) M(K+K-)

M(̱p)

̱

Phys. Rev. D 96, 051102(R)

2D fit on M(K+K-p 0́) and M(K+K-)



Hadronic decays of W ὫȢίȢ

¸Among 4 ground state charmed baryons (ȿc
+, ɂc

0ɂc
+, W ), 

-W (css) is not studied well.                [cud] [csd] [csu] [css] 

-Only W has the same flavor light quarks (ss). Spectator[ss] in weak decay

-Constructive interference is thought to be 

the origin of its short life time.

¸Precise measurements will shed light on the 

dynamics of baryon weak decays.

¸Belle performed measurements of 8 decay 

modes relative to the bench mark mode: ɋ- +́

ȿc
+(udc) ɂc

0(dsc) ɂc
+(usc) ɋc(ssc)

200 6 112+13
-10 442 26 69 12

Life time (ps)

M(ɋˊ+)

Phys. Rev. D 97, 032001

W



Mass distributions for 8 decay modes
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ʍ- +̄̄ 0 ʍ- +̄̄ - +̄

ʀ0K- +̄

ʀ0KS 

ʅ+K-K- +̄

ʀ-K- +̄̄ +

ʀ-KS̄
+ 

ɽYSKS 

Phys. Rev. D 97, 032001



Intermediate states

Intermediate resonances are studied for the first time in 3 decays.

+̬

ὑz

̊(1530)0

Phys. Rev. D 97, 032001
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Results of the branching fraction

Precision improved by ~factor 2 for already measured modes.

First measurements of intermediate resonances.

- Dominant contributions.

Three first observations.

New!

Phys. Rev. D 97, 032001



Excited Wᶻ baryons

B̧elle studied excited states Wᶻ in the ɂc
+K-

final state. 

ĻHCb reported 5 (+1) Wᶻ in ɂc
+K-

Phys. Rev. Lett. 118, 182001 

C

Heavy-quark & light diquark



Observation at Belle
PRD97, 0501102(R)

ʀc
+K+ (wrong sign)

ʀc
+ sideband

ʍc(3000)

ʍc(3050)

ʍc(3066)

ʍc(3090)

ʍc(3119)

ʍc(3188)?

ʍc(3188)?

Belle

c̔(3000) 3000.7±1.0±0.2 (3.9̮)

c̔(3050) 3050.2±0.4±0.2 (4.6̮)

c̔(3066) 3064.9±0.6±0.2 (7.2̮)

c̔(3090) 3089.3±1.2±0.2 (5.7̮)

c̔(3119) 3119.0±0.3±0.9 (0.4̮)

Ţhe ɂc
+ is reconstructed in 7 decay 

modes:

ɂ- +́ +́, ȿK- +́ +́, ɂ0 +́, ɂ0 +́ -́ +́, Ɇ+K-

+́, ȿKS
+́, Ɇ0Ks

+́

A̧pply a fit to mass and obtained 
masses. 

4̧ of 5 states are confirmed (>3ů) 

Only Wc(3119) was not confirmed.

The mass is consistent with LHCb.

LHCb

3000.4±0.2±0.4+0.3
-0.5

3050.2±0.1±0.1 0.3
-0.5

3065.6±0.1±0.3+0.3
-0.5

3090.2±0.3±0.5+0.3
-0.5

3119.1±0.3±0.9+0.3
-0.5


