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Heavy baryons and diquarks
Diquark : A correlated pair of two quarks

Provides two-body description of a baryon (Quark-Diquark)

The quark-diquark description provides �� and ⇢�modes as excitation states

of a baryon and �� and the ⇢�modes are related to diquark properties

The �� and the ⇢�modes show distinct energy di↵erences in heavy baryons

Sang-In Shim ( RCNP, Osaka University ) baryon productions with an instanton interaction 21 December 2017 4 / 21

Diquarks and heavy baryons

•Baryon excitations can be expressed as ρ- and λ-modes   
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• ρ- and λ-modes show distinct difference in heavy baryons

Diquarks and heavy baryons
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Researches on heavy baryon productions1234

Theoretical studies done by S.-H. Kim, A. Hosaka, H.-Ch. Kim, etc.1,2

- The cross sections and production rates of hyperons and charmed baryons

- Only the ��mode excitations are considered

Experimental plans3

- There are experimental plans for charmed baryon productions at J-PARC and Belle

1
S.-H.Kim, A.Hosaka, H.-Ch.Kim, H.Noumi and K.Shirotori, PTEP(2014)no.10, 103D01.

2
S.-H.Kim, A.Hosaka, H.-Ch.Kim, H.Noumi, PRD92(2014)no.9, 094021.

3
Charmed baryon spectroscopy via the () reaction (2012). J-PARC P50 proposal.

4
Charmed baryon spectroscopy via the () reaction (2012). J-PARC P50 proposal.
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Results of the former researches on one-body processes
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In J-PARC plan

Early theoretical studies1,2  
- The cross sections and production rates of heavy baryons were predicted 
- Only λ-modes are considered

Researches on heavy baryon productions

Experimental plan3 
- Experiment for charmed baryon productions are planed at J-PARC
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Researches on heavy baryon productions

Similarity with hypernucleus productions 

J-PARC workshop at Incheon, June 7-10, 2016 14
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• ρ- and λ-modes can be clarified in heavy baryons  
( They are hard to distinguish in light baryons ) 

• Diquark properties can be studied 
by identifying ρ- and λ-modes of heavy baryons 

• Observables such as cross sections can be obtained 
from proper description of processes  
and heavy baryon structures can be studied 

Motivation
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One- and two-body processes

• One-body process  
- One quark in the baryon is involved in the reaction 
- The heavy baryon can be excited only to λ-modes  

• Two-body process  
- Both ρ- and λ-modes can be found 
- Need to consider 3-quark interactions



Thank you very much
for your careful listening

Sang-In Shim ( RCNP, Osaka University ) Heavy baryon production with an instanton interaction 21 December 2017 20 / 20/16Sang-In Shim ( RCNP, Osaka University ) RIKEN SPring-8 Center , 16 March 2018Workshop during IPC SPring-8 Field Trip 9

Quark interactions in the instanton model

Quarks interact with instantons, and interact each others via instantons

Hyperon productions can be described by using the 3-quark interaction
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Quark interactions in the instanton model ( ’t Hooft interaction )

• Quarks interact with each others via instantons 

• Hyperon productions can be described by using ’t Hooft interactions
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Quark interactions in the instanton model
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Quark interactions in the instanton model ( ’t Hooft interaction )

• Quarks interact with each others via instantons 

• Hyperon productions can be described by using ’t Hooft interactions
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3D Harmonic oscillators of     and~⇢ ~�
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Results of the former researches on one-body processes
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Matrix elements for two-body processes
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Matrix elements for two-body processes
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• Productions of hyperon are being studied and the 
results show some similarities with one-body processes 

• Not only λ- but also ρ-mode transition amplitudes are 
found by using two-body processes                          
(it cannot be done with one-body processes) 

• Calculations of production rates                            
and extension for charmed baryons are planed

Summary and Outlook
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Thank you 
for your attention!


