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•Baryon excitations can be expressed as λ- and ρ-modes   

•λ- and ρ-modes show distinct difference in heavy baryons

Heavy baryons and Diquarks
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Former theoretical research3,4  
- The production rates of heavy baryons were predicted 
- Only λ-mode excitations were studied

Researches on heavy baryon productions

 Experiments1,2 
- Early experiment at Brookhaven in 1985 
- New experiment is planned at J-PARC by the high momentum pion beam

Researches on heavy baryon productions1234

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

- The cross sections and production rates of strange 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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Researches on heavy baryon productions
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Motivation

�8

• Propose a process to excite both λ- and ρ-modes 

• Describe heavy baryon productions 
    and find observables such as production rates 

• Provide a careful discussion about structures and 
production rates of g.s, λ- and ρ-modes              
for various heavy baryons
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One- and two-quark processes
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One-quark process Two-quark process1,2Researches on heavy baryon productions1234

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

- The cross sections and production rates of strange 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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• One-quark process  
- One quark in the baryon is involved in the interaction 
- The heavy baryon can be excited only to λ-modes  

• Two-quark process  
- Both ρ- and λ-modes can be found 
- Need to consider 3-quark interactions or two-step precesses

1,2
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Quark interactions from 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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d̄(1 + �5)u d̄(1 + �5)d d̄(1 + �5)s
s̄(1 + �5)u s̄(1 + �5)d s̄(1 + �5)s

������
+H.c .

LtH = g det

0

@
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3-quark local interaction 
(occurs at a single point)

g is not determined yet 
for charm quark sector
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Quark interactions from 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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This meson must 
be a pseudoscalar 
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Baryon wave functions ( m1 = m2 = mq )
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Matrix elements for two-body processes
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LtH : Interaction Lagrangian for the 3-quark interaction
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: Wave function for ⇢- or �- modes of the initial(final) state baryon
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Researches on heavy baryon productions1234

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

- The cross sections and production rates of strange 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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Comparison between One- and Two-quark processes
• One-quark processes1(former work)

• Two-quark processes(present work)
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Production rates of the two-quark process(Preliminary)
G.S. Λ(1/2+) Σ(1/2+) Σ(3/2+)

Rate(Ys) 1 3.3 0

Rate(Yc) 1 2.9 0

λ-modes Λ(1/2-,j=1) Λ(3/2-,j=1) Σ(1/2-,j=0) Σ(1/2-,j=1) Σ(3/2-,j=1) Σ(3/2-,j=2) Σ(5/2-,j=2)

Rate(Ys) 0.004 0.010 0.007 0.015 0.007 0.038 0

Rate(Yc) 0.10 0.20 0.12 0.23 0.12 0.58 0

ρ-modes Λ(1/2-,j=0) Λ(1/2-,j=1) Λ(3/2-,j=1) Λ(3/2-,j=2) Λ(5/2-,j=2) Σ(1/2-,j=1) Σ(3/2-,j=1)

Rate(Ys) 0.017 0.039 0.018 0.10 0 0.016 0.032

Rate(Yc) 0.22 0.43 0.22 1.1 0 0.20 0.41

1PDG2016, Chinese Physics C, 40, 100001 
2T. Yoshida, E. Hiyama, A. Hosaka, M. Oka, and K. Sadato, PhysRevD.92.114029(2015)

|~kLab
⇡ | =

⇢
5 GeV for Strange
20 GeV for Charmed
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𝝅-p —>K0Ys or D-Yc 
(forward scattering)
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𝝅-p —>K0Ys or D-Yc 
(forward scattering)

All production rates are normalized by Λs(1/2+) or Λc(1/2+)
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𝝅-p —>K0Ys or D-Yc 
(forward scattering)

K0Λ0 : K0Σ0 ~ 3 : 2

Production rates of the two-quark process(Preliminary)

PTEP 2014, 103D01 S-H Kim et al.

Fig. 3. λ and ρ coordinates of a three-quark system, qq Q. The light quarks qq may form a diquark dS of spin
S= 0, 1.

Table 1. Baryon masses M [MeV] (see text for assignment), spin-dependent coefficients C , and
the ratios of production rates R given in Eq. (19). The second and third rows are the ratios R for the
strange and charmed baryons, respectively, which are normalized to the ground-state #. They are
computed at kLab

π = 4.2 GeV for the strange, and at kLab
π = 20 GeV for the charmed baryons.
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The main issue in this section is the computation of various baryon matrix elements and their
ratios. For this purpose, we follow the standard prescription of the Reggeon calculation [21]. (1)
Write the Feynman amplitude assuming that the Reggeon vertices are given by that of the lowest one
(band head). For vector Reggeon exchange, those of vector mesons, D∗ or K ∗, are employed. (2) The
ordinary Feynman propagator is then replaced by the Reggeon propagator, which gives the correct
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Fig. 3. λ and ρ coordinates of a three-quark system, qq Q. The light quarks qq may form a diquark dS of spin
S= 0, 1.
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Production rates of  
One-quark process for G.S. 
from 𝝅-p —>K*Ys

• Neither one- nor two-quark process alone can explain 
experimental data 
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G.S. Λ(1/2+) Σ(1/2+) Σ(3/2+)

Rate(Ys) 1 3.3 0

Rate(Yc) 1 2.9 0

λ-modes Λ(1/2-,j=1) Λ(3/2-,j=1) Σ(1/2-,j=0) Σ(1/2-,j=1) Σ(3/2-,j=1) Σ(3/2-,j=2) Σ(5/2-,j=2)

Rate(Ys) 0.004 0.010 0.007 0.015 0.007 0.038 0

Rate(Yc) 0.10 0.20 0.12 0.23 0.12 0.58 0

ρ-modes Λ(1/2-,j=0) Λ(1/2-,j=1) Λ(3/2-,j=1) Λ(3/2-,j=2) Λ(5/2-,j=2) Σ(1/2-,j=1) Σ(3/2-,j=1)

Rate(Ys) 0.017 0.039 0.018 0.10 0 0.016 0.032

Rate(Yc) 0.22 0.43 0.22 1.1 0 0.20 0.41

1PDG2016, Chinese Physics C, 40, 100001 
2T. Yoshida, E. Hiyama, A. Hosaka, M. Oka, and K. Sadato, PhysRevD.92.114029(2015)
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𝝅-p —>K0Ys or D-Yc 
(forward scattering)

Production rates of the two-quark process(Preliminary)

• Neither one- nor two-quark process alone can explain 
experimental data 

• Spin structure dependence has been found in              
λ- and ρ-mode productions

1   :    2     :      1      :     5    :    0

1   :    2     :      1      :     5    :    0

 1     :      2

 1    :    2
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Summary

 Outlook

• Production rates of strange and charmed baryons      
are being studied with two-quark processes 

• Momentum transfer & spin-structure dependences and 
ratio between G.S. Λ and Σ productions are discussed 

• Investigation for finite angles is planned 

• Contributions from the both one-quark, two-quark and 
additional processes should be studied more 

• Study on structure of the quark interaction is required          
to describe more realistic reactions
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Heavy baryon productions from two-step processes  

ρ-modes

q

q

q
q

q

Q

q
q
_
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λ-modes

Two-step process

• Investigation on difference between one- and two-step processes 

• Vector meson exchange processes can be possible π−p → D*−Λ*c
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Thank you for your attention!
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Production rates(Preliminary)
G.S. Λ(1/2+)
 Σ(1/2+) Σ(3/2+)

M(Ys)1
 1116 1193 1385
M(Yc)1 2286 2453 2518

Rate(Ys)
 1 3.3 0
Rate(Yc) 1 2.9 0
λ-modes
 Λ(1/2-,j=1) Λ(3/2-,j=1) Σ(1/2-,j=0) Σ(1/2-,j=1) Σ(3/2-,j=1) Σ(3/2-,j=2) Σ(5/2-,j=2)
M(Ys)1,2
 1405 1520 1654 1734 1670 1755 1775
M(Yc)2 2595 2628 2802 2826 2807 2837 2839

Rate(Ys)
 0.004 0.010 0.007 0.015 0.007 0.038 0
Rate(Yc) 0.10 0.20 0.12 0.23 0.12 0.58 0
ρ-modes Λ(1/2-,j=0) Λ(1/2-,j=1) Λ(3/2-,j=1) Λ(3/2-,j=2) Λ(5/2-,j=2) Σ(1/2-,j=1) Σ(3/2-,j=1)

M(Ys)2
 1670 1777 1690 1810 1814 1751 1760
M(Yc)2 2890 2933 2917 2956 2960 2909 2910

Rate(Ys)
 0.017 0.039 0.018 0.10 0 0.016 0.032
Rate(Yc) 0.22 0.43 0.22 1.1 0 0.20 0.41
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𝝅-p —>K0Ys or D-Yc

1PDG2016, Chinese Physics C, 40, 100001 
2T. Yoshida, E. Hiyama, A. Hosaka, M. Oka, and K. Sadato, PhysRevD.92.114029(2015)
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𝝅-p —>K0Ys or D-Yc

�29

Production rates(Preliminary)

1PDG2016, Chinese Physics C, 40, 100001 
2T. Yoshida, E. Hiyama, A. Hosaka, M. Oka, and K. Sadato, PhysRevD.92.114029(2015)
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𝝅-p —>K0Ys or D-Yc
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Production rates(Preliminary)

1PDG2016, Chinese Physics C, 40, 100001 
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G.S. Λ(1/2+)
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𝝅-p —>K0Ys or D-Yc

�31

K0Λ0 : K0Σ0 ~ 3 : 2

• Hyperon and charmed baryon productions show distinct 
differences on q2eff - dependence 

• Spin structure dependence has been found in ρ- and λ-modes 
• Both one- and two-quark processes need to be taken into 

account to explain experimental data

Production rates(Preliminary)


