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 1. Introduction 
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Why medium-heavy hypernuclei ? 

1) L single-particle energies: not well known  

2) More chances of high-spin selectivity to see 

new aspects such as hyperon coupled with  

rotational and/or vibrational states. 

3) Recent (e,e’K+) experiments encourage to 

go to sd- and fp-shell regions. 

4) Expect to find “stable” X-hypernuclear 

states, which leads to  hyperon-mixing 

phenomena  

      



Single-particle energies of L  
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2.1 Developments in   

reaction spectroscopy of 

hypernuclear production    
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(p+,K+) 

(g, K+) 

(K-,K+) 
Theoretically reliable analyses take account of: 

     1. DW effects  (DW vs. PW),   

     2. Microscopic treatment with elem. amplitudes, 

     3. Nuclear core excitation effects 



(K-,p-) 
     

  

 (p＋,K+) 
played a great role of 

exciting high-spin series 

G = 1.5 MeV (best)  

    

(e,e’K+), (g, K+) 
  

Motoba. Sotona, Itonaga, 

Prog.Theor.Phys.S.117(1994) 

T.M. Mesons & Light Nuclei 

(2000) updated w/NSC97f. 

------------------------------- 

JLab Exp’t : G = 0.5 MeV   
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Theor. prediction vs. (e,e’K+) experiments 

    

  

  Theory   

 Motoba. Sotona, Itonaga,  

  Prog.Theor.Phys.Sup.117 (1994) 

T.M. Mesons & Light Nuclei (2000) 

updated w/NSC97f.   
  -------------------- Sotona’s Calc.---- 

Hall C (up) T. Miyoshi et al. 
   P.R.L.90 (2003) 232502. G=0.75 MeV 

Hall A (bottom), J.J. LeRose et al.     
     N.P. A804 (2008) 116.   G=0.67 MeV 10 



(e,e’K+) cross sections confirmed. 
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(p+,K+)  

PW  vs. DW  
(1) 

In a typical (π+,K+):  

Neff = 0.184 (PW) 

         0.030 (DW)  1/6 

(2) XS to low-J states 

 are much more 

reduced,  resulting in 

the sharper peaks    

(3) Interesting DW 

effect (mechanism） 
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(K-,p-) 

on 28Si 

at 

p=0.7 

 

 p=1.1  

 

 p=1.5 

GeV/c 
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(by Umeya) 
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(by Umeya) 



(K-,p) at p~1.1 and 1.5 GeV/c 

expected to be done at J-PARC  

• can produce polarized hypernuclei 

• Not only “substitutional (DJ=0)” states 

   but also other states are excited at the 

same time. 

•  provide chances to see interplays 

between L and collective motions of 

nuclear core  
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2.2 Electro/photo-production  

of sd-shell ~  hypernuclei  
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(some cases for sd-shell:  already done at 

Jlab, and expected to be done at MAMI)  

 

- Microscopic based on elem. ampl. 

- DW:  solution of the Klein-Gordon eq. 

- Emphasize the importance of taking 

account of nuclear core excitation effects   



Hyperon recoil momentum and  the 

transition operator determine the 

reaction characteristics 

 qL=350-420 MeV/c  at  Eg=1.3 GeV 



Lab ds/dW  for photoproduction (2Lab)  
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Spin-flip interaction are dominant  



Theor. x-section for (d5/2)
6 (g,K+) [ ｊh-ｊL]J  
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  Realistic prediction for 
      28Si (g,K+) 

L
28Al with full sd-wf  
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 By fully taking account of 

      -- full  p(sd)6.n(sd)6 configurations, 

      -- fragmentations when a proton is converted,   

      -- 27Al core nuclear excitation 

      -- K+  wave distortion effects 

 

 Comparison with the 28Si (e,e’K+)  exp.  
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Proton pickup from 28Si(0+):(sd)6 =(d5/2)
4.1(1s1/2)

0.9(d3/2)
1.0 

  



proton-state fragmentations should 

be taken into account to be realistic  
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Peaks can be classified by the characters  
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•   

Far better energy resolution! 

 

In comaprison with  

(p+,K+) experiment from KEK 



3. Production of X-hypernuclei 

(and LL-hypernuclei ) 
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-The similar theoretical framework has 

  been applied to (K-,K+) reaction on 12C. 

- DW:  solution of the Klein-Gordon eq. 

-taking account of nuclear core  

    excitation effects   



  

Arbitrary 

smearing 

widths are 

used  in these 

figures 



  BNL-E885 

P. Khaustov 

et al, PRC 61 

(2000) 

BS strengths 
observed,but  
peaks not 
confirmed. 

Suggesting: 

only  WS-pot. 
depth: 

 U=12-14 MeV 

       or less. 

    “shallow” 29 



Reference position of J=1-(T=1) states. 

 The relative positions of Jn show the 

 different s.s interaction nature of VXN. 
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X-N interactions used in Shell Model  

Comparison in the form of  V= -V0+D(s.s) 

                                  V0       D     D/V0      

NX(ESC04d)   T=0   4.98  -15.81    -3.18 

                        T=1   0.30   -2.96     -9.88 

NX(NHC-D)     T=0   2.14    4.75      2.23 

                        T=1   1.55    0.79      0.51 

NL(NSC97f) T=1/2  1.05    0.04      0.04 

31 

 s.s strengths are quite different for ESC and ND, 

 so further trials and improvements are required.   



Sensitive interaction dependence 

Nijmegen NHC-D vs. ESC04d 
 

• Different partial-wave contributions 

    NHC-D (large p-state attraction)  vs.  ESC04d(s-state) 

• ESC04d (quite large spin- & isospin-dependence) 
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Trying to use the most recent X-N 

interaction from Nijmegen (ESC08) 

 

 

 

 

 

 

• Let us wait for the J-PARC Day-1 Exp.  

by Nagae et al, which will provide us  

   a very important restriction on V(X-N). 



 ESC04 modified to be ESC08 ! 
(continuum bump should be larger) 
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As the second best candidates to extract information about the 

spin-, isospin-independent term V0, we propose to perform… 

K- K+ 

7H 
Ξ- 

K
- 

K+ 

10B (T=0) 10Li (T=1) 
Ξ- 

α 

p n 

n α 

Ξ- 

α α 

p 

α 

Ξ- 

α 

n 

n 

7Li (T=1/2) (T=3/2) 

n n 

Why they are suited  

for investigating V0? 



外側の
軌道

19F(g ,K+)
  D
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0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

Λ 粒子の生成軌道

8MeV

-2.5MeV

-13MeV

E

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2

0d
3/2      1s1/2      0d5/2     0p1/2     0p3/2      0s1/2
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neutron L (DDHF) 
proton  



γ 線によるハイパー核Λ 19Oの生成断面積
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As a  “closed core (18O)”+ L ,   cf. SO-splitting(0p)=152+-54 keV(C13)  



Lightest sd-shell target: 19F 
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1-Skipped) 

discussion  

 

on 

  

Widths of  

Xi states: 

Xi-LLmixing   



Why  X-hypernuclei ? 
1) They provide unique information   on the   

S=-2 B-B interactions inaccessible otherwise. 

40 

2) High-priority experiment at J-PARC（2009－ 

 E-05: “Spectroscopic study of X-hypernucleus via 

the 12C(K-,K+) X
12Be reaction” by T. Nagae et al. 

   

       Realistic Calculations are required.   



 Summary (proposal) for  

X-hypernuclear exp. programs  

to be done at J-PARC  

important point is to extract a firm 

constraint on the X-N central force 
(Meson theory shows strong spin-isospin 

dependence) 

• To realize this purpose, I propose to 

choose odd-Z natural targets such as  

         19F (18O+p), 27Al (26Mg+p), 

         31P (30Si+p),…….  (Cal. In progress 
41 
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