
  

ハイパー核の生成と崩壊 
（とつきあって） 
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         元場俊雄 
 
研究会「ハイパー核物理の発展と今後の展開」 
    ２０１３．７．７ー８ 志摩 

   



内容 

１．軽いハイパー核へのCluster modelの 
適用 

２．ハイパー核生成反応 

３．Weak  decay (pionic) 

4. (e,e’K+) reaction spectroscopy  beyond  

      p-shell 

5.  雑 
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1. 軽いハイパー核構造の面白さ 
クラスターモデルの適用と展開 

• Cluster modelの適用可能性（α+x+Λ） 
       まずOCM，V(ΛN)＝ORG ＆ YNG   

• ハイパー核構造の特徴・新奇性を明らかに 

• 計算できる物理量は全部やる 

• Core核とΛのcoupling dynamics 

• 生成断面積、崩壊幅、電磁遷移確率、μ 

• ３つの側面（生成、構造、崩壊）の意識 
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Applications of microscopic cluster models   
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 weak coupling with Λ(s),  

strong coupling with Λ(p),  
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 Shrinkage due to Λ participation 
( “glue-like role” of Λ )  

T. Motoba, H. Bando and K. Ikeda, P. T.P.70(1983) 
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Microscopic cluster modelの展開 

• Yamadaらの展開 

   α*＋α＋Λ計算、S行列による幅の計算 

   α＋16O＋Λ 

 

• Hiyamaらの展開 

   Λ
5He＋ｐ＋ｎ、 α＋Λ＋ｐ＋ｎ精密計算 

   ダブルハイパー核へ  
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 B(6Li,E2:3+1+) vs. B(Λ7Li,E2;5/2+1/2+) 
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２. ハイパー核生成反応 
Characteristics of  the 

(K-,π-), (π+,K+), (γ,K+) reactions 

• DWIA treatment based on the elementary 
amplitudes (spin-flip, spin non-flip)  

• Nuclear and hypernuclear wave functions 

     including core excitation effects  
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How to produce hyperons and hypernuclei 
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Hyperon recoil momentum and  the transition 
operator determine the reaction 

characteristics 
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Selectivity in hypernuclear productions   

(K-,π-) at p=0.8 GeV/c: 
         Recoilless production of Λ 
      substitutional states with ΔL=0,1 

 
(π+,K+) at p=1.05 GeV/c:   
        Natural parity high-spin stretched states  
 
(γ,K+) at p=1.3 GeV/c: 
          Unnatural parity high-spin states 
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Well-separated pronounced peaks 
(Weidenmuller),  Dover-Ludeking-Walker, Motoba-Bando 
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Estimates of E2/M1 transitions and reaction 
cross sections using Nuc. & Hyp. WF 
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(π+,K+) at p=1.05 GeV/c: 
 CAL (Itonaga et al 1994) vs. EXP (Hotchi et al, 2001)  
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(Example)  How to understand Λ
89Y data  

21 



  

22 



  

23 



  

24 



Cross section estimates  
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Change of energies as a function of δ 
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橋本、永江らの(pi+,K+)実験は、 
原子構造のFrank-Hertzの実験に相当 
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３．弱崩壊 
π-decay, NM-decay  

• Itonagaらと計算 

• 波動関数はYamamotoらのYNG interactions  

     により構造計算 
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4. Mesonic decay of p-shell hypernuclei: 
The shell model works nicely to explain data. 
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Shell dependence predicted explained.  
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  sd-shell hypernuclear π-decays 
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ダブルハイパー核の弱崩壊 

EXAMPLES ONLY 

Production and decay 
Motoba, Bando, Fukuda, and Zofka, Nucl. Phys. A534 (1991) 597. 

Yamamoto, Wakai, Motoba, and Fukuda, Nucl. Phys. A625 (1997) 
101. 

 

Structure 
Hiyama. Kamimura, Motoba, Yamada, and Yamamoto, 

   Phys. Rev. C 65 (2002) 011301 
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4. (e,e’K+) Reaction Spectroscopy  
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With Bydzovsky, Sotona, Itonaga, …….(Hiyama) 



(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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Why medium-mass hypernuclei ? 

  Basic motivation (2)  

   

Unique characteristics of the  (e,e’K+), (g, K+) 
process are based on the basic properties of  

elementary amplitudes for  g p → LK+ : 
           ---  sizable momentum transfer to  

                 excite high-spin states, like  (p＋,K+) 

           ---  spin-flip dominance of the operator,  

                 leading to unnatural parity states 



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



Lightest sd-shell target: 19F 
A’s: p1/2-hole series, B’s: p3/2-hole series 
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40 40 

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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42 

Exp. data: O. Hashimoto et al,  
Nucl. Phys. A 835 (2010) 121 
   

(waiting for the finalization of analysis) 



 d2σ/dEdW 
Two series of pronounced peaks (d3/2hole,  h11/2 hole), 
Energy separation of 1.1—1.2 MeV, depending on Lam(nlj), 



Single-particle energies of L 
G-matrix  results vs. experiments 

(Y. Yamamoto et al.: Prog. Ther. Phys. S.185 (2010) 72. )  
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Sd- and fp-shell  
data are quite  
Important  to 
extract the L 
behavior in 
nuclear matter. 



 PROSPECTS 
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1) Based on the elementary amplitudes, the 
microscopic theoretical framework for 
hypernuclear production XS were discussed. 

2) Several photo-production spectra have been 
calculated by taking account of major core-
excitation effects. The prediction for  28

LAl is well 
compared with the recent experiments. 

3)  Predictions are made also for heavier typical 
targets, 40Ca and 52Cr, showing fruitful aspects.    

  



 . 4) Medium-mass hypernuclear production by (e,e’K+) 
provide us with good opportunities in understanding the 
details of the hyperon motion in nuclear matter.   

  (L-s.p.e. to establish “textbook”, Rotation/Vib.-L coupling,    Auger 
effect,   mL ,  eeff (L),  etc ) 

 

Remark:  
  The present frameworks apply also to  
 X-hypernuclear production with sd-shell 
  targets which might be fruitful at J-PARC. 
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その他（追加の雑談３つ） 
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（１） Prospects of Strangeness Nuclear Physics 
 
（２）高校生へのストレンジネス核物理の魅力発信 
 
（３）中学生からの国語力＝思考力の確実な育成 



（１） H. Bando’s Prospects 
 P.T.P. Suppl. 81 (1985) 

Three directions and three aspects  
of baryon many-body physics 
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（from H. Tamura) 

Three-dimensional nuclear chart  

（ First 3D illustration  
appeared In literature:  
Genshikaku Kenkyu 32 
(1987) 97.   
See P.T.P. S.185 (2010) 1. ） 



（２）高校生への学問アピールの必要性
橋本さんからのTELで偶然知った記事(1996) 
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｢大学選び｣（リクルート）1996.9.23号より 
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 （３）中学生の国語力育成を強調したい 
下の図面は？（東京） 
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Confucious 孔子(551－479B.C.)  
A great philosopher of ancient China 



Other examples:  

子曰、由、誨女知之乎。 

知之為知之、不知為不知。 

是知也。 

 

子曰、学而不思則罔。 

思而不学則殆。 



どうもありがとうございました 

• 志摩研究会へのご参加 

• 長年の議論とご協力、激励、寄せ書き 

• 長年の共同研究 

• 研究会世話人の方々への感謝 

• そして今後の発展へ 
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