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(0) BASICS: Hyperon recoil momentum 

and the transition operator itself  

determine the reaction characteristics 

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

      ( 1 ) 

 p+n  LK+ 

 gp  LK+ 

 

Momentum 

transfers are 

both large and 

comparable. 
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 Microscopic treatment based on the 

 elementary transition amplitudes  (p,K) case 

(2) Elementary amplitude     N  Y 

        f = spin-nonflip,  g= spin-flip , σ= baryon spin  

(p,K) case  



Lab ds/dW  photoproduction case (2Lab)  
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(g,K+) case  



Elementary amplitudes (complex 

and p-dependent, q-dependent )   
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Three spin-flip 

terms are all 

large in Kaon 

photoproduction 



(1)  Application to the lightest 

closed-shell target  4He 
(A proposal from theory side)  

Unique role of (e,e’K+) or (g,K+) reaction: 

 to excite 4LH(1+) state preferentially by 

making use of the spin-flip dominant nature.  

 ( An important issue is to determine 1+ energy 

  position (update) for the study of CSB effect  

   in L-N interaction.)   7 
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・A. Nogga, H. Kamada and W. Gloeckle,  

  Phys. Rev. Lett. 88, 172501 (2002) 

 

(Exp: 0.24 MeV) 

(Exp: 0.35 MeV) 
(cal. 0.07 MeV(NSC97e)) 

(cal: -0.01 MeV(NSC97e)) 

・E. Hiyama, M. Kamimura, T. Motoba, T. Yamada and Y. Yamamoto, 

  Phys. Rev. C65, 011301(R) (2001). 

 

・H. Nemura. Y. Akaishi and Y. Suzuki, 

 Phys. Rev. Lett.89, 142504 (2002). 
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Many 4-body calculations have been done  Talks by 

Hiyama, 

 Gal 

(slide from Hiyama) 



4He(K-,p-)  vs. 4He(g,K+)  
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 Calculated X-S  

1+ gets minor X-S but  excited  

anyway, then (K,pg) coincidence  

 method successful.  Tamura’s talk  

X-S(1+) is 

predominantly  

Larger than  

X-S(0+) 

(A reaction theoretical view) 



  

10 

Measure weak 

decay  p energy:  

(T=53.24) 
 p=133.03 MeV/c 

E(1+) peak energy will be determined by 4He(e,e’K+)  



(2) JLab (e,e’K+) experiments 

opened a new stage of 

hypernuclear reaction 

spectroscopy  

• Success of JLab experiments (Hall A & C) 

  on p-shell targets ---- high E resolution ~540keV 

• Suggesting new theoretical aspects  
11 



 The most typical one: 12C(e,e’K+)   

 Tang et al. PRC 90(2014) 
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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.   
---------------------------------------------- 

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

Hall A (bottom), J.J. LeRose et al.     
     N.P. A804 (2008) 116.   G=0.67keV 13 
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DWIA calculation  



Nijmegen B-B interaction model improved by 
taking account of hypernuclear reaction data+g 

  
  

   



  

  

  

   Providing discrimination of several versions of  

meson theoretical Y-N interaction models  
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EXP. X-S and DWIA estimates are  

in  good correspondence  



( 2015.05.10 Umeya ) 18 
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Proton pickup S-factor  

There are opposite parity excited states at  low 

energy E<10MeV.  (Many theoretical attempts) 



Our new theoretical challenge 
is to take both parity states into account.   

major shell mixing mediated by L 
that is a new concept seen only in hypernucleus 

 (we have called it as parity mixing)  
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Results of parity mixing calculation 

(preliminary)  
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Components connected  via (g,K+)   
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Problems:   

    What kind of effective interactions should be used  

     in describing those WF in the extended model space.  

 proton is converted -- L in s or p orbits  

( So far only green arrows are taken into account.) 
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Preliminary photoproduction X-S  

Down:  

Previous  

calculation 



   

A typical example of medium-heavy 

target :28Si: (d5/2)
6 and (sd)6P(sd)6N  

 

to show characteristics of  

the (g,K+) reaction  with DDHF w.f.  

Spin-orbit splitting:  

consistent with  L
7Li, 9Be,13C, 89Y  
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(3) Medium-heavy nuclear targets 



These characteristic merits of  

the gp → L K+ process(ability to 

excite high-spin unnatural-parity 

states) should be realized better 

in heavier systems involving  

large jp and large  jL 
 

(e,e’K+)    d3s/dEe dWe dWK = G x ds/dWK  

             G : virtual photon flux (kinematics)  
   

 Hereafter  we discuss  ds/dWK  for  AZ (g,K+)L
AZ’  
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Theor. x-section for (d5/2)
6 (g,K+)[ｊh-ｊL]J  
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Proton pickup from 28Si(0+):(sd)6 =(d5/2)
4.1(1s1/2)

0.9(d3/2)
1.0 
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Peaks can be classified by the characters  
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Exp. data:  

Nakamura(HYP2015),   

  Seems promising, 

(waiting for  finalization 

of exp. analysis) 

   

Preliminary 



52Cr ( j> dominant target case) 

    typical unnatural-parity high-spin states  
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52Cr(e,e’K+) 52
LV in analysis 
   

Nakamura, priv. commun. (HYP2015)  
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E01-115 



 40Ca ( LS-closed shell case):  

     high-spin states with natural-parity (2+,3-,4+) 
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Well-separated series of peaks 
due to large q and spin-flip dominance: 
j>=l+1/2,  j<=l-1/2     
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(4) One of  the major objects is to get 

systematics of L s.p.e.  
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Taken from:  Millener-Dover-Gal, PRC18 (1988) 

 

Woods-Saxon pot.  D=28MeV 

      r_0= 1.128+0.439A^(-2/3) 
Skyrme HF  with r^(4/3)  

Density  dependent 



Single-particle energies of L 
G-matrix（ESC08ｃ） results vs. experiments 

(Y. Yamamoto et al.: PTP. S.185 (2010) 72 and priv. commun. )  
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High resolution  

exp. data over 

wide A are 

necessary. 
 

sd,  fp-shell and   

heavier data are 

quite Important  to 

extract the L 

behavior in 

nuclear matter. 



208Pb(g,K+) 208
LTl 

6 proton-hole states 

• 2s1/2 

• 1d3/2 

• 0h11/2 

• 0d5/2 

• 0g7/2 

• 0g9/2 

with L (s, p, sd, fp, sdg,  fph shells)  
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We have an opportunity to observe a series of Lambda orbits ? 



(5) Another interesting topics related 

to medium-heavy hypernuclear 

structure includes 

L-rotation(deformation) coupling  

• Refer to Talks by Isaka and Hagino. 
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Why the strong coupling is realized  

between p-state L and a+a core ? 

Schematic consideration assuming the 

SU(3) maximum configuration for the 

nuclear g.s. rotational states: 
   

  (lm)=(40)  l=0,2,4+  for 8Be 

  (lm)=(04) l=0,2,4+  for 12C 

  (lm)=(80) l=0,2,4,6,8+  for 20Ne        
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L 



l-dependent folding potential  
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Diagonal potential 

 VlL(R) for  L p-state 

l=2 is more  

attractive than  l=0. 



 Possible test of  gp->LK ampl. 

 

39 (From P. Bydzovsky )  



Summary and outlook  

40 

1) Based on the (g,K+) reaction characteristics,  

typical physics contents are discussed by showing 

theoretical production X-sections. 

2) Among others the DWIA predictions for p-shell,  

28
LAl and 52Cr are well compared with the recent 

expt.   40Ca and 208Pb are also demonstrated.   

3) In addition to the L s.p.e., dynamical coupling  

  of L with collective nuclear motion is  emphasized.  

4) Remarks: For efforts to improve the theoretical 

      elementary amplitudes, refer to Skoupil, 

   Bydzovsky, Mart. 


