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0. Introduction
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From an old drawings,Figures appeared in Nucl. Phys. A547 (1992) 379c.     

Hyp. Conference held in Shimoda (1991).

[19] Proc. Int. Conf. on 
Hypernuclear  Physics 
(Argonne 1969)

“Hypernuclear Physics is in a strange 
position.  It is neither fish nor fowl. 
High energy physicists do not look it for 
valuable advances in their understanding 
of the interactions of fundamental 
particles.   Nuclear physicists also see 
the fields as something apart.  It main 
relevance for fundamentals is the 
information it can provide on N-L and 
L-L interactions…….”    

(from a book review by J.D. Jackson,
SCIENCE 158, 3821 (1968), p.1346.)



hyperon many-body systems 
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Philosophy:  Production,    
Structure, and Decays as 
a whole

● First chart in cubic axes

T. Motoba, NPA 547 (1992) 379c; 
First: Genshikaku Kenkyu 32 (1987) 97 
(大ハドロン計画シンポジウム). 



INS symp. (1995) Nuclear and Particle Physics with Meson
beams in the 1 GeV/c Region

( 2001) Physics of GeV Electrons and Gamma-Rays
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SENDAI 03:  Electrophotoproduction of Strangeness on Nucleons

and Nuclei

SENDAI08: Strangeness in Nuclear and Hadronic Systems

There have been good collaborations between 
experimentalists and theorists.
Roles of theory sides:  
(1) Predictions (rough or detailed)
(2) Interpretation or consistent understanding of exp. data
(3) Characteristics of different (virtual) prod. reactions 
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(2) Prediction of 89Y(p+,K+) L
89Y and 

theoretical interpretation after 
the experimental spectrum

• Targets:    9Be,  12C, 28Si, 56Fe, 89Y, 208Pb,  ETC.

• Theory:
C.B. Dover, L. Ludeking and G.E. Walker, Phys. Rev. C 22, 2073 (1980).

H. Bando and T. Motoba, Prog. Theor. Phys. 76, 1321 (1086). 

T. Motoba, H. Bando, R. Wuensch, and J. Zofka, Phys. Rev. C 38, 1322 (1988).  
ETC. 

• EXP 
BNL:  R.E. Chrien group ……….

T. Hasegawa, et al. , PRL 74, 224 (1995); Phys. Rev. C 53, 1210 (1996).  

H. Hotchi, et al., Phys. Rev. C 64, 044302 (2001). 
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Low partial waves are more reduced by absorption effect, 
leading to high-L role enhancement
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Hyperon recoil momentum and  the 
transition operator determine the 
reaction characteristics

qL=350-420 MeV/c  at  Eg=1.3 GeV
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H. Hotchi et al., Phys. Rev. C 64, 
044302 (2001)

Great achievement as a “Textbook example”
BUT 

we had a serious discrepancy between the prediction and 
the exp. and how to understand the doublet-like peaks:
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Figure from Bohr-Mottelson textbook

Note: The shaded part cannot be accessed because of the too large 
spreading widths for nucleon-hole states.   OK for hyperon! 



How to understand “large” splitting of 
subpeaks observed  in heavy systems
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ΔE is not proportional to (2l+1) 
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XS ratio is determined in DWIA as

jn=g9/2=l +1/2 ------→ jL=l -1/2  ( f5/2)  larger XS
------→ jL=l +1/2  ( f7/2)  less 

14



15



EXP(2001)  vs.  DWIA CAL (1988) VLS=4.3MeV

j=l+1/2 seems stronger in EXP, but CAL is opposite.
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Shell model analysis

l  +1/2

l -1/2
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Core(J)x hyperon coupling



All the 2p-1h configurations adopted
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Eigenvalues E(J) and each major configuration
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In the form of  
88Y[Jc] . j

L
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Relative peak strengths as a function of  d=e(f5/2)-e(f7/2)
Doublet 2L-2R peaks 

best value
d(0f)=0.2
d(0d)=0.14

MeV

Consistent 
results with 
data from
13
LC.  
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Both f7/2 and f5/2 orbits are in the “3L” peak, while the
“3R” peak is subpeak series based on the core-excitation. 
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(3) Interplay of a hyperon with nuclear 
core dynamics 

(a) Deformed core (Rotation 0+,2+,4+…) x L(nlj) 
Sm isotopes ( spherical→deformed)
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(b) 9
LBe → Appearance of “genuinely hypernuclear states” 

(New symmetric state [5](50) in SU3) which are 
forbidden in ordinary nuclei due to the Pauli principle.
Lowering of p// state due to the nuclear core deformation

(c) 13
LC case as an example of the “spherical core”   



3(a) Deformed core (Rotation 0+,2+,4+…) x L(nlj) 

Sm isotopes ( spherical→deformed)
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144-154
64Sm82-90

isotopes 

Total energy 
as a function 
of intrinsic
quadrupole
deformation
β

Transition
from

spherical to
deformed
characters  
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Calculated  E(4+)/E(2+) B(E2; 2+
→ 0+)

Vibration (spherical ) --→ Rotation (deformed) 



31



32

E(1/21
-) and E(3/21

-) in hypernuclear  isotopes



33

Change of w.f. components  in  J= 1/21
- , 3/21

-
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WF probability for J +=[ I  Λ(s1/2)]

positive parity states → weak-coupling:  99%
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Be careful that, only in spherical cases, we can extract hyperon 
single-particle energies e(nlj>0s1/2) in good approximation.  



3(b) Coupling of different parity core
states mediated by hyperon (Umeya+)
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Parity-mixed multi-configuration Calc. explains the 
new bump(a), so that the experiment confirms the 

new symmetric state in 10
LBe for the first time.
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3(c) 13
LC case as an example of
the “spherical core”
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13
LC case

(ref)
Hiyama et al.,
P.R.L. 85 (2000)

0+ x L(p)

1- x L(0s)



(4) Comments: 
Suitable (preferable) targets for
extracting L single-particle energies

• “Spherical” targets or understandable core

structures without dense energy levels   

• Couplings with rotational motions are, of course,

quite interesting if they are accessible somehow

experimentally in future.

Deformed target (K-,p-) deformed substitutional states,

as in the ９Be(K-,p-) case   
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SUMMARY
(1) Review of the detailed analysis of 89Y(p+,K+)L

89Y,

emphasizing an important role of core-excitations.

(2) Dynamical interplay of L hyperon with nuclear 

collective motion (deformation)

Examples:  Sm isotopes,   L
9Be, L

10Be L
13C, etc.

(3) Discussed target candidates suitable to extract

L s.p.e.  in medium/heavy region
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