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O. Introduction

From an old draWingS,Figures appeared in Nucl. Phys. A547 (1992) 379c.
Hyp. Conference held in Shimoda (1991).

Fig.3 ” Neither fish nor fowl 7 7 as drawn
by Bea Pace. Taken from Ref. [19]

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

“Hypernuclear Physics is in a strange
position. Itis 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-A and
A-A interactions.......”
(from a book review by J.D. Jackson,
SCIENCE 158, 3821 (1968), p.1346.) 2



hyperon many-body systems

Life of the Hypemuoleus @® First chart in cubic axes
from birth To"death’ St
ZN - AN -+ 7NN
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Fig. 8 Hypernuclei and ordinary nuclei

Philosophy: Production, in the {N, Z, S} cubic axes[30].
Structure, and Decays as T. Motoba, NPA 547 (1992) 379c;
a whole First: Genshikaku Kenkyu 32 (1987) 97
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INS symp. (1995) Muclear and Particle Physics with Meson
beams in the 1 GelV,/c Region

(2001) Physics of Gel Electrons and Gamma-Rays

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
4
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(2) Prediction of ¢°Y(n+,K+) ,°%Y and
theoretical interpretation after
the experimental spectrum

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

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.

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).



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
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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: o



Figure from Bohr-Mottelson textbook
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Figure 2-30  Energies of neutron orbits calculated by C. J. Veje (private communication).
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Figure 2-30  Energies of neutron orbits calculated by C. J. Veje (private communication).

Note: The shaded part cannot be accessed because of the too large

spreading widths for nucleon—hole states.

OK for hyperon! 10



How to understand “large” splitting of
subpeaks observed in heavy systems

3) High-precision y ray measurements in
1,Li, 9,Be, 13,C clearly confirmed

l very small spin-orbit AN interaction .

How to understand the doublet-like subpeaks
observed in medium-heavy hypernuclei ?

spin-orbit splitting or other origins ?

11



AE is not proportional to (21+1)

If we assume that each doublet corresponds to j> and j< d

Two Serious problems arise:
(1) Energy splittings are not proportional to (27 +1).

Peaks £\ (MeV) AE) ( AE\ ratio)
( EXP) ( Ho) (WS-CAL)

=0 -23.11

1L -17.10
L 1710} 1,37 (o) (20 (10

~2 L -10.32
R -8 69 } 1.63 (L2190 (167 (2 16)

3L -3.13 } 1.70 (1.24) (233 (3 36)
R -1.43
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|f we assume that each doublet corresponds to Jy and Jj

Two Serious problems arise:

(2) Cross section ratio is opposite to the theory

Peaks Ep(MeV) o L/R ratio
( pb/sr) (EXP) (DFIA-CAL)

~0 ~29: 11 0.60

=1L -17.10 2.00
R -1573 138 J 1.46  1.00 (L=R)

£2 L -10.32  5.10
R 860 352 ) 1.45 0.55 (L<R)

E3L -3.13 6. 87
Y 8 s7 J 1.01  0.44 ()
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XS ratio is determined in DWIA as

DW: Solve Klein—Gordon Eq for = and K partial waves.

(+) *

0 = Fx W)= EENns D] % S 0 ¥ )

do/dQ for [jn_ jA]J p—h state is proportional to

2/, +1) @7+ Gy 1/27,1/213002 <G| Ty O 1 |2

jn=g9/2=[(+1/2 ------ - jA=[-1/2 (f5/2) larger XS
------ =2 jA=[+1/2 (f7/2) less
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EXP(2001) vs. DWIA CAL (1988) V,.=4.3MeV
j=l+1/2 seems stronger in EXP, but CAL is opposite.
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Models for Stucture of 89,Y :

Shell model analysis

(1) The simplest model with 1-hole core
(assume a 99Zr target)

O

\J

£/

......................................................... 70 oy

A
L +1/2

(2) Role of an odd proton introduced
(single 1p—-1h core): 2 levels in 88Y,

lp 1/2—@

0. 232
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Models for Stucture of 8,Y : Core(J)xhyperon coupling
(3)£Many [1p-1h] ; multiplets of the B88Y core}
e

xcitation due to Wy.

A orbits (DDHF: &=0)

] % ig i
lpgg/2 .. o — O— |2 igg/z
bye 0.91 lpl /9 lp3 /2p 1/2
---------- 1
51 ;3/2 X £, i )
1.76 5/2 P,
7/2
l“;l/z
- 3/2
8 ... L d" @ 5/7 &
88Y g
1// ISV
o/

. - . A 18
[Gpdn ) j T ) g 51/ 18



All the 2p-1h configurations adopted
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Eigenvalues E(J) and each major configuration
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d%6/dQdE (nb/sr/MeV)
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Relative peak strengths as a function of 0=¢(f5/2)-¢(f7/2)

Doublet 2L-2R peaks
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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 A(nl)j)
Sm isotopes ( spherical>deformed)

(b) 9ABe —> 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,C case as an example of the “spherical core”
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3(a) Deformed core (Rotation 0*,2+,4*...) x A(nl))
Sm isotopes ( spherical>deformed)

144-154
64°0Mg>5 o0

H. Mei, K. Hagino, J.M. Yao, T. Motoba
P.R. C96,014308 (2017)
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FIG. 2. The yrast levels of the Sm isotopes calculated with
the MR-CDFT (the red lines) in comparison to the experi-
ment data (the black lines) taken from Ref. [24]. The figure
also shows the scaled levels (the blue lines) with a multi-
plicative factor of f = E;ip'/EiR_CDFT? that is E7{°4 =
f. EMR—CDFT

I+
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Calculated E(4%)/E(27) B(E2; 2* = 07)
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Relative B(E2) ., band structure
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E(1/2,") and E(3/2,") in hypernuclear isotopes
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Change of w.f. components 1n J=1/2,", 3/2;
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FIG. 8. The probability P for the dominant components in
the wave function of (a) the 1/2; state and (b) the 3/2; state

, NS 3
as a function of the mass number of the ASm isotopes.



WF probability for J*=[ I x A(s,,,)]

positive parity states > weak-coupling: 99%

TABLE 1. The probability P of the dominant components,
defined as P = f d-rrﬂﬁjgn;(r}ﬁ in the wave functions for

the positive-parity states.

J?T

(Lj) ® I,

14&"::111 i Sm 145%111 PiSm PySm CASm

1/27
3/27
5/27
7/2f
1/25
3/25
5/25
/23

s1/2 ® 07
S1/2 & QIL
S1/2 @ 27
s170 @47
s$1/2 @ 03
S1/2 @ 23
S1/2 & 27
S1/0 @47

0.99%
0.997
0.997
0.991
0.987
0.9381
0.980
0.98%

0.998

0.997
0.997

0.996
0.983
0.996
0.996
0.993

0.997
0.996
0.996
0.996
0.993
0.995
0.995
0.994

0.994
0.993
0.993
0.993
0.992
0.992
0.991
0.987

0.988
0.988
0.988
0.987
0.987
0.986
0.986
0.985

0.982
0.982
0.982
0.982
0.990
0.989
0.989
0.986
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Negative parity state W.F.(J,7) vs. deformation

TABLE II. Same as Table I, but for the negative-parity states
shown in Fig. 5. The blank entries indicate the probabilities
smaller than 0.001. Spherical core =2 =2 deformed

JT ()@ IF [F3Sm “*{Sm “{Sm °;Sm °YSm °?Sm
1/27 pi/2 ® 07 [ QO86 _0.964 0.859 0.484 [0.348 ‘0.322
P32 @ 271 0.012 0.033 0.136 0.503 [P.627] [0.639
3/27 P12 ®2710.006 0.015 0.054 0.204 [0:27 2
pase ® 07 [ 0.986 0.965 0.876 0.545 [0.395 ‘0.363
p3se ® 27 [ 0.006 0.017 0.064 0.238 [0.309] |0.318
5/27 p1/2 ® 27| QO80 0,959 0.573 0.453 [0-385] [0-3
pase @471 0.012 0.034 0.154 0.377 [0.462
P32 @ 27 0.262 0.156
7/27 P12 ®@47(0.008 0.022 0.074 0.183
Pase ® 271 0.980 0.954 0.854 0.653
p3se ® 471 0.006 0.018 0.062 0.150
9/27 p1/o ® 47| Q843 0931 0.570 0.481
pase ®470.071 0.016 0.288 0.210
pas2 ® 67 [0.040 0.033 0.131 0.295

10

Be careful that, only in spherical cases, we can extract hyperon
single-particle energies g(nlj>0s1/2) in good approximation.
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3(b) Coupling of different parity core
states mediated by hyperon (Umeya+)

""Be @ unnatural parity REEICHE T BEAES
Be (Joe) ® A(Op)= 'Be (J )

"Be (J..)

cone

e Be (J1,.) ® A(0s) = ""Be (J*}) Mixing

Be (Joore) ® A(Op)= 'Be (J )

"Be (J o) [ Fiew

Be (Joor) ® A(0s) = 'Be (J )

SFE TORBEREHE TIEO7#%I3 natural parity D d*
Be(J7) I3 A DY 0s [TV BIRER

Be(JY) IEDWTIE A(0s), A(0p) DITRILF—ED 1ho
| "Be(J_, ) Be(J. ) DIXRILF—ED lhw

AN HHEERIC K > T 7D natural parity DIRREE

A7 #&AH unnatural parity ICRIEUTCIREBEHNEFIT S 36



Parity-mixed multi-configuration Calc. explains the
new bump(a), so that the experiment confirms the

new symmetric state in 19, Be for the first time.
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(nb/sr/MeV)
Il Lad e LA
= = = =

]

Cross Section d’o/dQdE
C.

E, [MeV]

0 5 10
T T T T [ T T T T 1 T T T 1

[ JLab E05-115
[ 9B(e,e'K*)'"° Ba (Fie #4
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T. Gogami ef al.,
PRC93, 034314 (2016)
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3(c) 3,C case as an example of
the ‘spherical core’

13C (K,ny) BNL E929 (Nal) 300

X Ap1/2 _ 12" 11.10 -
XAP32 T T a2 1095 250
' |

(K, ) at pg=0.9 GeV/c

— 3C (1/2,3/2)

............. iBe (3/2, 5/2+

.

™

w -
= F 172
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; < 2 R -
4439 2"/ .- 491 : \ o
i | 5/2 50 |- N e L D e

|E2
00} \AJ %

i L i +O
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120 1}\3C . .ab Angle (deg)

PRL 86 (2001) 4255
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120 E. Hiyama, M. Kamimura, Y. Yamamoto, T. Motoba and Th. A. Rijken
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Hiyamaetal.,, =
P.R.L. 85 (2000)
L I 0
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Fig. 5.

MeV (I™ 1) (%)
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11.0 (3, ®s) 91,1

10.7 (0°,®p) 95.

0" x A(p)

459 (2,@s) 99.3

0.00 (0,®s) 98.9

Calculated excitation energies of }*C with Vp only (the A spin is implicit) compared with

the observed excitation energies of *C. Also shown are the dominant configuration and its
percentage contribution. This figure is taken from Ref. 29).
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(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,
guite interesting if they are accessible somehow
experimentally in future.

Deformed target (K-,7t-) deformed substitutional states,
as in the ° Be(K-,t-) case
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SUMMARY

(1) Review of the detailed analysis of 8°Y(p+,K+) 5,
emphasizing an important role of core-excitations.

(2) Dynamical interplay of L hyperon with nuclear
collective motion (deformation)
Examples: Sm isotopes, ,°Be, ,1°Be ,13C, etc.

(3) Discussed target candidates suitable to extract
A s.p.e. in medium/heavy region



