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T. Motoba, NPA547 (1992) 379c¢-392c.

In memory of professor Hiroharu Band6 , I quote a part of the note added by Zofka
and myself in our recent review article [3].

"Hiro started his scientific work at Kyoto Univer-
sity with an investigation on nuclear collective motion
in 1961 and did many noticeable studies with more than
110 papers which are related to three groups: (i) the
many-body theory of the effective interactions based on
the realistic nuclear force, (i1) the <luster model of nuclei
and clustering mechanism, and (iii) the theory of hyper-
nuciear physics covering the various stages (production,
structure and decay) of hypernuclei.”

Dr. Hiroharu Bando (1938-1990)

In memory of professor Jan Zofka, let me simply quote several sentences from a recent
article by G. Ripka[5].

"Jan Zofka, the internationally known expert on hy-
pernuclei, died unexpectedly last May (5th, 1991) in
Prague. Zofka graduated in 1966 from the Czech Techni-
cal Faculty of Nuclear Physics and entered the Institute
of Nuclear Physics in Rez near Prague, where he worked
until his death. He started as a student of Professor Trli-
faj and after a six month visit to the Service de Physique
at CEN Saclay, France, he completed, in 1971 in Prague,

his PhD on the Hartree-Fock theory applied to nuclear
shape.” [5]

Dr. Jan Zofka (1943 - 1991)
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(7t ,K*) Spectroscopy

; (K, m)
® Merits N e (K™, 1) CFe
® Large momentum transfer gq~350 a e 120Nl
MeV/c ° s’
® Efficiently produces deeply-bound RO
States N"X= 0,030
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SKS Spectrometer at KEK-PS

KEK-SKS

AEROGEL
CERENKOV

LUCI
CERENKOV

800 MeV/c
700 MeV/c
600 MeV/c

N\___ TARGET

BEAM

for the (nt,K+)
reactions

Constructed by
INS, Univ. of
Tokyo,

from 1987 to
1990

In operation
since 1992

Bmax=3T(500A)
Pole Gap=50 cm
10.6 MJ stored
Cold Mass ~4.5 t
~280 tons




(m,K™) experiments with SKS

* E140a: 198, 14c, #8sj, 8%y, 13914, 208pp,
® pPhys. Rev. C 53 (1996) 1210.
* £336: /Li, ”Be, 3¢, 10

® Nucl. Phys. A 639 (1998) 93¢, Nucl. Phys. A 691 (2001) 123c.
® Prog. Part. and Nucl. Phys. 57 (2006) 564.

® E369: 89Y, 51V, 12¢in high-resolution
® Phys. Rev. C 64 (2001) 044302.

e £521: 10g(x, k)
® Phys. Rev. Lett. 94 (2005) 052502.



E140a:
First (nT,K+) exp. with the SKS

+ Targets: 108, 12¢, 285, 89y 139, 208py,

e 12 A C: First observation of core-excited states

® Confirmed A Shell Structures up to 208APb
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T.Hasegawa et al., Phys. Rev. C53 (1996) 1210
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T.Takahashi et al., Nucl. Phys. A670 (2000) 265c.
Cal. by K.Itonaga et al., Phys. Rev. C49 (1994) 1045.



E369: A12C

® Best energy resolution
® AE(FWHM)
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Core-excited states of '*,C

New states are resolved.
Effects of AN spin-dependent forces

(MeV)
12.35+0.09

—_—’ 1 — 10.83+0.04

8.11+0.14
6.17+0.13

2.54+0.14

EXCITATION

— 0.00




Parity-mixing intershell
coupling
e T. Motoba, in HYP97(Nucl. Phys. A 639 (1998) 135c.)




E336: *,Be

@ Observation of hypernuclear states or
“Supersymmetric” states

Excitation energy [MeV |
~10 =3 10 {3 20

.-IFTlngliTr! i T _-;;Tr‘l[.‘f ."T:"{g‘.’
b i 4 N i I

- i i i L
= 1 4 E]

- ABe :

(K57 4 2°9<14°

—D(n*, K") T

i
]
§
|

#swq,ﬂ

r 5’/!///!!;/
T
ALY

)
AV YRR '

R U SN SRS

o [Ub/0.25MeV]
=
¢

G,e
<
&

!
4 H’.///,’l/

iy

MO ' : i / ¥ ;.
AN < . : . _ X gt M
[ ALY f : 4 ¥ . A
) (IR . - . i 1wl
. - . g : .’f‘ +‘;"':'MT.\—-»':-?-9--———A"'.f"v‘w-‘-—-—ﬂl\-ww-‘-—-—mq--——nv—-l
. : b S el : R
RN A ;
tn Ve i . | :

VRPN T A (RF M SOE T IRPUY T I SO 'O TR AR I S

170 175 180 185 190 195 200 205
M., - M, (MeV]

HYP

cluster model exp.

T.Motoba, Il Nuovo Cim. 102A (1989) 345.




Excitation energy {MeV ]}

TR UUT TN 7 FTOUPIPUTITT S PN

186} 185 194
Myvp— My [MeV]

195

. - — 1]
[ o = | o
~ o L. o

Cross-Section [nb0.5MeV]

Excitation energy [MeV]
-5 0
T
130
AS
2°50<14°

E336 Preliminary

g ; r
i g ' + . !
+ . N —
; : r X
: - *T.17 . .
' { Ty '
W { N < N
At : . 3
. - . - P
. i “ ' 4 H .
» ! 5 | \
- H . vyr . - L .
)| o o v e O Y \
Al o T e o 0 B O B e o, 0. o . B o 0 . 0 o i .

165 170 17§ 180 185 190 195 200 205

Myye-M, [MeV]

YFP

Excitation energy [MeV]
S 10 15

Y oYeYr vy L P i

2°<0<11°

E336-Preliminary

Cross-Section [nb/D.25MeV]

185 190 195
ays = M, [MeV]

AE(2* - 0*)=0.04+0.32 MeV



In E140a

89 Y

//Af

, / k
IS =)
o =N\ <~ S
—
\
N O

A AN

w

I KEK-PS E140a
=2.2 MeV

AE



89,Y : in E369

Single Gaussian(0)
p: 2.4+0.2 MeV
d: 3.0£0.2 MeV
f: 4.6£0.5 MeV
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E369: A89Y

KEK E369
e BAs=23.11£0.1 MeV

e Energy Splitting
® AEJ=1.63%0.14 MeV
® AEp=1.37+0.20 MeV

® Peak Ratio
® R/Lf=0.99+0.07
® R/L4=0.69+0.06

@ Extra n-hole at +4.1+£0.1 MeV,
width=3.2+0.2 MeV
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o SplittingHLSICKBDHDET B E. KET = S,
o SplittinglE(2¢+1)ICLEHIT HREED. ChERR D,

e L/RDE—U HH. Kinematical FactorH>*59 1 TW\ 5,

Table 1
Experimental energy spacings (AE;) and cross sections (&, averaged over
= 279 — 14°) for a series of major peaks (Left and Right subpeaks) in the
7t K*)*Y reaction [11]. The cross sections and their ratios are compared
with theoretical predictions using the DWIA [4]. See the text for NSC9TT.

peak FE aexP AFE; (MeV) AE;/AFE, ratio a./oR

(MeV)  (ub/sr) exp NSC97f exp NSCITfT WS exp cale

—23.11 (.60
IL —17.10 2.00
15.73 a8 1.00 1.00
A 2L —10.32
2R —8.69
3L =3.13
JR —1.43




A orbits ( j)




T. Motoba et al., Nucl. Phys. A 804 (2008) 99-115.

Y (nt, KHBY
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E369: A21V

BA=(20+0.13)+0.56 MeV
Width=1.95 MeV
Peak Ratio=1 (fixed)

Extra n-holes

At +3.3+0.2 MeV, width=1.95 MeV
At +6.6x0.2 MeV, width=3.46 MeV
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Strangeness Nuclear Physics

-, K*) Spectroscopy

ee-Dimensional Nuclear

A, 2 HyPpernuclei

frangeness
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e BNL-E885
® Evidence ?
e U==-14 MeV
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=
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x U=~ -15 MeV

Table 3: U=(pp) and partial wave contributions.

model

180 381

IP1 3P0 3P1 3P2

ESCO8a

6.0 -1.0
8.5 -=28.0

-0.3 =26 1.3 -09
0.6 04 =37 -0.6

ESCO8a’

56 -—1.1
84 =215

-0.3 =26 1.3 -09
0.6 04 =37 -0.6

ESCO08b

2.4 1.9
9.1 -37.38

-06 -12 -0.1 -0.7
06 -05 -36 -13

ESCO04d

—_O= O|l= O|= O

64 -19.6
64 =50

1.1 1.2 -13 =2.0
-1.0 -06 -14 =28

px=1.7GeVic (6 _=0)

HYPERNUCLEAR ENERGY FEz MeV)

T=1

DWIA spectrum from
T. Motoba and S. Sugimoto,
NP A 835 (2010) 223.
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x 2 MeV(FWHM)DS A EE

Resolution dependence
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x S-2SDEEFR(H23-H26): K5 AlIHEA
x QQDIERK
x R ~60 msr
x SEHETEE  £10%

x Ap/p<5x10-HFEWHM)
x AE=1.2 MeV

y
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Lmi
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SKS+ 25 3




S-29 Ap/p=5x10~*
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Single-particle motion of A
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Effective mass of /\:

Y.Yamamoto

LDA treatment for A hypernuclei

() . (3

M M,
oUA]

14+ M, 24

[ N ABP%J

) 9Un
(961\

2
PA
2M 2M3(p)
Ux(p) = Un(p,pn = 0,€3)

+UR(p)

p
= 55+ Un(p,pa, €4) &

Un(r) = @¥tv/m)™* [ dr'UR(o(r)) exp(~|r = x'[/#)p(r"
M3(r) = @M (p(r)) + (1 B Ma
@and@are additional parameters for fitting)

Ub(ry=Kpl%i¢d  with B=N,A
where Ky = —%ﬂ'SLS and Ky = —%TF(SLS + SArs)

Stsars = 250 r351(qr) GiF ars(r) dr
with § ~ 0.7 fm™}




Neutron-hole contributions

Similar spectrum shape shifted by
hole energy difference

Strengths are roughly proportional to
the spectroscopic factors

Shape in each orbit should be the
same
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Spectroscopic Factors of 89Y

TABLE L Spectroscopic factors obtained for *Zr(p,d)**Zr.

Average excitation

, 99/2_1 : ~1 O Simple
- E; shell model energy E;
nlj (MeV) Cc’s prediction (MeV)
4 ~ 1 0 9.6 0.18
f5/27": ~3
. 0.11

Ex=1.71 MeV

Others:
small/broad backgrounds

1.46
2.10

3.0
3.4-7.0
9.86

4.1

5.2

7.0-11.6
11.6—16.0
16.0-21.0

ld3n 16.0—21.0 .
M

1gq - strength normalized to 10.0
bContains a small contribution ( < 209%) from the 1.51 MeV (%+)

“The spectroscopic strength was assumed always to be at the center of the broad regions.

state.




Spectroscopic Factors of 91V

I 1f7/2-1: ~5
<Ex>=0.56 MeV

i 231/2'1: ~ 2
Ex=~2.8 MeV

1 1d3/2-1:~0.9
Ex=~3.2 MeV

.1 0510 5040l 0510 500l 05190 50
s

FIG. 13. The spectroscopic factors obtained from a
DWBA analysis of the data on the *'V(*He, )%V reac-
tion. Results for I,=3, 2, and 0 are indicated by the
length of the bar at the appropriate excitation energy.




Comparison with
a calculation --

U|_5= © MeY

d%a/dQdE ub/sr/MeV )

i Overall peak structure: in
good agreement, except
peak intensity ratios.




Spin-Orbit Splitting in Nuclei

I G-matrix ~40%
Bruckner S.O. splitting

i Pauli rearrangement ~15% X

I Three-Body Force ~20%
i Other ~25%




Advantage in heavy
hypernuclei

A -orbits with large angular

momenta are bound.
Large LS splittings
AExV| g

Two split peaks are
comparably excited in the

(ttr,K™) reaction.




Energy Scale: linearity and
offset

I Beam-through Runs: 720 MeVIc+10%
1 < MeV/c
I Energy offset
| B(127Cq.5)=10.75+0.19 MeV N
, in emulsion ______________ _______________ _______________ _______________ _______________
| Long-term fluctuatinh ol
< MeV

I Total systematic error
< MeV




YN forces from

89Y (n* K*) 89,Y hypernuclear structure

KEK E369 (SKS)  f,

3

AE =1.64 MeV (FWHM)

2

NN interaction

3

SU#(3) + meson/ quark models
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Free YN interaction

G-matrix calc.
Effective YN int. Few body calc.

Shell model calc.

Hypernuclear data




