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Applications of microscopic cluster models

H/,bermcc/ear Chcter Miodel
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weak coupling with A(s),
strong coupling with A(p),
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Shrinkage due to A participation

( “glue-like role” of A\)
T. Motoba, H. Bando and K. Ikeda, P. T.P.70(1983)
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Microscopic cluster model M & 5
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(MeV)

EXCITATION ENERGY

B(6Li E2:3+>1+) vs. B(A7Li,E2;5/2+->1/2+)
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2. INAIN—FZ 5 BRI
Characteristics of the
(K-,1t-), (1t+,K+), (v,K+) reactions

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

* Nuclear and hypernuclear wave functions
including core excitation effects



How to produce hyperons and hypernuclei

ELEMENTARY PROCESS. N{G7aA
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Hyperon recoil momentum and the transition
operator determine the reaction
characteristics
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Selectivity in hypernuclear productions

(K-,mt-) at p=0.8 GeV/c:
Recoilless production of A
substitutional states with AL=0,1

(rt+,K+) at p=1.05 GeV/c:
Natural parity high-spin stretched states

(v,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

SINGLE PARTICLE WAVE FUNCTION
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Estimates of E2/M1 transitions and reaction
cross sections using Nuc. & Hyp. WF
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REL

(rt+,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 ,%%Y data

"H.HOTCHI etal.  PHYSICAL REVIEW C 64 044302
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FIG. 5. Hypernuclear mass spectra of §'Y without (up) and with 21

(down) fitting curves described in the text. The quoted errors are
statistical.



If we assume that each doublet corresponds to Jy and j, ,

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

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

~0 -23. 11

1L -17.10
R -15.73 } 1.37 (1.0) (.00 (1.0)

2 L -10.32
. 10.32 } 1,63 (L19) (167 (2 16)

3L -3.13 } 1.70 (1.22) (233 (3 36)
R -1.43
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|f we assume that each doublet corresponds to Jy and j ,

Two Serious problems arise:

(2) Cross section ratio is opposite to the theory

Peaks Ey(MeV) o L/R ratio
(ub/sr) (EXP)  (DWIA-CAL)

~0 -23. 11 0. 60

1L -17.10 2.00
R -1573 138 J 1.45  1.00 (L=R)

£2 L -10.32  5.10
R 869 352 | 1.45 0.55 (L<R)

E3L -3.13 6. 87
;s et ) 101 0.44 (LK)
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Models for Stucture of 89,Y

(3) Many [1p—1h] ; multiplets of the 38Y core
excitation due to WM.

Y (Ji Jn 1),]_. ® A orbits ( J™)
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9/2' """" N g 1 g9/2 i()//)5
1p D, 9/2
l2—@—| T .. 1D1/9
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1.51 1pgq Fore
L™ L5/ 175 i J
1515
7 32 1 (/768
728 MeV__ | f75 ds /2 i ’
Py &
3/2 @( 3/7) 6

. i &
[Cao n )Jc J ]JH S1/2
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Cross section estimates

(7", K") 1p-1h model (‘Elﬁfgrg))
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Change of energies as a function of 6
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"H. HOTCHI et al. PHYSICAL REVIEW C 64 044302

1.6

87
L=12S Gevye

1.4

1.2

0.8

0.6

0.4

Illllll‘TﬁllfllllllllllllT[ITr[T

0.2
0 Frmactaa B a0
1.6

—— Total
1.4

020_ 14° (pb/ SI '0.25 MCV)

1.2

0.8

];’es=/.6$'MeV
0.4

= Mey
AEf .70 -

llllllT]lllIITI]IIIIIIIIIUUIIIIII

FIG. 5. Hypernuclear mass spectra of 5 Y without (up) and with
(down) fitting curves described in the text. The quoted errors are
statistical.
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3. §9HRER
rni-decay, NM-decay
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4. Mesonic decay of p-shell hypernuclei:
The shell model works nicely to explain data.

A —> N + 7T + 38 Mev (100Mey))
( Particle threshold O _____.

T
, N
6S)—IN\— B, \ P
n
 Increase of nucleon occupation | ppresii.

: C Pauli blocking) A->00 ,j’_—g
 Awrox. orthogonality <3, | >0

| A oribaprily s Higer |t
No distortior. : Ixe/I; < 107% for /oa:D %
. Pion distortion induces high-g components. |

—> Restore WlZelg > =V

Shell & Cluster Structire Effects

[Peon_distorted waves) K (g: 1)
Solve  Klein- Gordon Ep.

Optical potential ( Msu Jroep)
JA. Corr et f. PP, C25(17%D/52

effe (‘.7‘!"/! /a rm
[ 20U =-nlb, ptr-co W P f

e + Cg 2 V2P ]
adopled —

\ @ Ve rtex re r’zorma’.izatic- n '
M. Ericson & H.Bands, FL. B273(/190)/]

2w U,;;: = [bir+Br] + 4xlf- {Leiem )4
LLikE
—en { By + B picay ¥ )

b(r) = P. L b.f(") - erh‘f‘r‘) i} LL("}-_\ =1
cy = —r'—[c, pLr - €38.5£ () n

L Ve
Bw = P2 BQP(?‘)I- D=
Cuy=£Co pw* Ik
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Shell dependence predicted explained.

BNL ¢% 1.3. Saymanski etal., RR. C43 (1991
KEK ©  A.Sakaguchi etal., PR. C43(1991)
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sd-shell hypernuclear m-decays
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BT )LINAIN—FDFFRRIE

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



4. (e,e’K*) Reaction Spectroscopy

With Bydzovsky, Sotona, Itonaga, ....... (Hiyama)



(K-, )

(nF,K*)
played a great role of
exciting high-spin series
['=1.5 MeV (best)

(e,e’K*), (v, K*)

Motoba. Sotona, Itonaga,
Prog.Theor.Phys.S.117(1994)
T.M. Mesons & Light Nuclei (2000)
updated w/NSC97f.

JLab Exp’t : I" = 0.5 MeV
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Why medium-mass hypernuclei ?
Basic motivation (2)

Unique characteristics of the (e,e’K*), (y, K*)
process are based on the basic properties of
elementary amplitudes for y p > AK*:

--- sizable momentum transfer to
excite high-spin states, like (n™*,K*)

--- spin-flip dominance of the operator,
leading to unnatural parity states

37



Lab do/dQ for photoproduction (2Lab)

do| _ ZIIMEKEyEA bew i .
W lues™ FNEa+Ed)—kExcost) | © P pielR, O e
(k—p, plt|k, 00r=ai(0€)+ a0 k) €)+as(0-B)(H-e)+ad(k X p)e}.
(2+5)
e e
(k—p, plt|k, 0),= €o(fo+900'o )+ e, 910'1+g-10'-) (2+11)
ith defi
with definitions of the coeﬂiaents F\'\ f’m' f&f’ y P
fo=a,sind,,
w=a. Spin-flip interaction are dominant

1 |
—7{ (a1t assin®6) — isin (a2 + ascos by )} (2:12)

38



d26/dQdE (nb/sr/0.3MeV)

Lightest sd-shell target: 1°F

A’s: p1/2-hole series, B’s: p3/2-hole series

80
oL YPFGEKHH0  Ey=1.3GeV

e 9
el 'e
3 IS

:;' F _ Y \ "/ \ ;5 ':“
4 L P aage ﬁ"--na”i}-Tz-P‘ |\I'/|| I ] \I\Ijl'.'f’!-i-\g,
-20 -15 -10 -5 0 5 10 15

Hypernuclear Excitation Energy EA (MeV)
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Proton pickup from 28Si(0*):(sd)® =(d,,)*1(15,/,)%?(d5,,)*?

EXCITATION ENERGY (MeV)

8

fy

27A1 (EXP) (CAL)

J+

C?%S (EXP)

+

3/2

5/2"
5/2F

5/2%
1/27%
3/2°%,
5/2

0.03 (----)

0.12 (----)
0.02 (----)

024 (0.29)

0.02 (0.06)

0.26 (0.53)
0.36 ( 0.41)

3/27 0.31 (0.48)

1/27
5/27

0.65 (0.79)
3.61 (3.39)
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proton-state fragmentations should be taken
into account to be realistic

E'i (d5/2)4'09 (151/2>0'85 (d3/2)1'01
4.49
5/21(0.29)

3.67
.................................. 1/2+(0 06')

Target 9

. R R 3/2+(0.53)
28G;( Ot ) 5 e 5/27(0.41)
_______ 1.01 . 3/2%(0.48)
................................ + vd
(ds;218,,5ds5,5) 0.84 L2 7]
= /127(3.
o 5/2%(3.39)
J(C28)
D)L 405 1/27(1.51)
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28Si(e,e’K*)?8, Al - First Spectroscopy of 28, Al
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Two series of pronounced peaks (d3/2hole, h11/2 hole),

dzo_/dE dQ Energy separation of 1.1—1.2 MeV, depending on Lam(nlj),

208Pb(y,K+) p v=1.56, p_ K=1.2 GeV/c

208Pb{gamma.K+) Motoba/Millener

Rezolution = 800 keWW
1 | | | | | | | |

I
80— — s12+
— 2

d3/2 hole |
hl11/2 =+ d5/2 hole
z7/2 hole
B — noded Lambsda 7
— 292 hole
60 —

du
o

Cross sechon nh/'sre

T -
i | ]
i 5. {
el
1 o

-15 -10
-B_Lambda MeV




Single-particle energies of A

G-matrix results vs. experiments
(Y. Yamamoto et al.: Prog. Ther. Phys. S.185 (2010) 72.)

Sd- and fp-shell
data are quite
Important to
extract the A
behavior in
nuclear matter.

E (MeV)

4 solid: G—fold
P dotted: SkKHF

_SU - ] T T T ] L T
O.00 0.05% O.10 015 0.20

A28
Fig. 1. Energy spectra of 7C, 358i, 3'v, v,

S SO . . Y
¥ La and 3" Pb are given as a function of A4 %9,
A A =]

A being mass numbers of core nuclei.

Solid (dashed) lines show calculated walues by the G-
matrix folding model derived from ESC0OS8a (the Skyrme-HF model).

Open circles denote the
experimental values taken from Ref. 17).
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PROSPECTS

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,Al is well
compared with the recent experiments.

3) Predictions are made also for heavier typical
targets, 4°Ca and ~?Cr, 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.

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

Remark:
The present frameworks apply also to
=-hypernuclear production with sd-shell
targets which might be fruitful at J-PARC.
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(1) Prospects of Strangeness Nuclear Physics
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(1) H.Bando’s Prospects
PT.P. Suppl. 81 (1985)
Three directions and three aspects

of baryon many-body physics

F
o
o
C
i
I
E
-3
ypernuscl .
Speciroscopy
o
£
Fig. 1. Three directions and three aspects expected for the development of hypernuclear physics in

fuature.
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Three-dimensional nuclear chart

(from H. Tamura) ( First 3D illustration

Strangeness in neutron stars (p >3-4 p,) appeared In literature:
~ Strange hadronic matter (A — o) Genshikaku Kenkyu 32
(1987) 97.

M»Ehvpemffc'ei See PT.P.S.185 (2010) 1. )
AN interaction

e

Y e ——
: N

neutron
halo

neutron number

) . Fig. 3. AD-illustration of hypernuclear chart
3-dimensional nuclear chart

drawn for the first time with the
strangeness axis added [I'ﬂ-ﬁﬁ}.m !
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Confucious fL—F(551—479B.C.)
A great philosopher of ancient China
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