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1. Introduction

Why medium-heavy hypernuclei ?
1) A single-particle energies: not well known

2) More chances of high-spin selectivity to see
new aspects such as hyperon coupled with
rotational and/or vibrational states.

3) Recent (e,e’K+) experiments encourage to
go to sd- and fp-shell regions.

4) Expect to find “stable” =-hypernuclear
states, which leads to hyperon-mixing
phenomena
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Fig. 1. Energy spectra of 7 C, 7751, V., 4 Y. 4 La and ;  Pb are given as a function of A ~'"7,

A being mass numbers of core nuclei. Solid (dashed) lines show calculated wvalues by the G-
matrix folding model derived from ESC0O8a (the Skyrme-HF model). Open circles denote the
experimental values taken from Ref. 17). 7



2.1 Developments In
reaction spectroscopy of
hypernuclear production

AZ TZ' AZ Tir (m+,K+)
A%’
T PO Te) o
(K—,K+)
Theoretically reliable analyses take account of:
1. DW effects (DW vs. PW),

2. Microscopic treatment with elem. amplitudes,
3. Nuclear core excitation effects
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Theor. prediction vs. (e,e’K*) experiments
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(e,e’K+) cross sections confirmed.

= . " - 2
Table II. Comparison of the experimental energy levels and cross sections for 'EC{{:HJ’&"'}L‘E
with the theoretical estimates. The systematic experimental errors are not shown. Taken from

Ref. 3).

EExp Width Cross section ES* Main structure Ji  Cross section
(MeV)  (MeV)  (mb/sr®/GeV) (MeV) "Bl[IL]® j° (nb/sr* /GeV)
0.0£0.03 1.15+0.18  4.48+0.29 00 [3/27;gs |@st, 17 1.02
014 [3/27;gs |@st, 27 3.66
2.65+0.10 0954043  0.7540.16 267  [1/27;212@ 51, 17 1.54
5.92+0.13 1.13+0.29  0.4540.13 574 [3/27:5.02)@ sip 27 0.58
585 [3/27:5.02@ 51, 17 0.18

9.54+0.16  0.93£0.46 0.631+0.20 —— —— — _
10.93+0.03  0.67+0.15 3.4240.50 1048  [3/27;gs. |® p;ll_ 2+ (.24

1052 [3/27;gs @p* 1t 0.12
1098 [3/27;gs |@ple 27 1.43
11.05  [3/27; ga |® pim 37 2.19
12.36+0.13  1.58+0.20  1.19+0.36 1295  [1/27;2 12]@;}1'9 2+ 0.91

13.05  [1/27;219@p" 17 0.27

M. Todice et al., Phys. Rev. Lett. 99 (2007), 052501. u
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Numerical Results : Low-lying energy levels of EL}NE and 'Ne  (by Umeya)
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Numerical Results : Production cross sections
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(K-,p) at p~1.1 and 1.5 GeV/c
expected to be done at J-PARC

» can produce polarized hypernuclel
* Not only “substitutional (AJ=0)" states

but also other states are excited at the
same time.

* provide chances to see interplays
between A and collective motions of
nuclear core

17



2.2 Electro/photo-production
of sd-shell ~ hypernuclel

(some cases for sd-shell: already done at
Jlab, and expected to be done at MAMI)

- Microscopic based on elem. ampl.

- DW: solution of the Klein-Gordon eq.

- Emphasize the importance of taking
account of nuclear core excitation effects
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Hyperon recoil momentum and the
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reaction characteristics
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Lab do/dQ for photoproduction (2Lab)
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Theor. x-section for (ds,)° (v,K*) [ ji-iA]J

DWIA [ nb/sr ]

Lambda= s1/2L 3/2L p1/2L 181/2L d5/2L d3/2L
=Sy (& 40) I )

Proton
hole 1+ 8.9
2+ 29.2 2+ 34.9
d5/2 3+ 63.8 3+ 30.4
(-16.17) 4+ 112.0
(g.s.)

0- 9.4
1/2 1- 30.5 - 1.4
(-25.49) 2- 43.5
0- 2.0
1- 14.3 1+ 5.7
3/2 2- 59.1 2+ 17.5
(-29.84) 3+ 96.3

0+ 0.1
s1/2 1+ 19.2 1+ 16.5
(-44.55) 2+ 40.1
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Realistic prediction for
2831 (y,K*) Al with full sd-wf

By fully taking account of
-- full p(sd)®.n(sd)® configurations,
-- fragmentations when a proton Is converted,
-- 2/Al core nuclear excitation
-- K* wave distortion effects

- Comparison with the %8Si (e,e’K*) exp.

22
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proton-state fragmentations should
be taken Into account to be realistic
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Peaks can be classified by the characters
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3. Production of E-hypernuclel
(and AA-hypernuclel )

-The similar theoretical framework has
been applied to (K-,K+) reaction on 12C.
- DW: solution of the Klein-Gordon ed.
-taking account of nuclear core
excitation effects

27
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Reference position of J=1-(T=1) states.
The relative positions of J, show the
different .o Interaction nature of V.
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=-N interactions used in Shell Model

Comparison in the form of V= -Vo+A(c.0)

NZ(ESC04d) T=0 4.98 -15.81 -3.18

T=1 0.30 -2.96 -9.88
NE(NHC-D) T=0 2.14 4.75 2.23
T=1 155 0.79 0.51

NA(NSCO7f) T=1/2 1.05 0.04 0.04

c.o strengths are quite different for ESC and ND,

so further trials and improvements are required.



Sensitive Interaction dependence
Nijmegen NHC-D vs. ESC04d

« Different partial-wave contributions
NHC-D (large p-state attraction) vs. ESC04d(s-state)
« ESCO04d (quite large spin- & isospin-dependence)

Table 1: = single particle energies [z and conversion widths I'= at normal density caleu-
lated with ESC04d and NHC-D. S-state contributions in (TS LJ) states and total P-state
contributions are also given, All entries are in MeV,

[1 S(') 13 Sl 31 S() 343 Sl P UE rs
ESCOddia=0) | 64 =196 64 =50 -69|-187 114
ESCO4d(a=.18)| 63 =184 72 —-17 -56|-121 127
NHC-D -26 07 -23 04 —168|-214 11|

32




Trying to use the most recent Z-N
Interaction from Nijmegen (ESC08)

Table 1: Partial wave contributions to Uz(py)

model T 1S() 351 lpl 3P() 3P1 3P2 U_:_ PE
ESCO8 | 0(40 -27 02 -22 06 -1.1

170 =195 -03 0.1 -36 -0.7|-18.0| 6.0
ESC04d | 0|64 -196 1.1 1.2 -13 -2.0

1164 -50 -10 -06 -14 -28|-18.7|114

 Let us wait for the J-PARC Day-1 Exp.
by Nagae et al, which will provide us

a very important restriction on V(=-N).
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As the second best candidates to extract information about the
spin-, isospin-independent term V,, we propose to perform...
K+

©0 " @0

Li (T=1/2) ;.H (T=3/2) Why they are suited

for investigating V,?

108 (T=0) 100 (T=1)



Choose °F(1/2+ target for demonstration
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Lightest sd-shell target: 1°F
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1-Skipped)
discussion

on

Widths of
Xl states:

Xi-LLmixing
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Why =-hypernuclei ?
1) They provide unique information on the

S=-2 B-B interactions inaccessible otherwise
1 - 7
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2) High-priority experiment at J-PARC (2009—
E-05: “Spectroscopic study of X-hypernucleus via
the 1°C(K-,K+) -1°Be reaction” by T. Nagae et al.

- Realistic Calculations are required.  ®



Summary (proposal) for
=-hypernuclear exp. programs
to be done at J-PARC
iImportant point Is to extract a firm

constraint on the =Z-N central force
(Meson theory shows strong spin-isospin
dependence)

* To realize this purpose, | propose to
choose odd-Z natural targets such as

19F (180+p), 27Al (26Mg+p),
31P (30Si+p),....... (Cal. In progress
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