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# Introduction

# Y hypernuclear production, and X potential in nuclear matter

(Maekawa, Tsubakihara, AO, EPJA 33 (2007), 269 [arXiv:nucl-th/0701066]
Maekawa, Tsubakihara, Matsumiaya, AO, arXiv:0704.3929 (=),
in preparation () )

8 Coupled Channel AMD Study of = hypernuclear structure
(Matsumiya, Tsubakihara, Maekawa, AO, Dote)

# Relativistic EOS of Supernova Matter with Hyperons

(Ishizuka, Tsubakihara, AO, Sumiyoshi, Yamada, to be submitted
http://nucl.sci.hokudai.ac.jp/~chikako/EOS/)
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Quark and Hadronic Matter Phase Diagram
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2 hypernuclear production reactions
and 2’ potential in nuclear matter

Ohnishi, HEMRZ, 2007/11/26-28
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Quasi Free Hyperon Production
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Local Optimal Fermi Averaging t-matrix (LOFAY)
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K" nucleus potential

Maekawa, Tsubakihara, Matsumiya, AQ, in preparation.

# K'-nucleus potential
... determined by fitting K*-nucleus cross sections
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Elementary cross section: p( 7 ,K*) X"

# Elementary differential cross section Maekawa
@ Determines the shape of QF spectra
. 0,25 T T T T T T 1
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u-channel dominance C
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2 Potential in Nuclear Matter

Maekawa, Thesis (in preparation)
Maekawa, Tsubakihara, Matsumiya, AO, in preparation.

# X -nucleus potential depth

@ With LOFAt, absolute values also depends on the potential depth.

@ Spectrum fit (Shape and Yield) in Woods-Saxon form
— (V,, W) ~ (+15 MeV, -10 MeV)

@ Density dependent potential (Batty type): Final results will be shown soon.

Woods-Saxon with ry=1.1(fm), d=0.6(fm)
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Summary of 2 potential part

# Y production spectrum is sensitive to

@ Fermi averaging procedure
c.f. Optimal Fermi Averaging (Harada, Hirabayashi)
Semi-Classical Distorted Wave model (Kohno et al.)

@ Details of Elementary Diff. Cross Section
@ K" nucleus potential, when p(K") <1 GeV/c

@ Local Optimal Fermi Averaging

—> modifies \'s in the incident and final channel
Maekawa, Tsubakihara, AO, EPJA 33 (2007), 269 [arXiv:nucl-th/0701066]

# With shallow pocket which explains the atomic shift,
potential at nuclear center becomes high (more repulsive)

— V(X) >+ 15 MeV (moderately repulsive)
Maekawa, Tsubakihara, Matsumiaya, AO, in preparation ()

Ohnishi, HEMRZ, 2007/11/26-28
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Comment on E-nucleus potential

Maekawa, Tsubakihara, AO, EPJA33('07), 269 [nucl-th/0701066]
Maekawa, Tsubakihara, Matsumiya, AO, arXiv:0704.3929.

# Spectrum shape in the bound state region — V(=) ~-14 MeV
(Fukuda et al. PRC58('98),1306; Khaustov et al. PRC61('00), 054603)

# |t is difficult to understand absolute values of *C(K",K") spectra.

@ Rough fit of elem. t-matrix + Larger eikonal ¢
— Rough target dependence and absolute values (EPJA)

80 |
60 |
40 |
20 |
0
40 |
30 {
20 |
10 |
0F
20 |
15 |

. . 1[} B
@ Short range correlation in '*C ? 5 |

@ Careful fit of elem. t-matrix
— Underestimate for *C target.
(Maekawa et al.(arXiv), Hashimoto et al.,
Tadokoro et al.(0 deg.),
Nara et al. (Cascade), ....)

# Reason

@ Center-of-mass correction ?

CROSS SECTION ( uby'sr/50MeV/c)

@ K™-nucleus potential ? 14 12 11 14
K* Momentum (GeV/c)

Ohnishi, HEMRZ, 2007/11/26-28 11



Maekawa, Tsubakihara, AO, EPJA33('07), 269 [nucl-th/0701066]
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= hypernuclear structure study
in coupled channel AMD

Ohnishi, HEMRZ, 2007/11/26-28
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= Hypernuclear Physics

# = hypernuclei — Doorway to Multi Strangeness Systems

Reaction

Maekawa (GFM-DWIA)
spectroscopy

Hashimoto (SCDW)

K+

1. Transport

Double A hyp. nuc ~or
+ Statistical Decay

formation
Bound state

spectroscopy

Tsubakihara (RMF)
Sugimoto (Shell model)
Matsumiya (ccAMD)

=)
(L’

Double A hyp. nucl.
spectroscopy

Hiyama

Ohnishi, HEMRZ, 2007/11/26-28 14



= hypernuclear physics

# Interest

@ Laboratory of BB interaction models
QCD — Hadrons — Bare BB interaction — Eff. interaction — Nuclei
Nemura, Fujiwara  Yamamoto, Kohno

@ Admixture in neutron star core
V(X) > 0 — = may be the first hyperon which appear at high p.

@ Structure change due to =
Tensor interaction from N= OPEP would generate rich structure.

# Difficulty

@ Small production cross section, Conversion width to AA, Shallow pot. ...
— Need to obtain spectroscopic info. from low stat. production spectra.

Ohnishi, HEMRZ, 2007/11/26-28 15



= hypernuclear reaction spectroscopy
s ERIHATERY KL

Ikeda, Fukuda, Motoba, Takahashi, Yamamoto, PTP91('94),747;
Tadokoro, Kobayashi, Akaishi, PRC51('95),2656;

Hashimoto, Kohno, Ogata, Kawai, nucl-th/0610126;

Maekawa, Tsubakihara, AO, EPJA 33 (2007), 269 [arXiv:nucl-th/0701066]
Maekawa, Tsubakihara, Matsumiaya, AO, arXiv:0704.3929.

Sugimoto, Motoba, Yamamoto
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Coupled Channel AMD (ccAMD)

# Wave function = superposition of Channel AMD w.{.
— Use co-factor rather than inv. matrix in transition matrix elements.

= Z:ga | DY) (a : channel) ©%) = \/L—det [l¢5(0)]

A-Ng =0 UWZ41)e="

&?1@ + I9

a Hamiltonian =T + VNN + VYN + Mass diff.

-~ o~

H=T-T.,+V + Amc?

@ VNN : Brink-Boeker-Okabe (BBO1)

@ VYN : G-matrix of Nijmegen Extended Soft Core
(ESC04d, Rijken, Yamamoto, 2006)
Consistency VYN (p) < p =< p> (Dote-AKkaishi prescription)

Ohnishi, HEMRZ, 2007/11/26-28 17



= hypernuclear level structure

- IZC(K',KO)IZEB, IZEB =(11B+EO)+(11C_|_E-)
(Mirror Core)ll E — Coherent coupling, but not perfect

s “C(K KJF)12 Be, *_Be =(""Be(T=3/2)+E%)+(""B(T=1/2)+Z")
Different T of core — Almost no coupling in low lying levels
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(Preliminary: No spin rotation, No GCM, Single Gauss AMD, ....)

Ohnishi, HEMRZ, 2007/11/26-28
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Density Distribution

Intrinsic

Intrinsic n=+1

# Nuclei are not necessarily spherical !

# Core and = Parities are mixed !

Ohnishi, HEMRZ, 2007/11/26-28

19



Density and Effective Number (*C — '°_Be)

# Brink-Boeker type effective NN interaction
— Developed clustering structure, Small Effective Number

# Volkov (m=0.56)
— Smaller deformation, Larger Effective Number

Z.g % 10 AMD Ws14 | ws24!'
BBO1 | Volkov
0+ —17) | 0.101| 143 | 230 275
BBO1 Volkov
B =044,y = 59° LAl 5 — 0.35, 7 = 50°
|l [l

B =0.39,y = 44° B =0.29,v = 53°

Ohnishi, HEMRZ, 2007/11/26-28



Comparison of “C(K',K")"”’_Be Sectrum
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NARNAERYANT-BHEWR EOS T—T /(1)

Ishizuka, Tsubakihara, AO, Sumiyoshi, Yamada, in preparation
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NANOERYANI-BTEWR EOS T—T N (2)

Ishizuka, Tsubakihara, AO, Sumiyoshi, Yamada, in preparation

s HREE (EHEVE) NDER
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Summary
s Hyperon DFEEE, TOREPDEPRTORTUIPILDRSIE,
ﬁ%‘r##%ﬁd)'lﬁﬁtzw\OFBEWEE%LK%&&EHE%T_L—%
8 Y -BRTUOIRIILDHIERE
@ QF ARIJRILDI i 1 ETHEEIDEER — V(X) > 15 MeV
8 ccAMD [2&2 EZHBIEEEEFRARIFMLDSHT (preliminary)

@ BLMZTIE, ZICEOTEBENKRECEILLSS,
— ERARINVDHERILSEDHRTREMEDY

8 X, 2 OIRTUOIVYILERY AN RMF [2&5 EOS table
o {ERESEIE TIE Shen EOS &S

@ X ERJDMVHBFORBEICEBZIA—I8 counting ZHHLNSE,
p, CRATHNIE T FEEIB NG,

o hiEFETIIRELEE, BEHERRTIIREN.
Black Hole XX TIXIEEDEE (FF5).

o BELVHHEFENEEITNIE. EOS OFEENKRE, — ?
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Chiral RMF
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B ERRIRILF—

s BREREEY 1 XaHiAEE  (Sumiyoshi et al., 2002)
o Za—k)/EEIEERET., Ye [I—5E — prompt Expl.

s [ Chiral RMF+ &E$i/\AX4] — B®FEITREST

s [ Chiral RMF+ E$#E/\A2 +a ] (preliminary) .
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Effective Potential
QCD , (Free E. Density)
| Strong Coupling
Hadron Density Functional\‘
Y Chiral RMF
Bare TN Int. SCL-RMF (Tsubakihara) l
Eff. NN Int. Nuclei and Nucl. Matter
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DWIA+ & Fermi 3

Cross Section [ ub/sr/MeV]

CROSS SECTION (ub/sr MeV)[EXP.]

L

T. Harada, Y. Hirabayashi, Nucl. Phys. A 744 (2004) 323
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Antisymmetrized Molecular Dynamics (AMD)

# Microscopic Model for Structure and Reaction Studies
Ono, Horiuchi, Maruyama, AO, 1992 / Kanada-En'yo, Horiuchi, 1995

@ Slater determinant of Gaussian wave packets

@ Capable of describing Shell / Cluster states

@ Variation of parameters determines the shape of nuclei
3

Good description of transition matrix element (B(E2), ..)

@ Problems in structure studies:
High CPU cost for heavy nuclei
Nodes are generated by Antisym. — No Node for one particle

Inverse matrix elements of s.p. overlap — No particle mixing
(Dote,Akaishi,Horiuchi, Yamazaki, 2004)

(This work)

Ohnishi, HEMRZ, 2007/11/26-28 31



- IZC(K',KO)IZEB, 123B =(11B+EO)+(11C+E')

@ (Mirror Core)ll E, T=0,1 — =E°

Level Structure: >_B (Coherent mixing ?)

== 1:1 without isospin breaking

@ Mass diff. (M( E) ~ M( £%)+7 MeV) & Coulomb break isospin sym.
— We need Charge base !

,Dwtsmn of Ph srcs
Graduate Sc f y
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72 0
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Level Structure: "’_Be (Day-One Experiment Nucleus)

s 12C(K,K")"”_Be, _Be =(""Be(T=3/2)+E")+("'B(T=1/2)+E")

@ “Mass diff. of Core > Mass diff. of =27 + “Core T diff.”

— Almost No Coupling Effects

— Single Channel (potential) description would be good enough !
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Level Structure: **_Mg (Day-Two Experiment ?)

s BSi(K,K")*®_Mg, » Mg =("Mg(T=3/2)+E")+?A(T=1/2)+E)

@ “Masses of Core+Z” are Comparable, but Core T are different.

@ Almost no mixture of E- and E° channels
— =" states will be selectively populated in (K',K") reaction
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