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Purpose of hypernuclear study

To get information on baryon-baryon interaction

from the structure of hypernuclei
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To get information on baryon-baryon interaction
from the structure of hypernuclei

S = —1 sector (AN int., 2N int., AN-XN coupling int.)
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Purpose of hypernuclear study

To get information on baryon-baryon interaction
from the structure of hypernuclei

S = —1 sector (AN int., 2N int., AN-XN coupling int.)

Effective AN interaction Hypernuclear y-ray data since 1998
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e Millener (p-shell model) Nucl. Phys. A 804, 84 (2008).

e Hiyama (Few-body) Prog. Part. Nucl. Phys. 63, 339 (2009).
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One of the open questions in S=-1 sector of YN interaction

— AN-XN coupling interaction
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Role of AN-XN coupling interaction

AN-XN coupling — Great contribution to study of neutron star

PP

— Effective
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Effective 2-body AN interaction

2R

Effective
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Effective 3-body ANN interaction
(Fujita-Miyazawa type)

Strength of the AN-XN coupling interaction — still unknown
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Studies for analysis of AN-XN coupling

s-shell hypernuclei
e Y. Akaishi et al., Phys. Rev. Lett. 84, 3539 (2000).

e E. Hiyama et al., Phys. Rev. C 65, 011341(R) (2001).

e A. Nogga et al., Phys. Rev. Lett. 88, 172501 (2002).

e H. Nemura ef al., Phys. Rev. Lett. 89, 142504 (2002).
p-shell hypernuclei (Shell-model study)

e D. Halderson, Phys. Rev. C 77, 034304 (2008).

e D.J. Millener, Nucl. Phys. A 804, 84 (2008).

e A. Umeya, T. Harada, Phys. Rev. C 79, 024315 (2009).

e A. Umeya, T. Harada, Phys. Rev. C 83, 034310 (2011).
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AN-XN coupling in neutron-rich hypernucilei

Neutron-rich hypernuclei are suited for investigating the AN-XN coupling

> hyperon: Isospin / = 1 -
= Large X-mixing

Neutron-rich nuclei: Large isospin
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AN-XN coupling in neutron-rich hypernucilei

Neutron-rich hypernuclei are suited for investigating the AN-XN coupling

> hyperon: Isospin / = 1 -
= Large X-mixing

Neutron-rich nuclei: Large isospin

Productions of neutron-rich A hypernuclei

e J-PARC E10 (spokes person: A. Sakaguchl)

— 7He
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Research plan

ab initio calculation for neutron-rich hypernuclei
with realistic interactions
taking into account AN-XN coupling explicitly

Nuclei: , He isotope = Liisotope = ,Be isotope =

Method: (1) Tensor-Optimized Shell Model (TOSM)

T. Myo et al., Prog. Theor. Phys. 117, 257 (2007).
+

Unitary Correlation Operator Method (UCOM)
H. Feldmeier et al., Nucl. Phys. A 632, 61 (1998).

(2) Gaussian Expansion Method (GEM)
E. Hiyama ef al., Prog. Part. Nucl. Phys. 51, 223 (2003).

in collaboration with Myo, Hiyama, Toki, and Ikeda
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Research plan

ab initio calculation for neutron-rich hypernuclei
with realistic interactions
taking into account AN-XN coupling explicitly

Nuclei: , He isotope = Liisotope = ,Be isotope =

Method: (1) Tensor-Optimized Shell Model (TOSM)

e Shell model taking into account a tensor force explicitly

Unitary Correlation Operator Method (UCOM)
e To describe short-range correlations

which are included in NN, YN interactions
by using correlation functions
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Research plan

ab i Suited for a systematic investigation of nuclei with A = 3-10

without supposing an « cluster

Nuc
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Research plan

ab i Suited for a systematic investigation of nuclei with A = 3-10

without supposing an « cluster

But, insufficient accuracy of about a few MeV J
Nuc — extending to about a few hundred keV

Method: (1) Tensor-Optimized Shell Model (TOSM)

e Shell model taking into account a tensor force explicitly

Unitary Correlation Operator Method (UCOM)
e To describe short-range correlations

which are included in NN, YN interactions
by using correlation functions

in collaboration with Myo, Hiyama, Toki, and Ikeda
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Example of TOSM calculation (*He; 0%)

100 F — « Exact value
80 " Kinetic _ Benchmark test
w0 | | of ab initio calculations
_— *He with AV8' _ (Il%l;rr;?(}fewef.t ?3184, 044001 (2001).)
2 207 -
— 0 Energy of “He
20 TOSM with AVS’
40 —22.3 MeV
60 Benchmark test calculation
—25.9 MeV

Energy of “He in TOSM as a function of the maximum angular momentum

T. Myo et al., Prog. Theor. Phys. 121, 511 (2009).
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Example of TOSM calculation (Energy spectra of He isotope)

LO [ 10
AVE®
8 e m— . ]
; — ——0+
o O T - 70
E _1+ —_l+
0 S w—3/27 ot 4
+ w— 5/2 —
£2 Expt. Theor. ?
2 [T e —1 2
— ] /2 — /0"
0 3/2 ot 3/2 ot— 0

T. Myo, AU, H. Toki, K. Ikeda, Phys. Rev. C 84, 034315 (2011).
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In this talk...

e Contributions of components of YN interactions
to binding energies of /‘\‘H and iHe
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Interactions

e NN interaction
AVS’ B.S. Pudliner et al., Phys. Rev. C 56, 1720 (1997).

e YN interaction

_ Y/YN YN YN YN
VYN —_ VO +O-'O-VO. +€' SVfS +S12 VtCHSOI'

made by S. Shinmura
simulated NSC97f  (not original NSC97{)

used in few-body calculations
E. Hiyama et al., Phys. Rev. C 65, 011301(R).
H. Nemura et al., Phys. Rev. Lett. 89, 142504 (2002).
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Numerical results of energy levels of 1‘\‘H, iHe

+1.28 4 5
+1.0F . aH AHe
\ 1+0.40
0.0 _____________\\_ ___________________ t ___|__{\_ __________‘\____________________g_iA
\_—0.59
% _1 O | AN _105 1+ \\\
> —1.64 \\
S N o3 —20or =210,
_30LThis work  [1] Exp. \ —3.12 | o+
This work  [2] Exp.

[1] E. Hiyama et al., Phys. Rev. C 65, 011301(R) (2001).
[2] H. Nemura et al., Phys. Rev. Lett. 89, 142504 (2002).
(G3RS potential is used in [2].)
R. Tamagaki, Prog. Theor. Phys. 39, 91 (1968).
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Convergence of B,
H (0" TH (1" >He
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insufficient convergence — in progress of calculations with /. = 20
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Role of AN-XN coupling
(Vyyyin YH; 07 (MeV) (V. yin (H; 17 (MeV)
Central Tensor LS

Central Tensor LS
NA-NA —5.46 —1.11

-0.16 NA-NA -199 -0.60 -0.04
NA-NX 342 =875 0.30 NA-NX -138 -9.13 0.13
NX-NX 045 =204 -0.06 NX-NXZ 0.64 -0.30 -0.09

(V) in JHe (MeV)

Central Tensor LS

NA-NA -386 -0.64 -0.03
NA-NX  -143 -10.52 0.12
NX-NX 0.70 -0.08 -0.12

These results are qualitative agreement with the few-body calculation
by H. Nemura.

H. Nemura et al., Phys. Rev. Lett. 89, 142504 (2002).
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Future plan

e to get a sufficient energy convergence of a few hundred keV
(in progress of calculations with /__. = 20)
— We can get the results which are close to ab initio calculation.

e quantitative discussion of role of the AN-2N coupling interaction

PP

—_— Effective

® ®
PO

Effective

T b e

e ab initio like calculations for p-shell hyper nuclei
without supposing an « cluster

— prediction of energy levels of , He isotope up to A =9
A
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Backup
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Correlation functions in 1‘\‘He

NN e The correlation function of
YN interaction is different
from that of NN interaction.

0.2}

NN in °He

U
7 The UCOM parameters of
E YN int. should be different
5 from those of NN int.
=
B

¢ In the present calculation,
the same UCOM parameters
are used for NN and YN int.

r(fm)
E. Hiyama et al., Phys. Rev. C 65, 011301(R) (2001).
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Energy convergence of °H and “He
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Matter radius of He isotopes in TOSM

2.8 2.8
Cluster Mod(;rlM R Ando, K. K
2.6 2.6 My e Kab o)
2.4 2.4
2.2 2.2
2.0 2.0
1.8 1.8
1.6 1.6
1.4 1.4
4 6 3
[fm] "He He He
T. Myo, AU, H. Toki, K. Ikeda, Phys. Rev. C 84, 034315 (2011).
Exp. data

I. Tanihata et al., Phys. Lett. B 289, 261 (1992). / G.D. Alkhazov et al., Phys. Rev. Lett. 78, 2313 (1997).
O.A. Kiselev et al., Eur. Phys. J. A 25, Suppl. 1, 215 (2005). / P. Mueller et al., Phys. Rev. Lett. 99, 252501 (2007).



