P-shell to heavier A hypernuclei
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AN—2N coupling

Non-strangeness sector

N A
S=-1 Mass is smaller.
It is expected that
* 2 A-Z conversion
A VAVAVAVAV might affect
80 MeV instructure of
A hypernuclei.
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Probability of A in nuclei is
not large.

AN-2N coupling =>three-body force and CSB interaction



How do we obtain information on AN-2N coupling?
(1)YN scattering experiment at J-PARC, Femtoscopic experiment
(2) To study neutron-rich A hypernuclei at J-PARC

_ difficult to obtain information on
Z=N line AN-2N coupling
Total isosopin of core nuclei is small.
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These neutron-rich A hypernuclei are important.

By neutron-rich A hypernuclei, we could obtain information on
long-range part of AN-ZN coupling. Long-range part of ANN three-body force

Furthermore, we need short-range part of ANN three-body force.: important for the study of
neutron star



CSB interaction
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Now, it Is interesting to see as follows:

(1)What is the level structure of A=7 hypernuclei
without CSB interaction?

(2) What is the level structure of A=7 hypernuclel
with CSB interaction?




Next we introduce a phenomenological CSB potential
with the central force component only.
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We include odd-state of CSB to reproduce the data of A=7
N\ hypernuclei. =>apply to A=10 A hypernuclei
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Structure of }PBe and }FB Hypernuclei
Studied with the Four-Body Cluster Model

Emiko Hivama and Yasuo YAMAMOTO

CSB Tz [1 4+ FPr even,CSB CSB\ . —fBoven
I ;11&" ('? ) - 2 9 (FD —I_ J_r’l ’ U;ﬁh‘ lg'tegw ) € ' r
1 — P 0d4d.cSB 1 >
) y . Ddd (: SB .I odd ™
+ > (v +0A-ONVy, 5x ) e }



20r
1.0L
0.6
o2 0
o, —
04N ohedng, orodp!
-1.0F :
Y T
~ a0l L2
. L2
' o
2> 40k oo
I 7
s 4
-5.0F % v,
:'?j q'c?i
50k 'i T, E-é
@ ¥4
10 LBy
801 $413
8162,
40r
-10.0- _
1042
1 10,521
*Be "B ’B
(a) without CSB

o 76 WMeV
or 012

s ,-\'—_B

weN)

wp—8 . B

B A

839y
YAl

10

2. O'? 029
g0 30—
et n atetA a4
P ——
-158;
%
.2
L
3.
I. gc?
I;' Uﬁ Iég
;I; m&m [?;
L TH
[-1.48¢°
v 0'
79
806 2,
L 103
04t !
9 10 9
Be \Be B
(o) with CSB

Even CSB)

_ 7_;39,5 Ao
’ _g.89 40

00+ P

AZ MB\!‘\]

=T
e N

L 8510
8561

What about
Experimental data?
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Fig. 7. Calculated energy difference of ’Be and 1°B, ABA(BA(¥B) — BA(}’Be), (a) without CSB,
(b) with even-state CSB, and (c¢) with both even- and odd-state CSB interactions.

What about data by Gogami san?



10 Be is interesting to investigate structure modified by addition
of A particle.



Schematic illustration
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Energy gain by A-particle addition
AE(shell-like) > AE(clustering)
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Interesting phenomena such as level crossing
is seen in °Be gnd '°Be combination.

When a A particle is injected into each state,

/ ° is there change of energy spectra?
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How do we obtain information on AN-2N coupling?
(1)YN scattering experiment at J-PARC, Femtoscopic experiment
(2) To study neutron-rich A hypernuclei at J-PARC
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These neutron-rich A hypernuclei are important.

By neutron-rich A hypernuclei, we could obtain information on
long-range part of AN-ZN coupling. Long-range part of ANN three-body force

Furthermore, we need short-range part of ANN three-body force.: important for the study of
neutron star



So far, search ®,H experiment has been done.

Conflict between FINUDA exp. and J-PARC exp.



Before doing full 4-body calculation,
It is iImportant and necessary to reproduce

the observed binding energies of all the sets
subsystems in  °H. .
?\flame)y, All tﬁe potential parameters

are needed to
adjust in the 2- and 3-body
subsystems.

Among the subsystems, it is extremely important to
adjust the energy and decay width of °H core nucleus.



Framework:

To calculate the binding energy of , °H, it is very important
to reproduce the binding energy of the core nucleus °H.

transfer reaction p(°He, ?He)°H

A. A. Korcheninnikov, et al. Phys. Reuv. Lett.
[=1.920.4 Me87 (2001) 092501.

1/2°
1.7x0.3 MgV To reproduce the data, for example,
R. De Diego et al, Nucl. Phys. A786 (2007), 71.
v calculated the energy and width of °H with t+n+n
t+N+N three-body model using complex scaling method.

The calculated binding energy for the ground state
of °H is 1.6 MeV with respect to t+n+n threshold an
width has 1.5 MeV.



Exp: 1.7 =0.3 MeV Even if the potential parameters were tuned
=19 +04 Mey ™= 5o as to reproduce the lowest value of the

Exp., E=1.4 MeV, [=1.5 MeV,

4 we do not obtain any bound state of °H.

A
e | =244 Mev
1.69 MgV 1.17 Me
0 MeV
t+n+n =0.23 MeV t+n+n+
\ E=-0.87 MeV .
0 Yin+n
-2.0
I 2,07 MeV

On the contrary, if we tune the
potentials to have a bound state

in AGH, then what is the

energy and width of °H?
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OH (full) (1.57,1.53)
H(d =0) (1.55,1.33)
Theor. [16] (2.26,2.93)
Theor. [12] (2.5-3.0,34)
Theor. [13] (3.0-3.2,14)
Theor. [13] (1.59,2.48)
Exp. 3] (1.7£03,1.9+04)«<— We cited this experiment.
Exp. [8] (1.84+0.1,<0.5) However, you have many
Exp. [4] (1.8,1.3) different decay widths.
Exp. 5] (2,2.5) width is strongly related to
Exp. [6] (3,6) the size of wavefunction.
Exp. [9] (5.540.2,5.440.6) Then, | hope that
[he decay width will be
determined at RCNP this year.
A.A. Korosheninnikov et al., PRL87 (2001) 092501
S.I. Sidorchuk et al., NPA719 (2003) 13
M.S. Golovkov et al. PRC 72 (2005) 064612
G. M. Ter-Akopian et al., Eur. Phys. J A25 (2005) 315.



For the study of neutron-rich A hypernuclei,

We should exclude ambiguity of the energy and decay width of
core nuclei.

For this purpose, 8He and °\He is the best candidate to
perform search experiment.



heavier A hypernuclei
For example: Pb, Sn, Zr, La, Y etc. Istopes

Density of heavier nuclei is high and then, A particle is acting
in such high dense matter.=> We could obtain information on In heavier nuclei,
the short-range part of ANN interaction. density becomes high.

208 Pb, 139 13a,%%,Y: plan in the project at HIHR

| request the experimentalists to produce 112-124Sn 2096 7r A hypernuclei.

Heavy A hypernuclei exp. + theoretical cal. Isotope dependence of
ANN three-body force

Determine ANN interaction Calc. by Nijmegen ESC16 model
9N fA dAx' :
Reliable EOS L s
. w/ AN int. w/o ANN in
; ANN i W/ANint.w/ ANNint.
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Effects of Many-body Interactions in the Hyperon with Skyrme
and KIDS Functionals for Finite Nuclei and Nuclear Matter

£

Soonchul Choi,"? Emiko Hiyama,® Chang Ho Hyun,** and Myung-Ki Cheoun'

! Department of Physics, Soongsil University, Seoul 06978, Korea
“Center for Erotic Nuclear Studies,
Institute for Basic Science, Daejeon 34126, Korea
I Department of Physics, Tohoku University, Sendai 980-8578, Japan

4Department of Physics Education, Daegu University, Gyeongsan 38453, Korea

Submitted to EPJA

5 M 1 /3
Hy, = gPA Z usz; (1 + 5};‘3?) PN -
i=1

This new type of functional is added to the two-body interaction terms given as
ﬁ?

1
Han = TA + Uo (1 + —'yo> PN PA
2mp 2

1 1
‘|’1('U»1 + ug)(TapN +Tnpa) + §(3'1£1 —u9)(Vpn - Vpa)

1 . -
_|_§U::r\(vpl\' . J‘.-\ + V,ON : J;‘\)‘

Nuclear density functional theory: two-body interaction + many body force

Model parameters wg, yo, w1, u2, Wa, us; and ys; fitted so as to reproduce the data



Nuclei 1s (MeV) Ip (MeV) 1d (MeV)
150 [13, 14] 12.5040.35

28Gi [2, 15]  16.60 +0.20 7.0 4+0.2

325 [16] 17.50 £+ 0.50

Ca [17, 18] 18.70 £ 1.1

AV 19, 20] 19.9+1.0

Y [2,20] 23.104£050  1650+4.1  9.14+1.3
¥La [2] 2450+ 1.20 2040406 14.3+0.6
208Ph [2] 26.30 £ 0.80 21.90+0.6 16.8+0.7
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We construct 5 types
interaction.



B, (MeV
on
I

Apply to Sn



KIDSO
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Summary

AN-2N coupling: neutron-rich A hypernuclei
It would be better to have deeper binding.

Heavier neutron-rich A hypernuclei
Sn Isotope?



