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3-Dimensional Nuclear Chart with Strangeness
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Repulsive MBF in “Hyperon Puzzle”
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Dynamics in Hypernuclear Systems
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Coherent A-Z coupling

Important role of
) the X hyperon
In nuclel



Overbinding Problem on s-Shell Hypernuclei
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“The 0*-1* difference is not a measure of AN spin-spin interaction.”

by B.F. Gibson
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Production of
the neutron-rich A hypernucleus
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T. Harada, Y. Hirabayashi, PRC95 (2017) 044610.



Introduction

e 6 His one of the most interesting candidates to
investigate neutron-rich hypernuclei; B[°,H(0"; )]
= 5.8 MeV caused by the coherent AX coupling.

Y. Akaishi, Khin Swe Myint, AIP Conf. Proc. 1011 (2008) 277.

 FINUDA collaboration reported a binding energy
of B(°,H)=4.5£1.2 MeV in °Li(K" g, 7*)
reactions. M. Agnello, et al., PRL. 108 (2012) 042501.

* No peak is observed around the 4,H + 2n threshold
in the °Li(n—, K*) ©,H reaction at p__ =1.2 GeV/c by
J-PARC E10 collaboration.

H. Sugimura, Phys. Lett. B729 (2014) 39.
R. Honda, Ph.D. thesis, Tohoku University (2014).



Production of neutron-rich °,H hypernucleus

N
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» Double charge-exchange (DCX) reaction N -
> Coherent AN-XN mixing in neutron-rich environment £ AH
3 240 v
Status Ksop + °Li—> JH+z J252Mevic) E b Wy
5H 5 ®He +@130|v|eV/c) ok ’“"'.‘.t'\-
'H+A 580544 MeV 200" IS
9ol Lo oo oo o b b b Lo,

120 130 140 150 160 170 180 190 200 210

Agnello et al., 7" momentum (MeV/c)

Dalitz, Levi Setti, | PRL108(2012)042501
Nuovo Cimento |"H+2n+A — 5803.74
30(1963)498

A glue effects FINUDA Exp.

O+ 5802.87 MeV

SM 4.4 MeV
" R 1*  5801.9 MeV
\RH%— 5301 _70 _____:__:;'_:__'__;.-.__.:.' 5801 43
Dali " 580124 ====="_ ° 0* 5800.9 MeV

alitz, Majling CFV - MeV

AN-ZN mixing
o+, MM 6 t+n+n+A 4-body calc
Akaishi LY ______ 5799.64 H -
E. Hiyama et al., NPA908(2013)29
BHF + Coherent A-X coupling SM+A-Z coupling
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Khin Swe Myint, Akaishi, PTP Suppl.146(2002)599




Our Purpose

* \We theoretically demonstrate the inclusive spectra
of the Li(n~, K*) reaction within a distorted-wave
impulse approximation, using a coupled (°H-A)
+(°He-X~-) model with a spreading potential by the
one-step mechanism via 2~ doorways.

(1) To study the XA coupling effects related to the X-
mixing and the strengths of the A->H potential in
o H(1" ). [not®H(©O*,,)]|A regions

>- regions




Search for the °,H hypernucleus by °Li(z~, K*) reactions

60

d*G,  /d<YdM [nb/sr/(MeV/c?)]
W
—

1.2GeV/c@J-PARC E10

4 |

;

|

No peak of the bound state is observed.

\h

T
5810 5820 5830
Missing Mass [MeV/c?]

d’G,,,/dQ/dM [nb/sr/(MeV/c?)|

Oy = 2°-14° !

5800 5850
Missing Mass [MeV/c?]

I | |
5900

E10

H.Sugimura et al.,
(J-PARC E10
Collaboration)
PLB 724 (2014)39.

-

R. Honda, et al.
(J-PARC E10
Collaboration),

PRC96 (2017) 014005



One-step process
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Model for final states of the hypernucleus
Single-particle shell model wif.

T, ) = Y [@pCH)Y ()],

JIN g

2~ mixing probability
Po- = (¢l leh )

/2 - spreading potential for excited states
Hyperon-nucleus potentials -

zero-range interaction:

UY(T) — VYf(“ra R, a,) + ?;WYf('r? Rly @/) Woods-Saxon form
V.=—-19 MeV (Vg,Wy) determined flr,R,a) = [1+exp((r—R)/a)]™"
i\s assumed as fitting parameters

Coupling A-2X folding potential Shell-model w.f. \ivith (s3p?) configuration
Ux(r) = ([®r(He) © V5 (1], 1D vl m)| [25CH) & YR ()], )

i Zero-range interaction:
_ § ,S /B r gy T J' TV _yO e
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LSK volume integral:



Coupled-channels DWIA calculation for one-step mechanism
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Angular dependence of the optimal Fermi-av. cross section

CROSS SECTION (ub/sr) [CAL.]
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» There exists a strong energy dependence in the amplitudes.



Schematic illustration of °,H production in the °Li(n-,K*) reaction

One-step mechanism
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Single-particle density distributions of A and ¥~ in °,H(1*)

(Vs an s Van an) = (-900 MeV +fm3, 500 MeV « fm3)
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Case

> W (OO

Case

> (OO

Integrated cross section and >~ mixing probability

| 6 +
Bn.an (MeV) BA(§H) P (%) LaH)
S =1 S =0 (MeV) s¥ Py dy, 9000 total
anreoament
Ulul COoOlTTTOTTU
0 0 1.492 0.00 0.00 0.00 0.00
—450 250 1.576 0.03 0.04 0.00 0.07
—900 500 1.841 0.13 0.17 0.02 0.32
—1350 750 2.328 0.34 0.41 0.04 0.79
—1800 1000 3.100 0.68 0.82 0.08 1.58
8N AN (MeV) Ba(8H) do /dS) (nb/sr)
S=1 S=0 (MeV) sy Py total
0 0 1.492 0.00 0.00 0.00
—450 250 1.576 0.03 0.01 0.04
—900 500 1.841 0.16 0.06 0.22
—1350 750 2.398 0.44 0.15 0.59
—1800 1000 3.100 1.00 0.32 1.32

Cross sections:
do/dQ =0.22 nb/sr

>~ mixing probabilities:
P,_(tot) =0.32% [R. (s;)=0.13%,

P, (p,) =0.17%]



Production cross section of °Li(r—,K*) reactions 6 H(1*)

Data H Suglmura et aI (J PARC E10 Collaboratlon) PLB 724 (2014)39
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Dependence of the spectrum on V, in the A-°H potential

m YV, =-19,-24,-28 MeV because the structure of °H is 6 H(1%)
still uncertain experimentally.
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» The shallow potential V, =—-19 MeV is favored to be compared with the data.
» The shape of the spectrum is so sensitive to the structure of the °H resonance.



Energy spectrum and decay threshold of °,H

» We assume E. = M[°H(1/2*)]—M [?H+2n]=4.0 MeV, rather
than E,. =1.7 MeV because the structure of °H is still uncertain

experimentally.
— 1
7
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E. Hiyama, et al., Nucl. Phys. A 908, 29 (2013); D. R. Tilley, et al., Nucl. Phys. A 708, 3 (2002);
J. Tanaka, Porposal for E428 experiments at RCNP (2014).



Dependence of the spectrum on E, for the °H resonance
- E, =4.0 MeV, 1.7 MeV in respect to the 3H+2n threshold.
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Search for the °,H hypernucleus by °Li(z~, K*) reactions

FE10| R.Hondaet al (J-PARC E10 Collaboration), PRC96, 014005 (2017)
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Search for the °,H hypernucleus by °Li(z~, K*) reactions
F10| R.Hondaet al. (J-PARC E10 Collaboration), PRC96, 014005 (2017)
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Production cross section of °Li(r—,K*) reactions
R. Honda et al. (J-PARC E10 Collaboration), PRC96, 014005 (2017)
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Hyperon-mixing

Production cross section of °Li(r—,K*) reactions

Oo0_140 (nb/sr MeV) [EXP.]

R. Honda et al. (J-PARC E10 Collaboration), PRC96, 014005 (2017)
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Hyperon-mixing

Production cross section of °Li(r—,K*) reactions

Goo_140 (nb/sr MeV) [EXP.]

R. Honda et al. (J-PARC E10 Collaboration), PRC96, 014005 (2017)
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Production cross section of °Li(r—,K*) reactions

Hyperon-mixing

To0_140 (nb/sr MeV) [EXP.]

4

o7

R. Honda et al. (J-PARC E10 Collaboration), PRC96, 014005 (2017)
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Production cross section of °Li(r—,K*) reactions | Hyperon-mixing

R. Honda et al. (J-PARC E10 Collaboration), PRC96, 014005 (2017)
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Production cross section of °Li(r—,K*) reactions

°AH(1%)

Data: R.Honda et al.,(J-PARC E10 Collaboration), PRC96, 014005 (2017)
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R emar kS Hyperon-mixing

B The calculated spectrum of the iH by the one-step
mechanism via X~ doorways can explain the data of the
DCX SLi(n~, K*) reaction at 1.20GeV/c .

(+30 MeV, —26M eV 2P
> (Vy, W)= £20- M\ —20 M . —&0—
» X~ mixing probability ANEN
Py~ 0.4 % for °,H(1*,.). \Jp\ coupling
[P. (s,)=0.11%, P, (p,)=0.17%] uﬁ
» Shallow A potential for °H, . /
(V, =-19 MeV) is favored. -

B Our phenomenological calculations provide the ability to
extract the production mechanism from the data.



Study of the >-nucleus potentials

Y-"He

T. Harada, R. Honda, Y. Hirabayashi, PRC 97 (2018) 024601.



Our Purpose

* \We theoretically demonstrate the inclusive spectra
of the Li(n~, K*) reaction within a distorted-wave
impulse approximation, using a coupled (°H-A)
+(°He-X~-) model with a spreading potential by the
one-step mechanism via 2~ doorways.

(2) To extract valuable information on the X-nucleus

potential for ¥->He from the data of the J-PARC
E10 experiments.
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Search for the °,H hypernucleus by °Li(z~, K*) reactions

E10 | R.Honda,etal., (J-PARC E10 Collaboration), PRC96 (2017) 014005
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Differential cross sections for the T—p>K*Z~ reactions
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Angular dependence of the optimal Fermi-av. cross section

CROSS SECTION (ub/sr) [CAL.]
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» There exists a strong energy dependence in the amplitudes.



The y2-value distribution in (Vy, Wy) plane
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Results

The y2-fitting for various strength parameters Vs and Wj
in the WS potential for X~-°He systems.

Vs Wy G20-14°
(MeV) (MeV) x2/N fs
—10 —13 159.8/66 1.00
0 —13 160.1/66 111
+30 —13 162.9/66 1.51
+60 —13 159.3/66 1.93
—10 —26 104.9/66 0.85
) 0 —26 95.5/66 0.94
Xmin | +30 26 34.5/66 1.28 123
+60 —26 89.8/66 1.53
—10 —39 141.4/66 0.74
0 —39 130.3/66 0.81
+30 —39 115.8/66 1.03

+60 —39 121.6/66 1.26




Inclusive spectrum in SLi(w—, K*) reaction at 1.2GeV/c
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Inclusive spectrum in °Li(x—, K*) reaction at 1.2GeV/c
T. Harada, R. Honda, Y. Hirabayashi, PRC 97 (2018) 024601.
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Dependence of the calculated spectra for the °Li(r—,K*) reaction
Data: R. Honda, et al., (J-PARC E10 Collaboration), PRC96 (2017) 014005
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>-nucleus potentials fitted to the ¥--atomic data
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>-nucleus optical potentials in >He+X-

by using microscopic cluster wave functions
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Remarks

B The calculated DWIA spectrum can fully explain the
experimental data of the °Li(n~, K*) reaction at 1.2 GeV/c.

B The optimal Fermi-averaged t-matrix of np—K*X~
reactions Is essential to describe the energy and angular
dependence of the data.

B The results show that the X-°He potential has the repulsive
and absorptive components with
Vs, Wy)= (+30 MeV, —26 MeV)
with the WS potential.

e

(Vy, W,) = ( +48+16, —42+3) MeV
for N.M. ’

(Vy, Wy) = (+30, —40) MeV for 28Sj T
by Harada-Hirabayashi, NP759 (2005) 143
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Inclusive spectrum in %8Si(r—, K*) reaction at 1.2GeV/c

Exp. Data from P.K.Saha, H. Noumi, et al., PRC70(2004)044613
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First production of neutron-rich A hypernuclel

OB(z, K*)PLi

A spectrum by DCX (n—,K*) reaction at 1.2GeV/c
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(n—, K*) —Double Charge Exchange (DCX) Reaction

Two-step process:

7 p— KA
K°p— K*n

T P — 7z°’n
7°p > KA

One-step process:

7 p—> KX
2 p<>An

via X~ doorways caused
by AN-ZN coupling

o

>
> O
K°p— K*'n
\/I
Hyperon-mixing K"
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p X
> -2 -
\ ] l‘\ /
\/ S



A spectrum by DCX (n—,K*) reactions at 1.2GeV/c

Harada, Umeya,Hirabayashi, PRC79(2009)014603
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Summary
“DCX reactions via hyperon doorways”

- We have investigated production spectra of A, X and E-AA
hypernuclear states in DCX reactions such as (=~, K*) and
(K=, K*) reactions in terms of the hyperon mixing caused by
the AN-XN (EN-AA) coupling.

SLi(n~,K*)8,H, 5;H @J-PARC E10 - °Be, 19B, 12C, ...

“Coupled-channel calculations for hypernuclei ”
PO(K~, K*) 2 Aa'®C [/ p-wave resonant state in y*He /
>NN quasibound state by SHe(K-, nTr) reactions /
SHe(K-, m)ppA reactions + CDCC/ ....

» The channel coupling is important to give a description of

the dynamics in hypernuclear physics.



Thank you very much
for your attention.
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