'V ZAERRBEN RT-JRF-
[ RF1%-/\FO>

ABLLEk = F (FLKR/EED)




F—REFREOSH AL L. BEEBEDHEBAAN

IN=L v

RFoTRé
Nt T AR =Rk
AR T

9 AE— LB
(BT 5 TR 2B OBR
SIRHBE OB EDEA &
AFZE DR

oy IR L 7 5 25—k

S R, L3 & Il i IS
W - W AR R




#FQCDIZ& A/ \FOVRIEEFADH—HERE: +H#

X5 GEH)

NEOUHED KIS ER DR ARRZ (FRARCNP) €=

RFBEDISAEZI—HHAN=X LD

el

F—IREDFEINFRICKDIRF -0 FEHER

BAFTIHDADE:

AHEFIZKDAITLETIREED

FREFRICKDRF-7F. RF%-/\FOUPYE

B LLEK = F (JLK/E

EEF(REX)

HEHER

PR IESEF (REK)

el

2% - Naidon Pascal (I

2 6t)

2 Ht)
HER

D EFERIBEE -

=

HEMEEMNIREST=S . TOoTWAIE: FQCDIZLS
“NMER+V#MZAERRTE BO1

HEE D EE



Quark model estimate of hidden-charm pentaquark resonances

Emiko Hiyama*
Department of Physics, Kyushu University, Fukuoka, Japan, 819-0395
Nishina Center for Accelerator-Based Science, RIKEN, Wako, 351-0198, Japan
Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki, 319-1195 Japan and
Research Center for Nuclear Physics, Osaka University, Ibaraki, Osaka 567-0047, Japan

Atsushi Hosakaf
Research Center for Nuclear Physics, Osaka University, Ibaraki, Osaka 567-0047, Japan and
Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki, 319-1195 Japan

Makoto Oka?
Department of Physics, H-27, Tokyo Institute of Technology, Meguro, Tokyo 152-8551, Japan and
Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki, 319-1195, Japan

Jean-Marc Richard®
Université de Lyon, Institut de Physique Nucléaire de Lyon, IN2P3-CNRS-UCBL,
4 rue Enrico Fermi, 69622 Villeurbanne, France
(Dated: March 23, 2018)

Published in PRC last month



RUBGH—2

O LB 4k BE % 514600

%i?é:—l%“

SRk, .
512D JI-PRAC 4500
HETDH [
TFhSHORVEHS |
A —5 [
4400}
DTSRI —HE :
Hriz
;EFAEEE :
4300
4200/

4100l

\ 4690MeVIZJ=1/2-4RBEAS
TEDIELNEIENIENSD,

ZD2DDIRREILROHNEMST=,
A INDRER D AIRBETR KD 155,
A — N ALk BE

A+nc
Pc(4380)

Ac+D
J/W+p



BFQCDIZL D/ \FOVEIHEEIEA DR —HIE

7+ HIR S (B

NEOUHED KIS ER DR ARRZ (FRARCNP) €=

RFBEDISAEZI—HHAN=X LD

el

HEHER

35 - S5 {2

F—REDFEINFRICKDRF -0 FEHESR

FATIOADRE - £ERF (RX)

el

AHEFIZKDAITLETIREED

F—REHARICLDREF-H7F. RF&-/N\FOVYED TR

RELLEK = F (SLR/EER)

ER+DHBZRREGTE

EF (FRK)

725 : Naidon Pascal (Z2#t)

Collaboration: talk

TR AN IR FES1=F . {To TSI &L BFQCDIZLD

o



Major goals of hypernuclear physics

To understand baryon-baryon interactions Fundamental and

Important for the study
of nuclear physics

Total number of
Nucleon (N) -Nucleon (N) data: 4,000

I YN and YY potential

» Total number of differential cross section Models so far proposed
. (ex. Nijmegen,
Hyperon (Y) -Nucleon (N) data: 40 Julich, Kyoto-Niigata)

* NO YY scattering data have large ambiguity.




Therefore, as a substitute for the 2-body
limited YN and non-existent YY scattering data,

the systematic investigation of the

structure of light hypernuclel Is essential.



Strategy to determine YN and YY interactions
from the studies of light hypernuclear structure

YN and YY interactions
based on meson theory: Nijmegen, Ehime, Julich- - using a
based on HAL calculation

few-body met
My role

@ Suggest to improve

Accurate calculation of hypernuclear structure
Few-body, cluster model, shell model, .....

: _ _ Compare theoretical res
X No dit formation | @ with experimen

Spectroscopy experiments
- High-resolution y-ray spectroscopy experiment
- Emulsion experiment



For this purpose, we have been obtaining information on AN
Interaction.

Next step, it is important to extract information on =N interaction.

For the study of =N interaction, it is important to
study the structure of = hypernuclei.



m Prog. Theor. Exp. Phys. 2015, 033D02 (11 pages)
DOI: 10,1093/ ptep/ptv008
14N -=-

The first evidence of a deeply bound state 0 MeV

of Xi——!N system

0.25 ~
0.25 MeV

We observed bound = hypernucleus, for the first time

in the world. Now, we understood that =N interaction should be attractive.
Also, it is important to interpret spin-parity by comparing theory and
experimental data.

K. Nakazawa'*, Y. Endo', S. Fukunaga®, K. Hoshino', 5. H. Hwang®, K. Imai*, H. Ito', 4.38
K. Itonaga', T. Kanda', M. Kawasaki', J. H. Kim*, 8. Kinbara, H. Kobayashi', -1.10
A. Mishina', S. Ogawa?, H. Shibuya®, T. Sugimura', M. K. Soe', H. Takahashi®,
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*Department of Physics, Toho University, Funabashi 274-8510, Japan

I Advanced Science Research Center, JAEA, Tokai 319-1193, Japan
JIJe'parrmenr of Physics, (yeongsang National University, Jinjut 660-701, Korea
I Instittite of Particle and Nuclear Studies, KEK, Tsukuba 305-0801, Japan
*E-mail: nakazawaie gifu-u.ac.jp
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Kiso event



Physical Review C 94, 064319 (2016)

Mean field approaches for = hypernuclei and current experimental data

T. T. Sun,? E. Hiyama,!* H. Sagawa,l-> H-J. Schulze.* and J. Meng™®

| RIKEN Nishina Center, Wako 351-0108, Japan
2School of Physics and Engineering, Zhengzhou University, Zhengzhou 450001, China
3Center for Mathematics and Physics, University of Aizu, Aizu-Wakamatsu, Fukushima 965-8560, Japan
{INFN Sezione di Catania, Via Santa Sofia 64, I-95123 Catania, Italy
>School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China
8School of Physics and Nuclear Energy Engineering, Beihang University, Beijing 100191, China

Motivated by the recent observed P C(}*N+Z7) of Kiso event, we identify the state of this system theo-
retically within the framework of the relativistic-mean-field and Skyrme-Hartree-Fock theortes. The =N mter-
actions are constructed fo reproduce two possible observed =~ binding energies, 3.8 MeV and 1.1 MeV. The
present result is preferable to be *N(g.s.) + =~ (1p) which is consistent with the experimental interpretation by

Kiso event.

PACS numbers: 21.80+a. 13.75.Ev. 21.60.Jz. 21.10.Dr

Using RMF theory, we interpret that Kiso event is observation of
14N(g.s) +=(0p) state.

Weak point: RMF theory focus on the only ground state of N, not the
excited state of 1“N. It is planning to take into account of the excited state
of 14N for further analysis of Kiso event using a+a+a+d+= 5-body cluster model.



“Spectroscopic study of =-Hypernucleus, *“Be,
via the 12C(K",K™) Reaction”
by Nagae and his collaborators

Rt

= hypernucleus

This experiment has been done.
Also it is planned to perform this experiment again to confirm
bound states in this system.

Question: what kind of part in =N interaction
can we extract in this = hypernucleus, theoretically?



Vey=Vyt+tooV,,+ 11V, .+ (0°0)(T* 1) V.5 1.r

In this way, we are finding to have

15_C
@ N bound states in these systems and
then we shall get information

@ d that V-, itself is attractive.

All of the terms contribute to binding
125 energy of 12Be and 15.C (1B and
= b€ 14N is not spin-, isospin- saturated).

¢,
o0




We want to know which partial wave Is attractive or repulsive.

The suited systems to study are s-shell = hypernuclei such as
NN= and NNN=z= systems.




| show my new results of these light systems.

NN interaction: AV8 potential
=N interaction :
Nijimegen extended soft core potential (ESCO08c)

Realistic potential (only =N channel)

=N interaction by HAL collaboration (Lattice QCD calculation)
The potential was made by K. Sasaki and Miyamoto.



HAL potential

Von=Vo(N) (0= 0\ ) V() +(1= T V() + (0= 0y )(T="Ty) Vs (1)
All terms are central parts only.

('_t='ll

(_t='[34\

In HAL potential , the statistical errors are NOT included.
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w—3.range Gaussian

= 1.range Gaussian
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Property of the spin- and isospin-components of ESC08 and HAL

V(T,S) ESCO8c HAL

T=0, S=1| strongly attractive| Weakly attractive

T=0, S=0| weakly repulsive Strongly attractive

T=1, S=1| strong attractive Weakly attractive

T=1, S=0| weakly repulsive | \weakly repulsive

Although the spin- and isospin-components of these two models
are very different between them.

It is interesting to see the difference in the energy spectra in s-
shell = hypernuclei.



T=1/2, J=1/2* and J=3/2*

ESCO08c
0 MeV d+ = 0 MeV d+ =
/o -2.07 MeV
-2.57 MeV
J=3/2*

| used the different version of ESCO08c (realistic force).
However, | also have two bound states in three-body system.



Q ° T=1/2, J=1/2* and J=3/2*
e HAL potential

0 MeV

0 MeV d+ =

J=1/2+ No bound state

J=3/2*



T=1 state
0 MeV 3N+=
-1.81 MeV 0+
-8.84MeV 1+

ESCO08c

0 MeV 3N+=

No bound state

HAL potential



In HAL potential , the statistical errors are NOT included.

T=0 state
0 MeV 3N+= 0 MeV 3N+=
1+
0.01 MeV~0.3 MeV
-7.76 MeV Preliminary result

ESCO08c HAL potential



It is possible to produce NN=
three-body system using
3He target.

1=1/2

If we use Nijimegen potential,
T=1 four-body system
becomes bound state.

But, HAL potential does not
produce bound state in T=1
system,

But produce a bound state
for T=0 state.

How do we produce bound
state with T=07?

One possibility is to use
heavy ion collision Experiment.
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 The second lecture
8t Jan. 2018, RIKEN
« Pascal Naidon

« Efimov state

The third lecture

20t ~ 23th Feb., Kyoto Univ.
Organized by Kim san

Atomic and molecular physics

The fourth lecture

Evgeny Epelbaum (Ruhr-Universitat Bochum)
22th and 23 March, Kyoto Univ.
Organized by Enyo san
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