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How the matter created by QCD

QCD Is the "theory” to describe strong interaction

However, still many unsolved problems remains

- What Is the effective degree of freedom to
describe hadrons (especially for excited baryons)

.- Meson property (mass, width etc.) in nuclear matter

- Origin for hadron mass

quark hadron nuclel high-densi atter




Evolution for QCD matter
“Quark to Hadron”

High Temperature
QCD matter

Hadronic matter

Spontaneous braking of Chiral symm.
Confinement

Is there any hierarchical structure btw quark and hadron
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Evolution for QCD matter
“Hadron to high dense matter”

multi-meson
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Strengeness will play
Important role
IN high dense matter
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Nuclear Physics A 881 (2012) 62

S. Weissenborn et al. /
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Japan Proton Accelerator Research Complex

Two beam lines are
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Japan Proton Accelerator Research Complex
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Hadron Physics with
low momentum K-

p <2 GeV/c

4+ K-nucleus interaction (s=-1)
at K1.8BR beam line
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KNN-:
the simplest K-nuclear bound state




KNN-:
the SImpIest K -nuclear bound state
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J-PARC E15 experiment

A search for K NN via 3Hel(in-flight K-,n) reaction
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Proposal submitted to J-PARC on 2006
1st physics data taking on 2013
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Selected performance

Cylindrical Detector System &

To detect the decay particles from 3HeTarget

«  Momentum reconstruction
- Particle identification
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Results : Apn final state
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Results : Apn final state
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Results : Apn final state
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Results : Apn final state
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Results : Apn final state
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Results : Apn final state
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Results : Apn final state
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4+ neutron is identified kinematically
Ko +3 Mo A_l_p_l_nmissing
we can cover large solid angle




Results : Apn final state

1.2~1.3 GeV/c
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spectroscopy

4+ neutron is identified kinematically
Ko +3 Mo A_l_p_l_nmissing
we can cover large solid angle

4+ to identify the contribution,
global fit performed on
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n-window

Count per 20 MeV/c?
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n-window

Count per 20 MeV/c?
o5 8838

9F event in n-window  kinematical lintt

g E CDS efficiency
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* The events widely distribute in the
phase space - Kaon absorption
by three nucleons are dominant

* Event concentration is seen at
TC'V'n/QC'V""O.4
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Bound state?

L14035)+p
MK +p+p)

r——— ¢ A bump structure exists

Multi-NA sum

Sr near the K-pp threshold

3NA(Xpn)

e Smaller momentum transfer
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Bound state?
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Bound

lanl.arXiv.org > nucl-ex > arXiv:1601.06876

Nuclear Experiment

Comments: llpages, 8 figures
Subjects: Nuclear Experiment (nucl—ex)
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New data

4+ We took new data during Nov-Dec/2015
4+ ~ b0 times more K-+3He— Apn events are

accumulated
E152nd
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e Data analysis is in progress




Hadron Physics with
nign momentum K-
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Hadron Physics with
nign momentum K-
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Multi-strange
Baryon spectroscopy




Baryon Mass and width

Copy from PoS: LATTICE2008:125,2008
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Excited state of =,Q baryon are not well established

Width of excited states for =,() seems narrow

compared with nucleon resonances




Mass (MeV)

Baryon Mass and width
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Baryon Mass and width

Copy from PoS: LATTICE2008:125,2008
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() production : (very little information are available so far)
()(2250) ~ 0.63pub @11 GeV/c

Q(2470) ~ 0.29ub @11 GeVi/c




QN bound state”
(spin-2 dibaryon)

| attice QCD calculation

predict that existence of

QN bound state
Bngo =18.9(5.00(F1%") MeV,
ane = —1.28(0.13)(F919) fm,

(re)ng = 0.499(0.026) (70 052) fm.

Nucl. Phys. A928(2014)89 HAL QCD Caoll.

mz = 8/75(1) MeV and mk = 916(1) MeV
need detall investigation using O-N interaction!
via K+p—K*KPQ reaction on nuclear target!




Multi-strange baryon
spectroscopy

+ =" spectroscopy can be started and made
at High-p beam line (unseparated beam).




LOI submitted to J-PARC on April 14/2014

= Baryon Spectroscopy with High-momentum Secondary Beam

M. Naruki and K. Shirotori
Department of Physics, Kyoto University, Kyoto, 606-8502, Japan and
Research Center for Nuclear Physics (RCNP), 10-1 Mihogaoka, Ibaraki, Osaka 567-0047, Japan
(Dated: April 14, 2014)

We express our interest in performing the = baryon spectroscopy with high-momentum secondary
beams. The experimental information on the excited states of = baryon is largely lacking. The
physics cases and possibilities to investigate =Z* states using the high-momentum beam line is dis-
cussed. The enough sensitivity is expected to determine the excited state up to 2 GeV/c? sys-
tematically with a reasonable beam time in both kaon and 7 induced reactions. The high intense
secondary beam provide an opportunity to investigate an unknown field of Z* baryons.

detall will be discussed in Prof. Noumi's talk




Multi-strange baryon
spectroscopy

-+ =” spectroscopy can be made
at High-p beam line (unseparated beam).

- However, for detail analysis,
we need high intensity K- beam.

- For Q* spectroscopy, daintily need high energy
and high intensity K- beam.




Multi-strange baryon
spectroscopy

-+ =” spectroscopy can be made
at High-p beam line (unseparated beam).

- However, for detail analysis,
we need high intensity K- beam.

- For QQ* spectroscopy, daintily need high energy
and high intensity K- beam.

High Iintensity-high momentum-separated beam line
IS needed to proceed projects above
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Missing pleces

high momentum
high intensity
separated beam




J-PARC Hadron hall extension

« <2.0GeVic
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« <31 GeV/c unseparated 2ndary beams
(mostly pions), ~107/spill




J-PARC Hadron hall extension

e <2.0GeV/c
> 1.8x108 pion/spill « 5 deg extraction
« x10 better Ap/p « ~5.2 GeV/c KO

e <1.2GeV/c « Good n/K

« ~106 K/spill =il

. <2.0GeVic K1.1
«  ~108 K/spill 0
« <1.1GeV/c

[

>

.....

K1 8BR

<10 GeV/c separated
pion, kaon, pbar
« ~107/spill K-, pbars

105 m

30 GeV proton
« <31 GeV/c unseparated 2ndary beams
(mostly pions), ~107/spill




High momentum

high Intensity bea
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long beam line (~ 70m)
beam intensity as high as we can

m line (K10

102%-3%/cm/s

MR:100kW
Liq.H 25¢m

* Typical beam intensity
K 10M/es @ 4-6 GeV/c

.pbar: 10M/6s @ 10 GeV/c i
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Summary

- Hadron physics programs with strangeness
at J-PARC are reviewed

- KK N Interaction( K NN ) and
multi-strangeness baryon, =%, spectroscopy

- New opportunity will be opened with

nigh Intensity high momentum separated

oeam ( m,Kx,pbar ) which will be realize with

nadron hall extension (under discussion)

- Q¥ spectroscopy

. charmed hadron in nucleus




International workshop on physics at the extended hadron
experimental facility of J-PARC

5-6 March 2016
KEK Tokai Campus

Asia/Tokyo timezone

Overview

1st circular

Scientific Programme
Timetable
Contribution List
Author List

Workshop Venue and
Accommodations

Lunch boxes and
Workshop party

Registration

.. Registration Form

We have been discussing time to time on a future plan to extend the hadron
experimental facility (HEF) of the Japan Proton Accelerator Research
Complex (J-PARC) among the J-PARC users since the construction of
J-PARC started or even before.

Now, we are pleased to inform that the extension of HEF has been listed in
"Roadmap 2014", a basic plan of large-scale academic research projects to
be promoted, which has been drawn recently by the working group on
large-scale academic research projects under the science council of MEXT
(Monbukagaku-cho).

At this occasion, we would like to have an international workshop to
discuss this project further among current and potential users over the
world.

In particular, we will discuss the following issues.

(1) physics issues to be attacked at the extended hadron physics

(2) new experimental ideas to be accommodated in the project

(3) floor plan of the extended HEF

Organized by Hadron Hall Users' Association (HUA)

Organizers:

Takeshi KOMATSUBARA (KEK), Hajime NANJO (Kyoto), Hiroyuki NOUMI (RCNP, Osaka),
Shinya SAWADA (KEK), Mayumi SUEHIRO (KEK), Toshiyuki TAKAHASHI (KEK), Kiyoshi
TANIDA (JAEA)

Contact: HDExt-WS@ml.j-parc.jp

https://kds.kek.jp/indico/event/20472/overview




Meson-Nucleon Physics and
the Structure of the Nucleon

16
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' ' -Meson-Nucleon Interactions
I ‘ " -Hadron Spectroscopy
| ' -Nucleon Structure
-Few Body Systems
I -Fundamental Symmetries
-Electroweak Probes
' -Future Facilities and Directions

International Advisory Committee

Mauro Anselmino (INFN-Torino), David Armstrong (William & Mary), Nora Brambilla (TU-Munchen), Stanley J. Brodsky (SLAC, Stanford), Volker Burkert
(Lab), Annalisa D'Angelo (INFN Roma Tor Vergata), Simon Eidelman (Novosibirsk), Paola Gianotti INFN-LNF), Michel Guidal IN2P3/Orsay), Ken'ichi
Imai (Kyoto/JAEA), Eberhard Klen nn), Shunzo Kumano (KEK), Teiji Kunihiro (Kyoto), Matthias F. M. Lutz (GSI/TU-Darmstadt), Brian Meadows
)
)

Local Organizing Committee

Hideto En‘yo (RIKEN Nishina Center, Chair), Megumi Naruki (Kyoto
University, Vice-Chair), Yuji Goto (RIKEN Nishina Center), Atsushi

Hosaka (RCNP, Osaka Univ.), Noriyoshi Ishii (RCNP. Osaka Univ.),
Masayuki Niyama (Kyoto University), Hiroaki Ohnishi (RIKEN
Nishina Center/RCNP. Osaka Univ), Toru Sato (Osaka Univ.),
Satoshi Yokkaichi (RIKEN Nishina Center, Scientific Secretary)

£3RCNP

Vi

I
(Cincinnati), UIf-G. Meissner (Bo ich), Barbara Pasquini (INFN-Pavia), Klaus Peters (GSI/Frankfurt), Marco Ripani (INFN-Genova), Craig Roberts
(ANL), Guenther Rosner (Glasgow), Patrizia Rossi ULab & LNF-INFN), Elena Santopinto (INFN-Genova), Andreas Schaefer (Regensburg), Hans Stroeher
(uelich), Lothar Tiator (Mainz), Willem van Oers (TRIUMF/Manitoba), Fan Wang (Nanjing), Shin-Nan Yang (Taiwan), Bing-Song Zou (ITP/CAS)
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MENU2016@Kyoto

July 25-30
(Scientific program
will start from 26, 9am)

Abstract submission
dead line : April/25

If you plan to attend MENU2016,
we advice to reserve hotel room
as soon as possible!

Because

(a) July-August is just on the highest
seasons for tourist in japan

(b) The climax of one of the famous
Japanese festival “Gion Matsuri”
will hold on July 24.




Thank you
very much




