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J-PARC : Proton synchrotron
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-;]_PARC Tokai, Japan

(Japan Proton Accelerator Resea ch <
¥ Material and Biological e = 50 (30) Gev

~ Science Facility Py o Synchrotron (15 |1A)

> uuin= =T TES

B8 3 GeV Synchrotron
o el (333 pA)
400 MeV Linac
(350m)

Neutrino Facility

World-highest beam intensity : ~1 MW
x10 of BNL-AGS, x100 of KEK-PS



 One production target for secondary beam
(e, K PR
e Three secondary beamlines (max. momentum)
K1.8BR :up to 1.1 GeV/c
K1.8 : up to 2.0 GeV/c
K1.1 - up to 1.1 GeV/c S



Hadron physics
at J-PARC



Meson Summary Table

See also the table of suggested ¢ quark-model assignments in the Quark Model section.

e Indicates particles that appear in the preceding Meson Summary Table. We do not regard the other entries as being established.
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Baryon Summary Table

his short table gives the name, the quantum numbers (where known), and the status of baryons in the Review. Only the baryons with 3-

or 4-star status are included in the main Baryon Summary Table. Due to insufficient data or uncertain interpretation, the other entries in

omments apply to the A and L.

he short table are not established baryons. The names with masses are of baryons that decay strongly. For N, A, and
N partial wave is indicated by the symbol Lz 5, where L is the orbital angular momentum (S, P D, ...), Iis the isospin, and Jis the
otal angular momentum. For A and ¥ resonances, the KN partial wave is labeled L; 5. The nucleon is a pole in the Py; wave, and similar

resonances, the
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Evidence of existence is only fair.

Existence is certain, and properties are at least fairly well explored.

***  Existence ranges from very likely to certain, but further confirmation is desirable and/or
quantum numbers, branching fractions, etc. are not well determined.
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Goal for hadron physics at J-PARC

Rich phenomena induced or governed by QCD
at Low energy

Chiral symmetry
- hidden symmetry
Hadron mass

ﬁ Symmetry

Hadron in nuclel
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Meson In nuclel
Plonic-atom

® (Create meson in nucleus
* Observing energy spectra

¢ Compare with the spectra
In vacuum

Interaction between
Meson and nuclel

~ =

Quark condensate
<qQg>
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K. Suzuki et al. Phys. Rev. Lett 92(2004)072302
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Systematic study of
dynamical chiral symmetry
breaking and partial restoration

® Mesic—nuclei factory (meson—nucleus bound state!)

» Strangeness in nuclei

» Kaonic Nucleus (K—pp...) J-PARC E15

» double Kaonic nucleus(K—K—pp) J-PARC Lol
» Vector meson in nuclei

» (W—mesic nucleus J-PARC E26

» @ -mesin nucleus J-PARC E29
» Chiral symmetry of baryon : nucleon—N(1535)

» 1N —mesic nucleus J-PARC Lol

» U,(1) amonaly

» 1 '-mesic nucleus

10
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Missing mass (using neutron) of

Invariant mass reconstruction (A+p)
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Full kinematics reconstruction

formation & decay e Ao don 6305 206 2106 0™106"306 o0 406



Neutron TOF
Counter




© Search for (@ meson bound state

: — : P ¥ K
Using p(p,®)@ reaction

| &>< . K-

g p (p ,/""//, -

antiproton beam with ; K
1.0 = 1.1 GEV/C (pabsorbed £ ;

nucleus
by nucleon N

+
T |;.J_Jlulnilinhlldﬁhﬂ

Main spectrometer

ToF wall

Large acceptance for
+Cherenkov,

forward going ¢ meson
(for missing mass analysis)

Large solid angle for the
decay particles, K* / A,
from ¢ mesic nucleus
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(W meson In hucleus

* J-PARC E26 experiment

® Producing w meson using (TT,n) reaction

® (D meson will be produce

at rest ( zero momentum respect to nucleus)
to choosing incident pion momentum

® ) line shape in nucleus evaluated

via TU Y decay channel of w

Nucleon Hole

L.

Emitted Neutron

e

T° Y decay

Target

lal [GeV/c]

0.5;

o e e @
O a4 N W A

Forward neutron : ® mass
e (J° 1 NO shift
== 2°: No shift
— — (° : 9% shifted
—— 2°: 9% shifted
e 1.8GeV/c
..--""-"—'
— 3 I-.= .‘__-—
_I|IIII|I |\\\I Illll\ll\
1 156 2 25 3 35 4

P [GeVic]
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Evidence for In-Medium Modification of the ¢» Meson at Normal Nuclear Density
R. Muto," J. Chiba,>" H. En’yo," Y. Fukao,® H. Funahashi,” H. Hamagaki.* M. Teiri,> M. Tshino,* H,
M. Kitaguchi,* §. Mihara,** K. Miwa,® T. Miyashita,® T. Murakami,® T. Nakura,® M. Naruki,' K. Ozaw
0. Sasaki.”> M. Sekimoto,” T. Tabaru.! K. H. Tanaka,” M. Togawa.* S. Yamada.® S. Yokkaichi," and

(KEK-PS E325 Collaboration)
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 J-PARC E16 experiment

-Measure the vector-meson mass modification in nuclei
systematically with the e*e" invariant mass spectrum

-Explore the origin of hadron mass due to the breaking
of chiral symmetry proposed by Nambu

-A 30 GeV primary proton beam (101°/spill) / 5 weeks of
physics run to collect ~10° ¢ — e*e” for each target

Precedent exp. \( Proposed exp. E16

(KEK-PS E325)

S df=46/50

.

*indf=56/50
T 1 14 1ﬂ2

\.

d—mass is modified in large
nuclei for slowly moving mesons

: - e Nuclear size Momentum
consistent with the prediction
a dependence & dependence

based on the QCD sum rule

AN

Cu

[MeV]

1020
B 1020) {Hiah ¢ mass (1020)

[Measured by E325

AM~35MeV _
1000

:Pb

- ~3MeV

960

08 098

; R 4] i 2 3
momen tum [GeV/c]

of mass modification )

S. Yokkaichi

-

A cs1 4GEM
N
Pad chambear

beam

New Spectrometer to
measure g*e- pairs

r~. LeadGlass
| o ~LCalorimeter
N

——
Lead Glass Caloimeter I

N

[GEM Tracker/Phaton detector )

-

modular type detectors :
GEM Tracker, HBD (GC) & EMC
for the electron ID and tracking

- Prototype detector is tested
with electron beam

I||I|\
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Goal for hadron physics at J-PARC

Rich phenomena induced or governed by QCD
at Low energy

Chiral symmetry Color symmetry
- hidden symmetry - gauge symmetry
Hadron mass Color confinement

H Symmetry of QCD ﬁ

Exotic hadron
Hadron spectra

17

Hadron in nuclel



@ Exotic hadron

® Penta—quark state???
» Penta quark state is not forbidden in QCD
» But... why only a few candidates are observed?
» What is the mechanism to forming hadrons

» How dose color confinement works?

Spring-8 : LEPS

-
~ X
g 50 (@)
0] 40 g\ol
g o
§ 30 N
g (@)
% 20 E
5 (@)
L% 10 €
0 o
14 15 16 17 18 1.98
M(nK*) (GeV/c?) ~
+1 /-
vd—K'Kpn

Very narrow width ~ 1 MeV
Negative results from High energy

18
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Search for penta—quark at J-PARC

* J-PARC E19 experiment

® Pentaquark formation
using (TTK) reaction
m+p— K +X
® Signal identified with

missing mass spectroscopy

using out going K

00— Peak???
18— A
160- p(m,K)

ol
140" ; vk
120! 1 l\k"ﬁm e |Fxhl‘L‘|1
100 T | N
60 | +r" ey
40- o b
20 m;,.a"f' PN TR . ¥ |
P42 144 146 148 15 1.52 154 1.56 1 158 16
Missing mass [GeV/c?]

2

Counts/0.5MeV/c




© Exotic hadron

® Penta—quark state???
» Penta quark state is not forbidden in QCD
» But... why only a few candidates are observed?
» What is the mechanism to forming hadrons

» How dose color confinement works?

Spring-8 : LEPS J-PARC : E19
. S ?%EW;‘K _____ 0 e e [
= o W“' |] m‘J '1‘ f -

.................

Events/(0.00625 GeV/c?)

........ ‘hl .

42 144 146 148 15 1,52 154 1.56 1.58 16
Missing mass [GeV/c?]

1.4 1.5 1.6 1.7 1.8
M(nK*) (GeV/c?)

vd—K*Kpn p(17,K)

_k
©

(6002)0 LZQ@ZOBL odd

Direct ©" production experiment : K'+n—0'—K° p(J-PARC LOIj,




Direct ©" production
experiment J-PARC (Lol)

» Reverse reaction of the ®* decay using a low
energy K* beam gives an unambiguous answer.
Ktn - 0* - K%

Inside 1 Tesla solenoid

ﬂ:+

TPC

Forward OCs
LD, target

K+
)\--.
~800 MeV/c ~420 MeV/c x"‘----..--.._ rotpn
BeO degrader ~40 cm -"'""“"----E______

?T-

21
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Exotic hadron

* A(1405)

» The lightest excited baryon with J"=1/2

» Mass : 1406.5+4.0 MeV

(just bellow KN threshold)

» Width : 50*=2 MeV
» Decay : 100 % 211

» normal baryon or KN bound state or penta?

=

" g 1435 Mev A(1405) A
1331 MeV
2
A\ y

Nature of A(1405) need to be understood

~— Strongly couple to the KN interaction



A(1405) Spectroscopy via the (K-,n) reaction on Deuteron

d Missing Mass (Y*) Spectrum in d(K-,n)

> (’ w/ Identifying the final state. w
e oX &

-

.~ TOF~15m

CDS
(Solenoid Field 0.5T)

eam Sweeper
(Ushiwaka)

T T
K- Beam Spectrometer \ 4 P

(K1.8BR-D5) ‘
A>3 >*_>An®

L

J-PARC E31 ]




Future direction of

Hadron physics
at J-PARC

24
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Current situation
J-PARC

— Construction of experimental hall is completed

— DAY-1 experiment ( penta quark search )
has been performed

— Many new results will be available in a few years

— But, only 3 secondary beam lines are available

25



JaNeYolge)"/=Yo o)l o] (o] oYoX-Y:=Yo N = Hyper nucleus

. AA hyper nucleus
nuclear phvsics =_atom X-ray

- y ray spectroscopy of A hyer nucleus
ex erlment neutron rich A hyper nucleus

Search for penta-quark
K1.8 Tweak decay of A hyper nucleus

Kaonic nucleus Tt Double charge exchange reaction
Kaonic atom X-ray H wmesic nucleus
N mesic nucleus E

Vector meson in nucleus

"= quark structure in nucleon

r\-l.\_

High p line
— 24 2 o

30 GeV . (p mesic nucleus
primary proton _ Penta-quark formation
b eam ] N\ hyper nucleus

YN scattering




New physics topics
at J-PARCGC

® Charm in nucleus?

» 30 GeV proton on nucleus
— more than charm production threshold

» High intensity proton beam at J-PARC
can be produce also high intensity anti—protons!

Charmed meson
bound state?

DN bound state,

Physics case
p°He — n°H 4

under the discussion
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Current situation
J-PARC

— Construction of experimental hall is completed

— DAY-1 experiment ( penta quark search )
has been performed

— Many new results will be available in a few years

— But, only 3 secondary beam lines are available

We need new movement to maximize
performance of J-PARC facility ~
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J—PARC hadron hall extension —-

¢ RIKEN-JPARC cooperation center project

Extend hadron hall ( x 2 )

Two more production targets
for secandary beam

New beamline, spectrometers

Design started together
with nuclear physics
community

~ $150 M project ::TLﬂ —%5l4/s,
We hope to start 2013— 5l1/sp1 T p 70 7 o 0 10,
I "

———
“'m

Complete 2017 - G 201




Summary
* J-PARC :

— contraction phase has been finished
— now get into (slowly but certainly)
“production of physics output” phase

® Many physics ideas are proposed and
approved already, but we are facing lack of
space (beam lines) to perform experiment

New big project “Hadron hall extension
( or RIKEN-JPARC center)”
s most urgent and important issue
for nuclear/hadron physics at J-PARC

30
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