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o’ Start of the Joint Project

J-PARC
I N N N e Ao
Bl 1999.4: International Review
H 2000.8: SRS ERSE (#9104 A )[Domestic Review for 10 months]
B 200012: Approval of the Project
B 2001.5: Formation of the Project Team
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e Dhase 2 3 GeV PS

J—-PARC Project:
Phase 1&2

Experimental Area

(25H2z)

R&D for Nuclear
Transmutation

Linac

(Superconducting)

Linac 50 GeV PS

(Normal Conducting)

Neutrinos to
SuperKamiokande

Phase 1:— Total 1,500 Oku-Yen (56% JAEA, 44% KEK )!



Proton (p)

Proton (p)
3 GeV, 50 GeV

I

Need to have high-power
proton beams

— MW-class proton accelerator
(current frontier is about 0.1 MW)

Goals at J-PARC

Target Nucleus

O Muon (u)

T — Uy

O Neutrin

O

O Kaon (K)

Anti Proton (p

O Neutron (n)

Materials & Life Sciences at 3 GeV

Nuclear & Particle Physics at 50 GeV

R&D toward Transmutation at 0.6 GeV




| J PARC Facmty \
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— (CY2007 Beams
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> - Bird’s eye photo in January of 2008
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Preparation of
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K1.8 Experimental Area
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- S=-2 Hypernuclel via

(K-, Kt) reactions
2wl %A_ °y B ?




EXperiments
on Strangeness Nuclear Physics

= [ive Day-1 Experiments
2= E05: E hypernuclei Spectroscopy (Nagae) [1st priority]
== [E13: Hypernuclear y -ray Spectroscopy (Tamura) [2nd priority]

== E15: Search for K'pp bound state (lwasaki, Nagae)
== E17: Kaonic *He 3d—2p X-ray (Hayano, Outa)
== E19: Search for Penta-quark in p— KX reaction (Naruki)

== EQO7: Hybrid-Emulsion for Double- A (Imai, Nakazawa, Tamura)
== EO03: E-atom Xrays (Tanida)

== and more ...
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Spectroscopic Study of
=-Hypernucleus, '°_Be, via the 2C(K",K*) Reaction

EOS
1. Nagae et al.

== Discovery of E-hypernuclei

== Measurement of Z-nucleus potential depth and width
of 12=zBe

== Beam: K@ 1.8 GeV/c, 1.4x10%/spill

= CH, ~2 g/cm?: 2 weeks for tuning and calibrations

== 12C 5.4 g/cm?: 4 weeks
== Setup: K1.8 & SKS+

Unique experiment at J-PARC :
No other place can do this experiment !



Purpose of the experiment

== [irst Spectroscopic Study of S=-2 systems in (K",K*) reaction

= Z-hypernuclei — double-A hypernuclei




Strangeness Nuclear Physics

(K-, K*) Spectroscopy

Three-Dimensional Nuc
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Purpose of the experiment

== [irst Spectroscopic Study of S=-2 systems in (K,K*) reaction
= =-hypernuclel — double-A hypernuclel
= Zp-AA miXing

s« [irst step for multi-strangeness baryon systems

= =N Interactions: almost no information

ss  Attractive or repulsive ? — potential depth

= =Ep—AA conversion ? — conversion width

5« ISOSpIN dependence ? — [Lane term(r:-ri/A)



S=-2 Baryon Systems

Energy Spectrum of S=-2 systems

=-hypernucleus
A-1(Z-1)+=-
Bz| (A1)gs®Pz = N interaction

(A-1 )g.s.®SE
A2(Z-2)+A+A
Ba
Aly.
AEEHA Double-A hypernucleus
2xB
“PA| | Baa (A-2)g.s ®SAPA

A-1
AB, A HT— A A(Z-2)+n
| (A-2)g s ®S A2

A-A Interaction

Weak Decays

H+(A2)

~28 MeV

AA
H?

Large Mixing ?

2
T
~75 MeV
A _Y_ Large 3-body force ?

~300 MeV

A-X mix.~a few %




Purpose of the experiment

== [irst Spectroscopic Study of S=-2 systems in (K,K*) reaction

== [First step for multi-strangeness baryon systems




= hypernuclei potential
“ A, ¥, E,K inNeutron Star Core ?

k.’

2m,

O Chemical Potential:  u, =m, + +HU (k)

| Y v 4 T |

1 n M !
(1) ‘
X,, 0.6
x ‘ : —
= ~
/]

0.01 =" -q‘, UZ<O U <O
- | ' p I | ﬂ—]
IS S -
S oml e [ - Uy»>0,U=<0
LL . | | ' { : i
To., “
NEP——
“ | U> >0, Uz>0
R AT LY S




== =N Interactions: almost no information

== Attractive or repulsive ? — potential depth

= Ep—AA conversion ? — conversion width

5= [SOSpin dependence ? — Lane term(rwori/A)
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Expected '°-Be Spectrum
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10B(K-,K"10=Li by Hiyama

K+

0 MeV _
———————————————————————— —O+0+n+ =
__ =104
———————————————— ——————— 9Be+=-

-1.57
—————— —2.89
e ~3.13
2Li(00LZ Jeart —
-5.17 -5.16 T=1
i T=0
1:&;1 3* nplXS=14K5E K-, K+ it A¥spin-nonflip transitionAt
2 835 dominat&{RET &, 2RI S,
(i) ke=0.9 (i) ke =1.055 (i) ke =1.3 ~

[=5.87 [=3.63 [=1.71



A Search for deeply-bound kaonic nuclear
states by in-flight *He(K",n) reaction

\ @ YOTO ¢4 JAPAN \,\ } F15
mes > Fvidence for K- op in FINUDA M. wasaki, T. Nagae et al
J— ™ <+ pp* —¥ D
o = A bridge from K‘p(A(1405)) to K-Nucleus
By, [MeV]
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Excitation Energy
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Formation of High Density State

== Formation of Cold(T=0) and
Dense( 0 >5 0 (y) nuclear matter

== Chiral symmetry restoration
== Kaon condensation

4 1<qg>, 1l

A.Dote et al., PRC70 (2004) 044313.

,o>,oox1O 17

Density

W. Weise, Nucl. Phys. A443 (1993) 59c.



Neutron
ToF Wall

[Beam Sweeping]
Magnet

- mass resolution for K-
Cylind rica? invariant mass

o = 19MeV/c? (O¢pc = 250um)
missing mass
o = 12MeV/c? (07, = 150ps)
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K™,N) MISSINg Mass spectrum
calculated by T. Koike & T. Harada
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and 6, = 0° as a function of the neutron momentum, using the YA optical potential with (Vp,
Wp)=(—300 MeV, —70 MeV). The vertical dashed line indicates the corresponding neutron mo-

mentum of p, = 1224 MeV/c at the K~ emitted threshold. The contributions of partial-wave
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M. Naruki et al., KEK




~5 times better resolution : ~ 2.5MeV FWHM with SKS
— |0 times better S/N
* |00 times larger yield : 1.2 X 10* ®* with 20 shifts

«expected sensitivity (lab) 75nb/sr I' < 2 MeV =2 o, ~112nb
|150nb/sr I' = 10 MeV

«momentum dependence of cross section : p,=(1.87,1.92,1.97GeV/c)

- Goal -
confirm ®* existence with high statistics




s-channel via N*

> this process possibly exists in tp2>n=2>K-0©* reaction!
yp2 7t K-K*(n)

40 F | g

S _ 1 7.80 ;‘5’ . _+

- s N
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" s 2 "

|
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M(nK") (GeVich) T K

Events / 20 MeV/c®
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£522 experiment @ KEK-PS

o« O search via 1 p=>K-X reaction

* beam momentum : 1.87, 1.92 GeV/c
* target : Polyethylene

o intensity : 3.3 X 10° 7t~ /spill

* net beam time : 32 hours for each
momentum =2 ~7 X 107 &t

a bump was observed
at M =1530.8MeV/c2

at p,=1.92 GeV/c

but :S/N = 2.50
upper limit : 0., = 3.9ub

if exist

.92 GeV/c
- — Gaussian peak+cubic 8.G
L " (a) Eitting reculte L
> 7oof (@) Fitting results | cbeBs o
= | #*nof=16.9/29
£ 600 =1530.8 *2 MeVic? S
§ sool-_'=13.4 MeV/c? (Fix) Gaussian peak
- Counts=187.1'7%2 + cubic function
. ¢
= .
0] < SIN=2.50 *
[ L

counuumvm’

A0 3574 45 15 155 16 165 17
Missing Mass(GeV/c’)

do/d€S2 = 1.9 ub/sr

P O = 2:9-ptb



2GeV/icmw+p 2 K+ OF
target : liquid H,, reuse E559’s

SDC3
SDC4 .
TOF \)

K- : scattered angle < 40° %
momentum up to 0.9 GeV/c |

N
wn

SKS

SDC2
Range Counter

o 7 SDCI

4 {LH2 Target

BH? BDC

2GeV/c
-

SKS : momentum coverage :
0.7-0.95GeV/c
angle coverage < 20°
Pscattered UP to~ I.1 GeV/c
dp/p ~ 0.2% @ 1GeV/c
(~10 times better than KURAMA)

Scattered angle (deg)
& it
1] ‘t | 5 l B: 0i iz B

o
o
LB SRS

o
T 1 T

.......

6 prugucuon

|| background production

ideal for ®* detection

R S R TR I
Mgmentum (GeV/c)



Missing mass simulation

——— (¢ production

09000 ......................... ............... |.9Mb/SI" ......................... 1 — A(1520) production
| — .phase space

significance : 620

assuming
I' < 2MeV

o= 1.9ub

H -:' s,
: n “"i.H‘J : e~
rd H o
1 AIJ I |

; - et s g O, “AIHII | L L 1 \ l [ - |
0 1.46 1.48 1.5 1.52 1.54 1.56 1.58 1.6
, o Mass (GeV/c?)
main contributions come from;
O dn 2 K*K-n 30.0+£8.0 ub

A A(1520)K°> K-K%  20.845.0 ub
phase space : K-KN 26 ub




== J-PARC Construction: 2001 ~ 2008

== Beam commissioning: LINAC( Oct., 06), RCS( Oct., 07),
MR( May, 08)

== First Beam at Hadron Hall: Feb. 2009
== Day-1 Experiments in preparation

E hypernuclei
== Deeply-bound Kaonic nuclei } . /
== Hypernuclear gamma-ray spectroscopy o us .

== etc.
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