


Nuclear Physics in the 21st Century

® Heavy-lon Colliders : RHIC, LHC-Alice
® QGP at High Temperature

® e and photon beams : JLab, SPring-8, etc.
® Structure of proton, Hadron spectroscopy, etc.
@ Hadron beams : J-PARC, DAFNE, GSI
® High-Density Hadronic Matter, Exotic Hadrons

@ Unstable Nuclear Beams : RIBF, GSI, ISOLs

® [sospin Limit, Nuclear Astrophysics
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LOls in Strangeness Nuclear Physics

= : New Generation Spectroscopy of Hadron Many-Body Systems with
Strageness S=-2 and -1 (K. Imai et al.)

® LO7: Hyperon-Proton Scattering Experiments at the 50-GeV PS (M. leiri et
al.)

@ L08: High-Resolution Reaction Spectroscopy of S=-1 Hypernuclei (H.
Noumi et al.)

@ L09: Neutron-rich A hypernuclei by the double-charge exchange reaction
(T. Fukuda et al.)

@ : Study of Dense K Nuclear Systems (T. Nagae et al.)

® L21: Precise Measurement of the Nonmesonic Weak Decay of A=4,5 A
Hypernuclei (S. Ajimura et al.)

Iwo LOIs selected as Day-1 Experiments
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New Hadron Many-Body Systems with Strangeness

(K-,K+) spectroscopy

Strangeness
v

Y spectroscopy

Ordinary nuclei

Neutron Number
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= Hypernuclei with (K-, K+)
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@ 2 MeVFWHM resolution

(K-,KT*) Spectroscopy

® ~6 events/day/MeV for 50 msr, 2g/cm2-
thick Pb
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= hypernuclei potential ?

@ A, 2°, 27, K in Neutron Star Core ?

2

; 5 k
® Chemical Potential: =mB+2,; HU (k)

B

Us<0, U=<0

Us>0, U=<0

Us>0, U=>0

2
u=p/po




High-presicion y spectroscopy
of hypernuclei

AE ~ a few keV (FWHM) by Hyperbali
<< ~1 MeV by reactions

Precise Structure of A Hypernuclei

YN, YY Interactions
AN : spin-dependent forces, AN--XN/ ANN forces,

charge symmetry breaking, p-wave interaction
=N, A/\gintgractior% .

Impurity effects ,
B(E2) -> shrinking effect J AS
Change of cluster structure/shell structure

Nuclear medium effects
B(M1) -> m , inside a nucleus




Hyperball-3

effic. > 10% at 1 MeV
(x4 of Hyperball)
Rate limit

14 sets

~2x107 particles /s (x5) Segmented
5 = Super Clover
Yield: x20 for single y Ge detector
r.e.=350%

x80 for y y s
counters

K-beam “_— = .. ?

PWO
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Excitation Energy
(MeV)A

500

w0 _A
EO®A—1 Z] K'® [Z]

- _A
—- A1
so =&V'zen) K& 1ZH]

AA Z )
300 ® [Z] 50 s Z]
s [Z+1]
200

A ®A—1 [Z]

Arz Az tZ+2
S=-2 Nuclei S=-1 Nuclei S =0 Nuclei




Formation of High
Density State

& 4fm =+ < 4fm - >+« — 4fm T =

Density [fm]
0.00 0.75

ppn

total B.E. = 6.0 MeV
central density = 0.14 fm-3
R _=1.59 fm

ms

ppnK-

Density [fm3]
0.0 1.5 3.0

total B.E. = 118 MeV
central density = 1.50 fm-3
R_=0.72 fm

rms

ppnK-K-

total B.E. =221 MeV
central density = 3.01 fm-3
R__=0.69 fm

rms

Dote et al.




Physics Impacts

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

° Quark-gluon plasma, color
superconductivity

® Chiral symmetry restoration Soo Mot 5

Temperature P
Density

¢ In-medium KN interactions

T. Hatsuda and T. Kunihiro, Phys. Rev. Lett. 55 (1985) 158. |
W. Weise, Nucl. Phys. A443 (1993) 59c.|

@ Kaon condensation

° Neutron star, strange star




How to produce ?

@ Single Kaon bound state

° (K-,m) reaction: BNL P967 Nagae
® (K-,N) reaction Kishimoto E548

© (Stopped K-,n) reaction: KEK E471
Iwasaki E549

@ Double Kaon bound state

° (K-,KT) reaction
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Estimated Yields

® Target 5 cm wide x 20 cm long
A: production 1 cm
Lig. Hydrogen
B: degrader 0.5 cm
Tungsten
C: scattering 2 cm

Lig. Hydrogen
® K+ spectrometer

0_spectrometer ~ 25° at center

® K- beam (assumption @ LOI)

Intensity 107 K-/sec
Momentum 1.7 GeV/c
Size o _horizontal 15 mm
o_vertical 1 mm
=p =
e reaction rate [s-11 0.009
e 100 days 78000

e Detectable number

Vertical position [mm]

Ep— AA p
-
. P
X C
........... ey Y ST A
/ 0_spectrometer
10 cm Kt

- [ ] Liquid Hydrogen

100 - [ Tungsten

oF
O_I = I400I — Iéool — I1I200I
Pz just before decay [MeV/c]
=-p = AA
0.0043
37000
550







© World of AE=0.2 MeV

f

A

Simulation

E369 Data (39 ,Y)

Further
decomposition
of the states
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® If Al=1/2 rule holds, Gn(* \He)l/Gp(* \H)=2.




Detectors

® Decay Counter System
AE - E

AE - TOF

- thin plastic counter
surrounding target(AE)

Outer plastic stacks

outer plastic stack(E) Drift Chambers <<

tracking by DC
neutrons by TOF

® 110 Spectrometer: AE=2 MeV Beam
4 4 5
EStimated YieldS beam intensity 5x100 12\334 - le(j)%He K- 1X1(4\7He ="
target thickness s g/cm2 =25 4
cross section 0.2 mb/sr 0.5 0.005
spectrometer acceptance 0.10 sr 0.05 0.03
spectrometer efficiency 0.8 0.5 0.5%0.5
decay counter acceptance 0.5 = 0.5
efficiency for decay p 0.8 0.8 0.8
efficiency for decay n 0.2 0.2 0.2
branching ratio (Ln—nn) 0.1 0.01 -
branching ratio (Lp—np) 0.01 0.1 0.2
nn events/200 shifts 10000 5500 -
np events/200 shifts 4000 220000 4000
expected error level 1.6% 1.5% 4%




Summary

® Strangeness Nuclear Physics Program

® Many interesting subjects are waiting for J-PARC
® Two LOIs (LO6, L10) as Day-1 Experiments

® At least, two K” beam lines, K1.8 and K1.1BR,
should be available at Day-1.

® most of the proposed experiments can be done
with these beams.

e We will prepare new detectors, SKS’, SPES-I,
Hyperball-3, new CDS, etc.

@ We are ready for Full proposals.






