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�� What We Can Do with �� GeV PS Machine �

� �� GeV proton � �� A GeV HI � Various Secondary Beams

�� Towards the Highest Density Matter

� Hadronic Matter Phase Diagram

� Towards the Highest Density Matter in Lab�

� Towards the Highest Density Matter in the Universe

	� Desired Strangeness Nuclear Physics Experiments


from a Hadronic Matter Physics View Point�

� Potential Depth of Y � incl� pdep�

� NY Interaction incl� High Partial Waves

� LowE� Y Y and Y Y Y Interaction

� Kaonic Nuclei � 
����� Nuclei

� GMR and GTR of HyperNuclei

� Y Y Collider 
��

�� Summary



What We Can Do with �� GeV PS Machine �

� Primary Beams� �� GeV proton � �� A GeV HI

� Proton Beam� ��� MeV � �� GeV 
� orders Energy Range ��

� Multifragmentation 
Banpaku�

� Production of Various and Multi Particles 
Miake�

� HI Beam� �� A GeV

� Most Dense Hadronic Matter Formation in Lab�

� Hydrodynamical Evol�� Caloric Curve� EOS� ���

� Hadrons in Dense and Hot Matter

� Secondary Beams�

� Exotic Nuclei� Neutron� Muon� Neutrino� AnitProton� ���

� Intense Pion�Kaon Beam

� Hyperon Beam 
��

Suitable for studying �Hadronic Phase Diagram�

esp�	 �Highly Dense Matter incl� Strangeness�

� Proton Beam� Elem� Proc�� incl� Res�

� HI Beam� EOS of Dense Matter

� Pion�Kaon Beam� Strangeness Production� Y Potentials
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Toward the Highest Density Matter in Lab	

� HI Collision at �� A GeV

� � � can 
may� make the Highest Density Hadronic Matter

at Approximate Equilibrium
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�JAM Calc�� Y� Nara� FRONP��� ����	� 
��� at JAERI�

� Three Major Topics in HEHI

�� Collective Flow� EOS at High Density

�� LowMass Lepton Pair� Hadron Masses at High Density

	� HighMass Lepton Pair� J�� Suppresion at High Temperature

Study of Highly Dense Hadronic Matter

is NECESSARY

and it
s di�cult to make at SPS and RHIC Energies

e�g�� �� A GeV � SPS�



15
 f

m

4 
- 

5 
fm

1 
- 

2 
fm

γ cm
3.

5,
 

τ
0.

5 
- 

1 
fm

/c
JH

F
 E

ne
rg

ie
s

M
ul

tip
le

 H
ad

ro
n-

H
ad

ro
n 

C
ol

lis
io

ns

(A
pp

ro
x.

) 
T

he
rm

al
iz

ed
 H

ad
ro

n 
G

as

15
 f

m

1 
- 

2 
fm

5 
- 

6 
fmH

ad
ro

ni
ze

γ cm
10

, 
τ

0.
5 

- 
1 

fm
/c

S
P

S
 E

ne
rg

ie
s

S
tr

in
g-

S
tr

in
g,

 S
tr

in
g-

H
ad

ro
n 

In
t.

+ 
In

t. 
w

ith
in

 C
o-

M
ov

er
s



Toward the Highest Density Matter in the Universe

� What Happens in the Neutron Star Core �

� Neutron Super�uid 
�S��
�P��

� Pion Condensation

� Hyperon Matter � Strangeness

� � � Tsuruta�Cameron ����� Langer�Rosen ���� Pandharipande �
�� Itoh����

Glendenning� Weber�Weigel� Sugahara�Toki� Scha�ner�Mishustin� Balberg�

Gal� Baldo et al�� Vidana et al�� Nishizaki�Yamamoto�Takatsuka���

� Kaon Condensation � Strangeness

� � � Kaplan�Nelson����� Forkel�Rho et al��SUNY�� Davidson�Miller� Clay�

mans et al�� Politzer�Wise� Miller et al�� Muto�Tatsumi� Brown�Thorsson�

Lee�Rho�Min� Fujii et al�� Yabu et al� Maruyama et al�� Ellis�Knorren�

Prakashi �with Y �� Li�Ning� Li�Brown� Tiwari�Prasad�Singh� Glendenning�

Scha�ner� ����

� QuarkGluon Plasma

We cannot understand

Highly Dense Hadronic Matter

without the Knowledge of

Strangeness Nuclear Physics



Hyperon Composition in Dense Matter

Scha�ner�Mishustin� PRC������
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Hyperon E
ect on Neutron Star

� Neutron Star Max� Mass � � � Mmax Reduction � ������ M�

A� Isshiki�A�O�� JPS�Akita� Selot�Walecka �����

Sugahara�Toki �TM
�� Scha�ner�Mishustin �TM
�SU��� Glendenning
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� � Potential Eect in Hyperon Composition

� � � Large Dep� on U��� 
��� MeV � ��� MeV�

P�K�Sahu� submitted
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� Coexistence of Hyperons and � Condensation

A� Isshiki�A�O�� to be submitted�

Energy / Baryon  for p,n,Λ,Σ,π± system
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� � � � 	 ������ without Isoscalar Mean Field 
cf� �c � ��� for F�G��

Too much THEORETICAL conjectures

NEED Experimental Data
� � � What is Necessary �



What is Necessary to understand

High Density Hyperon Rich Matter �HRM� �

� Equation of State and �Weak� Transition Rate

at Various Strangeness Fraction and Z�A Ratio

EOS� P � ���B� T� Yl�YB��S�B�

� Can you Determine EOS of Dense 
and Cold� HRM

under Various Condition � 
T��S�B�Z�A� ���

� Can you Measure Weak Transition Rate at Various Density �

� Baryon Eective Int� and Weak Decay of HyperNuclei

�Eective Int� � EOS�

� �Veri�cation of Constructed EOS�

� Can you Measure the InCompressibility 
K� of HRM � 
� GMR�

� Can you Measure LandauMigdal Parameters for Hyperons


g���� g
�

���� g����� � 
� G�T� Trans� of Hyp�Nucl��

� Can you Measure the Potential Depth of Hyperons at Various �B �


� QF Hyperon Prod�� Y A Scatt�� Hyperon Flow�

� Can you Solve �n��p Puzzle Experimentally �

� Can you Measure Pwave 
or more� Y N Int�� Y Y Int� and Y Y Y


Hyperon 	body� Int� in Medium � 
� Spectroscopy of S �

�������� Hyp� Nucl��

� Can you Measure AntiKaon Interaction in Medium �


� Kaonic Nuclei� K� Prod�� ����



Is Your E� Int� Consistent with Bare Int� �

� Baryon Bare Int�	 T �Matrix incl� Weak Vertex

�Bare Int� � E� Int��

� �Veri�cation of Constructed E� Int��

� Is HyperNuclear Weak Dec� Consistent with Weak Prod� �

� Can you Measure Bare Y N and Y Y Int� � 
� Y N Scattering�

Y Y Corr������

� Do We Understand Elem� Strangeness Exch��Prod� Processes Cor

rectly � 
� Particle Prod��

Mean Field
 + 2-body Coll.
Meson Cond.
Superfluidity

Shell, Cluster 
Few-body
Mean Field
Direct Reac.
Simulation

Quark Model
Boson Exch.
Lattice

Particle Prod.
YN, YY Scatt.
Weak Prod.

H.I. Collision
Hyp. Fragmentation
GMR of Hyp. Nucl.

Hyp. Nucl. Spec.
Hyp. Nucl. Life-time
Mesonic Nuclei
Part. Prod. on Nuclei

Equation of State
Time-Scale

Elementary Int.
 Bare Int., T-mat.,
 Weak Vertex

Effective Int.
 Mean Field, G-mat.,
 Weak Int. in A

Exp. @ 50 GeV PS
Theories

Hyperon Rich Hadronic Matter

Neutron Star, SuperNova

AstroPhys. Obs.


