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1. Introduction
J-PARC and Hadron Hall
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J-PARC Hadron Hall
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S=-2 systems
guite unique at J-PARC
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Hadron Hall as of 2008.10
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adron Hall as of 2008.10
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KlS/SKS Missing mass resolution

by K1.8/SKS spectrometers
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Participants at K1.8: the first beam day
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E19 (Nar

uki et al.)

Counts/4MeV/c?

Counts/4MeV/c?

Search for. Pentaguark

Of In w p=2>K X reaction

K. Miwa et al., Phys.Lett. B635 (2006) 72.
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2. YN and YY Interactions
(Hypernuclei)

vy spectroscopy of A hypernuclel,
AA hypernuclel, E hypernuclel



Objects of nuclear physics at J-PARC
(Strangeness Nuclear Physics)

J S 3 Anti-Strange quark
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K- nucleus ?
(K-pp cluster)

hypernuclei
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World of matter made of u, d, s quarks

Higher
density

Strangeness in neutron stars (p>3-4p,)

Strange hadronic matter (A — «)

Strangeness

e

e

3-dimensional nuclear chart

by M. Kaneta inspired by HYPO6 conference poster



Hyperon mixing in neutron star core

Nucleons only -> EOS too stiff -> Mass of neutron stars much larger than observed.
A new degree of freedom necessary — most probably strangeness (hyperons)

Baryon fraction: very sensitive to YN, YY interactions
-> maximum mass, cooling speed One probable assumption

Hypernuclear data -> realistic calculations possible but should be determined

by exp.
PO n star o
o A J. bechafiner-Bielich.
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Hyperon mixing in neutron star core

n-rich nuclei, e-

In-rich nuclei, e-,
n

n, (p,e)
(superfluid)

Hyperons
A.=-. =0

g i g i gum

n, p

Normal nuclei, e-
(Fe, Ni)

on stars much larger than observed.
lost probably strangeness (hyperons)

Ictions
One probable assumption
ossible but should be determined
by exp.
d _ 90 n star
Narmal nuclel, @ A J. Bchaffner-Bielich.
(H, He gas) - T T
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Nu ~ Nd ~ Ns
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We still need EN int., AA int., 2N int., K
AN p-wave force, NNN and YNN force, ...
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108 (K- wy) BNL E930('01)

Hypernuclear y-ray data
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AN spin-dependent interactions

® Low-lying levels of A hypernuclei

(K-, 1) oF (n* K*)

“Hypernuclear

s 1y 4172 Fine Structure”
6 J / split by
AN spin-dependent
A-17 MM Level spacing:
AZ e s~12 S O1MeV | | inear combination

y-ray measurement Ain 0s of 4,S,, S\, T

(AE~2 keV) is the only method

B Two-body AN effective interaction Dalitzand Gal, Ann. Phys. 116 (1978) 167
Millener et al., Phys. Rev. C31 (1985) 499

eff - - T -
Vi = Vo(r) + V(1) 513y + Va(D) L&, + W(n) Ty + V(D) S,

Y, A S, Sy T
" ( p-shell: 5 radial integrals for s ,p, W.f.
from Uy = - 30 MoV A=\ (r) Jumprdr, r=rg-r,

can be determined form »ray data



Observation of Hypernuclear Fine Structure

BNL E930 (AGS D6 line + Hyperball)
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Observation of Hypernuclear Fine Structure

BNL E930 (AGS D6 line + Hyperball)
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Hypernuclear y-ray data

“Li (n*,K*y) KEKE419
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Almost all these p-shell levels are reproduced by this
parameter set. (D.J. Millener)
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Hypernuclear y-ray data

sensitive to interaction range
and exchanging meson mass

Further: AN-XN and ANN force: 9,B, 1 B,.

“He(K-,m) 6=100 D
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Hyperball-J
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J-PARC EO5 (Nagae etal.) K-p->&5K*

E-hypernuclear spectroscopy by (K-,K*)

= First spectroscopic study of EXPeCteg +C (K-K") **zBe
. . ectrum
S=-2 systems in (K-",K*) reaction : P
: . 120
= First step to multi-strangeness Vo= -20MeV 1 .P=
baryon systems 100;_\/:: _14MeV /
m Properties of EN Interaction 80: JLLL”

= Attractive or repulsive? How large
<- EZ-nuclear potential depth

m Isospin dependence ?
<- Different targets

m ZEN-AA coupling force ?

bl

N
o

4 weeks w/ full
beam
{ ®E meas.= 3 MeVewim

<- Ep—AA conversion width

counts/ 0.5MeV
B (@)
[ 4/_[1(]/)
—r <
5

<- Eand AA hypernuclear mixing _15”:10 5 ...0 5 10 15

‘Bz [MeV]



J-PARC EO7 (Nakazawa, Imai, Tamura et al.)

S=-2 Systems with Emulsion-Counter Hybrid Method

Measure tracks
by counters

E-atomic K
B Ten times more events of AA hypernuclei X rays _
>10% stopped E-, ~10% AA hypernuclei -
m Details of AA interaction strength
m A—A correlation (H dibaryon-like state) Ep— AA
In nucleus from “AA” -> X—p decay

B Measure E -atomic X-rays with Hyperball-J
m Shift and width of X-rays -> E-nuclear potential
m Stopped = events identified from emulsion




3. Hadrons in Nuclel

Magnetic moment of A

In a nucleus
K-Nucleus bound states
(Vector meson mass in nuclei)



J-PARC E13 (Tamura et al.)
Baryon’s magnetic moment in a nucleus

using gamma-ray spectroscopy technique

How the magnetic moment of baryons changes
In anucleus? 1= efl mqfonst.
- quark mass
..can be measured usinga A f To2mge

“| reduction of mass

_ o by chiral symm. restoration
Direct measurement of p : extremely difficult |-> enhancement of p??

-> B(M1) gives g, value

) (K-,m) reaction 4 9e
BMT) = 2y + 1)1 K Wigw [l 1 [| Wyp 212 Y

3 2J;,,+ 1 O{f "hypernuclear
= 81 2JOW+ 1 (QA' gc)2 [ HNZ] ?é fine structure"
C

J -1/2
core nucleus

Lifetime of 7AL|(3/2+) | hyp:r\n:‘n;:l::lt |n s-orbit
via Doppler shift attenuation method  Previous data (7, Ljr)o
-> Transition rate (accuracy ~5%) -9,= 11755 M

-> g, @ -9,(free) = 1.226 py



K-Nuclear Bound Systems

BSuggestions:
Strongly attractive K-Nuclear potential («— K- atomic and scattering data)
A(1405) as a K-N bound state Freedmann-Gal
-> Suggests an extremely deep state ( BE ~ 110 MeV for K-ppn)
Akaishi-Yamazaki c.f. my =494 MeV

BExperimental Hints: " 450 I-{’féf"‘f wﬂl o

FUNIDA@DAFNE, stopped K-, m(pA) o 16000L | _
KEK, 160(K-, n) reaction @ 1 GeV/c 1a00¢ Mass of K'pp system

¢,12000}-
How deep? Width? Density? @) “”°°°°<‘>

Kaon condensation in neutron stars?

°4--""°

o /?>

a4 0O yield/(10M
S
8
I

AkaIShI Yamazakl S phenomenologlcal potential

.

2000+
_ljlltjlllillll_*_'tl:‘.‘llw'.'

82 2.25 2.3 2.35 2.4
p-A invariant mass [GeV/c?]

M. Agnello et al.,
PRL 94 (2005) 212303.
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A
o

o
w

BT

A.Dote et al. : PLB590 (2004) 51, etc. ~ p > p, X10
Neutron/quark star on the earth ??



Present Status — exciting but puzzling

B Under a big debate by theorists
Deep (150~200 MeV, phem. models) or shallow (~50 MeV chiral model)?
Two nucleon absorption?

B More experimental data
B E471 @KEK “He (K'gopN) [Kppn]
FOPI @GSI Ni+Ni > Seem to be inconsistent

|
B OBELIX Krg,0n“He, Li ,
B DISTO pp->K*[ppK] with each other

J
=> Decisive experiments strongly required

J-PARC E15 (lwasaki, Nagae et al.) Kaonic Nuclei via 3He(K-,n)

formation

P P P
] by TOF
“o—! ap @
n => missing mass measure
simultaneously

<> Invariant mass



y spectroscopy of A hypernucleljl

YN =I@ n-rich A hypernu YN.YY

= hypernuclei : .
systems - [l 'nteractions

. . {AA hypernuclel
guite unique at J-PARC Yb

=-atomic X rays |
* searc : |
Weak decayj Exotic hadrons
=] Pion double charge exchange |
conucleus b

] e

¥ &-High Mom
Line

K-atomic X rays
n hucleus J
m O nucleus A+ ctiidy

J-PARC has just started physics runs. \ofAhyp. '

Proposals, theoretical suggestions, collaborations
are very welcome.
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