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S— —5 Proposed experiments for SNP @J-PARC

EO03: Measurement of X rays from = atom /K. Tanida (Kyoto)
« EO5: Spectroscopic study of Z-hypernucleus, *°-Be, via the 1?C(K-,K*) reaction /T.
Nagae (Kyoto) [Day 1]

o EOQ7: Systematic study of double strangeness system with an emulsion-counter
hybrid method/K. Imai (Kyoto), K. Nakazawa (Gifu), H. Tamura (Tohoku)

S=—1
e E10: Production of neutron-rich Lambda-hypernuclei with the double charge
exchange reaction /A. Sakaguchi (Osaka), T. Fukuda (Osaka E. -C.)

o E13: Gamma-ray spectroscopy of light hypernuclei/H. Tamura (Tohoku) [Day 1]

e E15: A search for deeply-bound kaonic nuclear states by in-flight 3He(K-,n)
reaction/M. Iwasaki (RIKEN), T. Nagae (Kyoto) [Day 1]

e E17: Precision spectroscopy of kaonic *He 3d—=>2p X-rays /R. S. Hayano (Tokyo), H.
Outa (RIKEN) [Day 1]

« E18: Coincidence measurement of the weak decay of 12, C and the three-body weak
interaction process/H. C. Bhang (Seoul), H. Outa (RIKEN), H. Park (KRISS)

o E22: Exclusive study on the AN weak interaction in A=4 A-Hypernuclel/S. Ajimura
(Osaka), A. Sakaguchi (Osaka)

o E23: Search for a nuclear Kbar bound state K-pp in the d(=*,K*) reaction/T. Nagae

(Kyoto) 4
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Neutron star core

“An interesting neutron-rich hypernuclear system”

qtuark—hybnd traditional neutron star
star

Hyperon-mixing

g?apremn neutron star with

pion condensate

Coupling constant ratio; Xy =0y /0y (i=0,0,p)

1 = T 1 T I T I =
E 1) n :
[ =.-00 1 U, <0 1
0.1 Ta=2/3 E py color-superconducting 6 3
- E =T, : 7 E strange quark matter ~| 10~ glem
b F ] UE < O (u,d,s quarks) o 1011 gfem 3
a1 3 73 — | 4014 g’cms
1 , ) 5 , ) ; ~<-_ Hydrogen/He
E T S T T 4 T E atmosphere
c #E}_u . \‘>< U > O strange star
o1 Haty p . Z nucleon star
L2l - ] U = < O R~ 10 km
0.0l
2 F. Weber, Prog. Part. Nucl. Phys. 54 (2005) 193
1E
: U; >0
D1 E UE >0
ur
0.01 |
Cassiopeia A nebula

R. Knorren, M. Prakash, P.J.Ellis, PRC52(1995)3470 NASA/CXC/SAO.
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H.Hochi et al.,PRC64(2001)044302
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High-resolution, high-statistics
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Role of the A-hyperon in nuclei

unboundA‘ 100 T T ! 7 A \I T T T T
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E. Hiyama, et al.,PRC59(1999)2351 6A He ~10°
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BE RS NREBR KEK-E419

H. Tamura et al., PRL84(2000)5963
K. Tanida, PRL86(2001)1982

7L

Ge detector resolution ~a few keV

Spin-flip M1 vs. AN spin-spin interaction

Shell Model

537 —A 5f2+\ SEE—
:1 e S——37 =1 (MeV)
5
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2.5e2fm* (Cluster Model)

3.94(4)

3.82 v 1/2%;1
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T =0.30 (AZ coupling) B, = 692(2) keV
[D.J.Millener, NPA835(2010)11] 0 - e
Li
AE(3/2+-1/2%) =0.693MeV !
B(E2) vs. Shrinking effects
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0.03————————————
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& - oL (1) : 6] i
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£ o002t / — Li(1/2Y A
IREV/AY 19% |
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¥ | N T. Motoba, et al.,PTP70(1983)189
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NPA853(2010)3
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! o~
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—_— ] 395—1: _\Jsf-'z”,w? T 6562 (92)
— 2832 e e 1929
| 2:: S A Ay . 2268 .
* ! 3/2% =
- 1 ;ﬁ 06253 0 2 oqey 42 2?“- . 488 » +
TOB B 5127 267 ‘I‘IC - 1 0153 ; DY;," vy E2 0__1::::: 1/2 ) uz:.:: ) 1" 0026 23
! (59 ¢ - +0 : —LT—o 0 (33)
A (61) 12 14 32 15
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Spin-dependence of the effective AN interaction [R.H.Dalitz, A.Gal, AnnPhys.116(1978)167]

Vay =V + A3y

E13@J-PARC

» AN spin-dependent force/AN-ZN coupling force/Charge symmetry breaking (Ap#An)
» Magnetic moments p, in a nucleus from B(M1)

-S4+ Saln -

A=79 A= Sy = —15,
A > 9 A - SA = —13

Sq+ ‘;\* F\* sy +T1 519

keV)
ke\

Microscopic Shell-Model

including AN-ZN coupling effects
[D.J.Millener,NPA835(2010)11]
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A s.p. structure and A spin-orbit splitting in %°,Y

H. Hotchi et al., (Exp.) 1.7 MeV

PRC64(2001)044302
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G-matrix 1o
folding model
=
2 -151
_20_
_25_
S La solid: G—fold
Ipb dotted: SKHF
VOA ~ _37.2 MeV _3%_010' " 005 010 015 020
(A%w) ' A*2/3

16




A single-particle energies in symmetric nuclear matter

-10

OBEP: Nijmegen YN potential Models

Scattering length

Ua(ke &)

G-matrix calc. QTQ

k. =1.35fm™

Y. Yamamoto, H. Bando, PTP.Suppl.81(1985)9; Y. Yamamoto, et al.,PTP.Suppl.117(1994)361;
Th.A.Rijken, V.G.J.Stoks, Y.Yamamoto, PRC59(1999)21; Th.A.Rijken, Y.Yamamoto, PRC73(2006) 044008;
Y.Yamamoto, T.Motoba, T.A.Rijken, PTP.Suppl.185(2010)72.
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. ! | \% ! 1-12.7 !
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| Y 1 -10.0 ! ! i 1 -13.7 % !
| v : : | | : v
'S A | -14.6 i | Y | .
v | l | | -22.9 | : |
| 351_ 3Dl | ! -20.7 i 933 | -26.0 i i 1.23.8 5_21.4
| | M | i | -21.5 | |
1251y -31.6 NSC89 | | ! : i
— | NHC-F -30.8 : v 311 : : !
o TTTmmmees . -34.3 ! ! 1 -34.0
! Y NSC97f ! 38.5 v -35.6 _v
L - NSC97e 1, ~90. NSCO8b
B v 405 L ——  NSscosa
NHC-D NSCO04a
Yamamoto et al. - Rijken-
v Bando-Yamamoto 1999 Rijken- Yamamoto
1985 Yamamoto 2009
2006
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Overbinding Problem on s-Shell Hypernuclel

The Overbinding Problem

3 4 5
+H L He ~He
-0.31 MeV ‘\ 1* -1.24 MeV
spin-spin \\ _____
- - \ \
(GN.UA) < ‘\ —_ o — =
_I‘ [EXp]
O+ '239 MeV “ _312 MeV
‘\ [ Overbound ]

/

AN single-channel calc.

Dalitz et al., NP B47 (1972) 109.

The Underbinding Problem

3
AH
m

-0.31 MeV

4 5
L He ~He
0.0

1*-1.24 MeV \ 0
[ Underbound |

\
\

0*-2.39 MeV

‘o s o e -

Q
[VAN,EN g VZN,AN

[Exp.]
-3.12 MeV

suppressed

\\\\\\\\\\\\\\\\\\\\\\\:{‘\{‘i

g-matrix calc. with AN-XN(D2)

Akaishi et al., PRL 84 (2000) 3539.



“The 0*-1* difference is not a measure of AN spin-spin interaction.”

by B.F. Gibson

Hyperon'miXing ANN three-body force

L

2t

|

4 H 1 +
4 e n, Ay py Py n, Ay Py Py n, A, Py P,
(unit in MeV) (A H) A
0_0 + L —
1 1+ 068070
L L o T 068 070 1 i
1.24 -1.08 103 -1.04 120 -1.21
— ) T \ E— S —E—— _097
spIn-spin .y o 38 -1.04 0
A 0* 152\ . o143 |
ANN force ! 0.86 Coherent coupling 0+ Coherent coupling 0+ Coherent coupling Coherent coupling
—— + _2.27 '2:1.-0 _218 .
'239 '228 0+ 0 O+ _251
0* 0* 0+
. P...=1.9% P..=0.7% Py =0.9% P .=20%
phenomenological con.2 ° con s 0 hz 0 on s 0
EXp. V.tV
7620 D2 SC97e(S) SCI7f(S) SC89(S)
VMC [ Breuckner-Hartree-Fock ]

R. Sinha, Q.N.Usmani,
NPA684(2001)586¢

Y. Akaishi, T.Harada, S.Shinmura, Khun Swe Myint,
PRL84(2000)3539
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Production of neutron-rich Lambda-hypernuclei with the double charge
exchange reaction

f N-star

s=-00) Neutron-rich A hypernuclei
double-hypernuclei
T Hhypernuclei /\

_ SCX, DCX

?; ________..—r‘:" _
(1, K0, (K, 1)
7 4 /‘-_;;_/,.v (TC_, K+)’ (K_’ 1'[+)

g~ /_,_;/’_'”"“/_:/"’
- “Neutron;rich nuclei
P /’ ' P4

W) 60 F0 80 S0 100 110 120 130 740 150
neutron
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First production of neutron-rich A hypernuclel

“B(z~,K*)WLi| A spectrum by DCX (rn~,K*) reaction at 1.2GeV/c

KEK-PS-E521  P. K. Saha, et al., PRL94(2005)052502 Cross sections
35-0|1"'I'"I"'I"'I"'I"'I"'I"'I"'I'_

25Mev FwHM 1| - p.=1.20 GeV/c

do
i, = 11.3E£1.9 nb/sr

H“ 1 - p.=1.05 GeVic

] :g <58=2.2nb/sr |

w ] ~1/1000 |

++++ ++ + - “C(r* KY)%C (1.2 Gevro)
.+. 4 J| 17.5%0.6 pb/sr

0100 120 140
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(n—, K*) —Double Charge Exchange (DCX) Reaction

Two-step process: -
- - & \\ /l K+
7 p— K°A T rd
K°p — K™n S oK
), e > A
Nk 7 é\
1% > P "1
B 0 P > > U > n
T p—=>7n ot
7°p > KA / y
One-step process: o Hyperon-mixing k'
N T
T P— K™2" \\*ﬂ‘p—> K'E" ,///’/
— No~— Doorway 5 A
2 p<>An D -
- p > p n
via X~ doorways caused p > > | > n

by AN-ZN coupling \ y




A spectrum by DCX (=—,K*) reactions at 1.2GeV/c
Harada, Umeya,Hirabayashi, PRC79(2009)014603

Spreading potential dep. Wz

U, =11 MeV Is fixed. Py =0.57%

g O T T T T 0
i 1UB(?T_,K+) E
E I 1.20GeV/c 50 v
I - m
e LAy a:
: | ’ | g
= n 30 ) Z
£ 10 |— 105
~ [ 1 <
> L ]
C SOZI
. I : =
i S0 ] PE
5 F a
- =
g AL pogmmmm- Fogmzmimd =
—40 40 \ 60

Two-step mechanism




A spectrum by DCX (stopped K-, &t +) reactions

If the - admixture probability of ~0.6 % is assumed in 1?,Be,

we demonstrate the (stopped K-,mt*) spectrum on a 12C target. Early
(stopp ") Sp J KEK data
[ | [ | [ | [ | [ | [ / |
2c | [ el ] -
C L Bo T ) Al
Fitting to the QF spectrum from KEK
1000 — 3D orbits

o,

el

H,

P

H

Z

— 500

o
Integrated
production rate

-6 —
~4x107 | K™H
O L L t
—20 0 20 40 60 80 100
E, (MeV)

DA®NE data: U.L.~(2.0£0.4)x10" /K" M.Agnello, et al.,PLB640(2006)145.
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ADb initio calculation of ,°>He with full realistic interactions
B H.Nemura et al., PRL89(2002)142504

0.7 . — SC97e(S) Better understanding of the A-X coupling
e — Isle (o+A) and Tensor force
T 05 Hyperon-mixing
= 7 & T.=1®% ~15% admixture
= 0.3
g, “Incoherent A-Z coupling”
01 ¢ 1.-00A
007 | | | | |
I -The X admixture of
~1.5 % appears in >, He.
L=0 L=2 -The a-particle is not
S=1 S =32 S=: ..
S.=0 S.=1 S.=1 S.=2 S.=2 a rigid core.
iHe
(T.=0)®A 8914  0.03 ([14%3.%1 5.36 S
Jo=Dox 010 009 (13 )~0 001 The jncoherent 2admixture
‘He 80.56 — 10.44

IS also important.
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Production of neutron-rich A-hypernuclei with the DCX reaction

E10@J-PARC S| (7~ K*) °H
"Be(z~,K*) /He

9 He Khin Swe Myint et al.,
FBS. Suppl. 12(2000)383
‘,‘

AH AHe iHe $He JHe ,‘{H@'HHG‘ 'He

Larger nedfron-excess

2 gc89

1 | 11 L1 1 1
F =Y

10 N 5Co7f 10

{-12

(MeV)

-12

_EA

A binding energies

Coherent A-2 coupling in neutron-excess environment

“Hyperheavy hydrogen”

°H
A Y.Akaishi, NPA738(2004)80c
'H (°He, *H) °H
f’W/Z’/
Superheavy hydrogen =~ Sl
,,{x i
L ,f//’
ity .-"'.-"'.-"'-"'.-"' o
3
H+2n+ A 5
0.0 . H O
= () —
1@
2 (4 e — | —————
AHT2n '
>4
— = Coherent A-X
Lt = coupling
41 - Attraction
"Hyperheavy hydrogen” ‘fH

Extremely enhanced
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BOne-Boson-Exchange model
»Nijmegen potential
NHC-D/F->NSC89->NSC97¢,f>ESC04a-d>
ESC06->ESCO08a-c
[Th.A. Rijken, M. M. Nagels,Y. Yamamoto, PTPS185(2010)14

» Funabashi-Gifu potential
[I. Arisaka et al., PTP104(2000)995; FBS.Suppl.12(2000)395]

BQuark Cluster model
» Kyoto-Niigata potential

RGM-F2>FSS—>1fss2
[Y. Fujiwara et al, PRC54(1996) 2180; PPNP58 (2007)439]

mChiral LO Effective Field Theory

»Julich potential
[H.Polinder, et al., NPA779 (2006) 244;PLB653 (2007) 29]

| atice QCD
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ECTION (mb)

NN. YN, YY interactions

Flavor SU(3); symmetry

300

250

200 -

150 -

= B0l

(O]
» 300

o
w250

2
© 200

100~

50

NN : 4233 data (

symmetric antisymmetric

B]®[8] =[27] ®[10*] @ [10] ®[8,] ®[8,] @ [1)

] \ I ]

0<T,,,<350 MeV)
I | | T T

pp=>pp
T L

700 800 300 1000
T T T

Ap>1%p

SpXp

| | b

1p-+3"

\

L
— ——

I p—=>An

e

|

| 1 |
200 300 400

200 30C 400

| | i
200 300 400

pL(MeWc)

12.5

10.0

7.

(&1

200 300 400 500

1S 1S AR
NN NN =0 |
SN, IN-AN,AN  35data S=-1

22, EN-2A-22 EN-22-AA S=-2

EY.EY-EA S=-3
== == S=_4

Total cross section for baryon-baryon scattering

C.B. Dover and H. Feshbach, Ann. Phys. 198(1990)321
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Quark Cluster Model

DA =03 (RAHIE)

M.Oka,K.Shimizu,K.Yazaki, PLB130(1983)365; NPA464(1987)700

Spin-flavor SU(6) symmetry

symmetric antisymmetric

[3]®[3] =[6] D[42] D [51] ®[33]

orbital x flavor-spin x color singlet =0

Pauli forbidden state

S = 0 state [51] [33]
1 AA-EN-XX(1=0), H-dibaryon
8 1 EN(1=1/2,'S,) Pauli forbidden
27 4/9 5/9  NN(IS,)
S =1 state [51] [33]
8, 5/9 4/9
10 8/9 1/9 EN(1=3/2,3S,) almost Pauli forbidden
10* 4/9 5/9  NN(S,), AN-EN(1=1/2,3S))

»SU(6)sp symm. = Strongly spin-isospin dependence, V, s(AN)~V|s(AN)
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K-d—n~Ap spectrum in ?H(K-, &) Reactions

XN 3S, [10*]: “Strangeness partner of deuteron”

R.H.Dalitz, Deloff, R.H.Dalitz, Deloff, Czech.J.Phys.B32(1982)1021

‘\ YN potential NRS - )
NRS - F potential . 100} l\\ o
Gﬁpﬂl ump{IfUdES ':4":135 j \\dtn‘:‘\pl 'T:)ihbl rfales for cos 309 7OOMeV/C
- {A p]“- v intab. frame gl YN
i -== (Ap +I’n+£“p}n' N HC'F ‘E s \\ ___;:f'*]smvm. 2

2 \

NHC-D

% SO0F AN

threshold-cusp !! N
\g;ln‘f\pl N
\‘ & \\\ ¢ (n"Ap}
\ S
\ T - .
""\ 0 2060 2080 M{YN} 2100 2120 2130 2140 {MeV) 2160 2180
\
i
A
\
\
\
g N
N7 0
Jﬂ%;l'
77,2 : %
2050 2070 2090 210 2130 2150 2170 ]
R.H.Dalitz

Hyperon - nucleon c.m total energy (MeV)
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Baryon-Baryon force from lattice QCD

[NN] N. Ishii, S. Aoki, T. Hatsuda, PRL99(2007)022001
[AN,ZN] H. Nemura et al., PLB673(2009)136; HAL QCD Collaborations, NPA835(2010)176

Van

V (MeV)

V (MeV)

_10 -
20 F
_30 -
40 b
-50

50

Vo(r) + Vo(r)(&a - 3n) + Vr(r)S 12+ Vis(P(L - S 2) + Vars ()(L - S_) + O(V?)

AN

40
30
20
10

Ve(my= 407 MeV) —=

Ve(mz =512 MeV)
Vi(mgy= 407 MeV) —o—
Vi(mgz=512 MeV) —s—
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20 F
_30 -
-40 b

-50

50

1.0 1.5

2.0

40
30 r
20 r
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egj@a@j

TRV e
my=512MeV — <

0.5
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=0
I
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900 100 — ]
E I a:rnz'_l%(iSMeV e ] g
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i 50 O\ ]
800 o I
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£ \ ]
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SINAI\—¥%,

WY single-particle potential D T4 &
(-, KRS ART R IL D FEHT
S-IRFDXEET —F DR

HEWVT AV REAREFMH
(K-, RIS AR IL DT

Y/ N\ /\N—ZDRFFIRREE, 4 He
Coherent Lane-term / Coherent A-X coupling term
o f[F dDstrangeness partner



>~ spectrum by (w—,K*) reaction at 1.2GeV/c

Study of X s.p. potential by (n",K*) reactions Targets: 28Si, 58Ni, 115In, 209B;j

28Si Direct X production at the nuclear interior

Woods-Saxon form

Cross Section [ i b/sr/MeV]

H.Noumi, et al. PRL89(2002)072301

251 V. +1W
Si 0,=6+2° K= 0.95 U, = = =
) — (X %/poF = 33.6/56) | 1+exp[(r-R)/a]
a ' R=r(A-1)"fm
15 it a=0.67 fm r, =1.1fm
1.0 J gt Y
B St Isi
------------------------- V. =+90 MeV | Strong repulsion
0.5 = 08 | ; =+90 Me
) (X 2/DOF = 1202/56) W, =-40 MeV| Large imaginary
._- Doy AN I AT L N o IR
202 §|(3)[—7(:4ev; 00”125 150 175 P.K.Saha, et al., PRC70(2004)044613

These 2-nucleus potentials have a repulsion with a sizable imaginary potential.
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>-nucleus potentials fitted to the >— atomic data

100 |

Density-dependent (DD) potential (Phenomenological ) LD ey
C.J.Batty et al., Phys.Rep.287(1997)385, s 607 \.DD
E. Friedman and A. Gal, Phys. Rep. 452 (2007)89. £ -
> 20}
ED T I 1 T T 1 Rc
20 =2/3 -
=2/ -20 ' ‘
S 10 //\ i 5 7 9
L
= r(fm)
o 4 i . . - . .
5O )/ Relativistic mean-field (RMF) potential
>-20 } ’ 1
N /
~30 F < K RME |b - J. Mares e_t al., NPA594(1995)311.
20 v L7 \ , | K.Tsubakihara et al., EPJA33(2007)295
0 1 2 3 4 S 6 7
r(fm)
60
Folding-model potential for LDA with G-matrix |3 - DD-OBE
D. Halderson, Phys. Rev. C40(1989)2173. E 20__ LDA-NF~
T.Yamada and Y.Yamamoto, PTP. Suppl. 117(1994)241 5
J. Dabrowski, Acta Phys. Pol. B31(2001)2179 o ol ‘
T.Harada, Y.Hirabayashi, NPA759 (2005) 143; 767(2006)206 .
YNG-F | LDA-s3 - ‘.,r" toff 0
e e | _
4] 4q 5] 8 10

r (fm)

Not so sensitive to the radial behavior of the potential inside the nucleus !!

12
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28Si(n—,K*) reaction

at 1.2GeV/c

28 S | factor

Re Ug(r) (MeV)

Consistent with the
potentials fitted to
2’ - atomic data !!

CROSS SECTION (ub/sr MeV)

T.Harada, Y.Hirabayashi,
NPA759 (2005) 143

Normalization T

2.0

1.5}

1.0}

—_——— - —-—
e -~

<50

350 400 450 250 300
w (MeV)

350 400 450




2 S.p. energies in symmetric nuclear matter -« ,,,

May, 2010 update ! :
A -10.6 |
—J.0 1
V! +11.3 ) A
1 1 Wi
U 5 (kF ) 6‘2) ke =1.35 fm :/i\ :i —6.6\1/5 +6.7
A G-matrix calc. —11.7 |1 h +52.6 A
+40 — 1 ! 1 Iy
-105 +7.7 ! _ I I
! ! I
Y 1! " i!
+30— . ¥ | v
ALS: g s !
f -84 1, 1 X 1 +41.2
odd |} +41 v a6 003 |
f 1! \'Z . I
20~ A ! A+6S S r— !
-17.1 ) " 371 A ] 113 4 :ESCOSb /|
| . 1 1 : d o
:: :: | :: _143:| II : —239::
¥ -18.9 1 ~1.5 W\ " S 'ESCO08a | ¥
+10 — \"1, " I -11.6 1, +11.6 :| +13.8 I I i
s1g, |1 +22.0 ! g .7 55 A T ! ! ! u *15
h 312,35 - 3D v +5.3 -12.0 ‘A \% | \l,n 1 I  —
3.0 1 -~ — I 1 +14.9 \V _101|| ! 1 £
—o- ! ' 46.7 ! " I 1 §s2
0 . INHC-E ) ™7 104 24 : : |
N I , 1
1 ! o ~113 1 ! ..
i _14.9 i W 4.2 : \i, Rijken-Yamamoto FUJ'V‘Z’ggiGet al.
~17.1 1| 1235,-3D, ! ! ! . 2009
! ! -8.8 1 v !
r : | , -12.9 ' :
| 163 v 153 v _ -~ : !
— 1 |
NSCo7f I -21.9,
WL NHC.D NSC89 : :
— 0 | !
Yamamoto et al 269 | |
Bando-Yamamoto 1999 : ! v -26.0
30 1985 I ESCO04d
|
|
v v —36.5
(unitin MeV) ESCO4a

Rijken-Yamamoto
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CROSS SECTION (ub/sr MeV) [EXP.]

(K-, t*) Experiments at BNL-AGS in 1990-2000

“The 2’ narrow width puzzle was disappeared.”
by S.Bart et al.,PRL83(1999)5239.

600MeV/c (4deg.)

[ | 600MeV/c (4deg.)

N\

40

600MeV/c (4deg.) 1

w
o

-~

W)
o
T | T T T T
N
o
T
I

—_
o
T T T T

CROSS SECTION (ub/sr MeV) [EXP.]

—
o
T T T T

\ - \ (K-, ")

1 | 1 1 1 1 | 1 1 1 1 | 1 1 ] O I I
—-20 0 20 40

—20 0 20 40 S EXCITATION ENERGY (MeV)
2 EXCITATION ENERGY (MeV)

— There is no X bound state on both ®Li and °Be.
— The n~ and =* spectra are very different each other.

Strong isospin dependence of the 2-nucleus potentials




Comparison with resent studies

PWI A analysis with the Square-Well potential

[(MeV]

:
J. Dabrowski, PRC60 (1999) 025205. .
J. Dabrowski, J. Rozynek, Acta. Phys. Pol. B35 (2004) 2303. :
(1A
“The 2's.p. potential is repulsive inside nucleus. &
Only NHC-F is acceptable.” 5
I=n
p -
ol " | Chiral dynamics in the nuclear medium
60 Uy(k,) ' E
0 | ; N. Kaiser, PRC71 (2005) 068201
40 X
o ; | Us(po) ~ 59MeV :
e ; - repulsive —
I >
N\ Wy(po)~ —21MeV 2
-20 F . -
30y 005 01 0 |15I 02 0.25 %
p [im”] =
5
g 1

Semi-Classical Distorted Wave Model Analysis

M. Kohno, Y. Fujiwara, et al., nucl-th/0611080 (2006)

-B= [MeV]

3

[
2sin K"
p,=1.2 GeV/c

OI




Remarks

Properties of the X-nucleus potentials by
comparing theoretical calculations with the
avalilable data:

1
Us,(r) = Ug(r) +
/‘ Acore

Us,(7) (fcore ' 52)
Y

“repulsion inside the nuclear surface” " : : 5
strong isospin-dependence

“shallow attraction outside the nucleus”

The calculated spectra for “He(K-,n) reaction
can explain consistently the available data from
BNL, KEK, and ANL.

¥-3N potential: the s*He bound state with T=1/2, J*=0*

Strong Lane (isospin-dependent) potential and Coherent A-X coupling
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Isospin dependence of the (3N)-X potentials

CROSS SECTION (ub/sr MeV) [EXP.]

50

40

30

4N
o

[y
=

o
o]

[y
o

10

T.Harada, PRL81(1998)5287.

L *He(K™,77)
600MeV/c
(4deg.)

10 0 -10

e L BEQ

T

40

L]

He(K ,m")
600MeV /¢
(4deg)

260 280

M].ﬁ- - MA (Mf‘v}

60

J
=

o
o o

[ ]
=)
[TvD] (A®W 2s/97) NOILOAS SSOHD

V]
=

10

20

—20

T.Harada, NPA507 (1990) 715.

T=1/2
/ 3><BV(10*)+%V(27)}

4 6

-
-

U°-U"/A,
bound state !!

“repulsive core
+attractive pocket”

100

20

T=3/2

1 1
3x[§v 10)+-V (27)}

U°+U" /2A;
“repulsive”

40




A-Z coupling effects on the (K=, &~ ) spectrum | Hyperon-mixing
T.Harada, NPA507(1990)715.

St
4H6(K7 7T7) 10 0 —10B o .
T e B -The A-X coupling effects play a
BOOMeV/c ' Be | . ] ]
important role in reproducing

the spectrum.

- The A state is produced via
components in the ground state.

CROSS SECTION (ub/sr MeV)
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i 4 - - 1.25 —
= 15 "o o -1 He(K™,7m) T \ \ B
= Ba AT REST i
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. 3 !
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; s ‘&
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“ i i coupling - 7 050 ’
% 0.5 — "} // ‘i
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i 0,257 —
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‘ o) - L o
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by J.M. Lattimer,M. Prakash,

ANEUTRON STAR: SUHFACE and INTERIOR

. " FurEs

CORE: i OOJ 00 o o R

Homogeneous ¢ ;
Matter ‘ O 0 J § Qi 9 MNeutron
Superfluid

r'..\\_

.l.n '.\.

\ :sm— ATMOSPHERE
\ ENVELOPE

_ CRUST

— OUTER CORE
— INMNER CORE

J &
=, k!
-

Hyperon mixing
p~(2-3) py

MNautron Suparfluid .

Meutron Superfluid +

Meutron Yortex  Proton Superconductor
Meutron Vortex
Magnetic Flux Tube



PitFZEDIEEEEOS

BHE Z.H.LI, H.-J.SChUIZE, F.)RC 78 (2008) 028?01

2.5

2.0

o 1.5

M/M

1.0

0.5

0.0

8 10 12 14 1.6
R (km) p_(fm?)
sof —TomEesy 4| Softening on the EOS
(MeV) S *E\S L y— =, el ~
400~ 1) without Y (TNI3) 5§ : ﬁﬁﬁﬁﬁ}%ﬂ’&/\{/\ﬂ‘/;ﬁé
L 2) with Y (TNI3) i : [Z&Y[E%
ool 3 with Y (TNI3u) §5 5
N ()= (2-3)n
200+ __?_2) . }
e | YNYY? extra repulsion TNIu
100} e 7
...... Y ~ (4—

I I 1 ! I
- = -Vi8

----N93 |

without hyperons .

with hyperons

BHF+TBF(UIX)

16 0.0

0.4 0.8 1.2

S. Nishizaki, T. Takatsuka, Y. Yamamoto, PTP105(2001)607; NPA691(2001)432

PSR J1614-2230
P. B. Demorest et al.,
Nature467(2010)1081

EXEEOTR

Baryon fraction

J. Schaffner-Bielich,

RMF \passs (2010) 279

GM1

) e ——

U,=+30 MeV
U=—18 MeV

ll ! 1 I‘l II

06 09 12
Density (fm™)
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Thermal evolution of hyperon-mixed neutron stars

S. Tsuruta et al., Astrophys. J 691(2009)621
Rapid neutrino emission

35

via weak processes e —_ , Standard cooling with heating
(Direct/Modified Uruca) | "\ o TNIBU-EOS _

A—>p+e +v,

2 > A+e +v, S I e

£ | Hyperon cooling

> Cooper pair g2l 152

1S, [iner crust]

3P,-3F,(n),1Sy(p) [core] = 153 AN

> Standard cooling 16 | FIEFEOBAE | |\
> Y'Y pairing ; o s :

- Hyperon cooling o

Rapid coolingZ#lifl9 5% =l YNHEERADMES

_ g
»Hyperon superfluidity v.s.YY intarctions =& THCER
Nagara event AB,,~0.7 MeV = no AA superfluidity ?
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Charge traction

Multi-strange hadronic system®#E{E Rl e

Generalized Bethe-Weizsacker mass formula S. Balberg, A. Gal, J. Schaffner, PTP117(1994)325
7 N —Z)? x=(N-2)/A y=[(N+Z+Z°+=)/4-A]/A
E;({p.n})=-a; A+ aéo)AZ/eraéo)wﬂ(xo)u . : I Y
o A A u=E"-2)/A w=[(N+2)/2-(°+E")/2]/A
(unit in MeV) 1 18 1
; a® _ya —pMy—_py adx* —>a x* +a,u’ +a,w* +a,y’ +a, wy
ety 16 287 E\é _42\2 g 3 43 287 S0 45 77 2+N—A+N+78 MeV
=+N—A+A+26 MeV
E,/A— —28.3MeV, f, >096, f, —0 Q+N—A+E+178 MeV

J. Schaffner-Bielich, A. Gal,
— 1 Tt T T ] T Tt 7 RMF PRC62(2000)034311

IIIII‘Il]l

hin™

o
Binding energy per A (MeV)

2
0.0 0.5 1.0 1.5 2.0

strangeness fraction f,
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SN /I\N—F%

BZ= single-particle potential D4 &
(K- K+H) RIS ART ML D EEHT
= -[RFDXERDBIFEA

(K- KH)RIGIZEKDENAN\—DER

AAINA IN—F%

BIT)LOavIZ&kBAANNAN—DOER

AA bond energy

BAA-Z coupled channel approach

B(K- KH)RIGIZEBAANA 13— D R




S=-c0)

E03,E05@J-PARC

EO3 Measurement of X rays from =- atom
E05: Spectroscopic study of E-hypernucleus, 1*-Be

@ via the 1?C(K-,K+) reaction (Day-1)

double-hypernuclei

Hhypernuclei

S=2 e ———————
/S g
/ 2 7
- —
~ / _J
S=-1 — /__. 7 / 4 / i /.
s —F
kot / i /
& // ;/'z/ S
0 - - -
—— /
7 A~
S=07 0 40 50 0 740 12

60 70 80 S0 100 110 120 W
neutron
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Studies of =" hyperon interaction with the nucleus

T T T T T

g 28gj | | E-hypernuclei via (K-,K+) reactions V: ?

.26 GeV/c

80 Blop*4° 1 C.B. Dover, A.Gal, Ann. Phys. 146 (1989) 309.

Analysis of the nuclear K-p — K*Z- reaction
The potential depth parameters is obtained by

VA ‘4 MeV for r,=11fm (WS =-1MeV)

2Zinb/sr. Mev)
L

2

By (Mev)

BNL-E885

th
=
[ vt

DWIA analysis of 1?C(K-,K+) data at 1.8GeV/c

Tlijima et al NPAS546(1992)588. /0 _ @V
Tadokoro et al.,PRC51(1995)2656 =
Analysis of 12C(K-,K+) spectrum suggests

P.Khaustov et al., PRC61(2000)054603 /0 ~ m
Comparlson with the data in the & bodind re%

-

<d26/dQdE> (nb/sr 2 MeV)
Ig T ﬁgl T

[y
h
LI I

counts / 2 MeV
=

(o8]
]
L LR R T 11

th
T

10

pK—ggGeWc e “Q. 12C 1

1. . .0

-80 —60

Semi-Classical Distorted Wave Model Analy3|s

M. Kohno et al.,PTP123(2010)157;NPA835(2010)358.
V2 =-20,-10 0)+10,420MeV < fss2

d*o/dEAQ,, [nb/(sr * MeV)]
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E- S.p. energies In symmetric nuclear matter

T.Motoba, S.Sugimoto, NPA835(2010)223.

0::(3(1{‘.1~:+) 2Be p =17 GeVit (6 ,=0) o 0K, K EBe pe=1.7 GeVie (4 =0)
‘."ENfNHGD}
U (k 6‘ ) k _ l 3 f -1 0.08 o | Vo, (ESCO08)
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-5. 1 . 1
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0 26V V05 f : : . a
1 1 1 1
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30 Yamamoto et al. v 318
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Hyperon s.p. potentials in finite nuclei

fss2 : SU, quark-model BB interaction by Kyoto-Niigata group
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= spectrum in DCX (K-, K*) reactions at 1.8GeV/c

T. Harada, Y. Hirabayashi, A. Umeya, PLB690(2010)363.

160 80 —— —
- N+Z=-
(a) Bz
20 10
= oK™ K") : =
EC_‘J 60 1.8GeV/c (0°)
= WEO(E) = -3 MeV
T_E“ 27 (P=)
= Woods-Saxon
- 40
S n,=1.1fm, a=0.6fm
=
O
=
o)
1 20
N VEO —24 MeV
S .
-
1.5MeV FWHM o
340 360 380
w (MeV)

400

* Spin-stretched =~ states can be populated due to the high momentum transfer.
ds/dQ[®N(1/27)®s< ](1-) = 6 nb/sr, ds/dQ [®N(1/2))@p=](2+) = 9 nb/sr for V-=-14 MeV.
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AN\ N

M‘ Mzayrg — 4 ANS®P
| -
A1E;< 28Mev 17 Bz
(A-1)9.5.® S

Y Az 4 A+ A

—
/ 4ol -
A-2)5, ®8
L Yy easies
A1
(Z-3) +p
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22+ A I
Baa v
B ﬂ"‘Z'z) " (A-2)g.5.® SAE’*\
AN
2
A-2)gs.®S - ..
(4205 Hyperon-mixing
EO7@J-PARC

EO7: Systematic study of double strangeness system with an emulsion-
counter hybrid method




Observation of AA Hypernuclei in E176/E373 Hybrid Emulsion

NAGARA

YC+Z — , He+‘He+t
5 —
L JHe+p+r

DEMACHI-
YANAGI

2

2M, -B,, <M, [H-dibaryon ]

Jaffe, PRL38(1977)195

L 4
Fipo " \Beor ['Be
A A A-1 i
AAboundenergy | AB,, (1aZ) =B, (,12) 2B, ("7) yama el
event A7 Target | Baa [MeV] ABy, [MeV] |Bii[MeV]
NAGARA o He 2C [[691%&0.16 067+0.17 |(6.91)
MIKAGE 0 He R2C [ 10.06 +1.72  3.82+1.72
DEMACHIYANAGI JOBe 2C [[11.90+0.13 —-1.52+0.15 |11.88
HIDA 1 Be 0 2049+ 1.15 227+123 |[18.23
12 Be N | 2223+ 1.15 -
E176 B N 23.3+0.7 0.6 + 0.8
Danysz et al[17] UBe(Be") N 14.7 k0.4 1.3+0.4 14.74

H.Takahashi et al.,PRL87(2001)212502
K.Nakazawa , NPA 835 (2010)207

K.Nakazawa , H.Takahashi,NPA 835 (2010)207

AB,,(, He)~ 47 — 1.01 —» 0.67

Prowse, 1966

Nagara,2001

= mass update

“weak attractive”
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aBe=a+a+n+A+A

OCM + 3BF + AN pot. + AA pot.

HN, KKNN ) YNG
Gaussian
.
12 1.2
1.0 -
) 0.6
+ 0.1
ool YV —=—
o+l +N
—1.0—
g/ __X
o0k —1 .5&\{
[
> —140 o~
= ~
w —-15.0— .
O \
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—16.0 — % s ]
® 5
—17.0— Z >
1 T
B
—18.0 x
T
=
—19.0— g
—20.0
°Be

Pheno.

NF

o0 +N+A+A

—1ve-body Cluster Calculations of the AA Hypernucleus

E. Hiyama et al., PRL104(2010)212502

The subsystems are reproduced:
WHe=at+A+A BiXAp'(OQS) =6.91 MeV

YBe=at+atA+A BY(2/)=11.88 MeV

AA bound energy

VAT AAZ) = Baa(f4Z) — Baa(f4Z; Vaa = 0)

E. Hiyama et al., PTPS183(2010)152

1 1 1 1 1
° 6 7 8 9 10

g8 7 Fp: 8. 9,.8 10
AA He AN He f\.ALI AALI ;\ALl AA Be AN Be

MeV

5 MeV
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Cluser-Model Calculations for A=6-10 AA Hypernuclei

OCM+AN potential+AA potential E. Hiyama et al, PRC 66(2002)024007

HN, KKNN YNG NF
6| : 7 8 : == 8
MeV
(MeV) “Li ALI AA|_I (MeV) EDH:H Bg%ﬁb\
A
. 3.99
40 2f ——— - 9. 9 10
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20 High resolution | "t
' 083 Yy Spectroscopy i
: 3 _____ 0sdeA | csdeAsA 00" "w+a+a ot A+A ot SHetA+A :&Iofi/iih
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: > pHexd | 2 4.0 '12.28
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6.0 o | 52 . . e 706 apHe+t aaHe B 1AM 8 o !
!l 0 - I |NN—_— |  AMY¥eeae=s  meee==== leceeaa.. *
i o | gpt 0.69 (0.69) 6 Lierd i 8par A ! . Be
&y 7 0.00 (0.00) 2* 2fesies 5.63 ~8.0 8 EEPEORE -
-8.01 120 7105 ol (exp) - NAGARA ALHA i Demachi-Yanagi
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—* . ' g
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Coupled Channel Approach to Doubly Strange Hypernuclel

H. Nemura et al.,

Ab Initio calculations by SVM | prioa(2005)202502

AB,, (,°He)~ 1.01 —» 0.67

a=N-aAA coupled-channel calculations

T. Yamada, PRC69(2004)044301.
Y. Yamamoto and Th.A. Rijken, PRC69(2004)014303.

AA-2EN s-wave: P(E) <1 %

= AA coupled-channel calculations

D. E. Lanskoy and Y. Yamamoto, PRC69(2004)014303.
15,2 P(E) <1%, 1s,1p,:P(E) ~10%

B} NSC97f

Nagara,2001 = mass update
3
2| o2 . s 5 5 6 ]
1 o1 aH A H A He aa He 7]
= 0 e s @@l . 6@ edsth i B .
CEIES P 0.28%) 1
— 2| 02 Prr=1.17% .
::: 3| 03 Exp Calc Pyy = 0.05% .
Qﬁ -4+ Exp Calc .
. -5 L Calc A i
= 6 WA Py=c 4.56% .
| -7 - ) Pyy = 0.00% P 2.49% .
NN: Minnesota 22 . AX T ’

-8 F YN D2 P>y =0.06% —
9 - YY:mND - - Calc |

- T Hyperon-mixing

16 —

NSC97e

D;__ ____. d_’___ _+ :. tp L=

[\-..‘J

200 300 40{} 500 60{}

Volume integral (MeV t'n13)
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Energy spectrum of

- and AA nuclei on a °O target

14(‘;(2*:1@1;)2

//// MCoshesy

14~ 4y oo 2
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14,
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14052
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400 |- :_C
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& r 15
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. The energy shifts AB , , are not taken into account.
See also Dover, Gal and Millener, NPA572(1994) 85.
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H-AA spectrum in

K™

Two-step mechanism

.
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160

\‘\\ K p—7’A 7z0p—>K+A,//
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DCX (K-,K

N T
B.- PN+Z=-
10 O

(a)
lﬁo (.K_ ,K+)
1.8GeV/c (0°)

20

*) reactions at 1.8GeV/c

%\ 0 e { 7 A e
) > (p N ¢ 20 - : 2
%) S 1 > ¥ M\ > A -24 MeV - _
| || w/o EN-AA coupling
Y Y =14 MeV
| . " . |
. 340
One-step mechanism
— -+ 40 T
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%\"‘\ ’__.,"’ = 30F 30
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|I j: I. g
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)]
H iXi =
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[T. Harada, Y. Hirabayashi, A. Umeya, PLB690(2010)363] 00
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=" spectrum in DCX (K-, K*) reactions at 1.8GeV/c

160

CROSS SECTION (nb/sr MeV)

1.5MeV FWHM

The large momentum transfer q-_ =~ 400 MeV/c leads to the spin-stretched =~

15

10

T. Harada, Y. Hirabayashi, A. Umeya, PLB690(2010)363.
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Search for AA hypernuclei in the (K-, K*) reaction on 1°C

K. Yamamoto et al. (E885 Collaboration), PLB478(2000)401.
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ARIFE CRARLUDARR)

Remark

Studies of the DCX reactions (n*,K"),(K-,K*)

for hypernuclear productions
are
very important and promising .

ZEANA NN

A MFuture subjects:

More microscopic calculations

e based on YN, Y'Y potentials are

needed to compare them with the

. forthcoming experimental data at
J exp

J-PARC.

PiETFH
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Kbarcha il F 8 F #%

B[ ow-energy KN interaction and Konic hydrogen

mKbar nuclear potentials: deep or shallow ?
Kaonic atoms
(K-,N) reaction on 1°C and 1O

B Deeply-bound kaonic state, K~ pp
Theoretical calculations
Experimental candidates

m3He(K-,N)K-pp reaction E15@J-PARC
Bd(n+,K+)K-pp reaction E23@J-PARC



KPar_Nucleus Interaction studied through in-flight (K-,N) reactions

. T. Kishimoto et al., PTP118(2007)181
missing mass spectroscopy

lZC(K_,n) ' , ‘ ) . V =-190 MeV
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V. K. Magas et al, PRC81(2010)024609
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Theoretical prediction for deeply-bound antiKaonic nuclei

el - huel (el

e i e

1 2 r (fm) 0 1 2 r (fm)
T T T T

Few-body calculations predicted

o

T.Yamazaki,Y.Akaishi,PLB535(2002)70; PRC65(2002) 044005

» K-p free scattering data
Eq =-108MeV * (1s) level shifts in kaonic hydrogen atoms

=20 Mo B.E. and I' of A(1405)="K-+p quasibound state”
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Exotic states of antiKaonic nuclei by AMD

A. Doté et al., PLB590(2004)51; PRC70(2004)044313.
AMD+G-matrix NN,KN(AY)

Pav =

(b) *BeK
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oy,
g .
’fl‘r’f
Py
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.

“Super strong nuclear force”

Yamazaki,Akaishi,PJAS. B82(2007)144

K-pp
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Essential antiKaonic nuclei
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Experimental Candidates for Deeply-Bound State Kpp

Deviation UNC/SIM (arb. scale)
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Theoretical predictions of deeply-bound K-pp

[1=4 0 =0
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AT is one-nucleon absorption width.
~I' is two—nucleon absorption width.
°T is not calculated.

TJ =1 is bound, instead of 0 .
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SHe(K",n)K-pp spectrum at 1.0GeV/c (0deq)

E15@J-PARC A search for deeply-bound kaonic nuclear states by in-flight

3He(K-,n) reaction

missing mass spectroscopy 01" | DHW
+invariant mass spectroscopy '

Shallow

Integrated cross section
in the bound region

~ 3.5 mb/sr (for YA)
SHetR R D BT 1%

B.E.=15 MeV
I'=92 MeV

YA B.E. =45 MeV
I" =82 MeV

» Distortion effects
Dys[*He(lsy —1s,)]
D[ C(lpy = 1s,)]
=0.47/0.095 > 5{Z

» Recoll effects
Mc/M, ~2/3 > 1.8fE

» Small-size effects

SGM

d®c/dQ,dE, (ub/(sr MeV))
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Conclusion

Studies of
the production and spectroscopy of
strangeness nuclel are
very interesting and exciting
at J-PARC.
PARLORADRCHLLVREDORR . "ITXY Fu 0GR Fi%

PIN)F - N)FUBHEBEEROER., EIREF DDER
>EEEQCDYIE DEME > i FEDIEE - EILDAERA

Keyword
“Hyperon mixing”
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