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Neutron star core

“An 1nteresting neutron-rich hypernuclear system”
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Hyperons and massive neutron stars
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Thermal evolution of neutron stars

Rapid neutrino emission [S. Tsuruta et al., Astrophys. J 691(2009)621]
via weak processes * - | ' ' ' '

(Direct/Modified Uruca)
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» Hyperon superfluidity v.s.YY intarctions
Nagara event AB,,~0.67 MeV = no AA superfluidity ?
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very sensitive to properties of YN, YY interactions




TOTAL CRDOSS SECTION (mb)

Flavor SU(3), symmetry

NN. YN, YY Interactions

C.B. Dover and H. Feshbach,
Ann. Phys. 198(1990)321
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Dynamics in Strangeness Nuclear Systems

yy —— - \
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Strong ANN 3BF ?
NN Hypernuclei

» Various effects on the hyperon mixing
» Related to the 3BF in nuclei
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2. S =—1 Nuclei

Since 1969, ANL
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Hypernuclear Production Reactions

(m",K") reaction

Theoretical calculations
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A s.p. potential and A spin-orbit splitting in *°,Y

H. Hotchi et al., (Exp.) 1.7 MeV
PRC64(2001)044302  KEK E369
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Role of the A-hyperon in nuclei

T. Motoba, et al.,PTP70(1983)189

66 9%
gule” | - Hiyama, et al.PRC59(1999)2351

»Shrinkage effects (19% for the °Li core)

> neutron-skin or neutron halo

E. Hiyama, et al.,PRC59(1999)2351
Tretyakova, Lanskoy, EPJ.A5(1999) 391.
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Gamma-ray spectroscopy of light hypernuclei
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» Magnetic moments 1, in a nucleus from B(M1)
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A spectrum by (n*,K*) reaction at 1.2 GeV/c (6°)

Sensitivity of the spectrum to the A—nucleus potential parameters
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2~ s.p. potentials (fitted to the >~ atomic data) Y >
_ I ‘ Pb'lﬁ_ l I L VZ? o

Density-dependent (DD) potential (Phenomenological )
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D. Halderson, Phys. Rev. C40(1989)2173.
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» It suggests that Z-nucleus potentials have a strong repulsion in the real part. 16



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

Study of X s.p. potentials for havier targets

[H.Noumi, et al. PRL89(2002)072301]
[P.K.Saha, et al., PRC70(2004)044613]
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Short-range repulsive core in baryon-baryon interaction
Spin-flavor SU(6) symmetry

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

Quark-exchange symmetric antisymmetric

(antbaymmetried [3]1®[3]=[6]®[42]@[51]®[33]
orbital x flavor-spin x color singlet |, [=(

Pauli forbidden state

S = () state

| W
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L HHH ‘ ()
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»SU(6)sp symm. = Strongly spin-isospin dependence
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NRS - Fpotential K-d—n"Ap Reaction in Fllght
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VOLUME 80,

Observation of a Z“He Bound State

NUMBER 8 PHYSICAL RE
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R. E. Chrien, R. Sutter, A. Rusek,

W. J. Briscoe, R. Sawafta,
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Phys.Rev.Lett. 80(1998)1605.

BZ+ =444+0.3 MeV

I'=7+0.7 MeV 7.9 MeV

4.6 MeV

T'=1/2
J"=0"

Theoretical Prediction

T.Harada, S.Shinmura,
Y.Akaishi, H.Tanaka,
NPA507(1990)715.
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Isospin dependence of the (3N)-X potentials

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

T.Harada, PRL81(1998)5287.
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Remarks

Properties of the Z-nucleus potentials by
comparing theoretical calculations with the
available data:

Ustr) = L3(0) UL () (T )
core X

“strong 1sospin-dependence”

“repulsion inside the nuclear surface”
“shallow attraction outside the nucleus”

The calculated spectra for *“He(K~,n*) reaction

can explain consistently the available data from
BNL, KEK, and ANL.

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

Strong Lane (isospin-dependent) potential and Coherent A-X coupling

23




Production by K~ beam from He targets
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G-matrix calculation in symmetric nuclear matter

A single-particle potential depth  k=135fn"
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G-matrix

Effects of the AN-XN coupling in nuclear matter

Y.Nogami, E.Satoh, NPB19(1970)93

a=-1.8fm, a=-1.6fm

(unit in MeV) AN single channel 24

S AN-2N coupled channel

0
_10 I H = | —|— N o = —|— O =
N A N A N fA N A
=20 [ Spin-isospin saturated
0 — 342
Exp.
ANN i QN
40 thr;;(?;);)dy : VAN =N avAN,ZN
50 [— [ repulsive 206 Overbinding! _ __§ %_9_ \[ suppressed]
v
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Overbinding Problem on s-Shell Hypernuclei

The Overbinding Problem The Underbinding Problem

/

3 4 5
3 4 5
AH A He A He +H +He +He
0.0 0.0
_031 MeV ‘\l‘ 1+ _124 MeV _031 MeV \\\\_ o 1+
spin-spin e o - . 0"
- = ‘ 17 -1.24 MeV
(Gey) \< o [ Underboundf ©
0" 230Mey . AP
=P MEVE 312 Mey 0" -2.39 Mev
- m==== [Exp.]
7 3.2Mev
[ Overbound ] [VANZN gVZN AN] 2
~ e~ 7 suppressed

AN single-channel calc.

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

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

Akaishi et al., PRL 84 (2000) 3539.
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“The 0*-1" difference is
by B.F. Gibson

not a measure of AN spin-spin interaction.”

o

Hyperon'miXi ng ANN three-body force

1

4
4 He ny Ay pypr n, Ay py Py n, A, Py Py
wnitinMev) (o H) A
0.0 I -
Fooor 068 _0.70
. . IR . 008 _0.70 I
124 -1.08 103 -1.04 120 -121
— . T ~ I I —E— _0.97
Spin-spin \:/ 0.38 _104 O+
A 0 -1.52 -1.43
ANN force i 0.86 Coherent coupling (')+ Coherent coupling 0" Coherent coupling Coherent coupling
| v _2.27 _2(.)10 _2.18  —
-2.39 -2.28 o 0 Y
0" 0" 0"
phenomenological Foonz =1.9% Fans =0.7% Fonz =0.9% Fans =2:0%
Exp. VotV
P D2 SC97¢(S) SCY71(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 A-hypernuclei with the DCX reaction

E10@J-PARC ¢ Ii ( I K* ) SH Sl “Hyperheavy hydrogen”
’ A = Y. Akaishi, NPA738(2004)80c
"Be(r",K") JHe

'H (°He, 2H) °H
G
Superheavy hydrogen 7. ﬁ[j W/
i
9 Khin Swe Myint et al., 1 T,
A He FBS. Suppl.yl2(2000)383 ?/ o
A
TS .-"'.-"'.-"'-"'.-"' e
AH iHe iHe {He He XH@IRHe AHe "H+2n+A
0 0 0.0
g Larger nedtron-excess - @
2| 4 .2 =
X 1 !
il =, v
i 5c89 | 4
. A 2,04 e — |
Br ) 178 “H+2n '
A0F o i {-10 > 8 o
> SCo7f m & =
12 2 ot Attraction =% h 4_{C0heren.t A'Z}
L £ DO i .__vr,'é,r Z coupling
i A .. D2 : _4-1 5
L : Extremely
A binding energies “Hyperheavy hydrogen” [ 7H enhanced

» Coherent A-X coupling in neutron-excess environment
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The A-X coupling effects in neutron matter

S.Shinmura, Khin Swe Myint, T.H., Y.Akaishi, J.Phys.G28(2002)L1

Incoherent

° e Excited (1p1h) stat
o XxC1te states

R Ok’\»gﬂ P
oL~ .0 +|® 0

A X A X

A N NN N A N NN N A N NN N A NNNN

n p n p

usually included in g-matrix

A NNNN A NNNN
(@ (b) (c) (d)

Single particle potential for A_,.

MeV

0 | | | | | Ground states
. 5.8% o Coherent ®
20 Ng NSCoTe o 3\,%
- = e m
o~ .9 +|©® — @ \\;\V"L‘%
A X0 A X0
40 | 82% t Acon=ASZ"
- i 270 i
NSC89
(nsces)| L = L
. 16.3%
60 A - ’ [coherent A-Z coupling ]
coh MIXING 22 6%
probability
-80 — TS :
o o5 1 15 2 25 3 TIheA,,mixing isenhanced in the neutron-excess
nucleon density/normal density environment.
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First observation of the superheavy hydrogen ,°H

-»Qfﬂ\ M. Agnello et al., NPA881(2012)2609.
ey h o M. Agnello, et al., PRL108 (2012) 042501.
H |« © p H .. . .
"‘;: \NZEV f 3 » observation of 3 candidate events of ¢, H bound state
L e e B, =4.0 & 1.1 MeV
e » BR(DCX)/BR(NCX,12LC) ~ 3x10-3
% b _ R=(5.9 =+ 4.0)- 10‘6/K‘stop
S 250 R S :
E [ ! 6
T A H SH+A | . 0 MeV
g 2301 E %‘:‘-‘ |
E - !
& 220F I \ 3 events
2102— E "'!_-,_ 3H +2n+ A 1.7 MeV
2005— E “ ......
190i"""' ﬂ XH(1+)+271
120 130 140 150 160 170 180 190 200 210 —— e e
©" momentum (MeV/c) @ _______ /‘\i EI_(Qi)_—_i—_%}z : 3.7 MeV
_ 67 - 6 —
Ky, + Li—> SH{7 )252MeVic) Dalitz 4.2 MeV
“H > *He @130MeV/c) =
ﬂ Akaishi 5.8 MeV H
2 E10@J-PARC

» Produce neutron-rich hypernuclei: ¢, H and °,He

> precise measurement of B.E. of ¢,H is possible 39




First production of neutron-rich A hypernuclei

1OB( 7 K +)lf\) [1| A spectrum by DCX (n~,K*) reaction at 1.2GeV/c

KEK-PS-E521  P. K. Saha, et al., PRL94(2005)052502
35-0 |1 L L L L L L L B e e
 40p ‘ 25MevFWHM ]| - p,=1.20 GeV/c

Cross sections

—30.0 F 3.0

[ 2.0

ng ~11.321.9 nb/sr

H“ - -p,=1.05 GeV/c
19 5.8+2.2 nb/sr

F 1.0

L

N

w ~1/1000

M 1120z, K*)2C (12 Gevio)
tu dl 17.5+0.6 pbise

100 120 140
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(r—, K") —Double Charge Exchange (DCX) Reaction

Two-step process: -

T p—>K°A N rdl
K’ p—>K'n N /’/
— >
\\\KO /// E\
P > P N’ I
- 0 p > >—(QO >
T p—>7Tn | K> > K'n
'p > KA \/ v
One-step process: - Hyperon-mixing )
7[_p —> K+Z_ NTp—oK'Y /,/’/’
_ "So~=~__ Doorway A
X p<>An D = >
: p > p n
via X~ doorways caused p - - >

by AN-XN coupling \




A spectrum by DCX (n—,K*) reactions at 1.2GeV/c

Harada, Umeya,Hirabayashi, PRC79(2009)014603

Spreading potential dep. VVZ

U,=11MeV 1s fixed. Py =0.57%

10B 20 i 1 | | | ] | | | ] | | | | | | | | | | 20 (_]
— | 1.20GeV/c 50 ] 0
o, o[ . o
Em Li+A 40 AN 15 S
= | 1 B
= | =
510 [~ 1075
O N
= i )
) - ~
o - =
T O ° S
T A
| -
0 0
—40




A spectrum by DCX (stopped K-, 7t *) reactions

If the £~ admixture probability of ~0.6 % is assumed in '%,Be,

e demonstrate the (stopped K—,n") spectrum on a 2C target. Early
W (stopp ) Sp g KEK data
19 - | ' | ' | | / | ' | ' |
C L Pk, Al
Fitting to the QF spectrum from KEK
1000 = 3D orbits

o,

o<

=,

ol

H

&

— 500

3
Integrated
production rate
~4x10°/ K|

0 L L t
—20 0 20 40 60 80 100
E, (MeV)
DA®ONE data: UL ~(2.0+04)x10” /K~ M.Agnello, et al.,PLB640(2006)145.
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3.5 =—

2 Nuclei

|

AE

*

1' A2(2.2)+ A+ A (A-1)g5.®S
/ / 1002 =
(A-2)S, ®S
B, , // N©OA
Maa)+p B
Mazoyea AN
A
Baa
A-2)0.5.® S, P
—1 Mgy in RSO
AN
2
(A-2gs.®8, -

Mzayszr —1— ANEs®F
I —
| < 28MeV % B

—

‘;‘1: ‘ = Hypernuclei

SN

EN-AA coupling

A

\h \\\‘q\‘:}\\\\

o

‘? AA Hypernuclei
A
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Studies of =" s.p. potentials

28g; (K'.K*)zag Mg
1.26 GeV/c
9|°b'4°

BEIMQW

E-hypernuclei via (K-,K+) reactions

V=7?

0

v

[1]

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

T.Iijima et al.,NPA546(1992)588.
Tadokoro et al.,PRC51(1995)2656

P.Khaustov et al., PRC61(2000)054603

d’6/dEAQ,, [nbi(sr * MeV)]

I T T
- px=1.8 GeV/c

A "/,
F00=5.5° 7

- £1} 7 Khaustov et al.
F T.74, _ pc=1.8GeVic
“ohE
1 1 1

+10=—===—--
fss2

Ve

-
b

-C16Hev
V2 ﬁeV

[C.B. Dover, A.Gal, Ann. Phys. 146 (1989) 309.]

4MeV for 7, =1.1fm (7 =—1MeV)

knowledge is limited

5[ _ [ BNL-E885 CA

[ = s0- PR
=
20L v T
S [ 8%
o [ |
=150 T [
o | A 3L
N s
[72] - B
Rt
31 ] 200
S laf [
st VoI
ST
[ NN
-80 -60

Excitation Energy (MeV)

Semi-Classical Distorted Wave Model Analysis

100

~-B- [MeV]

200

M. Kohno et al.,PTP123(2010)157;NPA835(2010)358.

0

[1]

——20,—1010,+2OMeV > fss2
)




= spectrum in DCX (K-, K") reactions at 1.8GeV/c

160 80
o
= 60
i
n
>
c
= 40
=
[_|
&)
=]
73!
. 20
ol
-
o
-
1.5MeV FWHM

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

I15 +E
(a) B
=0 10
oK™, KY) | |
1.8GeV/c (0°)
W2 (E)=-3 MeV
2%(Pz)

Woods-Saxon
rp=1.11fm, a=0.61m

_14 MeV
. . . |

340

360 | | | 380 400
w (MeV)

» Spin-stretched Z-states can be populated due to the high momentum transfer.

ds/dQ[>N(1/2))@sz |(1-) = 6 nb/sr, ds/dQ ['SN(1/27)@p=](2+) =9 nb/sr for V=14 MeV.
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Observation of AA Hypernuclei in E176/E373 Hybrid Emulsion

NAGARA ' A/fHe 2C+E — ,JHe+ ‘He+¢ 2M, =By, <My, [H-dibaryon ]
,..' L, SHet p+r Jaffe, PRL38(1977)195
: DEMACHI-
YANAGI

E” L)
R ...
\.\‘.

10 um

AA bound energy | AB,, ( Ajf Z)=B,,( Ajf Z)-2B,( AZ\IZ ) Hiyamaetal.  Gal-Millener,

PRL104(2010)212502 PLB701(2011)342

event Wz Target | Baa [MeV]  ABaax [MeV] BS:A[MGV] BiIXI[MeV]
NAGARA o He C [[69140.06  0.67+0.17 | (6.91) (6.91)
MIKAGE 0 He 2C [ 1006 +1.72 3.82+1.72
DEMACHIYANAGI Be 2C [[11.90J+0.13  -1.52+0.15 |11 88
HIDA .\ Be 0 2049+ 1.15 227+123 |1823 18.40
g N | 2223+ 1.15 '
AA e ' FARRE S B - 20.27
E176 B N | 233+07 0.6+ 0.8 2321
Danysz et al[17] ), Be(JBe*) "N 147} 04 13£04 1474 (gs) 14.97 (g.s.)

H.Takahashi et al.,PRL87(2001)212502 ABAA AXHe) ~ 47 ) 101 067 Gcweak attractive”

K.Nakazawa , NPA 835 (2010)207 _
K.Nakazawa , H.Takahashi,NPA 835 (2010)207 Prowse, 1966 Nagara,2001 E mass update 40




Coupled Channel Approach to Doubly Strange Hypernuclei

. .- . H. Nemura et al., He)~ 1.01 —» 0.67
Ab |n|t|0 caICUIatlonS by SVM PRL94(2005)202502 AA(AA e) Nagara,2001 = mass update
3
2| 02— 7 s 5 5 6
—_ Tr 01 A H AA H - A H AA H A He AA He
> 0 J E— S ———
% -1 | 0.1 F O 2keVD? || —— Py Q&S‘P’;
“‘: 2| 02r Exp Calc Cam"{:_ Pax=1.17%
< -3 r -0.3 Exp Calc Psy=0.05%
Qi'-i 4+ | Exp Calc
~ -5 - Pr= 0.06% ) Calc A
= 6 Pas = 0.25% Przlc 4.56%
| -7 . PEEIU.UO% P}‘;Z: 2.49%
NN: M t
8F v oo oo Pys=0.06% Calc
-9 [ ¥¥: mNDs Hyperon-mixing
16 —
— . 12
aEN-aAA coupled-channel calculations Be  nscos w
12
T. Yamada, PRC69(2004)044301. Ip2.
Y. Yamamoto and Th.A. Rijken, PRC69(2004)014303. =
AA-EN s-wave: P(B) <1 % S
NSC97e
L ° 4 7
H-AA coupled-channel calculations NSCO7E_* |52 (25)
D. E. Lanskoy and Y. Yamamoto, PRC69(2004)014303. NI{_}I(_D; —0- *—— —3 | — t13 L=
2. b= o DI e 100 200 300 400 500 600
Isy P(E)<1%, Isplpy: P(E) ~10% Volume integral (MeV fm”)
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Coupled-channels DWIA calculation for AA-E production

Coupled-channel Green's function K, KT

G(w) = GV W) + GV (W UG(W)

G( ‘) _ GA\(VU) Cr"\'(w') U — [,"‘\ [’r.\' g | 3>
Gx (w) Ux U= ‘\./"I

DWIA+CCGFM | T. Harada, NPA672(2000)181

d20' x o,o,
(dQKdEK>1ab ﬁ—ZZ —— Im /drdr G2 “(w,r’,r)F2 (r)}

o' o

YY
e

Y

-

Inclusive cross sections

The decomposition of the inclusive spectrum into components
ImG. = Q" “{ImG“))}Q( >+Q< ”{ImG(O)}Q(—) +G" W, }G

AN escape -~ escape Spreading (nuclear-core breakup)
= Complicated excited states

Distorted waves for mesons
Eikonal distortion: o©,_=19.4 mb, o,, =289 mb, a, =, =0 0



2-AA spectrum in DCX (K-, K™) reactions at 1.8GeV/c
160

K- ) . -t - _
Sl Two-step mechanism /.1\ - oK K"
-\\ K—p _)72-0/\ 72_0p _)K+A f'l a0 - 1.8GeV/c (0°)

\\ A I’, . A
fy:\\no ’,-' bl 401

P—» /TP N7 A

p > |I > \\j [ > A

s

pwy 20 -

CROSS SECTION (nb/sr MeV)

One-step mechanism

r=— -+ I -
— - p—— —— O
K .~ K p—>KE EpeoA K 340 360
Y
~ —_ o
~ &\% » EN-AA coupling 40 |
"*.,‘.\\ f’_f—_:‘:_ A (b)
~ - o A 15
— M|C+I'1
p Doorway >
P— s 7 p A = 30r 30 20
L. I | - f . F
]) ! | |I | A ._E;i_‘
L \ | a — 500 MeV
J = ) —-— 250 MeV
z S0 o Mev
Hyperon-mixing 3
=
0
v 10
7]
o
=
&)

[T. Harada, Y. Hirabayashi, A. Umeya, PLB690(2010)363] witﬁ EN-AA coupling

0 |5 | _ |
EO7@J-PARC 340 360 ) (Mev}sm 400
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2~ spectrum in DCX (K-, K™) reactions at 1.8GeV/c

160

1.5MeV FWHM

CROSS SECTION (nb/sr MeV)

15

—_
(=)

9]

0

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

[ ' ' | | I
15 —_—
Bc+n BC+A MC+A+A NJ&“-
bl | :
| | | | By -
30 20 10 0
o 12 nb/sr -
VE =—14 MeV (8.8 %) /
S , -
7 nb/sr : (27 ®SaPa) | L)
5 ‘! A
(5.2 %) 5 ey
: I'\/ 'f
B ot: ; : + ST
2 f . (2*epy) / 'lg.i /
HIG S
0* N/ A e D
(s3) W o 07 r\,”
| J N P
. \. Y.~ . _ - :
l B i AU |
340 360 380 400
w (MeV)

The large momentum transfer q=_ = 400 MeV/c leads to the spin-stretched 2~

doorways states followed by [PN(1/27,3/27) @ sz_]1- — [14C(07, 2%) @ s, pr]ll~
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Search for AA hypernuclei in the (K-,K*) reaction on *C

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

(o)}
o

Mo
o

: I w o ] 270
=_EF 21 . 1 B 3 90 A) C. L upper llmlt
S 50 S ~ S UTUUSUNORE SO SO SORSTIROE TN st
27 Sl Ja0 S S USRNSSR NN o0
8 ~ § ] A USUNUTUUURTR SR HIDA( S)
240 T i dJ 8
: 'I : 3 N S _j .................
- wno do0 = N NS SR o
30 - 525 05 o075 1 - 0 rg 10 ! E [1 :
- MdSsofOutgomgPamcle (GeV/c2) - V T n ______ |_|I .............. 1_ .......... 1_
20 | IR 4 = ] [T S S
- 10Be + 2A 410 1 — AaBe |:
- " ] SN e AT N
10 - ABet A - o b i ; ﬁ,
- | \m\ N ] -50 -40 -30 -20 -10 0
0 1| L m 1l 1 1 1 0 —B
-80 6 -20 0 20 An (MeV)
Excitation Energy of !'B + Z~ (MeV) S

Excitation Energy of !B + 2= (MeV)

» Our results seem to be consistent with the E885 data, which taken
from 12C |, not 160.
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ANBIFH CRAPLUDHRR)

Remark

Studies of the DCX reactions (n—,K*),(K-,K*)
for hypernuclear productions
are
very important and promising .

ZEBNANA I

RN BKeywords

AET I/ _ Hyperon mixing
&7 g +

~wEoRTE DCX

P
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5. Deeply Bound K Nuclei




Theoretical prediction for deeply-bound antiKaonic nuclei

U_nucl Upuct U_nucl

o) i 0 Few-body calculations predicted
0 1 2 r (fm) 0 1 2 r (fm) 0 1 2 r ({fm)
: T.Yamazaki,Y.Akaishi,PLB535(2002)70; PRC65(2002) 044005
ZE e o K-p free scattering data
- Eg =-108MeV e (Is) level shifts in kaonic hydrogen atoms
200} e e B.E.and I of A(1405)=“K-+p quasibound state”
K-3He " - "
300t . ey 45 MoV L08MeY VI:O A(1405): K P
B.E. = e e — -
ol e 30 Mey 4o 61MeV | 20 MeV KN | Strongly attractive
“Super strong nuclear force”
-500¢ -500 -500

k 4 Yamazaki,Akaishi,PJAS. B82(2007)144

Exotic states of antiKaonic nucle1 by AMD

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

K-pp

rms distance [ES_Z ® {N o N} ?+ ]}]:1(;_2

Essential antiKaonic nuclei

High dense hadronic matter

(b) ®*BeK

P = 0.33 fm?3
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Experimental Candidates for Deeply-Bound State K-pp

Deviation UNC/SIM (arb. scale)

2011.6
By, [MeV]
250 -200 -150 -100 -50 0
FINUDA Collaboration@DA®NE p . . T T T T T T T e 400 50 o
P Invagiant maszgzspearoscom? T
M. Agnello et al.,PRL94(2005)212303 P | >
o E o i :
B.E. =115 £ 9MeV 8!\ - AN
— 67+16 il .
I'= 67J:14 MeV A € b 2t 225 23 235 24
-- K- absorption on N 8 - |
6Li, 7Li,12C,27Al at Rest s * o |
-- Ap invariant mass distrib. %: S S S S S e il o AP SRS
p 1 215 22 225 23 2.35 2.4 245 25

DISTO Collaboration@SATURNE-Saclay

B(K'pp) [MeV] .
20 0o T.Yamazaki et al.,

”s (a) large-angle proton: high-P(p) PRL104(2010)132502

B | e | B.E.=103£3£5MeV
{:.' I'=118x8*+10MeV

15} § 1
=

ok s Mg | pp DK+ A+p at 2.85GeV

& & ' | -- Ap invariant mass distrib.
o5k g ‘%

L 1 L 1 1
2150 2200 2250 2300 2350 2400 2450
Missing Mass AM(K) [MeV/c2]

p-A invariant mass [GeV/c']

OBELIX Collaboration@LEAR-CERN

entries/0.0175 GeV

140 |En

120
100
80"
60
40

20

of

21 22 23 24 25 26 27

tries 1912

GeY

G. Bendiscioli etal.,
NPA789(2007)222.

B.E.=160.9+4.9 MeV
I'<24.4+8.0MeV

-- anti p+4He at rest
-- p7r—p invariant mass
distrib.
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SHe(K-,n)K-pp spectrum at 1.0GeV/c (Odeg)

E15@J-PARC

SHe(K-,n) reaction

missing mass spectroscopy +invariant mass spectroscopy

Integrated cross section
in the bound region

~ 3.5 mb/sr (for YA)

Advantage of the use of *He

> Distortion effects
Ddist[3He(lsN — 1SK)]
Ddist[lzc(le — 15, )]

=0.47/0.095 - Factor 5

> Recoil effects

M- /M, ~2/3 = Factor 1.8

> Small-size effects

A bound state 1n =0

d®c/dQ,dE, (ub/(sr MeV))

[T.Koike, T.Harada, PRC80(2009)055208]

60

A search for deeply-bound kaonic nuclear states by in-flight

DHW

Shallow

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

YA B.E. =45 MeV

I' =82 MeV

B.E. =115 MeV

I' =67 MeV

| | FINUDA

‘Il:-—-’l | 1

I' =164 MeV

Deep

B.E. =59 MeV

50 —150
E (MeV)
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HAN
A) ~ (-30) MeV, U, (A) ~ 2 MeV 15 2 8l 7

IZgO( )~ ( _38)Me\§3? 1s (A) vV — *513@J_§RC

U, () ~ FRAK, U, (X) ? >Zp(==n)8REL E40@I-PARC
BAN-XN

a few % mixing, ANN3{A 2] — i FBE/ (/38—
=N E10@J-PARC

U, (B) ~ (-14)-(-0) MeV ? > (K- KHRI5, Z-RFXHE
BAASN.TS E03,05@J-PARC

mixing prob. ?, H-particle ? —Hybrid-emulsion, AAEES
BK-N-A(1405)-15 E07, P42@J-PARC

U, (K") ~ =200 MeV/-50 MeV ? , “K-pp” ?
— (K_aN)a (7T+,K+)}§FIS
E15,E23@J-PARC



Our understanding of hyperon s.p. potentials

1z

U,(N)

—51MeV

Ug~—51 MeV
ULS~ 22 MeV

-20

-40

A

Uy(A)

Re.
—30MeV

U0~_30 MeV
ULSN 2 MeV

AAN 3BF ?
> mixing Prob.?

2

— ~+30MeV
Re. N
)

U,(2) ?

-40

P—
=
D

Uy () 9

—30MeV
~40

Strong repulsive,
Spin-isospin dep.

Uy~+30 MeV
ULS ?, > width ?

U 0~
(—14)(0)MeV ?
= width ?

AA-EN mixing ?
H-particle ?
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WA ERIZESPH FBRANANN—BED
o)A Y - 3 GHR. AKF, +F, KT, EE)

e Impurity effect

e Hyperon as a probe for nuclear structure

e AN (-ZN) interaction in medium

e Evaluation and prediction of production cross section for J-PARC experiments

Research based on a microscopic model
(AMD : Antisymmetrized Molecular Dynamics) 12C(K-,K*).12Be
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Conclusion

Studies of
the production and spectroscopy of
strangeness nuclel are
very interesting and exciting
at J-PARC.
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