Neutron star core

= “An interesting neutron-rich hypernuclear system”
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Thermal evolution of neutron stars

Rapld neutrino emission [S. Tsuruta et al., Astrophys. J 691(2009)621]
. 35 . T T T T T
.Vla weak .p TOCESSCS <= S 2 Standard cooling with heating
(Direct/Modified Uruca) | .
A—pte +v, N SShialed s |
ST A+e 47, gaf o TR ERS
& E T
>Cooper pair ;j Hyperon cooling ! ‘ﬁ
i . g s2f P 1.52
S, [1ner crust] -
3P,-°F,(n),'S,(p) [core] ) . 153 e U\
' I 1.6 |
~ Standard cooling 0 [werEoRm] L\
> Y'Y pairing
. 30 ' ' e S
—> Hyperon cooling 1 2 3 ‘ ° ° 7

Log Time (years)
Rapid coolingZ {19 515 &l
»Hyperon superfluidity v.s.YY intarctions
Nagara event AB,,~0.7 MeV = no AA superfluidity ?

YN, YYHHBE/EADMEICL->TEIKFT S




ALY

\J

A

YEEND)

R [

by E.Hiyama

“QCD & AMLIZIBEN" E ZBENDQCD Z AN

Al NN, YN, YYAE{EH Lattice QCD
J-PARC /E\i - E’E\ One-boson-exchange model SU(3)y symmetry
i i e ¥ e Quark Cluster model SUG)
M i | * Effective Field Theory |
sLab | N DHEHZR i f i
Vi Y \ ¥
DAFNE A NHEE A |
RIBF °_ir | Kharky
NIN—% [ KPargk TN Cluster model 'y
| Shell model ¥
A\ 1KY . ! Mean-field theory ¥
P BRI ete. V! i
EE T4 HE ¥ K BHF, DDHF, RMF etc / ¥
s i i
SHM ¥
RTHC ( i i
EEERNE | AT i
v sQM ¥
AN\ hEFE | BRE v
— =#E QCD ¥E




Dynamics in Strangeness Nuclear Systems

2 ——

é 3
Fujita-Miyazawa |JE
3BF s e
@ N AY — B
...... N.: L"’ < A A Nj
...... A NA - AN ! ~28 MeV
[ 3% | EN-AA coupling
> 'Y
e A T /‘4 very large ?
~ / ~72MeV Q@
e -
NA l_ U A - - N
AN-ZN e L
~00MeV | oo e || [JZ
BE D RF
S . O ﬁ S = -7 \N A N/
— NN —— INAIN—% Strong ANN 3BF ?

> INARAVBEESICEBAZEHIRAE

> ZAIZHEITEH3K AN BBFD&EE

|




S=-1 DIRF




Hypernuclear Production Reactions

(m",K") reaction

Theoretical calculations

>SFe target

H.Bando, T.Motoba, J.Zofka, Int.J.Mod.Phys. A5(1990)4021
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A s.p. potential and A spin-orbit splitting in *°,Y
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>~ 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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Quark Cluster Model
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28Si(n—,K*) reaction  *°f
at 1.2GeV/c Lo
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Overbinding Problem on s-shell Hypernuclei

/

The Overbinding Problem The Underbinding Problem
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“The 0*-1" difference is
by B.F. Gibson

not a measure of AN spin-spin interaction.”
ANN three-body force

Hyperon-mixing
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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
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First production of neutron-rich A hypernuclei

1OB( T, K+)lf\) [1| A spectrum by DCX (n~,K*) reaction at 1.2GeV/c
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(r—, K") —Double Charge Exchange (DCX) Reaction

Two-step process:
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A spectrum by DCX (n—,K*) reactions at 1.2GeV/c

Harada, Umeya, Hirabayashi, PRC79(2009)014603
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A spectrum by DCX (stopped K-, 7t *) reactions

If the £~ admixture probability of ~0.6 % is assumed in '%,Be,
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Production of neutron-rich A-hypernuclei with the DCX reaction

Coherent A-2' coupling in neutron-excess environment
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Studies of =" s.p. potentials
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Hyperon s.p. potentials in finite nuclei

G-matrix+local density approximation M. Kohno, Y. Fujiwara, PRC79(2009)054318.

fss2 : SU, quark-model BB interaction by Kyoto-Niigata group
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5 spectrum in DCX (K-, K") reactions at 1.8GeV/c
T. Harada, Y. Hirabayashi, A. Umeya, PLB690(2010)363.
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Cluser-Model Calculations for AA Hypernuclei with A=6-10
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Coupled Channel Approach to Doubly Strange Hypernuclei
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2-AA spectrum in DCX (K-, K™) reactions at 1.8GeV/c
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Theoretical prediction for deeply-bound antiKaonic nuclei
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T.Yamazaki,Y.Akaishi,PLB535(2002)70; PRC65(2002) 044005

» K-p free scattering data
e (1s) level shifts in kaonic hydrogen atoms
e B.E.and I of A(1405)="K-+p quasibound state”

| =0
VKN
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Exotic states of antiKaonic nucle1 by AMD

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

(b) ®*BeK

P = 0.33 fm3

A(1405) ="K p"
Strongly attractive

“Super strong nuclear force”

Yamazaki,Akaishi,PJAS. B82(2007)144

K-pp
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Experimental Candidates for Deeply-Bound State K-pp ﬁ V ?

Deviation UNC/SIM (arb. scale)

FINUDA Collaboration@DA®NE | o BK ["“?0‘{,] s
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M. Agnello et al.,PRL94(2005)212303 8! o5l = R
A 5 | ]
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=67 MeV e o M
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DISTO Collaboration@SATURNE-Saclay
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20 0o T.Yamazaki et al.,
”s (a) large-angle proton: high-P(p) PRL104(2010)132502
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OBELIX Collaboration@LEAR-CERN
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G. Bendiscioli etal.,
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Theoretical predictions of deeply-bound K-pp

1 7z
22
B E mesonlc
(MeV) (MeV)

DHW 203

IS

60-95

SGM 50-70

WG 40-80

Status

> IRTOERAENERBIREDEEZR

40-70

45-80

90-110

40-85

[ (MeV)

20

2T 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 (Odeg)

E15@J-PARC A search for deeply-bound kaonic nuclear states by in-flight
SHe(K-,n) reaction

missing mass spectroscopy +invariant mass spectroscopy

60" | DHW | B.E.=15MeV | YA | BE.=45MeV
I =92 MeV _ I" =82 MeV

Integrated cross section
in the bound region

~ 3.5 mb/sr (for YA)

S HetZHIDEAITE
» Distortion effects
Ddist[3He(lsN —>1s,)]
D[ C(Ipy =15, )]
=0.47/0.095 > 5{&
» Recoil effects
Mc/M, ~2/3 > 1.84F
» Small-size effects
L=0iREEF= 1T A R &

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

Shallow | Deep

SGM B.E. =115 MeV | | FINUDA | B.E.=59 MeV
I =67 MeV ! I' =164 MeV

Deep

d®c/dQ,dE, (ub/(sr MeV))

1 L 1 L L L L ‘Il:-—,l'l 1 L 1 L Il L L L L Il L | Il L L Il -I-
—-150 —100 —50 0 50 —150 —100 —50 0 50
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J-PARC (Japan Proton Accelerator Research Complex)
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g=—2 Proposed experiments for SNP @J-PARC

E03: Measurement of X rays from =~ atom /K. Tanida (Kyoto)

« EO05: Spectroscopic study of Z-hypernucleus, '-Be, via the >C(K~-,K") reaction /T.
Nagae (Kyoto) [Day 1]

« EO07: Systematic study of double strangeness system with an emulsion-counter
hybrid method/K. Imai (Kyoto), K. Nakazawa (Gifu), H. Tamura (Tohoku)

S=—1
 EI10: Production of neutron-rich Lambda-hypernuclei with the double charge
exchange reaction /A. Sakaguchi (Osaka), T. Fukuda (Osaka E. -C.)

 EI13: Gamma-ray spectroscopy of light hypernuclei/H. Tamura (Tohoku) [Day 1]

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

« 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 '?,C and the three-body weak
interaction process/H. C. Bhang (Seoul), H. Outa (RIKEN), H. Park (KRISS)

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

e E23: Search for a nuclear Kbar bound state K-pp in the d(n",K") reaction/T. Nagae
(Kyoto) 34




Conclusion

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