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Excrited levels

of A-hypernuclel
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What'’s in the Neutron Star Core 7

Strangeness is the Key

traditional neutron star

quark-hybrid star

\

neutron star with

hyperon star

pion condensate

absolutely stable

\
strange quark Fe
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/ . neutron star with

strange quark star

matter

R~10 km kaon condensate
P

M~1.4 Mg

By F. Weber
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Hyperon-Nucleon

Scattering

2*p, Ap: only 38 data points

" ="p elastic scattering
and = p—/AA reaction

= Asymmetry in Ap and
>*+p elastic scattering
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Baryon-Baryon Interaction

QA SINLT—2 /A N AN —1/2)
V=" 1 AN\ 1 —=IJ)/ & Jal N LRAIN L= 1/ &)

S=-2 IX(T=2)EN-ZA-IX(T=1)EN-I3-AA(T=0) U N d erstan d | N g Of th e ﬂ aVvVOr S U (3 )

S=-3 EX(T=3/2)=5-EA(T=1/2)

5=t =3(1-1) baryon-baryon interaction

S=0 NN(T=0)

S=-1 SN-AN(T=1/2) Q@Y-N Y-Y <« N-N ?

S=-2 EN-ZA(T=1) ! ) .

53 =x1-32) Repulsive or Attractive ?

S=-1 ZN(T=3/2)

8=2 EN-2A-33(1=1) @Repulsive cores in Y-N/Y-Y ?
S=-3 EX-EA(T=1/2) o

S-4 Z2(1-0) What's the origin ?

S=-1 EN-AN(T=1/2)

S=-2 EN-ZA(T=1)EN-ZZ-AA(T=0) . .

o5 23 =ACT1n) @Spin-dependent forces in Y-N/Y-Y.
S=1 IN-AN(T=1/2) Q D | b a ry0n5

S=-2 EN-TA-XX(T=1)=EN(T=0)
S=-3 EX-EA(T=1/2)

S=-2 EN-ZF-AA(T=0) H D | ba I")’O n 7



Modern Picture of Baryon-
Baryon Interactions

» Nuclear Force from Lattice QCD
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Hadron Experimental Hall

First beam in Feb. 2009

= K1 SBR
Production

target (T1) ¢
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30~50 GeV
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K" Spectroscopy

—e—new fitto Y experimental data:
B : % H.Hotchi er al. 2000
R,=0253 ¢ May et al., PRL8 (97)
R =0.253 ® Hasegawa et al. PRC53 (96)
Ajimura et al. NPAS85 (95)
% Pile et al. PRL66 (91)

theoretical predictions:
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H.Hotchi et al., PRC 64, 044302(2001)



pernuclear Gamma-rays

_ Hyperball 1998~ Hypernuclear y-ray data (2012)
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AN Effective Interaction

V/&{ff = Vo(r) + Vo (r)sasn + Vale ansh £ V() eansn + Vo (r)Sio
A SA SN T

Parameters in MeV

A Sa SN T

0.430 —0.015 —0.390 0.030
0.330 —0.015 —0.350 0.024

by D.d. Millener



JLab: (e,e Kt

O. Hashimoto @ Hyp-X
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Schematic Top View of

New Hypernuclear Spectrometer
at Jlab
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2. -Hypernuclel

®x One bound state observed:;

(ub/srMeV)
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T. Nagae et al., PRL 80 (1998) 1605.



Harada and Akaishi

v Strong Isospin dependence

o T=1/2; U0 - Ut
— Lane term < O\ 0 B i
% : ' R(fm)
. UC > =UO + UtTC"[ > /A ;%—20 /
ol S attractive
— T. Harada et al., Nucl. Phys. A507(1990) 715. R B
~ T.Harada, PRL 81 (1998) 5287. BT T=3/2: UO + 1/2Ut
100
2" repulsive
g 50
§ 25+t
0 b i R(fn’;\)




Repulsive In Medium-

Heavy Nuclel

100

1shi / Nuclear Physics A 759 (2005) 143—169

» Vo=1+30 MeV, Wp=-40 MeV
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Gamma-ray Spectroscopy
of Light Hypernuclel

x Spin-flip B(M1) measurement for

LK ry) ALl at 1.5 GeV/c: M1(3/27 = 1/27)

x /AN Interaction in sd-shell hypernuclel Ge Detector

x 19:\F: easiest in sd-shell

x 1OAB

% ctC.

ref.



Neutron-rich RHypernuclel

with (rt,K*) reaction
NCX: (K-,n-), (m*,K*) reaction

SCX: (e,e’'K"), (K-,m?), (7t-,K°) reaction

DCX: (K-,rt+), (t-,K*) reaction

ordinary nuclel

A- hypernuclei

Akaishi:
Glue-like role of A
(B,=4.4 MeV)

+

ANN coherent
coupling ( +1.4 MeV)

“Hyperheavy hydrogen”: deeply bound

@@

unbound
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Double- A Hypernuclel

x “Nagara’ event;

x Uniquely identified

x ABam=1.01£0.02+0.18/-0.11 MeV .

0.67+0.17 MeV
(updated by Nakazawa@Hyp-X)

x smaller than betore (~4 MeV)

H. Takahashi et al., PRL87, (2001) 212502.



S=-2 World

Energy Spectrum of S=-2 systems

=-hypernucleus
=N

AA
H?

Large Mixing ?

=-N Interaction

~28 MeV

33 A-2

(Z-2)+A+A
Ba

Al (Z-2)+A 2, =
~75 MeV

A —Y— Large 3-body force ?

~300 MeV

Double-A hypernucleus
(A-2)g.s ®S\PA

/\B \ \’f- (,l ‘," f\B A \"_' () -,‘

My >2xMy - Bop)

II ) "" \.
A-A Interaction R Y4 é

.

el X
(M <2xMj - By ) N
Weak Decays

-—

v H particle mass
H + (A-2)




12C (K-, K*)

=-hypernuclei : -
previous measurement

* Previous experiment ; BNL-E885

% Not clear evidence of E-hypernuclear
bound state.
* pecause of

* Py shape analysis-and counts in-bouna
region, compared with-DWIA calc.

% 89+14 nb/sr (<8deg.); 42+5 nbo/sr
(<14deq.)

o
o=

-60
Excitation Energy (MeV)

P Khaustov et al., PRC61(2000)054603



Spectroscopic Study of = -Hypernucleus,
122 Be, via the 2C(K",K*) Reaction

x Discovery of & -hypernuclei

x Measurement of Z-nucleus potential depth and width

1.5 GeV/c

1.4 GeV/c

1.3 GeV/c
1.2 GeV/c

1.1 GeV/c

1.0 GeV/c




E05 Phase 2 with 5-25

® Grant-In-Aid for Specially promoted research: 2011 —
2015

® 60 msr, Ap/p=0.05% —= AM=1.5 MeV
® Construction of S-2S(QQD): ~3 years
® |nstallation in 2014
® Data taking in 2015 with =150 kW-!!
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(&)

—— DWIA calc.
120 (K K+) - AEexp=2MeV
_— AEexp =3 MeV
—_— AEexp =4 MeV
AE,,, = 5 MeV

d’c /dQdE [nb/sr/MeV]
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Ev NMa\nN

I. Motoba and S. Sugimoto, Nucl. Phys. A 835, 223 (2010)




X Detection of double hypernuclei
* 10 times’ statistics of E373 (KEK-PS) <~

104 =-stop

= ~102 double hypernuclei,

~10 identification of nuclide.

Diamond KURAMA
collimator Target magnet

QQDQ
magnets /

|[-

\

4
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J-PARC EO07: Hybrid-Emulsion Exp.

K+

Y. Emulsion
Beam Line SSD

Spectrometer Ge arrav

LR
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H search at J-PARC .

» (K',K*) reaction by JiK. Ahn & K. Imai et al.

m Hyperon Spectrometer + K Spectrometer

KURAMA magnet

~200 H’s
for 1ub/sr

“T=mduced’

~ = — ~ 2z,
2N) 2. 57 4.%)4

AN Invariant Mass (Ge'
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Meson-Bayon Bound Systems
with Strangeness
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Kaonic Hyadrogen X-ray
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New FINUDA gata
on K pp

» First evidence of Kpp with SLi+ Lit-'2C
+6/-5+3/-4 MeV M. Agnello et al., PRL94, (2005) 212303
+14/-1142/-3 MeV

n | O] | ISt
Confirmed for °Li-only, with-better §tat|st|cs S. Piano@Hyp-X

A p Invarian t Mass

New B A=5Li 7Li 12C

INV mass spectra
compatible with
published one
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FSI, 2N—=>/AN conversion cannot explain the new data



DISTO data on K pp

x D+P—K PP + Kt at 2.85 GeV
x M=2267+3+5 MeV/c?
x [=118+£8+10 MeV

B (K - pp) [M eV] p.ﬂ*{ll:-.ron
200 100 \ I}_ﬁ.lirlm -

T.-Yamazaki et al., PRL 104 (2010) 132502.
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K pp: theoretical status

Methods Binding Energy (MeV) Width (MeV)

Shevchenko, Gal, Mares
Faddeev

lkeda and Sato
Faddeev

Yamazaki and Akaishi
Variational (ATMS)

Dote, Hyodo, Weise
Variational (AMD)

KPP should exist as a bound state.
Deep or Shallow: 27
Width could be 40 — 100 MeV

A(1405)-p bound state ? (Arai, Oka, and Yasui)
FSI effects ? (Magas, Oset, Ramos, Toki)




Kbp search experiments at |-PARC

» SHe(K ,n) reaction at 1. GeV/c: E15
x d(rth,KY) reaction at 1.5 GeV/c: E27

R > K+ He =n + (K'pp)
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Preliminary Result : 3He(K",n)
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d(m*,K*) reaction

TC+ + unu — "A*" + K+
"A*" +"p" --> bound K pp minor
--> quasi-free A* dominant




d(m*,K*) inclusive spectrum;

in simulation

do 2/dQ2 /dM 21 6°(Lab)
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- T——

Range Counter System for E27

® 5 layers (1+2+2+5+2cm)
of plastic scinti.

® 39 - 122 degrees (L+R)

®* 50 cm TOF



d(m, K*) @1.7GeV/c
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Coincidence study
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Pion Coincidence
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Pion Coincidence Rate

e R_ = (Pion coincidence spectrum)/(Inclusive spectrum)
e R« (T emission BR)x(m detection efficiency)

Hits exept for proton are required with RC
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Proton Coincidence Rate

proton is required with RC

2N-AN Cusp

@2.13 GeV :

= “K-pp”’-like
structure

Missing Mass[GeV/c?]




Summary

x Baryon-Baryon Interactions « Hypernuclear Spectroscopy
= AN Interaction

x BA=28+1 MeV
x \ery small spin-oroit splitting
» A A Interaction; ABm=0.67=0.17 MeV

x> N Interaction

x One bound state in #sHe «Isospin dependence
Bs- ~ -30-MeV (Repulsive In medium-neavy nuclel)
N Interaction

n
—
=
—

x B=~14 MeV; weakly attractive 7

= KN Interaction; Large attraction in 1=0



