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Nucleon Strange Form
~actors

Jianglal Liu et al.

x Parity-violating electron Q=01 (Gevle®
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— SAMPLE-H \

elastic scattering

— HAPPEx-H-b
— =" HAPPEx-He-a

x SAMPLE, PVA4; | e
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x 5%=-0.006+0.016
x G5v=0.29+0.21




Strange quark contents
N Nucleon

» | attice QCD

2(IN'|ss[IV)
N |t + dd{ Ny

i

v=0.2+0.2 7

x JLQCD: Y= (1 6)stat(+6,‘8)extrap(+1 ,‘2)ms
x H. Ohkietal, Phys. Rev. D78, 054502 (2008)



QCD Phase Transition at
High- lemperature . ... ..

x Two (u,d) flavors: 2nd order

x [hree (u,d,s) flavors:

one

flavor

L attice QCD
F.R. Brown et al., PRL65, 2491-2494 (1990)




QCD Phase Transition at
High-Density

x [wo Flavors Three Favors
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Hadron Many-Body Systems
with Strangeness

x Hypernuclei : Hyperons(A, 2, =) in Nucle

P, @




3-dim. Nuclear Chart et

New types of Hypernuclei (.~“,, =
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Strangeness
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From 1974 Nobel Lecture by A. Hewish
“Pulsars and High Density Physics?,

At yet deeper levels the neutron-  uiaic
neutron interaction may result in
the creation of a solid neutron

lattice, although this possibility is
under debate, and finally there1s




What’s in the Neutron Star Core 7

quark-hybrid star

\

traditional neutron star

neutron star with

hyperon star

pion condensate

absolutely stable

\
strange quark Fe

\\106 g/cm3
\]OH g/Cm3

1014 g/c:m3

i neutron star with

R~10 km kaon condensate
P

matter

strange quark star

M~1.4 Mg

By F. Weber
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Baryon Interactions

» Nuclear Force from Lattice QGCD
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N.Ishii, S.Aoki, T.Hatsuda, Phys.Rev.Lett.99,022001 (2007).
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First Hyperiragment in 1953

M. Danysz and J. Pniewski
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First Hyperiragment in 1953

M. Danysz and J. Pniewski
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1970s - 1965




1970s - 1965
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Recoil-less Method :
“ Excited Levels of A hypernucleip - B
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Mid 80's - 2000




Mid 80's - 2000




Mid 80's - 2000




id 380's - 2000

N, Z hypernuclel
H dilbaryon
Double-A hypernuclei
YN scattering
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id 80's - 2000

N, Z hypernuclel
H dilbaryon
Double-A hypernuclei
YN scattering
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Inauguration Ceremony. on July o,
2009




Beam Extraction at Hadron
Exp. Hall: Jan. 27, 2009
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Success of (1K) Spectroscopy

experimental data:
H Hotchi et al. 2000
May et al., PRL78 (97)

Nuclear‘ . S b Hasegawa et al. PRC53 (96)
Ajmmura et al. NPAS8S (95)

Matter . , Pile et al. PRL66 (91)
SA = 28 Mev | theoretical predictions:

.-®-- R = 0553
e- R =054
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Counts / 0.25MeV

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



—=BJo0oo1: H. Tamura

Success of Hypernuclear

Gamma-Ray. Spectroscopy
x Hyperball @ Tohoku/KEK/Kyoto in- 1998

x 14 Ge(r.e.60%);

9 I = e
(2~15%, €~37% at 1 MeV , Upgraded to Hyperball2-
. in Tohoku (2005~)
x BGO SUPPressor E?ﬁ N




°Be (K',my) BNL E930('98)|| 108 (K-xy) BNL E930('01)

Hypernuclear Gamma-rays

Li (n*,K*y) KEKE419

{i5F
'z’ 3.88
T=1 ; 3/2*3 068
—,3.025

7Li etC. ( K.Stop, ‘{ T:-)

1 1.08 =
M1
7/2% 2,520

5/2% 2,05(

E2

4
A PLB 62 (1976) 467
PLB 83 (1979) 252

+
3/27 0. 692

NPA 754 (2005) 58c

Li ( K'stops YRO)
71152
i \ 12% 0o
PRL 88 (2002) 082501

12 ’ M1?
3H e .
o* PRL 84 (2000) 5963
PRI 86 (doo1] 7982  NFATO#(2009) 8¢
PEB-576-(200.
e (K-, 7y) at BNL-AGS
13C (K,ny) BNL E929 (N4 160 (K-ny) BNL E930(01)
XAP1/2 — 12" 10.08
2" 6.786
z 1" 6.562

4710 6176 -
> 32"

ot 1/t
4.229

1
1
I
I
I
I
1
1
1
1
I
1

E1
12*
T=1 2.268

PRC 77 (2008) 054375 PRL 93 (2004) 232501
EPJ A33 (2007) 247

EPJ A33 (2007) 243
——————PRLE 86120014255
PRC 65 (2002) 034607
by H. Tamura

NPA 754 (2005) 58¢




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



—HEA0001: L. Tang

JLab EO1-011: (e,e K"
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—=BJ0005: A Matsumura

127B "AHe

>2
(]
=
m1
-
o
—
N
c
=
o
o

15 20
-B, [ MeV |

» 12,B Ground state resolution: 465 keV FWHM Resolution : ~510 keV (FWHM) for g.s.
Data taking : ~30 hours w/ 30 uA

O. Hashimoto @ Hyp-X



2. -Hypernuclel

x One bound state observea: 283-(]_[_ KH)

(ub/srMeV)
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2. -Nucleus potential:

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



Gamma-ray Spectroscopy
of Light Hypernuclel

x Spin-flip B(M1) measurement for

» LKy aLiat 1.6 GeV/e: Mi(8/2 > 1/27)

x AN Interaction in sd-shell-hypernuclel Ge Deteotor

n 19 F: easiest in sd-=shell

ref.



Neutron-rich Rypernuclel

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

A- hypernuclei

ordinary nuclel

|
=

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» ABan=1.01+0.02+0.18/-0.11 MeV H

0.67 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)




Spectroscopic Study of & -Hypernucleus,
12=Be, via the ?C(K",K*) Reaction

x Discovery of & -hypernuclei

x Measurement of & -nucleus potential depth and width




=~ -Nucleus potential 7

;1 Uy <0, Uzs<0
s

Uy»>0,Ux<0

Fraction

Us >0, Uz>0
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—FEA0003: H. Fujioka
Evidence for Kpp In FINUDA

x Back-to-back A-p pairs in Stopped K- absorption

+6/-5+3/-4 MeV
+14/-11+2/-3 MeV

+

" e o
2.25 23 235

p-A invariant mass [GeV/c”]
M. Agnello et al., PRL94, (2005) 212303




—CD0008: A. Dote

Theoretical work on K pp

n
...but maybe broad (consistent with EINUDA)
ATMS  Variational Faddeev Faddeev \/5riational
(MeV) Yamazaki & Dote, Hyodo, Shevchenko, Gal, lkeda & Sato,

Wycech & Green,

Akaishi, PLB535 Weise, PRC79 Mares, PRL98 PRC79 (2009) PRC79 (2009) 01400

(2002) 70. (2009) 0140083. (2007) 082301 035201.
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New FINUDA data on K pp

» First evidence of Kpp with SLi+ Li+-'2C

A p Invarian t Mass

New
INV mass spectra
compatible with
published one

4New data Old data
Same cuts applied

Counts/10MeV/c?
W
w

>

no acceptance corrected

r::u—A invariant mass [GeV/c?]

FINUDA Coll., PRL 94(2005)212303

2%00 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500
MeV/c?

no acceptance corrected

FSI, 2N—=>AN conversion cannot explain the new data



DISTO data on K pp

x D+PK PP + KEat 2.85 GeV
Peak properties:
e M =2.267+0.002 GeV/c’
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In-flight (K-n) reaction on *He

> K+ 3He —=n + (K'pp)

Neutron
ToF Wall

d?¢/d0 dE_, (ub/(sr MeV))

' Beam Sweeping
R Magnet

mass resolution for K-pp
Cylindrical invariant mass

- Detector o = 19MeV/c? (O¢pc = 250um)
D 1GeV/c | - missing mass
b, (iev/c) K-beam ystem G = 12MeV/c? (G, = 150ps)

o L= e
1100 1150
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Summary

x J-PARC; construction completed.
x Will open a new era for Strangeness Nuclear Physics.
x Day-1 Experiments are about to run.

x = hypernuclear SPectroscopy

x Hypernuclear y-ray: Spectroscopy
x Search for Kaonic - Nuclei
x Neutron-rich hypernuclel

® aNnd more ...
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