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PRC 64 (2001) 044302

Present status of the YN, Y 89Y (r+ K*) 89,Y
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Understanding baryon-b.

in terms of g .
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-- Strangeness plays essential roles.

Yes, itis ! (LS, splitting~0)

Yes, a suggestion exists.
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High density matter in neutron stars

Large neutron Fermi energy -> Hyperons appear
Baryon fraction: sensitive to YN, YY interactions

-> Maximum mass, Cooling speed; How to explain M=1.97 + 0.04 Mg ?

Hypernuclear data -> realistic calculations possible One probable assumption
We still need but should be determined

B by exp.
EN, AA, ZN, KN forces, AN p-wave force,

NNN and YNN force, .. n star
Po n
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Miwa et al. (P40)

YN Scattering Experiment

m  Hyperon production JPARC K1.8 beam line + SKS
1.3 GeV/c ©* p -> K*Z* reaction -

m X" track not directly measured
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m Differential cross section of 2-p and X*p scattering
with 100 times larger statistics

D ->
= Xp->Analso measured SN(S=1 1=3/2)

P
B Motivation: See “quark-Pauli effect”
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Check the theoretical frame work
Extended to flavor SU(3) symmetry.

Evaluation of quark Pauli effect andcose“‘”
understanding the origin of the hard core
of the nuclear force
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J-PARC E13 (Tamura et al.)
Gamma-ray spectroscopy of light hypernuclei

-- Baryon’s magnetic moment in a nucleus

How the magnetic moment of baryons changes

in a nucleus? _eft mg:Const
,uq— quark mass

..can be measured usinga A 1" 2m,c

A ‘| Reduction of my

_ o by chiral sym. restoration
Direct measurement of p : extremely difficult | ->enhancement of u??

-> B(M1) gives g, value

e
) K- rea tlon Opt &
BIMT) = (2Jyp + 1) [< Wrow 1 [P 212 ¢ ’” 6 At de

3 2Jput 1 ( 2 "hypernuclear
= gr-9g C) [ iy ] fine structure"
8n 2J,+1 o
core nucleus O | Po
. : A Al|n s-orbit
~100% Doppler Shift Attenuation Method : in s-orbit
/ / Applied to hypernucleus
I'=BR/z 671: E3 B(M1) “hypernuclear shrinkage” in 7,Li from B(E2)

Tanida et al., PRL 86 ('01)1982
(accuracy ~5%)



Preliminary data on g,
B E930 (M. Ukai) B

g,= -1.1 +0.6 My | 10B (K-, ) 1OAB* ” ! 3/2+

04 S T 1/2+
t from DSAM -> LI+ *He 7L
B E566 (Y. Ma)
Ja > -1.76 | SN 12¢C (K', 11:') 12AC* 3+ ::‘. 7/2%
1 D* og 5/2*
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= - -+
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> Br(21)=0.19+0.12 HC TR G o
- Weak decay rate of 2-and 1" are assumed A
to be the same, T, ., = (lifetime 230.7%6.3 ps)!
=> T\, =Br/(1-Br) T,... ® g,(free) = -1.226 uy

=> J-PARC E13: "Li (K-, &) 7,Li(3/2*->1/2*) ~ 5% accuracy for B(M1)
¥F (K-, ) 19, F(3/2*->1/2*) ~ under estimate



19 F spectroscopy (E13)

The first sd-shell hypernuclear study
Radial dependence of AN spin-dependent interaction
--- sensitive to interaction range and exchanging mesons
T (Sp-dy) > T (Sp-Pn)

Separated from

19 B
(K,m) angular distribution AL= F (K1)
/AL:O
1.081___ 0 e
T=1 1.042 T _1/21 /AL=2
0.937 oo -7/2%
3t \ 52
o1t 3/2*  0.429 MeV
18 * 12+ 0
'9F  B(M1) Calc. (Millener)



Future:
B(M1) measurement

by y-weak coincidence i

method

Heavy hypernuclei
(e.g. 298, Pb)

E(B)-E(A) < 0.1 MeV

Y

8 : T, Same order
(0.1~0.3ns)

n~, p (weak decay)

Measure the time spectra of weak decay particles
in coincidence with B->A y ray and with C->B y ray
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Single particle energies of A

Experimental data

E(s4 P4 dy, fhe) <0.1 MeVaccuracy high resolution (e,e’K*), (n+,K*)
E(s,)—-E(p,), E(p1/2,,)—E(p3/2,) <0.01 MeV accuracy
vy spectroscopy for E1(p,— s,)
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do/dQ (ub/sr)
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A hypernuclel: Impurity effect

vy spectroscopy + high resolution (e,e’K*), (*,K*)

sShrinkage of 7,Li from B(E2) confirmed
Tanida et al., PRL 86 ('01)1982

m Clustering of normal nuclel and their response to A
9 13 20 Shrlnka eby A
ABe, 13,C, %0 Ne, .. 9e 2y

— clustering structure in 8Be,°C e &

m Change of deformation / collective motions
sd-shell hypernuclei J+ hg

23,24ANa, 24,25,26AMg,

m Disappearance of neutron halo: B(E2) in 7 ,He
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> 0.059
Calc. by Hiyama
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Impurity effect in deformation

Myaing Thi Win and K.Hagino, Phys. Rev. C78, 054311 (2008) RMF calc.
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T. Koike, Plans to investigate 242>26 Mg hypernuclei
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A Plan of Hadron Hall Extension

Completed/ under constructlon
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Nuclear matter in neutron stars

investigated by experiments and
‘astronomical observations

(D

Department of Phy ics, ohoku Unviersity



EQS covering
%ide range of p, p/n asymmetry, World-best
two accelerators
ASTRO-H

astronomical satellite
D: theory

C: astronomical X-ray

= radius and
mass

observation

B: neutron-rich nuclei

Ultra-cold atomic gas

= asymmetric nuclear matter
and thin neutron matter

Al strangeness = |nteractions between
nuclear physics strange particles
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