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Introduction

Nuclear Structure @ far from the stability

1) Halo/Skin: Universal?

2) Collective Behavior?

3) Single-Particle Behavior, Shell Model?
4) Structure Beyond Drip Lines?

- Spectroscopic Tool



Reaction Experiment using RIB
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Physics Programs using Invariant Mass Method

J Giant Resonance for nuclei far from the stability
GDR,GQR,GMR for nuclei with large Tz, neutron-skin/halo

Low-lying Discrete States of Weakly-Bound Nuclel

19B,22C 31Ne etc.

Coulomb Dissociation as a spectroscopic tool
31Ne’81Zn

Molecular/Cluster States
12Be(°*He-°He),8C(°He-°He-°He)
Spectroscopy of Nuclel Beyond Drip Line

26,28() 30F

Other Programs

Multi-neutron removal cross sections
Various breakup channels At once G.4n Oon O -



(DAIMAJIN)

800 r——

600

-15deg

+15deg

NEUT ]
: i az=s | @
4007 250MeV/u ]
E Odeg +-
[ ; N ]
200 | = / J . O
| B =
b
_ 77 _
\,,%/ﬁ' ~3 1 @
_.[ DAIMAJIN ¥ m— A
~40%00 '—4|0(; - '-zloc; b lzcl)o | l4cl>ol - leoo‘ B%/nzx\zgg(;rl\;ln y
= e




~Reqguired ResOIlutorl

)PID Resolution:  Mass resolution 100 with 4c separation
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Acceptance

120 1 1 T v 1 v I 1 31 1 T 1 1

Ne—>3°Ne!+l'nl o
Y ! 100
vreI g E
045 | EBOE_
Vias S sl
1 7, g%
EreI_E,LlVrel o, |
(] B
§ 40 -
Acceptance '
is determined T
by neutron! i | | |
10deg @Erel=8MeV o 2 4 6 10

En
Daimajin(new) 250MeV 10deg(V) X 30deg(H) (90msr) BL=7Tm
Daimajin(old) 250MeV 8.6deg(V) X 19deg(H)
GSl 600MeV 9.16deg(V) X 9.16deg(H) BL=5Tm (being designed)
MSU 80MeV 11.4deg(V) X 11.4deg?(V) BL=2.8Tm



Detector depth vs. Efficiency (Code by Cecil et al.)
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plrule Force

(45 x 8 layers=320 Modul es)
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Collective Behavior of Neutron-Skin Nuclel

Thick Neutron-Skin . Contain many neutrons

B(ED) gin —— Collective Mode
A Soft Dipole(E1)
Resonance?
Coulomb
~ Breakup
10~20MeV E,
! Breathing Mode(E0): Incompressibility

'_O_' neutron- star

! supernova



S0IL DIPOIE RESOTallCe.

RIBF(250MeV/u) vs. GSI(600MeV/u)

80Zn+28pPp  80Zn Beam: RIBF=100*GS|
80Zn(~1kcps @RIBF vs. ~10cps@GSl

Target Thickness . RIBF=0.4*GS
E1 Photon @Ex=10MeV: RIBF=0.8*GSI
Neutron efficiency : RIBF=0.6*GS

Total Yield . RIBF=~20*GSlI

B 208
Zn + "Pb

Ng,




Single Particle State
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Coulomb Dissociation of 19C

r-process?  T-Nekamuraetal., PRL83,1112(1999).

Non-resonant Soft Excitation

=) Spin-parity, Spectroscopic factor for g.s

8171 + 208Pp
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8lgn + 208pp




(p,n) type reaction

1y IAS Teranishi et al. PLB407(1997) 110-114.
LI+p — 11Be* +n Takeuchi etal. PLB

— SLi+p+n
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E0)

EO)
Breathing Mode

EO

10~20MeV  Ex
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DAIMAJIN

Soft Mode

N Collective Excitation
Nuclear Incompressibility

Lowering of 3sorbital Single Particle State

Broad-Range Pl Machine M easurement of
G_,n a once



DAIMAJIN
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DAIM Agekakudo-dairittaikaku Jl ba-shiki
Nuclear spectrometer



