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Fast Rl beams | RIBF: Accelerator Complex in
- RIPS RIKEN Nishina Center for Accelerator-Based Research

SHE (z=110, 111, 112, 113) - GARIS.

0 135 MeV/nucleon

for light nuclei 350 MeV/nucleon 2 to be built
up to U
Rl beams (<5 AMeV) - CRIB 1st beam in Dec. 2006
CNS, U. Tokyo 1 built up to Big RIPS
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SRC the world largest superconducting cyclotron (8,300 t)



First beam !
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Atomic nuclei (isotopes)
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Rl beams at RIKEN so far

Ring Cyclotron (1987) + RIPS (~1990) <= LBL, GANIL (LISE)
fast “Rl-beam” or “RNB” by fragmentation (< 100 AMeV)
the most intense beams for some light nuclei
stop u- and Q-moments for neutron-rich nuclei
fast new lifetime measurements (1°C, ...)
fast Coulomb dissociation
for structure of light drip-line nuclei (''Li,''Be, ...)
for astrophysics (40O, 8B .)
fast fast Coulomb excitation, inelastic scattering (3°Mg, ..)
fast Yy Spectroscopy w. secondary fragmentation (**Mg, ..)
fast charge exchange, “knockout” or nucleon removal, ...
deg. lower energy reactions w. degraded beams (fusion, astro.)
fast new isotopes (°'F, ...), nuclear radii, ..

reactions with small mass transfers
v/c~ 0.3 =>0.6







Intermediate-energy Coulomb excitation
Charged particles (Si stack - AE-E)

T [H particle ID for ejectiles (3°MgQ)
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DALI2*

High efficiency
Doppler-shift correction

160 Nal(TI) crystals
4x8x16 cm3
AE~9% (FWHM) @ 662 keV
AB~9 deg.
For 1 MeV vy (B=0.3, AR/B=10%)
AE=8.7%
£=20%

1%

i
f !' |
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* Detector Array for Low Intensity radiation
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16C
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- decoupling of p/n motion
sensing p/n motion

Coulomb-nuclear interference
Lifetime

(P,p’)
(Q moment of neighbors)
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Elekes et al., Phys. Lett. B586 (2004) 34

1 6C + 208|:)b Japan-Hungary (ATOMKI) collaboration
iInelastic scatlering 251 20spptec 16c+(2+))208pb
+ E.., = 52.7 AMeV

N
1

-....,. huclear part

-
“egg-like” structure ? <~ "coherent sum "~

osf 575, = 3.1
strong | CoubmypEw

-ninteraction 0 Lleosti it it Tt
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2+ excitation: almost only by neutrons. Olab
<=> lifetime, (p,p’)

Coulomb-nuclear Interference in angular distribution

do/dQ,, (b/sr)
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NN cross section

Particle Data Group —
http://pdg.Ibl.gov/
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Ni isotopes
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RIBF

fast Rl beams very far from stability

as is (200-300 MeV/nucleon): Zero Deg., SHARQ, SAMURAI
nuclear reactions with no mass transfer <= matching
elastic, inelastic, charge exchange, knockout,
projectile fragmentation, multi fragmentation,
(reaction cross section, isotope search) .....
trap by an isochronous ring (Rare Rl Ring)

stopped
in solid: B decay, u, Q by B-NMR, isomers, ...(IRC beam)
In gas: mass (trap), (charge) radius, ..... , electron scatt.

SLOWRI, (SCRIT)
degraded (< 50 MeV/nucleon)
reactions with mass transfer
fusion (spectroscopy), transfers, ...
# some topics: possible by Bi Lg/—?/PS alone (+ small setups)
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RIBF in future (2007 - 2010 ?)

use of IRC beams SAMURAI

zero degree SCRI'I_'H
new injector ~ (Spectrometer) .\

2=
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H,,;f"’ A
. H,RB“IPS Rare Rl Ring
135 MeV/nucleon
for light nuclei 350 MeV/nucleon
up to U
: : SHARAQ (U. Tokyo)
independent operation 2006-2008
of AVF / RILAC / new cyclotron complex Slow RiI

pol. d capability: kept




Rl beams @ RIKEN --> RIBF
fast (b~0.3 -> 0.6) Rl beam -- fragmentation, fission in flight
reactions w. gamma or particle decay measurements
applications w. degraded / stopped Rl beams

farther from the stability valley
large p/n asymmetry
low density / weakly (un) bound states
shell evolution
change of “correlations”
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International Nuclear Physics Conference

TR ETHARY 2007

HE - S TOKYOJAPAN

23rd International Nuclear Physics Conference (INPCQ07)
Tokyo, June 3-8, 2007  hitp://www.inpc2007.jp
(early registration: Nay 13, 2007)

<satellite meetings>

Direct Reactions with Exotic Beams (DREB)
RIKEN, May 30- June 2 http://rarfaxp.riken.jp/DREB2007/

Nuclear Physics at J-PARC (pre-symposium)
J-PARC, before INPCO7

Nucl. Structure: New Pictures in the extended Isospin Space
Kyoto, June 11-14 http://wwwnucl.ph.tsukuba.ac.jp/NS07/

International Baryon Conference (BARYONSQ07)
Seoul, Korea, June 11-15







Nucleus with protons and neutrons

Behaviors <= different n- and p- numbers

v.s.E, I, T, p, ... J

A challenge:
extension in the n-p plane

Rl beams ~_ isotope production
J secondary reaction

new nuclear dynamics
nuclear response in high isospins
explosive nuclear burning
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exotic nuclear structure

shell closure
behaviors of p & n - correlated / decoupled

astrophysics
16C: “egg” structure ?

solar fusion decoupled n-motion
explosive burning

32Mg: large deformation

Si|22| 23|24 27l ] 31| 32| 33| 34| 35¢36| 37| 38| 39| 40| 41| 42
explosive hydrogen burning Al |21 30| 31 32| 33| 34| 35( 36| 37 38| 39

Mg 29| 30 31| 32| 33[ 34| 35| 36
28
Na 28| 29| 30| 31 32 33[ 34| 35
Ne 27 28 29) 30 neutron skin
? 14 26| 27| 28| 29 L A
- 8 Of12]13 23| 24 N d
fo[11]12 22|23 20 Magic # (N=20) disappears.
: 9 18/ 19| 20" |22 -
solar neutrino = 280: particle unstable
production 8 70 _
Loz new magic #, N=16
6
2 | -

»

neutron halo

molecular structure

Magic # (N=8) disappears.

neutron skin

heavy hydrogen
new 2n correlation



Zero—degree spectrometer

particle ID / momentum analysis

e.g. inbeam 'y spectroscopy

*

-
Y detector g }&
N

From BigRIPS




spectroscopy of unstable nuclei / nucl. astrophysics

50 - 90 MeV/nucleon

radioactive beam DALI

o Y o T o ﬂﬂ
O o e '
F2 target
D2 (208Pp) /
F1
plastic scintillator
hodoscopes
D1 Invariant mass
== RIPS - unbound states
[Ejj (RIken Projectile fragment Separator) partide 1D 0
i 56 Nal(Tl)
—— production target PPAC /’”"
N
_1i I -
B
primary beam 8B bea?‘l;lH ©
(cyclotron)
strong (light) Rl beams DALI '
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2+ location / B(E2) 3

of N =20 nuclei = |
=2
m

l e

Disappearance

sd-pf shell gap(N=20) 365 34Si 32Mg 39Ne
in 32Mg and 3°Ne — fw T T '
£ |
?12, 400 —
In-beamy spectroscopy A
5 y 6 _
with Coulex / (p,p’) S 200
Motobayashi et al., PLB 346 (95)9 @ |
Yanagisawa et al., PLB 566 (03) 84 0
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Counts/keV

y-rays associated with "H(34Si,2*Si*)'H and TH(**Mg,**Mg*)'H

(p,p’) -- neutron transition (M,)
high statistics -yyor yyy coincidence
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Decoupling of n- and p-distributions in 16C ?

In-beam y measurements with fast 1C Rl beams

y-decay lifetime measurement - new recoil-shadow method
T~75+23ps, B(E2: 2" —-07) ~ 0.3 W.U.

-— the Slowest ? E2 transition 20.0 :I TT T [T T T T [T T T T[T T T T [T7 Icl)l T 1;1
: 100_—(3) 0380 o g OOOO_'
| | Imai et Z/'t(?fgs) 5 199 6 - DO%QOO@Q N
16C+208Pb inelastic T RO = b ot Ko Ty
Coulomb-nuclear interference 05 F @ E
Mn/Mp:7°6:I:1’O h 2%_.(.1.)).4)....}...:}:..:}:..:{:._.
I - = -
Elekes et al. (2003) V osoF %‘W;
16C+1H inelastic 2 ozl 0 5 8 4
neutron-sensitive S COF @ 3
1 o 002 1 | | | Lo
d latge ﬂ 4 001, 10 20 30 40 50

Mass Number

M, >> M, ~B(E2) for 0t+— 2+
>> M, ~B(E2) for 0*— c.f. 5B: Q, 12C inel., (p,p’)
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NN effective interaction

0] Love and Franey
Phys. Rev. C 24 1073 (1981).
400~ J
y
| If
~ \
E \
> 300 / Transparent
s Yo . nucl. Interior
& single scattering
Z 200 p-elastic => density
:.i e Vtﬁ
100 . : - . ‘ |arge VGT/ VO
— ' ’ spin-isospin modes
A | GT, spin dipole ...
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HRYOBIIEEY o840 kA (SRO)

K=2,500 MeV
Self Magnetic Shield

Self Radiation Shield o
3.8T (240 MJ) Control Dewar of Llllqwd Helium

Side Shield Superconducting Bending Magnet

18-38 MHz (open in maintenance) »> l
8,300 tons i

4 .
' Upper Shield
- Upper Yoke

Side Yoke ‘5’--"""' J

Superconducting Main Coll rf-Cavity

Cooled by liquid He batk

Superconducting Trim Coill

Indirectly cooled by two phdSg fo Lower Shield

ed He flow
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SCRIT - e-Rl collision

SAMURAI - large acceptance Rare RI Ring - mass

/ iy
OO""E% |
l I
: o[
beam transpg ‘l'
-:y spectrosco
Y

SHARAQ - high resolution

SLOWRI- slow beams

beams to RIPS RIKEN RI Beam Factory



Major Facilities for Nuclear Physics (Science) in Japan

1.J-PARC
2.RIKEN (RIBF)

3.RCNP
(+SPring8) ... e

RCNP
secondary beams
high-precision beams
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