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1. Physical subjects

- Isovector resonances
- Relative spin-strength (A S=1/ AS=0)

- Nuclear interaction : Vz, Vo=

- Direct evidence of
AS=0 and AS=1 isovector reasonances

- Distribution of
relative (A S=0)./(AS=1) strengths

- Underlying continuum shape

1.
2. Isovector electric monopole resonance in “Ni

3. Soft dipole resonance in *He
duster axcitatien




2. Principle of measurement

7Li—7Be transition and spin-selectivities

7Be-y coincidence

Separation
between Be0 and Bel-reaction channels

Deduction of AS=0 and AS=1 spectra

R = o(Bel)/ o(Be0)
is obtained from spin-flip transitions.
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Experimental Procedur ® RCNP

Beam : 7Li 3+, 65 AMeV (afew nA) N T
Targets : 6Li, 12C, 28Si, 60Ni +15 v
7Be4+ : Grand RAIDEN at 6=03", {° g

y-ray : NYMPHS (GSO-detector array)
GSO at 8=55 90" 125 150
detection of Doppler effect
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Charge exchange Spin-flip & Spin-nonflip Reaction

Nakayama, S. et al.

Nucl. Instrum. Methods A404 (1998) 34.
Phys. Rev. Lett. 83 (1999) 690.

Phys. Rev. C60 (1999) 047303.
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Cluster excitation in Li nuclel
Shintaro NAKAYAMA
Univ. of Tokushima

1. Subjects

Li-isotopes = Cluster structures
°Li(g.s) =d+ . t+°’He

Li(g.s) = t+ @

— Exotic cluster structures in Nuclei
(Residual nucleus : He)

o b= by . e o - | [ - |- | =44 [ Y - { )
5. Nakayama etal., Phys. Hev. Lett, 85 (2000) 26

Cluster excitation in Nuclei
(Target nucleus : Li)

S. Nakayama etal., Phys. Rev. Lett. 87 (20

2. Experimental procedure

65A-MeV “Li beam : RING cyclotron of
RCNP, Osaka Univ.

Reaction : °Li, 'Li(’Li,’Be) @ 65A MeV

Observables : Spin-flip and Spin non-flip
spectra

Angular distributions
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Resonances in *’Li

1. (y,n) reaction (GDR)

B.L. Berman and S.C. Fultz., Rev. Mod. Phys. 47 (1975) 713.
°Li: E,= 8.5 MeV in *He
Li: E=6 MeV in 'He
2. (n,p) and ('Li,’Be) reactions

(p,n): F.P. Brady et al., J. Physics G10 (1984) 353.

('Li,/Be): S.B. Sakuta et al., EuroPhys. Lett. 22 (1993) 511.
J. Janecke etal., Phys. Rev, C54 (1996) 1070.

°Li: E,= 8 (GDR), 15, 23 MeV
Li: E=7 (GDR), 18 MeV
Q (E =23 MeV in *He) ~ Q (E =18 MeV in "He)
- Common constituent in *’Li
( o-cluster)

3. AS=0 and AS=1 spectra
in ("Li,’Be) reaction

GDR, SDR in *’Li and ‘He
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@ 65AMY , B, <2°
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GDR & SDR in He

1. GDR .

2. SPR

Counts/0.5MeV

AS=0, AL=1

‘He( 7 ,n) reaction

Berman & Fultz, Rev. Mod. Phys. 47 (1975) 713.
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ES52

Evidence for the soft-DR

in ®Li(’Li,’Be)°He reaction
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Table 1: Isovector dipole resonances studied by the Li("Li,”Be)®He reaction at 65 AMeV.

[ GDR SDR RS

E, (MeV) 12.14+1.5 @ b) 4+1

T (MeV) 1543 b) 41
o(0°) (mb/sr) 1.440.2 1.74+0.3 0.940.2

a) Excitation energy in °Li.
b) E, and I' for the SDR are assumed to be the same as those for the GDR.

Energy-weigted sum-rule (EWSR)
EWSR(GDR) = C NZ/A

EWSR(soft-DR) = C (N-Z)?/A(A-4)
where C = 4% %—

[ Y. Alhassid et al., Phys. Rev. Lett. 49 (1982) 1482. |

EWSR(GDR) _ NZ(A-4) _
EWSR(soft-DR)  (N-Z)?

Observed cross section x E, (mb/sr x MeV)

C(GDRFE. 1482 .. ..

o (RS)*E, 0.9%4

Observable: AS=1, AL=1, E =4 MeV, o =0.9 mb/sr

== RS is a candidate for the soft-dipole resonance.
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406 B.V. Danilin et al./Nuclear Plysics A 632 (1998) 383-416.
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Fig. 10. Charge-exchange strength functions to the 6He continuum, for different final-state spins and parities.
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Fig. 11. Inelastic strength functions to the 6He continuum, for different final-state spins and parities.
4.3. 0~ spin-flip dipole mode

The response function shows a very wide bump at 6-7 MeV with'a width of the order
4-6 MeV. An analysis of the potentials shows an absence of pockets in both diagonal and



Coincidence measurement

between 7Be-ejectiles and
-decay particles
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COUNTS./0.2-MeV

Li("Li,"Be) °He, E =65AMeV, 6 <1.5°
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Schematic picture of Cluster-Excitation | ]
’Li(’Li,’Be)*’He @65A MeV '

"Nuclear triton-cluster molecule"




SUMMARY

Cluster-Excitation in Li Nuclei

('Li,’Be) reaction at 65A MeV
A S=0, AS=1 spectra

AL (angular distributions)

¢ @ -cluster excitation
higher E_than that of a freea by ~ 3 MeV
- Medium effect ?

formation of exotic cluster structure
(2H "H, “H _4H)

« d-cluster excitation
dipole osciliation between a - 2n

l E=4MeV, I=4MeV
candidate for a soft-dipole resonance

« *He-cluster excitation
dipole oscillation between t-t

,], AS=0,1, aL={
5Li (t+°He; °S,) —» °He (t+t ; °P, or 'P,)




PEFBRZERVCHANS

O Radiative capture reaction

as a probe of clustering in the g.s

O Break-up reaction

as a probe of cluster molecuie states

O Cluster transfer reaction

as a probe of cluster molecule states
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Radiative Proton Capture on *He

E. Sauvan,* E.M. Marqués,"' H.W. Wilschut2 N.A. Or,' J.C. Angélique,' C. Borcea,® W.N. Catford,*
N.M. Clarke,5 P. Descouvemont,® J. Dfaz,” S. Grévy,' A. Kugler,® V. Kravchuk,? M. Labiche,'* C. Le Brun,-*
E. Lienard,! H. Lohner.2 W. Mittig,? R. W. Ostendorf,2 S. Pietri,! P. Roussel-Chomaz,’ M.G. Saint Laurent,’
H. Savajols,’ V. Wagner,? and N. Yahlali’
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Radiative capture of protons is investigated as a probe of clustering in nuclei far from stability. The first
such measurement on a halo nucleus is reported here for the reaction 6He( p, y) at 40 MeV. Capture into
7Li is observed as the strongest channel. In addition, events have been recorded that may be described
by quasifree capture on a halo neutron, the a core, and *He. The possibility of describing such events
by capture into the continuum of "Li is also discussed. :
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FIG. 2. The reconstructed '?Be excitation energy spectra
(a) #B,g;'_;ﬂg_-qiﬂe_ for proton plus carbon recoils,
Sb) Be — °He + *He for carbon recoils, and (c) ?Be —
He + *He for proton recoils. The dotted histogram in
(a) represents ®He + SHe decay events identified with the
Q = —10 MeV peak in Fig. 1a and, hence, is dominated by
events with carbon recoils.
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Cluster Transfer Reactions for Neutron-Rich Nuclei

S. Shimoura
CNS, University of Tokyo

bHe - 'h'aus-(ef veact 2
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Figure 1: Schematic view of-the 7Li(®He,'?Be®)'Hl reaction followed by the

6}le+°lle decay.
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4. VUSRI —DNFEE

Reaction

CEX : (Li.’Be), (*He 1), (°Li *He),
PiCk'UD . (p,d), (d,'He), ("He, a ); (p,1), (P He), (d.°L1), (&, 'Li), ..
St”ppinu . (d {,"_i, ("He.d), ( & He): ("He P) 1 | LRI L&), s

Cluster excitation
target °Li : a+d, "He +1
4 B MY, 75

'Be : ‘Be +n
“B : ‘Be+d
"B : "Be +1

A= 6,7 : t and/or °He
12=A=8 : 2a+ xn
sLi : 3t-9FIRRE
2C : 3a- 9FIRRE

Measurement

triple-coincidence with  and cluster-particies
correlation pattern — spin-parity

7 -decay mode
— transition between molecular states




Schematic picture of Cluster—Excitation

7Li(’Li,’Be)*’He @65A MeV

Nuclear triton-cluster molecule
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Experimental Procedure

Entrance siit of G.R

Beam : 3He, 450 MeV (a few tens nA)
Targets : 7Li, 12C +/- 30 me
o : Grand RAIDEN at 6<5’ +/-25 e

charged particles
. Si-detectorsat 6= -4 ~ 170

y-rays : 3"¢x6" Nal(Tl) , Ge

D1 Q2 Q1 /\'E»He Beam
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‘He s

\

30 cm %
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Focal-plane
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5. K&H

e BFREDI A —BIE ——

o LiRFEPDYI S5 RY —Rhitc
(’Li,’Be) reaction at 65A MeV

A S=0, A S=1 spectra
AL (angular distributions)

a, d, *He-cluster excitation

@ . formation of exotic cluster structure
(*H -*H, *H -*H)
d : candidate for a soft-dipole resonance
*He : °Li (t+*He; °S ) — °He (t+t;°P or 'P)

CEX, pick-up, stripping reactions
cluster excitation

x(3N)+yN, x @ +yN, exotic-cluster 53 F%i&
BF-r ERETERIE



