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How should we excite Cluster States?

Various reactions were devoted to excite cluster states.

7, Cluster transfer 7 Capture \
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v" Cluster-transfer reaction
@ Complex reaction mechanism due to the low incident energy.
@ Small reaction cross section.
@ Limited energy resolution.
v Low-energy resonant capture reaction
@ Sensitive above the cluster-emission threshold only.
@ Coulomb barrier disturbs the reaction near the threshold.

Inelastic scattering can be a complementary probe.

© Simple reaction mechanism at intermediate energies.
© High resolution measurement is possible.

© Sensitive to the entire E, region.

© Selectivity for the isoscalar natural-parity excitation..



EO Strengths and o Cluster Structure

Large EO strength could be a signature of spatially developed o cluster states.
T. Kawabata et al., Phys. Lett. B 646, 6 (2007).

0f, state in 2C: B(EOQ; IS) = 121+9 fm*
Single Particle Unit: B(EO; IS) , ~ 40 fm*

v' SM-like compact GS w.f. is equivalent to the CM w.f. at SU(3) limit.
v GS contains CM-like component due to possible alpha correlation.

v'SM-like Compact GS. ,
r
>
EO Operator

/ v'Developed Cluster State

Mon_opole operators e_x0|te - T Yamada et al.
inter-cluster relative motion. Prog. Theor. Phys. 120, 1139 (2008).

EO strength is a key observable to examine o cluster structure.
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Cluster State in 1B

Adilute 20 + t cluster state is excited by EO transition with B(EO;1S) = 9616 fm?.

T. Kawabata et al., Phys. Lett. B 646, 6 (2007).

x10% 1
r <
r @ % B(d,d’)
AT e g E, =200 MeV
P L 35 o0 0
g s & 0=0.0
§ 3+ c
- <
E I = ™
g, S <
~— 2 — N~— E
s I > N )
21 ~ S S
1k A ~
r =
i dt 0
ol 1. ALY WW ‘
0 5 10 15 20
Excitation Energy (MeV)
12 ) 11 H
10 L cdd) | g0l Bdd)
F 7.65MeV (05) F 8.56 MeV (3/2)
0 — Sum
o) --- AJ=0
1 - E 1} - A=2
: S F
° i
-1 © -1
10 = ©10
:‘\\\\‘\\\\‘\\\\‘\\\\‘\\ :‘\.\\\‘\\\\‘\\\\.\\1\1\\\\\
0 05 1 11.5 2 0 05 1 11.5
q(fm?) q(fm?)

 3/2-, state in 1B is strongly excited by the EO
transition in the (d,d’) reaction.

 Analogies between the 3/2-, state and the 0%, state in
12C (dilute-gas-like 3a cluster state) have been
observed.

» Similar excitation energies and EO strengths.
» Locates near the o decay thresholds.
> Not predicted in SM calculations.

» AMD (VAP) successfully describes the 3/2-, state with
a dilute 2o + t cluster wave function.

3/2, (95.)

<r>12=251fm

3/2,

<rz>12 =30 fm

Y. Kanada-En’yo, Phys. Rev. C 75, 024302 (2007).

EO measurement is a new useful spectroscopic tool to search for a cluster states.



o. Cluster Structures in Be Isotopes

AMD Prediction:

Excitation energy _
Excess neutrons drastically changes cluster structures.
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o, Cluster Structures in 12Be

Candidates for the Atomic and Molecular states were observed.
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A AMD
Y. Kanada-En'yo et al.,
PRC 68, 014318 (2003)

® M. Freeretal.,
PRL 82, 1383 (1999)

® S. Shimouraet al.,
PLB 560, 31 (2003)
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Inverse kinematics must be employed in RI-beam experiments.
\

Normal Kinematics Inverse Kinematics (mi, pi)

(M, B;) _
(m5) - AC (M P /Q'\(in )

- (mk’ f)k)
(mz’o)Q O(ml,O) %Z/\

. (0. 7)
Missing mass spectroscopy Invariant mass spectroscopy ~
Inverse kinematics comes with difficulties ..... (mi, f’i)
® Decay particles (n, v,...)carry away (/
energy information. (m,, B,)

/(mj, p;)
—> Al particles must be measured to Q Q O? )
———— I m,, rjk

construct excitation energy spectra.
(m;,0) O

Missing mass spectroscopy is possible by measuring Q\(mS, B,)
the low-energy (100 keV to 2 MeV) recoil particle.
—> Active target is needed.
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Sizable EO strengths show existence of cluster correlation in GS.

Momentum Dist

Cluster component (CM) should exist in the GS wave function.

es)=|sm){slcm)| 5«17

Equivalent to a cluster

Lo\

Spatially well developed.

w.f. at SU(3) Limit.

~
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Y. Funaki et al.
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. of o should be a good measure of o correlation in GS.
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Momentum dist. of a in GS can be determined by measuring oo knock-out reactions.

Knock-out reaction is relatively easy to
perform even in inverse kinematics.

Knocked-out

Large cross section o particles
Easy to construct missing mass. /
. @
Target :: Residual nucleus
RI Beam (alpha or proton) (Not detected)
¥Scattered
o particles

v'Momentum Dist. of a could be a measure of cluster correlation in GS.
v a-cluster correlation should enhance o knock-out cross sections.
v’ Test experiment on stable nuclei might be needed.
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