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The low-energy Coulomb excitation is a most
direct method which selectively excite the collec-
tive states with cross sections that are a direct
measure of nuclear matrix elements. This tech-
nique is precise and safe as the Coulomb elec-
tromagnetic interaction is well known and is free
from nuclear contributions. Reorientation effect
(RE) in such Coulomb-excitation measurements
plays a vital role in nuclear structure physics as
it facilitates information about the shape of even-
even nuclei by determining the diagonal matrix
elements 〈2+1 || Ê2 || 2+1 〉, which are, in turn,
proportional to the spectroscopic quadrupole mo-
ment, Qs(2

+
1 ) [1],
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The RE is a time-dependent second-order per-
turbation effect in Coulomb-excitation theory
which causes the hyperfine splitting of magnetic
substates and influence their population accord-
ing to the sign and magnitude of Qs(2

+
1 ),
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)
, (2)

where k1(ϑc.m., ξ) and k2(ϑc.m., ξ) contain the de-
pendence of σE2 on the trajectory of the projec-
tile. A positive sign of Qs(2

+
1 ) indicates an oblate

shape in the intrinsic frame whereas a negative
sign of it represents a prolate shape.

According to Morinaga and Ikeda, A=4n self-
conjugate light nuclei can exhibit α cluster struc-
tures gradually emerging with increasing internal
energy which are fully realized at the α thresh-
old [2, 3]. The original experimental evidence for
α clusters came from the identification of the 0+2
excited state at 7.654 MeV as the Hoyle state
[4] in 12C, composed of three α particles, and
which resonance accounts for the observed car-
bon abundance in nature. These α cluster states
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may mix with the shell-model or mean-field states
at lower excitation energies. Considerable mix-
ing of ≈ 15% with the ground state is predicted
in fermionic molecular dynamics (FMD) calcula-
tions [5]. Experimentally this mixing is also sup-
ported with the reported large electric monopole
transition strength, 103×ρ2(E0) = 500(81), from
electron scattering experiments [6]. The mix-
ing of α cluster states with the mean-field has
pronounced effect on the ground state shape in
12C which was reported to have a oblate shape.
Various scattering measurements have been per-
formed to estimate the quadrupole deformation
(β2) such as (e, e′), (p, p′), (α, α′), although most
of these experiments are insensitive to the sign
of deformation. These studies reported the β2
values spanning from ≈ +0.3 to −1.37 which
does not show conclusive evidence for the oblate
ground state deformation in 12C predicted in α
cluster models [7].

Previously, only one Coulomb-excitation RE
measurement (CERE) was performed in 1983 by
Vermeer et al.,[8] who determined the Qs(2

+
1 )

value in 12C through inelastic scattering data
of 12C on 208Pb at 53 MeV. This study esti-
mated the Qs(2

+
1 ) = +0.06(3) eb through normal-

ization procedure (considering B(E2) = 38.8(22)
e2fm4 and global nuclear polarizability parame-
ter, κ(2+1 ) = 1) which supporting the oblate shape
for the 2+1 in 12C.

A CERE measurement of 12C was carried at
TRIUMF/ISAC facility using TIGRESS clover
detector array comprised of 8 TIGRESS HPGe
clover detector each having 32-fold segmentation.
A beam of 12C ions with 4.97 MeV/u was used to
Coulomb excite the first 2+ state at 4.439 MeV
in 12C by impinging on a 3 mg/cm2 thick 194Pt
target. The scattered beam and recoiling par-
ticles were detected in a double sided, 500-µm
thick, CD-type silicon annular detector which was
mounted at 19.4 mm downstream from the target
position. Fig. 1 is a representative sum γ−ray
spectrum obtained from the TIGRESS array in
coincidence with the particles detected in CD de-
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