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Abstract. The elastic scattering cross section measured at energies E < 10 MeV/nucleon for some
light heavy-ion systems having two identical cores like '*O+'2C exhibits an enhanced oscillatory
pattern at the backward angles. Such a pattern is known to be due to the transfer of the valence
nucleon or cluster between the two identical cores. In particular, the elastic & transfer has been
shown to originate directly from the core-exchange symmetry in the elastic '**O+'>C scattering.
Given the strong transition strength of the 2| state of 12C and its large overlap with the '°O
ground state, it is natural to expect a similar o transfer process (or inelastic o transfer) to take
place in the inelastic '*O+'2C scattering. The present work provides a realistic coupled channel
description of the o transfer in the inelastic '*O+'>C scattering at low energies. Based on the
results of the 4 coupled reaction-channels calculation, we show a significant contribution of the
a transfer to the inelastic '*O+'2C scattering cross section at the backward angles. These results
suggest that the explicit coupling to the Q transfer channels is crucial in the studies of the elastic
and inelastic scattering of a nucleus-nucleus system with the core-exchange symmetry.
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I. INTRODUCTION

For some light nucleus-nucleus systems having two identical cores, the measured elastic
scattering cross section shows an enhanced oscillation at backward angles. Such a pattern is
established to be due to the elastic transfer of the valence nucleon or cluster between the two
identical cores, and the observed oscillations originate from the interference between the elastic
scattering and transfer amplitudes. The elastic transfer process was observed for several light
heavy-ion (HI) systems at low energies [1], and it had been studied over the years to extract the
structure information on the nucleon- and cluster spectroscopic factors (see, e.g., the review [2])
and the asymptotic normalization coefficients [3,4]. Our recent studies have shown clearly the
direct link between the elastic transfer process and the parity dependence of the nucleus-nucleus
optical potential (OP), a natural consequence of the core-exchange symmetry of the dinuclear
system under study [5, 6]. These results are an important step toward a deeper understanding of
the core-exchange effect in the elastic nucleus-nucleus scattering, which has motivated a renewed
interest on this topic [7].

The core-exchange symmetry and the associated transfer processes show up not only in the
elastic scattering but also in the inelastic light HI scattering [2], which is dubbed as the inelastic
transfer process. Although several experimental [8—18] and theoretical studies [19-22] were done
to investigate the inelastic nucleon transfer, the inelastic o transfer process was rarely studied so
far. The finite-range distorted wave Born approximation (DWBA) and, more recently, coupled
reaction channels (CRC) method have been used to explore the impact of the inelastic o transfer
on the 1°0+12C [23-25], ?Be+!3C [26], 1°0+2°Ne, and “N+!°B scattering at low energies [27].
These studies show a significant contribution of the ¢ transfer process to the inelastic scattering
cross section at the backward angles, a situation similar to that of the elastic & transfer. At vari-
ance with the elastic transfer, the inelastic & transfer carries more structure information on the
core excitation, in particular, the ¢-core configuration of the excited state. A consistent CRC de-
scription of both the elastic and inelastic scattering with the explicit coupling to the elastic and
inelastic o transfer channels must be a severe test of the models of the nucleus-nucleus OP, inelas-
tic scattering- and transfer form factor (FF). Moreover, the o transfer channel seems to dominate
over other transfer channels in some core-identical systems [28], so that to a good approxima-
tion the most important reaction channels belong to the same mass partition, and the number of
unconstrained parameters can be reduced in the CRC calculation.

The « transfer in the elastic '90+!2C scattering at low energies is among the earliest elastic
transfer reactions discovered [29], and this is also the most studied case of the elastic « transfer.
The elastic '°0+!?C scattering at energies E > 10 MeV/nucleon is proven to be strongly refractive,
with a pronounced nuclear rainbow pattern associated with a broad oscillation of the Airy minima
observed in the elastic scattering cross section [30]. The observation of the nuclear rainbow also
enabled an accurate determination of the real nucleus-nucleus OP down to small internuclear dis-
tances [31,32]. In a recent study [28], we have carried out a systematic 10-channel CRC analysis
of the elastic '°0+!2C scattering at the refractive energies and shown that the enhanced oscillation
of the elastic cross section at the backward angles is due to the multistep ¢ transfer processes.
In particular, the indirect o transfer through the 21+ (4.44 MeV) excitation of '2C was shown to
be the dominant transfer process in the elastic '°0+!2C scattering. Given a strong E2 coupling
from the ground state to the 2 state of 12C [33], the inelastic « transfer is expected to contribute
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significantly to the inelastic '°0+!2C scattering to the ZT state of '°C at the backward angles. We
note here a recent CRC analysis using the algebraic cluster model [25] that found some effects
of the inelastic o transfer in the inelastic '°0+!2C scattering data at Ej,, = 80 [24,34,35] and 84
MeV [24]. However, the inelastic couplings to the low-lying excited states of '>C were found also
strong at the backward angles, and the inelastic ¢ transfer could not be determined unambiguously.

To further explore the o transfer contribution to the inelastic '°0+!'2C scattering, we per-
form in the present work a consistent CRC analysis of the elastic and inelastic '°0+!2C scattering
data measured at the energies Ej,p = 100,115.9, and 124 MeV at the Strasbourg Tandem Viv-
itron [35-37]. These inelastic '®0O+!2C scattering data (for the 2T state of '2C) were measured
accurately up to the angles 6., beyond 100°. At such large angles, the a transfer amplitude is
well separated from the pure inelastic scattering amplitude [28] and can be unambiguously deter-
mined. Given the indirect o transfer via the 2| excitation of the 12C core is the dominant process
in the '°0+!2C scattering [25, 28], we restrict our CRC coupling scheme to 4 reaction channels,
with the '?C core exchange in both the ground- and ZT states explicitly taken into account.

II. CRC FORMALISM

For the core-identical '90O+!2C system, the elastic and inelastic « transfer channels are
indistinguishable from the elastic and inelastic scattering channels, respectively. Therefore, the
angular distributions of the observed elastic and inelastic '°0+!?C scattering are the coherent
sums of the pure scattering and ¢ transfer amplitudes, and the total cross section is given by [2, 5]

100)  11(0) = () + frn(— O)P. m
where the fs, and fians are the pure scattering and o transfer amplitudes of the elastic or inelastic
scattering. Historically, the elastic and inelastic scattering amplitudes were often evaluated sepa-
rately first, and then added to the corresponding transfer amplitudes obtained in the DWBA (see,
e.g., Refs. [21,24]). With the introducing of the CRC model [38,39], the simultaneous description
of the involved scattering and transfer channels can be achieved in a consistent and unified manner.

We have performed recently a systematic CRC analysis of the elastic '°0+!?C scattering
at Ejpp = 100 — 300 MeV [28] taking into account up to 10 reaction channels between the ground
state and excited states of the '>C and 'O nuclei, with the « transfer treated explicitly. In addition
to the direct elastic & transfer between IZCg,S. and ]6Og.s., we found a very strong contribution of
the indirect o transfer via the 2]L excitation of '2C to the total elastic o transfer, and these two
processes account mostly for the elastic o transfer cross section at the backward angles. This
conclusion was confirmed by a later CRC study of the '°0+!2C scattering at lower energies [25].
Given the dominance of the elastic scattering and inelastic scattering to the 2T state of 12C, we
restrict the present CRC calculation of the '°0+'?C scattering to the 4-channel coupling scheme
shown in Fig. 1, which is the smallest model space needed to describe simultaneously the elastic
and inelastic '°0+!?C scattering, with the o transfer explicitly taken into account.

In the CRC formalism, the coupled channel equation in the post form for a specific channel
B is given by [38,39]

(Eg—Ts—Upxg= Y, (BIVIBYxp+ Y, [BIWgIB")+(BIB')Tp +Up —Ep)lxg,
B'#B x=x B'#B x#x ®
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Fig. 1. 4-channel coupling scheme of the CRC calculation of the elastic '°0+'>C scat-
tering that includes both the direct and indirect (via the ZT excitation of the 12C core) o
transfers.

where 8’ indicates a channel different from [, x and x’ are the mass partitions associated with the
scattering and «a-transfer channels. E; and 7; are the asymptotic kinetic energy and kinetic energy
operator of i-th channel in the centre-of-mass frame, respectively. Ug and Ug: are the (diagonal)
OP, and x and g are the corresponding relative-motion wave functions of the dinuclear system.
V is the local interaction operator and its matrix element (3|V|B’) is referred to as the form factor
(FF). Due to the indistinguishability of the entrance and exit channels, the post- and prior forms of
the coupled channel equation are the same, and the transition potential Wy is determined [38,39]
by

Wg =Vyync+ (Uncprec — U160+12c), 3)
with the complex remnant term (Uizcy12c — Uisg12c) determined by the difference between the
OP of the exit channel and the that between the two cores. V, 12c is the potential binding the
a cluster to the '2C core in 0. The CRC equations (2) for the 4 coupled reaction channels are
solved iteratively using the code FRESCO written by Thompson [40], with the non-orthogonality
corrections and finite-range complex remnant terms properly taken into account. All the OP’s
have their real part calculated in the double-folding model (DFM) [30] and the imaginary part
parametrized in the Woods-Saxon (WS) form, which has the following form at the internuclear
distance R

iWy

I+ exp[(R—Ry)/ay]
The Coulomb potential V- (R) is given by that of a point charge interacting with a uniform charge

sphere [39] of the radius R, = 0.95 x (AIT/ 3 —i—A;,/ 3) (fm), where At and Ap are the target and pro-
jectile mass number, respectively. This choice of the Coulomb potential gives practically about the
same result of the optical model calculation as that using the more sophisticated one in Ref. [41]
for the elastic light HI scattering [38]. The real folded potential Ur(E,R) was calculated in the
DFM using the CDM3Y3 density dependent NN interaction [42], with the rearrangement term
properly taken into account [30]. The ground state densities of '>C and 60 used in the DFM cal-
culation were taken as the Fermi distributions with parameters adjusted to reproduce the empirical

U(R) = NRUg(E,R) — +Vc(R). 4)
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matter radii of these nuclei [43]. The renormalization factor Ng of the real folded potential and
WS parameters of the imaginary potential were adjusted to the best description of both the elastic
and inelastic data at the forward angles up to 6. . = 90°. The Airy minima observed in the elastic
data were served as the important constraint for these parameters.

The (complex) inelastic scattering FF for the 12Cg_si —>12C21+ transition is also obtained
in the DFM [44] using the same CDM3Y3 interaction [30] with a complex density dependence
suggested in Ref. [33], and the nuclear transition densities given by the 3 resonating group
method (RGM) [45]. The real part of the diagonal OP for the Uis Li2c(2r) System is obtained in

the DFM calculation using the diagonal density of the 2" state taken from the RGM calculation,
and the imaginary part is assumed to be the same as the ground state absorption.

The a-cluster structure of '°0 enters the CRC calculation via the overlap function [38],
which is also known as the reduced-width amplitude [46]

(2C|"0) = Anr("°0,"C) 1 (g 120), (5)

where Ay is the spectroscopic amplitude and @y (7, 12c) is the relative-motion wave function
of the a+!2C system. This wave function is generated by the binding potential V,, L 12c chosen in
the WS form. In the present work, we adopt the WS geometry with R =3.72 fm and a = 0.845 fm,
parameterized in Ref. [47] based on the results of the five-body (2c plus 4 nucleons) calculation
[48]. This five-body model is an extended version of the orthogonality condition model (OCM) of
160 [49], which can describe accurately both the OT ground state and O;r excited state of 0. The
WS potential based on the five-body model [48] has been used to reproduce with good accuracy
the o transfer reaction 12C(6Li,d)160 data at forward angles [47].

Using the fixed WS geometry [47], the depth of the binding potential V,, | 12c for @np (7 12¢)
is adjusted to reproduce the ¢ separation energies of '°0, with the '2C core being in both the 0
ground state and 21+ excited state

Eq =Eq(gs.)+E(12CY), (6)

where the a separation energy of '°O in the ground state is Eq(g.s.) =~ 7.162 MeV [50], and
E(12C*) =~ 4.44 MeV is the excitation energy E21+ of '2C. In Eq. (5), the relative-motion wave
function @y (7, 12c) is characterized by the number of radial nodes N and cluster orbital angular
momentum L that obey the Wildermuth’s condition [38, 39]

4
2IN=1)+L=Y 2(n—1)+1, @)
i=1
where [; and n; are, respectively, the orbital angular momentum and principal quantum number of
each constituent nucleon in the ¢ cluster. Here we use the number-of-nodes convention where the
node at origin is included and the one at infinity is excluded.

Similar to our previous CRC analysis [28], the & spectroscopic factors S, = |Ayz|* are
taken from the results of the cluster-nucleon configuration interacting model [51,52]. This large-
scale shell model calculation is carried out in the unrestricted psd model space and adopts an
improved definition of S by Fliessbach [53,54]. Although such a definition of Sy (also known as
the amount of clustering) was used in microscopic cluster decay studies in the late nineties [55],
it has been used in the CRC study of the direct ¢ transfer reaction only recently [28]. A good
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agreement between the CRC results obtained in Ref. [28] with the experimental data can serve as
the validation for the use of this new S definition in other studies of the direct nuclear reactions.

The use of the WS shape of the o binding potential and spectroscopic factors based on the
reliable structure models reduces the uncertainty associated with the a-cluster structure of '°O. For
the ground state of 160, we have S, ~ 0.794, N = 3, and L = O for the a + IZCg,S, configuration,
and S, 3.9, N =2, and L =2 for o + 12C2]+. The S7, adopted for the o + 12C2]+ configuration

is nearly 5 times large than that adopted for the o + 12Cg_s, configuration, which is due mainly to
the M-substate degeneracy [56]. The ratio S};/Sq ~ 5 is consistent with the results of different
structure models as discussed in Ref. [28]. We note that the value S}, ~ 3.9 calculated by the
shell model [51, 52] for core-excited configuration is larger than those reported in the literature
(see, e.g, Ref. [28]). This is a direct consequence of the Fliessbach’s definition of ¢ spectroscopic
factors [53,54] used in Ref. [51,52], which properly takes into account the orthonormalization and
antisymmetrization for the clustering channel.

III. ELASTIC AND INELASTIC '°0+'2C SCATTERING WITH ALPHA TRANSFER

Given the significant o spectroscopic factors of the o + '>C configurations of the '°0 nu-
cleus discussed above and strong coupling effect of the «-cluster states shown by the structure
calculations [57-60], some contributions of the ¢ transfer channels to the elastic '°0O+!2C cross
section are naturally expected at backward angles. A realistic description of the purely elastic
scattering is very important for the present CRC study of the & transfer in the '90+!2C scatter-
ing. We consider here the elastic '°0+'?C scattering data measured accurately at the energies
Eyp =100,115.9, and 124 MeV by the Strasbourg group [36], approaching the range of refractive
energies for the 160+12C system [30]. The refractive nature of the elastic 160+12C scattering [30]

Table 1. Parameters (4) of the complex OP used in the 4-channel CRC calculation of the
elastic and inelastic '°0+!2C scatterings at Ej,, = 100,115.9, and 124 MeV. Ny is the
renormalization factor of the real folded OP, Jg and Jy are the volume integrals of the
real and imaginary parts of the OP, respectively. O is the total reaction cross section.

Eap Ng Jr Wy Ry | av Jw OR
(MeV) (MeV fm?) | MeV) | (fm) | (fm) | (MeV fm?) | (mb)
100 | 0.943 311.3 1148 |5.67 047 48.6 1305
115.9 | 0.950 311.7 12.80 | 5.70 | 0.46 55.0 1328
124 {0.950 310.8 12.84 | 5.64 | 0.58 55.4 1410

is very well illustrated by the near-far decomposition of the elastic scattering amplitude based on
the method developed by Fuller [61]. Namely, by decomposing the scattering amplitude into those
representing the two waves traveling in 0 that are running in the opposite directions around the
scattering center, the elastic amplitude f(6) can be determined as a sum of the near-side (fx) and
far-side (fg) amplitudes

f(6) = fn(8)+ fr(6). ®)
The explicit expressions of these two amplitudes are discussed, e.g., in Refs. [28,32]. We empha-
size here that fx(0) represents the waves deflected to the direction of 6 on the near side of the
scattering center, and the waves traveling on the opposite, far side of the scattering center to the
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same angle 6 give rise to fr(0). Therefore, the diffractive near-side scattering occurs mainly at the
surface of the two colliding nuclei, while the refractive far-side scattering penetrates more into the
interior of the nucleus-nucleus system. The broad oscillation of the far-side cross section is well
established [32] as the Airy oscillation of the nuclear rainbow pattern. The coupled channel (CC)
description of the purely elastic '°0+!'2C scattering, without coupling to the o transfer channels,
is shown in Fig. 2 where the cross section of the far-side scattering (8) has been obtained with 2
different absorption strengths of the complex OP from Table 1. One can see in Fig. 2 that the

E,,= 100 MeV ]

dc/dcsR

Near-side + far-side
------ Far-side W=W,, A2
----------- Far-side W=W,/2
PRI N T S T N T T

115.9 MeV

Elab=

10° k

10" L

102 k

=y
o
b

E, = 124 MeV

10*
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0, (deg)

O pomE—rrrrm—rr

Fig. 2. CC description (solid lines) of the purely elastic '°0+!2C scattering in comparison
with the data measured at Ej,, = 100,115.9, and 124 MeV [36]. The cross section of the
far-side scattering has been obtained with 2 different strengths of the absorption (see
parameters of the WS imaginary OP in Table 1) using the Fuller’s method [61].

diffractive Fraunhofer oscillations at forward angles are followed immediately by a broad Airy
oscillation of the elastic scattering cross section that is dominated by the far-side scattering. The
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Fig. 3. 4-channel CRC description (solid lines) of the elastic '°0+!>C data measured at
Epp = 100,115.9, and 124 MeV [36] including the direct and indirect elastic ¢ transfer
channels. The same complex OP (see Table 1) was used in the CRC calculation of the
purely elastic scattering (dashed lines), direct & transfer (dash-dotted lines), and indirect
a transfer via the 2 excited state of 12C (dotted lines).

deep minima of the elastic '°0O+'2C scattering cross section observed in these data were estab-
lished [28, 30] as the third Airy minimum (A3) at 6., ~ 82° in the energy of 100 MeV, and the
second Airy minimum (A2) at 6., ~ 98° and 88° in the energies of 115.9 and 124 MeV, respec-
tively. The renormalization factor Nk of the real folded OP and WS parameters of the imaginary
OP in Table 1 were fine tuned to reproduce both the Fraunhofer diffraction at forward angles and
the broad Airy oscillation at medium and large angles, up to 6., =~ 100°. Since the coupling
scheme considered in this work (Fig. 1) is different from those in Ref. [28], a reproduction of ex-
perimental data requires different amounts of effective contributions from channels not explicitly
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included in the model space. Consequently, the fitted OP parameters from the two works have
slightly different values to account for these scheme-specific contributions.

Figure 2 also illustrates that while the elastic data at forward angles are well described as
the purely elastic scattering, the quick oscillation of the measured elastic scattering cross section
at medium and large angles cannot be reproduced by the CC calculation in this work or the optical
model (OM) description in Ref. [28]. Moreover, the leading-order Airy minima (Al and A2)
predicted by the OM analysis [30] at 6. ,, > 100° are strongly deteriorated due to the contribution
of the elastic « transfer in this angular range [6].

The results of the 4-channel CRC calculation of the elastic '°0+!2C scattering with the «
transfer channels being included are shown in Fig. 3, and one can see clearly the contribution of
the elastic o transfer to the total elastic cross section at backward angles. The contribution of the
indirect (two-step) elastic o transfer via the 21+ state of 12C is much stronger than the direct elastic
« transfer one and dominates the elastic cross section at the most backward angles. This is due to
a large spectroscopic factor Sy of the o 4 12C;]+ configuration of the 0 nucleus discussed above.
We reiterate that our CRC calculation does not treat the Sy, factors as free parameters but adopts
the Sy, values predicted by the large-scale shell model calculation [51,52]. The CRC results also
show that the elastic & transfer occurring in the elastic '°0O+'2C cross section at backward angles
is well separated from the purely elastic scattering at the considered energies. The situation is
different at lower energies [25] where the cross section of the purely elastic scattering is slightly
larger and not as clearly distinct from that of the elastic & transfer at backward angles.

The higher the incident energy the more elastic « transfer is separated from the elastic scat-
tering at medium and large angles, and this effect is more pronounced [28] in the elastic '°0+!2C
data at Ep,, = 300 MeV. Within the semiclassical interpretation of the elastic HI scattering [38],
more nonelastic channels are open with the increasing energy, and the absorption becomes, there-
fore, stronger and reduces the elastic flux at small partial waves, leading to a rapid decrease of the
elastic scattering cross section at medium and large angles. A similar effect can be seen also in the
cross section of the elastic o transfer. Because the elastic transfer amplitude at 7 — 0 is added (1)
to the elastic scattering amplitude at 0, the elastic o transfer occurring mainly at the surface of the
two colliding nuclei (or at forward angles) has the cross section largest at backward angles. We
have further performed the near-far decomposition (8) of the total CRC elastic '°0+!2C amplitude
at the considered energies and the results are shown in Fig. 4. Because of the surface character
of the « transfer, the near-side cross section is naturally enhanced at large angles when the CRC
coupling to the & transfer channels is included. It is interesting that a stronger near-side cross sec-
tion given by the elastic ¢ transfer amplitude at angles & — 0 turns out to have a broad Airy-like
oscillation from large to medium angles, which is likely associated with the (far-side) refracted
« transfer waves evaluated at angles 0. In conclusion, the observed oscillating distortion of the
smooth Airy pattern of the nuclear rainbow in the elastic '°0+!2C scattering [6] is due mainly to
a stronger interference of the near-side and far-side scattering waves at medium and large angles
caused by the (direct and indirect) elastic o transfer.

The CRC results obtained within the 4-channel coupling scheme shown in Fig. 1 describe
well the data measured at the considered energies for the inelastic '°0+!2C scattering to the ZT
state of 12C by Szilner et al. [35,37] (see Fig. 5). The purely inelastic scattering cross section at
forward angles has the well established diffractive pattern that can be properly reproduced by the
CC calculation without coupling to the  transfer channels (dashed lines in Fig. 5). At variance



434 ELASTIC AND INELASTIC ALPHA TRANSFER IN THE '©0+!2C SCATTERING

10°

Sy

10"

102

10°

10

E,=115.9 MeV

IO

10°

10"

102

dcs/dcsR

10°

------ Far-side ™.
104 B Nearside ™. =~ = M.

10°
10"

10?

10°

LBALLL B L B AL A P s

10*

.....,u..,
. B
-0

10°% -..|...|...|.."\..---.|...|...|...|...|...

20 40 60 80 100 120 140 160 180
®_ (deg)

o

CAmA(

Fig. 4. Near-far decomposition (8) of the CRC elastic '°0+!2C cross section at Ej,p, =
100,115.9, and 124 MeV (solid lines) into the near-side (dotted lines) and far-side (dashed
lines) scattering cross sections using the Fuller’s method [61], in comparison with the
measured data [36].

with the elastic '°0O+!2C scattering data where a pronounced rainbow pattern could be revealed
at the three considered energies, a similar broad Airy oscillation cannot be seen in the inelastic
160412C scattering data for the 2] state of 12C. Such a disappearance of the rainbow pattern
in the inelastic '°0+!2C scattering has been explained recently [62] by extending the Fuller’s
decomposition method (8) for the near-far decomposition of the inelastic scattering amplitude.
It was shown that a destructive interference of the coupled partial waves of different multipoles
can suppress the oscillating Airy pattern in the inelastic scattering cross section when the nuclear
excitation has nonzero spin [62]. Such an effect is analogous to the opacity of an optical prism
caused by the refraction of light rays having different wave lengths.
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Fig. 5. CRC description (solid lines) of the inelastic '°0+!2C scattering to the 2} state of
12C in comparison with the data measured at Ej,, = 100, 115.9, and 124 MeV by Szilner et
al. [35,37]. The purely inelastic scattering (dashed lines) and inelastic ¢ transfer (dotted
lines) cross sections were obtained with the same OP as that used in the CRC calculation
of the elastic '°0+!2C scattering (Table 1).

Similar to the elastic °0+!2C scattering considered above, the rise of the inelastic scatetring
cross section at large angles is overwhelmingly dominated by the inelastic ¢ transfer in the
160+12C system. A consistently good CRC description of both the elastic and inelastic °0+'>C
scattering data measured at Ej,, = 100,115.9, and 124 MeV [35,37] has been obtained for the first
time in the present work (see Figs. 3 and 5) with the large-angle data dominated by the elastic and
inelastic ¢ transfer. Like the elastic scattering case, the contribution of the inelastic & transfer to
the inelastic scattering cross section becomes stronger with the increasing energies. At the consid-
ered energies, the inelastic & transfer contribution begins to dominate the inelastic scattering cross
section at 6., > 120° resulting in a distinctive V-shape that cannot be properly described without
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coupling to the « transfer channels. Thus, our CRC results suggest that the elastic and inelastic
160+12C scattering data taken at higher incident energies of Ej,, > 100 MeV are a suitable probe
of the o cluster structure of '°0 and '?C that can be revealed in the elastic and inelastic o transfer
processes.

IV. SUMMARY

The impact by the elastic and inelastic & transfer in the '°0O+'2C system on the elastic
scattering and inelastic scattering to the 2;’ state of 12C has been thoroughly studied in a consis-
tent 4-channel CRC analysis of the elastic and inelastic '°0+!2C scattering data measured at the
incident energies of Ejy, = 100,115.9, and 124 MeV. Our CRC calculations take explicitly into
account the coupling between the elastic scattering, inelastic scattering, and « transfer channels,
using the diagonal and transition '°0+!2C and '>C+'?C potentials obtained in the DFM calcula-
tion with the essential structure inputs like Sy, overlap function, and nuclear transition densities
taken from the reliable structure models.

With the indirect & transfer via the ZT excitation of the '>C core properly taken into account
in the 4-channel CRC calculation of the elastic '0+!2C scattering, a consistently good description
of both the elastic and inelastic '°0+!2C data at the considered energies has been obtained for the
first time. The contribution from the elastic and inelastic o transfer is found to be dominant in the
elastic and inelastic scattering cross sections at backward angles. The « transfer cross section at
the considered energies is well separated from the purely scattering cross section, at variance with
that observed in the '°0+'2C data at the lower energy Ejyp ~ 80 MeV [25]. Therefore, the results
of the present CRC analysis suggest that the extensive elastic and inelastic '°0+!2C scattering
data at refractive energies of Ej,, > 100 MeV are more appropriate for the studies of elastic and
inelastic o transfer.
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