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Analysis of the 12C¿12C reaction using a new type of coupling potential

I. Boztosun* and W. D. M. Rae
Department of Nuclear Physics, University of Oxford, Keble Road, Oxford OX1 3RH, United Kingdom

~Received 9 December 2000; published 16 April 2001!

A new approach has been used to explain the experimental data for the12C112C system over a wide energy
range in the laboratory system from 32.0 MeV to 126.7 MeV. This new coupled-channel-based approach
involves replacing the usual first-derivative coupling potential by a new, second-derivative coupling potential.
This paper first shows and discusses the limitation of the standard coupled-channel theory in the case where
one of the nuclei in the reaction is strongly deformed. Then, this new approach is shown to improve consis-
tently the agreement with the experimental data: the elastic scattering and single-21 and mutual-21 excitation
inelastic scattering data as well as their 90° elastic and inelastic excitation functions with little energy-
dependent potentials. This new approach makes major improvement on all the previous coupled-channel
calculations for this system.
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I. INTRODUCTION

Forty years ago, it was observed that the elastic cr
section of the12C112C system varies rapidly with bombard
ing energy. This structure in the excitation functions, wh
could also be observed in other systems such as12C116O
and 16O116O, has remained a subject attracting continuo
interest from both theoretical and experimental points
views. Consequently, a large body of data over a wide
ergy range has been accumulated for the12C112C system
from the systematic studies of this reaction@1–4#.

However, there has been no global model that descr
consistently the available elastic and inelastic scattering
over a wide energy range and this reaction presents a c
lenge to the many different theoretical models. Some of
problems can be summarized as follows:~1! no consistent
description of the elastic scattering, single-21 and mutual-
21 excitation inelastic scattering data as well as their 9
excitation function,~2! the out-of-phase problem betwee
the theoretical predictions and the experimental data
these states,~3! no simultaneous description of the individu
angular distributions and resonances, and~4! the magnitude
of the mutual-21 excitation inelastic scattering data is una
counted for.

The elastic scattering data of this system has been stu
systematically and progress has been made using the op
model ~see the review by Brandan and Satchler@5#!. How-
ever, the inelastic scattering has received little attention
there is no systematic study over a wide energy range and
above-mentioned problems could not be explained using
standard coupled-channel models~see, for example,@3,6–
11#!.

Stokstadet al. @3# were the first to study the elastic an
single-21 excitation inelastic scattering data using t
distorted-wave Born approximation~DWBA! and the
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coupled-channel methods fromElab574.2 MeV to 126.7
MeV. They obtained reasonable agreement with the ela
scattering data. However, they could not reproduce the
rect oscillatory structure for the single-21 excitation inelastic
scattering data and the magnitude of the data could no
accounted for correctly. They did not study the mutual-21

excitation inelastic scattering data in their calculations.
theoretical calculations have predicted the magnitude
these data correctly over a wide energy range.

Wolf et al. @6# studied this system at three different ene
gies. They used a double-folding potential and an angu
momentum-dependent imaginary potential in their coupl
channel calculations. They could not reproduce
experimental data measured atElab574.2, 93.8, and 126.7
MeV. In particular, the theoretical predictions for th
mutual-21 excitation inelastic scattering data were ve
small by factors of 3–10 with respect to the experimen
data. The results of the single-21 excitation inelastic scatter
ing calculations were also very oscillatory in comparis
with the experimental one. We encountered the same p
lems in our standard coupled-channel calculations. Vary
the parameters and changing the shape of the real and im
nary potentials does not provide a solution, as discusse
Sec. III.

Fry and co-workers@7,8# also worked on this reaction to
obtain the integrated cross section~also known as Cormier’s
resonances! for the single-21 and mutual-21 excitation
channels using the coupled-channel method. They made
of a double-folding potential like the one of Stokstadet al.
@3# and an angular-momentum-dependent imaginary po
tial. However, this method totally failed and no improveme
of the densities in the double-folding potential would sol
the magnitude problem of the mutual-21 excitation inelastic
scattering data. The same problems are observed in o
authors’ works such as Sakuragiet al. @9# and Ito @10#.

Another interesting analysis was made by Ordon˜ez et al.
@12#. They showed the necessity of using a real potential t
has a minimum in the surface region. They reported a
tailed phase-shift analysis of the12C112C elastic scattering
data in the range of 11.0<Elab<66.0 MeV. This analysis
revealed a striking sequence of gross structure resona
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I. BOZTOSUN AND W. D. M. RAE PHYSICAL REVIEW C63 054607
that appeared to form a rotational band froml 50 to at least
16\. These resonances were simulated by shape resona
in a real potential with a secondary minimum at large ra
related to the shape-isomeric doorway states in24Mg.

The interesting feature of their work is the double-peak
nature of the real potential. It is clear that this potential do
explain the resonance data, which other models have fa
to reproduce within such a large energy range. As will
argued in Sec. IV, there is a resemblance between this
tential and our total nuclear potential (Vreal1Vcoupling).

Ordoñezet al. could not justify this double-peaked pote
tial, other than by asserting it was required to fit the expe
mental data. This paper and a forthcoming paper@13# shall
argue that this deepening at the surface is due to the stro
deformed structure of the12C and may indicate a superde
formed state of the compound nucleus24Mg. It is also clear
that Ordoñez et al. took into account the coupling effects i
their optical model calculations by introducing such a de
ening at the surface without running coupled-channel ca
lations.

The literature clearly shows that the standard coupl
channel approach can fit neither any of the individual angu
distributions nor the 90° elastic scattering excitation funct
simultaneously. For the resonance calculations, the situat
is the same. That is, even if one fitted the Cormier’s re
nances observed for the single-21 and mutual-21 excitation
channels, it would be, at the same time, impossible to fit
90° elastic scattering excitation function. Clearly, the12C
112C system has numerous problems to which no consis
global solution has been provided yet.

The overview of previous works indicates that the cen
potentials are actually quite reasonable since they have g
the resonances at the correct energies and with sen
widths. Within the optical model calculations, they have a
given very good agreements for the elastic scattering ang
distributions or the 90° elastic scattering excitation functio
independently. However, the calculations for the mutual-1

excitation inelastic scattering data is in general underp
dicted by a large factor and the oscillatory structure of
data can not be reproduced correctly. They have rema
unsolved so far.

Therefore, our aim of analyzing the12C112C system is to
search for a global solution for some of these problems w
few energy-dependent potentials within the coupled-chan
formalism from 32.0 MeV to 126.7 MeV in the laborator
system.

In the next section, we introduce the model potenti
used to analyze the experimental data and the results of t
analyses are shown in Sec. III, where we also make a
cussion of the limitations of the standard coupled-chan
method and highlight the problems. Section IV is devoted
analyses of the experimental data using our new coup
potential and the results are shown in Sec. V. Finally, S
VI gives a summary and a discussion of the new and s
dard coupled-channel calculation.

II. STANDARD COUPLED-CHANNEL CALCULATIONS

A recent critical review by Kondōet al. @14# found that a
potential with a real depth of;300 MeV was able to accoun
05460
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for the 90° elastic excitation function at low energies (Elab
<75.0 MeV!. The real potentials proposed in this paper a
tested and their parameters have to be readjusted due t
coupling effects in the coupled-channel calculations.

In our coupled-channel calculations, the interaction b
tween the12C nuclei is described by a deformed optical p
tential. The real potential has the square of a Woods-Sa
shape,

VN~r !5
2VN

@11exp~r 2RN!/aN#2
, ~1!

and the parameters, as shown in Table I, are fixed to re
duce the 90° elastic scattering excitation function. The C
lomb potential is assumed to be that of a uniformly charg
nucleus with a radius of 5.5 fm.

The imaginary potential has the standard Woods-Sa
volume shape,

W~r !52
W

11exp@~r 2RW!/aW#
, ~2!

and its depth increases quadratically with energy as

W522.6910.145Elab10.00091Elab
2 . ~3!

The parameters of the radius and diffuseness are show
Table I.

Since the12C nucleus is strongly deformed, its collectiv
excitation has been treated in the framework of the coup
channels formalism. The12C nucleus has a static quadrupo
deformation, which is taken into account by deforming t
real optical potential with a Taylor expansion aboutR5R0
in the usual way@15#:

U~r 2R!5U~r 2R0!2dR
]

]R0
U~r 2R0!

1
1

2!
~dR!2

]2

]R0
2

U~r 2R0!2•••. ~4!

For the projectileP and the targetT,

dRP5RPb2Y20~u,f!,

dRT5RTb2Y20~u,f!. ~5!

RP andRT are the radii of the projectile and target. The for
factors@15# are

TABLE I. The parameters of the potentials required to fit t
90° elastic excitation function, displayed in Fig. 2.

VN RN aN W RW aW

~MeV! ~fm! ~fm! ~MeV! ~fm! ~fm!

345.0 3.62 1.60 Eq.~3! 5.50 0.51
7-2
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ANALYSIS OF THE 12C112C REACTION USING A . . . PHYSICAL REVIEW C 63 054607
FP~r !5RPF ]

]R0
U~r ,R0!G , FT~r !5RTF ]

]R0
U~r ,R0!G ,

~6!

HP,T~r !5
1

~4p!1/2
RPRT

]2U~r ,R0!

]R0
2

. ~7!

FP(r ) andFT(r ) in Eq. ~6! are the first-order form factor
that account for the excitations of the projectile and tar
nuclei, while HP,T(r ) in Eq. ~7! is the second-order form
factor that accounts for their mutual excitation.

In Eq. ~5!, b2520.6 is the deformation parameter of th
12C nucleus. This empirical value is derived from its know
B(E2) value. The value ofB(E2) is 42 e2 fm4 @16#. ~A
more recent measurement gives an average value o
64 e2 fm4 @17#.!

In the standard coupled-channel calculations of inela
scattering involving mutual excitation of the two nuclei, th
codesCHUCK @18# and FRESCO@19# are used in such a wa
that the two nuclei are excited sequentially. However,
think it essential thatsimultaneousmutual excitation of the
two nuclei be included in the calculations. To do so, we u
the mutual-21 excitation inelastic scattering data that a
available. We modify the codeCHUCK to take into account
the simultaneousmutual excitation process@20#. It is ob-
served that the simultaneous mutual excitation of the
nuclei does affect the calculations, in particular in the re
nance region where the calculations are very sensitive to
small variations of the potential parameters. This is dem
strated in Fig. 1 atElab593.8 MeV since we have availabl
experimental data for all the states considered in this pa

FIG. 1. A comparison of the results of the simultaneous mut
excitation~the dashed line! and the sequential one~the solid line!
for the elastic, single-21, and mutual-21 excitations atElab593.8
MeV.
05460
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III. RESULTS

The result of the 90° elastic scattering excitation functi
obtained using the parameters of Table I is shown in Fig
The theoretical predictions and the experimental data ar
very good agreement, but as Kondo¯et al. found, this poten-
tial family does not fit the individual elastic scattering an
inelastic scattering data as well as their excitation functio
simultaneously.

We have attempted to obtain reasonable fits to the in
vidual angular distributions by changing the parameters
the real potential, shown in Table I, but without succe
Some authors@9,21# also found a potential family that repro
duces the individual angular distributions, but does not fit
90° elastic scattering excitation function.

To overcome this difficulty, we searched for a new pote
tial family by readjusting the parameters of the real poten
and letting the imaginary potential change freely. The para
eters are shown in Table II. Except in the resonance regi
we obtained satisfactory agreement for the elastic scatte
data as shown in Figs. 3 and 4 with dashed lines. Howe
the theoretical predictions of the magnitudes and the phas
the oscillations are not in good agreement with the exp
mental data for the single-21 state, as shown in Fig. 5 with
dashed lines. The out-of-phase and magnitude problems
tween the theoretical calculations and the experimental d
are clearly seen at many energies. These results for the
tic and single-21 excitation inelastic scattering are almo
identical to those obtained by Stokstadet al. @3#. For the
mutual-21 excitation inelastic scattering data, as shown
Fig. 6 with dashed lines, there is no agreement and the
oretical predictions of the magnitude of mutual-21 excitation
inelastic scattering data are much smaller than the exp
mental one; they are underpredicted by a factor of 3–
Nevertheless, our results for the mutual-21 excitation inelas-
tic scattering data are in conformity with the findings
Refs. @6–9,11#, a problem mentioned by many authors in
recent international conference on clustering~ICC ’99!

l

FIG. 2. The comparison of the experimental data and the res
of the standard coupled-channel calculation for the 90° elastic s
tering excitation function.
7-3
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I. BOZTOSUN AND W. D. M. RAE PHYSICAL REVIEW C63 054607
@9,10,22,23#. In order to make a comparison with the ne
calculations, presented in the next section, some of the
sults for the single-21 and mutual-21 states are shown in
Figs. 5 and 6.

We had anticipated that the inclusion of the simultane
mutual excitation of two nuclei could solve the magnitu
problem of the mutual-21 excitation data. However, al
though this effect has improved the details of the fits to
experimental data, it failed to provide a solution. The ma
nitude of the mutual-21 excited-state cross section is st
one of the major outstanding problems of this reaction.

In the past, the magnitude problem for the single-21 ex-
citation inelastic scattering calculations was solved for d
ferent reactions by changing the empiricalb value @24,25#.
Thus, the same solution was expected to apply to the12C
112C system for the single-21 and mutual-21 excitations
inelastic scattering calculations. For this purpose, we
creased theb value to21.2, which is twice the actual valu
and has no physical justification. However, although
agreement between theoretical predictions and the exp
mental data for the magnitudes of the single-21 and mutual-
21 excitations inelastic scattering data is improved, the t
oretical predictions for the elastic scattering data are v
poor; the same holds for the 90° elastic scattering excita
functions.

Within the coupled-channel formalism, the reason for t
failure may be understood if the effect of changing the r
potential on the inelastic scattering cross section is con
ered. The method of obtaining the coupling potential t

TABLE II. The numerical values of the potentials used in t
standard coupled-channelcalculations.VN , r N , andaN stand for
the depth, radius, and diffuseness of the real potential, respecti
andW, r W , andaW stand for the depth, radius, and diffuseness
the imaginary potential, respectively.

Elab VN r N aN W rW aW

~MeV! ~MeV! ~fm! ~fm! ~MeV! ~fm! ~fm!

32.0 290.0 0.80 1.30 3.0 1.20 0.51
40.0 290.0 0.79 1.28 3.6 1.20 0.51
45.0 290.0 0.80 1.15 3.8 1.20 0.51
49.0 290.0 0.79 1.23 4.2 1.20 0.51
50.0 290.0 0.80 1.21 4.5 1.20 0.51
55.0 290.0 0.80 1.15 5.0 1.20 0.51
57.75 290.0 0.81 1.35 6.3 1.20 0.51
60.0 290.0 0.80 1.30 6.6 1.20 0.51
65.0 290.0 0.79 1.43 7.0 1.20 0.51
70.7 290.0 0.81 1.20 8.5 1.20 0.51
78.8 290.0 0.81 1.30 9.5 1.20 0.51
93.8 290.0 0.82 1.35 12.0 1.20 0.51
98.2 290.0 0.81 1.30 12.5 1.20 0.51
102.1 290.0 0.81 1.30 14.0 1.20 0.51
105.0 290.0 0.81 1.30 14.4 1.20 0.51
112.0 290.0 0.80 1.30 13.0 1.20 0.51
117.1 290.0 0.80 1.35 14.0 1.20 0.51
121.6 290.0 0.80 1.35 14.1 1.20 0.51
126.7 290.0 0.81 1.30 14.2 1.20 0.51
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describes the inelastic scattering has been based on pert
tion theory. Since the coupling potential is connected to
real term by a Taylor expansion around the surface of
nucleus, changing the real potential has a substantial e
on the elastic scattering data, but not on the inelastic sca
ing one. Therefore, according to this standard procedure,
coupling potential has the same energy-dependence as
central term. Actually, Smithsonet al. @26# analyzed the in-
elastic scattering data for the16O1208Pb system and asserte
that the standard deformation procedure is inadequate fo
description of the inelastic scattering data. They also c
cluded that there is no reason for the coupling potentia
have the same energy dependence as the central poten

IV. NEW COUPLING POTENTIAL

If we consider two12C nuclei approaching each other, th
double-folding model will generate anoblatepotential which
is correct at large distance. When these two nuclei co
close enough, they create the compound nucleus24Mg which
is a prolate nucleus in its ground state, whereas the foldi
model yields an oblate~attractive! potential in this case. How
well the double-folding model describes a prolate nucle
with an oblate potential is unclear and this may be the rea
why the earlier calculations using a double-folding model
the coupled-channel method were unable to provide a c
sistent solution to the problems of this reaction.

ly,
f

FIG. 3. Ground-state results: The dashed lines show the pre
tions of the standard coupled-channel calculations~see Table II for
the parameters! while the solid lines show the results of the ne
coupled-channel calculations, obtained using new coupling po
tial with the empiricalb value (b2

C5b2
N520.6) ~see Table III for

the parameters!.
7-4
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ANALYSIS OF THE 12C112C REACTION USING A . . . PHYSICAL REVIEW C 63 054607
The limitations of the standard coupled-channel meth
on the one hand, and theoblatecharacter of the12C and the
prolate character of the compound nucleus24Mg, on the
other hand, have motivated us to use a second-deriva
coupling potential. In order to describe the above-mentio
configuration, the coupling potential must beoblate ~attrac-
tive! when two 12C nuclei are at large distances and must
prolate ~repulsive! when they are at short distances. T
standard and the new coupling potential are shown in Fig

One possible interpretation of such a second-deriva
coupling potential can be made if we express the total po
tial as a function of the radii for different orientations of th
two colliding 12C nuclei. If uP,T are the angles between th
symmetry axes and the axis joining the centers of the pro
tile and target, then the total potential, as an approximat
can be expressed in the following way:

V~r !5VN1b2R
dVC

dR
@Y20~uP ,fP!1Y20~uT ,fT!#

1b2
2R2

d2VC

dR2
@Y20~uP ,fP!1Y20~uT ,fT!#, ~8!

whereVN is the nuclear potential andVC is the new second
derivative coupling potential. The final term is due to t
mutual excitation.

FIG. 4. Ground-state results: The dashed lines show the pre
tions of the standard coupled-channel calculations~see Table II for
the parameters! while the solid lines show the results of the ne
coupled-channel calculations, obtained using new coupling po
tial with the empiricalb value (b2

C5b2
N520.6) ~see Table III for

the parameters! ~continued from Fig. 3!.
05460
,

ve
d

e

7.
e
n-

c-
n,

The result for the12C112C system is shown in Fig. 8. A
second local minimum is observed in the interaction pot
tial for certain orientations. This feature, included only in
ad hocway in the work of Ordon˜ez et al. @12#, has not been
taken into account in the standard coupled-channel calc
tions. To investigate this minimum, we looked at the to
inverted potential, i.e., the dynamical polarization poten
~DPP! plus the bare potential, obtained by the inversion
the S matrix @13#. Our analysis suggests that the new co
pling potential points to the presence of the superdeform
configurations in the compound nucleus24Mg, as has been
speculated@27,28#.

The real and imaginary potentials in these new calcu
tions have the same shapes as in previous calculations@see
Eqs. ~1! and ~2!# and the parameters of the potentials a
displayed in Table III. We have analyzed the experimenta
the same energy range.

V. RESULTS

The results of the analyses using the new coupling po
tial are displayed in Figs. 3 and 4 for the ground state, in F
5 for the first excited state~single-21), and in Fig. 6 for the
mutual excited state~mutual-21).

The agreement is very good for the elastic scattering
single-21 and mutual-21 excitation inelastic scattering dat
over the whole energy range studied. The theoretical pre

ic-

n-

FIG. 5. Single-21 state results: The dashed lines show the p
dictions of the standard coupled-channel calculations~see Table II
for the parameters! while the solid lines show the results of the ne
coupled-channel calculations, obtained using new coupling po
tial with the empiricalb value (b2

C5b2
N520.6) ~see Table III for

the parameters!.
7-5
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I. BOZTOSUN AND W. D. M. RAE PHYSICAL REVIEW C63 054607
tions of the magnitudes and the phase of the oscillations
the single-21 and mutual-21 excitations inelastic scatterin
data, which have been the major outstanding problems
this reaction, are in a very good agreement with the empir
values. This new coupling potential has made a substa
improvement at all the energies considered.

The 90° elastic scattering excitation function is also a
lyzed and the result is shown in Fig. 9. The agreement w
the experimental data is excellent over the whole ene
range.

Table III indicates that the parameters are almost cons
~1%–3% changes! away from the resonance regions. How
ever, at certain energies in the energy rangeElab;90
2110.0 MeV, the parameters fluctuate. We interpreted
fluctuations at small energies in Table III as the effect of
resonances observed by Cormieret al. @29,30#, Chappell
et al. @31–33#, and Fultonet al @34#. The changes of the
potential parameters in the energy rangeElab;902110.0
MeV might be related to resonances, which have not
been observed in the12C112C system. Within such an inter
pretative scheme, one may infer that these resonances m
be associated with the single- and mutual-41 excited states

FIG. 6. Mutual-21 state results: The dashed lines show the p
dictions of the standard coupled-channel calculations~see Table II
for the parameters! while the solid lines show the results of the ne
coupled-channel calculations, obtained using new coupling po
tial with the empiricalb value (b2

C5b2
N520.6) ~see Table III for

the parameters!.
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of 12C, states which are strongly coupled to the ground st
These predictions motivated us to run an experimen

this energy range. The initial analyses of the experimen
data indicate that the variation of these parameters are
actually random since structures relating to the 41 state of
the 12C are seen in this energy range. The detailed analy
and the full results will be given in the forthcoming pap
@35#.

This new, second-order coupling potential, has also b
applied successfully to the16O128Si and 12C124Mg sys-
tems @20,36#. This model has explained the experimen
data successfully.

-

n-

FIG. 7. The comparison of thestandard coupling potential~1!
with b520.6, (2) withb521.2 and ournew coupling potential
for Elab532.0 MeV. The parameters of the latter are shown
Table III.

FIG. 8. The orientation potentials of two nuclei at differe
angles including the hexadecupole deformation of12C.
7-6
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ANALYSIS OF THE 12C112C REACTION USING A . . . PHYSICAL REVIEW C 63 054607
VI. SUMMARY AND CONCLUSION

We considered the elastic and inelastic scattering of
12C112C system from 32.0 MeV to 126.7 MeV in the labo
ratory system. Although this reaction has been one of
most extensively studied reaction over the last 40 ye
there has been no global model that explains consistently
measured experimental data over a wide energy range. In
introduction, we presented the problems that this reac
manifests. We attempted to find a consistent solution to th
problems. However, within the standard coupled-chan
method, we failed, as others did, to describe certain asp
of the data, in particular, the single-21 and mutual-21 exci-
tation inelastic scattering data, although the optical mo
and coupled-channel models explain perfectly some asp
of the elastic scattering data.

As discussed in Sec. III, the standard coupled-chan
method entails that the coupling potential has the same

TABLE III. The numerical values of the potentials used in t
new coupled-channelcalculations.W denotes the imaginary poten
tial. VN , r N , andaN stand for the depth, radius, and diffuseness
the real potential, respectively, andr C andaC stand for the radius
and diffuseness of the coupling potential, respectively (VC5210.0
MeV!.

Elab VN r N aN W rC aC

~MeV! ~MeV! ~fm! ~fm! ~MeV! ~fm! ~fm!

32.0 290.0 0.804 1.19 2.21 0.69 0.70
40.0 288.0 0.806 1.28 2.40 0.69 0.70
45.0 290.0 0.809 1.28 2.97 0.69 0.70
49.0 290.0 0.810 1.28 3.07 0.69 0.70
50.0 290.0 0.813 1.24 3.07 0.69 0.70
55.0 290.0 0.813 1.26 3.17 0.69 0.70
57.75 290.0 0.813 1.26 3.17 0.69 0.70
60.0 290.0 0.813 1.28 3.37 0.69 0.70
65.0 290.0 0.811 1.28 3.57 0.69 0.70
70.7 289.0 0.799 1.29 3.71 0.69 0.70
78.8 287.0 0.785 1.28 5.50 0.68 0.70
93.8 292.0 0.790 1.34 11.9 0.67 0.67
98.2 289.0 0.785 1.27 11.5 0.66 0.65
102.1 289.0 0.810 1.33 11.5 0.65 0.63
105.0 289.0 0.810 1.37 11.5 0.66 0.66
112.0 287.0 0.800 1.28 13.8 0.68 0.67
117.1 290.0 0.810 1.32 14.7 0.69 0.68
121.6 290.0 0.810 1.33 15.3 0.68 0.67
126.7 288.0 0.795 1.30 17.3 0.66 0.67
v.
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ergy dependence as the central term. However, our ana
reveals that the coupling potential has a vital importance
explaining the experimental data for the reactions that
volve at least one strongly deformed nucleus and that the
no reason for the coupling potential to have the same ene
dependence as the central potential. This may explain
failure of the standard coupled-channel calculations.

The comparison of the results obtained using the stand
and new coupled-channel calculations indicates that a glo
solution to the problems of the scattering observables of
reaction over a wide energy range~32.0–126.7 MeV! with
little energy dependence on the potentials has been prov
by this new coupling potential. The significance of the ne
approach should be underlined because it does not onl
the present experimental data, but it also leads to other n
and testable predictions. To our knowledge, this has not b
yet achieved over such a wide energy range. Studies u
this new coupling potential may also lead to new insig
into the formalism and a new interpretation of such re
tions.
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