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Analysis of the 2C+12C reaction using a new type of coupling potential
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A new approach has been used to explain the experimental data f5he?C 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 single2nutual-2 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.

DOI: 10.1103/PhysRevC.63.054607 PACS nunier24.10.Eq

[. INTRODUCTION coupled-channel methods froil,,=74.2 MeV to 126.7
MeV. They obtained reasonable agreement with the elastic

Forty years ago, it was observed that the elastic crosscattering data. However, they could not reproduce the cor-
section of the'?C+ 1°C system varies rapidly with bombard- rect oscillatory structure for the single-2xcitation inelastic
ing energy. This structure in the excitation functions, whichscattering data and the magnitude of the data could not be
could also be observed in other systems such?@s+%0  accounted for correctly. They did not study the mutuél-2
and %0+ 1€0, has remained a subject attracting continuousexcitation inelastic scattering data in their calculations. No
interest from both theoretical and experimental points oftheoretical calculations have predicted the magnitude of
views. Consequently, a large body of data over a wide enthese data correctly over a wide energy range.
ergy range has been accumulated for i€+ °C system Wolf et al.[6] studied this system at three different ener-
from the systematic studies of this reactidn-4]. gies. They used a double-folding potential and an angular-

However, there has been no global model that describesiomentum-dependent imaginary potential in their coupled-
consistently the available elastic and inelastic scattering datehannel calculations. They could not reproduce the
over a wide energy range and this reaction presents a chadxperimental data measured Bt,=74.2, 93.8, and 126.7
lenge to the many different theoretical models. Some of théMeV. In particular, the theoretical predictions for the
problems can be summarized as follow%) no consistent mutual-2" excitation inelastic scattering data were very
description of the elastic scattering, singlé-and mutual-  small by factors of 3—10 with respect to the experimental
2* excitation inelastic scattering data as well as their 90°data. The results of the single-Zxcitation inelastic scatter-
excitation function,(2) the out-of-phase problem between ing calculations were also very oscillatory in comparison
the theoretical predictions and the experimental data fowith the experimental one. We encountered the same prob-
these state$3) no simultaneous description of the individual lems in our standard coupled-channel calculations. Varying
angular distributions and resonances, @éhdthe magnitude the parameters and changing the shape of the real and imagi-
of the mutual-2 excitation inelastic scattering data is unac- nary potentials does not provide a solution, as discussed in
counted for. Sec. lll.

The elastic scattering data of this system has been studied Fry and co-worker$7,8] also worked on this reaction to
systematically and progress has been made using the optiaaltain the integrated cross secti@lso known as Cormier’s
model (see the review by Brandan and Satche}). How- resonances for the single-2 and mutual-2 excitation
ever, the inelastic scattering has received little attention andhannels using the coupled-channel method. They made use
there is no systematic study over a wide energy range and thed a double-folding potential like the one of Stokstedal.
above-mentioned problems could not be explained using thg8] and an angular-momentum-dependent imaginary poten-
standard coupled-channel modétee, for example[3,6—  tial. However, this method totally failed and no improvement
11)). of the densities in the double-folding potential would solve

Stokstadet al. [3] were the first to study the elastic and the magnitude problem of the mutual-Zxcitation inelastic
single-2" excitation inelastic scattering data using thescattering data. The same problems are observed in other
distorted-wave Born approximatiofDWBA) and the authors’ works such as Sakuragfial.[9] and Ito[10].

Another interesting analysis was made by Oeloet al.
[12]. They showed the necessity of using a real potential that
*Present address: Computational Mathematics Group, Universithas a minimum in the surface region. They reported a de-
of Portsmouth, Mercantile House, Portsmouth PO1 2EG, UK. Pertailed phase-shift analysis of théC+1%C elastic scattering
manent address: Department of Physics, Erciyes University, Kaydata in the range of 11s0E,,,<66.0 MeV. This analysis
seri 38039, Turkey. revealed a striking sequence of gross structure resonances
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that appeared to form a rotational band frém0 to at least TABLE I. The parameters of the potentials required to fit the
164. These resonances were simulated by shape resonand¥ elastic excitation function, displayed in Fig. 2.
in a real potential with a secondary minimum at large radii
related to the shape-isomeric doorway state$‘Mg. Vi Ry ay w Rw ay
The interesting feature of their work is the double-peakedMeV) (fm) (fm) (MeV) (fm) (fm)
nature of the real potential. It is clear that this potential does
explain the resonance data, which other models have failedf*>-0
to reproduce within such a large energy range. As will be
argued in Sec. IV, there is a resemblance between this p

tential and our total nuclear potential ey + Veoupling <75.0 Me\). The real potentials proposed in this paper are

Ordorezet al. could not justify this double-peaked poten- : .
tial, other than by asserting it was required to fit the eXperi_tested and their parameters have to be readjusted due to the

mental data. This paper and a forthcoming pdd& shall COTpI'ng effectls '(;‘ tne coulpletlj—cratpnel ct?]lcullattlonsi. b
argue that this deepening at the surface is due to the strong] N our coupled-channel caicuiations, the interaction be-

deformed structure of thé’C and may indicate a superde- tween theC nuclei is described by a deformed optical po-
formed state of the compound nucleif#lg. It is also clear tential. The real potential has the square of a Woods-Saxon

that Ordomz et al. took into account the coupling effects in shape,

their optical model calculations by introducing such a deep-

ening at the surface without running coupled-channel calcu- (1= —Vn 1)
lations. N 1+ expr—Ry)/ay]?’

The literature clearly shows that the standard coupled-
channel approach can fit neither any of the individual angulaand the parameters, as shown in Table I, are fixed to repro-
distributions nor the 90° elastic scattering excitation functionduce the 90° elastic scattering excitation function. The Cou-
Simultaneousl.yFor the resonance calculations, the Situati0n|omb potentia] is assumed to be that of a uniform|y Charged
is the same. That is, even if one fitted the Cormier’s resonycleus with a radius of 5.5 fm.
nances observed for the singlé-and mutual-2 excitation The imaginary potential has the standard Woods-Saxon
channels, it would be, at the same time, impossible to fit theolume shape,
90° elastic scattering excitation function. Clearly, th€
+12C system has numerous problems to which no consistent War) W ©
global solution has been provided yet. r=- — )

The overview of previous works indicates that the central Lex (r=Rw)/aw]
potentials are actually quite reasonable since they have giv
the resonances at the correct energies and with sensible
widths. Within the optical model calculations, they have also _ 2
given very good agreements for the elastic scattering angular W=—2.69+0.14%F5p+0.0009Ejzp . ©

distributions or the 90° elastic scattering excitation functions]_he arameters of the radius and diffuseness are shown in
independently. However, the calculations for the mutual-2 Tablgl

excitation inelastic scattering data is in general underpre- Since the'C nucleus is strongly deformed, its collective

dicted by a large factor and the oscillatory structure of thee citation has been treated in the framework of the coupled-

data can not be reproduced correctly. They have reMaIN€gh annels formalism. Th&C nucleus has a static quadrupole

unsolved so far. : o . )
Therefore, our aim of analyzing tH&C+12C system is to deformgtlon, wh|ch is t'aken into account py deforming the
real optical potential with a Taylor expansion abéut R,

search for a global solution for some of these problems Witq the usual way15];
few energy-dependent potentials within the coupled-channei1 '

formalism from 32.0 MeV to 126.7 MeV in the laboratory

3.62 1.60 Eql) 5.50 0.51

or the 90° elastic excitation function at low energids .6

d its depth increases quadratically with energy as

system. U(r—R)=U(r—RO)—éRiU(r—RO)
In the next section, we introduce the model potentials R
used to analyze the experimental data and the results of these 5
analyses are shown in Sec. Ill, where we also make a dis- +i(5R)2ﬁ—U(r—R )= (4)
cussion of the limitations of the standard coupled-channel 2! aRg 0

method and highlight the problems. Section 1V is devoted to

analyses of the experimental data using our new couplingor the projectile® and the targeT,
potential and the results are shown in Sec. V. Finally, Sec.

VI gives a summary and a discussion of the new and stan- SRp=RpB,Y0( 0, ),
dard coupled-channel calculation.

Il. STANDARD COUPLED-CHANNEL CALCULATIONS ORr=RrB2Y oo 0. 6). ®)

A recent critical review by Kondet al.[14] found thata  Rp andRy are the radii of the projectile and target. The form
potential with a real depth of 300 MeV was able to account factors[15] are
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Scattering angle (degrees) tering excitation function.
FIG. 1. A comparison of the results of the simultaneous mutual IIl. RESULTS
excitation (the dashed lineand the sequential onghe solid ling . . o .
for the elastic, single-2, and mutual-2 excitations atE,,=93.8 The result of the 90° elastic scattering excitation function
MeV. obtained using the parameters of Table | is shown in Fig. 2.
The theoretical predictions and the experimental data are in
9 very good agreement, but as Konebal. found, this poten-

Fp(r)=Rp[iU(r,R0)} Fr(r)=R¢ U(r,Rp) |, tial family does not fit the individual elastic scattering and
IRo IRy inelastic scattering data as well as their excitation functions
6) simultaneously
We have attempted to obtain reasonable fits to the indi-
1 d?U(r,Ry) vidual angular distributions by changing the parameters of
Hp 1(r)=——5ReRy > (7)  the real potential, shown in Table I, but without success.
(4) IRG Some authorf9,21] also found a potential family that repro-
duces the individual angular distributions, but does not fit the
Fp(r) andF+(r) in Eq. (6) are the first-order form factors 90° elastic scattering excitation function.
that account for the excitations of the projectile and target To overcome this difficulty, we searched for a new poten-
nuclei, while Hp £(r) in Eq. (7) is the second-order form tial family by readjusting the parameters of the real potential
factor that accounts for their mutual excitation. and letting the imaginary potential change freely. The param-
In Eq. (5), B,=—0.6 is the deformation parameter of the eters are shown in Table Il. Except in the resonance regions,
12C nucleus. This empirical value is derived from its knownwe obtained satisfactory agreement for the elastic scattering
B(E2) value. The value oB(E2) is 42 e’fm* [16]. (A data as shown in Figs. 3 and 4 with dashed lines. However,
more recent measurement gives an average value of 38e theoretical predictions of the magnitudes and the phase of
+4 e’fm*[17].) the oscillations are not in good agreement with the experi-
In the standard coupled-channel calculations of inelastienental data for the single®2state, as shown in Fig. 5 with
scattering involving mutual excitation of the two nuclei, the dashed lines. The out-of-phase and magnitude problems be-
codescHuck [18] and FREsScO[19] are used in such a way tween the theoretical calculations and the experimental data
that the two nuclei are excited sequentially. However, weare clearly seen at many energies. These results for the elas-
think it essential thasimultaneousnutual excitation of the tic and single-Z excitation inelastic scattering are almost
two nuclei be included in the calculations. To do so, we usddentical to those obtained by Stokstatlal. [3]. For the
the mutual-2 excitation inelastic scattering data that aremutual-2" excitation inelastic scattering data, as shown in
available. We modify the codeHuck to take into account Fig. 6 with dashed lines, there is no agreement and the the-
the simultaneousmutual excitation procesf20]. It is ob-  oretical predictions of the magnitude of mutual-2xcitation
served that the simultaneous mutual excitation of the twanelastic scattering data are much smaller than the experi-
nuclei does affect the calculations, in particular in the resomental one; they are underpredicted by a factor of 3—10.
nance region where the calculations are very sensitive to thevertheless, our results for the mutudl-8xcitation inelas-
small variations of the potential parameters. This is demontic scattering data are in conformity with the findings of
strated in Fig. 1 aE;,=93.8 MeV since we have available Refs.[6-9,11], a problem mentioned by many authors in a
experimental data for all the states considered in this paperecent international conference on clusteriggC '99)
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TABLE Il. The numerical values of the potentials used in the s £ — NewCCC
standard coupled-channelalculations.Vy, ry, anday stand for E
the depth, radius, and diffuseness of the real potential, respectively 1% [
andW, ry,, anday, stand for the depth, radius, and diffuseness of 1o’
the imaginary potential, respectively.

« Exp. Data
- - - Standard CCC

Eiab Vi 'n ay w fw  ay
(MeV) (MeVv) (fm) (fm) (MeV) (fm) (fm)

32.0 2900 0.80 130 3.0 120 051 107

40.0 2000 079 128 36 120 051 0

45.0 2000 0.80 115 38 120 0.51 ‘;: ‘°2

49.0 2900 079 1.23 42 120 051 g

50.0 2000 0.80 121 45 120 051 ERU

55.0 2900 080 115 50 120 051 102

57.75 2900 081 135 63 120 051 o

60.0 2900 080 130 66 120 051 T

65.0 2900 079 143 7.0 120 051 0 ¢

70.7 2900 081 120 85 120 051 107

78.8 2000 0.81 130 95 120 051 10°

93.8 2900 0.82 1.35 120 120 051 W L

98.2 2900 0.81 1.30 125 120 051 o

102.1 2900 0.81 1.30 140 120 051 F

105.0 290.0 0.81 1.30 14.4 1.20 051 10 0 16 26 3I0 4‘0 5;0 6‘0 76 86 96 16016 2I0 (;0 46 5‘0 6I0 7‘0 6;0 9I0 100
112.0 290.0 0.80 1.30 13.0 1.20 0.51 Scattering Angle (Degree) Scattering Angle (Degree)

117.1 290.0 080 1.35 14.0 120 0.1
121.6 290.0 080 135 141 120 0.51
126.7 290.0 081 1.30 14.2 120 0.51

FIG. 3. Ground-state results: The dashed lines show the predic-
tions of the standard coupled-channel calculatie® Table Il for
the parametejswhile the solid lines show the results of the new
coupled-channel calculations, obtained using new coupling poten-

) ] tial with the empiricalg value (85=85=—0.6) (see Table Il for
[9,10,22,23 In order to make a comparison with the new the parametejs

calculations, presented in the next section, some of the re-

sults for the single-2 and mutual-Z states are shown in describes the inelastic scattering has been based on perturba-
Figs. 5 and 6. tion theory. Since the coupling potential is connected to the
We had anticipated that the inclusion of the simultaneou$ea| term by a Tay|or expansion around the surface of the
mutual excitation of two nuclei could solve the magnitudenycleus, changing the real potential has a substantial effect
problem of the mutual-2 excitation data. However, al- on the elastic scattering data, but not on the inelastic scatter-
though this effect has improved the details of the fits to theng one. Therefore, according to this standard procedure, the
experimental data, it failed to provide a solution. The mag-coup”ng potentia] has the same energy_dependence as the
nitude of the mutual-2 excited-state cross section is still central term. Actually, Smithsoet al.[26] analyzed the in-
one of the major outstanding problems of this reaction.  elastic scattering data for tHé€O+2°%Pb system and asserted
In the past, the magnitude problem for the single€x-  that the standard deformation procedure is inadequate for the
citation inelastic scattering calculations was solved for dif-description of the inelastic scattering data. They also con-
ferent reactions by changing the empirigalvalue[24,25.  cluded that there is no reason for the coupling potential to

Thus, the same solution was expected to apply to i@  have the same energy dependence as the central potential.
+12C system for the single-2 and mutual-2 excitations

inelastic scattering calculations. For this purpose, we in-
creased theg3 value to— 1.2, which is twice the actual value
and has no physical justification. However, although the If we consider two'?C nuclei approaching each other, the
agreement between theoretical predictions and the experitouble-folding model will generate ablatepotential which
mental data for the magnitudes of the single-@nd mutual- is correct at large distance. When these two nuclei come
27 excitations inelastic scattering data is improved, the theelose enough, they create the compound nucféMsg which
oretical predictions for the elastic scattering data are verys aprolate nucleus in its ground state, whereas the folding
poor; the same holds for the 90° elastic scattering excitatiomodel yields an oblatéttractive potential in this case. How
functions. well the double-folding model describes a prolate nucleus

Within the coupled-channel formalism, the reason for thiswith an oblate potential is unclear and this may be the reason
failure may be understood if the effect of changing the realwhy the earlier calculations using a double-folding model in
potential on the inelastic scattering cross section is considthe coupled-channel method were unable to provide a con-
ered. The method of obtaining the coupling potential thatsistent solution to the problems of this reaction.

IV. NEW COUPLING POTENTIAL
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FIG. 5. Single-2 state results: The dashed lines show the pre-
FIG. 4. Ground-state results: The dashed lines show the predidictions of the standard coupled-channel calculati@es Table Il
tions of the standard coupled-channel calculatises Table Il for for the parametejavhile the solid lines show the results of_the new
the parametejswhile the solid lines show the results of the new coupled-channel calculations, obtained using new coupling poten-
coupled-channel calculations, obtained using new coupling poterfial With the empiricalg value (85 =B3=—0.6) (see Table Ill for
tial with the empirical value (35= Y= —0.6) (see Table Il for ~ the parametejs
the parametejgcontinued from Fig. 8
The result for the'?C+12C system is shown in Fig. 8. A
The limitations of the standard coupled-channel methodsecond local minimum is observed in the interaction poten-
on the one hand, and tloblate character of thé”C and the tial for certain orientations. This feature, included only in an
prolate character of the compound nucled@ig, on the  ad hocway in the work of Ordoez et al.[12], has not been
other hand, have motivated us to use a second-derivatiiaken into account in the standard coupled-channel calcula-
coupling potential. In order to describe the above-mentionedions. To investigate this minimum, we looked at the total
configuration, the coupling potential must bblate (attrac-  inverted potential, i.e., the dynamical polarization potential
tive) when two '°C nuclei are at large distances and must be(DPP) plus the bare potential, obtained by the inversion of
prolate (repulsive when they are at short distances. Thethe S matrix [13]. Our analysis suggests that the new cou-
standard and the new coupling potential are shown in Fig. 7pling potential points to the presence of the superdeformed
One possible interpretation of such a second-derivativgonfigurations in the compound nucleé®g, as has been
coupling potential can be made if we express the total potenspeculated27,2§.
tial as a function of the radii for different orientations of the  The real and imaginary potentials in these new calcula-
two colliding *°C nuclei. If 6  are the angles between the tions have the same shapes as in previous calculafimes
symmetry axes and the axis joining the centers of the projecEgs. (1) and (2)] and the parameters of the potentials are
tile and target, then the total potential, as an approximationdisplayed in Table Ill. We have analyzed the experimental in

can be expressed in the following way: the same energy range.
dVe
V() =Vn+ BaR [ Yool O dp) + Yoo 07, ¢7)] V. RESULTS
42V The results of the analyses using the new coupling poten-
C

+ B2R? Yoo 0o, Yool 6, @ tial are displayed in Figs. 3 and 4 for the ground state, in Fig.
P2 2 [Yaol Op . )+ Yool O7.r)]. (8) 5 for the first excited statésingle-2"), and in Fig. 6 for the
mutual excited statémutual-2").

whereVy is the nuclear potential and. is the new second- The agreement is very good for the elastic scattering and
derivative coupling potential. The final term is due to thesingle-2" and mutual-2 excitation inelastic scattering data
mutual excitation. over the whole energy range studied. The theoretical predic-
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FIG. 7. The comparison of thetandard coupling potentiall)
with 8= —0.6, (2) withB=—1.2 and oumew coupling potential
for E|,p=32.0 MeV. The parameters of the latter are shown in
Table IIl.

of 1%C, states which are strongly coupled to the ground state.
These predictions motivated us to run an experiment in

this energy range. The initial analyses of the experimental

data indicate that the variation of these parameters are not

actually random since structures relating to thie state of

the 12C are seen in this energy range. The detailed analyses

and the full results will be given in the forthcoming paper

[35].

This new, second-order coupling potential, has also been

applied successfully to thé®0+28Sj and °C+2*Mg sys-

tems [20,36. This model has explained the experimental

data successfully.

tions of the magnitudes and the phase of the oscillations for

the single-2 and mutual-2 excitations inelastic scattering
data, which have been the major outstanding problems o
this reaction, are in a very good agreement with the empirical 0.0
values. This new coupling potential has made a substantia

improvement at all the energies considered.

The 90° elastic scattering excitation function is also ana-5
lyzed and the result is shown in Fig. 9. The agreement W|th2
the experimental data is excellent over the whole energyc

range.

Table Ill indicates that the parameters are almost constan:
(1%—-3% changgsaway from the resonance regions. How-
at certain energies in the energy rarigg,~
—110.0 MeV, the parameters fluctuate. We interpreted the
fluctuations at small energies in Table Ill as the effect of the
resonances observed by Cormietral. [29,30, Chappell
et al. [31-33, and Fultonet al [34]. The changes of the
potential parameters in the energy rargg,~
MeV might be related to resonances, which have not yet 00 20 40 6.0 80
been observed in th€C+ 2C system. Within such an inter-

ever,

90—-110.0

50.0 T T

-50.0

-100.0

| depths

ential

-150.0

The pot

-200.0 -

-250.0

-300.0 | | . .
10.0

Radius (fm)

pretative scheme, one may infer that these resonances might FIG. 8. The orientation potentials of two nuclei at different
be associated with the single- and mutual-dxcited states angles including the hexadecupole deformatiorf*.
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TABLE lll. The numerical values of the potentials used in the
new coupled-channaalculations W denotes the imaginary poten-
tial. Vy, ry, anday stand for the depth, radius, and diffuseness of
the real potential, respectively, and andac stand for the radius — New CC calculation
and diffuseness of the coupling potential, respectivaly £ 210.0 10* | = Bxpenmentalhala

MeV).

Eian Vi N ay W rc ac
(MeV) (MeV) (fm) (fm) (MeV) (fm) (fm)

do/dQ (mb/sr)
)
T

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 0.70 102 L ]

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 0813 124 3.07 0.69 0.70 el ST , L

55.0 290.0 0.813 1.26 3.17 0.69 0.70 0 20 40 60 80 100 120 140

57.75 290.0 0.813 1.26 3.17 0.69 0.70 Energy ., (MeV)

60.0 290.0 0.813 1.28 3.37 0.69 0.70 ) . L . ) .

65.0 2000 0811 128 357 069 070 FIG. 9. |'90° elastlc_ sr:att_er:m% excnat_lqn functllon, obctaln?\‘d using
new couplin otential with the empiric value = =

70.7 2800 0799 129 371 0.69 0.70 gy ping p piricg 62=F2

78.8 287.0 0.785 1.28 5.50 0.68 0.70

93.8 2920 0790 1.34 119 0.67 0.67 ergy dependence as the central term. However, our analysis

98.2 2800 0785 127 115 066 0.65 reveals that the coupling potential has a vital importance in

102.1 2800 0.810 133 115 065 0.63 explaining the experimental data for the reactions that in-

105.0 2890 0810 1.37 115 066 066 volve at least one strongly deformed nucleus and that there is

1120 2870 0800 128 138 068 067 no reason for the coupling potential to have the same energy

dependence as the central potential. This may explain the
failure of the standard coupled-channel calculations.

The comparison of the results obtained using the standard
and new coupled-channel calculations indicates that a global
solution to the problems of the scattering observables of this
reaction over a wide energy rangg2.0—126.7 MeV with
VI. SUMMARY AND CONCLUSION little energy dependence on the potentials has been provided

We considered the elastic and inelastic scattering of th&Y this new coupling potential. The significance of the new
120+ 12C system from 32.0 MeV to 126.7 MeV in the labo- approach should _be underlined be_cause it does not only fit
ratory system. Although this reaction has been one of thdhe present exper_lm'ental data, but it also Iead§ to other novel
most extensively studied reaction over the last 40 yearsand testable predictions. To our knowledge, this has not been
there has been no global model that explains consistently tl'ﬁgt achieved over such a wide energy range. Studies using
measured experimental data over a wide energy range. In thgiS Néw coupling potential may also lead to new insights
introduction, we presented the problems that this reactiof 0 the formalism and a new interpretation of such reac-
manifests. We attempted to find a consistent solution to theddPns-
problems. However, within the standard coupled-channel
method, we failed, as others did, to describe certain aspects
of the data, in particular, the single-2and mutual-2 exci- The authors wish to thank B. Buck, A. M. Merchant, Y.
tation inelastic scattering data, although the optical modeNedjadi, S. Ait-Tahar, R. Mackintosh, B. R. Fulton, G. R.
and coupled-channel models explain perfectly some aspecgatchler, and D. M. Brink for valuable discussions and pro-
of the elastic scattering data. viding some data. I.B. also would like to thank the Turkish

As discussed in Sec. lll, the standard coupled-channeCouncil of Higher EducatiofY OK) and Erciyes University,
method entails that the coupling potential has the same erFurkey, for their financial support.

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
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