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The effect ofLi and ®He breakup on the fusion cross section of these nuclei #ifPb is investigated by
means of continuum-discretized coupled-chanf@®CC) calculations. ForfLi the calculations describe
reasonably well the experimental data for elastic scattefhg— a+d breakup and the absorption cross
section given by the sum of tHi fusion and thea production cross section not attributed to breakup. The
effect of SLi breakup on the calculated absorption cross section is found to depend strongly on the imaginary
part of the diagonal bare potential. A combination of the CDCC technique and the barrier penetration model
generates results close to the measured fusion cross sectidtHé the calculated absorption cross section is
much larger than the measur@de+2°°Bi complete fusion cross section values. However, it is found to be
relatively independent of the form of the imaginary part of the bare potential. The complete fusion cross
section is again found to be reasonably well described by the CDCC/BPM combination.
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I. INTRODUCTION case. An effective method of calculating the breakup cross

; " P . o tion is the continuum-discretized coupled-channels
The fusion probability of two colliding nuclei is sensitive Sec . .
to their structure as well as to the influence of other pro—(CE\(/:eC?[h?r&]:gi'J] [?%lrezr;]%lgczgtgggrrgtigfe duri]r?tcc))ulr)ﬁ ss?ﬁt?:o-
cesses such as nucleon transfer or breakup. It is expected t P

for weakly bound proiectiles breakun will be the dominant ntum space. Each bin is then represented as an individual
. y! proj P ) state in the CC formalism, using a wave function obtained by
direct reaction process and due to this expectation the effe

) ; . %R/eraging the continuum wave functions calculated within
of breakup on other reaction channels, especially the fusiog 5t pin over its width.

process, has recently been intensively investigated. Many of A weakly bound projectile scattering system that has been
the fusion studies published to date lead to contradictoryye| investigated experimentally i€Li+ 29Pb. The elastic
conclusions. Some of them predict a large enhancement @kattering of°Li by 2%%Pb has been measured at several en-
the fusion cross section below the Coulomb barrier due t@rgies in the vicinity of the Coulomb barri¢?,8]. The se-
breakup, while others observe a rather large suppression glential breakup processi — a+d proceeding via the first
the fusion cross sectiofi-5]. resonant 3 state was measured at three incident energies by
Generally, theoretical models used in these studies ar€@emmekeet al. [8], while the total inclusive and exclusive
based on the coupled-chann@RC) formalism. This method breakup was recently investigated by Signorati al. [9]
allows the effect of projectile breakup on fusion to be stud-Moreover, very recently Weet al. [10] published cross sec-
ied, since the total reaction cross sectiof, can be ex- tions for the fusion ofLi with 2°Pb. These data form an

pressed as: almost complete set for the interaction &f with 2°%Pb.
The interaction offLi+ 2%%Pb has also been investigated
- . i
OR= Oy + Taps= _22 2 +1)(1-|S)D, (1)  theoretically by means of CDCC calculations. Results for
K5 elastic scattering and breakup were published in our earlier

papers[11,17. In a recent papefl3] we have also shown
some results for the fusion diLi with 2°%Pb. They were
obtained using a barrier penetration mo@@PM) with the
- ! " real effective potential between the projectile and target be-
the two colliding nuclei in the entrance channel. If breakup 'Sing the sum of the bare potential and the dynamic polariza-
the dominant direct reaction process, the absorption Crosg,n potential. The latter was generated by the couplings to
section, ogpe IS equal to the fusion cross sectiomis, 8 the resonant and nonresonant excited stateid ioincluded
contributions too,ps from other direct reaction channels not ;, ine cDCC calculations. The nuclefis is known to have
explicitly included in the calculation may be neglected in thisy \\q| developede+d cluster structure, therefore the bare
potential was calculated from empirical optical model
+target andd+target potentials using the cluster wave func-
*Electronic address: rusek@fuw.edu.pl tion of thebLi ground state and the single-folding technique

where the elastic scatterin@matrix elements,S, and
breakup cross sectiowy,, are directly provided by the CC
calculations. HeréiK represents the relative momentum of
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[14]. The results could not be compared to measured fusion
cross sections as none were available at that time. .

Recently Diaz-Torrest al. [15] proposed a novel method 10
for calculating fusion, still based on CDCC calculations us-
ing thea+d cluster model ofLi. They focused on the fusion
of 87Li with 5°Co and?°Bi without presenting results for
other reaction channels. Their CDCC calculations employed
a andd+target potentials with short-ranged imaginary com-
ponents to simulate an incoming wave boundary condition.
However, they did not include imaginary components in the
transition potentials.

The present paper is devoted to a more detailed study of
breakup effects on the fusion éifi and ®He. We present the
results of different model calculations including CDCC cal-
culations with different input potentials. The aim of this
work is to ascertain whether modern reaction models can
describe simultaneously the elastic scattering, breakup and
fusion processes for the interaction of these weakly bound
light nuclei with a?°%b target. We compare calculated cross
sections with many existing data sets, including elastic scat-
tering, sequential and total breakup, and fusion. We study the
problem of fusion enhancement and fusion suppression and 0., (deg)
the dependence of these effects on the imaginary part of the o
diagonal bare potential as well as on the nature, Coulomb or FIG. 1. (a) Angular distribution of the differential cross section
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nuclear, of the breakup process. (ratio to Rutherford cross sectipfor ®He +2%%Pb elastic scattering
[13]. The curves show results of one-channel and the full CDCC
Il. MODEL CALCULATIONS calculations with the set A of the input cluster-target potenti@ls.
Results of the CDCC test calculations with different width of the
A. Continuum-discretized coupled-channels continuum bins. See text for details.

The CDCC method was used to calculate cross secuongn da,=0.2 fm, in order to simulate an in-going-wave bound-
for the elastic and breakup channels. From these observabl &% condition for fusion, following the prescription of
the absorption cross section was extracted by means of Egfgades-Brown and Braun- Munzingé@1]. CDCC calcula-
(1). For °Li, couplings to the 3 (E=2.18 MeV), 2 (Ex  tjons using these parameters are referred to as CDCC B.
=4.31 MeV) and T (E,=5.65 Me\) resonant states were  The binding energy ofHe is even smaller than that of
included as well as couplings to the nonresonaftd con- 8L, so breakup is expected to be more dominant in the in-
tinuum. The continuum was truncated at an excitation energyeraction of®He with a target nucleus and to have a much
of about 11 MeV, corresponding to antd relative momen-  larger effect on the fusion process. Al$ble has a stron§1
tum k=0.78 fnTL. The continuum was discretized into bins excitation to the continuum, whereas in a stactd cluster
of equal width,Ak=0.26 fn2. In the presence of resonances model of®Li the E1 excitation strength is identically equal to
the discretisation was slightly modified in order to avoid zero[22]. Therefore, we performed similar CDCC calcula-
double counting. All cluster states correspondingated  tions for the®He +2%%b scattering system, using a two-body
relative angular momenta=0, 1, 2were included. The reso- dineutron model ofHe [13,23. Although ®He is known to
nant states were also treated as momentum bins, with widthsave a three-bodyx+n+n structure there are reasonable
corresponding to 0.1 MeV, 2.0 MeV, and 3.0 MeV, respec-grounds for believing that the dineutron model generates
tively [16]. The a+d binding potential was of Woods-Saxon physically meaningful results. As discussed in Keedgal.
shape with parameteR®=1.9 fm anda=0.65 fm[17]. More ~ [22] the dineutron model ofHe producesEl coupling
details concerning the parameters used in the present CDCétrengths that exhaust similar amounts of both the Thomas-
calculations can be found in Refd1,12,18§. Reiche-Kuhn and cluster energy weighted sum rules to the

The diagonal and coupling interactions were calculated/alues extracted experimentally by Aumaginal. [24]. The
from a+target andd+target optical model potentials by dineutron modeE1 strength is thus not unreasonable. In the
means of the single-folding technig{4]. Two sets of input  calculations couplings to the 1.8 MeV 2esonant state of
potentials were used. Set A consisted of empiriea’°®b  SHe and to theL=0,1, 2 nonresonant continuum, truncated
andd+2%pp optical potentials obtained in low energy elasticat an excitation energy of about 12.3 MeV, corresponding to
scattering studie§l9,2(, and calculations with this set are an a+2n relative momentunk=0.85 fmt, were included.
referred to as CDCC A. In order to investigate the sensitivityThe continuum was discretised into bins of widikk
of the results to the bare imaginary potential, we also per=0.25 fni! for the lowest energy bins for eat¢hvalue and
formed calculations where the imaginary parts of thel Ak=0.20 fni? for the others. The results for the elastic scat-
+208p optical model potentials were replaced by a shorttering are compared to the experimental data in Fig).1
ranged potential with parametel&=50 MeV, r;=1.0 fm,  Test calculations with the model space limited to ttrel
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states from the continuum and with the different bin widths

are presented in Fig.(lY). In the calculations the continuum .
was truncated a&=0.85 fnL. It was found that the calcula- 10
tions with theAk=0.20 fni'! generate very similar results to

the calculations with theAk=0.10 fmil. Values of the

breakup cross section calculated with these two bin widths

differ by less than 1%. As input cluster-target optical poten-

6, . 208
Li+ Pb
E,, =32.1 MV

tials we adopted the two sets used in fhe+ 2°%Pb calcula- b‘I
tions. T ..
> 10
o 50 100 150
B. Barrier penetration model o]

In the limit of no couplings, optical model calculations of
the absorption cross section with short ranged imaginary po-
tentials should give results close to the fusion cross section
calculated using the barrier penetration mod##®M). In the
BPM the fusion cross section is calculated from the barrier
penetration coefficients,, using the following relation:

1 —— CDCCB \
ar 10° + + N +
Ofys= @E 2+1T. 2 0 50 100 150
[
The coefficientsT, in turn are calculated using the WKB ec.m. (deg)

approximation and they depend on the Coulomb barrier,

Ug=U"a_ +Ucouomby FOr the optical model case, when the

FIG. 2. Angular distribution of the differential cross sectioa-

imaginary part of the diagonal nuclear potentid} i tio to Rutherford cross sectipfor 6Li+ 2%%Pb elastic scattering. The
9 yp 9 P uclear data are from Keelegt al. [7]. The curves show results of various

Conf'_nEd inside the Coulomb barrier the VaIueE(:bf-|S,|2) calculations with the two sets, A and B, of input cluster-target po-
obtained from Eq(1) should be close to the BPM} [21,23.  enials. One-channel no coupling calculations are plotted as dashed
Hence the BPM fusion cross section and the optical modelrves while the calculations withLi — a-+d breakup couplings
absorption cross section will be similar for calculations withincjuded are plotted as solid curves, see text for details.
the same real part &f,, cear It Was shown that when the real
part of UnyqeariS €nergy dependent according to the disper.inelastit_: excitations _and other channels not explicitly in-
sion relation, BPM calculations of the fusion cross sectiorcluded in the calculations. The effect of breakup on the elas-
well reproduce the experimental data fiO fusion with ~ tic channel is shown by the difference between the one-
209h and®?S fusion with°Ca [26]. channel calculationgdashed curvgsand the full CDCC

It is possible to account for the effect of channel cou-results(solid curves. Here the one-channel calculations are

plings in one-channel calculations by means of a dynamié:"qu“’"jllent to the .optical model calculations V\.’it.h th.e com-
polarization potentiall,. Such a potential may be derived plex potential derlvgd from c'Iuster—target empirical interac-
from CDCC calculations following the prescription of Th- tions by means of single-folding technique.

. The dynamic polarization potential derived from the
ompsongt al. [27]. Rgcently, It was shqwn that BPM calcu- DCC A calculations reduces the strength of the bare poten-
lations with an effective nuclear potential equal to the sum o

. o . ial at the Coulomb barrier radius. This reduction varies
t_he b_are potential and the pola_nzatlon potenthlnudear_ slightly with incident energysee Table)land is different for
_Ueg;ubafefup' are alble to describe well the Cross sectionge req| and imaginary parts. The mean value of this reduc-
for ®7Li fusion with *%O [28,29. In this paper we also tjon isN,=0.57 and\;=0.90 for the real and imaginary parts
present results of such calculations for both scattering syssf the potential, respectively, indicating that the polarization

tems. ) o potential is mostly real and repulsive at the surface for these
Most of the calculations presented in this paper were pergg|culations.

formed using the coderesco[31], version frxpl18.
TABLE |. Ratios of the reallN,) and imaginary(N;) parts of
Ueft/ Upare at the Coulomb barrier radiugRc=11.6 fm) for Li
lll. RESULTS AND DISCUSSION +208pp extracted from the CDCC A calculations.

A. Results for SLi+ 298pp

. Lo ) Ec.m. Nr Ni
A typical example of the description of an elastic scatter-
ing angular distribution by the CDCC calculations is shownZ26.6 0.61 112
in Fig. 2. Calculations with the empirical cluster-target opti- 28.2 0.52 0.99
cal model potentialsCDCC A) describe the data better than 32.0 0.52 0.80
those with the short-ranged imaginary pa@®CC B). This 379 0.58 0.78
is due to the empirical potentials having more surface abg 5 0.63 0.79

sorption, which in a broad sense models the effect of target—
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FIG. 3. Data for the exclusivéLi breakup froma+d and « 09 10 11 12 13 14 15 18
+p coincidences measured by Signomtial. [9] (filled circles and
for the sequentiafLi — a+d breakup via the Bresonant state of Ec.m./VB
6Li obtained by Gemmeket al. [8] (triangleg compared with the
CDCC calculations. See text for details. FIG. 4. (a) Experimental data fofLi+ 2°%Pb (filled circles [10]

and 5Li+ 209 fusion (starg [2] compared to the absorption cross
The results for théfLi — a+d breakup cross section do sections obtained from the CDCC A and CDCC B calculations. The
not depend so strongly on the choice of input imaginaryﬁ”ed trianglgs .represent the sum of the fusion cross section and the
potential parameters. For sequential breakup via thego-  S° cglledstrlpplng b_reakupthe d|ﬁerenge between the tot@lpro-_
nant state of’Li both sets of calculation§CDCC A and d_uctlon cross section and the exclusive breakup czroos§ section as
CDCC B) underpredict the cross section, but for the totaidiscussed in Refd). (b) Experimental data for théHe +2%Bi com-
breakup(the sum of the sequential and direct breaktie plete.fusmn cross gectldMIleq circles [4] compared with the ab-
. . . A sorption cross sections obtained from the CDCC A and CDCC B
agreement is better. The filled circles in Fig. 3 denote the . o
. . -~ talculations forr%%b target.
experimental values for the cross sections corresponding to
the sum of the exclusive+d and a+p coincidences, so in The calculated cross sections are compared with the ex-
addition to the’Li — a+d breakup they include contributions perimental results of Wit al. [10] for SLi+2%%Pb fusion,
from the one-neutron transfer process and from the threeplotted by the solid circles in Fig.(d). As expected, the
body a+p+n direct breakup. Test calculations have shownone-channel calculations with input potential se{dbtted
that one-neutron transfer to the first few excited states o€urve) generate larger cross sections than those using set B
20%p generates a total cross section of about the same size @wtted-dashed curyeThis is simply because the imaginary
that for breakup. Couplings to these transfer channels werpart of the diagonal potential derived from set A is of larger
not included in the present calculations, so the predictedange than that derived from set B. In both cases, however,
cross section values should be lower than the measured onelke absorption cross sections obtained from the full CDCC
The absorption cross sections obtained from the CDC(alculations are much larger than the experimental fusion
calculations are presented in Figay They are plotted as a cross sections. This is not surprising, as the experimental
function of the c.m. energyratio to the Coulomb barrier values represent mainly complete fusion®af with 2°%Pb.
height,Vg). The height of the Coulomb barrier was found to  The calculated values of the absorption cross section are
be 28.5 MeV at &Li+ 2%%Pb separation oR-=11.6 fm in  close, however, to the sum of the fusion cross section and the
the cluster-folding calculations. For weakly bound projectilesso calledstripping breakupcross sectiongg, g, measured
like °Li, one should distinguish betweammpleteandtotal by Signoriniet al. [9] (solid triangles. The latter is the dif-
fusion[2]. The latter contains, in addition to the fusion of the ference between the total production cross section seen in
projectile as a whole with the targ@tomplete fusiop fusion  the experiment and the exclusive breakup cross section plot-
of one or more projectile fragments with the target. The abted in Fig. 3. Both calculations, CDCC A and CDCC B,
sorption cross sections obtained from the CDCC calculationproduce similar quality fits to these data.
correspond to total fusion, since the imaginary parts of the The effect of breakup on the absorption cross section is
cluster-target input potentials account for the separate fusiovery different, depending on the input parameter set. For set
of the a andd with 2°%b. The problem of complete versus A breakup reduces the absorption cross section over the
total fusion and the various definitions of these quantitiesvhole energy rangesolid curve, while for set B, the absorp-
found in the literature is extensively discussed in Diaz-Torresion cross section remains almost unchanged above the Cou-
et al. [15]. lomb barrier and is significantly enhanced below the barrier
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FIG. 5. Real(Vp) and imaginary(W,) parts of the dynamic
polarization potential(Up) corresponding to the two different
CDCC calculations atE, ,=28.2 MeV for SLi+ 29%Pb— (a+d) 10'
+298ph preakup. The imaginary parts of the respecfivie- 2°%Pb
bare potential§U,,.J are plotted by the dashed curves.

10?

0.9 1.0 1.4 1.2 13

(dashed curve It is important to note that the calculated Ec.m./VB
values of the absorption cross section, independent of the
input potential set, are close to the experimental vatigs FIG. 6. (a) Fusion cross sections féti+ 2%Pb (filled circley
+ 04, gy plotted by the solid triangles. [10] plotted as a function of the c.m. ener@tio to the Coulomb
The effect of the breakup process on the fusion cross sedarrier height The curves show the results of calculations using a
tion may be discussed in terms of the dynamic polarizatiortombination of CDCC and BPM techniques with the bare and ef-
potential. It is well known that the effect 8t.i breakup on  fective potentials. See text for detail®) Fusion cross sections for
the elastic scattering cross section may be simulated in #e+2°%Bi (filled circles [4]. The curves show the results of cal-
one-channel calculation by a polarization potential with aculations using a combination of CDCC and BPM techniques with
repulsive real part. loannides and Mackintof32] have the bare and effective potentials. See text for details.
noted that this fepulsion tends to occur more strongly when
the underlying absorption is strongésSakuragi[30] stud- A comparison of the cross sections for fusion®bf with
ied the real and imaginary parts of the dynamic polarizatior?®®b (solid circleg and2°*Bi (starg plotted in Fig. 4a) sug-
potential generated i breakup and found that the ratio of gests that target excitation plays a negligible role in the fu-
these two terms depends on the nature of the coupling paion process. This is supported by test CDCC calculations
tentials. When purely real coupling potentials are used irwhich included coupling to the 2.6 MeV; &xcited state of
CDCC calculations the dynamic polarization potential has &%pp,
significant absorptive imaginary part, but when complex Calculations of the fusion cross section using the BPM/
coupling potentials are used the imaginary part of the polar€DCC model depend only very weakly on the input param-
ization potential is negligibly small at the surface. eters sets A, B since in this model the fusion cross section is
These observations correspond directly to the polarizatiomainly defined by the real part of the effective nuclear po-
potentials derived from our calculations using the two sets ofential, U,,,cea=Uesr. Therefore, in Fig. @) we only show
input potentials. In Fig. 5 the real and imaginary parts of thethe results of BPM calculations using input potential param-
polarization potentials derived from the CDCC A and CDCCeter set A. The results of the calculations with the diagonal
B calculations at a c.m. energy of 28.2 MeV are plotted to-nuclear potential equal to the bare potentld),ciea=Upare
gether with the respective imaginary part of the diagonabre shown by the dotted curve. When the polarization poten-
potential, Wy, When set A is used, the derived polarization tial is added to the bare potential the fusion cross section is
potential has a negligibly small imaginary part at separationslightly suppressed below the Coulomb bar(ulid curve.
larger than the Coulomb barrier radius, while when set B is
used the imaginary part of the polarization potential becomes
strongly absorptive around the barrier radius. Thus, in the
CDCC A calculations the absorption cross section is mainly The mechanisms diLi — a+d and ®He— a+2n breakup
determined by the lowering of the Coulomb barrier due toin the field of a lead target are very differeft3,33.
the repulsive real polarization potential, while in the CDCCBreakup of®Li is governed by the nuclear interaction while
B calculations the absorption generated at the surface is réreakup of°He is dominated by Coulomb couplings to the
sponsible for the increase of the absorption cross section beontinuum. Verbitskiand Terenetski[34] demonstrated that
low the barrier. if 8He breakup is of Coulomb nature the dynamic polariza-

B. Results for ®He +2%8Pp
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1.0 breakup on the calculated absorption cross se¢thm“total

_ v fusion”) is a considerable enhancement, irrespective of the
choice of diagonal imaginary potential.
; When plotted as a function of thg, ,,,/ Vg ratio the values
05f | 05} for the 8He +29%Bj fusion cross section become very similar
to those for fusion ofLi with 2°%b, cf. Figs. €a) and Gb).
The description of the experimental fusion cross sections by
the BPM calculations is shown by the solid curve in Fig.
6(b). These calculations reflect the enhancement of the Cou-
0'010 Y lomb barrier due to the repulsive real part of the polarization
' potential at the barrier, and therefore the effect %fe
breakup on the fusion cross section predicted by the BPM
CDCC A ./ cDbceB calculations is opposite to that obtained from the full CDCC
-0.5 sl calculations. The BPM predicts strong suppression of the
fusion cross section due to breakup, as a comparison of the
R (fm) solid and dotted curves in Figl® shows. The large differ-
ence between the full CDCC and BPM results can be due to
FIG. 7. Dynamic polarization potentials corresponding to theOther than breakup reaction channels not taken into account
two different CDCC calculations as in Fig. 5 but féie+2%%b at  in the CDCC calculations.
Ecm=28.8 MeV .

V (MeV)

0.01

. . . . IV. CONCLUSIONS
tion potential corresponding to this process has a small at-

tractive real part and a much stronger absorptive imaginary Results of extensive CDCC calculations for the interac-
part of a very long range. tion of 6Li and ®He with a2%%Pb target have been presented.
This observation is fully supported by the present CDCCThe calculations are able to describe data’for 2°%Pb elas-
calculations. Although at projectile-target separations arountic scattering,’Li — a+d breakup and “nonbreakup absorp-
the Coulomb barrier radiudk-=12 fm) the polarization po- tion” reasonably well. The latter observable is the sum of the
tential still has a strong repulsive real part, it becomes smalfLi+ 2°Pb fusion and the so called stripping breakup, the
and attractive at separations larger than 14 fm, see Fig. process which is responsible for 75% of the measuted
The imaginary part is already absorptive at 12 fm and domiparticle yield for theSLi+ 2°%b interaction. The mechanism
nates at separations larger than 14 fm. Thus, independent of this process remains to be elucidated and its effect on
the input potential set, the absorption cross section is defineftision needs to be further investigated.
by the long-range absorption at the surface and the absorp- The effect of the®Li — a+d breakup on the calculated
tion cross section predicted by the CDCC calculations isabsorption cross section is found to depend strongly on the
therefore enhanced over the whole energy range. nature of the imaginary part of the diagonal bare potential. If
The results of the CDCC calculations are plotted in Fig.the imaginary bare potential is weak at the surf@€@®CC B
4(b). As fusion data for’He+2°%Pb are not available, the calculations, the inclusion of breakup enhances the calcu-
calculations are compared to measured cross sections ftated absorption cross section below the Coulomb barrier,
5He+2%Bi complete fusion[4]. The ©Li fusion data were leaving it unchanged above the barrier. If the imaginary bare
found to be similar for both targets, therefore the assumptiopotential is strong in the surfac®€DCC A calculationy
that they are similar fofHe is reasonable. The calculated breakup reduces the calculated absorption cross section over
and measured cross sections are plotted as a function of thiee whole energy range. However, both sets of calculations
c.m. energy, ratio to the Coulomb barrier height. The valuegive similar final results for the absorption cross section, in
of the Coulomb barrier height was found to be 18.2 MeV atbroad agreement with the experimental “nonbreakup absorp-
Rc=12 fm for ®He +2%%Pb. For the bismuth target the barrier tion” cross sections.
was assumed to be slightly larger and equal to 18.4 MeV. As The CDCC/BPM calculations provide a reasonable de-
for SLi, the one-channel calculations with set @otted scription of thecompletefusion data, and predict general
curve) give much larger absorption cross sections than theuppression of the fusion cross section due to breakup below
calculations with input potential set @otted-dashed curye the Coulomb barrier.
as expected. However, when the couplings to theeso- The absorption cross section values fiste +2°Pb ob-
nance and the nonresonant continuum are included the cahined from the full CDCC calculations are much larger than
culated absorption becomes very similar in both cases anihe measured complete fusion cross sections for the bismuth
much larger than the measured complete fusion cross sectidarget. Both sets of CDCC calculations predict strong en-
(solid and dashed curvesOne should bear in mind that the hancement of the absorption cross section over the whole
calculated absorption cross section corresponds to the totehergy range and give essentially identical final results, in-
fusion and, as was shown féki, includes the effect of con- dependent of the nature of the bare imaginary potential. This
tributions from direct reaction channels other than breakupinsensitivity to the choice of diagonal imaginary potential
However, in contrast to the results féki+ 2°%b, we may may be ascribed to the dominant nature of Coulomb breakup
draw the firm conclusion that the effect 8He—2n+a  for ®He, in contrast tdLi.

014603-6



BREAKUP AND FUSION OF®Li AND ®He WITH 2%%pp PHYSICAL REVIEW C70, 014603(2004

As for SLi+2%%b, the CDCC/BPM calculations give a method is much larger than the experimemtainpletefusion
reasonably good account of the complete fusion cross seeross sections. CDCC calculations using an interior imagi-
tions and predict a general suppression of the fusion crossary potential suggest that the effect of breakup on the ab-
section due to breakup, the effect being considerably moreorption cross section is enhancement below the barrier with
important for®He. little or no change above it fofLi and a general enhance-

The large difference between the CDCC absorption crosgent for ®He. Thecompletefusion cross section appears to
sections and the measured complete fusion cross sectiopg rather well described by a combination of the CDCC and

shows that a full understanding of the fusion process is Nogpy methods, these calculations indicating a suppression of

possible without a simultaneous understanding of other reagnq gyp_parrier complete fusion cross section by the breakup
tion channels which proceed with large cross sections, suc

. ] uplings. These results provide arposteriorijustification

as transfer processes, and_calls for more detailed experime f the general scheme used to calculate sub-barrier fusion in
tal and computational studies. However, our results do lea ef. [1]
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