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We have studied the transfer reactiéiN(’Be2B)*°C at E,,,=84 MeV, paying special attention to the
effects of the coupling to the continuum in the exit channel. Using the continuum discretized coupled channels
(CDCCQ) formalism, we find that these effects are important for the description of the elastic scattering observ-
ables. However, for the transfer process, differences between the predictions of the differential cross section
within the distorted wave Born approximatigpWBA) and the CDCC-Born approximatid€DCC-BA) are
found to be negligible. This result supports the use of the DWBA method as a reliable tool to extiagt the
factor in this case.
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[. INTRODUCTION are that the transition amplitude for the transfer can be evalu-
ated in the Born approximation and that the incoming and
Many reaction formalisms have been developed to studputgoing elastic waves are properly described in terms of
stable and unstable nuclei in the last few years and applied teffective optical potentials. Typically, the optical potentials
extract structure information from scattering processes. Oftised in DWBA calculations are deduced from the analysis of
ten, there is an interplay between the structure informatiorentrancgand exit, whenever existenglastic scattering data,
that should be extracted from the reaction data and the reate reduce the uncertainties of the ANCs extracted from the
tion process itself. Thus, in each case, in order to extradransfer[18]. The possibility of systematic errors in this
reliable structure information, the adequacy of the scatteringnethod has been a source of conckl8l]. As a result, sev-
formalism needs to be addressed in detail. eral tests have been performed to ensure its valigige, for
Of timely importance is the coupling to breakup statesexample, a comparison with direct measuremg2@ or the
when the scattering process involves loosely bound nucleextraction of the same information from a set of different
Early analysis of elastic scattering with deuterons haveeactiong21]). Very recently, the importance of coupling to
shown that it is important to include the couplings to theexcited inelastic channels of the target was assg&gdnd
continuum|[1,2]. More recently, the analysis of scattering results emphasize that care should be taken when choosing
reactions of loosely bound nuclei has progressed beyond tHbe target.
collective optical mode(OM) approach to a more micro- A significant number of the unmeasured capture reactions
scopic treatmenti.e., Ref.[3] for elastic, Ref[4] inelastic, of interest in astrophysics involve nuclei on the drip line
Refs.[5-8] for breakup, and Ref9] for transfer reactions  [19,23. The proximity of threshold suggests that breakup
In these approaches, the few-body nature of the looselghannels may play a role in their reaction mechanism. These
bound nucleus is incorporateab initio in the scattering implications have not yet been evaluated for any of the trans-
model and the coupling to the breakup channels are eithder reactions used so far. A prime example is the extraction of
introduced explicitly[10—13, effectively through polariza- S,; from *N(’Be 2B)*°C atE,,,=84 MeV [24,25.
tion potentialg 13,14, or to all the order$15,16]. One of the reasons fdiB attracting much of the nuclear
The study of the coupling to the continuum in transfer physics efforts is its relevance to astrophysics, namely, to the
processes with loosely bound nuclei is also of relevance isolar neutrino probleml9]. The first experiment performed
astrophysics. The asymptotic normalization coefficientwith the aim of extracting an ANC fofB was a @,n) reac-
(ANC) method[17] has been put forward as an alternativetion [26]. Meanwhile, two transfer reactions on medium
way to obtain information about the low ener@/factors. mass targets were measured with the same aim:
This method uses the absolute normalization of a peripheral®B(’Be ®B)°Be [24,27 and **N(’Be2B)°C [24], both at
transfer reaction to determine the normalization of the vertiE,,=84 MeV. The joint analysis of these reactiof8]
ces involved in the process. Its applicability depends cruprovided an accuracy fd8,-(0) greater than that of the di-
cially on the validity of the distorted wave Born approxima- rect capture measuremen29]. Coupled channel estimates
tion (DWBA) conventionally used. The main assumptions[22] showed that the excited states of the target can have a
strong influence when the target 88 but not whenN is
used. Consequently, thes;(0) value extracted from
*Electronic address: moro@romantico.us.es 108("Be,®B)°Be should not be used without further inelastic
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studies, but the value extracted froMiN(’BeB)*°C re-  vals, usually calledbins For each such bin, a representative
mains valid up to now. Until recenthyS,; extracted from square integrable wave function is constructed by an appro-
both the transfer reaction of Ré24] and the Coulomb dis- priate superposition of the continuum functions inside the
sociation datg30] were consistent with the direct capture bin. Thus, for a total angular momentuhwith projectionM,
measurements. However, the very recent direct capture dathe CDCC scattering wave function for tlee- A system is
from Seattle[31] not only improves the accuracy but pro- expanded as

vides aS;/(0) 30% larger than the previous values. While . ;

differences within the direct capture data sets are being un¥sm- (f,R)=[¢o(N®YL(R) Ismxa(R)

derstood, all sources of possible systematic errors in the Imax  J+1 N
analysis of the data from indirect methods need to be T S LU(R)
checked. Given that, ifB, the proton is bound by only =0 L—% 1 'L

0.137 MeV, one can suspect that coupling to continuum
states may play an important role in the reaction dynamics [¢i,|(r)®Y,_(FA2)]JM, (2
and affect the ANC results.

The aim of this work is thus to study consistently the Wlth N= kmax/Ak Here ¢; |(r) are the bin wave functions;
effects of continuum couplings ofB, both in the elastic x{,L(R) and x3, (R) are the radial wave functions for the
scattering and the transfer process. In Sec. |l, we discuss thelative motion between and A.
formalism used in both kinds of processes. In Sec. Ill we The radial functlons(OL and X| _ are determined by solv-
analyze the elastic scattering 88+ °C and discuss the ef- ing a set of coupled equations in the truncated space. The
fects of coupling to the continuum in the calculated differen-coupling potentials between different channels are given by
tial cross section. In Sec. IV, we analyze the transfer reaction
14N("Be,®B)*3C using the CDCC-BA framework: Born ap- Virin (R)=(i(N|Va(r,R)[ i), 3
proximation (BA) for the transfer couplings and coupled
channel continuum discretizatiattDCC) for the 8B con-
tinuum couplings. Finally in Sec. V the conclusions of the
work are drawn.

where it is understood that=0 stands for the ground state
(g.s). These coupling potentials include the g.s-g.s matrix
element (also known as the Watanabe potentiad).s.-
continuum terms, and continuum-continuum couplings. The
latter can be handled in the same way as the others because
Il. THEORETICAL FRAMEWORK the continuum bins have been made square integrable. The
wave function(2) permits the description of the elastic and
breakup processes for the reactiartc.

Let us now consider the transfer reactafC,A)c (a=c

, A=C+v), where we have chosen the notation such that

the exit channel of the transfer corresponds to the elastic
channel presented above. The prior form of the transition
3mpl|tude for the transfer reaction proces$3s]

As mentioned previously?B is a weakly bound system
with a breakupp+ "Be threshold close to the ground state.
For many purposes this nucleus can be well described by
two-cluster model in which the valence proton is coupled to,

a 'Be inert core(e.g., Ref[32]). In order to include théB
continuum states as intermediate steps in the elastic or tran
fer process, we make use of the CDCC formalisi—12.

. Consider the threg—bgdy scattering problem of a compos- T prior= =(W{INV, o+ Uge— U x\P dacbe), (4)
ite nucleusA=C+v impinging on a stable nucleus The
full Hamiltonian for the problem is whereV, is the potential that binds thevalence particle to
theC core,U. is the core-core potential, ardl, is an arbi-
H=h.+hp+T,+V,, (1) trary potential that generates the distorted wave function in

o _ _ the entrance channgf, ). Note that¥{ ) is the total exact
where the Hamiltonian for the composite nucleiss h,  wave function with ingoing boundary conditions. In ),
=Te,+ Ve, theth, andV,, is the sum of interaction be- V. is a real potential, whiléJ , can be chosen either as real

tween the clusters and the stable nucleu¥ ,=V.+V,.. or complex.
Lgt r be thevC separation, an® the projectile-target coor- In practice, Eq(4) is not directly used, as it requires the
dinate. knowledge of the exact solution of the three-body Sehro

For simplicity, we ignore the internal spins in the nota- dinger scattering equation, a rather complicated problem on
tion, and consider only excitations of the projectleKeep- its own. Approximations of this general form are developed
ing in mind the application to loosely bound nuclei, we as-according to the desired applications.
sume thatA has only one bound state. Thdm¢(r) When the coupling between the partitioas-C and A
=epdo(r) defines the ground state wave function and+ c is sufficiently weak, the transfer process can be treated in
hadim k= exdim k defines the continuum stat¢gbeled by  the Born approximation. Even in this situation, if the cou-
the angular momenturh, its projectionm, and the linear pling to some excited states of any of the partitions is strong,
momentumk). the transfer process can proceed via these intermediate states.

The CDCC method makes a double truncation of the conin these circumstances, it is convenient to solve the coupled
tinuum in both energy and angular momentum, working inequations that include the couplings between the different
the subspaces9k=k,,, and O<l|=<lI,,,. Moreover, the excited states, followed by the calculation of the transfer in
excitation energy range is subdivided into a number of interthe Born approximation. This procedure is known as the

024612-2



8B BREAKUP IN ELASTIC AND TRANSFER REACTIONS PHYSICAL REVIEW C 66, 024612 (2002

coupled channel analysis, we talde,=U .., i.e., the optical
potential that reproduces the elastic scattering in the entrance
channel.

Our choice of the prior representation for the transfer ma-
trix element is not arbitrary. In the post form, the binding
interaction is that of the exiting projectié,. and the rem-
nant term is the difference between the core-core interaction
Uee and the optical potential for the exit channélg
=U.a. However, this exit channel optical potential is often
unknown; contrary to the entrance channel elastic data, elas-
tic scattering in the exit channel cannot be measured in the
same experiment, and in many cases it is just unmeasurable
as both the projectile and the target are radioactive. It can
then be found either by fitting the scattering from the CDCC
FIG. 1. Couplings included in the CDCC-BA calculation. modeL or by extrapc)'ating from neighboring nuclei. The
prior form of the CDCC-BA approach, by contrast, does not

coupled channels Born approximation meth¢dCBA).  require any knowledge of the optical potentid); for this
When the coupling between the excited states of the samXit channel. It seems more appropriate, therefore, to use the
partition are weak, a further approximation is commonly per-pl’ior form representation of the transition operator and, con-
formed by neglecting the explicit coupling to these statessequently, all the calculations presented hereafter were per-
This procedure is known as DWBA. Even when the cou-formed in this representation.
plings are not so weak, they may be at least partially taken The further approximation of the CDCC by just its elastic
into account by an appropriate choice of the optical potenchannel, found with some optical potentidl;, gives the
tials. DWBA transition amplitude in the prior form:

When weakly bound nuclei are involved, the CCBA is
expected to be a reasonable approach because the transfer T,?r\iﬁ/rBA=(X(ﬁ_)¢A¢c|Vuc+ Uee—Uacl XV dadbc).  (6)
cross section is small due to the unfavoralllematching.
However, couplings to continuum states may still be impor-This simple approximation, very commonly used in ANC
tant, as these can act as intermediate steps in the rearrangaalyses, still requires knowledge of the optical potential for
ment process. It is not obvious that the DWBA approachthe exit channeU ., and hence suffers from the difficulties
properly accounts for these continuum effects. Neverthelesgnumerated above. However, if the transfer cross sections are
this procedure has been used recently in the analysis of raot very sensitive to this potential, then the DWBA will still
actions involving weakly bound systems as a tool to extracbe a useful procedure. We examine this sensitivity below, by
the ANC information. Therefore, it is timely to perform a studying the degree of agreement between the DWBA and
detailed analysis of the scattering frameworks used to dethe CDCC. In both approaches, the remnant term of the tran-
scribed the transfer processes. In particular, it is relevant teition matrix element for systems where a nucleon is trans-
investigate to what extent the effects of the coupling to theferred from a well bound state to a loosely bound state
continuum can be incorporated effectively in the optical po-vice versa is often not negligible and should be properly

tentials used by the DWBA approach. accounted for.
In the case of elastic and inelastic scattering, a common
procedure is to represent the continuum spectrufii§in’ by IIl. THE ELASTIC SCATTERING ®B+13%C

a finite set of normalizable states, such as the CDCC expan-
sion of EqQ.(2). When rearrangement channels are to be con- We investigate in this section the elastic scatterftiy
sidered, as in Eq(4), since the transfer step itself is not +*3C atEj;,=78.4 MeV, which is the exit channel in the
strong we can plausibly approximate the exact wave functiofransfer reaction that we wish to analyze in the present work.
appearing in Eq(4) by the CDCC wave function of Eq2). In particular, we study the importance of the continuum in
This procedure is called the CDCC-BA method. Inthe calculated differential cross section. This reaction was
CDCC-BA the exact transition amplitude is approximated bypreviously analyzed in Ref[25] using a renormalized
double-folding (RDF) potential obtained by an analysis of
nearby stable nuclei. A parametrization of this RDF potential
TSRCCBA= (WEPCANNY o+ Ue—U,|x S dadbe). (5)  in terms of the usual Woods-Saxon forms was also derived
by fitting the outer part of the RDF potential. Since these
fitted potentials may differ in the inner part from the original
All couplings included in the CDCC-BA applied to the RDF potentials, we used the latter in our calculations, as in
("Be®B) case are schematically illustrated in Fig. 1. the results presented in R¢R5]. As this interaction is de-
Note that, since the amplitudB) is only approximate, the rived from a systematic study on stable nuclei, it is not clear
potentialU , is no longer arbitrary. Thus, the transfer ampli- how adequate are these extrapolations to loosely bound nu-
tude calculated by means of E§) depends on the choice of clei. Elastic data for®B+*3C would help to shed light on
this potential. In analogy to what is commonly done inthese issues.

024612-3



A. M. MORO, R. CRESPO, F. NUNES, AND I. J. THOMPSON PHYSICAL REVIEWS6, 024612 (2002

TABLE I. Parameters of the potentials used in this work. Depths are expressed in MeV and radii and
diffuseness in fm. The first three rows correspond to optical potentials and the last two rows are the binding
potentials. Reduced radii are to be multiplied A}f*+ AY® for nucleus-nucleus scattering and Ay for
nucleon-nucleus scattering.

System \% Vso ry ay Wy, Wg rw aw re Ref.
Be+C (1) 54.3 092 079 299 1.03  0.69 1. [25]
Be+C (2) 99.8 077 081 220 1.01 081 1. [25]
p+13C 60.4 114 057 58 1.14 050 1.25 [34]
p+'Be 447 49 125 052 1.25 [32]
p+13C 51.4 1.30 0.65 1.30

In this section we analyze the same reaction in terms oWwith the Becchetti-Greenless potential.
the CDCC formalism for two reasons. First, this treatment As is well known, the Becchetti-Greenless parameteriza-
allows an explicit study of the role of the continuum, andtion is better suited for medium mass and heavy mass nuclei,
second, it provides an alternative analysis to the RDF thaand for higher scattering energies. Thus, the use of this op-
does not require the optical potential 8B+ 13C, thus pro- tical potential to describe the scatteringmf 3C around 10
viding a valuable reference in the absence of experimentdlleV may be questionable. This, together with the fact that
data. the Watson and Perey parametrizations provide essentially
An important ingredient of the CDCC calculation is the the same elastic scattering, suggests that we can use either of
bound state wave function of tf& nucleus. For the binding these with some confidence. From hereafter, the Watson po-
potential, we have adopted the parameters given in[B&f.  tential of Ref[34] will be used in all the CDCC calculations.
and listed in Table I. The valence proton wave function is We study now the sensitivity of the calculated differential
considered to be a pumy, configuration coupled to a zero- cross sections with respect to th€’Be,'*C) potential. Fig-
spin core of 'Be with unit spectroscopic factor. Although it ure 3a) shows the calculated elastic scattering cross section
is known that there is @y, that has a small contribution to for "Be+ *3C using the potentials Potsolid curve and Pot2
the cross sectiofi24], we chose to neglect it to make the (dashed-dotted curydérom the reaction’Li + 3C at 63 MeV
CDCC calculations feasible. analyzed in Ref[25] and listed in Table I. Also included in
The interaction between the projectif® and the target Fig. 3@ is the result obtained with the optical potential
13C to be used in the CDCC calculation is written as the sumJ(’Be,**N) (dashed ling In Fig. 3b) we show the corre-
of the interactionsU("Be,*3C) and U(p,*3C). No experi- sponding CDCC calculations for tHB+ 1°C elastic scatter-
mental data for the elastic scatterifBe+ 1C at the relevant ing at 78.4 MeV. It is observed that the CDCC calculations
energies €68 MeV) have been found in the literature. for 8B+ 1C, using potentials Potl and Pot2, give very simi-
Nevertheless, the similarity in the structure e and its lar results, whereas when the core-target potential is taken to
mirror partner ‘Li suggests to describe this reaction usingbeU(’Be,**N), a somewhat bigger difference is encountered
the potential taken from the reactiofiLi+3C, for which ~ beyond 30 deg. In the following, we will use Potl as the
experimental data exists at 63 MeV. Thép,'*C) was taken ~core-target interaction.
from nucleon-nucleus global parametrizations. Finally, we compare in Fig. 4 the CDC(hick solid line
Convergence of the CDCC results was achieved with @nd pure OM calculations. The thin solid line is the OM
matching radius of 40 fm and a maximum total angular mo-
mentum ofL ,.,= 100. The continuum spectrum was divided
into N= 10 bins of equal energy width in the range from 0 to
9 MeV. We took into accouns, p, andd continuum partial
waves. All the calculations were performed with the com- ,
puter codeFRESCO[35]. 10E
We checked the sensitivity of the calculation with respect &
to theU("Be,*°C) andU(p,*°C) interactions. To analyze the © 'L
uncertainty associated with the interactibh(p,**C), we :
compare in Fig. @) the calculated differential cross section

—— T ———————]
(@) p+'"Cc @10Mev (b) ’B+"c @78Mev
10’k oM ©€Dcc)

for the p+C elastic scatteringas ratio to Rutherford us- 10 I o AN
ing several protont3C interactions, adopted from the global C ] J - Perey E
parametrizations of Watsoat al. [34], represented by the 0
solid curve, Becchetti and GreenldS6] (dashed ling and 6, _(degrees) 6, (degrees)

Perey[37] (dashed dotted lineIn all three cases the spin-
orbit term was omitted. FIG. 2. (a) p-+*3C differential elastic cross section for different

The calculated CDCC elastic angular distributions showroptical potentials(b) CDCC differential elastic cross section angu-
in Fig. 2(b) with the Watson and Perey parametrizations ardar distribution for®B+3C at 78 MeV using different parametriza-
very similar, but significantly different from that calculated tions for thep+*3C interaction.
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—— T . — T —r T
10° @ 3 10°k (b)8 13 E 10°F 8 13 E
Be+"*C @ 68 MeV 3 B+"°C @ 78.4 MeV 3 E B+ 'C®@ 78 MeV
4 _
10 3 10'F
i 3 - .
\b ~ 10 E E
6,2 _ o
10 3 Al E
3 10 )
10° E u('Be,c)=Pot 1 N\ 102k _
3 10%f-— - u(Be."C)Por2 = £ 3
i —_—— 7o 13, 7, 1a, 3 C
“ L - ,U( B,e’ C,)fmr? e :39’ r\‘) E I [—— CDCC: all couplings
107 30 60 90 0 30 60 90 [|-=--- CDCC: No continuum-continuum
0 (d 0 (d Ml CDCC: No continuum
o m{degrees) om{degrees) 3 PRI RS S N T S RS R
107 20 40 60 80

FIG. 3. (a) Calculated differential cross section angular distribu-
tion for "Be+13C at 68.6 MeV within the optical model formalism
using different potential parametrizatioris) Corresponding CDCC
elastic scattering foPB+°C at 78.4 MeV.

8, ,(degrees)

FIG. 5. Effect of the continuum ifB-+3C elastic scattering at
78 MeV. The dotted line is the Watanabe calculatiom., the
CDCC calculation without g.s.—continuum couplingshe dashed

) ) ) ) ) line is the CDCC with g.s.-continuum couplings, but no continuum-
calculation using the RDF potential derived in RE25].  continuum couplings. The solid line is the full CDCC calculation

This agrees very well with the CDCC at small anglep to  wjth both g.s.-continuum and continuum-continuum couplings.
25 deg, but presents significant discrepancies beyond this
range. Also included in this figure is an OM calculation usingthe full CDCC calculation(thick solid line with a calcula-
the same double-folding potential, but fitting the real andion in which all couplings with continuum states have been
imaginary renormalization constants to approximate thegnored (dotted line. The latter is equivalent to an optical
CDCC result. We found that a value 6f,=0.427 andN;  model calculation in which the projectile-target interaction is
= 0.883(dotted-dashed linerovides an excellent agreement gescribed in terms of the Watanabe folding potential. Also
between both calculations, in contrast to the vaNe  represented is the CDCC without continuum-continuum cou-
=0.366(thin solid ling proposed in Ref[25]. Any experi-  plings (dashed ling It can be seen that this truncated calcu-
mental result for this reaction a#>30 deg would help |ation provides cross sections that are already very close to
clarify the adequacy of global parametrizations for looselythose produced by the full CDCC calculation, suggesting that
bound nuclei. multistep processes coupling different continuum states are
We have also estimated the effect of tH continuum on ot very relevant in this reaction. The main CDCC effect
the calculated elastic scattering cross section. To this end Weppears to be a reduction of the cross sections caused by
compare in Fig. 5 the elastic differential cross section usingbsorption due to breakup at near-grazing collisions.

%8 + °c @ 78 MeV

IV. THE TRANSFER REACTION N("BefB)'C

We analyze in this section the transfer reaction
1“N("BeB)’C at 84 MeV, within the DWBA and
CDCC-BA approaches. In order to make a reliable compari-
son between both formalisms we have calculated the transi-
tion amplitudes in Eqs6) and(5) using the same core-core
interactionU.., and we take Potl from Table I. For the
binding potential {/,.) of p+C we used the parameters
listed in Table I. The entrance channel was described in

E [— cbce
F |—— RDF:N=0.366, N.=1.000
[ |.--.- RDF:N=0.427; N=0.883
-4 n n T

1 N I 1 1 2
107, 20 40 60

8, ,(degrees)

80

terms of the numerical RDF potential derived in Ref5].
The DWBA calculation requires also the exit optical poten-
tial Uz=U(®B,**C), which we also took from Ref25] in
numerical form.

The ground state and continuum structure®sf needed
for the CDCC calculation was taken to be the same as the

FIG. 4. Elastic cross section angular distributitass ratio to ~ ON€ in the preceding section. THEN ground state was de-

Rutherford cross sectigralculated in the CDCC frameworkhick scribgd as a proton in py;, configuration, with a spectro-
solid line) and renormalized double folding with the real renormal- SCOpic factor of 0.60424]. For the purpose of comparing the
ization constant proposed in RéR5] (thin solid line and with ~ present calculations with the data we have renormalaed

renormalization constant adjusted to fit the CD@otted-dashed the calculated transfer cross sections by the spectroscopic
line). factor Sp3/2= 0.737. This value was derived from the ANC
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producing the CDCC elastic predictiofdot-dashed line in

e
i “N(Be,’B)'°C Fig. 6). Despite the fact that this change in the renormaliza-

r —— CDCC-BA _ 1 tion constants modifies significantly the elastic cross sections
10 S BATRDE b S6e i of the exit channel beyond 30°, the resulting transfer cross
...... DWBA: RDF (N:=0.427, N=0.883) || section remains basically unaltered up to 25°, the angular

range used in Ref24] to extract the ANC information. This
result seems to support the peripheral nature of this reaction.
Also shown in the figure is the calculated transfer cross sec-
tion without continuum coupling&otted ling. This appears
to be very similar to the full CDCC calculation. The similar-
ity between all curves demonstrates the minor role played by
the continuum offB and confirms the DWBA formalism as
an adequate tool to extract the ANC in this reaction, as done
in Ref.[24].

In order to check the dependence of this result with the
bombarding energy, we compared the CDCC and DWBA at

FIG. 6. Calculated transfer cross section angular distribution forOther energies. We found that the effect of the continuum

the reaction'*N("Be,2B)*3C at 84 MeV. The thick solid line corre- iggr:ﬂas\(/ashas the ]:nCIdent energy |ncr|easles.dF.or "E)StaanA at
sponds to the full CDCC-BA calculation. The dotted line is the eV the transfer cross sections calculated in CDCC-

CDCC-BA calculation without g.s.-continuum couplings. The thin and DWBA differ by !ess than 1% at angl%s up to 30°. By
solid line is the DWBA calculation using the RDF optical potential cONntrast, at 40 MeV differences of around 8% where found at

for exit channel withN,=0.366. The dotted-dashed line is the the maximum of the angular distribution.
DWBA calculation with the same RDF potential, but with the com-

o 10 20 30
8., (degrees)

plex renormalization constants,=0.427 andN;=0.833. All the V. CONCLUSIONS
CDCC-BA calculations include the factor 5/16 to account for the '
physical nuclei spins, as discussed in Sec. IV. In  summary, we have studied the reaction

UN("BeBB)1C at 84 MeV, péaé:ing special stress on the
. ' L importance of the continuum in the description of the
reported in Ref.[§4] for the py, configuration in theB exit channel and in the transfer process. Thips reaction has
ground state €p =0.371 fm!) and the calculated peen recently measured and analyzed within the DWBA for-
asymptotic normalization constant for the single-particle or-malism[24], in order to extract the astrophysicdJ, factor
bital. All B continuum couplings are taken into account, butfor the capture reactiofBe+ p—®B. The validity of this
no transfer back couplings are included, as this wouldprocedure relies on the assumption that the transfer reaction
worsen the fit to the elastic scattering in the entranceoccurs in one step and, also, that the entrance and exit chan-
channel. nels are well described by optical potentials.

Note also that our simplified description 8B in terms of The importance of the®B continuum in the reaction
a proton coupled to a zero-spin core provides a cross sectianechanism has been analyzed by describing %Be-°C
which, after multiplication of the factor (2+1)(2l.  scattering in terms gb+ °C and’Be+ 1°C optical potentials
+1)/(21,+1)(2l.+1), is equivalen{38] to the cross sec- and discretizing the®B continuum into energy bins. The
tion calculated with correct spins. elastic cross sections given by the CDCC solution has been

The resulting transfer cross sections are presented in Figompared with those obtained in the optical model analysis
6. The thick solid line corresponds to the full CDCC-BA performed in Ref[25]. In this reference, the elastic scatter-
calculation. The thin solid line represents the DWBA calcu-ing of 8B+ °C was analyzed in terms of a double-folding
lation with a RDF potential for the entrance and exit chan-optical potential, using a renormalization constant derived
nels, usingN,=0.366 for the two potentials. The resulting from a systematic analysis of several reactions involving
angular distribution is very close to the CDCC calculation,stable nuclei in the same energy and mass region. We found
differing by only 5% at the maximum of the distribution, that the calculated differential elastic cross section is very
which is unmeasurable within the present experimentasimilar in both approaches at forward angles, but they differ
accuracy. significantly at larger angles. This result casts doubt on the

We stress, however, that as shown in the preceding seextrapolation of the global optical potentials derived from
tion, OM and CDCC give different predictions for the elastic stable nuclei to loosely bound nuclei. Interestingly, in this
scattering in the exit channel at large angles. Under the cirreaction the CDCC effects can be accounted for very well by
cumstances, we believe that the CDCC predictions for theorrecting the normalization of the double folding potential.
elastic 8B+ 3C is more reliablgsee discussion in Sec. )l  The calculated CDCC wave function is then used in the ex-
Notwithstanding, we have shown that these coupling effectpression for the transfer amplitude. Despite the discrepancies
can be easily included in the optical potential by adjustingon the elastic scattering of the exit channel at large angles,
the renormalization constants. We have then performed the calculated transfer cross sections are very similar in the
DWBA calculation using the RDF with complex renormal- DWBA and CDCC-BA approaches below 25°, which was
ization constantdN,=0.427, andN;=0.883, accurately re- the angular range used to extract the ANC for this reaction.
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Taking into account the result of R¢R2] where coupling to  effects are small, these effects should generally be properly
excited(bound states was also found to be negligible, to theincluded. This problem is also being addressed.
accuracy of the present transfer data, the present analysis
supports the validity of the DWBA method as a reliable tool
to extract theS factor from the 1*N(’Be,®B)**C reaction at
the studied energy. Consequently, these higher order correc- We are deeply grateful to J." @ez-Camacho for his fruit-
tions to the DWBA cannot justify the disagreement betweerful comments, and to L. Trache for providing the data, the
the S;; extracted using the ANC method and the new directnumerical optical potentials, and other details concerning the
results from Seattlg31]. analysis of the data presented. Support from Fuadaara a
Similar checks for other reactions that involve looselyCiéncia e a Tecnologi&F.C.T) under Grant No. SAPIENS/
bound nuclei are under way. As the structure & was  36282/99 and EPSRC under Grant No. GR/M/82141 is ac-
simplified, some interference effects could not be probed irknowledged. One of the authof8.M.M.) acknowledges an
this work. Although less important when continuum coupling F.C.T. post-doctoral grant.
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