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8B breakup in elastic and transfer reactions
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We have studied the transfer reaction14N(7Be,8B)13C at Elab584 MeV, paying special attention to the
effects of the coupling to the continuum in the exit channel. Using the continuum discretized coupled channels
~CDCC! 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 approximation~DWBA! and the CDCC-Born approximation~CDCC-BA! are
found to be negligible. This result supports the use of the DWBA method as a reliable tool to extract theS17(0)
factor in this case.
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I. INTRODUCTION

Many reaction formalisms have been developed to st
stable and unstable nuclei in the last few years and applie
extract structure information from scattering processes.
ten, there is an interplay between the structure informa
that should be extracted from the reaction data and the r
tion process itself. Thus, in each case, in order to ext
reliable structure information, the adequacy of the scatte
formalism needs to be addressed in detail.

Of timely importance is the coupling to breakup sta
when the scattering process involves loosely bound nuc
Early analysis of elastic scattering with deuterons ha
shown that it is important to include the couplings to t
continuum @1,2#. More recently, the analysis of scatterin
reactions of loosely bound nuclei has progressed beyond
collective optical model~OM! approach to a more micro
scopic treatment~i.e., Ref.@3# for elastic, Ref.@4# inelastic,
Refs.@5–8# for breakup, and Ref.@9# for transfer reactions!.
In these approaches, the few-body nature of the loos
bound nucleus is incorporatedab initio in the scattering
model and the coupling to the breakup channels are ei
introduced explicitly@10–12#, effectively through polariza-
tion potentials@13,14#, or to all the orders@15,16#.

The study of the coupling to the continuum in trans
processes with loosely bound nuclei is also of relevance
astrophysics. The asymptotic normalization coefficie
~ANC! method@17# has been put forward as an alternati
way to obtain information about the low energyS factors.
This method uses the absolute normalization of a periph
transfer reaction to determine the normalization of the ve
ces involved in the process. Its applicability depends c
cially on the validity of the distorted wave Born approxim
tion ~DWBA! conventionally used. The main assumptio
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are that the transition amplitude for the transfer can be ev
ated in the Born approximation and that the incoming a
outgoing elastic waves are properly described in terms
effective optical potentials. Typically, the optical potentia
used in DWBA calculations are deduced from the analysis
entrance~and exit, whenever existent! elastic scattering data
to reduce the uncertainties of the ANCs extracted from
transfer @18#. The possibility of systematic errors in thi
method has been a source of concern@19#. As a result, sev-
eral tests have been performed to ensure its validity~see, for
example, a comparison with direct measurements@20# or the
extraction of the same information from a set of differe
reactions@21#!. Very recently, the importance of coupling t
excited inelastic channels of the target was assessed@22# and
results emphasize that care should be taken when choo
the target.

A significant number of the unmeasured capture reacti
of interest in astrophysics involve nuclei on the drip lin
@19,23#. The proximity of threshold suggests that break
channels may play a role in their reaction mechanism. Th
implications have not yet been evaluated for any of the tra
fer reactions used so far. A prime example is the extraction
S17 from 14N(7Be,8B)13C at Elab584 MeV @24,25#.

One of the reasons for8B attracting much of the nuclea
physics efforts is its relevance to astrophysics, namely, to
solar neutrino problem@19#. The first experiment performed
with the aim of extracting an ANC for8B was a (d,n) reac-
tion @26#. Meanwhile, two transfer reactions on mediu
mass targets were measured with the same a
10B(7Be,8B)9Be @24,27# and 14N(7Be,8B)13C @24#, both at
Elab584 MeV. The joint analysis of these reactions@28#
provided an accuracy forS17(0) greater than that of the di
rect capture measurements@29#. Coupled channel estimate
@22# showed that the excited states of the target can hav
strong influence when the target is10B but not when14N is
used. Consequently, theS17(0) value extracted from
10B(7Be,8B)9Be should not be used without further inelas
©2002 The American Physical Society12-1



re
da
-

ile
u
th
b

um
ic

he

t
w
-
n
tio
-
d

he

te
y
t

an

o

-

-

a-

s

nd

on
in

te

ve
pro-
the

;
e

-
The
by

e
trix

he
ause
The
d

hat
stic
ion

in

al

e
ro
on

ed

d in
u-
ng,
tates.
led
ent
in

the

A. M. MORO, R. CRESPO, F. NUNES, AND I. J. THOMPSON PHYSICAL REVIEW C66, 024612 ~2002!
studies, but the value extracted from14N(7Be,8B)13C re-
mains valid up to now. Until recently,S17 extracted from
both the transfer reaction of Ref.@24# and the Coulomb dis-
sociation data@30# were consistent with the direct captu
measurements. However, the very recent direct capture
from Seattle@31# not only improves the accuracy but pro
vides aS17(0) 30% larger than the previous values. Wh
differences within the direct capture data sets are being
derstood, all sources of possible systematic errors in
analysis of the data from indirect methods need to
checked. Given that, in8B, the proton is bound by only
0.137 MeV, one can suspect that coupling to continu
states may play an important role in the reaction dynam
and affect the ANC results.

The aim of this work is thus to study consistently t
effects of continuum couplings of8B, both in the elastic
scattering and the transfer process. In Sec. II, we discuss
formalism used in both kinds of processes. In Sec. III
analyze the elastic scattering of8B113C and discuss the ef
fects of coupling to the continuum in the calculated differe
tial cross section. In Sec. IV, we analyze the transfer reac
14N(7Be,8B)13C using the CDCC-BA framework: Born ap
proximation ~BA! for the transfer couplings and couple
channel continuum discretization~CDCC! for the 8B con-
tinuum couplings. Finally in Sec. V the conclusions of t
work are drawn.

II. THEORETICAL FRAMEWORK

As mentioned previously,8B is a weakly bound system
with a breakupp17Be threshold close to the ground sta
For many purposes this nucleus can be well described b
two-cluster model in which the valence proton is coupled
a 7Be inert core~e.g., Ref.@32#!. In order to include the8B
continuum states as intermediate steps in the elastic or tr
fer process, we make use of the CDCC formalism@10–12#.

Consider the three-body scattering problem of a comp
ite nucleusA5C1v impinging on a stable nucleusc. The
full Hamiltonian for the problem is

H5hc1hA1Ta1Va , ~1!

where the Hamiltonian for the composite nucleusA is hA
5TCv1VCv1hC1hv and Va is the sum of interaction be
tween the clusters and the stable nucleusc, Va5VcC1Vvc .
Let r be thevC separation, andR the projectile-target coor
dinate.

For simplicity, we ignore the internal spins in the not
tion, and consider only excitations of the projectileA. Keep-
ing in mind the application to loosely bound nuclei, we a
sume thatA has only one bound state. ThenhAf0(r )
5e0f0(r ) defines the ground state wave function a
hAf lm,k5ekf lm,k defines the continuum states~labeled by
the angular momentuml , its projectionm, and the linear
momentumk).

The CDCC method makes a double truncation of the c
tinuum in both energy and angular momentum, working
the subspaces 0<k<kmax and 0< l< l max. Moreover, the
excitation energy range is subdivided into a number of in
02461
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vals, usually calledbins. For each such bin, a representati
square integrable wave function is constructed by an ap
priate superposition of the continuum functions inside
bin. Thus, for a total angular momentumJ with projectionM,
the CDCC scattering wave function for thec1A system is
expanded as

CJM
CDCC~r ,R!5@f0~r ! ^ YL~R̂!#JMx0,L

J ~R!

1(
l 50

l max

(
L5uJ2 l u

J1 l

(
i 51

N

x i ,L
J ~R!

@f i ,l~r ! ^ YL~R̂!#JM , ~2!

with N5kmax/Dk. Heref i ,l(r ) are the bin wave functions
x i ,lL

J (R) and x0,L
J (R) are the radial wave functions for th

relative motion betweenc andA.
The radial functionsx0,L

J andx i ,L
J are determined by solv

ing a set of coupled equations in the truncated space.
coupling potentials between different channels are given

Vil : i 8 l 8~R!5^f i l ~r !uVa~r ,R!uf i 8 l 8~r !&, ~3!

where it is understood thati 50 stands for the ground stat
~g.s.!. These coupling potentials include the g.s-g.s ma
element ~also known as the Watanabe potential!, g.s.-
continuum terms, and continuum-continuum couplings. T
latter can be handled in the same way as the others bec
the continuum bins have been made square integrable.
wave function~2! permits the description of the elastic an
breakup processes for the reactionA1c.

Let us now consider the transfer reactiona(C,A)c (a5c
1v, A5C1v), where we have chosen the notation such t
the exit channel of the transfer corresponds to the ela
channel presented above. The prior form of the transit
amplitude for the transfer reaction process is@33#

Tprior5^C f
(2)uVvC1UcC2Uauxa

(1)fafC&, ~4!

whereVvC is the potential that binds thev valence particle to
theC core,UcC is the core-core potential, andUa is an arbi-
trary potential that generates the distorted wave function
the entrance channelxa

(2) . Note thatC f
(2) is the total exact

wave function with ingoing boundary conditions. In Eq.~4!,
VvC is a real potential, whileUa can be chosen either as re
or complex.

In practice, Eq.~4! is not directly used, as it requires th
knowledge of the exact solution of the three-body Sch¨-
dinger scattering equation, a rather complicated problem
its own. Approximations of this general form are develop
according to the desired applications.

When the coupling between the partitionsa1C and A
1c is sufficiently weak, the transfer process can be treate
the Born approximation. Even in this situation, if the co
pling to some excited states of any of the partitions is stro
the transfer process can proceed via these intermediate s
In these circumstances, it is convenient to solve the coup
equations that include the couplings between the differ
excited states, followed by the calculation of the transfer
the Born approximation. This procedure is known as
2-2
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8B BREAKUP IN ELASTIC AND TRANSFER REACTIONS PHYSICAL REVIEW C 66, 024612 ~2002!
coupled channels Born approximation method~CCBA!.
When the coupling between the excited states of the s
partition are weak, a further approximation is commonly p
formed by neglecting the explicit coupling to these stat
This procedure is known as DWBA. Even when the co
plings are not so weak, they may be at least partially ta
into account by an appropriate choice of the optical pot
tials.

When weakly bound nuclei are involved, the CCBA
expected to be a reasonable approach because the tra
cross section is small due to the unfavorableQ matching.
However, couplings to continuum states may still be imp
tant, as these can act as intermediate steps in the rearra
ment process. It is not obvious that the DWBA approa
properly accounts for these continuum effects. Neverthel
this procedure has been used recently in the analysis o
actions involving weakly bound systems as a tool to extr
the ANC information. Therefore, it is timely to perform
detailed analysis of the scattering frameworks used to
scribed the transfer processes. In particular, it is relevan
investigate to what extent the effects of the coupling to
continuum can be incorporated effectively in the optical p
tentials used by the DWBA approach.

In the case of elastic and inelastic scattering, a comm
procedure is to represent the continuum spectrum inC f

(2) by
a finite set of normalizable states, such as the CDCC exp
sion of Eq.~2!. When rearrangement channels are to be c
sidered, as in Eq.~4!, since the transfer step itself is no
strong we can plausibly approximate the exact wave func
appearing in Eq.~4! by the CDCC wave function of Eq.~2!.
This procedure is called the CDCC-BA method.
CDCC-BA the exact transition amplitude is approximated

Tprior
CDCC-BA5^C f

CDCC(2)uVvC1UcC2Uauxa
(1)fafC&. ~5!

All couplings included in the CDCC-BA applied to th
(7Be,8B) case are schematically illustrated in Fig. 1.

Note that, since the amplitude~5! is only approximate, the
potentialUa is no longer arbitrary. Thus, the transfer amp
tude calculated by means of Eq.~5! depends on the choice o
this potential. In analogy to what is commonly done

FIG. 1. Couplings included in the CDCC-BA calculation.
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coupled channel analysis, we takeUa5UaC , i.e., the optical
potential that reproduces the elastic scattering in the entra
channel.

Our choice of the prior representation for the transfer m
trix element is not arbitrary. In the post form, the bindin
interaction is that of the exiting projectileVvc and the rem-
nant term is the difference between the core-core interac
UcC and the optical potential for the exit channelUb
5UcA . However, this exit channel optical potential is ofte
unknown; contrary to the entrance channel elastic data, e
tic scattering in the exit channel cannot be measured in
same experiment, and in many cases it is just unmeasur
as both the projectile and the target are radioactive. It
then be found either by fitting the scattering from the CDC
model, or by extrapolating from neighboring nuclei. Th
prior form of the CDCC-BA approach, by contrast, does n
require any knowledge of the optical potentialUb for this
exit channel. It seems more appropriate, therefore, to use
prior form representation of the transition operator and, c
sequently, all the calculations presented hereafter were
formed in this representation.

The further approximation of the CDCC by just its elas
channel, found with some optical potentialUb , gives the
DWBA transition amplitude in the prior form:

Tprior
DWBA5^xb

(2)fAfcuVvC1UcC2UaCuxa
(1)fafC&. ~6!

This simple approximation, very commonly used in AN
analyses, still requires knowledge of the optical potential
the exit channelUaC , and hence suffers from the difficultie
enumerated above. However, if the transfer cross sections
not very sensitive to this potential, then the DWBA will sti
be a useful procedure. We examine this sensitivity below,
studying the degree of agreement between the DWBA
the CDCC. In both approaches, the remnant term of the t
sition matrix element for systems where a nucleon is tra
ferred from a well bound state to a loosely bound state~or
vice versa! is often not negligible and should be proper
accounted for.

III. THE ELASTIC SCATTERING 8B¿13C

We investigate in this section the elastic scattering8B
113C at Elab578.4 MeV, which is the exit channel in th
transfer reaction that we wish to analyze in the present wo
In particular, we study the importance of the continuum
the calculated differential cross section. This reaction w
previously analyzed in Ref.@25# using a renormalized
double-folding ~RDF! potential obtained by an analysis o
nearby stable nuclei. A parametrization of this RDF poten
in terms of the usual Woods-Saxon forms was also deri
by fitting the outer part of the RDF potential. Since the
fitted potentials may differ in the inner part from the origin
RDF potentials, we used the latter in our calculations, as
the results presented in Ref.@25#. As this interaction is de-
rived from a systematic study on stable nuclei, it is not cle
how adequate are these extrapolations to loosely bound
clei. Elastic data for8B113C would help to shed light on
these issues.
2-3
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TABLE I. Parameters of the potentials used in this work. Depths are expressed in MeV and rad
diffuseness in fm. The first three rows correspond to optical potentials and the last two rows are the b
potentials. Reduced radii are to be multiplied byAP

1/31AT
1/3 for nucleus-nucleus scattering and byAT

1/3 for
nucleon-nucleus scattering.

System V Vso r V aV WV WS r W aW r C Ref.

7Be113C ~1! 54.3 0.92 0.79 29.9 1.03 0.69 1. @25#
7Be113C ~2! 99.8 0.77 0.81 22.0 1.01 0.81 1. @25#

p113C 60.4 1.14 0.57 5.8 1.14 0.50 1.25 @34#

p17Be 44.7 4.9 1.25 0.52 1.25 @32#

p113C 51.4 1.30 0.65 1.30
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In this section we analyze the same reaction in terms
the CDCC formalism for two reasons. First, this treatm
allows an explicit study of the role of the continuum, a
second, it provides an alternative analysis to the RDF
does not require the optical potential for8B113C, thus pro-
viding a valuable reference in the absence of experime
data.

An important ingredient of the CDCC calculation is th
bound state wave function of the8B nucleus. For the binding
potential, we have adopted the parameters given in Ref.@32#
and listed in Table I. The valence proton wave function
considered to be a purep3/2 configuration coupled to a zero
spin core of7Be with unit spectroscopic factor. Although
is known that there is ap1/2 that has a small contribution t
the cross section@24#, we chose to neglect it to make th
CDCC calculations feasible.

The interaction between the projectile8B and the target
13C to be used in the CDCC calculation is written as the s
of the interactionsU(7Be,13C) and U(p,13C). No experi-
mental data for the elastic scattering7Be113C at the relevant
energies ('68 MeV) have been found in the literatur
Nevertheless, the similarity in the structure of7Be and its
mirror partner 7Li suggests to describe this reaction usi
the potential taken from the reaction7Li113C, for which
experimental data exists at 63 MeV. TheU(p,13C) was taken
from nucleon-nucleus global parametrizations.

Convergence of the CDCC results was achieved wit
matching radius of 40 fm and a maximum total angular m
mentum ofLmax5100. The continuum spectrum was divide
into N510 bins of equal energy width in the range from 0
9 MeV. We took into accounts, p, andd continuum partial
waves. All the calculations were performed with the co
puter codeFRESCO@35#.

We checked the sensitivity of the calculation with resp
to theU(7Be,13C) andU(p,13C) interactions. To analyze th
uncertainty associated with the interactionU(p,13C), we
compare in Fig. 2~a! the calculated differential cross sectio
for the p113C elastic scattering~as ratio to Rutherford!, us-
ing several proton-13C interactions, adopted from the glob
parametrizations of Watsonet al. @34#, represented by the
solid curve, Becchetti and Greenless@36# ~dashed line!, and
Perey@37# ~dashed dotted line!. In all three cases the spin
orbit term was omitted.

The calculated CDCC elastic angular distributions sho
in Fig. 2~b! with the Watson and Perey parametrizations
very similar, but significantly different from that calculate
02461
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with the Becchetti-Greenless potential.
As is well known, the Becchetti-Greenless parameteri

tion is better suited for medium mass and heavy mass nu
and for higher scattering energies. Thus, the use of this
tical potential to describe the scattering ofp113C around 10
MeV may be questionable. This, together with the fact t
the Watson and Perey parametrizations provide essent
the same elastic scattering, suggests that we can use eith
these with some confidence. From hereafter, the Watson
tential of Ref.@34# will be used in all the CDCC calculations

We study now the sensitivity of the calculated different
cross sections with respect to theU(7Be,13C) potential. Fig-
ure 3~a! shows the calculated elastic scattering cross sec
for 7Be113C using the potentials Pot1~solid curve! and Pot2
~dashed-dotted curve! from the reaction7Li113C at 63 MeV
analyzed in Ref.@25# and listed in Table I. Also included in
Fig. 3~a! is the result obtained with the optical potenti
U(7Be,14N) ~dashed line!. In Fig. 3~b! we show the corre-
sponding CDCC calculations for the8B113C elastic scatter-
ing at 78.4 MeV. It is observed that the CDCC calculatio
for 8B113C, using potentials Pot1 and Pot2, give very sim
lar results, whereas when the core-target potential is take
beU(7Be,14N), a somewhat bigger difference is encounter
beyond 30 deg. In the following, we will use Pot1 as t
core-target interaction.

Finally, we compare in Fig. 4 the CDCC~thick solid line!
and pure OM calculations. The thin solid line is the O

FIG. 2. ~a! p113C differential elastic cross section for differen
optical potentials.~b! CDCC differential elastic cross section ang
lar distribution for 8B113C at 78 MeV using different parametriza
tions for thep113C interaction.
2-4
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8B BREAKUP IN ELASTIC AND TRANSFER REACTIONS PHYSICAL REVIEW C 66, 024612 ~2002!
calculation using the RDF potential derived in Ref.@25#.
This agrees very well with the CDCC at small angles~up to
25 deg!, but presents significant discrepancies beyond
range. Also included in this figure is an OM calculation usi
the same double-folding potential, but fitting the real a
imaginary renormalization constants to approximate
CDCC result. We found that a value ofNr50.427 andNi
50.883~dotted-dashed line! provides an excellent agreeme
between both calculations, in contrast to the valueNr
.0.366 ~thin solid line! proposed in Ref.@25#. Any experi-
mental result for this reaction atu.30 deg would help
clarify the adequacy of global parametrizations for loos
bound nuclei.

We have also estimated the effect of the8B continuum on
the calculated elastic scattering cross section. To this end
compare in Fig. 5 the elastic differential cross section us

FIG. 3. ~a! Calculated differential cross section angular distrib
tion for 7Be113C at 68.6 MeV within the optical model formalism
using different potential parametrizations.~b! Corresponding CDCC
elastic scattering for8B113C at 78.4 MeV.

FIG. 4. Elastic cross section angular distribution~as ratio to
Rutherford cross section! calculated in the CDCC framework~thick
solid line! and renormalized double folding with the real renorm
ization constant proposed in Ref.@25# ~thin solid line! and with
renormalization constant adjusted to fit the CDCC~dotted-dashed
line!.
02461
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the full CDCC calculation~thick solid line! with a calcula-
tion in which all couplings with continuum states have be
ignored ~dotted line!. The latter is equivalent to an optica
model calculation in which the projectile-target interaction
described in terms of the Watanabe folding potential. A
represented is the CDCC without continuum-continuum c
plings ~dashed line!. It can be seen that this truncated calc
lation provides cross sections that are already very clos
those produced by the full CDCC calculation, suggesting t
multistep processes coupling different continuum states
not very relevant in this reaction. The main CDCC effe
appears to be a reduction of the cross sections cause
absorption due to breakup at near-grazing collisions.

IV. THE TRANSFER REACTION 14N„

7Be,8B…13C

We analyze in this section the transfer reacti
14N(7Be,8B)13C at 84 MeV, within the DWBA and
CDCC-BA approaches. In order to make a reliable comp
son between both formalisms we have calculated the tra
tion amplitudes in Eqs.~6! and~5! using the same core-cor
interaction UcC , and we take Pot1 from Table I. For th
binding potential (Vvc) of p113C we used the parameter
listed in Table I. The entrance channel was described
terms of the numerical RDF potential derived in Ref.@25#.
The DWBA calculation requires also the exit optical pote
tial Ub5U(8B,13C), which we also took from Ref.@25# in
numerical form.

The ground state and continuum structure of8B needed
for the CDCC calculation was taken to be the same as
one in the preceding section. The14N ground state was de
scribed as a proton in ap1/2 configuration, with a spectro
scopic factor of 0.604@24#. For the purpose of comparing th
present calculations with the data we have renormalizedall
the calculated transfer cross sections by the spectrosc
factor Sp3/2

50.737. This value was derived from the AN

-

FIG. 5. Effect of the continuum in8B113C elastic scattering a
78 MeV. The dotted line is the Watanabe calculation~i.e., the
CDCC calculation without g.s.–continuum couplings!. The dashed
line is the CDCC with g.s.-continuum couplings, but no continuu
continuum couplings. The solid line is the full CDCC calculatio
with both g.s.-continuum and continuum-continuum couplings.
2-5
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reported in Ref.@24# for the p3/2 configuration in the8B
ground state (Cp3/2

2 50.371 fm21) and the calculated

asymptotic normalization constant for the single-particle
bital. All 8B continuum couplings are taken into account, b
no transfer back couplings are included, as this wo
worsen the fit to the elastic scattering in the entran
channel.

Note also that our simplified description of8B in terms of
a proton coupled to a zero-spin core provides a cross sec
which, after multiplication of the factor (2I A11)(2I c
11)/(2I a11)(2I C11), is equivalent@38# to the cross sec
tion calculated with correct spins.

The resulting transfer cross sections are presented in
6. The thick solid line corresponds to the full CDCC-B
calculation. The thin solid line represents the DWBA calc
lation with a RDF potential for the entrance and exit cha
nels, usingNr50.366 for the two potentials. The resultin
angular distribution is very close to the CDCC calculatio
differing by only 5% at the maximum of the distribution
which is unmeasurable within the present experimen
accuracy.

We stress, however, that as shown in the preceding
tion, OM and CDCC give different predictions for the elas
scattering in the exit channel at large angles. Under the
cumstances, we believe that the CDCC predictions for
elastic 8B113C is more reliable~see discussion in Sec. III!.
Notwithstanding, we have shown that these coupling effe
can be easily included in the optical potential by adjust
the renormalization constants. We have then performe
DWBA calculation using the RDF with complex renorma
ization constantsNr50.427, andNi50.883, accurately re

FIG. 6. Calculated transfer cross section angular distribution
the reaction14N(7Be,8B)13C at 84 MeV. The thick solid line corre
sponds to the full CDCC-BA calculation. The dotted line is t
CDCC-BA calculation without g.s.-continuum couplings. The th
solid line is the DWBA calculation using the RDF optical potent
for exit channel withNr50.366. The dotted-dashed line is th
DWBA calculation with the same RDF potential, but with the com
plex renormalization constantsNr50.427 andNi50.833. All the
CDCC-BA calculations include the factor 5/16 to account for t
physical nuclei spins, as discussed in Sec. IV.
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producing the CDCC elastic predictions~dot-dashed line in
Fig. 6!. Despite the fact that this change in the renormali
tion constants modifies significantly the elastic cross secti
of the exit channel beyond 30°, the resulting transfer cr
section remains basically unaltered up to 25°, the ang
range used in Ref.@24# to extract the ANC information. This
result seems to support the peripheral nature of this reac
Also shown in the figure is the calculated transfer cross s
tion without continuum couplings~dotted line!. This appears
to be very similar to the full CDCC calculation. The simila
ity between all curves demonstrates the minor role played
the continuum of8B and confirms the DWBA formalism a
an adequate tool to extract the ANC in this reaction, as d
in Ref. @24#.

In order to check the dependence of this result with
bombarding energy, we compared the CDCC and DWBA
other energies. We found that the effect of the continu
decreases as the incident energy increases. For instanc
160 MeV the transfer cross sections calculated in CDCC-
and DWBA differ by less than 1% at angles up to 30°. B
contrast, at 40 MeV differences of around 8% where found
the maximum of the angular distribution.

V. CONCLUSIONS

In summary, we have studied the reactio
14N(7Be,8B)13C at 84 MeV, placing special stress on th
importance of the continuum of8B in the description of the
exit channel and in the transfer process. This reaction
been recently measured and analyzed within the DWBA f
malism @24#, in order to extract the astrophysicalS17 factor
for the capture reaction7Be1p→8B. The validity of this
procedure relies on the assumption that the transfer reac
occurs in one step and, also, that the entrance and exit c
nels are well described by optical potentials.

The importance of the8B continuum in the reaction
mechanism has been analyzed by describing the8B113C
scattering in terms ofp113C and7Be113C optical potentials
and discretizing the8B continuum into energy bins. The
elastic cross sections given by the CDCC solution has b
compared with those obtained in the optical model analy
performed in Ref.@25#. In this reference, the elastic scatte
ing of 8B113C was analyzed in terms of a double-foldin
optical potential, using a renormalization constant deriv
from a systematic analysis of several reactions involv
stable nuclei in the same energy and mass region. We fo
that the calculated differential elastic cross section is v
similar in both approaches at forward angles, but they di
significantly at larger angles. This result casts doubt on
extrapolation of the global optical potentials derived fro
stable nuclei to loosely bound nuclei. Interestingly, in th
reaction the CDCC effects can be accounted for very well
correcting the normalization of the double folding potenti
The calculated CDCC wave function is then used in the
pression for the transfer amplitude. Despite the discrepan
on the elastic scattering of the exit channel at large ang
the calculated transfer cross sections are very similar in
DWBA and CDCC-BA approaches below 25°, which w
the angular range used to extract the ANC for this reacti

r
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Taking into account the result of Ref.@22# where coupling to
excited~bound! states was also found to be negligible, to t
accuracy of the present transfer data, the present ana
supports the validity of the DWBA method as a reliable to
to extract theS factor from the14N(7Be,8B)13C reaction at
the studied energy. Consequently, these higher order co
tions to the DWBA cannot justify the disagreement betwe
the S17 extracted using the ANC method and the new dir
results from Seattle@31#.

Similar checks for other reactions that involve loose
bound nuclei are under way. As the structure of8B was
simplified, some interference effects could not be probed
this work. Although less important when continuum coupli
ev
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effects are small, these effects should generally be prop
included. This problem is also being addressed.
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