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Multistep effects in sub-Coulomb breakup
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Following earlier one-step calculations, we explore the contributions of multistep effects for the breakup of
low energy8B on 58Ni and 208Pb within a coupled discretized continuum channels~CDCC! formalism. The
Coulomb multistep differential cross section is significantly reduced for all angles, the largest effect being the
destructive interference of nuclear couplings. The nuclear peak, at around 80° in the one-step calculations for
58Ni, virtually disappears.@S0556-2813~99!04705-6#

PACS number~s!: 24.10.Eq, 25.60.Gc, 27.20.1n
cc
e
b
n

n
a

th
b

o
tio

ti

e

p

d
is
le
la
e

te

o-
hi

i
d
u
u
n
o
s

ve
s
nt

-

ody

tal
and
he

cts
lar
e,

ve
kup
r-
der

a
r

mi-
at
we

me-

F
late
ni-
-

I. INTRODUCTION

Coulomb dissociation has been proposed on many o
sions@1,2# as a means of determining the interaction betwe
fragments at low relative energies. This method is applica
even when the fragments are themselves radioactive and
easily produced as targets for direct scattering experime
It was believed that at sufficiently forward angles, and/or
sufficiently low energies, the impact parameters for
breakup trajectory would be large enough for Coulom
mechanisms to dominate, and for first-order theories of C
lomb breakup to be adequate. The Coulomb dissocia
method deduces the radiative capture cross section by m
suring the reverse reaction, the dissociation of a projec
~the fused system! by the Coulomb field of a target.

The Coulomb dissociation method has been used to
amine the breakup of8B at both high@3,4# and low @5# en-
ergies. Analyses have started with semiclassical theory@6#,
and have progressed to include theE1/E2/M1 contributions
with correct experimental efficiencies@7#, three-body kine-
matics in the final state@8#, and most recently one-ste
nuclear and Coulomb contributions@9–11#. These last re-
sults, and those of Ref.@12#, showed that the nuclear an
Coulomb form factors extend to considerably larger d
tances than the sum of the radii of the participating nuc
because of the extended tail of the wave function of the
proton in 8B, and that there is strong Coulomb-nuclear d
structive interference at intermediate radii. We are promp
by the size of these effects, to examine the importance
multistepcontributions for both Coulomb and nuclear pr
cesses, taking into account the final state interactions w
were previously omitted. These final-state interactions w
couple together the different continuum states, and also
scribe the depletion of the elastic channel due to break
The depletion effect has been considered in some calc
tions@12#, where only couplings between the bound state a
continuum states were included. The contribution
‘‘higher-order breakup’’ has yet to be properly clarified, e
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pecially the role of continuum-to-continuum couplings.
Earlier treatments of multistep effects for breakup ha

used either adiabatic@13# or semiclassical approximation
@14,15#, solved the scattering problem with time-depende
methods@16#, tried CDCC solutions@17,18#, or used Brem-
strahlung integrals@19,20#. Estimates of second-order Cou
lomb and nuclear effects have also been calculated@21#.

The earliest adiabatic approximation used the three-b
wave functions of Amakawaet al. @22# within a prior-form
breakup matrix element@13# for both nuclear and Coulomb
mechanisms in the7Li breakup intoa1t, when incident on
208Pb at 70 MeV. However, the best fit to the experimen
cross sections was found when both Coulomb distortion
Coulomb breakup were omitted from the calculation. T
breakup of6Li into a1d, when incident on208Pb at 156
MeV, was later analyzed@17# within the CDCC framework
@18#, and strong nuclear and Coulomb interference effe
were found, even at forward angles. We follow a simi
CDCC approach, but extend it to include, for the first tim
dipole as well as quadrupole Coulomb mechanisms.

Recent investigations of the breakup of halo nuclei ha
prompted a revival of semiclassical treatments of brea
@14,15,23# where the continuum is discretized into an o
thogonal set of basis functions. First-order and higher-or
couplings can then be included when integrating along
semiclassical trajectory~Rutherford orbit at low energies, o
straight lines at high energies!. Simplified ground-state wave
functions are often used, and collective rather than se
microscopic form factors calculated. We will see below th
both of these approximations have to be reviewed when
consider the breakup of8B incident on 58Ni at the sub-
Coulomb energy of 26 MeV.

Another method, successfully used@16,24# to treat higher-
order processes, is to follow the breakup reaction as a ti
dependent process. Esbensenet al. @16# follow the time evo-
lution of a 7Be1p bound state by means of a TDH
propagator along a straight-line trajectory, and can calcu
both Coulomb and nuclear contributions to breakup in a u
tary manner. The results@16# show that the Coulomb higher
order dynamical processes cause a destructiveE1/E2 inter-
ference, and a reduction of the dissociation probability.
2652 ©1999 The American Physical Society
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PRC 59 2653MULTISTEP EFFECTS IN SUB-COULOMB BREAKUP
Most recently, the adiabatic three-body wave functio
have been used again@19,20# for Coulomb breakup, since in
this case analytic solutions have been discovered both fo
three-body wave functions@25# and for the post-form
T-matrix integral of the breakup matrix element@19# in terms
of a Bremstrahlung integral. Unfortunately, the method is
immediately applicable for8B breakup, since these analyt
solutions only hold for neutral valence particles, and
adiabatic approximations are for high energy rather than
sub-Coulomb reactions.

We have been progressively improving our understand
of low energy breakup reactions@9–11#, focusing in
particular on the breakup of8B on 58Ni measured by the
Notre Dame group@5# at 26 MeV. The work presented her
is an exploratory continuation of our previous investigatio
and now, for the first time, a full multistep quantu
mechanical description is attempted, including all continu
couplings.

II. THEORY

A. Coupled discretized continuum channels„CDCC…

When a projectile is described as a single particle outs
a core, its state can be disturbed by the interaction w
the target nucleus, as the tidal forces of the target
differentially on the particle and the core. If one separa
the projectile-target interaction intoVct(Rc), the interaction
of the target nucleus with the core, andVpt(r 8), the
interaction of the target nucleus with the particle, th
there is a mechanism for coupling ground and inela
~continuum! states together. Nuclear and Coulom
components ofVct andVpt should be included on the sam
footing.

In order to describe the breakup of a projectile such as8B,
we could consider the inelastic excitations in thep17Be
system from the ground statefgs(r ) to excited states in the
continuumuls j ,k(r ), for some momentumk and partial wave
l . The use of such single energy eigenstates, however, w
result in calculations of the inelastic form factors which w
not converge, as the continuum wave functions do not de
to zero asr→` sufficiently fast to be square integrable. O
way @26,27# of dealing with this divergence is to take co
tinuum states, not at a single energy, but averaged ov
narrow range of energies, such that these ‘‘bin’’ statesare
square integrable. We label these bin states by their wa
number limits@k1 ,k2# and their angular momentum quantu
numbers (ls) j . We use them in the coupled discretized co
tinuum channels~CDCC! method@26,27#.

Let R be the coordinate from the target to the project
and r the internal coordinate of the projectile. The positi
coordinates of the projectile fragments with respect to
target are
s
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where the projectile has massAp .
The wave function for the three-body system

proton17Be core1target is expanded as

CJ
M~R,r !5 (

Ll j ,@k1 ,k2#,MLm
f ls j ,@k1 ,k2#

m ~r !

3^LML j muJM& i LYL
ML~R̂!

1

R
f L,l j @k1 ,k2#,J~R!,

~1!

with

f ls j ,@k1 ,k2#
m ~r !5

1

r (
ms

^ lmssu j m&Yl
m~ r̂ !xs

suls j ,@k1 ,k2#~r !,

~2!

where xs
s is the proton’s intrinsic state. The se

$L,l ,s, j ,@k1 ,k2#% will be abbreviated asa.
The radial wave functionsf L,l j @k1 ,k2#,J(R) satisfy the set

of coupled equations

F2
\2

2m S d2

dR2 2
L~L11!

R2 D1e~@k1 ,k2# !2EG f aJ~R!

1(
a8

i L82LVa:a8
J

~R! f a8J~R!50, ~3!

where e(@k1 ,k2#) is the average energy of continuum b
@k1 ,k2#, ~or e,0 for the ground state!. Va:a8

J (R) describes
the coupling between the different relative motion states:

Va;a8
J

5^fa~r !uVct~Rc!1Vpt~r 8!ufa8~r !&, ~4!

whereVct(Rc) and Vpt(r 8) are again the total~nuclear and
Coulomb! interactions betweenc2t and p2t systems re-
spectively. In Eq.~4! radial integrations are done overr from
zero toRbin , a parameter to be chosen.

The coupled equations of Eq.~3! may be solved exactly
@29# if they are not too numerous. Otherwise, iterative e
pansions are used starting withf (21)(R)50, and continuing
as
F2
\2

2m S d2

dR2 2
L~L11!

R2 D1Va:a
J ~R!1e~@k1 ,k2# !2EG f aJ

~n!~R!

5 (
a8Þa

i L82LVa:a8
J

~R! f a8J
~n21!

~R!, ~5!
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2654 PRC 59F. M. NUNES AND I. J. THOMPSON
for n50,1, . . . . The functionf (0)(R) is thus the elastic
channel, and the asymptoticS-matrix S(n) of the wave func-
tions f (n)(R) gives the cross section fornth-order DWBA.
The n51 first-order DWBA solutions are presented in t
previous paper@11#. The multistep DWBA results for largen
will converge to the coupled-channels solution if the o
diagonal couplings are small. If they are large, the DWB
series diverges. Then the infinite series may be summe
the method of Pade´ approximants described below.

The bin wave functions are defined as

uls j ,@k1 ,k2#~r !5A 2

pN E
k1

k2
w~k!e2 idkuls j ,k~r !dk, ~6!

with dk the scattering phase shift foruls j ,k(r ), the single-
energy scattering wave function in the chosen poten
Vpc

l (r ) which may bel -dependent. The normalization con
stant isN5*k1

k2uw(k)u2dk for the assumed weight functio

w(k), here taken to be unity. These bin states are normal
^uuu&51 once a sufficiently large maximum radiusRbin for
r is taken. They are orthogonal to any bound states, and
orthogonal to other bin states if their energy ranges do
overlap. The phase factore2 idk ensures that they are all re
valued for real potentialsVpc

l (r ).
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The rms radius of a bin wave function increases as the
width k22k1 decreases, approximately as 1/(k22k1), so
large radial ranges are needed to include narrow bin state
the maximum radiusRbin is not sufficiently large, then the
bin wave functionsu@k1 ,k2# will not accurately be normalized
to unity by the factors given in Eq.~6!. It is important how-
ever, to realize that the missing normalization comes at la
distances; the bin wave functions must not be artificia
renormalized to unity, otherwise, for example, the corr
CoulombB(EK) distributions will not be obtained.

The couplingsVa:a8
J (R) in Eq. ~3! arise, as discusse

above, from the interaction potentials of the projectile fra
ments with the target. Assuming that the potentialsVct and
Vpt are central, the Legendre multipole potentials can
formed as

VK~R,r !5
1

2 E21

11

@Vct~Rc!1Vpt~r 8!#PK~x!dx, ~7!

where K is the multipole andx5 r̂•R̂ is the cosine of the
angle betweenr and R. Sinces is the ~fixed! spin of the
proton, a spectator, the coupling form factor between sta
ul 8@k1 ,k2#8(r ) andul @k1 ,k2#(r ) is then
Va:a8
J

~R!5(
K

~21! j 1 j 82J2sĵ ĵ 8 l̂ l̂ 8L̂L̂8~2K11!W~ j j 8l l 8;Ks!W~ j j 8LL8;KJ!

3S K l l 8

0 0 0D S K L L8

0 0 0 D E
0

Rbin
uls j@k1 ,k2#~r !VK~R,r !ul 8s j8@k1 ,k2#8~r !dr. ~8!
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Pade
From theS-matricesS(n) we calculate the double differ
ential cross sectionsd2s/dVde, whereV is the scattering
angle of the center of mass of the8B* fragmentsp and c,
and e is the excitation energy within8B* . Usually we will
plot the integrated angular distributionds/dV obtained after
summation over all the bin energiese(@k1 ,k2#). It will be
possible@27,28# to obtain from the CDCC results the fu
multiple differential cross sections such
d3s/dVpdVcdEp , and then, for example, any pos
acceleration effects may be determined from the variation
the cross section with respect to the laboratory proton ene
Ep . An approximate treatment is available@8,11# to calcu-
late these fragment distributions using an isotropic assu
tion for thepc relative motion, but this does not yet includ
the interference between the different finall -states that is
necessary@15# to give nonzero post-acceleration effects.

B. Padéacceleration

A given sequenceS(0),S(1), . . . of S-matrix elements tha
result from iterating the coupled equations can be regar
as the successive partial sums of the polynomial

f ~l!5S~0!1~S~1!2S~0!!l1~S~2!2S~1!!l21¯ ~9!
f
gy

p-

ed

evaluated atl51. This polynomial will clearly converge for
l sufficiently small, but will necessarily diverge if the an
lytic continuation of thef (l) function has any pole or sin
gularities inside the circleulu,1 in the complexl-plane.
The problem that Pade´ approximants solve is that of findin
a computable approximation to the analytic continuation
the f (l) function tol51. This is accomplished by finding
rational approximation

P@N,M #~l!5
p01p1l1p2l21¯1pNlN

11q1l1q2l21¯1qMlM , ~10!

which agrees with thef (l) function in the region where the
latter does converge, as tested by matching the coefficien
the polynomial expansion ofP@N,M #(l) up to and including
the coefficient ofln for n5N1M .

There are many different ways@30# of evaluating the co-
efficients pi ,qj , but for the present problem we can u
Wynn’s e-algorithm@31,32#, which is a method of evaluating
the upper right half of the Pade´ table atl51 directly in
terms of the original sequenceS(0),S(1), . . . . Experience
has shown that for typical sequences the most accuraté
approximants are those near the diagonal of the Pade´ table.



i

er
p
t

ile

r-
its
m

it
er

la
n

he
ic

ss

-
tio

a
th

ve
-

e
nd
pe-

a-
orn
ex-

ot
ith

an-

20-
-
on-

es
ow

u-
we

e
tial

rec-
we

ull

not
ace

el

ade
the

ep
d
tep

PRC 59 2655MULTISTEP EFFECTS IN SUB-COULOMB BREAKUP
We useS(n)[P@N,M #(1) for N5@(n11)/2# and M5@n/2#
in calculating the Pade´-resummed cross sections.

When accelerating avector of S-matrix elementsS(n),
with a component for each coupled channela, then it is
important to accelerate the vector as a whole. Wynn@33#
pointed out that this can be done using the Samuelson
verse

x215~x•x* !21x* ~11!

wherex* is the complex conjugate ofx.

III. RESULTS

The multistep DWBA calculations presented here w
calculated usingFRESCO@29#. We use a continuum breaku
subspace sufficient to reproduce what we believe to be
principal channels. For the distorted waves of the project
target wave function, radii up toRcoup5300 fm and partial
waves up toLmax5600 were included to ensure full conve
gence of the individual angular distributions. These lim
give, by semiclassical considerations, cutoffs for Coulo
excitations below 2.0° from ourLmax, and below 1.7° from
our Rcoup value. We have examined the convergence w
respect toRbin . For the case we are interested in, the diff
ential cross section remains unaltered as long asRbin
>50 fm. Thus, each energy bin@Eq. ~6! and Eq.~8!# is cal-
culated usingRbin550 fm.

It is essential for physical completeness that our calcu
tions include monopole, dipole and quadrupole contributio
for both nuclear and Coulomb mechanisms. However, t
do not includeM1 transitions. At the extreme nonrelativist
velocities of interest here, these are predicted~see for in-
stance@5#! to be insignificant.

In Fig. 1 we show the energy distribution of the cro
section obtained within a 1-step calculation, using the8B
model from Esbensen@16#. We keep the samep17Be po-
tential ~that defined for the ground state! for all partial waves
of relative motion. For scattering from58Ni we use the same
optical potentials@34,35# as in@9#. The cross section is plot
ted as a histogram to illustrate the continuum discretisa
that we have used to define the energy bins included in
calculations. These results show that transitions from
7Be-p p3/2 ground state tos-, p-, d-, andf -wave continuum
states up to 3 MeV should be taken into account, e
though one can expectf -waves to offer only a small correc
tion to the overall result. A finer discretisation ofp, d and f
waves would be desirable, but the present~70 bin! calcula-

FIG. 1. Energy distribution ofs, p, d and f partial wave bins.
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tion is already at the limit of our computational capacity.
We first calculate multistep effects by iterating th

coupled equations beyond the first-order DWBA. We fi
that even the second-order DWBA diverges rapidly, es
cially for low partial waves~small impact parameters!, and
does not give sensible results beyond 30°~dashed line with
circles in Fig. 2!. In order, therefore, to present some indic
tions on what may be deduced from the successive B
terms, we will present the results when resumming the
pansion using the method of Pade´ acceleration~see Sec. II B!
for successive numbers of stepsn. We will use for cross
sections the Pade´ approximants theS(n) rather than the origi-
nal S(n) matrices. Given the nature of our expansion, it is n
possible to directly compare 2nd and 3rd order effects w
those obtained using the pure conventional DWBA exp
sion.

Figure 2 shows the 1-step, 2-step, 3-step, 6-step and
step breakup results using Pade´ acceleration. The rate of con
vergence of this resummed expansion is encouraging, c
trary to that of the original Born series which diverg
strongly immediately at second order. In addition, we sh
in Figs. 3 and 4 the different rate of convergence for the8B
breakup intos andp continuum states considering the Co
lomb and nuclear interactions separately. In all the cases
have studied, the Pade´ convergence is nonmonotonic. If on
includes 1-step and 2-step processes only, the differen
cross section is underestimated. Introducing 3-step cor
tions overestimates the cross section. From our results
conclude that for the breakup of low energy8B on 58Ni,
contributions up to at least ninth order in the Pade´ expansion
should be included.

Still in Fig. 2 we present the results obtained for the f
coupled channel calculation taking into accounts-wave and
p-wave bins. We find that processes beyond 20-step do
contribute to the cross section. For this reduced bin subsp
~42 bins! it is possible to perform the full coupled chann
calculation~light solid curve in Fig. 2!. It is reassuring to
find that our results using the multi-step expansion with P´
acceleration converge to the correct full CDCC results. In

FIG. 2. The differential cross section obtained for multist
breakup of8B into s andp-wave bins, including both Coulomb an
nuclear effects: the full CDCC calculation, the 1-step and 2-s
DWBA, and higher order calculations using Pade´ acceleration.
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2656 PRC 59F. M. NUNES AND I. J. THOMPSON
larger bin subspaces it is extremely hard to perform the
CDCC calculation and thus we will rely on the multiste
expansion with Pade´ acceleration.

Including multistep effects, the Coulomb differenti
cross section is hardly modified up tou.10°. The peak at
u.20° is shifted to slightly smaller angles with higher ord
processes and its magnitude is reduced by.10% ~see Fig.
3!.

The most striking result of our work is clearly the destru
tive interference caused by the nuclear multistep proces
The nuclear peak is shifted to lower angles~from u.80° for
1-step calculations tou.40° for the CDCC calculations!
and suffers a reduction to16 of its peak value. We do no
expect measurements of the breakup differential cross
tion at larger angles to provide a good handle for the opt
potentials as one could deduce from the 1-step results
sented in our earlier work@9#. The previously observed

FIG. 3. The differential cross section obtained for the multis
Coulomb breakup of8B into s and p-wave bins using Pade´ accel-
eration.

FIG. 4. The differential cross section obtained for the mu
step nuclear breakup of8B into s and p-wave bins, using Pade´
acceleration.
ll

-
es.

c-
l

re-

strong nuclear peak is practically washed away by multi-s
effects.

We point out that, as in the 1-step calculations of@9#, the
total differential cross section does not correspond to the s
of Coulomb and nuclear contributions calculated separat
This can be seen in Fig. 5 where the sum of the Coulomb
nuclear cross sections for the CDCC calculation is compa
with the CDCC cross section when Coulomb and nuclear
treated in the same footing. As in@9,11# there is a wide range
of angles where the Coulomb-nuclear interference effe
cannot be neglected.

So far we have included all possible couplings within t
subspace considered. However it is useful to identify
relative importance of the continuum-continuum couplin
as compared to the couplings to and from the ground state
Fig. 6 we show the results of calculating the full multiste

p FIG. 5. The CDCC differential cross section obtained for t
breakup of8B into s-wave andp-wave bins: comparison of the
Coulomb and nuclear summed cross section with the calcula
that includes nuclear-Coulomb interference.

FIG. 6. Comparing the CDCC differential cross section when
continuum-continuum couplings are included in the calculation
the full calculation~this calculation includess andp waves only!.
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PRC 59 2657MULTISTEP EFFECTS IN SUB-COULOMB BREAKUP
breakup into s and p bin-states, including continuum
continuum couplings~dark lines! and excluding them~light
lines!. As can be seen, the continuum-continuum couplin
are responsible for the significant cross section reduct
which are not merely due to depletion of flux from the elas
channel. The reduction is still obtained in calculations~not
shown! with E2 couplings acting to only first order, but no
in those withE1 couplings only to first order. This indicate
that the reduction is caused by multistepE1 processes inter
fering with low-orderE2 transitions, a process similar to th
seen in Ref.@16#.

In order to elucidate the different8B partial wave contri-
butions, we show in Fig. 7 the differential cross section o
tained for the full multistep breakup including:s ~dotted!, s
1p ~short-dashed!, s1p1d ~long-dashed! ands1p1d1 f
~dot-dashed! bin states. A good description of the physi
can be obtained withoutd and f -waves, although if one
wishes to extract quantitative results these should be

FIG. 7. Cumulative8B partial wave contributions to the CDCC
differential cross section for Coulomb plus nuclear breakup to
l 50,1,2 and 3 channels.

FIG. 8. Sensitivity to the8B structure model: the CDCC differ
ential cross section including all butf -wave bins.
s
n,

-

n-

cluded together with a finer energy-bin grid.
One of the main motivations of8B breakup experiments is

astrophysical, to determine theS17 at low relative energies. It
is thus important to disentangle the dependence on the8B
structure model. This was the main concern of our ear
work @10#. In Fig. 8 we present a comparison of differenti
cross sections for two8B models: that of Kim@36#, and our
initial model, from Esbensen@16#. The latter has a smalle
radius in order to reproduceS17.17 eV b. The difference
between the multistep results using the two structure mo
is generally similar to the difference in the 1-step resu
there is an overall normalization due to the size of the p
jectile but no significant shape change. For this particu
case, the Kim model produces a 30% increase in the t
differential cross section.

The Notre Dame group is considering repeating their
periment@5# with a heavier target at the same beam ener
hoping then theE2 contribution will be easier to extract. W

e

FIG. 9. Comparing the 1-step and CDCC differential cross s
tion for 8B breakup on208Pb, including all butf -wave bins.

FIG. 10. Comparing the CDCC effects of onlyE0, onlyE1, and
only E2 with the full Coulomb differential cross section for8B
Coulomb breakup on208Pb, including all butf -wave bins.
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2658 PRC 59F. M. NUNES AND I. J. THOMPSON
have therefore performed one and multistep calculations
a 208Pb target, for all combinations of nuclear and Coulom
mechanisms~see Fig. 9!. We have taken the208Pb-proton
optical interaction from@37#. For the optical potential be
tween 7Be and208Pb we have used a heavy-ion global p
rametrization@38#. We have checked that the differenti
cross section is not sensitive to variations on the core-ta
optical parameters, and thus we expect these results to g
good indication of the physical effects. In order to ha
quantitative results, measurements of the elastic scatterin
7Be ~or a nucleus in the same mass/charge region! on 208Pb
at these low energies would be necessary.

Our results show that the nuclear contribution is zero
to 50° and becomes important only at backward ang
Given these results, it should be possible to extract inform
tion on the magnitude of the electromagnetic components
long as the detectors are placed at smaller angles. One sh
keep in mind that the multistep processes reduce the C
lomb peak and alter its shape.

Similarly to what was found for58Ni and 1-step DWBA,
for a 208Pb target there are interference effects that do
allow a simple subtraction of theE2 component, as one
would wish to obtain theS17. In Fig. 10 we show the result
for the CDCC calculations for the different electric comp
nents together with the full calculation. One can clearly se
destructive interference betweenE1 andE2 components. It
may be possible to disentangle these components, bu
result will inevitably be model dependent.

IV. CONCLUSIONS

Multistep calculations of low energy8B breakup on58Ni
and 208Pb, including all relevant couplings, have been p
formed for the first time. We have found it necessary to tr
nuclear and Coulomb potentials on the same footing, si
there is considerable interference between these mechan
Our calculations use the CDCC method, with Pade´ approxi-
mants to resum the Born series for theS-matrix. Exact
coupled-channel calculations, possible in a reduced s
space, verify that this Pade´ resummation converges to th
d
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b-

full coupled channel result. We compare our results with
one-step prior-form DWBA cross sections reported pre
ously @9,11#.

The multistep effects are very strong, producing sign
cant reductions of the cross section compared with th
from first order theory. For Coulomb breakup we see p
nounced interference effects for all angles at and beyond
peak position, while multi-step effects are much stronger
the nuclear part, so that, for the58Ni target, the nuclear peak
resulting from the 1-step calculations virtually disappea
The prior-form DWBA thus overestimates the nucle
breakup probabilities at our sub-Coulomb incident ener
The multistep reduction is principally due to the continuu
continuum couplings, not just to depletion of the elas
channel, and this indicates that the projectile undergoes c
siderable dynamical distortion and recombination during
reaction. The dominant qualitative changes caused by
multistep effects are seen when including onlys andp wave
continuum bins, butd and f waves must be included fo
quantitative results.

The results for two different8B structure models show
that the multistep effects depend on the size of the projec
and are not sensitive to other details of the8B g.s. wave
function. With a208Pb target, the nuclear contribution is on
significant for backward angles. Multistep effects reduce
cross section and change the shape slightly. According to
results, for the extraction of theE2 component this experi
ment seems more promising than that with the lighter targ
although care should be taken to account for the strong
structive Coulomb-Coulomb interference.
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