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Elastic scattering of 1®Be on 2°%Pb near the Coulomb barrier
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The elastic scattering of’Be on 2°%b has been measured over a range of energies near the nominal
Coulomb barrier. An excitation function for the total reaction cross section is obtained from the elastic-
scattering angular distributions and compared with existing fusion data. Comparisons are also made with
existing fusion, transfer/breakup, and elastic data’®e incident on?°®Bi. A strong enhancement in the
sub-barrier total reaction cross section f&e+2°%Bi relative to 1°Be+°%Ph is demonstrated.
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Reaction cross sections for a number of weakly boundameter searches were not attempted. Instead we used a
light nuclei incident on higlZ targets have recently been simple volume Woods-Saxon form, with fixed well depths
reported at energies near the Coulomb barfler6. The for the real and imaginary potentials. The radius and diffuse-
focus in these experiments was on the transfer/breakupess parameters were varied to achieve good fits to the ex-
mode. This mode is exceptionally strong in thtee+2°Bi  perimental angular distributions. Two different parameter
reaction and actually exceeds the fusion yield at the barriekets were employed: a “shallow” real potential similar to that

saturating essentially all of the sub-barrier total reactiongeg by Signorinet al. in their analysis of the elastic scat-
cross sectiorfl]. Similar but less extreme behavior of the tering of °Be on 2°Bi at 42 MeV [9], and a “deep” real

transfer/breakup yield was subsequently observed for Stablﬁotential similar to that used fdiLi+2%%Ph scattering5].

weakly bound light nuclei in reactions such®e+°Bi [4]  Ty,¢ , : S
6.7 i, 20 > 250 parameters of the optical-model calculations are given in
and>Li+*¥Pb[2,3,6, and also forlLi+ **Pb]5]. Table I, and the solid curves in Fig. 1 are the results of these

Elastic-scattering data near the barrier have also been ob- . : ; : ;
tained [5,7-9 for all the systems mentioned above. These%alculatlons using the deep real potential. Also included in

data can be analyzed to extract excitation functions for thér able II atl;]e the co_m_;l)utefd tt?]taltvzeactlon crtoss stec'%)ns. "li
total reaction cross section. It is then interesting to compar8€neral, they are similar for theé two parameter sets. e use

the results with those for a more tightly bound projectilet e difference between the total reaction cross sections for
such as'®Be, which has a breakup threshold of 6.8 MeV. the two parameter sets as one measure of the experimental
Reaction cross-section data for this nucleus are particularliyncertainty. The second measure was the range of reaction
valuable since they serve as an ideal base line for comparisdi0ss sections within a set that results from varying the po-

with reactions of the Weak|y bounBe nucleus, and espe- tential parameters while still achieving acceptable fits to the
cially the halo nucleus'Be. Total fusion data foP1%*Be  angular distribution. The total reaction cross sections from

incident on2%%Bi near and below the Coulomb barrier have the optical-model fits are shown in Fig. 2, together with the
been obtained by Signorimt al. [10,17].

In the present work, elastic-scattering angular distribu- ' ' ' ' '
tions for 1%e incident on &%Pb target were measured at a o - 4
number of energies near the barrier. FiBe beam was pro- E e 439 MeV \K;\’\:
duced by thelwinSolradioactive nuclear beam facilifiL2]. L |m 42.6 MeV 3
The experimental method has previously been described bﬂﬂ B :%g:g%}g -
[5,7]. The primary beam wasB at energies of 52—-58 MeV, B 0.1k [x 384 MeV
incident on a gas-cooletBe target.(See Ref[5] for more o
details concerning the targefhe secondary beam typically =
had an intensity of 2—8 10* particles per second and an i
energy resolution of 1.4 MeV full width at half maximum | . | .
(FWHM). The secondary target was a 1.8 mgfcfuil of 0.01 50 100 150
isotopically separated®®b having a purity 0f>99%. The @Cm (deg)

experimental angular distributions are shown in Fig. 1.

The data have been analyzed in the context of the optical FIG. 1. Elastic-scattering angular distributions #8Be incident
model. Because of the small number of data points and relasn 2°%Pb. The corresponding laboratory energies are indicated. See
tively poor statistical accuracy, extensive optical-model patext for a discussion of the curves.
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TABLE 1. Optical-model parameters and total reaction cross TABLE Il. Wong-model parameters for the total reaction and
sections for'%Be +2%8Pp elastic scattering. The first set correspondsfusion cross sections §f1®Be incident on highZ targets.
to the “shallow” real potentia[V=113 MeV W=169 Me\). The

second set corresponds to the “deep” real potentisl System Cross section V, (MeV) R (fm) #fw (MeV)
=270 MeV W=90 MeV). The Coulomb radiusR-=8.95 fm for
both potentials. 10Be+%%pPp  Total reaction 36.77 13.58
10Be +209B; Fusion 37.60 13.50 6.00
Ecm (MeV)  Rg(fm) ag(fm) R (fm) a (fm) o (mb) %Be+?0Bj  Total reaction  35.90 11.75 9.00
36.6 8.59 0.63 9.66 0.30 30 ‘Be+209Bj Fusion 38.00 10.00 5.00
37.2 8.59 0.63 9.66 0.30 6.0
38.1 9.43 0.63 9.66 0.50 222.0 This corresponds to a barrier distribution of width zero, a
40.6 9.43 0.63 9.66 0.50 478.0 behavior that is consistent with expectations for the interac-
41.9 0.43 0.63 9.66 0.50 607.0 tion of two tightly bound nuclei.
36.6 948 038 9.92 035 100 In order to compare with the fusion data, we must first

take into account the 1.7 MelFWHM) energy resolution of

3r.2 9.48 0.38 9.92 0.39 26.0 " the fusion experimenl0]. The effective energy resolution

38.1 9.48 055 1025 042 207.0  of the total reaction cross section data is much better, since
40.6 9.48 0.54 10.31 0.43 472.0  the experimental elastic-scattering angular distributions were
41.9 9.48 0.52 10.82 0.46 768.0 obtained by comparing with the Rutherford yield averaged

over the energy resolution of the beam as well as the angular
resolution of the detectors. We have therefore folded these
fusion cross sections reported fiBe+29Bi [11]. data with a Gaussian function having a width of 1.7 MeV

The energy dependences of the total reaction and fusio(FWHM), and the result is shown as the dotted curve in Fig.
cross sections have been parametrized using the model Bf It can be seen that the total reaction cross sections are
Wong [13] in which the complex, energy-dependent optical-completely consistent with the fusion data, in that they equal
model potential is replaced by an inverted harmonic oscillaor exceed the corresponding fusion cross sections. The dif-
tor potential. The reaction cross section is computed from théerence between these two cross secti@u-dashed curve
barrier penetration probability, leading to the formula in Fig. 2) is a measure of the “direct reaction” yield, which is

seen to be small compared with the situation for, €ge
[ hoR? 2m +209; 1],
Oreac™ f In| 1 +ex ﬁ_[Ec.m._Vb] . 1) .- . . .
om. ® It is instructive to compare the reaction cross sections for

%Be and'°Be projectiles. ThéBe+?°%Bi data of Signoriniet
al. are shown in Fig. 3. The diamonds are fusion data
[10,17, the square points are from a transfer/breakup mea-
suremen{11], and the stars result from an analysis of elastic
scattering datd9]. (Note that the transfer/breakup yield re-
: 0o ot eBorted in Ref[11] has been corrected for the multiplicity of
curve represents a fit to théBe+2Bi fusion data[11]. The e outgoinge particles[14].) We have found that the sum of
corresponding parameters are given in Table 1. _the reported fusion and transfer/breakup yields exceeds the
_ The excitation function for the total reaction cross sectionyga| reaction cross section extracted from the elastic-
is consistent withhw=0, i.e., the classical limit of Eq1).  gcattering data. In order to achieve consistency with the other
data sets obtained by the same group, it is necessary to mul-

Here,V, is the barrier heighthw is the oscillator parameter
which determines the diffuseness of the potential, Bnd
the radius of the system at the barrier.

The solid curve in Fig. 2 was obtained by fitting the ex-
perimental total reaction cross sections, while the dash

oL e e e tiply the measured transfer/breakup yield by a factor of 0.75.
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FIG. 2. Total reaction cross sections from elastic scattering of Ec_m_ (MeV)
10Be+2%8pp (square points Also shown are the fusion cross sec-
tions for 1%Be+29%Bi reported in Ref[11] (circles. See text for a FIG. 3. Reaction cross sections fBe+9Bi measured by Si-
discussion of the curves. gnorini et al. See text for a discussion of these data.
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The “experimental” total reaction cross sectiofrcular  Total reaction cross sections extracted from an optical-model
pointy then agree with the optical-model resultiowever,  analysis of the experimental angular distributions are consis-
see below for a discussion of other possibilili€bhe solid  tent with the large fusion yield previously reported for the
curve through the total reaction cross section data is again gmjlar 1°Be+2%9Bj system[10,11. The excitation function

Wong—moc_jﬁl fri]t' with pg#gmgtfgbgi"‘?” ir Tabrl]e ”'hln cobm— for the total reaction cross section is consistent with penetra-
parison with the case € , LIS clear that the sub- ;. through a single barrier rather than a distribution of

2?:12?025'352%?'{;%?62{ g%ﬂg@gee_ak” 5 very much parriers, as might.be expected for the interaction of two
Another interesting result concerns the value of the totafightly bour_ld nuc!el. _ _

reaction cross section fdPBe+2%%Pb vs ‘Be+29%Bi at ener- Comparison with published results fBe+°%Bi reveals
gies well above the barrier. The fusion yield e in this  some internal inconsistencies in these data. Specifically, the
“asymptotic” energy region is much smaller than that for thesum of the reported “fusion” and “transfer/breakup” yields
10Be projectile, presumably due to the large transfer/breakupxceeds the total reaction cross section deduced from an
cross section fofBe. However, the asymptotic total reaction optical-model analysis of the elastic data. The discrepancy
cross section foPBe is also about 25% smaller than that of can be resolved by multiplying the reported transfer/breakup
“Be. A very small reduction in the total reaction cross secvjeld by a factor of 0.75, but there are other possible expla-
tion above the barrier is to be expec{dd] due to the trans- | 5ions. It also appears that tH8Be+%%Pb total reaction

fer of flux into the sub-barrier regime resulting from cou- L oeg 1209 y
pling to the transfer/breakup channel, but a 25% reduction af 0ss section is 25% greater than thaBe-~"Bi at ener

energies well above the barrier is very surprising. The agreeg'es_weII agbo"? the barrier, V\.'h'Ch IS quite surprising. Further
ment would be better if the empirical reduction factor on theStudies of*Be-induced reactions near the Coulomb barrier
transfer/breakup yield discussed above were not applied, b@®€ clearly needed. However, despite these discrepancies, it
in this case the discrepancy with the optical-model total reseems clear that the total reaction cross section ke
action cross section is difficult to understand. Furthermore#+2°Bi is very much enhanced compared to that 8Be
comparison with existing fusion dafa6] for °Be+%%Pb sug-  +2%%Pb at sub-barrier energies, due to the weakly bound na-
gests that the’Be+**Bi fusion cross section reported in ture of the®Be projectile.
Refs.[10,1]] might be too large. These discrepancies suggest
that further measurements @Be-induced reactions are de-  This work was supported by the National Science Foun-
sirable. dation under Grant Nos. PHY99-01133, PHY98-04869,
In summary, we have measured the elastic scattering d?HY00-72314, and PHY98-70262, and by the CONACYT
10Be on?%%Ph at several energies near the Coulomb barriegMexico).
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