RAPID COMMUNICATIONS

PHYSICAL REVIEW C, VOLUME 62, 06160(R)

Folding potential for the system 2°°Bi-®He
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The systematics ak-nucleus folding potentials is extended to the syst&fBi- ®He where recently anoma-
lously large reaction cross sections have been observed. These anomalies, which have been explained by the
large spatial extent of thBHe wave function, can be described with systematic folding potentials in a natural
way.

PACS numbgs): 25.60.Bx, 25.60.Dz, 25.60.Pj, 24.10.Ht

2 In two recent papers anomalous properties of the systefjolume integral of about 320350 MeV fn?* for all heavy

*Bi- °He at energies close to the Coulomb barrier werenclej at energies around the Coulomb barrisee also
analyzed. The enhanced fusion probability was reported ipg 6]), and a similar value was recently obtained from
[1]. A surprisingly large  yield was measured in the 169 160 scattering7]. Therefore, such a value can also be
?Bi(°He."He) reaction in[2], and simultaneously a huge expected for the?®Bi- °He system. The strength of the
t,gfa[ Greagtlonzo cross section was derived from thejmaginary part of the nuclear potential increases steeply with

*Bi(°He,°He)**Bi elastic scattering data. Both papers ex-energy at energies around the Coulomb barrier. The absolute
plain the observed anomalies by the large spatial extent Qfglue is smaller for scattering of doubly magic nuclei
the ®He wave function due to the low two-neutron separation(40Ca_a, 208ph- ) and somewhat larger for systems with
energy of about 1 MeV which may lead to an enhancedyne semimagic nucleu$%r- a, ‘Sm-a). Consequently,
breakup of®He at low energies. In this Rapid Communica- gn even larger value can be expected for the system
tion | present an alternative analysis of the data of R®f.  2095i. 64e which consists of two semimagic nuclei.
which reproduces the experimental scattering cross section The real and imaginary part of the optical potential are
and the total reaction cross section simultaneously. Th%oupled by a dispersion relatids]. The adjustment of the
above experimental observations are explained in a naturabsgj. 6e real potential to the systematics efscattering
way. o ) ) data neglects the difference of the dispersive influence be-

The basic ingredient for the analysis of the nucleuscayse of the different imaginary parts in thenucleus and
nucleus interaction at energies close to the Coulomb barriesye_nucleus systems. But the similar volume integdal$or
is the nucleus-nucleus potenti(r) which is composed of e systems'®0 180 and a-nucleus indicate that the influ-

the real Couzl(?m_b4potential and the complex nuclear potengnce of the different dispersive couplings can be estimated to
tial. For the 2°Bi-*He system it has been shown that hugepe small.

uncertainties exist for the potential because different nuclear Tne following procedure was applied to determine the
potentials resulted in a similar description of the experimenygtential for the?%%Bi- ®He system aE=19.0 and 22.5 MeV

tal data at low energigs]. Such ambiguities have been ana- yhich are the experimental energieg2J. E is the energy of
lyzed in detail by[4], and it has been showd—6] that the 6 64e projectile in the laboratory system. First, the system-
ambiguities of the potential can be reduced significantly byyic folding potentials have been tested by calculating the
the use of systematic folding potentials. Additionally, it has 20Bj( o, ) °Bi elastic scattering cross section
been found that the volume integrals of the potentials for_, M’ev. The calculations agree nicely with the experi-

heavy nuclei show only a weak mass depende¢fod. mental data of3]. The folding potential in the real part of
The elastic scattering Cross section of the nuclear potentiaV/s is given by
209Bij(5He *He)?°Bi cannot be described by a “standard”

Woods-Saxon potential obtained frof*Bi(a,a)?*Bi at  Vq(r)=AVe(r)

comparable energig®,3] because the “standard” potential

underestimates the total reaction cross section significantly. :)\J J' (Fo)pr(ro)v
Therefore, a strong energy dependence of the imaginary part PRUTR/PTAITIUeft
of the potential was proposed [i] with the peculiar behav-

ior of a stronger imaginary paftorresponding to stronger X(Ecmop=pptpr,5=[r+rp—r7|)dr pd’r+,
absorption at lower energies. Such a behavior of the imagi- (1)
nary part of the potential is in strong contradiction to the

systematic study of5]. wherepp, pt are the densities of projectile and target, which

A similar description of the elastic scattering data and theare derived from electron scattering f&#°Bi [9] and for SLi
total reaction cross section of the systéfiBi- °He can be [10]. The density offLi was used becaug@ for the unstable
obtained by adapting the systematienucleus potentials of ®He no experimental density distribution is available, and
[5] to the 29Bi-8He system. I5] elastica scattering was (i) the charge density ofHe (as measured in electron scat-
analyzed over a wide range of masses and energies. It wasring) is probably not a good estimate for the nuclear den-
found that the real part of the nuclear potential has a typicasity. Note that the two-neutron separation energy
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TABLE |. Summary of the potential parameters used in the analysis of%igé- ®He system.

E Jr IR rms Wo R q Ji I ms Oreac @
(MeV) A (MeV fm?®) (fm) MeV)  (fm) (fm)  (MeV fm?®) (fm) (mb)
19.0 1.044 341.8 6.54 10.0 12.5 0.60 66.7 9.94 694
22.5 1.056 345.9 6.54 17.0 11.0 0.60 77.8 8.81 1073

#The total reaction cross section.,. has been calculated in the strong absorption limit.

(=1 MeV) of ®He leading to ana core is close to the tions agree perfectly with the experimental values deter-
deuteron separation energy fi (~1.5 MeV). Following  mined from the sum of transfer/break[@) and fusion cross
[5], the effective interaction has been chosen in the DDM3Ysections1].
parametrizatiori11,12. For details of the folding procedure ~ The most striking feature of the imaginary potential is the
see als§13,5]. The strength of the folding potential has to be increase of the radius parameRrfrom R;=11.0 fm at 22.5
adjusted by the usual strength parametemwith A~1.0 MeV to R;=12.5 fm at 19.0 MeV. It is not possible to de-
—1.3 leading to the systematic volume integrajsper in- scribe the 19.0 MeV data with the shape of the 22.5 MeV
teracting nucleon pair of about 320 to 350 MeV*ff6] (see  Potential and vice versa. In Fig. 1 the dotted line in the 19.0
also Table ). Ji is defined by MeV (22.5 Me\) diagram is obtained with the imaginary
potential derived from the 22.5 Me\19.0 MeV) data. This
A [ striking feature can simply be explained by a shift of the
Jr= f VR(r)r?dr, 2) reaction zone towards larger radii at lower energies because
ApAt Jo of the low two-neutron separation energy ®fle and the
large spatial extent of thBHe wave function. A similar phe-
the imaginary volume integral, is defined in a similar way. Nnomenon has been found for capture reactions leading to
Note that in the discussion of volume integrdlgsually the ~ Weakly bound states, e.g., in the reactif®(p, y)''F [14].
negative sign is neglected:; also in this Rapid Communication In conclusion, it has been shown that the systematics of
all J values are negative. a-nucleus folding potentialgs] can be extended to describe
For the analysis of thé°Bi(°®He *He)2°%Bi elastic scat- the experimental properties of tfé®Bi- °He system at en-
tering | use the volume integrals given by the parametrizaergies close to the Coulomb barrigt]. The number of ad-

tion (4.1) of [6]: justable potential parameters is reduced, and therefore the
proposed peculiar behavior of the imaginary poteffiakan
Jr(Eem) =JroX exH — (Ee.m— Eo)2/A?], ) be avoided. The only special property of the potential is the

significantly increased radius of the imaginary potential at

with Jg o=350 MeV fn?, Eq=30 MeV, andA=75 MeV. ——r
This leads to A(E=19.0 MeV)=1.044 [Jx(E _ 190MeV |
=19.0 MeV)=341.8 MeV fn?] and A(E=22.5 MeV) ]
=1.056 [Jr(E=22.5 MeV)=345.9 MeV fnt]. The Cou-
lomb potential was taken in the usual form of a homoge-
neously charged sphere with a Coulomb radius equal to the
root-mean-square radiug,,s of the folding potential.

The volume integral of the imaginary part can be roughly I ]
estimated from the systematics [&] to be in the order of P S Y
60— 80 MeV fm? for the 2°Bi- ®He system. The shape of the
imaginary part was chosen as volume Woods-Saxon where
the parameters depW,, radiusR, and diffusenesa were
adjusted to the experimental scattering datd2jf The ad-
justment leads to),(E=19.0 MeV)=66.7 MeV fn? and
JI(E=22.5 MeV)=77.8 MeV fn?, consistent with the ex-
pectations froma scattering. The strength of the imaginary i
part increases with energy which is the usual behavior for the P

imaginary part. The potential parameters are summarized in 30 6 % 120 150
Table I. 19c.m. (deg)

olog

olog

The folding potential calculations are compared to the ex- F|g. 1. Elastic scattering cross section 8fBi(*He,SHe)20Bi
perimental data2] in Fig. 1 (full lines). The general agree- 4t E=19.0 (uppe and 22.5 MeV(lower pari normalized to the
ment between the experimental dé24 and the folding po-  Rutherford cross section. The bestit calculations are shown with
tential calculation is excellent and of similar quality as thefull lines, whereas the dotted lines are the results at 19.0 MeV using
calculation in[2] where the peculiar behavior of the imagi- the imaginary part of the 22.5 MeV best-fit calculation and vice
nary part was used. The calculated total reaction cross segersa. The experimental data points are taken ffan
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lower energies which is related to the low binding energy ofanomaly.” A further extension of the systematic folding po-

the ®He nucleus. The main conclusions of REf] are con-  tentials to these systems requires a systematic studyBef

firmed by this analysis. scattering over a wide range of energies and target masses
An unusual near-threshold behavior of the optical poten{comparable t¢5] for a scattering and is beyond the scope

tial has recently been found also from elastic scattering fopf this Rapid Communication.

the systen?®Bi- °Be [15], whereas a similar experiment for _ . _ _

647n-9Be reports thaf16], “The analysis of the scattering Discussions with J. J. Kolata, G. Staudt, and A. Zilges are

data was not conclusive about the presence of the threshoffatefully acknowledged.

[1] J. J. Kolata, V. Guimaes, D. Peterson, P. Santi, R. White- 354 (1986.
Stevens, P. A. DeYoug, G. F. Peaslee, B. Hughey, B. Atalla, [9] H. de Vries, C. W. de Jager, and C. de Vries, At. Data Nucl.
M. Kern, P. L. Jolivette, J. A. Zimmerman, M. Y. Lee, F. D. Data Tables36, 495 (1987.
Becchetti, E. F. Aguilera, E. Martinez-Quiroz, and J. D. Hin- [10] G. C. Li, I. Sick, R. R. Whitney, and M. R. Yearian, Nucl.
nefeld, Phys. Rev. LetB1, 4580(1998. Phys.A162, 583(1971).

[2] E. F. Aguilera, J. J. Kolata, F. M. Nunes, F. D. Becchetti, P. A.[11] G. R. Satchler and W. G. Love, Phys. R&y, 183(1979.
DeYoug, M. Goupell, V. Guimais, B. Hughey, M. Y. Lee, [12] A. M. Kobos, B. A. Brown, R. Lindsay, and R. Satchler, Nucl.

D. Lizcano, E. Martinez-Quiroz, A. Nowlin, T. W. O’Donnell, Phys.A425, 205 (1984).

G. F. Peaslee, D. Peterson, P. Santi, and R. White-Stevengl3] H. Abele and G. Staudt, Phys. Rev.4C, 742 (1993.

Phys. Rev. Lett84, 5058(2000. [14] R. Morlock, R. Kunz, A. Mayer, M. Jaeger, A. Mar, J. W.
[3] A. R. Barnett and J. S. Lilley, Phys. Rev.9;2010(1974). Hammer, P. Mohr, H. Oberhummer, G. Staudt, and Vll&o
[4] P. Mohr, T. Rauscher, H. Oberhummer, Z.télaZs. Fiop, E. Phys. Rev. Lett79, 3837(1997.

Somorjai, M. Jaeger, and G. Staudt, Phys. Re\65C1523 [15] C. Signorini, A. Andrighetto, M. Ruan, J. Y. Guo, L. Stroe, F.

(1997). Soramel, K. E. G. Cbner, L. Muler, D. Pierroutsakou, M.
[5] U. Atzrott, P. Mohr, H. Abele, C. Hillenmayer, and G. Staudt, Romoli, K. Rudolph, I. J. Thompson, M. Trotta, A. Vitturi, R.

Phys. Rev. (53, 1336(1996. Gernhaiser, and A. Kastenntler, Phys. Rev. G1, 061603R)
[6] P. Mohr, Phys. Rev. 1, 045802(2000. (2000.

[7] D. T. Khoa, W. von Oertzen, H. G. Bohlen, and F. Nuoffer, [16] S. B. Moraes, P. R. S. Gomes, J. Lubian, J. J. S. Alves, R. M.

Nucl. Phys.A672, 387 (2000. Anjos, M. M. Sant'Anna, |. Padmg and C. Muri, Phys. Rev. C
[8] C. Mahaux, H. Ngpand G. R. Satchler, Nucl. PhyA449, 61, 064608(2000.

061601-3



