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Polarization potentials for the 208Pb„

7Li, 6Li …209Pb transfer

N. Keeley and K. Rusek
Department of Nuclear Reactions, The Andrzej Sołtan Institute for Nuclear Studies, Hoz˙a 69, 00-681 Warsaw, Poland

~Received 30 June 1997!

Recent optical model analyses of near-barrier7Li1208Pb elastic scattering data found a peak in the energy
dependence ofWOM , the strength of the imaginary part of the optical model potential at the strong absorption
radius. It was speculated that this might be due to the polarization potentials produced by couplings to the
208Pb(7Li, 6Li !209Pb transfer channels. In this Brief Report we show explicitly that such couplings do indeed
produce polarization potentials with the same energy dependence as that observed for the empirical optical
potentials.@S0556-2813~97!05811-1#

PACS number~s!: 24.70.1s, 24.10.Eq, 25.70.Hi
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Recent analyses of7Li1 208Pb elastic scattering data@1,2#
found a marked peak in the near-barrier energy depend
of WOM , the strength of the imaginary part of the optic
model potential at the strong absorption radius. It was spe
lated@2# that this peak might be due to coupling to ‘‘barrier
channels that contribute only to the imaginary potential
energies close to the Coulomb barrier. T
208Pb(7Li, 6Li) 209Pb transfer was suggested as a poss
candidate for these barrier channels. In this Brief Report
show explicitly that coupling to the208Pb(7Li, 6Li ! 209Pb
transfer produces a polarization potential with the same
ergy dependence as the empirical optical model poten
@2#.

A series of coupled-reaction channel~CRC! calculations
was carried out using the codeFRESCO@3#. In order to pro-
vide an unambiguous result only couplings to the6Li1209Pb
partition were included in these calculations. The diago
optical model potential in the entrance channel consisted
double-folded real part (Vbare) and an interior imaginary par
of Woods-Saxon squared form (Wbare). The double-folded
potential was calculated using the codeDFPOT @4#, with the
M3Y @5# effective nucleon-nucleon interaction and7Li and
208Pb densities from electron scattering measurements@6#,
suitably corrected for the proton charge distribution. T
imaginary potential parameters wereWs510.0 MeV,r s51.0
fm, andas50.3 fm @7#. The diagonal optical potential in th
6Li1209Pb channel, the spectroscopic factors, and the n
tron binding potentials were those used by Ruseket al.
@8,9#.

Couplings to the ground state and the 5/21 excited state at
1.567 MeV of 209Pb were included in the CRC calculation
both separately~i.e., two-channel calculations! and together
~three channels!, as these were found previously to be t
most important single-neutron-transfer channels@8#. Good
agreement with the available data for differential cross s
tion andT20 analyzing power backward angle angular dist
butions at 33 MeV@9# and 29 MeV was obtained.

The effect of coupling to the reaction channels can
simulated by a complex effective polarization potent
Vp1 iWp , which gives the same elastic scattering differe
tial cross section as the CRC calculation when added to
entrance channel diagonal potential in a single-channel
culation. In the present work effective polarization potenti
were derived from the CRC calculations according to
560556-2813/97/56~6!/3421~2!/$10.00
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method described by Thompsonet al. @10# using an option
within the code.

In Fig. 1, Vp ~12.4 fm! and Wp ~12.4 fm! are plotted as
functions of bombarding energy for coupling to the grou
state of209Pb only~open circles!, coupling to the 5/21 state
of 209Pb only ~filled circles!, and coupling to both state
~asterisks!. It can be seen thatWp shows an energy depen
dence similar to that ofWOM , the imaginary part of the
optical potentials of Martelet al. @1,2#. In particular,Wp for
the three-channel calculations shows a marked peak
bombarding energy of about 35 MeV, close to the obser

FIG. 1. Effective polarization potentials derived from calcul
tions with couplings to the ground state of209Pb only~open circles!,
coupling to the 5/21 state of209Pb only~filled circles!, and coupling
to both states~asterisks!. The lines are merely to guide the eye.
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one inWOM at 33 MeV@2#. The energy dependence ofVp is
also similar to that ofVOM , the real part of the empirica
potentials, showing a pronounced peak at a somewhat lo
bombarding energy than that of the peak inWp .

The magnitudes of bothV ~12.4 fm! and W ~12.4 fm!,
where V5Vbare1Vp and W5Wbare1Wp , are both smaller
than VOM ~12.4 fm! and WOM ~12.4 fm! @Vbare ~12.4 fm!
50.234 MeV andWbare ~12.4 fm! '0#, particularly W,
which is an order of magnitude smaller thanWOM , even for
the three-channel calculations. It should be noted that
potential strengths of@2# are somewhat smaller than those
@1# as they include the effect of the dipole polarizabilit
However, as our calculations included just couplings fro
the ground state to two transfer channels, this is hardly
prising. It is reasonable to assume that couplings to o
channels would also contribute toVp andWp , increasing the
overall magnitude of the potentials. Previous work@11# sug-
gests that couplings between the reaction channels~multistep
effects! could provide a considerable part of the missi
strength inWp .

It is interesting to note that the peaks inWp as functions
of energy for the two two-channel calculations are stagge
in energy by an amount equivalent to the excitation ene
of the 5/21 state ~i.e., the difference inQ value!. This
Q-value dependence of peak position leads to a broade
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of the peak for the three-channel calculations, the polar
tion potentials for these calculations being~to a very good
approximation! the sum of those derived from the two sets
two-channel calculations.

Test calculations were also performed for couplings to
208Pb 21

1 and 31
2 states at excitation energies of 4.085 a

2.615 MeV, respectively. The effective polarization pote
tials produced by these couplings displayed a similar ene
dependence to those due to the transfer coupling but
considerably smaller magnitude. Thus, although these c
plings will make a contribution to the observed peaks inVOM
andWOM , it is an entirely negligible one.

To summarize, by means of effective polarization pote
tials derived from a series of simple CRC calculations
have shown that the unusual energy dependence of the
pirical WOM obtained in recent optical model analyses
7Li1208Pb elastic scattering data is largely due to coupl
to the 208Pb(7Li, 6Li) 209Pb transfer partition. We have als
shown that the position of the peak due to coupling to in
vidual final states in209Pb is dependent on the reactionQ
value, leading to a broadening of the peak inWp derived
from calculations including more than one transfer chann
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