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ABSTRACT

We evaluate the trivially equivalent local a—transfer
polarization potential for the process G+ 2%gi -+ 1%C : 325 &
“*0+ *®Si. The back-angle elastic scattexing angular distributions
of ~%0+7°Si at several center of mass energies obtained with
the polarization potential added to the E-18 interaction were
found to be in good agreement with the data, if an a-transfer

spectroscopic factor of 0.4 is used.
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Since its discovery in 1977, the anomalous back-angle
elastic scattering of !®0+ ®Si has attracted considerable

attention1—10).

The phenomencn presents a challenge to
different models of the underlying reaction mechanism. In
ﬁarticular, several approaches hased on the use of a one-body
optical potential have been advanced. Invariably, these one-
beody QOP's present very clear and significant deviations from
normal -trong absorption potentials such as the E~18 inter-

11’. In a recent article, Kobos and Satchler12),

action
suggested a particular form for these deviations, which when
summed with a slightly normalized double-folding optical
potential, reproduce well_;he-maiﬁ trend of the experimental
data. These aﬁtﬁors, however, treated these deviations
phenomenologically and no attempt was made to establish their
dynamical origin.

The purpose of the present note is to investigate
the deviations from normal optical potentials arising from the
dynamic pola:ization of the two ions resulting from multiple
o-transfer. We sugdest that deviations of the type considered
by Kobos and Satchler could in principle be related to the
above polarizétion effects.

Dynamic transfer polarization potentials for heavy
ion scattering have been discussed from different points of

view by several authorsT3'14'15).

Here we present a slightly
different derivation for the purpose of completeness. As we
have done in a previous publication, we take the following
two-step a~transfexr process %0+ %%3i + l2c, %2g , 185, 28gy
as a basis for our coupled channels discussion. Instead of

treating the above process within a two coupled channels

framework, we first construct the dynamic polarization potential




arising from the coupling between the %0+ ?835i and *?*C+ 3%g
channels and subseguentiy empioy it, together with an adequate

sTrong absorption potential (e.qg. E—1811)

}, in a one-channel
description of the elastic scattering of 150+ 2%s5i .

#e define the DPP, Vpol. , to be that which
reproduces, to I[irst order, the correcticn to the elastic
scattering T-matrix arising from an explicit consideration of

the two-step process above, namely
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where i(i) are the waves distorted by the E18 interaction,
¢y is the intrinsic ground state of the combined system, Hjp:
and His are appropriate-transfer coupling interactions and
éZ:&a is the E18-distorted Green functioﬂ describing the
propagation of !2C+ %2S. In all our discussion to follow we
consider the participating nuclei to be alwayvs in their

regpective ground states.

Thus the non-lgcal DPP is
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which when expanded in partial waves becomes
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The £-dependent potential Vgol}r,r’) would then appear added

to the E18 interaction in the radial. Schrodinger equation that

generates the exact partial waves in the elastic channels,
wttr). Tt is convenient to define the trivially equivalent

local potential

i
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in terms of the E18-distorted partial wave function fztr).
Using the non recoil and zero-range approximation
for the transfer matrix elements, we obtain the following

relation

(Y) = — {5)
pol 4 Ck,k) Jl (kv
where ATEI} is the partial wave components of Ang) (Eg.1) ,
IE‘ is the radial integral
" 1
od o
- . (6}
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where fEtku:) (fztklr)) is the distorted radial wave function

in the elastic (transfer) channel, and finally F{(r) is an
appropriate spherical form factor. It is easily checked that
Eg. (5} is completely consistent with Eg. (1), within the NR-ZR
approximation.

(1)

The quantity ﬂ.T£ can be easily calculated using

existing second-order DWBA codes. In the present paper, however,




. 1 )
we. evaluate AT; ) ‘approximately using a procedure developed

Dy Austern et al. based on the on-energy-shell approximation

&)
foxr ’é?r - We obtain
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The expression inside the square brackets is the result cbtained
by using the on-shell approximation. The factor 2 multiplying it
accounts approximately for the off shell effects under
conditions of strong absorption and strong Coulomb repulsion15).
In Eg. {7) Isltko,kl) is the NR-ZR transfer radial integral,
Eg. (6), and S?rl(kl) is the nuclear elastic S-—-elements in
the transfer channel.

We have evaluated the ratio fE(klr)/fE(kor) for
several center of mass energies for the process 1504 285i + 12c, 32g
and have found it very close to unity in the surface and out-
side regions where the process is expected to occur. We thus
set this ratio equal to IEE/IED to guarantee that the final
expression for Gpol satisfies Eqg. (1}.

We thus write

A
viw = () Fer \ @)
pol B 4
with the rencrmalized fo;m factor F(r}) determined by the
condition F{0) =1, and the energy-dependent complex strength

Cﬂ given by

( I od Ckp)ki))
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The constant factor A contains the spectroscopic amplitude and
accounts for the appropriate normalizations arising from the

recoil and finite range effects. This last normalization factor

was determined by adjuStiﬁg the values of our calculated radial
integral, to correspond to those obtained from the code PTOLEMY1ﬂ
(which is "exact" in so far as finite range and recoil effects
are concerned),

Clgarly, our pplarizétion potential is f-dependent.
We exhibit this depéndence in Fig. 1. We have used the E-18
potential both in the elastic-and transfer channels. Pollarolo
et al15) have recently constructed an £-independent potential

for nucleon transfer, and it is useful to indicate how such an

equivalent £-independent potential is obtained. This is

straightforwardly accomplished by converting the £-dependence
inte a classical turning point dependence and using the turning
point as the radial variable.. Fig. 2 shows our £—independent
a-transfer polarization potential.

We should stress that in the inner region {both in
£~ and r-spaces) the calculated potential is not to be taken

too seriously owing to the. nonvalidity of the on-shell

approximation there. On thg other hand, one knows that transfer
coupling effects are pexipheral'in.néture,-and therefore are
important in the surface.region, precisely where we expect
on-shell procedure to be ;easdnable. ‘Accordingly, we have taken

the liberty of removing in the final result for the $-matrix




deviation, the contributions of the low partial waves.

Qur results for the elastic scattering angulax
distributions of *°0+?’Si at E, , = 26.2, 31.6 and
34.8 MeV , gobtained by solving the Schrodinger equation with
the i i v a i i . lso
the interaction VETBi-VpOl . re shown in Figure 3 A
shown are the data taken from Ref.[6]. The value of the
spectroscopic amplitude used in all three cases is 0.4,
in accord with results of e-clustering calculation in s 4

. .18}
shell nuclei .
Owing to our approximate treatment of the transfer

channel Green's function, Eq. (2}, we have found it necessary

to attach €0 our resulting polarization potential,
=L

Vpol[r), Egs. (8} and {9), an over-all, energy-dependent phase
${E) . Our final results, Figs. {3), (4) and (8) were obtained
with ¢(EC-M. =26.2 MeV) =0.0 » @(EC.M. =36.6 MeV) = ~0.065n
and @(EC.M_= 34.8 MeV) = ~0.138 7.

We should mention that the 1886°-excitation fumcticn
calculated within the V_,.+V_ ., model does not show the
large-period osecillations seen in the data. In order to obtain
this feature within our multistep a-transfer model, we would
have to include in the effective optical potential, a parity-
dependent component, which arises from the elastic transfer
process %0+ ?%5i » X + 2°Si+ %0, with X denoting either
e+ **Mg + *"Mg + 2°Ne or a one-step 12€ transfer. One
would expect from general grounds that this latter possibility
is much less likely to occur than the former. The trivially
equivalent local 3a-transfer polarization potential comes.out

to be

—_ ; 1L
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where the subscript 1 refers to 2"Ne+ "Mg and F{(r) is the
form factor for the process “'Ne+ 2*Mg + %%3i+ *%0. Clearly,
had we considered the elastic transfer as arising from a !3u-

exchange, the resulting polarizaticn potential would be just

(—)£ Flzc(r), with F1zc(r) being real and independent of £ and E.

We have calculated V;gg)(r) , according to Eg. (10)
and found that it becomes important { - 10% V;gl (Eq.(8))), in

the surface region at E > 30.0 MeV, in accord with the

_ C.M.
finding of Ref. 2.

Se far in our discussion of the anomalous back-angle
scattering of %0+ 2¥3i we have only considered the coupling
to several oc-transfer channels. Thgre are, of cdurse, other
channels and effects to worry about. In particular single
nucleon, pick-up and stripping reactions, in conjunction with
multiple inelastic excitation of 285i  even recently discussed
in Ref. 4), where it waé claimed that these processes are guite
impertant, at least at energies .close to the Cou;omb,barrier.

Here:we_present arquﬂent; to the effect that, . though
possibly important. at low energies, thh'multiple-Céulomb
excitation and single nucleon transfer processes in 1°%0+ 29si

are not that important at back angles, at least at center of

mass. energies, EC M > 25 MeV.
FPirst let us consider the polarization potential in
the '®0+ ?®8i elastic channel arising from multiple Coulomb
L3

excitation of the deformed 2°%$i nucleus {E,, = 1.78 MeV,




34+ = 4.62 MeV). Extensive thecretical studies of this
polarization potential, recently reviewed in Ref. 14), have

shown that its effects on

is hasically an overall
Ruth :
long range damping which, when only the 27 state is considered (in
. 16w k* B(E2)+
the sudden limit), goes as exp[j 33§ 37 _E_E?_ 2(5{]
8= 180° r with g; () being a sem1c1a531cal energy loss factor,

3
z h2v+ a = 50.1622 g~ /2

0+351 , and a s half the distance of closest approach for

« the adiabaticity parameter of

nead-on collisions. Inserting, the experimental value of
B(E2)+, namely 325 fm*e?, we obtain for the damping factor at
EC.M. = 25, 30 and 35 MeV the values 0.82, 0.62 and 0.43,
respectively. Therefore multiple Coulomb excitation of 2%3i

could result only in a rather small reduction of at

back angles. Clearly, nuclear inelastic exc1tatlonRE;2 discussed
above become important at E > 23 MeV. However, they tend to
influence the elastic scattering mestly in_ the quarter-point
angle region.

We turn now to one-nucleon transfer polarization
effects. To assess their importance we have calculated with

PTOLEMYT7’,

both pick-up and stripping reactions of neutrons
and protons, namely transitidns to that followiﬁg final channels
POCRT) + BEiLT) L BNOLY) « 2B(AT) L MTo(ht) « 2
and YTF(%T) « PTAL(%Y), at Eq 4. =25, 30 and 35 Mev.

The resulting radial integrals, a 5&sic input in
our polarization potential, attain maximum values of, 107F
at £-~22, 107" at £-16 and 1075 at £ -12 for all
cases considered at the three center of mass energies mentioned
above. These values are, at least, an order of magnitude smaller

than their respective a-transfer counterpart. More importantly,

=he widths of the single-nucleon radial integrals are at least

.10.

twice as large as the a's. This would imply clearly, according
to the recent findings of Ref. 18}, that the single-nucleon
transfer process, when considered at the level of the. correspanding
deviation in the elastlc element of the S—matrlx, would result,
in a more localized- deviation (centered around  the Bam—region)
in the elastic angular dlstrlbutlon from the "E~18" one,
1ndlcat1ng clearly ‘their lesserimportance at 9 - 180°

We should, of course, mention that there are many
more single-nucleon transfer channels that those of the a-type,
which would therefcdre enhance the effect cf the former. On
the other hand, non orthogonality effects which tend to oppose
the effect of‘tﬁe_t:ansfer couplingZO), are expected to be much
more importapt.for single nudleon'trahsfer than for heavier
particle transfer again because of the larger number of effective
channels in the former!

Therefore, our negiect of bgth multiple inelastic
excitation of 2%Si and single-nucleon transfer coupling
effects in the treatment of the back-angle scattering of

180+ 28g3;  at > 25 MeV is fully justified.

Bo.m.
In conclusion, we have, in the present paper,
demonstrated sgmi-micrbscopically, that deviations of the
Kobos-Satchler type,_ﬁhich have to be invoked in order to
account for the back-angle anomalous elastic scattering of
160 4 2955, can be traced to-multistep a-transfer couplings. We
have accomplished this.through the construction and the eventual
utilization of the corresponding a-transfer polarization
potential. It is argued that single-nucleon transfer channels
and muitiple inelastic excitation have a minor effect at back

angles at E > 25 Mev.

C.M.
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FIGURE CAPTIONS

Figure 1 -

Figure 2 -

Figure 3 -

Figure 4 -

Figure 5 ~

The trivially equivalent local potential for

c-transfer, at E

oM. = 26.2 (full curve), 31.6
(dashed} and 34.8 MeV (dashed-dotted), Shown
Y S '
is ¢~ '= Vpol(r)/F(r) vs., £ ..

Same as in figure 1 for the f-independent version

_,a _
of Vpol(r) vs, r for EC.M. = 26.2 MeV (curve 1),

-31.6 MeV (curve 2) and 34.8 MeV (curve 3). (See

text for details).

EC M., = 26.2 MeV back-angle angular distribution of
1%0 elastically scattered from 2%Si, obtained

with the E18-interaction plus the polarization

potential.
Same as figure 3 at iEC M, = 31.6 Mev.
Same as figure 3 at E = 34.8 MeV. -

C.M.
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