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ABSTRACT

The « • u elastic scattering angular distributions at

£ua * 120 MeV. 145 MeV and 172.5 MeV were phase-shift anal Ízed and

ar. inversion procedure for the determination of the optical

potential was applied. The potential and its associated

uncertainties, as a function of the radial distance, were found.

Coaparison is sad» with usual wood-Saxon optical potential

analysis.

1. INTRODUCTION

The problem of determining the potential from the

S-matrix elet^nts for fixed energy is extensively discussed in the

literature'1 jd some approximate methods have been developed and

applied tc r £ ear physics problems. For example, Lipperheid and

Fiedeldey1 ' ja ;ed their method on the assumption that if Sf is a

simple r« I ,11 function of I, a simple method can be applied for

the deterni -a.ion of V(r). Another approach is the semi-classical

extension -•*; Kujawskl'3' to complex potentials. A further

different approach is proposed by Cooper, Ioannides and

Macitintc V '*•*' based on an iterative-pertubative procedure.

for the purpose of investigating the uncertainties in the

:p::cal v.tentlal resulting from the errors associated to the

experiment J measurements of elastic cross section we found the



method of reference (4) aost convenient. Thus we adopt their

procedure and use the aeasureaents of S. Viktor et al.'"': for the

a • "c systea at E ^ « 120 MeV, 145 NeV and 172.5 Nev as our

input data. Our choice of this set of data, apart froa its good

quality was based on the fact that at the energias aeasured we

expect the «• c systea to be reasonably transparent to allow a

sufficiently precise determination of the optical potential. In

section 2 we describe and illustrate the inversion procedure.

Section 3 contains a description of our analysis and in section 4

we draw our major conclusions.

2. THE INVERSION PROCEDURE

We assume that the elastic scattering aatrlx Sf is

reproduced by the spherically symmetric optical potent!tal V(r) for

two colliding splnless nuclei. If V(r) is an approximation to

V(r) and S its corresponding scattering matrix the following

relation is easily obtained:

S - S « - -%i- f X.CDÍ. (r)fv(r)-V(r)ldr (2.1)
' ' tfk o* «• J

where p is the reduced aass cf the systea and k the wave nuaber for

the elastic channel, % (r) and ?#(r) are the radial wave function

aaplltudes for the angular aosentua M corresponding to V(r) and

V(r) respectively. We have iaposed the following noraalization at

infinity:

t + m

and slallarly for Sf (r). Tf and C# are the regular and irregular



Coulomb wave functions as defined by Abraaowitz and Segun . Eq.

(2.1) is the starting point for the inversion procedure.

We set

in Eq. (2.1) which transforms it into a linear integral equation

for the diaensionless function f(r):

fir) * | V(r) - V(r)|/Eo

«Acre E is the kinetic energy of the ions in the elastic channel.

We assuae that the nuclear potential contributes to S

only for Kt . Next we choose a basis of N linearly independent

functions y^r) to represent f(r) in the interval (0. r ). For

r we aay take the classical closest approach radius for the ions

in the presence of the Couloab field with angular aoaentua ht

For y (r) we used the linear splines as we found this aost

convenient.

With these arrangaents Eq. (2.1) transforms into a set of

algebraic linear equations.

o *
S# - %• «Sf • E B||ai 0 * * * ^ (2.2)

•

with f(r) *1\ yt(r)

and B n • -2ik J [ ?#(r) ] yj(r)dr (2.4)



The coefficients a( are determined by taking *
< [ * -

and •lniaizing the expression:

where U( are weighting factors. We have taken

Wt • (2*-* t)/(« • 1).

The procedure can now be summarized: (i) we choose 7(r)

as a starting potential; (li) we fix I , r and the linear

spline basis that cover the interval (0, r ); (ill) we determine

a by requiring x to be minimum; (iv) we find a new potential

v(r) • E f(r) and (v) we repeat the above procedure starting with

the new potential until convergence is reached.

Figure I exibts an example that Illustrates the

procedure. We took as target S those generated by the Wood-Saxon

optical potential of reference (6).

where the parameters are given in the second column of table I.

For the starting potential we also used a Wood-Saxon

shape for the real part with parameters given in the third column

of table I with the Imaginary part set to be zero. We chose t »

40 and r • lOfm and used a basis of 20 linear splines equally

spaced over the interval (O.lOfa). The procedure converged after

•even Iterations with final % • 0,00096. After each iteration we

calculate the distance between the target S^ and the calculated
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S, aatrices defined as follows:

E ist-s,|.
•ax 0

Figure I exhibits the calculated potentials for each Iteration

and the respective values of x* and r. It is interesting to

observe that though we started with a quite different potential

froa that which originated the input S-aatrix. after seven

interactions, the procedure returns back to the saae original

potential. This suggests that the linearization of Eq. (2.1) does

not restrict in a substantial way the applications of the

procedure.

3. THE DATA ANALYSIS

As data we used the aeasurenents of elastic scattering

cross sections for the a * 12C collision at E ^ * 120 MeV. 145

MeV and 172,5 MeV of S. Viktor et al. in the angular interval froa

5 * 6" to a « SO*, 70° and 60° respectively in investigating

the actual shapes and uncertainties in the optical potential

áetersination froa the experiaental data. Figure II shows their

saia as dots. The solid curve is one of our óptica potential

fits obtained by the inversion procedure previously described and

will be explain in detail later. The insert in this figure is

-.he classical deflection function obtained froa the phase-shifts of

the 145 MeV optical potential of reference (6). One should

notice that the experiaental data cover five orders of

xagnitude in the cross section with errors around 5% and

extends beyond the classical rainbow angle (e * 50°).



As our task is to exhibit not only the shape of the

potential but also its uncertainties as determined by the data, we

generated from the original data 15 new angular distributions by

adding to then white noises with widths given by the experimental

errors. The totality of 45 angular distributions. 15 for each

energy value were the starting point of our analysis. As the

experimental angular distributions contains around 40 to 50 points,

insufficient to make phase shifts analysis, we enlarged the initial

data set by including 50 new points for each angular distribution,

determined from a cubic spline Interpolation. These enlarged sets

were used to search for the phase-shifts that best fit the data.

In tlw search, we varied only those S( for 0 s I s 25. The other

S values were taken froa the optical potential of reference (6).

Figure III summarizes the S values found in our analysis. The

vertical scale Is IS I and the horizontal scale the value of t.

The result Is plotted as vertical bars centered on tee mean value

of \Sf\ and with widths equal to twice the RMS deviation froa the

mean value. Me observe that the uncertanty in IS I increases as I

decreases reflecting the relatively low sensitivity of the cross

section to the low values of the angular momentum.

To each one of the 45 sets of S-aatrix we applied the

inversion procedure described in the previous section, using I

» 40, r - 10fB and a base of N « 20 linear splines. In all

cases v(r) was taken as the W-S potential given in the third

column of table I. Figure IV exhibits our results.

The 15 optical potentials found by the inversion procedure are

plotted as saall dots. The open circles (connected by the dashed

line) correspond to the nean value of the potentials for each

radial distance. The solid curve represents the W-S optical

potential of reference (8). For each energy we observe that for r

* 3fm, the surface region, the uncertainties in the potential are

small and our results agree vitn the optical potential of reference

(6) except for the 145 MeV case where the shape exhibits soae



structure outside the uncertainty bars. In the inner region (r <

3fa) the potentials deviates substantially fro* that of reference

(6). In particular, not only does the laaginary potential exhibit

very large negative values but also the real potential also becomes

repulsive the lover the entrance channel energy. Fro» our point of

view, these effects in the inner region as a function of the energy

can be qualitatively understood as resulting froa the exclusion

principle that inhibits the existence of « • "fc configuration in

the l*0 systea for lower values of the excitation energy. He

should also point out the fact that the uncertainties in the

potential get larger as the « • iaC approach one another. This

basically reflects the uncertainties found in the deteraination of

the S-aatrix due to the centrifugal barrier since S is

itive to the inner region for lower values of i.

•nCURTOR

The application of the inversion procedure for the

deteraination of the optical potential froa the elastic S-aatrlx

elements, first proposed by Mackintosh et al.*4) worked well for

the « • 12C elastic scattering data at E ^ * 120 MeV, 145 NeV and

172,5 Hev"'. Ve found both the optical potentials for the

entrance channel energies Measured and also their uncertainties

associated with the experimental errors. The uncertainties found

agree with the general belief that the optical potential for ion

collisions is not well determined in the Inner region. Besides

these sain results we also found that as the energy decreases the

imaginary part of the potential increases negatively and the real

part becoaes repulsive suggesting the existence of a hard core in

the inner region for low entrance channel energies. We believe

that this behavior Is of a general character, reflecting the

constraint imposed by the exclusion principle. If this is so, then

we «ay expect that this effect is stronger for heavier ion

collisions at the saae entrance channel energy per nucleon.
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HGURE CAPTIONS:

Figure I. Real and imaginary parts of the inversion potential

after each iteration (dashed line) and the target

potential of reference 16) (solid line).

Figure II. Experimental elastic angular distributions of c •
iaC at E c « 172.5 MeV. 145 MeV and 120 H»V. The

solid curve is one of our optical potential fits

obtained by the inversion procedure. The insert is

the classical deflection function obtained fro* the

145 MeV optical potential of reference (6).

Figure III. The solid bars represent the M S deviation of }S( |

obtained froa the phase-shift analyses centered in

the aean valve |§J.

Figure IV. Optical potentials obtained by inversion (saall

dots). The open circles connected by the

dasbed-line correspond to the aean value of the

potentials. The solid curves are the US optical

potentials of reference (6) for each energy.

TABLE CAPTION

Table I. The first colon gives the parameters, the second

coluan their values as used In reference (5) for C

• l72.5HeV and the third coluan the values of the

paraaeters for the initial potential In the

iterative procedure.
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