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I. INTRODUCTION 

Understanding the nature and specifics of the potential energy of interaction between 
two colliding quantum systems, be they of nuclear, of atomic or of molecular type, is central 
in almost all studies of their possible reactions. Conventionally, elastic scattering data is 
used as a measure to assess the propriety or no of any candidate form one may specify for 
such (nonrelativistic) interaction. Invariably also one considers that interaction to have local 
form which however may be complex and/or energy dependent. 

There are two basic approaches by which quantitative information on the (effective, 
local) interaction between colliding quantal systems may be sought from measured, elastic 
scattering data. The most common is the direct approach in which a form for the interaction 
is assumed in making numerical solution of the Schrodinger equations. From those solutions, 
phase shifts are extracted and thence, by standard summations of Legend re polynomials, 
observables such as the differential cross sections are predicted. Frequently the procedure is 
modified to an approximate inverse method by adjusting values of parameters in the chosen 
form seeking a result that 'best fits' measured data. 

Alternatively one can use inverse scattering theories with one of many methods of so
lution to determine candidate interactions from S functions (phase shifts) that have been 
determined by a (quality) fit to measured data. In so doing, there is essentially no a priori 
assumption made about the shape of the 'inversion' potentials. However, they are clearly 
linked to the chosen method of implementation, i.e. as one uses the Lipperheide-Fiedeldey, 
Newton-Sabatier, Marchenko or Gel'fand-Levitan equation to name a few. 

With either approach, central in the procedure is the scattering function, which for 
energy E(= h2k2/2fi) is given in terms of the phase shifts by 

S{\,k) = c™<lk\ (1) 

when the angular momentum variable (A) are the real values / + \, as such gives the link 

( -1 &S(\,k)<*V(r,E) (2) 

* Dedicated to the memory of Professor Harry Fiedeldcy, a very good friend, colleague 
and source of much inspiration. 
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Therein there are two possible spectral parameters, the energy and the angular momentum. 
Hut almost all studies, direct ami inverse, have fixed one or the other. With inversion 
methods the fixed A — variable energy approaches have led to new insights about the two 
nucleoli interaction. Hut most experimental results suggest use of fixed E - variable angular 
momentum schemes. Typical data are differential cross sections measured at a single energy 
and for a set (often incomplete) of centre of mass scattering angles. Such fixed energy data 
and their analyses are the subjects of this article, with particular emphasis placed upon the 
problems of the link between data and the S functions. The key problem in assessing a 
quanta! scattering interaction is the definition of the physical S function. 

There are problems with the link between that physical S function and the interaction 
whether a direct or an inverse process is used. But it is worth noting that once the S function 
in the form suitable for use with an inversion method has been chosen, then the resulting 
potential is unique (to within any 'transparent' addition or supersymmetric partner). With 
inversion schemes, the process of choosing the S function for a continuum of angular mo
mentum values is ambiguous however. But equivalent ambiguities are present with analyses 
using direct methods in so far as the parametric specification is always ambiguous. Worse 
the direct process locks one into an a priori choice of form for the interaction; a choice that 
often has limited physical justification at best. , 

First, however, I wish to consider the ambiguities in the step by which the 5 function is 
determined from the data. 

II . THE PROCESS -jgg => 5(A) 

Consider the differential cross section of clastic scattering which, with 0 being the scat
tering angle (fc, • kj), is denned in terms of a complex, scattering amplitude by 

"(0) = ~ ( 0 ) = \f{0)\\ (3) 

That scattering amplitude will be taken as 

1(0) = yftjT) e ^ (4) 

and in a partial wave expansion (with Si = St(k) = e2'*''*)) 

W) = £ / ' W) = E(2*+ 1)^ [Si ~ 1] W) , (5) 

whereby, if one can specify the phase <p{0), and have the cross section at all scattering angles, 
then the S function at the physical values (f.) of the angular momentum variable A(= £-f £) 
arc 

St = 1 + ik I" f(O)Pt(0)sm(O)dO. (6) 
./o 

This process seems of little value indeed it is of none if the phase cannot be specified. But 
there are also uncertainties with any process of defining St due to problems with the data 
sets, some of which are 
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(i) (large) statistical errors 

(ii) systematic errors (both known and unknown), and 

(iii) incomplete data requiring interpolation and extrapolation for 0 = 0° to 180° . 

In addition there are ambiguities in the construction of the fixed energy 5 functions (or 
equivalently the phase shifts), some of which are 

(i) layered ambiguities (S( —* Sf -J- nx) 

(ii) window ambiguities (limited data sets) 

(iii) unknown bound state influences in 5(A), and 

(iv) phase symmetry condition (tp —» 2n — tp) 

Such problems, and those created by loss of unitarity of the 5 function due to flux loss 
to other reaction channels, mean that functional forms for 5(A) are taken usually. Of the 
possible set, two forms have been of particular interest. First, as most heavy ion scattering 
results are characteristic of a strong absorption model (SAM), the Mclntyre 5 function form 

S<M>(0 = |5<M»(*)| e* M ) W , (7) 

where 

SlM){l) = 

1 +e~A 

1 +e* 

C{M)(t) = fi 
(*-*;> "T* 

(8) 

is very convenient to use in analyses. For less strongly absorbed projectiles, modifications 
by adding one or more Regge-like poles to this Mclntyre form are needed to obtain good 
fits to data. The second 5 function type of interest is that of having rational function form, 
viz. 

5(A) = C W * 2 > n ^ M , (9) 

where rj is the Sommerfeld parameter. This choice of 5 function form is convenient as, with 
it, both WKB and fully quantal Lipperheide-Fiedeldey inversion methods can be used to 
specify the Schrodingcr interaction. 

III. TREATMENT OF ERRORS IN DATA 
The quality (and extent) of data is crucial in determination of the 5 function. Such is 

reflected by the size of the statistical uncertainties with the quoted experimental values, by 
unknown systematic errors of any experiment and by known systematic errors such as the 
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exact angle and acceptance of detectors. There is nothing a theorist can do about the count 
rates and the attendant statistical error but there are various techniques one may consider 
to estimate the effects of the systematic errors in defining S functions. 

Smoothing splints provide 'nice' curves by which discrete noisy data can be smoothed 
and a particularly suitable process for smoothing cross-section 'ata is that of generalised 
cross validation (GCV). Allowing that a measured A' point data set consists of a smooth 
physical result plus white noise, the GCV process is a trade off between fidelity to the 
quoted data set (chisquare per data point, x2/N) and roughness of a selected (2m — 1) 
degree smoothing polynomial spline. That roughness is measured by the integrated square 
of the mth derivative of the smoothing spline function. The end result is a new table of data 
(at the same scattering angles) whose differences from the original values one might consider 
to be an estimate of unknown systematic errors. 

We have applied that process to the extensive cross-section data set taken at the Hahn-
Meitner-Institute, Berlin for the scattering of 350 MeV I 6 0 ions from 1C'0 targets. The 
complete data set (almost kinematically complete as the scattering is of identical bosons) 
and our GCV variant are shown in Fig. 1. The data span 10 orders of magnitude and 
our best analysis of the data sets found by using the rational form of the S function are 
shown by the solid curve (fit to the quoted data) and by the dashed curve (fit to the GCV 
data). For these results, the chisquare per degree of freedom {x2/F) values are 10.5 and 
4.4 respectively. On this scale one cannot distinguish between the data sets or the fits but 
the x2/F values are quite different and they are substantial. They are still not statistically 
significant. For that a resultant x 2 / F « 1 is required. 

The two 5 functions are shown in Fig. 2 again by the solid and dashed curves for the 
original and GCV data analyses respectively. These results are shown as the magnitudes 
(top) and phases (bottom) with the latter drawn modulo TT. They are quite dissimilar 
functions as the original and GCV data are different and so require different S functions to 
fit them. Note also that as the data sets vary in magnitude over 10 orders, it is particularly 
important to have S function values kept to at least 6 decimal places in calculations. 

It is necessary to plot the data and the GCV results on much larger scales to observe 
the differences and such is given in Fig. 3. Therein the original data are displayed by the 
solid circles and our GCV values are given by the open circles. Whenever the two coincide, 
the open circles take precedence. The effects of generalised cross validation are obvious now 
and the different fit curves are shown. 

The foregoing does not necessarily infer that unknown systematic errors of that extent 
exist. Indeed with fits of high quality to such an extensive data set one must include in 
the analyses consideration of the known systematic errors of the detector angles. We have 
done so in a very simple- manner, namely we have allowed each quoted experimental value 
to correspond to an angle in the range; of 0.1° around the tabulated number. By 'angle 
shaking' each and every quoted experimental result, the fitted cross section ( x 2 / F = 10.5 
with original data) could actually coincide with a fit value of 1.6. That fixed calculated cross 
section for the segment to 15° scattering angle is compared in Fig. 4 with the original data 
set (filled circles) and with the set we find by 'angle shaking' (open circles). Thus allowing 
for the uncertainty in scattering angles makes a relatively poor fit very acceptable, .md of 
statistical significance. The 'angle shaking' result is very smooth as application of the GCV 
process barely alters the results. 
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Fig. 1 : 

The complete 1 6 0 - 1 6 O 350 McV elastic scattering differential 
cross section and the two inversion results described in the text. 
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Fig. 2 : 
The 5 functions (rational form) found from fits to the , 6 0 - 1 6 0 350 
MeV cross section data and as described in the text. The moduli 
are given in the top section and the phases, modulo 7r, are shown in 
the bottom section. 
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Fig- 3 : 

Small angle segments of the 350 MeV i60 — ibO cross section-data 
and of the best fit calculations. The original HMI data are shown by 
the filled circles and after generalised cross validation, by the open 
circles. The two calculated results are described in the text. 
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The original 350 MeV , 6 0 - 1 6 0 cross section-data (filled circles) 
and the lwst fit calculation to them. The open circles are the results 
of allowing quoted cross section data values to shift within the 0.1" 
anguiar acceptance of the detectors. 



But it is dear that extra information man! IN* used if one is to determine which, if either, 
of the two S functions is 'physical'. 

IV. DOCTRINE FOR PHASE SHIFT ANALYSES 

The example considered before liad a major (theoretical) problem. There was a substan
tial flux loss (to lion elastic events) and so the .V function was no longer unitary. Unitarity is 
a powerful constraint ii|x>n the associated S function when flux is conserved in the scattering 
of quantal scattering systems. There arc many examples, mostly with electron scattering 
from atoms and molecules and of atoms from ca-h other, but there are nuclear circumstances 
as well. 

Hence now consider how such constraints may be used U> specify a 'physical' S function. 
If elastic scattering is the only important process in the collision of two quantal systems, 

then one can set down a doctrine for phase shift (S function) analyses of cross-section data. 
With the partial wave scattering amplitudes (//) being 

(i) Lorentz invariant => two parameters 

(ii) derived from a finite ranged interaction => ft ~ e*-'*'' / —* oo) 

(iii) being unitary, and 

(iv) with analyticity inferring that they arc continuous functions of energy, 

the physical solution at a given energy is that, which with others at neighbouring energies, 
gives the smoothest function with energy. This is the 'shortest path' condition. 

At a fixed energy, as is the case of most experiments, this doctrine and in particular the 
demand of unitarity, provides a way to give the most likely 'physical' S function. 

V. UNITARITY AND THE SCATTERING AMPLITUDE 

For simplicity, consider the scattering of spinless particles. The differential cross section 
is the modulus squared of the scattering amplitude, f(0), which is considered in the form 

f(0) = fi(0) J*™ 
= f(k/M (10) 

where A:,, kj are the incoming and outgoing relative momenta of the colliding systems. The 
angle between these two vectors is 0 and, for clastic scattering 

N = IM = * = ^ ^ . (ii) 

With no flux loss (V is real), the generalised unitarity theorem is 

Im [ /(*, ,£)) = *- / n* / , -7) /(*n«f) <'«7 . (12) 
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where \q\ = it also. The conventional optical theorem is the special case of this with k\ = kj. 
This generalised unitarity theorem reduces to a nonlinear integral equation for the phase of 
the scattering amplitude, viz. 

s\nv(o) = - / / v K pLx cos\v(ff)-<P{<r)\>m' (i3) 
4 * J J y/aip) 

with the constraint 

cos(0") = ciys(ff) cos(O) + sin(O') sin(0) cos(*') . (14) 

With the variables 

x = cos(0) ; y = cos(fl') ; z = cos((T) , (15) 

this nonlinear equation has the form 

sin y>(x) = J J ll{x,y,z) cos [p(y) - <p{z)]dydz (16) 

where 

/ / ( l , y , , ) = ^ p i [ 1 _ l 2 _ ^ _ 2 J + 2 x H ^ - (17) 

Solution of this nonlinear integral equation clearly requires knowledge of the differential 
cross section at all angles in the; range 0° to 180°. Furthermore a solution to it exists and is 
unique provided that 

M(x) = J Jfl(x1y1z)dydz1 (18) 

satisfies the Martin condition, 

(I -0 .79)5 < M ( x ) < 0.79. (19) 

If this is met, an intcrative solution to the nonlinear equation for the phase is convergent 
and so, with analyticity and the shortest path condition, an unique solution, f(0), can be 
continued to the entire E region. 

But the constraint conditions are only met if the underlying interaction is very weak. 
Most scattering problems have conditions lying outside of the existence and uniqueness 
domain. Examples are shown in Fig. <r> wherein the validity conditions for the scattering of 
14.9, 16.4 and 23.7 MeV neutrons from alpha particles are shown by the solid, small dashed 
and long dashed curves that peak in the vicinity of x = —0.3. The other solid curve is the 
validity condition for the scattering of 1000 eV elctrons from water molecules. Clearly all 
exceed the Martin limit of 0.79 over most \r not ail scattering angles (I > x > — 1). 

Thus to extract the phase for the scattering amplitudes in those cases one must solve 
the nonlinear equations in a way that, gives a stable and converging result. In so doing the 
existence and uniqueness theorems no longer lurid of course. But a modified Newton 
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Fig- 5 : 

The Martin condition for the 14.9, 16.4 and 23.7 MeV n - a 
cross section displayed by the similarly shaped, solid, small dashed 
and long dashed curves respectively. The other solid curve is the 
condition for 1000 eV electron-water molecule scattering. 



utetliod using Frechet d«-rivalm-s enables out* to linearise the problem, and by iteration, 
find convergent solutions. These phases of the scattering amplitudes arc sh.>wii in Fig. 6. 
In the top is shown the couvcrg«-d phase functions for the M.9, l*».4, 20.0 and 23.7 McV 
n — a cross sections ami displayed by tin* solid, small dashed, dotted and long dashed curves 
respectively. The IM>IIOIII section |M»rlrays tin: first, secontl and final iterate of the phase 
function for the 23.7 McV case. 

Albeit that the Martin condition is not satisfied, this procedure gives a candidate for the 
physical, complex scattering amplitude from which, hy Legctidre integration, we may specify 
(as a most likely physical set of) phase shifts (S functions) for use in the second phase of 
defining the interaction via inverse scattering theory. That work proceeds. 

As mentioned before, howevtrr, cross sections at all scattering angles had to be defined. 
The n — a data arc no exception to the norm, namely that the data is quite incomplete. 
The measured values are given in Fig. 7 along with the smooth variations to all angles that 
we used in the calculations of the phase functions. Each cross section has been scaled to 
permit easy differentiation from those at neighbouring energies. Clearly there are problems 
of interpolation and extrapolation lo find a[0) at all scattering angles. One also has the 
problem of systematic errors in the quoted data set affecting that interpolation. We applied 
the GCV technique lo specify a smoothest set al the given measured angles and the inherent 
splines gave the interpolation values needed. Extrapolation was made using the best six 
phase shift fit that could be made; lo the GCV data of each energy. The limited measured 
range of momentum transfer is the most serious problem in seeking S functions by this 
means. 

But it should be noted that without the uniqueness theorem there may still be discrete 
and continuous ambiguities wit'- the extracted .scattering amplitude. The discrete ambigui
ties follow with the transformation 

when 

M) = 0 (21) 

The continuous ambiguity occurs with any function {(0) for which ( (0) vanishes, as then 

/ n ""(0) = f(0) c*W , (22) 

leaves the cross section invariant ami preserves the optical theorem. 
Analyticily affords a way out though. Al very low energies, for which s-wave scattering 

only is important, the Martin condition is valid and so a solution for the phase function 
<p(0), exists and is unique. 

VI . AMBIGUITIES IN T H E PROCESS Sf o V(lt) 

From the foregoing, one may conclude that for most elastic scattering data, arid from 
most nuclear collisions in particular, more than one .S' function will give an equivalent fit to 
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Fig. 6 : 

The phase of the scattering amplitudes calculated from the cross 
sections of 14.9, 16.4, 20.0 and 23.7 MeV neutrons off of alpha 
particles (top panel) and shown by the solid, small dashed, long 
dashed and dotted curves respectively. In the bottom panel, the 
small dashed, long dashed and solid curves give the iterates (first, 
second and last) for the 23.6 MeV case. 
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Fig. 7 

The 77 - a cross sections (enhanced by factors of 30, 10, 5 and 1) 
for 14.9, 16.4, 20.0 and 23.7 MeV compared with the results found 
using the scattering amplitudes deduced by the modified Newton 
scheme. 



the data; and a fit that may he statistically significant. With no other selection criterion 
then, the step linking the 5 function to potentials must give alternative candidates to be the 
'physical' interaction. That ambiguity is independent of whether the analysis has proceeded 
by a direct model or by inverse; scattering theory. 

Window ambiguities in this step also are independent of whether a direct or an inversion 
method of analysis is used. This effect is most easily noted with the Born approximation 
for the scattering amplitudes, /H(0), where with t = 2ks\u(0/2), the scattering amplitude 
in the form, 

g(t) = -I f(t) = r mx(rt)V(r) r dr , (23) 
Jo 

can be inverted to give the potential V as 

1 r°° 
V(r) = - / siii(ri) g(t) dt (24) 

r Jo 

when the limit in the mean is taken with integration. To determine V then requires knowl
edge of g{t) for 0 < t < oo. But data, even a complete differential cross section, specify g{t) 
only in the range 0 < t < 2k. An extrapolation of g{i) into the nonphysical region must 
be made and therewith lies the ambiguity of 'transparent potentials'; namely any potential 
for which g(t) is zero in the physical region of t can be added to any direct or inversion 
interaction without, in Born approximations at least, altering the fit to the cross-section 
data. 

A. Limited angle effects 

With actual data, the situation is made even worse by the measurements usually being 
made only for a limited range of scattering angles. Ambiguities then occur as diverse inter
actions may be found that give good fits to the observations even though they may differ 
for angles at which no data has been taken. As an example consider the scattering of 1449 
MeV l 2 C ions from 2 0 8 P b . The measured data and a quality fit to them is shown in Fig. 8. 
Note that the scattering angle range is very small. Diverse S functions can be found that 
give the same fit to these data and a set of four are displayed in Fig. 9; the moduli given in 
the top panel and the phase (modulo IT in the range ±tf/2) displayed in the bottom section. 
These four S functions gave fits to the data that had x21F values of 0.99 ; 0.97, 0.96 and 
1.05, and they could be used in inversion procedures to determine interaction potentials. 
Two of these inversion potentials an? displayed in Fig. 10 wherein they are compared with 
two conventional, phenomenological optical model potentials that were parametrised to fit 
the data with \2jF values circa 1. In the bottom panels the sensitive radial region varia
tion is shown. The four interactions differ markedly therein. To differentiate between these 
candidate interactions then otie would need, in the first instance, more data . The cross 
sections each gives to 20° scattering are shown in Fig. 11; wherein the four inversion results 
are compared in the top segment and two of those are compared with two conventional 
phenomcnological potential predictions in the bottom. Very accurate measurements of very 
small (ratio to Rutherford) cross sections would need to be made to favour one result over 
another. 
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Fig. 8 : 

The differential cross section data for 1449 MeV 12C-20SPb scat
tering compared with a result calculated using one of the inversion 
potentials ( \ 2 / F = 0.96) in the Schrodinger equation. 
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Fig. 9 : 

The 5 functions (moduli and phases in the top and bottom panels 
that fit the 1449 MeV nC - 2 0 8 Pb data with \2/F all circa 1. The 
phases are displayed modulo if in the range ±n/2. 
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Fig. 10 : 

Two inversion potentials, shown by the solid and long dashed 
curves for \ 2 / F values of 0.96 and 0.99 respectively, compared with 
two phenomenological optical model potentials displayed by the 
small dashed and dotted curves and with which \2/F values are 
also ca. 1. The sensitive radial region values are given in the bot
tom panels. 
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The 1449 MeV 1 2 C - 2 0 8 Pb cross sections to 20° scattering angle. 
The form inversion potentials gave the results shown in the top panel 
while the two selected inversion and two phenomenological optical 
potential results are compared in the bottom section. 



R. Convolution effects 

Measured results from experiments on atomic scattering frequently involve a convolution 
of iG/newpagc velocities of atoms in intersecting l-eams. The extended beam intersection 
also means that measured results are usually a convolution of of scattering angles as well. A 
fixed energy cross section must he formed hy deco.ivolution of the data and such is shown ! 
Fig. 12 for 62.5 meV He atoms scattering off of Ne atoms. The measured data are shown in 
the insert hy the dots and upon decouvolution, the continuous curve therein is the result. In 
the main facet of the diagram the dots are the values of that deconvolution at each measured 
(centroid) scattering angle and we have assumed the measured statistical errors. The solid 
curve given therein is the result of using an inversion potential, deduced from that 'data' , 
in the Schrodinger equation. That inversion potential (from a fully quantal Lipperheide-
Fiedcldey scheme) is shown hy the continuous curve in Fig. 13 and is compared with two 
semiclassical WKB calculated results (short dashed and dotted curves) and with the result 
from a Hartrce-Fock calculation (long clashed curve). These potentials are quite similar but 
the quality of fits to the (decouvoluted) data are not great. Specifically each potential led to 
values of x2/F of 14.7, 18.8, 19.2 and 29.9 respectively and so are far from being statistically 
significant. But the problem of deconvolving is severe. The velocity profile of the beam 
can only be assumed to be Gaussian and the intensity variation with acceptance angle is 
essentially unknown. 

C. Quality data —• ambiguous quality fits 

The cross-section data for 200 MeV protons ofr of I 2 C is of high quality. Both GCV 
and 'angle shaking' had little effect upon the quoted results to give an optimal data set. 
But two quite different S functions have been found that give quality fits. The fits to 
the data are shown in Fig. 14 and were again the result of using potentials obtained with 
the Lipperheide-Fiedeldey inversion method in the Schrodinger equation. They gave x2/F 
values of 1.006 and 1.018. There: is little to choose between either result as is indicated in 
the exploded sections of the cross sections for small scattering angles, in the lower sections 
of Fig. 14. 

The S functions are displayed as modulus and phase in Fig. 15. Three results arc given. 
The solid curve is that of the first fit to the data and the small dashed curves give the 
variation that GCV requires. The variation is essentially only in the phase. The other 
curves (long dashed) represent the alternative, cquivaleiitly good fit, S function for which 
the \2j'F value is 1.018. This is markedly different to the first with high partial wave number 
values significant in their effects upon calculated results. Associated with such a S function, 
one can expect a very long ranged interaction. 

With such statistically significant fits, the Hessian (error) matrix has reasonable matrix-
element values and permits confidence levels to be placed on each radial value of the inversion 
potentials. The results are shown in Fig. 16. Clearly the two inversion potentials are radically 
different as they also are from a double Woods-Saxon plienomenological model interaction 
displayed by the dash-dot curves. One of the inversion potentials is quite long ranged and 
so may be considered less likely to be the 'physical' interaction. Hut Schrodinger potentials 
equivalent to the scalar and vector Dime potentials tend to be long ranged. Clearly other 
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Fig. 12: 

The 62.5 meV He-Ne atom 'data' obtained by decon volution com
pared with inversion potential results (solid curve fully quantal, 
dashed curve semiclassical WKB). The insert shows the measured 
data and its deceit volution function. 



V (meV) 

Radius (a.u.) 

Fig. 13. : 

The full quanta! inversion (solid curve), two WKB solutions (dot
ted and small dashed curves) and a potential found from Hartree-
Fock calculations (long dashed) for 62.5 meV He-Ne atom scattering. 
The variations around the minimum are highlighted in the insert. 
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Fig. 14 : (Top) The elastic scattering cross section from 200 MeV protons 
on i2C nuclei. The two results, both statistically significant fits to 
the data, were obtained using inversion potentials extracted from 
quite different S functions. 
(Bottom) Segments of the cross sections before and after generalised 
cross validation showing minor effects. 
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The 5 functions for equivalent, quality fits to the 200 MeV p-i2C 
cross sections data and displayed by the continuous and large dashed 
curves. Magnitude and phases are again displayed. The small 
dashed curve gives the change to one S function required if GCV 
data are used instead. 
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Fig. 16: 

The left panel shows the real and imaginary parts of the two in
version potentials (the solid and long dashed curves) compared with 
a best fit, conventional optical model potential (dot-dashed) curves. 
The right panel shows the 60% confidence bands on both inversion 
potentials. 



information is needed, and a posxil-ilily is l<> select a result Itased upon the best possible 
interaction one can s|iet:ify by folding two uuch-ou interactions with a density profik* for l 2 C 
More pertinently <MH* shiHdd Told two nucleoli •/ matrices with the density matrix for i Z C 
to determine a (non-local) optical |»oleiitial from which a local equivalent |>otenlial may be 
defined. 

In the prcstml case, iiiii:rt>scopic folding calculations of tin; optical potential has been 
done using both the fro- two nucleoli t inalrici-s of the Paris interaction and also tlie g 
rii'ilriccs calculated there from in infinite matter allowing for both Pauli blocking and mass 
operators in the proclamation of tin- liclhc-Cioldstoiie equations. With tlie latter, a local 
density approximation then gives the results for calculation of the C" potential. When 
those optical potentials wirre used to calculate cross sections (and analyzing powers), the 
results shown in Fig. 17 were obtained. The dashed cm ves display the free f matrix results 
while the continuous curves are the g matrix ones. Medium corrections have obviously 
changed the results in the direction of tin* data, but the fits have very large X2/F values. 

The microscopically calculaUrd |N>lentiais are shown in Fig. 18 (the negative of the imag
inary terms l>ciiig given in Tact) ami it is clear that those central interactions are quite 
different from either quality lit inversion ones. They are also quite different to the conven
tional Woods-Saxon form with quite weak altsorplion being a notable effect. 

The quest to find the 'physical' interactions describing the elastic scattering of two quan
ta! systems remains a challenge. 

26 



20 43 60 

6 
cm. 

(deg) 

80 

Fig. 17: 

The 200 MeV p - 1 2 C data, cross sections and analyzing power, 
compared with the results of microscopically computed optical model 
potentials. The dashed curve results when the potentials were ob
tained by folding the (complex) free NN t matrices (Paris interac
tion) while the solid ci es are the results of using medium modified 
complex g matrices. 
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Central (upper) and spin-orbit (lower) potentials for 200 MeV 
p - 1 J C scattering that were calculated by folding tlie t matrices 
and g matrices with the density profile of 1 2 C and displayed by the 
dashed and solid curves respectively. 


