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The 120, 145 and 172.5 HeV C*-particle beams from JULIC 
were used to measure differential cross sections for elastic 
scattering on 12C^24l£g and 2?Al'in the angular range from 
about 5° to 70° fern, system). The angular distributions were 
analysed extensively in terms of the optical model using a va¬ 
riety of potential forms. Apart from the parametrised forma 
of potential, as Woods-Saxon (WS) or rather (*S)V (also a model 
independent representation of potential spline potential was 
employed. The analysis based on the parametrized forms of the 
potential made it possible to find the best fit parameter seta, 
which were than examined on their uniqueness and energy depen¬ 
dence. Emphasis waa given to gaining informations on the radial 
shape of the potential. -: >• .-) 

6) ̂ rvKq ). 
Wiązki cząstek o( o energiach 120, 145 i 172.5 

uzyskane z cyklotronu JULIC były użyte do pomiarów różniczko¬ 
wych przekrojów czynnych rozpraszania sprężystego na jądrach 
1 2C, S 4Mg i ̂ 7A1 w obszarze kątowym 5° do 70° (cm.) . Rozkła¬ 
dy kątowe zostały poddane wielostronnej analizie w ramach mo¬ 
delu optycznego z zastosowaniem różnych postaci potencjału. 
Oprócz postaci parametrycznej jak Woodsa-Saxona ^WS) lub (WS)U 

zastosowano również reprezentację potencjału niezależnego od 
modelu (potencjał spline). Analiza bazująca na parametrycznej 
postaci"potencjału umożliwiła znalezienie parametrów najlep¬ 
szego dopasowania, które zostały następnie przebadane pod 
względem jednoznaczności i zależności energetycznej. Poświę¬ 
cono dużo uwagi by uzyskać informacje odnośnie radialnej formy 
potencjału. 



Пучки *-частиц с энергиями 120, 145 и 172;5 Мэв, уско¬ 
ренные на Шихском циклотроне, были использованы для измерений 
дифференциальных сечений упругого рассеяния на мщениях 1 2С, 
^*Mg и ^ А 1 в угловом интервале 5 - 70° (ц; м,). Угловые рас¬ 
пределения были проанализированы с помощью оптической модели 
с использованием потенциалов различной формы. Кроме параметри¬ 
зованной формы потенциала вида Вудса-Саксона (ws ) или точнее 
(ws ) v , было также применено представление независимое от мо¬ 
дели (сплин потенциал). Параметры потенциала в форме Вудса-
Саксона, с помощью которых было получено наилучшее согласие 
с экспериментальными данными, были затем исследованы на един¬ 
ственность и зависимость от энергии. Много внимания было уде¬ 
лено получению сведений о радиальной форме потенциала; 



1. Introduction 

Only a few experiments have been reported so far on o(-
elastic scattering at incident energies veil above 120 MeV. 12 28 In ref. 1) o(-scattering data are presented for C, Si, Sn 
and Pb at 166 MeV, the Maryland group published data for C, 
*> ^ ^ 5 0 
2,3*4-,5 ) » then the Jttlich-Heidelberg group investigated 
OĆ-scattering on 1 60, 12C, 20Ne and 28Si (refs. 6,7)- at 
energies around 150 MeV and later Groningen group (ref. 8) 
presented a comprehensive study of o^ -scattering on " Zr over 

• the energy range from 40 up to 120 MeV. 
• Elastic scattering data are generally analysed in terms of 
\ the optical model. Since most reaction theories utilize distor¬ 

ted waves to describe scattering of the projectile from the 
] target, the extraction of optical potentials from elastic scat¬ 

tering data is the necessary starting point for gaining informati 
on nuclear structure from reaction processes. Unfortunately, 
the extraction of optical potential parameters for composite 

p particles suffers at lower incident energies from the well 
\i known ambiguities both discreate and continuous. It has been 
$ however, fairly well established during the past few years '**•" 
| that a unique parameter sets can be obtained for alpha particles 
j if the elastic angular distributions are measured at sufficiently 

i % high incident energies and up to large enough scattering angles* 
1 Such scattering is characterized by the existence of the maximum 

deflection angle Sr (rainbow angle) , beyond which the 
<: differential cross section exhibitis an almost exponential 

fall-off. The optical model parameter set providing an overall " 
fit to such an elastic angular distribution, measured weel 
beyond @_. does not suffer from discrete ambiguities. It has 
also been shown see for example ref* 2 that six free parameters 
appear to be necessary if the standard Woods-Saxon form of 
potential is used in the analysis of scattering of d -partioles 
at higher Incident energies* 

This paper presents experimental angular distributions of 



12 24 27 elastic ally scattered ^-particles on C, Mg and 'Al at 
incident energies of 120, 145 and 172.5 MeV and their optical 
aodel analysis. The aims of .the investigation were; first, to 
extend the available experimental information for 
these light nuclei to higher incident energies, next, to provi¬ 
de consistent optical model parameter sets and to study their 
energy dependence on the basis of data all obtained at the same 
laboratory at identical experimental conditions. It was attem¬ 
pted to gain also information on the radial shape of the poten¬ 
tial. 

2, Experimental arrangement and results 

The experiments were performed at the Julich Isochronous 
10") 

Cyclotron JULIC ' using an energy analysed beam. Beam monito¬ 
ring was accomplished by means of a Faraday cup located 4 m be¬ 
hind the scattering chamber and, additionally by a monitor de-

' tector. The beam was focussed on the target to a spot of less 
; than 2 mm diameter. The targets used in the experiment were 
U self supporting foils of natural ^C and ?A1 and highly enri-
fj ched Tig, with thicknesses of around 5 mg/cm . The zero point 
If of the absolute angular scale was determined to be better than 
"% 0.03°. This was estimated by the energy calibration of the two 

peaks of o( -particles scattered on hydrogen in a (CH) target. 
The target and the detector telescopes were placed inside 

a i m diameter scattering chamber. The scattered particles 
were detected and identified by the detector telescopes opera¬ 
ting in the usual 4E-E mode. The AE detector were Si surface 
barrier counters while the S detectors were Ge(Li) diodes of 
the side entry type ' produced in the detector laboratory of 
the Institute. The energy resolution in the particle spectra 
was about 150 keV. This was sufficient to separate the elastic 
peak from the first inelastic peak in all spectra. 

Spectra were obtained for 2**Mg at 14-5 and 172.5 MeV and 
| for 1 2C and 27A1 at 120, 1+5 and 172.5 Me? incident o(-energies 



from about 5° to 70° (cm.). The experiiw^i^. angultr distri¬ 
butions resulting from these measurements are shown in fig. 1 
(points). They show a diffraction pattern at small angles and 
a rapid fall-off with weak structure at larger angles, which ' 
supports the conjecture of rainbow scattering . 

The main uncertainties in the evaluation of the cross-
sections were those due to the target thicknesses, beam current 
integration and solid angles. The error in absolute cross-sec¬ 
tion (common normalization error) is estimated to be less than 
15 % for all three nuclei. The relative error is smaller than 
10 %. Except for the data points at the largest angles, the er¬ 
rors resulting from the counting rate are smaller than the da¬ 
to points in fig* 1. 

3. Optical model analysis with the Woods-Saxon potential 

We began the analysis of the data using the standard 
Woods-Saxon (WS) form of potential with volume absorption: 

TJCr) = VcCr,rc) - V.f(r,rv,av) - i W-f &,*,,,%) i) 

where f f r . r ^ ) = (1 + exp [(r - r± A1'3)/*^) "1 and Vc(r,rc) 
is the Coulomb potential of a uniformly charged sphere of ra¬ 
dius rc»A1'^. In accordance with refs. 1, 4) the value of 
1.3 fm for the Coulomb radius r„ was used throughout these 
analyses. The advantage of the volume absorption over surfa¬ 
ce absorption in the potential form had been proved in earlier 
study12-*. 

In order to find the best optical model parameter sets the 
quantity: x - ± T [CMzSJŻil] l J 2) 
was minimized with &(&{) being the calculated differential 
cross-section and c (0̂ .) and JSe)ep(^>) denoting the expe-



mental cross-section and errors at angle &l respectively. The 
calculations were performed by using Baynal's computer program 
MAGALI1^. 

The analysis was initiated by testing the uniqueness of 
the potential parameters. Por this purpose, a V-grid search 
was performed by fixing V at a number of different values in 
the range from about 80 to.190 MeV. The remaining five parame¬ 
ters (r , a , W, rw, â ") were allowed to vary in order to mini¬ 
mize 'X1. Several such V-grid searches were performed using 
different starting parameter sets, including also the additional 
case of a fixed r to make sure that no discrete potential fa¬ 
mily was missed. This procedure was employed in the analysis 
of all experimental data. The results are presented in fig. 2. 
On the left side of this figure are plotted the minimized va¬ 
lues of •%* versus V, and on the right side are plott the cor¬ 
responding values of Xz vs. ry» 

If the discrete potential ambiguities were present in the 
large V-range investigated, they should show up in the -)CX vs. 
7 plots of fig. 2 as additional minima as deep as the main mi-
nimunr . Since no such effect is apparent, we conclude that H 
the potentials found for the X1 minima are unique for our high 'j 
incident energies. These minima, however, correspond to lower 
quality fits and therefore do not provide a competing parameter 
set of another family. Similarly, as it has been practiced in 
refs. A- and 9) , test searches were performed in order to demon- I. 
strata that the large angle played a critical role in removing 
the discrete ambiguities. For those tests the experimental da- r' 
ta sets were gradually truncated from the side of large angles. 
If the data were truncated at angles below 30° a new discrete 
family of parameters originated, which fitted the data equally 
well. 

The optimum parameter sets corresponding to the X 1 minima 
of fig. 2 are summarized in table 1. In this table are also 
listed the root mean square (rms) radii of interaction for the 
real part of potential, evaluated for these parameters accor-
ding to the formula commonly used in the case of a WS formfac¬ 
tor. 



The differential cross-sections calculated from these 
potentials are displayed in fig. 1. With respect to the para¬ 
meters in table 1, we want to emphasize that a large difference 
between the parameters r and r w shows up in all cases, rw 

being much larger than ry. This feature is in accordance with 
the results of refs. 1, 2, 3» 4, 6, 7« 9» 21 . It seems there¬ 
fore to be a general feature of ^ -scattering* 

In order to examine the question of continuous ambigu¬ 
ities in the optical model parameters, the volume integrals 
J/4A (per projectile-target nucleon pair! for the real part of 
potential were evaluated using the formula given in ref. JJ, 
Their nunerical values, corresponding to the optimum fit para¬ 
meters, are given in table 1. As expected for a definite, poten-
tial family, obtained from lower incident energy data "^ the 
volume integrals were found to be approximately constant within 
some range of V, and especially in the neighbourhood of the nar¬ 
row minimum of X2* versus r . Outside these limits of constan¬ 
cy the J/4A value changes sharply. This V-range, together with 
the corresponding range of fluctuations of J/4A values , is gi¬ 
ven in table 2 for the nuclei and energies studied. 

Another limitation for V-range can be inferred by the re«* 
quirement of compatible fit quality. If we accept a limit of 
20 % deviation of X from the minimum in X vs. V as a stan¬ 
dard for comparable fits then the range of possible continuous 
ambiguities is considerably reduced as can be seen quantitati¬ 
vely from the last two columns of table 2. 

Inspection of table 1 shows that the integral quantities 
such as the rms radii and the volume integrals for the real 
part of potential behave under change of energy as expected 
from the model, i.e. the rms radii remain almost constant and 
the volume integrals decrease sytematically with increasing 
incident energy. Slopes of -0.95 MeV fm^/MeV and -0.84- MeV* 
fm^/MeV of volume integrals is found for \A1 and ^J respec¬ 
tively. A change of the normalization of the cross section 
by about 20 % is reflected in a 5 % change in the values of 
the volume integral. Smith et al. report a slope of -1.1 MeV' 



for 1^C using their own 159 MeV data and additional da¬ 

ta taken by other groups at 104 and 166 MeV. In medium weight 

nuclei the slope of the volume integral is about 0.3 - 0.6 Me? 
fm^/MeV8* ' ^. Furthermore at constant incident energy the 
volume integrals for v3» Tig and 'Al scattering decreases 
considerably with increasing mass number (table 1). However, 
if the present results at 145 MeV and those of ref. 4) around 
140 MeV are combined, no monotonie variation of the value of the 
volume integral with A can be established, in contrast to the 
suggestion in ref. 4). This can be seen from the J/4A-values 
for 24Mg (E^ = 145 MeV) and 27A1 (B^s 145 MeV), which are alre¬ 
ady smaller than that for ^ O a (E^ = 142 MeV), in ref. 4). This 
anomaly may be understood by taking into account the fact that in 
contrast to the nuclei studied by Goldberg et al. ' the IJg and 

'Al nuclei are deformed. Therefore, it may be worthwhile to 
perform experiments on heavier target nuclei and to do coupled 
channel calculations in order to find out whether the parameters 
describing the elastic scattering within this framework would 
exhibit a smoother A-dependence of the volume integral. Such 
problems have been previously discussed in the case of O^-scat-
tering in the rare-earth region . 

The existence of continuous ambiguities between the para¬ 
meters of the potential makes it impossible to examine the ener¬ 
gy dependence of individual parameters of the potential reliably. 
Therefore, although the six parameter search produces the best 
fits, it may give rise to irregular fluctuations in the nergy de¬ 
pendence of the parameters* For instance, from our analysis has 
emerged an increase of the parameter V and a decrease of the pa¬ 
rameter ry, when the energy increases (table 1). Such increase 
of 7 is of course unphysical and indicates an inadequate poten¬ 
tial form. In sections 4 and 5 we consider therefore other po¬ 
tential forms. 

In case of the WS potential we have performed additional 
analyse of the data, as is often practiced by the authors who exa¬ 
mine the subject of energy dependence of the potential8* 1^» 20', 
by fixing the geometrical paraaeters. In the first step only 
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the parameter rv was fixed; the value of r = 1.20 fm for 12C 

and ry= 1.23 fm for 'Al, i.e. those being optimal for E^= 14-5 MeV, 

were used. This approach resulted immediately in producing a 

decrease of the parameter V with incresing energy; however, the 

fits became markedly worse than the six parameter ones Upon 

fixing the remaining geometrical parameters the real potential 

depth decreased almost linearly with increasing energy of Incident 

ot -particles, but the fits became increasingly worse. Similar 

deterioration of fits when the geometry was fixed had also 

been observed in other works 8i20»21»22> 

4. Modification of the WS fora of potential 

For many years the WS form of potential was commonly used 
as capable of giving a satisfactory reproduction of scattering 
data. The microscopic calculations, however, which developed 
in tha last few years 8»2^» 2*i30,33,34) ̂ ^^^ t n a t t h e t r u e 

form of potential, especially in the surface and tail regions, 

differs from that of the WS type. Model independent 

representations in terms of the spline functions ' -v , or the 

Fourier-Bessel expansion of potential / have recently proved 

that a modification of the WS form of potential is necessary. 

To account to some extent for the modification of potential 

form some authors have attempted to use the square •?t ' * 

17,20,27jor anothq, adjustable power 28'29^of the WS form. 

In this chapter a systematic study of the optimum power of the 

WS form will be presented ', We examined a parametrized 

form of potentials 

V(r) = Vc(r,r0) - Y't(*,ry,*J
n - i W-f (r.r^aj * 3) 

where n and m are adjustable powers and the other symbols have 

the same meaning as in formula 1* Our method differs slightly 

from that of Miohel et al. ^ by allowing different geometrioal 

parameters in the real and imaginary parts and by changing the 

powers n and m independently. 



The analysis was initiated by putting n = m. The value of n 
was fixed to a series of values between 0.8 and 3.0 and all six 
parameters of the potential were allowed to vary until the lowest 
value of X z was reached for a given n. This approach has shown 
that an increase of n is accompanied by an increase of all poten¬ 
tial parameters. This can be explained easily since the rise of 
the power of the WS form makes it shallower in the surface region. 
This region however is mostly probed in the scattering of oi -par¬ 
ticles, hence, the requirement to fit the data with a shallower 
potential requires in turn the strength and the radii of the po¬ 
tential to be respectively larger. It appears that the potential 
parameters and the magnitudes of n are strongly correlated, thus 
giving rise to creation a new ambiguity. 

The variation of X-Z with n is displayed for different nuc¬ 
lei and different energies in fig. 3* Full lines correspond to 
n = m, i.e. to the same shapes of the real and imaginary part. 
The resulting Xp~ values correspond in every point to the set of 
parameters producing optimum fits to the experimental data. From 
this figure it is seen that in the majority of cases one gets an 
improvement of the fits if the value of n is chosen greater than 

"1? one. In the case of the lowest energies, i.e. of 120 lieV for C 
and "Al the values of n tend to increase monotonically with de¬ 
creasing X.2" however, the strength of the potential increases 
beyond reasonable limits. Moreover, it looks from fig. 3 as if 
the optimum power n and hence the radial form of the potential 
changed, when the target nuclei and the beam energy are changed. 
Obviously, a standard, optimum n for different targets and diffe¬ 
rent energies can not be found. On the basis of these results ° 
one can not claim that the square of the WS form is more suitab¬ 
le than the WS form. 

The solid lines in fig. 1 correspond to the fits with n = 2. 
Except for the largest angles, the differences between the fits, 
corresponding to WS and (WS)2 forms, are neglibile. The unphy-
sical energy dependence of V ( section 3) remains resistant to 
the change of the WS into the (WS)2 form of the potential. 

12 



To examine the problem whether the forms of the real and 
imaginary parts of potential are the same, the analysis based on 
formula 3 was continued varying only the value of n and keeping 
constant the value of m. The dashed lines in fig. 3 correspond 
to the case of m = 1, Since in some cases the dashed lines 
are below the full lines one can conclude from fig. 3 that from 
the point of view of the data analysis different forms of the re 
and imaginary parts are allowed and that each of them could vary 
independently with energy. Different forms of the real and ima¬ 
ginary part of the potential were considered also in some micro¬ 
scopic calculations24» 5Of 55» 5 4\ 

The question arises how the curves, displayed in fig. 3. 
are changed by experimental errors. This problem was examined 
by means of introducing artificially a systematic and a relati¬ 
ve error into the experimental data. The systematic error was 
simulated by changing the normalization of experimental data, 
and the relative error was introduced by changing a little the 
error for the angles at which the counting rate v s poor. Fig. 
4 illustrates the effect of the change of normalization. As is 
seen from this figure, the shape of the curves and the positions 
of the minima are practically unaffected by the change of sys¬ 
tematic error. As has been proved, however, the relative er¬ 
ror influences seriously the shapes and positions of minima of 
the curves presented on fig. 3* Especially careful estimation 
of this error is needed at the points where the cross section 
changes rapidly with angle and at the large angles where the 
statistics is poor and the background is high. In view of the¬ 
se facts the conclusions, drawn from fig. 3, must be taken on¬ 
ly as tentative and not much importance can be attached to them. 

5. Model independent analysis Cspline function method) 

In order to avoid the constraints imposed by the parametri¬ 
zed form of the potential a model independent analysis of the 
scattering data has been performed* Among the other possibili-



ties26* ^ V w e choosed the spline function method » ''as having 
a large "elasticity" to accommodate the radial form of potential 
for structural effects and being capable to account for possible 
fluctuations in the potential strength and potential form with 
the change of incident energy. Similarly as in refs. 8 and 25) 
we represented the real part of the potential by 11 discrete 
values y(r^) (i - 0, 1 .... 10) between 0 and 10 fm: whereas 
the imaginary part Wfr") was represented by a WS form. In summa¬ 
ry 14 parameters were searched simultaneously to achieve a mini¬ 
mum in the X2" value. The program OPTY* ' accomplished the 
interpolation of the potential between the specific radii by 
a smoothly varying function constructed from cubic polymonials. 
Por calculation of the error band we prepared a special code 
OFFER. The extension of the error band is determined from mutu¬ 
al correlations between the parameters within the range imposed 
by the criterion % - X min + 1. Of great importance in gai¬ 
ning a true form of the potential and reasonable extension of 
the error band are the estimated experimental errors. 

The model independent analysis generally resulted in con¬ 
siderably better fits than obtained in the analysis based on 
WS or t'wS}2 forms of the potential (table 3). In fig. 5 are 
illustrated the radial shapes of potential Vfr) found by the 
spline analysis. Shaded lines in this figure represent the li¬ 
mits of the error band and the dashed lines correspond to the 
WS form of V(r) calculated from the best fit parameters, given 
in table 1. It can be seen from this figure that the spline 
formfactor (full lines) and the WS formfactor (dashed lines) 
practically overlap in the radial range of 3 - 7 fm. In this 
range of radii the error band is narrow} it becomes broad out¬ 
side of this range, where also appreciable deviations between 
the spline formfactor and the WS formfactor show up. 

In table 3 are listed the integral quantities as the rma 
-radii of interaction and the volume integrals* It is seen from 
tables 1 and 3 that the differences in rms -radii, determined 
by both methods, does not exceed 6 %• The rms-radii obtained 
from the WS formfactor are almost constant when the energy is 

\h 



varied, whereas these obtained from the spline method, exhibit 
uncorrelated variations with energy. This is evidently due to 
the poor determination of V(r) by the spline method in the cen¬ 
tre and in the tail region. Accordingly, the volume integrals 
show a similarly irregular behaviour, determined by the use of 
the spline function method* 

Looking at fig. 5 one can understand, that by the use of 
the parametrized form of potential as WS or (WSJV we can always 
obtain good fits, because the radial form of potential in the 
sensitivity region can always be adjusted to resemble the shape 
of the potential, found by the spline method. 

Conclusions 

This work demonstrates the absence of discrete ambiguities 
in the real WS potential depth, when the energy of the bombar¬ 
ding particles increases in the elastic scattering of <X -partic¬ 
les on C, \A1 and ^Mg; it was shown in addition how the 
continuous ambiguity in this potential can be restricted. 

The analysis of elastic scattering in terms of an opti¬ 
cal potential with the WS form has given satisfactory fits pro¬ 
viding that six parameters are searched. The average quantities, 
as rms-radii and volume integrals, evaluated by use of optimum 
fit parameters, behave consistently with the change of incident 
energy i.e. the rms-radii remain approximately constant and the 
volume integrals decrease roughly linearly with increasing ener¬ 
gy. 

The model independent form of potential, expressed in 
terms of the spline functions, allowed us to describe succes-
fully the angular distributions of scattered <X-particles. It 
has been shown, that the parametrized potential with optimized 
parameters lies generally inside a narrow error band of the 
spline potential. A relatively large extension of the sensiti¬ 
vity region (3 - 7 fm in our case) implies in turn a large ex¬ 
tension of the continuous ambiguity range, thus individual pa¬ 
rameters, such as V or r could not be determined uniquelly. 
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Attempts were also made to modify the parametrized WS 
form of potential in order to get more detailed information: 
on the radial shape, on possible energy and mass dependence 
of this shape and on its equality for the real and imaginary 
parts of potential. It was learned, however, that such fine 
details were especially sensitive to the accuracy of experi¬ 
mental data* 

We thank Prof. A. Budzanowski and Prof. D.A. Goldberg 
for helpfull discussions. 
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Table 1 

Target 
(MeV) 

1 20 120 

145 

172.5 
24lig 145 

172.5 
27A1 120 

145 

172.5 

V 

(MeV) 

97.9 
111.2 

112.8 

100.8 

111.0 

101.4 

107.1 

109.8 

r v 

(fm) 

1.340 

1.200 

1,140 

1.282 

1.178 

1.318 

1.230 

1.163 

0.74 

0.80 

0.82 

0.78 

0.85 

0.74 

0.79 

0.81 

W 

(MeV) 

17.3 

15.8 

16.8 

20.4 

23.4 

20.2 

19.7 

21.7 

(fm) 

1.856 

1.883 

1.822 

1.745 

1.626 

1.679 

1.632 

1.548 

(i 
0.47 

0.50 

0.53 

0.48. 

0.62 

0.56 

0.62 

0.70 

rms-radius 

*.* (im) (l 

3.08 

1.25 

1.47 

3.52 

3.48 

12.5 

5.44 

5.98 

3.635 

3.656 

3.657 

4.075 

4.112 

4.117 

4.098 

4.047 

J/4A 

leV»fm3; 

388 

370. 

347. 

325. 

308. 

328. 

304. 

278. 

Optimum WS parameter sets corresponding to the minima in the plots of fig. 2. 



Table 2 

target 

1 2 C 

2^Mg 

2?A1 

(MeV) 

120 

145 

172.5 

145 

172.5 

120 

145 

V2.5 

V-range 

(MeV) 

80-106 

85-147 

100-175 

81-152 

84-126 

84-117 

79-114 

84-131 

J/4A-range 

(MeV • fm3) 

382-392 

362-372 

340-350 

310-325 

302-318 

312-328 

300-318 

266-278 

V-range 

" aiin 

89-106 

102-117 

108-126 

95-107 

103-117 

90-118 

97-120 

99-127 

1 

1 

1 

1 

1 

1 

1 

1 

£ 
.25-1 

.16-1 

.06-1 

.22-1 

.13-1 

.15-1 

.10-1 

.03-1 

20% 

. 4 1 

.27 

. 1 8 

.33 

. 2 4 

.39 

.31 

.23 

10 

Ranges of fluctuations of volume integrals J/4A ('under the requirement 

that they are approximately constant) and corresponding V parameter ran¬ 

ges for WS type analysis. In columns 5 and 6 are given the reduced ran¬ 

ges of V and r under the additional requirement of Ax"/ ''̂ /,̂ 20 %., 



Table 3 

Target 

1 2 0 

2 4 " 8 

27 
Al 

(MeV) 

120 

145 

172.5 

145 
172.5 

120 

145 

172.5 

rms-radius 

3.61 : 

3.62 

3.55 

4.03 
4.12 

3.87 

4.09 

3.93 

t 0.10 

0.06 

0.12 

0.07 
0.10 

0.05 

0.13 

0.13 

J/4A 

(MeV'fi 

347. i 

376. 

330. 

321. 
310. 

298. 

300. 

271. 

12 . 

8 . 

1 2 . 

7. 
13. 

9. 

1 1 . 

1 0 . 

y2 

1.90 

0.66 

1.08 

0.77 
1.82 

3.72 

3.35 

3.49 

The rms radii of interaction, the volune integrals and 
values resulting from the spline function calculations 
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(«.«.) 

0.01 
<72 5 McV : 

10 20 30 40 50 60 70 80 0* 

?ig. 1. Elastic o<-scattering cross section normalized to the 
Hutberford cross section. Solid lines represent the 6-
parameter (WS) fits, dashed lines represent the 6-para-
' * ter WS fits and dotted lines represent the 2-parameter 
WS fits with constant geometry. 
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Pig. 2. The minimized values of X VB, V (lett side) and % 
vs. rv (right side) using a VS type potential* 
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Fig. 3. The dependence of "X on the power 
n. Solid lines correspond to n*m 
and dashed lines correspond to m 
constant Cmsi). The data for Ar 
and 5 8 ^ \ i ware taken from refs, 
35 and 36 respectively. 

3, 
Pig» *• The dependence of 7^ on the 

power n in the case of jHi. Va¬ 
rious curves correspond to va¬ 
rious normalizations. 



R(fm) 

Pig. 5. The radial shapes of the potential V(r) found by the 
spline analysis. Shaded lines denote the limits of 
the error band and the. dashed lines correspond to the 
WS form of V(r) calculated from the best fit parame¬ 
ters* 


