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Abstract

40,42,43,44,48Ca

’

The elastic scattering of 104 MeV o particles by
5OTi, 51V, 52Cr has been analyzed by phenomenological and semi-
microscopic optical potentials in order to get information on iso-
topic and isotonic differences of the o particle optical potentials
and of nuclear matter densities. The phenomenological optical po-
tentials based on a Fourier-Bessel description of the real part
reveal different behavior in size and shape for the isotonic

chain as compared to the isotopic chain. Odd-even effects are

also indicated to be different for isotones and isotopes. The
semi-microscopic analyses use a single-folding model with a
density-dependent effective aN-interaction including a realistic
local density approximation. The calculated potentials are fully
consistent with the phenomenological ones. Isotopic and isotonic
differences of the nuclear matter densities obtained from the
folding model in general show a similar behavior as the optical
potential differences. The results on matter densities are com-

pared to other investigations.

KERNMATERIEDICHTEN VON KERNEN DER 1f7/2—SCHALE AUS ELASTISCHER
a-TEILCHEN-STREUUNG

Zusammenfassung

40,42,43,44,48Ca

Die elastische Streuung von 104 MeV a-Teilchen an '
50Ti, 51V, 52Cr wurde im Rahmen ph&dnomenologischer und halb-mikro-
skopischer optischer Potentiale mit dem Ziel analysiert, Informa-
tionen iiber Differenzen der optischen Potentiale der a-Teilchen und
der Kerndichteverteilungen der Isotopen- und Isotonenkette zu gewin-
nen. Die phdnomenologischen optischen Potentiale basieren auf der
Fourier-Bessel-Parametrisierung des Realteils, die ein unterschied-
liches Verhalten der Isotopen- und Isotonenkette in Form, Sté&rke
und Radius des Potentials offenlegt. Effekte zwischen Kernen mit
gerader und ungerader Massenzahl (Ungerade-Gerade-Effekte) sind

of fenbar ebenfalls unterschiedlich bei Isotopen und Isotonen.




Die halb-mikroskopischen Analysen benutzen ein Faltungsmodell
mit einer dichteabhidngigen effektiven a-Nukleonwechselwirkung.
Die berechneten mikroskopischen Potentiale sind vollkommen
konsistent mit den phidnomenologischen Potentialen. Die Unter-
schiede zwischen den Kernmaterieverteilungen der Isotopen- und
Isotonenkette, die man aus den Faltungsmodellrechnungen erhdlt,
sind im groBen und ganzen &dhnlich den Unterschieden zwischen

den optischen Potentialen, zeigen jedoch im Detail interessante
Abweichungen. Die Ergebnisse beziliglich der Kernmaterieverteilun-

gen werden mit anderen Untersuchungen verglichen.
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I. INTRODUCTION

One of the most conspicuous features observed with the
1f7/2 nuclei is the rather peculiar behavior of nuclear charge
radii of the Ca—isotopes.1"4 In the second half of the 1f7/2
neutron shell the charge radii decrease with increasing neutron
number and they are almost equal for 40Ca and 48Ca. This trend
is additionally superimposed by a distinct odd-even staggering.
The charge radius of 43Ca, for example, is considerably smaller
than those of its neighbors. Obviously, it is quite interesting
to look for the corresponding effects in matter and neutron dis-
tributions which are considered to be the origin of this re-
arrangement of the protons.1’5—7 In addition, it is of great
interest to see how matter and neutron distributions respond
when protons are being added in an isotonic series. The experi-
mental study of these questions is the subject of the present
work which attempts to determine the differences of nuclear matter

distributions of 1f isotones and isotopes including two odd

7/2
43C

mass nuclei ( a, 2lv).

Unlike the case of the charge, studies of the distribution
of neutrons in nuclei must inevitably rely on the use of strong-
ly interacting probes, which introduces additional uncertainties
into the analyses. In recent years, however, there has been
considerable progress in understanding and handling these prob-
lems1’5’6’8“13 and isotonic and isotopic variations are ex-
pected to be determined fairly reliably at least for series
of neighboring nuclei. The present work is based on the elastic

scattering of 104 MeV a particles by 40’42’43’44’48Ca and by

SOTir 51V, 52Cr. The experimental results are characterized by
an exceptionally wide angular range which enables to determine
uniquely the optical potentials. The data for the even Ca isotopes

has been analyzed before except that the experimental results for

40’48Ca have slightly been extended and improved. A preliminary
. 52 .

analysis of the experimental results for 50T1 and Cr, used in

another context, has been published elsewhere.14 The data for

the odd nuclei 43Ca and 51V has not been published before.




The analysis in the present work has been significantly
modified with respect to the accuracy of the radial moments
of the real optical potentials and of the nuclear density dis-
tributions, which is of particular importance for the problem
under consideration. In addition, the microscopic reaction model
(single-folding model with density-dependent aN-interaction)
used for the comparison of nuclear densities has considerably

11,12

been improved leading to full consistency with phenomeno-

logical descriptions.

The analysis in this paper is divided into two: in the first
part we analyze the isotopic and isotonic variations of the real
part of the optical potential. Although this potential is not
simply related to nuclear densities it is, nevertheless, the

15 by experiment and it is expected to

quantity best determined
display isotopic and isotonic effects. In the second part we
analyze the variations of the nuclear density distributions ob-

5,12

tained within the folding model approach to the optical

potential.

Section II presents the method and in particular the new
refinements introduced in this work. Section III presents the re-

sults and in Sec. IV these results are discussed.

IT. METHOD

The method employed in the present work is similar to that
used before >,13-15 to analyze part of the same data but it has
been refined in several ways which improve significantly the
accuracy of information on isotopic and isotonic effects and
on nuclear sizes derived from the same experimental data. In
the case of the real part of the optical potential the accuracy
of the radial moments is improved by introducing hitherto ignored
correlations into the analysis of errors. In the case of the
folding model, the modifications are three. First, a Gaussian
plus Yukawa form factor is replacing the Gaussian interaction
used previously.s’11 Second, the Local Density Approximation
(LDA) used in the density-dependent term of the effective




12 so that there is now better over-

interaction has been modified
all consistency and better fits to the data are achieved. Third,
the ratios of radial moments of the nuclear matter density dis-
tribution and of the potential have been found to be extremely
stable against variations in the numerical procedures and are
therefore used as an additional method to calculate radial moments

of the nuclear density distribution.

A. Optical potential analyses

The real part of the optical potential is written 13-16

as a sum of an initial approximation (usually a square of the
conventional Woods-Saxon (WS) function) and a Fourier-Bessel
(FB) series whose coefficients are obtained from a x? minimiza-
tion procedure:
N nmr
). (1)

- Re U(r) = Vo(r) + ZTbn jo ( R
n= c

The imaginary potential is of the WS shape. This formulation
has been shown 13-16 to lead to very good fits to the data and
to realistic estimates of errors, both for the potential as a
function of position r and for integral quantities of the poten-
tial such as its volume integral and various radial moments. The
information about the uncertainties 15-17 is contained in

the elements of a matrix (C) defined as

1

= = - 2 2
C = < Abm Abn > 2 (M) X*/F (2)

mn mn

where <Abm Abn> are the correlated uncertainties in the coeffi-
cients of the potential, (M) is the covariance matrix obtained
numerically in the x2 fit and x2/F is the best value of x> per
degree of freedom obtained in the fit. With the elements of (C)
one can evaluate the uncertainties of any quantity derived
from the real potential. For example, the uncertainty of the
real potential at a point r is given by

(nﬂr) 3 (L, (3)

[ARe U(r)]2 =L C o\ R
m,n=1 c c




The new feature in the present analysis is the reduced errors
in the radial moments of the potential. These moments are
defined as

1/
k k (4)

M = [ <Jr™> ]

1
X J

where J is the volume integral of the real potential and

<3r¥> = [ Re U(r) £ aF. (5)
In evaluating the uncertainties in M, we note that My is a
ratio of two integrals, both containing Re U(r). As a result
of correlations between the numerator and the denominator (also
calculated with the help of (C)) there is a negative contribu-
tion to the errors of the radial moments which now read

e (w1

(6)
- 2A<Jrk> AJ
<Jrk J

where the last term represents these correlations. The first

two terms in (6) are calculated as before,16’17 When the

full expression (6) is used, it is found that the errors in

the radial moments are typically less than 50 % of the

values obtained before 13, 15—17, which is an important feature
in studies of differences between neighboring nuclei. The differ-
ences between the potentials themselves are also discussed in

the present work and their uncertainties are obtained from

eq. (3).

B. Folding model analyses

In the folding model approach one assumes 5,18,19 that the

real part of the optical'potential is given by folding an effec-
tive a-nucleon interaction into the density distribution of the
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target nucleus:

“Re U(x) = [V (Z,",0 ) p (¥') dF’ (7)

where pm(z’) is the target nuclear matter density (point nucleons)
normalized to the number of nucleons A. In previous analyses it was
shown 5 that the effective interaction must be density - dependent

if one is to fit data extending to large scattering angles. We

therefore write 5,20
> >, B > >y, .

VaN(r,r ,pm) = faN({r ') VDD(pm) (8)
where faN(if—?’l) is the radial form factor of the (density-
independent part of the) effective a-N-interaction, depending
only on the distance x = lf—f’l between the a particle and the

interacting nucleon. The second term VDD(pm) parametrizes the
density dependence of the interaction (see below). The form
factor faN(§) is chosen to be a sum of a Gaussian and a

Yukawa interactions 11,

oy (X) = Vg expl-|x[2/a2] + v, expl-|%|/a 1/ (|X]/ay) . (9)

In the previous work 5 we used a Gaussian form factor which
yielded, for all studied nuclei, systematically too small

values for the various integral moments of the folding potentials
as compared to the phenomenological ones.s’15 The introduction
of the additional Yukawa term mainly increases the long range
tail of the effective interaction and thereby removes these

discrepancies.

The density-dependent term of the effective interaction (8)
is also modified now as compared to the previous work where we

wrote

vT (
DD ‘Pm

with the normalization factor A usually taken to be x» = 1.

) = ae D-vye, /@) (10)

This parametrization was originally found for the densi§¥—22
dependence of an effective nucleon-nucleon interaction !
and was successfully applied also to aN-interactions using




> The density

the same value of the parameter y * 2 fm?
dependence (11) was derived in the Brueckner-Hartree-Fock appro-
Ximation for the interaction potential of a probe nucleon em-
bedded in infinite nuclear matter of density pg. For finite
nuclei there is no 4 priori preference which density has to be
inserted into (10) in a Local Density Approximation (LDA). One
usually takes the density at the position of the one P (r )

or of the other o (rz) interacting nucleons or the den51ty in
the middle between the two pm((r1+r2)/2) 10,23-25 or even some
average density. For short range NN-interactions it is assumed

that these different choices of the LDA are equivalent. In the

21

previous work we accepted this assumption (like others 25) also
for the aN-interaction and therefore inserted the density at the
position of the interacting target nucleon pm(f’) into eqg. (10).
(The superscript T (target) in eq. (10) accounts for this

particular choice). In a recent systematic analysis of differ-

ent LDA choices, however, it has been shown 12 that an LDA
of the form
2 3 >
Vi (o) = AsDeneyep /T @D 11=(1mn) eveo /T (#)] (11)

yields much better results in single-folding model analyses with
a density-dependent aN-interaction. Here, pm(;’) is the target
matter density at the position of the interacting target nucleon
under consideration (as before) and pm(f) is the target matter
density at the position of the a particle. With this form, in
particular, a large degree of decoupling between the density —
dependent and density-independent parts of the effective inter-

action is achieved (eqg. (9) and (11)) thus supporting the factori-
zation hypothesis (eq. (8)). The mixing parameter n (0 < n < 1)
allows a continuous change of weighing the two factors. For n = 1

we have the previous form (eqg.10) with the full weight on the
position of the target nucleon. For n = 0, on the other hand,
VDD(pm) depends only on the density at the position of the a par-
ticle. We refer to this approach as a "mixed" (superscript M)

local density approximation.




One of the main reasons for the preference of the "mixed"
LDA (12) as compared to the form (10) arises from the fact that
the dominant sources of the density dependence are Pauli for-
bidden intermediate states in the Brueckner reaction matrix
and knock-on exchange terms of the Fock type. 26 Both contribu-
tions can not be independent of the density at the position
of the probe o particle pm(f) (as assumed in eq. 10) and because
of the long range of faN(i) this density cannot be replaced by
pm(?'). Therefore, in eq. (12) the LDA is treated in an equiva-
lent form for both interacting particles. The mixing parameter n
has been phenomenologically determined to have the value n=0.2.12
One can speculate that this value weighing the two factors
in eq. (11) by the ratio 1 : 4 is related to the nucleon numbers
of the interacting particles. We prefer, however, not to stress
this parametrization and its parameter values too much and assume
this agreement to be accidental. A more detailed justification
of the improved LDA and a comparison with other approaches is

given elsewhere .2

It should be emphasized that the effective interaction egs.
(8), (9), (11) need not be regarded as a fundamental one but
only as a means of relating optical potentials to nuclear den-
sities which hopefully is quite reliable at least over a limited
range of nuclei. The parameters of the effective interaction
Vgr agr Vys 8y, and Yy were obtained in a "calibration" procedure
from a f£it to the elastic a particle scattering cross sections
from a nucleus whose density distribution o is assumed to be
known. 40Ca was chosen for this purpose and we used o calculated
by Brown et al. 217 whose calculations reproduce very well the
experimentally determined charge distribution of 40Ca 28 and the
result of Hartree-Fock calculations for the neutron density
distribution. 29-31 (In the previous work > we used phenomenolo-
gical pm(f)). However, in this calibration procedure the para-
meters of faN(g) (eg.9) are not uniquely determined and, there-
fore, we fixed the value of ay during the fit. The value of
ay was chosen in such a way, that the root-mean-square (rms)
radius of the folded optical potential (eq. 7) reproduced the
phenomenological value (obtained from the FB-potential fit, see

Sect. III). The final parameter values are




Vg = 20.6 + 0.6 MeV
ag = 2.009 + 0.006 fm
v, = 111, + 2, MeV
ay = 0.85 fm
Yy = 1.65 + 0.02 fm
n = 0.2
The improved effective oaN-interaction (8), (9), (11) with the

above parameter values leads to a very good agreement between
the microscopic (folding) potential and the "model-independent"
phenomenological FB-potential (see Sect. III). Moreover, also
the goodness of fit of the folding model,expressed by the value
of x?/F=2.6,closely approaches the best value attainable by the
FB-potential fit of x?/F=2.2. These results are the justifica-
tion for the modified procedures (in particular since they are
also valid for the other nuclei). In spite of the continuous
"ambiguity between certain pairs of parameters the different new
terms mainly influence different features of the folded potential
so that it is not possible to obtain similarly good results when

omitting one of the improvements introduced in the present work.

Once the effective aN-interaction had been chosen as des-
cribed above the elastic scattering cross sections of all target
nuclei under investigation including 40Ca were fitted by vary-
ing the imaginary potential and parameters of pm(r). From P SO
obtained one could extract differences of nuclear matter den-
sities and their corresponding radial moments. Although the
procedures used were in general the same as in the previous work
we present and emphasize here some details which are important
for the justification of the procedure and for the reliability
of the results. We first describe the general method and then

return to the particular treatment of the reference nucleus Ca.

In the folding model description of the real optical potential

for nuclei other than the reference one (40Ca) the nuclear denSity

(egq. (7)) is expressed as a sum of a 2-parameter Fermi form

P
(A) and an FB series

normalized to the correct number of nucleons
normalized to a volume integral of zero, thus representing a




re-distribution of nucleons relative to the initial Fermi

distribution

B 3 (BLEy, (12)

pm(r) = po(r) + n Jo Ré

Fits to the data are made, using the effective interaction (9)

and (11), by varying the nuclear density parameters s (initi-
ally) and B (finally) together with the imaginary potential.
10,24,32

Variations of the parameters ) and Y are also considered
as one cannot rule out such variations for finite nuclei. It

has been found that very small variations of A and Y of the

order of 5 % do indeed improve slightly the fits to the data

and the consistency with the phenomenological FB potentials (see
Appendix B). Compared to the previous work 5, two additional re-
finements are included in the present application of the FB fol-
ding model. The first is concerned with negative densities which
sometimes occur at large radial distances r, a feature also ob-
served in FB-analyses of elastic electron scattering. To suppress
such unphysical negative densities we introduced a constraint

into the fitting process in the form

X2total - deata LA - J’ipm(;)ld%]2 1 (13)

which means that an integrated negative density of one unit
doubles the total x?. This constraint was found to improve

the present analyses, but one should, however, note that the
tendency of getting negative densities is much less than in other
cases (see Appendix C) and also less than in our previous analyses

Presumably due to the improved interaction model.

The second refinement is in the way the errors of radial moments
of P are calculated. Unlike the case with the moments of the
potentials there is no reduction of errors here due to correla-
tions between two integrals because the volume integral of m

is kept precisely equal to A. However, when comparing radial
moments of o and of the corresponding (folded) potential there
are correlations (within a given fit) between the two moments
with the result that the ratios between moments of P and of
ReU are determined very accurately. Indeed, it has been observed
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that these ratios are extremely stable against variations in
the numerical procedure (choice of N’ and Ré) contrary to the
moments themselves. We could, therefore, combine the ratios
obtained from the folding model with the moments of the poten-
tial obtained from fits of the potential itself to obtain
moments of P which are generally more accurate than those cal-

culated directly from P

With the above methods we obtained nuclear matter densities

pm(r) and the corresponding radial moments for all investi-
gated nuclei. The reference nucleus 40Ca was included in the
FB-density analysis and treated on equal footings as the other
nuclei for two reasons. First, the re-determination of pm(r)
with a fixed effective aN-interaction and a flexible FB-density
is a kind of self-consistent test of the validity of the folding
model approach. Second, the parameters of the effective inter-
action are only determined within some error bars (see above)
resulting from the experimental errors of the 4OCa cross sec-
tions. The errors of the interaction parameters are converted

4OCa in this re-analysis

into an error band of the density of
varying the FB-coefficients of om* When finally isotopic or iso=
tonic density differences are computed these errors are quadrati-
cally added. Hence, the total errors of the differences contain

also the uncertainties due to the effective interaction.

ITI RESULTS

A. Optical Potentials

The phenomenological optical potential analyses using the
FB~description of the real potential were performed with
numbers of FB-coefficients in the range N=9 - 12 and with cut-
off radii in the range‘Rc=10 - 12 fm. Twelve individual fits
were made for each target nucleus the results of which were
averaged as described in Ref. 17. The analyses were performed

3 34
with the optical model codes MODINA> and ANALPHA . These
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codes are different in the method used to integrate the Schr&-
dinger equation, use different y?-minimizing subroutines which
compute the error correlation matrix and were each run on com-
puters of different numerical accuracies. Nevertheless, all re-
sults agreed within five digits which should be regarded as a

convincing test of the numerical procedures. The analyses lead
to values of x2/F in the range 1.4 to 2.7. The fits to the data
are very good as has been demonstrated before for the even A

13-15

targets and as demonstrated in Fig. 1 for the new expe-

rimental results for 43Ca.
Table I summarizes the values of the volume integrals

(divided by 4A) of the real and imaginary optical potentials,
k. 1/k
>

1/2

the imaginary potentials. The errors of the higher radial

various integral moments <r of the real potentials (in-

cluding the rms radius <r2> ) and the rms radii of

moments <r4>, <r6> indicate the accuracy to which the potentials
are determined at large radii. Also shown are values of rms
radii for the proton distribution 2 whose uncertainties are

much smaller than those quoted for the rms radii of the poten-
tial. Fig. 2, as example, shows the real optical potentials

of the neighboring even and odd A nuclei 42'43Ca and 50Ti, 51V.
The error band for 51V is somewhat broader in the nuclear interior
as compared to the other nuclei because the experimental data
exténd.only up to eCM = 65° (being, however, clearly beyond the
nuclear rainbow angle). It should be noted that for both odd A
nuclei a depression of the real optical potential in the

nuclear interior is indicated which is not observed for any of

the even A nuclei.
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Fig. 1 Differential cross sections divided by the Rutherford cross sections for the

elastic a particle scattering by 43Ca. The solid curve is the result of a

Fb-potential analysis.
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Table I Volume integrals and various radial moments of the real (index v) and imaginary

(index w) optical potentials. Also shown are rms radii of the proton distributions

<r2>1/2. 2
p
.Xz/F -J_/4A < 251/2 <r 45174 < 851/6 -J J&A <r 2512 o 2,172
\ v \ v W W P
Target
(MeV fm3) (£fm) (fm) (fm) (MeV fm3) (fm) (fm)
40Ca 2.2 324.8 £ 3.0 4.345 £ 0.022 4,832 £ 0.033 5.276 £ 0.052 103.0. 4.934 3.386
42Ca 2.6 316.2 £ 3.0 4.373 £ 0.025 4.851 * 0.039 5.287 £ 0.060 110.3 4.931 3.422
43Ca 1.5 308.4 £ 5.0 4.344 £ 0.030 4.826 * 0.043 5.259 * 0.067 103.0 5.033 3.410
44Ca 2.7 313.8 £ 3.1 4.404 £ 0.025 4.874 %+ 0.037 5.300 £ 0.056 111.5 4.959 3.439
48Ca 2.3 324.3 + 4.9 4.508 £ 0.029 5.023 £ 0.041 5.498 £ 0.059 93.8 5.109 3.409
5OTi 1.6 304.0 £ 3.6 4.446 £ 0.023 4.901 * 0.031 5.297 £ 0.048 - 93.2 5.048 3.529
51V 1.4 305.9 £ 8.0 4.515 £ 0.033 4.970 £ 0.050 5.371 £ 0.091 90.1 5.152 3.521
52Cr 1.5 300.4 £ 3.8 4,460 £ 0.024 4.940 £ 0.036 5.367 * 0.056 96.2 5.088 3.549

el
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The differences between the real parts of the optical poten-
tials along the isotopic and isotonic chains studied are shown
in Fig. 3. The differences in the figure have been multiplied
by 4nx? to emphasize the regions which significantly contribute
to the various radial moments. The potentials have been normal-
ized (before subtraction) to their respective mass number A so
that the differences could in principle be compared with differ-
ences of nuclear densities which correspond to the radial wave
function R(r), where ¥ ~ R(r)/r. However, we note that due to the
fairly long range of the effective interaction which connects
the two distributions, it is not expected that the two distribu-

tions will exactly match.

Differences between the potentials for the even isotopes of
Calcium clearly show that when an even number of neutrons is
added to the 40
the surface region of the potential. This extra potential is
centered around ¥ = 4.5 = 5 fm and it has a total spread at
half maximum of about 2.8 - 3.2 fm. Considering the fairly small
(and non-monotonic) change of the rms radius of the proton
distribution (see Table I) along the same isotopic sequence
the present results for the optical potentials are strongly
suggestive of being associated with the 1f7/2 neutrons added

1/2

Ca core, the extra potential is concentrated in

to the 40Ca core. The values of rms radii <r?> summarized

in Table I are consistent with this picture although the uncer-
tainties in the radii are too large to make the picture conclu-
sive. The differences plotted in Fig. 3 are probably more re-
presentative of the isotopic effects than are the values of

rms radii.

Differences between the potentials for the even N = 28
isotones 48Ca, 50Ti, 52Cr (Fig. 3, lower row) display a some-
what different character compared to the corresponding differ-
ences for the isotopes. The extra potential appears to be less
peaked than it is the case for the isotopes with a definite
broadening towards smaller radii. One must conclude that the
addition of an even number of 1f7/2 protons to the 48Ca core
which increases monotonically the rms radius of the proton
distribution (see Table I) is also associated with an inwards

shift of neutrons. This picture is supported by the values
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of rms radii in Table I which show that for the isotonic sequence
the radius of the potential tends to decrease whilst the proton

radius increases significantly.

The odd A nuclei 43Ca and 51V display a very interesting

behavior of the extra potentials relative to their respective
cores of 4OCa and 48Ca. For 43Ca - 40Ca the extra potential is
strongly shifted towards smaller radii, relative to the neigh-
boring isotopes whereas for 51V - 48Ca the extra potential is
shifted towards larger radii relative to the neighboring iso-
tones. It is premature to further speculate about the nuclear
structure significance of this odd-even effect because the analy-
sis of the data for the odd nuclei was done in the same way as
for the even A targets, namely without explicitly including ef-
fects due to the non-zero target spin, ground state gquadrupole
moment ect. However, this odd-even effect and its possible oppo-

site behavior for isotones and isotopes is worth mentioning.

Concluding the results on optical potentials one should
keep in mind that the optical potentials on the one hand are
the quantities best determined by experiment and marked with
only weak and general model assumptions like the optical
model itself. On the other hand, the interpretations of the
Observed potential differences in terms of nuclear structure
effects are strongly based on the assumption that the potentials
are closely related to the nuclear densities and that details
of the reaction mechanism do not change for the studied target

nuclei. If the latter is not strictly the case the interpreta-

tions may change.

B. DNuclear density distributions

A more direct access to the nuclear density distributions
is provided by the folding model approach. We use the folding
model with a phenomenological parametrized effective aN-inter-
action "calibrated" on 4O,Ca as described in Sect. II B. Hence,

the results for 4OCa are most important for the subsequent con-

clusions and we present them in detail here.




Table II: Quantities of the real and imaginary optical potentials and rms radii

of the nuclear matter density of 40Ca from different analyses

Procedure x?/F -J_/4A <1_-2>1/2 <r4>1/4 <r6>1/6 =J /4A <rz>1/2 <r2>‘|/2
v v \'% v W w m
(MeV £fm?®) (fm) ~ (fm) (fm) (MeV £m?3) (fm) (£m)
A 2.6 320.0 4,345 4.837 5.287 102.0 4.814 3.369
B 2.8 320.1 4.344 4.835 5.284 102.6 4.901 3.371
C 2.1 320.5 4.350 4.839 5.287 102.3 4.908 3.377+0.017

A: Density from Ref. 27 fixed, effective interaction varied
B: Effective interaction from proc. A fixed, 2-parameter Fermi distribution
varied

C: As proc. B, but FB-density varied

gL -~
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In Table II characteristic quantities of the folded optical
potentials and of the nuclear matter densities are compiled for
the three steps of the analysis. In case A the nuclear density

27 and

distribution was kept fixed as given by Brown et al.
the parameters of the effective interaction were varied. Case B
is the result of the first step of the re-analysis with fixed
interaction and a 2-parameter Fermi distribution fitted to the
data. We emphasize that this is an important step in the test

of self-consistency and radial sensitivity 1 because the re-
sulting Fermi distribution considerably deviates from the dis-
tribution used in step A (c.f. Fig. 4). In the final step C

only the FB coefficients Bn were varied. The corresponding nuc-
lear density distributions from step A -~ C are displayed in Fig.4
clearly indicating the consistency of the method. It should be
noted that the radial sensitivity of the folding model analysis
has been considerably improved as compared to previous claims

due to the modified local density approximation. Considering

the value n = 0.2 (eq. 11) this is clearly understood since the
smearing effect of the density-dependence is much reduced (as
compared to n = 1, the previous approach) when going from the
nuclear density to the potential by folding. The integral quanti-
ties of the folded optical potentials quoted in Table II should
be compared to the corresponding numbers given in Table I for

the phenomenological FB-potential demonstrating the consistency
between both descriptions. We also note that the optical poten-
tials themselves obtained from cases A and C are inside the error
band of the FB-potential over the whole radial region. Case B
shows small deviations at radii r = 0 - 2 fmand r = 7 - 10 fm as

‘expected from Fig. 4.

Folding model analyses of all studied target nuclei
were performed with a modified version of the code MODINA 33
varying 6 - 9 FB-coefficients. The cut-off radii ranged from
Ré = 6.5 fm to 7.5 fm. The convergence was as fast as fog the
FB-potential analyses (in contrast to the previous work 7). The

averaged results are compiled in Tables III and IV.




40 B
Ca
R e e L SRS -
rlfml 10
Fig. 4 Nuclear matter density distributions of 40Ca
Dashed line: P from Ref. 27 (Proc. A)
Dotted line: Fermi-distribution (Proc. B)

Solid line and,

dashed area FB~density with error band (Proc. C)

The good consistency between the phenomenological and folding
model potentials which is obvious from Tables I and III together
with the very good reproduction of the experimental cross sec-
tions, as represented by the values of x?/F in Table III, is the
best support for the present procedure which, from a more funda-
mental point of view, is oversimplified. Such a consistent pic-
ture - to our knowledge - has not been achieved with any other
microscopic description of a particle scattering data of the
quality provided by the present experiments. The small deviations
of the parameters y and A from the value requested for the "cali-
bration" nucleus 40Ca do not deteriorate this picture since the
changes show obvious tendencies which can be explained by the ob-
served features of the optical potentials (see above) due to the

different nuclear structure (see Appendix B).




Table III

in folding model analyses using FB-densities.

Moments of the real and imaginary optical potentials obtained

The last columns

show the values of the parameters X and y used (eg. 12)
- L 1/2 4.1/4 6.1/6 L 1/2
Target X /F JV/4A <r?> <r_> <r_> Jw/4A <r’> X Y
(MeV £m?) (fm) (£m) (£m) (MeV fm?3) {fm) (fm?)
40c4 2.1 320.5 4.350 4.839 5.287 102.3 4.908 1.000 1.645
4204 2.8 316.7 4.397 4.870 5.299 110.2 4.931 0.987 1.680
43ca 2.0 317.2 4.403 4.894 5.339 106.3 4.994 0.975 1.569
440, 2.8 312.0 4.416 4.888 5.315 112.4 4.965 0.983 1.670
48., 2.3 319.6 4.485 4.988 5.446 95.4 5.099 1.000 1.568
505 1.7 312.0 4.501 4.971 5.395 96.3 5.044 0.968 1.574
Sy 2.2 317.2 4.553 5.023 5.442 94.7 5.112 0.971 1.539
520y 1.4 302.2 4.480 4.963 5.400 97.3 5.073 0.963 1.573

Lz -




Table IV

Root-mean-square radii for the nuclear density distributions obtained from folding
model analyses using FB-densities (column 3) and from implicit folding interpretation
of the optical potential results of Table I (column 4). In the last two columns rms
radii of the proton distributions 2 and of the neutrons distributions as determined

from columns 3 and 5 are compiled.

folding model fits implicit fol@ing protons neutrons
Target x2/F <rI2n>1/2 lntiizifﬁgtlon <rlzp>1/2 <r;>1/2
(£m) (£m) (£m) (£m)
-
40ca 2.1 (3.38 + 0.02) 3.37 (£ixed) 3.386 (3.37 +o0.00) °
42ca 2.8 3.43 + 0.02 3.41 3.422 3.45 + 0.04
43ca 2.0 3.48 + 0.03 3.37 3.410 3.54 + 0.06
4ca 2.8 3.45 + 0.02 3.45 3.439 3.46 + 0.04
48ca 2.3 3.51 + 0.03 3.58 3.409 3.58 + 0.05
20py 1.7 3.55 + 0.02 3.50 3.529 3.56 + 0.04
>y 2.2 3.63 + 0.03 3.59 3.521 3.72 + 0.07
>2cr 1.4 3.54 + 0.02 3.52 3.549 3.54 + 0.04




The rms nuclear matter radii obtained from the implicit

folding interpretation of the optical potentials (Table 1V,
column 4) agree satisfactorily (with the exceptions of 43’48Ca)
with those obtained from the explicit FB folding model. The im-
plicit folding interpretation is based on the assumption of addi-

tivity of mean square radii which is strictly valid only for a
density-independent interaction.13 This agreement is due to the
fact that the density dependence mainly influences the volume

integral of the folded optical potential rather than the rms

13,35 , . ,
"7, an observation which is even more pronounced for

the "mixed" LDA 12 used in the present folding model analyses.

radius

For comparison, in Table IV (column 6) the rms radii of the

1/2

neutron distributions <r;> are also compiled as determined from

columns 3and 5 via the relation

<rl> = % e (A <> - 7 <r§>). (14)
In contrast to the radii of the proton distributions (Table

IV, column 5) the extracted rms matter radii of the even Ca-
isotope chain increase monotonically with mass number whereas

the matter radii of the even isotones remain nearly constant. A
considerable difference between proton and total matter distribu-
tion radii occurs only for 48Ca indicating a neutron skin for
this nucleus. The matter radii quoted for the odd nuclei 43Ca,
51V should be regarded as preliminary because the target spin
and quadrupole moments have been ignored in the analysis which
may change the results. Keeping this in mind, the particular
behavior of the odd mass nuclei is, nevertheless, worth mentioning,
featuring an odd-even staggering effect with the odd nucleus
having a larger radius than its even neighbors. This behavior

is opposite to the well known odd-even staggering of charge
radii in isotope chains where the odd nuclei have smaller radii

than their even neighbors.

Examples of extracted nuclear matter densities are displayed
in Pig. 5 clearly showing structures also in the surface region
which makes obvious the need to use FB-densities instead of the

widely used Fermi form.
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Fig. 5 Nuclear matter densities of Ti and Cr obtained

from folding model analyses. The shaded areas

indicate the error bands.

Differences between the nuclear matter distribution of the
Ca isotope chain (upper row) and the N=28 isotone chain are shown
in Fig. 6. As for the optical potentials (fig.3) the differ-
ences are multiplied by 4nr?. Although the error bands of the
density differences are larger than for the potentials, pronounced
structures occur which are consistent with those of the potential
differences. Due to the obvious smearing effect of the folding
integral, however, the structures of the density differences are
sharper. One observes similar shapes of the differences of the
even Ca-isotopes characterized by three maxima at r=2.4, 3.8, 5.5 fm

and a negative region around r = 1.3 fm. The dominant maximum
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at r ® 3.8 fm coincides with the radial position of 1f7/2 nucleons

36 and from nuc-

as determined from magnetic electron scattering
leon transfer reactions.>’ The positions of the satellite peaks
at r ® 2,4 and 5.5 fm can be associated with s-d-shell and f-p-

shell nucleons.

The nuclear matter density differences of the even N = 28
isotones are also characterized by a pronounced maximum peaking
at r * 3.9 fm whereas negative regions are indicated around
r * 2,5 fm and r = 5.5 fm. These negative regions should be

interpreted in connection with the matter density of 48Ca where

one observes nuclear matter concentrated around r = 2.5 and 5.5 fm
which seems to move into the r = 3.9 fm shell when adding protons

50'I‘i, 52Cr. When comparing the differences

leading to the nuclei
between nuclear densities (fig. 6) with the differences between
the optical potentials (fig. 3) it becomes clear that although
they are qualitatively consistent with each other there is no
simple connection between the two types of quantities. In addi-
tion to the smearing-out effect of eq. (7) the situation is
further complicated in the present case due to the density de-
pendence of the effective interaction which means that fig. 3
is not connected to fig. 6 by a simple folding relation. The
small renormalizations of the potentials according to their
different specific volume integral (c.f. Sec. III.A) which form
the basis to fig. 3 complicate even further the relation be-
tween the two types of differences. Caution is therefore re-
quired when inferring isotopic and isotonic effects in nuclear
densities from differences of optical potentials.

The odd mass number nuclei 43Ca, 51V in general match into
the corresponding chains of differences of even mass number nuclei
but show different behavior when compared with each other. Where-

as the difference between 43Ca and 40Ca is rather smooth we ob-

serve for 51V a large peak of added nucleons in a region around

r = 4.5 fm as compared to 4 Ca.
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In order further to enlight the apparently different be-
havior of the isotope and isotone chains the nuclear matter
densities of the N = 28 isotones are compared to 40Ca as shown
in fig. 7. These differences smoothly continue the behavior
of the Ca-isotope differences featuring a main maximum at the

radial position of the 1 £ shell which is continuously in-

7/2
creasing when adding protons. Additionally, two smaller maxima
are observed (to be associated with the s-d- and f-p=-shells)

which are largest for 48Ca.

4nr2Age () [fm] 4rrzAge (r) [fm™]
| 52~ 40
8. [ — ‘SOTi-LmCa 8. 1 A Cr-""Ca
1A S N So— 5/ 1 S SO S S 4
_____ Do L [ Il )
B I R i I
- ]Hm 1/ w 0 ) [ | rrF%
@ %W ‘{l o ‘{%W
—’-J:. _L_|:_ H !
0 » 5 rlfml 10 0 5 rlfml 10
Fig. 7 Differences of nuclear matter densities of even

N = 28 isotones as compared to 40Ca, with the

corresponding error bands (shaded areas)




IV DISCUSSION

The elastic scattering of 104 MeV o particles by 1f7/2 shell
nuclei has been shown to be a sensitive tool for determining dif-
ferences of the real optical potentials when using flexible para-
metrization like the FB-method. Within a reasonable reaction model
- the single folding model - these differences can directly be
interpreted in terms of differences of the nuclear matter distri-
butions. Although the single folding model is a rather simple
microscopic description of the optical potential and treats im-
portant effects like density-dependence of the effective projec-
tile-nucleon interaction in a phenomenological way the folded
optical potentials reproduce the "model independent" FB-potentials
exceptionally well and fit the experimental data as well as the
latter. Hence, one may be confident that differences between pro-
perties of neighboring nuclei are reliably determined by this

model.,

The results on the even Ca-isotopes are in full agreement
with those previously determined from the same data. > Some de-
tails, however, are obtained in a more conclusive form due to the
improved procedures and - as a consequence of this - due to re-
duced errors. There is also very good agreement with the results
of other experimental methods for the isotope chain 6,8,9 although
the different methods are sensitive to slightly different quanti-
ties " Corresponding results for the isotone chain are not avail-
able in the literature . The present expef%ments are mainly sensi-
1

tive in the range between r = 2 - 6 fm (see also Appendix D)

covering the whole nuclear surface from the outermost tail up to the
central region of maximum density. In this region the densities are
determined with a rather constant relative error of about 5 % and no
systematic errors due to the particular choices in the FB-analyses
were observed. Outside this radial region the relative error in-
crease considerably and uncertainties due to the choice of Ré and

N'(see eq. 12) are not negligible in particular in the nuclear

interior. These uncertainties due to the model can not fully be

included into the displayed error bands since there is no well
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founded procedure available to do this. One should keep this in
mind when regarding the differences of the radial shapes of the
nuclear matter densities. The integral quantities of the nuclear
densities like the rms radius and higher moments and their respec-
tive errors, however, are negligibly influenced by the choices in

the FB-folding analyses.

The rms radii of the matter and neutron distributions are
= within the error bars - in full agreement with previous ex-

perimental results 115,6,8,9 and theoretical calculations Ve27,
29=3
1,38 confirming the growing consensus obtained by the various

methods when less model dependent procedures are applied.

As one of the most important results concerning the radial
shapes of the nuclear matter densities one should emphasize the
finding that adding neutrons and protons to the 1f7/2 shell does
not only cause changes of the total nucleon density distribution
in a well-defined radial region associated with the 1f7/2 shell
but also cause considerable changes in a wide radial range with
some struétures possibly due to neighboring shells. Similar
effects have also been observed for the differences of the nuc-
lear charge distributions 1’7’39’40. (For the Ca-isotope chain
this is a trivial effect since changes of the charge distributions
in the 1f7/2 region inevitably cause changes in other radial re-
gions due to the constant total charge of the isotopes). In the
isotone sequence 48Ca, 50Ti, 52Cr the added charge is not only
concentrated around r ® 4.0 fm as expected but important contri-
butions are also observed at r * 2.2 fm with a minimum of the
difference at r * 3.0 fm.39’40 These results from completely
different experiments confirm the observed structures of the
density differences from the present investigations which system-
atically show minima around r ® 3 fm and r * 5 fm indicating
"forbidden" radial regions when adding nucleons to the Ca-core.
In shell model calculations 27,41 similar structures in the
matter density differences are indicated in particular for 48Ca
but are much less pronouhced, In general, the theoretical density
differences 27,29-31,38,42 show a smooth bell shape with a rather

constant width of 3.5 fm (FWHM) for all cases displayed in this
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paper including also the odd nuclei. This global behavior which
is in contrast to the present findings may indicate that even
advanced microscopic theories may neglect important effects or
may be too strongly adjusted on particular experimental results
(mainly of electromagnetic probes) so that effects due to the
neutrons are not sufficiently considered. One should not forget,
however, that 48Ca is an exceptional nucleus due to its very
large neutron excess and, therefore, differences between nuclear

densities might reflect this point.

The odd mass number nuclei 43Ca, 51V treated in this report

on equal footings with the even ones show important deviations
from the latter and from each other. The results presented here
(in particular those for the densities) have to be regarded as
preliminary due to target spin and quadrupole moments so far
ignored. Nevertheless, the present results encourage further
investigations on odd-even effects of neutron and matter distri-

butions.
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Appendix A

Some details of the numerical procedures

D b O S e T i S et ) e e e ) i ) e S e sl e S

The results on optical potentials and nuclear matter densities
may = within the quoted errors - slightly depend on particular
choices in the numerical procedures like integration step size
and matching radius. Therefore, the important values commonly
used for all nuclei are given in Table A1. These values are valid

only for the optical model code MODINA.33

Table A1: Parameter values for the numerical procedures

commonly used for all nuclei:

Maximum L-value of partial waves LMAX = 60
Radial integration step size for Schrddinger AT = 0.2 fm Y
equation during the fits S )
Radial integration step size for potentials Ar = 0.1 fm
and densities, finally vep o
Matching radius R.V/ = 15 fm
Cut-off radius for densities Rp = 10 fm
Cut - i =

u off radius for VaN RV 31 £m

The Coulomb potentials have been calculated from realistic charge
distribution as described in Ref. 33 with Gaussian shape for the
@ particle and Fermi shape for the target nuclei. The parameter

values are compiled in Table A2.

The parameter values used for the "first guess" real optical

potentials Vo(r) (eq. (1)) (squared Saxon-Woods form) are given
in Table A3. Also compiled are the corresponding best-fit para-
meters of the imaginary potentials (Saxon-Woods form) and values

of x?/F.

+
) Please note, that the code MODINA 33 uses special

numerical procedures which allow rather large step sizes.




Table A2

realistic Coulomb potentials

Parameter of nuclear charge distribution used for computing

a particle Gaussian shape agh= 1.3227 £fm
1/3
Target ch A a.n Yen
(£fm) {(fm)
40cq 3.766 0.58¢€ ~0.161
420, 3.728 0.591 -0.116
434, 3.6621 0.55 0.
44
Ca 3.748 0.572 ~0.095

48, 3.7369 0.5245 ~0.03
50q; 3.8413 0.5399 ~0.0381
o1y 3.91 0.532 0.
S2cr 3.8962 0.55 0.

"ZV—




Table A3

Parameter values of Vo(r) (eg.1) and corresponding best-fit parameters of the

imaginary optical potentials (Real potential:

imaginary potential: Saxon-Woods form])

squared Saxon-Woods form;

2
x°/F v r a -3 juh <t 52y r a -3 /4A < >1/2
0 v v v A 0 W W W W
Target
MeV) (fm) (fm) (MeV fm3) (£fm) (MeV) (fm) (fm) (MeV fm3) (£fm)

40

Ca 3.3 151.9 1.407 1.248 318.0 4.314 20.3 1.607 0.672 101.0 4.935
42

Ca 4.1 139.8 1.441 1.203 312.9 4.370 22.0 1.608 0.647 108.6 4.951
43

Ca 2.3 155.0 1.392 1.267 314 .4 4.375 22.4 1.564 0.710 104.5 4.996
L4

Ca 3.6 139.4 1.438 1.189 310.0 4,394 24.0 1.578 0.665 112.6 4.973
48 '

Ca 3.3 162.1 1.378 1.274 318.4 4,458 18.9 1.633 0.603 95.0 5.114
50,..

Ti 1.8 147.1 1.408 1.197 307.0 4,469 20.1 1.600 0.582 94.5 5.052
51V 2.3 144.3 1.430 1.195 315.5 4.535 20.0 1.590 0.619 93.4 5.114
52Cr 1.7 157.2 1.367 1.229 300.4 4.456 22.4 1.540 0.667 97.0 5.096

€Y -
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Appendix B

Variations of the density-dependence of different target nuclei
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The different nuclear structure of the target nuclei causes small
changes in the density-dependence of the effective oN-interaction
(see also Sec. III.B). These changes may be accounted for by vary-
ing the values of the parameters y or A (eq. (10)) individually

or together. The dependence of the folding model results on these
different choices has been studied using 2-parameter Fermi distri-
butions (F2) for Om the parameter values Cn’ 2n of which were varied
together with y or X and the parameters of the imaginary optical
potentials. Fits allowing to vary y and A together did not con-
verge in most cases. In addition two examples were studied where

A was kept fixed but different to A = 1 and y was varied. In the
first of these examples A was adjusted to the ratio k1(A) =
JV(A)/JV(40Ca) as calculated from Table I, in the second case

the average between X = 1 and A1(A) was chosen. The results are

12

compiled in Tables B1 to B5. The results B5 have been used as

basis for the final FB density analyses (Sec. III.B).




Table B1

Results with parameters y and A fixed as obtained from

40Ca

x2/F ¥ \ c a <2 >Y2 _ 5 j4n <2 SM2 5 n <2 512

_ m m m v v W W

Target
(fmz) (fm) (fm) (£fm) (MeV fm3) (fm) (MeV fm3) (£fm)
4OCa 2.80 1.645 .000 .0709 .4900 3.371 320. 4,344 102. .901
42Ca 5.59 1.645 .000 L1401 L4353 3.470 322. 4,406 110. .958
43Ca 2.57 1.645 .000 .0670 .4999 3.440 318.4 4,407 106. .973
44Ca 5.36 1.645 .000 .1258 .4387 3.484 319.9 4.426 113. .971
48Ca 5.84 1.645 .000 .0722 L4713 3.490 313.0 4,457 97. .062
50Ti 2.33 1.645 .000 .1233 .4182 3.563 314.5 4.502 96. .051
51V 2.40 1.645 .000 .1706 .3810 3.649 318.0 4,557 g95. .096
52Cr 2.32 1.645 .000 .0510 L4777 3.519 308. 4.498 98. .087

cd -




Table B2
Results with the parameter Yy fixed and parameter A optimized

x> /F ¥ X c a «? SY2 o5 pan «?S5Y2 5 oan <2 SY2

v m m m A% A" W W
Target

(£m2) (£m) (fm) (fm) (MeV fm°)  (fm)  (MeV fm>)  (fm)
“Oca 2.80  1.645  1.0000 1.0709  0.4900  3.371  320.1  4.344 102.6  4.901
4204 3.35  1.645  0.9774 1.1589  0.4071  3.468  315.6  4.399 110.4  4.946
“3ca 2.69  1.645  0.9962 1.0737  0.4902  3.436 317.1  4.402°  107.3  4.958
“hca 0 3.28 1.645  0.9753  1.1430  0.4117  3.480  312.1  4.418 112.8  4.967
“8ca 3.11  1.645  1.0246 1.0310  0.5368  3.522  321.5  4.496 96.9  5.098
3075 1.87  1.645  0.9883 1.1322  0.4018  3.559  310.8  4.496 96.7  5.041
Ly 2.41  1.645  1.0027 1.1706  0.3862  3.656  319.2  4.563 95.6  5.101
32¢r 1.60  1.645  0.9864 1.0548  0.4669  3.509  303.4  4.488 98.7  5.072

cd -




Table B3

Results with the parameter A = 1 fixed and parameter y optimized.
x2/F ¥ ) ¢ a <« SY2 3 a2 SYT g <% >
m m m v A" W W
Target
(£m?) (£m) (£m) (fm) (MeV £m>)  (fm)  (MeV fm>)  (£m)
{
40c, 2.80  1.6450 1.000  1.0709  0.4900  3.371 320.1 4344 102.6 4.901
“2ca 3.15  1.7209 1.000  1.1331  0.4262  3.438 315.8 4,398 109.9 4.938
“3ca 2.56  1.6525 1.000  1.0752  0.4896  3.439 317.9 &.405 106.7 4.969
44ca 3.19  1.7264 1.000  1.1145  0.4355  3.451 312.4  4.420  112.6 4.962
“8ca 3.26  1.5683 1.000  1.0537  0.5186  3.537 320.6 4484 96.2 5.104
30pg 1.92  1.6804 1.000  1.1062  0.4313  3.541 310.6  4.498 96.1  5.043
3y 2.75  1.6464 1.000  1.1578  0.3993  3.642 317.4 4.556 95.6 5.090
52

Cr 1.66 1.6826 1.000 1.0223 0.4973 3.486 302.8 4.491 97.8 5.075

vd -



Table B4

Results with the parameter A1 = J(A)/J(40Ca) (J(A) from table 1) fixed, parameter y optimized
X /F ¥ A c a «r? SY2 5 j4n <« SV2 Ly an <% 52
m m m v A\ W w

Target

(£m?) (£m) (£m) (fm)  (MeV £m>)  (fm)  (MeV fm>)  (fm)
40Ca 2.80 1.645 "1.000 1.0709 0.4900 3.371 320.1 4 .344 102.6 4.901
42Ca 5.12 1.599 0.974 1.2440 0.3070 3.484 315.0 4.401 110.1 4.938
43Ca 2.46 1.504 0.950 1.0960 0.4780 3.463 318.9 4.391 105.7 4.976
44Ca 3.34 1.614 0.966 1.2210 0.3010 3.485 311.6 4.415 112.6 4.968
480a 3.36 1.559 0.999 1.0660 0.5590 3.551 ~ 321.4 4.490 97.1 5.087
50Ti 1.87 1.494 0.936 1.1600 0.3750 3.593 312.0 4.487 96.4 5.043
51V 2.32 1.454 0.942 1.1950 0.3650 3.690 319.9 4.550 94.8 5.107
52

Cr 3.31 1.471 0.925 1.0830 0.4440 3.539 304.1 4.466 99.3v 5.068

gd -




Table B5

Results with the parameter Ay = (1 + x1)/2 fixed and parameter Yy optimized.
x?/F ¥ A ¢ a <2 >M2% 5 jua <« SY2 5 oan <2 52
m m m v v W W
Target
| (£m) (£m) (£m) (fm)  (MeV fm°)  (fm)  (MeV fm>)  (fm)
40cq 2.80  1.645 .000 .0709 4900 3.371 320.1 4344 102. 4.901
426a 3.18  1.680 .987 1464 4136 3.448 315.3 4.394 109. 4.939
43ca 2.42  1.569 .975 .0891 4830  3.458 316.9 4.399 106. 4.975
bhea 3.31  1.670 .983 .1385 4159 3.476 312.6 4.421 113. 4.964
4804 3.26  1.568 .000 .0537 5186  3.537 320.6  4.484 96. 5.104
30r4 1.88  1.574 .968 L1476 3876  3.578 310.5 4.492 96. 5.043
Sy 2.47  1.539 971 .1884 3694 3.680 317.6 4.557 95. 5.096
320r 1.62  1.573 .963 .0695 4569  3.528 302.6 4.481 98. 5.073

9d -
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Appendix C

Suppression of negative densities
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In the folding model analyses the occurence of negative den-
sities was reduced by introducing the constraint (eqg. 13) into
the analyses. How this constraint influences the results becomes
obvious when comparing corresponding fits with and without the

40

constraint. The example Ca was chosen for this comparison

yielding the results quoted in Table C 1

Table C 1 Occurence of negative densities with and without

constraint (eq. 13)

Constraint \Y 1) A
max
Without 12 4 -0.055
With 12 3 -0.022
v Number of fits with different (but corresponding)

values of N/, Ré

w Number of fits with negative densities

) - > >
Alax Maximum value of A = A —flpm(r)|dr

The comparison shows that also without constraint the number of
cases with negative densities and the amount of negative den-
sities is small. The reduction of such cases by the constraint

(egq. 13) is - nevertheless - remarkable.




Appendix D

Numerical values of the extracted nuclear matter densities

and corresponding errors ©0f the even mass nuclei
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NUCLEAR

CA-40
DENSITY

2.3400E-01
2.3380E-01
2.3300E~01
2.3180E-01
202990E-01
2.2740E-01
2.2430E-01
2.2040E-01
2.1590E-01
2. 1060E-01
2,0470E-01
1.9830E-01
1.9150E-01
1.8460E~01
1.7780E-01
1.7130€E~01
1.6530E-01
1.6010E-01
1.5570E-01
1.5220€E-01
1.4960E-01
1.4790E-01
1.4680E-01
1.4600E-01
1.4540E-01
1.4460E-01
1.4330E-01
l.4120E-01
1.3820E-01
1.3420E-01
1.2910E~01
1.2300E~-0L
1.1610E-01
1. 0840E-01
1.0030E~01
9.2070E-02
8.3840E-02
7.5870E-02
6.8330E-02
6,1320E-02
5.4890E-02
4.9010E-02
4o 3650E-02
3.8710E~02
3.4120E~02
2. 9800E-02
20.5700E-02
2. 1820E-02
1.8160E-02
1.4750E-02
1.16T70E-02

MATTER

ERROR

3. 7810E-02
3.7350E-02
3.6000E-02
303920E-02
3.1330E-02
2.84TOE-02
2-5570E-02
20 2790E~02
2.0210E-02
1. 7850E-02
1.5710E-02
1.3780E~02
1.2080E-~02
1.0650E-02
9.5300E-03
8.7710E-03
8.3360E-03
8.1220E-03
8.0330E-03
8,0160E-03
8.0310E-03
8.0360E-03
7.9860E~-03
7.8500€-03
T.6060E-03
T.2500E-03
6.T890E~03
60.2540E-03
5.7020E-03
5:2110E-03
4.8580E-03
406940E-03
40 7340E-03
4.9560E-03
5.2820E-03
5.5920E-03
5.8000E-03
5.,8610E-03
5.T7540E-03
5.4850E-03
5 0790E-03
4,5750E-03
4.0160E-03
3.4480E-03
2.9140E-03
204490E-03
2,0810E-03
1.8170E-03
1.6460E-03
1.5310€E-03
1.4360E-03

DENSITIES

FROM ELASTIC ALPHA

ERROR(%)

16.16
15.98
15.45
14.63
13.63
12.52
11.40
10.34
9+36
B.48
7.67
6095
6031
577
5.36
5.12
5. 04
5.07
5.16
5.27
5,37
5.43
504%
5.38
5023
501
40T4
4043
4,13
3.88
3. 76
3.82
4208
457
5.27
6.07
6092
T.73
8.42
8.94
9.25
9.33
9.20
8,91
8.54
B.22
8,10
8033
9.06
10.38
12.31

PARTICLE SCATTERING

B e e e s e T e e e T Y T

CA-42
DENSITY

1.5960E-01
1.5920E-01
1.5810E-01
1.5640E-01
1.5420E-01
1.518NE-01
1.4930E-01
1.4700E-01
1. 4490E-01
1.4330E-01
1.4210E-01
1.4140€-01
1.4120E-01
1.4130E-01
1.4160E-01
1.4220E-01
1.4280E-01
1.4350E-01
1.4410E-01
1.4470E-01
1.4520E-01
1.4560E-01
1.4590E-01
1.4600E-01
1.4580E-01
1.4540E-01
1. 4450E-01
1.4330E-01
1.4140E-01
1.3900E-01
1.3580€E-01
1.3200E-01
1. 2740E-01
1.2200E-01
1.1570E-01
1.0880E-01
1.0130E-01
9.3240E-02
8.4T780E-02
7.6110E-02
6+ 7430E-02
5. 8940E-02
5.0810E-02
4+3210E-02
3, 6240E~-02
2,0000E-02
2.4520E-02
1.9830E-02
1.5890E-02
1.2660E-02
1.0080E-02

ERROR

3.8450E-02
3, TBT0E-02
3. 6170E-02
3.3530E-02
3.0180E-02
2.6430E-02
2.2630E~02
1,9070E-02
1.6040€E-02
1.3690E-02
1.,2040E-02
1.0970E-02
1.0300E-02
9.8240E-03
9.,3980E-03
8.9450E-03
8.4570E-03
T7.9540E-03
7.4810E-03
T.0800E-03
6+ TT30E-03
6,5620E-03
604220E-03
6,3160E-03
6-2030E-03
6.0640E-03
5.8640E-03
5.6030E-03
5.3040E-03
5. 0050E~03
4,7410E-03
4.5550E-03
4,4970E-03
4.5850E-03
4. T660E-03
40, 9650€-03
5.1340E-03
5.22T0E-03
5.2000E-03
5,0360E-03
4o T7390E-03
4,3410E-03
3.8880E-03
3.4260E-03
2.9760F-03
2.5520E-03
2,1770E-03
1.8800E-03
1.6730E-03
1. 5340E-03
1.4240E-03

ERROR{Z)

24,09
23.79
22.88
21.44
19.57
17.41
15.16
12,97
11.07
9. 55
8.4T
7.76
7029
695
o664
6029
592
Se54
519
4. 89
4066
4.51
4040
4033
4e26
4017
%006
3.91
3.75
3. 60
3.49
3.45
3,53
3.T6
4012
4056
5. 07
S.€1
6213
6.62
T.03
7.37
7,65
7.93
8,21
8. 51
8.88
9,48
10,53
12.12

14,13

ca
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B.9530E~-02
606460E-03
4. T730E-03
3.3320E-03
202960E-03
1.6150E-03
1.2200E~-03
1.0340E-03
9.8210E~-04
9.9490E-04
1. 0180E-03
1,0170E-02
9.7190E-04
8.8560E-04
T.7T660E-04
605980E-04
5.3040E-04
3.9620E-04
2.7390E-04
1. T9B0E~04
1.3690E-04
1.0850E-04
8.63T70E-05
6.6100E-05
6.5530E-05
5+3440E-05
4.3570E-05
3.,5530E-05
2.8970E-05
2.3630E~-05
1.9270E-05
1.5710E-05
1.2810E-05
1.0450E-05
8,5170E-06
6.9450E-06
5.6630E-06
4+.61TOE-0€
3.7650E-06
3.0700E-06
2. 5040E-06
2.0420E-06
1. 6650E~06
1.3570E-06
1.1070E-06
9.0230E-07
7.3580E~-07
509990E-0T7
4.8920E-07
3.9890E-07

1.3400€E-03
1.2300E-03
1,0980E-03
9.5040E-04
B8.0110E-04
6.7040E~0%
5. T320E-04
5.0920E-04
40 6T10E~-04
4,3T710E-04%
4.,0960E-04
3. T680E~04
3.3630E-04
209090E-04
2.4050E-04
20,2270E-04
1.9550E-04
1.6260E-04
1.2710E-04
8.7350E-05
8.5330E-05
T-4550E-05
5.5100E-05
2.9120E~05
CUT-0FF

14,97
18.51
23,00
28,52
34,89
41.51
46,98
4G, 25
4T=56
43,93
40.24
27.05
34,60
32.85
30.97
33.75
36,86
41,04
46, 40
48,58
62,33
68,71
63,80
444,05

8, 0690E-03
6.5280E-03
5. 3660E-03
4, 4910E-03
2.8220E-03
3.2880E-03
2.8360E-02
244310E-03
2-0510E~-03
1. 6900E-03
1,3490E-03
1. 0340E-02
Te 5240E-04
5.1190E-04
3.,1580E-04
2.312DE-04
1. 7760E-04
1.3260E-04
1, 1090E-04
1.3240E-04
1.1360E-04
9, L160E-05
6.63T0E-05
40 2900E~-05
%4+3930E-05
3.5070E-05
2+8000E-05
2. 2350E-05
1.7850E-05
1.4250E-05
1. 1370E-05
9.0780E-0¢
7.2470E-06
5.7850E-06
4,6180E-06
3.68T0E-D6
2. 9440E-06
203490E-06
1.8760E-06
1.,4980E-0¢&
1.1950E-0¢€
S 5430E-07
Te6180E-07
6. 0810E-07
%4 B540E-07
32,8T750E-07
3. 0940E-07
2.4700E-07
1.9710E-07
1.5740E~-07

1.3120E-03
1.1830E~03
1,.0350E-03
8. 7TT40E-04
To2560FE-04
60.0460E~-04
5.,227T0E-04
4. T7320E-04
40 4TI0E~04
40.3€20E-04
40 1900E-04
3.,8500E-04
3.49T0E-04
3.0410E-04
2.4630E-04
2.1580E-04
1.8630E-04
1.6510E~04
1.4350E-04
1. 1370E-04
1.1440E~-04
1.0130E~04
7.5370E-05
3. 9940E-05
CUT-0OFF

16,26
18.12
19.29
19.5%4
18.98
18.39
18,43
19.47
21.84
25.81
31.06
37.€2
46,48
59.41
T77.99
93.34
104.90
124051
129.40
85.88
100.70
111.12
112.56
93.10.
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NUCLEAR

CA-44
DENSITY

1.0500E-01
1.0520E-01
1.0570E~01
1.0650E-01
1.0780E-01
1.0950E-01
1.1160E-01
1.1430E-01
1.1750E-01
1.2110E-01
1.2520£-01
1.2960E~01
1.3430E-01
1.3900E-01
1.4370E-01
1.4830E-01
1.5260E-01
1,5650E-01
1.5980E-01
1.6240E-01
1.6430E~01
1.6540E-01
1.6550E~01
1.6470E-01
1.6300E-01
1.6040E-01
1.5T700E-01
1.5280E-01
1.4790E-01
1.4250E-01
1.3680E-01
1.3070E-01
1.2450E-01
1.1810E-01
1.1160E-01
1.0500E-01
9. 8200E-02
9.,1280E-02
804200E-02
T7.6980E-02
6.9690E~-02
6.2410E-02
5.5230E~02
4.8280E-02
4,1650E-02
3.5450E-02
2.9740E-02
2.4590E-02
2.0050E-02
1.6120E-02
1.2800E-02

MATTER DENSITIES FROM ELASTIC ALPHA

ERROR

5.1170E-02
5.0450E-02
4.8330E-02
4.5020E-02
4.0810E-02
3.6100E-02
3.1260E-02
2.6T00E-0Q2
2.26T0E-02
1.9310E-02
1.6630E-02
1.4590E-02
1.3110€E-02
1.2050E-02
1.1260E-02
1.0590E-02
9.95%0E-03
9.3260E-03
8.72B0OE-03
8.,2130E-03
7.8230E-03
7.5490E-03
7.3370E-03
T.1250E-03
6.8850E-03
6.6200E-03
6.3540E-03
6.1030E-03
5.8690E-03
5.6640E-03
5.5160E~03
5.4340E-03
504260E-03
5.4970E-03
5.6200E-03
5.7400E~-03
5. 7950E-03
5.7300E-03
5.5240E-03
5.1900E-03
4+ T900E~03
4,4070E-03
4,0990E-03
3.8600E~-03
3.6290E-03
3.3510E-03
3.0070E-03
2.6120E-03
2.2070E-03
1.8340E-03
1,5250E-03

PARTICLE SCATTERING

ERROR(Z)

48073
4T7.96
45,72
42.27
37.86
32.97
28,01
22,36
19.29
15.95
13.28
11.26
S.76
8067
T-84
Tols
6653
5.96
5046
5.06
4276
4056
4o43
4033
4422
413
4205
3.99
3.97
3.97
4003
4a16
4036
4465
5. 04
5047
5090
6.28
6.56
6. T4
687
T.06
T.42
8.00
8,71
9.45
10.11
10.62
11.01
11.38
11.931

CA-48
DENSITY

1.5050E-01
1.5080E-0L
1.5170E-01
1.5310E-01
1.5500E-01
1. 5740€-01
1. 6030E~01
1.6350E-01
1.6690E-01
1.7060E-01
1.7430E-01
1. 7T790E-01
1. 8130E-01
1.8450E-01
1.8720E-01
1.8940E~-01
1.9100E-01
1.9190E-01
1.9200E-01
1.9140E-01
1.8990E-01
1.8760E-01
1.8460E-01
1. 8090E-01
1e7660E-01
1.7170E-01
1. 6630E-01
1.6050E-01
1.5430E~-01
1.4790E-01
1.4110E-01
1.3420E-01
1. 2700E-01
1. 1970E-01
1.1220E-01
1.0460E~-01
9.69T0E~02
8.9340E-02
8,1TT0E~-02
T 4340E-02
6. TL30E-02
6. 0220E-02
5.3650E-02
%4+ T480E~02
%, 1760E-02
3.6480E-02
3.1680E-02
2.7340E-02
2.3450E-02
2.0000E-02
1. 6970E-02

ERROR

4,18T0E-02
4. 1650E-02
4.1000E-02
3.9960E-02
3.8560E~02
3.6860E-02
3.4940E~02
3.2870E-02
3,0720E-02
2+.8560E~-02
2,6450E-02
2.4410E-02
2.2480E~02
2. 0650E-02
1.8910E-02
1. T260E-02
1.5T00E-02
1.4210E-02
1.2820E-02
1.1520E-02
1.0330€-02
9.2290E-073
8., 2290E-03
7.3310E-03
605520E-03
5.9300E-03
S5.5450E~03
5.3660E-03
5.3120E-03
5.3360E-03
5.4040E-03
504960E~-03
5.5970E-03
5.6880E-03
5.7420E-03
5. 7360E~03
5.6580E~03
5.5070E-03
5.2870E-03
5.0030E~-03
40 6580E-03
%.2590E~03
3.8160E~-03
3.3460E-03
2.8680E-03
2.4050E-03
1.9870E-03
1.6510E-03
1.4230E-03
1. 2890E-03
1,2010E-03

ERROR(Z)

27.82
27.62
27.03
26.10
24.88
23,42
21.80
20.10
18041
16. 74
15.17
13,72
12.40
11.19
10.10
9.11
8.22
T.40
6. 68
6,02
5. 44
4,92
4e46
4,05
3,71
3.45
3,33
2,34
3.44
3,61
3.83
4,10
4,41
4,75
5.12
5.48
5.83
6.16
6o4T
6.73
6094
7.07
7o11
7.05
587
6659
5027
6.04
6.07
6o%4
7.08

va
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10.0

1.0060E-02
7.8530E-03
6.1190E-03
4.7840E-03
3,T720E-03
3.0100E-03
2.4320E-03
1.9860E-03
1.6290E-03
1.3330E-03
1, 0790E-03
B.5830E-0%
6.6530E-04
%.9890E-04
3.5900E-04
20.5510E-04
1.8450E-04
1.6080E-04
1.,4960E-04
1.3600E-04
1.1370E-04%
8.9900E~05
6.9060E-05
4:9540E-05
%4, 2780E-05
3.4000£-05
2.7030E-05
2.1480E~05
1. 7070E~-05
1.3570E-05
1.0780E-05
8.5740E~06
6. 8150E-06
5.4170E-06
40,3060E-06
3.4220E-06
2.T210E-06
2.,1620E~06
1. 7190E-06
1.3660E-06
1.0850E-06
B8.6300E-07
6.8590E-07
5.4520E-07
4.3340E-07
3.4440E-07
2.7370E-07
2.1760E-07
1.7300E~-07
1.3750E-07

1.2950E-03
1.1430E-03
1.0450E-03
9.7180E-04
8,9830E-04
8.1480E-04
7.2600E-0%
6.4350E-04
5.8L10E-04
5.4330E-04
5.1090E-04
40 67T90E-04
4.0TT0E-04
3. 2840E-04
2.3820E-04
2. 0290E-04
1.7850E-04
1.6640E-04%
1.6510€-04
1.5520E-04
1.5600E-04
1.3750E-04
1.0190E-04
5.3840E-05
CUT-OFF

12.87
14.55
17.08
20,31
23,81
27.07
29.85
32,40
35067
40,76
47035
54,51
61,28
65,82
66035
79.54
9€.T5
103.48
110,36
11412
137.20
152.95
147,55
108.68

1.4320E-02
1.2020E-02
1. 0060E-02
8,3810£-03
6.9630E~03
5. TTO0E-03
4. TTO0E-03
3.9340E-03
3.2330E-03
2.64TOE~-03
2.1550E-03
1.7440E-03
1. 4020E-03
1.1210£-03
80, 9600E-04
7.2180E-04%
5.9010E~-04
4.9320E-04
4.2360E-04
3. T460E-04
3.1260E-04
2. 6300E-0%4
2.2360E~04
1.9240E~-04
1.6810E-04
1.3960E-04
1. 1590E-04
9. 6300E-05
T7-9960E-05
6.6420E-05
5.51TOE-05
4+5820E-05
3.8070E-05
3.1620E-05
2.62T0E-05
2.1820E-05
1.8130E-05
1.5060E~05
1.2510E-05
1.0400E~05
B8.63TOE-06
7. 1760E-06
5.9630E-06
4+ 9550E~-06
4. 11 70E-06
3.4220E-06
2. 8440E-0¢
2.3630E-06
1.9640E-06
1.6330E-06

1.1250E-03
1.0480E-03
9.6340E-04
8. T120E-0%
T.7550E-04
6. 8180E-04
5,9820E-04
5.3730E-0%
5.0510E-04
%4,9230E-04
4o T840E~04
4.4T00E~-04
3.97TOE~-04
2.3880E-04
2. T600E-04
2.5660E-04
2.3380E-04
2.0830E-04
1.7950E-04
1.4540E-04
1.3000E-04
1.0620E-04
7.5000E-05
3.8610E-05
CUT-OFF

7.86

8,72
9,58
10.39
1li.14
11.82
12.54
13.66
1562
18.60
22,20
25063
28037
30. 22
30.80
35,55
39,62
42023
4237
38.81
41059
40,38
33,54
20.07

sa




NUCLéAR MATTER DENSITIES FROM ELASTIC ALPHA PARTICLE SCATTERING

TARGET Ti-50 CR-52

RADIUS DENSITY ERROR ERROR(Z) DENSITY ERROR ERROR(Z)}
0.0 1.6800E-01 6.0300E-02 35.89 1.6260E-01 T.6130E-02 46,82
0.1 1. 6750E-01 509530E-02 35.5% 1.6110E-01 7.5030E~02 46457
0.2 1.6610E-01 5. T290E-02 34,49 1.5680E-01 7-1850E-02 45.82
0.3 1.6380E-01 5.3810E-02 32.85 1.5020E-01 606890E-02 44053
Oo4 1.6100E-01 4.9420E~-02 30.70 1. 4240£-01 6.0650E~02 42,59
0.5 1.5790E-01 4.4510E-02 28.19 1:3420E~01 5.3740E-02 40.04
0.6 1.5490E-01 3.9500E~02 25,50 1.2690E-01 4. 6800E-02 36.88
0.7 1.5210E-01 3.4710E~-02 22.82 1.2140E~-01 4, 0450E-02 33.32
0.8 1.5010E-01 3.0400E-02 20.25 1.1850€-01 3.5090E-02 29. 61
0.9 1.4880E-01 2.6690E-02 17,94 1.1860E-01 3.0890E-02 26,05
1.0 1.4860E-01 2.3610E-02 15.89 1.2190E-01 2. TT40E-02 22,76
1.1 1.4930£-01 2,1110E-02 14,14 1, 2790E~-01 2.5380E-02 19.84
1.2 1.5090E-01 1.9100E-02 12.66 1.3620E-01 2. 3500E-02 17,25
1.3 1.5320E-01 1.7500E~02 11.42 1. 4590E-01 2.1830E-02 14.96
1.4 1.5600E-01 1.6210E-02 10.39 1 5590E~01 2.0260E-02 13,00
1.5 1.5900£-01 1.5130E-02 9.52 1.6550E-01 1.8740E-02 11.32
1.6 1.6170E-01 1.4160E-02 8.76 1. 7370E~-01 1. 7300E-02 9.96
1.7 1.6400E-01 1.3250E-02 3.08 1.7980€E-01 1.6030€E-02 8,92
1.8 1,6550E-01 1.2360E-02 To47 1.8370E~01 1.4940E-02 8.13
1.9 1.6610E-01 1. 1490E~02 6292 1.8500E-01 1.3950E~-02 T.54
2.0 1.6570E~01 1.0640E-02 642 1.8410E-01 1.3030E-02 7.08
2.1 1.6420E-01 9.8150E-03 " 5.98 1.8140E~01 1,2110E-02 6.68
2.2 1.6180E-01 9.0330E~03 5,58 1.7730E~-01 1.1190E-02 6.31
2.3 1.5870E-01 8.3400E-03 5.26 1. 7240E-01 1.0330E~-02 5.99
204 1.5520E-01 7.8380E-03 5205 1.6720£-01 9.7030E-03 5. 80
2.5 1.5140E-01 7.6410E~03 5.05 1. 6250E-01 9, 47T60E~03 5.83
2.6 L. 4770E~-01 7. 7810E~-03 5,27 1.5820E-01 9.T040E-03 6.13
2.7 1.4430E-01 8.1910E-03 5,68 1.5480E-01 1.02T0E-02 6063
2.8 1.4130E-01 8.7480E~03 6,19 1.5220E-01 1.0950E-02 T.19
2.9 1.3880E-01 9.3030E-03 5. 70 1.5010E-01 1.1510E-02 7.67
3.0 1.3680E-01 9.7230E-03 T-11 1.4850E-01 1. 1790€E-02 T.94
3.1 1.3510E-01 9.9220E-03 T+34 1.4680E-01 1.1750E-02 8.00
3.2 1.3340E-01 9.8840E-03 Totl 1.4490E~01 1. 1400E-02 7.87
3.3 1.3160E-01 9.6400E-03 7.33 1.4220£-01 1.0880E-02 7.65
3.4 1.2930£-01 S.2300E-03 T-14 1.3860E-01 1.0310E-02 Telt
3.5 1.2620E-01 8.7040E-03 690 1.3380E-01 9.7380E-03 T.28
3.6 1.2210£-01 8.,1460E-03 6.67 1.,2770E-01 9.2190E-03 T.22
3.7 1. 1670E-01 7.6490E-03 655 1.2040E-01 8,8170E-03 7.32
3.8 1.1020E-01 7.2750E-03 5. 60 1.1170E-01 8.5090E-03 7.62
3.9 1.0240E-01 7.0270E-03 5086 1.0220E-01 8.2060E-03 8.03
%0 9.3550E-02 6.8460E-03 T7.32 9. 1920E-02 7.8350E-03 8,52
4ol 8-3960E-02 6.6520E-03 7.92 8. 1300E-02 7-3780E-03 9,08
402 T.3940E-02 6.3960E-03 Bo 65 T.0700E-02 6.8490E-03 9.69
4.3 6.3880E-02 6.0340E-03 945 60 0460E-02 £.2760E-03 10.38
L P 5.4120E-02 5.5320E-03 10.22 5.0850E-02 5.6510E-03 11.11
4.5 4.4960E-02 4.9030£-03 10.91 %4.2130E-02 4.9690E~-03 11.79
406 3,6650E-02 4.2000E-03 11.46 3.4440E-02 4+2530E-03 12,35
4.7 2.9330E-02 3.,4990E-03 11,93 2. T840E-02 3.5560E-03 12.77
40 8 2:3090E-02 2.8790E-03 12.47 2.2340E-02 2.9510E-03 13.21
4.9 1.7920E-02 2,3910E-03 13.34 1. 7880E~-02 2.4910E-03 13,93
5.0 1.3780E-02 2.0580E-03 14,93 1.4370E-02 2.1640E-03 15,06

9a
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1.0570E-02
8,1720E-03
60.4420E-03
502430E-03
4.4390E-03
3.9060E-03
3.5380£-03
3.2480E-03
2.9740E-03
2.6760E-03
2.3340E-03
1.9480E-03
1.5330E-03
1.1120E-03
Te1310E-04
4.T90CE-04
2.9580E-04
1.6430E-0¢4
1.5220E-0%
1.8210E-04
1.7330E-04
1.4870E-04
1.1140E-04
6.5720E-05
5.0220E-05
3.9640E-05
3.1200€~05
2.4 T20E-05
1.9510€E-05
1.5410E~-05
1.2170E-05
9.6030E-06
T.5820E-06
5.9870E~06
4. T2T0E-06
3.7320E-06
2.9460E-06
2.3260E-06
1.8360E-06
1.4500E~-06
1.1450E-06
9.0370E-07
T.1350E-07
5.6330E~-07
4.44T0E-07
3.5110E-07
2.7720E~07
2.1880E~-07
1.7270E-07
1.3640E-07

1.8570E-03
1.7280€E-03
1.6010E-03
1.4440E-03
1.2570E-03
1.0580€E-03
8.T7490E-04
Te3340E-04
6.:4690E-04
6.0730E-04%
5.8720E~-04
5.5830E-04
5.047T0E-04%
4.2350E-04
3.1950E-04
20.6600E~04
2.0500E-04
1.5220E-04
1.2030E-04
9.4070E-05
1.01L20E-04
9.3630E-05
7.1520E-05
3.8460E-05
CUT-0FF

17.57
21.15
24,85
27.5%
28.32
27.09
24,73
22,58
21.75
22.69
25.16
28,66
32,92
38.08
44080
55,53
69.30
92. 64
79.04%
51.66
58.40
62,97
64,20
58.52

1. 1650E-02
9. 5890E-03
8,0430E-03
6.8720E-03
5. 9600E-03
5.2130E-03
4. 5640E-03
3.9700E-03
3.4110E-03
2.8790E-03
2. 3790E-03
1.9180E-03
1.5040E-03
1. 1430E~-03
8.3460E-04
6. 3800E-04
4, 8590E-04
3.7170E-0%
2.8780E-04
2,2560E-04
1. 7920E-04
1.4310E-04
1. 1460E~04
9.1920E~-05
T.3780E-05
5.9030E-05
4. T230E-05
3. T790E-05
3.0240E-05
2.4190E-05
1.9360E-05
1.5490E-05
1.2390E~05
9.9130E-06
T.9310E-06

6.32450E-06

5. 07T70E-06
4,0620E-06
3.2500E-06
2.6000E-06
2. 0800E~-06
1.6640E-06
1.3310E-06
1.0650E-06
8,5230E-07
60, 8190E-07
5+.4560E-07
4,3650E-07
3,4920E-07
2. T940E-07

1.92T0E-03
1.7500E-03
1. 6080E~-03
1.4690E-03
1.3180E-03
1.1510E-03
9.8220E-04
80 2870E-04
7.0440E-04
60 1090E~-04
5.3980E-04
4. T900E-04&
4,16T0E-04
3. 4580E-04
2.65%0E-04
2.3870E-04
2.0550E-04
1.6840E-04
1.2890E-04
8.7200E-05
8.0280E~-05
6. TT60E-0S
4. 9160E-C5
2.5740E-05
CUT~OFF

16.54
18.25
19.99
21.38
22,11
22.08
21.52
20.87
20.65
21.22
22.69
24097
27.71
30.25
31,86
37.41
42029
45,31
44079
38,65
44480
47.35
42,50
28,00

La
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_E2_

SCATTERING OF 4=HE PARTICLES ON 43=CA

- ELAB 3 104.000 MEV Q@ = 0e0 MEV 1 = 7/¢

ECM = 95,136 MEV K 2 4.0827/FERMI] ETA = 1.23581
LARORATORY DATA RUTHERFORD CM DATA

THETA S1GMA DSIGMA SIUMA/SR THETA SIoMa DSIuMA

DEGLREE MR/SR % DEGKEE M8/ SR MB/SR
2,55 50424E¢05 10.2 6:96TE=01 2e19 45206405 4.590E+04
3.05 2.7T90E<05 1560 7.333€=01 3346 20325E+05 3.4H4E*V4
3.55 1:433E+05 13.8 0e914E=01 EPY:L 1-1956*05 l.bSZE*UQ
405 90172E+04 902 Te493E=01 bo44 TobbbE+(4 Te045E+073
4.55 6.516E¢04 Ae3 8.4THE=0] 4o9H8 5He432E+046  4.517E+03
5.05 4.211E+04 10.2 8,312€=01 5,53 3.511E¢06 3659TE+U3
5.55 2.5\6E*04 1261 70242E'01 60\)6 ZOOQBE‘OI* 2-5366’03
605 1o3n9E¢06 1506 5.043E=01 6.63 1.158BE+(04 1.732E+03
6-55 50“98E‘03 22.4 3.068E-01 ’cl’ 40586'5‘03 1.0&8&2‘03
Te05 2.69T7E+03 210 2.019E=01 Tel2 2el2bUE+*VI 4.722E¢02
T30 1e549E¢03 23.7 1:367E=01 B0 1.326E¢03 3.146E¢0U2
Te55 9¢R21E<02 l4.8 P, 669E=02 Be2l 8,195E+02 1l.c213E¢U2
Ta80 9e2KBE¢02 40l l1.042E=01 Be94 Tel52E+402 3.204E+0)
8,05 B.519E¢02 663 1.084E=01 BoB2 TelllE+02 4e0496E+0]
8.55 1e1ATE¢03 Te2 1.921£-01 D36 9.9L2E+02  [.142E¢01
deH0 1e413E+U3 66 2e9564E=0] 964 lolBUE+0Q3 TeBITE+U])
905 1.602E+03 3e7 3.253E=01 9e91 1o336E+03 4.903E¢01
930 1.632E+03 3.7 3.694F=01 1018 1.363E+03 5.072E¢0]
9.55 1-361&'003 beob 44:825-01 10946 la‘)st‘OJ IGIUOE‘OI
9.80 1loT7H9E+(3 13 46933t=01 1073 1e4/8BE+03 1e902E+UL
10,05 1.7/9E+u3 2eb S.486E=01 11,01 L, 486E+03 3.929E+40]
1030 1e66TE+03 363 5.670E=01 1128 1.393E+03 4ebU6Re0]
10655 1e517E¢03 3.3 566T9E=01 11655 1a268E+03 4.180E+01
10.80 10454E+03 5.6 5.975E=01 1183 1,219E+03 A.TIIE*0]
1105 16137E+03 "7.3 50 120€E=01 1210 9.506E+02 6o.v8bE+U]
11.30 1090E¢03 bob 5.367E=01 12037 9e116E+02 6oUZ4E*0]
}1.55 8.241E+02 12.3 4.42TE=01 12,065 6.892E402 HebdYOE+VL
1180 6.200E+02 141 3.627E=01 12.92 SollS5k+02 7T.323E+01
12.05 402128402 169 20679E=01 1319 3e524E+02 Se9D1E*0]
12.30 2.944E402 146 2.032E=01 13,47 2.463E+02 4.95H0E+U]
1255 1.7:39F+02 2569 1e301E=01 13676 lotBSE+02 3e764£+01
1280 BeY43E+0] 32e.2 7:234E=02 14ol))  7o685E¢0]1 Pe4UYE+U]
13,05 4,24T7E401 3val 3.74665-02 l4e2y 3e989E+UL  1e4U4E*U)
13.30 1e492E+0] 609 lo406E=02 1466 lel2e9b (1] {s0UNE+UD
1455 2.270E+00 - 18le6 2e304E=03 l4e83 L1e901E+0U 3eéblE+00
13.80 5.703F+00 795 . 6,225€E=03 19611 4o 7TIE+0U 3.796E¢0D
1405 201%9E+01 4546 2e531E=02 15638 1eHUQE+0L Ba246E*00
14.30 Sa105E¢01 2Ba2 6.%20E=02 1565 4.278E+0] 1o 20TE+VU]
14.55 6oT79E+0] 17.6 1.183E=01 15,93 To358E+ul 1.293t+01
14.80 le2r6E+02 1360 1. 768E=01 16,20 le0ZBE+(p2 1e338E%+0]
1%.05% le6p9FE+02 Te?2 2.4B0E=01 106667 1e349E+02 yelb6E*VQ
15,30 1.739FE+u2 5.2 2.861E=01 16,74 1o458E+02 T.597E+0u
15.55 2.002F+02 463 Jebl4E=01 1702 Lle6I9E+0Z  To.280E¢00
lo.US 20260E¢02 3.7 4o499E~01 17596 1o397E+02 7.052E+00
16.30 1.914E+v2 3.3 4,199€=01 17,84 1lo665E+02 H446E+00
10.55 20017E*U£ leﬂ 4.53’3E"01 18011 1.693E*02 309()“:.‘00
16,80 1.9%8E+02 445 4,672E=U1 1838  leb44b+02  ToedebE®OQ
17.05 1.618E+02 Te0 4,U94£=01 1866 1399402 9oSTYE+OD
1755 1.230E+02 660 3.491E=01 1920 1eN34E€02 6.24TH*DO
1780 1e092E+02 6.9 3.279E=01 1947 90182E+01 6:353E+00
18,05 9,011E+01} 949 2.859€=01 19.75 To.576E+01 Te533£¢00
1830 6:924E¢01 1263 20320E=01 20e02 SeH23E+01l Telb2E*U0
1855 5e148E¢01 13.5% 1.8206=01 20e29 4¢330E+01 Se850E*00
19,05 20329E+01 17.9 Qe l49E=02 2084 L.96UVE+0L J49BE+UO
19.55 1.376E+01 BeR 5¢989€~u2 2l1.38 1.1%58E+u) 1e023E%00
20005 104732E+0)] Se7 6,890E=02 2193 1.206E+01 AaHT6E=U]
20.55 2.041F+01 10.9 1.106E=0]) 22.47 1lo754E+01 1906E+00
21,05 3.533E+0) LYY 2eVU61E=01 23U 2e9BUE+0]L 2.02BE+0DN
21«58 4e219E+01] 402 2. TU1E=01 23.96 3.561E+01 1:500L200
22.05 5,06TE+0] Ceob 3.551E-014 24011 4.279E¢01 lelUBE+UQ
2255 4.TO0E+0] 1.9 3.599E=01 260,65 3.9T2E+0]1 Te654E=U1
23,05 4o446FE+01] 204 30712E=01 25019 3.759%E+01 B.8B7T4E=01}
23,55 3.905E+01 3.8 3.549€=01 25:74 3.3V4E+0) 1.253E¢00
240,05 3.131E+0) 5e6 30090E=0] 26028 2.650E401 1.489E+00
24.55% 20.3R3E+01 65 2e552E=01 26,82 260019E+01l 1.313E+00
25,05 1.770E+0} 6.9 2.052E~01, 2737 1.BU1E+0]l 1,031E+00
25.55 1e269E+01 663 1:590E=01 27e91 1o0TTE+0l 6.827k=01
26.U5 1.048E¢y} 467 1e417E=0L 28.45 8,896E+00 4.1848E=0])
26,55 B.450E+00 400 1.231E=01 29,00 T17TE+00 2.867E=V]




LARORATORY DATA

THETA
DEGREE

27.05
27.55
20,05
2855
29.05
29.55%
30.05
30055
31.05
31.%5
-32.U5
32.55
33.08
33.5%
34,05
3455
35,05
35.55
36.,0%
36.55
37.05
37.55
38.05
38.55
Iv.05
39.55%
40,05
40.55
41,05
41.55
~42.U5
42.5%
43,05
63,5%
44.05
44,55
45,05
45,55
46,05
466455
47.05
41,55
4005
43055
49,05
49.55
50605
50,55
51.05
9155
52.05
H2.55
53.05
54.55
54.05
54,55
55,05
55.55
56.U5
56,55
57.09
57.55
58,05
5H8.55
59,05
59.55
60.05
60.55
61.05
61,55
63,05
64,55
66.05
67.5%
69,05
70.55
72.05
73.55
T5.05
76.55
78,05

S1GMa
MR/SR

e 1A6E+00
9.4 39E+00
1.052E¢01
1.077E+01
10 065E401
1.049E¢u1l
ReBT73E+ UL
Be125E+00
0:834E400
60 056E¢00
40518E+00
3.139E+00
3.3UBE+00
3.204E400
2.551E+00
3. 119E¢ 00
3.252E400
3.107E¢00
306826400
3o 096E¢00
2eTQ4E+00
2e606E+ 00
2e371E400
2e¢ 1HOE Q0
1.971E¢00
1e900E+00
1.479E£+00
le705E¢ G0
1.697TE400
la696E+00
1le643E¢00
l1e614E+00
1.635E+400
l1a7R1E+00
loe 753E¢00
L7099 +00
1e506E400
1:668F+00
1.5%39E+400
1.317E+00
1e2720E400
1:150E¢00
1e118E+00
1. 0H3E400
9e4H1E=0]
1:002E+00
leunBE+00
YeBu9E=01
9918E=01
Qe3PTE=01
Be5H3E=01}
Te843E=01
Toe0A3E=0]
Lo THIE=0]
66 199F=01
6o 07RE=(1
S5.74TE=01
5¢046E=01
4.7005'01
4e451E=01
406N3E=01
403%52E=01
3.8313E=01
30 0ARE=01
3e151E=01
3.176E=01
2¢6A1BE=01
2:475€E=01
2e265E=01
2el41E=01
1:963E=01
1.139€E=01
1.012E=01
Te85TE=02
6.046E=02
40901E=02
3:962E=02
2.411E=02
1ed876E=02
1.616E=02
1.8R6E=02

— E3 -

SCATTERING OF 4=HE

PARTICLES ON 43-CA

RUTHERFORUD

DS 16MA SIGUMA/SR THETA
% DEGHEE
2e2 1.440E-0l 29.54
2eb 1.590E=v1l 30.08
2.1 1,901E=01 30.62
1.8 2-007E'01 3[-17
1.8 2.208E=01 31.71
244 2.325€=01 32.2%
3.5 2¢100E=01 33{79
3.4 2.091E=01 33,33
4.0 1.838E=01 33.487
445 10734E-01 34-41
Te0 1.375€E=01 34096
5.7 1.015€=01 35,50
262 1.135€E=01 3o, 04
3.1 la165E=01 36,58
Sew Y.826E=02 37.12
3.1 1. 300E=01 37.65
2e1 1.401E=01 38.19
2.8 1.,414E=01 38,13
203 loQBlE'Ol 39.27
203 1.569€=01 39,81
3.7 1.492€=01 40,35
3.1 1.499E=01 40.89
2.9 1.403E=01 4lobc
2.9 10361E'01 41,96
3.6 1-289&-01 42050
2.3 1.305E=01 43,04
2o6h 1.313E=01 43,57
3.2 1.289€=01 44011
2o ) 1:344E=01 44 .65
2.4 1,407E~01 45.18
3.4 l1a427t=01 45.72
204 1.466E=01 46425
2.7 1.5536=01 460,19
609 1.739€=01 47632
2e3 1.817€E=01 41,86
2.5 l.849€E=01 48039
Te3 1:700E=01 48.92
209 10964€=0]) 494606
3.1 1.888e=01 49,99
Te2 1.683E=01 50.52
3.1 1:623€E=01 51.006
Y] 1.9592E=01 51.b9
Tel 1lo6010E=01 52.12
3.3 1.621E=01 5265
3.4 l.476E£=01 53.18
2e7 1e620b=ul 53.72
208 1.692E=01 5“:35
2o le716E=01 54,78
2e7 1.793E=01 55. 41
3.4 1.748E-01 55.84
3.6 1.664E=01 56637
3.4 1o5T9E~01 56090
KXy 1-‘077[‘01 5743
3.8 1.,465E=01 57.95
3.4 1.385E=01 5H.48
3.5 1.406F=01 59.01
4el 1.375€=01 59,54
408 I.ZAHE—OI 60,06
bob 10217E-01 6059
3.5 l.l"bf_-ol bl.lz
4e7 1.277E=01 61.64%
563 1.225€E=01 62,17
4.9 lbll“ﬁ-ul 62,69
5.6 9.262E-02 63.22
$03 e T4IE=V2 63.74
he? 1.013€=01 64,27
6.5 8.387€~-02 65,32
55 7.906E-02 65.84
4e0 Te69TE=-02 66.36
407 7.697E'02 67,93
6.3 4.,858E-02 69,49
5.9 4-6866-02 : 71.05
6.0 3.939E=02 72.61
6.7 3.275E=02 T4e16
6.9 ZDQIQE'OE 7571
Ao 2.489E=02 17.26
9.0 1.640€=02 78.40
967 1.320E=02 80,34
11.2 1.250E~-02 81.87
9.5 1.557TE=02 83.40

CM DATA
sloMa
“MB/SKR

[eH09E2 00
8,030E¢00
8,955E+00
9,179E+00
9. 082E* 0V
Be949E¢00
T.578E¢00
6.944E¢00
5.846E+00
be 1WSEY U
3.871E+00
2.692E+00
ZeB4UE® QU
2o T53E+00
2.194E¢00
2eT45E 400
2+801E400
2.678E+00
2e660E+00
2e6T5E+0Y
204)16E¢00
2e30TE+0U
2.U054E¢00
1.A96E+00
La 7T11E+00
1.651E¢Q0
1.591E¢00
1e4R5E400
1.479E400
1.480E+00
14435E400
1o412E¢00
Le432E¢0V
1:535€E+00
Le93R8E4 DV
1.501E¢00
1e324E¢00
1e469E*00
1.357E¢00
1o162E400
1. 07BE+00
l.ul7E+O0
FeBYYE=0]
Fe599E=01
8.418E=01
8.908E=0}
BeAT2E=01
Be TTTE=CL
B.H50E=01
H8,333E=01
ToH60E=01
7T.025k=01
6,352E=01
6.092E=01
5e5T4E=11
Be4/3E~01
SelH2E=01
4,556E=0]
4.303E=01
4,029k=01
3,950E=01
3.484E=01
2.811E=01
2eB13E-01
2.899E=01
Co439E=0)
2.266E-01
2.076E=01
1.965E=01
1.810E=01
1.055E=01
Te342E=-02
5,67T6E=02
4,T0TE=02
3.795E=02
2+s3)15E=(0¢
1o 747E=02
1:553€E=02
1.,821E=02

DS 16MA
MH/ SR

le780E-01
1.967E=01
1.3UnE=U]
1e654E=01
lehUVE=U1
2.170E=01
2.648E=01
2038B64E=0]
2.314E-01}
2:308E=01
2eTVUOLE=01
1.540E=01
60361E'0?
As61BE=02
1.3026=01
H.é‘)hE-Ue
S5eHBZE=07
Ta413E=02
be24VE=02
6.278E=02
Q. U0GE=U2
TolboE=02
SeYoBE=U2
5e45TE=02
60 086E~02
3. TIHE=02
4,064E=02
4.751E=02
3.0lbE=02
3.596E=02
40949E=02
3e404E-02
3.499E=02
le UbbE"ol
3 550E=0¢
JeTOYL=02
Fe612E=02
40 2THE=0?
4e243E=-02
Ae3Y0E=02
Je V0L =02
Pebhlb=02
ToOUSE=V?
3.206E=0¢
2.8d43L=02
20364E=02
2eH30E=02
2.3256-02
2eb21E=07
2.801E~-02
2eTH1E~U2
2:404E=02
2elbhb=02
2e294E~U2
1o HYHE=0?
le94lt=0p
20.136E~-U2
2e179k=02
1 965E=02
lewlab=02
1.98H8E=02
2o NHUE=UL?
1o T16E=02
1e961E=02
1e520E=02
1.221E=02
1e442E=02
1e484E-02
1o l46E=02
T7.932E=03
HeS514E=03
ha593E=03
5e5495E=0)
4e439E=-03
3.782E=03
1.245E-03
3.263E=03
2.075€£=03
1.69UE=03
1o 738E=03
1o 726E=03




- E4 -

SCATTERING OF 4=HE PARTICLES ON Sl=V

ELAB = 104.000 MEV W = 0.0 MEV I s T/2
ECM = 96.424 MEV K = 4,1380/FERMI ETA = 1.23581
LARORATORY DATA RUTHERFORD CM DATA

THETA STGMA DSIGMA SI1GMA/SR THETA SIGMA NS IGMA

DEGREE MH/SR % DEGREE MB/ SR MB/ SR
2eHD5 ©e511E+409 Bt H.3586=01 2eT6 SeSTIE+US 46 T0BES UG
3.05 3¢7HRE+0S 124 9,899E=01 3.30 3.228BE¢05 6,012E¢04
3.55 1.837€+05 l4o4 8.854E=01 3.86 L.574E+05 20.271E+04
4,05 1e122E40% Qe b 9.161t=01 4038 9.614E%04 R.YV]IEF03
4.55 Te922E+06 79 1.u30E+0U 4,92 G.78TE+04 S.359E+03
5.05 5.017E+04 9.7 9.89TE=u1l 546 4.299E%04 4eolTHE+03
5.55 3.0H2E¢V4 11.3 B8.866E=01 6,00 2¢641E+04 2.98B4FE+03
6.05 1.5%6E+04 1469 6.318FE=01 6294 1e333E+04 1.985E+03
6.55 Te957E+03 157 4,438E=01 7208 6e821E¢03 |.07Tub+03
7.05 36323E+03 20.9 2.487E=0U1 Teb2 2.849E+03 5H.941E+02
T30 26215E+03 15.8 1.905E=01 T89 1eB99E+03 2.992E+02
Ta55 15K2E+03 115 1.957E=01 Belb 1.4bTE¢(p3 15576402
7.80 1e428E+03 3.2 1.600E=01 Boe43 lo224E+03 3.86U0E+U]
d.U5 1e4R6E+03 S5e6 1.8BH9E=0] Bel0 1e274E+03 TelulE+ul
855 1.857E+03 Tol 3.003E=01 9e24 1eH93E+0N3  1el124E%0?
Be.80 26192E+03 403 3.977E=vl Yebl lo881E+03 H,U0U6E+U]
9.05 26319E+03 3.3 4, T06E=01 QoTH Lle9WUE+0)3 AKebSIE+V]
930 26366E¢03 le2 5.352E=01 10605 2.030E+03 Z2.431t+01]
.55 2e451E+03 2e8 6,163E=01 10032 ¢€ol04E+03 9H.903E+0])
YaBl 264326403 201 6.7T79E=01 1059 2008TE+03  4.309E+01
10,05 2.206E+03 3ol 6o T99E=01 10al86 1aBOIE+N3 5.925E+01
10,30 2.124E+03 3.7 Tel22E=01 11,13 1.8B24E+03 6.T7T4E+01
1059 16815E+03 4bob 6o TB9E=01 1140 lovBBE+0] fe20BE+V]
1080 1.778E+03 6e3 TeU99E=01 1167 la484E+03 .311E*U]
11.05 1.274E¢03 8.6 $5,733E=0] 119 1,094E+03 9.409E+UI
11.30 1.187E+03 Tet 9. H840E=01 12.20 1.020b+03 7T.572b%01
11e55 de34BE+02 193 4o48lE=01 1247 Tell2E+02 jo09YDE+U2
11.80 5.575E+02 17e6 3.230E=01 12.74 4o74TE+02 RBeo3IboE+U]
12.05 3ebr2E+02 19.3 2e239E=01 13.01 3e026bE+02 SeH3VE+U]
12,30 2el%4E¢02 297 1.486E=01 13028 leH51E+02 3e.836E+U]
12,95 1.309E+02 26,5 9o TBBE=02 13.5% 1l,126E¢02 Z2.98KE+U]
12.80 4e296E¢0) B401 3e4T4E=0¢ 13.82 3e.694E+0) 1e997E*U]
13,05 1.513E+01 4967 ls321E=02 14609 1301E401 6.459E+10
13,30 663%3E+00 61.2 5.983E=U3 14,36 5,463E+0u  3.341£¢00
13.55 1e662E¢D] 37.0 1.6B6E=02 14¢63 1.430E+0]1 B.286kE+u0
13.80 3.6Q0F¢+0] 30013 4. 026E=02 1490 3e175E+01L 9eblHE+UN
14,05 70.2640E+01 23.0 B.482E=02 1517 62229401 ]e439L %01
1430 1e.201E402 177 1.5096=01 19644 1e033E+02 1.832E+0]
14.55 1.7THIE+02 11.5 20399E=01 19671 1¢533k+u2 l1e769E+U])
14,80 2.2727E+02 7.0 3,210E=01 1598 1e91TE+02 Le344E+UI
15,05 2eb%5E¢02 402 3.93%E=01 1625 2.200E+02 9Qe22/E+00
15.30 2.7%0E+02 206 4e522E=-01 1652 2636HE+02 AocbHIEOD
15,55 2.900E+02 15 B, UB6E=0] 1679 2.49TE+0Z2  3.6T72L+00
16,05 2.839€+02 2ol He64TE~01 1733 2e446L+D2 Se201E*00
1630 2.570E+0¢ 403 S56435k=01] 17060 2e214E+02 I9434E+U0
16.55 2.312E+02 402 S5.199E=01 1787 1.993E+02 R,407e+00
16,80 2e6l04E+02 405 5.01TE=01 18,13 1.814E+02 A.l88E+00
17.05 1.885F+02 Tel 40,690E=01 18640 1.9599E+02 1el4vE+U]
17.55 1.041E+02 10.6 2.954E=01 18.94 B.983E+01 9.552E+00
17.80 H.973E+01 9.3 20092E=01 19621 Te742E+01 7elB5E*LO
18,05 6e30T7E+0] 15.0 20 UV00E=0} 19648 De443E+0]1 He160E+00
13,30 4.2H3E+0] 16,0 1.434E=01 19,75 J.69TE+0]  5,901E+00
18.55 2.918E¢01 16.2 1e031E=01 20,02 2.519E+01 4,084E+00
19,05 9.734E+00 23.6 3.822E=U¢ 2056 B.40TE+00 1.988E+00
19.55 1e320E+01 13.7 56 T43E=0¢ 2110 1ol40E+0l 1.959E¢00
20,05 207641E¢01 1260 1.318E=~01 21.63 2.370UE+01 2.B4BE+VO
2055 4.586F¢01 Teb 2e43lE=01 22.11 3.96TE%+01 2.995E+00
2l.05 6.170E+01 4,3 3.597E=01 22e11 56339E+01 Pe2vit+l0
21.55 Tel20E+01 lo7 4555k ~01 2325 6.164E+0] 1eU34FE+00
22:05 Te094E¢0] 1o7 4o 969E=-01 23,78 6.labE+0l  1.040E¢00
2255 6.079E+01 3.2 4,652F=01 246,32 5.26B8E+01 1.,689E+00
23.05% 503463FE¢01 4ol 40459k =01 260.86 4,633E+01 1.8B0E*00
23:95 64.013E+01) 6.9 3:645E=01 25:40 36482E+0)1 2.396E+00
26,05 2.627E+01 7«8 2.592E=01 25093 2.,28l1E+01 1,78HE+0D
24.55 2.024E+0] 6ol 2el1656=01 2647 1.758E+0] lell&E®0D




SCATTERING OF

LARORATURY DATA

THETA
DEGREE

29,05
25,55
26405
26.55
27,05
27.55%
28.0%
28 .55
29,05
29.55
30.05
30.55
31.05
31,558
32.05
32.55
33.05
33.55
34.0%
34,55
3%.05
35.55
36,05
36.55
37.05
37.55%
38.05
38.5%
39,05
39.5%
4005
40,55
41,05
4155
42,05
42.55
43.0%
43,55
44,05
44 ,5%
45,05
45,55
46,05
46,55
47,05
41.55
43,05
48.5%
49405
49,55
50.06
5055
51.05
51.55
52605
5255
53.05
53,55
54,05
54.5%
55.U5
55.55%
56.05
56,55
57.05%
5755
58.05
58.55
59.05
59,55
60.05
6055
61.09

STGMA
MH/SR

1e394E20)
1.200E+01
1.252E+01
1:304E¢01
1.850E¢01
20092E+401
2.067E+0]
le8A9EQ)
1e640E+0])
1.542E401
1.200E¢vl
9. 60TE+00
8:343E¢00
5.643E¢00
4910E+00
4e512E+400
4o633E¢00
4e 8508400
5¢033E¢00
40598E4+00
4e535E400
4e216E400
4.003E+00
3e522E+00
3. 015E¢00
20o3R3E+00
2e179E200
1.9u5E+00
1s9u3E+00
1e957E¢ 00
2e012F+00
1e871E+00
1e964E+00
1e971E+400
2.06TE+00
2¢090E¢+ 0V
1997E+00
laR4TE+00
1a725E+00
1.540E+00
1.620E+00
1:590E+00
1e528E+00
1o4u3E+00
leaWwyE+0Q0
1306E+00
1a4HTE+00
ledBTESOU
1e&74E400
1.455E200
1310200
le268E400
1e247TE+00
lel4SE+ (U
1.172E+00
1.035E+0v
1.016F+00
9.673E=01
9.5435-01
8.603E-01
8-319E_01
80637E‘01
B0270E=01
Te572E=01
1e515E=01
Te236E=01
6.370E=0]
GOISSE-OI
5e965E=01
Se&437E=01
4o H853E=0]
4-575E-01
4e368E-01

DSIGMa

%

°
N
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ES5 -

4=HE PARTICLES ON S51=V

RUTHERFORD
SiuvMa/SR

1.615€E=01
1.502E=01
1e692E=01
1.899E=01
2,898E=01
3.522E=01
3.734E=01
3,619€E=01
3.399E=01
3.415E=0]
2+838E=01
20426E=01
2:242€E=01
1.614€=01
1.493E=01
1.458E=01
1.588£-01
1. 762E=014
1.937€E=01
1.873k=01
1.953E=01
1.918E=01
1.922€E=01
1o 184E=01
1.609E=01
1.323€-01
1.288E=01]
l1.18%E=01
l1e243E=01
le343E=01
1.449E=01
1.413E=01
1.5B5E=V1
1.634E=01
1o 794E=01

1.898kK=01 .

1.895E=01]
1.,832E=01
1.787E=01
l.708€=01
l.827E=01
1.8T1E=01
1.874E=01
Le791E=01
1.928E=01
+ 1e806E=01
20140E=01
2.225€=01
2.292E=01
2.351K=01
2.197TE=01
2.207E=01
2.251E=01
2o l44E=0]
2.275E=01
2.083e=01
2:118E=01
2.087E=01
2.131E=01
1.988E~Ul
1.993E-01
20.134E=01
2a112E=01
1.998E=01
2.048E=01
20036F=01
1.8506=01
1.844E=01
1.844E=01
1.733E=01
1.594E=01
1e549E=01
1.5264€E-01

THETA
DEGREE

27001
27.54
28,08
28,61
2915
29'69
30.22
30,76
3l.29
31.83
32.436
32.90
33,43
33.97
34450
35,03
35.57
36,10
36,04
37.17
37.70
38.23
38,77
39.30
39,83
40,36
40.90
41l.43
41.90
42049
43,02
43,95
46,08
44,61
45,14
45067
46,20
464173
47.26
47,79
4&.3&
48.85
49. 37
49,90
50643
50.96
51.48
52.01
53.06
53.59
S4.12
54,04
55. 17
55,69
560,22
56,74
57.20
5719
S8e31
59,36
59,848
60,40
6l.92
61.45
61.97
62.49
63,01
63553
64,05
64057
65.09

CM DATA
SIGMA
Mg/ S

1.212E¢01
1.043E401
1.089E+01
1.135E¢0n]
1,612E+01}
1.824E+01
1.803E+01
1.631E¢01
1.433E401
le3aTE+0L
Lo049E+DL
Bo40TE+ QU
Te306E+00
4o945E+00
4,306E+00
3.960E+00
4,U69E+00
4,263E+0U
4e421E400
4.U4B8E+00
3.999E+00
3e71TE40V
3.532E+00
3.110E+00
2e665E+00
2,082E+00
1e929E+00
1.688E+00
Lo6487E¢0QU
le737k¢0V
le?7BTE+00
l.664E+00
1. 748E+0Q0
Lo I56E+00
L.843E+00
l.865E+00
1.753E400
lebblE+00
l1e944E+00
leal5E+00
1.452E+0V
lo42TE40U
1e373E400
1.261L¢00
1e305L+00
lel76E%C0
1.34)1E+00
1e343E%00
163328400
1o317E+00
leldbbe0u
1o 1649E400
lel3lEc0U
1,060E¢0QU
loUh6E+0L
9e428E=01)
9e264E=01L
BoH2BE=01
da’latﬁol
Ta869E=01
,lb36&-01
To917E=01
Te9B90E=01
6.3958E=01]
6.913E=01
boéﬁ“E-Ol
5.873E=01
5o601E-01
5¢513E=01
5031L=01
4.495E=01
4e244E-01
4.056E-0l

DSTGHMA
Mg/ SK

Te%543E=01
2e994E=01
2.007E=01
Se4HuE=01
To311E=01
3e323E=01
2e913E=01
4o5048kE=U1
3e967E=01]
4e28BE=0)
5.432E=01
3ahv6E~U1
ReT35E=01
3elliK=01
lel4lE=01
BedY6L=02
T.8Ubk=02
He lBWE=UZ2
Qe T6HE=U2
80404t-02
Te939E=02
HeT3TE=U2
9.210E=02
1.07bt-ul
1.2U3E=01
e bOUE=U2
5:564E=U¢
40363L=02
4oUBYE=UZ
3e830L=07
4ol02E=02
4eH4U0E=V2
JeB18E=02
1. 782E=02
4o 3BUE=02
46006L=02
4o 280FE=07
4ol /TE=U7
4elcyb=v2
3.679E=02
3e23bFE=07
Ja3dbt=u?
30687TE=02
3a4lTE=02
3eboTE=DZ
Gel3E=02
Je483E-02
Jo l49E=02
Je0T7T3k=ue
3e360UE=02
3.373E=v02
2eb8B4E=V2
JoObaE=U"
3.0/5€=02
3o l94E=02
PePUHE=07
2e069k=0/7
2e9293E=U7
2:600E=U2
?obB,E‘O?
2eO39E=02
2.331E=02
2e590E=02
2e23TE=02
2-153E‘02
2e497E=02
2e260E=02
1e9HHE=UZ
2008TE=02
20 035E=07
1 e 985E=02
1.590&'02
1o 703E=02




