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Elastic and inelastic a scattering on Ar at E =40, 48, and 54 MeV
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Differential cross sections for elastic and inelastic a- scattering on ' Ar have been measured at 40, 48,
and 54 MeV. The data have been analyzed in the coupled-channel approach using double-folded optical
a-' Ar potentials considering the model of the symmetric rotator and the harmonic vibrator. The octu-
pole transition probability deduced in the harmonic-vibrator model is almost identical to the value ob-
tained from electromagnetic probes. In the symmetric-rotator model only the choice of negative P, and

P~ deformation parameters results in consistent fits to the data at all incident energies. This unambigu-

ously proves the oblate shape of ' Ar. The volume integrals and rms radii of the extracted optical poten-
tials 6t vre11 into the systematics obtained for lighter sd-shell nuclei.

PACS number(s): 25.55.Ci, 24.10.Eq, 24.10.Ht

I. INTRODUCTION

A survey of the spectroscopic electric quadrupole mo-
ments for even-even nuclei in the sd shell [1] indicates
that the nuclei ' Ne, ' Mg, Si, and S are prolate
(Q + (0), whereas the Si nucleus has a strong oblate

deformation. The Q + values for S and Ar are small,

thus indicating a nearly spherical shape. The static quad-
rupole moment of the first excited state in Ar has been
measured by the reorientation effect in Coulomb excita-
tion [2]. The experimental result (Q + =11+6 e fm ) in-

dicates an oblate shape for Ar.
The analysis of (d, d') data on Ar using coupled-

channel (CC) calculations [3] in the symmetric-rotational
model shows practically no difference between the two
signs of the deformation parameter P2. Furthermore,
there are no significant differences between the rotational
and the vibrational calculations.

The excitation of collective states in inelastic a scatter-
ing allows one to extract information on nuclear defor-
mation and on transition probabilities. In a recent CC
analysis of inelastic scattering of 54-MeV a particles on
' F, ' Ne, Na [4], and Mg [5], we have extracted
B(IS2), B(IS4), and Q + values which compare favor-

ably with experimental values obtained from electromag-
netic probes and shell-model calculations.

In the present investigation we measured the elastic
and inelastic a scattering on Ar at incident energies of
about 40, 48, and 54 MeV. First, the elastic data together
with existing data at lower incident energy of Gaul et al.
[6] are analyzed in the framework of the conventional op-
tical model. Second, the results of the present experiment
are analyzed within the CC method using the quadru-
pole, octupole, and hexadecapole transition amplitudes
evaluated from the harmonic-vibrational model (HVM}
as we11 as using quadrupole and hexadecapole transition
amplitudes evaluated from the symmetric-rotational

model (SRM). The main emphasis of this investigation is
the extraction of B(ISA, ) values and quadrupole moments
and the comparison of these results with other measure-
ments and calculations.

All calculations have been performed using double-
folded optical a- Ar potentials. Our previous, above-
mentioned, investigations [4,5] result in a very systematic
behavior of the a- nucleus optical potentials for nuclei in
the mass range between A =13 and A =24. The second
aim of this paper is thus the determination of the a-
nucleus potential for Ar.

II. EXPERIMENT

The measurements were performed at the isochronous
cyclotron of the University of Bonn. The incident ener-
gies of the a-particle beam were 40.0, 48.3, and 53.7
MeV. Beam intensities between 30 and 870 nA were used
with an energy resolution of 5X10 . A cylindrical gas
cell of 60-mm diameter containing the isotopically en-
riched (99.8%) Ar target gas was centered in the 50-
cm-diameter scattering chamber. The gas pressure was
monitored continuously. The detector system consisted
of four E detectors mounted on two turntables rotating
around the target. The detectors were of the surface-
barrier type with a thickness of 1500—2000 pm. The
dead time was monitored continuously with a random
pulser. The spectra were accumulated in a computer and
stored on magnetic tapes for further off-line processing.
The energy resolution in the particle spectra was about
250—300 keV. A peak-fitting technique was applied to
separate the excited state at 4.18 MeV (3, ) from the
multiplet of states [7] at 4.33 [(02+)], 4.41 (4&+ ), and 4.44
MeV (22 }. (See Fig. 1.) The evaluation of the measure-
ments followed closely the procedure outlined by Silver-
stein [8]. Data were accumulated at 40 MeV for labora-
tory angles from 11' to 170 in 1 steps, at 48 MeV for 15
to 40 in 0.5 steps and 40' to 160 in 1 steps, and finally
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at 54 MeV for 10 ' to 50 in 0.5' steps and 50' to 162 in 1

steps. The zero-degree direction could be determined
with an accuracy of +0.2 by using the method described
in Ref. [9]. Beam monitoring was accomplished in the
usual way by means of a Faraday cup. The comparison
with the 41-MeV scattering data of Boschitz et al. [10]
shows good agreement with our 40-MeV data in the abso-
lute normalization.

III. OPTICAL-MODEL ANALYSIS

First we consider the description of the elastic u
scattering in the optical model (OM). The obtained elas-
tic differential cross sections are shown in Fig. 2 together
with the data of Gaul et al. [6] at energies between 18
and 29 MeV.

The real part of the optical potential was deduced in
the framework of the double-folding model of Kobos
et al. [11]and is described by
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FIG. 1. Typical ' Ar-a spectrum at 34.8' and E =54 MeV.
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FIG. 2. Elastic a scattering on ' Ar. Experimental data and
optical-model fits were calculated by using the double-folding
potentials at incident energies of 18.0, 22.1, 24. 1, 29.2 [6] and
40.0, 48.3, 53.7 MeV (this work).

where r is the separation of the centers of mass of the col-
liding target nucleus and the a particle, p T(r, ) and p (r~)
are the respective nucleon densities, t(E,s) is the
density-dependent effective interaction, and A,f is an
overall normalization factor. For the density distribution
of the target nucleus pT we used the experimental charge
distribution [12] obtained from electron scattering and
unfolded from the finite charge distribution of the proton.
Since N=Z for Ar, neutron and proton distributions
can be assumed to be identical. For the density distribu-

tion of the a particle a Gaussian form was used [13). A
detailed description of the computation of the potential
UF(r ) is given in Ref. [9]. The radial dependence of the
imaginary potential was taken as a sum of a Woods-
Saxon volume and surface term. This parametrization
turned out to be more successful than the use of a
Fourier-Bessel series with the same number of adjustable
parameters.

All fits were performed using the computer code
GQMFIL [14], where in our case only the normalization
factor kf of the real part and the six Woods-Saxon pa-
rameters of the imaginary part of the potential are adjust-
able parameters. The results of the OM calculations are
shown in Fig. 2. For the whole energy range a good
agreement between experimental and calculated data has
been found.

The normalization factor A,f and the potential parame-
ters obtained in this analysis are listed in Table I. For the
imaginary potentials one observes an increase in the sur-
face absorption with increasing energy. At 54 MeV the
shape of the imaginary potential is almost given by the
surface Woods-Saxon term. Calculations with potentials
similar to that at 48 MeV lead to a deterioration in the
description of the experimental data. Nevertheless, the
values for the different potentials are very similar for ra-
dii larger than 5 fm. The normalization factor A,f, and as
a consequence the volume integral J~ /4A of the real part
of the potential, decrease with increasing energy, whereas
the volume integrals and the rms radii of the imaginary
potential show a marked increase with increasing energy.
Even at 54 MeV, where the shape of the imaginary poten-
tial is dN'erent, the systematic behavior persists. The rms
radii of the real part are, due to the folding procedure,
constant within 0.1% over the whole energy range. The
volume integrals per nucleon and the rms radii for both
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TABLE I. Normalization factor A,f of the real part and potential parameters of the imaginary part of
the optical potential.

Estab

(MeV)

18
22
24
29
40
48
54

1.303
1.300
1.293
1.323
1.321
1.320
1.270

rVv

(MeV)

12.49
11.09
11.55
12.55
22.94
32.86
2.12

Py

(fm)

1.505
1.528
1.543
1.492
1.169
0.903
2.249

av
(fm)

0.138
0.152
0.126
0.156
1.025
1.233
0.753

8'D
(MeV)

0.36
0.64
0.69
1.63
6.25

13.74
49.29

l'D

(fm)

2.274
2.228
2.229
1.856
1.396
1.324
1.225

aD
(fm)

0.613
0.582
0.455
0.761
0.260
0.300
0.342

the real and the imaginary part of the optical potential
are listed in Table II.

IV. COUPLED-CHANNEL ANALYSIS

In order to obtain further insight into the nature of the
low-lying collective states of the Ar nucleus, we have
applied the coupled-channel formalism developed by
Tamura [15] to the inelastic scattering data. Following
Tamura the coupling matrix elements can be expressed in
the general form

Generally, the coupling potential V, can be expressed as

V.,= X vF(r)K„Y~„(~ V»)

A,p

Thus, the radial form factor is given as
vP(r) Ro(BV/Br)(r —Ro) and the transition operator
as Q»=aq„. These dynamical deformation parameters
a&„can be decomposed in the usual way into operators
b&„and b&„which annihilate and create a phonon of vi-
bration:

( IfIf I V., I I;I; &
= g v~'( r ) & If II Q ~ I II; & [b~„+(—)"&r.-„]

2A, +1 (6)

X A(lfIf, l;I;,A,I) .

The factors A(lfIf 1;I;,A,I) are purely geometric and
model independent. In contrast, the other two factors,
namely, the radial form factor v P ( r ) and the reduced
matrix elements (If ((Qz(~I, &, are model dependent.

A. First-order harmonic-vibrational model

The vibrational model describes the dynamical defor-
mation of the spherical surface of the nucleus by the pa-
rametrization

R (8, q&) =Ra 1+g a&„Y&„(8,y)
A,JM

By expanding the potential in powers of Y&„(8,qr) to first
order we obtain

~1;IM&=b," ~0& . (7)

The root-mean-square deformation parameter pz is
defined in such a way that pz stands for the expectation
value of g„~a&„~ in the nuclear ground state:

Using these dynamical deformation operators for the
wave functions, the results for those reduced matrix ele-
ments which were used in this work are summarized as
follows. For the transition with the multipolarity A, from
the ground state to a one-phonon state we get

Using these b&„and denoting the ground state by ~0&, a
one-phonon state with spin I and its projection M can be
written as

V(r R)=—V(r —R&)+ g Ro (r —Ro)a&&Y~&(8,y)
av

A,p

~diag + cp (4)

(1;IiiQ i/0;0& =5 ( —) P

In the case of the transition from a one-quadrupole-
phonon state to a two-quadrupole-phonon state the re-
duced matrix elements are given by

1/2
TABLE II. Volume integrals and rms radii for the optical-

model analysis. (10)

+lab
(MeV)

18
22
24
29
40
48
54

(MeVfm )

366.9
363.9
360.9
366.3
360.1

355.1

338.7

(r2 ) I/2

(fm)

4.11
4.11
4.11
4.11
4.11
4.11
4.11

(MeVfm )

49.3
48.8
50.6
60.8
76.7
95.5

125.7

( r2) 1/2

(fm)

4.37
4.66
4.55
4.84
4.73
4.78
4.78

In order to simulate anharrnonicities, a mixing between
two-phonon amplitudes and one-phonon amplitudes can
be assumed in the construction of the triplet
(I=0+,2+,4+ ) states [16].

~I &„;»„=costi~1;I&+sing&1 ~2;I & .

The mixing allows a direct transition from the ground
state to each of the triplet states.
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The normalized multipole moments for a normalized
axial-symmetric mass distribution p(r ) are given in the
body-fixed system as

(12)

According to the Satchler theorem [17—19] the normal-
ized mass distribution can be replaced by the normalized
potential, if the real part Vz of the effective scattering po-
tential can be described by a folding ansatz with a
density-independent effective NN interaction (implicit
folding procedure). Because the DDM3 Y interaction

[11] is density dependent, the obtained multipole mo-
ments have to be corrected accordingly. The required
correction factors c& have been calculated by Srivastava
and Rebel [20]. Thus we get

f ui,~(r)r"+ dr
(13)

4m f V(r)r dr

with the radial form factor uii'(r) =Rp(aVyar)(r —Rp).
By partial integration, and after multiplying with the nu-
clear charge Ze and the reduced matrix element, we ob-
tain for the isoscalar transition probability

2

Rp&Ifllgi llI; &Ze(k+2) f V(r }r'"+"dr

4mci f V(r )r dr
(14)

using the radial moments f V(r}r' +"dr of the unde-

formed real potential.

1
B(ISA,, I;~If ) M'fsi (I;~If ),(2I;+ 1)

(19)

B. Symmetric-rotator model

For permanently deformed nuclei, the rotator model is
adequate to analyze the inelastic data. Assuming an
axial-symmetric quadrupole and hexadecapole deforrna-
tion, the radius parameter R (Q') in the body-fixed system
is angle dependent according to

with the reduced isoscalar matrix elements

M,si(I;~If)=i "Zeqip&IflID;pllI; & (20)

where qip is calculated by inserting Eq. (17) into Eq. (13).
Finally, the diagonal IS2 matrix elements are related to
the spectroscopic quadrupole moments of the excited nu-

clei by

R (Q') =Rp[1+P2Yqp(Q')+ f34 Y4p(Q')] (15}

The coupling potentials V, are derived from the Legen-
dre polynomial expansion of the deformed interaction po-
tential V(r, R(Q')) transformed from the body-fixed (Q')
into the space-fixed (Q) system:

16m. I(2I —1)
5 (I+1)(2I+1)(2I+3 }

1/2

Mis2(I ~I

(21)

V,„(r,Q)= g ui~(r)D„p(s;)Yi„(Q),
A.~ p

k.&0

(16)

where D„p(s; ) are the Wigner rotation matrices, s, are
the Euler angles, and

u,~(r)= f V(r, R(Q')) Ygp(Q')dQ' (17)

is the radial form factor which describes the radial shape
of the transition potential. Comparing Eq. (16) with (5},
the transition operators Qi„are just the Wigner rotation
matrices. Considering the ground-state band (%=0) of
the Ar nucleus and using the wave functions of a sym-
metric rotator we obtain for the reduced matrix elements

&IfllD', p III; & =(2I;+I)'"(I;~OOIIfO) .

The evaluation of the isoscalar transition probability
within the rotator model [4,5] is similar to that of the vi-

brational model. Assuming that neutron and proton de-
formations are the same, one gets

C. Coupled-Channel Calculations

The spectrum of Ar shows the energy spacing of a
harmonic vibrator. However, the transition rates [21] for
(02+)—+2,+ and 22+ ~2,+ are far from the value which re-
sults from the assumption of pure two-phonon triplet
states. Additionally there is a direct y-ray transition
from the 2~+- state to the ground state [21].This behavior
can only be expected if there is an anharmonicity. On the
other hand, the ratio of the B(E2) values from 2,+~0,+
to 4&+ ~2,+ is almost equal to the value one expects from
the Alaga rules for a rotational nucleus. Therefore we
analyzed the experimental data within the rotational as
well as within the vibrational model. The coupling
schemes are shown in Fig. 3 for both models.

The numerical calculations were performed using a
modified version of the computer code Ects [22). In or-
der to gain a properly permanent deformed potential the
double-folding potential is expanded in a Fourier-Bessel
series of 20 terms, in which the cutoff radius R, is de-
scribed by the expansion (15). In all calculations the
Coulomb potential is deformed in the usual way [15].
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FIG. 3. Coupling scheme for the harmonic-vibrator model
(HVM) and the symmetric-rotator model (SRM).

To obtain an optimum reproduction of the experimen-
tal cross-section data, first the deformation parameters p&
and the potential parameters were adjusted for each ener-
gy. In a second step, the deformation parameters were
fixed to an intermediate value for all energies.

In the vibrational model we assume a mixing of one-
and two-phonon amplitudes for the triplet states. The
mixing angles Ipo, y4, and yz for the states (Oz+), 4,+ and

2,+ have been deduced from the ratios of the electromag-
netic transition rates from the triplet states to the first 2&+

state to the transition from the 2&+ state to the ground
state:

B(E2,I~2)+ )
{pl=arcsln

2B(E2,2t+ ~0)+)
(22)

With the experimental B(E2) values [21,23] from Table
VII one gets

q70= 15.7 tp4= 52. 3
AD&2

27.0

These mixing angles have been kept constant throughout
the analyses. Additionally po has been set to 0 in order to
reduce the number of free parameters in the fit. The
values of P~=0.201 and Pz=0.081 have only been fitted
to the data at 40 MeV and kept fixed at these values for
48 and 54 MeV, because of the poorer data at these ener-
gies. For all transition potentials in the harmonic-
vibrational model an equilibrium radius of Ra=4. 11,
equal to the rms radius of the undeformed folding poten-
tial, was used.

The final results for the calculations using the vibra-
tional model are shown in Fig. 4. The theoretical
differential cross sections of the triplet states are summed
up for comparison with the experimental data.

The obtained potential parameters are shown in Table
III; the deformation parameters used in the calculations
are given in Table IV, together with the resulting volume
integrals and rms radii of the potentials. The differential
cross sections calculated with the averaged results for pz
and p3 shown in Fig. 4 are very similar to those obtained
in the best-fit analyses carried out for each energy. The
differences between the best-fit and averaged values of pz
and p3 are less than S%%uo,

' those in the volume integrals
and the rms radii of the potentials are even slightly small-
er.

In the analyses within the axial-symmetric-rotator
model only the ground state and the 2&+ and 4&+ states are
taken into account. We performed these calculations un-
der the assumption that the main contribution to the ex-
perimentally unresolved triplet is from the 4,+ state. In
the best-fit analyses carried out for each energy both
signs for Pz as well as for P4 were allowed. Depending on
the a energy, different combinations of the signs of pz
and p~ lead to acceptable fits, but only negative values for
both pz and p~ result in a good description of the experi-
mental data in all cases. On the other hand, the combina-
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FIG. 4. Elastic and inelastic a scattering on Ar at 40.0, 48.3, and 53.7 MeV. Experimental data and CC analysis fits were calcu-
lated with the double-folded potential within the first-order harmonic-vibrational model. For deformation parameters see Table IV.
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FIG. 5. Same as Fig. 4, but within the symmetric-rotator model. The deformation parameters are fixed at Pi= —0.16, P4=+0.07
(solid line) and at P2=+0. 16, P4= —0.07 (dashed line).

tion pz&0, p4&0 did not result in acceptable fits at all.
To illustrate the effect of choosing different combinations
of signs for the deformation parameters the cases
Pz= —0. 16,P4=+0.07 (solid lines) and Pi=+0. 16,
p4= —0.07 (dashed lines) are shown in Fig. 5. It can be
seen that the combination pz & 0,p4 & 0 gives a better
description of the experimental data at 54 MeV, whereas
at 40 MeV the choice p2 & 0,p4 & 0 provides a
significantly better fit. At 48 MeV, both combinations do
equally well.

In the best-fit analyses carried out with negative pz and

p4 parameters for each energy, very similar deformation
parameters are observed. The final results, calculated
with average absolute values for p2 and p4, are shown in

Fig. 6. The potential parameters resulting from these
analyses using averaged deformation parameters with
negative sign are shown in Table V. The corresponding
volume integrals and rms radii of the optical potentials
are shown in Table VI together with the values for p2 and

p4. As in the calculations using the vibrational model,
here again the differences to the integral values obtained
in the best-fit analyses are smaller than S~o.
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FIG. 6. Same as Fig. 5. The deformation parameters are fixed at Pz = —0.208, P4= —0.084.
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TABLE III. Normalization factor A,f of the real part and parameters of the imaginary part of the
potential within the vibrational model.

E]ab
(MeV)

40
48
54

1.467
1.520
1.500

Wv
(MeV)

19.37
10.39
2.10

Pv

(fm)

1.331
1.343
1.928

av
(fm)

0.598
1.013
0.902

WD

(MeV)

0.562
29.93
30.35

P'L)

(fm)

1.839
0.792
0.822

QD

(fm)

0.562
0.402
0.705

TABLE IV. Deformation parameters, volume integrals, and rms radii within the vibrational model.
The mixing angles are go=15.7', y4=52. 3', and F2=27.0. The deformation parameters for the one-
phonon component of the triplet states are Po=0.0, P4=0.201, and Pz'=0. 081. For the transition po-
tentials Ro =4.11 was chosen.

Estab

(MeV)

40
48
54

P2
(fm)

0.239
0.239
0.239

P3
(fm)

0.247
0.247
0.247

(MeVfm )

400.3
409.2
400.4

( 2 )1/2

(fm)

4.11
4.11
4.11

(MeVfm )

59.0
70.5
85.6

( r2) I/2

(fm)

4.18
4.25
4.40

TABLE V. Normalization factor A,f of the real part and parameters of the imaginary part of the po-
tential within the rotational model.

Estab

(MeV)

40
48
54

1.306
1.278
1.249

'v
(MeV)

19.52
26.22
9.04

I"v
(fm)

1.162
1.077
1.616

av
(fm)

1.003
1.085
1.010

8'D
(MeV)

1.74
12.06
42.50

(fm)

1.211
1.053
1.014

(fm)

0.382
0.208
0.217

TABLE VI. Deformation parameters, volume integrals, and rms radii within the rotational model.

Estab

(MeV)

40
48
54

—0.208
—0.208
—0.208

—0.084
—0.084
—0.084

(MeVfm )

356.3
344.0
333.4

(r2 ) I/2

(fm)

4.11
4.11
4.11

(MeVfm )

57.1

76.0
89.8

( t2) I/2

(fm)

4.65
4.60
4.72

TABLE VII. B(IS1I.) and B(EA) values in units of e~fm and the static quadrupole moment Q2.

B(ISA,)
Vibrator Rotator

B(EA,)
Shell model' Expt. '

2'
(02+)
2+
4+
2+

31
4+

2)+ Q2 (e fm2)

'Reference [27].
Reference [21].

'Reference [23].
Reference [24].

'Reference [25].
Reference [2].

p+
2+

2$
2+
p+
p+
p+

80
12
33
99

7
1600
9300

+18

80

114

3500

+12

49

19

6900'

+ 11+6

68+8'
1029

28+13
85+14

2.8+0.5
1600+200
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V. DISCUSSION

Comparing the CC analyses, using the HVM and the
SRM, we can find as a first result that the quality of the
fits to the ground state is good in both models. For c.m.
angles greater than 100 the description within the SRM
is more sueeessful because analyses within the HVM un-
derestimate the data (54 MeV) or are out of phase (48
MeV).

For the first 2+ state, which could be analyzed in both
models, the SRM, using negative values for Pz and P4, de-
scribes the oscillatory pattern of the large-angle data
much better than the HVM.

The description of the 4+ state within the SRM is also
very satisfactory for all three energies and the whole an-
gular range. The relatively broad oscillation in forward
direction is especially nicely reproduced. The compar-
ison of Fig. 5 and Fig. 6 shows again that negative defor-
mation parameters are clearly favored. With the negative
sign of Pz one obtains a spectroscopic quadrupole mo-
ment of the first excited state of +18 e fm, which is in
agreement with the result at +11(6) e fm obtained in
Coulomb excitation [2] and establishes the oblate defor-
mation of Ar.

The 02+-4&+-2&+ triplet is also described very well for all
three energies in the HVM, although, as stated in Sec.
IVC, the deformation parameters P4 and Pz were fitted
only at 40 MeV. The description of the 3 state is also
reasonable, whereas for larger angles the cross section
seems to be overestimated.

The comparison of the B(ISA, ) values with the experi-
mental B(EA, ) values in Table VII shows a good agree-
ment between the B(IS3} and the B(E3) value [24],
whereas the 8(E2) values [21,23] are slightly overes-
timated by both models in spite of having been corrected
for effects from the density dependence of the eff'ective
NN interaction. Nevertheless, the 8(IS2) values and also
the quadrupole moment are only somewhat larger than
the upper boundary for the electromagnetic values
[2,21,23]. For the E4 transition 0+~4+ there are no ex-
perimental values from the literature, but Brown et al.
[25] derived from shell-model calculations a value of
M4(0~4)= —248 e fm, which is in reasonable agree-
ment with the value of M,s4(0~4) = —176 e fm extract-
ed from our experimental data within the SRM.

In both models the shapes of the obtained imaginary
potentials (Tables III and V) show nearly the same
feature as the potentials obtained in the OM analysis of
Sec. III. The corresponding volume integrals (Table IV
and VI) are identical within a few percent and increase
with increasing energy. Compared to the volume in-
tegrals from the optical-model calculations (Table II)
they are lower by 20-30%, due to the explicit considera-
tion of the first excited states. The values are similar to
those obtained from a scattering on nuclei at the begin-
ning of the sd shell [4].

For the real part of the optical potential the two mod-
els gave a different behavior: in the vibrational model the
volume integrals are higher than those from the optical-
model calculations, while they are lower for calculations
in the rotational model.

This decrease of the real potential for nuclei with an
oblate shape in CC calculations compared to pure
optical-model calculations has already been observed by
Clement et al. [26].

Comparing the analyses within the two models, the
SRM seems to be better suited for the description of in-
elastic a scattering. First, the overall description of the
differential cross sections is better in the SRM. Also the
B(IS2) values are almost correct without any artificial as-
sumption. Second, the calculations in the HVM treating
the triplet as pure two-phonon states (not displayed in
this work} underestimates the experimental cross section
of the multiplet by a factor of about 2, although the ex-
tracted 8(IS2) values are much too high compared with
the electromagnetic values. Only the introduction of
one-phonon amplitudes to the triplet leads to satisfactory
results. Third, the value of the renormalization factor A,f
of the folding potential seems to be too high in the HVM
calculations, compared to the systematics deduced for
lighter nuclei [4].

VI. CONCLUSIONS

Differential cross sections for the elastic and inelastic
scattering of a particles on Ar have been measured at
the incident energies of 40.0, 48.3, and 53.7 MeV. The
elastic-scattering data have been analyzed in the frame-
work of the optical model together with data at lower en-
ergies [6] using a double-folded real potential. The angu-
lar distributions are described very satisfactorily for all
incident energies between 18 and 54 MeV. The integral
values of the optical potentials show a smooth variation
with energy.

The inelastic scattering was treated in the vibrational
as well as in the rotational model. Again the real optical
potential was deduced from the folding procedure.

While the inelastic scattering to the 3 state is de-
scribed reasonably well in the vibrational model, the
description of the scattering to the 2,+ and the 4,+ state is
better in the rotational model. Here negative values for
P2 and for P4 are needed to fit the inelastic scattering data
at all three energies. The spectroscopic quadrupole mo-
ment of the 2&+ state is found to be positive, thus showing
the oblate shape of Ar. The extracted isoscalar quadru-
pole transition strength to the first excited 2+ state has
the same value for both models but is slightly higher than
the electromagnetic value. Through the mixing of one-
and two-phonon amplitudes for the triplet states the ratio
of the two amplitudes is fixed, but their absolute values
and the strength of the one-phonon transition can be ex-
tracted. For the transition 0+ —+3 the 8(IS3) value ex-
tracted from the vibrational model is in excellent agree-
ment with the 8(E3} value from inelastic electron
scattering. In the case of the hexadecapole transition
from the ground state to the first 4+ state the negative
theoretical value for the reduced matrix element confirms
the negative P4 value from our analyses. The theoretical
value from the shell model lies in between our results for
the HVM and the SRM. Because of the overall better
description of the differential cross sections and the more
consistent behavior of the extracted transition rates as
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well as the optical potentials, the SRM seems to be better
suited for the description of inelastic a scattering.

In this investigation it has been shown that the use of a
double-folded optical a-nucleus potential in the coupled-
channel approach is a sensitive tool for obtaining infor-
mation on nuclear deformation and isoscalar transition
probabilities, provided an extensive set of experimental
data is available. The systematic behavior of the parame-
ters entering the calculations make the transition proba-

bilities very reliable.
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