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A phenomenological and semimicroscopic analysis of data derived
in experiments on elastic and inelastic scattering of 50-MeV alpha
particles resulted from their collisions with 112:114,120,124 gy nyclei
has been carried out (with attraction of available data on complete
cross sections of reactions) within the framework of the optical
potential approach and techniques of distorted waves and coupled
channels. For the low-lying 21+ u 3, states, corresponding values
of deformation parameters, deformation lengths, and the ratios
of neutrons and protons multipolar transition matrix elements
are obtained and a comparison between the obtained parameters
and published data is carried out for other types of the projectile
particles.

Introduction

The substance distribution in a nucleus is studied
by using a scattering of strongly interacting alpha
particles. A detailed information on the distribution
of the proton component in a nucleus is obtained by
using the Coulomb excitation of nuclei and scattering
of electrons [1]. Comparison between these experiments
allows the investigation of differences in the neutron and
proton distributions of nuclei and their structure. Isospin
character of excited states of zirconium even isotopes
is comprehensively studied in works [2—4] by using
the scattering of alpha particles. However, the same
interrogation has not been done for Sn isotopes [5, 6].
Parameters of the optical potential (OP) of the
interaction between alpha particles and medium nuclei
for low and intermediate energies, which can be
extracted from analysis of the angle distribution of
differential cross sections (ADDCS) of elastic scattering
within the frame of the optical model (OM), are
susceptible to ambiguity. A combined analysis of the
ADDCS of elastic scattering and the total cross sections
of reactions (TCSR) allows the limitation of ambiguities
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of the OP parameters, since the data on differential and
total cross sections are the main nuclear values obtained
from the OM. Up to now, few works have been completed
in which both the ADDCS of scattering and TCSR were
involved. A choice of optimal parameters of OP will
allow, in the future, the derivation of a substantiated
information on the structure of the excited states of a
nucleus under study. The semimicroscopic analysis of
the data on “alpha particles — Sn” quasielastic scattering
has been carried out rarely.

In this work, the results of measurements of
the angular distribution of alpha particles scattered
elastically and inelastically by 12114.120.124Qy atoms
are presented. The measurements were conducted at an
isochronous cyclotron U-150M located in Kazakhstan.
Within the frame of a unified approach, the joint
analysis of the data on quasielastic scattering of 40-
and ~50-MeV alpha particles by even Sn isotopes has
been conducted along with the analysis of available
TCSR data. The data were analyzed by using
models of deformed potential of the OM and the
methods of coupled channels (CCM), distorted-wave
Born approximation (DWBA), and semimicroscopic
folding model (SMFM). A comparative analysis of the
deformation lengths 62 and 6 of low-lying states of
the investigated nuclei and the ratios of neutron-proton
multipole matrix elements M,, /M, obtained in this work
and from available publications is conducted by taking
into consideration various types of projectile particles
and using various analysis techniques.

Experimental Technique

The experiment has been performed with employment
of a cyclotron U-150M of the Nuclear Physics Institute
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Fig. 1. Angular distributions of the elastic and inelastic scattering of projectile alpha particles colliding with 112:114Sn (@) and 120:1243n
(b) nuclei (the symbols denote experimental data, and the solid line — optical model for the elastic channel (07) and phenomenological
MCC analysis for 21*' and 3 states, and the dotted line shows the DWBA data) at Eo=(50.14+ 0.5) MeV

(Almaty, Kazakhstan). Alpha particles have been
accelerated to the energies of (50.14+0.5) and (50.540.5)
MeV.

A (AE — E) technique based on the principle of
fast-slow coincidences in semiconductor detectors was
employed. 100- to 200-pum-thick detectors were used
as AFE counters, whereas the total absorption was
measured with 1- to 2-pm thick diffusion-drift Si (Li)
detectors. Other details of the experimental setup are
given in work [8].
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As a target, self-sustaining foils made of Sn isotopes
were used; their thicknesses and isotope enrichment
values are presented in Table 1.

T a b le 1. Thickness and isotope concentration of Sn
targets

Alpha particles Target Target thickness, Isotope
energy, MeV mg/cm? content, %
50.1 £ 0.5 112gp 1.42 4 0.08 75.0
50.1 4+ 0.5 114gp 1.82 + 0.08 60.0
50.5 £ 0.5 120gp 2.20 £ 0.08 99.2
50.5 £ 0.5 1249 2.00 £ 0.08 95.1
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T a b 1l e 2. Optical potential parameters for elastic scattering of near-50-MeV alpha particles colliding with
112,114,120,124 Sy puclei.

Nucleus E,, v, W, ay Qs OR, Jr/4A, | x>

MeV MeV MeV fm fm mb MeV- fm—3

H2gp 50.1 156.89 21.728 0.757 0.547 1959 367 6.8

114gn 50.1 148.63 17.351 0.773 0.632 1957 349 8.3

1208 50.5 147.55 15.619 0.748 0.584 1800 341 2.7

1768 £ 78[11]
124gp 50.5 149.46 16.192 0.762 0.665 1900 330 2.6

The differential cross sections of elastic and inelastic
scattering of alpha particles are measured in the angle
range of 10—65° (lab) with an angle step from 0.4 to
1°. Errors in the determination of absolute values of the
cross sections constituted 3—8% for the elastic channel
and 7—20% for the inelastic one. The complete angle
resolution of the alpha spectrometer was measured by a
technique developed in [8] and turned out to be 0.3°. It
is shown that the mean systematic angle error § 6 caused
by a lack of coincidence between the chamber axis and
the beam of projectile particles constituted 0.5°, thus
requiring to be specially measured in every series of the
experiments. Experimentally measured ADDCS values
for the scattering of alpha particles are shown in Fig. 1.

Experimental Data Analysis

1. Phenomenological Optic-Potential Approach
and Method of Coupled Channels and Distorted
Waves

The data on elastic scattering of about 50-MeV alpha
particles colliding with !12:114:120,124GQn jsotopes are
analyzed by using the deformed potential of OM.
Theoretical calculations have been conducted within
the frame of the SPI-GENOA program [9]. As the
starting parameters of OP, the data of work [10], in
which the global dependences of the OM parameters for
the case of scattering of up-to-80-MeV alpha particles
are presented, were used. The OP parameters have
been selected to achieve a best accordance between
the theoretical and experimental angle distributions
of the elastic scattering, on the one hand, and the
corresponding TCSR values, on the other one. The
search for optimal OP parameters has been carried out
by minimizing x?/N value. The Coulomb radius was
accepted to be rc = 1.25 fm. The obtained values of the
OP parameters, x?>/N values, volume integral Jg, total
cross section og (both the calculated and experimental
[11] ones for 12°Sn) of the reactions are presented in
Table 2. Note that the TCSR values resulted from our
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calculations with the use of potential parameters of
Table 2, coincide with experimental data of work [12]
and with the regularities of TCSR variations exhibited
there for the case of Sn isotopes.

An analysis of ADDCS of inelastic scattering has
been performed with the DWUCK4 program [13] within
the frame of DWBA by using a formfactor of the
collective vibration model, and within the frame of CCM
— by using the vibration approximation of the ECIS-88
program [14].

The results of fitting the theoretical curves to the
experimental ADDCS values of elastic and inelastic
channels of the scattering of projectile alpha particles
by 121141201246, pyclei within the frame of the
phenomenologycal OP approach are presented in
Fig. 1.

2. Semimicroscopic Analysis of Experimental
Data

In the semimicroscopic approach, optical potential U (R)
is constructed within the frame of the folding model,
on the basis of the total M3Y effective interaction and
nucleonic densities calculated by the method of density
matrix functional [15]. The potential of interaction
between two colliding nuclei, in the first order of effective
forces, can be represented as a sum

U(R) =U"(R) +U(R), (1)

where UP(R) is the “direct” potential of the double
convolution model [16]:

UP(R) = / / PO () VP ()0 (12 dry s, 2)

In expression (2), VP (s) is the “direct” component
of the effective interaction (s = 7, — r; + R), and
p'9(r;) are the densities of colliding nuclei (i = 1,2). A
similar scheme of calculation of the exchange potential
UZ(R) is given in work [17]. The effects of single-
nucleon exchange give the main contribution to the
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scheme and can be described with employment of the
density-matrix formalism [18]:

U™(R) = //p(l)(rl,rl + s)VéX(s)p@) (ro,ry — 8)X

x exp(ik(R)s/n)dridrs, (3)

where Vo (s) is the exchange component of the effective
nucleon-nucleon forces, p'Y(r,r'), (i = 1, 2) are the
density matrices of colliding nuclei with mass numbers
Ay and A, and k(R) is a local momentum of the
relative motion of nuclei, which is determined from the
relationship

K*(R) = (2mn/h*)[E — U(R) = Vo(R)]. (4)

Here, n = A1A3/(A1 + A3), s =ra—r1 + R, E
is the energy in a center of mass system, and Vo (R) is
the Coulomb potential. Thus, the potential resulted from
the account of the effects of the single-nucleon exchange,
depends on energy. As input data for the potential
calculation, effective nucleon-nucleon forces are taken
along with the proton and neutron densities of colliding
nuclei.

The complete optical potential should include,
besides a real part, also an imaginary one describing
the absorption of an incoming particle into inelastic
channels. In our case, the absorption potential was built
as being dependent on the calculated real part in the
form [19]

W(R) = i[NoU(R) — awRdU(R)/dR) (5)

where U(R) is the double-convolution potential (1), and
N,, and «,, are parameters characterizing, respectively,
the volume and superficial components of the absorption
potential. A surface-related component simulating a
contribution of the dynamic polarization potential is
added to the real part of the potential [20]. The complete
optical potential takes form

Ui(R) = U(R) — a(dU(R) JdR)+

+i[NuwU(R) — aw(dU (R)/dR)], (6)

where a,,, N,,, and «a,, are variable parameters.

In the calculation of the cross sections of inelastic
scattering, the formfactor of inelastic transition was
taken as ar(dU,(R)/dR) [21].

Within the frame of SMFM, an analysis of
differential cross sections of elastic and inelastic
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scattering has been carried out along with TCSR of
alpha particles colliding with even-even Sn isotopes with
energies of 40, 50.1, and 117.2 MeV. The experimental
data on elastic and inelastic scattering of near-50-MeV
alpha particles colliding with isotopes ''2Sn, '!4Sn,
1208n, and '24Sn are taken from the present work, and
the data for a nucleus 2°Sn at 40-MeV energy of alpha
particles — from work [7]. For the analysis of TCSR, the
data of works [11, 12] were used. Potentials of SMFM
were built according to the above scheme. In Table 3,
root-mean-square radii of the density distributions of
protons, neutrons, and a substance, for alpha particles
and Sn isotopes with mass numbers A = 112, 114, 120,
124, are presented.

In Tables 4 and 5, there are presented the integral
characteristics of potentials for the investigation of the
channels of interaction between alpha particles and Sn
isotopes within the frame of SMFM. It is seen from
Table 4 that the volume integral Jgr increases in its
absolute value with the mass number at a fixed energy
E,, of a projectile particle, and decreases in its absolute
value if E,, rises at a fixed A. The root-mean-square radii
(Table 5) of the folding potentials experience a rise if A

T a b le 3. Root-mean-square radii (measured in fm)
of the density distributions of protons, neutrons, and a
substance. Also, differences Arp, = (r2)1/2 — (1"12,)1/2 are
presented

Nucleus | (r%)l/Q | (rf,)l/Q | (r?n>1/2 | Arpp
4He 1.570 1.570 1.570 0.000
l2gp 4.537 4.591 4.567 0.054
114gp 4.555 4.627 4.596 0.072
1208y 4.602 4.726 4.675 0.124
124gp 4.628 4.782 4.720 0.154

T able 4. Volume integrals of the folding potentials (in
102 MeV-fm?)

System Eo, MeV
40.0 [ 50.1 | 117.2
dfe4112gy —147.2 -145.1 -132.2
4fe41148n ~149.8 —147.7 -134.6
4 4120g, ~157.6 -155.4 —-141.6
Affe4124gy -162.7 -160.4 -146.1

T a ble 5. Root-mean-square radii (in fm) of the folding
potentials

System Eqo, MeV
40.0 [ 50.1 [ 117.2
4He+1128n 5.210 5.210 5.217
4He+114Sn 5.237 5.237 5.244
4He+1208n 5.310 5.310 5.316
4He+1248n 5.352 5.353 5.358
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increases at a certain E, value, whereas the radii vary
just slightly for a fixed A if the energy of alpha particles
increases.

In Table 6, there are presented optimal values of the
folding model parameters ay,, Ny, and a,, (see formulae
(5) and (6)), under which the experimentally obtained
ADDCS values of elastic and inelastic scattering are
described with an acceptable accuracy, if low-level (21+
and 3;) states are excited, and TSCR values. It is
seen from Table 6 that values of the SMFM parameters
are practically the same for different Sn isotopes (with
increase of the number of neutrons), instead, they
depend only on the energy E, of projectile particles.
In Table 6, the parameters N,, «a,, and a, that
characterize the volume- and surface-related components
of the absorption potential are presented; 6IN is the
deformation length.

In Figs. 2 and 3, the fitting results for predicted
(using SMFM) and experimental differential sections of
alpha particles colliding with Sn isotopes are presented.
A good agreement is achieved between the predicted
values and the experimentally obtained ADDS’s for
elastic scattering and inelastic (2] and 37]) channels
under weakly varying parameters N, «a,, and a, in
the considered range of energies.

In Table 7, calculated CSR values otheor are
presented for the investigated Sn isotopes for different
energies of alpha particles, as well as available
experimental data on TCSR, o™, for energies of 23.25,
27.8, 40, and 117.2 MeV cited from works [22, 11, 12].
For a system a+'2°Sn subjected to bombardment of 40-
MeV alpha particles, the parameters of potential used
in the TCSR calculation were taken with accounting
for the (good-described) experimental ADDCS values,
therefore, the mentioned total cross section value can
be considered, with a high probability, as a reliable one.
In all cases, the preceding experience [4] as to choosing
a value of the potential parameter has been taken
into account. For 23.25-MeV alpha particles, TCSR for
the case of collisions with a '2°Sn nucleus, calculated
using SMFM, turned out to be by 6% lower than the
experimental value.

If one takes into account the inaccuracies of
theoretical TCSRs o'f'®°r obtained in this work within
the SMFM frame, and the experimental total cross
sections o " taken from Table 7 and accounting for
their dependence on energy [22, 11, 12|, then the
comparison can be considered as good. In this case, also
the dependence on energy of these values, including og,
is taken into account. This fact confirms once more
an adequacy of the predicted cross sections calculated
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with the use of the above-described semimicroscopic
approach.

Results and Discussion

In Table 8, there are presented the values of reduced
electric transient probabilities B(FEL), deformation
parameters (3, deformation lengths &}, and the ratios
of neutron-proton multipole matrix elements M,,/M,, of
low-lying states of the investigated Sn nuclei, obtained
in the present analysis and other analysis techniques
described in the literature sources. Here, we present
the information related to various types of projectile
particles («, p, e, and others) that are more or less
sensitive to the neutron and proton components of the
deformation lengths and M,, /M), ratios.

When conducting a comparative analysis of the data
of Table 8, we have taken into account the methods
of obtaining the data, reliability of the data, and their
appropriateness for the comparison. In particular, §5
values obtained by DWBA at E, = 44.0 MeV [24] with
using the Austern—Blair model, are underestimated and
not exceed the corresponding values obtained using the
optic-potential methods DWBA and CCM. At the same
time, within the frame of a certain method of analysis,
the data on B(EL), B;, and deformation lengths §5

T a bl e 6. Values of the semimicroscopic potential
parameters and deformation lengths for Sn isotopes

Target E., oy Nuw Aw oN | fm
nucleus MeV 21+ 30
112gp 50.1 -0.02 0.20 0.01 0.758  0.658
114gp 50.1 -0.02 0.20 0.01 0.763  0.662
1205y 40.0 -0.03 0.20 0.01 0.743 0.673
50.5 -0.01 0.20 0.01 0.743  0.603
124gp 50.5 0.00 0.20 0.01 0.750 0.859

T able 7. Parameters of the semimicroscopic model
and total cross sections of reactions for the scattering of
alpha particles colliding with Sn isotopes

Nucleus ‘ Eq, MeV‘ ay ‘ Ny ‘ Qw ‘aﬁlem, mb| o3P, mb
l2gp 40.0 -0.02 0.20 0.01 1743
50.1  —0.02 0.20 0.01 1892
117.2  0.00 0.20 0.01 2145 2140+£160 [12]
lldgpy 40.0 —-0.03 0.20 0.01 1766
50.1  -0.02 0.20 0.01 1910
117.2  0.00 0.30 0.02 2169
1206n 23.25 -0.05 0.20 0.02 1285 1367447 [22]
27.8  -0.03 0.20 0.01 1486 1509445 [22]
40.0  -0.02 0.20 0.01 1830 1768478 [11]
50.1  -0.01 0.20 0.01 1952
117.2  0.00 0.30 0.02 2227 2360150 [12]
124gy 40.0 0.00 0.20 0.01 1808
50.1 0.00 0.20 0.01 1991
117.2  0.00 0.30 0.02 2278 2340+160 [12]
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Fig. 2. Angular distributions of the differential cross sections of elastic and inelastic scattering of alpha particles colliding with 112:114Sp
(a) and '20:1248n (b) nuclei (the symbols show the experimental data, and the solid curves — the results of semimicroscopic analysis)

with E, = (50.1 % 0.5) MeV

taken from work [26] for the 2] state of '2Sn nucleus, the B(FE2) values and deformation lengths overlap with
coincide with values of work [25]. one another. In works [28, 29], B(E2) and 62 values for

In work [27]|, B(E2) are lesser by 6 or 9 percent than ~ Sn isotopes are in satisfactory agreement. The observed
those in works [28, 29], but, because of their high errors, discrepancies can be explained by different experimental
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conditions (there were applied different techniques: a
“pure” Coulomb excitation or a measurement of the
inelastic scattering with coincidence of gamma quanta,
different enrichment of the targets, etc.).

In works [7, 30], B, values were obtained using
the DWBA method for 2] and 3] states of !2°Sn
nucleus from scattering measurements for 40- and

34.4-MeV alpha particles, correspondingly. In [7, 30],
for the formfactor of Woods—Saxon type, radii of
the real and imaginary parts of OP are taken to be
equal to one another, whereas the deformation lengths
are not determined, although values of the deformation
parameters are in acceptable agreement with our data.

T able 8. Comparative data for N/Z, B(EL), 3, 6lN and M, /M, values for 112,114,120,124G, jsotopes

Isotopes Energy of B(EL), B 6N, fm (Particle, energy (MeV)) My /M, Reference
N/Z the state, MeV (e2b') methods
1 2 3 4 5 6 7 8
2?’ state
0.140(11) 0.758(60) (@,50.1) CC,SMA 1.385 this work
1128n 0.130(11) 0.780(70) (a,50.1) CC 1,454 this work
1.24 1.250 0.151(14) 0.906(89) (a,50.1) DWBA this work
0.289(14) 0.135(7) 0.781(39) (a,10.07) Coulomb Excit. [23]
0.0457 0.70(7) (c,44) A.-B.-DWBA [24]
0.152(10) 0.879(88) (p,16) DWBA [25]
0.492(34) 0.143(5) 0.87(3) (p,20.5) DWBA [26]
0.136(5) (p,20.5) CC [26]
0.18(4) 0.130 0.614(135) Coulomb Excit. [27]
0.229(5) 0.693(15) (@,10.6) Coulomb Excit. [28]
0.256(6) 0.732(17) (@,10) Coulomb Excit. [29]
0.140(11) 0.763(61) (@,50.1) CC,SMA 1.510 this work
Li4gpn 0.120(10) 0.724(65) (a,50.1) CC 1.382 this work
1.28 1.260 0.130(11) (a,50.1) DWBA this work
0.20(7) 0,118 0.693(242) Coulomb Excit. [27]
0.0420 0.67 (a,44) A.-B.-DWBA [24]
0.139(10) 0.743(57) (a,40, 50.5) CC,SMA 1,817 this work
1209y 0.101(9) 0.620(50) (a,50.5) CC 1.351 this work
1.40 1.180 0.106(9) 0.650(52) (a,50.5) DWBA this work
0.109(10) (a,34.4) DWBA [30]
0.12(2) (a,40) DWBA [7]
0.12 (n,46) [31]
0.170(40) 0.112 0.584(137) Coulomb Excit. [27]
0.0247(41) (e,150) By (L—0) [32]
0.113 0.667(35) (p,16) CC [33]
0.119(10) 0.704(64) (p,16) DWBA [25]
0.12 0.653 (d,15) DWBA [34]
0.044 0.66 (a,44) A.-B.-DWBA [24]
0.230(12) 0.115(6) 0.681(34) (@,10.07) Coulomb Excit. [23]
0.129(4) 0.713(25) (p,24.5) DWBA [35]
0.197(4) 0.628(13) (a,10.0) Coulomb Excit. [28]
0.203(4) 0.638(13) (@,10) Coulomb Excit. [29]
0.13(1) (p,17.8) DWBA [36]
0.140(12) 0.750(60) (@,50.5) CC,SMA 2.266 this work
1249y 0.096(9) 0.595(54) (a,50.5) CC 1.591 this work
1.48 1.130 0.100(9) 0.620(60) (a,50.5) DWBA this work
0.140(6) 0.082(2) 0.491(10) («,19.5) Coul.-Nucl.Interf. [37]
0.0266(45) (e,150) Br(L—0) [32]
0.119(4) 0.640 (p,24.5) DWBA [35]
0.528(35) (p,16) CC [33]
0.108(7) 0.646(60) (p,16) DWBA [25]
0.150(30) 0.108 0.542(108) Coulomb Excit. [27]
0.051 0.71 (a,44) A.-B.-DWBA [24]
0.184(9) 0.101(5) 0.604(30) (@,10.07) Coulomb Excit. [23]
0.170(4) 0.577(14) (a,10.0) Coulomb Excit. [28]
0.161(4) 0.562(14) (a,10) Coulomb Excit. [29]
ISSN 0503-1265. Ukr. J. Phys. 2004. V. 49, N 9 847
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(Continuation)
1 | 2 | 3 4 5 6 8
3] state
0.144(12) 0.658(56) (@,50.1) CC,SMA this work
H2gn 0.140(13) 0.840(80) (a,50.1) CC this work
1.24 2.350 0.155(16) 0.930(98) (@,50.1) DWBA this work
0.00705 0.56 (a,44) A.-B.-DWBA [24]
0.203(10) 1.174(164) (p,16) DWBA [25]
0.251(18) 0.146(5) 0.96(3) (p,20.5) DWBA [26]
0.133(5) 0.805(5) (p,20.5) CC [26]
0.144(13) 0.662(66) (@,50.1) CC,SMA this work
1i4gpn 0.120(11) 0.724(70) (a,50.1) CC this work
1.28 2.300 0.130(13) 0.784(85) (@,50.1) DWBA this work
0.16(6) 0.099(40) (N14,52.5)Coulomb Excit. [38]
0.0088 0.62 (a,44) A.-B.-DWBA [24]
0.141(12) 0.673(59) (@,40) CC,SMA this work
1208 0.129(11) 0.603(50) (a,50.5) CC,SMA this work
1.40 2.390 0.132(12) 0.810(77) (@,50.5) CC this work
0.119(11) 0.730(70) (a,50.5) DWBA this work
0.120(10) (@,34.4) DWBA [30]
0.14(3) (,40) DWBA 7]
0.17 (n,46) [31]
0.0162(20) (e,150) B;(L—0) [32]
0.151 0.892(38) (p,16) CC [33]
0.159(20) 0.941(133) (p,16) DWBA [25]
0.14 0.762 (d,15) DWBA [34]
0.0098 0.62 (o,44) A.-B.-DWBA [24]
0.13(5) (N14,52.5)Coulomb Excit. [38]
0.161(8) 0.897(49) (p,24.5) DWBA [35]
0.14(1) (p,17.8) DWBA [36]
0.182(15) 0.859(76) (@,50.5) CC,SMA this work
124gp 0.119(10) 0.738(60) (a,50.5) CC this work
1.48 2.610 0.116(11) 0.720(70) (a,50.5) DWBA this work
0.0108(15) (e,150) By (L—0) [32]
0.138(7) 0.777 (p,24.5) DWBA [35]
0.115 0.706(38) (p,16) CC [33]
0.133(20) 0.826(135) (p,16) DWBA [25]
0.0099 0.62 (a,44) A.-B.-DWBA [24]
0.18(6) 0.15(2) 0.898(144) (2,19.5) Coul.Nucl.Interf. [37]
0.20(8) (N14,52.5) Coulomb Excit. [38]
N o t e. The following method notations are taken: SMA stands for semimicroscopic analysis; DWBA — “distorted-wave Born
approximation” calculations; CC — “coupled channels” calculations; A.-B.-DWBA — distorted-wave method with Austern—Blair

Coulomb excitation; By(L —0) — reduced transition probabilities taken from work [32]. Deformation length values §)Y for works
[27—29] are determined on the basis of corresponding B(EL) values for 2] states of 112:114:120,1249p nyclei with Rg = 1.2 A/3 fm.

Errors of the My, /M, values constitute (12—14)%.

In work [37], the data on B(EL), 3, and deformation
lengths 6" for 2 and 3 states of '?*Sn nucleus
are presented which were obtained from the ADDCS
analysis of scattered 19.5-MeV alpha particles in
the interference region of the Coulomb and nuclear
interactions; in this case, the B(EL) data were by 15%
lesser than those measured with the “pure” Coulomb
excitation. In [37], the Coulomb and nuclear components
are determined separately in the deformation parameters
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(8 and Y, BS and 8Y), giving 55 > B by 8%,
and 8§ > BY almost by two times. From the data of
work [37], we have included, into Table 8, the values
of the deformation parameters and deformation lengths
calculated using 3, and Rc = 1.2A4'/3 fm, and consistent
with their charge component.

In work [38], the errors of the determination of B(E3)
values for 14120:124Gp = obtained from measurements
performed on Coulomb-excited 52.5-MeV N ions,
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Fig. 3. ADDCS values of elastic and inelastic scattering of alpha
particles colliding with a 12°Sn nucleus (the symbols show the
experimental data [7], and the solid curves — the results of
semimicroscopic analysis) with E, = 40 MeV

constitute 40% and are not exhibited in our comparative
analysis.

Analysis of the data represented in Table 8 shows
that M, /M, values for 2 states of 112:114.120,124Gy
nuclei exceed by 1.1 to 1.5 times the corresponding N/Z
ratios. Therefore, in the low-lying 2 states of even
Sn isotopes, the neutron component is more deformed
than the proton one, and the ratios of these values are
more than N/Z corresponding to the collective model
concept. It is seen that, for even Sn isotopes, the values
of 2] -states’ deformation waves obey the relationships
Sem < Opny < Oy for HBUBL20124G7 thys corresponding
to the prediction of the “core polarization” model [1] for
nuclei with the closed proton shell (Z = 50).

It is seen from Table 8 that there is no sufficient
amount of reliable data on the charge components for
the calculation of the M, /M, ratio in 3; states of
112,114,120Gp nuclei, so, there is a lack of experiments on
the Coulomb-type excitation (or scattering of electrons)
of octupole transitions. For the 3; state of '?*Sn
nucleus, the relationship 1 < M, /M, < N/Z is met.
Within the frame of the same method of analysis (in
particular, CCM and DWBA), the relation d,o <
dpp 1s true for the 37 state of '?°Sn nucleus, thus

ISSN 0508-1265. Ukr. J. Phys. 2004. V. 49, N 9

corroborating the conclusion of larger deformability
of the neutron component as compared with the
proton one. At the same time, this inequality is less
pronounced for the 37 state of 1'2Sn nucleus: J,q <
Opp’ -

The deformation lengths for 2 and 3; states of
12012481 nuclei are extracted in [33] basing on the
analysis (CCM and DWBA) of the scattering data
for polarized 16-MeV protons. In work [33], in which
neutron-scattering data [39] were compared, it was
found that the relationship 0., < dpp is true for the
21 state of '?°Sn nucleus, thus complying with the
prediction of the model [1], whereas, for 2 state 12°Sn
nucleus, this relationship is not strict. CCM analysis
for the 3, states of '2%!24Sn nuclei gives &pn =~
Opp’ -

Note that we do not have information on calculations
carried out by the technique of work [1] for octupole
states of nuclei, although a need exists in such
data.

The authors are grateful to Prof. S.A. Fayans
(Russian Scientific Center “Kurchatov Institute”) for the
access to the data on the microscopic densities of nuclei
and the support of our work.
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®EHOMEHOJIOTTYHUI [ HAIIIBMIKPOCKOIIIYHU
AHAJII3 PO3CIAHHSA AJIBO®A-HACTMHOK 3 EHEPTIEIO
50 MeB I CTPYKTVYPA ITAPHIX I3BOTOIIIB OJIOBA

K.A. Kymepb6exos, I.H. Kyzmina, B.M. Caduxos, €.1. Icmamos
Pesmowme

Bukonano ¢genomenonorivauii i HamiBMikpockomiaamnit anasisz exc-
MEePUMEHTAJBHUX JAHUX 3 IPY’KHOIO i HENPYKHOTO PO3CisgHHS Q-
JACTHHOK 3 eHepricio 6;u3pko 50 MeB Ha sgpax 112:114,120,124 gy
(pa3oM 3 HasIBHEMMU JAaHEMH 3 MOBHEX Iepepisis peakniit) B pam-
KaX MOJeJi ONTHYHOTO IOTEHIiaJy, METOJIB CIOTBOPEHUX XBHUJb
Ta 3B’s13aHUX KaHAIIB. /[y1sT HUBbKOEHEPre THIHUX 2'1*'— Ta 3] -CTaHiB
OTPUMAHO BiAIIOBiAHI 3HAUEHHs MapaMmerpiB gedopmailii, medop-
MaIiffHIX JOBXKWUH, BiIHOIIEHDb HEHTPOHHUX | MPOTOHHUX MYJIbTH-
MOJIbHUX eJIEMEHTIB MEepexo/IiB, a TAKOXK MPOBEIEHO MOPiBHIHHS
BH3HAYEHUX 3HAYEHDb MMAPAMETDIB 3 JHITEPATYPHUMHU JAHUMH JIJIsT
IHIIMX THUIIB HAJIITAYUX YACTUHOK.
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