06beAHHEHHbIA
WHCTHTYT
AAGPHBIX
NCCABLO0BANNA

1y0Ha

E4-88-673

Dao Tien Khoa, O.M.Knyazkov*, I.N.Kuchtina,
G.A.Feofilov*

UNIFIED SEMIMICROSCOPIC APPROACH
SCATTERING OF LOW ENERGY PROTONS

AND ALPHA-PARTICLES BY NUCLEI

Submitted to ''"ApepHas ¢uamka'

*Leningrad State University, USSR

1988



1. lptroduction

Ihe study of scattering of low energy protons snd &-par—
ticles by nuclei represents the important source of informastion
concerning the properties of nuclear structure. Recently some
new schemes of experimental dates anelysis including in an obvious
way the effective nucleon-nucleon forces and nuclear transition-.
densities were practised on a large scale /1/. The exchange
nucleon-nucleon correlsztions provided by the influence of Pauli
principle plesy the essential role in the interaction of low
energy nucleons &and a(—particles with nuclei. For a long time
these correlations have been taken into account explicitly in
the calculations of the nucleon-nucleus optical potential (OP)
and of the inelastic transition formfsctors (ITF), (see f.e./2/).
As for alpha-particles interacting with medium and heavy nuclei
this explicit account of one-nucleon exchange in the density
matrix formalism has been limited only to the case of elastic
scattering /3, 4/.

The inelastic scattering of o -particles from nuclei is
equally tentative both to the neutron and proton components of
nuclear transition densities, while the inelastic low energy
proton scattering is more sensitive to the neutron component.
Consequently, mutual analysis of inelastic scattering of protons
and ¢ -particles by the same target nucleus masy provide the
information on the isospin structure of inelastic nuclear tran-
sitions. Hence, it is actual to develop a new scheme of unified
description of low energy nucleon and ¢ -particle interaction
with nuclel based on the same effective nucleon-nucleon forces
and on the explicit account of exchange nucleon-nucleon correls-
tions in the calculations of nucleon-nucleus andd& -particle -
nucleus OP's and ITF's.
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It has been determined by the studies in the fremework of
optical moael both for nucleons and composite particles that the
OP depends on the energy of the ongoing perticle /5/. The theo-
retical study of the energy dependence of nucleon OP has shown
that it is provided in general by the exchange and many-particle
nucleon-nucleon correlations contribution /6, 7/. As to the
composite particles (f.e. 4-1mrticles). the role of the exchange
correlations in the energy dependence of o -particle OP was an
open problem until recently /8/. Thus the investigation of the
one-nucleon exchange contribution to the energy dependence of

o -particle OF snu the theoretical study of the energy depen-
dence of "geometry" of the potential with the comparative ana-
lysis of the previously esteblished empirical regularities are
actual.

This paper deals with the problems that have been formulated
above. We use &8s & basis the semimicroscopic approach (SMA) that
was developed in papers /9 - 11/ for the nucleon-nucleus scatter—
ing. Section 2 contaeins the formalism of the approach which
includes the closed expressions for the « -particle OP's and
ITF's. Here also the phonon structure of interaction in the
system o -particle - target-nucleus is investigated. The expe-
rimental dats analysis of the scattering of 25.05 eV protons
and 104 Mev o -particle by 90Zr is in the third section. Here
the isospin structure of the inelastic transitions is investi-
gated on the base of the stendard collective model and of the
quasiparticle-phonon model (QPM) of nucleus /12/. The energy
dependence of the semimicroscopic o -particle OP is studied
in the fourth section , a special attention is paid to the
changes of the potential 'geometry" with the energy. The sec-
tion also includes &an additional experimental data analysis.
And in the last section the main results and conclusions are
formulated.

2. The formelism of the SMA

The real paert of the interaction potential of Z-particle
with the target-nucleus can be obtained in the single folding
model as /13/:
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For simplicity we are performing the change of variable
in (1):

U] = JUP () g, (R-5)ds7

(2)

By meking the multipole expansion for both right and left
perts of expression (2) one can obtain:

AR 7 A
Y, Kf/-,jl/d &4, hs/sids . G

Keeping in mind the development of & unified description of
nucleon and ¢ -particle scattering by nuclei, let us use for the
nucleon OP's and ITF's the corresponding expressions obtained
in the framework of SMA /10, 11, 1%/. We'll get as a result:
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Here 64 AV and A (3/ - are nucleon OP and ITF

calculated by a simple folding model (without any account
of correlations):
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The exchange integrals _Z;afkj are determined for A £ O
by formula:

7, (s/= /Zo?/g/f/ﬂ,d ), o SI0 Y. (g

And in 8ll other cases l;” Aﬂ can be expressed as:

Loy 51= = St fouo (58], lhe (5189 2 75t . (9)

For the density matrix components 1600(3;f/ we have:

Lo (5 f/=/—4’% [/fiffy/x‘o(wsq)t/wf dip - (10)

As & result of 1localization performed in accordance with
/15/ for nonlocal exchange terms the values of the _Zkh (s)
depend explicitly on nucleon momentum, which is determined by
formula:

INTE ;Af [E,~UG)-dpTs) - 4(1- TV (s1] - A1)

Here  Z,;= -1 for protons and Ta= 1 for neutrons. In
Eg. (4) - (9 U;A (55') 1is a component of multipole expansion
of the direct part of effective forces, g /Z) is an

exchange part of effective forces and q’ is a parameter

characterising the dependence of these forces on the nuclear
matter density distribution. Unmentioned definitions can be

found in /10, 11, 14/.

Let us note some features of the ITF ULNA(S) expansion
with the parameter A, . This expansion is motivated by the
fact that the developed formalism is used for the description
of inelsstic scattering of protons and & -particles by the
target-nucleus with the excitation of phonon states. In this
case the use of & standard procedure of transition from the
parameter /@A to the phonon operators and the representative
of the intersction operator for the ingoing particle end the
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target-nucleus through the phonon operators demsnd the power
expansion of ITF with the parsmeter B, (see also /16/).

The possibility of such expansion in SMA is defined by the
choice of density matrix ,ﬂ/??zfl in the framework of modi-
fied Slater approximation /17/. The explicit form of the
expressions (4) and (5) was obtained with the account of standard
linear in ,ﬂﬁ expression for ‘/j/%) /1/ and with the neglection
of the dependence of the Fermi momentum 4 on paremeter ,A& .
The last fact was investigated in /18/ and it was shown that
at the first epproximation it is possible to skip the dependence
of Ar on /ﬁ; for the description of two-phonon states. For
simplicity the Eq.(5) contains only the msin, linear in @(s/
parts. The explicit view of the parts containing 2¥s) could
be found in /7, 18/. In these two works it is shown that the
limitation up to quadratic in 9€/s) parts is quite sufficient
for the calculations of OP's and ITF(s.

If one will set in Eq. (4) and (5) 1{5 =0e8nd =0, i.e.
ignore the exchange and many-particle(represented by the density
dependence of effective forces) nucleon-nucleon correlations
then the C&fwkk) will be equal to Ldf?&) and in accordance
with Eq. (3), (6), (7) one will obtain for the ¢ -particle OP
end ITF the standard double folding model expressions /19/.

Thus for the case of « -particle SKA can be considered as the
generalization of double folding model for the gccount of nuc-
leon-nucleon correlations.

The second feature of semimicroscopic expressions for OP
and ITF is their closed form (contrary to the corresponding
expressions for the deformed nuclei /20/), i.e. no any itera-
tions are needed for their calculations. This is extremely
essential for the phonon model application to the target-nucleus
state description. )

Paremeters /ﬁ s included in Eq. (4) and (S) have the
meaning of the parameters of static deformation of nucleus.

For the inelastic transitions in nuclei with the dynamic
deformation it 18 necessary to move from parameters jgg to
collective variebles @, 4 characterizing the surface vibrations
of nucleus end then to introduce operstors of creation and anni-
bilation of phonons /21/. By performing these operations we
obtain for the interaction of nucleus with phonons the
following expression:
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where )ﬂ 127 and /CQA,AZ ﬁk/ are correspondingly the
d—particle radial form factors of the lst and 2nd order:
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Eqs. (12) have the seme phonon structure as the analogous expres-
sions of the standard coupled cheannel method. The difference is
that the radial form factors are not the derivatives of the
spberically simmetric part of the potential /16/, but they are
calculated according to Egs. (12a) and (12b) on the base of the
effective forces and the transition densities with the account

of nucleon-nucleon correlations. Thus the Egs.(1l2) may be used
for the modification of stanuard computer codes (f.e. ECIS

/22/ ) for the experimental data analysis in the strong coupling
approach.

The Egs. (12) give the explicit form of interaction of
nucleons and J-—particles with phonons and include the transi-
tion densities /5/3/ that may be calculated in the frame-
work of different semimicroscopic models /12, 23, 24/. Thus the
formelism of the present approach gives the possibility of
testing the various nucltear models not only in the description
of the electromagnetic transition probabilities but also in the
representation of inelsstic scattering of low energy nuclsons
and & -particles from nuclei. This is extremely essential for
the investigation of the isospin structure of inelastic transi-
tions and for the extraction of the information concerning the
differences in proton and neutron transition demsities.
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3. Experimentel data analysis

We apply thbe formalism represented sbove to the analysis of
elastic and inelastic scattering of protons with the energy
Ep = 25.05 Mev and of 104 MeV f-particle from 9OZr nucleus. In
both cases it is possible to consider the direct mechanism as
the dominant one. Besides, with such choice of proton and

d -perticle energy (Ep o Ey /4) the same nucleon OP's and
ITF's can be used for both cases.

Let us consider briefly the calculationsl scheme. As a part
of the effective nucleon-nucleon forces independent of the matter
density distribution of the nucleus the Schmid-Wildermuth'forces
were used /25/ which successfully described the free low energy
NN and &4 scattering and also the cluster properties of light
nuclei. In /10/ this interaction was modified by the introducing
of the density dependence in the following form:

Y 58] = 430-8) p(F2E). (13

The pesrsmeter "d" here is to be defined from the description of
the elastic scattering cross-sections by minimization of the ;1.
The two parameters of Fermi density chsrge distribution were
extracted from electron scattering dats for OZr /5/ (in present
calculations we did not take into account the differences bet-
ween proton and neutron distributions for target nucleus ground
state). As to the matter density distribution for ¢ -particle
the Gaussian representation was used with the oscillator para-
meter 4 = 1.%9 fm /26/. It is possible to use the transition
densities either from the collective model ( /5'4/3/2/=
=/% 249%/bu/z), or to calculate them in the frauwework of QPM /12/.
The neutron and proton components of the transition densities
for |2+> and l4+) states of 9%Zr are shown on Fig. 1. The
method of calculstion is described in detail in /27/. It should
be noted that the calculastions of proton components were done
with the isoscalar and isovector constants of multipols interac-
tion chosen from the description of experimental values of
reduced probabilities B(EA ). And the caslculations of neutron
components were done with the slready fixed values of isoscalar
and isovector constants. Thus, as has been mentioned above,the
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Fig.1. Transition densities, ’ '&
for ?92r nucleus calculated in =

&
guasiparticle-phonon model §§

(QPM) : Hatched line - the pro-

ton component, Hatched-dotted 0.02
line - the neutron component,

full line - the sum of protons

and neutron components. a) for
i2+> state, b) for 14+> state. Q01

h

Luk) , 972

Table 1
Ey + Mev 40 60 80 100 120 150 200 250 300
U, Mev 241.7 238.6 235.6 232.7 230.3 226.6 221.6 217.5 2l4.1
128.9"
U (6 fm) 48.65 47.57 46.54 45.58 43,58 42,02 40.2 39.84
MeV 48.14" ) 44,79

* The values of the potential for the Woods-Saxon perametrization
at the E, = 104 MeV were teken from the paper /29/.

analysis of scattering of particles from nuclei gives the possibi-
lity of checking the model predictions for the neutron transi-
tion densities components. One can see from Fig. 1 that ‘/%/%/
calculated on the base of QP for both neutrons snd protons has
(in contrast to macroscopic transition densities) the oscillat-
ing structure for the inner region of nucleus. But the cross-
sections of scattering are not sensitive to these structures
due to the presezﬁe of absorbtion. For both the states the
maximum of /ﬁ /%/ is shifted to the surtsce region in com-
parison with the meximum of 46‘70@/ and the values in
maximum are significantly greater for the proton components 4 ﬁy.

The real part of proton and d-—particle OP's and ITF's
were caglculated on the base of mentioned choice of the effective
forces, /f,’ (x) 5 _/;‘ /‘!/ and ﬁ /’l/ and the formelism
of previous section. For the other parts of OP (coulomb,
imaginary and spin-orbit terms) the standard optical model
predictions were used. The corresponding parsmeters for protons
were taken from /28/ and for & -particles from /29/.

The results of the calculations of differentisl cross-
sections of 25.05 MeV protons and of 104 MeV -particles
elastic and inelastic scattering from Zr nucleus are shown
together with experimentsl data in Fig. 2 and Fig. %. Full lines
correspond to the QPM transition densities. There are also the
results of calculation with collective model transition densi-
ties for |4+)8tate excited in g -perticle scattering . This is
the case when the difference between above results is the largest.
In other cases the difference is unsignificent. The corres-
ponding results for the macroscopic transition uensities are
not shown but the optimal values of the parameters /ﬁ‘ extracted
from the analysis of experimental cross-sections are repre-
sented in Teble 1.

Let us discuss the obteined results. It could be seen,
thet with the seme optimum vslue of the psrameter "d" equal
to 442 MeV'fms, the good description of angular distributions
of elastically Bcattered protons and & -particles .has been
obtained. It should be noted that the value of psrameter "d"
is well matched with the value d = 488 MeV-fmG, which was
obteined in /30/ for the isotopes 94'96‘100Mo. For the 4 -psr-
ticle s8cettering description no variation of the absorbtion
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Fig.2. Angular distributions of

25.05 MeV proton scattering from 9OZr
calculated in SMA with the use of QPM
transition densities: a) elastic scat-
tering, b) inelastic scattering (|2+>.
E, = 2186 keV), c) inelastic scatte-
ring (4% , Ex = 3077 keV). Dots - the
experimental data /28/.

Fig.3. The same as Fig.2 for 104 MeV
d—particles. Hatched-dotted line - cal-
culations with the transition densi-
ties of collective model. Dots - the

/, deg experimental data /29/.
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potential parameters has been made and for the protons the
improvement of experimental data description was achieved by
increasing Hér from 1.5 MeV /28/ to 2.5 MeV.

The values of deformation parameters A2 and Jgr were
extracted from the fits to the experimental angular distribu-
tions., As in the formalism of SMA the informetion on the defor-
mation of matter distribution and not of a potential is intro-
duced, the values of A2 extracted from the description of
(py p') 8nd ( &, 4 ') scattering in the present work
appeared to be . greater than the corresponding values for the
deformation parameters of proton and o ~particle potential
obtained in /29, 31/. As has been mentioned in the Introduction
the inelastic scattering of & -particles is sensitive equally
well to the distribution both of protons and neutrons, while
the scattering of low energy protons im more sensitive to the
neutron distribution. Due to this fact the value of /& extracted
from the analysis of ( &£, #') in SMA, and which is grester than
the optimum value of /31 from the description of (p, p') scat-
tering, gives that for the 9021 state |2+) Ap / fa> 1.
This result also is consistent witbh the fact that Jg;,, ::/%mp/
and Sem 2 Bpp:  (see Table 1). The velues of Ay 8re very
close to corresponding values obtained in /28/.

The results that are represented in Figs.2 - 3% demonstrate
the good description of angular distributions both for protons
and « -particles for the excitation of l2+) state. Thus it
is not necessary to renormalize the neutron component of tran-
sition density calculated in QPM. By calculating the ratio of
moments of transition densities (Fig. 1) we obtain Mn/Mz = 0.96
for |2*) state. From this fact the retio _Bu /Bp = 0.77
follows. This conclusion is in good agreement with the pre-
vious analysis which has used the macroscopic transition den-
sities and also with the conclusions of effective charge model

/33/.

For the l4+) excited state the calculations also give the
good description of angular distributions snd the magnitude of
cross—-sections for protons while for o -particles the theoreti-
cal predictions are underestimated. This discrepancy can be due
to the fact that in & present calculations the sum of neutron
and proton components of transition densities was used. The
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introduction in &n explicit way of the neutron and proton diffe-
rences of transition densities into the calculational scheme
may be essential for the description of |#+> state.

In /34/ it was noted that for the inelastic scattering
of & -particles from nuclei it is very essential to take into
account not the static density dependence of the effective forces
(SDD) but the so-called dynamic density dependence (DDD). The
transition from SLD to DDD as was shown in /34/, leads to the
increase of values of dynamic deformation parameters extracted
from the inelastic scattering analysis by the factor of 1l.5.
Let us consider the mentioned effect in SMA. The use of SDD means
that Eq. (15) includes only spberically symmetrical part of

//i'/ , l.e.t
y(Ee)=d 570 (L)) (138)

The well-known folding procedure with the interaction (1l%a)
gives to the interaction potential of particle and nucleus the
contribution which is equal to %/Z///Z*/ . The corres-
ponding contribution to the ITF is equal to aﬁ/%{%d/&(%/ .

The account of DDD means the use of Vf(i)’f’} in the form
of Eq. (13%). In this case the contribution of the density de-
pendent effective forces to the ITF will be equal to

24’%/&4/&/@/ tust is taken into account in kq.'s (5, l2a,
12b). Dhus the DDD is presented in the spproach of this paper.
Because the signs of 2% (s)p, (s/ and Uf/s)*]},,/‘/
are different (see Eq. (l2a, b)), the transition from SDD to DDD
in SMA jalso leads to the increase of values of the parameters .
But this increese is not so dramestic as in the paper /34/,which
is due to the fact-that in SMA the exchange nucleon-nucleon
correlations sre taken into account while in /34/ the latter
are not considered.

4. Energy dependence of ¢i -perticle nucleus potential

In order to investigate the role of exchange nucleon-
nucleon correlations in the energy dependence of the resl part
of 4 ~-particle - nucleus potential we have made the calculations
for the system ( &£ + % Zr) in the energy region from zero up
to 300 MeV. The part of the calculations is represented in

12

Fig.4. Angqular distributions
ofC’-particle elastic scat-
tering from 90Zr calculated
in SMA (with the account of
the exchange nucleon-nucleon
correlations and the density
dependence of the effective
forces) . Hatched line - the
calculation without the men-

tioned above effects.

Dots -
the experimental data /37/.

, mb/sr

S2

Table 2
207 100" 154
@, deg
A A Process  Emergy, MeV Reference
2 0.094 B(E2) /32/°
2 0.085 (n, n') 11 731)
2 0,070 (p. p") 12.7 - 6l.2 /31/
2 0.086 (py P") 25.05 present work
2 0.086 (y ') 104 /29/
2 0.12 [CCAD) 104 present work
4 0.055 (p, P") 25.05 /28/
4  0.045 (py P*) 25.05 present work
4  0.045 (o, d') 104 present work
13



Table 2. The essential feature of the calculated potential is
the deviation from the Woods-Saxon form for the radial depen-
dence. One can see rrom the data of Table 2 that inside the
nucleus at E = 100 ileV the values of phenomenological and
microscopic potentials differ almost by the factor ot two,
while at the surtace region the difference is about 5%.

4As 8 function of energy the constructed potential inside
the nucleus can be approximated by two types of expressions =-
linear and quadratic:

B, - dE Up = 247 .8 MeV d = 0.15 (14a)

Yem)
U, - ’E+ﬁ£z U, = 247.8 MeV Y= 0.15 (14b)

0.00019 Mev~1.

]
]

U(m)

Eq. (l4e) gives the good description of the energy depen-—
dence of the potential below 100 MeV. As for the region AE=
=100 - %00 weV the approximation works with the 35% accuracy.
Quadratic approximation (1l4b) is much better and gives 6%
accuracy.

The comparison of data of the 2nd snd the 3rd lines of
Table 2 shows, that for the inner part of nucleus the poten-
tial depends on energy lesser than on the surface. This fact
allows one to take the following form of the potential

UIER)=U, [1- d (kI E] £(R). (15)

Here O(m'/z />0(/0) . One can find from the described ana-
lysis that for the radius Ai/z A(Rsy) = £1#4100) |, i.e. the
contribution of the exchsnge correlations to the energy depen-
dence of potential is increased by a factor of 1.7 that spesaks
about the localization of the exchange correlations at the
surface region. Eq. (15) can also be interpreted as the energy
dependence of radius Rl/2' Note that previously through the
empirical enalysis in several cases the energy dependent
potentials with HL/E(E) were used (see examples in /35/).

For nucleons such dependence was justified by semimicroscopic
investigetions /6, 7, 9/, while for & -particles this problem
on the SHMA basis was not studied.
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Present calculations allow one to reveal the energy depen-

dence of the radius Rxé for alpha-nucleus potential.It is possible

to use the two types of approximations again:

/f,/z/E/zﬁ‘,.,z-J}E Koy = 4 69 f» J/S”:“”/fh'ﬂeff(lsa)
i’/f@/:ﬁﬂ'/l ',Rf *}sz {,:4444/{” _”ey-f
Bo=0.0000912 fm. Mev % . (16b)

Eq. (16a) analogous to (l4a) gives good agreement with our SMA
results up to 100 MeV energy of 4, -particles. As tor the 100-300
MeV energy region - the accuracy is poor (up to 35%). The quad-
ratic approximation works with the accuracy 1% in the whole
energy region (0O - 300 MeV).

Thus the SMA supports the conclusions of the empirical ana-
lysis on the energy dependence of radius Rl/2 of 4 -particle -
nucleus potential, the decrease of R1/2 with the increase of
energy /36, 37/. It can be shown that the functional dependence
of Eq. (16a) type introduced into a standard optical model is
equivalent to the functional dependence of the potential of
Eq. (15). In fact by making the Taylor expansion of the poten-
tiels (/e (E),A) in the vicinity of Ryp = R

one
can get: ° 1/2

U//fr/ﬁ/é/lﬁ/zl//ﬁpt/lzlf/-/{/f/f, (17)
YR = b Ry ,5)/ 9B,y (178)

Supposing the Woods-Saxon radial dependence for L/At/ we obtain
from Eq. (17), (17a):

U By (ELE) = U By RI[1- dRIE] (18)

where

s & ew (B-Rown)f)

a 7+ e4p ((/f—faf/g)/q) ' (Loa)

One can see that dﬁrf/z )> o(e) ana that the maximum
of the function £(£) is situated in the surface region of
the nucleus. This conclusion corresponds to SMA results (see
discussion of Eq. (15) and Table 2).

15
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The constructed semimicroscopic potentials were tested for
the several values of energies in the description of experimen-
tal cross-sections of elastic scattering of o -particles in the
wide angular region (see Fig. 4). The good overall agreement
was obtained to the experiment in the description of the main
features of anzular distributions: oscillations at small
angles, the shift of the critical angle for those oscillations
with the change of the energy, the dramestic diminishing of
cross-sections at £) = 79 MeV end 99.5 lieV for the angles
greater than the critical angle, peculiar form of angular
distributions in the angular region from @ = 80° to &= 140°
for [; = 59 eV and 79 MeV. In the same time there are some
discrepancies between the calculated and the experimental cross-
sections. But one must remember that the calculations were done
without fitting of any parameter concerning the reel part of
the OP, the latter was calculated by a scheme of the previous
section, the density dependence parsmeter "d'" was fixed at the
value 442 Mev-fm6 (see sect. 3). Fitting wes allowed only for
the imaginary part of the OP. R

In Fig. 4 résults are presented also for the calculations
without exchange and many-particle nucleon-nucleon correlations
(batched line). So one can see the effect of nucleon-nucleon
correlations on anguler distributions both for oscillations
and for the characteristic bebhaviour in the backward hemisphere.
It should be noted that such behaviour was connected with the
so-called "rainbow" scettering /38/. In paper /8/ this pheno-
menon was shown to be dominated by the exchange correlations.
Thus the present analysis contirms this conclusion.

Let us discuss briefly the possible ways of the improvement
of the calculationsl scheme. Firstly the more detailed account
of density dependent factor including the dependence on matter
density of ingoing 4 -particle is needed /39, 40/. At the other
hand it is necessary to take into account for the interaction
of 4 -particles with nuclei in & more completed way the
effects of one-nucleon exchange /4, 8/. Until now tbese problems
were treated seperately:in papers /%9, 40/ the effects of one
nucleon exchange were not taken into account explicitly, and
in papers /4, 8/ the density independent forces were considered.
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It was mentioned in /%9/ that the usual iteration procedure for
the calculation of the exchange term for the potential of

:l—particle - nucleus interaction is rather ambiguous, that
makes difficult the wide use of such scheme to the experimental
datea analysis and to the extrsction of model-independent infor-
mation on nuclear density. The calculational scheme for the
exchange term which is presented here does not need any iteration
procedures (see also /8/) and may sppear the basis for the modi-
fied method of the analysis of elastic and inelsstic scattering
of low energy o -particles from nuclei.

5. Conclusion

Let us formulate the main results of the present work:

1) The unified formalism for the description of elastic
and inelastic scattering of low energy nucleons and 4 -particles
by nuclei hes been developed in the coupled-channel approxima-
tion and on the base of semimicroscopic approach. The optical
potentials and the inelastic transition form factors are con-
structed in a closed form with the account of the exchange
nucleon-nucleon correlations and the density dependence of the
effective forces.

2) The numerical realisation of the developed spproach has
been made for the description of scattering of protons with the
energy 25.05 MeV and of & -particles with the energy 104 MeV
from the target-nucleus 90Zr on the base of the same effective
nucleon-nucleon forces.

%) It was established from the analysis “of the dynamic
deformation parameters for proton and neutron density distri-
butions that .2 (/A’,, >4 . The calculations msde with the
transition densities of the quasi-particle phonon model have
confirmed this result. The value of the hexadecapole deforma-
tion parameter is in 8 good sgreement with the published dsta.

4) Tue energy dependence has been investigated in a
wide energy range for the semimicroscopic & -psrticle-nucleus
potential. Simple spproximations heve been obtained for the
energy dependence (/, (6] and R.4(f) end it was esteblished
that the strongest dependence corresponds to the surface region
of the nucleus and is provided by the contribution of the
nucleon-nucleon correlations.
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5) The analysis of augular distributions of elastically
scattered of -particles from 9qu nucleus bas been made for
several values of the bombarding energy in tbhe wide angular
region. The satisfactory agreement has been obtained for
the description of experimental cross-sections of elastic
scattering and the essential role of the nucleon-nucleon
correlations in the neture of nuclear “"rainbow" scattering
bhas been shown.
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Jao Tuen Kxoa u nop. E4-88-673
EnuHOE NOJYMUMKDPOCKONMHYECKOE OIHCaHHe
paccesgHuss MNPOTOHOB M (O—=4aCTHI[ HH3KHX
3Hepruﬁ Ha sgpax

Paseur dopManHsM eQHHOTO MOJIYMHKPOCKOMUWUECKOT'0 onHca-
HH5 B3aMMOIEHCTBHMS HYKJIOHOB H (~4YaCTHI, HHSKHX SHeprui
c appamu. [IpoBOOMTCs aHalus yNpyroro ¥ Heymnpyroro pacceg-
HHA TIPOTOHOB ¢ 3Heprueit 25,05 M3B u a=-uacTuil ¢ 3Heprueh
104 MaB Ha sanpe °9Zr. HsBnekaercs MHbOpPMAUMA O PASITHUHAX
B medhopManMH NMPOTOHHOI'O W HEHTPOHHOrO pacnpeneineHuii. He-—
cnenyeTcs SHepreTHYecKas 3aBUCHMOCTEH INOJIYMHKDOCKOMHYECKO—
ro Q=-4aCTHYHOIO MOTeHIHala, B TOM YHUCIe 3aBHCHMOCTB OT
sHepruu ''reomerpuu' mnoTeHuMana. AHAIUMSHMDYETCA H3MeHeHue
YIJIOBbIX paclpefesieHHil ynpyropaccesHHbX (=49aCTHI, C POCTOM
9HepruH M BKJIQL B CeUYeHHUs paCCesHHA HYKJIOH-HYKJIOHHRIX KOp=
Pensiuyu.

Pa6ora BomonHeHa B JlaBopaTOpHH BHUYHCIHTEIBHON TEeXHHKH
4 aBToMaTHsauuu OHAHU.

Mpenpuut O6BbenMHeHHOr0 HHCTUTYTA ANEPHLIX HeenenoBanuit. Jybua 1988

Dao Tien Khoa et al. E4-88-673
Unified Semimicroscopic Approach
to Scattering of Low Energy Protons
and Alpha-Particles by Nuclei

The unified approach has been developed to the descrip
tion of the interaction of low energy nucleons and a-par-
ticles with nuclei. The analysis of elastic and inelastic
scattering of 25.05 MeV protons and 104 MeV a-particles
from °°Zr is made. The differences in deformations of
neutron and proton density distributions for ?°Zr nucleus
are extracted. The energy dependence of the obtained a-
particle - nucleus semimicroscopic potential is investi-
gated, including the energy dependence for the 'geometry"
of the potential. The features of angular distributions
of elastic a-particle scattering and the role of nucleon-
nucleon correlations are analysed as a function of a-par-
ticle energy.
The investigation has been performed at the Laboratory
of Computing Techniques and Automation, JINR.
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