


INTRODUCTION

In papers [1,2] the semimicroscopic approaéh (suA) to the inter-
action of low energy nucleons with‘nuclei has been developed. Thig
approach was applied to the analysis of the nucleon scattering [1,2] .
The generalization of the SMA was used in (3] for description of the
interaction of the low energy of -~particles and heavy ions with nuclei.
In the framework of the SMA the optical potentials (OP) and .the inel-
astic transition form-factors (ITF) are constructed on the basis of the
effective nucleon-nucleon forces having regerd to the exchange and
many-particles nucleon-nucleon correlations. It has been shown [1-3]
that for & successful description of the experimental data including
the nucleon and o!—particlé cross—~sections the correlations of both
types should be taken intec account. o

In the pregent paper the influence of the nucleon—nucleon corre-
lations on the integral ‘characteristics of the potential dlstrlbutlon
in nuclei is investigated. The first.section deals with the SMA cal-
culational scheme for the volume integrels, the mean square radii of
the OP's, the moments of the ITF's and the paremetrization. of the
transition density. The second section .gives details of such matters
as the contribution of the correlations into the integral character~
istics and their energy dependence as well. In conclusion we formulate
main results.

1. The calculational scheme.

For the quantities U,(%) in the SMA we have :
Un(a) = Ugp () + Upa )+ Upa(a)+ 6U; (f’:f). (1)

Here A =0 corresponds to the OP, A A0 - to the ITF. The first (di-
rect) term in the expr.(1) is constructed with the help of the stan-
dard folding procedure [4] , in the second term the exchange nucleon-
nucleon correlations are taken into congideration in the density ma-
trix formalism [5)] . The third one includes the contribution of the
dengity dependent part of the effective nucleon-nucleon forces into
the OP's and the ITF's. The last term in the exp.(1) gives the corre-
lations connected with the second order terms for the static and dy-
namic deformation parameters. The detailed expressiohs for the right-
hand terms in . formula (1) can be seen in papers [1,2].
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Let us discuss the choice of the effective nucleon-nucleon int-
erection. For the density independent part of the effective forces
we use the conventional form :
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(2)
f(s) = exp (-57/a?) (26)
§=%,-%,. = i (2b)

We take the values of the paiameters in (2) corresponding to the
Schmid-Wildermuth interaction [6] on the base of which the free low
energy NN end ofol-~scattering as well as the cluster properties of
light nuclei are successfully‘described. In refs. {1-3] these inter-
afion was modified by introducing the density dependence in the fol-
lowing form
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The effective nucleon-nucleon forces constructed in such a men-
ner have successfully been utilized for analysis of elastic and in-
elastic scattering of low energy protons, neutrons and ol -particles
from the ﬁuclei in the framework of SHA in view of strong channel
coupling [1-3]. As has been found out, the un perameter is almost
constant within 15% accuracy for the transition from light nuclei to
ZOBP& nucleus. .

Let us consider the integral characteristics .of the potential
and nuclear matter dlstributlons. For the volume integrals, mean
square radii and moments we have by definition

7= [+3)dT (#=P,7) (4)
<z“>v,=jU{&')1,"d"i/.‘7’f )
4] <[4V, )t = ) Fde ()
We introduce the normalized multipole moments [7] &
Q% =45 /77 : )

It is interesting to analyse the ratio of multipole moments for
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the potential and matter distributions, nemely,
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Satcher has got the relationship between the geometries of fhe dengi-
ty and the potehtial distribution (8] The so-called Satcher's theorem
was forruleted in [7] . In accordance with the mentioned theorem for
the case of effective finite range forces with arbitrary radial dep~
endence the normalized multipole moments for the potential and matter
digtributions are equal for any A . This is true for only when the
exchange nucleon~-nucleon correlations end density dependence of effec=~
tive forces are not taken into consideration, i.e., only for the "di-
rect® term in the exp.(1).Thus the enalysis of §, makes it possible
to find out how essential are the "breakings" of Satcher's“fheorem.
The celculations of integrai characteristics (4)-(6) within the
frames of SHA are performed in the following way : on the base of ef-:
fective nucleon-nucleon forces constructed in accordance with the cho-
ice mentioned above and on the ‘base of informafion on matter density )
distribution in the nucleus the values of [})(t) are calculated
{the SLIA(PL ) term is neglected). We use conventional parametriza—
tion for p,(1) end f; (v) [9]: : ,

7-C -
Poir)=po 1+ exp 55) (9)

falr)= £ (z/c)o'zdfo(i') /A2 (9=42,3) - (10)

Further the integral values are calculated in accordance with:the ‘”
eqs.(4)~(6) by using U, (%) and IZA(Z) obtained,
%

‘2. The integral characteristics analxsisJ

- Let us use the above scheme of integral characteristlcs analysia.gv'
Table 1. contains the volume 1ntegrals, moments ‘end mean square radll
for the potentials calculated for the 2SN nucleus (' C =4. 3R,

z =0, 465F ) in the nucleon energy region from 10 MeV to. 40 MeV.
When L{#O, the density dependence of the" effectlve forces ds- consi—

dered’ (here  d =500 MeV F€), while ol=0 represents only: 'the Vex,change

nucleon-nucleon correlations. B

Let us discuss the results obtained. One can see. that the inclu—;'
gion-of density dependence leads to the decrease of volume integralsk
end moments, while the mean square radii are growing. Thls growth canv7 L
be explained - by the fact that EQ};(P) 1nf1uences mainly the denomi-:» -




. ;Table 1. The integral ggaracteristics of the potential distribu-

tion for‘the ¢ nucleus
V93, v 4 . P v Ky
Vo ux G [107 pr, Gy [10 'ﬁ£ IR/
E : 3 ‘ 5 ¥ <Ly
MsB- P Ms8 - p M3B -

MsB
: ‘ d:o 1dto ] “d=0 d#o d=0 d:,,‘O d=o dio
10 12.21 2,01 2.91 2.72 4.70 4.49 {4.178 4.260

17.5 1 2.15 1.94 2.82 2.63 4.50 | 4.29 | 4.174 | 4.258

25 2.09 1.88 2.74 2,54 4,321 4.10 [4.169 | 4.258

32.5 | 2.04 1.82 2.66 2.46 4.16 3.54 (4.165 | 4.258

40 2.00 1.78 2.60 |.2.39 i 4.02 | 3.79 |4.163 | 4.259

netor in the exp.(5) ‘and not the numerator. Here it should be noted
that the'exchangé nucleon-nucleon correlations and density dependence
factor make the contributions to OP's and ITF's of opposite signs.

The greafest changes of integrai characteristics correspond to the vo-
lume integrals (about 10%), for the moments with A =2 they are about
7% and for A =4 they are less than 5%. In this energy region all the
moments are decreasing with the growth of energy, the energy depen-
dence is growing stronger for the higher values of A and also teking
into account the density dependence of ng} « Simultaneously with that
the energy dependence of Vgff is weakening for = d=0. ’

We should note that the contribution of density dependence to the
moments was also studied in paper [10] . But there the exchange nuc-
leon-nucleon correlations were not taken into account. The influence
of such correlations on the volume integrels of potential and on the
moments was considered in [11] but without taking into account the
density dependence of Vpqs o

As was mentioned above, taking into account both the types of
correlations is esgential. The results obtained in the present paper
are in a qualitative agreement with theiconclusions on the energy de-
pendence of 7Y and <ZL>%' obtained in [12] in the framework of
local density approximation of the nuclear matter theory.

In Table 2 there are ratios of normalized multipole moments of
potential and matter distributions caleulated for the CA: = nucleus
and for A=2 and A =4. One can see that the deviation of the va-

_ o, A=4 Teble 2. The ratios
E , . of the normalized
\ multipole moments
- dto | d= of the potential
M8 d 0 ? o d#o m}d ngclee_a.r matter
10 2 1.04 | 1,07 | 1.12 | 1.18 distributions
7.5 2 1.03 1.07 | 1.11 | 1.17
1 1.01 1.02 1.07 .12
25 |.2  11.03 1.07 1,09 1,16
P 1.03 1,07 | 1414 | 1.22
32.5 2 1.02 1.06 1.07 1.14
40 2 1,02 1.06 1,06 1.13

lues 2A from the 1 i.e., the Satcher's theorem "breaeking" is not
great. It gives the value from 1% to 7% for A =2 and from 6% to 22%
for A =4 dependent on energy, density dependence account end the way
of fu (¢r) parametrization. This conclusion is in agreement with the
conclusion obtained in [13] for the 1545,,  nucleus for the local
density approximation. Let us note some peculiarities of the results
from Table 2. The values ?A are increasing with the growth .of A
end also taking into account the density dependence and they are dec-
reasing with increasing energy. The relative contribution of manypar-
ticle correlations into the values Q) is increasing with increasing
energy. As to the way of jQx(t) parametrization, the influence ofjﬁ{t)
choice on the values of Qi is balanced with the influence of den-
gity dependence account.

In papers [14,15] some efforts were made to considexr the influ-
ence of \&;f densgity dependence factor on the value of ?A (it was
denoted in [14,15] as CL ). But the exchange nucleon-nucleon correl-
ations were not account for. Thus, it is possible to consider that
phenomenologically the density dependence of E@Jf introduced in[14,1ﬂ
effectively takes into account the exchange nucleon-nucleon correla-
tions. The siudy of CL factor performed in [15] on the base of
o -particle scattering analysis for the large group of nuclei (from
20Np  to 2%8Pg ) and 1=2,3,4,5 shows that the value of (, is
in the region from 1.0 to 1.3 (end is increasing for the higher / ).
As it follows from Table 2 data,the values of ?A are changing from
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1.01 to 1.22., The calculations accomplished in the fremework of SMA
show that the values ?A are weekly dependent on the mess number.
Thus, the present semimicroscopic analysis lends support to the vali-
dity of the conclusions obtained at the phenomenological level in pa-

per [15] .

Let us formulate the main results :

1. Within the frames of semimicroscopic approach to the interac-
tion of low energy nucleons witl nuclei on the base of exchange nuc-
leon-nucleon correlations provided by Pauli principle and manyparticle
nucleon-nucleon correlations modelled by the density dependence of
effective forces, the volume integrals, mean square radii and moments
of the potentials are considered.

2. The influence of the density dependent factor on the integ-
ral characteristics of potentials is investigate&. It is established
that the account of this factor leads +to the decreasing of vo-
lume integrals and moments and to the increasing of mean square
radii.

3. The ratio of normalized multipole moments of potential and
matter distributions is analyZed and it is shown that the deviation
of this value from 1 is from'1% to 22% depending on the energy, the
density dependence of effective forces account, the way of density
parametrization and on the multiplicity.

4. Energy dependence of integral characteristics of the potential
ig investigated. The inclusion of the density dependence of effective
forces leads to the strengthening of energy dependence on the volume
integrals and moments of potential and to the weakening of mean
square radii energy dependence.
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Kusasbvkos O.M., KyxtuHa U.H. E4-89-267
HyKIOH-HYKIIOHHBIE KODpEeNsAUHH M HHTerpalbHble
XapakTepHUCTHKH paclpefelleHHsA MNOTeHuHana B Anpax

B pamMkax NOINYMHMKDPOCKOINHUECKOTrO IOLX0A4d K OIHCAaHHKw B3a-
UMOOeHCTBHA HYKIIOHOB HHM3KHMX SHeprHM c sOpaMM Ha OCHOBe
yueTa OOGMEeHHbIX HYKJIOH-HYKIIOHHBIX KODDelAlHMH H NNOTHOCTeH
3aBUCHUMOCTH 3(0beKTHBHBIX CHJI U3YUawTCA HHTerpalnbHble xapak—
TepHC THKH paclpegeleHHs MOTeHUMANAa B fAOpax: obbeMHble HH—
Terpass, MOMEHTH M CpefHeKBalpaTHUYHbe pagHychl. Hcchenyercs
COOTHOMEeHHE MEeXOY HOPMHDOBAHHBIMH MYJIbTHIONbHBIMU MOMEHTaMH
pacrnpefelleHHs TMOTEeHUMANIAa U BeuecTBa. AHANM3HDYeTCsA sHepre-
THUEeCKAasa 3aBHCHMOCTb HMHTErpPAallbHbIX XapakKTepHCTHK .

Pa6oTa BbinosiHeHa B JlabopaTOpPHH BbIUMCIIHTENBHOH TeXHHKH
U aBToMaTu3aumu OUSU.
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The Nucleon-Nucleon Correlations and the Integral
Characteristics of the Potential Distributions

The integral characteristics of the potential
distribution in nuclei, namely the volume integrals,
moments and mean square radii are studied in the frame-
work of the semimicroscopic approach to the interaction
of low energy nucleons with nuclei on the base of the
exchange nucleon-nucleon correlations and the density
dependence of effective forces. The ratio of the norma-
lized multipole moments of potential and matter distribu-

tions is investigated. The energy dependence of the integ-
ral characteristics is analysed.
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