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1. Introduction 

'l'he s tudy of s cattering of low energy protons and .i-par­
ticles by nuclei represents tbe important source of information 
concerning tbe properties of nuclear s tructure. Recently some 
new schemes of experimental data analys is including in an obvious 
way tbe effective nucleon-nucleon forces and nuclear transition-_ 
densities were practised on a large scale /1/. 'rbe excbange 
nucleon-nucleon correl"tions provided by the inf"luence of Pauli 
principle play the essential role in the interaction of low 
energy nucleons and ti. -particles with nuclei. J!'or a long time 
tbese correlations have been taken into account explicitly in 
tbe calculations of tbe nucleon-nucleus optical potential (OP ) 
and of tbe inelastic trans ition formfactors ( ITF), ( see f.e./2/). 
As for alpba-particles interacting with medium and heavy nuclei 
tbis explicit account of one-nucleon excbange in the density 
matrix formalism bas been limited only to tbe case of elastic 
scattering /3. 4/. 

The inelastic scattering of ~-particles from nuclei is 
equally tentative botb to tbe neutron anu proton components of 
nuclear transition densities, wbile tbe inelastic low energy 
proton scatt ering is more sensitive to tbe neutron component. 
Consequently, .mutual analysis of inelastic scattering of protons 
and 4-particles by the same target nucleus may provide t be 
information on tbe isospin structure of inela s tic nuclear tran­
sitions. Hence, it is actual to develop a new s cbeme of unified 
description of low energy nucleon and ~ -particle interac tion 
with nucle i based on the same effective nucleon-nucleon forces 
and on the explicit account of excbange nucleon-nucleon correla­
tions in the calcula tion.s of nucleon-nucleus and.c: -particle ­
nucleus OF's and ITF's. 



It bas been determinea by tbe studies in ~be framework of 
optica l moael both f or nucleons and composite particles tbat tbe 
OP depends on the energy of tbe ongoing particle /5/. Tbe tbeo­
retical study of the energy dependence of nucleon OP has sbown 
tbat it is provided ill general by tbe exchenge and many-particle 
nucleon-nucleon correlations contribution /6, 7/ . As to tbe 
composite particles (f.e. ~-particles), tbe role of tbe excbange 
correlations in the energy dependence of ~-particle OP was an 
open problem until recently /8/. TbuB tbe investigation of tbe 
one-nucleon excha ng e contribution to tbe energy dependence of 
~-particle OP anu tbe tbeoretical study of t he energy depen­

dence of " geometry" of tbe potential witb tbe comparative ana­
lysis of t be previously establisbed empirical r egularities are 
actual. 

This paper deal s witb tbe problems that bave been formulated 
above. We use as a basis tbe semimicroscopic approach (SMA) tbat 
was developed in papers /9 - 11/ for tbe nucleon-nucleus scatter­
ing. Section 2 contains tbe formalism of tbe approacb wbicb 
includes tbe closed expressions for tbe <-par t icle OP's and 
ITF's. Here also tbe phonon structure of intera c tion in tbe 
system ~ -particle - target-nucleus is investigated. Tbe expe­
rimental data analysis of tbe scattering of 25.05 MeV protons 
and 104- Mev «. -11article by 90Zr is in tbe third section. Here 
tbe isospin structure of tbe inelastic transitions is investi ­
gated on the base of tbe standard collective modal and of tbe 
quasiparticle-phonon mo del (QPM) of nucleus /12/. Tbe energy 
dependence of tbe semimicroscopic -'-particla OP 1a studied 
in tbe fourth aection , a special attention is paid to tbe 
cbangea of thE) potential "geometry" witb tbe energy. Tbe sec­
tion also includes an additional experimental data analysis. 
And in the last section the main results and conclusions sre 
formulsted. 

2. The formalism of tbe SMA 

The real part of tbe interaction potential of i-particle 
witb tbe target-nucleus can be obtained in tbe Single folding 
model ss /13/: 

uti.. (tJ .. J U,v,f {l'- ~0. (i~)~i'. (1) 
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For simplicity we are performi ng the cbange of variable 
in (1): 

{/d 
A(/r1 z j U IllA (s""')/t. (i'-S),{s-P · 

( 2 ) 

By ms king tbe multipole expansion for botb right and left 

parts of expression (2) one can obtain: 


" tJ.,Uu) = j {Jill'"(sj jJ (~sJs Ztls . 
A , ..4 /';(-4 I 0 ) 

Keeping in mind tbe development of a unified description of 
nucleon and ci -particle sca ttering by nuclei, let us use for tbe 
nucleon OP's and ITF's tbe corresponding expressions obtained 
in the framework of' SMA /10, 11, 14/. We'll get as a result: 

-I.,. <kZ($) I~z. (s)L,,(s)U,+'AI(sJ~ U'D(s) .,. ",P~(s) + L (s/ ------~--~~--~~ +II 'I II /~ DO 1- ~M.I,~ IS; 
(4) 

~,' Z Z (,' Z / 
.,. #.f7 A ~ is) + fi -7 A .£..1 rs/~(s) 
. [ ~~ (~/ .,. 2'0 (V/-' (sl .,. ~, (sl) 

t{.J,'II(s/~ A[I +~.f (s/~(s))[~tsl.,.2tI/'(sIJ:.(SI"'~/sl}J5 ) 
( , 

+h ~1 ('sJ3i!(5)~" (sJ .,. fiT'{;Av1' ..fAA' ~(S~J$J.,. 

~~ ~'~A s. I (s)~/s)[tJ.~(sl+UP(FI.;;JS/"'I.((sjl_m ~v'-A A' ~"A' ..11' ",t... A'tJ J 

Here U/'(5/ and U,/'(sJ - are nucleon OP snd rTF 
calculsted by s Simple folding model ( witboutany account 
of correlations): 

.... 

U~/: J tJ;. (s, St}(S'J 2.jJ;. ( S')ds ' 


A ,vA ( 6 ) 

'D -I D)~ '(s)::: ~ U'()() {s . ( 7 ) 
f III 
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Tbe exchange integrals 1;..., (s) are determined for ) t 0 
by formula: 

J;..., (s/=!Iii J
0-

If (#/JP4 (S(~1j~ (/(# (.s)t-)t~t. (8).., 

And in all other cases JA It (S) can be expressed as: 
qI> 

I).1t (5/ = . ~ j If (t};:'41 (5, t) /~ &. fs)t} t n+ ~ . (9) 
n, 0 q' 

For the density matrix components .fA..,,, (s,-/) we have: 

~oo (5, t)=:' j/(s, S:,,: :f).Y, (4I .... )"(J)~ t!w.. . (10)
,1;;( :t ,j.., 5 S 1: 

As a result of localization performed in accordance with 
/15/ for nonlocal exchange terms the values of the .I)'II (s) 
depend explicitly on nucleon momentum, wbich is determined by 
formuls: 

A,/{$): ¥ [ f!o/ - ~7J(s)-".Io Yr.) - -1(1- T..,~J Vc (s/J . (11) 

Here Z"f).1 = -1 for protons and ~ = 1 for neutrons. In 
~. (4) - (9) l{;A (S,S') is a component of multipole expansion 
of the direct part of effective forces, ti (~) is an 
exchange part of effective forces and 4' is s parameter 
character ising the dependence of these forces on the nuclear 
matter denSity distribution. Unmentioned definitions can be 
found in /10, II, 14/. 

Let us note s ome f eatures of the ITF ULNA(s) expansion 
with the parameter ~A • This expansion is motivated by the 
fact that the developed formali sm is used for the description 
of inelastic sca t tering of prot ons and ~ -particles by the 
target-nucleus witb tbe excitation of phonon states. In this 
case the use of a standa rd procedure of transit ion from t be 
parameter fi" to the pho non operators and tb e representative 
of the interaction oper8tor for the ingoing par t icle and the 
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target-nucleus through the phonon operators demsnd the power 
expansion of ITF with tbe parameter )SA (s~e also /16/) . 

'l'be possibil i ty of such expans ion in SMA is defined by the 
choice of denSity matrix ~(~,i~ 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 ~A expreSSion for .IA (z) /1/ and with the neglection 
of tbe dependence of the Fermi momentum KF on parameter ~A • 

The last fact was investigated in /18/ and it was sbown that 
at the first approximation it is possible to skip the dependence 
of K~ on ~A for the description of two-phonon ststes. For 
Simplicity the Eq. (5) contains only the main, linear in at!(.s) 

parts. The explicit view of the parts containing aet'J:) could 
be found in /7, 18/. In these two works it is shown that the 
limitation up to quadratic in JetS} parts is quite sufficient 
for tbe calculations of opts and ITF(s. 

If one will set in Eq. (4) and (5) ~ = 0 and J = 0, i.e. 
ignore the exchange and many-particle(represented by the density 
dependence of effective forcas) nucleon-nucleon correlations 
then the U:-"(5) will be equal to (./,-'0($) and in accordance 
with Eq. (3), (6), (7) one will obtain for the ~-particle OP 
and ITF the standard double folding model expressiOns /19/. 
Thus for the case of ,(. -particle SMA can be considered as the 
generalization of double folding model for the account of nuc­
leon-nucleon correlations. 

The second feature of semiwicroscopic 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. Tbis is extremely 
essential for the phonon model application to the target-nucleua 
state description. 

Parameters ~A ,included in Eq. (4) and (5) have tbe 
meaning of tbe parameters of static deformation of nucleua. 

For tbe inelastic transitions in nuclei with tbe dynamic 
deformation it ia neceasary to move from parameters ~A to 
collective variables ~~ characterizing the surface vibrations 
of nucleus aud tben to introduce operators of creation and anni­
bilation of pbonons /21/. By performing these operations we 
obtain for tbe interaction of nucleus with phonons the 
following expressionl 
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http:7J(s)-".Io


~ "+ -f J '""' till -1_1 r J ,14 "'+ ]
V (A' , 6¥' I ~~ =~ ~ (/f}~ (d'I)h A i. b.yt + (-I hJ,-/, 1­

) ;:"~ /,/1/ / 	 '1_1 (12)
+ AA,,1z'tf/~A'" (~Yj $('A,Jl)i,A'.I"~1)" . 

A,It A, AZ/f/,z 7" 

... ~ ""+ -t - ~ ..., ... -+ ]
. [bAt/'f + (-I f bA,/-/,,]hl. A.l Lh;lr,l', +(-I/'I.hl.,,-/lz. ' 

where ~.(~I and FA~:'Az (Kj are correspondingly the 
tI. -particle radial f orm factors of the 1st and 2nd order: 

j/~/ s: if[f.;. J,., (S/rl!(sJj [U: is) + 2~(S~ (s/+IM(sl)+ 

+ I;.., (s) ~ is) .Iq, (5)j ~J fir, 5)S z,tS (12.) 

~~AI. Cfj=!fa'/A, (sVA/s/ -+ ~,1 fs/~(sJ[L1: (s) + 

( 12b) 

+ Z/fi (S)./I2. (s) -+ J;l() is)l}/,n (/r, 51 s 2.J5 . 

Eqs. (12) have the same phonon structure 9S tbe analogous expres­
sions of the standard coupled channel method. The difference is 
that the radial form factors are not the de'rivatives of the 
spberically simmetric part of the potential /16/, but they are 
calculated according to Eqs. (128) and (l2b) on the base of the 
effective forces and the transition densities with the account 
of nucleon-nucleon correlations. Thus tbe Eqs.(12) 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 Eqs. (12) give tbe exp licit form of interaction of 
nucleons and J-particles witb pbonons and include the transi­
tion densities .!i(S! that may be calculated in the frame­
work of different semimicros copic models /12, 2}, 24/. Thus the 
formalism of the present approacb gives the possibility of 
testing the various nuclear models not only in the description 
of tbe electromagnetic transition probabilities but also in the 
representation of inelastic s cattering of low energy nucleons 
and i -particles from nuclei. This is extremely easential for 
the investigation of tbe isospin structure of inelastic transi­
tions and for the extraction of the information concerning the 
differences in proton and neutron transition densities. 

3. Experimental data analys is 

We apply tbe formalism represented above to t h e analysis of 
elastic and inelastic scattering of protons with th e energy 
Ep = 25.05 Mev and of 104 Mevd-particle from 90Zr nucleus. In 
botb cases it is possible to consider tbe direct mecbanism as 
tbe dominant one. Bes ides, with such choice of proton and 

'- -particle energy (Ep "" E" /4) tbe s ame nucleon OF's and 
ITF's can be used for both cases. 

Let us conSider briefly the calculational scbeme. As a part 
of the effective nucleon-nucleon forces independent of tbe matter 
density distribution of the nucleus the ::ic.bmid- Wildermutb 'forces 
were us ed /25/ wbicb success1ully described the free low energy 
NN and &itt, s catt ering and also tbe cluster properties of light 
nu c lei. In /10/ tbis interaction was modified by tbe introducing 
of the denSity dependenc e in tbe following form: 

tj h~ r1 = rl5'f-£'-i:'/./(z-'Y;i'). (13 ) 

The parameter "d" here is to be defined from the de scrip tion of 
the elastic scattering cross - s ections by minimization of tbe 12.. 
The two parameters of Fermi density charge distribution were 
extracted from electron s cattering data for 90Zr /5/ (in present 
calculations we did not take into account tbe differences bet­
ween proton and neutron distributions for tarGet nucleus ground 
state). As to the matter density distribution for ~ -particle 
tbe Gaussi an representation was used with the oscillator para­

meter " = 1.59 fm /26/. It is possible to use tbe transition 
densities either from tbe collective model ( .f.j~ iz.) = 
::.J,j 't ij. (r)j,/z) , or to calcula te them in tbe fratnew ork of QPM /12/. 

Tbe neutron and proton components of tbe trans ition densities 
for 12+) and 14+> states of 90Zr are shown on Fig. 1. Tbe 
metbod of cal cul a tion is described in detail in /27/. It should 
be noted that the calculations of proton components were done 
wi tb tbe isoscalar and isovec tor cons ta nts of mul tipole interac­

~ 	 tion ch osen from the description of experimental values of 
reduced probabilities B(E A ). And the calc ul a tions of neutron 
components were done with the already fixed values of i sos cal ar 
anu is ovec t or cons t a n t c; . Thus, as has been me ll t ior..ed above, the 
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Fig.1. Transition densities, ~ '~ 
for 90Zr nucleus calculated in 

. ~ 

~ 
quasiparticle-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 
12+> state, b) for 14+> state. 

...... 

II, f/J 

b 

E,.: • Mev 40 60 80 100 
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Table 1 

120 150 200 250 300 

Uo ' Mev 241.7 238.6 235.6 232.7 230.3 226.6 221.6 217.5 214.1 
l~.i) 

U (6 fm) 48.65 47.57 46.54 45.58 43.58 42.02 40.2 39.84 
MeV 48.14*) 44.79 

*) Tbe values of the potential for tbe Woods-Saxon parametrization 
at tbe E.... = 104 MeV were taken from t -be ~aper /29/. 
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analysis of scattering of particles from nuclei gives tbe possibi­
lity of cbecking the model predictions for the neutron transi­
tion densities components. One can see from Fig. 1 that firT.) 
calculated on the base of ((,pM for both neutrons and protons has 
(in contrast to macroscopic transition densities) the oscillat­
ing structure for the inner region of nucleus. But the cross­
s ections of scatt­ering are not sensitive to these structures 
due to the prese~ce of abaorbtion. For both the states the 
maximum of j] "'('1./ is sbifted to the surface region in com­
parison with tbe maximum of A fl>1/z./ and tbe values in 
maximum are significantly greater for tbe proton components .I.. f-r.J. 

Tbe real part of proton and L-particle OF's and ITF's 
were calculated on tbe base of mentioned cboice of tbe effective 
forces, ~ fT.) h (T./ and /A (zJ and tbe formalism 
of previous section. For the other parts of OF (coulomb, 
imaginary and spin-orbit terms ) the standard optical model 
predictions were used. Tbe corresponding parameters for protons 
were taken from /28/ and for ~ -particles from / 29/. 

Tbe results of tbe calculations of differential cross­
sections of 25 .05 MeV protons and of 104 MeV,i-particles 
elastic and inelastic scattering f rom 90Zr nucleus are shown 
togetber witb experimental data in Fig. 2 and Fig. 3. Full lines 
correspond to tbe QPM transition densities. There are also the 
results of calculation with collective mo del tranSition densi­
ties for 14+)state excited in .i-particle scattering • ~s is 
the case when the difference between above results is the largest. 
In otber cases tbe difference is unsignificant. The corres­
ponding results f or tbe macroscopic transition uensities are 
not shown but tbe optimal values of the parsmeters fiA extracted 
from tbe analysis of experimental cross-sections are repre­
sented in Table 1. 

Let us discuss tbe obtained results. It could be seen, 
tbat wi tb tb e same optimum velue of tbe parameter "d" equal 
to 442 MeV'fm6 , tbe good description of sngular distributions 
of elastically scattered protons and <i-particles _has been 
obtained. It sbould be noted tbat the value of parameter "d" 
is well matcbed witb tbe value d = 488 MeV'fm6 , wbicb was 
obtained in /30/ for tbe isotopes 94,96 ,lOOMo. For tbe ~-par­
ticle scattering description no variation of tbe absorbtion 
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potential parameters has been made and for the protons theIf! Fig.2. Angular distributions of 
improvement of experimental data description was achieved by

25.05 MeV proton scattering from 90zr 
increasing W',y from 1.5 MeV 1281 to 2.5 MeV. 

calculated in SMA with the use of QPMo 

eo 0 	 The values of deformation parameters ft2. and ~'r were 
transition densities: a) elastic scat- extracted from the fits to the experimental angular distribu­

to-'be 0 e 0 tering, b) inelastic scattering (12+}.,c tions. As in the formalism of SMA the information on the defor­~ Ex = 2186 keV) , c) inelastic scatte­ ) mation of matter distribution and not of e potential is intro­
ring d4+). , Ex = 3077 keV). Dots - the duced, the values of ~2 extracted from the description of 
experimental data /28/. (p, p') and ( ot. a:. I) scatterillg in the present work 

appeared to be greater than the corresponding values for the 
b 	 deformation parameters of proton and oC-particle potential 

obtained in 129. 31/. As has been mentioned in the Introduction 
the inelsstic scattering of J -particles is sensitive equally 
well to the distribution both of protons and neutrons. while 

a Fig.3. The same as Fig.2 for 104 MeV the scattering of .low energy protons ia mors sensitive to 	the 
~-particles. Hatched-dotted line - cal­ neutron distribution. Due to this fact the value of)12 extracted 
culations with the transition densi­ from the analysis of ( "- • .,(..) in SMA. and which is greater than 

I J JDJr! , I , ties of collective model. Dots - the
10 3D 50 ,~ .- _ .. the optimum value of;8~ from the description of (p, p') scat-

experimental data / 29 / . 
M 	

tering. gives that for the 90Zr state 12+> .;&p 1~It:> 1. 

to 

6,tS. 
-2 

10 

-3 
fO 

~ 

a 

-,
10 

This result also is consistent with the fact that ~hhl ~~ppl 

snd .,$~", >.JfPP' (see Table 1). 'rhe values of /1( are very 

b close to corresponding values obtained in 128/. 
The resulta tbat are represented inFigs. 2 - 3 demonstrate 

the good description of angular distributions botll for protons 
and J. -particles for the exci ta tion of 12+) s ts te. 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 12+) state. From this fact the ratio oft" l.fJp = 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 

133/. 
For the \4+> excited state the calculations also give the 

good description of angular distributions and t be magnitude of 
cross-sections for protons while for ",-particles the theoreti ­
cal predictions are underestimated. 'l'bis discrepancy can be due 
to the fact that in s present calculations the sum of neutron 

to 3D ~o so 10 	 and proton components of transition densities was used. The
8. deg 
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introduction in I:In explicit way 01· the neutron snd proton diffe­
rences of transition densities into tbe calculational scbeme 
may be assential for the description of 14+ > state. 

In 1341 it was noted tbat for the inelastic scattering 
of "-particles from nuclei it is very essential to take into 
account not the static density dependence of tbe effective forces 
(BUD) but tbe so-called dynamic density dependence (DDD). The 
transition from SDD to DDD as was shown in 134/, leads to the 
increase of values of dynamic deformation parameters extracted 
from the inelastic scattering analysis by the factor of 1.5. 
Let us consider tlle mentioned effect in S1.lA. Tbe use of SDD means 
tbat Eq. (15) includes only spherically symmetrical part of 

//Z'J , Le.: 

~ (if; f't) =" Sf£,- £1fi (I Z':i'/) . (13a) 

Tbe well-known folding procedure with the interaction (15a) 
gives to the interaction potential of particle and nucleus the 
contribution whicb is equal to ~ hJ./f"l"") . Tbe corres­
ponding contribution to tbe ITE' is equal to r/filzlfi I'lj 
The account of DDD means the use of j,j (T!, 'it) in tbe form 
of Eg. (13). In this case the contribution of tbe density de­
pendent effective forces to the ITF will be equal to 

2t1fih.//A {'l.} t i.1a t is taken into a ccount in .t<;q. 's ,5, 12a, 
1.2b ). ~lJus the DDD is presented in the approach of tbis paper. 
Because the signs of 2~ (.s)/,4 (s) and ul(s)'" I;~(S) 
are different (see Eq. (12a, b;), tbe transition from SDD to DDD 
in SMA .'also leads to tbe increase of values of the parameters 
But this increase is not so dramatic as in the paper 134/,wbich 
is due to the fact-that in SMA the exchange nucleon-nucleon 
correlations are taken into account while in 1341 tbe latter 
are not considered. 

4. Energy uependence of tL -particle nucleus potential 

In order to investigate the role of exchange nucleon­
nucleon correlations in the energy dependence of tbe real part 
of tL -particle - nucleus potential we bave made tbe calculations 
for the system ( tL+ 90 Zr) in tbe energy region from zero up 
to 300 MeV. Tl:Je part of the calculations is represented in 

]2 

fI:! 100' 140' 
Flg.4. Angular distributions 

of d-particJ.e 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/. 

CD '"' ....... 


~ 

r/ 
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Table 2 
20 

) A Process bergy, MeV Reference 

2 0.094 B(E2) /32/ . 
2 0.085 (n, n') 11 131) 

2 0.070 (p. p') 12.7 - 61.2 131/ 
2 0.086 (Pt p') 25.05 present work 
2 0.086 (",,<i') 104 1291 
2 0.12 Vi, <i') 104 present work 
4 0.053 (p, p') 25.05 281 
4 0.045 (p, p') 25.05 present worle 
4 0.045 (ti,tl') 104 present work 

]3 

Irf 

Iff. 

I(f. 

wf. 

I 
(!), deg 



'I'able 2. The essen tial feature o.f the c.alculated petential is 
tbe deviatien fr om the Needs-Saxen ferm fer the radial depen­
dence. One can see trem tbe aata ef Tabla 2 that inside the 
nucleus at E = 100 MeV the values ef pbenemenelegical and 
micrescepic petentials differ almest by the facter 0.1' two., 
while at the surface region the difference is abeut 5%. 

As a functio.n 0.1' en ergy the constructed po.tential inside 
the nucleus can be appro.ximated by two. types ef expressio.ns ­
linear and quadratic: 

U 247.8 MeV J' = 0.15 (14a)U(E ) = Ve - It e 

VeE) = - 4'E+J3£2. Ve = 247.8 MeV 1'= 0.15 (14b)Ue 
0.00019 Mev l . 

Eq. (148) gives t he beed descriptien ef tbe energy depen­
dence ef the petential belew 100 MeV. As fer the regi en t. E= 

-100 - JOO ./l eV the appreximatien werks witb tbe }5% accuracy. 
~uadratic appreximatien (14b) is much better and gives 6% 
accuracy. 

The comparisen ef data ef the 2nd and tbe }rd lines ef 
Table 2 shews, that fer the inner part ef nuc leus the peten­
tial dep ends en energy les s er than en tbe surface. Tbis fact 
allews ene to. take the fellewing ferm ef t he petential 

U fe,/{)" U4 [1- d(~J E] j(tr). (15) 

Here cI (f( 'Iz J> d (0) . One can find frem tbe described ana­

l yS iS that fer the radius /(,/2. d(~'/z) = i;oI!a) , Le. tbe 
centributien ef the excnange cerrelatiens to. the energy depen­
dence ef potential is increased by a facter ef 1.7 that speaks 
abeut the lecalizatien ef the exc bange cerrelatiens at tbe 
surfo c e regien. Eq. (15) can also. be interpreted as the energy 
dependence ef radius Nete that previeusly threugb tbeRl/2 • 

empirical analysi s in several cases tbe energy dependent 
petentials with HlI2 (E) were used (see examples in 1}5/). 
Fer nucleens such dependence was j us tified by semimicrescepic 
iovestigatiens 16, 7 . 9/, while fer d -particles tbis preblem 
en tbe SMA basis was net stu,died. 

14 

Present calculatio.ns allew ene to. r evea l the energy depen­
dence e f the radius R~ fer alpha-nucleus petential.It is pessible 
to. use tbe two. types ef appreximatiens again: 

At/z(t!/:r: Ra·ll. - JA.! RQI~ - 4. U /", .1,.f = ddP/ f",· '*ty-f(16a) 

tf'a (£) z 1I~tft. -IRE +,Ar £ 'l. J:r ~ ~ t?NtI", 'A!eY--( 

( 16b)?/f'" Po N(}ldlz I", · hJeJ/ -Z . 

Eq. (16a) analegeus to. (148) gives geed agreement with eur SIU 
results up to. 100 MeV energy ef ~-particles. As f er tbe 100-}OO 
MeV energy regien - tbe accuracy is peer (up to. }5%). Tbe quad­
ratic appreximatien werks with tbe accuracy 1% in the wbele 
ene~gy region (0 - }OO MeV). 

Tbus tbe SMA supperts tbe cenclusiens ef the empirical ana­
lysis en tbe energy dependence ef radius Rl/2 ef ~-particle _ 
nucleus petential, tbe decrease ef Rl/2 witb the increase ef 
energy 1}6, }7/. It can be shewn tbat tbe functienal dependence 
ef Eq. (16a) type intreduced into. a standard eptical medel is 
equivalent to. tbe functienal dependence ef the petential ef 
Eq. (15). In fact by making tbe Tayler expansien ef the peten­

tials VfA,1z (e I, If) in tbe vicinity ef Rl/2 = Re 112 ene 
cen get: 

(J (If'IJ (c.1,/i ) = tJr/1P'/z,1 If) - rftfl£ , (17 ) 
wbere 

rt1/:: J:r J(J(/{"Il,/() / JR4 .;z (17a) 

Suppesing tbe Weeds-Saxen radial dependence fer l/(R/ we ebtain 
frem Eq. (17), (17a): 

{j(tf'/l.(e~,f/= (J(Rd~/R)[I-dcR)E] ( 18 ) 

tI (,f): J;. e;p ((,1- If/J,~)/q) 
(18a)

4 -I + 4!-t;> ((If -,f~'4)lq) 

One can see tbat t1Or'/z ) > r;;( (0) and tha t the maxiIIlUm 
ef tbe functien tI,(,f) is situated i n the surface regien 0.1' 
tbe nucleus. This cenclusien cerrespeods to. SMA results (see 
discussien ef Eq. (15) and Tabl e 2). 
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The constructed semimicroscopic potentials were tested for 
tbe several values of energies in tbe description of experimen­
tal cross-sections of elastic sca ttering of ,l-particles in tbe 
wide angular region (see Fig. 4). Tbe good overall agreement 
was obtained to the experiment in tbe description of the main 
features of all;~ular distributions: oscillations at small 
angles, the shift of the critical angle for those oscillations 
witb the change of tbe energy , tbe dramatic diminisbing of 
cross-sections at = 79 MeV and 99.5 liieV for the anglesEJ 
greater than the critica,l angle, peculiar form of angular 
distributions in tbe angular region from 0 = 800 to &= 1400 

for E,( = 59 MeV and '79 MeV. In tbe same time tbere are some 
discrepancies between tbe calculated and tbe experimental cross­
sections. But one must remember that tbe calculations were done 
without fitting of any parameter concerning tbe real part of 
the OP, tbe latter was calculated by a scbeme of the previous 
S1Iction, tbe dens ity dependence parameter "d" was fixed at tbe 
value 442 MeV.fm6 ( see sect. 3). Fitting was allowed only for 
the imaginary pa~t of the OP. 

In Fig. 4 results are presented also for the calculations 
witbout excbange and many-particle nucleon-nucleon correlations 
(batcbed line). So one can see tbe effect of nucleon-nucleon 
correlations on ar~lar distributions botb for oscillations 
and for tbe characteristic bebaviour in tbe backward hemispbere. 
It should be noted that s ucb behaviour was connected witb the 
so-called "rainbow" sca t t ering /38/. In paper /8/ tbis pheno­
menon was s hown to be dominated by tbe exchange correlations. 
Tbus the present analySis coui'irms tbis conclusion. 

Let us discus s briefly tbe possible ways of the improvement 
of the calculetional s cbeme. Firstly the more detailed account 
of density dependent factor including the dependence on matter 
density of i ngoinc; ~-pCl rticle is needed /39, 40/. At tbe other 
band it is necessary to take into account for the interaction 
of ~ -particles witb nuclei in a more completed way the 
effects of one-nucleon excbange /4, 8/. Until now tbese problems 
were trested s eparately:in papers /39, 40/ tbe 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 tbe usual iteration procedure for 
the calculation of tbe eXChange term for tbe potential of 
~-particle - nucleus interaction i s rather ambiguous, that 

makes difficult tbe wide use of sucb scbeme to tbe experimental 
data analysis and to tbe extraction of mo del-independent infor­
mation on nuclear dansity. Tbe calculational scheme for tbe 
eXChange term which ia presented here doe s not need any iteration 
procedures (see also /8/) and may appear tbe basis for the modi­
fied metbod of tbe analysis of elastic and inelastic scattering 
of low energy ~-particles from nuclei. 

5. Conclusion 

Let us formulate tbe main results of the present work: 
1) The unified formalism for tile description of elastic 

and inelas tic scattering of low energy nucleons and ~-particles 

by nuclei has been developed in the coupled-Channel approxima­
tion and on tbe base of semimicroscopic approach. The optical 
potentisls and the inelastic transition form factors are con­
atructed in a closed form witb tbe account of tbe excbange 
nucleon-nucleon correlations and tbe density dependence of tbe 
effective forces. 

2) Tbe numerical realisation of tbe developed approacb bas 
been made for tbe description of scattering of protons witb tbe 
energy 25.05 MeV and of ~-particles with the energy 104 MeV 
from tbe target-nucleus 90Zr on tbe base of tbe same effective 
nucleon-nucleon forces. 

3) It was establisbed from tbe analysis '-'of tbe dynamiC 
deformation parameters for proton and neutron density distri­
butions tbat h 1.,$" :> 1 . Tbe calculations made witb tbe 
transition densities of tbe quasi-particle pbonon model bave 
confirmed tbis result. Tbe value of tbe bexadecapole deforma­
tion parameter is in a good agreement witb tbe publisbed data. 

4) TJ, e energy dependence bas been inv es t igated in a 
wide energy range for tbe semimicroscopic ~-particle-nucleu8 
po tential. Simple approximations have been obtained for tbe 
energy dependence Ih !&J and R~1z (E) and it .as establisbed 
tba ~ tbe strongest dependence corresponds to tbe surface region 
of tbe nucleus end is provided by tbe contribution of tbe 
nucleon-nucleon correletions. 
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5) Tbe analysis of al1gular distributions of elastically 

scattered ,(, -particles from 90Zr nucleus bas been made for 

severs1 values of tba bombarding energy in tbe wide angular 

region. Tbe satisfactory agreement has been obtained for 

tbe description of experimental cross-sections of elastic 

scattering and tbe essential role of tbe nucleon-nucleon 

correlations in tbe nature of nuclear "rainbow" scattering 

bas been sbown. 
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n ao THe H Kxoa H AP. E4- 88-673 
EgHHoe llonYMHK poCKOn~ecKoe o rrHcaHHe 
pacceHHHH npOToHoB H a-qaCT~ HH3KHX 
3Hepr~ Ha flApa x 

Pa3B HT ~opManH3M egHHOrO rronYMHKpocKorr~ecKoro onHca­
HHH B3aHMoge Hc TBHH HYKnOHOB H a-qaCT~ HH3KHX 3HeprHH 
c HAPaMH. ITPOBOgHTCH aHanH3 yrrpyroro H He yrrpyroro pacceH­
HHR rrpoToHo B c 3Hep r HeH 25. 05 M3B H a-qaC THQ c 3HeprHeH 
104 M3B Ha RAp e gOZr. H9BneKa eTCH HH~OPMaqHH 0 pa3n~HX 
B ge~opMaqHH npOTOHHoro H HeHTpoHHoro pacnpegene HHH. Hc­
cn eAy e TCR 3HepI'eTJ{qeCl<:aH 3aBHCRMOCTb n OnyMHKpOCKOrrlNe Cl<:O­
I'o a-qaCT~BOI'O nOTeH~Hana, B TOM qHCne 3aBHCHMOCTb OT 
3 He p r HH " r e oMeTpHH" nOTe HQHa.na. AHanH3HpyeTcH H3Me He HHe 
yrnoBb~ pacnpegeneHHH ynpyropacceHHHNX a -qaCTHQ c POCTOM 
3He pI'HH H BKnap; B CeqeHlUI pacceHHHH HYKnoH-HyKnolllIhlX KOP­
penHIJ;HH. 

Pa60 Ta BhlllonHeHa B n a60pa TopHH Bhl~CnHTenbHOH TeXHHKH 
H aBTOMaTH9aIJ;HH OHRH. 

n penpHRT 06loeAHlleHBoro HJlC1'HTyTa JI,IlepHWX HccneAOBaHIdi . .nySsa 1988 

Dao TienKhoa et ale E4-88-67 3 
Unified Semimicroscopic Approach 
to Scattering of Low Energy Protons 
and Alpha~Particles by Nuclei 

The unified approach has been developed to the descri p 
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 gOZr is made. The differences in deformations of 
neutron and proton density distributions for gOZr 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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