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~ l.	 INTRODUCTION 
I t ~{ \ 

Recently, the elàstic s ca t t e r i ng of 6Lí Í:ons by f2C nuclei 
iL.l ,t has been investigated in a series of experimental and theóre

,I,	 t tical works!1-5/ where the first interpretations have been gi
f' li, ven on the basis of a phenomenQlogical nucleus-nucleus inte

3f raction potential. In refs./ 1- the parameters for such póteh,I	 y 
tials have been determined by fits. to the cross sections of,',

1 
"[i" \1 6 Li +12 C e l as t i c scattering in a wide energy range. lhe theoreti 

l,~/ 
i. cal ana l y s í s /4.5/ has been performed in the framework .of t heI 

folding-model using density distributions óf the nuclei 6Li 
and 12C , which have been calculated in two microscopic ways 

I in the shell-modeI / 4/ and in the method of hyperspherical func
<lI,,': 

'1..,' I,~ .~ tions /5/ But the descriptions o.f t he experimental values given 
I-\' I",' 'lJ. lA' by these approaches differ essentially Eram each other~ 

~ li r"i 1 ? 
\, '., The aim of t he present pape r is the ~nterpretation of the I!" I, 

\1,.1 } 

lo, .~,l 'II"~ elastic: scattering of 6 Li by 12C at various ener g.ie s of the* " 

f Vi. 

\

"""li 

1,'1 

\ 
'i~	 ~~l. '~~ j" prpjectile where the nuclear part of the ion-íon interaction 

rol ~ -, potential is chosen as folding-potential with finite-range forces.. [" 
\lI!,. li characterizing the nucleon-nucleon interaction/6 / . The density.. 

~, '" distributions qf Lhe nuclei errtering into. the calculation have 
~ • "0' :L_ .•~. ,	 -- - .. ---  ~» 't 

been obtained by the rnethod of hyperspherical functions / 7 / 
• This'I,

,~.J 

calculational method is de~cribed briefly in §ec.2. In Seco 3 
the results of the computation~ are discussed and compared with:n, 
~hose obtained by llsing zero-range forces for the NN-interac

':"\~l 

tion. Some conclusions are drawn in Sec.4. 

\ 2. CALCULATIONAL METHOD 

a)	 Nuclear Density Distribution in the Hethod 
of Hyperspherical Functions 

.,,' 

! 
In this approach/ 7/ the w~ve function' ~ of a nucleus with 

mass number A is expanded in'stand~rd hyperspherical polyno
mi na l s IAK(f](LST> accord i ng to 

I K [f] fI'.ST 
qJ = ~ cp ( p) i AK [ rl f LST > ( I ) 

~ 
,9 K> K .. -K 

-	 mln 

.,	 
- ------',I· 

,I

.. , w i t h the no.rmal i za t i.on condition f cp 2(p)p 3A - 'Up = I, where the 
' 

........,.....--.-----··-·-...-;;';1:·
 collective variable p corresponds to\he hyperradius. The ra~ial 
't' 

~ 
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part of the wave function (I) is given by the eigenfunctions'
 
of the following operatór equation
 

~ 2
 
d 2 h L.iLK+1) K(r]fLST


l-~ -_. + -----v--------. - E I X (p) +
 
~2m dp 2 2m p 2 K
 

(2) 

. K[f] ;Cs;-( )'\ ( ~ ::;; O 
+	 L W p X- _. "'-_ -'_ p
 

K[r]fLST K[r]fLST
KfLST 

with E being the eigenvalues. The ~atrix .elements of the poten
tia'1 energy of the nucleon-nllcleon interaction are denoted by 

iCij ;LS;' )	 . .
W ~P~. the value of the angular momentum L K 18· determl[ ] f	 .K r LST 

ned by the relation L K = K + :-:-(3A-6)?7here K is the so-called
 
2
 

g~obal momentu~. The calculated.eigenvectors XK(p) are connected 
Wlth the func t i ons cP K(p) ac co rd í.ng to X K(P) c: P (3A-4)/2<P (p ) . 

K
Finally, the radial density distribution of nuclei takes the 
form -, 5A-ll' ~~ 

I (--:2"'"-) 00. 2 2 2 
n, (r) ~ .!.?- ---------- I ~_.:_~:.J_________ X (p) x. (p) d p 
1J' .. y; 5A -14 r . 5A-·13 i ]


r( ------,) p

2	 (3)

6A - 18

5A-ll	 2r (--2---) r 2(p 2_ r 2)
 

+\ -ª- J~_:;.:..1l,. ----------- I X (P)X (P)dp

3 - 5A--16 5A- 13 1 j


Y17 
r(---) 'P
 

. 2 

and the ,diagonal matrix elernents of the density operatoD are . 
-normal i.z ed as follows '417 In.. (r)r 2d r =A. 

11 

b) Folding-Potential with Finite-Range Forces 

In the folding-model th~ interaction potential of two colli 
ding -nucl e i A 1 and A 2 í.s calculated as the value ,of an effecti 
ve nucleon~nucleon interaction averaged over the densities of 
~ese nuclei /4/ 

D (R) ~ IIp (;l)P A (~2) v'rr (\;1 + li - ;2!)d;1 d;2' (4)
A'A A1 2 1 2 e 

where the central part of the effective NN-interaction consists 
of fqtir terms 

-+ -+ -+ -4.-+ -+ -+-+ -+ -+-+-+-+ 

CT1 CT2V(r12)·=VOO(rlt + V01.(r 12)rl'l'2+ V lO(r 1d +V ll (r12)CTlvll2 (5)" 

with â1 and (;2 be í.ng t he spin operators. 

2 

In the case of'finite-range forces the nucleon-nucleon poten
tial is chosen tb be of a Gaussian form allowing fàr a soft 
core in the effeative interaction at small distances/6/ 

2r	 -+ -+ -+
V (r) => L V exp (- ~.- ) + d(E / A) o(r) , c = Ir '+ R - r I, k = 1 2 (65°

eff \ K.K a 2	 l' 2 ' • 
K 

The second term of formula (6) s.i.mu La t e s the í.nc Lus i on of ~re 
antisymmetriz.ation effect due to the Pauli p r i ncipLe which 
depends on the relation of the ipcident' energy E. tQ the mass 
number A. In the same reto the analytic~l expressions for the 
.co r respond í.ng fo lding-potent ial have been derived as sumí'ng 

-also a Gaussian form of the nuclear density distributions. BeJi
des, the folding-potential (4) was constructed by using Skyrme 
interaction witn o-forces for the nucleon-nucÍeon \nteraction. 

c) Cross ,Sections of Elastic Sca~terin~ 
<, 

The 
" 

folding-potentials describe~ above are employed as r~at 

part of the optical potential in order to calculate cross sec
tion~ for the elastic scattering of 6 Li + 12C. In-the present pa
per it is assumed that the forms of the real and imaginary pa~t 

f ~ 

of the potential are the same. Consequently, one gets U~ (R)= 
= UA A (R)(l + i(3) wi th f3 being th~ on'l y free parameter i~Pthis 

1 2 
method. 

r 

3. RESÚLTS OF TRE CALCULATION ~~D DISCUSSION 
f

a) In Seco I jt has been already remarked that the folding
,l potential with finite-range 'forces ls calculated by using an 

analytical form of the nuclear density distributions according 
to refs. /6,8/ 

2 2 2 . 
P(r) = p. I exp (- ~r-) + Cé·- exp (- 1':- ) I. (7).O b 2 b 2 b2

\ O 2 2 

The parameters of formula (7) are sllmmarized in tahle I: 
~" 

Table r 

A	 bOI fml b 2[ fm] C
2p~ [ f~-' 

6 0.133	 I. 98 1.38 0'.08 
12 0.127	 2 . .04 I. 75 1.06 

~ , "
..

3 
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! 
"They have been ,extracte,d froI!1 an approximation of the n~merical { 

density distributions Which ha'\{e been computed according t-o },
eqs. (2) ~nd (3). It should be noted that the introduction of : 
several "oscillator f requenc íes" b-o "and b 2 into the 'par amet r i>

-zation of the densíty distribution means in thé language of 
l~the sh~ll-model aneffective allowan~é for mixing of configura rt 

tions from difcferent shells. This leads to a more realistic / 
description .of the density distributions in comparison with (I: 
the results of the harmonic oscillator modelo 

.b) Ip o;der to analyse the influence of the chosen variant }t 
of the nucleon-nucleon interaction on the calculated cross 
sections for the ~Li+12C elastic scattering. zero-range forces 
according to Skyrme!9! and finite-range forces proposed by 

1\
l. 

Satchler and Love./4! have been employed. The rest,1lts obtained 
by the various methods h~ve been compared with each other and 
with experimental data. 

Figure I shows the cross sections for the elastic scattering 
·of 6 Li by 12C at the incident energy ELf 90' MeV. The '~déÍshed 
line refers to- the calculation with Skyrne forces (ft=0.9), the \ 

f
I 

soli4 curye repr~sen~s the result given by the use of finite

range forces ({3 =0. 7). At. last, there is demonstrated the
 
aagúlar distribution which follows from a semiphenomenological
 
computatian. The corresponding dash~dotted line shows the cross ~
 
sections calculated so that a Woods-Saxon potential has qeen
 
chosen as imagirtary part of the optical potential, while the
 
real one is the same as in the first case (comp. dashed line).
 
That means that three free parameters enter into this com~uta


tion. They are given together with the parameters of the nuc
leon-nucleon int~raction by table 2. ~
 

Table 2 

j, 

Interaction type Parameters 11 
1:1 

Skyrme t o= -1057.3 MeV fm- 3 t 3 = 14463 . 5 rieV fm- 3 

Satchler/Love Vi = 601.99 MeV Vz=2256'.4 Mey 
a = 0.8 fm a = 0.5 fm

1 2 , d = ~27ú(I-0.005 E/A) 

\'loods-Saxon 
(imaginary part) w= - 45 MeV r = O. 89 fm a = O. 8 fm w w 

In geheral, the results of the three calculations utilizing 
yarious forms of the op-tical potential describe the measured 
data satisfactorily up to 40°, and the difference between them 
is small. At large angles the theoretical an~ular distribution 

4 
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Fig.l~ Angular distribution 
of the .elastic scatterjng of 
'ti + '12 C ai: E . = 90 MeV' in 
comparison,wit~lexperimental. 
data. The, meaning of't1e va
rious lines is explained in 
the texto 

50 100 Bcl11 klegl ' 

computed on the basis 01 'Zero-range forces underestimates the 
experimental values, whil~ the curve c~lculated by the use of 
finite--range 'forces lies higher than the experimental one , In 
that angular ~ange from 70° to 120° the semiphenomenological cal
culatiun leads to the best reproduction of the measured cros~ 

sections in comparison,with the other re~ult~. 
Figure 2 gives the elastic cross sections at various ener

- gies of the pr'o j ec t í.Le , in par t i.cul ar ELo = 30.6, 90, 99, 
156 MeV. The points represent the experi~ental data, the theo
retical results calculated py employing finite-range forces:l4! 
are dernonstrated by solid lines. I 

It is seen that it is possible to reproduce the angular 
d i.s f'r í.but-í ons of elastic scat re r í.ng in this system at higher 
incident 'energies in qualitative agreement with experiment by 
choos í ng the parameter {3 equal to 0.7. To get at least a rough 
description of the cross sections 
sary to en l arge the vaIue of (3 up 
the. reproduction of the measured 
is why a renormalization factor a 
al part of the optical potential 

at E L'= 30.6 HeV it is neces
to 0.9

1
• But also in this case 

curve is not satisfactory:Tha~ 

has been introduced for the re
t oo , The use of the optical po-r-. 

tential .Ln the form D t(R) = DA A (R,) (a + i (3) allows the inter
op 1 2 

pretation of the ~xperimental data in the angular range up to 50° 
'where the parameters a and {3 take the value 0.6. However, th~ 

t heore t í.caL 'c ros s sections computed in this way slope very ra
pidiy at large scattering angles, while the curve corresp~nding 
to a = I increases, which is in better accordance with the 
tendancy of the measured data. 

5·", 
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as well as 
t r oduc i ng' 
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4. CONCLUSIONS 

The comparison' of the theore
tical results describing the 
cross sections of the elastic 
scattering in t hé ,system 6 Lí+12 C 
at four energies of the projec
tile with the experi~ental va
lues shows that ir is possible 
to interpret the angular ~is-

\ tribution of such processes 
at higher incident energies in 
the framework of the hyper
spherical-functiorr method emp Lo-v-
ying zero-range Skyrme "forces' 

finite-range' forces according to ref./4/ and in-
only ane free parameter of the-optical potential. 
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B 06beAHH~HHOM HHCTHTYTe ~A~pH~X HccneAOBaHH~ Ha4an 
B61XOAHTb C60PHHK "Hpamxu e c o oõiuenusi OHHH". B 'HeM 
6YÁyT.ndMe~aTbCR cTaTbH, cOAepma~He opHrHHanbH~e HaY4H~e, 

f ,.\ 
HaY4HO-TeXHH4eCK~~, MeTOAH4eCKHe H np~KnaAH~e pe3ynbTaT~, 

Tpe6Y~~He CP04HO~ ny6nHKa~H~. 6YAY4H ~aCTb~ IICoo6~eH~~ 

OHflW 1 , CTaTbk1, aoureruuae B C60PHHK, HMeIOT, KaK H APyrHe 
H3Aa~~~ OHflH, cTaTYc o$H~Han~H~x nY6nHKa~H~. 

C60PHHK "KpaTKHe co06'U4eHI-1R OltlfH1" 6YAeT B~XOAHTb 
perynRpHO. 

The Joint Institute for Nuclear Research'begins publi
shing a collection of papers ent í t l ed JINI? Rapid Commurii
cations which is a section of the JINR Communications 

« 

and is intended for the accelerateq publication ôf impor
tant results on the following subjects: 

Physics~of elementary particles and atomic nuclei. 
.Thecrettca l phys í cs . 

Experimentàl techniques and met~ods. 
Accelerators. ' 
Cryogenics.
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condensed matter. 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new collection like all other publications of 
the Joint Institute for Nuclear Research have--the st~tus 
of officia1 publications. 

JINR Rapid Communications wi]l be iss~ed regularly. 
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Cayne r.,lliHpOKOBa A.A., lliHTHKOBa K.B. 
HccneAOBaHHe ynpyroro pacceRHHR 6 Li + 12C 

E4-85-25 

HccneAyeTCR ynpyroe pacceRHHe B CHCTeMe 6Li+ 1~npH pasn~
HbiX 3HeprH.IIX naAaJO~x <~acT~ B oeinacTH 30,6-156 MsB. Pacc'IHTa
Hhl Ce'leHHR AflR 3THX DPOUeCCOB B ~OpManH3Me ABO~HO~ CBepTKH 
Ha OCHOBe PaAHanbHOrO pacnpeAeneHHR DnOTHOCTH 3THX J~Aep, 

OOflY'IeHHOrO MeTOAOM rHnepc~epH'IeCKHX ~YHK~t C OOMO~biD 8-
CHnhl CKHpMa H cHnhl KOHe<~Horo PaAHYCaAe~cTBHR. PesynbTaThl, 
AOCTHraeMhie npH sHeprHRX ELi= 90,99, 156 MsB, YAOBneTBOPHTenb 
HO OOHChlBaJOT 3KCnepHMeHTanbHhle AaHHhle, HeCMOTpR Ha TO, 'ITO 

TOflbKO OAHH CB060AHbrn napaMeTp /MHO~Tenb nepeHOpMHpOBKH 
MHHMO~ qaCTH OOTH'IeCKOrO OOTeHQHana/ BBOAHTCR B CXeMY pac'leTa. 
llpH sHeprHH ELi= 30,6 MsB B03MOJIHO xaqecTBeHHoe onHcaHHe sxc
nepHMeHTa npH ManhlX yrnax AO 50°, ecnH o6e qacTH onTH'Iecxoro 
OOTeHQHana nepeHOPMHPYIDTCR. 

Pa6oTa BhlDOnHeHa B lla6opaTOPHH TeopeTH'IecKo~ ~H3HKH OHHH. 

Cooe~eHHe Oe~~HeHHOrO HHCTHTYT8 ~~epHWX KCcneAOB8HHA. ~yGHa 1985 

Saupe G., Shirokova A.A., Shitikova K.V. 
Investigation of 6Li + 12 C Elastic Scattering 

E4-85-25 

Th 1 . . f 6L. 12- • • • d . e e ast1c scatter1ng o 1 + ·-t,_; 1s 1nvest1gate at var1-
ous incident energies in the range from 30.6 MeV to 156 MeV. 
The cross sections for these processes are calculated in the 
framework of the folding-model by using of the density distri
butions obtained infue hyperspheri~al-function method and 
Skyrme interaction with 8 -forces as well as finite-range 
forces according to Satchler and Love. For the energies of the 
projectile EL . = 90, 99, 156 MeV the results are in reasonable 

• I • agreement w1th exper1mental data, although only one free para-
meter (renormalization factor of the imaginary part of the 
optical potential) has been introduced into the calculation. 
A qualitative descriptjon of the experiment at the incident 
energy EL . = 30.6 MeV is possible only for the smallest angles 
up to 50°,but in this case both the parts of the optical po
tential must be renormalized. 

Coumunication of the Joint Institute for Nuclear Research. Dubna 1985 


