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Boa6yx:neHHe. · Mep 'laCTIIU.aMH oKonooapbepaoii aHeprHeii 

nnl'l nccneLlOB8HHl'l B036ymneHHl'l l'!Llep C 9Heprneii B paiiOHe KynoHOBCKO
ro 6apbepa ncnonhayeTCl'l KBaanKnaccnqecKnii BapnaHT MeTona CBl'l3aHHhlX Ka
Hanos. Bepol'ITHOCTb Boa6ymneanl'! HnaKonemamnx KonneKTHBHhlX cocTOl'!Hnii 
OK83biBaeTCl'l O~eHb 'IYBCTBHTe,lbHOii K H3MeHeHHIO napaMeTpOB l'ILlepHbiX no
TeHunanoB n K BennqnaaM Bepol'ITHOCTefi aneKTpoMaranTHhlX nepexonoB. Dpo
Beneao cpasaeane c peaynhTaTaMn pe~~e+os no Teopnn soaMymeanii n nMe
romnMHCl'l . 9KcnepnMeHT8nbHbiMH LlaHHblMHo 

llpenpHHT 06oeAKHeHHOrO HHCTHTyTa g~ep~X HCC~e~oBaHHA. 
,lzy6Ha, 1973 

Lukyanov _v.K., Titov A.I. E4 • 6989 

Excitation of.Nuclei Near the Coulomb 
Barrier 

The coupled channel method together with the trajec
tory description of the projectile movement are used in 
investigating the excitation of nuclei near the Coulomb 
barrier. It was found out that the excitation probabili
ties are very sensitive to the change of nuclear potential 
parameters and electromagnetic transition probabilities. 
The numerical calculations are in a good comparison with 
existing ex~erimental data. 

Preprint. Joint Institute for Nuclear Research. 

Dubna, 1973 

' 
1. Introduction. 

" 

With~approaching ofthe heavy ion·energy theJ:oulomb barrier> 

the nuclear excitation mechanism of a t~rget:-nucleus h ' 21 is added- ' 

to the.usual Coulomb one 131. This leads to an interesting interference. 

phenomena .. in the energy ( near £"' l7s ) and _angular. ( ncar · 8~ iJ.: = 

~£atY.Sin/z~uaj}~i~tri~utio,n,s of inelastic scattering paxticles, which 

depend very sensitively on the nuclear interaction potential. '!'he 

first the.oretical investigations of this effect in the framev;ork of 

the perturbation theory were ca~ried out.long.ago/3:-61: In the.works 

/3,5, 6/ an attenti;~ was_ accen~~d ·on .the near-barri'ar region, where 

the nuclear forces only begin to arise , and therefore the typical 

variationS from the smooth ,~oulomb e~cltation cunes should apiJear _u{"· 

the inelastic cross-sections. Semi~lassicalccalculatio~s of i~elastic 
scattering of the above-barrierparticles'have beer;_ g~~en in ref:.f4/. 

Later /7 ,BI, the. fi;~t order per~urbation method ~as~ exiended by' mean's 

of the accounting the higher step excitations, ~hich play an. import~t 
role in the case of d~formed nuclei ( 'the,sb~c~lled:~itiple near-

barrier excitation). 

Recently the experimental measurements in the-near-barrier region 

were done with the _oxyden /9/ and lith~um ions/10/ ~ scattered on the 

spherical nuclei 5Bru and 120sn. Indeed, the interference effect was 

found out and the data /9/ :;ere interpreted successfully in the frame

work of the perturbation method 1111. The purpose of this work is to 

give a detailed analysis' and the comparisons of the heavy ·ion inelastic 

scattering just oa the spherical nuclei, taking into. account some 

specific features of thi~ case in- comparison with the :case of- deformed 
. . . 171 . . . . 

nuclei which.has been investigated earlier in ref. • The consLdera- .. 

tion is in the framework of the strong coupled channel method •. Also 
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·. ole gi vc some methodical analysis wl tli the' aim of. understanding the. 

maili physical details of this phenomena. N9e1y • the role of the· 

higher step excitations, the dependence on the nuclear state energies 

and the corresponding transition probabilities B{li-L/, an influence 

of the nuclear potential parameter . vari~tions; etc., ar~ under consi-

deration. · · ' ' 

_The he~v;r ion scattering proces·s can be investigateii in the 

framework of':the semi:..:classical approximation because of the relation 

. fi/li<<1. For.ine~astic s~-atteririg this meth~d con~ist~ of two st~ps. 
·~. . :.. - \ ·. ' -- ' . .. - ·- -. ..... .. ' 

The first is the calculation of the classical trajectory ~=~(t) 
. ' ~ -, ~ ., - . . . ,. . . ': ' ' ' . .. . 

of projectiles in_the field of an average Coulomb and the nuclear 

potentia~ (/(~) ·• ~~e~ th~. ~c~lon 'P'(t) is. in~erted into the 

-' r~~idua~ ~t~~a~~~o~ ~t _(rJJ. y;hich ther,efore de;enda" o~· the tim~ 
_' and the ).nternd ~U~le~r c9~r.di~ate~, J, . This interacti~n p:ays a 

roie of external field ·which leads to the nuclear excitation. Thus 
,: . - . '.. ~-- . . - ' ·-

the nuclear wave._. functi~n. satisfies · th~ following. equation: 

<~;~{JtJ~[/-Ioq}+lJ;nt(~t)j)}'f{Jt}." '." ·. '<1) . • 
~- . - . -

It is natliral ·to express the ·solution. as an expansion on the • 

nuclearwave iwict:l.ons of the Hamlltonian without an· eXternal field 

·· ·· ~r.it/~ ~·a ri; e~l(E~IItJt;v),: . 
. . ,; . i'. '. J . . ' : ., .. (2) 

1-(ol~? --·~N>_ · 
• ! -· '<· • ' • -~ 

.. ' ~! 

(3) 

Then the coupled channel equations are obtained •-::·· 

.,._ if~:;·,,,; 'f,- ,e icu~~-~ <~/ f!i,~j~,~~iJ/'~ '(4) 

~- ~ it~ .... :- .... -
' ~ .;·. 

•';' 
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where 

cuiw = r~.:...E;,J/Ii.. (5) 

CoeffiCients a~ are the,probability amplitudes, of finding __ the 

nucleus in the states /~'> at the moment t , '~o t~e res~lt. of ·' 

scattering is determined by the amplitudes' a)){i=t-co)' • Before 

scattering { t =-oo) · , the nucleus is in the ground state /0 > 

therefore 

a)) (t--oo)= 8-;o. (6) 

This is the boundary condition when solving the eqs. (4). 

In the case .of the phonon exc.itations of even nuclei /~>=fll.JI'f> , 
where /l, is the phonon number, c[ is the state momentum _and /Jt 

-. ~ 

stands for its projection. Bearing in mind that the ground state 

/OOO> is the zero phonon and momentum state we write dom the excita

tion probability: of :tlie ( nJ)~ . .' n~clear, leyel· .. 
·.. ," . '· : ' '·. . .. ' .·. .e .\ 

~fnr~ ~ / an.T/lf (t =+ oo)/. (?) 

.: In the first order-the· amplitudes are_ expressed as follows 

· p.U.. /i ,- i(E,.r/~)t . -· · . . -·~· e . 
.P,;- _ LJT ;r:Lt e _. . .. <n.TM/Yc-,.tfooo>:· ... H ... __ . . . . . . .. ::.. . . ·. 

(8) 

, Neglecting .'the change of trajectory due to the inelastic reco_il 

effect,. the excitation probability is expressed in terms of the elastic 

and inelastic c~osiJ sections in a simple way/12(. .. . , .... 

P= :. nr ... 
d~net (fJ. E-£,.:r, nJ) 

d6ef (:Y. £, 00) 
(9) 

Thus ln practice it is necessari to ·solve the system ·(4) v1ith 

the boundary conditions (6), ~r to calculate the perturbation theory 
. . ' - . . 

integral in eq. (8). In both cases we should v:rite. down an obvious 

expression for the interaction potential matrix elements. 

·s 



. .;:. ~ 

As a rule'£or this aim we obtain the average tT and interaction~t 
poten~ials with the help o£ the multiple expansion o£ the ~hole 'inter

action potential 

[J(~=Z,ej 'j:;~_dx -l7~ h (~)-i Wo£frJ), · · (1o> 

where··the nuclear charge density is 

. i:J . 3~e e/z:J -+ . ) 
Jc = ~3 1 01. (xj) -X 

. c. . 

(11) 

({}(A}= 1 for X;;;. 0 and B(x) =0 £or ~ < 0 ) 

and radial dependence o£ the nuclear potential is 

f ·.. ff • r-ll(~() 7-L 
(r"j)= L' +_exp 8 . 'J (12) 

L1 = R f- ]li!J1 t't'· 
.Y'1 . 

ll =fC+,!J 
(13) 

R.=r: A~3 
G. OC I! 

D / ~· 'l".ll 
'(,v_=l;v'!A-t +Az ) R,.,={;IV (Af~A;,, (14), 

Carrying out the excitation probability-calculations one should 

know the projectile' trajectory. The latter:. is tletermined by an average 

'potential which is , a zero te;rm, in expanding eq~ · (10) on L1 /« R} . 
~- • >. > - - ' ' ' • ' :', • 

Note, that an' imaginary potential must be accounted only in the cross 

section calculations·~ Therefore there appears the "absorbt ion factor•, 

the -result of mriny other outgoing cha.Iinels,. ''ihich are obviously ~ot 

taken into account •. I£ one suggests as usual,. that· the imaginary. 

potentials o£ the elastic .and inelastic 'channels to be e<lual,· the 

corresponding cross sections \':ould !;lave, the saine absorbtive factors, 

the:£act which does not chang(! t?e ratio of elas:tic and inelastic 

• ..• :.·,· 
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cross sectioiis. Thus, using eq. (9) the excit.ation probabilities 

are expressed directly by the experimental cross sections•. 

In the region .£...., fTa external Coulomb potential plays an 

important role and the "tail" oi the nuclea7 potential .. should be . 

addee. Therefore the main projectile path is the Coulomb one -and' .. 

only near the nuclear surface the trajectory is partly distorted. 

This distortion can be taken into account/4/ ,. by :t:enormaliza,tlon .of 

the Coulomb trajectory, rep:r;esen~ing an average potential near the 

nucleus·as follows 

[J(r-)= 2fZeei'(A+B/r-rC/~2)B{fht+28-r)B{r--/;.,). , 
. r · .. · · (15) 

The coefficients ~ , 13 c· are determined by fitting eq. (1.5) 

to eq. (10) at'.Ll=O ·.in the region of the main-cont'ribution of 

nuclear forces: 

r-,.~r!f:r_+.t8 /r: =a(I+Sin-19a)zte ·B«R· a= ~~e.t) . ... I,,. · " - " · 2E • 

Then the trajectory will be characterized by an excentricity, con

nected with an observed scattering a.n.sle z9· by 'the following 

expression 

E =f.Ji.n.-Z(lJA)+C/(E~a~:). ,. . . (16) 

where a·half distance of the nearest approach is 

a,.= Z, lze,..t/-ZE,. (17) 

andc 

E=E-A ,. . .z .z . / 7_ e,. = e ,+ 8/ i!r~ 
.. (18) 

Out of the nuclear forces A.= B = C = 0 and therefore the'!'rajectory 
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becomes pure Coulomb one with an excentricicy E,;,. !>in.-f (VJ/2). 
The potential' lli,:t ~s obtain~d as. t~e first te~ of an . 

expansion_ eq. (10) on ~ (<~';:l). ~eprese~ting d -~ t~e f~rm 
- thnt = -~ 1-f;fi (r; j) >A; (t?j 

. Jf" ' - - -
(19) 

and parametrizi.rig the trajectory in the coordinate system >dth 

the scattering. plane X,;J- and a symmetry axis along. ;c 11( it -

is possible to carry out a final expression for the. coupled channel 

system (It}: - : ·H. . 
. oa11,r,., , ... _ _·ei~ .... O?;nv-: a,.(c,...rh~+w)/zt,:: 
di - = ..c.- a~~.v~' -- · .. .. · · . 

Cl(t) ll'rT7"1' - .. -- . 

. ·; <J~Nft?IJI'(> ,.. 
. 

<T(!!!dJ'> T{ (rJ ~:(f j)P)' 

,(20) 

''.' .· 

where r -and Y .. are expressE!d through the iritegration par~7 
'. ·':"-

meter CU as follows 

.· ... _,..,..a,. {~,_.chcu~ 1) 

c~y= e.;!- a,.. (c~'-6.,.;;~-

.-

and the multiple part of. an iriteraction.c:i.s . 

'\{fr) =.l{~(f.') -t ~JV{r)~ •. 

-H~re the Coulomb and nuclear terms are 

Vjc= 4JrZe 
tz;,~-t) r--A+-f 

.-. 

.. ~. .. 

··; ~N'-- [D;, R 7Jfv +iift..A "CJ£,;,j-- <<!lj~ 1/J~> ;;;;. .. 
· . ()Rv _ ~ ~Rw, _ ~J/1/l-1 /J~ 

;~ :·r .• ". _..... ~ .,_.,.:-~:.:"" .,.:--: ~-~~:::.~f _;_~---~\~--.~-~=:~::~~;~. 

[, CJfv • 1•/ D o.fwj ~ 
=-L_fZI?oR., +two 'l. oRw 3'4efloll ·;> 

8.~' 
•' 

. ·. . . - . ¥.J" -
(R.=t;v A.z / . 
~ ~ . ' .. . 

:··!· 

(21') 

(2?),: 

'• 
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3. Discussion:of results ::;. 

T~e· dependence .of the excitation ~ro~~~ility ·R.r o~ the,~ 
nuclear structure parameters· and on_ the geom_etry.-parameters;, B:!ld, 

also a comparison of tli.eoreticalpredictions with experimental data 

have been done on the basis of numerical solutiori_of.theco~pled 

channel equations (20) and the perturbation theory calculations of· 

eq. (8). '• 

_ 3.1.-· Dependence on nuclear structure parameters,_ 

The nuci~ar excitation prob~bility -Rz.r ·dep~nds on t\vo values, 
' ,. ·. - .. " . . . 

which·are determined by the nuclear structure. The first value is· 

the excited. state enEirgy £..r • 'equ'al 'to the 'trarisfer ene~gy ~c . 
whidh dot~rinines the depe~d-~~c~ :~f .P,,.,j on the imp~ct paran;~ter 

?=· ak ·4£. 
. 2 £ 

The second one is the transition £/1 -probability 

B.r-.r' (E~)=2_;t /<J/~1/J~>/.z. 

(25) . 

' (26) - . 

Application of the calculation methods depends mainly on magnitudes 

of the-~~ two parameters. Ind~~d, for the ,;small'' B(E.J} i~ "is possi~le 
• ' '~ . • , .. 1 • .• " . • • .- ' • : • 

to use the perturbation· method (8) •. However it. is necessary to 

investig~te, whl~h' of th~ Mgn~~des BfEAJ ~y b~,call~d ~~,~~ll'i, 
-on~~. ·:md w~t ·i~ the t,;~~al.d~pe~den~e ~~A; o~ t.he. ~~c:i'e·~ . ; 

' ~ '. f • ' . ' . '.... ~ • .. < ; ' ·; • . • "· • ,. ~ •• ~ 

state energy. Figures 1 and 2a .show the results of ·the ·calculations 
'. . . .. ' . . . . " , - . ~ . . - ;, ; .. . . :' - . :.. ·":; ~-- ,· ... : 

of excitation probabilities in the fra~ework of the perturbation 
. ,.· . . :;, .• ·-~···,-·-." :,.~··.· ...• ,.:; ·,;_r .... ' • 

thE!Ol7 and the ~,coupled channel method for two levels ( the_ ground 
;.J . ~,·· ·.· ,;, ,~ • -~· •• l,,.~ .... -.. :. ~ ....... · .... . . .; 

9 ~~!~ 



0~ n~ . . . 
and one-phonon ~::; ) , related to. the corresponding exact 

amplitudes. The phonon states have been considered to be equidis~ · 

tant, and in the exact calculations the degenerated two,-phonon 

triplet o+2+4+ has been taken into.account with the corresponding 

probability transition B, .. /[21=/; B0~~£Z} · • The parameters 

are given in Table.· 

Two regions of the ~ .. ~£2) magnitudes, corresponding to: 

spherical and deformed nuclei, have been investigated. Naturally, 

in the latter case our calculations, based on pholl;on states consi-

deration, can 1:5ive only qualitative conclusions.·Results are the 

following. 

1. As is seen from Fig. 1, the perturbation theory cannot be 

used for spherical nuclei with B(£2)> 0~2 ( e;r~rs bec~me more 

than 20;~). And of course for all the deformed nuclei, where pertur

bation theory probabilities get of:f the exact value more than one ·. 

order. Then, in these cases it ~s impossible to restrict ourselves 

only to two low-lying nuclear states in the coupled channel calcu

lations. 

2. Fig 2a. shows that the violations of pe~·turbation calcula

tions from:exact ·ones are more sigaificarit at low ~~rgies of 2+ ·· 

level ( Ez < 1uev), than at larg.e _eD.ergies ( .l,; ~ 2 + 3 MeV).The 

corresponding ratios of p~·obabilities ·IJ:tle/ ~;·c. · B..t·e displayed 

on different sides o~ the unity. B~t ~om~times there' exists a case; 

when the e:xperim~tal ~gnitudes ~ .Bt£2/~d ~# accidently occur 

just in the region, where this ratio. is equal to 1 ana the perturba

tion theory ~alculations coincide with an exact one. 

3. He;.3b sh~~s, thai 11:ith the .lncrease of .A£" there 'is 

10 
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an "attenuation"' of ··~ -probabilities in the Coulo~b excitation 

region £" < l'a· .. and ·the coi-responding increase of ·.Ji+ ·.in the 

nuclear excitation region· E»lli . This is due .to a suppression 

factor under integrSJ..s (8) · ( or (20)) expL(4£t~), which develops 

itself only at t-~: 0 arid oscillates very quickly with the incre'ase 

of .o £ . The magnitudes t t' 0 ·correspond to large distances on . 

the projectile trajectory, far from the target nucleus, 'where th~ 

main contribution tnto an excitatiOn is :from the Goulomb potential' 

only. 

3.2Dependence on nuclear potential parameters~ 

The .beh~viour 'of excitati~n probabilities ~.,. depending 

on one of the nuclear potential parameters, is given in FigS. 3-5. 

Firstly, it occured that the position Iilli! depth o:f an interference 

mmima. are aete:t'miil~d ~y 'D.-, D,;,.and Kv , but th~ main dependence 

is on the radi~s parameter. The dependence of excitation probabi

lityl?.,.. on the imaginary potential para~et~rs.is we&\ and, they play 

the role mainly a.t large ,scattering angl_es or energies, far from 

the interference mtnima •. Their magnitudes are determined by experi-
, ~. • '. • ' . . .. • • ·.t • 

mente with a smaller accuracy, because the trajectory description 
• • ' '. •' •. ••• ,.. ,. •• ' • c. 

is almost. out of its application when the ener~ is above the 

coulomb barrier. The general behaviour of curves supports an obvi-
_-; . ' ' . ·: . -·· ,, .· ' ' .. ". '/ 

ous conclusion that an e:xtension of the nuc_lear force region .via . 

increase of t;.,, . ~ and 8.,. parameters leads to the nuclear 
. •'' 

excitation at larger distances from the target nucleus •. TherefOr!J 

the variations .on saooth Coulomb excitation curves should be 

exhibited at smaller energies and scattertng,angles. 
} c'. . . • . ~ ' 

" 
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Inclusion of nuclear forces not only, changes the nuclear transi-
• ' •• ~- .• • ,· • - ' i ' • • .•. ·_ . ' ' ~ • ·-. ·; ... . • . • • •· • -~ -· ' • • .• 

tion potential,_j)ut also .dra'IYs the -trajectory nearer to ... the'nucleus. 
•• . • ; • • • - . ' • ., .- - ••• • ~"'<. • .. • 

. The _given above formul:a~ allow us to ac_count t~is,.effec1; by means_ . . . 
of.a simple renormali;z:ation.of the Coulomb trajectory. Fig. 5b 

give~ ~ compa':~;~~ o~ two ~~cita~i<?U .;rol?~bili;i~~ P2 +-·, calc~::-· 
l~ted with and ~ithout the.trajectory distortion. One can see_that . . . - -· ~- . .. . ,. ,. . '· .,, ' -. 
the inclusion of an average nuclear potential conside~ably brings . 

. . " - ·- . . . • ' ' - _- ,- '-. . -. . ' -'~ ., '· f' 

the trajectory __ nearer to the n_ucleus •. In sp~te of the fact that 

the form of an interference picvure is not-changed qualitatively, 

the effect of the trajectory c~ange should,be t~~n it1~o account 

in" allthe cases of quantitative calculations, the fact which has 
-~-'. . ·r: . . . 

been' taken int~ a~count in: all present calcul~tions. 
·--::· 

3.3"Comparisons with-the experimental· data. . '. 

' The 'the'oretical''calculations and ·experimental resUlts ~on the· 

near.:.barrier e~cita:tioris in tiie reactions ~Z+ ~ ~ (20Sil 1~01 
and f

60 +·,SI,.Vt: .. /9/ a:re compared in Fig. 6 and 7;··qne ca:n see, that 
. .:-__ -~-- . ' ·, . ~ : ' :_ ' ' .. '.;'. '-; . . .. '. ,·' ·- . ' '.. . . . - . . 

the calculated curves with the parameters from Table are in a· go.od · · 

ag~eement:with ~Xi>eiiiinent~l dat~~··The ·reactfo~(60+ s.V;f~t··has been· 

analy~ed ~S:i-l:ier in: the frainework of the .p'e~b~tion ''theo;;.y in 

;ef. 1111 •. The I>ilramet~rs of t!le worti· 'c-~inside· with ·ours except for·.· 

8.,, wlllcii oc6~s'~ere t"O b~ ~m~i1e~:on o.1 fermi.~ :Bearfni ill ID.ida; :. 
that''iilllii~' cS:se'.'th~'·i?Ei.r'turb'a~i~ii the~ri is w~ll ~6rkln:g ·{ see 3.1 ), 

< •• ·.: ··c.,~_ ~ •i .,_ '.f···-.~._,... / :": '!': ·~ ">-~·.· "· --. · ~ "-, ··~ "'-i: • ' -. 

this:_ small. d'isc'reparicy' is ·a consequence ot' different' methods" of' .. 

acchfu:;tlrii;~ -l;lie'''nu~lEmr dlstorti~n~ ·': ~ •: : • · · --~.. ·. · -· ·· ·: · .. ,· 

- -.·.._-_.i:·.;~:-····-_- ... '~--·",!' ~---•--.~-::; .... ~ : ·t-,~~ ,_:_ 1 -~ "---~ ~- .... _ '·"'" 

Analyzing the' obtB.iried"resuits~"' _wEi" 'note 'first Of 'all that )-. 

diffusiless param~'te~lt.''B,_-·.' ":iri. thel it'tliru"in ·rtia'c'tio~s ·a.ife :t'ou'nit t<f 

b~ about one half ;s much again as in the reactions with ~60 . 
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This fact correlates with tlie kllown,result _on the :ltfriable" 

structure· 'of ~t ~ Then, all • the p~tential~i occur · to be shallow 
"-_-··: :_-_:;. .. __ ·:·· _·;_ ;~~---~--;··.\ -~ ~· -~;_;··.~;.~-->-.. f· '• , .. 

ones incoinparisonwith·cominonly."used_in ·the calculations of li{5ht 

particle .. scattering ( n.:p ,·J.·~ e~c. )• .:It is· p~s~ible. to. interp~ete 
this fact r;. th~- f~llo;:i~g ~~/:' ~hes~ p-~~alu~t~r; ·~h.!tr~cteri~e · · 
mainiy the, t~~~it~o~ pot~tial 17~t ·. and only the ,;tail", of • 

the ave-;~~e~~u~lear-~6~~~~lai- u .. i~ ~ rate thts i'~c~ i~ 
interesting to.be anal.i~'ad as _the newd~;e: ~n.~he near:..barr.ier 

-· ~,:"·· ~ {,;..·,:.:.~, -:--·.---- ··,·-: ~-"-~ ;·.· . >·if' .... '·,· .. ,.- __ .. .• ~ ·· ... : '.·. 
excitation of nuclei appear_. 

' <t- 'l •• !'_--,. . . . ·-: ~· 

... "••·' ,.,: 
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'T'ABLE•) 

Figure Reaction [fo 10v Bv Wo r;,w CIV 
MeV MeV hn MeV flri ;,_ 

1,2 160 +5f1n 5,0 1,56 0,60 .· 6~0. 1,27 0,54 
3a -"- 5,0 1,56 6,0 1,27 0,54 
3b -"- 1,56 0,60 6,0 1;27 0,54 
4a 6Li +5Bzu 2;0 1,8 1~0 6,0 o,~ 
4b -"- ?·.9 1,8 1,0~ 1,25 0,60 
5a -"- '2,5 0,70 6,0 1,5 0,54 
5b 

_ .. _ 
•. 2,5 1,9 0,70 6,0 1,5 0,54 

6a _ .. _120 2,0 ' 1,8 1,0 6,0 1,25 0,65 
6b El:Li + Sn 1,5 1,95 0,50 6,0 1,5 .0,60. 
7a,b 160 +5.f1u 3,4 1,56 0,50 6,0 1,27 0,54 

•) In ~he excitation proo:J.bility calculations the reduced 

transition probabilities were taken as follov;s 

B (£2)= 
0-+(. { 

.0.07e26Z 

. 0.:3 e~6z. 

( Figs. 2b-C>a, 7a, b) , ·. 

'• . 

( Fig. 6b) 
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An excitation. probability dependence on the dii'fusness 
tv (a) and depth {!, (b) parameters in the l'eaction 
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Fig. 4.: .. Dependence on the depth Wo (8) 1md radius r;,w 
(B.) parameters of an imaginary potential in 6ll+ S.V;Yt 

(Et-.6=22. RM~v) 
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Accounting.of the nuclear distortion on'the Coulomb 
trajecto.r;y. 
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