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I. Introduction 

The nuclear transfer reactions of the stripping or pick- up types are 

important because they detennine the degree of the occupation of nuclear 

energy level by nucleons. 

In the most of reactions lnltlated by composite particles such as deute

rons, tritons, alpha particles or even complex nuclei, the excitation of com-:

pound nucleus is strong. However, some of the low-lying states are not 

populated strongly by the compound nucleus mode. Such states can be exci

ted wth an apreciable probability by incident partial waves of the high an

gular momentum. In these cases more frequently appear single or few- nucleon 

transfers. 

Few nucleon transfer reactions have been made especially in the light 

nuclei region because of the small density level. The nuclei which take part 

in such reactions can be both spherical and defonned. In the region of 

nonspherical nuclei not many people have analysed this problem. 

In this paper we try to give a method for finite range calculations in 

rm.ny particle transfer reactions by using the two- particle residual interaction 

of the Gaussian type without the spin or isotopic spin part. 
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2, General Part 

In the following VIE shall discuss the stripping reaction AC a,,, 8 of a 

particle&. by a target nucleus A , The residual nucleus will be denoted by 

8 and the emerged particle b:f ia , Also we shall denote the captured 

nucleon system by C • The kinetic energy operator will be represented by 

tl'le symbol K and the total Ha~iltonian by H 

a 
H = 1-\A cr"> + .L [ ,., K ti) + v <'l.l.-.ll + v~ . 

( 1) 

HA (fA) is the Hamiltonian of the internal motion of the target nuc.. Here 

lP.us considered to be at rest 1 V ( ,.., 1 l ) is the nucleon- core interac-
.... ~ 

tion potential, Vlhere "i is the coordinate for the nucleon c. with 

respect to the center of the core and Va is the internal interaction 

' potential in the incoming particle 

The Ha~iltonian of the final system in W1ich the residual nucleus 8 
and the particle b are at a great distance is 

Hf = H&cl,) + Hb<l~.) + K~,8 <~>.) (a) 

where H b <-,_1:.) have the same meaning 
I 

'-'e <te) and 

is the coordinate of the center of mass of the emerged .. and v:~. 
Thre 1A.e make the approximation that the centers of mass ( lA 

as H,.c~l 
particle ~, .. 
and rtt ) 

of the target and residual nuclei coincide and they are equal to zero, 

This approximation is good for heavy A and B nuclei with respect to a 

and b particles, Some of authors take partially into account the diffe-

• renee between .,.,. and -;e , namely, in the wave functions of the 

c::mter of mass motion, but the error connected with the internal wave 

functions given by models may be much more in such a hypothesis, 

By definition the transition matrix for the mentioned stripping reaction 

is 

4 

• 
~ 

., 

..... 
'T" ,.a, ~ \1.1 (. + ') 
•a~.•<e ""~("')CO(l)\H-Hr\li. 

It "'- le, a "' 

\1\here 't'~+> is the stationary solution for the Hamlltoniar 

by 'f VIe have denoted the internal wave functions. of 1h 

ticle b and final nucleus ~ , respectively, The r• 

momentum is represented here by -t. Jt~. 
In the plane wave Born approximation ( PWBA) 

teraction potential is neglected and the matrix ( 3) is 

the n 

TPweA ~ 
tl .. ; .. 

< e f., ~a\ V~te \ 'f,t+l 

"With 

tt+l ':= 
. --

Cfa cpA exp ( i -l,;a "".a] ' 

... 
where 'fa , ~ - and ""J have a similar me 

and -k~ and 

vbc = Va -vb -Vc . 

Takin_g into account' a part from the nucleon- core interacU .. 
so- called optical potential Uopt ('f' > we can develope ' th 

method ( DWBA): 

Tow&A = < y._ (.-(~\> Cf .. Cfs I vatc: I era <fA 'f.(.· 

where 

• .. l±) - .. 
[ \( (Tl + Uort (..,., - € ) 'f ( -k, r) = 
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2, General Part 

ng VIB shu.ll discuss the stripping reaction ACa,,)6 of a 

• The residual nucleus will be denoted by 

particle b:f l:t , Also we shall denote the captured 
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and the total Ha~iltonian by H 
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is the Hamiltonian of the internal motion of the target nuc-
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to be at rest , V ( r, , l ) is the nucleon- core interac-
+ A \'i is the coordinate for the nucleon (. with 

the core and Va is the internal interaction 

of the final system in "VIhich the residual nucleus e 
are at a great distance is 

H8 <l,) + Hb <"l..,) + Kbs <~l _. 

and H b ('"h.) have the same meaning 

coordinate of the center of mass of the emerged .. 
approximation that the cenlers of mass ( 'A 

(a) 

as \-\A(~) 
parti~le !;, , .... 
and Y'li!l ) 

residual nuclei coincide and they are equal to zero. 

is good for heavy A and B nuclei with respect to a 

Some of authors take partially into account the diffe-

and -;li!l , namely, in the wave functions of the 

motion, but the error connected with the internal wave 

by models may be much more in such a hypothesis. 

the transition matrix for the mentioned stripping reaction 
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• 

n:m'l 

~, 

'
•", 

. 
, 

, 

, 

.. ,' ,i I 

" , 

...... 
'T' '" 'f: \)) l+) 

t &t. = < e "' " t ("' ) CD ( l ) l H- \-\c.\ 1 '- > , ( 3) 
.. "" le, • ,. 

\1\here 'f'~+> is the stationary solution for the Hamiltonian H while 

by 'f VIe have denoted the internal wave functions. of the outgoing pal'-

~-b b and final nucleus 6 , respectively. The relative 

momentum is represented here by ..(: .l., . 
ticle 

In the plane wave Born approximation ( PWBA) the nucleon- core in-

teraction potential is neglected and the matrix ( 3) is 

tl .. ; .. 
< e ~"<fa\ Vbc \ 'f,t+> > 'TPWSA -.:: ( 4) 

with 

tt+l ~ . --Cf a ~" exp ( i -A.,. Y".a ) , 
(5) .. 

..j~ where 'fa -and -k~ 
~ have a similar meaning as «f., ~ and 

and 

vbc = Va -vb -Vc . ( 6) 

Takin!2, into account a part from the nucleon- 'tore interaction potential, the .. 
so- called optical potential Vopt ('r > we can develope ' the distored wave 

method ( DWBA): 

..... yl-):1_. ~ (/) y(+).- .. 
1 ow&A = < .1'- t,~> Cf" CfeiVkl •a lA I' C-'.a.v:.>>, (7) 

where 

[ 
.. ~±) - .. 

K (~.) + Uort (.'f"') - ~) 'f ( -k, r) = 0 ( 8) 

t 
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in IAhi<:;h £ is the energy in the relative motion, 

The rest of the nucleon- core interaction potential 

v,.~~ <Yt.\,---l> =? V (~,t> - u~r- c.;J, (9) 

... 
where r is the coordinate of the relative motion can be taken into 

account developing the generalized distorted wave method ( GDWBA) by 

writing the coupled equations: 

(:!:) ... -

( I< (r) + Uoewt(.t) - € -t tl: + E:L] X c--k., rJ= 
I- t -~ 1•12 

=-I - (. +) - .. < ~ ~ I U r-t~ I <f-r, ~! > X 
1

, ;_, C ~, r), 
I l f ~ f~ 

( 10) 

t;t~ 

where the symbol 

respectively, 

1 is a or b 1 while 2 may be Pt. or 0 1 

Thus the matrix ( 3) becomes: 

r 5 vH 1· (/) l+J ... .... ~oweA = L L < .l'tt (~:.,)It~ /Vbc/ ""- ~ X (~,~)).(11) 
t t l. t • e to a "" ~ 'lol tA 
ca A .. e 

The stationary waves 

t+) ... ~ c.p 
wt+J _ ) X (~,r-J Y: C7J > L q) 
I - L ~ tA d d ~ la ~ jl\ 

l:J l.A 

(:) ... ~ cp 
'f(.-) = ) X - (~,,"'&) It (~) Y:. (f.,_> 

~ 1~ote " t, e u 
l:t.Ze 

( 12) 

have the follOIMng asymptotic behaviour: 

t<+> ,...... ~ ~ elCf[-t~J + outgoing waves .... 
'f(-) ....., Vi ~ exrf~,'i,] + incomming waves. 

( 13) 

6 

• 

~4' 

'·\, 

An example , of applying the formula ( 11) is giver: 

Austern / 1 / for ( J, f) stripping reaction on deformed 

mula ( 4,19) from the mentioned paper), 

3. Nuclear Model TreBtment of the Matrix E 

ln the following we shall study the matrix from the s 

the signs 'ta. , "tA and 't" . 't. 
l-) ... 

T 6lo cb ( ) ( -l.,,r,> 'ft. 'f& I V.c I ·~ ~ ) t+J 

where 1) a [A a! A&~/ Ab' A/1. A .. ~ ]'1'-
due to the an1 

a) Shell Model 

The shell model wave functions for the nuclei Pi 

W'ite in the following manner: 

~ • \YAJA MA) ; Y'8 = I Ye Je Mr. >, 

where ) is the total spin of the nuclear state, M 

on the z-axis and r is the rest of the quantum numbe 

complete specification of the state. 

Because of the physical picture which we have due 

processes 111oe expand the wave function fer the residual 

sis exhibiting the target plus captured system of nucleons: 

lt
8

J&M
6
> ::. L L ~~ (*lcile) llJ.:JA' , 'tc.lc j ~ 

\']A' lc.Jc { 
81 

t. 

mere IrA. JA'' '¥c.Jc j le frle) is the wave function 

the vector coupling, the captured system described by 

states coupled to the given spin, to a target wave func:::t 

momentum ~' 

7 
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in the relative motion, 

the nucleon- core interaction potential 

<r':.~,--- ~> = ~ V tr:,t> - V.,F t;>, 
' . 

(9) 

the coordinate of the relative motion can be taken into 

ing the generalized distorted wave method { GDWBA) by 

d equations: 

(-t) ... -

+ VOtat (-1) - € -t f: ~l + €:~ 1 X t. ~ (-k' r) = 
I • a ( 10) 

<.."'"> - .. 
< ~ ~ I u rf~ I Cf-r I ~! > X l. I; I c ~I r ) J 

l t f -z ·~ 

ol f is a 
or b 

1 
while <! may be PI or 0 1 

matrix { 3) becomes: 

\:) .... (.+) 1 ... 
l_ < x;t ("'l>r.,)<ft ~ jvbc'~- ~ 'f'l (~.\',i))-(11) 

t'tt &e ~o e ,.. a .1tA 

A b 6 

·waves 

t+> -+ ~ C/) c.p 
=[ X (~_,~) It C[) ll Cl) 

~tA ., d a 'A ,.. 
tJl.A ( 12) 

(:) ... ..., cp \./) 
> - ) X - (-kA Yf,) frt (.,) IT. (f) 

- L t 11t 8 ' & t~, e ., 
t&Ze 

·ng asymptotic behaviour: 

'f'l+> ,..._ ce ~ e!Cf[~~] + outgoing waves {13) .... 
'fl-J "-J Vi re exrf-1Gb'6] + incomming waves-

6 
-~ 

•. 

,',~4(; 

''t 

'
~; 

'' 
~ 

An example , of applying the formula ( 11) is given by Iano and 

Austern f 1{ for ( cl, p) stripping reaction on deformed nuclei (see for-

mula { 4,19) from the mentioned paper), 

3. Nuclear Model Treatment of the Matrix Element 

In the following we shall study the matrix from the sum ( 11) omitting 

the signs ta. ~ 't.A and 't" . T.. 

< 
l-) _... ... U> cJJ } V. ' CD U> c.+ J ,. ,. 

... ( 14) 'T.,., •1> } (-lj,,'fb) Ill I& !.C TA Tci } (~~ ~))) 

r A 1 A I/ A I A 
12 A ' )"2. 

where 1) • l. a· &· ID· c· ~-
lilt, If/ 

due to the antisymmetrization 

a) Shell Model 
'!'he shell model wave functions for the nuclei PI and 1:) we can 

w-ite in the following manner: 

~ 5 \YAJA MA) ; 'fe, = I YeJe Mr.> 1 
( 15) 

where J is the total spin of the nuclear state, M is its projection 

on the z,... axis and r is the rest of the quantum numbers necessary for 

complete specification of the state. 
Because of the physical picture which we have due to the stripping 

processes we expand the wave function fer the residual nucleus in a ba

sis exhibiting the target plus captured system of nucleons: 

~ l'a 
rt&J&Me,> :. I L ~,;'6c.(J~Jc;}8) I lJ:lA

1 ,'tr.lc j Is Me,) J ( 16) 

'WJA' lc.lc { ·~ 
is the wave function constructed by 

mere I rA' JA· ' l c.], j le f1 & > 
the vector coupling, the captured system described by C spin orbit 

states coupled to the given spin. to a target wave function with angular 

momentum , JA' 
~ 
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],.. J, J& 
1«1dA',~c.Jc. j]6 ~'>=L C.M,_.M,M@) 1¥-".J,.,MA.>IYc.JcMc.>· (17) 

""A' "'c. 
Other representations that the spin orbit one could have been used, 

'lhey are all connected by a unitary transformation, and the choice in any 

situation could be g O'.rerned by requiring that expansion ( 16) have a min1-

mum of terms, The (3 -coefficients represent the degree to which the 

state of the residual nucleus has the configuration indicated by ( 17) and 

bey are redated to the spectroscopic factor or relative reduced width of 

tl•e state, 

Inserting the expansions ( 16) and ( 17) it1 ( 14) ~ obtain: 

~& 
~ .... ~ L_ f~ r. c J,.Jc. ;Je) 

~J .,.c. 
t c 

where 

c]AJcJe j(~,c;b), 
MA Me. Ms 

( 18) 

(-J .. .. l+J ...... ) 
T (~,c,.b) = ( 'j (~,'i,) Y:, Y'c. / V&c / ~ ]. (~a. r;,) ( 19) 

and ~ '= I rt.l~:. Mt) is the antisymmetric wave function for correspon-

ding systems d 
1 

b 

potential V &c. 

or C. , Taking into account that the interaction 

is the sum of two- particle potentials (these two par

ticles being one from the system denoted here by b and another from 

C ) and the antisymmetrization property of the internal wave functions 

we obtain: 

l-J .... ... I t+J ... ~ 
TC.:J,cjJJ) = Ae A. <X (~ •• r.J Cf6 ~ I v"'J Cfa X (-t,'d))) 

( 20) 

where v .. J::. Vcrj,j) i. and j being fixed nucleons, Here A, and Ac. 
are the number of nucleons from the system b and C 1 respec-

tively, for identical particles, 

The antisymmetrized wave functions ~ can be expanded on a 

chosen basis of nonantisymmetrized functions 

S(~ I 'f. .. I rt. J"' M .. > .. I_ d .. · cr~ 1"' > ~~ 
~ ~~ ~t. 

J .. M~ > • (21) 

8 

• 

'·\ 

,~· .. , 
;~ 

1
:. 

' 

·_ ·'' 

p 
''J 

Thus the matrix ( 20) becomes: 

sltl. lltll J~ 
'T(a,c;b)- AlAc.L L L cl,x c~.J.,a) dx Ct.J,J dv (~Jc,f(d 

., ~ & ""' :Ita 'llc, "'c. c 

where 

i (a,c,b) "' < xl-J cl,,;,) f~~ L l v~. J -£ .x <+> (1 

is the absorption amplitude and 

t~ = rx.~ 1~ MT. > .. 

b)_ Model of Axially Deformed Shape 

The model wave functions for the nuclei A and 

t•9d here by W we can write as 
12{ 

~ J. v 1 ... ., t = ,f' [).. "'l\.., + R. (",v,o> .1'" . 
t.v - ..fi t.v lc.., _:.1M.., 11:.., .., • 

t "\ -I "" 

"\here .A{'.., = (411' )- Jw ( 4 + d l<..,,o ) l. with J. 
Rca,tr, ") 

angles 0 

:X'"' K"' 

is the operator for finite rotations wi 

1T 0 

is the wave function of the nonrotations 

?w . is the parity and k<.J is the projection of th 

lar momentum on the nucleus symmetry axis, 

The )~: 1<.., functions are the matrix elements 

ons and they represent the amplitude for finding the bod) 

system in the orientation described by the Eulerian angles 

9 
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],.. Jc Js 
I~') = L c.,.,.. r<\: M~r~ I¥". JA' M~.. > I Yc. ), Me.> . ( 17) 

1'\A' Me 

sentations that the spin orbit one could have been used, 

nected by a unitary transformation, and the choice in any 

g O'.rerned by requiring that expansion ( 16) have a mini

/-' -coefficients represent the degree to which the 

nucleus has the configuration indicated by ( 17) and 

to the spectroscopic factor or relative reduced width of 

expansions ( 16) and ( 17) itl ( 14) ~ obtain: 

~6 
fbn~ (JAJc. ;Je) 
I :1\ c. 

C JA Jc Js 1' ( ~.c;ll) 
1 M,_ Me. Me 

( 18) 

t-J ... .. . l+J ....... ( J ( -kb, 1j, ) f.. 'f'c / V&c / 'fa "J ( -ka, ~)) ( 19) 

Jt. Mt) is the antisymmetric wave function for correspon-

~'" 
or c. • Taking into account that the interaction 

is the swn of two- particle potentials ( these two par-

e from the system denoted here by h and another from 

e antisymmetrization property of the internal wave furktions 

l-J ... ..... I X <.+J -A ... .... 
= Ae A. <X (~ •. r., J Vi,~ I ViJ <fa (~,ld))) (20) 

::. V<ri.j) i. and j being fixed nucleons, Here A~t. and Ae 
er of nucleons from the system b and C , respe<>-

ntical particles, 

isymmetrized wave functions 'ft. can be expanded on a 

of nonantisymmetrized functions 

S(elr I 
J, M > .. L J...; cr-c.J&> 't..t. J& M1: >. 

& " it,; ""t. 

(21) 

.~ 
8 

-1~.--·~;_,, 
'• 

i 

I ;~ 

(" 

Thus the matrix ( 20) becomes: 

. s{,tt /Jtll J..,tt 
'T(a,c ;b)..., A.,Ac. L L L J.x C)j.J.-> of.x U'.J. J dx < t, lc > f(d, c 1 b) 1 

~a ll& ~c. CJ & c 

( 22) 

where 

t !a,c,bJ • <X'-' c.k,,;,J {.f. I V~-1 {. X'~' (.,{. ~J) (23) 

is the absorption amplitude and 

f~ = r'){~ Jl. Ml. > . 
( 24) 

b). Model of Axially Deformed Shape 

B 
The model wave functions for the nuclei A 

here by W we can write as 
12

{ 

de no-and 

t·ed 

fw = Jfw [ ).. :: J~: K.., + 
v ~.., ). J ... 

R (c>,lf,O) .f\ l<.w .!JM..,I<..., / (25) 

J: = ,;~--:;::;; l "'\ t"" I A'w = l't1rf Jw ( 4 + 0 1<.., o fl. with 
"\here 

R. ( O, "I ") 
angles 0 

is the operator for finite rotations with the Eulerian 

7T 0 

is the wave function of the nonrotational state, where :X., .. 
K.., /G.., is the projection of the nuclear angu-

is the parity and fw 
1ar momentum on the nucleus symmetry axis, 

The })~: Kw functions are the matrix elements of finite rotati-

ons and they represent the amplitude for finding the bodyfixed ( nuclear) 

system in the orientation described by the Eulerian angles 8f I e& • ii 
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The second term from ( 25) w:ts obtained for the axial symmetric 

nucleus by requiring that the state be an eigenfunction of parity and of 

time reversal. It can be written by using the time reversed X kq"" fun.., 
ction 

where here 

Thus 

q,.. 
:1 - ~.., 

~1 1w 
= J #<..., I 

7= i6j )( complex conjugation. 

(26) 

R (o,~ o) ) ' ~JI<I k: M..,K.., 

Jov - kc.~ V 1.., ).. J,.. 
-= t- ) t .f' -lew .!JM~-k,,/( 27) 

Taking into account the unitarily of the operator R. ( 0, rr, Cl) and 

knowing that y. t-) (.c
1 
r:) 1 y..t+J ( 1 .. ,~) t ~ I ~ and vk 

do not depend upon the ~uJerian angles the matrix element { 14) has two 

terms: 

~.. = 7:~ + (-J~-KA 
rA. T_ ~4 J (28) 

Vlhere 

}\ r \.-, .Je... .. X 'fs ~ ;, lv I t-.J" " ~"' 'y (.,.} .... 
T,:~ ,. .2 })~ !)11 J/;..»e (X ( 1., 'i,) ~ kt VI\~ ~oc. !k.,'i..A 'i\ IJ '\ (\~~ 29) 

iin · which 9~ 1 b Ill are the proton and 

tors like ]) from ( 14). Expanding the 

manner as ( 16) we obtain 

neutron antisymmetrisation fac

). 1a function in the same 

Ke 

x~~& = [ L !?>./l, .. nY(~·1~·i ~B~e,) }. ~~· 
t. .Q~·r~ I<A'~A''' 

q,c.. J (30) 

-..w1ere 

~c. 
j I 

-:: llc! f 1 Jed ().a,.:•l ... '~lc>). \Ne! f i. Je4 (~~~ .. ~•J .•• ~}.( 31) 

10 

• 

'·\ 

::,~,: 
':·_;,;;~;: 

,, f~\lji f 

·• .. :.Ji'.· I "f) I 
;~~~· \ 
)i!~ 
~~t: 

·{i\ 

1
,:1~ 

:· - I 
\ . I 

' '• 
·.·yl''j . < II\ ,, 

·t~· 

)~ 
~~' )' 

'· 

f 

l 
I" 

l 
! 
l-

1 I, 
'· 

i 
-~ 

Using the second quantization notation the 

form: f - coefficiet 

fs., ... lt._ ( ~,.. ?Aj kef&)=[(~~)( ::>Jl <x :: I aJZ, ... ~I 

Here a..Jl,. is the absorption operator for a Nilss• 

N ('l > is the neutron ( proton) number of the nucleu~ 

coefficients can be evaluated for instance in the frameworl 

viev's model / 3 / • 

Expanding the Nilsson orbitals from ( 30 ) on the sp 

~ 
o( 6h1 

~eJc. 
lxc:.Je: kc) 1._ 

XeJc 
= 

cmd then inserting the expansion ( 30) in ( 29) the matrix el• 

1': 
Kit ~ Jl';. Jl"e Dl D"' Ac: 4b f:n~ fJZ, .. 11, ( KA 1~ 

J~« J(~l( Qfl\ Ja . 
dx lttiJ.ll c(x <r,Jb) Jx J <~ I D' 

~ 1o <. c. M&Ks I 

L_!_ 
X.l 'l(b XcJc. 

where · t ( d , C 1 b ) is given by ( 23) and 

]6 l\ J4 l\ J, 
< b M!J V.I!J \ . tJr.'\4tA IJM, ~,) 

= 31 :1. c. JA: 1c. J 6 c J. 
~l. M4 "'-Ms K 

T:'lus ' . ~ ' 
~":: AoA'- .DL> _b

11 
( j" / ]~ )[<I+ dlcAo) (IT f~c8o >] · 

f:, /_ l_ L 8 •... .._ ( K, \; •s16 l d;!f..,],) d.! 
, .. n._ '-.1 ~~J" f -a 

8NI 
J?J::dc. 

J A- Jc. J6 
C M4 Me. ~'~~a 

J4 Jc J.B { (d
1
C, b)· C k.4 K._ ka • 

1 L 

~~-------------------------------



d term from ( 25) VIElS obtained for the axial symmetric 

iring that the state be an eigenfunction of parity and of 

can be written by using the time reversed X q~ fun
k.., 

q.., 
_ kw 

c--;-" Y. 1"" = J J'"l<-.., I 

= i 6j )( complex conjugation, 

]..., - k..., v 7.., ). J ... 

( 26) 

L ~Jw 
k.., M..,K.., 

= ~- ) t .f' - 1<.... !JM..,-k.,,;( 27) 

:o account the unitarity of the operator R ( "• r, t1) and 

(.+J 1 ... ~ "' 
.}. ( '"ltd 

1 
t;, ) t f ~ 1 f' and Vk 

.to;ulerian angles the matrix element ( 14) has two 

:: 1:~ + (-J:k,- KA 
rA. T_ lt:4 ' (28) 

\.-' t."" .. X 'fs 't\ Ja I / ti.JA \J ~ cp 'r l"tJ .... 
~~~.Af'e (X (1t.,,fb) ~ kt VI\Wa ~c. !k.,kx.A'i\ IJ'\ f\~~29) 

b..- are the proton and neutron antisymmetrisation fac

'J.. , 6 function in the same 

Ke 
rom ( 14), Expanding the 

we obtain 

L ~ (~C,,a,·k Q) \f q~, J.. ..n, .. Jl., ~ 'A • B re, ./'It'. CJ'c.. 
I( Q ~· ' · '"lc. 'A' I A' ' 

(30) 

I 

J~~ ( Xa,.:'l- .. ~~)). \Nc!)- i.. Je~ ( .X..n.,~4 J ••• ~).( 31) 
c. 
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Using the second quantization notation the 

form: 

f -coefficients are of the 

f~ .... /t._ ( K.l't ?Ai "e 1&> = [(~~ )( :: J/· <x :: I a.n, ... ~/:X lc:). < 3 2 > 

Here c:t-Jl,. is the absorption operator for a Nilsson orbital and 

N <e) is the neutron ( proton) number of the nucleus, These ~-

coefficients can be evaluated for instance in the framework of the Solo

viev's model / 3 / , 

Expanding the Nilsson orbitals from ( 30 ) on the spin orbit basis: 

~ 
o( 6"1 

a{eJc. 
(33) I_ 

XcJc 
I xe lc kc > :: 

<md then inserting the expansion ( 30) in ( 29) the matrix element becomes 

'T:: 
Kit ~ Jf;.Jfe .Dl DNA.: 4& f:n~ (>.n, .. 11, ( KA ?,..; "8 feJ-

J~« J~~.tf Bfl\ Ja J-. 1( ( 34) 

dx tt~J.&ld.~<r6 J11 J d. <~ ID ~ )i<a,sbJ 
~ .. X<-Jc. Me,Kr, ~'~~A-~'A MA , 

!_I_ 
X~ )(b XcJc. 

where · t ( .:3 , C 1 b) is given by ( 23) and 

]6 \ l\ J4 l\ J, 
< bM'!I\(1!1 tJMAtA IJMcl'c.) 

&1a. I' Jlt 1c. J6 c J,. Jc. ]a 
:: - '- • ( 35) ll.. M411tc.Ms K4 j(c. ~B 

'L'1US 
1 I 

( jA 1 1~ )[<I+ f~cAoJ c 1+ ft8o Jr ~ ~4 ~ AbA'" .D~ ]) 11 

s~~ ~,1.( 
d¥a rr~]~) o{ )(_b < )q,J . 

( 36) 
L L l_ L P.,Jl, .. llc. <I(,_ 14 i ta 1e. > 

. Jt, .. Jl<. .,,. ~ '4 J.. ' 
8tr1 Jp,. J, Je. C JA Jc J_g 

d ~~J.. c /'Yt4 trlc. MB K4 1:::, k6 {cet,c,bJ. 

i 
i 

1 L 



Here the multiplier Ac A,. has the same meaning as in ( 20). 

4. The Absorption Amplitude 

' As an example we shall study the A ( Li' r) ~ stripping reaction. 

In this case the factor Ab A c.. from ( 20) is equal to 5 and the strip-

ping interaction potential is YLj = V C"csJ • Y,s • Now the problem is 

to ·~valuate the matrix ( 2.1) in which 

f 1. '5. 11 err> 

1 ~ ;: \ L c.. Sc.; l Me) = .[ 
lc: Sc Jc 

(me: ~Me: 

(37) 

\L .. ~) \ sc~) I (38) 

'"'c. .... 

where 

\L,lYI,) = I 
~"' ~s Lc. 

C Moo~ ,.s m, r~.Yn, h .• ~s .,5 (,;)) (39) 

"""' "'s 
4 

( S011 2. Sc. 

I ~c: ~) = L ~011 "s r .. )s 1t \irs) 
• • 

( 40) 

o-... D'"s 

are the spatial and spin parts of the model wave function 'of the cap-. 

tured particles, in which 1-n.t m. (~J) i is the three dimensional 

isotropic harmonic oscillator wave function and I I G" > the one- nuc-

leon spin function, 

Consider then the wave functions ~elMo( as } S.,G'"' and 

coupled to a given angular momentum wave functions: 

~« m.,_ == I n.~ ~ t , n/z ( ~12.) tt./~, '"-'t ~ (~~It) j ~ • .,oi ) , 
) - c t/2~1~ c ~~t,~~~~ c {,2 ~l>'f f.( 4 .. = L L 111 1M 111 

141 141 114 111 11e 111 !l lni/.·MI;(r:.J) ( 41) 
._ I 1 U. 3 If ~lj 11. 3'1 ol , •• 

ln1 111.2. m~llllf 

12 

• 

and 

J..so(ct<( = 11 i C 5tt.l 1 ! (sjlf) ; ~ o-_.}. 

IJS f4t 4 - ) c l.t It c:tl "f'f c~ ... s • .,s... ·n 4 ~ 
- L· G'

1 
~ r

1
.._ Gt cr.'l lj., riL 'i'f I' . h , ) o( ,., 

cr,~ I'~G'~ 

'lhe last unknOW'l function from · ( 23) i~ the internal wave fur 

L • ~< ")\ w. \ at, o t ; o o) ll. 1 ; i M .. > 

taken as a product between the internal alpha particle wave 

the shell model wave function fcir t'l/\0 p-nucleons coupled to t 

tal angular momentum L- 0 and the total spin Sa i . Tt 

p- nucleons move around the alpha particle center cl mass, 

stripping picture looks as in fig,1, The antisymmetrical prope 

internal wave function of L~ nucleus· have been taken 

in the expansion ( 21) .• The internal eilpha particle wave fun 

.S use, is / 4 / 

t 

6 

Fig,1. 

where 

\ i i '00 > . L 
rr• 

Cf'ae = Nae e"r[-~ I 

J-'·\1\.oo}a ~,, 
f 

I f O 
C I 1. 

G" G'"' 0 
H. ~r> I i ~r, 

13 
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lier Ac A,. has the same meaning as in { 2 0), 

4. The Absorption Amplitude 

6 
mple we shall study the A ( Li 'p) e:, stripping reaction. 

e factor Ab A c.. from ( 20) is equal to 5 and the strip-

potential is Ylj = V C"csJ "' Vn . Now the problem is 

matrix ( 2 Cl) in which 

(37) f~, =- ll ~r> 
L c: Sc: Jc: \ S a: ) C m r. M \L,""c:) c c 1 (38) 

c c: c: t. E \ L c.. s, ;], Me:) = .[ 
,., .. cr, 

= 1_ 
c~-~slc. 

m" 111s rY~c. 
f~cemol 1-rt.rfs wr5 Ci>> (39) 

Mo~ 111S 

4 

) = L c s. 2. s, 
; '·~~"· \i u-6) 

( 40) 

~~"oe "s .-.. 
a-... If's 

and spin parts of the model wave function 'of the cap-. 

in which t-n.f m. (;J> is the three dimensional 

onic oscillator wave function and I I G' > the one- nuc-

the wave functions ~-ltt.c and J s.,.cr.. as 

momentum wave functions: 

== I n1 ~ •, n~ ~2 t f12.) ttl~, n'l ~ ( t~") ) ~ a1 Mat) 

C ~~ ~" ~~" C {u tlllf !o£ lllnit·MI;C~J) ( 41) 
~~~~ ~~~ .. 114~.., 11111. ~~~~., " i ., 

c t/.2~1~ 
h1,1M2 111u. ,.., 

12 .. 

and 

:fs-«~rl.:: 11 t (S,'-) 1! (S~) ; Soto-ot)• 
( 42) 

= 1_. 
I j S t 4 cl.t .... c:tls.., 

.-, ~ r,._ r. cr, fj., C ~d..,S. rll~cr;) 
ria. 'i'l r:, . ... .., 

r.~ '•cr" 

' 'Ihe last unknOWl function from · ( 23) i<~t the internal wave function of Li 

t • ~" '}. tl. \ M, o t ; 0 0) ll t ; i M.~ > ( 43) 

taken as a product between the internal alpha particle wave function and 

the shell model wave function for tiiiO p-nucleons coupled to the total orbi-

tal angular momentum r.- 0 and the total spin S• i • 'Ihe last two 

p- nucleons move around the alpha particle center cf mass. 'Ihus the 

stripping picture looks as in fig.1, '!he antisymrnetrica! properties of the 

' internal wave function of Li nucleus have been taken into account 

in the expansion ( 21 ) • '!he internal 

-~ 

2 

6 

Fig,1. 

alpha particle wave function, we shall 

use, is / 4 / 

1 It J 
Cf"' ==Net e)lp[-! ~ .4 rJ ( 44) 

l)J•l J 

)(o(•\l\,oo~\1 ~,oo)~ , ( 45) 

where I f O 
C ~ l. G" cr• o ( 46) 

\-1. (t > I t ~r• > . L \! i '00 > .. 
G'r' 

13 



Inserting the expression ( 31- 46) in ( 23) we select the following integrai 5 / 

1 !/~, ~a -<" .1-'\c 
<Ill· I~ > -l!'fl( 2. .. •ir .. ) l.L~.,~o(&) x"'< .. ~r.~,.,~l'-t~!,f,J'-"Jt~lc 47) T~ol"'e( G( a. o( + I il 

'1\o( 0 

with 
lf 

2 jf == l.. ( z "'; + t) - ~- . 
~-· 

The last oscillator \'\ave function from ( 4 7) depends upon the alpha 

particle center of mass coordinate defined as: 

... _l ... .. .. .... 
-r"' • .4 ( r, + 'i_ + r1 + r,. J . ( 48) 

Further it is suitable to expand the DWBA solutions in the following 

way: 

f+) .J.. It (:t) .,., .. [• o(.'l.rJ.] 
\{\.- ( ; .. ) '5' 't' (.Jt II/ ) I 'I\~ lie. (cot' .. '$>> e)Cr L 6 ' 
./' ~s 'S == L "~ 114 ~") ' 6 · 1 ( 49 ) 

1 Jt~"' 

where o(~= j"Wt,14J/4;. , W being the frequency of the oscillator. 

Bearing in mind the usual expansion for the plane wave function: 

with 

e)Cr [ i ~?J .. L t; c .(,coisJ l".f"' co(,~)) e."P [i GC5'1.Yia] 
~"' Ill 

dJ * ... ~ 
T.,.~. (~.~~) • 4v i 

vi 
.2. 

41('-l 
:. 

' [~'I\! ("-t~+t>!r~ 
--ks'l. 

e)Cp[-t ~,J 

( Jt. )~·H)L 
2 «,_ . 

'( * "" ~IIC ( -k6) 

(50) 

(51) 

we can get easily the expansion coefficients from ( 49) ( see for example 

ref. / 13/ formula 5.42) 

..!.- - s .. Ui"' .... - ... 
I 'llt~~t ( ·(, «s) = cl~' I,.~"' ( -A.s', "'s) Cf ( -lls, l,'), (52) 

14 

• I ~ 

W"Jere tf(.t:,~.) is the solution of the following integro 

equatibr,s: 

(~?.:~~ _ E J ~ c ~ • .f..)- r d ~· u1 Cl.',-'s•} C(' ci; 

in which .. .. .,... .. 
·c; .. s t-';r. t.~·r. 

Uort ( ~, .lz,•) = otr: e- s u,.- c r; > e. s 

With new obtained expressions ( 46) and ( 48) the absorptio 

becomes: 

3 'A . I 
I I -J, ~) !l.. Lc. 1: J, 0 

't (cl,c,bJ = (lf) ( o(1+(6l. c ... , r .. ttt, c. 
. I_ L L q, (-J ci ~ <=•J ci 

-,f,,, ~~..,..~ ~ '".fciiJ, ,,~) )~,~,.. ~I 

r-o('l.t_'k 
. cl&'+ ol' X ( ll, !i ,liJ. ~I "J~ /t., -t, I~.,, Ia~~) ·Luc 

{ '\ 
where 

{db~ (,,5) = l_ C ~-< !s L:. 
lit • llt.t -~ , 

0( 'S " c: 

f <\!clrlt CiJ/< ~fs 

(tt.cfol,..o((~JI "'5 O'C",r.a) foo llt.ci~dlrlci (~J; 

with C 41o ~ I <f. :: / o4,o4; oo) = L_ ,.,_,., 0 I o f hJ (~')) tJ f · 
Do . 1r1 
.. . 1 ( ~ ..,. .. ... .... ... 
~ : b - r" + Y'1 + r, + yt + r, .,.. r, ) 

(;CY'c,r.a) = e)Cf' [ ~ ot,'2.r6~+ 4 c(.al..~'l.]. 

15 



expression { 31- 46) in ( 23) we select the following integral/ 
5

/ 

~ '1/z. ~:a--<"..(.."\( 
\ <f > ... U!f'"{:~:r~) lL~"+II(') x-r.c'~'t'&t..r-s~~t,.f,fn)'-".Jt~t< 47) 

o( n I "' 
0( 

4f 
2.§ = L (Z'-;+t)- ~o( • 

~ ... 
oscillator w:tve function from ( 4 7) depends upon the alpha 

of mass coordinate defined as: 

.... _l .... -+ .. -
,."' • .4 (rt"'r&+'i+fi.). (48) 

suitable to expand the DWBA solutions in the follo"llling 

.. J.. lt (:t) .,.., 
r,) = L ~ "~lol (·li,

51
..(,) I '1\ ~ 11t («1~ l) e)Cp U GC'6

1

"t] 
11..(..,_ I ( 49) 

, w being the frequency of the oscillator. 

in mind the usual expansion for the plane wave function: 

~J -= L t; c.(,«sJ l,.f .... Cof,~)) e".r [t ~1 151] 
)1-f.... Ill 

_. 
( -'s, ~$ ) • 4v / "" - l .Ji ~ -.2. 

' .J~ :a 

] -~ [ ' ·~ ] ! ('t-t~+t>! e"~Cp -i ~l 

( 
~ )l-+l.Jt. 

2 o(~ • 

'( * " ~"' ( -li.$) 

(50) 

(51) 

easily the expansion coefficients from ( 49) ( see for example 

5.42) 

..... s + ljJlfo ... - -
-ntll( ( -'~, «s) = J-ka' 1-,-l"' (-A;, 1 «5 ) Cf ( ls, l.'), 

(52) 

14 

• 

mere tf ( .t: 1 ~·) is the solution of the following integro- differential 

equatio.r.s: 

(~·,::~ -·E] <f l (~.)- ~ .ti,• u't (~· . .(•) 'f c~.~'J=o (53) 

in which .... -+ 

u'tl ( ~' -(·). s J;, e -•-*:r, u,_. (f.) ,,< ..,.;, (54) 

With new obtained expressions ( 46) and ( 48) the absorption amplitude 

becomes: 

where 

I I -l ~ 'ft. lc.. 1: Jc. ~ ~ f 
{ (c1,a,b) = c~.J Cl(:a+r:a) c"', r .. "'c. C -;r.. "'•. 

. I_ L L_ 
. -,f,,., ",. t.t ~ 

cf>c.-> ci 
"ftc,.,, ,, ~) 

.. 
~ (.-t) ( l.) a(·) . 

>a..t., ~ 

r-·(Lt-~ 
. ( /&l+ oil X ( 11• !1 ,ll,_ ~ ) '15 ~I rt., .t, ) ~,,_,l"') 

I '\ 

1 (',S) 
"'L i.bC I 

{cl b~ ( ,,S) = l_ 
llt.c,.;.,. 

C ~-< ls Lc. 
llt.t ~ ,c: f <~l,lrl, CiJI< 'ls-ls-~~rs (~)/. 

. <""~t('"<f~JI ~5 5c",rd> ~o lllci~d1tlci c;.J) 

(55) 

(56) 

with <f. :I o4,o4i oD) = L_ C :_~: I of h1 (~'J) I o f -NI ff'J) 
00 ,.., 

... ! .. .. ... ... .. .., 
~-= -,- ( r"' + l'z.+ '\+ yt +'6 +r,) (57) 

0 (Y'c,T'.a) = fi!)Cp [ ~ o(t f'6 "l.-+ ~ c{dl. 'd~]. 

1!'5 



Here 
.. , 
rs 

... 
and r6 ' are the position vectors of the p- nucleons with 

' respect to the center of the core of the li nucleus ( the alpha par-

tide center of mass), 

By means of three successive transformations we can pass to one 

kind of coordinates in the integral ( 56 ) and th&o\. 

be easily performed, 

These transformations are: .. .... 
~ rs +l's .. ... .. 
rd == T l•-i$-rs 

... ~·-t~' ... Y!• ~· 'f "' T ! a S-' 

..., 
... 2. .. ..., ... • r 

'f'.t " ~ + 'i r ~ .. 1d --.. ~ -

this integral can 

(60) 

( 61) 

( 62) 

The transformation brackets of the corresponding oscillator wave 

functions may be obtained from the following equations 

ll'lsts.",eo QS'4 111" > "'L <"( N L, Is, I 'll.res-, n, f,, ~.s-, > l)I(NL, Is,"'~) ( 63 ) 

'1\tNL 

with the selection rule 

2 "5' + ~5 + 2 '1\' + .f, = Z "'+ ~ + 2 N + L ( 64) 

for the equations ( 60) 

lo~.oi; oo> = 1_ <ll.'~',"t',o\o~,o~,o) ll'l•t',vf';oo) ( 65) 

~n'(' 

with the selection rule 

'h.' + v + t, = i ( 66) 

for the transformation ( 61) and 

16 

• 

\'~>t',~~a, >.r> = l. L (N'~, ~t' .~I "#', "\i -fa,>.> I N.'L', )!,!(; 
N'l! 11 111 

"'.,."' 
with the selection rule 

2 1'11 + 1.! + ll'l~ + t~ = 2" + . .t' + 2. l'l.a 't ~a 

for the last ( 62) one, 

Inserting the equations ( 63) ( 65) and ( 67) in the i 

obtain the matrix 

ta.,c (,,s) = J L L L ('h.(,NL, ~s' lns~s. Jt,f 
ti '1\ th'N1 ~ )!\,('Ill . 
).. (L t 1 L' ti -.J ~~t1 

.t'r'o 

\. I o 4,~4 .l\ata ) 
. ). \wt',tll' .~fl 

f'~.t~S L~ c~s(,(A c.tUa. c I I c 
\... ~ '~s 'lllc. "'s .,, ""'- Ill 1'11 lila "'~' 

where 

y ( 04,0t,l\~~) !_ 
\.>. \ -.·~~ tJ'L', r.~~ = 

'\) 

< ""'t' ,vt',o \ o~,u ,o) (N'r,~e:, 

with the selection · rule 

2 "' + t' + z N'+L' + Z ~ + ~· = 2 ~ + Ia +2 

and 

ds-, ... J <>\~»~ CfJ I<' NLM Cr~>\. < l\o(-to(~CtS~ 

V,
5 

(1) S C r,, ... a> \ll't'~'CfJ) I N1l' M'C.1>> I~~~ 
The brackets from ( 63, 65, 67) are given in ref, /

6
/, T 

stripping interaction y' _ c1) we shall use, is the centr• 

phenomenological Gaussia~ interaction of Sack et al, /
7
/, 
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and ~ 1 are the position ~ctors of the p- nucleons with 

center of the core of the li nucleus ( the alpha par-

of three successive transformations we can pass to one 

integral (56) and the<~~.. this integral can 

are: 

... ... 
r5 +r, .. .. .. 

( 60) 
T 

l·~-r, 

1k-t ~~ i a ~~-~~ ( 61) 
-2.-

... 2. .. ~ .... 4 .. ( 62) fd+ar '('I( a ~ - ! '(' 

of the corresponding oscillator wave 

obtained from the following equations 

e~ 'ttl"> : L < "( N L I Is, lll.re5' In, e, I Is,> I)I~NL .Is, )II.St > ( 63) 

-ntNL 

+ z -n, + ~, = 2: '1\ + ~ + 2 N + L 

o> = 1._ <ll.'f,"i',o\ o~. o~, o) lll.'e', v~'i oo) 
~n'f.' 

( 64) 

( 65) 

i • ( 66) 

(61) and 

16 

.. 

\..Jt', '\i~a. >-r) = l. L (N'~ , ~ t' .~I "#',~.fa,>.> I N.'L!, H./f./, ~i > 
. N'C 11,!~~ 

( 67) 

with the selection rule 

2 1'1' + ~ + 2 ll.~ + t~ = 2 ~ + .t' + 2. ".a -t ~a ( 68) 

for the last ( 62) one, 

Inserting the equations ( 63) ( 65) and ( 67) in the integral (56) we 

obtain the matrix 

tal»c (•,sJ = J L L L (l\(,NL,~s"l\sfs,11,t,,fSfo). 
ti l'llh'N' ~ II\( lll 
). ( L t 1 L' tl .,; ~~t' .tlf -t'f'o t•t>-. ~tl~(Q9 ) 
~.t~s L, (ts (,(a C $(, ( ( cl ( J 

C. "*ot "'' *s .,, ~ lll"' Ills\ .,.•...,.'o -··~~~.~ "'~r ~ ' Y I o•.~•.lla~) 
• 1.>. \wt',tll' .~~ 

where 

y(o•,ot,'ll."~) =L <t\'-t',vt',o\M,u,o>(N'~,~e/,.>.\v'.f;\t•~>(7o) 
\~ \ 11'~' tJ'L' ~~o' 11 
" I I il('o( ~ 

with the selection . rule 

2"1\' + t' + 2N'+L! + z,; +f.t'::: 2 ~ + ld +2. 
( 71) 

and 

Js-, ... S <ll.-lm CfJI <'NLM Crj.>\. <"tt.,(~t("t.cC~J\. 
(72) 

V,s (T) g C r6 ,ra> \ l\ 1 l 1 ~W'(fJ) I H1L' M'(.~>) \ ~~~ ~ (~)). 

'The brackets from ( 63, 65, 67) are given in ref, /
61, 'The two-particle 

stripping interaction y' S' (1) we shall use, is the central part of the 

phenomenological Gaussian interaction of Sack et al, I 7 I , namely 

'l 17 



V,s :::. - 'lo exr l- "¥
1 7''J • ( 73) 

The function 3 ("C',,"f'•) "11\e can express in new coordinates, as follows: 

~,1',,1'~> • e)tr L i "'~-t~- i;t+ ia{l<~-~-~~)j. ( 74) 

Taking into account the following integrals I 81 : 

- ~tL H'L 

} 
" atc'>e • J T "'~~ C C d.n. Yt C~l Y l-lll e = l-> I" , - H' ooo _,.. .. , 

I' u l.t'"'' 0 111111 2.a. 
I (d) -(75) 

L+i J 
L 

where l5 (~) is the Bessel function of imaginary argument, 

<l\~'-t (-IJ\ e,.r [f'~'l.+ ~; ;) \ n•t'~~t•) 

) CH'l C tt'L I .tli ,.1 .,..1 = 
L GO 0 -111*0 

• L \ (l\-+f~!)! ('ll'+f'-t!J! 

'WI r- " "'• ::: (.-) o ... '-lf . 
... ,Ill 

'1\ "' 

l_ l_ ( ~~~: t ) . 
kao \C!ao 

1<.-tl(. 

('1\'~{ 1 -\ t) t-) UCt-t~ 1+L+2k-.2k'+01! 
• "''- 1<. (L+1)! K!l<.'! 

~ ( ;: r:. 
( 76) 

~?. -Ht+t'+tk+2k'+\ t~ M l 82at /4(<l .. z{'J)' 
.~- cl:•) e.j[&Cc41-~")1 -i(t+f'-tt~t+~1t'+f),1L+\ 

1 

where M~f" is the Whittaker function/;)/ arid rlr- ,. J "rr.~/{ _, where 

')lilT' is the corresponding mass of the coordinate 1 , we can 

easily perform the integral ( 72) (see ref, I 81 formula 7,622,3 ). Thus the 

explicit expression of the absorption amplitude of the ( L;', ~) strip-

ping reaction is: f 

{ ( - ( l,fl ( -to((3_ )-%. (~'" )~ ( ot" )~ 
.d,t..,b} - Tr -l· fl(z

1
a. :\4,3 \ ~-<t+ Jr1. . 

11.2 .(l.t-".i l_L_L_l . 
-, '\i liW )t

1N1 l1,t ll~ 
t, l~ tL •• tg ). f-t' 

• 

,#_-_ (77) 
( ~"+•~ x"t c.,.,~., ,~e.,{.~~~ e .. ,~.,J. 

'o( 

18 

< n~ N l ~R l11s-~s ll, ~, ~"' -> y ( 01 , 0 I 1 lt, ~.. ) 
l~ 'II'(' N1L1 11.' 1 ' • 
"' I lol'-C 

1._ all ('llt,'l\•t', 1\c#.c, '\ltt',tJL~JJ') L q,~-) c<,~ 
L,La. I l. . lite'\ ,, 

. ~·(.+l ( ~. "'"') B Ust, fl f.( I{.{ (.c' Lc. L ), -lSI 
'\fa' \~ 

where 
4 

78), 

JJJ' • L. C ·hj+~i)- ~-< 
;~, I 

)(~.( {lt,f,,-l.fa.,~f~ ,-..-t.,,.t.l,f, .. ) 

'< r o,, o , , "'• e.) 
\). \ 111t 1, Pl1l.!, ~ .(,( 

is given in ref/ ~ 

is given by exp1 

of this paper 

Q "'"""I\ (11f 'h't' •''' WL tJ') - V. .f.tl I' l,La. ' • ·w '\.t , 1 - • "'.{ \l 

" • <( • • , • 

[ 
~~~·!-I"" r.JI u•l 

("+~~ ~.)! ('ll'+t'+ll! C"o~.+f""'tJ'.l"".(~.t+ fH (ti+L+!)f(N'+L'· 

j_ [_ f_~ 1_ f_ [ e !~~· e ~t~L~ ( ~: 
• k=.o t'•o k.,-o ~'..o s .. o s~ .. 

(')\'t~'+t) ( ~.t'\~.c.-+t) ( 1\.t'+{i~t_)( N+L+t)( 
· \'-k' ".c,J<.c \.t'-1<./ N-s 

.f't K• I<'+ 1<-i + kj -f. S+S 1 

(-) ( L + ' + s I -+ L, + L\. -4 r '% 

k! I<'! l<o~! f.<~! s! s'! ( L,+P! ( L~+ { )} 
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Yes -=- V, e'ltf' [- 'lr>.7-a.J • ( 73) 

V\e can express in new coordinates, as follows: 

f I t. (... ' .. )~ I 01. (-+ _. )j 
• e )tr l i o( T. - i' + i a/. 'f.._-+ l. 1'.( • ( 74) 

the following integrals I 81 : 

a e J- II "'l (IU'L cH'L 
{.tt) e ~ = c.->• ~ , ~ H' l.ooo _,., ... 

IIIIIA 2.a 
I (d) ( 75) 

L+i 1 
L 

is the Bessel function of imaginary argument, 

><rt~l1'"L+~r';] \n•t' ... •> 

C tt' L I .2.1j ,. ! ,.., 
-1111110 • 

' (ll-+~-t D! ('ll'+t-t!l! 
1<.+1<. I 

'WI ... "'• = ~-) s ... . .tf. 
"'•* " )\' z l_ ( ~~~: t ) . 

ka.o \C!a!Q 

il 

t-> UC~-~-~'+L-t2k-t21c.'+!)J! 
Ltl)! k~l<.'! 

( ;: )~. 
( 76) 

2.k-t2.k'+i ~~ M ( 82at /t,(<l .. zf"'J)" 
er[8C<41 -~--)j -Ht+t'HI<.·U.It'+il.!L+~ I 

is the Whittaker function/9/ and of,. " J '-r" /{ .I where 

orresponding mass of the coordinate ~ , we can 

integral ( 72) (see ref, I 81 formula 7,622,3), Thus the 

of the absorption amplitude of the ( L;', ~) strip-

~ ~ f 

rr U!fl ( .to( (3 ) :t. ( ~ 18 ·):t ( o(z. ) ~ 
o(2+~a. 343 \. ~-<'+ Jr-1. . 

( r-2- .,(1. ).J/'- .,.ol 

P.'-+ol~ X~ c.,.,~.,"~ e, \{. ll., ~, e.tA.,). ( 77 
> 

"o( 

18 

• 

< n~ N L ~" I ')\r~s l\' ~, .t"' -> v ( 0, • 0 II ltcl ~"' ) 

'"" ll'f' N'L' l\ I' I • I I ol'loC 

1._ 0 ll· ('II( ,l\'t', ll.t#.c I \ltc', tJL~JJ') L 4> ... ~-) ( ~ ,~) 
L L I a. "ell! ·~,, 

I 3.. :.i 

. c:P•C.+> <-':lei"') B (lsf, fl f.f.'{.{(.c' Lc.L .>t.f") 
~~~~ ~ '\ ""-

where , 
.2-Ar- L.. (~llj+~i) -~-< 

,.._, I 
(78) 

)(""-< h.~,,-l.fz.,~f~ ~~~.,,.t.l,f\ .. ) is given in ref/ 51 (formulae 74, 

78), 

'< ( C)~ 1 0 I 1 l\i e.) 
\;. \11't 1

, r11L1
1 ~{.( is given by expreasion ( 70) 

of this paper 
AJ\1\ i\ 

Q (11f "'~ 1 ~t1 WL tl') l,Lz. I I , J 
= v. J.t'~~· 

[ ~~ ""'! -"! -~! N~ N'! Ji 
('ll~h ~.)! ('ll'+t'+ll! ('not+f,("'"p. (~+U+ V! ti+L+V! (N+L'+a.)! . 

i_ f_ f_~ L f_ f_ e !!:~· e ~(~L~ ( ~:~ ... Kt). 
• t.,.o l:'ao k,ao 1\,':o.o S:o !~., 

. c~·~~'-+.t) ( •ot'\~ .... '\t) ( l\.c'7tt'-+,l)( N+Lt~)(W'+~ +~). 
' - k '1\o( , K.c \.t - lc.o~ N - 5 N - s 

~It I(+ \(I+ l(o( + k',/ -f. S + S I 
t-) ( L+ '+S

1
-+ ~-+ ia--+ {)! 

k! I<'! k.t! 1<~! s! s'! ( L,t-~)! ( L~+ { )J 
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• 
I 

[ll~""t'~~l<.-+2.\('-+ ~)1.]~ [ilt< t~.('+2Kal+.ZI<j-t 4)j}, 

( 

4ol2. )~lht'-t-~1<.-t.tk') 
~o(z.+ &r~ 

( 

ot ,_ 1:.• 

. 4 [;oil.+ h'I.J) ~ 

( l) llf,(-ttl 't .tk.~~t.c·) 

(
I ~ 
~ ) :2. 

( l~ ) l-t" S-+S'+ ~ 

f \. L + s-+ s I+~ + '=£ + ~j tl~-+ (1-+ L, '\ 2l<.t2.k'+3) ,t (~.+~l+ L.l-+21<.tt2~ +3) i 

where 

and 

~~ :: ~ o(2 

t ( 3o(2.-+ 8 'h''l.) and 

6 ~ L:~.~·'7.,.) z. + "i ) z. -+ 'i ) 1:'.1 } ~1. , 

4 
i!.z.::. ~ 

/~ nt 111 ( ~d, ~J H. 
1 ~" f.t' lc l ). ~51. ) = 

' d 

= z__ (-)l'-+ll(.c-ti 1'-i H'l C .Ltt.' L2. 
~ C.-YIIIIt 0 -*o('\c. 0 

hl"'.t 
C .t.d.r Lc. c. ~5' {, ~S\ C t1 (a.>.. c L ~)~ 
~ IU,r ~c. \Ill, 'IUJ"L -"''*d r M """' r 

clc i Jc. I 4 ~ c ~ i. 
IUc.. II',. N\ r, r., Md e., 

( 79) 

( 80) 

In the expression of Q L,~ 1 '"f (oc', ~~~L, ll', ll; '!,~L) is the 

hypergeometric function of two arguments I 81 , 
The formulae (18), {27), (77) for spherical and (28) (35) (77) 

for deformed nuclei add to the nuclear structure analysis the finite range 

effect. The result takes into account the complex structure of the nuclear 

energy levels and can give a similar information about the nuclear struc~ 

re as the explanation of the hindrance factors from the alpha decay 

theory I 10/ • The numerical calculations for a particular reaction will give 

20 ~ 

the first answer in this direction, Similar results for ( o(,, 
reactions are obtained in refs, I 111 and I 121, respective!) 
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4o(2. )itht1-+~k-t-.2k') ( i) t lf«Jc t<' -t- .tk.r" .a.c,) 

?lo(~+&r~ 

( 

oil. '::.• 

4 \l,olz.-'" h'l)) ~ 
( l~) l-t S-+S'•l f I ~ 

\.. ~ ) 2. 

L+S-+ s'+ ~ + 1:! .. d .. · -2..4 l~-+(~ l1'\2k-t2.k'+3' ~ (t.t~/tl -+2~<ol-+~~t3'· .2. 2. 'l.J 'lr~ "' .t I) 1 
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~:::
' t ( 3o('2.+ 811''1) 

and 
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~.2. ~ ~ 

/~nt .,.. ( ~d, ~J H 1 
{" ~1 lc L ~~51. ) = 
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C tttt' L2. 
-*.c '\t 0 
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