
·~r-s~ 3~ . 
, .... -

COOBillEHMH 
OB'bE,ZJ.MHEHHOrO 

... l1HCTl1TYT A · , . 
· .. · H,ZJ.EPHbiX. '. 

MCCJIE,ZJ.OBAHWM 

. ' · .. ;5 J •• 

I 

• -• ,. 

.. ·:· ••• -
-,.··,• 

•• 
I w: = :r :s: 

'\ . 

'' ... ) 

·' 

..... ,. 

/ 'I 

. ... ., .. 

4686 

',' 

.~ • . r 

,,1_ 

'\' 

r )· 

H.Sch~lz , n.).Wi~_bick. tf 
' . . \ 

I '_,' 

' :. 1 

,'• . 

_ SPIN;.ORBIT INTERACTION ·· .. · ... 
I • IN THE' DEUTERON 'STRIPPIN~ .REACTION' •. 
1M . \' ... 
. I 

I "A. •• ... 
·~ : . 

2 •• .. 
·.~ 
~ ,·" 

·, 

.. 

,, 

'.,·. 

·' ' 
,. ',' 

I 

:), . 

~ ; . ' 

/c,' >, •·' 

. . , \ 

:1 " 

. ,, 

. ' .. 

; I -~ 
,' \ 

' ~. I 

I 

'· ,-

.. I 
-1 





I, Introduction 

By neglecting the spin-orbit interaction the deuteron stripping 

reaction on deformed nuclei is treated in ref./1/ and numerical t·esults 

are given in rer./2/, However, from stripping reactions on spherical 

nuclei, it is well known that the, agreement of the experimental data 

with the theoretical predictions could be improved taking into account 

the spin-orbit interactior/3 /, A correspondingtreatment for deformed 
' nuclei is carried out in this paper. At present numerical results are 

not · obtained, 

'2, The Differential Cross Section and the Polarization 

In this section the expressions for the differential ~ross sec

tion and the polarization of the emergent protons including spin-orbit 

interaction. in both the initial and final . channels are obtained, 

If a zero range fore e is taken for the neutron- proton interac

tion the amplitude of the A (d, p )B reaction in terms of the DWBA is 
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Here. the wave functions in both initial and final channels are re

presented in the adiabatic approximation that means like a, product 

of the wave functions of the interior and relative l motions. The adia

batic approximation/4/ can be used when the incident energy of the 

projectile is muc'cl higher than the excitation energies of the above 

rotational states and the excitation spectrum of the initial and final 

nuclei is closly that of an ideal rotational band. Therefore; we de

scribe the initial and final nuclei as 

J A J A 

<PM K (Ol )=~M K(OI) 
A A A A 

(2) 

and 

* J * J B . B _. 

¢ M K ( O! ' f ) = ~ M K ( O ! ) cj> :-, ( f ) ' 
BB n BB 'u n 

(3) 

respectively. Here is 

~ J ./ 2j +1. J 
MK = v D 8TT 2 MK 

(4) 

the wave function of the symmetric top and describes the rotational 

levels of the nucleus with the angular momentum J and its projec

tions on the nuclear symmetric and the laboratory axis,· with the 

quantum numbers K and M , respectively. Oi stands for the Euler 

angles between the body-fixed and space-fixed coordinates and 

</>fi (;)= L C
0 

R (r)(e s 0-~-I. li rl)Yo*n I.{~i-x;;· ~ 
n . n v ~ n V n n v n n n n n n . Ln - n . . . s n k n (5) 

n n ~ · ._., 

is the wave function of the captures neutron in the deformed nucle

us/5/, at which the angles w are referred to the nuclear sym'lletric 

axis ( v 
1 

= f 
1 

j 
1 

) • The whole interaction to which an in-

cident particle is subject is described by an optical model potential 

V (r, 0, cf> ) • This potential is usually complex and includes th: :: 

. J ..... 
,~ .... 

4 



' l 

spin-orbit interaction and, if the incident particle is char~ed, the Cou

lomb interaction too. As to the radial dependence of the potential we 

~ssume that of the Saxon-Woods -form. If the nucleus is axially de

formed we can expand the potential· in powers of t {3 A Y A 
0 

and 

obtain 

(6) 

. ....__ 

'I'he appropriate partial wave expansion for a particle mo ving in such 

a potential is 

with 

and· 

·- ; .. ~· 

R 11 ( ) 4 . e tae 
, r = "1 e 

vv 

11 
cp ;(r) 

vv ----
2k r 

and 11' <1> is essentially the same as used in ref/
4

/. 

(8) 

(9) 

'I'he radial 
k 11 

functions ¢ vv' (r) satisfy the following coupled channel equati-

ons/4,6/ (E "'v' 2£ + 1) 

i· (f+l) 2 11 '\ [-----..;.. -u
0
(r)+k l</>,,,(r)= L u,(r)* 

dr 2 ;. 2 v v , " 
1\,? 2 ,vI 

(10) 

"''"'" 
' * 

e lej I i 
2A+1 

s+/1 . 
(-1) (U 00\AO)(jj -lltt\AO) * 

I I 

* W(j j f f ;As) ¢
11 ,(r) 

. I I · V v 
I 
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with the appropriate asymptotic 

:- ¢ 11 ,,(Fo +iG0 )8 -+(Fn-iGn)S,11 ,,. 
V V l t. VV L L VV (11) 

where S ~v' are the elements of the scattering matrix. The transiti-. 

on amplitude can now be written as 

~ci~; 
T M AM B= 

JA JB 

v'41T 

2:: (-1) KA-MA 

J 2] + 1 
(JAJB,- MAMBIJM)(JAJB' -KAKsiJO)* 

*~ 
nv ~ 

n n 

C~v L 
n 

"d "~11dl1~ ~ d 

(-1)sp-11: f d sd 
,-,--e ,, 

n sn 

" e p<edep 00 I enO) * , 

"v' 1111' ~ · 
p p p p p 

*(f's 11' -~'~'lj' 11' }{f' s Jl' -~-~- lj' 11' )* 
ddd dddd ppp PP PP 

* (j' j' 11' •-fl' IJM)(j' j' 11 .- 11 I Jn >* 
dpd p dp d p 

(12) 

* (e s 11 - ~ ~ I j 11 > ( e s 11 - ~ ~ I i 11 > * 
ddd dddd PPP PPPP 

* <e e 11 -~ .- 11 +~len-~ ><s s ~-~Is~>* dpd d p pn n dpd p nn 

des 11-~ ~ lj O)IRYf*','-~'(k,d)Ye,,·-~-(k ) 
n n n n n ct'd d p 1 p P p 

in which the subscripts p and d stand for proton and deuteron, 

respectively, and 

2 f' - f' !(an' +ae, ·f /lp (217) • d Pe Ld P dr</> , 
I = --- t . . - "p "p 

R k k 
p d 

(r) Rn "n. (!}~~:~~ (r) (13) 

. ---.._ 

is the overlap integral of the radial functions of the relative motion 

of the proton and deuteron with the bound state radial wave function. 

After some stand<;ird Racah algebra/7 / eq. (12) becomes 
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il. 
.. r!. I. 
·,~ 

s -11' e· +f +2s -j'-j 
(-1) p p(-1) p p p p pf j ~ j ~ * 

d d p p d 

-...._. 

*(edep OGI enO) <e; Sdl1ci-:k;.k~ li~ 11~ )(e; sp,-11; +k;,-:s~ li'p·-11~)* 
·- ~ ... -. 

(14) 

* ( i · i · 11 • , - 11' IJM) (i • i · 11 • - 11 I J n ) * dpd p dpd p 

* (j j 11 - 11 1 i n) x (e s j ; e s j ; e s i ) * 
d d p n c;Jddppp nnn 

* I R 

The angular m~mentum transfer J is given by J =J A+l8 and its pro

jection 0 on the nuclear symmetric axis by n = K A- K 8 ' ,·It should 

be noted that in general the angular momentum transfer J does 

not coincide with the nonconserved momentum 

captured :m the Nilsso~ orbit ( rn = tn + ;n ) 
j n of the neutron 

For further investigations it. is convenient to defi11:e the ampli-
-:Sd:S• . 
T P by means of 

J 
tude 

(15) 

which does' not depend on the projections M A , · M 8 

The resultant expression for the differential cross section and the 

· polarization are related to the stripping amplitude by 

~ :s·:s· ~ '-:s·:s· 
a(O) =C L- I TM dM P 12=c.L.(JAJB-KAKB!Jn)2 ,.L_\TJ d Pl2 

M M :S 'k' ( A B :S' :S• ABdp J dp 

(16) 
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and 

c LU J -K K 1 J rd L 
_ A B A B I' 

p- J d 

a( B) 

-I·..!..2 -I·-...!.2 
[ I T d 

2 I -I T d 21 J 
J ~J 

(17) 

where 

-1 p. d I' P 

C =[(2J A +1)(2sd+l)] (2rr h2)2 
~ A2 
kd (18) 

with the reduced masses p. d 

zero range force/9.', 
and P. P and the strength A of the 

Now we are going over to -the special case when the 

spin -orbit interaction in the optical potential for the deuteron 

and proton is omitted/
1

•
2

/. For this reason we write once more 

the vvave function (7) for the initial channel: 

(+) \ p. * " J ' ( ~ 
'P ... = L Rf'£,Ye, ~,(k)Up.'p. (0 )<f'sp.'-I'I'Ij'p. ')(esp.-IIIj p.)Y I(w)X I 19, 

k vv'p.p.'I p. ep.- s 

and by means of 

, ~· e· • 
IJJ,, (0 1 )= L_(e's 1,'-Itit!j'p.'(e'sp.-I;:2Ij'p.)D •_k,,~(B, )DI ~ (C:U 
I' p. · ..,. "' P. w 2 l -2 kf~ 2 

may be derived 

<+> ~ I' * ,, e· 
'P ... = L._ R,,l';,,, ,..{k)D -~ __:£'(& 1 He's 1,'-I'I'Ij'p.')<fsp.'~ 1I1 Ij'p.')* (21) 

k f1' 'jj 'p Jl. ' U. L Jl. -~ Jl. 1ft 2 

IIII2 ( ) 
* (e'sp-I2I 2ij'l' Hesp-IIIjp.) Y~-I(w)DI 1 I:l<;~I • 22 

We note that this wave ··function does not agree with that used in/1/ 
J 

because we have proceeded from the wave functi;)n._ (7) represented_ 

by a superposition of different spin . states. With regard to this we 

must set the primes in the last Clebsch-Gordon coefficient. Perform

ing the sums over j and i' we obtain the resultant expression 

for the wave function ( m " I' -I ) 

'P~+>= I Re~·ye':, (k.)De: (B 1 )Ye (w)I n;,IX I • (23),; 
k ff , mm, . m m m m ~ s 

8 

.· . ..( 

/.:~t 



which is now in agreement with that used in ref.fl/ and with the 

common practice, With res~ect to that WhiCh was mentioned above 

and using . 

(~ s m ~ lj ll Hf s m ~ I j" ll ) (j j ll p I J M) = L L S j' j' * 
I I I I I I 2 2 2 2 2 2 I 2 .I 2 LS I 2 

*(f em m ILm)(s s ~ ~ IS~)(LSm~IJM)X(fsJ".:fsJ· ;LSJ) 
1212 1212 llr222 

(24) 

and the ortho~'oriality relation for the X -coefficients we obtain 

from (12) the same expression for the cross section ·- .... -· 

r (f f OOie O)(e em ,-rn I£ 0-! )* 
pdp n dp d p n n 

*(s s ~--~-Is ! He s fl-~ ~ li n)(e·e· m' -m' ILM-~ He' f' m ,-m ILfl-! )* 
dpd pnnnn nnn dpd p n dpd p n 

given in ref.f~/. 
The well-known differential cross section derived by Satchlejs/ 

follows from eq. (25) if central field distorted waves are used ( e = e' 
m m P P 

e d = f'd 'R n p "' = R n I R n dn' = R e ). In this case the cross 
LpLp Lp LdLd d 

section c:an be written using the equations 

L ( e ' e ' m '-m I.e n- ~ . ) ( e ' e ' m I -m I L n - ~ ) = 8 n L 
d p d p n n d p d p n Ln 

mpmd 

(25) 



as 

-1 ~ n 2 1 
a((I)=[(2JA+1){2sd+l)J L._ (cnv) (JAJB-KAK 8 Ijnfi) 2 * 

, n Jnfn~n n 

I. JAJ B 

* J41T L 
,, ' ,, " e 

e ds d p ( e • e • oo I e 0 ) * -,.--,.-- - .. -. 2- d p n 

en sn ln 

(-l)mp 
e, m' ~, m, 

d d p p 

* < e • e • m • • -m • I e m • - m • H e s m • - m • ~ I i m • - m • + ~ > * dpd P.nd p nnd pnnd p 

(26) 

. 12 * A A 

* y ' ' (k d ) y e· m ~ (kp) I R ( e ~ e 'd )-
edmd ·P p 

In this expression for the cross section the angular momentum trans

fer J coincides with that of the Nilsson orbit j n , 
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