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Abstract

. We develop a simple method of treating spin effects in the frame of al-

gebraic scattering theory and apply it to the system ¥O + Cu at Ecu. = ‘ 44.77

MeV.

The élgebraic scattering theory {AST) has been developed by Alhassid

© and lachello (‘s and has proved to be a very useful technique for the analysis of

heavy-ion scattering data \;.'hen a large number of chénne!s are open (*%). The
'version of AST used in the present work__is based on the assumption ihat t_he
Hamiltonian for heavy-ion scattering éxhi.l.ait:s_ a_:i approximate SO{3,1) symmetry. . -
In this case, the S matrix can be written in clos_ed form as .';1 ratio of two Eulé;"
gamma functions: .

Ce+1+ir) C ' ' U)'_':

St = i+ 11—

V is cailed algebraic potential and is equal to- the Sommerfeld parameter ,
' 7 el . . L

ntk) = -% , for pure Coulomb scattering, when the SO(3,1) symmetry is )

exact, [f there is strong interaction , the algebraic potential can be generaliied'to o

a function of wave number, k, and anguiar momentum, !
e ) = qlly+ vk 0, . @

‘where V¥(k, {) is the nuclear potential. The adoption of eqs, (1-2) is justfied by the’

dominance of Coulomb interaction in heavy-ion processes.

When reaction channels are explicitly taken into account in the interaction

of two spinless particles, eq. (1) assumes a matrix form

T(L + 1+ V)

= T i@ @

where V is the algebraic potential matrix,' which conzains the dynam_ic’s‘of the
scattering iﬁ the different channels and L is 2 diagonal matrix, whose nbn-zero _ X
elements are all cqual to the orbital anguiar momentum, L. In the spinléss case. .
L is thus a multiple of the identity. matrix 1 and commutes with V ,-so tﬁat the‘.. :

]




probiem can be solved by means of a simple algorithm: (3} diagonalize V7 (if) write

the S matrix in the representation where both S and V are diagonal,

s ML+t +iV)
=T L+ -]

where V.. is the ath sigenvalue of V; (iii) go back to the original representation

by means of the transformation § = ZSun 27 ,where Z is the matrix whose

columnns are the eigenvectors of ¥V .

Introduction of spin makes the algebraic approach more difficult to treat, -

because, in general, L is not multiple of the identity matrix and does not commute
with the algebraic potential matrix. In this paper we proposé a simple method of
solving the coupled- channels problem in AST , based on the assumption that

we can replace L in the argument of the gamma function in formula (2) by the

total angular momentum , J . This approximation , equivalent to replacing

L{L + 1) by J(J+1) in the centrifugai potential of the coupled Schriidinger

eguations, was first proposed by Tanimura (%) and analyzed in detail by

Esbensen, Landowne and Price (%). The § matrix can now be writter as

I(J+1+V) o :
S = TI+1—v)’ - : @

where J and V commute, 50 that we can use the same algorithm as in the spinless
case. We do not make approximations in the potential matrix , which remains the

.

same as in the exact treatment.

From now on , for the sake of simplicity, we suppose that only the target

nucleus has spin different from zero and that the projectile cannot be excited
during the collision: the matrix clements. are thus labeled as V¥ ... and

3

S 14a0, Where L (L") are the possible values of the initial (final) orbital angular

momentum and « (&) the other quantitites characterizing the initial {final) state,

such as masses, charges, and quantum numbers of the intrinsic states. It is im- 7 o 7

portant t6 note that, in the spinless case, ¥ s a nxn matrix, where » is the
number of states of the target taken explicisly imto account.; when we have spin
different from zero, the dimension of the algebraic potential matrix for a given [

-and parity is ¢etermined by summing the numbers of possible angu}ar'_momén_-r

- turn substates for each state of the target nucleus explicitly taken into account.,

The scattering amplitudes can now be written in the form (%} -

. NET A .
. N ’ ’
fx'.‘-fx.. x.w:(ﬁ) = 'ZUCE %E?L(LSJDWIG l jlwx)(L S.x'm “Ma' | J}"{q)

Aj e .
(Sizrer = Gaudr1/0s,5,0¢

O

feat Y )
Here, the z-axis. has been chosen zlong the direction of the incident beam ;. .
L= AL+, m = M, — M., S, i_s the spin of the target in state o ,.‘_and )
54

(S AR ' . : . "
“ : Ce (6)-

&
whhel T et oar)

The unpolarized cross section for the @ — o reaction is given by '

de, . (8) ke SR '
—_—_— = JRE N
70 % 25, + Tt o at st ) + @B g 0, 1 R O

where f2(8) is the usual Coulomb amplitude {5).

One comment is necessary at this point : when we have spin in the entrance

. channe] (L # J) , the elastic S-matrix element S%, . of formula (4) does not match

exactly the Coulomb S-matrix element, S&u = exp(2fo.) at high J, when
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H
H

P o= 0, and formula (6) gives spurious terms in the partial wave summation.

These spurious erms can be avoided if we rewrite expression (6) as

!

S".J _ ‘511',. E1A
xl.xl T o *
S\z.’, zf
where
T'J+1+in) . o
< z . (8).

We have tested formulae (3), {7) and (8) for elastic scattering of “O on 8 Cu by
assigning to the target spin cither a fictitious vaiue 0, or the true value 3/2 : the
compuied ratios , ‘&E; (0) , are practically the same in the complete angular range,

0° — 180°, with differences only on the fourth significant digit.

As a preliminary calculation, we have applied our formalism 1o the analysis

of cross sections for the system SQ + %Cu at E,,, = 44.77 MeV, measured by

Chamon and Pereira (7). The experimental data consist of the differential elastic

cross section and the cumulative excitation of the five lowest-lying levels of Cy

The elements, V.- oOf the potential matrix, V, have been calculated ac-

cording to the general expression (%)

Hl

TIIT L

Var.wr i.;r B — 1) ST LS (LU0 [HOWLLL S, S| 4 )
v R : )

o 9
VEADS 1 V1TS)

A

Here, L = J2L +1, 4 is the multipolarity of the transition, S, the spin of the
target in state @, W is a Racak coefficient and the reduced matrix element is de-
fined as in ref. (6); the expressions adopted for the transition form factors,

Vi (L), are the following: nuclear elastic (%) :

L — ~xf2 N oo - - . co
— L g VR'TIV] ; - . R :
(@) = a2 T (10)
: I+e a ,
nuclear inelastic:
o aviin S
Vil = = M, — . oan-

where P4 has the same structere as formula {9), but, in principle, different depths

» Uz and U, and different critical momentum and diffuseness;

Coulomb excitation (') :

1

_ CiLy™, T<L
VD) = neead € (12) -

(LD, > L ;

Here, Vg, ¥, Uz, Ui, %o 20d new are to be adjusted on the experimentai data. - -

Th; diagonal form f‘;iCtOl'S are caléulated at the proper value of the orbital angu-
lar momenturm, L = L, and the off-diagonal factors at I = —;—(L-i-!_'), the
arithmetic mean of the initial and ﬁgal angular momenta. In the same way , the
critical angular momentum and the diffﬁsen.ess in form factor (10) are the arith- :
metic mean of the corresponding values in form.ul:i (%) for the entrance land'exit

channels. Moreover, the algebraic potential does not contain spin-spin , or spin-

orbit interactions.

_In these fnreiiminary cal_culations., we have coupled to the ground state
of $Cu the five Jowest excited _stazés through A = :2 transitions. The parameters
that define the diagonal matrix elements of the potential have been determined
by Ieast-_squares fic of the experimental angular distribution for elastic seattering

() The inclasti_c'coupIing sﬁ_rengths_( floeie, @Nd Mo, ) have been derived from ex- _-:

.




perimeontal B(E2) values (f), with 3 normalization obtained by fitting the exper-

imental cumulative excitation to the five lowesi-lying states of 5Cu ()

The elastic and inelastic scattering cross sections for ¥0 + Cuy at

Eon = 4377 MeV , celculated with the parameters listed in Table I, are com-
pared in Fig. | with the experimentai data (7). The spin effects are emphasized in
Fig. 2, where we compare two calculations of pure nuciear excitation with the

true spins and with spin zero in all channels. We observe that the effect of the

spin is 1o wash out the oscillations in the angular distribution, as expected from .

general considerations. The differences in the magnitude of the cross sections.are

due 1o different values of the geometric part of formula (9) in the two cases.

The quality of these preliminary results encotrages us 1o extend thé AST

analysis 1o other incident energies and reaction channels, by including also exist-

ing data of one-proton transfer (7), with the main goal of extracting coupled-
channels effects on the fusion cross section. In the more ¢xtended analysis, the
transition matrix elements for the various channels will be obtained by means of

czlevlations based on the interacting-boson and interacting boson-fermion mod-

els, s0 as to give a simuliancous algebraic description of excitation of intrinsic

states and scatiering.

Wa thank Dr. L. Chamon and Dr. D. Pereira for providing us with their

experimental data.
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Figure Captions

Final Va . ¥ Ly A Le Uz Ur | Qe | oo, E b ) ) R ) L - .
. : Fig.1 {(a) Elastic scatiering cross section divided by Rutherford cross section for
Staie : ' ' : ' .
o i B0+ 8Cy at ., = 44.77 MeV. {b) Inelasti¢ scateering to the five [owest lying i
’ 35 1o 65 f o : . . , 5
sCuf T’ Y| 20 34 | 260 13 | 100 _ _ _ _ levels of Cu. 300 partial waves have been mclu.ded in the scattering amplitudes.
- : The experimental data are taken from ref. (7).
$Cy (_jL )P 20 34 247( 22 1100] 70} 50 0.4 _ Foow
’ e Fig.2 Nuclear contribution t inefastic scattering to the five-lowest-lying levels
.of $Cu Solid curve: experimental spin value assigned to each level; dashed curve: | .
. 5 .- N . ) . o
Sy (-2—- )l 20 | 34 1247 22 1 100] 70| 50 [ 015 spin 0 assigned to each level. The experimental data are the same as in Fig. }{b).
040 ' ' ' '
sCu(—) | 20 | 34| 27| 22 | 100] 70| 50 | 013 . -
SCu(=) 4 20 { 34 | 2477 22 [ 100 70 { 50| 021
-.006 e e -
SCu(5-) | 20 | 34| 247] 22 [ 100 70| 50| .035
=010 :

Table 1. AST parameters for efastic and inclastic scattering of B0 + Cu . -
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