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ABSTRACT

Experimental resuits on back-angle anomaly in thew 12, 152?:?8
system at Ecn = 25.2 Me¥Y and orbiting phenomena in '"p + B
systems at Ecn = 1B.8 and 19.9 MeV are presented, Both results are

fully explalned by coupled-channels calculatlons In the AST framework,
coupling 7 reactlons channels in the former and 22 reactlon channels in
the latter case.

1. INTRODUCTION

The =algebralc approsch to nuclear reactions .{AST) aliows the
simple solution of problems where many reactlion channels are coupled
together(1,2]. We applled thls approach in two situations, where the
coupling between reaction channels should be very important. These
situations are the back-angle anomaly, present mainly in ne systems
of the s-d shell, and the orbiting phenomena., In the following we
will summarize some Issues of the algebralc approach, present our
experimental data both on back-angle anomaly and orbiting phenomena and
show the results of AST calculatlons, which explaln the main features
of data,

E.l ALGEBRAIC APPRDACH TC THE SCATTERING PROBLEM

lachello and collaborators!1,2} have shown recently that the
concept of dynamic symmetry fixes the functlonal form of the S-matrix.

S-matrices can be obtalned directly from group theory, without the

use of the Schrédinger equation. This can be illustrated with the
exampie of the non-relatlivistic Coulomb scattering, where the symmetry
group s the S0(3,1), and from propertles of this sSymmetry group one
can derive the expresslon for the S-matrlx, as

Tl + 1 + 1v(k))

Sptki = ¢ T 1)
where v 1s called algebraic Coulomb potentlal and is by definition
uz, Zze2
vik) = —_— (2)
h™k

This result can be applied In the case of low-energy heavy-ion
reactions, where the Coulomb potential ‘s very important. It is assumed

that the form of the S-matrix, derived from S0(3,1) algebra, is gt}

valld In the presence of the nuclear potentlal, and

F{gd + 1 + iv(d,k))

Sk = mr T I TvEX Q)
uZ, %ez .
where vilk) 2 —u 4 v (2k) (4)
. hzk n

where v.(l.k) is the algebralc nuclear potentinl. We determined the
t-dependence of v‘(t.k}. which produces the same elastlc scattering

S-matrix in eq.3 as a Woods~Saxon optlcal potential produces using the
Schrédinger equation. The exact vntt.k). obtained' by numerical

inversion of eq.3, was fltted by the paremetrization below{3)

v itk) =

v (k) + 1¥ (%) -R/2
Y [%5 + 1] (5)
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where Col'k} = Rok = ....;: /Zu[Eﬂ +Q - VJ Is grazlng angular
moment um . (8)
and a(k) = ka . {7)

and Ro and a are respectively the radius and diffuseness of the system,

Thus, the algebralc counterpart of the Woods-Saxon optical potential,
is a complex, {-dependent potential, which 1s well described by the
parametrlzation of eq.5.

The main advantage of this algebralc approach lays 1n the
simplicity of its generalization to the many channels problem. In the
case of n reaction channels, the algebraic potentlal becomes a
symmatrical, complex n x r  matrix and the solution of the problem
reduces to the dlagonallzation of Lhe potential matrix. So, instead of
solving n coupled differentlal equatlens which is the problem in the
Schrédinger picture, one has to solve n ccupled algebralc equatlons,

The dlagonal elements of v correspend to potentlals preducing

elastlc seattering In channels t = 1,2,...n and they are described by
equations 4 and 5, where the grazing angular momenta take into account
the Q-value of the channel 1. The off-diagonal elements v,

correspond to. coupling potentials producing transitlions between states
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in f‘l,‘g.E we é:‘resent our experimental elastlic angular distributicn
of *'Mg('’c. '*c)™Mg, together with the results of the AST using the
above algebralc potentlal (egs. (4) and {5)) (solld Iine) and of
optical model calculations (dashed line). The parameters used In the
AST approach are VR =2.0 \.’l = 5.0, tn = 14.5 and &4 = 1.7. The optical

potentlal parameters are V = 10 MeV, Ty = 1.318 fm, a = 0.618 fm,
W= 23 4 Mev, P = 1.199 fm and a = 0.582 fm. Both ealculatlons

reproduce well the forward angle region and undersestimate the backward
cross section, a feature common to strongly absorblng potentlals.
The oscillations and back-angle rise could be reproduced by decreasing
A or Vi. in analogy to the sharp edge or surface transparent optical

potentials. However, our aim was not Just reproducing the backward
ancmely but getting a better understandlng of the orlgln of these
anomalies. We will see in the following that even with strongly
absorbing potentials the inclusion of w-transfer couplings produces the
backward rise in the elastic cross section.
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Fig.2 - Experimental atnsu:w angylar distribution of C . .Hg
measured in Lthis work and of 0 « Ne (rer.(10]). The wmolid linem are
AST calculallons with the parametars prasented In table 1. The dashed

line 1 the optical model talculation, Ity parameters are quoted In  the
text. . .

The parsmeters that de;olne the diagonal! matrix elements of the
outgolng channe! o . Ne, were determi "eilu by {o’ tting the
experimental angular distribution [10) of 0 + Ne elastic

scattering at Ecn = 22.2 HeV (see flg.2). The inelastic coupiing

strengths (Coulomb and nuclear) were calculated from experimenta) B(EX)

and Bh values using eq.{9) and the absolute normaltzation s

obtalned by fitting the 2% ° lne;gnstlc angg&ar distribution. The
hexadecapole deformatlons (B‘) of “Mg and “Ne were also Included,

producing direct coupling between the 0' and 4° states. The transfer
coupling strengths were adjusted to fit the magnitude of the transfer
cross sections,

The fits are In very good agreement with the date. The absclyte
magnitude, the perlod and phase of osciliations and the backward rise
are well reproduced. The only cross sectlon whlch is gomewhat
ungerseatlmted by the calculatlions 18 that of the sum of the 4" apd
2’ states but the coupling to higher excited states, which was not
taken into account, probably must be important.
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F1g.3 =  Experimentsl alastic angular  distribuwtion of '°C . HHg.

dash-dotted line is the renult of the AST calculation -l'.hw{
coupl ings, the dotted line with coupling between slastic

qromd-.ll.nt- transfer channels, the dashed ilne with cougllm. to
and 2 transfer statos, the molld line with couplings to O, 2" and
tronsfer states.
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In f1g.3 we show the effect on the elastic angular distribution
due to the coupling -of transfer channels added one-by-one. We can
verify that the backward increase in the elastlc cross section comes
from the coupling to the transfer states, The contribution of exclted
transfer states is very important. Similar calculations, coupling
only with inelastie 2* and 4° states, have shown that the effect of
the lnelastic couplings is much weaker at back angles.

Concluding, we measured six fairly complete angular dls%rlbut&ons
of elastlc, lnelastic and  a-transfer reactions of the '%C s 'H.g
system at Ecu =.25.2 MeV, We uysed the AST to couple all the channels

measured in our experiment, The lnelastic coupling strengths were
derived from avatlable B(EA) and BA inforeation and a good it wna
obtalned for all channels. The back-angle rise in the elastlc cross

sectlon is fully explained by the coupling between elastic and transfer
channels. -
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The nitrogen and carbon cross sectlons are
assuming arbitrarily that

For the nitrogen
B, a deviation from
amination at forward

For the %o « g system, the very forward angle nitrogen
which corresponds to reactions
intense counting rate of elastic
matton of the nitrogen
As nltrogen and carbon
they have the same
m!lar angular distributions,
pattern of the nitrogen angular

backwar%

systems for

distribution cannot be due to a shorter lifetime, as

suggested recentiy

(141, but only due to contamlnation of a different process, as long as
we assume the fragments being provenlent from the decay of an orbiting

dinuclear complex.

1

The total Q-value and angle in&egm}gd cross sectlons "gor tﬁth
0+ 'B)

studled systems are very simllar, ("0 +« "B) = G # ilng . ot

14

=8 % Imb, olC+ N) = 18 ¢t 2nb ampd of{l'C +

suggesting that the orbiting process is not affected
structure effect, due to one neutron excess. For
detected the 2 = 3 and 4 fragments, which present
behaviour and have total crossmsecu?gsu
4.5 t 1mb. In both systems 0 + '
sections 1In the transfer channel (C + N} mre h
inelastic channel (0 + B).
ground state Q-vaiues of both transfer reactlions
(Qq_ = +8.04 and +4.76 MeV respectively) and so

have more exclited states at the same Q-value,

of respect

N} = 21 ¢ 2mb,
by special nuclear
13‘6 + "B we also

the seme 1/¢inle )
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ively 5 * lmb and

B, the total orbiting cross

tgher than 1n the

This is easy to understand, since the

are’ very positive
the C + N systems

The transition from strongly osclllating to smooth behaviour of

the angular distributlon of individual peaks suggest
for & more detajled description of the
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orbiting process.
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scheme necessary for obtaining the orblting patiern is only possible to
be calculated, at the moment, In AST frame. The algebralc approach
reveals to be a powerful framework 1n nuclear reaction studies
invelving many channels,

The coliaboration of J.M. Ollveira, P. Fachinl, R. Lichtenthiler
Fe, M.M. Obuti, W. Scianl, M.K. Steinmayer and A.C.C. Villarl in the
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