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AGRSTRACT

In plane angular carcelations have been
investigated in the =285i{:¢0,*=2(C-a), =*Al{2+0,22(-a) and
27AlL(*°8,«Li~a) reactions at 64, B4 and 48 MaV,
respactively, Two saquential processes hsve been clearily
identified, namely: transfer-reemission through the
formation of intermediate nuciei and projectile sequential
decay. The analysis 1is based on three body kinematics and

model fits of experimental angular correlation functions.
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Over the last few yeérs stﬁdies of light pafticles
emission were used to probe early stages of heavy ian
reaction mechanisms yie(ding both to inclusive and
coincidence data. There has been increasing interest im
unambiguous identificaticn_of projectile fragmentation, pre-
equilibrium emission and incomplete fusion
mechanismgi~a>», The contreversy found in the literature
concerning the identification of these mechanisms and their
competition in Llight systemsS-7> reflects the experimental .
difficulties and calls .fnt alternative methods. The
27f1(2¢0,22-a) system Hhas received most of the attention,
although no conclusive interpretation has been drawn. While
some authors pointed out the dominance of a-transfer Llike
processes followed by pre-equilibrium®? or equilibrium
emission®? by an inférmediate F1Pw nyclaus, others suggestea
the occurrence of incomplete fusion processes?’, A
different approach, which due; not allow for a <clear
identification bhas been adopted by Sasagase et =al_2* by
temptativelly pointing oeut the coexistence of.two different
sequential processes. Therefore systemétic studies, based on
exclusive measurements revealing projectile and target
dependence of these mechanisms, are necessary in order to
establish an wunified picture for séduential processes in
tight heavy ion reactions.

In this Lletter we are reporting the .study of
2051 (140, 120-a), 27AL(*40,:2C-a)  and  27AL(1°B,eLi-a)

reactions. The experiments were perfarmed using *=0




(E._‘.b = B4 MaV]) and 198 (E_., = 48 Me\) beamslsuppliéd by
the University of 590 PFaulo -Peiletron Rcceleratar. Se{f—
supperting 27Al (Img.cm-') and #~=t5i (750pg.cm-?) targets
ware used. Carbon and Lithium particles were identified
with a 2.3 wse solid angle telescope consisting of a 15pm E
and a Tmm E solid state detectors fixed at +30° and +20°,
for C and Li, respectively. HRlpha particles were detected,
in the reaction plane, at angles varying from -120° to +60°,
using three (AE-E) telescopes (AE=20pm, E=2mm)}, each of them
subtending a 5 mse soltid angle. Rt forward angle
:measurements the elastically scattered particles were
suppressed by using thin Ta abserbers_ Located in front of
light particle detectors.

Experimental angular correlation functions are
shown in Figure 1. These functions have well defined maxima
at negative angles, nearby the beam direction, and are
asymmetric. This asymmatry could, in principlte, be
attributed teo cnntributinns from different processes. In
arder to characterize these contributions we have performed
kinematical.and wmodel analysis for the following three body

final contributions:

i) Projectile Sequential Decay (PSD)

t4fJ4meG] 5 16Jny285)  y 124265}
14042701 3 180m+27(L ~» 12C+a+27A1

10B+27Al — 210B=+27{l > el i+a+2?0

ii} Transfer-Reemission {TR)
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11i) Massive Transfer-Reemission (MTR)
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"Cantributions due to MIR processes were found to be

negligibte, as compared with PSD and TR ones. This result
can be easily understood ‘in terms of reduction of exit
channel Coutomb barrier penetrabilitigs. very low D-values
involved and expected inhibition of the correlation function
for the angular canfiguration of the particle detectorse>,
Relative kinetic energies in the rast frame of the
recoiling proposed intermadiate nucltei, with all f[jnal
camponents in the ground state, were extracted froﬁ measured
o and *#C(+Li) energies, and are shown in Figure 2 as a
function of w«-particle detection rangles, ‘B“L*b. These
enargias appaar to be constant at backward negative angles
whrn o-=25] (a-=7RAL) configurations are assumed. This
behaujour indicates that 3 saquentiat_prncess, like TR, via

an intermediate nucleys azhw (3apP=) is dominant for



8.t=® < -20°. “0On the ather hand, since ralative enargies
tend to a constant value in the remaining angular range when
a-t2C (a=-¢Li} configurations are considered, the ﬁSD
mechanism via 240* (12B*) is established.

These conclusions are supperted by the fact that
E w1 ¥5 Bgt=e kinematical trajectories predicted for TR
(PSD), in the angular range whare they have been
experimentalty found to be constant, are well reproduced by
straight tines if PSD (TR) is suppesed to occur in that
angular range (dot-dashed Line }n fig.23. Moreover
excitation energies for 325« (2iP=}, pbtained from extracted

canstant values of the relative energies in the angular

L

range where TR dominates, agree with expected wvalues
for a direct a-transfer with an optimum O-value (Table
1. This resutt indicates that a direct transfer
followed by the emission of an a-particle instead

of a projectile break-up fotlowed by the fusion with thae
target nucleus of an w-particle, having beam velocity most
likely occurs as a first stage of the reactions.

The above mentioned findings, concerning the
nature of the sequential process, can . be confirmed by model
estimatives of angular correlation functiens. Let us first
start with the TR channel. The first stage of TR is
described by direct transfer reactions =25i{240,:=2{)%=25",
27Ql(2s0,22{)32P% ang =27AL(ref,sLi)=aP~. The excitation
energies and recoil angles of intermediate =25~ gy =1pP=

nuclei are determined by *2C or <Li kinetic energies at

Botme=430° or B8, ,-*o=420°, The doubte differential cross
section d*o/dRc L i>dBcerys will weight the cross sections
associated with a first stage. A secend stage is

described by the  statistical emission of an a-particla

from equilibrated 32G# gr 3:P=, intermediate nuclei. The

corresponding a-particle angular distributions . as A

function of =225+ (=aPw) center of mass angle and excitation

energy, are gbtained from standard Hausér-Feshbach

caleulationse?, The resulting TR angutar correlatioq'is

given byv>:

20 (60 =y e, () (00,62
SZHF@(GH ) = QE P(QHF. HF)(aﬁ)q(QHF,BHF,Qu .) (13

HF

where POur,Bur) = (d0/dfus  d0.c)/(du/dRue) denotes the

prubébiLity for excitatiaon of ‘the intermediate nucleus
angu(a1Pn) and the index HF refers to the Heavy Fragments,
i.e. € ar Li nuclei.

In the case of a.PSD the observed t2C (sLi) nuclei

are not produced by a primary process and therefare for each
12 (sLi) kinetic energy a set of scattering angles and

excitation energies of 1«0~ {20oB=), is aliowed by

kinematical conditions. For every -B,t=bp  the double

differential cross section dfo/dfc.cy»dla is obtained from

the sum of the product af = tweo factors. The

first,d’uldﬂch.,dE"160.<,oB ws supplies a set of n allowed




excitation ‘‘energies®? .. and ~scattering - - angles af. the
intermediate <0~  {+eB=) nucleus. The second 1is. the
differential - 'cross section da’dn‘ﬂb'(toB" for the

projectite inelastic scattering which can be payametcized by
a gaussian, in good agreement -with coupled channel

calculations®?. The final PSD angular correlation is given

by the expression®?:

d?o Lab RN .
ﬁ‘"‘QHF Qa(eu ):ﬁ Qz P{QHF’QHF‘n)(H%)J!"’Of(”B*)(6150*(1°B*)(QHF’BHF’H’0c|;ab}}

HF (2)

The experimental aqgulap correlations functions were fitted
by adding incoherently TR and.PSB contributiuns, althougﬂ
the data may indicate the existence of interference effects,.
The best x’-fits are- shown in Figure 1. . .
The resutts of the analysis can be summarized by:
i) the angutar dependence of relative energies, puints
clearty out the existence of a sequential reaction
mechanism;
ii) the fit of angular correlation functiens, allows
for the identification of two different processes,
namely: Transfer-Reemission and Projectile

Sequential Decay.

Concerning the influence of nuctear struvcture effects upon

TR-and PSD, we <can conclude that white TR results show a

target-dependence, P5D results display a projectile-
drependence., .
in figure 2 suggests that the present technique might be a
convenient tool Ffor studying <cluster structure in Llight

heavy-nuclei®?,

=

It should also he notedlthat the results shown -~
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FIGURE CAPTIONS

Figure 1.

Figure 2.

In plane angular correlation functions for (*2C-a)
and (*li-a) measured at B =+30°, B_,=+20°. Fits
based on TR and PSD mechanisms are shown by
dashed and dash-dotted lines, respectively, Total
contributions are indicated by solid Lines.

Relative kinetirc energies, E..., for the channels:
a) (a-=8%i), b) €) (a-2701), clased circles and
al b)Y (a-2207, €) (a-%Li), -open circles, as 3
function of the « particle detection angles, B.t=**
Angular intervals, kinematically allowed, cor-
responding to different projectile excited states
1afn (120B%) are denoted by dashed Llines tabeled
with the excitation energies of these states. For
the meaning of dot-dashed lines see the text.

TABLE CAPTION

Table 1.

a) Effective bambarding energies taking into
account the energy-loss in the targets.

Most probable excitation energy for the inter~
mediate nucleus:

b) DObtained .using the relative energies from
figure 2 (E*:n).

c) DObtained on the basis of a Bopvimum-value for
the a-transfer (E¥ 0imuml.

d) Expected for an incomplete fusion process of-a
beam velocity a-particle taking inte account
the binding energies.
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