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Abstract. The possible occurence of highly deformed configurations is inves-
tigated in the N=Z nuclei *°Ca, **Ti, and 5¢Ni as formed in the ?8Si4+12C,
16042851, and ?8Si428Si reactions by using the properties of the emitted light
charged-particles (LCP). The energy spectra, in-plane and out-of-plane an-
gular correlations of LCP’s are analysed for each of the 3 studied reactions
within the framework of the statistical model. Strong deformation effects are
deduced from Hauser-Feshbach calculations performed with the Monte Carlo
code CACARIZO by using a consistent set of parameters with spin-dependent
level densities. The analysis of a particles in coincidence with 32S fragments
emitted in 2Si+1%2C shows a strong contribution from a ®Be cluster emission.
The binary nature of this cluster emission has been verified in three other
reactions involving a 2C target: 27 Al+'2C, 31P412C, and 325412C.
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1. Introduction

Highly deformed shapes and superdeformed (SD) rotational bands have been re-
cently discovered in the N=Z nuclei 36Ar [1], “°Ca [2], *8Cr [3,4] and ®°Ni [5].
Therefore the Agy ~ 30-60 mass region becomes of particular interest since quasi-
molecular resonances have also been observed for these a-like nuclei, in particular,
in the 28Si+28Si reaction [6,7]. Although there is no experimental evidence to link
the SD bands with the higher lying rotational bands formed by known quasimolec-
ular resonances, both phenomena are believed to originate from highly deformed
configurations of these systems.
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Fig. 1. Exclusive a energy spectra in 28571428Si at Ejqp = 180 MeV. Solid and
dashed lines are CACARIZO calculations with and without deformations effects.

Since the LCP detection is relatively simple, the analysis of their spectral shapes
(see Fig. 1) is another good tool for exploring nuclear deformation and other prop-
erties of hot rotating nuclei at high angular momenta [8,9]. The LCP’s emitted
during the CN decay processes carry information on the underlying nuclear shapes
and level densities. In particular, new information on nuclear structure far above the
yrast line can be obtained from their study by a comparison with statistical model
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calculations. The properties of the LCP’s emitted in the 28Si428Si reaction at the
bombarding energy Eis = 112 MeV, which corresponds to the 5®Ni excitation en-
ergy of the conjectured J* = 381 quasimolecular resonance [6,7], have already been
investigated [8,10,11]. The magnitude of the adjustments in the yrast line position
suggests deformation effects at high spin for the 5®Ni composite system in agree-
ment with very recent y-ray spectroscopy data obtained at much lower spins [5].
The extent to which the resonant behaviour is responsible to the observed nuclear
deformation is still an open question. To resolve this issue, we have performed a
subsequent 28514285 experiment at E;up = 180 MeV outside the “molecular win-
dow” where quasimolecular resonances are known to disappear [13]. Deformation
effects have also been investigated in 28Si+12C [9]. The strong cluster emission of
8Be which was observed by this reaction [9] has motivated the search for similar
effects in the 27A1-|-1ZC, 31P-|-12C, 32S-|—120, and 160+428Sj reactions.

2. The charged particle multidetector array ICARE

The experiments were performed at the VIVITRON Tandem facility of the IReS
Strasbourg laboratory in the ICARE scattering chamber. Both the heavy frag-
ments (A > 10) and their associated LCP’s (protons and o particles) were detected
in coincidence using the ICARE charged-particle multidetector array [8,9] which
consists of nearly 50 telescopes. For the 28Si+28Si measurement three distinct reac-
tion planes were defined. Two for in-plane correlations and a third one, perpendic-
ular to the LCP detection plane, for out-of-plane correlation measurements. The
heavy fragments consisting of evaporation residues (ER) as well as quasi-elastic,
deep-inelastic, and fusion-fision fragments, were detected in 8 gas-silicon hybrid
telescopes. The in-plane and out-of-plane detection of coincident LCP’s was done
using 4 three-element telescopes and 16 two-element telescopes with CsI(TI) scin-
tillators coupled to photodiode readouts. Fig. 2 shows the in-plane LCP angular
correlations measured for different ER’s (Z = 20-23) detected at OFF = -10° (see
arrows). More details on the experimental setup of ICARE and on the analysis
procedures can be found in Refs. [8,9].

3. Highly deformed °°Ni configurations in ?®Si428Si

Exclusive a spectra and in-plane angular correlations for both protons and a par-
ticles are displayed in Figs. 1 and 2 for 28Si+28Si. The analysis of the data has
been performed using CACARIZO [8], the Monte Carlo version of the statistical
model code CASCADE. The parameters needed for the statistical description, i.e.
the nuclear level densities and the barrier transmission probabilities, are usually
obtained from the study of LCP evaporation spectra. The change in the emission
barriers and, correspondingly, the transmission probabilities affects the lower energy
part of the calculated evaporation spectra. On the other hand the high-energy part
of the a spectra depends critically on the available phase space obtained from the
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level densities at high spin. This is clearly shown by the solid and dashed lines of
Fig. 1 for 28Si+%8Si. The level density, p(E, J), for a given angular momentum J
and energy F is given by the well known Fermi gas expression:
2J+1 2
p(E,7) = G a2 (P g rprypeap(2(a(E — A - T — E;)*/?)

where a is the level density parameter set equal to a = A/8 MeV~! (A is the mass
number) T is the “nuclear” temperature, and A is the pairing correction, E; =
2‘7 J(J+1) is the rotational energy, J.¢; = Tsphere X (1 + §1J?% + §5J%) is the

eﬁ'ectlve moment of inertia, Jsphere = EAR2 = 2A5/3r is the rigid body moment

of inertia of a spherical nucleus with radius parameter rg, and é; and §; are the
deformability parameters. The solid lines in Figs. 1 and 2 show the predictions using
the same parameter set with deformation effects that has been used at 112 MeV
[8,10,11]. Predictions with the parameters of the finite-range liquid drop model [14]
are unable to reproduce the data (dashed lines). Since the highest incident energy
is outside of the “molecular window” [13], we conclude that the highly deformed
shapes (with 3 ~ 0.5) observed for both energies are not related to the 28Si+28Si
quasimolecular resonances [6,7,13].
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Fig. 2. In-plane angular correlations of a particles (points) and protons (tri-
angles) emitted in coincidence with different ER’s (Z = 20-23) in the 2856712854
reaction at E;qp; = 180 MeV. The solid lines are CACARIZO calculations with
deformation effects discussed in the text (see also Fig. 2).
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4. Cluster emission versus a evaporation

Superimposed on the Maxwellian shapes typical of their evaporative origin, non-
statistical a-particles components were found in the energy spectra measured in
coincidence with S residues in the *2Si(180 MeV)+'2C reaction [9]. These addi-
tional components attributed to the decay of unbound ®Be nuclei are more easily
observed in the corresponding energy correlation plot displayed in Fig. 3 (left side
of the upper panel). They appear as well defined peaks lying outside the “statistical
evaporation region” which is consistent with CACARIZO calculations (see Fig. 10
of Ref. [9]). Their “folding angles” are compatible with the two-body kinematics
required for the 32S+2Be binary exit-channel. To clearly establish the mechanism
resulting in these yields subsequent experiments have been undertaken with 12C
targets [15]: 27Al(150 MeV)+12C, 31P(112 MeV)+12C, and 32S(140 MeV)+12C.
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Fig. 3. Energy-correlation plots between o particles and ER’s for the 22Si+'2C,
27A1—}—12C, 32S—}—”C, and *0-+2%Si reations at the indicated angle settings.

Fig. 3 also displays the energy-correlation plots between o and ER’s for two of
these reactions [15] and for the 10+28Si reaction at Ei45('©0) = 112 MeV [12].
The fact that the two-body components do not show-up for this last reaction [12]
indicates the binary nature of the a peaks present in the reactions involving a 12C
target. This hypothesis is consistent with the cluster-transfer picture proposed by
Morgenstern et al. [16] for incomplete fusion mechanisms.
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5. Conclusions

The occurence of highly deformed configurations in light N=Z nuclei has been inves-
tigated by using the ICARE charged-particle multidetector array at the VIVIT-
RON Tandem facility of the IReS Strasbourg. The properties of the emitted LCP’s
in several reactions have been analysed with the CACARIZO statistical-model
code that was adapted to calculate evaporation spectra and angular distributions
for deformed nuclei. The measured observables such as energy spectra in-plane and
out-of-plane angular correlations are well described by Hauser-Feshbach calculations
which include spin-dependent level densities. The magnitude of the adjustements
in the yrast line suggests deformations at high spins that are far in excess of those
predicted by the finite-range liquid drop model [14]. The deformation parameters
deduced for 28Si+12C at Elab(%Si) = 112 and 180 MeV [9], 10+22Si at E,ab(lf’o)
= 76, 96, and 112 [12], and 28Si+28Si at Ei45(28Si) = 112 and 180 MeV 8,10, 11]
reactions are comparable to recent y-ray spectroscopy data for the #°Ca nucleus [2]
and for the *Ni nucleus [5] at much lower spins. The use of large y-ray multidetec-
tor arrays will be helpful to extend the existing level scheme of the **Ti nucleus [17]
for the search for weakly populated SD rotational bands equivalent to those discov-
ered in “°Ca [2]. For the 28Si+12C reaction the component which is found in the
a-particle energy spectra measured in coincidence with S residues is attributed to
the cluster decay of unbound ®Be nuclei [9]. The hypothesis of the binary nature
of the ®Be cluster emission is consistent with the preliminary results found for the
three other reactions involving a 2C target [15]: 27Al4+'%2C at Eip = 150 MeV,
31p412C at Ejqp = 112 MeV and 220 MeV, and 32S4+12C at E;qp = 140 MeV.
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