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ABSTRACTWe present preliminary results in a study of entrance channel effects by comparing

measured charged particles and ")'-ray multiplicities in coincidence with residue nuclei(identified by discrete transitions), from both mass symmetric and asymmetric reac-

i tions, The systems studied are 64Ni + 1°°Mo and l°n + 148Sm, both of which would
produce the ls4yb compound nucleus with 52 MeV of excitation energy, In the (a2n)
exit channel, the center of mass a-particle angular distribution is symmetric around 900

.2 in the Ni-induced reaction, indicating emission from a fully equilibrated system. Fur-
themore, '_he extracted anisotropies show no evidence for an enhancement of a-particle

4 emission in the low energy region, which indicates emission from a nearly spherical
system. However, the corresponding angular distribution of the 160-induced reaction

: shows a strong forward component, which is a clear signature of a non-statistical con-

o tribution to the residue cross-section. This non-statistical component has to be taken
: into account when comparing decay modes of a compound nucleus formed in different

entrance channels.

-g

- 1. Introduction

- The ex-perimental observation 1-7 that the decay modes of excited compound nu-
clei appear to depend on their mode of formation is one of the most unexpected
findings of heavy ion fusion reactions near the Coulomb barrier. Entrance cham_el
e_'ts were observed 1-3 by comparing ratios of xn and/or axn evaporation cross sec-
tions as a function of the compound nucleus spin distribution, formed in different
HI reactions. Specifically, large differences were observed in the exit-channel cross
sections at lfigh spin. In additional experiments, large differences were also found hl=

1presented at the Eighth Winter Workshop on Nuclear Dynamics - J.Hole- WY, January 18-25,
_- 1992
"mE

$- I_ISTRfBUTION OF THIS DOCUMENT IS UNLIMITED



in the region of the GDR for compound nuclei formed in s_nmetric mad as3_mnetfic
entrance channels.

Trapping in a superdeformed minimum for the n_._sssyTmnetric entrance chaamel
was proposed 1,2,8_ ma explanation for these observed effect.s. If this is correct,
one would expect an elflmaced emission of low energy c_-particles for tiffs entrance
charmel. However, this is contrary to the observationa of a larger a-particle emission
cross section, in the 16%%__+15SEr(a2n) evaporation channd at E* = 49 MeV, for the
160 + 14SSmcase, when compared to that from the 64Ni+ 1°°Mo reaction. It can also
be argued that an incomplete fusion contribution might be responsible for the larger
ce-particle cross section observed in the 160 induced reaction. Clearly, a satisfactory
tmderst_ding of these effects is still lacking, and the M1 tmderstanding of the oIigin
of these entrance chmmd effects needs more theoretical and ex'perimental work.

ht order to shed some light on this subject, we have studied the charged partides
emitt.ed in coincidence with the identified residual nucleus (corr_ponding to t.hea2n
charmel) formed in the 64Ni + 1°°Moand 160 + _48Smreactions. 7-rW multiplidties
were Mso obtained for each of the residue channds, for both reactions. The shapes
of the charged particle spectra, and their angular distributions, should be a sensitive
probe for the entrance channel effects observed in this system.

2. Reactions and Experimental Setup
m

• The e.,cperimentwas performed at the HHIRF oi' the Oak Ridge National Labo,'a-

i tory. Isotopically enriched _°°Mo(_ 306 #g/cm 2) and 14SSm(_ 968 t.tg/cm2) targetswere bombarded with 64Ni (El,b = 242 MeV) _md _6() (Etch = 87 MeV) projectiles,

! respectively. Light charged particles were detected and identified _4th the Dwarf
Ball, a CsI(T1) scintillator array 9, which consists of 64 detectors in a nearly 4rr ge-

_" ometry, covering laboratory amgl_ from 24.4° to 155.6° in 14 rings of different 0ab.
gnerkT calibrations for protons were performed by :_C(p,p) and :2C(p,p') reactions.
For a-pmicles, the energy calibration was obtained from the proton energy calibra-

_. t.ion using an empirical relationship given in Ref.[9], corrected at low energies by
c_-soltrcecalibrations. In order to stop elastically scattered projectiles, appropriate
sets of absorbers were used in these experiments. Tlffs resulted in ma:dmmn t,hresh-
olds ( at the forward angles ) of 8 MeV for alphas mad 2 MeV for protons, in t.he
64Ni induced reaction, and 10 MeV and 3 MeV, respectively, for the 160 be.mn. At
backward angles, the thresholds _e 2 MeV for dphas and 1 MeV for protons, for
both systems. Residue nuclei were identified by discrete transitions, detected in a
array of 18 Compton-suppressed Ce detectors inserted in the Oak Ridge Spin Spec-
t.rometer array. 2"_ne7-ray multiplicity was measured by 54 NM(TI) detectors of the
Spin Spectrometer. Cwoodseparation between 7-rays and neutrons w_usachieved by
t.ime-of-ttight techniqum, using the average %0" procedure discussed in Ref.[10,11].

= gnerp_ycalibrat!ans and effidencies were obtained by ttsing standard procedm'es with
calibrated 7-ray sources.

_- 2

[]

[]



3. Results

Energy spectra for tile 158Er(a2n) exit chromel are shown in figure 1 for both Ni
and O reactions, at three selected angles. These spectra were obtained by sumalling
t.he individual spectra for _1 detectors in the sane ring. For both reactions, c_particle
center of nmss energies were measured from below the exit channel Coulomb bah'let,
which is around 19 MeV, up to 30 MeV.
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Figure 2 shows the center of mass angular distributions, obtained by integ_'at-
ing in energy the spectra displayed in figure 1, for both reactions. In the O4Ni +
l°°Mo system, the angular distribution shows a pattern that is symmetric around
_CM=90 ° which characterizes emission from a fully equilibrated compound nucleus.
However, for the 160 + 148Smsystem, the angular distribution presents a rather dif-
ferent pattern, with an extra forward component. Tlfis indicates that non-statistical
mecha.nisms are contributing to the 15SEr(a2n) exit channel cross section.

Needless to say, this invalidates direct comparison of cross sections as ml indicator
of entrance channel effects on the decay of compound nuclei.

The importance of these non-statistical a-particles in the O reaction can be better
" lmderstood by plotting the angular distribution of the a'-particl_ for different center

of mass energy bins. This is shown in figure 3r_. The forward contribution in the!
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m_gtflar distribution is clearly associated with high energy c_-particles. Fttrthennore,
t,hese hi_l energy c_-particles are associated with the lowest -/-ray multiplicities (Fig.
3b), consistent with the idea that an incomplete fusion medlmfism produces these
m,ents. These results are consistent with the higher cross section observed 3 at low
"pray multiplicity, for the 160 + t48Sm system, when compared to the 6"_Ni+ X°°Mo.
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==_ Fig, 2: Center of mass angular distributions of a-particles in the 158Er(c_2n) exit channel in the 64Ni
i 4- lOOMoand 160 + 1'18Smreactions. The solid curves are least-squares fit,s to Ao[I + A_.P_(cos OCM)]

aad Ao[1 + Pl(cosOcM)+ P2(cosOCM)], respectively.
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The formation of long lived superdefformed configurations at high sphl, in the
symmetric mass system, Ims been suggested 1'_'s'7 _ a possible explanation for the
effects observed in these previous experiments. If this shape configuration e.,dsts

" in the C'4Ni+ 1°°Mo ckannd, an enl_ement of the sub b_ap/"erc_-partide emission
-- should be observed in this system, with the angular distribution showing a large

_fisotropy at subbarrier energies. Figure 4a shows ce-pat¢icle angulardistributions
', for the lSSEr(a2n) channel formed in the 64Ni+ 1°°Mo reaction, for 3 different a-

particle center of rrmss low energy bins. These angular distributions were fit with a
Legendre polynomial, and the A.2 codfidents are shown in figure 4b. The variation
of the experimental anisotropy with the a-particle energy, in the subbamer region,
shows a pattern that is characteristic of emission from a spherical system. No evidence

_- for large shape deformation is found for the 64Ni+ ro°Mo system.
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Fig, 3: a) Center of mass angular distributions of a-particles in the 15SEr(a2n) exit channel of the
160 + l'tSSm reaction, gated at the indicated a-energy bins. See fig, 2 caption for tile meaning of
t,he solid lines, b) a-particle spectra measured in the most tbrward ring for the same reaction, and
its decomposition using the indicated 7-ray coincidence gates.
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Fig. 4: a) Center of mass angular distributions for the 15aEr(a2n) exit channel in the case of the
_4Ni + 1°°Mo reaction, gated by various c_-particle subbarrier energy bins. See (ig, 2 caption for the
meaning of the solid lines, b) Extracted A2 coefficients as a function of the corresponding average
c_-particle energy.
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4. Conclusions

The study of entrance chmmd effects ttsing light charged particles as probes in
HI reactions seems to provide a powerful tool for investigating these effects, since
it dlows a clear exzperimental observation of a non-statistical mechanism present hl
some of these low energy HI reactions, for instance, in the 1_O + 148Smsystem. Tlfis
non-statistical component, which gives rise to a different compound nucleus, must be
t,aken into account if any comparison is to be made between systems in a effort to look
for entrance channel effects in the decay of compound nuclei. Also, the variation of
the a_motropy, below the e_t channel Coulomb barrier, for the a4Ni + l°°Mo system
agrees with what is expected for a-particle evaporation from a spherical system. TI_
rules out _'mimportant shape deformation 1,2'8entrance dammd effect.

Additional ex_periments have been done in the 16°Er compmmd nucleus, 1Lsingthe
systems _'_Ni + %Zr mad 160 + 144Nd as entrance chromel reactions. These results

shottld give fttrther _uable information on tns subject.
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