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Anomalous increase in width of fission fragment mass distribution in*°F +232Th
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Fission fragment mass distribution has been studied for the system?32Th over an energy range of
105.4 MeV to 84.2 MeV in laboratory frame. For energies, above the Coulomb barrier, the variance of the
mass distributionsrﬁ] varies linearly with temperature of the fused system, signifying statistical fusion-fission
reaction. However, as energy decreases through the Coulomb barrier, a rapid incé@imdbserved for the
first time which may be a signal of onset of orientation dependent quasifission reaction.
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In heavy ion induced fission reactions on heavy targetsthe fully equilibrated compound nucleus BF +2%2Th is ex-
anomalous enhancements of the fragment angular anisotropected to be decided at the scission point due to a long de-
with respect to the predictions of the statistical saddle poinscent from saddle to scissigil]. Since shell effects are
model (SSPM [1] have been observed near and below theexpected to be washed out at these excitations, the mass
Coulomb barrief2—4]. To explain enhancement in fragment distributions should be symmetric with a smooth increase in
anisotropy in near and sub barrier energies Hiateal. [3] width of the distribution with temperature. Any sudden
assumed an nuclear orientation dependent quasifission reazhange in the width of the mass distribution would indicate
tion wherein the dinuclear system before statistical equilibradeparture from full equilibration, while onset of mass asym-
tion moves over a mass asymmetric conditional saddle pointnetry or a sudden increase in width of mass distribution
leading to a narroweK distribution compared to that ex- would be a strong signal of quasifission.
pected from SSPM. Probable effects of the assumed quasifis- The experiment was carried out using pulséd beam
sion process, apart from enhancement of fragment anguldrom the 15UD Pelletron at the Nuclear Science Centre
anisotropy, would be a asymmetry or increase in width offNSC), New Delhi. The pulse width was about 1.5 ns with a
fission fragment mass distributid®] and a suppression of pulse separation of 250 ns. The target was a self-supporting
the production cross section for evaporation residues in ful.8 mg/cns foil of 232Th. The average center of mass ener-
sion reactiong6]. However, no strong dependence of thegies cited include correction for energy loss in the target. The
width of the fragment mass distribution or asymmetry intarget was placed at an angle 30° to the beam. Fission frag-
mass distribution was observed 1f0+23%U [7]. The pro- ments were detected with two large abé¥ position sensi-
duction of evaporation residues were found to be hindered btive multiwire proportional counteryMWPCsy [12,13.
Berriman et al. [8] but this effect was not observed by These detectors provide good timing and position resolution
Sonzogniet al. [9]. Vorkapic and Ivanisevi¢10] suggested and can discriminate the fission fragments from beamlike
an alternate explanation of the observed anomalous angulgarticles. The active area of the detectors were 24 cm
distributions. They contended that, in subbarrier energies, fux 10 cm and were positioned at 65° and 95° to the beam
sion of projectile occurs only when the prolate deformedrespectively. The detectors were placed at 52.6 and 33.2 cm
target is oriented in the beam direction, producing a narrowWrom the target, subtending polg@azimutha) angles of
initial K distribution peaked arounid=0. In their model, the 25°(x5°) and 399%8.5°), respectively. The operating pres-

K equilibration time was also assumed to be not too shorsure was maintained at about 3.0 torr of isobutane gas. The
compared to fission time. Using time dependgndistribu-  polar angle of emitted fission fragments could be determined
tion, a narrowerK distribution compared to SSPM predic- with accuracy better than 0.2° while the accuracy in azi-

tions could be envisaged and fragment angular anisotropgnuthal angle was about 0.8°. Two solid state detectors were
could be explained. However, in the above scenario, no abplaced at +10° with respect to the beam to detect elastically
normal behaviour in fission fragments mass distribution oiscattered*°F particles to monitor beam intensity and posi-

yield of fusion evaporation residues was predicted. tioning of beam on target. One of the solid-state detectors

In °F+232Th, a pronounced increase in angular aniso-was also used for monitoring of the time structure of the
tropy was observedd] in near and subbarrier energies. In beam. Time structure of the beam was also monitored inter-
this communication, we report precise measurements of fragnittently by measuring the width of pulse with a fast plastic
ment mass distributions itPF +232Th reaction from above to  scintillator.
below Coulomb barrier energies, in the energy range For each fission event, the time difference of the fast an-
105.4-84.2 MeV. Fission fragment mass distribution fromode pulses of the detectors with respect to the pulsed beam,
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FIG. 1. The(a) time and(b) energy loss correlations of simul-
taneously detected fission fragment£g},=85.3 MeV.

the X and Y positions and the energy loss of fission frag-
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FIG. 2. Distributions of complimentary fission fragments in
(0, ¢) at E;,,=85.3 MeV. Rectangle ABCD indicates the gate used
to select the fusion-fission events for mass determination. Rect-
angles ABEF and ABGH indicate the gate used to add 50% and
100 % of TF events, respectively.

tors are shown in Fig. 1. The contributions of elastic and
quasielastic channels were estimated to be less than 0.1% in

ments were measured. The trigger signal for the data acquihese spectra.

sition system was generated by taking coincidence between The fission fragments from compound nuclear fission
any of the anode signals and the master oscillator of th@vents were exclusively determined from the distributions of
pulsing system. The detection efficiency of fission fragmentdolar (6) and azimuthal¢) angles. The observed distribu-
was better than 95% and the estimated mass resolution féions of the complimentary fission events(if, ¢) plane are

fission fragments was about 3 a.m.u.

shown in Fig. 2. The events enclosed by the rectangle ABCD

The masses of the fission fragments were determineth the figure are the fragments from fusion fission reaction.
event by event from precise measurements of flight paths antihe projections o and ¢ planes are shown in the insets. At

flight time differences of the complimentary fission frag-

ments using the following set of equatiofisd]:
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wherem,, m, are the fragment masseg;andt, are the flight
times of the fragments for the flight patlds andd,; p; and

p, are the linear momenta of the fragments in laboratory v

frame; mcy andVey are the mass and velocity of the com-

pound nucleus. The difference in machine time for the two

time of flight spectradt, was determined precisely for

each beam energy from the required identity of the mea-

sured mass distributions in two detectors.

The fission fragments were well separated from elastic

different energies, the window on the folding angles of fis-
sion fragments was varied to estimate the effect of any ad-
mixture of non compound fission channels. In Fig. 3 the
measured variances of the fission mass distributions are
shown as a function of the admixture of transfer followed by
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and quasielastic channels, both in time and energy loss spec- FIG. 3. Variance of mass distributions at different projectile en-
tra. The time and energy loss correlations of the fission fragergies (c.m) as a function of admixture of transfer fissigfF)
ments which were detected simultaneously in the two detecevents. The dotted lines are guide to the eye.
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FIG. 4. Mass distributions at different projectile enerdiesn.). h . learlv indi hat the ob d .
The Gaussian fits are shown by solid lines. as shown in Fig. 3 clearly indicates that the observed varia-

tion in oﬁ1 with energy cannot be due to the admixture of TF
fission (TF) events at different center-of-mags.m.) ener-  events. It is to be noted that this variation ofn is very
gies. The width of the distribution for any energy shows asimilar to that observed trend of the angular anisotropy of the
slow increaseless than 10%with admixture of TF events. fission fragmentgA), with energy. The variation of with

Even at lower energies the contribution of TF events doegnergy as observed by Majumdztral. [13] and Zhanggt al.

A systematic study of the effects of different geometrical  The sudden and large increase in the width of the mass
factors eliminated the systematic errors in determination OHistribution near the barrier signifies the onset of a com-

the polar and azimuthal angles for a precise measurement Qfaely different reaction mechanism other than statistical

the velocities of the fragments. The mass distributions at Si¥;sion-fission. This different reaction mechanism dominates

representative c.m. energies, n_amgly, 97.5, 93.8, 9Q, 85-?’me fission events at subbarrier energies. The definite corre-
83.4, and 77.8 MeV are shown in Fig. 4. The mass distribugpondence of the change of the mass distribution widths with
tions at all energies can be fitted with a single Gaus&@an 41 of the average value of A at subbarrier energies, strongly
shown by solid ling with peak close to the half of the com- support the assumption of quasifission reactidh where

bined target-projectile mass. We have not observed any Sigpe ginyclear system passes over a conditional saddle point
nificant admixture of an asymmetric mass distribution in the,ihout equilibration in all degrees of freedom.

measured mass distributions. , , It is to be noted that this is the first observation of a rapid
The variation of the variances of the fitted Gaussiafis  change of the width of fragment mass distribution with pro-

to the experimental masses, as a function of the c.m. energicsetile energy and in fact, is a much stronger signal of onset
are shown in Fig. %filled circles. Above the fusion barrier, ot honstatistical effects iR%F +232Th fusion fission reaction

op, decreases with decrease in energy and the smooth linegkar barrier than the anomalous fission fragment angular an-
varlatlon_ y\nth temperature shows that the fission is from 3sotropy. It will be interesting to study this signal, i.e, the
fully equilibrated compound nucleus. However, as the energyigih of the mass distribution, on either side of Businaro-

is decreased below the barrier, a sudden, almost 50% in5ji0ne ridge of entrance channel mass asymmetry.
crease in the value af? is observed. With further decrease

to subbarrier energieszﬁ1 remains nearly constant with a We are thankful to P. Barua and Professor S. Mukho-
small decreasing trend. However, these values are substapadhyay for their help during the experiment and the staff of
tially larger than the value at the barrier. The slow and lineaNSC Pelletron for providing the good quality of beam re-
increase im%n values with increasing admixture of TF events quired for the experiment.
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