PHYSICAL REVIEW C 111, 024606 (2025)

Presence of quasifission in the *Si + '"6Yb reaction populating the compound nucleus **Po

Lakhyajit Sarma®,"? K. Kalita®,'" Harun Al Rashid®,"3 Amar Das®,"* Nabendu Kumar Deb®,’> M. Bhuyan®,°

Taniya M. Sonowal ®,' Gyandeep Narzary ®,' Rayees Ahmad Yatoo®,” S. Ramakrishna Reddy ®,® Avitesh Agrawal ®,

9

A. Jhingan,'” K. S. Golda,'” N. Saneesh,'” M. Kumar®,'° and P. Sugathan'’
'Department of Physics, Gauhati University, Guwahati 781014, Assam, India
2Department of Physics, B. N. College (Autonomous), Dhubri 783324, Assam, India
3Department of Physics, BBK College, Nagaon, Barpeta 781311, Assam, India
*Department of Physics, Suren Das College, Hajo 781102, Assam, India
5Department of Physics, Kamrup College, Chamata, Nalbari 781306, Assam, India
$Department of Physics, Rangia College, Rangia 781354, Assam, India
7School of Physics and Materials Science, Thapar Institute of Engineering and Technology, Patiala 147004, India
8Department of Nuclear Physics, Andhra University, Visakhapatnam 530003, India
°Department of Physics & Astrophysics, Central University of Haryana, Mahendergarh 123029, India
Ornter University Accelerator Centre, Aruna Asaf Ali Marg, New Delhi 110067, India

®

Fission fragment mass distribution has been studied for the reaction *°Si + 7*Yb populating the compound
nucleus *®Po at near-barrier energies to understand the effects of entrance channel mass asymmetry and
deformation in the preactinide region. No appreciable deviation from a single Gaussian fit to the experimental
mass distribution shows a nearly symmetric mass split for the composite system at the present experimental
energy range. The experimentally measured fission fragments mass variance for *°Si 4+ '7Yb has been compared
with the more asymmetric reaction '2C 4+ '°*Pt having mass asymmetry lying on either side of the agg value.
The statistical saddle point model (SSPM) calculations based on compound nucleus fission for the two reactions
indicate the presence of quasifission in the *°Si+ '7Yb reaction. Moreover, the higher variance of mass
distribution near and below barrier energies shows the effect of deformation of the projectile and target on
quasifission. The experimental data are also compared with the fission of nearby systems. The present result is
consistent with the earlier findings of evaporation residue (ER) cross section for the reaction **Si 4+ '7°Yb, where
suppression in the ER cross section is attributed to noncompound nucleus fission and its dependance on entrance
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channel properties.

DOI: 10.1103/PhysRevC.111.024606

I. INTRODUCTION

The systematic study of the fusion-fission process is very
important to understand the complex dynamical evolution of
the composite system formed via heavy-ion-induced reactions
at energies near the Coulomb barrier. For the synthesis of
superheavy elements (SHEs), the excitation energy of the
composite system is required to be just above the fusion
threshold, where the formation and survival probability of
the heavy (or superheavy) evaporation residues (ERs) are
maximum [1-3]. However, in some cases, it is evident ex-
perimentally that many collision trajectories lead to fusion
hindrance not only by the compound nucleus (CN) fission but
also due to the noncompound nucleus (NCN) fission processes
like fast fission [4-6], preequilibrium fission [7], and quasi-
fission (QF) [8,9], which competes with the ER formation
at different angular momentum and excitation energies. In
CN fission, the composite system after fusion achieves the
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equilibration of all degrees of freedom (compound nucleus
configuration) and ends up in fission via the mass symmetric
unconditional saddle point in the potential energy surface
(PES), while in QF the dinuclear system [10] reaches the
mass conditional asymmetric saddle leading to the incomplete
equilibration of mass and shape degrees of freedom [11-13].

The properties of the entrance channel of the colliding
nuclei are crucial for studying the onset and presence of quasi-
fission, and they have significantly aided in the theoretical
and experimental understanding of the reaction dynamics over
the last few decades. The charge product of the projectile
and the target nuclei (Z,, Zr) [11,14-16], mass asymmetry
(@)l = (A7 — Ap)/(Ar + Ap)] (where Ar and Ap are the
target and projectile mass, respectively) with respect to the
Businaro-Gallone [17] critical mass asymmetry agg [18-21],
shell effects [22-25], deformation of the colliding partners
[15,26-28], CN fissility [29,30], neutron-to-proton ratio of the
CN [31,32], etc. are the key factors that heavily influence
the heavy-ion-induced reaction mechanism. To disentangle
the CN fission from NCN fission processes, researchers have
extensively used various experimental probes, utilizing one or

©2025 American Physical Society
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TABLE I. Entrance channel parameters calculated for the systems considered under this study. Vp is the average capture barrier in the
center-of-mass frame; xcn, Xetrs Xm are the fissility of the CN, entrance channel fissility, and mean fissility, respectively, calculated using the
prescription given in Ref. [30]. Quadrupole deformation (8,) values are taken from Ref. [65]. The meaning of the remaining notations are

described in the text.

Reaction Vs MeV) XCN Xeft Xm o aBG B (projectile) B (target) ZpZr
308i + 170D 112.7 0.7165 0.5406 0.6579 0.7087 0.8469 —0.315 0.289 980
12¢ 4 194py 56.60 0.7165 0.3657 0.5996 0.8834 0.8469 —0.40 [72] 0.130 468
Mg + 180w 103.46 0.7350 0.5239 0.6646 0.7714 0.8570 0.605 0.225 888
308 180 115.65 0.7350 0.5479 0.6726 0.7142 0.8570 —0.315 0.267 1008
BTi + 19*Sm 154.16 0.7229 0.6445 0.6968 0.5247 0.8505 0.011 0.270 1364
Mg 4 18Er 125.10 0.7229 0.5753 0.6737 0.6637 0.8505 0.252 0.297 1088
*Mg + " Hf 101.46 0.7229 0.5180 0.6546 0.7623 0.8505 0.605 0.278 864
160 4 18605 72.88 0.7229 0.4252 0.6237 0.84158 0.8505 —0.010 0.209 608
308i - 186y 118.25 0.7504 0.5547 0.6851 0.7222 0.8648 —0.315 0.225 1036

more entrance channel parameters. These probes include the
study of fission fragments’ (FFs) mass-angle correlation and
the width of the fragments mass distribution [20,21,33,34],
anomalies in the angular distribution of the fission frag-
ments [35-37], measurement of evaporation residue cross
section [14,16,38], and neutron multiplicity [39,40].

R. Rafiei er al., measured the fission fragment mass
distribution for the systems '°0+ !%60s, 2*Mg+ "8HF,
349 4+ 198Er, and *8Ti 4+ '*Sm populating the compound nu-
cleus 2”*Po with different entrance channel properties (see
Table I). The observed broadening in the fragment mass ra-
tio distribution for the systems >*S + '*Er and **Ti + '>*Sm
was attributed to quasifission [15]. Mass angle and mass
ratio distributions of the fission fragments were studied in
the fission of 2'°Rn formed through different entrance chan-
nels: '°0+ '%Pt, Mg + 80w [20], and *°Si+ "8°Hf [21]
at near-barrier energies. The presence of quasifission was
concluded for the latter two systems based on higher mass
ratio variance than theoretical statistical model calculations,
although no mass-angle correlation was found for all three
reactions. For the system 2’ Al + 86w [41], no broader frag-
ment mass distribution was observed, despite having similar
entrance channel properties. Berriman et al. [14] conducted
an experiment to measure fission fragment mass distribu-
tion and evaporation residue cross-section for the reactions
1204 204pp, 9p 4 197Ay, and 3°Si + '80W, where broader
fragment mass distribution and hindrance in ER cross sections
for the '°F and 3°Si induced reactions compared to the '2C
induced reaction were attributed to the presence of quasifis-
sion in F 4 7 Au and *°Si + '8¢W reactions. Tripathi et al.
measured the fission fragments angular distributions for the
systems "F+!Y7Au [42], Mg+ 20s, °0 + %805 [43],
and 28Si 4 17°Yb [36] forming compound nuclei in the pre-
actinide region, and found that the experimental data can be
reproduced with the help of statistical saddle-point model
(SSPM) [44,45] calculations, thereby negating the presence
of any NCN processes. This observation is contrary to the
earlier findings of Berriman et al. for the system "°F + 7 Au.
Moreover, the ER cross section for the 2Si + '7°Yb reaction
at near-barrier energies was found to be suppressed compared
to the calculated statistical model code CCFUS + PACE2 values
[16]. Recently, Hajara et al. measured the ER cross section for

398i 4 170Yb reaction over the excitation energy range from
47.68 to 113.73 MeV and found significant suppresion of ER
cross section due to NCN fission [38]. A similar study for the
reaction '°F + '®"Re with different entrance channel proper-
ties shows no evidence of quasifission in the fission of 2*°Po
[46]. To study the effect of shell closure, Chaudhuri er al.
[25] measured the fission fragments mass distribution for the
reactions '2C 4 1°+198Pt populating 2°!°Po in the excitation
energy range of ~ 40-57 MeV and no signature of shell effect
in the mass distibution was observed. This result is contrary to
the findings of Shrivastava et al. [37] and Golda et al. [39] for
the same CN, where fission fragment anisotropy and neutron
multiplicity were measured, respectively, to understand the
shell effect.

In this present work, we have measured the fission
fragment mass distribution of the compound system 2*°Po
populated through 3°Si + '7°Yb in the energy range of 0.93 <
E.m./Vs < 1.04 to study the entrance channel mass asym-
metry and deformation effect on the fission dynamics. The
asymmetric mass distribution in spontaneous and low energy
fission of the actinides, unlike the prediction of the liquid
drop model [47-51] and unexpected observations of mass-
asymmetric fission in 180Hg [31,32,52] and other sublead
nuclei [53,54], continues the interest of researchers to under-
stand the role of shell effects and influence of the entrance
channel in fission. Po (Z = 84) lies midway between the
mercury and the actinide group elements, therefore it is very
interesting to unfold the dynamical evolution of the system
induced by heavy ions. The present experimental findings
are compared with the available data for the same CN pro-
duced via the more asymmetric reaction 12 4 194p¢ [25] and
also with the mass distributions of the nearby systems. In
the reaction '>C + '°*Pt, entrance channel mass asymmetry
is greater than the critical agg value and CN fission was
reported [25]. Therefore, the variance of the mass distribu-
tion for *Si+ 170Yb at different energies is explicitly used
to understand the onset or presence of quasifission in the
light of SSPM calculation for the CN fission. The relevant
entrance channel parameters of the reactions under consider-
ation are shown in Table I. Detailed discussions regarding the
experimental setup, data analysis, results, and conclusions are
reported in the subsequent sections.
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FIG. 1. Plot of time-of-flight (TOF) spectra for the *°Si+ '"5Yb
reaction at Ej,, = 137 MeV of the two MWPCs. (a) The spectra of
all collected events. (b) Gated fission events.

II. EXPERIMENTAL DETAILS

The experiment was performed at Inter University Accel-
erator Centre (IUAC), New Delhi, with the 15 UD pelletron
accelerator. A pulsed beam of *°Si with pulse separation of
250 ns and pulse width of ~1ns having laboratory energy
(Eap) of 124 to 137 MeV was bombarded on a 176y target
foil of ~130ug/cm? thickness. The target was prepared at
the target laboratory of IUAC with carbon backing of thick-
ness A25 ug/cm? [55]. To collect the fission fragments, two
multiwire proportional counters (MWPCs) [56] of active area
20 x 10cm? [57] were kept at the two movable arms of
the scattering chamber. The MWPCs were mounted at the
folding angle calculated from the reaction kinematics. For
coincidence measurement of the fission products, MWPC1
and MWPC2 were placed in symmetric angles of £70° with
respect to the beam direction, corresponding to the angle of
90° in the center-of-mass (c.m.) frame of reference. The target
was mounted in the target ladder and kept perpendicular to the
beam. The distance between the target and the detectors was
fixed at 25 cm. For beam monitoring and focusing the beam
at the center of the target, two silicon surface barrier detectors
(SSBDs) were placed at £12° with respect to the beam axis.
The MWPCs have very good position and timing resolution
and they were operated with isobutane gas at low pressure
(~4 mbar), so that the elastic particles were transparent to the
detectors. The position signals of the particles were obtained

J

V1, 1abV2,1ab SIN(O1 1ab + 02,1ab)

from the wire planes of the detectors with the help of the delay
line readout technique with a resolution better than 1.5 mm,
while the timing information was given by the central foil of
the MWPCs. The times of flight and the position signals were
recorded in list mode using the root [58] based data acqui-
sition system NiasMARS. The details of the data acquisition
setup and related electronics are discussed in Refs. [56,57].

III. EXPERIMENTAL DATA ANALYSIS

The fission events were separated from elastic events us-
ing the timing correlation of the MWPCs by putting a gate
as shown in Fig. 1. The list-mode data stored in the data
acquisition system from the two MWPCs provided time of
flight (TOF) and X and Y position information. For analysis
of the data, the calibration of all time-to-digital converters
(TDCs) was performed using an ORTEC time calibrator mod-
ule which gives pulses of fixed time intervals. The position
calibration was performed using the known active area of
the detectors. The calibrated positions were then converted to
the spherical polar coordinates 6 (61 1ab, 62.1ab) and ¢ (@1 1abs
¢2.1a0) With the help of experimental geometry [56,59] in the
laboratory frame of reference for the binary fission fragments
(FF1, FF2). The folding angle distribution of the fission frag-
ments was constructed and it was found that the peaks of the
distribution matched well with the calculated values for full
momentum transfer (FMT) from the projectile to the target.
Figure 2 shows the correlation spectra of the folding angle and
azimuthal angle of the binary fragments at energies ranging
from below to above the Coulomb barrier. To avoid any kind
of contamination from background and incomplete momen-
tum transfer events, we put a gate around the intense region
of the correlation spectra (corresponding to the calculated
values) and only the gated events were considered for the
reconstruction of the velocities of the fission fragments.

The velocity vectors of the FFs (9} jab, U2.1ab) are determind
following the absolute time method (AMT) [60] using TOF
and angles (6, ¢). The velocity of the fissioning system in the
labortory frame (\7]ab) was decomposed into parallel ‘7” and
perpendicular V. components to the beam axis according to
Egs. (1) and (2), following the kinematic coincidence geome-
try described in Ref. [27]:

Vi=

Vi =

VU1 1ab SIN 61 Jab + V2,1ab SIN 63 1ap

V1, 1ab V2, 1ab S0 01 1ab S10 02 1ab SIN P12

ey

@

For FMT events leading to complete fusion, the V com-
ponent of the fissioning nucleus is expected to be equal to
the compound nucleus Velocny Ven while V| should be zero.
A correlation plot between V” and V| components is helpful
to determine the events originating from fusion-fission from
incomplete or transfer induced events, if any. The components

2 . 2 2 . 2 . . :
\/ (7 1ap $I0° O 1ab + V3 1, SIN” 62145 — 201 1apV2,1ab SIN B} 1ab $IN 63 135 COS P12)

(

of the velocity of the fission fragments at Ej, = 128 MeV
for the reaction 3°Si+ !7°Yb is shown in Fig. 3. The FMT
events corresponds to the intense band around the velocity
coordinates (V) /Ven, Vi) = (1, 0) were extracted to obtain
the fragments’ mass. The energy loss of the FFs inside the
target material was calculated using SRIM software [61] and
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- 0 IV. RESULTS AND DISCUSSION
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200 " ion-induced reaction mechanism and are very useful to
B " differentiate fusion-fission and quasifission processes, espe-
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FIG. 2. Distribution of polar (6) and azimuthal (¢) angles of the
fission fragments at different energies for the reaction *°Si + 7Yb.
The red arrow corresponds to the calculated folding angle from
reaction kinematics.

incorporated in the analysis, considering that the reaction
takes place at the center of the target. The corrected laboratory
velocities were then converted to the c.m. frame velocities
U1cm. and Upcm by kinematic transformations. From the
conservation of linear momentum (1,9} ¢c.m. = M202,c.m.), the
experimental fission fragments’ mass ratio was obtained with

MWPCs and the studied energy range (E* = 46.2-57.3 MeV).
The reported mass-angle correlation for the less asymmetric
reactions 24Mg + 178Hf, 34s + 198Er [15], 24Mg—i— 186wy [20],
and °Si + '80Hf [21] in the literature, having similar entrance
channel masss asymmetry («) values, support the findings of
the present measurement. The FF mass distributions for the
reaction *°Si + 7°Yb at different CN excitation energies are
displayed in Fig. 5. It can be observed that the gross behavior
of the FF mass distribution is nearly symmetric (centered at
Mg = 0.5 or M = Mcn/2) and the experimental data can be
represented well by a single Gaussian function. The goodness
of fit (x? values) for the single Gaussian fitting are given
in the Fig. 5. This finding supports the earlier results on the
fission of 2%0-219pg [25] and nearby CNs [15,21] at excitation
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FIG. 4. Plot of fission fragment mass vs center-of mass angle
(Ocm.) for the reaction °Si+ °Yb at E,, = 128 MeV.

energies above ~40 MeV. To understand the mass distribution
at different excitation energies, the variation of the mass width
(o) at all E* is extracted from the standard deviation of the
fitted Gaussian function. In the present work, we are interested
in studying the dependence of o, with entrance channel mass
asymmetry and deformation, therefore o,, values obtained
from the single Gaussian function are considered as discussed
in the Refs. [15,53,62,63]. The experimental o, as a function
of CN excitation energy for the systems *°Si+ '"°Yb and
12C 4 194pt, populating the same compound nucleus 2*°Po
but having different entrance channel properties, is shown
in Fig. 6. It shows that the experimental o,, increases with
increasing excitation energy for both systems however, the
magnitude of o, for the more symmetric system is higher
than that of the asymmetric system at similar £*. Therefore, to
explore the effect of mean square angular momentum ((/?)) on
o, We have calculated fusion (/?) for the two systems using
the coupled channel code CCFULL [64], considering rotational
couplings of the projectile and the target. The variation of
(I?) with E* is shown in Fig. 7. The Woods-Saxon potential
parameters for the systems [38] and static deformation (5;,
B4) values of the projectiles and the targets [65] were provided
as an input in the CCFULL calculation. As shown in Fig. 7,
(12) values are lower for the reaction °Si+ 7®Yb than for
12C 4 4Pt for the whole range of excitation energy, which
confirms that (I?) is not responsible for the higher magnitude
of o,, for this reaction.

According to the statistical saddle point model (SSPM), for
an equilibrated CN, the mass variance (02) depends linearly
on saddle point temperature (7g,qq1c), and mean square angular
momentum ({/?)) [66] and can be expressed as

o2 = AT + B(12), 5)

where A and B are fitting constants. The Tgqgqe can be
calculated from Eq. 6 as given

. (©

Ecm. + Q - Bf(l) — Erot — Esged
Taqaie = P

where E.., and Q are the center-of-mass energy and the
Q-value, respectively. Bs(l) and E are the fission barrier

250 T T
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FIG. 5. Fission fragments mass distribution at different excita-
tion energies for the reaction **Si 4 '"*Yb with single fit Gaussian
function (blue solid line).

at particular angular momentum (/) and rotational energy
at saddle [67]. E;fg is the energy carried by the prefission
neutrons [68] and a is the nuclear level density parameter,
whose value is taken as @ = Mcn/10. On the other hand,
fission (/%) values were calculated with the help of CCFULL
and the statistical model code PACE4 [69]. The constants A and
B were determined by best fitting the experimental o, values
for the reaction '2C + '**Pt, where complete CN fission was
reported [25]. The resulting best-fit values were A = 98 and
B = 0.06, which are consistent with values found for nearby
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FIG. 6. Dependence of variation of the mass width o,, of the
symmetric mass distribution as a function of excitation energy (E*)
for two different entrance channels forming 2°*Po. The dashed line is
for the calculated o, values according to Eq. (5).

nuclei [33,70]. A detailed discussion of these constants can be
found in the literature given in the Refs. [66,70]. The SSPM
calculated o, values for both the reactions 2C + '"**Pt and
30gj 4 176y, using the same set of A and 8, are shown in the
Fig. 6 (dashed lines). From Fig. 6, it is evident that the cal-
culated and experimental o,, values differ significantly for the
reaction *°Si 4 170Yb. If the *°Si + !76Yb reaction also favors
complete CN fission, then the same values of A and B should
ideally represent the experimental mass width. Therefore, the
higher values of experimental o, values for the *Si + 7°Yb
reaction compared to the SSPM calculations may be attributed
to the presence of NCN fission. The fast fission contribution
is insignificant in the energy range of the present measure-
ment, as angular momentum values are much lower than
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FIG. 7. Variation of fusion (/%) with CN excitation energy (E*)
for the systems *°Si 4 '75Yb and '2C + 1**Pt.
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FIG. 8. The experimental width of the mass ratio distribution
(omr) for the system 2°Si + 7°Yb compared with the available ex-
perimental data of the nearby systems as a function of E*.

the critical angular momentum (I, = 77 h), where liquid drop
model fission barrier B¢(l.) vanishes. Moreover, the presence
of preequilibrium fission (PEF) does not change the mass
distribution as it is related to the shape degree of freedom and
it is expected that mass equilibration takes place earlier than
the shape equilibration [8]. The percentage contribution of
PEF calculated [71] is also negligible (only &~ 3.55%) at the
highest energy of E* = 57.3 MeV. Thus, anomalous increase
in the width of FF mass distribution compared to the theoret-
ical prediction may be due to the presence of quasifission in
the reaction *°Si 4+ '7©Yb. This result also supports the recent
measurement of ER cross section for the same reaction, where
suppression of ER cross section was observed [38], and the
suppression of experimental ER cross section compared to the
theoretical model calculation was attributed to NCN fission.

In Fig. 8, a comparison of the experimental width of the
mass ratio distribution (oyg) for the system *°Si+ '7°Yb as a
function of E* is shown with the available experimental data
from the literature. The systems considered for comparison
have different entrance channel properties in terms of mass
asymmetry, deformation, ZpZy, mean fissility (x,,), etc. (see
Table I), and they populate CN in the preactinide region, more
particularly near 2**Po. From Fig. 8, it is evident that oy for
398i 4 17Yb are consistent with the earlier data of the nearby
systems within a similar range of excitation energy.

To understand the deviation from CN fission in the present
measurement, in Fig. 9, the ratio of the experimental (Un%,expp)
to the calculated (a,%l’ «a) variances of the fission fragments
mass distribution is displayed as a funtion of E., /Vp for
the reactions 308i + 1"%Yb and '2C + '*Pt. The blue dashed

Tm,expt.

line at =
(e

m,cal.

nificant deviation from expected CN formation is observed

30q; 4 176 e o2 2
for the system “"Si+ " "Yb, while 0,, .. /0, . Values are

scattered around the dashed line for the reaction '2C + '**Pt,
which populates the same CN. From this analysis, the role of
entrance channel mass asymmetry can be seen in the

= 1 represents the pure CN formation. A sig-
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FIG. 9. Ratio between the experimental and calculated variance
of the mass distribution as a function of E. ., /Vp for the reactions
forming CN in the preactinide region.

dynamical evolution of the composite system as « values lie
on the either side of agg for these two reactions as mentioned
in Table I. A reversal in the direction of the mass flow from
projectile to target (o > apg) or from target to projectile
(0 < apg) may lead to different reaction mechanisms [73]. In
Fig. 9, the observed increasing trend of on%,expt_ /O ca. Values

from the expected CN formation for the reaction **Si + 7°Yb
at below-barrier energies may be attributed to the deformation
alignment effect on QF. For deformed nuclei, shape alignment
of the projectile and the target at their contact configuration
influences the trajectory of the multidimensional potential
energy surface [11,15,26,74,75] and leads to QF when the
elongated contact configuration exceeds the unconditional
saddle-point configuration. As the projectile °Si and the
target '’°Yb have higher static quadrupole deformation ()
values —0.315 (oblate) and 0.289 (prolate), respectively [65],
the orientation dependent QF probability increases drastically
at below-barrier enegies. To give a better insight into the
oy, distributions at below-barrier energies, 308 + 170Yh reac-
tion data are also compared with the literature, as shown in

. . . . . 2 2
Fig. 9. A similar increasing trend of oy, ., /0, ., Values at

near- to below-barrier energies for the reactions *°Si + '8CHf,
Mg 4 18Er 48Ty 4 54Sm, and 24Mg—|-186W are observed,
where static quadrupole deformation of the projectile or the
target or both are higher. In an earlier masurement [76]
for 19F +232Th, 160 + 22Th, 2C + 22Th, 160+ 2Bi, and
9F 4-29Bi reactions with deformed and spherical targets,
Ghosh er al. discussed the influence of deformation in the
FFs’ mass distribution as all the reactions have o < apg. The
width of the mass distribution for the reactions with deformed
targets has a remarkable increase at near- to below-barrier en-
ergies, while for the reactions with spherical targets a smooth
variation of o, values with E* have been observed. There-

fore, it may be concluded that, along with mass asymmetry,
deformation and its alignment at below-barrier energies play
a significant role in the enhancement of QF probability in
heavy-ion-induced reactions.

V. CONCLUSION

Fission fragments’ mass distribution has been measured
for the reaction *°Si 4 176Yb forming the CN 2%°Po. The width
of the mass distribution (o,,) in the energy range of 0.93 <
E‘j—: < 1.04 is exclusively used to understand the fission
dynamics. The FF mass distributions are fitted with a single
Gaussian function. The o,, values at different CN excitation
energies for the system 3°Si+ 70Yb are compared with the
available experimental data for the reaction '>C + '**Pt, which
favors CN fission. The higher magnitude of the experimental
o,, values compared to the SSPM calculations can be ascribed
to the presence of QF in the reaction *°Si+'7®Yb. The

az’expt. / U,i <a1. Plot for the two reactions forming the same CN,

m

with different entrance channel mass asymmetry («) values
that lie on the either side of the apg value, represents the de-
viation from the CN behavior for the more symmetric system.
308i + 170Yp has « less than apg, which governed the mass
flow from the target to the projectile, resulting in the formation
of a dinucleus that leads to QF, in conrast to the other system.
Moreover, the significant increase in a,%,expt./a,%,ml_ value at
below-barrier energies suggests the role of deformation and
its alignment effect on QF for the reaction **Si + 7Yb. The
results obtained in this work are consistent with the measured
evaporation residue (ER) cross section for the same system,
where hindrance in the measured ER cross section was
attributed to the presence of noncompound nucleus processes.
Further, these experimental results suggest the incorporation
of the mass asymmetry, deformation of the colliding partners,
and Z,Zr in the formulation of any theoretical model that
attempts to explain the fission process. The relative contribu-
tion and importance of different entrance channel parameters
in the dynamical evolution of the composite system need to
be understood for the synthesis of SHEs. Moreover, it will be
interesting to investigate the influence of the single-particle
shell model for CN excitation energies below 40 MeV or for
the sub-barrier region on fission fragment mass distribution
for 2%Po and its nearby preactinide nuclei induced by heavy
ions.
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