
Exploring the onset of quasifission by measurement of mass distribution in
19F+184W

S. Nath1,2,a, K.S. Golda1, A. Jhingan1, J. Gehlot1, E. Prasad3, Sunil Kalkal4, M.B. Naik5, P. Sugathan1, N. Madhavan1,
and P.V. Madhusudhana Rao2

1 Inter University Accelerator Centre, Aruna Asaf Ali Marg, Post Box 10502, New Delhi 110067, India
2 Department of Nuclear Physics, Andhra University, Visakhapatnam 503003, India
3 Department of Physics, Calicut University, Calicut 673635, India
4 Department of Physics and Astrophysics, Delhi University, Delhi 110007, India
5 Department of Physics, Karnatak University, Dharwad 580003, India

Abstract. Fission fragment mass distributions for19F+184W have been measured at beam energies in the range
of 85 - 125 MeV. Analysis of mass distribution width indicates that the system proceeds towards the formation
of compound nucleus. No signature of quasifission is observed in this reaction. These results strengthen the
conclusions of our earlier works revealing the stabilizing effect of theZ = 82 shell closure against fission.

1 Introduction

Extending the limit of the periodic table of elements has
been an area of intense theoretical and experimental in-
vestigation for the last few decades [1,2]. Quasifission [3–
7], in which the composite system formed after capture of
projectile and target disintegrates before forming a com-
pound nucleus (CN), is a major roadblock towards that
goal. There have been general agreement that entrance chan-
nel mass asymmetryη (= |Ap−At |

Ap+At
, Ap and At are projectile

and target masses, respectively), charge product of pro-
jectile and target (ZpZt), mean fissility of the CN (χm),
static deformation and relative orientation of the reaction
partners affect quasifission probability (PQF). Experimen-
tal signatures of quasifission include anomalous behaviour
of fission fragment (FF) angular anisotropy, FF mass angle
correlation, broadened FF mass distribution and reduction
of evaporation residue (ER) cross section (σER). This qual-
itative understanding of quasifission evolved from many
experiments using varied probes, carried out over the years.

A few recent measurements, though, have brought out
several discrepancies in our understanding of quasifission.
Evidence of quasifission in the system19F+197Au was fou-
nd by measurement ofσER [8]. But the FF angular dis-
tribution for the same system could be explained by CN
fission only [9]. Appannababu et al. [10] reported absence
of quasifission in the system27Al+186W by measuring FF
mass angle correlation and mass ratio distribution. How-
ever, Prasad et al. [11] found evidence of quasifission in the
more asymmetric system24Mg+186W by similar measure-
ment. Another notable system is16O+238U [12], in which
onset of quasifission was observed by FF mass distribu-
tion and angular anisotropy measurement. But measured
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prescission neutron multiplicity andσER for the same sys-
tem did not show any departure from standard statistical
model predictions. Thus, the knowledge about the relative
sensitivity of different probes to study quasifission and a
comprehensive and quantitative understanding of the pro-
cess are still elusive. Therefore, it is imperative to pursue a
systematic study on the factors affecting quasifission.

Also, precise knowledge of the CN formation prob-
ability (PCN = 1 - PQF) is important in interpreting ER
yields in many reactions. We had earlier measured ER ex-
citation function [13] and ER-gated CN angular momen-
tum distribution [14] for the system19F+184W. We had
comparedσER for the systems19F+175Lu [15], 19F+181Ta
[16,17],19F+184W [13] and19F+188Os[18] leading to the
CN 194

80 Hg, 200
82 Pb, 203

83 Bi and 207
85 At, respectively. We had

performed statistical model calculation and extracted the
best-fit value of the fission barrier (B f (0)) for each sys-
tem. The fitted value ofB f (0) had been observed to be
substantially enhanced for the system withZ = 82 in the
CN (200

82 Pb), compared to the other neighbouring systems.
We had interpreted the enhancement as being caused by
the shell closure effect atZ = 82, which provided the
additional stability against fission for200Pb. We had also
compared the angular momentum distributions for the for-
mation of ERs for the systems19F+175Lu and 19F+184W
at similar Ec.m.

VCoul.
, whereVCoul. is the Coulomb barrier. We

had observed the higher angular momenta to be somewhat
depleted in the heavier system compared to the lighter sys-
tem, thereby bringing out the stabilizing effect of theZ =
82 shell against fission.

We report here measurement of FF mass distribution,
in our attempt to study the onset of quasifission, if any,
in the system19F+184W. Details of the experiment are de-
scribed in Section 2, results are presented in Section 3, fol-
lowed by a discussion in Section 4.
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Fig. 1. Schematic of the experimental setup used for FF mass
distribution.

2 The experiment

The experiment was performed at the 15UD Pelletron ac-
celerator facility of the Inter University Accelerator Cen-
tre (IUAC), New Delhi. A pulsed beam of19F with 250
ns pulse separation and∼1 ns pulse width was bombarded
onto a 210µg/cm2 184W target [19] on a 110µg/cm2 car-
bon backing. Measurements were carried out at labora-
tory beam energies of 84.8, 89.8, 94.8, 99.8, 104.8, 109.8,
114.8, 119.8 and 124.8 MeV (corrected for the energy loss
in the half thickness of the target). A schematic of the ex-
perimental set up is shown in Fig. 1. Two multi-wire pro-
portional counters (MWPCs) [20] of active area 20×10
cm2 were used to detect the FFs in coincidence. The MW-
PCs were mounted on the two rotatable arms, at folding an-
gles, inside a large scattering chamber : the forward detec-
tor (MWPCl) centered at polar angle (θ) = 60.8◦ (azimuthal
angle,φ = 90◦) and the backward detector (MWPCr) cen-
tered atθ = 88◦ (φ = 270◦). The nearest distance to MWPCl
from the target was 55.9 cm and that to MWPCr was 39.3
cm. The target was mounted with the carbon backing ori-
ented downstream. It was tilted at 45◦ with respect to the
beam direction and about a vertical axis to minimize en-
ergy loss of FFs in the target and to avoid shadowing of
the detectors by the target ladder. The MWPCs were op-
erated with isobutane gas at a pressure of 3.0 mbar and
provided very good position and timing resolution. Two
silicon detectors were mounted at±10◦ with respect to the
beam direction to monitor beam current and to position the
beam at the centre of the target. Timing from one of these
monitor detectors was fed to a time-to-amplitude converter
(TAC) as the start signal while the radio frequency (RF)
pulse, used for beam pulsing, provided the stop. The result-
ing TAC spectrum, showing the time structure of the beam,
was closely monitored throughout the experiment. Position
information of the FFs was obtained from the delay-line
readout of the wire planes. The fast timing signals from
the anodes of the two MWPCs were used to obtain the FF
time of flight (TOF) with respect to the beam pulse. A fast
coincidence between any of the anode signals and the RF
pulse was used as the master trigger for data acquisition.

Analysis of data has been performed using [21].

3 Data analysis and results

The first step in data analysis is the unambiguous identi-
fication and separation of coincident fission events from
other events. We plot the difference in timing signals (∆t
= tl - tr) versus the sum of the energy loss signals (∆El

+ ∆Er) from the two MWPCs in Fig. 2. We observe three
major group of events, marked by numbers in the figure.
The first group represented the events in which two com-
plimentary FFs were detected in the two MWPCs, kept at
the folding angles. For determining FF mass distribution,
only these events were analyzed further. The coincident fis-
sion events can also be identified by time correlation alone,
as shown in Fig. 3.
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Fig. 2. Identification of different group of events based on the
timing and energy loss signals from the two MWPCs at the lab-
oratory energy 99.8 MeV. The group marked1 represents events
when two complimentary FFs were detected at the two detec-
tors simultaneously. The group marked2 denotes the elastic
events detected only by MWPCl . The group marked3 indicates
the events in which only one of the fragments was detected by
MWPCl .

The time difference method [22] has been employed to
extract FF mass distribution. It is well established that the
time difference method is valid only when the target used
in the reaction is nonfissile and therefore transfer-induced
fission is negligibly small. This condition is satisfied in
the present reaction. Binary division of the composite sys-
tem into two FFs is expected after full momentum transfer.
Therefore, application of the time difference method is jus-
tified in this case.

Each event on the active area of the detectors has been
transformed to give the scattering angles with respect to the
beam axis.The masses of the FFs have been reconstructed
by using the scattering angles and flight time difference of
the complimentary FFs using the following set of equa-
tions [22]:

m1 =
(t1 − t2) + δt0 + mCN

d2
p2

d1
p1
+

d2
p2

, (1)

m2 = mCN − m1, (2)
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Fig. 3. Identification of simultaneously detected FFs (events
marked1 in Fig. 2) at the laboratory energy 99.8 MeV by time
correlation.

p1 =
mCNVCN

cosθ1 + sinθ1cotθ2
, (3)

p2 =
p1sinθ1
sinθ2

, (4)

wherem1, m2 are the massesof FFs;t1 andt2 are the flight
times of the fragments for the flight pathsd1 andd2; p1 and
p2 are the linear momenta of the fragments in laboratory
frame;mCN andVCN are the mass and velocity of the CN.
The electronic delay between the two timing signalsδt0 has
been determined precisely at each beam energy assuming
the condition of identity of the measured mass distributions
in the two detectors and Viola systematics [23] for fission
fragment total kinetic energy.

The resulting FF mass distributions are shown in Fig.
4, along with Gaussian fits.

4 Discussion

We observe that the measured mass distribution spectra
(Fig. 4) are well described by Gaussians at all energy points.
The variation of the standard deviation (σm) of the fitted
Gaussian to the experimental FF mass distribution as a
function of centre of mass energy (Ec.m.) is shown in Fig. 5.
We do not observe any anomalous increase of the width in
the energy range studied, which is often interpreted as the
signature of deviation from CN behaviour [24]. Therefore,
we conclude that the present system proceeds towards the
formation of CN after capture and quasifission is not ob-
served.

We also study the variation of the variance of FF mass
distribution (σ2m) with the temperature of the fissioning CN,

T =

√

E∗

a
, (5)

E∗ = Ec.m. + Q − B f (l) − Erot(l) − Epre
n . (6)

Here E∗ is the excitation energy at the saddle point,a =
ACN

10 is thelevel density parameter,ACN is the CN mass.Q
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Fig. 4. Measured FF mass distribution (shown as histogram) for
the system19F+184W. The statistical errors are shown by shades.
The continuous line is the Gaussian fit at each energy. FF mass
distribution at the lowest beam energy (84.8 MeV) is not shown
because of insufficient statistics.

is theQ-value for CN formation.B f (l), Erot(l) andEpre
n are

l-dependent fission barrier,l-dependent rotational energy
and the reduction in excitation energy of the CN by neutron
evaporation, respectively. These three quantities have been
calculated in a way similar to that described in Ref. [11].
Fig. 6 reveals a linear variation ofσ2

m with temperature,

75 80 85 90 95 100 105 110 115

Ec.m. (MeV)

11

12

13

14

15

σ m
 (

u)

space

expt. data
least sq. fit

Fig. 5. The standard deviation of the Gaussian fit to the FF mass
distribution forthe system19F+184W as a function ofEc.m.. The
straight line is the least square fit to data points. Errors are less
than the symbol size.
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Fig. 6. The variance of the Gaussian fit to the FF mass distribution
for the system19F+184W as a function of saddle point tempera-
ture. The straight line is the least square fit to data points. Errors
are less than the symbol size.

confirming that CN fission is the dominant channel.
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