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Introduction

Neck rupture in fission process is a fascinat-
ing example of a delicate interplay of nuclear
and Coulomb forces. Particle emission near the
scission stage can provide insights about the
neck rupture process. It is known since a long
time that α particles are emitted perpendicu-
lar to the scission axis, which are referred as
“equtorial emission” [1–3]. In case of protons,
it has been observed very recently that in ad-
dition to perpendicular component, a certain
fraction is emitted along the scission direction,
referred as “polar emission” [4]. Using the fi-
nal energies of the fission fragments and kinetic
energy of the near scission particles (equtorial
emission), information about the scission con-
figuration can be obtained by employing inverse
trajectory calculations.

Trajectory Calculations

We have performed aforesaid calculations us-
ing a three-point charge model [5, 6] for the fis-
sion of 248Cf populated through 16O + 232Th
reaction. A schematic of the model with differ-
ent initial parameters is shown in the Fig. 1.
The Total Kinetic Energy (TKE) is estimated
to be around 182.5±2.5 in the present reaction
from Viola’s systematics [7]. The final energies
of the ternary equatorial protons and α parti-
cles are, respectively 5.6±0.4 [4] and 15.6±0.4
MeV [3]. The initial parameters X0 and Y0

were set to D/2 and 0 fm, respectively, where
D is the distance between the two fragments.
The initial angle of the third light charged par-
ticle (θ0) is chosen to be 90◦ with respect to the
scission axis. The trajectories in the mutual
Coulomb field of the three point charges were
calculated numerically. First, we have investi-
gated how the final energy (Eαf ) depends on
the initial free parameters for the spontaneous
fission of 252Cf, and our results were consistent
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FIG. 1: A schematic diagram of of the three point-
charge model, depicting different initial parame-
ters.
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FIG. 2: (a) The final energy of the α-particle (Eαf )
as a function of its initial energy (Eα0) for Y0 =
0 and Y0 = 5. (b) The final energy of the proton
(Epf ) as a function of its initial energy (Ep0) for
Y0=0 fm and Y0=5 fm.

with Boneh’s calculations [6]. Next, we per-
formed calculations for the present compound
system, 248Cf. As shown in Fig. 2, the final
energy of the α-particle (Eαf ) and the proton
(Epf ) were calculated as functions of their ini-
tial energies, Eα0 and Ep0, respectively, for dif-
ferent values of the initial parameter Y and an
inter fragment distance, D=20 fm. Similar cor-
relations among other scission parameters were
investigated.

Results and Discussion
The TKE was calculated in the two dimen-

sional space of initial fragment kinetic energy
(EFF0) and distance between both the frag-

Proceedings of the DAE Symp. on Nucl. Phys. 68 (2024) 531

Available online at www.sympnp.org/proceedings



20 21 22
D (fm)

0

1

2

3

4

5

6

 (
M

eV
)

F
F

0
E

170

175

180

185

190

195

200

205

210

TKE
2.5 MeV±182.5

Ternary
­particleα

(a)

0 0.5 1 1.5
 (MeV)0α

∈

0

1

2

3

4

5

6

 (
M

eV
)

F
F

0
E

0

2

4

6

8

10

12

14

16

18

20(d)

 0.4 MeV± = 15.4 p∈

­particle energyα

20 21 22
D (fm)

0

1

2

3

4

5

6

 (
M

eV
)

F
F

0
E

160

165

170

175

180

185

190

195

200
(b)

TKE

2.5 MeV±182.5

Ternary
Proton

0 0.005 0.01 0.015 0.02
 (MeV)

p0
∈

0

1

2

3

4

5

6

 (
M

eV
)

F
F

0
E

0

1

2

3

4

5

6

7

8

 0.3 MeV± = 5.6 p∈

(e) Proton energy

18 19 20 21
D (fm)

0

1

2

3

4

5

6

 (
M

eV
)

F
F

0
E

165

170

175

180

185

190

195

200
(c)

TKE

2.5 MeV±182.5

Binary Fission

0 5 10 15 20 25 30
 (MeV)∈

0

0.1

0.2

0.3

0.4

0.5

6
10×

N
o

. 
o

f 
E

v
en

ts

Proton

­particleα

(f)

FIG. 3: Results from inverse trajectory calcula-
tions: Total Kinetic Energy release in the two di-
mensional space of initial fragment kinetic energy
(EFF0) and distance between both the fragments in
ternary α-particle (a), ternary proton (b), and bi-
nary fission (c). The dark hatched region represent
the experimental value, 182.5±2.5 MeV from Vi-
ola’s systematics [7]. The vertical red color hatched
region represent D=21.5±0.5 fm and 19.8±0.3 fm
for ternary and binary fissions, respectively. The
final kinetic energy of the third light charged par-
ticle (ε) in the two dimensional space of EFF0 and
initial kinetic energy of the third charged particles
in panels (d) and (e), where the dark hatched re-
gions represent the experimental peak values. (f)
final kinetic energy distribution for ternary α par-
ticles and protons using a Monte Carlo technique
(see text).

ments (D). These calculations were carried out
for binary as well as ternary configurations as
shown in the panels (a), (b), and (c) of the Fig.
3. It is seen that in the case of ternary fission
(both proton and α-particle) for EFF0=3.9±0.1
MeV, the observed TKE (the sum of all the
three charges kinetic energy) is reproduced by
D=21.5±0.5 fm (see Figs. 3 (a) and (b)).
Whereas in the case of binary fission, for the
same EFF0=3.9±0.1 MeV the observed D is sig-
nificantly lower (19.8±0.3) to reproduce the ex-
perimental TKE. It shows that in the case of
ternary fission, the scission configuration is sig-
nificantly stretched. By fixing D=21.9 fm (for
ternary α particle) and 21.2 (for ternary pro-

tons), the trajectory calculations were further
carried out for final kinetic energy of the third
light charged particle (ε) in the two dimensional
space of EFF0 and initial kinetic energy of the
third charge (Ep0 & Eα0). For a given initial
energy of the third charged particle, with in-
creasing the initial fragment kinetic energy, the
final energy of the third charged particle de-
creases. By fixing the EFF0=3.9 MeV as used to
reproduce the experimental TKE and keeping
D=21.5±0.5 fm, the experimentally observed
peak energies of α particles and protons are well
reproduced with their initial kinetic energies to
be around 1.000 and 0.005 MeV, respectively,
as shown in the panels (d) and (e) of the Fig.
3. α-particle emission is energetically more fa-
vorable than the proton emission. However, α
particles face larger barrier height than the pro-
tons, making former to be born with large ini-
tial kinetic energy than the latter.

Further, a Monte Carlo technique was used
to generate the final kinetic energy distribu-
tions of protons and α particles, where afore-
said initial conditions were used with Gaus-
sian distributions. Thus obtained kinetic en-
ergy distributions for ternary α particles and
protons are shown in the Fig. 3(f). These dis-
tributions are having nearly Gaussian shapes
with peak values and widths close to experi-
mental values.

Using these inverse trajectory calculations
and combining ternary proton and α-particle
emissions, the scission stage parameters of a
fissioning nucleus have been obtained. It is con-
cluded quantitatively that the scission configu-
ration is significantly stretched in ternary than
the binary fission. Detailed results will be pre-
sented during the symposium.
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