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Introduction

Importance of Nuclear fission:

Generation of energy

Stability of superheavy nuclei

Termination of the r-nucleosynthesis process

Generation of exotic nuclear isotopes that are useful in many industrial and medical applications.
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225Ra-22Ac nuclei exhibit two fission modes : symmetric and asymmetric.
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Fig. 1. Fragment mass distribution for fission of *27Ac at
excitation energies between 7 and 13 MeV,
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225Ra-228Ac nuclei exhibit two fission modes : symmetric and asymmetric.

Generally, actinides are known to have an asymmetric fission pattern.
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225Ra-228Ac nuclei exhibit two fission modes : symmetric and asymmetric.

Generally, actinides are known to have an asymmetric fission pattern.

The first observation of a transition from asymmetric (double humped) to symmetric
spontaneous fission has been measured in the region of mass A=254-258 of Fm isotopes.
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Termination of the r-nucleosynthesis process

Generation of exotic nuclear isotopes that are useful in many industrial and medical applications.

225Ra-228Ac nuclei exhibit two fission modes : symmetric and asymmetric.
Generally, actinides are known to have an asymmetric fission pattern.

The first observation of a transition from asymmetric (double humped) to symmetric
spontaneous fission has been measured in the region of mass A=254-258 of Fm isotopes.

Similar type of observations has been seen in the case of 2>Es nucleus.
M. D. Usang et al., Sci. Rep. 9, 1525 (2019).
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225Ra-228Ac nuclei exhibit two fission modes : symmetric and asymmetric.
« Generally, actinides are known to have an asymmetric fission pattern.

» The first observation of a transition from asymmetric (double humped) to symmetric
spontaneous fission has been measured in the region of mass A=254-258 of Fm isotopes.

«  Similar type of observations has been seen in the case of 2>*Es nucleus.
M. D. Usang et al., Sci. Rep. 9, 1525 (2019).

Aim of this Work

1. To analyze the spontaneous fission decay modes of Fm isotopes.

2. To see the role of compact (side-to-side) and elongated (tip-to-tip) oriented configurations on the fission decay
dynamics.

3. To investigate the possibility of multimodal fission of 2>4Fm” nucleus formed in 180+238U reaction.

4.  To study the impact of the excitation energy E* on the fission fragment mass distribution of 24Fm.



Methodology
Preformed cluster model [PCM (¢#=0h, T=0)] and Dynamical cluster-decay model [DCM (£#£0A, T#0)]]

Based on quantum mechanical fragmentation theory (QMFT), which considers mass (or charge) asymmetry coordinate as a dynamical coordinate
to study the mass (or charge) transfer in a nuclear decay process, PCM and DCM approach have been developed.

»Mass and charge asymmetry n= A-A n, = Z,-Z,
parameters A+ A Z,+7,

Mass asymmetry parameter allows a unified description of a few-nucleon or multi-nucleon (a cluster) transfer and a large-mass
transfer.

(|| =1)] For Complete fusion

0<|p <1 (n =0) For symmetric fission

0 <7 <1| Forasymmetric and super
asymmetric fission

J. Maruhn, W. Greiner, Phys. Rev. L Vol. 32, no. 10, 548 (1974).
R. K. Gupta et al., Phys. Rev. L Vol. 35, no. 6, 375 (1975).
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Compact and elongated configurations

»The orientation degrees of freedom 0,
(i=1,2) of the B,-deformed fragments.
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Fragmentation potential

By using these coordinates Schrodinger equation is solved in n coordinate to find
preformation probability, P,

— . 5 With v=0,1,2,3....
Schrddinger equation |—> { UT)}W (m) =E"w"(n)| | where (v=0) refers to

2\/> on \/> 8 ground state
2

V(77'772 , R): _Z B, (A\ Zi, B )"‘Vc (R1 Zi, By, 0i1¢)+V£(R’ A 'ﬂﬂi'ei’¢)+VN (R’ Ai’ﬂ/li’gi’¢)

i=1




Fragmentation potential

By using these coordinates Schrodinger equation is solved in n coordinate to find
preformation probability, P,

With v=0,1,2,3....

o 1 0
e +Vo (1, T) " () =E"w" (n)| | where (v = 0) refers to
{ 2,/B,, on B, 0n " ground state

Schrddinger equation

| }
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2 | |

The binding energy contains both the ) N

macroscopic (liquid drop model) and R0 +1]) Vn(so) = [f(sh., geo.)P(so)
microscopic (shell-correction) part. e 21(T B
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Preformation probability P,

By using these coordinates Schrodinger equation is solved in n coordinate to find
preformation probability, P,
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Spontaneous fission of Fm isotopes with mass A=242-260
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Spontaneous fission of Fm isotopes with mass A=242-260
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Spontaneous fission of 2>4Fm
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Fission decay modes of 2>*Fm™ compound nucleus formed in 10O+238U reaction
Preliminary results calculated using DCM
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Fission decay modes of 2>*Fm™ compound nucleus formed in 10O+238U reaction
Preliminary results calculated using DCM

I T I T I T I

130

= = =
o = Y
oS o o
1 1 1

(o]
o
1

Fragmentation potential V(n,T) (MeV)

I T I T I

EM A A,
E 45 MeV
T=1.29 MeV
E_ ~ 84 MeV

—=— Compact
—— Elongated

80 Fission Valley
I T I T I T I I T I T I T
0 20 40 60 80 100 120
Fragment mass A,
Compact

Elongated @

\ 4

Fragmentation potential V(n,T) (MeV)

The deformation parameters are also made T-dependent:

B (T) = exp(=T/T4)B;i(0),
B,; (0) = static deformation
T, =1.5 MeV at which shell effects start to vanish
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J. Phys. G: Nucl. Part. Phys. 17, 1401 (1991).
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Fission decay modes of 2>*Fm™ compound nucleus formed in 10O+238U reaction
Preliminary results calculated using DCM
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Fission decay modes of 2>*Fm™ compound nucleus formed in 10O+238U reaction

Identification of A, and A, fragments

=
<
[N
|

Preformation probability P
S
1

Heavy mass fission
fragment (Ay)

Light mass fission
fragment (A,)

1279n (Z,,=50, N,=77)
(B,=0)

127Sn (Z,=50, N =77)
(B,=0)

1279n (Z,,=50, N,,=78)
(B,=0)

126Sn (Z,=50, N =76)
(B,=0)

133Tg(Z,,=52, N,=81)
(B,=0.001)

121C( (7,248, N,=73)
(B,=0.024)

148Ce (Z,,=58, N;=90)
(B,=0.038)

106Mo (Z,=42, N, =64)
(8,=0.064)

107

Elongated M
configuration W
Fission Mode
I T T T T N T
2Em —>A1+A2 127G, 1275, E. 45 MeV
121 133
Cd Te .
1007, %Mo 18ce 154N Symmetric
. Superlong
(SL)
1268n+1288n
Asymmetric
Standard 1
1 | (5D
Asymmetric
Standard 2
B,-dynamic (S2)
Elongated oreintations 6™
I T I T I
90 120 150

Fragment mass A, (i=1,2)

154Nd (Z,,=60, N=76)
(B,=0.048)

1007y (Z,=40, N, =60)
(8,=0.064)

E* (M;)

(MeV) ¥* Mode (u)

45 1.01 SL 127.07
S1 135.07
S2  143.0

Experimental paper:

SL=two spherical fragments (Z=50)
S1 = one spherical heavy fragment and a deformed light fragment

(z=50, N=82)

S2 = two moderately deformed fragments (N=60, 88, Z=38)

T. Banerjee et al., PRC 105, 044614 (2022)




Energy dependence of fission fragment mass distributions

Prelormation probability Py

Spontaneous fission
AEM—A A,
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A. Kaur et al., PRC 103, 034618 (2021)

Summary

10°
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Fusion-fission 2*Fm*—A +A,
E.,=5 MeV E., =30 MeV E., ~45 MeV
(a)] 10% 10
10™ 10™
0 100 150 200 5 100 150 200 10750 100 150 200
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» Elongated configurations represent better results in terms of fission fragment mass distributions as compared

to the compact orientations.

» Spherical/deformed magic shell closures and the excitation energy of compound nucleus play significant role
in the division of fissioning nuclei.

» It would be interesting to include the pear shaped deformations in the decaying fragments to analyse the
possible fission modes of 2>*Fm” and of other nuclei in this mass region. Also, the TKE of each fission mode
will be investigated.
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Methodology

Penetrability (P) is calculated by using WKB method as follows:

P = expl-2 [{21V (R) ~ Qu T}*R]

where R, and R, are the two turning points of WKB integral. R, is defined as

R.= R, +R,+AR C“D
R, 1R

Rr’(&'h T)= Rgf(T }|7] + Z ﬁ_;h!-}’;fm{cgf }-‘ \ AR

Total interaction potential, V- (MeV)

Rou(T) = [1.25_4?'? —0.76 + n.a_af*] (1 + 0.0007T2) fm.

i

In DCM, after getting Preformation and penetrability, for £-partial wave
analysis, the decay cross-sections for each fragmentation is defined as:

60 4

°0+%Pb—"*Th'—>A,+A, or Z,+Z,

50+

s

8 10 12 14 16 18

Separation distance, R (fm)

!
Decay Cross-Section (a) in terms of o _ TN 20 +1)P.P| k= 2puEc m
¢-partial waves is given as follows: — (A ) k2 ;( )P h?
5
In PCM, the decay half-life T,,, and the decay constant 4 are calculated as T = lnT' = vP,P.

_ _ velocity  (2E,/p)'/?
v, IS the barrier assault frequency, calculated as vy = Y = 2/

Ro Ry



