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Abstract. The fission decay of highly neutron-rich uranium isotopes is investigated
which shows interesting new features in the barrier properties and neutron emission characteristics in the fission process. 233 U and 235 U are the nuclei in the actinide region in
the beta stability valley which are thermally fissile and have been mainly used in reactors for power generation. The possibility of occurrence of thermally fissile members
in the chain of neutron-rich uranium isotopes is examined here. The neutron number
N = 162 or 164 has been predicted to be magic in numerous theoretical studies carried out over the years. The series of uranium isotopes around it with N = 154–172
are identified to be thermally fissile on the basis of the fission barrier and neutron separation energy systematics; a manifestation of the close shell nature of N = 162 (or
164). We consider here the thermal neutron fission of a typical representative 249 U nucleus in the highly neutron-rich region. Semiempirical study of fission barrier height
and width shows that 250 U nucleus is stable against spontaneous fission due to increase in barrier width arising out of excess neutrons. On the basis of the calculation of the probability of fragment mass yields and the microscopic study in relativistic
mean field theory, this nucleus is shown to undergo exotic decay mode of thermal neutron fission (multi-fragmentation fission) whereby a number of prompt scission neutrons
are expected to be simultaneously released along with the two heavy fission fragments.
Such properties will have important implications in stellar evolution involving r-process
nucleosynthesis.
Keywords. Fission decay; multi-fragmentation fission; mass models; relativistic mean
field formalism.
PACS Nos 21.10.Dr; 24.75.+i; 25.85.w; 21.60.-n; 24.10.Cn

1. Introduction
Exploration of the nuclear landscape with radioactive ion beam (RIB) facilities
is currently underway in several laboratories around the world. Presently about
2000 nuclei are known, and different mass models predict the survival of another
5000 nuclei with varying lifetime which could be synthesised in the laboratory
[1,2]. Most of the nuclei will occur on the neutron-rich side of the nuclear chart.
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L Satpathy, S K Patra and R K Choudhury
Many of these nuclei will have unusual neutron-to-proton ratio, quite different
from the usual ones in the valley of stability. Therefore, with the synthesis of
such nuclei, one may expect to observe new nuclear phenomena and novel features of nuclear dynamics. Since 1940, the fission phenomenon has been extensively studied in nuclei confined mostly in the valley of stability. The two uranium isotopes 233 U and 235 U and plutonium isotope 239 Pu in the actinide region,
which are thermally fissile are suitable for energy production. Here we investigate
whether heavier neutron-rich isotopes of uranium having thermally fissile properties could exist, and if so what would be their fission decay characteristics. Will
they be similar to the above three nuclei in the β-stability region? These questions
assume importance since such nuclei are likely to be synthesised in the near future when RIB facilities will be commissioned in different laboratories around the
world [3,4].
On the basis of fission barrier Bf and neutron separation energy Sn systematics,
we find that the chain of uranium isotopes with neutron number N = 154–172 possess thermally fissile behaviour [5]. These isotopes span on either side of N = 162
or 164 which has been predicted to be magic in numerous theoretical studies carried out over the years [6]. The effect of close shell manifests in relatively higher
values of Sn and lower values of Bf (favouring more bound compact configuration)
rendering the system thermally fissile, which may be the case with the above series
of uranium isotopes. All these nuclei are stable against α-decay and several of them
in the lower mass side have β-decay half-life of several tens of seconds [7]. We have
chosen 249 U as the representative nucleus in this mass region and have studied its
fission decay properties with thermal neutrons. How the excess of neutrons in the
neutron-rich uranium isotope influences the fission decay properties and what new
features of nuclear dynamics emerge, are of abiding interest. We therefore concentrate on the fission decay mode of 250 U here. Our study shows that it has a low
fission barrier of 4.3 MeV [5] with a substantially large barrier width which makes it
relatively more stable against spontaneous fission, but highly vulnerable to fission
when produced by neutron capture in 249 U. It undergoes exotic mode of fission
decay whereby, in addition to the two heavy fragments, a substantial number of
surplus neutrons will be instantly released at the scission point. Such a speculation
also gets its weightage from the empirical fact that the number of stable isotopes
of the elements normally increases with the increase of proton number [8], and
when a highly neutron-rich heavy nucleus splits into two, it is likely to produce two
fragment nuclei, either or both lying beyond the neutron drip-line and therefore
amenable to instantaneous emission of neutrons at the scission stage. The present
paper is organised as follows. In §2, we discuss the systematics of neutron separation energy and fission barrier of neutron-rich uranium isotopes with available
theoretical mass formulae. Section 3 deals with the study of the fission barrier
profile and decay of 250 U nucleus. Section 4 contains the results of a phenomenological study of the mass yield of fragments in 250 U fission. Section 5 gives the
results of calculations based on relativistic mean field theory on the scission characteristics of 236 U and 250 U nuclei. The conclusions of the present study are given
in §6.
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Table 1. Fission barrier Bf (in MeV) obtained in finite-range droplet model
(FRDM) [7] and Howard and Möller (HM) [5] are compared with experimental
data [7].
Nuclei

Bf (expt.)

Bf (HM)

Bf (FRDM)

6.50
7.00
6.30
6.65
5.40
5.80
5.75
5.90
5.80
5.30
5.50
5.50
5.30
5.30
5.00
5.00
4.70
5.00
4.40

7.79
7.40
6.83
6.31
6.03
5.74
5.83
5.92
5.25
5.92
5.48
5.31
5.06
5.56
5.56
5.40
5.08
4.53

7.43
7.57
7.63
7.44
6.61
6.79
6.65
4.89
5.59
4.85
4.74
5.25
5.78
6.27
4.24
5.05
5.69
6.07
5.51

228

Th
Th
232
Th
234
Th
232
U
234
U
236
U
238
U
240
U
238
Pu
240
Pu
242
Pu
244
Pu
246
Pu
242
Cm
244
Cm
246
Cm
248
Cm
250
Cm
230

2. Fissile property of

249

U

The question as to how the neutron-rich isotopes of the actinide nuclei will decay
by fission has not been addressed before. The fission barrier determines the fission
decay properties of the nucleus. The nucleus can overcome the barrier and undergo
decay when excited by an external agency like a thermal neutron incident upon it.
The neutron separation energy Sn provides a measure of excitation of the compound
nucleus. In our study we use the fission barrier from the extensive study of Howard
and Möller (HM) [5] which is being reliably used by many authors [9–11]. It is also
the only exhaustive calculation which gives barrier for the whole range of known
and unknown nuclei where fission decay can occur. We have compared in table 1
the HM values of Bf with experimental values for 18 actinide nuclei of the four
elements Th, U, Pu and Cm for which data are available [7]. These data are for
the external barriers which in general correspond to the maximum barrier height
calculated by Howard and Möller. We have also included in the table the Bf values
calculated by Möller et al [7] in finite-range droplet model (FRDM) for a relative
comparison. It is interesting to see that HM values are in much better agreement
with experiment than those of FRDM, although the latter are comparatively more
recent. For the isotopes of uranium the agreement is remarkably satisfactory.
In figure 1, we show the fission barriers given by Howard and Möller as closed
red circles for all the uranium isotopes with the neutron number in the range
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Figure 1. Fission barrier Bf , and binding energy of the last neutron S1n as a
function of mass number A for Th and U isotopes. Bf are taken from Howard
and Möller [5] and S1n are taken from refs [5], [20] and [7] for HM, INM and
FRDM model respectively. The neutron separation energy predicted by all
the three models predicts a general pattern. In all the three cases, the fission
barrier lies below the neutron single particle energy in the region N = 154–172,
which will be vulnerable to thermal neutron fission.

140–180. In the same figure, we have plotted the neutron separation energies Sn ,
given by the three mass formulae HM, FRDM and infinite nuclear matter (INM).
It is well-known that if Sn < Bf , then the nucleus cannot undergo thermal neutron
fission. The fission threshold Enm = Bf − Sn has to be overcome by impinging with
an energetic neutron, in order that the nucleus will undergo fission. However, if
Sn > Bf , then thermal neutron (with practically zero energy) can cause fission. It is
interesting to see in figure 1 that, the ultra-neutron rich isotopes of uranium in the
range N = 154–172 are thermally fissile, a feature emanating from the close shell
nature of N = 162 or 164. To show that this feature is not accidental or specific to
uranium, but a general one arising out of the close shell structure of N = 162 (or
164), we have presented the case of Th-isotopes in the same figure. We have chosen
U-isotopes for our studies, since in this case the chain of isotopes with thermally
fissile properties is closer to the already known isotopes in the valley of stability.
Although 254 U with N = 162 is a more suitable thermally fissile candidate, 250 U
is relatively more β-stable with half-life of tens of second [7] and could be easily
accessible being closer to stability line. The effect of close shell is still being felt
at neutron number N = 158, rendering 250 U equally interesting. It is a recognised
fact that the effect of close shell persists farther when only one kind of particles,
especially neutrons, are increasingly added to a magic nucleus [12,13]. We have
chosen to study the thermal neutron fission of 249 U, which is only 11 neutrons away
90
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from the naturally occurring known uranium isotope
be produced with RIB facilities under construction.
3. Fission barrier profile and decay of

250

238

U, and therefore likely to

U

We now consider the nature of the fission decay mode of 250 U, which is primarily
governed by the profile of the fission barrier. The height and width of the fission
barrier which is supposed to be parabolic in nature need to be determined [14].
We describe here an empirical method to get the width of the barrier from the
systematics of the known experimental fission half-lives, and extrapolate them to
neutron-rich region of interest. In spontaneous fission the fissioning fragment will
see the maximum barrier which will determine the tunneling probability more decisively. Hence, the maximum barrier given by HM [5] can be considered as the
effective parabolic barrier governing the decay, which should be appropriate for the
present study. We carry out a simple one-dimensional model calculation in order
to derive the fission decay systematics. The fission half-life can be calculated using
the relation [14]
τ1/2 = ln 2/np,

(1)

where n is the number of barrier assault by the decaying nucleus, which is related
to the barrier curvature energy h̄ω by
nh̄ = h̄ω/2π,

(2)

and p is the penetrability of the barrier given by
p = [1 + exp(2πBf /h̄ω)]−1 .

(3)

It may be noted that h̄ω is a measure of the width of the barrier; smaller the value
of h̄ω larger is the barrier width. Taking the HM values [5] of Bf and using the
experimental τ1/2 [15], we get the values of h̄ω.
The systematics of h̄ω vs. Bf are shown in figure 2 for various even–even actinide
nuclei. It is indeed quite revealing that the plot shows a linear behaviour of h̄ω
with Bf for a given Z, with progressively increasing slope with the increase of
proton number of the elements from 90 to 96. For the next element Cf with Z =
98, the linear behaviour gets fuzzy. However, the mean follows the trend with a
higher inclination. The trend is more conspicuously restored for Fm with Z = 100.
This deviation coincidentally correlates well with the fission mass yield systematics,
where considerable deviation from the standard well-defined two peaks occurs for
Fm isotopes. The width h̄ω for any isotope with calculated fission barrier may be
obtained by extrapolation of the linear graph. Since 250 U has 158 neutrons and
of considerable distance from the close shell N = 162 (or 164) and itself only 12
neutrons away from the known 238 U, this extrapolation should be quite meaningful
and reliable. For 250 U with a fission barrier of 4.3 MeV [5], we obtain the value of
h̄ω as 0.225 MeV from figure 2 (marked as star symbol in the figure). Now we can
construct the parabolic barrier of base width ∆r somewhat schematically, using
the value of h̄ω following the relation 1/h̄ω = d2 V /dr2 , where V is the potential
Pramana – J. Phys., Vol. 70, No. 1, January 2008
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Figure 2. The barrier width h̄ω as a function of fission barrier Bf . The Bf
values and the experimental half-lives taken from Howard and Möller [5] and
ref. [15], respectively have been used to extract the barrier widths of all the
known nuclei showing fission decay in the actinide region. This figure shows
that for each element, h̄ω and Bf show a linear relationship through a straight
line behaviour depicted in the figure. The star on the line for uranium in figure
denotes the value of h̄ω to be 0.225 MeV for its Bf = 4.3 MeV corresponding
to 250 U.

energy. The barrier so obtained for 250 U is relatively flat and wide compared to the
fission barrier of 236 U with h̄ω = 0.357 MeV obtained from the experimental halflife [15] and Bf = 5.74 MeV from Howard and Möller [5]. The normal nuclei like
230,232
Th or 235,238 U have h̄ω ≈ 0.4–0.5 MeV. Thus, the neutron-rich heavy isotope
250
U has considerably lower value of h̄ω, and consequently relatively larger width
arising out of excess of neutrons. This flattening of fission barrier makes the nucleus
stable against spontaneous fission decay, because of decreasing penetrability. The
spontaneous fission decay half-life calculated with these height and width comes
out to be 5.7 × 1024 years, which is several orders of magnitude higher than that
of 236 U. However, due to the decreased fission barrier of 4.3 MeV for 250 U, with
a minute inducement by a thermal neutron, fission decay will occur. This exotic
feature is due to excess of neutrons which is not seen in the normal nuclei in the
valley of stability.
It is believed that in the fission process neutron-rich neck is produced during scission. This picture is reinforced by the polarization effect induced by the Coulomb
repulsion between the two newly formed fragment nuclei. It is also supported
in microscopic studies through our calculation in relativistic mean field (RMF)
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Figure
3. Qfiss. -value distribution given by Qf = BE(A1 , Z1 )
+BE(A2 , Z2 ) − BE(A, Z) for 236 U and 250 U as a function of A1 fragment
in the binary decay A → A1 + A2 . The binding energy used for the calculation of Q-value is taken from [7] and [20] for FRDM and INM, respectively.
The fission yield decreases drastically with increase or decrease of mass number of the given element (A1 , Z1 ). Therefore, we have shown the distribution
in the range 90 to 100% of the peak value in each case. The vertical line marks
the neutron drip line for the corresponding element in each pannel. The black
and blue curves denote the calculations with FRDM and INM mass models
respectively. From the figure, it is clear that for 236 U no fragment is produced
with isotopes beyond the drip line. On the other hand, for 250 U a larger number of fragments are predicted to lie away from the drip line, giving rise to
some neutron emissions simultaneously.

theory [12,13,17–19] as will be shown a posteriori. Fission studies [9,16] of 235 U
with thermal neutrons have shown that neutron emission from the neck region is
many times (order of magnitude) larger than α-particle emission. Since clustering
probability increases at low density, α-particle emission itself is larger compared
to that of proton at scission point. Since in the case of 250 U, 14 excess neutrons
participate compared to that in 236 U, a larger neck is expected to be formed giving
rise to a flat and wide barrier. This feature is also in tune with the fact that in the
limiting case of no Coulomb force, the barrier will disappear reminiscent of infinite
width and zero height. This interesting feature of the barrier of 250 U with low
height but large width points out to a new feature where, the nucleus is infinitely
stable against spontaneous fission. But with the incidence of a thermal neutron
on 249 U, it will undergo fission. The 250 U isotope is, however, not found in nature
because of lower β-decay half-life.
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4. The probability of fragment mass yield in fission of

250

U

As is well-known, the major driving force for the decay of a nucleus is the Q-value
of the reaction. The probability of fragment mass yield Y in a given channel can be
directly related to the Q-value and temperature at the scission point. We, therefore,
calculate here the Q-value systematics of the fission of a nucleus (A, Z) decaying
to (A1 , Z1 ) and (A2 , Z2 ) defined as
Qf (A, Z) = BE(A1 , Z1 ) + BE(A2 , Z2 ) − BE(A, Z).

(4)

In figure 3, we have plotted the Q-values for the binary decay into two fragments
A1 and A2 , as a function of the mass number of the A1 fragment, for all the
relevant elements with even values of Z1 , starting from 34 to 46. The complimentary
fragment (Z2 , A2 ) is thereby fixed. Since the yield falls rapidly with the decrease in
Q-value for an element, we have only shown the distribution of Q-values lying above
90% of the highest value. For the sake of comparison, the Q-value distributions for
both 236 U and 250 U are shown in figure 3. We have used the masses predicted in
the finite-range droplet model (FRDM) and infinite nuclear matter (INM) mass
model for the present analysis. The FRDM mass model is used because it is most
popular and widely used. The choice of INM mass model [20–23] stems from the
fact that it is based on many-body theory foundation and has unique success in
predicting the saturation properties of INM and shell quenching in large neutron
shells N = 82, 126 [24,25]. Its long-range predictive ability has been demonstrated
through the comparison with the microscopic studies in RMF theory [25]. The
Q-value distributions for 236,250 U are presented in figure 3 as black and blue curves
for FRDM and INM mass formulae respectively. In the figure, two vertical lines
of the same colours mark the drip lines of the respective elements predicted in the
two mass models. It can be seen that the drip lines for both the mass models
agree within ∼3–5 neutrons. In the case of 250 U fission, for most of the fragments,
the drip lines fall inside the Q-value distributions and in some cases they touch
the outer fringe as shown in the figure. Thus all the isotopes lying to the right
of the drip lines will be unstable against spontaneous release of neutrons from the
fragments at scission which is not the case with 236 U for which the drip lines are
far away (see figure 3). In the usual fission process of 236 U, neutrons are emitted
from the fragments after they are fully accelerated. But in the present case of 250 U,
a certain number of neutrons will be simultaneously produced along with the two
heavy fragments signalling a new mode of fission decay which may be termed as
multi-fragmentation fission. This new mode of decay is a thermal fission process,
i.e., at very low energy, which is in sharp contrast to well-known thermal fission
of 233 U and 235 U where neutrons are emitted in the post-scission stage from the
fission fragments. Of course, emission of pre-scission neutron in high-energy fission
is a well-known phenomenon. One may get an order of magnitude estimate of
these prompt multi-fragmentation neutrons as from the mass yield plot for 250 U
shown in figure 3, which turns out to be similar in number to the prompt neutrons
emitted from the fragments. These scission neutrons are the additional neutrons
apart from the normal multiplicity of neutrons emitted from the fragments. In
the case of neutron-induced fission of normal 233 U and 235 U nuclei, the fission
neutron multiplicities are of the order 2.5 [9,10]. This number is, therefore, more
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than doubled in the case of 250 U fission, which will have important implications on
the energetics of the fission process. This phenomenon will be more prominent in
heavier uranium isotopes due to the availability of more neutrons.
This will also have an implication in the r-process nuclear synthesis and consequently stellar evolution, as the β-decay lifetime of 250 U is few tens of seconds
[7], which is much larger than the nucleon decay lifetime, which is of the order of
10−17 s.
5. Fission decay in relativistic mean field (RMF) theory
At this stage it will be satisfying to see if standard nuclear Hamiltonian/Lagrangian
and well-established microscopic theory will provide some support to the above
picture emerging in our study. We have used RMF theory and NL3 interaction to
study the evoluation of density as the nucleus undergoes distortion in its shape on
its path to fission. Recently, calculations on nuclear densities obtained in the RMF
studies have yielded useful results and insight on nuclear structure and dynamics
[26]. Here, we do not give many details of the RMF theory, and present only the
relativistic Lagrangian density for a nucleon–meson many-body system [27–31], as
1
1
L = ψ̄i {iγ µ ∂µ − M }ψi + ∂ µ σ∂µ σ − m2σ σ 2
2
2
1
1
1
− g2 σ 3 − g3 σ 4 − gs ψ̄i ψi σ − Ωµν Ωµν
3
4
4
1
1 2 µ
µ 2
+ mw V Vµ + c3 (Vµ V ) − gw ψ̄i γ µ ψi Vµ
2
4
1 ~ µν ~
1
~µ · R
~ µ − gρ ψ̄i γ µ~τ ψi · R
~µ
− B · Bµν + m2ρ R
4
2
1
(1 − τ3i )
− F µν Fµν − eψ̄i γ µ
ψi Aµ .
4
2

(5)

The relativistic Lagrangian gives the field equations for the nucleons and mesons,
which are solved by expanding the upper and lower components of the Dirac spinors
and the boson fields in an axially deformed harmonic oscillator basis with an initial
deformation β0 . Again many parameter sets are available and we use here the NL3
parameter set [19]. The number of oscillator basis used is NF = NB = 30, for
both the fermions and boson fields. The pairing effects are again added within
the standard BCS formalism, with the pairing gaps for protons and neutrons taken
from the work of Madland and Nix [32]. The set of coupled equations is solved
numerically by a self-consistent iteration method. The baryon (vector), scalar,
isovector, and proton densities are respectively given by
X †
ρ(r) =
ψi (r)ψi (r) ,
(6)
i

ρs (r) =

X

ψi† (r)γ0 ψi (r) ,

(7)

i
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ρ3 (r) =

X

ψi† (r)τ3 ψi (r) ,

(8)

i

ρp (r) =

X
i

µ
ψi† (r)

1 − τ3
2

¶
ψi (r) .

(9)

The centre-of-mass motion energy correction is estimated by the usual harmonic
oscillator formula Ecm = 34 (41A−1/3 ). The quadrupole deformation parameter β
is evaluated from the calculated proton and neutron quadrupole moments and the
total binding energy, and other observables are also obtained by using the standard
relations [28,33].
Within this framework, we carried out RMF calculations for successively increasing deformation β2 starting from the ground state. We present our results of
such calculations on the total (neutrons + protons) matter density distributions
ρ = ρn + ρp . For the density distributions, the matter densities are obtained in
the positive quadrant of the plane parallel to the symmetry z-axis, i.e., in the zρ
plane where x = y = ρ [26]. As the space reflection symmetry about z-axis and
also about ρ-axis is conserved in our formalism, the results obtained in the positive
quadrant are suitably reflected in other quadrants so as to have a complete picture
in the zρ plane. In figure 4, we have presented the results of such calculations for
236
U and 250 U, side by side for comparison with specified column on the right of
both the distributions showing the scale through different colours.
From the figure it is clear that in the case of both 236 U and 250 U, the nucleus gets
more and more elongated as in the usual liquid drop picture of fission and finally
splits into two parts with a neck connecting them. It is indeed very satisfying to
see a microscopic calculation with nuclear many-body Lagrangian predicting the
fission of a heavy nucleus into two fragments, which has been a mission of theoretical nuclear physics since early days. Fission barriers have been calculated in
microscopic theories using Skyrme–Hartree–Fock and relativistic mean field models. The description of whole fission process has also been attempted in adiabatic
time-dependent Hartree–Fock theory [34]. The results in all such calculations have
been rather qualitative. Recent status on this front can be seen in ref. [35]. This
configuration shown in figure 5 is obtained with deformation β2 = 7.9. It is interesting to examine the composition of the neck in this configuration. For such
study the ratio of neutron to proton density ρn /ρp will be the appropriate quantity.
Therefore, in figure 5, we have plotted ρn /ρp for this configuration with deformation β2 = 7.9. The density of the neck obtained in our calculation for 236 U is
ρ = 0.0244 fm−3 which is quite low as expected. And the corresponding neutronto-proton density ratio shown in figure 5 is obtained as ρn /ρp = 2.73089. This can
be contrasted with the average density ratio of ∼1.54 in its ground state. Thus,
these microscopic studies corroborate the neutron richness of the neck as found in
experiment and other studies. Similarly for 250 U with β2 = 7.4 shown in figure
5, gives the density of the neck ρ = 0.02383 fm−3 and the neutron–proton density
ratio ρn /ρp = 3.54703 which is much larger than that for 236 U. In the case of 250 U,
the neck is much richer in neutron since 14 extra neutrons are available compared
to 236 U which is in conformity with expectation. This favours simultaneous emission of neutrons along with the two fragments at scission, strongly supporting the
multifragmentation fission process predicted above.
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Figure 4. The matter density distributions for different deformations β2 of
236,250
U obtained in the relativistic mean field theory calculations with NL3
force. The total (neutron+proton) number density ρ = ρn + ρp in fm−3 is
shown.

Figure 5. The ratio of the neutron-to-proton density ρn /ρp are presented
for the neck configuration β2 = 7.9 and 7.4 for 236,250 U, respectively.

6. Conclusions
In conclusion, we have identified the chain of uranium isotopes with neutron numbers N = 154–172 which are thermally fissile. This is a likely manifestation of the
close shell nature of the magic number 162/164 – predicted in numerous studies
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on superheavy elements – giving rise to high neutron separation energy and low
fission barrier. We have chosen 249 U which is stable against α-decay and has βdecay lifetime of several tens of seconds as a representative nucleus to study the
fission decay after it absorbs a thermal neutron. The fission decay properties of
such neutron-rich nuclei in particular in the actinide region away from the valley
of stability have not been addressed before. This study will have important bearing on the RIB programmes persued in many laboratories in the world seeking the
synthesis of about 5000 nuclei in the exploration of nuclear landscape upto the
drip lines. The study of 249 U is attractive since it is only 11 neutrons away from
the presently known naturally occurring last isotope 238 U. Its fission barrier profile
determined semiempirically using the systematics of experimentally known fission
half-lives and barriers of the actinide nuclei, has been shown to be relatively flat
and wide compared to 236 U. Such feature is in confirmity with the expected long
neck due to the excess number of neutrons. Microscopic calculations in RMF theory
have been shown to support such features of nuclear dynamics in a general way.
Coupled to this, its small barrier of 4.3 MeV yields a half-life of 5.7 × 1024 years
and makes it extremely stable against spontaneous fission, while rendering it highly
vulnerable to thermal neutron fission – a unique property indeed. On the basis of
the probability of mass yield and microscopic RMF calculations, strong evidence of
a new mode of fission decay is revealed where, in addition to two heavy fragments,
a few scission neutrons will be simultaneously emitted. This may be termed as
multi-fragmentation fission. These extra neutrons are in addition to the normal
multiplicity of neutrons emitted by the excited fission fragments which is of the
order of 2.3–2.5. Thus, the doubling of the neutron emission per fission will have
implications for the r-process nucleosynthesis in the stellar evolution. Whether
such a nucleus presents an attractive possibility as a source of energy production in
stellar environment needs to be examined. The above phenomenon is a general one
and not restricted to 250 U and is likely to be more prominent in heavier uranium
isotopes.
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