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It is well known that most actinides fission into fragments of unequal size. This contradicts liquid-drop-
model theory from which symmetric fission is expected. The first attempt to understand this difference
suggested that division leading to one of the fragments being near doubly magic 132Sn is favored by
gain in binding energy. After the Strutinsky shell-correction method was developed an alternative idea
that gained popularity was that the fission saddle might be lower for mass-asymmetric shapes and
that this asymmetry was preserved until scission. Recently it was observed [Phys. Rev. Lett. 105 (2010)
252502] that 180Hg preferentially fissions asymmetrically in contradiction to the fragment-magic-shell
expectation which suggested symmetric division peaked around °°Zr, with its magic neutron number
N =50, so it was presented as a “new type of asymmetric fission”. However, in a paper [Phys. Lett. B
34 (1971) 349] a “simple” microscopic mechanism behind the asymmetry of the actinide fission saddle
points was proposed to be related to the coupling between levels of type [40AQ2] and [51AR]. The
paper then generalizes this idea and made the remarkable prediction that analogous features could
exist in other regions. In particular it was proposed that in the rare-earth region couplings between
levels of type [30A 2] and [41A €] would favor mass-asymmetric outer saddle shapes. In this picture the
asymmetry of '89Hg is not a “new type of asymmetric fission” but of analogous origin as the asymmetry
of actinide fission. This prediction has never been cited in the discussion of the recently observed fission
asymmetries in the “new region of asymmetry”, in nuclear physics also referred to as the rare-earth
region. We show by detailed analysis that the mechanism of the saddle asymmetry in the sub-Pb region
is indeed the one predicted half a century ago.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction mass model [4] into a liquid-drop model of the nuclear potential
energy as a function shape [5].

However, the liquid-drop model theory did not explain the ob-
servations that the preferred mass split, of the light actinide sys-
tems studied at the time, was asymmetric mass division with a
heavy fragment with nucleon number A & 140 and the remaining
nucleons in a smaller fragment. The energetically preferred divi-
sion in liquid-drop model theory is symmetric. Since the discovery
of fission a subject of intense interest has been and still is to ex-
plain the observed fission asymmetry and ideally to model more
exactly the observed yield distributions.

An initial qualitative theoretical interpretation for the experi-
mental observations of asymmetric fission was that fissioning sys-
tems favor division into a heavy fragment near the doubly magic

The discovery of fission in 1938 was based on the identification
of barium (Z = 55) in the products following bombardment of ura-
nium with neutrons [1]. An immediate intuitive theoretical model
providing a picture of the phenomenon in terms of the deforma-
tion of a charged liquid drop with a surface tension was given by
Meitner and Frisch [2]. The discovery and its interpretation was
further confirmed by observation of the high kinetic energies of
the fission fragments [3]. About half a year later Bohr and Wheeler
provided a more complete theoretical and quantitative discussion
of the observed fission process by generalizing the semiempirical
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13251y because the magic proton number Z = 50 and neutron num-
ber N =82 and associated microscopic effects result in an extra
binding of about 12 MeV in '32Sn relative to liquid-drop theory. In
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THAE MICROSCOPIC MECHANISM BEHIND THE
FISSICN BARRIER ASYMMETRY

C.GUSTAFSSON, P. MOLLER and S. G. NILSSON
Lund Institute of Technology. Lund. Siweden

Received 14 January 1971

The instability at the second saddle point of actinide elements towards asymmetric distortions is
explained by a decrease in energy of the neutron orbitals {410 A$2] (orbitals at the waistline of the nu-
cleus) for asymmetric distortions. These orbitals are situated at the Fermi surface and couple strong-
Iv to [51 ASY levels slightly above the Fermi surface.

hardly can be explained in terms of the smooth
variations with Z and A of the liquid-drop model.)

In the calculations of ref. [1] we assumed a
potential of the following type |5,6]

In a recent publication [1| we exhibited the
results of calculations (based on the Strutinsky
shell correction method [2]) that in addition to
Pg and P4 distortions also included the asymme-
tric P3 and P 5 degrees of freedom. In the region
N = 130-150 we encountered for € = 0.85 a ten-
dency to asymmetric distortions. The second
barrier peak was found to be reduced by 2 - 2.5
MeV for 236U due to the combined effect of P3
and Pg5 distortion. On the other hand for 248¢t
the combined effect in reducing the barrier was
less than 0.5 MeV. Finally 210po was found to
be stable at all € -values between 0.0 and 1.0.
Recent communications from Pauli et al. [3] in-
dicate very similar results on Pg + P35 instability
reached on the basis of their radially somewhat
different potential. “T .

Asymmetry favouring orbitals. Since the ear- \ s
ly calculations involving only a few representa- " A
tive nuclei, also intermediary nuclei were stud- \
ied by one of us [4] and the collected results on \
the possible P3 and P5 instability for the point A S
€=0.85, ¢4 =0.12, which represents the ap- .
proximate locus of the second barrier peak for % AN
actinide nuclei, are found in fig. 1. This figure s, AN .
thus exhibits the transition lines in A and Z for o AN \
nuclei where the asymmetric degrees of free- \
dom start to affect the height of the second bar- ‘ \
rier.

Although the tendency to asymmetry was
clearly established as a single-particle effect in
ref. [1], no detailed "microscopic" explanation

V= %hwo(e.64.€1,e3,55)pz %
[1-5ePg+2eqPy+21P1+2¢3P3+2€5P5]- Veorr

Veorr = kKlto @1t s + “(I%(‘I%Bshell))

where the amount of P, distortion is determined
so as to compensate the center-of mass dis-
placement involved in the addition of P3 and P5

Aceus of symmetric ORd asymmerr.c fission for rven-evan mucle

b
[

206 m 22 B + € N #7

Fig. 1. Map of energv stability at the sccond barrier

was given in terms of specific orbitals. (From
the rapid variation in the mass distribution of
the fission fragments from 10pg to 236y to
2Fm it is obvious that a shell structure expla-
nation is called for and that this rapid variation

peak (€ -0.85. €4

0.12) according to calculations in

terms of the asymmetry purameter €3(€5) for an arca

of Z - and N-valucs. It is found that the region of in-

stability of actinide elements involves a limited num-

ber of N-values generally up to N =160, and starting
at N =132,
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terms. In this paper, a simple calculation of the saddle point in the (¢, €4) plane, we have plotted
following kind has been performed. Starting the single-particle energy levels as functions of
from the position € = 0.85, €4 = 0.12, which, as €3(¢5). (The notation €3(e5) implies that for each
mentioned, roughly corresponds to the second €3 we employ the e5-value that gives minimum

Neutrons (A3 242) \
70325 1100635

[

Fig. 2. Single-neutron orbitals in the actinide region as a function of €, To each €~value corresponds a value of €4

as marked below in the figure. This relation roughly coincides with the assumed "fission path” in the € .€4) plane.

Note in the lower right corner of the figure the emergence of the [40 ] levels. which are found to be largely re-

sponsible for the asymmetry. and above them the (51 x| levels strongly coupled to the former by the octupole term
in the potential,

350
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total energy. ) The entering neutron orbitals are chosen as indicated below in the figure and so as

first identified in fig. 2 [7] which shows the sin- to reproduce the "path" to fission in the (€€ 4)-

gle-particle levels as functions of €9(eq). (The plane.) Although many quasi-crossings, with or-

€4-values in the corresponding calculation are bitals approaching each other closely, occur for
NEUTRONS ' ' ' '

A =262 parameters
£:085 €,:=012 €q4=-045¢,

1010 0l ,
972%- e
\

———
981l - 1% i
$02% . RS
4«00+ 5124763 T —
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624 %+

633%-
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Fig. 3. Single-neutron levels for € ~ 0.85. €4 -~ 0.12 as functions of the asymmetric distortion coordinate €3(€5).
Note the strong downward curvature of the [40 x] levels as well as of the orbital {505 11/2] and the upward curvature
of the [51 x| levels. which for N=150 are as vet unfilled for the large €-distortions.
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& ﬁ Nilsson'’s research group
-

Sven G osta built up an enthusiastic research
group, and L.und became an important centre
for theoretical nuclear structure research.

He created a familiar and areative atmosphere,
and showed great interest not only in his PhD
students, but also their families.

Nucdlear physicists from around the world
were anxious to discuss research with him.
Lund continued to be an intemationally
leading centre for research into theoretical
nuclear models after his untimely death
in 1972.

—

Sven Gosta Nilsson together with members of his research group at the
beginning of the 1970s.

Standing from the left:

Gunnar Ohlén, Christer Gustafsson, Ingemar Ragnarsson, Stig Erik Larsson,
Reginald Boleu, ] ohan Claesson, and Petr | anecek.

Sitting:

Sven Bertil Nilsson, Peter Moller, Zdzistaw S zyménski, Sven Gosta Nilsson,
and Thomas | ohansson.

Sven Gosta Nilsson and his Model 212



S.A.E. Johansson 1961
RE asym suggestion

In 1961 Sven Johansson suggested
that couplings between levels of op-
posite parity could lead to asymmet-
ric fission where these specific situa-
tions In single-particle level structure
occured. In the last line of the paper

he proposed this could occur In the
rare-earths.
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NUCLEAR OCTUPOLE DEFORMATION AND THE MECHANISM
OF FISSION

SVEN A. E. JOHANSSON
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Abstract: The stability of nuclei against an octupole deformation has been calculated. It is
found that the interaction of levels of opposite parity makes the nuclei in certain regions very
soft to octupole deformation. The negative parity collective states in heavy nuclei and in the
rare earth region can be interpreted as octupole vibrations. The predicted 4-dependence of the
energy of these states agrees well with experimental data.

For very elongated shapes, which are of interest in fission, it is found that stable octupole
deformation occurs. The potential surface of the fission barrier will therefore possess two
asymmetric valleys. There is a linear relationship between the mass ratio of the fission
fragments and the degree of octupole deformation at the saddle point. The occurrence of
symmetric fission in the lighter elements is explained. The influence of the octupole deforma-
tion on the fission barrier also provides a basis for understanding the variation in fission
threshold. The experimental data agree with the calculated values. The peak to valley ratio
in the mass distribution is calcnlated, with the assumption of statistical equilibrium at the
saddle point. Good agreement is found for excitation energies below 10 MeV, For higher
energies a symmetric component appears which rises with increasing energy.

1. Introduction

Nuclear deformation of the octupole type is of interest in several ways. It was
suggested by Christy ') that the low-energy negative parity states in heavy
nuclei could be explained as octupole vibrations. Strutinsky 2) pointed out
that the coupling between a filled and an unfilled level of opposite parity gives
a tendency towards octupole deformation. This problem was investigated more
in detail by Lee and Inglis3). Using perturbation theory and assuming a
spheroidal harmonic-oscillator potential, they calculated the strength of the
deforming force. They concluded that the decrease in energy due to this effect
is not quite enough to overcome the increase arising from the requirement of
volume conservation. Because of the simple potential used the right level order
is not reproduced and it is not possible to compare the results of this calculation
with the situation in any real nuclei. Furthermore, the neglect of the spin-
orbit coupling will have a decisive influence on the calculations. The spin-
orbit coupling will bring the interacting levels closer together and hence increase
the deforming force.

529
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NUCLEAR OCTUPOLE DEFORMATION 551

give only a small contribution to E;. The volume conservation energy E,,
which opposes the tendency to pear-shape, does not depend, so strongly on the
character of the levels and hence increases rather regularly as the mass number
increases. The result will thus be that above thorium the nuclei will become less
soft to the octupole deformation and the energy of the 1— state will increase.
" In the rare earth region we expect a similar situation, since these nucleides
have a configuration which is rather similar to that of the heavy ones.

When the elongation of the nucleus is increased, (18) makes possible a crude
estimate of the equilibrium octupole deformation. The deformation energy
parameter C and the matrix elements M, do not very much with the deforma-~
tion and for the present purpose they can be considered as constant. C can
easily be estimated as well as », the number of matrix elements which are great
enough to give an appreciable contribution to the deforming force. The distance
between the interacting levels A E is given by (11). At the equilibrium elongation
we can set ¢’y = 0 since the nucleus is here very soft to octupole deformation
and this implies C=#M 4,/4 Eoy, where AE,q is the level distance at the equilib-
brium elongation. Hence we get directly Mg,. If this value is inserted in (18)
we get the following approximate expression:

, _(n)%(AESq——AEﬁ)% "
“o=\ac) Tur, ) (

We see immediately that o'y increases when the elongation is increased, since
AE decreases. It will be noted that «’y does not depend strongly on C or .
The values calculated according to (24) agree reasonably well with the result
of the more exact calculation.

As was discussed above n will decrease for large deformations due to the
transfer of nucleons to other levels. As can be seen from (18), ', will decrease and
eventually become imaginary, corresponding to a symmetric saddle point, Alsoin
this case a crude estimate shows good agreement with the detailed calculation.

This discussion shows that the main results can be derived from the general
properties of the level diagram and the matrix elements. They are not critical
in regard to the details of the level diagram or the assumed nuclear configuration.

The present calculations are necessarily simplified in several respects, but
still they seem to be able to reproduce the experimental facts quite well. When
more experimental data become available an even better comparison between
theory and experiment can be made. Several interesting experiments aresuggest-
ed by these calculations. It would, for example, be of great value to know more
about the various fission parameters in the transition region around radium.
A systematic study of fission in the rare earth region would also be of interest.

The author would like to thank Professor T. Gustafson, Professor B. R,
Mottelson and Dr. S. G. Nilsson for helpful discussions.



In PLB 34B(1971)349 it was shown
that mass-asymmetric shapes led to
splitting of levels of opposite parity at
light actinide saddle points and con-
sequently to mass-asymmetric saddle
points. It was proposed that the same
mechanism would occur at one lower
main oscillator quantum number N at
rare-earth saddle points. The next two
slides show this prediction is correct.
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At this time a strong correlation was
observed between calculated degree
of asymmetry at the saddle point and
observed fragment mass asymmetries,
see figure in the following paper.

On the page following the figure it is
pointed out that a displayed 2D potential-
energy surface, which is a function of
additional variables that cannot be vi-
sualized in 2D plots must be continu-
ous in the additional variables.



Discontinuities in HFB calculations with
respect to unconstrained variables are
a common occurrence. The “lines of
discontinuity” that occur in 2D HFB
potential-energy surfaces are not at
all related to scission configurations
but to vastly inadequate and discon-
tinuous deformations. This is recog-
nized by some in the HFB community,
see for example Dubray and Regnier
ggcg?_)p. Phys. Comm. 183 (2012)
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ODD-MULTIPOLE SHAPE DISTORTIONS AND THE FISSION
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Abstract: Potential-energy surfaces have been studied for a large number of nuclei in the region
84 < Z £ 120. The shapes of the studied nuclei correspond to a continuous sequence from
a spherical shape to distortions slightly beyond the outer saddle taking into account both
symmetric and asymmetric deformations. The effect of asymmetric distortions is studied in
detail. It is found that the second saddle of the actinide elements is asymmetrically distorted.
The size of the asymmetry is a sensitive function of the neutron number and generally of the
position of specific orbitals in the single-particle energy level diagrams. The amount of asym-
metric distortions at the outer saddle is also well correlated to the experimental mass ratios in
low-energy or spontaneous fission. From the calculated potential-energy surfaces fission-
barrier parameters are determined for some 50 nuclei in the region.

Results pertinent to the superheavy region indicate that the barrier heights are not reduced
by taking asymmetric distortions into account in the calculations. From the potential-energy
surfaces obtained it seems probable that the mass distribution of the fission products is symmetric
for superheavy elements near Z = 114, N = 184.

1. Introduction

A great break-through in the investigation of the fission process and in particular,
the fission barrier was initiated by the experimental discovery of fission shape isomeric
states by Polikanov ') and Flerov 2). This greatly stimulated the development of a
new and realistic method of calculating the nuclear potential-energy surface. This new
approach results from regarding the nuclear potential energy as a sum of one ma-
roscopic and one microscopic contribution. The macroscopic part is assumed to be de-
scribed by the liquid-drop model. This model reproduces on the average the nuclear
potential energy as a smooth function of distortion, mass number (4) and charge
number (Z). In particular it accounts well for the gross variations of the nuclear
ground state masses with Z and 4. However, superimposed on the smooth average
behaviour of the nuclear masses described by the liquid-drop theory there are
fluctuations that are rapidly varying functions of distortion, mass and charge number.
These fluctuations are caused by single-particle effects and constitute the micro-
scopic part of the nuclear potential energy.

Early calculations in this spirit, attempting to take shell effects into account in the
treatment of fission were those undertaken by Swiatecki *) and by Johansson - 7).

For spontaneously fissioning nuclei one finds experimentally on the average a

529
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Equipotential suriaces
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Fig. 16. Equipotential shapes at saddle point distortions for a number of nuclei in the region
84 < Z < 106, calculated with (G «~ S, x; = 1.78). The shapes obtained are obviously rather
smooth.

of the nucleus the mass distribution is decided. One point of view is that the mass
distribution is decided already at saddle point distortions, i.e. where the nucleus is
cold. For the heavier actinides beyond Pu the second saddle is lower than the first.
Nevertheless as it lies not far below and is still above the ground state it is probable
that conditions at the second saddle also in these cases will influence the mass distribu-

& P, distortions at second saddle versus experimental mass ratios
020 ¢
238 228
U Th

o5 T 22, 26, ° o 'm

Pu U

2?0 e ozacu

2m ., O
o0 2La(:m—o K'DOZLZCm
ZSOC
Zﬁl'cf—o Y ozsch
005 | o®Fm
0 o . . . . .
10 1 12 13 14 i5 15 My/M

Fig. 17. P; distortions of the second saddle calculated with (G« S, . = 1.78), versus the ex-

perimental mass ratios of the fission fragments. My is the mass of the heavy fragment and M, the

mass of the light fragment. There appears to be a fairly good correlation, a result also obtained by
Johansson *) and Pauli et al. 27).
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0.70, . .. 1.00) and 7 equidistant values of e;(g; = 0.00, 0.04, ... 0.24). A numbzr
of the potential-energy surfaces obtained are displayed in figs. 14a—z. Most of the
contour maps shown are for (G ~ S, x, = 1.78) but some results with the alternative
choice of pairing and surface symmetry parameters (G = const., k, = 2.53) are

€, as a function of £ for nuclei in the region

€ 84 = Z = 106
0.14

012
0.10

co8

i 2 £ . 1 . il

0.70 0.80 0.80 100 &

Fig. 13. Definition of the dependent variable &, as a function of ¢, as employed in the calculations of
the potential-energy surfaces exhibited in figs. 14a-z.

displayed for compatison. We see that for most nuclei in these plots there is an in-
stability of the second saddle point to asymmetric distortions. Approximately we have
stability for N < 132, (e.g. *19Po, 23 Ra) while for N > 132 we have an instability
that increases with neutron number until the neutron number reaches about 146
after which there is a decrease of the instability. This is in agreement with the ap-
proximate conclusions that can be drawn from the shell-correction diagrams in figs.
5a and b. We note that the asymmetric saddle has an e-value that is usually different
from that of the symmetric saddle. This is why we cannot draw any definite conclusion
on the magnitude of the asymmetry effect at the second saddle from the shell-cor-
rection diagrams in figs. 5a and b as ¢ in these figures is kept at the fixed value 0.85.
We note that althouigh the contour maps in figs. 14a-z are displayed as functions
of two parameters only, this does not mean that in the determination of the outer
saddle we have limited ourselves to a two-dimensional approximation of the multi-
dimensional problem. As stated above the value of the dependent parameter &5 is in
each point such that the energy is minimized with respect to ¢5. Thus figs. 14a—z are pro-
jections of surfaces through the saddle points in three-dimensional (P, +P,, P5, Ps)
space to the two-dimensional space (P,+P,, P3+Ps), and the energy values of the
saddle points in figs. 14a-z are the same as in three-dimensional (P,+P,, P3—P5)
space. It is important to note that the value of &5 corresponding to the points ¢, &5
in figs. 14a—z is a continuous function of ¢ and &;. This means that we have not in-
advertedly tunnelled through a mountain ridge separating two valleys in (P,+P,,
P, P;) space, in which case our value for the saddle point might have been too low.
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Table 1: Saddle shell corrections

Nucleus | Symm Saddle | Asym Saddle

230y 3.41 —5.13
L78p¢ 2.08 —0.68




Already in 1936 in their discussion of

the semi-empirical mass model Bethe

and Bacher considered that this mass
model might be less accurate near “shells”
In single-particle models.
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() If we take a simple poteniial hole as
auxiliary potential, the wave functions are
spherical harmonics, multiplied by Bessel func-
tions of order I+% of the radius, ! being the
order of the spherical harmonics (azimuthal
quantum number). If the walls of the hole are
infinitely high, the Bessel functions must vanish
for r=R (nuclear radius). If the height of the
walls is finite, this boundary condition has to be
relaced by a more complicated one, involving the
wave function and its derivative.

The order of the energy levels has been worked
out by Elsasser (E3) for infinitely high walls, by
Margenau (M7) for finite walls of a certain
height. The arrangement of the energy levels is
in both cases similar to that for the oscillator
potential, but the ‘“accidental degeneracy” of
levels with different ! and the same N which we
found for the oscillator potential, is of course
removed. The oscillator level N splits into levels
with given / and # in such a way that the level of
highest / lies lowest. The arrangement of the
levels is shown in Fig. 8 for the oscillator
potential, the potential hole with infinitely high
walls, and the potential hole of finite depth, just
sufficient to take 58 particles (this is the case
considered by Margenau). The figure shows all
levels below 100%%/MR? in a potential hole of
radius R with infinitely high walls. These levels
are also given in Table X. According to our

TABLE X. Energy levels in potential hole with infinite walls.
Energy in units #2/ MR? where R = radius of hole.

1sT 2ND 3RrD ATH 1sT
LEVEL OF AZIMUTHAL QUANTUM NUMBER } LEVEL
! [Des*En** Des. En. Des. En. Des. En. [l [Des. En.
O|ls 493 2s 19.74 3s 44.42 4s 78.96/6| 7i 55.27
1]2p 10.12 3p 29.85 4p 59.45 5p 98.92/7| 8 67.98
2(3d 16.61 4d 41.35 5d 75.96 8| 9% 81.79
3|4f 24.40 5f 54.25 6f 93.83 910/ 96.74
415¢ 33.51 6g 68.49 :
5|6k 43.76 7Th 83.98

* Sgectroscopic designation.
¥k Energy.

scheme, we should expect a successive filling-up
of the quantum states with neutrons and protons.
The first two neutrons (or protons) will go into
the 1s shell, the next six into the 2p shell, etc.
The shells are tabulated in Table XI in the order
of their energy; below each shell the number of
quantum states in it is given (#;); in the third
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TaBLE XI. Successive filling of neutron (or proton) shells in
potential hole with infinitely high walls.

SHELL 1s 2p 3d 25 4f 3p Sg 4d 6h3s Sf Ti 4p8 6

ni 2 6 10 214 6181022214 26 630 18
[i— [y — e

N; 26 12 14 618 34 40 6 48

1
Si=XNy2 8 20 344058 92 132 138 186
k=1

line the 7,’s of shells with nearly identical energy
are added (V;); in the last line the N.'s of all
shells up to the one considered are added: The
figures in the last line (S;) therefore represent the
numbers of neutrons (or protons) for which we
would expect a shell (or group of shells of nearly
identical energy) to be completed.

Whenever a shell is completed, we should
expect a nucleus of particular stability. When a
new shell is begun, the binding energy of the
newly added particles should be less than that
of the preceding particles which served to com-
plete the preceding shell. We should thus expect
that the 3rd, 9th, 21st, etc., neutron or proton is
less strongly bound than the 2nd, 8th, 20th.
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Fi1G. 8. Energy levels in an oscillator potential, in a
potential hole with infinitely high walls, and in a hole
with finite walls. The levels in the infinite hole are drawn
to scale.



Gaps in single-particle spectra are not
always associated with increased sta-
bility; it depends on density of levels
some distance away. If this density is

ow e.g. near “9Ca then no increase
in stability, but at vV = 126 with high
evel density above and below then
there is a substantial enhancement.
For the same reason, for deformed
nuclel there is increased stability as-
sociated with N = 152 and N =
162. See next few slides.
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Mass-model error with y correction

Mass-model error with €5 correction

for 71 nuclei with [AE,| > 0.2 MeV for 78 nuclei with |AE,,| > 0.2 MeV
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Mass-model error without y correction
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FEYNMAN

Goggle “Feynman | do do not”

| do not care how clever your model is

| do not care how smart you are

If your model does not describe (experimental)

data
IT IS WRONG

The above he often emphasized in lectures to stu-
dents

ME: You actually have to read a paper to have an
opinion about it
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Mass Models Compared to AME2003
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Since Sly4 (and other) HFB models
describe so poorly nuclear ground-state
potential energies (masses), in par-
ticular near magic numbers, it seems
llogical to expect that such potential-
energy models are able to describe
the fission process. There are also
other concerns as discussed earlier.



SIMPLE EXPLANATION

FEYNMAN: If | cannot explain it simply | have not
understood it

FEYNMAN: How did Schrddinger derive his equa-
tion? He did not, it just popped into Schrodinger’s
head!

BOHR: If you claim you have “understood” Quan-
tum Mechanics you have not understood it.

ME: If you think you only need 2D potential-energy
plots to understand 5D (or higher) potential-energy
results, you have not “understood” it.

ME (and others) You have found a “simple” ex-
planation if you can use it to predict something
“NEW?”. Like the asymmetry favoring levels — “rare
earth asymmetry”

ME: So there is no ABSOLUTE requirement that
something can be “simply” explained.



WHAT | S A MODEL

Model can be explained

Results can be reproduced

Must describe known data

Must describe new similar data

|deally can be generalized to describe new phe-
nomena

Excellent example: Semi-empirical Mass Model
(1936, Bethe-Weizacker). Could calculate masses
of new isotopes, was subsequently generalized to
describe fission.



TAKE-HOME MESSAGE

Two INDEPENDENT approaches predict a “rare-
earth” (“new”) region of asymmetry.

One is based on 50+ year old very general model-
independent arguments

The other (BSM) is a QUANTITATIVE method that
will give numerical mass-yield curves for any fis-
sioning nucleus at any excitation energy.

In addition the BSM was benchmarked with re-
spect to the 70 systems studied in 1997 at GSI
by KHS and his many collaborators. With very
encouraging results.

So please continue to study the “new” region of
asymmetry and, as always, try to falsify the theo-
retical PREDICTIONS.



