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MAIN POINTS

• Possibility of asym. in R.E. proposed 50+ years

ago based on highly model-independent arguments

• Does saddle asym? mean fragment asym.?

• How know you have found the “mechanism”

• Benchmark models wrt known data first(!)

and show useful agreement

• Can (and should) you explain everything “simply”

• “Scientific Method”
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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 90Zr, 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 [40��] and [51��]. 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 [30��] and [41��] would favor mass-asymmetric outer saddle shapes. In this picture the 
asymmetry of 180Hg 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.

1. Introduction

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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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 
132Sn 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 132Sn relative to liquid-drop theory. In 
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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.







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
Comp. Phys. Comm. 183 (2012)
2035.
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Potential-Energy-Surface Structure for 180Hg 
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Table 1: Saddle shell corrections

Nucleus Symm Saddle Asym Saddle
236

U 3.41 −5.13
178

Pt 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.







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
low e.g. near 40Ca then no increase
in stability, but at N = 126 with high
level density above and below then
there is a substantial enhancement.
For the same reason, for deformed
nuclei there is increased stability as-
sociated with N = 152 and N =

162. See next few slides.
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Discrepancy (Exp. − Calc.) 

Calculated 

Experimental 

σth = 0.559 MeV 

FRDM (2012) 
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Graph 3

Ground-state ε3 correction −∆Eε3
 (MeV) 
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Mass-model error without γ correction 
for 71 nuclei with |∆Eγ| > 0.2 MeV 

σ = 0.577 MeV 
µ = −0.452 MeV 
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F E Y N M A N

• Goggle “Feynman I do do not”

• I do not care how clever your model is

• I 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



Mass Models Compared to AME2003 

HFB(Sly4): 
σ =    5.11 (MeV) 
µ = − 2.94 (MeV) 

FRLDM(2002): 
σ =    0.72 (MeV) 
µ = − 0.03 (MeV) 
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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
illogical to expect that such potential-
energy models are able to describe
the fission process. There are also
other concerns as discussed earlier.



S I M P L E E X P L A N A T I O N

• FEYNMAN: If I cannot explain it simply I have not

understood it

• FEYNMAN: How did Schrödinger derive his equa-

tion? He did not, it just popped into Schrödinger’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.



W H A T I S A M O D E L

• Model can be explained

• Results can be reproduced

• Must describe known data

• Must describe new similar data

• Ideally can be generalized to describe new phe-

nomena

• Excellent example: Semi-empirical Mass Model

(1936, Bethe-Weizäcker). 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.


