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Dedicated to the memory of J. R. Nix, 1938-2008,
who led the Los Alamos fission theory efforts for 30
years and inspired the developments presented today.
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Essential Contributors:

* Peter Moller for years of collaboration and for
developing the potential-energy model.

* John Lestone for enlightening discussions and
providing an accurate neutron-evaporation code.

* Jorgen Randrup for help with nuclear inertia
calculations and discussions of dissipation.

* Morgan White for encouragement and support.
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Introduction

* Fission was discovered 79 years ago.

* For the first time, a dynamical physical
model of fission predicts most of the
major features and some of the
guantitative details of fission mass and
Kinetic-energy distributions.
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Ingredients of a dynamical model

Potential energy of a nucleus as a function of its
shape (nuclear binding energy).

Kinetic energy of nuclear shape motions.

Dissipation of nuclear shape motions: damping of
motion and fluctuating force (Brownian motion).

Equation of motion.
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Potential energy of a deformed nucleus

* Use the macroscopic-microscopic model.

* Parameters of the model are determined by nuclear
ground-state properties.

* Fission properties are an extrapolation of the model
outside where its parameters are determined.

* Excellence of predictions a tribute to its creators:
Nilsson, Nix, and Moller (~1970-2015).
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Kinetic energy of nuclear shape motions

 Use irrotational fluid flow to define nuclear inertia.

* Allow scaling of the inertia to crudely represent the
behavior of real nuclear matter.
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Dissipation in nuclear shape motions

* Dissipation implies both damping of motion and a
random force in the dynamics.

* Dissipation is modeled as a one-body effect with an
arbitrary strength parameter.

* The random force is proportional to the square root
of (nuclear temperature) x (the dissipation tensor).
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Equations of motion: Langevin Equation

dg; _ OH _ O(K + V) _ (3 M, Pzpk)

—— —1

(1)

dp; - oV 10My; . ) 2T
T qu—'— aqj qrkqi — nijk—l‘\/E’}’jk@k(t). (2)
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Unadjusted baseline model; thermal fragment yields;
U235 (n,f)
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Unadjusted baseline model; thermal prompt yields
U235 (n,f)
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Default model predictions

* Prompt yields poorly predicted.

* Primary yields consistent with measurements.
* Model <TKE>= 173.7 MeV, Expt. =170.9 MeV.
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Physical parameters in 'adjusted’ model

* Scaling of hydrodynamical inertia; value 1.3.
* Dissipation strength; scale = 0.5 of default.
* Neck radius at scission; 1.7 fm vs. 1.0 fm.

 Random neck rupture;
gaussian with standard deviation of 1.3 fm.

* Probability of starting in symmetric valley; 0.0.
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'‘Adjusted' model; thermal prompt yields; 235U(n,f)
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'Adjusted' model; thermal fragment yields; U235 (n,f)
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'‘Adjusted' model; TKE yields; U235 (n,f)
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'Adjusted' model; thermal fragment yields; U235 (n,f)
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'‘Adjusted’ model; TKE yields; U235 (n,f)

Fragment Nucleon Number A
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Fragment Nucleon Number A

| ! | ! | ! [ ! [ ! 190 T T T T T T T T T T
ee
180 o®° °f<399. | i - e CGMF inputdata
o) x
- . % . 180 | *3'38§§g§§33x*x x AA=00 i
S o . 22 - W0 x..t08’§§ x o AA=20
> 170 |- Qge - %, ™ o9 ooe gﬁ‘ ¢ AA=3.0 7
g | ¢ .. geee p \2_/ 170 o B x "' o AA=40 I
2 ° ee 2 c.) 'a * AA =5.0
oy 160 9@ ¢ 8 1 O B e T 1
LL ° 93 LLl o x .!.
X Q.. 9. X © o o.:'.‘,
~ o 1 F 160, g9030e%s, .
2 150 |- 8 ~ % b %x XO0c0eS s, ]
o % g B X000,0 *ee
> - . _ % - > 150 | x'0 %.e%s 83,4
< o Adjusted model; AA = 3.25 % < x o °°° oo *a*
L]
140 [~ e Straede data % ] - "xnu R oaogo . |
X
- . 140 |- xx "o0 % o -
130 | 1 | 1 ] 1 ] 1 ] 1 | 1 | 1 | 1 | 1 xxl 1
120 130 140 150 160 170 120 130 140 150 160 170

UNCLASSIFIED .
“« Los Alamo

NATIONAL LABORATORY

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA

EST.1943



Mean Total Kinetic Energy <TKE> (MeV)

Slide 19

'‘Adjusted' model; neutron energy dependence
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'Adjusted' model; thermal fragment yields; U233 (n,f)
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'‘Adjusted' model; TKE observables; U233 (n,f)
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Summary

* For the first time, a dynamical physical
model of fission predicts most of the
major features and some of the
guantitative detalls of fission mass and
Kinetic-energy distributions.

* The neutron-energy-dependence of
average TKE and yields are predicted.
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* This model Is already useful for
constraining yield and TKE correlations.

* The TKE distributions can be improved
by straightforward improvements in the
post-scission dynamical model.

* It may be possible to improve detailed
yields by relaxing the fixed-isospin
assumption.
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