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From Scission to Cumulative Fission Product Yields

Two major research areas for fission theory: cross sections (~ probabilities that fission happens) and fissio
products (includes neutrons, gammas, fragments, etc.)
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A Cumulative fission
product yields are the
result of a complex
chain of events

A Knowledge of initial
conditions at scission is
key to simulate decays

ANo experimental
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Theoretical Framework

LLNL uses a fundamental approach to fission theory based on nuclear density functional theory to provide
conditions fOr fission fragmentg and an event generator (FREYA) to validate them

A Initial fission fragments: Nuclear density functional theory

A Hierarchy of approximations:
z Hartree-FockBogoliubov(HFB): deformation properties and potential energy surfaces
z Projection techniques (PNP and AMP): quantum numbers of CN or fission fragments
z Time-dependent generator coordinate method (TDGCM): fission fragment distributions

A Inputs: model of nuclear forces + quantum mamydy methods
A Outputs:distributions YZ,A;E), spin distribution p(p), excitation energy E*, level densityfU), etc

A Independent yields and fission spectrum:

A Fast MonteCarlo evertby-event code that gives samples of complete fission events (full kinematic
Information of all final particles)

A Inputs:distributions YZ,AE), spin distribution p(p), excitation energy E*, level densitfU), etc.
A Outputs: independent or cumulative yield$Z,A,E),’ [N., angular correlations, etc.
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1. Number of Particles in Fission Fragments

For each scission configuration, particle number projection gives access to integer values for the proton an
neutron number of the fission fragments and eliminates an empirical parameter

acrore

A ldentify position of the neck, between the A ldentify position of the neck, between the
prefragments prefragments

A Integrate density left and right of the neck to g&b) A Use PNP to extract probability that left (right)
and(0 ) at scission fragment has exactly N = particles

A Introduce arbitrary Gaussian folding to account for
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Primary Fission Yields

Fission fragment distributions are obtained by populating scission configurations and folding the probability
population with the dispersion in particle number at each configuration

Fragment probability (%)

A Fission yields are related to 101 10° 101

probability to populate scission - [ . —_ ———

configurations 3

A For each scission configuration

A PNP gives dispersionin Z and N 0:
A TDGCM gives probability of

belng pOpU|ated -e- QGaussian o = 4.0 ¢ Geltenborg (1985) k 60 ' ]

240P = PNP - b Schlebeedox (1992) | - ; ]

A Example: charge Y(Z) and mass AR R L B =l ]
Y(A) yields for*Pu(n,f) -

A Advantage of PNP: better
estimate of isotopic yields I 4
Y(Z,A) o
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Guide for Evaluations

Trends from predictions of microscopic theories such as evolution of yields as a funckparofalidity of UCD
approximation can be used in evaluations

Fragment probability (%)
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M. Verriere et al., Phys. Rev. C 103, 054602 (2021)
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Takeaway 1: The UCD approximation is not valid
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2. Spin Distributions

Spin distribution of excited fission fragments affect pronge#mission and anisotropy of neutron emission

A Characteristics of fission fragments at scission 4 Spin distribution very well fitted by
A High excitation energy ~1930 MeV

3 8 c0 oo 7
A Deformation possibly very different from thg.s. |00 | L pL
A Distribution of spin around mean valyg) with |, ' the spin cutoff parameter
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Angular Momentum Projection

We provided the firsever microscopic prediction of spin distributions across a broad range of fragmentatior
and simulated emission with FREYAgood agreement with experimental measurements

A Directly extract spin distribution of FFs

by angular momentum projection (AMP) Nature, 590, 566 (2021)

A Spin distributions depend critically on
deformations of fragmentst scission

P. Marevic et al., Phys. Rev. C 104, L021601 (2021)

Takeaway 2: The spin cut-off parameter depends on fragment deformation at scission
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