LA-UR-23-21864

Approved for public release; distribution is unlimited.

Title: Using neutron resonance parameters from advanced experiments and
analyses to improve photon strength functions and nuclear level
densities

Author(s): Koehler, Paul E.

Intended for: workshop for applied nuclear data activities (WANDA 2023),

2023-02-27/2023-03-02 (crystal city, Virginia, United States)

Issued: 2023-02-23

% Los Alamos

NATIONAL LABORATORY



1% Los Alamos NYSE

NATIONAL LABORATORY National Nuclear Security Administration

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National Nuclear Security
Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher recognizes that the U.S. Government
retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government
purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the auspices of the U.S. Department of
Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does
not endorse the viewpoint of a publication or guarantee its technical correctness.



1% Los Alamos

NATIONAL LABORATORY

Using neutron resonance parameters from advanced
experiments and analyses to improve photon strength
functions and nuclear level densities

Paul Koehler

WANDA 2023, February 27, 2023

N
NA‘S-‘—% Managed by Triad National Security, LLC, for the U.S. Department of Energy’s NNSA.
At oty i 2/17/2023 1



Connections Between Neutron Resonance Parameters
and Nuclear Level Densities (NLD) and Photon Strength

Functions (PSF)

 Traditional: Average resonance

spacing, D,, and average radiation
width, <[>, used to calibrate NLDs

and PSFs measured using, for
example, the Oslo technique’

* More recent: I', distribution data
can be used to test/constrain
assumptions behind both the
nuclear statistical model (NSM)
and the Oslo technique and to
obtain better NLDs and PSFs?

« Even more recent: Determining

average resonance spacings, D,, b
for several spins3 can be used to

test/constrain spin/parity
assumptions in NLD models
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Neutron Resonance

Measurement and Analysis

<

Requirements

It takes substantial effort to
obtain a resonance
parameter set of the
required size and quality to
test model assumptions
and obtain improved NLDs
and PSFs

Need to measure and do
simultaneous R-matrix
analysis of both neutron
capture and transmission

Determining J* values
requires measuring and
analyzing gamma cascade
data®4
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DICER Plus DANCE Can Provide the Needed Data

DICER? — Device for Indirect Capture
Experiments on Radionuclides

Neutron transmission measurements
on samples as small as 1 nug

DANCES® — Detector for Advanced
Neutron Capture Experiments

Neutron capture cross section and
resonance spin measurements on
samples as small as 10 pg’

Same data used to test and improve
NLD and PSF models is directly
valuable for applications such as
criticality safety38

For example, new transmission and
capture data needed for a range of
fission products for burnup credit
applications®
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Using I, Distributions to Test and Constrain Models

« <[> used to normalize the PSF obtained from the Oslo method

« I, distributions can be used to constrain assumptions involved in that
normalization?10
Assumptions are a model of the spin distribution as a function of excitation
energy and that the nuclear statistical model (NSM) is valid

* I, "samples” NLD and PSF over wide range of energies

[, is the sum of partial radiation

widths, I";, for primary transitions

from the capturing resonance neutron
capture

\Y
Fy == Z F)/i
i=1

- I, distributions are calculated using
measured NLD and PSF via a
NSM simulation
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Using I, Distributions to Test the
Statistical Model Assumption

« 148Sm — abrupt change with
neutron energy in both the
mean and the width of the
distribution in disagreement
with known physics and
remains unexplained®
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« %Mo — disagreement
(between measured and
NSM-simulated distributions)
revealed large non-statistical
effects?

» All cases tested so far
revealed substantial
disagreements with the
assumption that the NSM is
applicable

Fraction of Widths > T
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Using Neutron Resonance Data to Test and Constrain Spin-
Distribution Models

In many cases, the only constraints on NLD
models at high excitation are from neutron
resonance data

Normalization to the total NLD requires a spin
distribution model

Normalization factor typically is quite large

because the single spin constrained by the
neutron resonance data usually is the least
likely spin in the distribution

With tools now available, it is possible to do
much better

Average neutron resonance spacings can be
measured? for several J*'s

[, distributions for several J”'s can be
measured and used to constrain the spin
distribution across a range of excitation
energies™

Two cases tested so far3! disagree with
standard spin-distribution models
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Summary

* Neutron resonance data play many roles in improving NLDs and PSFs

 Traditional and continuing role of calibrating NLDs and PSFs measured via
Oslo techniques

» State-of-the-art neutron resonance data provided by instruments like DICER
and DANCE allow more stringent tests of assumptions inherent in extracting
NLDs and PSFs

» All these new neutron resonance data have revealed problems with these
assumptions
Gamma decay in Mo is not statistical as assumed?
48Sm I, distribution undergoes an abrupt change in disagreement with
model'°
98Au T, distribution is inconsistent with the assumed spin distribution™
%Mo average resonance spacings differ from current models3

 |n addition to testing and improving models needed for applications, these
neutron resonance data can have direct impact on applications such as
criticality safety
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