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• Theoretical Work: development of accurate nuclear reaction databases, maintained by the National NuclearData Center (NNDC) 
at BNL, and make these database available for use by researchers in the nuclear physics community, theoretical interpretation 
of neutron-induced reaction data measured at Los Alamos Neutron Science Center (LANSCE) in terms of nuclear reaction 
mechanisms and nuclear structure, and nuclear astrophysics, where accurate nuclear data needed for understanding 
nucleosynthesis can be obtained from theoretical calculations.

• Experimental Work: perform experiments at LANSCE to improve our understanding of the nuclear properties for reaction models, 
analyze the data with a close collaboration with LANL theorists to identify nuclear reactions with high impacts for the DOE 
nuclear data programs, and work closely with the LANL nuclear data evaluators to ensure the measured data available to the 
national and international nuclear data communities in timely manner.

• Selected highlights on this collaboration:
- “New evaluation on angular distribution and energy spectra for neutron-induced charged particle reactions” led to DOE-NE 
International-Nuclear Energy Research Initiative (I-NERI) funding to incorporate new evaluation of structural materials based on 
LANSCE data into next ENDF- secondary-particle library; with KAERI
- 35Cl(n,p) initial work led to DOE-NE GAIN funding; with TerraPower

LANL Nuclear Data Program focuses on improving reaction evaluation via 
theoretical modeling advancement and differential measurements at LANSCE
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• Permanent Staff: 
-Continuous effort: Toshihiko Kawano, Hye Young Lee
-Variable effort: M. Herman, M. Mumpower, S. Kuvin, P. Gastis

• Postdocs:
-Theory: M. Verriere, H. Sasaki 
-Experiment: A. Georgiadou, D. Broughton, A. Long, S. Paneru, J. Randhawa, D. Votaw, L. Zavorka

• Students:
-Pelagia Tsintari (CMU), Scott Essenmacher (MSU, DOE-SCGSR fellowship), Andrew Hannaman (Texas AM), 
Nikolaos Dimitrakopoulos (CMU)

• External Collaborators:
- James DeBoer (U. Notre Dame), Mike Febbraro (AFIT),  Carla Frohlich (NCSU), H.I. Kim (Korea Atomic 
Energy Research Institute), Georgios Perdikakis (CMU), Greg Severin (MSU), S. Hilaire, M. Dupuis (CEA),
M. Kerveno (U. Strasbourg), S. Nishimura (RIKEN), O. Iwamoto, N. Iwamoto, F. Minato (JAEA), S. Okumura, 
R. Capote (IAEA), R. Grzywacz (U. Tennessee)

LANL staff (FY20 – FY23)
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Nuclear reaction modelling for neutron capture and inelastic 
scattering by combining nuclear structure inputs

Quasi-particle Random Phase Approximation (QRPA)

• Non-Iterative Finite Amplitude Method (FAM) to solve QRPA

• an efficient way to calculate microscopic photon strength 
function (photo-absorption)
• PRC 105, 044311 (2022), PRC 107, 054312 (2023)

• QRPA and particle-hole excitation applied to pre-equilibrium process

• strong impact on the gamma-ray production cross section, as 
well as the enhancement of PE emission
• PRC 104, 044605 (2021), PRC 107, 034606 (2023)

Advances in general theories for compound nucleus reaction

• Coupled-channels Hauser-Feshbach theory
• consistent treatment of direct reaction channels in compound 

reaction  by applying Gaussian Orthogonal Ensemble (GOE) 
ensures unitarity of S-matrix
• EPJA 57, 16 (2021)

Channel coupling enhances 
compound inelastic 

scattering

Low energy M1 enhancement 
due to nuclear deformation
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Toward Consistent Calculation of Fission Observables 
for Improvement of Actinide Nuclear Data

HF3D (Hauser-Feshbach Fission Fragment Decay) Model

• Produces independent and cumulative FPY as well as other fission observables simultaneously
• 2 codes developed; CGMF for Monte Carlo decay, and deterministic BeoH

• PRL 127, 222502 (2021), PRC 103, 014615 (2021), JNST 59, 96 (2022), PRC 107, 044608 (2023)
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LANL Highlight #3
LANSCE results on 16O(n,a) cross sections

New measurements of double di↵erential cross sections on the
16
O(n,↵) reaction at

LANSCE

H.Y. Lee,⇤ S. Kuvin, B. DiGiovine, G. Hale, S. Mosby, M. Paris, D. Votaw, M. White, and L. Zavorka†

Los Alamos National Laboratory, Los Alamos, NM 87545

(Dated: May 17, 2022)

The importance of studying the 16O(n,↵) reaction is motivated by multiple nuclear applications
which rely on an accurate nuclear reaction data library for oxygen. So far, discrepancies between
past experimental data on the 16O(n,↵)13C reaction and between past measurements of its inverse
13C(↵,n)16O reaction have led to various di↵erent nuclear data evaluations that are in disagreement.
To help resolve the discrepancies, we have measured the 16O(n,↵) reaction cross section using the
unmoderated white neutron source at LANSCE and using the LENZ experimental setup for detect-
ing the outgoing charged particles. Preliminary data from 2016 and 2017 are discussed and used to
benchmark the MCNP and GEANT simulations of the experimental setup, along with a new tool
for postprocessing MCNP’s PTRAC output. We then report partial di↵erential cross sections, along
with partial angle- and energy- integrated cross sections, based on new experimental data recorded
in 2021 and compare the results to past measurements and nuclear data evaluations. The resonances
that we observe are in good agreement with the levels in 17O that have previously been measured
and the scale of the LENZ cross section data is in better agreement with ENDF/B-VIII.0 up to
6 MeV than the reduced cross section found ENDF/B-VII.1. However, the results appear to be in
the best agreement, over the entire energy range, with that of JENDL/AN-2005 (ENDF/B-VI.0).

I. INTRODUCTION

Oxygen is prolific in our environment and present in
air, water, various oxides, concrete and elsewhere. There-
fore, many nuclear applications are highly sensitive to
the uncertainties in the oxygen nuclear reaction data
libraries. These applications include informing reactor
designs through understanding neutron reactivity in ox-
ide fuels, solution data testing to benchmark critical as-
semblies, manganese bath experiments to deduce neu-
tron fluence, understanding radiobiology due to the oxy-
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FIG. 1. Current status of available evaluations for the
16O(n,↵) reaction. JEFF-3.1 and JENDL-4.0 are very similar
to ENDF/B-VII.1, so they are omitted in this comparison.

⇤
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gen content in biological systems, and more. Neutron-
absorption reactions, like (n,↵), reduce the amount of
of available neutrons in such applications and, there-
fore, precise knowledge on neutron-induced reactions on
oxygen is necessary. As the largest non-elastic neutron
induced reaction cross section in the energy range rele-
vant for the Prompt Fission Neutron Spectrum (PFNS),
Fig. 1 shows the current status of available evaluations
for the 16O(n,↵) reaction. Di↵erent releases of ENDF/B
(VI.8 [1], VII.1 [2], and VIII.0 [3], presented substan-
tial discrepancies in cross sections over the neutron en-
ergy range of interest, and the latest JEFF3.3 [4] and
JENDL4.0 [5] evaluations are very similar to ENDF/B-
VII.1. Therefore, the Collaborative International Eval-
uated Library Organization (CIELO) project [6] had a
motivation of reconciling these discrepancies and settling
on a best value [7], and concluded the need of new, inde-
pendent measurements for confirmation [8, 9].

At the heart of the question on the 16O(n,↵)13C reac-
tion cross section is the 30-50% discrepancy among previ-
ous measurements. Fig. 2 shows a subsets of those taken
from EXFOR [10]. Experimental data are obtained via
two di↵erent reaction methods, where one is to directly
measure the 16O(n,↵) reaction [7, 11–14]. Gas detectors
like a Frisch-gridded ionization counter or a proportional
counter were used with a gas mixture that contained oxy-
gen as an active target and detected reaction ↵’s to de-
duce the 16O(n,↵)13C reaction cross section. Since the
gas target plays as a counting gas as well, identifying
reaction ↵ signals from backgrounds is critical to deter-
mine experimental yields in data analyses. A common
method is to subtract out the background contribution
by measuring the yield without gas mixture, however this
could be incomplete or complex due to the di�culty of
duplicating the exact same condition as the foreground
measurement. While using gas detectors, another di�-

Status of available evaluations for 16O(n,a) required a 
new, independent experimental data

LANSCE measurements (LENZ data), compared with different 
ENDF releases using the experimental energy resolution function, 
showed good agreement with ENDF/B-VIII.0 up to 5.5 MeV and 

ENDF/B-VI above that

LENZ data: using angular distributions of  filled circles - 
ENDF/B-VIII up to 5.2 MeV
open circles – Notre Dame data (private comm.)  up to 6.8 
MeV,
filled triangles – Prusachenko data (PRC 2022) up to 7.6 MeV 
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FIG. 15. Angular distributions of the 2021 LENZ data are
compared with energy-averaged ENDF/B-VIII.0 using the en-
ergy resolution function shown in Figure 12.

sistent with the 2021 results presented here.
Since the observed resonances are typically narrower

than our experimental resolution, the cross sections de-
picted in Fig. 14 represent an average cross section over
the neutron energy bin width and the energy resolution
of the detection system given in Fig. 12. For simplicity,
we make comparisons with calculated di↵erential cross
sections by smearing the calculation as shown by the
solid red lines in each panel of Fig. 14. The calculation
shown in blue and brown in the top two panels are an
R-matrix calculation using the code EDAf90[reference?]
based on the resonance parameters used to produce the
ENDF/B-VIII.0 evaluation. In the bottom panel, the
ENDF/B-VIII.0 evaluated (n,↵0) cross section, divided
by 4⇡, is shown to elucidate the prominent resonance
contributions at backward angles that are not being re-
produced by the calculated angular distributions. In all
panels it is clear that the calculated angular distribu-
tions above 6 MeV do not reflect the experimental cross
sections, however, ENDF/B-VIII.0 did not include any
experimental angular distribution information at these
energies. Instead, only the scale of the total cross section
was constrained by recent and past data. Below 6 MeV,
the data is in good agreement with the calculation using
ENDF/B-VIII.0 for which the angular distributions were
derived primarily from the work of Walton et al.
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FIG. 16. Angle-integrated partial cross sections obtained
from this work are compared with di↵erent releases in
ENDF/B. Details of the angle integration can be found in
the text.

The resonances that we observe are in good agreement
with those previously reported by Davis et al and Robb
et al. The former directly measured (n,↵0) total cross
sections and reported excitation energies in 17O, whereas
Robb reported potential spin-parity assignments using a
two-level analysis based on their 13C(↵,n0) angular dis-
tributions. For example, the 7.2 MeV resonance that
represents a prominent peak in the total cross section is
most apparent at backward angles, while the weaker res-
onance around 7.0 MeV is observed at forward angles.
Fig. 15 shows some of the partial di↵erential cross sec-
tions, with respect to lab angle, in comparison with the
data from Robb et al. at high energies. The overall scale
of our cross sections are slightly larger but in relatively
good agreement with the Robb data. The trends of the
angular distributions are also in good agreement which
further supports some of the resonance analysis discussed
in that work. A more complete R-matrix treatment of the
17O system at high energies is discussed in the work of
Heil et al. whereas the R-matrix analysis incorporated
into ENDF/B-VIII.0 was limited up to only 6.5 MeV.
The bottom three panels of Fig. 15 once again demon-
strate the potential improvements that could be made
to ENDF/B-VIII.0 at energies above 6 MeV to better
constrain the resonance parameters and obtain more ac-
curate angular distributions using available experimental
data.
Finally, Fig. 16 presents angle integrated partial cross

sections obtained by performing a Legendre polynomial
fit of the experimental data at energies above 5.2 MeV for
which we report di↵erential cross sections at both forward

Angular distributions are compared with energy-
averaged ENDF/B-VIII.0, suggesting to improve the 

angular distribution evaluation at high neutron energy

40K(n,p) and 40K(n,a) cross sections
for the interest of radiometric dating  

and radiogenic heating of 
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