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Questions/ Points addressed in the talk:
• What are evaluated nuclear data?
 
• What is new in ENDF/B-VIII.1?

• Where can I get the data from?
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What are evaluated 
nuclear data?
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Nuclear data are key input for MCNPs predictive 
simulations.

• The accuracy of MCNP predictions is 
in part determined by the accuracy of 
its input nuclear data. 

• A large international community 
works towards providing nuclear 
data.

- Nuclear weapon effects 
and output

- Emergency response / 
nuclear threat 
assessments

- Nuclear safeguards and 
nonproliferation

- Radiation detection and 
analysis

- Medical and health physics

- Nuclear reactor physics
- Nuclear critical and subcritical 

experiments

- Criticality safety
- Nuclear diagnostics

- Survivability
- Intrinsic radiation
- Radiography

The MCNP6® code makes use of nuclear 
data as key input for its predictive 
simulations used across a variety of 
application areas.

J. Spencer, J. Alwin, “Big Ten MCNP6 Unstructured 
Mesh Benchmark,” LA-UR-19-25731 (2019).
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V. TABULAR DATA FOR THE NEUTRON
STANDARDS

Tabular data for each of the cross section standards and
the additional cross sections obtained in the cross section
standards evaluation process are given in the Tables XII–
XX. For all the evaluations other than those for the light
element standards, the tabular output is directly from
GMAP. For the 6Li(n,t), 10B(n,α) and 10B(n,α1γ) cross
sections the GMAP output was fitted with EDA code as
described in Sec. A. The tables for those cross sections
were provided as point-wise values from EDA. The H(n,n)
and C(n,n) cross sections had been evaluated using EDA
and the tables are direct output from EDA as point-wise
values.

The evaluation of the 252Cf PFNS obtained from
this work led to only very small changes in the spec-
trum obtained by Mannhart. It is recommended that
the Mannhart evaluation be used for any applications. It
is available at https://www-nds.iaea.org/standards/
ref-spectra/ together with the evaluated 235U ther-
mal prompt fission neutron spectrum. The reference fis-
sion cross sections for 209Bi(n,f), natPb(n,f), 235U(n,f),
238U(n,f) and 239Pu(n,f); and the prompt γ-ray pro-
duction reference Cross Sections for 7Li(n,n’γ) and
48Ti(n,n’γ) will be listed and updated on the site https:
//www-nds.iaea.org/standards/. As noted previously,
the 3He(n,p) cross section was not re-evaluated. The pub-
lication on the 2006 standards [1] contains the 3He(n,p)
evaluation.

The GMAP evaluation estimates a point-wise cross sec-
tion and its uncertainty at energy E using experimental
data in the energy range from E1 to E2. However, for
the 235U(n,f) cross section an integral from 7.8–11 eV
is produced with a node average energy 9.4 eV. The in-
terval corresponding to the node at 0.15 keV starts at
0.1 keV both for 235U(n,f) and 239Pu(n,f) cross sections.
From there on, all intervals are located half-way between
given GMA nodes. The results from 1 keV up to 150 keV
correspond to the average of low resolution experiments.
For the 238U(n,f) cross section below 2 MeV (below the
region where it is a standard) results with a denser grid
are marked by “x” and one corrected point is labelled
by “xx”. Smoothing has been applied for regions where
scatter of data needs to be removed since the standards
should be smooth. For all the tabular data, the values in
the standards energy region are recommended to be used
as standards for measurements. The fitted unsmoothed
values were included into the evaluated ENDF-B/VIII.0
general-purpose files in the standard region.
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FIG. 37. (Color online) Comparison of the 2017 and 2006
standards evaluations, together with experimental data for the
239Pu(n,f) cross section (a) and for the 239Pu(n,f) to 235U(n,f)
cross section ratio (b,c).
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Nuclear data tabulate physics reaction mechanisms 
of the nucleus for many isotopes/ materials.

Example: neutron-induced fission on 239Pu
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Evaluated nuclear data are produced in a complex 
pipeline from basic science to applications.
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There are a couple of talks on the nuclear data 
pipeline from LANL here (just a subset) …

J. Hutchinson, A. Maldonado, 
G. Siemers, I. Michaud, N. 
Kleedtke, P. Brain

W. Haeck
N. Gibson

K. Hoffman

D. Neudecker
A. Lovell

M. Kreher

T. Stamatopoulos
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What is new in 
ENDF/B-VIII.1?
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ENDF/B-VIII.1 is the upcoming U.S. nuclear data 
library assembled, V&Ved, released by CSEWG.

Contributions to ENDF/B-VIII.1 come from U.S. national laboratories, 
universities, industry, international working groups (e.g., INDEN by the 

IAEA), international collaborators and many more.
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Several sub-libraries were updated as part of 
ENDF/B-VIII.1:

• Neutrons including light elements (3He, 6Li, 9Be, …), structural materials (50-

54Cr, 54,56,57Fe, …), and fuels (233,235,238U, 239Pu, …).

• Neutron reaction covariances.

• Thermal Neutron Scattering Law (TSL) data for moderators (light water, 

nuclear/ reactor graphite, …) and fuel (Plutonium dioxide, uranium carbide/ 

nitride, …). 

• Photo-nuclear sub-library.

• Charged-particle reaction sub-libraries. 

• Fission-yield sub-libraries.

• Atomic sub-libraries.
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Substantial changes in neutron sub-library are 
coming, many INDEN evaluations were adopted.

INDEN (International 
Nuclear Data 
Evaluation Network) 
managed by the 
IAEA (Co-ordinators: 
Capote, Dimitriou, 
Schnabel) is an 
international project 
with contributors 
from around the 
world.

Isotope Change Isotope Change

16O Small 3He Substantial

18O Small 6Li Substantial

19F Substantial 9Be Small

28,29,30Si Substantial 51V Substantial

50-54Cr Substantial 88Sr Substantial

55Mn Small 103Rh Substantial

54,56,57Fe Substantial 140,142Ce Substantial

63,65Cu Substantial 156,158,160-164Dy Substantial

139La Substantial 181Ta Substantial

233U Substantial 190-198Pt Substantial

238U Substantial 206-208Pb Substantial

240,241Pu Substantial 234U Substantial

239Pu Substantial 236U Substantial
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Light-element example:19F changes improve 
simulations of integral experiments.

Work by the INDEN collaboration (IAEA, RPI, etc.).

ENDF/B-VIII.1: Updated Nuclear. . . NUCLEAR DATA SHEETS G.P.A. Nobre et al.

80, Schracks 72, Perey 72 and renormalized Cierjacks 68.
This is one indication that further work needs to be done
on the R-matrix analysis to accommodate experimental
information about the 17O system in a unitary framework
that describes all the reactions well with special focus on
improving the total neutron cross section and alpha emis-
sion channels.

2. 18O

The evaluation was adopted from the ENDF/B-VIII.0,
except for the radiative capture, taken from EAF-2010
as proposed by A. Trkov to improve the agreement with
existing experimental data.

3. 19F

LiF–NaF (FLiNa) or LiF–BeF2 (FLiBe) salts with
highly enriched 7Li isotope are strong candidates for gen-
eration IV reactor designs such as the HTGR (High tem-
perature Graphite Reactor) and FHR (Fluoride cooled
high temperature reactor) or MSR (Molten salt reac-
tor). Some of those advanced reactor designs are being
commercially developed, e.g., by Kairos Power and Ter-
rapower. Fluorine is also an integral component of ura-
nium manufacturing/enrichment process as uranium hex-
afluoride (UF6), and is also used directly as nuclear fuel.
Finally, fluorine is a major component of teflon ®which
is commonly used in many criticality experiments to re-
duce the average neutron energy in critical assemblies.
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FIG. 29. Criticality differences to the experimental bench-
mark values � keff of 19F-sensitive fast ICBESP benchmarks
(hmi011/1,2,3,4,5 and hmf007/32,33,34 [103]). Calcu-
lated values are given for the reference ENDF/B-VIII.0 li-
brary, then subsequently adding 63,65Cu evaluations from
ENDF/B-VIII.1 (+Cu), 63,65Cu and 19F evaluations from
ENDF/B-VIII.1 (+Cu+F19), and 63,65Cu, 19F, and 235U eval-
uations from ENDF/B-VIII.1 (+Cu+F19+U5) library. Fi-
nally, the full ENDF/B-VIII.1 results are also shown.

Therefore, 19F nuclear data are very important for crit-
icality safety, design, and operation of many nuclear fa-
cilities including some advanced reactor designs. 19F nu-
clear data deficiencies have been shown in the validation
of the ENDF/B-VIII.0 library [17] (e.g., for the hmf007/
cases 32,33,34 [103]) which were calculated high by 1500
pcm on average.

Fluorine also constitutes the first case of a nuclear
data deficiency identified through machine learning (ML)
techniques by Neudecker and collaborators [104]: the
19F(n,inl) cross section from 0.4� 0.9 MeV was shown to
be problematic by a study of biases in simulating approx-
imately 1,000 ISCBEP ke↵ values and comparing them
to associated differential experimental data and nuclear
data from other libraries.

Of particular concern were the recently developed
CURIE criticality experiments, which are intermediate-
spectrum HEU teflon-reflected assemblies, which also
contain a large amount of copper. They are listed in
the ICSBEP Handbook [103] as HEU-MET-INTER-011
(hmi011) and showed an overestimation of criticality
from reference benchmark values by about 1700 pcm
for ENDF/B-VIII.0 as shown in Fig. 29. The impact
of latest improvements in 63,65Cu evaluations within the
INDEN/ORNL collaboration adopted for the ENDF/B-
VIII.1 library is negligible (compare green triangles vs
black rhombi in the figure), and the performance re-
mains pretty poor. 63,65Cu ENDF/B-VIII.1 evaluation
induced small criticality changes in HEU intermediate-
spectrum assemblies (e.g., Zeus benchmarks), which is
confirmed in hmi011 cases. The criticality overestima-
tion of hmf007/32,33,34 cases remain between 1100 and
2000 pcm as shown in Fig. 29. The largest improvements
in calculated criticality of more than 1000 pcm is due to
the improvements in 19F data (red triangles). Additional
100 pcm are due to 235U changes (blue circles). Other
materials have a very minor impact.
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compared to JENDL-5 [8], ENDF/B-VIII.0=ENDF/B-VII.1
[17, 107] and ENDF/B-VIII.1 (INDEN) evaluations.
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FIG. 33. Quasi-differential carbon experimental neutron yield
(E–preliminary data) from 0.5 up to 20 MeV measured by
a backward (150 degree) detector #8 [112] is compared to
MCNP calculations (C) using the ENDF/B-VIII.0 library
(which is equal to ENDF/B-VIII.1 library for carbon). In
the bottom panel the C/E is given and compared to the ex-
perimental uncertainty band.

FIG. 34. Quasi-differential teflon (R) experimental neutron
yield (E–preliminary data) from 0.5 up to 20 MeV mea-
sured by a forward (45 degree) detector #1 [112] is compared
to MCNP calculations (C) using ENDF/B-VIII.0, JEFF-3.3,
JENDL-5, and the new INDEN evaluation adopted for the
ENDF/B-VIII.1 library. In the bottom panel the C/E is given
and compared to the experimental uncertainty band.

vided by recent quasi-differential measurements of the
scattered neutron yield on teflon samples undertaken by
Siemers and colleagues at RPI and presented at the WINS
2023 workshop and at the CSWEG 2023 [112]. A quasi-
differential neutron scattering was measured from a 1.95"
thick 3" diameter cylinder of Teflon ®with an estimated
6% systematic uncertainty for incident neutron energies

FIG. 35. Quasi-differential teflon (R) experimental neutron
yield (E–preliminary data) from 0.5 up to 20 MeV measured
by a backward (150 degree) detector #8 [112] is compared
to MCNP calculations (C) using ENDF/B-VIII.0, JEFF-3.3,
JENDL-5, and the new INDEN evaluation adopted for the
ENDF/B-VIII.1 library. In the bottom panel the C/E is given
and compared to the experimental uncertainty band.
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FIG. 36. Low lying nuclear levels of 19F below 4 MeV of
excitation energy.

measured by time-of-flight starting at 0.5 MeV up to
20 MeV using a carbon sample to assess the system cal-
ibration. The first test is to check how the carbon data
are reproduced, which is the second component of Teflon
(R). Carbon nuclear data from ENDF/B-VIII.0 (which is
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Neutron scattering measurement 
on Teflon by RPI. 

Updates:
• New elastic angular distribution below 2 

MeV, above carried over from JENDL-5.0.
• Total and capture cross sections adopted 

from JENDL-5.0.
• First two inelastic level cross sections 

were updated.
• (n,2n) cross sections adopted from 

IRDFF-II.

Leads to distinct improvements in 
simulating criticality and scattering 
experiments.
More work to do on inelastic cross sections.

From A. Trkov/ IAEA.
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Structural-material example: New 50-54Cr & 56Fe 
improve simulations of crit keff.

Work by the INDEN collaboration (BNL, IAEA, etc.).

Updates:

• 50-54Cr: model calculations extended to 
65 MeV (for fusion applications), 
adopted selected capture resonance 
widths from BROND-3.1, model-
extrapolation to unstable 51Cr.

• 56Fe: Changes to elastic, inelastic and 
capture cross sections, resonance 
parameters from Perey and Perey from 
V.0.

• Validation shows improvements.
• More work planned for IX.0 such as 

providing new evaluated 50-54Cr 
covariances.

ENDF/B-VIII.1: Updated Nuclear. . . NUCLEAR DATA SHEETS G.P.A. Nobre et al.

7. 54,56,57Fe

A new suite of evaluations for 54,56,57,58Fe isotopes was
developed in the framework of the CIELO international
collaboration [129, 130] and adopted for the ENDF/B-
VIII.0 library [17]. New resolved resonance ranges were
evaluated for 54Fe and 57Fe, while modifications were
applied to resonances in 56Fe. However, during the
ENDF/B-VIII.0 library validation a 30% underestima-
tion of the fast neutron transmission through thick iron
shells (for neutron with energies between 1 and 10 MeV)
was identified, see Fig. 32 of Ref. [129].

While the CIELO iron evaluation was adopted for the
ENDF/B-VIII.0 library it was recognized that identified
deficiencies need to be addressed. A new evaluation was
developed by Trkov and colleagues [131] within the IAEA
INDEN project [132]; for a detailed description see the
mentioned reference [131].

Following discussions with Plompen, this new evalua-
tion adopted the CIELO resolved resonance parameters
for 56Fe with one important change in the Gg of the
27.7 keV resonance: the ENDF/B-VIII.0 Gg = 1.288 was
found to overestimate Spencer ORNL data and the rec-
ommended Gg = 1.0005 value from Fröhner used in the
JEFF evaluation was adopted. These resonance parame-
ters were essentially those evaluated by Perey and Perey
[133] for the ENDF/B-V material 1326. The ENDF/B-V
resonance parameters were adopted by Fröhner evalua-
tion for the JEF-2.2 library [134]. Some typos in the
original evaluation were corrected (one resonance energy
was changed from 767.240 keV to 766.724 keV and the
spurious resonance at 59.5 keV was deleted [129]).
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FIG. 41. Criticality differences to the experimental bench-
mark values C/E of selected stainless steel ICSBEP bench-
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DEN evaluation of iron isotopes adopted for the ENDF/B-
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a. Iron validation

In the ICSBEP Handbook [103] there are many bench-
marks sensitive either to the iron or stainless steel cross
sections. A selection of the most sensitive benchmarks

was made (see table 1 of Ref.[131]) and the comparison
between the calculated values for the ENDF/B-VIII.0,
JEFF-3.3 and the ENDF/B-VIII.1 evaluations is shown
in Fig. 41. Current criticality performance is as good as
the ENDF/B-VIII.0 performance (compare blue triangles
versus red circles). A largest improvement is observed for
the pmi002 benchmark (Case 24) mainly due to the im-
provement in Cr cross sections in ENDF/B-VIII.1.

We also checked the reactivity prediction of fast as-
semblies as a function of the stainless-steel reflector
thickness for values from 1.27 cm up to 28 cm thick
(see Table 2 of Ref.[131]). The results are shown in
Fig. 42: the ENDF/B-VIII.1 performance is very simi-
lar to the ENDF/B-VIII.0, and significantly better than
the ENDF/B-VII.1 and JEFF-3.3 libraries.
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FIG. 42. Criticality differences to the experimental bench-
mark values C/E of stainless-steel reflected ICSBEP bench-
marks [103] as a function of the reflector thickness in cm.
Experimental benchmark values are compared to JEFF-3.3,
ENDF/B-VIII.0 and the new INDEN evaluation of iron and
chromium isotopes adopted for the ENDF/B-VIII.1 library.
See Table 2 of Ref.[131] for the list of 9 benchmarks.

For the joint validation of both Cr and Fe ENDF/B-
VIII.1 evaluations in deep penetration problems we re-
lied on a recent experiment at Rez, CZ that uses a well-
validated neutron spectrometer [135]. The experiment
used a 50.2x50.2x50.4cm3 stainless steel (SS) cube with
a 252Cf(sf) source located inside, and measured the neu-
tron leakage spectrum at one meter for incident neutron
energies above 1 MeV.

Calculated leaked neutron spectra through the SS cube
with different libraries are compared to the measured
spectrum using the C/E � 1 criteria for outgoing neu-
tron energies from 1 MeV up to 10 MeV. The best results
of all participating libraries were obtained with the IN-
DEN Cr and Fe evaluations, adopted for the ENDF/B-
VIII.1 library as shown in Fig. 43. The 15% underesti-
mation of the neutron leakage through stainless steel ob-
served in Refs.[129, 130] for the ENDF/B-VIII.0 library
is clearly seen in Fig. 43 in the whole energy range. The
JENDL-4 evaluation slightly overestimates the measured

25

From A. Trkov/ IAEA.
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Fuel-isotope example: Substantial change to 
239Pu via (inter)national contributions.

Work by INDEN, LANL, LLNL, ORNL.

Updates:
• New prompt neutron multiplicities (ORNL, 

INDEN, LANL)
• New cross sections in the RRR (ORNL).
• New cross sections in the fast (INDEN, LANL). 
• New PFNS from thermal-30 MeV (INDEN, 

LANL). 
• Despite substantial changes, good performance 

maintained in simulating critical assemblies.

LANL eval. (D. Neudecker) Including 
LANL/ LLNL Chi-Nu and CEA PFNS data.

ENDF/B-VIII.1: Updated Nuclear. . . NUCLEAR DATA SHEETS G.P.A. Nobre et al.
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VIII.1 evaluations.

matrix were introduced.

FIG. 6. Evaluated 239Pu PFNS mean energy.

3. Prompt Fission Neutron Spectrum

The n+239Pu PFNS at thermal energies was adopted
from the IAEA CRP work [15] which used a generalized
least-square fit to available PFNS experimental data for
the three major fissile actinides: 233,235U and 239Pu. A
common feature of the IAEA evaluated PFNS at the ther-
mal point was the reduction of the PFNS average energy
by about 30 keV compared to the ENDF/B-VII.1 val-
ues for all three fissile nuclei. Such reduction required
important changes in the evaluated resonance parame-
ters and neutron multiplicity below 5 eV to compensate
the increased criticality induced by a softer PFNS. Those
changes were introduced for 235U in the ENDF/B-VIII.0
library [16, 17], but the IAEA evaluated PFNS at the
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FIG. 7. Experimental and evaluated 239Pu PFNS for Einc=1.5
(top) and 14 MeV (bottom).

thermal point were only adopted for 233U and 239Pu tar-
gets in the current ENDF/B-VIII.1 library release.

PFNS at all other energies were re-evaluated as de-
scribed in Ref. [11, 18] and build on PFNS work included
in ENDF/B-VIII.0 [19]. The main difference is the in-
clusion of high-precision 239Pu PFNS measured by the
CEA and Chi-Nu teams [2–4, 20] and Lestone data at
Einc=2 MeV [21]. The evaluated PFNS differ distinctly
at all incident-neutron energies from ENDF/B-VIII.0 as
can be seen in the change of mean energy in Fig. 6. The
new PFNS evaluation follows more closely the new exper-
imental data sets as can be seen for Einc=1.5 and 14 MeV
in Fig. 7. In Fig. 6, the average mean energy shows a non-
linear behavior from thermal to 1 MeV, where we would
expect a linear one from physics point of view. The reason
for that is that we prioritized following the high-precision
experiments starting at 0.5 MeV rather than obtaining a
smooth trend in the mean energy for the first-chance fis-
sion. New PFNS experiments would be needed in the low
energy range,especially at the thermal up to 1 MeV, to
better evaluate the PFNS in this energy range.

This distinct change in the PFNS led to a minor de-
crease in Jezebel and Flattop-Pu ke↵ values by 128(1) and
114(1) pcm [11, 18]. It was counter-balanced by other
changes in 239Pu, such as in the average prompt fission
neutron multiplicity. The changes in the prediction of
the Pu LLNL pulsed-sphere neutron-leakage spectra were
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FIG. 9. n+239Pu total and fission neutron cross section cal-
culated for two nuclear data libraries together with Harvey’s
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FIG. 10. MISTRAL benchmark reactivity temperature coef-
ficient C�E (pcm) for the ENDF/B-VIII.1 evaluation versus
the JEFF-3.1.1 reference result.

the energy behavior of the ⌘-function for ENDF/B-VIII.0
and -VIII.1 shows a slow increasing trend up to the ther-
mal point where all three libraries converge.

Above the thermal point, it is important that the

cross-section ratio fission-to-capture is well calibrated to
achieve a local minimum of the ⌘-function at about 0.3 eV
to consistently guarantee a higher 239Pu production at
high burnup in depletion calculations. The correct ratio
of the 0.3 eV resonance level was suggested by the fit of
measured data including their scaling factors as shown
in Fig. 12, while the energy trend in the sub-thermal en-
ergy region was achieved by the calibration of a very-close
to zero negative energy level. As clearly shown in these
figures for the JEFF-3.3 library, an energy shift of the
0.3 eV energy level would help in having a flat gradi-
ent as a function of Energy of Average Lethargy causing
Fission (EALF) in criticality benchmarks, however, this
choice poorly describes the measured differential data for
all reaction channels. In this regard, additional sensitiv-
ity analyses suggested that the achievement of reasonable
depletion calculations is anti-correlated in having a flat
gradient as a function of EALF in criticality benchmarks.
In Table II, the thermal constants for scattering, fission,
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FIG. 11. 239Pu energy dependent ⌘-function for three nuclear
data libraries.

and capture cross sections are reported for three nuclear
data libraries: JEFF-3.3, ENDF/B-VIII.0 and the new
ENDF/B-VIII.1 library. The thermal constant evaluated
data show deviations within 1% for fission and capture
cross sections. For the elastic scattering channel, there
are deviations up to -6% with the JEFF-3.3 library. In
the current ENDF/B-VIII.1 evaluation, the thermal elas-
tic scattering value was estimated about 8 b similarly to
the ENDF/B-VIII.0 release. However, the thermal value
for this reaction channel is in need of a verification mea-
surement.

In fact, among transmission data measured at ORELA
in the mid-, late-eighties on Pu samples of thin, medium,
and thick size [23], particularly those measured at the
18-m flight path extend to low energies just below the
large Pu resonance at 0.25 eV. By fitting the thick-target
sample, a relatively large increase on the thermal scat-
tering cross section was derived. The increase was esti-
mated to be up to +19% higher than the value reported

9
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of 9Be, Pb isotopes, and 181Ta to better understand the
undesired calculated value changes to KRUSTY, BeRP
Ball, Jupiter, and cases of TEX-Ta with higher percent-
ages of thermal neutrons causing fission. One of the ma-
jor evaluation changes of this new nuclear data library
was 239Pu.

FIG. 191. The value of the neutron multiplication factor (keff)
plotted as a function of criticality benchmark experiment for
the modern criticality experiment benchmark suite.

The benchmarks containing 239Pu fissile material are
shown in Fig. 192. In this figure, benchmarks with a ma-
jority of fissions being caused by higher energy neutrons
have similar calculated values using both ENDF/B-VIII.0
and ENDF/B-VIII.1. The 239Pu evaluation was specifi-
cally adjusted such that the calculated value of keff for the
latest revision of the Jezebel benchmark exactly matched
the experimental value. Therefore, calculated values of
plutonium benchmarks with higher energy neutron spec-
tra using ENDF/B-VIII.1 are closer to experimentally
measured values than those calculated with ENDF/B-
VIII.0. The opposite is true for plutonium solution
benchmarks that have thermal energy neutron spectra.
The 239Pu evaluation was adjusted for corrections in de-
pletion metrics and temperature coefficients. As shown in
Fig. 192, plutonium solution benchmarks have bias close
to hundreds of pcm (percent mille, 10�5

keff). One con-
tradiction to this trend: plutonium solution benchmarks
with gadolinium (PU-SOL-THERM-034) calculated over
experimental values are now closer to unity. The suc-
cess of the ENDF/B-VIII.0 239Pu evaluation to reduce
the bias in this benchmark category should be revisited
in future releases. Uranium isotope evaluations did not
have as significant of changes as the updated 239Pu eval-
uation.

FIG. 192. The value of the neutron multiplication factor (keff)
plotted as a function of criticality benchmark experiment for
the plutonium criticality experiment benchmark suite.

The changes in 235U and 238U did not have a signifi-
cant effect on the calculated keff values of highly enriched
uranium (HEU) systems as shown in Fig. 193. The calcu-
lated values for the HEU benhcmark series are in excellent
agreement with experimentally measured values. Even
with more benchmarks, the mean absolute bias shown
calculated for ENDF/B-VIII.1 in Fig. 193 is lower than
that calculated for ENDF/B-VIII.1 in Fig. 192. Nor-
mally, the HEU solution benchmarks from Fig. 193 are
isolated to test thermal 235U nuclear data. The correla-
tion of keff as a function of above-thermal leakage frac-
tion (ATLF) is calculated for ENDF/B-VII.1, ENDF/B-
VIII.0, and ENDF/B-VIII.1 in Fig. 194. The LEU-SOL-
THERM (LST) benchmarks included in Fig. 194 were not
considered in the calculation, but rather are plotted for
comparison. The regression fit for ENDF/B-VIII.1 has
an intercept higher than unity, which is undesired, but
has a very small slope, which is desired. The results are
very consistent with ENDF/B-VIII.0 and do not require
considerable attention. The calculated results for bench-
marks containing low enriched uranium (LEU) instead
of HEU are also very comparable for both nuclear data
libraries.
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ENDF/B-VIII.0 value was 1.6% larger, the ENDF/B-
VIII.1�1 value was an unacceptable 4.8% larger than
the ENDF/B-VII.1 ↵2. We kept the newly fit reso-
nance parameters in ENDF/B-VIII.1�1, but adopted the
ENDF/B-VIII.0 negative resonances. As a result we
achieved the resulting ENDF/B-VIII.1 ↵2 = 0.623, which
is in excellent agreement with the target ENDF/B-VII.1
↵2 value. Additional fitting resulted in the final resonance
parameters of the new evaluation.

TABLE III. n+239Pu capture and fission cross-section in-
tegrals Ic2 and If2 (in barn.eV) in the energy interval [0.1–
1eV] covering the first resonance are compared with the ratio
↵2 ⌘ Ic2/I

f
2 for ENDF/B-VII.1, ENDF/B-VIII.0, ENDF/B-

VIII.�1, and ENDF/B-VIII.1 libraries

↵2 If2 (b.eV) Ic2(b.eV)
Source [0.1–1eV] [0.1–1eV] [0.1–1eV]

ENDF/B-VIII.1 0.623 564.3 351.6
ENDF/B-VIII.1�1 0.653 542.6 354.3
ENDF/B-VIII.0 0.633 553.6 350.7
ENDF/B-VII.1 0.624 558.4 348.6

5. Fast Region

New data has been incorporated in the fast energy
range since the last ENDF release. Notable differential
data include radiative capture from Mosby [38] (already
used in the ENDF/B-VIII.0), fissionTPC data from Sny-
der [39] and (n,2n) data measured at CEA just above the
threshold by Méot and colleagues [40].

Continual progress has been made in the fast energy
region with respect to integral benchmarks. However,
compensating errors in individual reaction channel data
may still play a consequential role in the prediction of
criticality. Capture and (n,2n) evaluations were derived
by the INDEN collaboration using a least-squares fit of
experimental data as described below. Elastic and inelas-
tic data were calculated using nuclear models [41].

a. (n,tot) total cross section

The new total cross section in the fast neutron range
was calculated using modern reaction code CoH [42–44]
with input parameters carefully adjusted to reproduce
the total cross section experimental data, see Ref. [41]
for details. The evaluation of the total cross section is
essentially equal to ENDF/B-VIII.0 except in the region
between 100 and 400 keV where it is marginally lower.
Fig. 14 highlights the present evaluation in comparison
with ENDF/B-VIII.0.

b. (n,f) fission cross Section

For ENDF/B-VIII.0, neutron-induced fission cross sec-
tions for 239Pu were reported by the Neutron Data
Standards committee [1] with covariances enlarged by
a fully-correlated USU (unrecognized sources of uncer-

FIG. 14. The total cross section in the fast energy range for
239Pu along with comparison to ENDF/B-VIII.0. The spread
in experimental data in the EXFOR database is shown in grey
[45].

tainties [46]) component equal to 1.2%. This USU un-
certainty should account for known but missing uncer-
tainty sources and correlations in the input to the evalu-
ation as well as unknown uncertainties. While the latter
can only be assessed by the spread of data among ex-
periments employing different measurement techniques,
the former were tackled by creating templates of ex-
pected fission cross-section uncertainties and applying
them to 239Pu(n,f) cross-section data in the database [47,
48]. In addition to that, fission TPC 238U/235U and
239Pu/235U [49] neutron induced fission cross-section ra-
tios were included into the evaluation undertaken by the
Standards group [50]. These data were treated as shape
data as their normalization is about 2% off from the cur-
rent standard and other data [49]. The final 239Pu(n,f)
cross section implemented in ENDF/B-VIII.1 was pre-
sented in Ref. [11] and is compared to fission TPC data
in Fig. 15 as a ratio to 235U(n,f) cross sections. Inclusion
of the high-precision fission TPC data reduced the cross
section above 10 MeV (see Fig. 16), while changes from
ENDF/B-VIII.0 to ENDF/B-VIII.1 cross sections stem
from applying templates of expected measurement un-
certainties leading to an improved uncertainty estimate.
In the energy region above 10 MeV, discrepant data sets
led to questions on the shape of the cross section [1]; po-
tential biases were suspected in quantifying the detector
efficiency, especially, the effect of angular distribution on
the efficiency.

Fission TPC data were measured with a time-
projection chamber, a new and different type of fission
detector than previously used. This detector has a more
fine-grained view of the angular distribution of fission
fragments [49]. Hence, these new data lead to more con-
fidence in the new shape of the fission cross section at
higher incident-neutron energies.

c. (n, f) fission cross-section covariances

Finally, work was done to update the USU uncer-
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239Pu(n,γ) evaluated correlation matrix in ENDF/B-VIII.1
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FIG. 21. ENDF/B-VIII.1 evaluated 239Pu(n,�) cross-section
correlations for incident neutron energies from 5 keV up to
20 MeV.
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FIG. 22. ENDF/B-VIII.1 evaluated 239Pu(n,�) cross-section
uncertainties for incident neutron energies from 5 keV up to
20 MeV are compared for the ENDF/B-VII.1 and ENDF/B-
VIII.0 libraries.

lations due to the experimental data constrains as shown
in Fig. 21.

The evaluated uncertainty of the ENDF/B-VIII.1 cap-
ture cross sections is about 4% from 5 keV up to 100
keV, being reduced by a factor of about 2 compared
to ENDF/B-VIII.0 and ENDF/B-VII.1 uncertainties as
shown in Fig. 22. The uncertainty increases monotoni-
cally reaching 10% at 1 MeV and 20% at 5 MeV. The
uncertainty reduction is driven mostly by the lower un-
certainty of the Mosby et al. [38] data of about 4% below
500 keV. The lower uncertainty of Mosby data were not
properly considered in the ENDF/B-VIII.0 evaluation,
hence the evaluated uncertainty remained much larger.
Below 500 keV there is also some uncertainty reduction
driven by the availability of several independent experi-
ments derived from the measured ↵�ratio data as listed
in Table V.

TABLE VI. Selection of (n,2n) cross-section measurements of
239Pu from the EXFOR database [45]. Selected experiments
are marked by a "+" sign in the first column.

Author Year EXFOR No. Comment

+ Méot et al. [40] (2021) 23777002 New measurement
+ Bernstein et al. [72] (2002) 13787006 Meas + Model
+ Lougheed et al. [71, 76] (2002) 13787006 Meas + Model
- Mather et al. [73] (1972) 32815003 An outlier
- Frehaut et al. [74] (1986) 32815003 Wrong shape
- Nanru Ma et al. [75] (2020) 32815003 Surrogate

Systematic uncertainties:
1% for each EXFOR set
4% common to all measurements (altogether 4.1 %)

f. (n,2n) cross section

The INDEN evaluation of the (n,2n) channel was
adopted for the ENDF/B-VIII.1 library. The INDEN
evaluation is a Bayesian Generalized Least-Square Eval-
uation using the GANDR code [52] with the model prior
generated using the EMPIRE code system [53] as de-
scribed in Ref. [54] and Sec.IIIA 5 d. The evaluation
started from McNabb analysis [71] which was adopted for
the ENDF/B-VII.1 library. The most precise experiment
considered at that time was the activation measurement
done by Lougheed et al. and carefully analysed and cor-
rected by McNabb and colleagues [71]. A joint LANL
Geanie experiment was coupled to a model simulation to
derive the most comprehensive set of the (n,2n) cross sec-
tions over a broad energy range by Bernstein and collab-
orators [72]. We also used a new experiment undertaken
by Méot et al. [40] which was normalized to the ENDF/B-
VIII.0 at 9 MeV. We discarded Mather [73] and Frehaut
[74] data as discussed in Ref.[71]. We have also discarded
a new surrogate experiment by Ma et al. [75] as having
very large uncertainties below 10 MeV and a shape not
corresponding to the theoretical expectations. Selected
experimental data for the (n,2n) evaluations are listed in
Table VI.

The ENDF/B-VIII.1 evaluated (n,2n) cross sec-
tions versus experimental data and ENDF/B-VIII.0,
ENDF/B-VII.1, and JENDL-5 evaluations are shown in
Fig. 23. Note that both the original Lougheed data [76]
(yellow rhombi) and the revised data by McNabb [71]
(green circles) are plotted. The highest energy point of
McNabb revised data was considered an outlier and its
uncertainty was doubled. Below 9 MeV there is an ex-
cellent agreement between the ENDF/B-VIII.0 and new
ENDF/B-VIII.1 evaluation which will lead to almost the
same calculated 239Pu(n,2n) reaction rate in a fission
spectrum. The energy dependence of the new evaluation
below 10 MeV is driven by the shape of the EMPIRE
model calculations used as a prior in the least-square
evaluation. This shape validates the changes in this en-
ergy region undertaken in the ENDF/B-VIII.0 evalua-
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FIG. 102. Cross section for the 234U(n,f) reaction. In the
insert we show the ratio of the ENDF/B-VIII.1 fission cross
section to ENDF/B-VIII.0.

FIG. 103. Cross section for the 234U(n,tot) reaction.

a final analysis of the DANCE data is not available yet.
All the other channels, except elastic, were taken from

CoH3 calculations. The elastic cross section was calcu-
lated as the difference between total and non-elastic. Sig-
nificant deviations from the previous evaluations can be
observed for (n,n’), (n,2n), and (n,3n), but there is no
data to invalidate the newest evaluation. However, we
note that the peak of the (n,2n) cross section follows an
expected trend when looking at 236U (new evaluation)
and 238U evaluation in ENDF/B-VIII.0. The newest
(n,3n) peak is in better agreement with the JENDL-5.

The correlation matrices in all channels have been up-
dated using a Kalman filter, including available experi-
mental data in all channels with sensitivities calculated to
CoH3 parameters. For fission, the shape of the uncertain-
ties from Kalman was used below 300 keV and matched
to the magnitude of the ENDF/B-VIII.0 uncertainties,
and above 300 keV they have been adjusted to match

FIG. 104. Cross section for the 234U(n,�) reaction.

FIG. 105. Comparison between the relative uncertainties
for 234U from ENDF/B-VIII.0 (dashed) and ENDF/B-VIII.1
(solid) for (n, n0), (n, f), (n, �), and (n, 2n).

the Tovesson data. The capture uncertainties follow the
shape and magnitude of ENDF/B-VIII.0 uncertainties.
For the total cross section, the uncertainties come from
Kalman below 10 keV; above 10 keV, the uncertainties
remain at the value at 10 keV (about 3.5%). For the
inelastic channel, the shape of the Kalman uncertainties
were scaled so that we reproduce the average magnitude
from ENDF/B-VIII.0 with a minimum set to 20%, as rec-
ommended by templates of expected uncertainties [317].
For all other channels, the uncertainties from Kalman
were scaled so that the maximum values were close to the
ENDF/B-VIII.0 values at about 30%, while keeping the
shape of the energy-dependence extracted from Kalman.
Fig. 105 shows the comparison between the relative un-
certainties of ENDF/B-VIII.0 and ENDF/B-VIII.1 for
the inelastic, fission, capture, and (n, 2n) channels.
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FIG. 86. 80-group representation of 140Ce cross sections and related correlation matrices for total, elastic, and capture reaction
channels.

    σ vs. E for 142Ce(n,tot.)

10 -2
10 -1

10 0
10 1

10 2
10 3

10 4
10 5

10 6
10 7

10 -2

10 -1

10 0

10 1

10 2

10 3

∆σ/σ vs. E for 142Ce(n,tot.)

10-2 10-1 100 101 102 103 104 105 106 107
0
1
2
3
4
5
6
7 Ordinate scales are % relative

standard deviation and barns.

Abscissa scales are energy (eV).

Correlation Matrix

0.0
0.2
0.4
0.6
0.8
1.0

0.0
-0.2
-0.4
-0.6
-0.8
-1.0

    σ vs. E for 142Ce(n,el.)

10 -2
10 -1

10 0
10 1

10 2
10 3

10 4
10 5

10 6
10 7

10 -2

10 -1

10 0

10 1

10 2

10 3

∆σ/σ vs. E for 142Ce(n,el.)

10-2 10-1 100 101 102 103 104 105 106 107
0
1
2
3
4
5
6
7 Ordinate scales are % relative

standard deviation and barns.

Abscissa scales are energy (eV).

Correlation Matrix

0.0
0.2
0.4
0.6
0.8
1.0

0.0
-0.2
-0.4
-0.6
-0.8
-1.0

    σ vs. E for 142Ce(n,γ)

10 -2
10 -1

10 0
10 1

10 2
10 3

10 4
10 5

10 6
10 7

10 -4

10 -3

10 -2

10 -1

10 0

10 1

∆σ/σ vs. E for 142Ce(n,γ)

10-2 10-1 100 101 102 103 104 105 106 107
0
2
4
6
8

10
12
14
16 Ordinate scales are % relative

standard deviation and barns.

Abscissa scales are energy (eV).

Correlation Matrix

0.0
0.2
0.4
0.6
0.8
1.0

0.0
-0.2
-0.4
-0.6
-0.8
-1.0

FIG. 87. 80-group representation of 142Ce cross sections and related correlation matrices for total, elastic, and capture reaction
channels.

The new 181Ta RRR parameters are a result of fitting
several experimental transmission and capture yield data
sets using the modern SAMMY code[232]. The SAMMY
fitting process used a Reich-Moore approximation to the
R-matrix formalism. The starting RRR parameters were
based on JEFF-3.3[189]. Spin assignments were adopted
from the neutron ATLAS [230]. For spins not given in
the ATLAS, the values were randomly generated using a
Monte Carlo process. This Monte Carlo process was ex-
tended to randomly add small fictitious resonances above
⇡ 777 eV that improve RRR parameter statistics. All
relevant experimental information, such as the resolution
function, were included in the SAMMY fitting process.
The uncertainty on these experimental parameters were

propagated into the final RRR parameter uncertainty.
The new evaluation extends the RRR region up to 2.554
keV and provides covariance information for all RRR pa-
rameters. As part of validation, the new RRR parameters
produce thermal coherent and incoherent scattering cross
section values that agree with the NIST[239] values.

The new URR parameters for 181Ta are the posterior
values of a SAMMY [232] Bayesian evaluation of mul-
tiple datasets for total cross section [240–242], capture
cross section [243–249], and elastic cross section [250]
found in EXFOR [45]. A coordinated inter-institution
effort was made to ensure consistency between the RRR,
URR, and fast neutron evaluation efforts. To achieve
self-consistency for RRR–URR evaluation a subset of the
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For Whisper users: CSEWG tested covariances 
for VIII.1 more stringently but work remains. 

Testing included:
• See if covariance could be processed via 

LANL’s NJOY and ORNL’s AMPX processing 
codes (i.e., formats are correct),

• Mathematical properties (positive semi-
definite, -1 <= cor <= +1, covariance 
constraints,

• Are uncertainties within reasonable limits 
given standards and templates of expected 
measurement uncertainties (see: )?

• Forward-propagating uncertainties through 
integral testing uncertainties.

To-Do:
• We still miss covariances for several isotopes 

and energy ranges,
• Discussion on uncertainties in RRR.
• Updates to newest standards.

Table from Oscar Cabellos/ UPM.
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Many new TSL were released by ESF, North 
Carolina State University, ORNL, etc. 

Moderator material Moderator material

Light water (94 temperatures!) Beryllium-metal

Beryllium metal with distinct 
effects

Beryllium oxide

Calcium Hydride FLiBe Molten Salt

Nuclear/ Reactor Graphite (20%) Crystalline Graphite

Anhydrous Hydrogen Fluoride Heavy Paraffinic Oil

Silicon Carbide Silicone Dioxide

Polystyrene Lucite

Zirconium Beryllium Carbide

Zirconium Hydride Lithium-7 Hydride and 
Deuteride

Yttrium Hydride

Fuels

Plutonium 
Dioxide
Uranium Carbide

Uranium Metal

Uranium Nitride

Uranium Dioxide

Uranium Hydride

Special Purpose

Liquid hydrogen 
and deuterium
Sapphire Single-
Crystal Neutron 
Filter
Magnesium 
Oxide Neutron 
Filter
Magnesium 
Fluoride Neutron 
Filter
Beryllium 
Fluoride Neutron 
Filter
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Part of IAEA2019 photonuclear data library 
used. (https://www-nds.iaea.org/photonuclear/)

220 isotopes included in the IAEA2019 Photonuclear Data Library that was part of 
an IAEA Co-ordinated Research Project (Co-Ordinator: V. Dimitriou).

Four categories: 
• Structural, shielding, and bremsstrahlung target materials: Be, Al, Si, Ti, V, Cr, 

Fe, Co, Ni, Cu, Zn, Zr, Mo, Sn, Ta, W, and Pb. 
• Biological materials: C, N, O, Na, S, P, Cl, and Ca; 
• Fissionable materials: Th, U, Np, and Pu; 
• Other materials: H, K, Ge, Sr, Nb, Pd, Ag, Cd, Sb, Te, I, Cs, Sm, and Tb.
• Potential diagnostic and therapeutic radionuclides. 

Most of these files were adopted for VIII.1. 
Previous US evaluations were retained unless new experimental data have been 
taken that support IAEA2019 work over previous libraries.

Work ongoing at LANL to be able to process these files (See W. Haeck’s talk).



198/12/24

Charged-particle libraries provided for incident 
alphas, deuterons, p, tritons by LANL/ LLNL.

Alphas Deuterons Protons Triton

4He 3H 4He 4He

9Be 3He

17O 3Li

18O

Calculated with the LANL R-
matrix code by G. Hale, M. Paris.
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ably, the difference between the two evaluated curves rep-
resents the contribution from the 6Li(d, n1)7Be⇤ reaction.
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FIG. 177. Measurements of the 6Li(d,p)7Li cross section com-
pared to the (LANL) ENDF/B-VIII.1 and LLNL evaluations
at incident neutron energies between 0.01 and 20 MeV. The
experimental data are from Refs.[532],[533],[534],[531], and
[535].

Work is continuing on the 8Be system R-matrix anal-
ysis, in collaboration with S. Paneru, who is using the
AZURE-2 R-matrix code to cross-check the results of the
LANL code EDA, and extend the results to higher en-
ergies. This involves adding excited-state channels of
n+7Be⇤ and p+7Li⇤, and of course, more experimen-
tal data at higher energies. We expect improved eval-
uations will result from this combined effort, not only
for the d+6Li reactions, but also for n+7Be, p+7Li, and
↵+4He.

C. Protons sublibrary

The proton sublibrary has been updated to include the
proton-4He elastic scattering angular distributions. This
evaluation has been derived from an update of a previous
LANL EDA-code based evaluation, not previously pub-
lished, and is described in the following section.

1. 4He

The present evaluation for ENDF/B-VIII.1 subsumes
the previous ENDF/B-VIII.0 file, which was derived from
the evaluations of Refs.[539, 540]. The present evaluation
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FIG. 178. Measurements of the 6Li(d,n)7Be cross section com-
pared to the (LANL) ENDF/B-VIII.1 and LLNL evaluations
at incident neutron energies between 0.1 and 20 MeV. The
experimental data are from Refs.[536],[537],[531],[538],[529],
and [530]. The data of Ruby, Guzhovskij, and possibly those
of Haouat, contain contributions from excited-state neutrons,
which are included in the LLNL curve.

is preferred since it is based on the multichannel unitary
R-matrix evaluation of 5Li discussed in Sec.VIII B 2.

The current evaluation includes reaction data up to
Ed < 10 MeV, to just above the three-body break-up
threshold at Ed ' 8.9 MeV. The resulting extension of
the elastic p induced data on 4He, part of the same 5Li
compound system, to Ep . 34.3 MeV permits applica-
tion codes testing between the ENDF/B-VIII.0 and the
present libraries to determine requirements on upper en-
ergy limits for charged particles, which is a point of in-
creasing concern that is not completely or consistently
discussed in the ENDF-6 format manual.

D. Tritons sublibrary

The triton sublibrary has been updated for 4He. The
new evaluation is based on the 7Li evaluation, which cou-
ples to t+4He, which was described in Sec.III C 2.

1. 4He

The t+4He entrance channel for the 7Li compound sys-
tem has been significantly updated since the previous
evaluation[541, 542]. The R-matrix analysis, described
in detail in the Sec.III C 2, includes elastic 4He(t, t)4He
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FIG. 177. Measurements of the 6Li(d,p)7Li cross section com-
pared to the (LANL) ENDF/B-VIII.1 and LLNL evaluations
at incident neutron energies between 0.01 and 20 MeV. The
experimental data are from Refs.[532],[533],[534],[531], and
[535].

Work is continuing on the 8Be system R-matrix anal-
ysis, in collaboration with S. Paneru, who is using the
AZURE-2 R-matrix code to cross-check the results of the
LANL code EDA, and extend the results to higher en-
ergies. This involves adding excited-state channels of
n+7Be⇤ and p+7Li⇤, and of course, more experimen-
tal data at higher energies. We expect improved eval-
uations will result from this combined effort, not only
for the d+6Li reactions, but also for n+7Be, p+7Li, and
↵+4He.

C. Protons sublibrary

The proton sublibrary has been updated to include the
proton-4He elastic scattering angular distributions. This
evaluation has been derived from an update of a previous
LANL EDA-code based evaluation, not previously pub-
lished, and is described in the following section.

1. 4He

The present evaluation for ENDF/B-VIII.1 subsumes
the previous ENDF/B-VIII.0 file, which was derived from
the evaluations of Refs.[539, 540]. The present evaluation
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FIG. 178. Measurements of the 6Li(d,n)7Be cross section com-
pared to the (LANL) ENDF/B-VIII.1 and LLNL evaluations
at incident neutron energies between 0.1 and 20 MeV. The
experimental data are from Refs.[536],[537],[531],[538],[529],
and [530]. The data of Ruby, Guzhovskij, and possibly those
of Haouat, contain contributions from excited-state neutrons,
which are included in the LLNL curve.

is preferred since it is based on the multichannel unitary
R-matrix evaluation of 5Li discussed in Sec.VIII B 2.

The current evaluation includes reaction data up to
Ed < 10 MeV, to just above the three-body break-up
threshold at Ed ' 8.9 MeV. The resulting extension of
the elastic p induced data on 4He, part of the same 5Li
compound system, to Ep . 34.3 MeV permits applica-
tion codes testing between the ENDF/B-VIII.0 and the
present libraries to determine requirements on upper en-
ergy limits for charged particles, which is a point of in-
creasing concern that is not completely or consistently
discussed in the ENDF-6 format manual.

D. Tritons sublibrary

The triton sublibrary has been updated for 4He. The
new evaluation is based on the 7Li evaluation, which cou-
ples to t+4He, which was described in Sec.III C 2.

1. 4He

The t+4He entrance channel for the 7Li compound sys-
tem has been significantly updated since the previous
evaluation[541, 542]. The R-matrix analysis, described
in detail in the Sec.III C 2, includes elastic 4He(t, t)4He
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Work is ongoing at 
LANL to process 
these files (see W. 
Haeck’s talk).

LLNL work
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Where can I get the 
data from?
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Where can I get the data: for plotting go 
to: https://www.nndc.bnl.gov/endf/

Current major nuclear 
data libraries.

ENDF/B-VIII.1 coming soon (~September 2024)

Partner side:
 https://www-nds.iaea.org/exfor/endf.htm
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Where can I get the data in ACE format for 
MCNP. Go to: https://nucleardata.lanl.gov/

• Data will be processed with NJOY and tested with in-house capabilities as 
soon as released.

• Data in ACE format will be curated by XCP-5 LANL nuclear data team and 
then released on this homepage after testing. 

• We will send a message to the MCNP forum.
• Questions? nucldata@lanl.gov or Q&A session on Wed.

mailto:nucldata@lanl.gov

