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ENDF/B-VIII.1 release status

ENDF/B-VIII.1 was released on August 30th, 2024!
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ENDF/B releases are a key interface in the improvement of the 
nuclear data that reaches the users’ community!

was released Aug 30, 2024!

The previous release (VIII.0) was great, but… 
• Underpredicted depletion at high burnup
• Had deficiencies in leakage benchmarks
• Many other contributions since then

VIII.1 dramatically improves 
depletion performance,…

…performs much better in leakage and 
shielding experiments due to updates in 
Cu, Fe, Cr, Pb,…

…all while further improving the 
performance in criticality 

benchmarks, with updates to 
239Pu, 235,238U, et al.!!
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So, what’s changed since 
ENDF/B-VIII.0?



Well,… a lot!
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Well,… a lot!
• Summary 
• I will avoid going into too many 

details 
• Will have some highlights as 

backup slides in the end: 
•  Neutrons sub library 

• Actinides 
• Structural materials 

• A few other highlights in other 
sublibraries
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What to expect in ENDF/B-VIII.1
Neutrons: 

• Actinides: 
• 239Pu: multi-institution effort, with important 

updates to fission, nubar, PFNS, capture, 
URR, RRR, (n,2n) 

• 235U: resonances, nubar, covariances, 
• 238U: resonance update to improve 

performance on depletion benchmarks 
• 240,241Pu: work in concert with changes in 239Pu 

and 238U to recover burnup performance 
• 234,236U: New fast-region evaluations (LANL) 

• Stainless steel & other structure materials: 
• 54,56,57Fe: Corrects leakage deficiency from 

ENDF/B-VIII.0 
• 50,52,53,54Cr: Thorough re-evaluation, impact in 

criticality and leakage benchmarks 

• 206,207,208Pb: complete evaluations (RPI/LANL) 
• 63,65Cu: improved performance 
• 55Mn: Gamma spectra 
• 28,29,30Si: resonance evaluations 

• Others: 
• 19F (INDEN) 
• 6Li, 9Be (LANL) 
• 234,236U (LANL) 
• 140,142Ce (ORNL) 
• 103Rh (RPI/IRSN) 
• 86Kr (BNL) 
• 181Ta (RPI/ORNL/LANL) 
• Pt isotopes (LANL) 
• Many, many, many more…
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What to expect in ENDF/B-VIII.1
TSL: 

• 70+ new updated/files 
• Polystyrene, zirconium hydride, 

UC, UN, UO2, sapphire, lucite, 
FLiBe, etc… 

• Fuel materials with different 
enrichments  

• So many new evaluations that we 
had to re-think how to identify 
them. 

• Low-temperature extrapolations to 
light water 

• Community-wide review and 
validation 

Fission Yields: 
• Many fixes 
• …but no changes to the actual 

yields 
Photo-nuclear: 
• ~200 updates coming from IAEA 

CRP 
Charged particles: 
• A few improvements and fixes

9
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How to get the data?



ENDF/B-VIII.1 released: August 30, 2024

11

“How do I access these 
new nuclear data?”
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• Tarballs broadly shared within the community: 
• Are you in the ENDF mailing list? 
• https://lists.bnl.gov/sympa/info/endf 
• Contact me: gnobre@bnl.gov
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Status of Big Paper



Big Paper updates
• Got all contributions and corrections in: No “FIXMEs” left! 
• Submitted to LANL/LLNL/NNL for final review regarding 

export control and public utterance 
• In meantime, authors are submitting very minor typo/

grammar fixes 
• Should submit to Nuclear Data Sheets still this week 
• Hoping to make it Open Access

13



14

Some honorary mentions in 
FY24



Other highlights
• ENDF/B-VIII.1-Beta3 released 

January 11, 2024 
• ENDF/B-VIII.1-Beta4 released 

June 28, 2024 
• Many checks, reviews, tests and 

validations within the community 
• LANL/BNL organized mini-CSEWG 

in Los Alamos, August 13-15, 2024 
• Lessons learned from  

ENDF/B-VIII.1 
• Preparation for ENDF/B-IX.0

15
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ENDF metrics for FY24



ENDF evaluation metrics
• This is a challenge 
• Not all evaluation contributions 

are created equal 
• All linear combinations of “size” 

and “impact” of contribution are 
possible 

• There is some degree of intrinsic 
arbitrariness 

• Looked at all repository commits 
in FY24, separated by lab and 
“weighed” the contributions

17
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“number of 
evaluations” 

BNL 24.483

LLNL 11.965

LANL 13.18

ORNL 12.5



Conclusion
• ENDF/B-VIII.1 has been released!! 

• Hooray! 
• Big thanks to the whole community who contributed in all steps of this huge 

effort! 
• Big Paper: 

• Submitted for final export control review 
• Should submit to NDS soon 

• (Somewhat subjective) metrics: High productivity in ENDF-world 

18
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Actinides
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148/12/24

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.
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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

7
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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

ORNL eval. (M. Pigni).
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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.

132

From N. Kleedtke/ LANL.
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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-

11

LANL eval. (M. Mumpower).
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For Whisper users: New covariances provided 
among them for 239Pu, 234-236U, Ce, Pb, Ta, etc.! 

By INDEN collaboration (Capote).
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Incident Neutron energy (MeV)

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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By ORNL (Pigni).
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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.
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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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239Pu
• Community-wide collaboration to provide unique 

recommended file 
• Updates to 

• fission 
• nubar 
• PFNS 
• capture 
• URR 
• RRR  
• (n,2n) 
• Other fast-region reactions 

• Covariance evaluations were submitted for final release 
• Key ingredient to improve burn-up performance

25



235U
• Updates to 

• Resonance evaluation below 20 eV  
• Updated Unresolved Resonance Range (URR): detailed 

shape of the fission cross section follows better the 
measured data in the URR and above. 

• Fission cross section 
• nubar: LANL evaluation (above 200keV) and additional 

changes from 40eV up to 500eV 
• PFNS (above thermal): Chi-Nu based evaluation 
• Covariance data: Spurious cross-reaction covariance 

elements between the resonance and the fast energy 
ranges were removed because they gave rise to 
negative eigenvalues. Cross-covariances between nu-
bar and fission cross section were removed for the 
same reason.
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238U

• Updates to 
• RRR: evaluation taken from JENDL-5 above 100eV, and from 

VIII.0 below 100eV. Also, increased capture from 100 eV up to 
20keV 

• nubar: LANL-INDEN collaboration. Adopted JENDL-5 evaluation 
from 1 up to 5 MeV, new LANL evaluation above 5 MeV 

• Important component in the burn-up issue
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240,241Pu

• A compromise: better for depletion (not perfect) but worse for PST 
benchmarks 

• Recommended 239,240,241Pu files combined with recommended 238U 
solve the burnup problem. 

• Updates to 
• Resolved Resonance Region (RRR): CEA evaluations
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234,236U
• Model calculation using CoH3 with Souhkoviskii 2005 potential 
• Fission: below 500 keV (234U) keep ENDF/B-VIII.0; above that: new fit to include Tovesson 

2014 data for 234U 
• Calculation: fission transmission adjusted so that the calculation reproduces the fission data. 

Point-by-point fit to determine an energy-dependent adjustment 
• Capture: calculation-based evaluation that reproduces very well the latest measurement by 

DANCE below 100 keV (234U) and other existing data (236U) . The gamma-gamma width is 
consistent with the resonance analysis. 

• All the other channels have been taken from CoH3 calculations 
• LSSF flag set to 1 for MT=1,18,102. Background cross section in the replaced by full  
• cross section in the URR. 

• PFNS taken from JENDL-4 
• PFG properties taken from BeOH calculations 
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233U
• Updates to 

• PFNS: Use of the IAEA U-233 PFNS for thermal neutrons with average energy Eav=2.030 
MeV (ENDF/B-VIII.0 value ~2.074 MeV). Talou et al PFNS evaluation (IAEA PFNS CRP) 
is used in the fast region. 

• Adjustment of thermal cross sections to agree with TNC from IAEA Standards 2017. 
• Introduction of energy dependence for nubar below 30eV from Reed et al data. 
• Introduction of energy dependence for nubar from 500eV up to 300keV from Gwin et al data 

measured relative to Cf-252(sf). 
• Resonance parameters were completely refitted (M. Pigni) adding new experimental data 

(Berthomieux, Calviani, Tarrio, Leal-Cidoncha). Capture resonance yields renormalized to be 
close to Weston data. 

• Criticality was improved compared to ENDF/B-VIII.0 (see solution benchmarks as a function of 
FEPIT, Mosteller U-233 benchmarks, and UCT (LWBR) benchmarks).

30
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Structural materials

Cr, Fe, Pb, Cu, Ta…



Summary of Cr evaluations
Isotope and reactions updated: 

50,53Cr: thermal and up to 10 keV; all reactions in fast region. 
52,54Cr: all reactions in fast region. 
Reconstructed isotopic angular distributions in resonance region. 

Motivation and deficiencies in ENDF/B-VIII.0: 
Chromium is an important alloy in stainless steel. After VIII.0 evaluation of iron, it is essential to better 

constrain Cr files. 
50,53Cr: Cluster of capture resonances in the region 1-10 keV drive criticality in Cr-sensitive benchmarks. 

ENDF/B-VIII.0 followed data with inaccurate correction determination in this region (e.g., MS) 
What new data/theory motivated the new evaluation/update: 

Appropriate normalization of Guber 53Cr(n,g) data (ORNL) in the 1-10 keV region 
Neutron and gamma 52Cr inelastic data from Mihailescu (GEEL) 
New soft-rotor dispersive optical potential for 50,52,54Cr, interpolated as rigid rotor for 53Cr 

What validation testing has been be done 
Chromium-sensitive benchmarks identified, in particular KBR-15 (HEU-COMP-INTER-005 k∞) and 

ZPR-6/10 (PU-MET-INTER-002) with strong sensitivity to Cr – both are big outliers (11% and 2% in k, 
respectively) 

Oktavian-Cr 14 MeV leakage: Not in SINBAD, new model developed in JSI 
New evaluation greatly improves reactivity prediction and performs well for the 14 MeV benchmark
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Used NatCr transmission data to constrain 
the normalization of isotopic capture data

• Model calculations extended to 65 MeV 
(for fusion applications). 

• Model- extrapolation to unstable 51Cr. 
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Summary of Fe 
evaluations
• Complete evaluations for all Fe isotopes had been done for VIII.0 
• However,… 

• Inelastic was too high 
• 30% underestimation of the fast neutron transmission 

through thick iron shells  
• New evaluations: 

• New resolved resonances for 54,57Fe 
• Adopted IRDFF reactions for 54Fe 
• For 56Fe: 

• adopted mostly VIII.0 resonances, with one important 
change in the capture width of the 27.7 keV resonance 

• 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). 

33
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evaluations
• Complete evaluations for all Fe isotopes had been done for VIII.0 
• However,… 

• Inelastic was too high 
• 30% underestimation of the fast neutron transmission 

through thick iron shells  
• New evaluations: 

• New resolved resonances for 54,57Fe 
• Adopted IRDFF reactions for 54Fe 
• For 56Fe: 

• adopted mostly VIII.0 resonances, with one important 
change in the capture width of the 27.7 keV resonance 

• 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). 
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Figures taken from EPJ 284, 12002 (2023)

There w
ere problems in VIII.0

We solved them!



Performance in Stainless Steel 
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Lead evaluations
• Complete new evaluations for 

206,207,208Pb 
• Good performance in pulsed spheres 
• May have uncovered issues with 

some criticality benchmarks: Further 
work may be needed!
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63,65Cu

• Updated resonances and fast 
regions and angular 
distributions.
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Performance improved dramatically in 
copper-sensitive benchmarks
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Other sublibraries



TSL
• Many, many updates and new 

contributions 
• So much so, we had to create new way 

to uniquely identify materials 
• Moderators, Fuels, Special Purpose
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neutron-induced 
fission yields
The only change relative to 

the previous release for 
the neutron-induced fission 
yields sublibrary is for 
241Pu. An important bug 
introduced in ENDF/B-VI.2 
was fixed by A. Mattera. 
The list of changed files is: 

• nfy-094_Pu_241.endf
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Not Export Controlled

14

Procedure & Results (ctd.)

Not Export Controlled

13

Procedure & Results (ctd.)

Before and after: from Andrea Mattera’s 
talk at 2023 CSEWG Meeting


