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Fraction of evaluations 
provided for ENDF/B-VIII.0β3

The ENDF/B library 
is the product of the 
Cross Section 
Evaluation Working 
Group (CSEWG).   

CSEWG is a long 
standing 
collaboration 
between data users 
who, incidentally, 
are also the biggest 
content providers

We added 125 evaluations 
over summer, so as of β5, 
USNDP is biggest contributor 



ENDF/B-VIII on track for late FY17
6 year timeline 
not to scale

CSEWG 
Nov. 2016

WPEC May. 
2016

ND2016 
Sep. 2016

Mini 
CSEWG Apr. 
2016

rev. 810  
8 Apr. 2016

rev. 825  
25 Apr. 2016

rev. 919  
19 Aug. 2016

rev. 1018  
2 Nov. 2016

rev. 586  
22 Dec. 2011

ENDF/B-VIII.0 
late 2017

Mini-CSEWG 4-5 
May 2017

WPEC 15-19 
May 2017

ENDF 
Hackathon© 
2016

rev. 1051  
19 Jan. 2017

rev. 1089  
28 Feb. 2017

rev. 1315  
3 Sep. 2017

While making these changes, 
we also added many new files

• Revised 235U from IAEA


• Pt evaluations from TENDL


• 100+ evaluations from 
TENDL+EMPIRE project

ENDF 
Hackathon© 
2017

rev. 1370  
2 Oct.. 2017

CSEWG 
Nov. 2017



ENDF/B-VIII highlights



ENDF/B-VIII highlights, continued



▪CIELO evaluations 
▪ TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format

These are what 
most users care 
about

What has changed since ENDF/B-VII.1?



▪CIELO evaluations 
▪ TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format

But many other 
applications need 
these

What has changed since ENDF/B-VII.1?



▪CIELO evaluations 
▪ TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format

This is how we 
insure good 
performance

What has changed since ENDF/B-VII.1?



What has changed since ENDF/B-VII.1?

▪CIELO evaluations 
▪ TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format This is how we 

prepare for the 
future



▪CIELO evaluations 
▪TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format

ENDF/B-VIII.0



� Nuclear data are physical constants – there’s only one correct answer! 
And they are used as a trusted repository for scientific data
• Existing ENDF, JENDL, JEFF, …. have reached a level of maturity enabling us to 

contemplate this next step – they’re already converging!

� Quality: advances will benefit from collaboration of world’s experts
• Evaluations are extremely complex, with very broad scope
• We are relying more on complementary expertises

� Computational & sens./covariance advances can expedite advances
� We have experts in place to do this (including key retirees)
� Build on steps already taken through international collaborations

• IAEA/WPEC Standards …  IAEA CRPs, NEA WPEC Working Groups …..

CIELO: 
Rationale ….

Operated by Los Alamos National Security, LLC for NNSA

Slide from M. Chadwick, NEMEA 7 Workshop, Geel, Belgium 2013



The CIELO project
“Mosteller” suite of 119 critical assemblies 
that we track over time (MCNP6 calculations)

Diminishing returns: it is increasingly difficult to improve 
our overall performance using the present approaches

Progress in Modeling Criticality in ENDF
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ENDF Version
CIELO1.0?

Initial goal: 
equivalent 
performance, with 
better underlying 
physics

Slide from M. Chadwick, NEMEA 7 Workshop, Geel, Belgium 2013



CIELO isotopes

! 1H
! 16O

! 56Fe — BNL Lead — Gustavo Nobre to discuss 
(and by extension, all components of steel)

! 235U
! 238U

! 239Pu — LANL Lead

13

IAEA Lead, NIST to discuss

LANL Lead, later realized need for H2O TSL,  
NIST to discuss 1H



1H
235U

238U

CIELO
Neutron 

Standards

6Li

3He

10B
56Fe

16O

239Pu

2H

37Cl
40Ca

63Cu
65Cu

35Cl

ENDF/B-VIII.0, with NEW covariances

12C+13C=natC

197Au
252Cf(sf)

240Pu

182W
183W

184W
186W
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! 1/3 of light or heavy 
water

! R-matrix fit from LANL
! Disagreements over 

how samples prepared 
in legacy experiments 
made for contentious 
evaluation



239Pu
! LANL 

evaluation
! Harder 

spectrum 
improved 
modeling of 
solution 
assemblies, 
resolving long-
standing 
problem

16

ENDF/B-VIII.0 Library . . . NUCLEAR DATA SHEETS D.A. Brown et al.
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FIG. 82. (Color online) Evaluated 239Pu PFNS for incident neutron energies E

inc

=thermal–1.5 MeV are compared with
experimental data used for evaluations and with previous evaluations. Panels (a)–(c) show the PFNS in ratio to a Maxwellian
spectrum while panel (d) shows the PFNS itself in order to emphasize the high energy tail.
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FIG. 83. (Color online) Mean energies calculated from eval-
uated 239Pu PFNS are compared with those calculated from
previous evaluations.

5. 240Pu

Resonance Region
The negative (bound) levels of the Derrien et al. [193]
RRR evaluation were adjusted with the evaluation code
SAMMY to better match the thermal cross section values
found in the Atlas of Neutron Resonances (Table 19).
The resonance parameter covariance matrix was adjusted
accordingly to preserve the relative uncertainty of
the cross section in the original evaluation of Derrien
et al. [193].

Fast Region
The elastic cross section in the energy range 5.7-80 keV,
the fission cross section in the energy range from 5.7 keV
to 6 MeV and the capture cross section in the energy
range from 5.7 keV to 20 MeV were replaced by the We-
ston evaluation from ENDF/B-VI.8. The capture cross
section is about 5 % lower than ENDF/B-VII.1 in the un-
resolved resonance range. The capture cross section above
the unresolved resonance range (above 42 keV) was fur-
ther reduced by 2.5 % to improve the 240Pu(n, �) reaction

41



▪CIELO evaluations 
▪TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format

ENDF/B-VIII.0



Light water

! From Centro Atómico Bariloche, 
Argentina

! Found in all solution assemblies
! PWR and LWR need
! High temperature behavior in β4 led 

to predicted (and scary) increase in 
reactivity; resolved in β5

18
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Graphite
! From A. Hawari’s group at North 

Carolina State Univ.
! Crystalline “ideal” graphite
! Porous “reactor-grade” graphite
! Hexagonal lattice not supported by 

LEAPR module in NJOY; needed 
custom evaluation tools

! Legacy LEAPR/NJOY assumes all 
solids are cubic lattice

! Two forms of graphite in library may 
cause bookkeeping troubles

19
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▪CIELO evaluations 
▪ TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format

ENDF/B-VIII.0



241Am

! T. Kawano evaluation using CoH
! Tuned to all available data

21
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New & updated charged particle reactions 
to be discussed by Ian Thompson
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▪CIELO evaluations 
▪ TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format

ENDF/B-VIII.0



The CIELO project
“Mosteller” suite of 119 critical assemblies 
that we track over time (MCNP6 calculations)

Diminishing returns: it is increasingly difficult to improve 
our overall performance using the present approaches

Progress in Modeling Criticality in ENDF
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ENDF Version
CIELO1.0?

Initial goal: 
equivalent 
performance, with 
better underlying 
physics

Slide from M. Chadwick, NEMEA 7 Workshop, Geel, Belgium 2013



Fast LANL test suite

! Our “go to” 
suite for a 
quick check of 
library quality

! Improved 
calculation of 
keff (neutron 
gain/neutron 
loss) relative to 
ENDF/B-VII.1

25

0.9925

0.9950

0.9975

1.0000

1.0025

1.0050

1.0075

k ef
f
C/

E
Godiva
Flattop-25
Jezebel (rev2)
Jezebel (rev4s)
Flattop-Pu
Big-10
Jemima
e80
e71



Combined critical assembly performance

Plot curtesy A. Trkov

/D
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▪CIELO evaluations 
▪ TSL evaluations 
▪Many other ENDF 

evaluations 
▪V&V, QA 
▪New format

ENDF/B-VIII.0



FUDGE and GND(S) information are 
available in several places
! https://www.oecd-nea.org/science/wpec/sg38/ 

• “Detailed requirements for a next generation nuclear data structure”; 
• “Specifications for the next generation nuclear data hierarchy” 
• “Requirements and specifications for a particle database”
• “General purpose data containers” 

! https://ndclx4.bnl.gov/gf/project/gnd/ 
• Fudge 4.2.1 

- Allows to translate ENDF-6 ↔ GND (V1.7) 

! http://www.nndc.bnl.gov/endf/b7.1/ 
• ENDF/B-VII.1 translated into GND

! http://www.nndc.bnl.gov/endf & IAEA NDS
• Built into ENDF retrievals

28Slide based on slide from F. Malvagi

http://www.nndc.bnl.gov/endf
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https://www.oecd-nea.org/science/wpec/sg38/
“Detailed requirements for a next generation nuclear data structure”; 
“Specifications for the next generation nuclear data hierarchy”
“Requirements and specifications for a particle database”
“General purpose data containers”

https://ndclx4.bnl.gov/gf/project/gnd/
Fudge 4.2.1
- Allows to translate ENDF-6 ↔ GND (V1.7)

http://www.nndc.bnl.gov/endf/b7.1/

WHERE TO LOOK FOR GND

Slide based on slide from F. Malvagi

http://www.nndc.bnl.gov/endf


GND is under active development, stable 
version due with END/B-VIII.0 release

Standard 
transportable 
particles:

alphas/
deuterons/
gammas/
helium3s/
neutrons/
protons/
standards/
thermal_scatt/
tritons/ 
 

Particle properties:
atomic_relax/
decay/

Atomic physics:
electrons/
photoat/

Fission product 
yields

nfy/
sfy/

30



ENDF/B-VII.0 contains 393 neutron evaluations;  
1764 citations since 2006 (Google Scholar) 
 
ENDF/B-VII.1 contains 423 neutron evaluations;  
1253 citations since 2011 (Google Scholar)

Each ENDF/B 
release is 
documented in 
an NDS special 
issue

Paper Status



Evaluations of Energy Spectra of Neutrons Emitted Promptly in Neutron-induced

Fission of

235

U and

239

Pu

D. Neudecker,1, ⇤ P. Talou,1 T. Kawano,1 A.C. Kahler,1 M.C. White,1 T.N. Taddeucci,1 R.C. Haight,1

B. Kiedrowski,2 J.M. O’Donnell,1 J.A. Gomez,1 K.J. Kelly,1 M. Devlin,1 and M.E. Rising1

1
Los Alamos National Laboratory, Los Alamos, NM 87545, USA

2
University of Michigan, Ann Arbor, MI 48109, USA

(Received 17 July 2017; revised received 7 September 2017; accepted 22 September 2017)

The energy spectra of neutrons emitted promptly in the neutron-induced fission reactions of 235U
and 239Pu were re-evaluated for ENDF/B-VIII.0. These evaluations are based on a careful modeling
of all relevant physics processes, an extensive analysis of experimental data and a detailed quantifi-
cation of pertinent uncertainties. Energy spectra of neutrons emitted in up to fourth chance fission
are considered and both compound and pre-equilibrium processes are included. Also, important
nuclear model parameters, such as the average total kinetic energy of the fission fragments and the
multiple chance fission probabilities, and their uncertainties are estimated based on experimental
knowledge, model information and evaluated data. In addition to experimental information already
available for ENDF/B-VII.1, these new evaluations make use of recently published experimental
data either of high precision or spanning a broad incident energy range, information on legacy mea-
surements explaining discrepancies and recently measured data of the average total kinetic energy
as a function of incident neutron energy. The resulting evaluated data and covariances agree well
with the experimental database used for the evaluation. However, the evaluated spectra are softer
than the 235U and 239Pu ENDF/B-VII.1, JENDL-4.0 and JEFF-3.2 evaluations for incident neutron
energies Einc  1.5 MeV and Einc  5 MeV, respectively. For Einc > 5 MeV, the evaluated spectra
show structures due to the improved modeling which are not present in ENDF/B-VII.1 and JEFF-
3.2 but can be observed in JENDL-4.0 evaluations. Part of these new evaluations were adopted for
ENDF/B-VIII.0, while the ENDF/B-VII.1 239Pu PFNS was retained for Einc  5 MeV awaiting
more conclusive experimental evidence.
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I. INTRODUCTION

We present evaluations of 235U and 239Pu prompt fis-
sion neutron spectra (PFNS), i.e., energy spectra of neu-
trons emitted promptly in the neutron-induced fission
reactions of 235U and 239Pu. Accurate 235U and 239Pu
PFNS and reasonable associated uncertainties are vital
quantities to simulate the reactivity and its bounds of
nuclear reactors and answer questions of global and na-
tional security. This is easy to understand as the PFNS
informs us on the energy of neutrons emitted as part of
the fission process and thus enters prominently in the
simulation of e↵ective neutron multiplication factors of
fission systems.

Due to the importance of the PFNS for nuclear data ap-
plications, the major goal of an IAEA “Coordinated Re-
search Project (CRP) on Prompt Fission Neutron Spec-
tra of Actinides” was to provide PFNS evaluations and

PFNS: Accepted

• Neutron standards  
(in revision),  

• 235,238U (w/ referees)
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We describe the new ENDF/B-VIII.0 evaluated nuclear reaction data library. ENDF/B-VIII.0 fully
incorporates the new IAEA standards, includes improved thermal neutron scattering data and uses
new evaluated data from the CIELO project for neutron reactions on 16O, 56Fe, 235U, 238U and 239Pu,
described in companion papers in the present issue of Nuclear Data Sheets. The evaluations benefit
from recent experimental data obtained in the U.S. and Europe, and improvements in theory and
simulation. Notable advances include updated evaluated data for light nuclei, structural materials,
actinides, fission energy release, prompt fission neutron and �-ray spectra, thermal neutron scattering
data, and charged-particle reactions. Integral validation testing is shown for a wide range of criticality,
reaction rate, and neutron transmission benchmarks. In general, integral validation performance of
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The CIELO collaboration has studied neutron cross sections on nuclides that significantly impact
criticality in nuclear technologies - 235,238U, 239Pu, 56Fe, 16O and 1H - with the aim of improving the
accuracy of the data and resolving previous discrepancies in our understanding. This multi-laboratory
pilot project, coordinated via the OECD/NEA Working Party on Evaluation Cooperation (WPEC)
Subgroup 40 with support also from the IAEA, has motivated experimental and theoretical work
and led to suites of new evaluated libraries that accurately reflect measured data and also perform
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The new suite of evaluations for 54,56,57,58Fe has been developed in the frame of the CIELO
international collaboration. New resolved resonance ranges were evaluated for 54Fe and 57Fe, while
modifications were applied to resonances in 56Fe. The low energy part of the 56Fe file is almost totally
based on the measurements. At higher energies in 56Fe and in the whole fast neutron range for minor
isotopes evaluation consist of model predictions carefully adjusted to available experimental data.
We also make use of the high quality and well experimentally-constrained dosimetry evaluations
from the IRDFF library. Special attention was dedicated to the elastic angular distributions, which
were found to a↵ect results of the integral benchmarking. The new set of iron evaluations was
developed in concert with other CIELO evaluations and they were tested together in the integral
experiments before being adopted for the ENDF/B-VIII.0 library.
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