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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 | get the data from?
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What are evaluated
huclear 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.

* Alarge international community
works towards providing nuclear
data.

12 ce-0s. -
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J. Spencer, J. Alwin, “Big Ten MCNPG6 Unstructured
Mesh Benchmark,” LA-UR-19-25731 (2019).
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The MCNP6® code makes use of nuclear
data as key input for its predictive
simulations used across a variety of
application areas.

- Nuclear reactor physics - Nuclear weapon effects
- Nuclear critical and subcritical and output
experiments - Emergency response /
- Criticality safety nucleantnreat
assessments

- Nuclear diagnostics

- Nuclear safeguards and

- Survivability nonproliferation
- Intrinsic radiation - Radiation detection and
- Radiography analysis

- Medical and health physics




Nuclear data tabulate physics reaction mechanisms
of the nucleus for many isotopes/ materials.

Example: neutron-induced fission on 23°Pu
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Evaluated nuclear data are produced in a complex
pipeline from basic science to applications.

The linear ND pipeline
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There are a couple of talks on the nuclear data
pipeline from LANL here (just a subset) ...

The linear ND pipeline

K. Hoffman
Tweakin ' t
T. Stamatopoulos : Aggsien
L ¢ N
Differential — - _I —
Experiment S :
Evaluation Riocessing Validation [l purpose A.djusted Application
\ Sensntlwty Lib Libraries
Nuclear —_— |ty
Theo = =) T =———=
D. Neudecker
A Lovell W. Haeck \ 7
N. Gibson Integral Experiment for
Val. & Appl.
M. Kreher

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

AAAAAAAAAAAAAAAAAA



What is new In
ENDF/B-VIIl.17?
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ENDF/B-VIIl.1 is the upcoming U.S. nuclear data
library assembled, V&Ved, released by CSEWG.
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Contributions to ENDF/B-VIIl.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, °Be, ...), structural materials (°°-
54Cr, 54.56.57Fg, ...), and fuels (233.235.238  239Py, . .).

* 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.

Small Substantial
180 Small 6L Substantial )
INDEN (International
19F Substantial °Be Small Nuclear Data
28,29,30Gj Substantial 51\/ Substantial Evaluation Network)
i Substantial s 5 " managed by the
r ubstantia r ubstantia IAEA (Co-ordinators:
55Mn Small 103RK Substantial Capote, Dimitriou,
SRS Substantial 140142Ce Substantial _SChnab_el) IS an _
. _ o 158 160100 _ international project
85Cu Substantial A1, Dy Substantial with contributors
139 g Substantial 181Tq Substantial from around the
233 Substantial 190-198pt Substantial world.
238 Substantial 206-208Pp Substantial
240,241py Substantial 234 Substantial
239py Substantial 236 Substantial
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Light-element example:'°F changes improve
simulations of integral experiments. FromA. Trkov/ IAEA.

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.

Work by the INDEN collaboration (IAEA, RPI, etc.).
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Delta k-eff (1000 pcm)

""""""""""""""""""""""""""""""" P LR

+2.0 £ =
3 R ]
[ _@o\o ]
o ° T ]

+1.5 | 3

+1.0 | o
: v g ]
Fo_ 9 9 3
vV v Tt 3

+0.5 oo — = —— ~— - —=—— - — S-S zz==----3 e ]
Fv s ]
2 T o
3 & — ENDF/B-VIII.0 1

0.0 |
E hmio11 V - - - ENDF/B-VIII.0+Cu+F19 h f7§
E (CURIE O — - ENDF/B-VIII.0O+Cu+F19+U5 mi/4

-0.5 ( ) 32,33,34]
A .....I...:

40 50 60 70 80 90
Fraction of fast neutron fission FFAST (%)
Incident Neutron Energy [MeV]
20 10 5 2 1 0.65
12000
etector 8 - 150 Degrees
—— ENDF/B-VIII.O

—_ 10000 —— ENDF/B-VIIL.1 - B3

u i .3 g JEFF-3.3

@ 8000 E3 S —— JENDL-5.0

g v N i RPI2023

N 6000

]

S 4000

o

o

2000 i

gOO 750 1000 1250 1500 1750 2000 2250 2500 2750
Neutron Time-of-Flight [ns]

Incident Neutron Energy [MeV]
2

0.8 Exp. Uncertainty

500 750 1000 1250 1500 1750 2000 2250 2500 2750
Neutron Time-of-Flight [ns]

Neutron scattering measurement
on Teflon by RPI.



Structural-material example: New °%-4Cr & >Fe
improve simulations of crit K .

Updates:

« 50-54Cr: model calculations extended to > ENDF/B-VILL § %
65 MeV (for fusion applications), E+20 [ v ENDF/B-VIILO 1| ¢ mesere
adopted selected capture resonance g :  ENbr/vm |3 i
widths from BROND-3.1, model- §+1.o 3 il i
extrapolation to unstable 51Cr. = T Ji8 amcear

- %Fe: Changes to elastic, inelasticand & | e e il e
capture cross sections, resonance o0 T T T T T R e s
parameters from Perey and Perey from SRR A s e
V.. e e T T B

Benchmark number P

» Validation shows improvements.

» More work planned for IX.0 such as From A. Trkov/ IAEA.
providing new evaluated 50-54Cr
covariances.

Work by the INDEN collaboration (BNL, IAEA, etc.).
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Fuel-isotope example: Substantial change to
239Pu via (inter)national contributions.

Updates:
* New prompt neutron multiplicities (ORNL,

Iy
o
@

e Library: ENDF/B-VIII.O, Mean Abs. Bias: 376 pcm
A Library: ENDF/B-VIII.1, Mean Abs. Bias: 389 pcm

INDEN, LANL) S
* 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. '
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For Whisper users: New covariances provided
among them for 23°Pu, 234236y, Ce, Pb, Ta, etc.!
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For Whisper users: CSEWG tested covariances

for VIIl.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.
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Fissile material PU
Spectrum FAST INTER MIXED THERM
Number of Benchmarks 152 4 9 624
Experimental Uncertainty (pcm) 334 710 587 426

ENDF/B-VIIl.1b4 931 551 536 645
Total (pcm) ENDF/B-VIII.O 921 1403 1055 1099

ENDF/B-VII.1 436 565 459 625
Cross-sections ENDF/B-VIil.1b4 841 360 224 106
(with ENDF/B-VIII.O 857 1368 983 998
Sorrelations) ENDF/B-VII.1 409 546 356 500
P1-elastic ENDF/B-VIIl.1b4 66

ENDF/B-VIII.O 66

ENDF/B-VII.1

ENDF/B-VIIl.1b4 390 389 479 632
nubar ENDF/B-VIII.O 300 271 275 308

ENDF/B-VII.1 76 88 114 168

ENDF/B-VIIl.1b4 27 25 53 59
PFNS ENDF/B-VIII.O 117 106 265 297

ENDF/B-VII.1 118 106 265 297

Table from Oscar Cabellos/ UPM.




Many new TSL were released by ESF, North
Carolina State University, ORNL, etc.

Moderator material Moderator material

Light water (94 temperatures!)  Beryllium-metal

Special Purpose
and deuterium

Plutonium

Beryllium metal with distinct
effects

Beryllium oxide

Calcium Hydride

Nuclear/ Reactor Graphite (20%)

Anhydrous Hydrogen Fluoride

Silicon Carbide
Polystyrene

Zirconium

Zirconium Hydride

Yttrium Hydride
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FLiBe Molten Salt
Crystalline Graphite
Heavy Paraffinic Oil

Silicone Dioxide

Lucite

Beryllium Carbide
Lithium-7 Hydride and

Deuteride

Dioxide

Uranium Carbide
Uranium Metal
Uranium Nitride
Uranium Dioxide

Uranium Hydride

Sapphire Single-
Crystal Neutron
Filter

Magnesium
Oxide Neutron
Filter

Magnesium
Fluoride Neutron
Filter

Beryllium
Fluoride Neutron
Filter



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

6Li(d,n)7Be Cross Section

Work is ongoing at 6Li(d,po)7Li Cross Section

5 0.07
LANL tO proceSS ——— ENDF/B-VIIL.1 ‘
these files (see W. 006 | o Smbo'c2
Haeck’s talk). . Berrand 68
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Where can | get the
data from?
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Where can | get the data: for plotting go
to: https://www.nndc.bnl.gov/endf/

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

Evaluated Nuclear Data File (ENDF)

¢
Database Version of 2023-08-25 d
Software Version of 2023-08-31

2023/08 Updated JENDL-5 Japanese evaluated nuclear data library (2021) Errata including update-13, August 10, 2023 [page]

2023/08 New library: INDEN-Aug2023 evaluations produced by International Nuclear Data Evaluators Network (coord. by the IAEA) [page]
2023/03 New software feature: plotting covariances of the average number of neutrons per fission MF31 [example]

2023/02 New software tool: EE-View - fast experimental-evaluated data viewer [about] — go to SIG:[eeview][eeview1]; DA:[eeview-da]
2022/10 New software feature: plotting covariances for angular distributions of secondary particles MF34 [example]

Core nuclear reaction database contain recommended, evaluated cross sections, spectra, angular distributions, fission product yields, photo-atomic and thermal scattering law data, with emphasis on neutron

induced reactions. The data were analyzed by experienced nuclear physicists to produce recommended libraries for one of the national nuclear data projects (USA, Europe, Japan, Russia and China). All data
are stored in the internationally-adopted ENDF-6 format maintained by CSEWG. See database summary [here].

Standard Request Examples:1|2]3/4/5/6/7| ¥ Go to: Advanced Request; ENDF-Database Explorer; EE-View:CS,CS1,DA

Barametcre [ Submit ] [Reset} Libraries: @® All O Selected Check| Reset ¥ How to plot
Target D ‘ ‘» Oa Major Libraries Ov Special Librarieff
) 1) ENDF/B-VIII.O (USA,2018) ; H
Reaction [ > s e Sovema L Gurrent major nuclear
Quantity [ ] | » | [ 3)JENDL-5 (Japan 2021) <

More Parameters...

[ 4) CENDL-3.2 (China,2020) d ata I | b ra r| eS .
[7] 5) BROND-3.1 (Russia,2016)
(] 6) TENDL-2021 (TALYS, 2021)

(O ¥ IAEA Project Libraries

&6“% Partner side:
_ 5 *# & https://www-nds.iaea.org/exfor/endf.htm
‘:Q Los Alamos %%
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Where can | get the data in ACE format for
MCNP. Go to: https://nucleardata.lanl.gov/

1% Los Alamos

Nuclear Data Libraries

ssssssssss OVERVIEW

Welcome to the Los Alamos National Laboratory (LANL) distribution site for nuclear data libraries. These libraries contain A Compact ENDF (ACE) files that

Lib80x
have been processed using the nuclear data processing code NJOY (https://github.com/njoy). Compressed folders with each nuclear data library are

downloadable for use in your own applications.

sssssssss LIBRARY TYPES

¢ ACE Continuous-energy data for use in codes like MCNP®.
EEEEEEEE

For information on how to install the libraries, please see our Installing ACE Libraries page.

MMMMMMMM

SUPPORT

ssssssss
If you have any questions regarding the nuclear data libraries found here or if there are problems with this site, please contact the Los Alamos National

cccccc Laboratory, Nuclear Data Team, nucldata@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.cov or Q&A session on Wed.
1% Los Alamos
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