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Abstract 
 

Operated by Los Alamos National Security, LLC for NNSA 

Progress is described for nuclear cross section evaluations, calculations, 
and experimental measurements at Los Alamos and other laboratories, on 
235,8U, 239Pu, 16O and 1H, for the CIELO project at the Nuclear Energy 
Agency/WPEC. This includes first data from the LANSCE Chi-nu project, 
providing insights into the energy spectrum of fission neutrons. The net 
effect of various nuclear data updates is a suite of CIELO files that models 
criticality well, but feature an improved agreement with differential data 
(prompt-fission neutron spectra, time of flight experiments in the resonance 
region, resonance fission neutron multiplicity, quasi-differential neutron 
scattering data) 
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Overview comments on CIELO progress 

Operated by Los Alamos National Security, LLC for NNSA 

Progress on our understanding of 1H, 16O, 56Fe, 235U, 238U, and 239Pu 
neutron reactions: 

 - a variety of different teams and approaches 

 - experiments & theory advanced 

A set of starter files has been created via a USA-Europe-IAEA collaboration 

- this suite of (ENDF/B-VIII.beta1) files, taken together (with a  new H2O 
scattering kernel), appears to model integral criticality fairly well. Validation 
testing ongoing (including SG39 support); future refinements planned 

- other CIELO collaborations will provide alternative options, e.g. a European 
JEFF3.3-testing suite (including CEA/BIII+IRSN files) coming. 

- Add/refine covariances 

- These analyses will be documented in the coming year, including journal 
articles in Elsevier’s Nuclear data Sheets (January 2018) 
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Examples of convergence of opinion 
(1) Oxygen-16 (n,alpha) 

Operated by Los Alamos National Security, LLC for NNSA 

  

Hale file is in accordance with IRMM (Georginis et al.) conclusions 

Future “confirmatory” experiments beginning at various labs, including Los Alamos 

Hale increases (n,a) by  ~
40% compared to B-VII 

Leal “high and low” options, high 
similar to Hale, low still > B/VII 
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Examples of convergence 
 Oxygen-16 low-energy elastic scattering 

Operated by Los Alamos National Security, LLC for NNSA 

Leal adopts 3.765b at OK 

Hale’s somewhat hi
gher, but both muc
h lower than B-VII.1 

Note insights from 
Chalk River too 
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Examples of convergence 
 Oxygen-16 total cross section, normalization determined from RPI 
experiment 

Operated by Los Alamos National Security, LLC for NNSA 

RPI measurement made after 

 evaluation completed  

 

Agrees to <1% 

 

Resolves 3-4 % normallization 
uncertainties 
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Examples of convergence 
U235 

Operated by Los Alamos National Security, LLC for NNSA 

Capture cross section reduction 

 near 1 keV reduction 

 

 

 

Thermal  PFNS – IAEA/LANL and 
CEA/BIII evaluations ~ agree 

Thermal 235U eav=2.00 MeV 

Thermal 239Pu eav~2.10 MeV  

(tentative, until we obtain new data) 
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Examples where open questions remain 
- These differences of opinion will be documented 

Operated by Los Alamos National Security, LLC for NNSA 

Magnitude of actinide inelastic scattering 

 

Actinide capture  

 - 238U uncertainties further reduced, largely confirming standard  

 - 235U significant differences remain in the 10s-100s of keV 

 - 239Pu new DANCE capture data, but will largely influence  

   a future evaluation (more time needed to include in res analysis) 

 

Various questions in resonance evaluation of 56Fe 
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239pu n,g 
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Conclusions on CIELO collaboration 

Operated by Los Alamos National Security, LLC for NNSA 

CIELO has stimulated healthy collaborations 

 

Enabled significant progress on these evaluations 

 - enabled large changes to new regional evaluation files, ENDF, JEFF, .. 

 

We welcome feedback from: 

 - Integral validation data testers 

 - Adjustment SG39 project insights 

 - Sensitivity tools likeNEA’s  NDaST 
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CIELO progress: 
 Scattering (Elastic & Inelastic) for Actinides and Iron 

Operated by Los Alamos National Security, LLC for NNSA 

New RPI semi-integral approach has had a large impact on validating and 
improving inelastic and elastic scattering on 238U and 56Fe 

 - longer term work on 239Pu and 235U planned at LANSCE 

 

Modern inelastic scattering advances made from theory with insights from 
measured data: 

 - 238,5U work from the IAEA  

 - 235U from BRC 

 - 239Pu work from LANL 

 -56Fe work from BNL, IAEA 
Note SG39 strong sens. to 238U inelastic 
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CIELO progress: 
Actinide Capture 

Operated by Los Alamos National Security, LLC for NNSA 

239Pu: New LANSCE data “first” for many decades 
(Mosby, Jandel) 

 - tend to support ENDF; only modest 
changes needed, including  above 1 keV where we 
need a SAMMY analyses, as for 235U n,g 

235U was a major advance, from 0.5-2 keV (lower 
capture) 

 - In tens of keV suggests a small increase 
to ENDF (but contradicted by Wallner AMS 
measurement at 25 keV) 

 

238U capture from Schbx  

tends to support standards view 

 

 

 

 

 

 

   

235U (n,g) 

239Pu(n,g) 
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CIELO progress: 
Actinide PFNS - Impacts everything 

Operated by Los Alamos National Security, LLC for NNSA 

IAEA Standards 235U PFNS advances suggest a softer spectrum (2.00 MeV 
versus 2.03 average energy), but not as soft as Kornilov’s 1.97 

 - concurrent changes to 235U nubar (lowered) being discussed 

 

 

New LANSCE PFNS from 235U supports “ENDF” Madland-Nix PFNS in the 
fast range near 2 MeV, as do LANL/NUEX measurements 

 - This challenges other studies, where softer PFNS are explored 

 - Leading to a view to not change fast PFNS (much, at least) for 235U 
and 239Pu, where Chatillon BRC/LANSCE data also ~ supports ENDF. Chi-
nu will measure 239Pu in ~ 1 years. New CIELO file uses Talou-Rising eval. 
For 235U 

LANSCE data 
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235U :  LANL PFNS Experimental Work in Fast Range (0.5-6 MeV) Suggests ENDF 
PFNS is Accurate 
 

Operated by Los Alamos National Security, LLC for NNSA 

 Lestone data was release last year for 235U as well as 239Pu 
PFNS (Published in ND2013 proceedings) 

 Einc average ~ 1.5 MeV 

 E-emission > 1.5 MeV 

 New preliminary data from LANSCE/Chi-nu  

 Einc average – various “monoenergetic” and average energy 
cuts possible, including 1.5 and 2 MeV  

 E-emission < 1 MeV in first phase of Chi-nu 
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235U :  LANL PFNS Experimental Work in Fast Range (0.5-6 MeV) Suggests ENDF 
PFNS is Accurate 
 

Operated by Los Alamos National Security, LLC for NNSA 

Below 0.1 MeV, 
backgrounds very 
high (6:1 ratio) and 
data less reliable 
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235U :  2 LANL Experiments cover the whole emission energy range – Chi-nu (LANSCE) and 
NUEX (Lestone-Shores) 
 

Operated by Los Alamos National Security, LLC for NNSA 

Eout < 1 MeV Eout > 1 MeV 
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239Pu :  Some  Particular Challenges   
 

Operated by Los Alamos National Security, LLC for NNSA 

 Build on the excellent WPEC subgroup 34 work from CEA & 
ORNL  

 Capture discrepancies. We’re waiting for final DANCE data; 
preliminary results obtained 

 New PFNS results coming (IAEA CRP etc), Chi-nu 

 Inelastic scattering discrepancies between evaluations  

 Use of new IAEA Standards, including fission (TPC)  

 Other new data that will impact the evaluation – new PFGS data 
from DANCE; New FPY data from TUNL (impact esp at 14 MeV) 
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Pu-239 Status. Version-0 performs like SG34 at low energies, 
ENDF/BII.1 at higher energies as expected (See Kahler talk) 

■ Contents of the Pu239 file CIELO/B -  
● Based on ENDF/B-VII.1 cross sections 
● SG34 resolved resonance parameters 
● Prompt nu-bar in JEFF-3.2, up to 650 eV 
● Total nu-bar re-calculated 
● Base file uses ENDF/B-VII.1 chi< 5 MeV; Romano tweak at thermal: Neudecker>5 MeV 
      [Until we see Chi-nu 239Pu data, we are hesitant to deviate from ENDF in fast range]  
● Variants: Other PFNS calculations from Neudecker et al. 
● Huge section of delayed gamma-ray spectra removed 

■ Some issues planned to be resolved in this and next years 
● Unresolved resonance range, consider use of ISSF = 1 option 

● Revise inelastic scattering, in collaboration with CEA/DAM, IAEA, and JAEA 

● New gamma-ray production cross section, use of FILE6, and resolve inconsistent fission gamma-ray 
production 

● Upgrade capture cross sections which considers new DANCE data 
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Improvements in the new LANL evaluation –  

Neudecker work 
ØExperiment:  

uRecently published data of Chatillon et al. and Lestone et al. included  (+ Granier corretions) 

uImproved uncertainty estimate of exp. data (including Chi-Nu studies)  

ØModeling:  

uEinc-dependent parametrization of <TKE> and <Er> by Lestone et al. 

& Madland was used  (constant for ENDF/B-VII.1) 

uPre-equilibrium component of the PFNS considered via CoH 

uOnly neutrons coming from the fission process are counted  

ØEvaluated output:  

uGiven for Einc= thermal – 30 MeV 

uEvaluated covariances are given for all Einc and also between different Einc 
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239Pu PFNS at all given Einc, Compared to 
Neudecker’s Current Evaluation  

Romano tweak 
almost invisible 
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PFNS Average Energy – CIELO file for testing (ENDF <5 MeV except for 
a tweak at thermal by Romano, and Neudecker > 5 MeV) 
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239Pu PFNS at Einc = 1.5 MeV 
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239Pu PFNS at Einc = 5.5-6 MeV (opening of 
second chance fission) 
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239Pu PFNS at Einc = 11.5 MeV and Einc = 14 
MeV 
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Determining the Prompt Fission Neutron Spectrum (Chi): 
One of Our Highest Priorities & an IAEA CRP. 
Chi-nu PFNS delayed till next year (235U measured recently ) 

Large uncertainties below 1 MeV and 
above 5 MeV impact criticality 
calculations and (n,2n) transmutations 

Lestone’s talk: accurate underground 
NUEX data released by Los Alamos: 

Talou, Vogt 
Operated by Los Alamos National Security, LLC for NNSA 

Eout>1.5 MeV 
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Ongoing work on PFNS by Talou, Reisner, Neudecker 
(red = cielo.0 ; green = cielo.1) 

Operated by Los Alamos National Security, LLC for NNSA 

Black = snapshot of ongoing work. Will be updated to include 
Lestone, Chatillon, etc  
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Ongoing work on PFNS – Reisner result for thermal, in file 
cielo.1 for testing  

Operated by Los Alamos National Security, LLC for NNSA 
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Plutonium Capture: Improvements Are Needed  

Existing uncertainties >15% 
 SG33 & PROFIL (PHENIX) 
239Pu(n,g) integral testing suggests 
B-VII is ~ 10% low over this fast 
reactor spectrum. Also, Ishikawa’s 
ADJ work suggests JENDL should 
be raised 5-10% 

 DANCE  measurements now being 
analyzed 

Operated by Los Alamos National Security, LLC for NNSA 

& Ben Diven 



Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 

WPEC meeting, NEA/OECD, Paris, May 18-22, 2015 

Preliminary Results for 239Pu from DANCE 

Investigating structures in keV region 
Plan: complete analysis by end of this FY 

What will be the impact on criticality calculations? 



Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 
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How could we improve? 

Fission and scattered neutron background strong above 10 keV (left) 
Neutron detector inside DANCE (right) could reject much of this 

Prototype detector run in January – optimizations are needed 
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Inelastic Scattering Discrepancy 
■ IAEA Technical Meeting on Model Calculation for Major Actinides 

● Summary report published: INDC(NDS)-0597, R. Capote, et al. 

CEA/DAM 

LANL 

Probably, the difference in the inelastic 
scattering comes from the optical potential 
parameters adopted in each library 

– CEA total cross section is higher 
than ENDF in the 30keV - 500keV 
range 

– total and absorption cross sections 
anti-correlated 

These two files equally work for Jezebel 
keff prediction. 
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Pu-239 Inelastic Scattering - Kawano and collaborators 
■ Correct treatment of compound cross section 

● Full Engelbrecht-Weidenmueller (EW) transformation performed 
● Fission channel has not yet optimized 

• higher than evaluations 
● Difference between the EW and Hauser-Feshbach-Moldauer cases seems to be small 
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239Pu 
 

With NUEX  

data added 

(Lestone) 

Reaction Rates in Fast Critical Assemblies Provide Integral 
Test of Prompt Fission Neutron Spectrum & (n,2n) Cross 
Sections  - Plutonium-239 PFNS Data 

NUEX insights ~ 
contradict our 
dosimetry (n,2n) data 
feedback 

More work is needed, 
see new IAEA CRP on 
dosimetry data 
validation 



Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 

WPEC meeting, NEA/OECD, Paris, May 18-22, 2015 

New 16O Evaluation Based on R-
Matrix Analysis of the 17O System 

G. M. Hale and M. W. Paris, T2 

LA-UR-16-22419 
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Major advances for 16O 

 Higher (n,a) cross sections informed by both Georginis re-analysis of 
older data, and by constraints from scattering theory 

 

 Lower total/elastic low-energy cross section 

- not quite as low as Kopecky-Plompen analysis, but lower than B-VII 

 

 Total cross section validated though recent RPI measurement 

- Confirmation data, obtained after evaluation was completed, agrees 
to 1% 

5/19/201
 

UNCLA
 
3
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Outline 

 Reminder of R-matrix properties, EDA code 

 Status of the 17O system analysis and 16O evaluation 

 Low-energy scattering cross sections 

 13C(α,n) and 16O(n,α0) cross sections 

 Fits, data renormalizations, etc. 

 Extension of the evaluation to higher energies  

 Summary and conclusions 

5/19/201
 

UNCLA
 
3
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R-matrix Formalism 
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R-Matrix Analysis of Reactions in the  
17O System 

channel ac (fm) lmax 

n+16O 4.4 4 
α+13C 5.4 5 

Reaction Energies 
(MeV) 

# data 
points 

Data types 

16O(n,n)16O En = 0 – 7   2540 σT, σ(θ), Pn(θ) 
16O(n,α)13C En = 2.35 – 5     672 σint, σ(θ), An(θ) 
13C(α,n)16O Eα = 0 – 5.4     870 σint 
13C(α,α)13C Eα = 2 – 5.7    1168 σ(θ) 
total   5250 8 

χ2 per degree of freedom = 1.68 
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Total Cross Section Data  
Authors (n,n): Energy Range Energy 

Shift  
Normalizati

on 
Schneider 0.0253 eV 0 1.0 (fixed) 

Dilg,Koester,Bl
ock 

0.13 – 23.5 keV 0  1.0 (fixed) 

Ohkubo (corr. 
for H) 

0.8 – 935 keV  0 0.9989 

Johnson & 
Fowler 

(including LOX) 

49 – 3139 keV 0 0.9799 

Cierjacks et al. 3.143 – 7.0 
MeV 

0 1.0378 

Authors (α,n): Energy Range Energy 
Shift  

Normalizati
on 

Drotleff et al. 346 – 1389 keV 0 1.0 (fixed) 
Heil et al. 416–899 keV 0 1.0 (fixed) 
Kellogg 445–1045 keV 0 1.506 

Bair and Haas 0.997–5.402 
MeV  

-4 keV 0.9410 
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Integrated (total) Cross Sections 
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n+16O Total Cross Section 
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n+16O Elastic Scattering Cross Section 
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Giorginis’ Analysis of (α,n) Measurements 
 Considered two measurements, Bair and Haas (B&H73) and 

Harissopulos et al. (Har05). 

 Determined a preliminary cross-section scale for B&H73 based on the 
integral of the thick-target yield over the narrow resonance at 1.056 
MeV that agrees with the published scale of Har05. 

 Then applied a correction common to both data sets related to 
characterization of the 13C target that gives the cross-section scales 
0.95×B&H73 and ~1.42×Har05. 

 Considers the relative shape of the B&H73 measurement to be the most 
accurate since it had the thinnest target.   
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13C(α,n)16O Cross Section 

5/19/201
 

UNCLA
 
4
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16O(n,α0)13C Cross Section 
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n+16O Elastic Cross Section 
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n+16O Total Cross Section 
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n+16O Total Cross Section – Comparison to RPI: Integral 
in 3.2-6 MeV region, C/E=1.005 +/- 0.003. (Confirmatory 
data, not included in Hale’s analysis), 

Hale estimate of his 

evaluated uncertainties: 

0.5 - 2.0 MeV:  1.99 % 
2.0 - 3.2 MeV:  3.03 % 
3.2 - 6.0 MeV:  2.60 % 
6.0 - 9.0 MeV:  7.59 % 
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Comparison to RPI Total Cross Section – Data after 
evaluation 

2.0 - 3.2 MeV, C/E = 0.988-0.990 0.5 - 2.0 MeV, C/E = 0.996 

3.2 - 6.0 MeV, C/E = 1.004-1.005  



WPEC meeting, NEA/OECD, Paris, May 9, 2016 

Comparison, cont. 6.0 - 9.0 MeV, C/E = 0.992 
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Capture Cross Section 

5/19/201
 

UNCLA
 
5
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Summary and Conclusions 

 R-matrix descriptions are constrained by fundamental 
properties (unitarity, causality, TRI) of nuclear reaction 
theory. 

 EDA analysis of the 17O system includes data from all 
possible reactions, giving results that are highly 
constrained by the properties above (especially unitarity). 

 The low-energy n+16O scattering cross sections are now 
in better agreement with high-precision measurements, 
and the (n,α0) cross section agrees with the data of 
B&H73, IRMM07 (Giorginis).  

 The evaluated 16O file Cielo 3/16 extends to 150 MeV, and 
is the same as ENDF/B VII.1 above 9 MeV (except for 
capture). 
 
 

5/19/201
 

UNCLA
 
5
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56Fe iron evaluation advances  - BNL, IAEA, ORNL, IRNS 

Operated by Los Alamos National Security, LLC for NNSA 

- New evaluation makes use of most precise and most recent 
experimental data between resonance region and 4 MeV (Berthold data 
for total, new Geel (Negret, Plompen) data for inelastic, and old but not 
used before data by Dupont for inelastic, Kinney data for elastic angular 
distributions) 

- It uses  IRDFF file for the dosimetry reaction (n,p) (calculations agree 
with IRDFF within uncertainties except of low incident energies) 

- Employs dispersive, Lane-consistent optical model above 4 MeV 

- Uses consistent modeling up to 150 MeV 

- Is informed by the semi-integral data from RPI (neutron emission and 
capture) 

- Provides better reproduction of inelastic (low energies by construction, 
higher energies by improved modeling)  
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56Fe iron evaluation advances  - BNL, IAEA, ORNL, IRNS 

Operated by Los Alamos National Security, LLC for NNSA 

- Reproduces experimental neutron spectra better than in VII.1 

- Improves agreement for the criticality benchmarks by adjusting angular 
distributions in the resonance region and adding background to capture 
to simulate the effect of lost d-wave resonances (we’ll work on 
resonance region to remove backgrounds and angular distribution 
tweaks while maintain benchmark results) 



Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 
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nat-Fe: Total, Elastic, Inelastic 900-950 keV 

<CIELO-219> 

CIELO-219 

JEFF-3.2 

Inelastic (846 keV) 

Total CIELO-219 

Elastic CIELO-219 <Elastic CIELO-219> 



Operated by Los Alamos National Security, LLC for NNSA 

U N C L A S S I F I E D 
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Elastic angular distributions 
Kinney data are the most extensive and detailed above the inelastic 
threshold 

JEF-2.2=>JEFF-3.2 ang. distr. are fitted to the Kinney data 

Whenever low energy-resolution experimental data are available they are 
closer to EMPIRE than to Kinney 

However, RPI semi-integral experiment favors JEF(F)s so we adopted it 
between 846 keV and 4 MeV 

RPI broad-average data compared with EMPIRE and broad-averaged 
evaluations 
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U N C L A S S I F I E D 
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Elastic angular distributions – Kinney data 

EMPIRE 

CIELO-219 
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235U iron evaluation advances  - IAEA, ORNL, IRNS, 
LANL & Performance in Criticality Simulations – Low 
energy RR 

Operated by Los Alamos National Security, LLC for NNSA 

- fit of Thermal Neutron Constants (TNC) based on microscopic 
experiments results in a higher thermal fission (~587 barns) and capture 
(~100 barns) cross sections, and lower total nubar (2.4216 vs 2.4368) 

- new resonance parameters fitted to the new TNC and resonance 
integrals recommended by the Neutron Standard committee, and tuned on 
integral data 

- new evaluation of PFNS that agrees well with microscopic 
measurements and corresponds to a lower 235U thermal PFNS average 
energy (now 2.00 MeV, before - 2.03 MeV) that increases criticality 
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235U iron evaluation advances  - IAEA, ORNL, IRNS, LANL & 
Performance in Criticality Simulations – Low energy  
 

Operated by Los Alamos National Security, LLC for NNSA 

- the higher 16On,a cross sections leads to more neutron absorption and 
reduces criticality of epithermal assemblies 

- new TSL on hydrogen slightly increases criticality of thermal solutions 

- strong energy dependence of resonance nubar based on measured data 
from 0.3 eV up to 60 eV reduces 

criticality of epithermal assemblies 

- decrease of neutron capture around 1 keV and above that increases 
criticality for intermediate assemblies (still to be compensated) 
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235U iron evaluation advances  - IAEA, ORNL, IRNS, 
LANL & Performance in Criticality Simulations – Fast 
energies 

Operated by Los Alamos National Security, LLC for NNSA 

 

- Optical model for fission describes Neutron Standard fission cross 
sections on U-235 and U-238 within 3% using double and triple humped 
barriers with absorption. Such accuracy allows for a  better prediction of 
elastic and inelastic neutron scattering 

- Interference of direct and compound mechanisms leads to the increase 
of inelastic cross sections from ~50 up to 500 keV on U-238 

- Neutron scattering to collective states in the continuum is important to 
describe observed neutron emission spectra for incident neutron energies 
above 1 MeV 

- increased inelastic scattering on U-238 above 500 keV up to 2 MeV, 
slightly decreased below. 
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CIELO progress: 
(1) Resonance Region, extended to higher energies 

Operated by Los Alamos National Security, LLC for NNSA 

Leal, Schillebeeckx, Noguerre, … have made significant advances in 
representing our understanding of 

- 235U resonances, notably (n,g) near 1 keV, based on recent consistent data 
between RPI and LANSCE/DANCE 

- updates may be needed in 10s of KeV region too 

- 238U Geel measurements, which are leading to a new evaluation that is 
only a small perturbation compared to previous ENDF. Up to 20 keV. 

- The new (n,g) is leading to an update to the standards (similar result) 

- 239Pu resonances from SG34 

- 56Fe resonances up to 2 MeV with more rigorous angular distribution 
treatment 

   



WPEC meeting, NEA/OECD, Paris, May 9, 2016 

CIELO progress: 
(2) 16O 

Operated by Los Alamos National Security, LLC for NNSA 

Various files for testing, including R-matrix analyses from Hale and from Leal 

 - it appears that acceptable integral performance may be 
maintainable, following small updates to 235U nubar, and thermal PFNS 

Questions remain on the magnitude of 16O(n,alpha), with discrepancies of 
order 30-50%, which have ~ 100 cpm impacts on criticality. 

 - new measurement is planned at LANL, in Fall-2015 

Low-energy thermal elastic/total - consensus reached (3.765 barns) 

A new total cross section has been obtained in the few-MeV region from RPI: 
“Game changer” (Lubitz). 
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CIELO progress: 
(3) 56Fe - using advanced EMPIRE modeling, & SAMMY to 2 MeV 

Operated by Los Alamos National Security, LLC for NNSA 

New 56Fe evaluation produced as a “starter file”, BNL, IAEA, … taking into 
account recent data from Geel & LANSCE on inelastic scattering, & RPI 

 - Geel data below 6 MeV accurate and consistent with new evals 

Performance in iron benchmarks ~ acceptable/good (“no worse!”) 

Independent evaluation studies from China tend to corroborate conclusions 
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56Fe: Advances Needed in Inelastic Scattering 

New measurements (IRMM) & SAMMY analyses in resonance 
region; new Hauser-Feshbach analyses at higher energies 

Herman, Palmiotti 
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235 nubar? iaea 
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239pu n,g 
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Summary … 

CIELO collaboration is making progress in resolving open 
questions  
Starter files created – being tested 
Documentation to be completed in next year. 
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Possible CIELO papers – NDS 2018? 

Chadwick - short overview of CIELO SG40 objectives and accomplishments 

Hale et al - 16O evaluation ? 

Hale, Kunieda, Livermore collaborators, ...  

Broader O16 collaboration conclusions on magitude of n,a based on unitarity 

Georginis, Plompen et al - conclusions on 16O (n,a) corrections on historic data 

Plompen et al, the low energy 16O total elastic cross section 

Leal? - his R-matrix 16O evaluation (not in B-VIII) 

Herman et al - BNL staff - more details on 56Fe in fast region? 

Trkov et al - resonance region of 56Fe 

Leal et al - new resonance analysis of 56Fe 

Chinese work on 56Fe - eg inelastic scattering evaluation 
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Possible CIELO papers –NDS 2018? 

Romain, Morillon, Bauge et al - CEA fast actinide evaluations 

Chinese work on 235U 

M.Pigni et al (Trkov) resonance analysis of 235U 

R. Capote et al, fast 235U and 238U analysis 

L. Leal resonance analysis of 235U 

Schillebeeckx et al., new Geel 238U resonance analysis - MBC notes not yet in B-VIII-beta1 

Kawano - 238U and LANSCE capture theory and moel calculations 

Neudecker - PFNS evaluations of actinides - incl those that did not make it into B-VIII, eg ther
mal 239Pu 

Talou - multiplicity dependent fission neutrons and gamma-rays 

Kawano, Capote, Romain, et al, latest conclusions on actinide inelastic cross sections 
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CIELO NDS 2018 Template 
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BACKUP SLIDES 
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16O 

Cecil Lubitz:  

“After several “preliminary” months on 
CIELO it’s clear that we have bitten off a big 
chunk. Get ready to chew.” 

Operated by Los Alamos National Security, LLC for NNSA 
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LANL plans to measure new cross 
sections on 16O(n,〈 )  

oUse a newly developed instrument LENZ with a large 
solid angle and low alpha detection threshold  
oUse a white neutron source at WNR/LANSCE in Fall 
2015 
oRelative measurement to 6Li(n,a) reaction to reduce 
systematic uncertainty 
oFirst goal is to measure cross sections at the energies 
between 3 and 5 MeV  
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assuming 5 ns of timing 
resolution, which is subject to be 
improved 
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LENZ : Twin Frisch-grid Ionization Chamber + 
Silicon Strip Detectors 

cathode 
anode 

Frisch 
grid 

UNCLASSIFIE
 

o The multiple target 
system allows to 
have a oxygen and a 
Li reference target at 
the same time 

o Solid oxygen target 
is made by 
anodizing highly-
enriched water on 
tantalum backing 

oAt forward angles, the silicon strip detector measures angles and charged 
particles energy deposit 

oDigitizers provide wavelet information for post processing of improvement 
of signal-to-noise ratio with no dead time 
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16O 
Hale comments on new (n,tot) RPI data:  
 

Comments about LANL n+16O Cielo evaluation: 
 
The evaluation we submitted in June of last year is similar in many ways to ENDF/B VI.8.  For that 
reason, since the total cross section was preserved in the evaluation that finally became ENDF/B VII.1, 
it is not surprising that the agreement with the new RPI measurement of the total cross section looks 
similar for VII.1 and the LANL Cielo file.  Our latest evaluation is somewhat better in the "window", and 
somewhat worse at energies above about 4.5 MeV.  Adding these total cross section data to the 
analysis would likely decrease the total cross section somewhat in the 2.5-3.5 MeV region, which 
because of the often-noted anti-correlation effect of unitarity in this region, would tend to raise the fitted 
(n,alpha) cross section at these energies.  This would make the disagreement even worse with 
experiments that favor the lower normalization scale for the reaction cross section. 
 
We are anxious to add these measurements (not the binned data) to our analysis to see what their 
effect might be, but we are gratified that the initial comparison does not seem to indicate any major 
problems with the evaluation.  Hopefully, we will have additional (n,alpha) data coming from Los Alamos 
in the next year or so.  In the meantime, we are working on extending the existing LANL file above 6 
MeV, and including the Geel (n,alpha) data in our analysis, following Giorginis' recommendations about 
normalizations, etc. 

Operated by Los Alamos National Security, LLC for NNSA 
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16O. Work is Needed to Reconcile R-Matrix Theory & Data & 
Maintain Criticality and Transmission Performance 
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1H & Other Standards: Hale’s Summary and Outlook 
 NN analysis progressing; more p-p elastic scattering data needed 

in the 30-50 MeV range.  Low-energy parameters retain their 
earlier (correct) values.  Need to extend analysis above 200 MeV. 

 New data for n+6Li fit in well with the existing data set, and cause 
no problems with the R-matrix fitting.   

 n+12,13C analyses in good shape below 2 MeV.  Could produce a 
natural C standards file in this energy region now.  More work is 
needed on both evaluations at higher energies, however. 

 Problem with unrealistically small uncertainties on standards 
cross sections may be solved by using parameter confidence 
intervals.  
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1H – Hale comments on the covariance data 
The uncertainties in the n-p scattering cross sections that were 
put into VII.1 (as described in my CW 2008 paper) are fairly 
realistic (maximum of 1% at around 10 MeV).  The uncertainties 
on the capture cross section are probably too large, due to the 
kludge I had to make to compensate for Lubitz's insistence that 
the thermal value be a certain number.  All of this should be better 
in the next release, since we will use confidence intervals in place 
of standard deviations (which has the effect of scaling up the 
standard deviation by a known amount) 

Operated by Los Alamos National Security, LLC for NNSA 



WPEC meeting, NEA/OECD, Paris, May 9, 2016 UNCLASSIFIED 79 

n-p Differential Cross Sections 
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n-p Polarizations 

80 
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11H recent data added to analysis 

Operated by Los Alamos National Security, LLC for NNSA 
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235U 
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235U 
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235 
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56Fe: Advances Needed in Inelastic Scattering 

Operated by Los Alamos National Security, LLC for NNSA 



WPEC meeting, NEA/OECD, Paris, May 9, 2016 

Pu-SOL-THERM Benchmarks – II.  Prelim LANL testing of 
new Subgroup 34 resonance results 
 A set of seven Pu-SOL-THERM benchmarks have been extracted 

from the larger set. 
• PST1.4 & PST12.13 span the ATLF space; 
• PST12.10 & PST34.15 span the ATFF space; 
• PST4.1 & PST18.6 span the 239Pu atom percent space; 
• PST12.10 & PST34.4 span the g Pu per liter space. 

 All benchmark experiments are performed in simple geometry 
• PST1.4 & PST4.1 are a water-reflected spheres; 
• PST18.6, PST34.4 & PST34.15 are water-reflected cylinders; 
• PST12.10 & PST12.13 are a water-reflected slabs; 
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Pu-SOL-THERM Benchmarks – III. Prelim LANL testing of 
new Subgroup 34 resonance results 

Calculated Eigenvalues(a) for a Selection of PST Assemblies 
Using Various 239Pu Cross Sections 

Assembly ENDF/B-VII.1 JEFF-3.1.2 (b) JENDL-4.0 (b) Leal7a (c) + e71 
Leal7a (RR, nu, 

pfns only) + e71 

PST1.4 1.00448 1.00127 1.00588 1.00199 1.00202 
PST4.1 1.00383 0.99907 1.00482 1.00044 1.00044 
PST9 1.01939 1.01367 1.02510 1.01543 1.01546 

PST12.10 1.00412 0.99973 1.00498 1.00083 1.00080 
PST12.13 1.00955 1.00468 1.01069 1.00611 1.00620 
PST18.6 1.00472 1.00153 1.00557 1.00202 1.00208 
PST34.4 1.00258 0.99999 1.00417 0.99922 0.99937 

PST34.15 0.99742 0.99563 0.99844 0.99679 0.99707 
Average 1.00576 1.00195 1.00746 1.00285 1.00293 

a) MCNP calculations are for 250M histories; stochastic uncertainty is ~5 pcm. 
b) JEFF-3.1.2 and JENDL-4.0 239Pu only; remaining nuclides are ENDF/B-VII.1 
c) “LEAL7a” evaluation provides revised resolved resonance parameters coupled to a joint ORNL/CEA 

evaluated 239Pu file; the “LEAL7a (RR,nu,pfns)” file couples just these data to the existing ENDF/B-
VII.1 239Pu file. 

The E71 1.00576 
kcalc average 
demonstrates that 
the 7 benchmark 
subset reflects the 
larger population. 

Data revisions in 
the “Leal7a” 239Pu 
evaluated file have 
eliminated ~50% 
of the long-
standing kcalc bias. 
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 May 2013: CIELO WPEC Subgroup initiated 
• Teams identified 

 Nov 2013: NEMEA7-CIELO: Main collaboration kick-off 
• Refine scope of work, collaborators who will work on tasks 
• Will result in detailed work plans, time line goals, for each nucleus 

 Next 2014-2016 Years:  
• Various collaboration meetings, continual email collaborative exchanges  
• engagement with validation data testers continually 
• Start incorporating new IAEA standards results (fission, capture, scattering, …) 
• Explore interdependencies on criticality from the 6 CIELO nuclides 

 May 2016:  
• Document conclusions from CIELO collaborations in WPEC report (& NDS paper, 2018) 
• Create formatted files that embody CIELO’s initial conclusions 

Time-line 
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