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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, on 
235,8U, 239Pu, 16O and 1H, for the CIELO project at NEA/WPEC. 
This includes first data from the Chi-nu project, providing insights 
into the energy spectrum of fission neutrons.
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Overview comments on CIELO progress

Operated by Los Alamos National Security, LLC for NNSA

Vast breadth of progress has been made on assessments – though new 
experiments, models, evaluations, MCNP simulations, of CIELO nuclei 
reactions

We’re at the stage of “unbridled thinking” - “CIELO/A files”. 

We’ll be moving towards “disciplined implementation” towards some best 
solutions, with judicial choices perform well in integral calculations “CIELO/B 
files”

Examples of files that have reached a level of maturity…

- 235U g6 (and g6 mbc!) from IAEA, ORNL, & CEA file; 238U: ib44 from 
IAEA & Geel; 239Pu “version C” from LANL with SG34, ….16O, 56  files…
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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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Slide 8

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
�Experiment: 

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

�Improved uncertainty estimate of exp. data (including Chi-Nu studies) 
�Modeling: 

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

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

�Pre-equilibrium component of the PFNS considered via CoH

�Only neutrons coming from the fission process are counted 

�Evaluated output: 

�Given for Einc= thermal – 30 MeV

�Evaluated 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
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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
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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?
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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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Slide 21

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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Slide 22

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
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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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16O. Work is Needed to Reconcile R-Matrix Theory & Data & 
Maintain Criticality and Transmission Performance

Progress being made by Plompen, Lubitz, Roubstov, Hale, 
Kunieda, Leal, Moxon, Kopecky …  LANL plans a measurement

Operated by Los Alamos National Security, LLC for NNSA

(R-matrix theory + total cross section data seems to suggest a higher (n,a) 
than measurements.Geel is now revising their (n,a) data upwards too).
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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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LENZ : Twin Frisch-grid Ionization Chamber + 
Silicon Strip Detectors

cathode
anode

Frisch 
grid

UNCLASSIFI

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

Operated by Los Alamos National Security, LLC for NNSA
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1H

Gerry Hale, Cecil Lubitz: 

Advancing the 1H analysis, for the next 
standards update, by adding new data

Focus below 20 meV, and extending to 
higher energies (150-200 MeV)

Operated by Los Alamos National Security, LLC for NNSA
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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. 



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

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
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5/30/2015

UNCLASSIFIED 33

n-p Differential Cross Sections
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n-p Polarizations

5/30/2015
UNCLASSIFIED 34
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11H recent data added to analysis

Operated by Los Alamos National Security, LLC for NNSA
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Summary …

CIELO collaboration is making progress. 
Plan for next stage needs to be developed.
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BACKUP SLIDES
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Backup: In Case You Didn’t Think We Have Lots of Work ……



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

235U
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235U
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235
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Pu-SOL-THERM Benchmarks – I. Prelim LANL testing of 
new Subgroup 34 resonance results
 A ~500 pcm bias in 

calculated PST 
reactivity is a long-
standing issue.

 WPEC Sub-Group 34 
was tasked with 
defining a new 
(better?) set of 
resolved resonance 
parameters for 239Pu in 
an attempt to resolve 
this issue.

 Can define a sub-set 
of these 150 
benchmarks to test 
revised data files.

Consider benchmark attributes such as (i) ATLF; 
(ii) 239Pu atom-% in Pu; (iii) Above-Thermal Fission 
Fraction (ATFF); (iv) H/Pu number density (or gPu
per liter) to define this sub-set.



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

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 2.5 Years: 
• Various collaboration meetings, continual email collaborative exchanges 
• engagement with validation data testers continually
• Incorporate 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?)
• Create formatted files that embody CIELO’s initial conclusions

Time-line

Operated by Los Alamos National Security, LLC for NNSA
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HST Benchmarks   - LANL testing of prelim Res file

 Regression fit to 
HST benchmarks 
versus ATLF has 
been excellent 
since ENDF/B-
VI.3 (Lubitz).

 This excellent fit 
is retained with 
the latest 
(ORNL8) 235U 
resolved 
resonance file.
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HMF7 (HEU + CH2) : LANL testing of prelim Res file
 HEU + poly 

system tests xs 
data over several 
orders of 
magnitude.

 E70 & E71 
results are near 
unity at either 
energy extreme 
but are biased 
high in the 
intermediate 
energy range.

 This bias is 
worsened with 
the latest ORNL8 
235U evaluated 
file.
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Reaction Rates in Fast Critical Assemblies Provide 
Integral Test of Prompt Fission Neutron Spectrum & (n,2n) 
Cross Sections  - Uranium-235 data

235U

With NUEX 

data added

(Lestone)

Perhaps suggests a 
softer ENDF spectrum 
is needed, but we 
have discrepant data.

See also Casoli
ND2013 talk & Bauge
2012 EPJ paper

New IAEA CRP -
Simakov

Similar analysis for plutonium systems –
see our ND2013 proceedings paper
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More Data Testing on Preliminary 235U ORNL Res Rile
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More Data Testing on Preliminary 235U ORNL Res Rile
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56Fe: Advances Needed in Inelastic Scattering

Operated by Los Alamos National Security, LLC for NNSA
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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

Operated by Los Alamos National Security, LLC for NNSA
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MCNP6 Production release, 2013
 MCNP6 = MCNP5 + MCNPX + several new features

 2 DVD set will contain 5,X & 6 + ENDF 7.1 and > 1 Gbyte of documents

 MCNP 5/X/6 Beta 2 had 2,452 copies sent out in FY12 and more than 
11,000 in the last 11 years!

 See “Initial MCNP6 Release Overview” Nuclear Technology, Dec 2012


