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Overview
Proposed additions/revisions to ENDF/B library

• Tapes – all extended energy/better agreement with more data;
Covariances planned
− p-001_H_001.endf 
− p-002_He_004.endf
− d-002_H_003.endf
− d-002_He_003.endf
− d-003_Li_006.endf
− t-002_He_004.endf
− a-006_C_013.endf

• Testing
− NJOY
− IAEA/Dunford codes [checkr, stanef, fizcon, psyche, inter]
− ENDF > ACE

§ checkace [LANL ACE format checking tool]
§ mcnp6.1 pencil beam (d+3He only)

• Comparisons
− with ENDF/B-VII.1 (aka, “CP2011”), VIII.0
− with LLNL Evaluated Charged Particle Library (ECPL-2018)
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Changes
d-002_He_003.endf

LA-UR-20-26607
Sent to P. Talou, XCP-5

April 13, 2021
Page 86

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.01, 1.40)
600 (z,p0) ( 0.00, 1.40)

6 Energy-angle distributions for emitted particles
2 (z,z0)

600 (z,p0)
Table 24: ENDF/B-VII.1 library, file:
d-002 He 003.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.01, 1.40)
600 (z,p0) ( 0.00, 1.40)

6 Energy-angle distributions for emitted particles
2 (z,z0)

600 (z,p0)
Table 25: CP2011 library, file: d-002 He 003.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.01, 1.40)
600 (z,p0) ( 0.00, 1.40)

6 Energy-angle distributions for emitted particles
2 (z,z0)

600 (z,p0)
Table 26: ENDF/B-VIII.0 library, file:
d-002 He 003.endf
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MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.01, 20.00)
600 (z,p0) ( 0.01, 20.00)

6 Energy-angle distributions for emitted particles
2 (z,z0)

600 (z,p0)
Table 27: CP2020 library new evaluation, file:
d-002 He 003.endf
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Changes
p-002_He_004.endf

LA-UR-20-26607
Sent to P. Talou, XCP-5

April 13, 2021
Page 120

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.02, 20.00)
6 Energy-angle distributions for emitted particles

2 (z,z0)
Table 85: CP2011 library, file: p-002 He 004.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.11, 20.00)
6 Energy-angle distributions for emitted particles

2 (z,z0)
Table 86: ENDF/B-VIII.0 library, file:
p-002 He 004.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.02, 34.30)
650 (z,d0) ( 23.02, 34.30)

6 Energy-angle distributions for emitted particles
2 (z,z0)

650 (z,d0)
Table 87: CP2020 library new evaluation, file:
p-002 He 004.endf
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MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.02, 20.00)
6 Energy-angle distributions for emitted particles

2 (z,z0)
Table 85: CP2011 library, file: p-002 He 004.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.11, 20.00)
6 Energy-angle distributions for emitted particles

2 (z,z0)
Table 86: ENDF/B-VIII.0 library, file:
p-002 He 004.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.02, 34.30)
650 (z,d0) ( 23.02, 34.30)

6 Energy-angle distributions for emitted particles
2 (z,z0)

650 (z,d0)
Table 87: CP2020 library new evaluation, file:
p-002 He 004.endf

An Equal Opportunity Employer / Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA



52/8/21

Changes
t-002_He_004.endf

LA-UR-20-26607
Sent to P. Talou, XCP-5

April 13, 2021
Page 138

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.10, 14.00)
50 (z,n0) ( 8.39, 14.00)
51 (z,n1) ( 12.23, 14.00)

6 Energy-angle distributions for emitted particles
2 (z,z0)
50 (z,n0)
51 (z,n1)

Table 119: CP2011 library, file: t-002 He 004.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.14, 20.00)
6 Energy-angle distributions for emitted particles

2 (z,z0)
Table 120: ENDF/B-VIII.0 library, file:
t-002 He 004.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.10, 20.00)
50 (z,n0) ( 8.39, 20.00)
51 (z,n1) ( 12.28, 20.00)
52 (z,n2) ( 14.65, 20.00)
600 (z,p0) ( 13.18, 20.00)
650 (z,d0) ( 10.98, 20.00)

6 Energy-angle distributions for emitted particles
2 (z,z0)
50 (z,n0)
51 (z,n1)
52 (z,n2)
600 (z,p0)
650 (z,d0)

Table 121: CP2020 library new evaluation, file:
t-002 He 004.endf
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MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.10, 14.00)
50 (z,n0) ( 8.39, 14.00)
51 (z,n1) ( 12.23, 14.00)

6 Energy-angle distributions for emitted particles
2 (z,z0)
50 (z,n0)
51 (z,n1)

Table 119: CP2011 library, file: t-002 He 004.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.14, 20.00)
6 Energy-angle distributions for emitted particles

2 (z,z0)
Table 120: ENDF/B-VIII.0 library, file:
t-002 He 004.endf

MF MT Description Energy range [MeV]
3 Reaction cross sections

2 (z,z0) ( 0.10, 20.00)
50 (z,n0) ( 8.39, 20.00)
51 (z,n1) ( 12.28, 20.00)
52 (z,n2) ( 14.65, 20.00)
600 (z,p0) ( 13.18, 20.00)
650 (z,d0) ( 10.98, 20.00)

6 Energy-angle distributions for emitted particles
2 (z,z0)
50 (z,n0)
51 (z,n1)
52 (z,n2)
600 (z,p0)
650 (z,d0)

Table 121: CP2020 library new evaluation, file:
t-002 He 004.endf
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5Li system evaluation
3He(d,d)3He
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5Li system evaluation
3He(d,p)4He
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5Li system evaluation
4He(p,p)4He
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17O R-matrix evaluation [NEW]

Optimize 

Solution/Postprocessing 
1) Construct ENDF-6

formatted evaluated data file 
2) Covariance data 

3) Post-process break-up
spectra with SPECT code

Data 
e.g. EXFOR/CSIRS 

Processes: elastic, inelastic,
transfer, break-up,... 

Unpolarized: 
 

Polarized: 

EDA R-matrix
evaluation
procedure 

YES

NO

R-matrix 
 

Initial guess: 

T-matrix 
 

Observables 
 

Channel ac(fm) `max

n+16
O(0

+
;gs) 4.40 4

↵+13
C(

1
2

�
; gs) 5.40 5

n1+
16
O(0

+
; 6.05 MeV) 5.00 3

n2+
16
O(3

�
; 6.13 MeV) 5.00 2

Reaction Range En,

E↵ (MeV)

Ndat Observables

16
O(n, n)16O (0.0, 7.0) 2,909 �tot,�,

�(✓), Ay(✓)
16
O(n, n2)

16
O(3

�
; 6.13 MeV) (6.6, 8.8) 45 �(✓)

13
C(↵,↵)13C (2.0, 5.7) 1,397 �(✓)

13
C(↵, n)16O (.23, 8.0) 1,054 �r

13
C(↵, n0)

16
O(0

+
; gs ) (1.0, 6.5) 3,116 �,�(✓)

13
C(↵, n1)

16
O(0

+
; 6.05 MeV) (5.1, 5.6) 113 �,�(✓)

Total 8,634 5 types

1

17O system channel/pars
• # channels: 45
• J𝝅=1/2±, ..., 11/2±

• # parameters
• E𝜆: 81 level energies
• 𝛾𝜆,c: 322 reduced widths

• # Normalizations
• nM: 95 norm scales
• 𝛥EM: 4 shift factors
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17O Preliminary evaluation
Preliminary results: (𝜶,n0)

13c(4he,n)16o dσ/dΩ E=    5.275 MeV
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13c(4he,n)16o dσ/dΩ E=    6.504 MeV
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17O Preliminary evaluation
Preliminary results: (𝜶,n1)

13c(4he,n)16o1 dσ/dΩ E=    5.466 MeV
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17O Preliminary evaluation
Preliminary results: low energy

EDA 81

http://calteches.library.caltech.edu/3616/1/Fusion.pdf

There is a nice photo of Steve, Charlie Barnes, TR Wang, and the polycube detector. Steve finished his
postdoc without writing up the 13C(↵, n) and left the field for a computer job. Not long after, I started
working on the 13C(d, n) [and 14C(d, n)] with Ralph Kavanagh. As part of this project, we made a
careful measurement of the 13C(↵, n) cross section with the same targets. The idea was that this would
also be helpful for Steve K, since he had not done a careful normalization yet. This work is described in
Brune & Kavanagh, PRC 45, 1382 (1992).

MWP comment: Brune & Kavanagh give �(13C(↵, n); E↵ ' 1.000 MeV) = 146(7) µb.
Compare this with the following table of values:

Experiment E↵ [MeV] �(↵,n) [µb] 1.000 MeV
KRL (Brune 1992) 1.0000 146(7) 146(7)
ORNL (Bair 1973) 1.0033 198(3) 179(4)
Stuttgart (Drotle� 1993) 0.9939 169(2) 187(3)
Bochum (Harissopulos 2005) 0.994 116(5) 136(7)
Bochum (Harissopulos 2005) 1.005 152(6) �
KRL (Kellogg 1989) 0.9998 125(6) 126(8)

Measurements of �(↵,n)(E↵ = 1.0 MeV) for laboratory incident energies given in the first
column, the value quoted in the second column, and the values linearly interpolated from the
tabular data in the experiment’s publication in the right-most column. No re-normalization
factors have been applied to these values. In particular, the ORNL value of Bair & Haas[37]is
quoted as originally presented without the 0.8 factor mentioned in their Note added in proof.

In March/April 1991, the lab had a visitor, Isabelle Licot, a graduate student from Belgium. We did a
project to measure the (↵, n) and (↵, �) for two known narrow states in 17O. We succeeded with the
(↵, n), but only set limits for (↵, �). We also confirmed the normalization in Brune/Kavanagh (1992).
Isabelle was supposed to write this up, but that didn’t happen, so Kavanagh wrote the paper. Also, it
was clear by this time the Steve Kellogg was never going to publish his data. So we put that in as well,
in sort of a sneaky way. We referred to his BAPS abstract and private communication, and put the data
in, normalizing it to our cross section scale. Not great, but better than nothing. We also dropped the
lowest couple of data points, since for those the analyses of background and target deterioration were
more subtle and we were not in a position to vouch for that. This work is published in Brune, Licot, and
Kavanagh, PRC 48, 3119 (1993)[38].

Starting perhaps in late 1991, a project to measure 9Be(↵, n) was begun, led by Kavanagh’s other
student, Pat Wrean. One thing that was realized right away is that the previous low-energy measurement,
Davids, NP A110, 619 (1968) (also done at Caltech), had a major energy calibration problem, a 15- or
20-keV o�set in the position of a narrow resonance. Davids also reported 13C(↵, n) in the same paper
from the same setup, and those data must su�er from the same problem. So I think there is a good reason
to be suspicious (shall we say) of the Davids data. The 9Be(↵, n) work is published in Wrean, Brune,
and Kavanagh, PRC 49, 1205 (1994)[39].

Another thing that we began to understand at this time was that energy dependence of the e�ciency
of the polycube was not a trivial matter. Although the neutrons produced by 13C(↵, n) are similar
(depending on ↵ energy) to those from 252Cf , they are not the same. Over the next several years, Pat,
Ralph, and I worked pretty hard in the lab and on the computer to understand this. As far as neutron
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Charged-particle covariances
MF=30(!)

•Discussion at Monday’s covariance session
− MF=6 is required for CP induced tapes
− there is no MF=36

•MF=30, however, admits covariance 
information for any MF>2
− ENDF-6 format requirements

§ provide Covij for any parameters
§ provide sensitivities for MF parameters

− Advantages
§ Covij can be diagonal (with eigenvector sensititivies)
§ MF=32 parameter covariances requires sensitivities 

(NJOY/ERRORR provides unc. for MF=3,4,5 
only?)

− Disadvantages
§ NJOY2016 doesn’t process MF=30

0.3. GENERAL DESCRIPTION OF THE ENDF SYSTEM

neous fission (NSUB=5), neutron-induced fission product yields (NSUB=11), photo-induced
fission product yields (NSUB=1), proton-induced fission product yields (NSUB=10011) and
other charged-particle induced fission product yields, where the NSUB value is defined as
described in Section 0.3.2. Each material starts with a descriptive data and directory file
(see Section 1.1). The remaining data is given in File 8, which contains two sections: inde-
pendent yields, and cumulative yields. As described in Section 8.3, the format for these two
sections is identical. Uncertainty data are self-contained in File 8.

0.3.2.4 Radioactive Decay Data (NSUB=4)

Evaluations of decay data for radioactive nuclides are grouped together into a sub-library.
This sub-library contains decay data for all radioactive products (e.g., fission products and
activation products). Fission product yields and activation cross sections will be found
elsewhere. Each material contains two, three, or four files, and starts with a descriptive
data and directory file (see Section 1.1). For materials undergoing spontaneous fission,
additional sections in File 1 give the total, delayed, and prompt fission neutron yields. In
addition, the spectra of the delayed and prompt neutrons from spontaneous fission are given
in File 5. The File 5 formats are the same as for particle-induced fission (see Section 5),
and the distributions are assumed to be isotropic in the laboratory system. File 8 contains
half-lives, decay modes, decay energies, and radiation spectra (see Section 8.4). Finally,
covariance data for the spectra in File 5 may be given in File 35; covariance data of other
parameters are self-contained in File 8.

0.3.2.5 Charged-Particle (NSUB≥10010) and
Photo-Nuclear (NSUB=0) Sub-libraries

Evaluations for incident charged-particle and photo-nuclear reactions are grouped together
into sub-libraries by projectile. As usual, each evaluation starts with a descriptive data and
directory file (see Section 1.1). For particle-induced fission or photo-fission, File 1 can also
contain sections giving the total, delayed, and prompt number of neutrons per fission, and
the energy released in fission. Resonance parameter data (File 2) may be omitted entirely
(see LRP=-1 in Section 1.1).

Cross sections are given in File 3. The MT numbers used are based upon the particles
emitted in the reaction as described in Section 0.4.3. A special case is the elastic scattering
of charged particles, which is discussed separately in Section 0.4.3.1. Explicit yields for
all products (including photons) must be given in File 6. In addition, the charged-particle
stopping power should be given. If any of the products described by a section of File 6
are radioactive, they should be described further in a corresponding section of File 8. This
section gives the half-life, minimum information about the decay chain, and decay energies
for the radioactive product. Further details, if required, can be found in the decay data
sub-library.

Angular distributions or correlated energy-angle distributions can be given for all par-
ticles, recoil nuclei, and photons in File 6. It is also possible to give only the average
particle energy for less important reactions, or even to mark the distribution “unknown”
(see Section 6.2.2).

9

Explicit yields for all products (including 
photons) must be given in File 6.

Please correct me on 

any of this.
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Conclusion
What is to be done

•p-001_H_001.endf 
− extension to 100 MeV of multichannel evaluation
− punch MF=2 LRF=7 (KRL=1) sections
− generate covariance sections

•p-002_He_004.endf
•d-002_He_003.endf
•d-003_Li_006.endf
− 6Li(d,n) now to 20 MeV
− need to include angular distribution data

•t-002_He_004.endf
− cross sections complete for all of the above
− punch MF=2 LRF=7 (KRL=1) sections
− covariance file generation needed

•a-006_C_013.endf
− complete the 17O system evaluation ( ~ 2 months )
− punch ENDF files (ENDFtk)

§ MF = 2,3,6,32,33


