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Overview of light-nuclei in JENDL-5

• H-1 from ENDF/B-VIII.0
• AMUR resonance analysis

• C-12, C-13, N-15, O-16, F-19, Na-23

• New data
• H-3 (ENDF/B-VIII.0)
• New evaluation including stable and unstable nuclei: 

• Be-7, 10, C-11, 12, 13, 14, O-17,18, Ne-20-22, Na-22,24, Mg-28, Al-26, 
Si-31,32

• Elemental data (Carbon) are separated to isotopic data (C-12, 13)
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JENDL-5 was released in December 2021

Ø Status of neutron data on light nuclei

https://wwwndc.jaea.go.jp/index.html

https://wwwndc.jaea.go.jp/index.html


Current status of AMUR

1. R-matrix (Wigner & Eisenbud + Reich-Moore)
2. Kalman filtering method for parameter search, estimation of Cov.
3. Simulation of experimental condition (resolution, temperature, …)
4. Object oriented framework (C++/ROOT), with multi-threads
5. Interface to EXFOR (C4/C5)

! Unfortunately, no fundamental progresses since 2018 …
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Analysis of n + 19F (En<1 MeV)

l R-matrix results are very different from
the optical model estimation
(How affect on the neutronics calculation ?)

l LiF-BeF2 is a candidate for moderator/coolant
in the molten-salt reactors (MSR)

ØMotivations

Optical model

@ 100 keV



Analysis of n + 19F (En<1 MeV)

Table 1: Measured cross-sections used in the R-matrix analysis for the light nuclei

Targ. Reac. Author Year Energy range ✓ Ref.

12C

13C (n,tot) Cohn+ (1961) 0.1� 10.0 MeV [6]
(n,tot) Auchampaugh+ (1979) 1.2� 10.0 MeV [7]
(n,n0) Lane+ (1981) 1.3� 6.5 MeV � [8]
(n,n0) Resler+ (1989) 4.6� 8.3 MeV � [9]
(n,n1) Resler+ (1989) 4.6� 8.3 MeV � [9]
(n,n2) Resler+ (1989) 5.7� 8.3 MeV � [9]
(n,n3) Resler+ (1989) 5.7� 8.3 MeV � [9]
(n,�) Firestone+ (2016) 0.0253 eV [10]

15N (n,tot) Zeitnitz+ (1971) 0.5� 5.5 MeV [11]
(n,n0) Mughabghab+ 0.0253 eV []
(n,n0) Sikkema+ (1962) 1.9� 3.5 MeV � [12]

19F (n,tot) Larson+ (1976) 0.005� 1.0 MeV [13]
(n,n1) Lashuk+ (1994) 0.1� 1.0 MeV [14]
(n,n2) Lashuk+ (1994) 0.3� 1.0 MeV [14]
(n,n1,2) Broder+ (1969) 0.23� 1.0 MeV [15]
(n,n0�2) Elwyn+ (1964) 0.2� 1.0 MeV � [16]
(n,�) Gabbard+ (1959) 0.016� 1.0 MeV [17]
(n,�) Egorov+ (2005) 0.0280 eV [18]
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AMUR
(with new option)
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□ JENDL-4.0
- SIG : BW + eye-guide fit to measurements, e.g.,  to Larson-1979

- DA : Optical model calculation

Impact of new 19F evaluation

● JENDL-5
- SIG : = JENDL-4.0
- DA  : MF=4,MT=2,51,52 of JENDL-4.0 replaced with R-matrix results

( En < 1 MeV )

Example impact on
criticality simulation*

*Actinide data are same between two cases

(with FRENDY+MCNP)
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n + 15N

• Nitride fuel is assumed in the design of ADS
• Natural abundance : 14N ( 99.63% )、15N ( 0.37% )
• 15N is a first candidate because 14C is produced by 14N(n,p)14C

Ø Motivation :

Uncertainty in JENDL-4.0

From only the 
experimental information

10% diff.

Ø Status of data in libraries:

15N(n,el)
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n Mughabghab+ (2006)

n Zeitnitz+ (1971)

n Sikkema+ (1962)
sel = 4.59 ±0.05 (barn)

stot, TOF, 0.9 – 32 MeV, KIC

(ds/dW)el, 1.9 – 3.5 MeV, CCW

R-matrix fits by AMUR (En<5.5 MeV) :

n + 15N
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n + 15N
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n + 15N, Covariance

Prior Posterior

Correlation matrix, (MF,MT)=(33,2)

You can see ~unitarity limit !
(note that n,g cross-sections are tiny)
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12C 13C 15N 16O 19F
En < 4.4 MeV < 10 MeV < 5.5 MeV < 5.5 MeV < 1 MeV

Diff. from 
JENDL-4.0

Almost 
same as in 
natC in J-4.0

new (n,n0) (n,a) 
30%↑

(n,n0,1,2)
DA

Cov. ? ○ ○ ○
Non-
resonant 
region

J-4.0
(natC)

New 
(CCONE)

J-4.0 J-4.0 J-4.0

≒ CIELO

Others (overview)
2.2

12
C

Minato-san, please write.

2.3
13
C

The isotopic data evaluation had not been performed until now in our general purpose
library as cross-section data had been given only for the natural element natC in, e.g.
JENDL-4.0. In the present study, data evaluation was performed for n+13C with in
the resolved resonance region up to En =10 MeV to overcome such a drawback of the
previous library. In the case of 13C, the most important reaction may be 13C(n,�)14C which
produces an unwished radioactive isotope 14C (T1/2 = 5730y) in the nuclear engineering.
The reaction is also known as “neutron poisons” in the s-process — a neutron absorber in
the nucleosynthesis. In the present study, the 13C(n,�)14C cross-sections were estimated
with the Reich-Moore approximation [19] putting the distant poles as pseudo resonances
for p-waves to mimic the direct process. We found that such an technical approach to
the direct reaction, together with estimation of the �-ray width �� for the first resonance
(2+) at En = 152.4 keV, was necessary to obtain evaluation consistent with Maxwellian-
Averaged Cross Sections (MACS) measured/estimated by Wallner+ [20]. Above En =
10 MeV, cross-sections were calculated by the CCONE code [] up to 200 MeV.
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Figure 1: Comparison of the evaluated and measured/estimated [21, 20] 13C(n,�)14C cross
sections near the first resonance, where the present evaluation without the direct capture
(DC) process is also plotted for a reference purpose.

2.4
15
N

The nitride fuel is usually considered in the conceptual design of ADS where 15N is
assumed to be enriched to minimized the amount of 13C produced from the 14N(n,p)14C re-
action. However, there exists discrepancies among the evaluated libraries in the world. For
example, there is ⇠ 10% di↵erence between JENDL-4.0 and ENDF/B-VIII.0 in the elastic
scattering cross-sections below 100 keV. We carried out R-matrix analysis for n+15N up to
En = 5.5 MeV to solve such an issue of inconsistency among the evaluated cross-sections.

3

with Reich-Moore
+ distant poles for p-wave (DC)

Consistent with G.Hale & M.Paris

Unitarity constraint analysis
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Summary

• JENDL-5 was released in December 2021
• Update of angular distribution in RRR shows

a impact on neutronics simulation (19F)
• Covariance matrices from AMUR were compile

in J-5 as mu as I can.
• Unitarity constraint result of AMUR is comipled

in J-5 for 16O and 15N.
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Impact by revision of n+19F data


