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Wednesday 14 May (9:00-) 

Joint SG39-SG40 Session 

Monitors: M. Salvatores (SG39), M. Chadwick (SG40-CIELO) 

 

- CIELO developments relevant to SG39 testing activities (M.Chadwick) 

- Discussion on adjustment trends of ADJ2010 (K.Yokoyama) (20’) 

- Discussion on adjustment trends from ENDF/B-VII (G.Palmiotti) (20’) 

- Discussion on adjustment trends from JEFF/CEA (G.Noguere) (20’) 

- Comparison of adjustment trends (E.Dupont, G.Palmiotti) (50’) 

- Method issues, covariance validation, needs and perspectives (G.Palmiotti, MS, All) (40’) 

- Comments on Covariance of JENDL-4.0 and ENDF/B-VII.1 (M.Ishikawa, K.Yokoyama) 

- Wrap-up discussion 

 

 



CIELO: Progress, at WPEC May 2014 

M.B. Chadwick 
& CIELO Collaboration 

LANL 
!

(Next CIELO collaboration with CSEWG, Nov 3-7 week, 2014)

Operated by Los Alamos National Security, LLC for NNSA



1H updated Standards - WPEC May 2014 report   

Operated by Los Alamos National Security, LLC for NNSA

◆ Work by Hale, Paris (Los Alamos)  

◆ Builds on previous EDA R-matrix analysis used for ENDF & IAEA 
standards, but now: 

◆ Has an enhanced measurement database 

◆ Uses new data (e.g. from RPI, and from Ohio - 14.8 any diet) 

◆ Being extended from 20 to 200 MeV 

◆ New file will be made later this year, including covariances 

◆ (Preliminary results suggest only very small changes compared to 
the existing Standards.  

!
!



16O - WPEC May 2014 report   

Operated by Los Alamos National Security, LLC for NNSA

◆ Work by Plompen, Lubitz, Kunieda, Hale, Paris, Leal, etc 

◆ 16O(n,alpha): R-matrix teams concluding a higher (n,alpha), more 
like ENDF/B-VI.8 is perhaps correct 

◆ Given by R-matrix & unitarity 

◆ Supported by newly-revised Geel (Georginis) data 

◆ At least 2 files will be tested (which will use ~3% lower total cross 
section at low energies, as concluded by Plompen, Lubitz, et al: 

◆ Hale file, & a Lubitz - Leal file variant 

◆ New files for testing will be distributed soon 

◆ Then, a suite of key integral experiments and crits for data 
testing will be defined 

◆ We will need to focus on scattering angular distributions 

!
!



238U: resonance analysis from Geel - WPEC May 2014 report   

Operated by Los Alamos National Security, LLC for NNSA

◆ Builds on previous work by Derrien et al, used in ENDF, JEFF, …  

◆ Uses new REFIT analysis of new data from: 

◆ Geel (Capture from Geel, Transmission from Dresden) 

◆ nTOF (BaF2 capture, + C6D6 data still being worked) 

◆ LANSCE/DANCE 

◆ Uses much older data, e.g. from Oak Ridge 

◆ Attention is paid to the capture cross section Standard eval. 

◆ Unresolved data presently extends to 100 keV 

◆ A file for testing will be provided to Trkov, to be combined with the 
IAEA higher energy data, for testing 

!
!



238U fast analysis from IAEA - WPEC May 2014 report   

Operated by Los Alamos National Security, LLC for NNSA

◆ A test file has been made by Capote and Trkov (building upon ENDF/
B-VII.1) - ib33. 

◆ overall, data testing looks encouraging. But a discrepancy for 
Bigten (with Kahler testing) needs to be resolved. 

◆ Reaction rate testing has been done, for validation 

◆ Flattop-25 31P(n,p) & 235f ratios look pretty good - but they 
depend upon transport effect (i.e. 238U cross sections for transport 
have an effect on the results above 10-12 MeV, so one should be 
cautious in inferring information about PFNS there). Morgan White 
will motivate  new flattop measurements. 

◆ Fast region will be merged with new Geel evaluation when ready 



235U: resonance analysis from Oak Ridge, Cadatache - WPEC May 2014 report   

Operated by Los Alamos National Security, LLC for NNSA

◆ SAMMY analysis to 2.25 keV. Builds on WPEC sg. 29 findings (that 
ENDF capture should be reduced near 1 keV). Uses new: 

◆ DANCE (Jandel) - lower resolution 

◆ RPI - in 500 eV to 3 keV, lower than ENDF.  

◆ Fitting was also done for eta, and integral K1, Westcott factor, and 
capture resonance integral, into SAMMY 

◆ Benchmarks FCA, Zeus, support these changes, & HMI-1 with iron. 
Noguere has updated unres. res. 2.25-25 keV & Profil data. 

◆ IAEA working to make 235U thermal PFNS a standard; work will be 
needed to see if this can be accommodated with other tweaks. 

◆ A file for testing was made (fused with JENDL). We need to make 
merged file with ENDF, and with Romain’s new high energy file. 

◆ Need to see performance for sodium-void Japanese expts 

!



235U fast analysis from CEA/BIII - WPEC May 2014 report   

Operated by Los Alamos National Security, LLC for NNSA

◆ Collaboration meeting held on inelastic scattering at BIII (with Kawano, 
Capote) for all actinides, including Pu. Part of the difference was traced 
to JEFF having a higher total cross section for 239Pu. More work is 
needed still, though, since this does not explain the inelastic 
differences (a Morillon Pu chi was tried too - somewhat maslovian -). 

◆ 235U inelastic is smaller than for ENDF, JENDL. 

◆ Capture is being worked on 

◆ Draft file will be available at the end of the summer. 



239
Pu resonance analysis from Cadarache, Oak Ridge, Cadatache - WPEC May 2014 

report   

Operated by Los Alamos National Security, LLC for NNSA

◆ SG34: new resolved resonances to 2.5 keV & covariances; a better 
n,gf understanding was achieved, with implications on unbar 
fluctuations; PFNS was studied too 

◆ Thermal values: cap 270.1, fiss 747.2, and nu-prompt=2.868. The SG 
34=3.1.1 has a nubar slightly lower than ENDF, which was already one 
s.d. below the standard (& thus now 3.4 s.d below standards). 

◆ New measurements are proposed - transmission for first 0.3 eV 
resonance; capture … (new IRRM fission, & Los Alamos capture data). 
There may be a need to extend the unresolved range to higher 
energies owing to the fluctuating cross sections. 

◆ PFNS: Using Kornilov/Maslov decreases the mean energy, and 
increases the crits by 800/400 pcm.  

◆ Lubitz is considering whether some adjustments can be made; 
Noguere notes this was done already by them! 

!



239Pu :  Fast region, & testing. WPEC May 2014 report  

Operated by Los Alamos National Security, LLC for NNSA

◆ Kawano has been focusing on Pu inelastic scattering, in 
collaboration with CEA, IAEA. We also have new 239Pu capture 
data from LosAlamos. A trial file will be made later this year. 

◆ CIELO starter file built that combines ENDF/B-VII.1 with SG34. 

◆ Kahler testing CIELO-version0 (=TK1a) as expected reproduces 
SG34 for thermal systems: improved performance for solution 
criticals.  

◆ Trial PFNS from Talou added for testing (version1=TK1). 
Thermals show a 100-400 pcm increase, reflecting something 
that is known, i.e. a softer themal PFNS increases calculated 
criticality 

◆ To investigate the potential sensitivity of threshold dosimetry 
calculations to scattering cross sections, we will calculate results 
for JEFF3.1 (which has v. different inelastic cf. ENDF)



Revised Recommendations 

 from ADJ2010 Adjustment 

Joint Meeting of CIELO and WPEC Subgroup 39 on  
Methods and approaches to provide feedback from nuclear and covariance data 

adjustment for improvement of nuclear data files 
 

May 14, 2014 
NEA Headquarters, Issy-les-Moulineaux, France 
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Kenji YOKOYAMA and Makoto ISHIKAWA 

Japan Atomic Energy Agency (JAEA) 



     ADJ2010 is a 70-group adjusted library based on JENDL-4.0,  
where 488 integral experimental data from 8 facilities (ZPPR, 
ZEBRA, JOYO, MONJU, BFS, MASURCA, SEFOR and Los 
Alamos) were used for the adjustment. 
 
     Here, the major alteration of nuclear data by the adjustment 
is summarized for 5 nuclides (Pu-239, U-238, U-235, Fe-56 and  
Na-23), and compared with ENDF/B-VII.1 and JEFF-3.1.2.   
 
     Finally, we try to make some recommendations to nuclear-
data evaluators, though it is not mature. 
 
     A thick report of ADJ2010 is available from the URL below 
with the huge numerical results in digital files.   
 
 http://jolissrch-inter.tokai-sc.jaea.go.jp/search/servlet/search?5035118&language=1 2 

Introduction 



Pu-239	
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Pu-239 

 Capture 

n  ADJ2010 increases Pu-239 capture cross-section over 3keV by 7 to 9%.  This large 
alteration is at the variance bound of JENDL-4, but agrees with NEITHER of the 
three major libraries.  The increase is determined by a combination of integral 
experiments.  -> next slides. 

n  Present measured data are quite old before 1976.  New DANCE data will be 
published soon.	
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Small Test Cases to Investigate Mechanisms 

ZPPR-9	 JEZEBEL 
keff	 C28/F49	 F28/F49	 keff	

Case 1-1	 X	

Case 1-2	 X	

Case 1-3	 X	

Case 2-1	 X	 X	

Case 3-1	 X	 X	 X	

Case 4-1	 X	 X	 X	 X	

Integral Experiments Used in Small Test Cases	

n  It is heuristically found that Case 3-1 reproduces well the 
cross-section alteration of Pu-239 capture of ADJ2010 

n  In spite of using only 3 data, compared with 488 data of 
ADJ2010 
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Cases 1-1, 1-2, 1-3	

Case 2-1	

Cases 3-1, 4-1	

ADJ2010	

+ JEZEBEL keff	

+ C28/F49	

+ F28/F49	

n  Not moved by using only ZPPR-9 keff (motive force = +2.45) 
n  Begin to move by a combination of integral experiments    

Cross-section Alteration of Pu-239 capture 

ZPPR-9 keff	
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Case	 1-1	 1-2	 1-3	 2-1	 3-1	 4-1	

Integral 
experiments 

used for 
adjustment	

Z9-keff 
	

C28/F49 
	

F28/F49	 Z9-keff 
C28/F49	

Z9-keff 
C28/F49 
F28/F49	

Z9-keff 
C28/F49 
F28/F49 
JZ-keff	

Pu-239 capture	 F	 F	 F	 F	 F	 C	

Pu-238 fission	 F	 F	 F	 C	 C	 C	

Pu-239 χ	 F	 F	 F	 C	 C	 C	

Pu-239 (n, n)	 -	 -	 -	 -	 -	 F	

U-238 capture	 F	 F	 F	 C	 C	 C	

U-238 fission	 F	 F	 F	 F	 C	 C	

U-238 (n, n’)	 F	 F	 F	 C	 C	 C	

Summary of “Conflict” and “Freely Adjustable” 

•  Case 2-1: Pu-239 capture begins to move 
•  Case 3-1: Pu-239 capture moves more 
•  Case 4-1: Conflict but Pu-239 (n, n) begins to move	
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Pu-239 

 Fission 

n  ADJ2010 decreases Pu-239 fission cross-section by approximately 0.5%.	
n  ENDF and JEFF seem to be consistent with JENDL-4.0 or ADJ2010 in average, 

but there are large fluctuations exceeding the variance.  It may be better to 
consult nuclear data people about the reason.	
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Pu-239 

 Elastic scattering 

n  ADJ2010 increases Pu-239 elastic-scattering cross-section by 2% at the maximum.  

This alteration is within the variance of JENDL-4.	
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Pu-239 

 Fission spectrum 

n  ADJ2010 hardened Pu-239 fission spectrum by 4% at the maximum.   
n  This large alteration is within the variance of JENDL-4, but agrees with NEITHER 

of the three major libraries.   
n  Current covariance fixes the peak value of spectrum at 2MeV.	



n  ADJ2010 increases Pu-239 inelastic scattering cross-section by 10% at the maximum.  
This alteration is within the variance of JENDL-4. 

n  Increase of inelastic scattering compensates the effect of the Pu-239 fission spectrum 
hardening on Na void reactivity, but the mechanism of increase is NOT known. 11 

Pu-239 

 Inelastic scattering 
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Pu-239 

 Nu 

n  ADJ2010 decreases prompt neutron number from Pu-239 fission by 0.2%.  This 
small decrease is consistent with the 0.2%dk overestimation of JENDL-4 for large 
Pu-fueled cores. 

n  The difference between JENDL-4.0 and ENDF/JEFF shows strange wave-shape.	
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U-238	



14 

U-238 

 Capture 

n  ADJ2010 changes U-238 capture cross-section between +2 and -2%.  This 
small alteration is within the variance of JENDL-4, and agrees with the three 
major libraries.	
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U-238 

 Inelastic scattering 

n  ADJ2010 slightly decreases Pu-239 inelastic-scattering cross-section between 
0 and 5% over 1MeV.  This alteration is within the variance of JENDL-4. 

n  This decrease of inelastic-scattering is the opposite direction to correct the 
overestimation of Na void reactivity for Pu-fueled cores with JENDL-4.0. 
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U-238 

 Mu-ave. 

n  ADJ2010 decreases U-238 mu-ave. by 8% at maximum.  The effect of this 
alteration to adjusted C/Es are NOT clear. 

n  The evaluation of mu-ave. does NOT seem converged at all.  Expect to be 
improved by SG35.	
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U-235	
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U-235 

 Capture 

n  ADJ2010 slightly changed U-235 capture cross-section only around 1 keV.  
This little alteration is consistent with CIELO evaluation, which is similar 
with JENDL-4.0.	
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U-235 

 Fission 

n  No comments for ADJ2010.  
n  Even this major cross-section has quite large difference among libraries in 

high energy region, since it is not related to thermal reactors, maybe.	
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Fe-56	
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Fe-56 

 Elastic scattering 

n  No comments for ADJ2010.  
n  Three libraries are rather similar, but re-evaluation is underway in CIELO, 

using new measured data.	
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Na-23	
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Na-23 

 Elastic scattering 

n  ADJ2010 increases Na-23 elastic-scattering cross-section between 2 and 8%.  
This alteration is within the variance of JENDL-4. 

n   ENDF largely differs from JENDL and JEFF, since it is newer evaluation.  The 
covariance of JENDL and COMMARA is consistent with this fact.  -> next slide.	
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SG33 Final Report  

Chap.3  Covariance 
(Feb.20, 2013) 
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Na-23 

 Inelastic scattering 

n  ADJ2010 largely decreases Na-23 inelastic-scattering cross-section between 5 and 20% 
over 1MeV.  This alteration is at the variance bound of JENDL-4. 

n  Na-23 inelastic-scattering has a similar sensitivity profile with total (elastic-scattering). 
n  This decrease of inelastic-scattering is consistent with the overestimation of Na void 

reactivity for ZPPR, and underestimation for BFS (negative reactivity).  -> next slide. 
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Inelastic scattering 

Na-23 
U-238 

Sensitivity  
for  

ZPPR-10A  
Na Void Reactivity 



Concluding Remarks  
1.  From ADJ2010 adjustment, we may recommend the followings to nuclear 

data evaluators:   <These have high sensitivity to good integral data.> 
Ø   Pu-239 capture --> Increase over 3keV by 7 to 9%. 

Ø The adjustment mechanism is explainable but complicated and complex. 
Ø It is necessary to be very careful if use this recommendation because the 

increase is determined by a combination of integral experiments. 
Ø   Pu-239 fission --> Keep current data within 0.5% in average. 
Ø   Pu-239 nu --> Keep current data within 0.2% in average. 
Ø   U-238 capture  --> Keep current data within 2%. 
Ø   U-235 capture --> Follow JENDL-4.0 within its variance. 

         
2.  Although large alteration is observed, we cannot make comments: 

u   Pu-239 fission spectrum and Na-23 inelastic --> should study more as 
one combined set including U-238 inelastic and Pu-239 inelastic.  

                                                                            <compensation problem exists.> 
u   U-238 mu-ave. --> Need to be converged among the major libraries. 
u   U-235 fission --> Current fast-region integral database is not sufficient. 
u   Fe-56 elastic scattering and Na-23 elastic --> Should be improved in 

CIELO project. 27 
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n  Based on the Bayes theorem, i.e., the conditional probability estimation method 
　　→　To maximize the posterior probability that a cross-section set, T, is true, under 

the condition that the information of integral experiment, Re, is obtained. 
　　　　　J(T) = (T-T0)tM-1(T-T0) + [Re-Rc(T)]t[Ve+Vm]-1[Re-Rc(T)] 
       Minimize the function J(T).　→　dJ(T)/dT = 0 

n  The adjusted cross-section set T’, and its uncertainty (covariance), M’ 
　　　　　T’  = T0 + MGt[GMGt+Ve+Vm]-1[Re-Rc(T0)] 
　　　　　M’ = M - MGt[GMGt+Ve+Vm]-1GM 

n  Prediction error induced by the cross-section errors 
　　　　　　　Before adjustment： GMGt　　　　　　After adjustment： GM’Gt 

Where,  T0 :　Cross-section set before adjustment　　    Ve : Experimental errors of integral experiments 
　　　　　 M :　Covariance before adjustment　　　　        Vm :　Analytical modeling errors of integral 

experiments 
　　　　　 Re :　Measured values of integral experiments　  G :　Sensitivity coefficients, (dR/R)/(dσ/σ) 
　　　　　 Rc :　Analytical values of integral experiments 

Appendix: Theory of Cross-section Adjustment 
※ J.B.Dragt, et al.: “Methods of Adjustment and Error Evaluation of Neutron Capture 
Cross Sections; Application to Fission Product Nuclides,” NSE 62, pp.117-129, 1977	 

ü If  GMGt<< Ve+Vm,  T’≒T0 and GM’Gt≒GMGt 

ü If  GMGt>>Ve+Vm,  GM’Gt≒Ve+Vm 

ü If  GMGt≒Ve+Vm,   GM’Gt≒1/2×GMGt 

(Algebra)	
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Use and impact of covariance data in . . . NUCLEAR DATA SHEETS K. Yokoyama and M. Ishikawa

II. THEORY

Based on the cross-section adjustment theory, the rel-
ative alteration of cross section �T/T is written as

�T/T = MG

T[GMG

T + V ]�1[J �Rc/Re], (1)

where

M : cross-section covariance,
G: sensitivity coe�cients,
V : experiment and analysis method uncertainty matrix,
J : vector of which all elements are unity,
Re: a set of integral experimental data, and
Rc: a set of calculation values of integral experiments us-

ing a priori cross-section set.

It should be noted that M , G, and V are also defined as
relative values. According to this formula, three kinds of
indices, called “degree of mobility”, “adjustment motive
force”, and “adjustment potential”, are proposed in the
followings.

A. Degree of Mobility

Firstly, to discuss an impact of nuclear data covariance
on the cross-section adjustment, the “degree of mobility”,
hereinafter just called mobility, is proposed. In general,
a standard deviation (SD) of cross section for a nuclear
reaction, i.e., the diagonal element ofM is widely used for
this purpose. However, a correlation factor, i.e., the non-
diagonal element of M , is absolutely necessary to discuss
the result of cross-section adjustment. From Eq. (1), it is
obvious that the vector of MG

T play an important role
in the cross-section adjustment from the view point of
nuclear data. Therefore, themobilityDj for cross sections
or nuclear parameters of the reaction j is defined as

Dj = MjJ, (2)

where the subscript j stands for a sub-matrix related to
the corresponding reaction.

The mobility corresponds to MjG
T when assuming a

flat sensitivity coe�cient vector as G

T. It is considered
as a convolution of nuclear data covariance to make it
independent from any integral experiments. In an actual
application of the mobility, it is necessary to define a
target energy region because the mobility depends on the
energy region in which the covariance data are defined.
In the present paper, a energy region between 500eV to
5MeV is adopted in terms of fast reactor applications.

In addition, it is noteworthy that the non-diagonal ele-
ments include negative values. Therefore, for comparing
with the standard deviation, a square root of the mobility

is defined as
p
Dj ⌘ sgn(MjJ)

q
|MjJ |, (3)

where sgn(x) = x/|x| for x 6= 0 and sgn(x) = 0 for x = 0.
In the case that all non-diagonal elements are null, the
above definition is equivalent to the standard deviation.

B. Adjustment Motive Force

Secondly, to investigate the mechanisms of cross-
section adjustment results, the “adjustment motive
force”, hereinafter just called motive force, is introduced.
To define the motive force, we use a special cross-section
adjustment result, in which only one nuclear reaction j

is adjusted by using only one integral experiment i. In
other words, the special adjustment result is denoted as

(�T/T )i,j = MjG
T
i,j [Gi,jMjG

T
i,j+Vi]

�1[J�Rc,i/Re,i],

(4)

where the subscript i and j means a sub-matrix specified
by the integral experiment i and the nuclear reaction j.
By using the special adjustment result (�T/T )i,j , the
motive force Fi,j is defined as

Fi,j =
k(�T/T )i,jk

kJk cos ✓, (5)

where k · k means the Euclidean norm and ✓ is the angle
between (�T/T )i,j and J , which is defined as

cos ✓ =
(�T/T )i,j · J

k(�T/T )i,jk kJk . (6)

According to the above definition, the motive force be-
comes ± 1 in the case where cross sections of all energy
groups are adjusted by ± 100%, i.e., (�T/T )i,j = ±J ,
and becomes null in the case where no adjustment is oc-
curred. The motive force thus stands for an average value
of the cross-section alterations over all energy groups.

C. Adjustment Potential

Thirdly, the “adjustment potential”, hereinafter just
called potential, is introduced. As for the motive force,
we should notice that an amplitude of the motive force

becomes null in two cases where the integral experiment
has no sensitivity with respect to the corresponding reac-
tion and/or where the calculation over experiment (C/E)
value of the integral experiment is equal to unity. There-
fore, the potential is necessary to distinguish the two
cases. The potential is calculated with Eq. (4) by using
the following (�T/T )0i,j in place of (�T/T )i,j :

(�T/T )0i,j = MjG
T
i,j [Gi,jMjG

T
i,j+Vi]

�1[J�Rc,I/Re,I ],

(7)

where Re,I and Rc,I are arithmetic means of experiment
values and calculation values, respectively, over a set of
core parameters I, which is related to the core parameters
i. For instance, one may define I as a set of criticality
experiments of ZPPR core series when the criticality of
ZPPR-9 is taken as i. In this manner, it is possible to
distinguish the two cases mentioned before. In addition,
the amplitude of the potential becomes comparable with
that of a di↵erent kind of integral experiments.
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B. Adjustment Motive Force

Secondly, to investigate the mechanisms of cross-
section adjustment results, the “adjustment motive
force”, hereinafter just called motive force, is introduced.
To define the motive force, we use a special cross-section
adjustment result, in which only one nuclear reaction j

is adjusted by using only one integral experiment i. In
other words, the special adjustment result is denoted as
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where the subscript i and j means a sub-matrix specified
by the integral experiment i and the nuclear reaction j.
By using the special adjustment result (�T/T )i,j , the
motive force Fi,j is defined as

Fi,j =
k(�T/T )i,jk

kJk cos ✓, (5)

where k · k means the Euclidean norm and ✓ is the angle
between (�T/T )i,j and J , which is defined as

cos ✓ =
(�T/T )i,j · J

k(�T/T )i,jk kJk . (6)

According to the above definition, the motive force be-
comes ± 1 in the case where cross sections of all energy
groups are adjusted by ± 100%, i.e., (�T/T )i,j = ±J ,
and becomes null in the case where no adjustment is oc-
curred. The motive force thus stands for an average value
of the cross-section alterations over all energy groups.

C. Adjustment Potential

Thirdly, the “adjustment potential”, hereinafter just
called potential, is introduced. As for the motive force,
we should notice that an amplitude of the motive force

becomes null in two cases where the integral experiment
has no sensitivity with respect to the corresponding reac-
tion and/or where the calculation over experiment (C/E)
value of the integral experiment is equal to unity. There-
fore, the potential is necessary to distinguish the two
cases. The potential is calculated with Eq. (4) by using
the following (�T/T )0i,j in place of (�T/T )i,j :

(�T/T )0i,j = MjG
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where Re,I and Rc,I are arithmetic means of experiment
values and calculation values, respectively, over a set of
core parameters I, which is related to the core parameters
i. For instance, one may define I as a set of criticality
experiments of ZPPR core series when the criticality of
ZPPR-9 is taken as i. In this manner, it is possible to
distinguish the two cases mentioned before. In addition,
the amplitude of the potential becomes comparable with
that of a di↵erent kind of integral experiments.
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�T/T = MG

T[GMG

T + V ]�1[J �Rc/Re], (1)

where

M : cross-section covariance,
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Rc: a set of calculation values of integral experiments us-
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It should be noted that M , G, and V are also defined as
relative values. According to this formula, three kinds of
indices, called “degree of mobility”, “adjustment motive
force”, and “adjustment potential”, are proposed in the
followings.

A. Degree of Mobility

Firstly, to discuss an impact of nuclear data covariance
on the cross-section adjustment, the “degree of mobility”,
hereinafter just called mobility, is proposed. In general,
a standard deviation (SD) of cross section for a nuclear
reaction, i.e., the diagonal element ofM is widely used for
this purpose. However, a correlation factor, i.e., the non-
diagonal element of M , is absolutely necessary to discuss
the result of cross-section adjustment. From Eq. (1), it is
obvious that the vector of MG

T play an important role
in the cross-section adjustment from the view point of
nuclear data. Therefore, themobilityDj for cross sections
or nuclear parameters of the reaction j is defined as

Dj = MjJ, (2)

where the subscript j stands for a sub-matrix related to
the corresponding reaction.

The mobility corresponds to MjG
T when assuming a

flat sensitivity coe�cient vector as G

T. It is considered
as a convolution of nuclear data covariance to make it
independent from any integral experiments. In an actual
application of the mobility, it is necessary to define a
target energy region because the mobility depends on the
energy region in which the covariance data are defined.
In the present paper, a energy region between 500eV to
5MeV is adopted in terms of fast reactor applications.

In addition, it is noteworthy that the non-diagonal ele-
ments include negative values. Therefore, for comparing
with the standard deviation, a square root of the mobility

is defined as
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and becomes null in the case where no adjustment is oc-
curred. The motive force thus stands for an average value
of the cross-section alterations over all energy groups.
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Thirdly, the “adjustment potential”, hereinafter just
called potential, is introduced. As for the motive force,
we should notice that an amplitude of the motive force

becomes null in two cases where the integral experiment
has no sensitivity with respect to the corresponding reac-
tion and/or where the calculation over experiment (C/E)
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values and calculation values, respectively, over a set of
core parameters I, which is related to the core parameters
i. For instance, one may define I as a set of criticality
experiments of ZPPR core series when the criticality of
ZPPR-9 is taken as i. In this manner, it is possible to
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the amplitude of the potential becomes comparable with
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where	

Motive force:	

Adjustment Motive Force 

n  Motive force is determined by reaction and integral experiment 
n  independent from a combination of integral experiments 

n  Motive force is a scalar value (averaged over all energy group) 
n  ±100% alterations for all energy group à motive force = ±1 
n  0 % alterations for all energy group à motive force = 0 

A special adjustment result, in which only one reaction, j, 
is adjusted by using only one integral experiment, i. 

1 – C/E	

J	
2G	

1G	
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1	

1	0	

θ	

Example of 2 energy-group case 	
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In the case that all non-diagonal elements are null, the
above definition is equivalent to the standard deviation.

B. Adjustment Motive Force

Secondly, to investigate the mechanisms of cross-
section adjustment results, the “adjustment motive
force”, hereinafter just called motive force, is introduced.
To define the motive force, we use a special cross-section
adjustment result, in which only one nuclear reaction j
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other words, the special adjustment result is denoted as
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where the subscript i and j means a sub-matrix specified
by the integral experiment i and the nuclear reaction j.
By using the special adjustment result (�T/T )i,j , the
motive force Fi,j is defined as

Fi,j =
k(�T/T )i,jk

kJk cos ✓, (5)

where k · k means the Euclidean norm and ✓ is the angle
between (�T/T )i,j and J , which is defined as

cos ✓ =
(�T/T )i,j · J

k(�T/T )i,jk kJk . (6)

According to the above definition, the motive force be-
comes ± 1 in the case where cross sections of all energy
groups are adjusted by ± 100%, i.e., (�T/T )i,j = ±J ,
and becomes null in the case where no adjustment is oc-
curred. The motive force thus stands for an average value
of the cross-section alterations over all energy groups.

C. Adjustment Potential

Thirdly, the “adjustment potential”, hereinafter just
called potential, is introduced. As for the motive force,
we should notice that an amplitude of the motive force

becomes null in two cases where the integral experiment
has no sensitivity with respect to the corresponding reac-
tion and/or where the calculation over experiment (C/E)
value of the integral experiment is equal to unity. There-
fore, the potential is necessary to distinguish the two
cases. The potential is calculated with Eq. (4) by using
the following (�T/T )0i,j in place of (�T/T )i,j :

(�T/T )0i,j = MjG
T
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where Re,I and Rc,I are arithmetic means of experiment
values and calculation values, respectively, over a set of
core parameters I, which is related to the core parameters
i. For instance, one may define I as a set of criticality
experiments of ZPPR core series when the criticality of
ZPPR-9 is taken as i. In this manner, it is possible to
distinguish the two cases mentioned before. In addition,
the amplitude of the potential becomes comparable with
that of a di↵erent kind of integral experiments.
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ZPPR-9 is taken as i. In this manner, it is possible to
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Adjustment Potential 

n  Motive force becomes null in two cases: 
n  Not sensitive to the integral experiment: G ~ 0.0  
  à There is no motive force 
n  Sensitive but not necessary to adjust the cross sections: G >> 0.0 and C/E ~ 1.0 
  à There is force that keeps the present values, or frictional force 

n  Therefore,  Potential is needed to distinguish the two cases. 
n  The amplitude of Potential is comparable with that of 

a different kind of integral experiments, such as  
criticality and Na void reactivity 

Potential is calculated as well as motive force by using 	

1 – C/E of  
the core parameter i	

Average of 1 – C/E 
over a set of  

core parameters 
related to i 

in place of 	



No.	 Motive force	 Integra experiments	

1	 +4.65	 BFS-66-1 control rod worth [Ring 1-4]	

2 – 8	 +4.40 -- +2.60	 ZPPR-18A control rod worths (including 7 cases)	

9	 +2.92	 ZPPR-10A criticality	

10	 +2.45	 ZPPR-9 criticality	

:	              :	

484, 485	 -0.98	 ZPPR-18A control rod worths (including 2 cases)	

486	 -0.99	 JOYO MK-I criticality (64 fuel S/As)	

487	 -1.06	 JEZEBEL criticality	

488	 -1.07	 JOYO MK-I criticality (70 fuel S/As)	
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Motive Forces for Pu-239 capture 

n  A lot of experiments have large positive motive forces 
n  Even if some of them are removed, the cross-section alteration 

of Pu-239 capture is not changed significantly 



n  F: freely adjustable 
If only one integral experiment has a large motive force for a 
reaction, the cross section of the reaction is “freely adjustable” 
and altered. 

 
n  C: conflict 

If more than two motive forces with large potentials have 
opposite signs, it is considered as a “conflict”.  In this case, the 
cross section of the reaction is not significantly adjusted.  Then, 
the other “freely adjustable” cross sections are altered. 
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Assumption of Two Situations for Motive Forces 
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ZPPR-9	 JEZEBEL	

keff	 C28/F49	 F28/F49	 keff	

Pu-239 capture	
+2.45 
(-1.84)	 ↑	

+0.28 
(-0.15)	 0	

+0.34 
(+0.37)	 0	

-1.06 
(-0.94)	 ↓ 

Pu-239 fission	
-0.24 

(+0.18)	 ↓ +0.18 
(-0.10)	 ↑ -0.07 

(-0.07)	 0	
+0.07 

(+0.06)	 0	

Pu-239 χ	 +2.26 
(-1.70)	 ↑	

-1.20 
(+0.66)	 ↓ -2.83 

(-3.07)	 ↓ -1.98 
(-1.77)	 ↓ 

Pu-239 (n, n)	 -0.12 
(+0.09)	 0	

-0.01 
(+0.00)	 0	

-0.00 
(-0.01)	 0	

+0.57 
(+0.51)	 ↑	

U-238 capture	
+0.55 

(+1.20)	 ↑	
-1.04 

(+0.579	 ↓ +0.21 
(+0.23)	 ↑	

-0.00 
(-0.00)	 0	

U-238 fission	
-1.59 

(+1.20)	 ↓ +0.02 
(-0.01)	 0	

+0.62 
(+0.67)	 ↑	

+0.00 
(+0.00)	 0	

U-238 (n, n’)	 +0.57 
(-0.43)	 ↑	

-1.13 
(+0.62)	 ↓ -0.39 

(-0.43)	 ↑	
+0.00 

(+0.00)	 0	
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Motive Forces & Potentials for Integral 
Experiments used for Small Test Cases 
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Cross-section Alteration of Pu-239 (n, n) 

Cases 1-1, 1-2, 1-3, 
           2-1, 3-1	

Case 4-1	

+ JEZEBEL keff	

ADJ2010	

n  Not moved by using the set of ZPPR-9 keff, C28/F49, and F28/F49 
n  Begin to move by adding JEZEBEL keff    
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Deconvolution of energy domain 

Used as validation for evaluation C/E ~1 

Using benchmark in relative to focus on some reaction : 238U (n,n’)  

Take care of experimental correlation between ICSBEP series 



 

 

 

 
Best Knowledge coming from  

Microscopic Measurements  

Nuclear Reaction Models 

“Public” Integral Experiments  

Mini-Inca (ILL)  

ICSBEP 

… 

Additional Integral Experiments  

Minerve 

PROFIL 

… 

Breakthrough 

Covariances [0eV;20MeV] 

Evaluation methodologies 

Understanding of discrepancies 

Covariance methodologies 

Reduction of Uncertainties 

 

 

 

 

 

                                 

                                

COVARIANCE MATRICES METHODOLOGIES 



Covariances Matrices 

evaluation  

on 239Pu 

Determination of  

 

 

Matrices 
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Resolved Resonance Range (SG34 and JEFF-3.2)   

Final uncertainties dominated by normalization accuracy introduced in the Marginalization 

procedure (0.5-3% for the fission cross section and 4-9% for the capture cross section)  
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              239PU COVARIANCE MATRICES  

          (MICROSCOPIC KNOWLEDGE) 

@ G. Noguère (CEA)    /     L. Leal (ORNL) 



 

Covariances in the continuum (COMAC-V0.1) 

 

Construction of an a-priori based on JEFF-3.2 cross sections 

Systematic uncertainties on fission and capture XS, based on “International Evaluation of 

Neutron Cross Section Standards” by Carlson et al. (CRP Report) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Same conclusions : a few % of uncertainties with high correlations 
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              239PU COVARIANCE MATRICES  

          (MICROSCOPIC KNOWLEDGE) 



 
Covariances on Nuclear model parameters and related Cross sections 
 
High influence of systematic uncertainties  

  
  High and long range correlations 
  Uncertainties around  0.5-10 %  (239Pu Capture high even in thermal range) 
 

RRR/URR/OM treated separately  
 
  Importance of cross-correlations between reactions / energy ranges 
 

 
 

 
 
Short term  Add integral information + Additional energy ranges constraints 
 
Long term  New microscopic/integral experiments even for well-known isotopes 
(Normalization/background issues, URR, angular distributions, …)  
 
Long term  More microscopic ingredients (less “free” parameters) 
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Still important uncertainties 

Needs for integral constraints 

              239PU COVARIANCE MATRICES  

          (MICROSCOPIC KNOWLEDGE) 



 
JEZEBEL  define a consistent benchmark 

 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

A. Only Cross sections and related model parameters  
B. Investigate results 
C. Add other nuclear data (PFNS, nu, etc…) 
D. Propagate to a Fast Reactor 
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+ 

Covariances  

 ,... , FissionOMPx 


 

Integral Data  

Assimilation 

on Parameters 

 

 

Multigroup 

covariances 

(COMAC) 

 

 

Integral Data  

Assimilation 

on Multigroup XS 

 

 

Calculate  

With Tripoli4  

(Monte-Carlo) 

 

 

Calculate  

With ERANOS/PARIS 

(+Sensitivities) 

 

1 

2 

              239PU COVARIANCE MATRICES  

          (PUBLIC INTEGRAL EXPERIMENTS) 
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“Public” Integral Experiments  

ICSBEP (JEZEBEL) 

Nuclear model parameters Data Assimilation 

 ,... , FissionOMPx 


Multigroup cross section Data Assimilation 

r

g

Correlation Matrices are almost equivalent: 

| C(paramg) – C(g) |max~ 0.1 

              239PU COVARIANCE MATRICES  

          (PUBLIC INTEGRAL EXPERIMENTS) 
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              239PU COVARIANCE MATRICES  

          (PUBLIC INTEGRAL EXPERIMENTS) 

“Public” Integral Experiments  

ICSBEP (JEZEBEL) 

Data Assimilations using multigroup cross sections or nuclear 

reaction model parameters seem to be very consistent 



 

Uncertainties on Keff : 
 

 

------------------------------------------------------------------------------------------------------------------------- 

With COMAC-V0.1 : 

---------------------------------------------------------------------------------------------------------------------------

 Isotope       FISSION       CAPTURE       ELASTIC     INELASTIC           NXN            NU  DISTRIBUTION         TOTAL  

-------------------------------------------------------------------------------------------------------------------------------- 

   Pu239        782.45        234.45        -14.24         67.63        -12.39        109.76        199.06        850.35  

-------------------------------------------------------------------------------------------------------------------------------- 

   TOTAL        955.27        598.58         30.30        449.18        -43.25        157.94        253.96       1249.44  

-------------------------------------------------------------------------------------------------------------------------------- 

 

 

With COMAC-V0.1 + JEZEBEL : 

-------------------------------------------------------------------------------------------------------------------------------- 

 Isotope       FISSION       CAPTURE       ELASTIC     INELASTIC           NXN            NU  DISTRIBUTION         TOTAL  

------------------------------------------------------------------------------------------------------------------------------- 

   Pu239        304.31        176.87        -18.03         50.03         -7.93         56.36        144.41        387.34  

-------------------------------------------------------------------------------------------------------------------------------- 

   TOTAL        626.83        578.46         28.21        446.87        -42.19        126.78        213.83        994.00  

-------------------------------------------------------------------------------------------------------------------------------- 

 

 

 

 

 

 

Major changes due to new 239Pu covariance  


238U next  

Add dedicated integral experiments (PROFIL) 

All usual suspects (Fe…) 

Effect on a Fast Reactor (large size core) 

              239PU COVARIANCE MATRICES  

          (PUBLIC INTEGRAL EXPERIMENTS) 
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Additional Integral Experiments  

PROFIL experiments (CEA Marcoule) 

              239PU COVARIANCE MATRICES  

          (ADDITIONAL INTEGRAL EXPERIMENTS) 
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Additional Integral Experiments  

PROFIL experiments (CEA Marcoule) 

              239PU COVARIANCE MATRICES  

          (ADDITIONAL INTEGRAL EXPERIMENTS) 

Slight reduction of the uncertainties but large anti-correlations 

appear between the keV and the MeV energy regions 

Additional experiments are required for the thermal region 



 

Reduction of uncertainties with dedicated integral experiments is major (Factor 5-10) 

 

Work presented here on multigroup cross sections and nuclear reaction model parameters 

 

Choice of integral experiments is crucial to disentangle nuclear data sensitivities 

Use integral experiments sensitive to different reactions or parameters  

Relative integral experiments (reflector effect instead of reactivity…) 

 

Difficulty arises if : 

Parameters are not well chosen or forgotten (PFNS, angular distributions …etc…) 

Spurious Integral experiment (as for microscopic ones) with hidden error 

Correlation between experiments are neglected (ICSBEP series …) 

 

Traditional questions arises  “old” experiments, effect is diluted on several ND,.. etc  

 

JEZEBEL is quite unique… 

Investigate cases with bad C/E or if two different evaluations are giving same C/E  
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IMPOSING CONSTRAINTS ON MODELS 

INTEGRAL EXPERIMENTS  

Sometimes true but  

CIELO and SG39 could give answers 



 
 Several kind of Nuclear Data 
 Several kind of Nuclear Reaction Models 
 Several kind of Experiments 
 Several kind of Covariance Matrices 
 
 Progress on Methodologies needed:  

o Data assimilation techniques 
o Adding physical constraints (On several models) 
 

 Progress on Experiments needed: 
o Reduction of systematic uncertainties for microscopic measurements 
o Integral experiments to target limited energy domain / reactions / isotopes 
 

 Progress on Nuclear models needed: 
o Microscopic models 
o Avoid compensations 
 

 Needs to define Covariance estimation benchmarks: 
o Fixed experiments 
o Fixed a priori (on parameters and/or cross section & uncertainties) 
o Incremental complexity 
o Compare covariance evaluation methodologies 
 

 

CONCLUSIONS 
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Feedback on CIELO Isotopes from 
ENDF/B-VII.0 Adjustment 
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May  14, 2013   
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Adjustment 
• A comprehensive multigroup neutron cross section 

adjustment has been carried out using ENDF/B-VII.0 data 
files and COMMARA 2.0 covariance matrix. 

• An initial set of 148 integral experimental quantities has 
been analyzed (using the best calculational tools available) 
in order to provide C/E and associated calculational and 
experimental uncertainties and correlations. 

• The initial set was reduced to 87 experimental values based 
on several considerations (duplications, some covariance 
data not available, etc.). Later on added 5 more experiments 
(more sensitivity to isotope of interest), reaction 
covariance, and isotopes (to avoid compensations). 

• A 33 energy group structure was adopted and sensitivity 
coefficients were calculated. Generalized Perturbation 
Theory (by ERANOS system) was used for static integral 
parameters and Depletion Perturbation Theory for time 
dependent parameters (done at ANL). 

 



Type of experiments used in adjustment 

keff 
Reactivity 

Coefficients 
Spectral index Irradiation total # cases 

Jezebel 2 3   5 

Flattop 1 2   3 

ZPPR-6/7,9 3 2 6 11 

JOYO 1 1 

Godiva 1 3 4 

BigTen 1 3 4 

Np Sphere 1 1 

ZPPR-10,15 3 5 8 

COSMO 9 9 

PROFIL 26 26 

TRAPU 15 15 



Additions 

• Experiments (5 more critical masses): 

– ZPR9-34 (235U and 56Fe) 

– ZPR3-53 (239Pu and 238U) 

– ZPR3-54 (239Pu and 56Fe) 

– CIRANO 2A (239Pu and 238U) 

– CIRANO 2B (239Pu and SS) 

• Reactions: 

–  (235U, 238U) 

– P1 elastic (235U, 238U, 239Pu) 

 

• 9 more isotopes 

 
 



43 COMMARA-2.0 nuclei with covariances used 
in adjustment 

• Light Nuclei: 

                           10B,   16O, 12C 

• Structural materials and fission fragments: 
23Na, 52Cr, 56Fe, 58Ni, 95Mo, 97Mo, 101Ru, 105Pd, 106Pd, 
133Cs, 143Nd, 145Nd, 149Sm, 151Sm, 153Eu,  

  54Fe, 57Fe, 50Cr, 53Cr, 50Cr, 60Ni, 62Ni, 55Mn 

• Major actinides: 

                      235U,  238U,  239Pu 

• Minor actinides: 

     234U,  236U,  237Np,  238Pu, 240Pu,  241Pu,  242Pu 

 241Am, 242mAm, 243Am, 242Cm, 243Cm, 244Cm, 245Cm 

 



Eight types of parameters included in the 
adjustment  

• (n,f): 

– cross section 

– nubar 

– PFNS   (7 cases) 

• (n,el): 

– cross section 

– P1   (5 cases) 

• (n,inel): cross section 

• (n,g): cross section 

• (n,2n): cross section 

In all, 8976 points could have 

been adjusted, but only 1374 

most important kept: 



Analysis of CIELO specific cross section 
adjustments  

• Inelastic cross section adjustments for the “Big Three” 
actinides: 

 

– 238U and 239Pu cross sections are all reduced in the 
range ~1-5 MeV. Their adjustments can be coupled 
to significant uncertainty reduction. 235U inelastic 
does not change too much. 
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Analysis of CIELO specific cross section 
adjustments  

• Capture cross section adjustments for the “Big Three” 
actinides: 

 

– The 239Pu capture cross section is significantly 
increased (5 to 10%) in the 1 Kev to 10 Kev range. 

– The 235U and 238U capture cross sections do not 
change too  much but the 235U adjustment is 
coupled to a very significant uncertainty reduction. 







Analysis of CIELO specific cross section 
adjustments  

• Fission cross sections and fission spectrum 
adjustments for the “Big Three” actinides: 

 

– No major adjustment because initial standard 
deviation  is very low  

– Very low modification for 239Pu fission spectrum 







Analysis of CIELO specific cross section 
adjustments  

• (n,2n) cross section adjustments for the “Big Three” 
actinides: 

 

– The 238U (n,2n) is reduced. 

– The 239Pu (n,2n) ) is significantly increased 

– For the 235U (n,2n) there is no sensitivity in the 
experiments.  
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Analysis of CIELO specific cross section 
adjustments  

• 56Fe cross sections 

 

– Slight changes for elastic and capture in the big 
resonances 

– The inelastic is lowered (but not too much). 









Conclusions 
• A comprehensive adjustment (92 experimental integral 

parameters) has been carried out and trends have been 
identified for 4 isotopes of interest for CIELO using as 
starting point ENDF/B-VII.0 cross sections and COMMARA 
2.0 covariance data.  

• However, caution has to be exerted as there is danger of 
compensations. Source of compensations include: 

– Missing experiments able to discriminate among reactions, 
including: “flat” adjoint flux reactivity experiments (to 
separate inelastic from absorption cross section), neutron 
transmission or leakage experiments (mostly for elastic and 
inelastic cross sections), reaction rate spatial distribution 
slopes (elastic, and inelastic) 

– Missing data in covariance matrix: fission spectra, P1 elastic, 
secondary energy distribution for inelastic cross sections 
(multigroup transfer matrix), cross correlations 

– Underestimation or overestimation of well known 
reaction standard deviations (e. g. 239Pu fission) 
 



Some very preliminary indications from recent 

adjustment studies intercomparison 

 

 
G.Palmiotti and M.Salvatores 

 
SG39/CIELO joint meeting, May 14, 2014 



• JEFF values often discrepant with respect to ENDF and JENDL 
• Both adjustments ENDF and JENDL indicate lower values in the ~3-6 MeV range 
• Discrepancies between ENDF and JENDL in the ranges 2-3MeV and ~300-600 keV 
• Probably need of specific integral experiments (e.g. sphere transmission, flat or 

steep adjoint flux etc) 



• Relatively small adjustments 
• More sensitive experiments needed 



• Significant discrepancies between ENDF and JENDL below 1 keV 
• Relatively small adjustments (low values in JENDL-4 already accounts 

for integral data) 



• Adjustments below 10 KeV tend to increase capture x-section. However much 
larger increase with ENDF/VII.1 adjustment driven by specific integral measurement 
(PROFIL pure sample irradiation) 



•Above 10 keV, increase of capture both in JENDL 
and ENDF (see detailed JAEA study) 



• Small adjustments, due to very small uncertainties in 
covariance data sets 



• Discrepancies between ENDF and JENDL around ~2keV 
      (see fluctuations of x-section as shown in JAEA study) 



• JEFF Values often discrepant with respect to ENDF and JENDL 
• After adjustment, significant discrepancies between ENDF and JENDL in the range 
•  2-3MeV (adjustments in opposite directions) and ~300-600 keV 
• Probably need of specific integral experiments (flat or steep adjoint flux etc) 



• Adjustments relatively limited 
• Some discrepancy among files 



EMax 

(MeV) 

JENDL-4 adjusted ENDF/B-VII.1 adjusted 

nubar Fission chi-p inel nubar Fission chi-p inel 

19.6 4.24 2.24 0.020 0.70 4.57 2.26 0.002 0.62 

10.0 4.05 2.11 0.032 0.937 3.95 2.05 0.029 1.04 

6.1 3.53 1.71 0.123 1.89 3.55 1.74 0.121 1.58 

3.8 3.27 1.89 0.219 2.04 3.28 1.90 0.219 1.74 

2 .2 3.12 1.96 0.226 1.86 3.13 1.96 0.231 1.71 

1.35 3.02 1.75 0.166 1.59 3.03 1.77 0.172 1.53 

Note: mubar values very close in the two files, before and after adjustment 



Some adjustment in the 30-40 keV range 
(E.g. ~3% reduction of ENDF/B-VII.1 data) 



• After adjustment, still significant discrepancies between ENDF and JENDL in the ranges 
 E>6MeV and E~1MeV 
• Probably need of specific integral experiments 



• Adjustment suggested at the ~1.2 keV resonance and below. 
• Both adjustments ENDF and JENDL, indicate cross section increase 

(a few percent) 



a) Capture and fission of major actinides:  

 

 Some trends detected.  

 However, still need of some specific integral experiment to confirm: 

• Sample irradiation in well define neutron spectra 

• High accuracy fission rates (spectrum indexes) 

• Keff measurements to be considered as a global check, that can point 

out to other discrepant data, once major capture and fission cross 

sections have been adjusted 

 

b) Inelastic cross sections (Pu-239, U-238, Fe-56 etc):  

 

 Trends somewhat dependent on starting data file.  

 There is risk of compensations among inelastic, fission spectrum, nubar 

and fission cross section, if only Keff measurements are used 

 Use of specific integral experiment should be favored:  

• Spatial slope of threshold reactions (even in neutron propagation 

experiments e.g. for Fe) 

• Critical experiments with very steep or very flat adjoint flux energy 

shape, to maximize or minimize inelastic scattering reactivity 

contribution in e.g. sample reactivity measurements 

• Neutron leakage measurements from single material experiments 

 



c) Covariance data should be as complete as possible (including scattering 

secondary neutron distributions, angular distributions (P1 terms in Legendre 

polynomial representations), as well as key cross correlations (reactions and 

isotopes). 

 

 Completeness and reliability of covariance data is of particular relevance 

when Keff experiments are used in assimilation studies. 

 

Next steps of SG39 will focus on  items mentioned above.  

JEFF related data to be included in the assimilation trends intercomparisons  
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2 Managed by UT-Battelle 
for the Department of Energy paradigm shift 

56Fe Resolved Resonance Evaluation up to 2.0 MeV 
and Unresolved Resonance in the Energy Range 2-4 MeV 

 Motivation for evaluating 56Fe; 

 Evaluation description; 

 Use RML option of the SAMMY code (R-matrix 
Limited Format); 

 Experimental Data; 

 Combination of differential and integral data in 
the SAMMY fitting procedure; 

 Results and Conclusions; 

 



3 Managed by UT-Battelle 
for the Department of Energy paradigm shift 

Motivation for evaluating 56Fe   

 High resolution transmission measurements done at the RPI 
extending the resonance region up to 5 MeV (Danon); 

 Inelastic cross section measurements done at GEEL (Plompen); 

 Use of the SAMMY/RML feature to include inelastic channel in 
the R-matrix analysis; 

 Additional data:  

– Low energy capture and total cross section; 

– Differential elastic cross section; 

 Improve benchmark results for Iron benchmark calculations; 

 



4 Managed by UT-Battelle 
for the Department of Energy paradigm shift 

Evaluation Features 

 Extend the resolved resonance region from 850 keV to 2.0 MeV;  

 Fit RPI transmission data in the energy range 2-4 MeV;  

 Include new transmission measurements and inelastic cross section data 

 Use the extended R-matrix formalism in the SAMMY code for fitting 
the experimental data 

 Fit differential scattering cross section using Blatt and Biedenharn 
formalism in SAMMY; 

 Process and compare the cross sections processed with SAMMY, 
NJOY, AMPX and PREPRO using the evaluated iron resonance 
parameters; 

 Generate covariance data using the compact formalism; 

 Inclusion of integral data together with the SAMMY (SAMINT) fitting 
of the differential data; 

     



5 Managed by UT-Battelle 
for the Department of Energy paradigm shift 

Experimental Data for the n+56Fe Interaction 

Reference Energy Range  Facility TOF 

 (meters) 

Measurement 

Harvey (1987) 20 keV – 2 MeV ORELA 201.575 Transmission 

Perey (1990) 120 keV – 850 keV ORELA 201.575 Transmission 

Cornelis (1982) 500 keV – 2 MeV GELINA 387.713 Transmission 

Danon (2012) (three 

thicknesses) 

500 keV – 2 MeV RPI 249.740 Transmission 

Perey (1990) 850 keV – 1.5 MeV ORELA 201.575 Inelastic 

Plompen (2011) 850 keV – 2 MeV GELINA 198.686 Inelastic 

Spencer (1994) ) (two 

thicknesses) 

10 eV – 650 KeV ORELA 40.0 Capture 

Perey (1990) 850 keV – 1.5 MeV ORELA 200.191 elastic 

Cabé (1967) 500 keV – 1.2 MeV Université de 

Louvain 

(Van de Graaff) 

~ 1 elastic 

O.A.Shcherbakov (1977) 0.001 eV – 10 eV TOF/Russia 9.5  Total 

O.A.Shcherbakov (1977) 0.001 eV – 10 eV TOF/Russia 9.5  Capture 
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for the Department of Energy 

Comparison of SAMMY predictions to total and capture data of Shcherbakov. 



7 Managed by UT-Battelle 
for the Department of Energy 

Comparison of SAMMY predictions of Total and inelastic data. 



8 Managed by UT-Battelle 
for the Department of Energy 

SAMMY fit to the experimental capture data of Spencer.  

Energy range 10 eV to 650 keV 



9 Managed by UT-Battelle 
for the Department of Energy 

Issues with Fe-56 capture cross-section data identified 
through collaborative work with IRSN  
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10 Managed by UT-Battelle 
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Comparison of SAMMY predictions to differential elastic data of Perey. 



11 Managed by UT-Battelle 
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Comparison of SAMMY predictions to differential elastic data of Cabé . 
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Legendre coefficient calculated by NJOY 

Fe-56 elastic CM angular distribution

res P1 black, VII.1 P1 red
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Legendre coefficient calculated by NJOY 

Fe-56 elastic CM angular distribution

res P1 black, VII.1 P1 red

500 600 700 800 900 1000

*10
3

Energy (eV)

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

L
e
g
e
n
d
re

 C
o
e
ff



14 Managed by UT-Battelle 
for the Department of Energy 

Legendre coefficient calculated by NJOY 

Fe-56 elastic CM angular distribution

res P1 black, VII.1 P1 red
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Legendre coefficient calculated by NJOY 

Fe-56 elastic CM angular distribution

res P1 black, VII.1 P1 red
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Thermal and Resonance Integral (T=293.6 K) 

Data 

(barns) 

Mughabghab JENDL4 JEFF3.1 ENDF/BVII.1 ORNL4 

σt 
15.21 14.78 14.79 14.75 14.78 

σs 
12.69 ± 0.49  12.19  12.21  12.16  12.19 

σγ 
2.59 ± 0.14 2.59 2.58 2.59 2.59 

Iγ 
(1.36 ± 

0.15)* 

1.35 1.34 1.35 1.34 

*calculated  
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Coherent Scattering 

a2 =
I +1

2I +1
a+ +

I

2I +1
a-é

ë
ê

ù

û
ú

2

+
I (I +1)

(2I +1)2
(a+ - a- )2

Scattering length in terms of a+ and a- for spin states I + 1/2 and I - 1/2 

acoh =
I +1

2I +1
a+ +

I

2I +1
a-

ainch =
[I (I +1)]1/2

2I +1
(a+ - a-)

with 

and 
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Coherent Scattering 

For nuclei with I = 0  acoh = a+ and ainch=0  

that is: 

a= acoh

acoh = lim
E®0

s s

4p

æ

è
ç

ö

ø
÷

1/2

Data 

(fm) 

Mughabghab JENDL4 JEFF3.1 ENDF/BVII.1 This 

Evaluation 

acoh 
10.1 ± 0.2 9.8 9.8 9.6 9.7 
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Covariance Generation 

1. Compact format used together with the LRF=7 option; 

 

1. Data processed with NJOY(ERROR) and 

AMPX(PUFF); 

 

3. Uncertainties calculated with NJOY, AMPX agree well 

with calculations with SAMMY; 
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for the Department of Energy paradigm shift 

Thermal and Resonance Integral and uncertainties calculated with 
covariance data at T=293.6 K 

Data 

(barns) 

Mughabghab ORNL4 

σt 
15.21 14.78 ± 0.32 

 

σs 
12.69 ± 0.49  12.19 ± 0.23 

 

σγ 
2.59 ± 0.14    2.59 ± 0.16 

 

Iγ 
(1.36 ± 

0.15)* 

  1.34 ± 0.22 

 

*calculated  
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44-group covariance from thermal to 2 MeV 
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112 log-spaced groups between 10 keV and 2 MeV 



23 Managed by UT-Battelle 
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Benchmark Results 

1. Californium-Iron shielding benchmark: Six iron spheres 

of diameters of 20, 30, 40, 50, 60, and 70 cm. 

Experiments done at IPPE, Russia. 

 

1. ICSBEP benchmarks:  

 a) Highly Enriched Uranium Metal Fast benchmark 

 (HMF013 and HMF021); 

 b) Plutonium Metal Fast benchmark (PMF025 and 

 PMF032) 

 

3. Highly Enriched Uranium Metal Intermediate 

benchmark (HMI-001) 



24 Managed by UT-Battelle 
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1. ALARM-CF-FE-SHIELD-001 - ICSBEP  

 

Neutron and photon leakage spectra from Cf-252 source at the 

center of six iron spheres of diameters of 20, 30, 40, 50, 60, and 70-

cm (IPPE, Russia) 
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2. K_eff for HMF and PMF 

 

Sensitivity of k_eff to the elastic and inelastic cross section 

For PMF-026 
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K_eff for HMF and PMF 

C/E 
benchmark ORNL4 ENDF/BVII.1 

HMF013 
0.99850 0.99841 

HMF021 
0.99633  0.99720 

PMF025 
0.99892 0.99890 

PMF032 0.99792 0.99877 
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3. ZPR 9/34 loading 303 

 

1. Highly enriched uranium/ iron benchmark, reflected by 

steel.  

 

2. ICSBEP identification: HEU-MET-INTER-001  

 

3. K_eff (bench) = 0.9966 ± 0.0026  

RZ model 
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Sensitivity of k_eff to elastic and inelastic 
calculated with MCNP6 
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K_eff for HMF and PMF 

HMI-001 

K_eff=0.9966 ± 0.0026 

B7.1 
1.00157(21) - 

U-235 

(CIELO) 

 

0.99907(21) 

 

Fe-56 (B7.1) 

  

Fe-56 

(CIELO) 

 

0.99759(21) 

 

U-235 (B7.1)  

U-235 

+ 

Fe-56 

(CIELO) 

 

 

0.99574(22) 

 

 

With Fe-56 and U-235 

  



Managed by UT-Battelle 
for the Department of Energy 

SAMINT 

SAMINT is an auxiliary 
program designed to allow 
SAMMY to adjust nuclear 
data parameters based on 
integral data 

 

V. Sobes and L. Leal 



Traditional SAMMY Evaluation 

• Traditionally SAMMY has used 
differential experimental data  
(σ(Ei) vs Ei) to adjust nuclear data 
parameters: 

• Resonance energies 

• Resonance widths 

• Number of prompt neutrons per fission 

• Etc… 

• Integral experimental data, such as 
ICSBEP benchmarks, have 
remained only a tool validation of 
completed nuclear data evaluations. 

 

 



Integral Experiments to Aid 
Nuclear Data Evaluation 

• SAMINT can be used to extract 
information from integral benchmarks 
to aid the nuclear data evaluation 
process. 

• Near the end of the evaluation based 
on differential experimental data, 
integral data can be used to: 

• Resolve remaining ambiguity between 
differential data sets 

• Guide the evaluator to troublesome energy 
regions 

• Inform the evaluator of the most important 
nuclear data parameters to integral 
benchmark calculations 

• Improve the nuclear data covariance matrix 
evaluation 
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SAMINT Methodology 

Generalized Linear Least 
Squares (GLLS) 

 SAMMY fits nuclear data 
parameters to experimental 
cross-section data utilizing 
the first derivative of the 
continuous energy cross 
section 

– dσ(E)/dΓλ 

 SAMINT provides SAMMY 
with the first derivative of 
the k-eigenvalue 

– dk/dΓλ 

k-Eigenvalue Sensitivity 
Analysis 

 Codes such as CE-TSUNAMI 
and MCNP-6 have the 
capability to generate k-
eigenvalue sensitivity to 
continuous energy cross 
sections 

– dk/dσ(E) 

 SAMINT multiplies the two 
derivatives 

– dk/dσ(E) x dσ(E)/dΓλ = dk/dΓλ 
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Using SAMINT with SAMMY 

dk/dσ(E) 

dσ(E)/dΓλ 

dk/dΓλ 

Updated Γλ 

and δΓ 

Differential Experimental Data 

Integral Experimental Data 



SAMINT Proper Use: 

 SAMINT is not intended to bias the 
nuclear data towards fitting a 
certain set of integral experiments 

 SAMINT should be used to 
supplement evaluation of 
differential experimental data 

 Using the GLLS methodology 
ensures that the update nuclear 
data parameters respect the 
original fit of the differential data 
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SAMINT Today and Tomorrow 
Current Capabilities 

– Adjusting resolved resonance 
parameters and associated 
covariance  

– Adjusting number of prompt 
neutrons per fission 

– Calculating continuous energy 
cross sections, K1, eta values 
(reactor physics), etc to satisfy 
integral benchmarks 

– Works with both CE-TSUNAMI 
and MCNP-6 k-eigenvalue 
sensitivities 

– Limited to constraints of the 
linearity assumptions of GLLS 

Future Developments 

– Near term: 

 Addition of iteration for     
non-linearity 

 Expansion to the    unresolved 
resonance region 

– Long term: 

 Expansion to high energy 
region 

 Adjustment of angular 
distribution data and 
associated covariance 

 Support for future TSUNAMI 
generalized sensitivity theory 
developments  

 

 



38 Managed by UT-Battelle 
for the Department of Energy paradigm shift 

K_eff for HMF and PMF 

K_eff 

benchmark ORNL5 benchmark C/E 

HMF013 
0.99935(9) 0.9990(15) 1.00035 

HMF021 
1.00005 (10)  1.0000(24) 1.00005 

PMF025 
1.00001 (9) 1.0000(20) 1.00001 

PMF032 1.00017(9) 1.0000(20) 1.00017 
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K_eff for HMF and PMF using SAMINT 

C/E 
benchmark ORNL4 ORNL5 

 

ENDF/BVII.1 

HMF013 
0.99850 1.00035 0.99841 

HMF021 
0.99633 1.00005  0.99720 

PMF025 
0.99892 1.00001 0.99890 

PMF032 0.99792 1.00017 0.99877 
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Unresolved Resonance in the Energy Range 2-4 MeV 

 High-resolution experimental data allows the 
extension of the resonance region to higher 
energy; 

  Any R-matrix derived formalism can be used as 
opposed to the use of the SLBW; 

 Use of the RML option is a perfect fit; 

 Angular data can represented with the resonance 
parameters; 

 Combination of differential and integral data in 
the SAMMY (SAMINT) can be done; 
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SAMMY fit to the RPI data  in the energy range 2-4 MeV  
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Total cross section processed with NJOY. Two disjoint 

resonance parameters set 
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SAMMY fit to angular in the energy range 2-4 MeV  
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Inelastic levels in the energy range 2-4 MeV  
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CONCLUSIONS 

 SAMMY fit of the experimental data up to 2 MeV have been 
performed; 

  The new preliminary CIELO Fe-56 library seems to perform well; 

 NJOY, AMPX and PREPRO able to process the LRF=7, angular 
data;  

 NJOY (ERROR), AMPX(PUFF) processed the compact 
formalism; 

 Use of sensitivity data for benchmark processed with 
MCNP6/CE_TSUNAMI can be used to adjust the resonance 
parameters without compromising the differential data; 

 Pseudo-resonance parameters in the range 2-4 MeV can be an 
option for better calculation of the self-shielding effects; 
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Outline  

 The following subjects will be discussed: 

Assessment of adjustments.  

Definition of criteria to accept new central values of 
cross sections after adjustments. 

Avoid compensation among different input data in 
the adjustments.  

Validation of the “a priori” and use of the “a 
posteriori” covariance matrix.  

Issues related to the presence of negative 
eigenvalues in the “a priori” covariance matrix. 

 



    

 

Adjustment Formulas 

G=(MEC + SMs S
T):  total integral covariance matrix  

 

 

The cross sections modifications that minimize the 2 

and the associated “a posteriori” covariance matrix are: 

 

 

 

The 2 after adjustment is computed as: 

 

  

𝑴𝝈′ = 𝑴𝝈 − 𝑴𝝈𝑺
𝑻𝑮−𝟏S𝑴𝝈 

𝝌𝟐 = (𝝈′ − 𝝈)𝑻𝑴𝝈
−𝟏 𝝈′ − 𝝈 + (𝑬 − 𝑪)𝑻𝑴𝑬𝑪

−𝟏(𝑬− 𝑪) 

𝝈′ − 𝝈 = 𝑴𝝈 𝑺
𝑻𝑮−𝟏 𝑬 − 𝑪  

𝝌′𝟐 =   𝑬 − 𝑪 𝑻𝑮−𝟏 𝑬 − 𝑪  



    

 

Assessment of Adjustments  

 The first step is to select a comprehensive set of experiments, 

possibly complementary in the type of information that they 

provide. 

 

 First criterion is given by the representativity factor: 
 
 

  

 The complementarity of the experiments can be established by 

looking at the correlation factor among the selected 

experiments (i. e. SR is replaced by SE’ of the experiment E’).  

 Experiments can be selected, because they provide information 

of elemental type to improve specific reactions (e. g. capture in 

irradiation experiment), or specific energy range of a cross 

sections (e. g. using particular detectors for spectral indices of 

threshold reactions).   

 

𝒇𝒓𝒆 =
(𝑺𝑹𝑴𝝈𝑺𝑬)

[ 𝑺𝑹𝑴𝝈𝑺𝑹  𝑺𝑬𝑴𝝈𝑺𝑬 ]𝟏/𝟐
 𝜟𝑹′𝟐 = 𝜟𝑹𝟐(𝟏− 𝒇𝒓𝒆

𝟐 ) 



    

 

Parameters for Assessing Adjustments 

 Adjustment Margin: 
 

 Individual χi measured in sigmas (before adj.): 
 

 Diagonal χi measured in sigmas (after adj.): 
 

 Initial χ2and χi
2 experiment contribution to  χ2: 

 
 IS (Ishikawa factor):  
 
 Δ χi E

’2 contribution to [χ’2- χ 2] due to change of (E-C): 
 
 

 Δ χi E
’2 contribution to [χ’2- χ 2]  due to Δσi: 

  

 
 
 

𝑨𝑴𝒊 = 𝑼𝝈
𝒊 + 𝑼𝑬𝑪

𝒊 − |(𝑬𝒊 −𝑪𝒊)| 

𝑰𝑺𝒊 =
𝑼𝝈

𝒊

𝑼𝑬𝑪
𝒊

 

 𝝌𝒅𝒊𝒂𝒈
𝒊𝟐 = (𝑬𝒊 − 𝑪𝒊)𝟐 𝑮𝒊𝒊

−𝟏 

𝝌𝒊 =
|𝑬𝒊 − 𝑪𝒊|

 𝑼𝝈
𝒊𝟐 + 𝑼𝑬𝑪

𝒊𝟐
 

𝝌′𝑐𝑜𝑛
𝑖2

=  
 [ 𝑬 − 𝑪 T𝑮−𝟏)𝒊.  𝑬

𝒊 − 𝑪𝒊 ]

𝑵𝑬
 

𝜟𝝌′𝑪
𝑖2

=  
− [𝜟(𝑬 − 𝑪′)𝑻 𝑴𝑬𝑪

−𝟏)𝒊.𝜟 𝑬𝒊 − 𝑪′ 𝒊 ]

𝑵𝑬
 

𝜟𝝌′𝝈
𝑖2

=  
− [𝜟𝝈𝑻 𝑴𝝈

−𝟏)𝒊.𝜟𝝈𝒊]

𝑵𝑬
 



    

 

Assessment of Adjustments  
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Integral Param. 𝑼𝝈
𝒊  (%) 𝑼𝑬𝑪

𝒊 (%) 
| 𝑬𝒊 − 𝑪𝒊 |/

𝑪𝒊(%))
 

AMi (%) EMi (%) χ
i 
(s)

a)
 ISi 

JEZEBEL Keff 0.72 0.20 0.01 0.91 0.19 0.02 3.61 

GODIVA  
239Pu sfis/

235U sfis 
0.73 1.84 1.42 1.15 0.42 0.72 0.39 

PROFIL 239Pu in 
238Pu sample 

5.80 2.43 27.38 -19.15 -24.95 4.36 2.38 

TRAPU2 243Cm 
build up 

49.19 4.04 107.04 -53.82 -1.03 2.16 13.52 

 

“A Priori” 
Analysis 

Integral Param. 𝑼′𝝈
𝒊  (%) 

| 𝑬𝒊 − 𝑪′𝒊 |/
𝑪′𝒊(%)  𝝌𝒅𝒊𝒂𝒈

𝒊  (s)a) 𝜟𝝌′
𝑪

𝑖2

 𝝌
𝑐𝑜𝑛
𝑖2

 𝝌′
𝑐𝑜𝑛

𝑖2

 

JEZEBEL Keff 0.17 0.07 0.04 -0.00 0.00 0.00 

GODIVA  
239Pu sfis/

235U sfis 
0.37 0.27 0.75 -0.00 0.01 0.00 

PROFIL 239Pu in 
238Pu sample 

1.47 1.26 6.42 -4.01 4.71 0.48 

TRAPU2 243Cm 
build up 

3.63 0.62 2.27 -10.01 9.95 0.06 

 

𝝌𝟐 𝝌′𝟐  𝚫𝛘′𝐂
𝐢𝟐

𝐢

  𝚫𝛘′𝛔
𝐢𝟐

𝛔

 

26.73 1.61 -24.36 -0.73 

 

“A Posteriori” 
Analysis 



    

 

Acceptance of Adjusted Central Values  

 After an adjustment is performed, are all cross section 
changes to be accepted (especially when large variations of 
cross sections are observed)? Several considerations: 

Sometimes the cross section changes are completely 
unphysical.  

Reject cross sections which variation is larger than one 
sigma of the “a priori” standard deviation. 

Caution has to be taken when large variations are 
observed in energy ranges that were not the main target 
of the adjustment.  

Caution also has to be exerted, when large variations of 
the cross sections are produced but the “a posteriori” 
associated standard deviation reductions are small.  

A good check, after adjustment, is to compare against 
existing validated files. A further action consists to 
compare the obtained adjusted cross sections against 
reliable differential data (require interactions with 
evaluators). 

 



    

 

Acceptance of Adjusted Central Values  
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Unphysical cross section changes obtained in the adjustment. 

Cross Section Energy Group 
Relative Change Due to 

Adjustment (%) 
238

Pu scapt 3 -155.5 
238

Pu scapt 10 -108.0 
238

Pu scapt 16 -126.3 
238

Pu scapt 17 -111.5 

 



    

 

Acceptance of Adjusted Central Values  
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Cross sections with changes after adjustment larger than initial standard deviation 

Cross Section Energy Group 
Relative Change Due 

to Adjustment (%) 

Stand. Deviat. Before 

Adjustment (%) 
16

O selas 6 2.5 2.0 
56

Fe selas 8 14.2 10.5 
235

U selas 5 6.1 5.0 
238

U sfiss 4 0.60 0.57 
239

Pu scapt
 15 12.6 7.9 

238
Pu scapt

 9 -61.4 31.0 
241

Am sfiss
 6 -1.8 1.3 

133
Cs scapt

 9 19.4 14.0 
105

Pd scapt
 11 32.2 12.7 

101
Ru scapt

 13 -16.0 9.0 
242

Cm scapt
 13 184.2 100 

 



    

 

Acceptance of Adjusted Central Values  
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Cross sections with significant changes after adjustment, but small standard deviation variation 

Cross Section Energy Group 

Relative Change 

Due to 

Adjustment (%) 

Stand. Deviat. 

Before 

Adjustment (%) 

Stand. Deviat. 

After 

Adjustment (%) 
105

Pd scapt 4 -12.8 25.3 24.8 
56

Fe selas 10 11.4 9.2 8.2 
239

Pu scapt 6 10.7 20.5 19.7 
238

Pu scapt 6 -23.8 28.0 27.3 
240

Pu sinel
 5 12.4 32.0 31.0 

240
Pu χ

 
1 14.2 89.9 89.6 

242m
Am scapt

 12 10.8 50.0 49.4 

 



    

 

Avoiding Compensations 
 

 In many cases, the adjustment can produce untrustworthy 
results in terms of adjusted cross sections, when some 
forms of compensation exist. Compensations can appear in 
different ways: 

 It is possible that some reactions compensate each other (e. g. 
239Pu  and inelastic), because of missing experiments able to 
discriminate between the two parameters. There is a need for 
specific (preferably of elemental type) integral experiments: 

o irradiation experiments (for capture, (n,2n)) 

o spectral indices (capture and fission) 

o “flat” adjoint flux reactivity experiments (to separate inelastic 
from absorption cross section) 

o neutron transmission or leakage experiments (mostly for 
inelastic cross sections) 

o reaction rate spatial distribution slopes (elastic, and inelastic) 

 

 

 

 



    

 

Avoiding Compensations 
 

Other sources of compensations are missing 
isotopes in the adjustment and missing reactions in 
the covariance matrix: 

o fission spectrum  

o anisotropic scattering  

o secondary energy distribution for inelastic cross sections 
(multigroup transfer matrix) 

o cross correlations (reaction and/or isotopes) 

Underestimation or overestimation of well known 
reaction standard deviations (e. g. 239Pu fission) 

 

 



    

 

Avoiding Compensations 
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239
Pu sfiss standard deviations for different covariance matrix: COMMARA-2.0 (COMM.), COMAC, 

and JENDL-4 (JENDL) (%). 

Group COMM. COMAC JENDL Group COMM. COMAC JENDL Group COMM. COMAC JENDL 

1 0.8 3.1 0.9 12 0.8 3.4 0.8 23 1.3 3.3 1.3 

2 0.9 2.5 0.9 13 0.9 3.4 0.8 24 1.6 3.1 1.5 

3 0.8 2.3 0.8 14 0.9 3.4 0.8 25 1.8 3.1 1.8 

4 0.9 3.2 0.7 15 1.2 3.4 0.8 26 1.6 2.9 1.6 

5 0.9 4.2 0.8 16 0.8 3.4 2.4 27 2.6 0.4 2.7 

6 0.8 3.7 0.7 17 0.8 3.4 2.5 28 1.7 3.0 1.8 

7 0.8 3.4 0.7 18 0.7 3.5 1.7 29 1.0 2.5 1.1 

8 0.9 3.3 0.7 19 1.2 2.9 1.2 30 1.5 2.8 1.5 

9 0.8 3.4 0.8 20 1.3 3.3 1.3 31 1.8 1.2 1.8 

10 1.0 3.4 0.7 21 1.3 2.8 1.3 32 0.8 1.7 0.8 

11 0.9 3.4 0.8 22 1.5 3.1 1.5 33 1.1 0.6 1.1 

 



    

 

Avoiding Compensations 
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Covariance Matrix Validation 

 If the adjustment assessment has established that: 
experiments (with reliable experimental uncertainties 
and correlations) are useful, consistent and 
complementary, and sources of compensation have 
been identified and fixed, then we can identify problems 
with the covariance matrix: 

Presence of large (more than three sigmas) “a priori” 
individual i  for specific experiments.  

An a posteriori ’2 significantly larger than one. 

Presence of negative (unphysical) cross section after 
adjustment. 

Adjustments of cross sections resulting in variations 
larger than one initial standard deviation. 

 

 

 



    

 

Covariance Matrix Validation 

  

Observation of large difference among well-
established covariance matrices (e. g. previously 
shown for the 239Pu fission). This is the most 
complicated case, as it can generate harmful 
compensations.  

One particular difficult case is to assess if the 
standard deviation is too large. Likely, some insight 
can be gained by looking at the      after adjustment. 

 The converse case of determining if the standard 
deviation is too low could be identified by using an 
elemental experiment focused on the considered 
cross section and looking if after adjustment a 
variation larger than more than one initial standard 
deviation has been observed 

 

 

 

𝜟𝝌′𝝈
𝑖2

 



    

 

Use of “A Posteriori” Covariance Matrix 

Most of the “a priori” covariance matrix validation criteria 
turn around standard deviations. The same can be said 
for the use of the “a posteriori” covariance matrix. Solid 
conclusions can be made on the standard deviations, but 
very little can be assumed for the correlations.  

The first consequence of the adjustment is that the “a 
posteriori” correlation matrix is full. Are the new 
correlations useful and have they a physical meaning?  

Yes they are useful, and, possibly, they are physical. 

  The new created correlations are not too large in 
magnitude but sufficient to have a significant impact in 
reducing the “a posteriori’ uncertainty 

The current opinion among experts is that the sensitivity 
coefficients detect and establish these correlations and, 
therefore, there is, likely, a physical meaning associated 
to them. 

 

 

 



    

 

ABR Ox. Keff Uncertainty (pcm) 
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Isotope σcap σfiss ν σel σinel  P1
el
 Total 

U238 278 29  112 105 547 0 0 633 

PU239 308 223   71 30 79 161 0 428 

FE56 170 0    0 172 147 0 44 287 

PU240 61 45   82 5 17 24 0 116 

NA23 4 0    0 20 80 0 69 107 

CR52 21 0    0 38 18 0 0 47 

O16 5 0    0 45 2 0 0 46 

PU241 10 7    3 0 2 0 0 13 

Total 453 229  156 213 578 163 82 834 

 

COMMARA 2.0 

Isotope σcap σfiss ν σel σinel  P1
el
 Total 

U238 128 29 91 23 62 0 0 173 

PU239 71 149 70 16 37 93 0 206 

FE56 141 0 0 138 97 0 44 224 

PU240 19 32 62 4 16 23 0 78 

NA23 4 0 0 19 59 0 59 86 

CR52 21 0 0 38 18 0 0 46 

O16 5 0 0 40 2 0 0 41 

PU241 2 7 4 0 2 0 0 8 

Total 205 156 130 153 136 96 74 374 

 

ADJUSTED Full Correl. 

Isotope σcap σfiss ν σel σinel  P1
el
 Total 

U238 -56 -12 -17 -20 -43 0 0 -76 

PU239 37 43 17 4 7 -30 0 52 

FE56 92 0 0 100 41 0 33 146 

PU240 11 14 23 3 11 11 0 33 

NA23 5 0 0 -9 -12 0 -34 -37 

CR52 7 0 0 15 -11 0 0 12 

O16 5 0 0 49 2 0 0 49 

PU241 -1 6 4 0 2 0 0 7 

Total 84 44 22 111 -15 -28 -10 143 

 

ADJUSTED No New Correl. 



    

 

Correlations: ENDF/B-VII.0 Adjustment (87 
Experiments) 
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Correlations: ENDF/B-VII.0 Adjustment (87 
Experiments) 
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Correlations: ENDF/B-VII.0 Adjustment (87 
Experiments) 
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Correlations: ENDF/B-VII.0 Adjustment (87 
Experiments) 

22 



    

 

Problems with negative eigenvalues in 
covariance matrix  

 If covariance matrix has zero and/or negative eigenvalues 
(mostly due to truncations) there are problems: 
 Difficulty in inverting matrices (both original and adjustment one) 

 Many multiplications leads to unphysical values (imaginary values of 
cross section standard deviations) 

 Problem found in big adjustment where 75 zero or negative 
eigenvalues found (1126 cross sections): 
 Impossible to invert the initial covariance matrix 

 Imaginary values for standard deviations of 7 cross sections (elastic 
and inelastic 235U) 

 Possible remedies: 
 Multiply by a factor all correlations. We had to use 0.8 factor that 

affects significantly results. 

 Recalculate matrix by replacing with positive eigenvalues:  

    B=VT’V-1 . Slight impact on results. 

 Under study: identification of data responsible for negative values 
through kernel of eigenvalues, then apply factor only to identified 
cross sections. 

 

 



    

 

 
 

Conclusions 
 

 The role of cross section adjustment has entered a new 
phase, where the mission is to provide useful feedback not 
only to designers but directly to evaluators in order to 
produced improved nuclear data files that will account in a 
rigorous manner of all experimental information available, 
both differential and integral.   

 Criteria have been established for assessing the robustness 
and reliability of the adjustment: 
 evaluation of consistency, completeness, usefulness, and 

complementarity of the set of experiments selected for the 
adjustment 

 criteria provide information on the reliability of the experimental 
uncertainties, the correlation among experiments and hints on 
possible yet undetected systematic errors 

 criteria for accepting the “a posteriori” cross sections 

 identifications and elimination of possible compensation effects 
coming from missing experiments, isotopes, reactions, and 
unreliability of the covariance matrix 

 

 
 



    

 

 
 

Conclusions 
 

Once the adjustment is deemed to be dependable, 
many conclusions can be drawn on the reliability of the 
adopted covariance matrix and feedback, therefore, can 
be provided mostly on standard deviations and, at a 
somewhat more limited extent, on the “a priori” 
correlation values among nuclear data.  

 Some indications of the use of the “a posteriori” 
covariance matrix have been provided, even though 
more investigation is needed to settle this complex 
subject.  

 



    

 

33 energy group structure (eV). 

Group 
Upper 

Energy 
Group 

Upper 

Energy 
Group 

Upper 

Energy 

1 1.96 × 107 12 6.74 × 104 23 3.04 × 102 

2 1.00 × 107 13 4.09 × 104 24 1.49 × 102 

3 6.07 × 106 14 2.48 × 104 25 9.17 × 101 

4 3.68 × 106 15 1.50 × 104 26 6.79 × 101 

5 2.23 × 106 16 9.12 × 103 27 4.02 × 101 

6 1.35 × 106 17 5.53 × 103 28 2.26 × 101 

7 8.21 × 105 18 3.35 × 103 29 1.37 × 101 

8 4.98 × 105 19 2.03 × 103 30 8.32 × 100 

9 3.02 × 105 20 1.23 × 103 31 4.00 × 100 

10 1.83 × 105 21 7.49 × 102 32 5.40 × 10-1 

11 1.11 × 105 22 4.54 × 102 33 1.00 × 10-1 

 



Comments on Covariance Data of 
JENDL-4.0 and ENDF/B-VII.1

April 22, 2014
M. Ishikawa, JAEA

(From Minutes of SG39 Meeting in Nov. 2013 ) 

C9. Methodology issues

•   Prepare a list of priority missing covariance data types (see also points 
C4 and C5) and list of “suspect” low values (file dependent) (Action on M. 
Ishikawa). This list will be discussed with CIELO evaluators.



● Number of nuclides surveyed : 5
--> Pu-239, U-235, U-238, Fe-56 and Na-23

● Number of nuclides, reactions and energy regions focused on: totally 14
✓Pu-239: 1) fission (2.5~10keV) and 2) capture (2.5~10keV).
✓U-235:  3) fission (500eV~10keV) and 4) capture (500eV~30keV).
✓U-238:  5) fission (1~10MeV), 6,7) capture (below 20keV, 20~150keV), 8) inelastic (above 100keV) 

and 9) elastic (above 20keV).
✓Fe-56:   10) elastic (below 850keV) and 11) mu-bar (above 10keV).
✓Na-23:   12) capture (600eV~600keV), 13) inelastic (above 1MeV) and 14) elastic (around 2keV).

● References used to get information
J-1) K.Shibata, et al.: JENDL-4.0 evaluation report, JNST, 48, 1, pp.1-30 (2011).
J-2) O.Iwamoto, et al.: JENDL-4.0 covariance evaluation report, JKPS(ND2010), 59, 2, pp.1224-1229 (2011).
J-3) JNDC: JENDL-4.0 comment file, http://wwwndc.jaea.go.jp/jendl/j40/j40.html (2014).
J-4) K.Shibata, et al.: JENDL-3.2 covariance evaluation report, JAERI-Research 97-074 (1997) (in English).
J-5) K.Shibata: private communication (2014).
J-6) O.Iwamoto: private communication (2014).

E-1) M.Chadwick, et al.: ENDF/B-VII.1 evaluation report, Nuclear Data Sheets, 112, pp.2887-2996 (2011).
E-2) M.Herman, et al.: COMMARA-2.0 covariance evaluation report, BNL-94830-2011 (2011).
E-3) NNDC: ENDF/B-VII.1 comment file, http://www.nndc.bnl.gov/endf/b7.1/index.html (2014).
E-4) P.Oblozinsky, et al.: AFCI-1.2 covariance evaluation report, BNL-90897-2009 (2009).
E-5) M.Chadwick: private communication (2013).

Summary
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Pu-239 Fission (1/3)
<Energy Range>

2.5~10keV (lower part of unresolved resonance region)

<Observed Facts>
In JENDL-4.0, the standard deviation (STD) of 2.5~10keV is significantly large in the

unresolved resonance region of 2.5~30keV. No such discontinuity is seen in ENDF-7.1.

<Obtained Information and/or Comments>
In the former JENDL-3.3, the covariance of the whole unresolved resonance region was

evaluated from the uncertainty of resonance parameters, therefore, the STD was generally large.
Above 10keV, JENDL-4.0 changed to adopt the simultaneous evaluation for major fission
isotopes for the center values of fission cross-section, and the resonance parameters were only
used to calculate the shielding factors. Since the simultaneous evaluation was found to evaluate
the STD too small, the variance of JENDL-4.0 was multiplied by a factor of 2(J-2, p.1226), but still
small compared with the STD of JENDL-3.3, which was carried over to JENDL4.0 in
2.5~10keV(J-6). Since the evaluation method of the covariance is consistent with that of the
central value of cross-section, the discontinuity at 2.5~10keV is physically acceptable. However,
the cross-section change by adjustment followed this covariance discontinuity as the figure above.

<Recommendations>
It is desirable for JENDL-4.0 to improve the evaluation of 2.5~10keV region soon.

Adjusted results of ADJ2010

3



Pu-239 Fission (2/3)

Unresolved (2.5~30keV)
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Pu-239 Fission (3/3)
JENDL-4.0                                   ENDF-7.1
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Pu-239 Capture (1/3)

<Energy Range>
2.5~10keV (lower part of unresolved resonance region)

<Observed Facts>
The STD of ENDF-7.1 is notably large in 2.5~10keV, on the other hand, that of JENDL-4.0

is quite smooth above 2.5keV.

<Obtained Information and/or Comments>
Above 2.5keV, JENDL-4.0 adopted the results of the CCONE-KALMAN, not the

simultaneous evaluation, therefore, the STD tends to be smooth in the high energy region(J-6).
However, there seems no explanation in the ENDF-7.1 comment file(E-3) to correspond to this
discontinuity. In the US, there seems an opinion that the Pu-239 capture cross-section above
2.5keV should be 10% larger than ENDF-7.1(E-5), but no information on the relation with this
covariance trend. Only for information, the adjusted result of ADJ2010 is shown in the figure
above.

<Recommendations>
SG39 may ask the ENDF evaluators if there is any physical reason for this discontinuity.

Adjusted results of ADJ2010
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Pu-239 Capture (2/3)

CCONE-KALMAN
(JENDL-4.0)
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Pu-239 Capture (3/3)
JENDL-4.0                                   ENDF-7.1

CCONE-KALMAN GNASH-KALMAN
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U-235 Fission (1/3)

<Energy Range>
500eV~10keV (resolved and unresolved resonance regions)

<Observed Facts>
The STD of ENDF-7.1 in 500eV~2keV is extremely small, on the other hand, JENDL-4.0

shows the large value of 5%. Further, ENDF-7.1 has very sharp peak around 2keV.

<Obtained information and/or Comments>
JENDL-4.0 adopted the resonance parameter values obtained from ORNL below 500eV(J-1),

and re-evaluated based on those of ENDF/B-VI.5 (=JENDL-3.3) n the range of 500eV~2.25keV.
In 2.25~9keV, the CCONE code was used, and above 10keV, the simultaneous evaluation was
adopted. JENDL-4.0 assumed the STD value of 5% in 500eV~9keV(J-3), but the reason is
unknown. The covariance of EENDF-7.1 was evaluated with GNASH-KALMAN(E-2, p.20), but
the strange STD peak appears around 2keV.

<Recommendations>
SG39 should ask the JENDL evaluators about the reason of 5% in the range of

500eV~9keV, and the ENDF evaluators on the explanation of the sharp peak around 2keV,
which might be a problem of NJOY.

Adjusted results of ADJ2010
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U-235 Fission (2/3)

Resolved region
(JENDL-4.0)

Resolved region
(ENDF-7.1)

Simultaneous evaluation
(JENDL-4.0)

(?)
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U-235 Fission (3/3)
JENDL-4.0                                   ENDF-7.1
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U-235 Capture (1/3)
<Energy Range>

500eV~30keV (unresolved resonance region of JENDL-4.0, 
resolved and unresolved regions of ENDF-7.1)

<Observed Facts>
The STD of JENDL-4.0 in 500eV~2.25keV is 10% constant and perfect correlation, on the

other hand, ENDF-7.1 increases from a few % to 35%. In 2.25~30keV, ENDF-7.1 gives the
STD of 35% with almost perfect correlation, while JENDL-4.0 shows several % with weak
correlation. Further, the negative correlation with high energy region was found in ENDF-7.1,
on the contrary, no such trend in JENDL-4.0.

<Obtained Information and/or Comments>
The resonance parameters of JENDL-4.0 has the same explanation with U-235 fission, but the correction

was added to make the cross-section close to that of JENDL-3.2 in 500eV~2.25keV(J-1, p.7), and the
uncertainty was assumed as 10%(J-3). Above 2.25keV, the covariance was obtained the least-square
calculation based on the experimental values of the alpha values, that is, the ratio to U-235 fission. The
resonance parameters of ENDF-7.1 below 2.25keV adopted the ORNL results, but the constant STD of 35%
would reflect the recent LANL measurements. The reason of the slope from several % to 35% is unknown.

<Recommendations>
SG39 had better confirm the reasons of the observed facts to both JENDL-4.0 and ENDF-

7.1 evaluators. 12

Adjusted results of ADJ2010



U-235 Capture (2/3)

(?)
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U-235 Capture (3/3)
JENDL-4.0                                   ENDF-7.1
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U-238 Fission (1/3)

15

<Energy Range>
1~10MeV (above threshold energy)

<Observed Fact>
In 1~10MeV, the cross-section and STD are very similar between JENDL-7.0 and ENDF-

7.1.

<Obtained Information and/or Comments>
JENDL-4.0 adopted the results of the simultaneous evaluation(J-1), on the other hand, the

covariance of ENDF-7.1 applied the evaluation by GNASH-KALMAN(E-3). The similar results
from the different evaluation method might come from the ample experimental data of U-238
fission.

<Recommendations>
No comments.

Adjusted results of ADJ2010



U-238 Fission (2/3)
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U-238 Fission (3/3)
JENDL-4.0                                   ENDF-7.1
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U-238 Capture (1/3)

18

<Energy Range>
1) below 20keV (resolved resonance region)
2) 20~150keV (unresolved resonance region)

<Observed Facts>
1) The covariance below 20keV is almost identical between JENDL-4.0 and ENDF-7., but

the spikes of STD appears only in JENDL-4.0.
2) In the unresolved region of 20~100keV, the STD of JENDL-4.0 is significantly larger

than that of ENDF-7.1, and vice versa in 100~150keV.

<Obtained Information and/or Comments>
1) Both JENDL-4.0(J-3) and ENDF-7.1(E-2, p.20) adopted the same resonance parameters obtained from

ORNL, and converted it to File 33. The process from File 32 to File 33 has some arbitrariness such as energy
boundaries, therefore, some differences are possible even if the resonance parameters are identical(J-6).

2) The U-238 capture in the energy range of 20~150keV greatly affects the breeding ratio or burnup
reactivity loss of fast reactors, therefore, these differences are very important.  The covariance of JENDL-4.0 
resonance parameters was evaluated with ASREP-KALMAN in 1997(J-4, p.13), but the details are not recorded.  

<Recommendations>
SG39 should ask the reason of item 2) to both JENDL-4.0 and ENDF-7.1 evaluators.

Adjusted results of ADJ2010



U-238 Capture (2/3)

File32 --> File33
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U-238 Capture (3/3)
JENDL-4.0                                   ENDF-7.1
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U-238 Inelastic (1/3)

21

<Energy Range>
Above 100keV (with meaningful cross-section values)

<Observed Facts>
The total inelastic cross-sections of JENDL-4.0 and ENDF-7.1 seems quite similar, but the

STD values and the shapes are completely different.

<Obtained Information and/or Comments>
A possibility was considered where the level-wise evaluation of both libraries are different but

the total evaluation was similar. However, the total of inelastic cross-section is simply
summation of each level-wise unlike the relation between the total and the elastic cross-section
case, therefore, the idea is not the reason of the differences(J-6).

<Recommendations>
SG39 had better consult both JENDL-4.0 and ENDF-7.1 evaluators.

Adjusted results of ADJ2010



U-238 Inelastic (2/3)
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U-238 Inelastic (3/3)
JENDL-4.0                                   ENDF-7.1
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U-238 Elastic (1/3)

24

<Energy Range>
Above 20keV (unresolved resonance and continuous 

energy regions)

<Observed Facts>
The STD values and shapes are rather similar in both libraries, but the energy regions with

large negative correlations were found in JENDL-4.0, but NOT in ENDF-7.1.

<Obtained Information and/or Comments>
The covariance of JENDL-4.0 was evaluated by CCONE-KALMAN(J-3), and that of ENDF-

7.1 by GNASH-KALMAN(E-3), while both applied the relation of "Elastic=Total - Nonelastic" to
evaluate the central cross-section values(J-3, E-3).

<Recommendations>
SG39 may ask the possible reason of the correlation differences to both JENDL-4.0 and

ENDF-7.1 evaluators.

Adjusted results of ADJ2010



U-238 Elastic (2/3)
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U-238 Elastic (3/3)
JENDL-4.0                                   ENDF-7.1
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Fe-56 Elastic (1/3)

27

<Energy Range>
Below 850keV (resolved resonance region)

<Observed Facts>
The covariance of ENDF-7.1 in the energy region of 100~300eV and 300eV~30keV shows

the complete correlation respectively, but the the STD values are rather similar around 6~8%.
Above 30keV, the STDs of both libraries are utterly different. Further, a sharp peak near 10keV
appears in JENDL-4.0, but not in ENDF-7.1.

<Obtained Information and/or Comments>
The central cross-sections are almost identical, since they are based on the common resonance

parameters evaluated by Froehner in 1990s(J-5). The covariance of ENDF-7.1 was Kernel
approximation with the resonance parameter uncertainty of Mugahabghab(E-2, p.15), while JENDL-
4.0 adopted the least-square calculation of Fe-56 experimental data, and corrected the covariance
based on the difference of the least-square central values and JENDL-4.0(J-3).

<Recommendations>
SG39 may ask the reasonableness of the covariance data to both JENDL-4.0 and ENDF-7.1 

evaluators.

Adjusted results of ADJ2010



Fe-56 Elastic (2/3)

(?)
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Fe-56 Elastic (3/3)
JENDL-4.0                                   ENDF-7.1
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Fe-56 Mu-bar (1/3)

30

<Energy Range>
Above 10keV (upper part of resolved resonance region)

<Observed Facts>
In JENDL-4.0, the maximum value of STD is 10%, on the other hand, 30% in ENDF-7.1.

The negative correlation appears in JENDL-4.0, NOT in ENDF-7.1. Further, The correlation
factors are 1.0 below 50keV in ENDF-7.1.

<Obtained Information and/or Comments>
The covariance of JENDL-4.0 was evaluated with ELIESE3-KALMAN in 1997(J-4, p.8). That

of ENDF-7.1 may be Kernel approximation as well as that of the elastic cross-section(E-2, p.15).
The reason of large differences are unknown.

<Recommendations>
SG39 should ask the reason of the large differences to both JENDL-4.0 and ENDF-7.1

evaluators. Besides, ENDF-7.1 has only the mu-bar covariance for Na-23, Fe-56 and minor
actinides, but that of other isotopes such as U-238 is also necessary for the reactor application.

Adjusted results of ADJ2010



Fe-56 Mu-bar (2/3)
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Fe-56 Mu-bar (3/3)
JENDL-4.0                                   ENDF-7.1
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Na-23 Capture (1/3)

33

<Energy Range>
600eV~600keV (upper part of resolved resonance, and 

continuous energy region (only JENDL-4.0))

<Observed Facts>
In JENDL-4.0, the STD value is approximately 10%, on the other hand, 100% in ENDF-7.1,

although the cross-section values are very small, the order of milli-barn.

<Obtained Information and/or Comments>
The covariance of JENDL-4.0 was evaluated from the experimental values with the least-

square fitting(J-3). ENDF-7.1 adopted the results of EMPIRE-KALMAN(E-2, p.14). The 100% STD
of ENDF-7.1 might be the a priori guess which was not changed due to the large experimental
uncertainty.

<Recommendations>
Though this reaction is not important for the reactor application, there would be some

concerns from sodium activation viewpoint. It is better to ask the reason of the STD
differences between 10% and 100% to both JENDL-4.0 and ENDF-7.1 evaluators.



Na-23 Capture (2/3)

34



Na-23 Capture (3/3)
JENDL-4.0                                   ENDF-7.1
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Na-23 Inelastic (1/3)

36

<Energy Range>
Above 1MeV (with meaningful cross-section values)

<Observed Facts>
The STD of ENDF-7.1 monotonously decreases from 17% at 1MeV to 5% at 6MeV, on the

other hand, that of JENDL-4.0 keeps constant value of 20% until 3MeV, and monotonously
decreases to 5% at 6MeV. Consequently, the STD difference of two libraries are more than
double in the important 2~3 MeV region.

<Obtained Information and/or Comments>
The cross-section of ENDF-7.1 was evaluated with EMPIRE-excitation pre-equilibrium model

using the RIPL library(E-4, p.8), while that of JENDL-7.0 adopted the results of TNG code (1986),
and the first excitation level was multiplied by a factor of 1.25(J-3), according to an analytical
result of an integral experimental related to neutron penetration in thick sodium layers at ORNL.
The covariance of two libraries are evaluated with KALMAN(J-3, E-4), but no information related
to the large STD differences.

<Recommendations>
SG39 had better ask the physical reason of the large STD differences to both JENDL-4.0

and ENDF-7.1 evaluators.



Na-23 Inelastic (2/3)

(?)
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Na-23 Inelastic (3/3)
JENDL-4.0                                   ENDF-7.1
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Na-23 Elastic (1/3)

39

<Energy Range>
Around 2keV (with a giant resonance peak)

<Observed Facts>
In JENDL-4.0, the STD at the resonance peak takes the maximum value of 17%, on the

other hand, that of ENDF-7.1 the minimum value of 1%. Further, the correlation with other
energy region is seen in JENDL-4.0, but not in ENDF-7.1.

<Obtained Information and/or Comments>
The physical reason of the large covariance differences between two libraries can be found in

the SG33 final report, p.38.
"In this energy range, there appears a giant resonance peak which significantly affects the sodium-voiding reactivity in
sodium-cooled fast reactor cores. As shown in Figure 15, the shape of standard deviation (STD) is extremely different
between two libraries, that is, the minimum STD value occurs at the cross-section peak energy in C-2.0, in contrast, the
maximum appears there in J-4.0. It can be concluded that the trend of C-2.0 seems more natural, since the larger cross-
sections would be more accurate due to the small statistical error in the measurement. The correlations are also quite different.
In the C-2.0 covariance, the 2 keV peak has no correlations with other energy3, while J-4.0 is partially positive everywhere
above 100 eV. The covariance of C-2.0 is evaluated by the EMPIRE/KALMAN combination, where the prior resonance
model parameter uncertainties are derived from Mughabghab, on the other hand, J-4.0 applies the GMA code with some
corrections to meet the measured cross-sections with the evaluated ones of J-4.0 which is based on the multi-level Breit-
Wigner formula with rather old resonance parameter values recommended by BNL in 1981. The cross-section difference
between ENDF/B-VII.0 and J-4.0 is -17~+4% around 2 keV, therefore, the difference of STDs might be reasonable
considering the corrections given to J-4.0 covariance."

<Recommendations>
No comments.



Na-23 Elastic (2/3)
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Na-23 Elastic (3/3)
JENDL-4.0                                   ENDF-7.1
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