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A method to process correlative nuclear data at certain energy point is 
presented. The corresponding processing code has also been developed. Using 
the code, the effects of the correlation have been discussed in detail for the cases 
of the two and three data. 

Introduction 

The processing of nuclear parameter at a certain energy is a problem often 
met by nuclear data evaluators. The essential objective of this processing is to 
estimate the combination-mean of the physical quantity measured by different 
groups which is considered to represent the estimation of the unknown true 
value. In nuclear data evaluation, a highly accurate datum at an energy is signif
icant for the determination of the absolute position of the evaluated curve of 
the whole energy range. However, the traditional method of the treatment to 
the problem is quite rough, and is applicable only to the case of independent 
nuclear data and make senses at the extreme casestl]. Therefore it is essential to 
develop a method of high accuracy to deal with the problem. 

There, generally, exists difference among different measured values. Two 
factors contribute to the difference ra. The first one results from the existence of 
the statistical errors which come from the limitation of the data samples. The 
second one originates from the correlative errors and the possibility existing 
negligence errors which have the properties of the systematic errors but are neg
lected by the experimenters when reporting their errors. It is the second factor 
that are much more difficult to dispose and are often treated simply as the sta
tistical errors by most evaluators. This lead to seriously damage to the accuracy 
of the evaluated data. 

In this paper, starting from the most general cases, we develop a method to 
deal with not only the statistical errors, but also the systematical errors and the 
possibility existed negligence errors. Throughout the section I, a statistical 
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model is presented for isolating the possibility existing negligence error, ad
justing the original data and estimating the combination-mean of the 
correlative data. The corresponding code has also been developed. Using the 
code, in section II, the physical behavior of the experimental correlation is stu
died. 

1 Statistical Model11'21 

Suppose a nuclear parameter y, e. g. cross section, fission product yield, 
has n measured values by n laboratories, 

the covariance matrix of "y ' is 

"cov( y \ , y ', ) cov( y \ , y \ ) — cov( y ' , , y 'n ) 

(1.1) 

V = 

cov( y 'n, y ', ) cov( y 'n, y \ ) — cov( y 'n, y 'n ) _ 

(1.2) 

Denotes the common genuine value of the n measurements by 

( ylt y2, -", yH ) Y (1.3) 

Obviously the freedom degree of the problem is n-\. 
Usually, the n measured values are inconsistent with each other within the 

reported errors, therefore, there must exist negligence errors for at least one of 
data. Denotes the negligence errors of the « measured data by 

:=rT 
G = ( gv g2, —, gn ) (1.4) 

evidently, the likelihood function can be written as 

X2( Y' | Y, G) = ( Y'-G-Y )T V~X ( Y'-G-Y ) (1.5) 

As for the uncertainty of the negligence errors, its prior distribution function 
can rationally be assumed as ( here only the exponent part of the multi-dimen
sion normal distribution is explicitly written out, the same bellow ) 
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í 2 ( ( ? | l ) = kGT xVs
X xG (1.6) 

where V% means the covariance matrix of the negligence errors, and X is a 
Lagranger multiplier which represents the overall credibility of the n groups. 
When X -*- oo, then gi -»• 0, there exist no negligence errors; when X -*• 0, 
then g¡ become large. 

Following the certainty-assumption of 7, we have 

X1 ( ? ) = 0 (1.7) 

From Eqs. (1.5), (1.6) and (1.7), following the Bayes Theorem, 

x2 ( G | r, X ) = [ G - ( v~x + A Kf1 )•"' Kj"1 x y" ]T 

x( v;} + x K; 1 ) t G-( v;' + x K;1 y 1 v;1 x p ] (i.8) 

and the posterior probability function of Y ' is 

x2 ( y' | x ) = y' r K"1 ( K"1 + A K,""1 ) _ 1 x v~x F (1.9) 

here 

-i _ -i r ' x C / x K " ' 
i _ . - i — 

e x V x e 
and 

XJ—~e y.~e, ~e = ( 1, 1, •••, 1 ) 

Setting X ( Y ' \ X ) equal to its most probable value w-1 

* 2 ( F ' | A ) = n - 1 

and following the Maximum Likelihood Principal, the negligence errors and 
their covariance matrix for the given data can be got from (1.11): 

G 0 = ( v;'+X v;1 ) " ' K,"1 ¥ (1.12) 

V~x = vr'+XV'1 (1.13) 
g ¡ g 

(1.10) 

(1.11) 
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Having Y in Eq. (1.5) substituted by Y, the adjusted measured value, Eq. (1.5) 
will become the likelihood function of Y. Combining this equation with that of 
(1.12) and (1.13), and using Bayes Theorem, we can get 

X_ (7) = [ Y-( Y'-G0 ) Y ( V+Vj1)'1 [ Y-( Y'-G0 ) ] (1.14) 

From Eq. (1.14), the best estimate of the adjusted data can be obtained: 

• F = F - G 0 (1.15) 

) 

I V =V+V (1.16) 
K " g 

Making minimum of the following residual function 

( Y-Ye ~e ) F " 1 ( Y- Ye ~e ) -> min (1.17) 

the best estimate of the desired parameter come to be obtained as 

—T - 1 

e V ^ 
x Y (1.18) _ r - l _ 

e V e 
a 

Aye= l T ' _ 0.19) 
Je V e a 

2 Practical Code 

Based on the formulas in the former section, a computer code has been de
veloped. The consistency of the original data is firstly tested in the program. If 
the input data satisfy the following condition: 

Y'T [ V-1 - K J U V
X 1 3- < » - l (2-1) 

e V e 

then they are considered consistent with each other, and the combination-mean 
is obtained by Eqs. (1.18) and (1.19) with the original data. If Eq. (2.1) is not 
satisfied, then it is considered that there exist negligence errors . Searching for 
the root of A of Eq. (1.11) in the domain of [ 0,10000 ]. If there exists no root in 
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the range, then the negligence errors are considered too small to be adjusted, 
and the combination-mean is carried out with the original data with Eq. (1.18) 
and (1.19). If there exists a root in the region, then the negligence error is ex
tracted and removed from the original data in accordance with Eq. (1.15) and 
(1.16) and at last, the combination-mean is obtained by Eq. (1.18) and (1.19) 
with the adjusted data. 

3 Calculation and Discussion 

3.1 Two—Dimension Case 

We take two measured data for the resonance energy of ,2C for calcula
tion and discussion131. The measured values of the two groups are 

y, ± J , =2078.31 ±0.4108 keV (3.1) 

y2±s2 =2079.20+ 1.1743 keV (3.2) 

The effect of the correlation to the combination-mean is illustrated in ( Fig. 1 ). 

Fig. 1 Effects of correlation in the two dimensional data case 

The combination-mean via correlation features the following characteristics: 
1) When p < 0, it is demonstrated that the combination-mean appears 
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between the two experimental points. Physically, from the definition of the cor
relation coefficient, it can be inferred that when there exists negative correlation 
between the two measurements, the two experimental measurements tend to 
appear on the different sides of the unknown true value. In other words, it is 
reasonable for the combination-mean which represents the true value to stay 
between the two experimental points. 

2) When p = 0, the correlative data degenerate into independent ones. 
This combination-mean coincides with that obtained with the methods of the 
simple weighted-mean.This also demonstrates the widely applied method of 
weighted-mean applicable only to the case of independent data. 

3) When p > 0, positive correlation exists between the data. 
(1) When p = 0.4568, the covariance matrix becomes 

V = 
0.1688 0.2204 

0.2204 1.3779 
(3.3) 

which is the same with that of F. G. Perey[31. This combination—mean comes 
the same with that of F. G. Perey's. It is necessary to notice that in Perey's cal
culation, negligence errors hadn't been taken into account, while in the present 
case, it is found that the negligence errors are too small to do any adjustment. 

(2) When p > 0.3498, from Fig. 1, it can be seen that the 
combination-mean begins to appear out of the range of ( y x, y 2 ). 

Assuming y2 > yx analytically we have 

1 4-s2 /si — 2 ps2 /sx 

or 

i(y2-y1) (psi/s2 - \ ) 
y< y>+ l+Sl

2/s2
2-2 ps,/s2 ^ } 

when 

p i j / s , > 1 or p 5 , / i 2 > 1 (3.6) 

it can be separately obtained that 
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ye < yx or yt > y2 (3.7) 

There exists divergence of views on the above results. Some evaluators in
sist that the correlation between the two measurements is determined by the 
condition that there must exist some common factors ( common sample or 
common neutron resource etc. ) shared by both micro-measuring experiment 
systems, and from this viewpoints, it can inferred that the condition (3.6) can 
never be realized. However, from our experience, those conditions on the 
measurement correlation are too strong, although sharing common factors be
tween the two measurements leads to correlation, this is only a special case, 
more generally, if there exist correlative factors in the two micro-measuring ex
periment systems ( e. g. samples made from the same company or apparatus cal
ibrated to the same standard etc. ), this will bring about the correlation between 
the two measurements, and the former is only an extreme case of our latter one. 
From our viewpoints, we have found that the condition (3.6) can be realized, 
and there no special limitation on these equations. 

. Physically, if there exists positive correlation between the measured values, 
they will tend to appear at the same side of the true value. When the correlation 
is weak, the statistical errors dominate, and the combination—mean can still 
stay between y, and y2. With the increase of the correlation, the correlative 
errors begin to prevail, and it becomes reasonable for the combination-mean to 
stay out of the range ( yu y2 ). Though there are two sides of the range, it is ra
tional to deduce that the datum with smaller errors should more approach the 
genuine value, so this combination-mean is reasonable. 

3.2 Three Dimension Case 

For three dimension case, it is very difficult to discuss the effect of the cor
relation analytically. Here the effects of the correlation to the 
combination—mean is discussed numerically. The following three groups of da
ta are taken for calculation: 

y i ±s{ = 995.0+ 8.0 

y2±s2 = 1000.0+ 5.0 

y 3 + s 3 = 1005.0+10.0 

The effect of the correlation to the combination-mean is shown in Fig. 2 and 
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Fig. 3. 

Fig. 2 Effects of correlation Fig. 3 Effects of correlation 

in three dimensional data in three dimensional data 

case ( pI2 = -0.2 ) case ( pn = 0.6 ) 

From the calculation, it can be concluded: 
1) Given a smaller pu ( -0.2 as in Fig. 2 ), when p23 approaches 0.0, 

pn affects the combination-mean in the same way as that of the two dimension 
case; when p23 becomes large, the effect of p,3 to the combination-mean shows 
some difference with that of the two dimension case, this is induced by the fact 
that this resultant combination-mean is now determined by both p,3 and 
p23> not only by p13. 

2) Given a larger p12, ( 0.6 as in Fig. 3 ), no matter what value p23 may 
be, the effect of p,3 to the combination-mean shows less resemblance of the 
two dimensional data cases as that when pn is small, this difference is mainly 
contributed by the strong correlation of p,2, and the combination is no longer 
determined by one correlation, but by the three correlation comprehensively. 
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