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[abstract] The evaluation ofneutron cross section and covariance data for 27Al in the energy 
rangefrom210keVto20MeVwascarriedouton the basis ofthe experimental data mainly 
taken from EXFOR library. After the experimental data and their errors were analyzed, 
selected and corrected, SPCC code was used to fit the data and merge the covariance matrix. 
The evaluated neutron cross section data and covariance matrix for 27Al given can be collected 
for the evaluated library and also can be used as the basis of theoretical calculation concerned. 

Introduction 

For one reaction channel, there are often many 
sets of data which sometimes disaccord with each 
other on numerical statement, this makes the users 
feel at loose ends, then the evaluation work becomes 
more and more important. With the development of 
the reactor physics and the improvement of 
experiment technology and laboratory apparatus, the 
experimental neutron data library is being 
improved constantly, then the evaluated library needs 
to be improved accordingly. Covariance data 
evaluation is now a front field task of the 
international nuclear data evaluation, complete error 
information is given out by the covariance matrix, 
which describes not only the accuracy of the data but 
also the correlation of them. Increasing covariance 
data file in evaluated library has also been an 
important task of nuclear data evaluation. 

Aluminum is a very important structure material 
in nuclear engineering, its data are very important 
parameters for nuclear engineering design. And the 
neutron cross section data evaluation for aluminum is 
very important not only for nuclear engineering but 
also for the study of basic nuclear science. At present, 
there are still no covariance data file in all main 
evaluated libraries, so it is very necessary to evaluate 
the neutron cross section and covariance data of 
experimental data for aluminum. 

1 Evaluation of Experimental Data and 
Their Errors 

Evaluation includes two aspects, one is to 
evaluate physically, on the basis of experimental data 
being collected in every probable way and the 
experiment details being analyzed at large, 
necessary choice, adjustment and correction were 
done to make them accord with each other 
statistically. The other is to process to give the 
optimum data in mathematics and the reasonable 
error of them by merging or curve fitting the data 
sets. 

One main way to get the experimental data is data 
retrieval, through the data management system 
retrieval code, the experimental data and their 
information were got from EXFOR[IJ (experi
mental nuclear data) library by inputting 
corresponding nuclide sort, reaction channel, data 
type or databank coding. Then TT[2J code was used to 
draw and compare. The experimental data can also be 
got in other way, such as the publications about the 
neutron data, the proceedings of the 
international conference about nuclear data 
which is staged every four years, and so forth. 

The data were first selected according to the 
energy range (the wider, the better), the date (the later, 
the better) and the number of data points (the more, 
the better). Then they were drawn with TT and the 
data sets whose statistic fluctuation is too big were 
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abandoned. If the trend is not right, the experimental 
information should be analyzed to find the reason. To 
concretely evaluate the left data sets, theirs labs, 
methods, detectors, monitors and measured ol?j ects 
were mainly considered. 

To construct the covariance matrix, error analysis 
for the adopted data is very important, the statistical 
and systematical errors, or the short, middle and long 
range errors should be distinguished. Generally, the 
errors of the sample quantification, standard cross 
section etc. are long range error, the errors of detector 
efficiency calibration, correction of multiple 
scattering etc. are middle range error and the count 
statistical error is short one. But it should be pointed 
out that the statistical error could act as systematical 
one in some cases of the covariance analysis and 
evaluation, and the short range error could also act as 
long range one. For instance, the statistical error in 
one cross section measurement becomes systematical 
one when the cross section is used as standard for the 
relative measurement of another cross section. In 
EXFOR library, error of data is often given in two 
places: error analysis and the numerical value of data. 
Error analysis can be found in the information (BIB) 
part, often information of the value of error, kinds of 
factors that cause error and their percentage are 
contained. The numerical value of error is often given 
along with their data, the error should be total one, 
but sometimes it is only statistical or other partial one, 
we should analyze carefully. The key point to 
covariance data evaluation is the confirmation of the 
total and systematical errors. One thing is that not 
overall or even no information of errors is given in 
some EXFOR entry, in this case, the reference paper 
concerned should be read and a reasonable estimation 
of the systematical and total errors should be given 
according to the experimental set up such as the 
measurement methods, the detector efficiency 
calibration, the monitor used etc. Table 1 [3] can be 
used as reference. Another thing is that the value of 
error given along with data is not agree with the 
percentage given in error analysis, then the reference 
paper concerned should be read and the experimental 
condition should be analyzed to check which one is 
reliable. In general, error analysis is the most 
important and also difficult step for the evaluation of 
covariance data, the evaluator should master the 
knowledge of the measurement and analyze carefully. 

From the evaluated library CENDL-2.1 and 
1ENDL-3.3, the upper limit of resonance region of 
27 AI can be got and it is 21 0 ke V, so the neutron cross 
section and covariance data for 27 AI in the energy 
range from 210 keV to 20 MeV were evaluated. The 
reaction channels for which the experimental data are 
available are (n,tot), (n,p ), (n,a), (n,y), (n,el) and 
(n,2n), the specific evaluation for these channels is 
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given separately as follows. 

1.1 27 AI ( n,tot) 

The main measurement method of (n,tot) cross 
sections is TOF (the time of flight), and the smaller 
the ratio of f1t over L is, the better the energy 
resolution is, so the better the data are[41 . 

There are as many as one hundred and forty two 
sets of data for 27 Al(n,tot), and six sets of them were 
first selected according to the energy range, the date 
and the number of the data points, they are the data of 
R. B. Schwartz[51, F. G. Perey[61, S. Cie~jacks[71 , G. 
Rohr[81, J. Cabe[9

J and M.Ohkubo[101. Being plotted 
with TT and compared with the evaluated libraries 
ENDF/B-6, CENDL-2.1 and 1ENDL-3.3, 
R.B.Schwartz's data were abandoned because they 
are discrepant with other sets of data and around the 
energy point of 15 MeV. The remained 5 sets of data 
are in agreement in trend ultimately. But only the 
statistical error is given in F. G. Perey's data whose 
energy resolution is also lower than S. Cierjacks's 
while using the same measurement, so F. G. Perey's 
data were given up. Besides, for the low energy range, 
1. Cabe' data are in good accordance with M. 
Ohkubo's, but Ohkubo measured data in lower 
energy range, so 1. Cabe' data were also abandoned 
and the left three sets of data were adopted. It is 
needed to be pointed out that though the time 
resolution factor of M. Ohkubo's data is not so good, 
the energy resolution factor is ok because the data are 
in low energy range. The data points of these three 
data sets are all much more, even accounting to 
49 709 points for G. Rohr's data. These three sets 
were all measured with white light neutron source, 
then the data points can be merged. According to 
their energy range, we chose M. Ohkubo' data from 
0.21 MeV to 0.3 MeV, G. Rohr's data from 0.3 MeV 
to 20 MeV and S. Cierjacks's data from 12.5 MeV to 
20 MeV. 

The relative error for M.Ohkubo's data is given 
from 0.9 percent to 3.2 percent, but there is no any 
information in BIB part for it. G.Rohr's data similarly 
only give the relative error which is from 1 percent to 
10 percent. According to the measurement of the total 
cross section[llJ, the fluctuation error caused by the 
monitor is from 1 percent to 3 percent, then the 
systematical error for this reason is about from 0.5 
percent to 1 percent. There are other factors to cause 
the systematical error, such as the quantification of 
sample (about 0.1 percent), the correction for dead 
time (about 0.1 percent) and the geometry factor 
(about 0.1 percent). The date of M.Ohkubo's data is 
late and the data points are many, the systematical 
error was estimated to be 0.5 percent and the given 
relative error was considered as statistical error. So 
G.Rohr's data are. Then their total error can be got 
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correspondingly. For S.Cierjacks' data, the upper 
limit of the total error is given as 3 percent in the 
error information, so the total error can be determined 
to be 2.5 percent, and because the date of this data set 
is old, systematical error was estimated as 1 percent. 

1.2 27 AI (n,a) 

For the cross section such as (n,a), (n,p ), (n,2n), 
(n,y), the main measurement method is ACTIV 
(activationP 11

• And for this method, the more nucleus 
close to the threshold energy of the reaction used as 
standard the threshold energy of the reaction to be 
measured is, the more the measured data are reliable. 
Besides, for the cross section is measured by ACTIV, 
we should also distinguish the residual nucleus is in 
ground state or isometric state. 

There are one hundred and ninety three sets of 
data for 27 Al(n,a). Firstly for the data sets measured 
before 1960, the one-point and the evaluated data sets 
were abandoned; for the second the data sets whose 
statistic fluctuation is too large were given up with 
the aid of TT. The eight data sets were firstly selected 
according to the energy range and the number of the 
data points, they are the data sets of Raics[121, 
Bulter113l, Enz[141

, Swinhoe (20986003)[151
, LU 

Hanlin£161, Paulsen[17l, Kudo[l&J and Filatcov£191• It 
was found that Filatcov and Enz's data also can be 
given up because their energy ranges are narrow and 
the data points are nearly covered by other data sets. 
Then the left six sets of data were adopted. In fact, 
Bulter's data are not so good, because the date is 
early, the measurement is relatively measured and the 
cross section used as standard is 32S(n,p ), which is 
not recommended as a standard cross section in the 
world, while Al(n,a) itself is. But in the energy range 
from 1 0 MeV to 13 MeV, there is no other data set, so 
this set was chosen. The values of this standard cross 
section were given and the data of the evaluated 
library ENDF/B-6 were chosen as new standard to 
correct it. The ratio data of Raics are also relative to 
the cross section 238U(n,f) as standard, the cross 
section 238U(n,f) is recommended as a standard one in 
the world and the value[201 can be looked up to 
correct this data set. LU Hanlin's data were 
normalized to 115.8 mb at the energy point of 14.58 
MeV, but the latest standard is 114.11 mb[20l, the 
value of error is 0.55 mb, and the relative 
systematical error is 0.5 percent, correction was done 
with this new standard. 

The value of the total error and the detailed error 
analysis were given for Kudo's data, then the 
systematical error was analyzed and estimated to be 
1.3 percent. The total errors for the data of Paulsen 
were also given, the detectors for the measurement 
are N al, telescope and solid state, the systematical 
error caused by Nal is about 1.5 percent and the one 

caused by telescope was estimated to be 1.25 percent 
according to Kudo's error analysis, so the 
systematical error was determined to be 2 percent. 
For Lu Hanlin's data, the standard error 0.5 percent 
was taken as the systematical error and the total error 
was corrected according to the standard. There is no 
error analysis in the information part of Swinhoe's 
data, but the detectors are scintilator and GeLi which 
can cause the systematical error about 1 percent 
respectively, the systematical error was determined to 
be 1.4 percent, the values of the error given along 
with data were taken for the total errors. The total 
errors were given for Raics' data, the systematical 
error was estimated to be 1.6 percent while the 
detector of fission chamber causing 1 percent, GeLi 
causing 1 percent, and the standard cross section 
causing 0.7 percent. No error information was given 
for Bulter's data, the systematical error was estimated 
to be 2 percent for the date is early and the standard 
cross section is not so good. 

1.3 27 AI (n,p) 

After the first selection, there are eleven sets of 
data remained, namely the data sets of Grundl[21l, 
Rubertson[221

, Smith (three sets and their EXFOR 
entry are 10238020, 10238021 and 10238022)[231, 
Gabbard[241

, Ikeda£251
, Filatenkov[191

, Ryves[26l, 
Kudo[27land Ai[28l. Compared with Smith's data 
(10238021), the date of Rubertson's data is earlier 
and the data points are fewer while they are in the 
same energy range, so the data of Rubertson were 
abandoned. Similarly, Smith's data (1 0238020) and 
Grundl's data were given up while Ai's data were 
adopted in the low energy range. Then the left eight 
data sets were adopted. The ratio data of Smith are 
relative data using the cross section 238U(n,f) as 
standard, the latest standard[201 were used to correct 
them, the data were also corrected for the y branching 
ratio using the data evaluated by CNDC. Gabbard's 
data were normalized to 50mb at the energy point of 
14.4 MeV while ENDF/B-6 gives it to be 70 mb, the 
data were corrected with 70 mb as new standard and 
then the six datum points which are obviously not 
right in trend were abandoned. Filatenkov's data were 
also measured relatively, but the monitor wasn't 
given, because the cross section Al(n,a) which is used 
as standard is reliable, correction is not obligatory. 
The standard cross section used for Ryves' relative 
measurement is 56Fe(n,p ), and the data from 
ENDF/B-6 were used as new standard to correct 
them. The y branching ratio data were also corrected 
for the data sets of AP81

, Ikeda[251 and Filatenkov[291
• 

From Ai 's detailed error analysis, the systematical 
error can be known as 5.2 percent, but some of the 
total errors given along with data are smaller than this, 
then 1. 8 percent was added as the statistical error. 
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The systematical error was given to be 5 percent for 
the two data sets of Smith, and the values of the 
statistical error were also given, then the total error 
can be calculated. Only the values of error were 
given for Gabbard's data, they can be considered as 
total errors for they are very large, and because the 
measured date is early, the systematical error was 
estimated to be 6 percent. Kudo, Ryves and Ikeda all 
gave detailed error analysis and the values of total 
error for their data, the systematical error can be 
determined in tum to be 2.29 percent, 3.4 percent and 
4.5 percent according to the error analysis. The total 
errors were also given for Filatenkov's data, but there 
is no error analysis, Ikeda's error analysis can be 
taken as reference, and because the measured date is 
later, every part can be estimated to be smaller, 
finally the systematical error was determined to be 2 
percent. 

1.4 27 AI (n,y) 

There are only three sets of data above 210 ke V 
except the one-point data, they are the data sets of 
Henkelr29

J, Calvi[3
0J and Allen£311

• The data sets of 
Henkel and Calvi are all measured relatively with 
themselves as standard, but the monitors weren't 
given, and compared with the data from ENDF/B-6 
and JENDL-3.3, there is systematical error obviously, 
besides, these two data sets can not agree with each 
other end to end, so they were corrected in the 
followin_g ~~y: firstly, the one-point d~tum ~easured 
by Coldttz [. I was corrected exactly, with th1s data as 
standard, Henkel's data were corrected, then the 
average of each data set in their common energy 
range (the last seven data points of Henkel and the 
first six of Calvi) was calculated and Calvi's data 
were corrected with the average of Henkel as 
standard. It is to say that the data sets of Henkel and 
Calvi are all corrected with Colditz's data, so the total 
error of Colditz's data was taken for their 
systematical error, which is 5.2 percent after carefully 
analysized. According to Calvi's error analysis, the 
total error is 15 percent in the energy range from 3 .44 
MeV to 4.0 MeV, 18 percent from 4.0 MeV to 4.5 
MeV and 20 percent from 4.5 MeV to 5.0 MeV. No 
error analysis was given for Henkel's data and the 
total error was estimated to be 15 percent. Allen's 
data was measured with the cross section Au(n,y) as 
standard , while the cross section Au(n,y) itself is an 
international standard one, this data set is reliable 
even not corrected. Besides, while Allen'data were 
given in the form of the average in some energy 
range, we took the middle energy point for each 
energy range. The statistical error of Allen's data was 
given as 10 percent and the systematical error was 
estimated as 5 percent according to the measurement, 
then the total error can be calculated which is about 
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11.2 percent. 

1.5 27 Al (n,el) 

Abandoning the one-point data sets, only six sets 
of data can be used, namely the data of Chien[331

, 

Towle£341 Holmqvist£351 Kinney£361 Whisnant[371 and 
Tsukadar381. But becaus~ the date ofTsukada's data is 
early, and the data points are just at the bottom of the 
statistical error bar with END F /B-6 as reference, 
besides, there are other data sets in this energy range, 
so Tsukada's data were given up. The remained five 
sets of data were adopted. 

According to Holmqvist's error analysis, the 
statistical error is 2.02 percent and the total error is 5 
percent, then the systematical error can be get which 
is 4.57 percent. Kinney's data gave the systematical 
error which is 7 percent and the values of the total 
error. There is no error analysis for Chien's data, the 
statistical error was estimated to be 2 percent and 
systematical error to be 5 percent with Holmqvist' 
error analysis as reference, then the total error can be 
calculated which is 5.4 percent. Only the values of 
the statistical error were given for Towle's data, the 
systematical error was estimated to be 6 percent and 
then the total errors can be calculated. The values of 
error given along with data by Whisnant are not agree 
with the error analysis in the reference, as the values 
of error are different with each other greatly, it must 
be caused by the statistical error. According to the 
error analysis, the range of the statistical error is from 
1 percent to 5 percent, then 5 percent was taken for 
the third point, for its total error is 7 percent, the 
systematical error can be calculated to be 4.9 percent, 
then 1 percent can be taken as the statistical error for 
the first point and the total error can be calculated, 
the total error for the second point wasn't corrected. 

1.6 27 AI (n,2n) 

There are five sets of data above 210 ke V exceRt 
the one;goint data, namely the data sets of Iwasaki[. 91, 
Arnold[ 1, Sasao[411

, Nakamura£421 and Mani[431 • 

Iwasaki gave the total (n,2n) cross section, but 
Arnold and Mani only gave 27 Al(n,2n)26

m AI cross 
section while Sasao and Nakamura only gave 
27 Al(n,2ni6g AI cross section. What we need is the 
summation of the two. Plotting and comparing, it was 
found that the statistic fluctuation of Mani 's data 
early is too large, so Arnold's data and several more 
points by linear fitting were taken for 27 Al(n,2n)26

m Al 
cross section. For 27 Al(n,2n)26gA1 cross section, the 
data sets of Sasao and Nakamura were fitted with 
spline function. Then the total (n,2n) cross section 
was got by summing them with Mani 's data at the 
same energy point. 

The statistical error of Iwasaki's data was given 
as from 1.3 percent to 3.2 percent and total error is 
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from 10.8 percent to 11.2 percent, 3.2 percent was 
taken as the statistical error for the total error of 11.2 
percent, and the systematical error can be got, which 
is 10.7 percent. The total errors were all given for the 
data of Arnold, Sasao and Nakamura, then the total 
errors for the corrected total (n,2n) cross section can 
be got, and the systematical error was estimated as 15 
percent. 

2 Data Processing 

Not only one set of data were selected for each 
reaction channel, so curve fitting was needed to give 
the smooth optimum values in mathematics as the 
recommended data, and the covariance matrix should 
also be constructed for each experimental data set 
and then be merged to get the covariance matrix for 
the recommended data. The program SPCC[441 was 
used for this work. The code has three input files. The 
first is for the parameters used in the fitting, like 
spline order, knot, width, output energy point etc. The 
second is for the experimental data to be fitted. The 
third is for the covariance matrix of each set of 
experimental data, which can be input in various 
formats. The parameters such as the order number, 
the knots and the "width" of each data set were 
mainly adjusted. The knot selection is the key, 
generally the knots are selected at the peaks and 
valleys or the certain structures. "Width" is a quantity 
correlated with every data set's weight, and the larger 
the "width" is, the smaller the weight is. Generally, 
the "width" should be smaller than the smallest value 
of the error. Usually the parameters need to be 
adjusted many times to get the expected curve. It 
should be pointed out that if there are large 
discrepancies among different data sets and strong 
correlation among data points, so called PPP problem 
may happen[441

. The iteration method[441 to deal with 
this problem was used in this work. 

3 The Results and Discussion 

The experimental data and the fitting values are 
shown in Figs.1 ~6(a), and the correlation coefficient 
matrix are shown in Figs.1 ~6(b ). From the 
comparison of the fit values with the experimental 

data and the evaluated data from the evaluated 
libraries ENDF/B-6, JENDL-3.3 and CENDL-2.1, it 
was found that our fit values agree with the 
experimental data better, especially for (n,p), (n,y) 
reactions, for which our data reproduce the structures 
well, but they were smoothed out by other evaluated 
data. 

The correlation mainly comes from the 
transformation of the error, and the larger the 
systematical error or the proportion of the 
systematical error in the total error is, the larger the 
correlation coefficient is. For example, the values of 
the systematical error for the total cross section are 
all small and only small proportions in the total error, 
the correlation coefficients are small correspondingly, 
but for the cross section of ( n,el) and ( n,2n), the 
systematical error is large and is the main source of 
the total error, then the correlation coefficients are 
also large. Besides, the constraint Math condition to 
make the curve smooth during the fitting can also 
cause the correlation among data, the large 
correlation between the energy points nearby is 
caused by this. 

4 Conclusion 

Based on the latest experimental data and using 
exact mathematic data processing method, the cross 
sections and their covariance data for 27 AI 's six 
reaction channels were evaluated. Compared with the 
existing evaluated data, not only the cross sections 
themselves are improved, the covariance data are also 
added. The data can be used for the evaluated library 
and as the basis of theoretical calculation concerned. 

The key point to covariance data evaluation is the 
error analysis, especially the confirmation of the 
systematical error. 

The method adopted in this work for the 
covariance data evaluation of the experimental data is 
feasible and also can be used for other nuclear 
species' covariance data evaluation. 

So called PPP problem may happen during the 
correlated data processing, and this problem is still 
being studied in the world. 

Table 1 Error scale of different measurement 

Section Error range Method Detector 
(n,tot) 1%~2% 

Time ofFlight(TOF) SCIN 
(n,el) 5%~10% 

(n,2n) 
3%~8% 

(n,a) 
(n,y) 3%~8%(En<0.5 MeV) Activation (ACTIV) Nai(1975) GeLi 
(n,p) 
(n,d) 
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Table 2 The data sets adopted for the evaluation of 27 Al's neutron cross section and their covariance data 

Section 

(n,tot) 

Cn,a) 

(n,p) 

(n,y) 

(n,el) 

4.5 

35 

..0 30 

B 
25 

20 

15 

EXFORentry Times Author Lab 

21926003 

22331004 

20010004 

30590003 

11457006 

30523003 

20986003 

21923002 

20378003 

30457002 

10238021 

10238022 

11494004 

22312003 

41240005 

22094003 

20867005 

11518004 

20924002 

30288002 

11201008 

20958015 

20019002 

10106092 

12875004 

1984 M.Ohkubo 

1994 GRohr 

1968 S .. Cierjacks 

1980 Raics 

1963 Bulter 

1989 Lu Hanlin 

1979 Swinhoe 

1984 Kudo 

1965 Paulsen 

1977 Ai 

1975 Smith 

1975 Smith 

1962 Gabbard 

1993 Ikeda 

1997 Filatenkov 

1988 Kudo 

1978 Ryves 

1953 Henkel 

1962 Calvi 

1975 Allen 

1966 Chien 

1962 Towle 

1969 Holmqvist 

1970 Kinney 

1984 Whisnant 

MOhkubo(1984)21926003 
a G Rohr(1994)22331004 

JPNJAE 

ZZZGEL 

GERKFK 

HUNK OS 

CANCRC 

CPRAEP 

UKHAR 

JPNTSU 

ZZZGEL 

CHFSHI 

USAANL 

USAANL 

USAKTY 

JPNJAE 

RUSRT 

JPNTSU 

UKNPL 

US ALAS 

ITYCAT 

AULAUA 

USAANL 

UKADL 

SWDAE 

USAORL 

USATNL 

• S.Cierjacks(1968)20010004 
- thisV'.Qrk 

10 12 14 16 18 20 

EjMeV 

Fig.l (a) The comparison of the fit values with the 
experimental data for 27 Al(n,tot) 

Method Energy/MeV Points 

TOF 0.009 8~0 94 1 010 

TOF 0.25~20 49 709 

TOF 0.5~32 5 101 

ACTIV 6 5-11 9 

ACTIV 5.4~14 32 

ACTIV 12.0~18.0 10 

ACTIV 7.5~12 3 

ACTIV, COINC 14,·20 8 

ACTIV 13-20 23 

ACTIV 2.8~4.6 16 

ACTIV 4 .. 0~5.9 40 

ACTIV 54~10 18 

ACTIV 12 .. 0~18 15 

ACTIV,ASSOP 13-15 8 

ACTIV 13-15 8 

ACTIV 15-20 6 

ACTIV 15-19 6 

ACTIV 0.4~3 8 65 

ACTIV 3 4-5 0 30 

no information 0 005~0 5 7 

TOF 10~1.5 27 

TOF 0.98~4.0 4 

TOF 2.5~8.1 8 

TOF 5.4,·8. 6 4 

TOF 110-17 3 

Error 
Systemat Total 

0.5% 

0.5% 

1% 

1.6% 

2% 

0.5% 

14% 

13% 

2% 

5.2% 

5% 

5% 

6% 

3.4% 

2% 

2.29% 

4.5% 

5.2% 

52% 

5% 

5% 

6% 

4 57% 

7% 

4.9% 

18 
20 

1%~3.3% 

12%,·10.2% 

2.5% 

2.69%~2.83% 

3.0%-3.7% 

3.4%-8.4% 

2.4%-3.2% 

1..3%-4.0% 

5.9%-6.1% 

53%-6.2% 

6 . .7%~7 2% 

7..0%~7.5% 

7%~12% 

3.5%~9 2% 

2.1%~23% 

2.36%~6.8% 

6.3%-10% 

15% 

15%~20% 

112% 

54% 

6 7%-6.76% 

5% 

7 2%-7.6% 

5%-7% 

1412108 

16 

6 4 
20 

10 

0.5 

0.0 

Fig.l (b) Correlation coefficient matrix for 27 Al(n,tot) 
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