
OAK RIDGE 
NATIONAL 
LABORATORY 

Comments on the ENDFIB-VI Evaluation 
for 235U in the Neutron Energy Region 

from 1 to 20 eV 

M. C. Moxon 

MANAGED BY 
MARTIN MARlEnA ENERGY SYSTEMS, ItJC. 
FOR THE UNITED STATES 
DEPARTMENT OF ENERGY 



This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and Techni- 
cal Information, P.O. Box 62, Oak Ridge, TN 37831; prices available from (615) 
576-840 1 , FTS 626-840 1. 

Available to the public from the National Technical Information Service, U.S. 
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22 161. 

This report was prepared as an account of work sponsored by an agency of 
the United States Government. Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, express or 
implied, or assumes any legal liability or responsibility for the accuracy, com- 
pleteness, or usefulness of any information, apparatus, product, or process dis- 
closed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not necessarily consti- 
tute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 

i 



Engineering Physics and Mathematics Division 

Comments on the ENDF/B-VI Evaluation for 2 3 5 ~  
in the Neutron Energy Region from 1 to 20 e V  

M. C. Moxon* 

DATE PUBLISHED - February 1993 

Prepared by the 
OAK RIDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 37831 
managed by 

MARTIN MARIETTA ENERGY SYSTEMS, INC. 
for the 

U.S. DEPARTMENT OF ENERGY 
under contract DE-AC05-840R21400 

- 

* On leave of absence from A.E. A. Technology, Hatwell 





CONTENTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ABSTRACT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 Introduction 

2 Comments on the analysis of neutron time of flight data . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 Measurements 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 Conclusions 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 Acknowledgements 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

List of Tables 

1 The average radiation widths for ENDFIB-VI in 50 eV intervals . . . . . . .  
2 The preliminary fission and radiation widths determined from the latest 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ORELA fission yield data 
3 The fission integral. capture integral. and integral alpha calculated using 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  different values of r, 

List of Figures 

1 Fission neutron yield for sample n=0.010038a/b from 1 to 20 eV . . . . . . .  





A discrepancy of -6% has been reported between the measured capture resonance in- 
tegral of 235U and that calculated fiom the resonance parameters in ENDFIB-VI. This 
discrepancy may be due to the use of a value for the average radiation width which is too 
small. The possibility that small resonances whose widths are primarily capture were missed 
experimentally due to their proximity to resonances with large fission widths was also con- 
sidered, but dismissed. Since accurate values of neutron widths, I',, and total widths, I'T, 
of resonances can be determined from transmission data and are not dependent on any 
normalization factors, an interim solution might be to assume an average radiation width 
r, and calculate the fission width rf for each resonance from the relation rT - I?, - I',. 
The ratio of the partial fission widths of the two fission channels for each resonance would 
be kept the same as in ENDF/B-VI data files. The average value of the radiation width 
selected should also be consistent with differential and int epa l  measurements. 





1 Introduction 

A discrepancy between the measured capture resonance integral for 235U and that 
calculated from the resonance parameters in ENDFIB-VI was recently reported by Lubitz 
[I] and by Wright [2]. Lubitz reported values of 144 b-eV and 133 b-eV for the measured and 
calculated infinite dilute capture resonance integrals, while Wright stated that Revision 1 of 
ENDFIB-VI gave an underestimate for the capture integral measured using l0B hardened 
slowing down thermal reactor spectra. Both indicated that the fission integral was slightly 
overestimated. Fission yield data were recorded up to several keV in recent measurements [3] 
carried out at  the Oak Ridge Electron Linear Accelerator (ORELA) to determine the neu- 
tron energy dependence of eta for 235U. Those data indicated that the fission cross-section 
calculated from ENDF/B-VI parameters over-estimated the fission cross-section between 
resonances. This led to the speculation that the discrepancy may be due to the use of too 
small a value for the average radiation width I',, which would then require a small reduc- 
tion in the fission widths I'f of the resonances. It was initially thought that some small 
resonances whose widths are mainly capture might have been experimentally missed due to 
their proximity to resonances with large fission widths. 

The relationship between the resonance parameters and the resonance integrals for fis- 
sion If and for capture I,, can be written [4] as follows 

where A is the nuclear mass, rTj = (rnj + rfj + rTj), the total width for resonance j ,  rnj, 
rfj and I'7j are the neutron width, fission width, and radiation width respectively , and Ej 
is the resonance energy in eV. Equations 1 and 2 may not be valid when large interference 
terms are present in the partial cross-sections. In reactor calculations the integration is 
carried oat using the calculated cross-section curves rather than the approximations in 
Equations 1 and 2. 

To increase the capture resonance integral without affecting the fission integral, Equa- 
tions 1 and 2 show that an increase in the radiation width is required, or that some small 
resonances whose widths are mainly capture have been missed in the analysis. 

Table 1 gives the average radiation width for each spin from the ENDF/B-VI [5] data 
fdes over 50 eV energy intervals, together with the spread in the values assuming a Gaussian 
distribution. The overall mean value is 36 meV. Previous reported average values for the 
radiation width (see reference [6]) varied from 37.6 to 49 meV. G. de Saussure et al. [6], 
in a simultaneous analysis of capture-yield and fission data reported an average value for 
the radiation width of 43.1 meV. Leal [7],[8] analyzed the same capture-yield data and 
new OR,ELA total and fission data and obtained an average radiation width of 36 meV. 
However, for the analysis of thick-sample capture-yield data, corrections have to be made 
for self screening and the effect of neutrons initially scattered that react on subsequent 
collisions. There is no mention of such corrections to the capture-yield data. If these were 
not carried out, it may explain the lower value of the average radiation width obtained from 
the de Saussure capture-yield data as the corrections could be several percent in the regions 
of the peaks of the large resonances. 



Table 1: The average radiation widths for ENDF/B-VI in 50 eV intervals. 

2 Comments on the analysis of neutron time of flight data 

Energy 
Min- (eV) 

0*0000E+00 

0*5000E+02 

0*1000E+03 

0*1500E+03 

0-20003+03 

0*25003+03 

0*3000E+03 

0*3500E+03 

0*4000E+03 

0*4500E+03 

Even sophis ticat ed shape analysis programs to determine resonance parameters fkom 
neutron time of fight data can often only yield some of the required parameters. In the 
analysis of transmission data only the neutron width r, and total width rT can be de- 
termined, provided that the that the spin weighting factor g is known. Tbe relationship 
between the parameters and the area of the resonance dip is given below and is almost 
independent of the resolution fanction and the Doppler effect. Melkonian et al. [9] have 
shown that 

Energy 
Max* (eV) 

0*5000E+02 

0*1000E+03 

0*1500E+03 

0*2000E+03 

0*2500E+03 

0-3000E+03 

0-3500Ef03 

O-4OOOE+O3 

0-4500E+03 

0*5000E+03 

where is the area of a resonance transmission dip for a sample of thickness t and where i 
and j are exponents which lie between 1/2 and 1, and between 0 and 1/2 respectively. When 
the product of the thickness t and the peak cross-section 00 approaches zero, i approaches 
unity and j zero, and when too approaches infinity, i and j approach one half. For a very 
thin sample the area is proportional to the product gr,, and for a very thick sample the 
square of the area is proport iod to gr,rT. The area of a transmission resonance dip does 
not depend on the normalization of the data, but changes in the background will change 
the measured area. 

The shape of the resonance will give information about the total width rT and the ratio 
gr,/rT, provided that the Doppler and resolution widths are less than the total width of 
the resonance, or that accurate values of the transmission extend out into the regions where 

Spin 

3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 

Spread 

(meV) 
0*64433+01 
0*17733+01 
0*20563+01 
0*1265E+Ol 
0*3090E+0'1 
0*2926E+-01 
0*2266E+01 
0*25593+01 
0*26063+01 
0-2529E+Ol 
0*2864E+01 
0*2341E+01 
0*46593+01 
0*74803+01 
0*3619E+01 
0-2631E+Ol 
0*2939E+01 
0*47023+01 
0*22343+01 
0.4322E-t-01 

. Average 
Value (meV) 
0*36683+02 
0*3634E+02 
0*3618E+02 
0*3600E+02 
0*3630E+02 
0*36053+02 
0-3573E-l-02 
0*35853+02 
0-3602EtO2 
0*35433+02 
0-36013+02 
0*35783+02 
0-3507Ef02 
0*36423+02 
0*3727E+02 
0*3554E+02 
0*3431E+02 
0*35113+02 
0*35393+02 
0*35883+02 

No- 
Resonances 

35 
55 
37 
53 
37 
55 
36 
55 
35 
55 
35 
57 
36 
55 
36 
54 
36 
56 
34 
54 



these functions have a smaller effect. 
Erom transmission data, the reaction width I'R is determined as the difference between 

the measured total width and the neutron width. For non-fissile nuclides, the reaction 
width is in general equal to the radiation width r,. For resonances where the neutron 
width dominates the total width, capture yield data are needed to determine accurate 
values of r,. For fissile nuclides, the reaction width is the sum of the capture and fission 
widths m d  further information is required to determine values for these widths. 

The area of a resonance in a yield measurement of reaction X is related to the partial 
widths as follows: 

where Axlt is the area of a resonance for reaction X for sample thickness t and i, j and k 
are exponents. As most measurements of reaction yields are carried out with thin samples, 
i.e., nao approaches zero, i = k = 1 and j = -I. Thus, the area of a resonance in capture 
is o: sI?nr,I'~l and the area in fission is oc gI'nrfr$l. For partial cross sections, the area 
of a resonance is proportional to the normalization of the data and it is important to get 
the correct normalization of yield data to obtain accurate values of the partid widths. 
Uncertainties in the background can be reduced by fitting the data in the regions between 
the resonances. 

As in the case of transmission data, the shape of a resonance in the yield data gives 
information about the total width r~ and the product gr,r, /I?+, provided the Doppler 
and resolution widths are less than the total width of the resonance or that accurate values 
of the yield extend out into the regions where these functions have a smaller effect and the 
effect of neutrons that are initially scattered but react on subsequent collisions is also small. 

The simultaneous analysis of transmission measurements and yield measurements will 
give more accurate values of the partial widths than from transmission measurements alone. 
For fissile isotopes, the simultaneous analysis of transmission and fission yield data gives 
values for r, and I' f, and the radiation width is then determined from the difference between 
the total width and the sum of the neutron and fission widths. The greater the contribution 
of the neutron and fission widths to the total width, the larger the uncertainty in the 
radiation width. 

3 Measurements 

The experimental details of the eta measurements are f a y  described in the report by 
Moxon et al. [3], and will only be described briefly in this report. The measurements 
used to determine the neutron energy dependence of eta (q  = uaf/(af + a,)) for 2 3 5 ~  

in the neutron energy range below 3OOmeV also covered the energy range up to a few 
keV. A 9.6-meter fiight path on the ORNL pulsed neutron source ORELA was used. The 
measurements were carried out using a NE213 liquid scintillator in conjunction with a pulse 
shape discriminator to separate fast neutron events fiom y-ray events in the detector. The 
output fiom the detector consisted of three channels (i) fast neutrons trom fission events, 
(ii) 7-rays fiom fission and capture events in the 235U sample, and (iii) rejected events. The 
detector was also used to measure the y-rays emitted from the (n, a ~ )  reaction in a sample 
of l0B to calculate the incident neutron spectrum. The ratio of the fast neutron counts 
fiom the 235U sample to the incident neutron spectrum calculated from the 7-ray counts 
from the 1°B sample gives an accurate energy dependence of the fast neutron yield, i.e., the 
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Figure 1: Fission neutron yield for sample n=0.010038a/b from 1 to 20 eV. 

number of fast neutrons emitted per incident neutron. The experimental fission yield, i.e., 
the number of fission events taking place in the sample per incident neutron, is obtained 
by normalizing the fast neutron yield to the value of the fission yield at thermal. The 
calculated yield was obtained fiom a modified version of the program REFIT [lo], using 
cross-sections calculated by NJOY fiom the resonance parameters given in ENDFIB-VI. 

Figure 1 shows the measured fission yield covering the energy range from 1 to 20 eV for 
a sample of thickness n = 0.010038a/b, normalized to the calculated value in the energy 
range 0.02 to 0.03 eV. The solid h e  is the value calculated fiom the ENDF/B-VI resonance 
parameters. This illustrates that there is satisfactory agreement between the calculated 
and measured values in the regions of the resonances with large neutron and fission widths. 
However, in the region between the resonances, the measured data are much lower than 
those calculated from the ENDF/B-VI parameters. The figures in reference [7] comparing 
the measured fission cross-section to the calculated values, also show this trend. 

Table 2 shows preliminary values of the fission and radiation widths obtained fiom the 
latest ORELA fast neutron fission yield measurements for the 'isolated' resonances that 
have small fission widths in the energy region up to 20 eV. The fission widths were obtained 
simply by comparing the measured areas of the resonances for fission to those calculated 
from the parameters. Difficulties in determining the shape of the underlying fission yield 
due to the effect of large nearby resonances increased the uncertainty on the observed areas 
for some of the smaller resonances, The radiation width was determined as follows: 

where the neutron and total widths are taken from the ENDF/B-VI data files and the 
fission widths determined from the latest ORELA data. The weighted mean wlue for I', is 
38.20 f 1.24 meV assuming an uncertainty of 5% on the total width, as no uncertainty is 



Table 2: The preliminary fission and radiation widths determined from the latest ORELA 
fission yield data. 

given in the ENDF/B-VI data files. 
The ratio of the 7-ray counts to the fast neutron counts from a 2 3 5 ~  sample is almost 

proportional to a constant plus a, the ratio of the capture cross-section a, to the fission 
cross-section of. The accuracy of the alpha measurement is poor due to the fact that the 
efficiency of the detector for detecting fission events via the y-rays is about twice that for 
detecting capture events. The initial comparison with the values in ENDF/B-VI suggested 
that some small capture resonances had been missed in the analysis. However, this is 
now thought not to be true and the explanation is that the fission cross-section between 
resonances is much lower than given in ENDFIB-VI and the capture cross-section higher 
than calculated from ENDF/B-VI parameters. 

4 Conclusions 

The purpose of the present study was to suggest a solution to the discrepancy be- 
tween the measured infinitely dilute capture resonance integral and that calculated from 
the ENDF/B-VI parameters. 

As shown above, the values of r, and rT are determined from transmission data and 
are not dependent on any normalization factors. Therefore, an interim solution might be 
to assume an average radiation width and then calculate fission widths as follows: 

The ratio of the partial fission widths of the two fission channels is kept the same as 
in the ENDFIB-VI data files. Table 3 shows calculated resonance integrals for values of 
I?, from 35 to 40 meV [ll]. A value for r, of between 38 and 39 meV would give the 
desired values for the fission and capture resonance integrals. This is in agreement with the 
provisional value of 38.2 meV obtained fiom the latest ORELA measurements up to a few 
keV which were made primarily to determine 17 below 300 meV. 

A detailed shape analysis correcting for effects of sample attenuation and multiple scat- 
tering effects needs to be done for capture data used in resonance analysis for ENDF/B-VI, 



Table 3: The fission integral, capture integral, and integral alpha calculated using different 
values of I', . 

as well as for recent ORELA fission yield data (Fig. 1). Such an analysis was not able to  
be done a t  this time. 
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