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Abstract 

Spectra of scattered neutrons from a niobium disc were measured at the scat
tering angles of 60° and 120° by an NE-213 scintillator. Comparison of the ex
perimental data with the point-to-point Monte Carlo calculations, using the evalu
ated data from the ENDF /B-IV file, showed good agreement at 60°, but consid
erable discrepancy at 120°. 

1. Introduction 

Niobium has been recognized as one of the very important materials for fusion 

reactors. Accumulating and increasing the accuracy of nuclear data of Nb became 

necessary for the design study of fusion reactors. 

Elastic and inelastic cross sections of Nb have been determined by various work-

ers1~3i _ However, in recent years measurement techniques are becoming more 

sensitive, and the Monte Carlo applications more detailed. 

Large scale benchmark experiments have not been carried out because the price 

of Nb is very expensive. Ingersol et al 4i. measured the penetration of 262Cf neu

trons through a Nb sphere, while Shin et a1°i. measured the differential scattering 

cross section of Nb at 90°. 

In this study, scattered neutrons from a Nb disc at 60° and 120° are measured 

by a NE-213 scintillator, and are calculated by the point-to-point Monte Carlo code 

JUPITER6l for the purpose comparing scattering cross-sections. 

II. Experimental procedure 

Exeriments were made using a 262Cf fission neutron source of approximately 
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Heavy concrete container 

0. 367 Ci placed in a heavy concrete container, as shown in Fig. 1. The container 

had a beam collimator, such as a three stepped duct (15 cm diam. x 82. 5 cm length, 

18 cm diam. x 22. 5 cm length, and 20 cm diam. x 15 cm length) penetrating hori

zontally through the heavy concrete wall. The mcf neutron source was placed on 

the axis of the duct and at the center of a hole in the container. 

The center of the disc shaped Nb sample was placed as 109 cm from the wall 

of the container and on the axis of the duct. 

The thickness of the Nb disc is taken as one cm, which is necessary to prevent 

a multiple neutron scattering in it, since the mean-free-path for 2-MeV neutrons in 

niobium is 2. 5 cm. The angle between the normal line of the Nb disc and the 

beam line was kept at 45 ° for the measurements. The scattered neutrons were 

measured by a 7. 6 cm (3 in.) diameter by 7. 6 cm (3 in.) long liquid organic scintil-

lator NE-213 spectrometer system. The NE-213 scintillator was placed in a hole 

of the detector concrete shield at 90 cm from the Nb disc, on the line of the scatter

ing angles of 60° and 120°, as shown in the figure. Heavy concrete and polyethy

lene shadow shields were placed in order to protect against neutron and gamma rays 

from the mouth of the beam collimator. 

A block diagram of the spectrometer system is sho~n in Fig. 2. The discrimi

nation of the neutron pulse-height distribution from that of the gamma is made 

by a RHC pulse-shape-discrimination circuit and a two-dimensional multichannel 

analyzer. Then, the neutron spectra were unfolded by the FERDO method7' using 

the response functions calculated by the Monte Carlo method8>. 

The energy calibration was made by gamma rays from 137Cs and 6°Co standard 

sources and by those from an Am-Be neutron source both before and at the end of 

each experiment. The same procedure was also repeated every 8 hours during the 
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MPHA 

HEAD : 3°¢1X3' NE-213 Scintillator with RCA 8575 

Photomultiplier Tube 
BASE : Photomultiplier Base 
HV : High Voltage Power Supply 
DLA Delay Line Amplifier 
DA Delay Amplifier 
RHC Rise Time to Height Converter 
MPHA : 2-Dlmenslonal Multi-Channel 

Pulse-Height Analyzer 

Fig. 2. A block diagram of the spectrometer system . 
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Fig. 3. The source spectrum of the neutrons. 

experiments. Therefore, the gain shift is seen to be very small during the experi

ments. 

The profile of the neutron beam at the target position was measured m a pre

vious experiment8i. The flux distribution on the plane perpendicular to the colli

mator axis at the detectors center is flat in the circle of 26. 6 cm. The distribution 
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of the incident neutrons are, therefore, considered uniform throughout the target. 

The source spectrum of the neutrons are shown in Fig. 3. 

The background neutrons were measured in the geometry removed the Nb disc 

from the position shown in Fig. 1. The counting rate at each energy channel 

was subtracted from that of scattered neutrons. 

III. Calculations 

For the sake of estimating the contribution of the elastic scattering to the meas

ured scattered neutron flux, the neutrons scattered from the Nb in the same experi• 

mental geometry for both total and elastic scattering at 60, 90 and 120 degrees were 

calculated by the point-to-point Monte Carlo code JUPITER. The values of the 

cross-sections at a neutron energy were obtained by interpolation from a set of 106 

energy points of the elastic scattering, and 38 energy points of the other reaction 

cross sections taken from ENDF/B-IV9l. The order of the Legendre expansion for 

the elastic scattering was changed from 14 to 2, according to the 31 incident neut

ron energy points. The same variation was used for the calculations of the differ

ential elastic cross-sections for all angles. 

IV. Result and Discussion 

The measured and calculated elastic and total scattering neutron energy distribu

tions scattered from the Nb disc are shown in Fig. 4 and 5. For the sake of com

parison, the measured neuron energy distribution at 90° is shown in Fig. 6 from the 
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Fig. 4. Comparison of total and elastic cross sections of Nb at 60°. 
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Fig. 5. Comparison of total and elastic cross sections of Nb at 120° . 

.... , .... 
<) 
Q) 

"' "'e 
<) 

> 
Q) 

~ 

X 
::, 

u::: 
C: 

~ 
::, 
Q) 

z 

107 

10-8 

-9 
10 

-10 
10 

0.0 

• Experimental 

-,_ With all reaction 

-,_ Considering elastic scattering 

only 

4.0 8.0 

Energy, MeV 

Fig. 6. Comparison of total and elastic cross sections of Nb at 90°. 
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reference~>. 

The essential normalization was made presuming that one incident neutron was 

on the target. 

The errors estimated by the modified FERDO code and the statistical errors 

calculated by the JUPITER code are shown on the experimental and calculated data, 

respectively. 

The neutron fluxes obtained by the experiment as well as those considering all 

reactions show good agreement at the scattering angle 60°, as shown in Fig. 4. 

The neutron fluxes of elastic scattering show only discrepancies between the experi

ments and those considering all reactions in the energy range less than 4 MeV. 

This shows that most of the scattered neutrons in the energy range over 5 MeV may 

be caused by the elastic scattering. 

The results obtained at 120° show considerable discrepancies between the ex-

perimental results and the calculated consideration of all the reactions. The cause 

of the discrepancy is not yet known. The data at 90° in Fig. 6 shows a tendency 

of disagreement between curves. One cause of the discrepancy might be an over

estimation of the inelastic cross-section by the isotropic assumption. 
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