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Abstract

External filtered neutron beams have been developed at the horizontal radial channels No. 4 of
Dalat research reactor. In the material composition of the neutron filters, the primary material
components of Iron, Aluminum, Nickel and Vanadium are used to obtain the mono-energetic neu-
tron beams of 24 and 59 keV, with low level of Gamma and slow neutron background. A computer
code and Monte-Carlo simulation technique were applied to optimize the filter configurations and
to deduce the neutron energy distributions in the filtered beams. A hydrogen-filled proton recoil
detector and the activation method with Gold foils were used to measure the neutron energy
spectrum and flux of each beam at sample position. The results of experimental neutron fluxes are
6.1 x 105 and 5.3 x 105 n/cm?/s for 24 and 59 keV beams, respectively.
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1. Introduction

In the present development of nuclear science and technology, the high accuracy experimental data on neutron
interaction with nuclei and elements are necessary in the development of nuclear theoretical models and in com-
pilation of evaluated nuclear data files, which are the basis data for reactor designing and safety analysis, and for
nuclear applications in medicine, industry, nuclear astrophysics [1], etc. The research works on nuclear data
have been studied for many years with great achievements. However, until now, for a large number of nuclei,
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the experimental nuclear data are deficiency or inconsistent, and in some cases, the measured nuclear data show
differences among each other laboratories. The most difficult situation and large uncertainty of experimental
neutron cross sections are in the keV energy region [1] [2]. The reason is lack of high flux and high resolution
neutron beam installations, which can provide the measurements of precise neutron cross sections in this energy
range.

In order to improve the quality of neutron induced reaction cross sections, several high energy resolution fa-
cilities by neutron time of flight (TOF) technique have been developed based on utilization of a high intensity
spallation neutron source. A new beam line for accurate neutron capture cross sections measurements with used
a high resolution 4n Ge spectrometer has been developed at the J-PARC facility [3]. The neutron time-of-flight
facility GELINA, with a neutron flight path lengths ranging from 10 m to 400 m, has been especially designed
for neutron-induced reaction cross section measurements [4]. An inexpensive aspect of neutron sources for reac-
tion cross studies is the use of filtered neutron beams from research reactors. The filtered neutron beam at RPI
LINAC utilized an iron filter has been used to measure the neutron total cross section of Beryllium and graphite
samples [5]. The filtered neutron beam at the Kyiv Research Reactor has been applied for precise measurements
of neutron total cross sections [6].

The aim of this research is to apply the neutron filter technique [6] [7] to provide new neutron beams of
mono-energies at 24 and 59 keV for neutron capture and total cross sections measurements, and related research
at the horizontal channels No. 4 of Dalat research reactor (DRR).

2. Calculation of Neutron Filtered Spectra

For calculation of neutron spectra formed after transmitted through filters, a computer code, called CFNB (Cal-
culation for Filtered Neutron Beams), were developed using VC++6 compiler. This code can be used to calcu-
late the filtered neutron spectrum with a combination of materials that used as neutron filters. The calculation of
transmitted neutron spectrum can be performed as the following expressions:
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The relative intensity of the filtered neutron peak is calculated by the following ratio.
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where: @ (E) the neutron spectrum after transmitted through filters, @;(E) the initial neutron spectrum
before filters, p, nuclear density of k™ filter component (nuclide/cm?®), d, length of k™ filter component (cm),
Oy (E) total neutron cross section of k™ filter component (barn), | relative intensity of primary neutron peak,
E,, En low level and high level of primary neutron peak region.

The initial neutron spectrum @, (E) before transmission through the filters was measured by the multi-foils
activation method [8] and calculated by using the Monte Carlo code MCNP-5 [9]. The measured data was used
to normalize and validate for MCNP and CFNB calculation spectrum. The result of initial neutron energy dis-
tribution is shown in Figure 1.

The nuclear data used for calculations in CFNB code is from JENDL3.3 [10], 300°K files. The code has been
tested in good agreement with results obtained from Monte Carlo code MCNP-5. The calculated output spectra
for 24 keV and 59 keV in peak energy region are presented in Figure 2 and Figure 3.

3. Creation of Neutron Filters for 24 and 59 keV Beams

For 24 keV neutron filer, the composite neutron filter consisted of 0.2 g/cm® °B, 20 cm Fe, 30 cm Al and 35
glcm? S was used to receive the mono-energetic beam with the average energy of 24 + 1.8 keV. The relative in-
tensity of 24 keV beam was 96.7%. The absolute neutron flux at sample position was measured by activation
method with standard foil of **’Au in a 1mm thick Cd cover. The measured value of flux was 6.1 x 10° n/cm?s.
For 59 keV neutron filter, the composite neutron filter consisted of 0.2 g/cm? °B, 10 cm Ni, 15 cm V, 5 cm
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Figure 1. The initial neutron energy spectrum ®;(E) at the
horizontal channel No. 4 of Dalat reactor.

350
24 keV neutron spectrum
300 in peak energy region
2501
>
= 200
=
o
E 150
100 CFNB calculation
o MCNPS5 calculation
501
0 v
1 10 100

Energy (keV)

Figure 2. Calculated 24 keV filtered neutron spectrum.
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Figure 3. Calculated 59 keV filtered neutron spectrum.
Al and 100 g/cm? S was used to receive the mono-energetic beam with the average energy 59 + 2.7 keV. The
purity of beam was 92.3%. The absolute neutron flux at sample position was 5.3 x 10° n/cm?/s, measured by ac-
tivation method, in which, the standard foil of **’Au was covered in a 1 mm thick Cd case.

4. Results and Conclusion

The filtered neutron beams with mono-energies of 24 and 59 keV have been developed presently at the Dalat
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research reactor. These neutron beams were tested by measuring spectra with a proton recoil counter LND 281

(Gas filling H + CH4 + N2, diameter 38.1 mm, length 254.0 mm, gas pressure 4.3 atm) in compacting with a

16K-multi channel spectrometer. The neutron energy spectra for 24 and 59 keV were obtained from the corres-

ponding proton recoil pulse high response functions by the differential technique [11] [12]. The response func-

tion of proton-recoil distribution f (Ep) is related to the neutron spectrum d)(E) as the following formula:
1 e |#(E)
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where G(E) is the neutron-proton scattering cross section and N is the number of the hydrogen atom in the
effective volume of counter; T is the measuring time. Thus, the neutron spectrum (I)(E) would be obtained
from the differential data of measured response function f (Ep). A measured f (Ep) spectrum of the 24 keV
filtered neutron beam is presented in Figure 4.

The results of filtered neutron spectra measurements are shown in Figure 5 and Figure 6. The absolute neu-
tron flux of each beam at sample position was measured by the activation method with used standard foils of
AU (99.999%) covered in a 1 mm Cd cover. The material information of filters and the results of measured
neutron fluxes are shown in Table 1 and Table 2.

As a result of this work, the new neutron filter compositions for 24 and 59 keV have been created and in-
stalled complementally to the existing filters for thermal neutron beam at the horizontal channel No. 4 of the
Dalat research reactor. The beams were tested, that showed qualified features for applications in neutron cross
section measurements and related applications.

]000003 = Proton recoil spectrum
of 24 keV neutron beam
10000 = Gamma-rays background
2 1000
g
S
100 ¢
103
| i . .
1 10 100 1000

Energy (keV)

Figure 4. Measured proton recoil response function of 24
keV filtered neutron beam.
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Figure 5. Measured neutron spectrum for 24 keV beam by
proton recoil proportional counter.
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Figure 6. Measured neutron spectrum for 59 keV beam by
proton recoil proportional counter.

Table 1. The filter components for neutron beams.

Length or mass

Neutron beam Material components density of the filters
g 0.2 g/cm?
Fe 20cm
24 keV
Al 30cm
S 35 g/lcm?
g 0.2 g/cm?
Ni 10 cm
59 keV \% 15cm
Al 5cm
S 100 g/cm?

Table 2. The physical parameters of neutron beams.

Energy (keV) FWHM (keV)  Flux n/cm?/s Purity (%)

24 1.8 6.1 x 10° 96.72

59 2.7 5.3 x 10° 92.28
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