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Neutron transmission measurements were made on natural gallium using
a TOF spectrometer of the Japan Atomic Energy Research Institute linear
accelerator. Neutron resonance parameters are obtained for 54 levels in
the energy region extended up to.10.4 keV. The average level spacing D
and the s-wave strength function Sp are deduced to be:
D= 185 * 12 eV,
Sp = (1.2 + 0.2) x 107" below 10.4 keV.

Keywords: Neutron Cross Sections, TOF Measurements, Resonance Region,

Natural Gallium, E; < 10.4 keV, 54 Levels, Resonance Analyses,

D = 185 eV, Sy = 1.2 x 107"
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1. Introduction

Slow neutron interaction with medium and heavy nuclei is characterized by
fine structure resonances. Many experimental data in resonance region
have been compiled under the international cooperation with a strong
demand from nuclear reactor design. However, the neutron cross sections of
some elements have not enough been measured, if these elements are neither
fissile, nor fission product, nor structural, nor biological elements.
Gallium is one of these. elements, which is used as semiconductor materials.
Nowadays, such semiconductors are widely used even in radiation fields;
reactor sites or in space. Thus it is important to measure resonances of
all nuclei as the basic nuclear data.

The resonance parameters of gallium are compiled in reference 1. The
latest data are of Maletsky et al.[2] of Dubna in 1968, They have measured
on separated isotopes using a time-of-f1ight(TOF) spectrometer of IBR
pulsed reactor in the energy region below 5.9 keV. We have made a series
of transmission measurements on many elements with a TOF facility of the
JAERI Tinac from 1982 to 1986. Total cross sections deduced were sent to
NEA DATA BANK in a magnetic tape, and are compiled in a book, '"Neutron
Cross Section", Vol-2 Curves {3].

In this report, transmission measurements on natural gallium and the

results of resonance analyses are described.

2. Measurements and Analyses
The measurements were made at a 47-m TOF station of the JAERI electron

linac{4,5]. The condition of the measurements is shown in Table 1. The
pulsed neutrons were produced at a water cooled tantalum target bombarded
by the electron beam ; energy was 120 MeV, peak current 3 A, pulse width
25 ns, and repetition rate 300 pps. The neutrons were moderated by a
moderator surrounding the target[6], and traversed to the detector station
through an evacuated flight tube. In the 47-m station, a Li-glass
transmission—type neutron-flux monitor was placed. At T m downstream from
the monitor, transmission samples were placed, where the neutron beam
was collimated to 35mm in diameter. At 1.5 m downstream from the sample,
a main neutron detector of Li-glass scint111ator(38mmgb x12.7mmt  NE912)

was placed in a boron-paraffine shielding, an dinner wall of which was
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Tined with B4C layer of lcm in thickness., A B C fiiter was inserted in
the beam to eliminate slow neutrons which overlapped to the subsequent
neutron bursts. Neutron detection signals from these detectors were
amplified, sorted and sent to a computer room through double shielded
coaxial cables.

The neutron detection events of the main detector were stored in a 4096
channel +time analyzer with the minimum channel width of 31.25ns. The
neutron pulses from the flux monitor were gated to count in the time region
corresponding to 1.1- 0.3 keV in neutron energy. The accumulated data in
the time analyzer were transfered to a FACOM U-200 mini-computer, and were
finally stored on a disk memory of a large computer FACOM M380 at the JAERI
computing center, The data processings and analyses were made through a
remote terminal at the Tinac laboratory. 7

The sample of natural gallium ( Ga 60.2%, Ga 39.87)  was gallium
oxide (Ga 0 ) powder which was heated to 400 C in air to eliminate meisture
and was packed in two aluminum cases of different thicknesses. The sizes
and the thicknesses of the samples are shown in Table 2.

Neutron time spectra for open beam( without sample ) and for thin and
thick samples in the beam are shown in Fig.1 and 2, which were normalized
by the monitor counts. Neutron transmissions of these samples were deduced
from the ratio of the sample-in spectrum to the open-beam spectrum. The
background in these spectra were estimated from the counts at saturated
resonances of cobalt(132 eV), manganese(337 eV), aluminum( 35 and 88 keV),
and some of saturated resonances of gai11um. To deduce the total cross
section of gallium, oxygen cross section

g = (3.85 - 0.002 E) barn
was sub%racted[?], where E is neutron energy in keV.
Energy scale of the TOF system was calibrated by the aluminum resonances at
5.9035 and 119.75 keV by adjusting the initial delay time of the analyzer.

The total <cross sections of gallium from 50 to 715 eV are shown in
Fig.3a and 3b, these from 1 to 5 keV region in Fig.4, and 5 to 10 keV 18
Fig.5, respectively, The transmissfon data were analyzed to deduce fql”
of each resonance by fitting the Breit-Wigner formula with a modife?d
single  level Atta-Harvey area analysis code, where f 1is isotopic
aboundance, g spin statistical factor and [~ the neutron reduced width.
For Tlarge s-wave resonances the spin va]ues(3=1 or 2} were determined = by

evaluating the fitting curves for each spin state.
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3. Results
The resonance parameters are listed in Table 3 for 54 levels of natural
gallium up to 10.4 keV, Resonance energies and g/~  values for large
resonaces are found to be in good agreement with thgt of MaTetsky et
al.[2] 1in the region below 5 keV; the comparison between the two sets of
resonance parameters are shown in Fig.6. Cumulative numbers of resonances
vs. heutron energy is shown in Fig.7, and the average level spacing D for
probable s-wave levels was deduced to be:

D =185 1+ 12 eV below 10.4 keV.
Cumulative values of fg r_O vs. neutron energy are shown in Fig.8. The
value of s-wave strength ?unction for natural gallium is deduced to be:

S = (1.2 £ 0.2)x 10 beTow 10.4 keV.
These values are in good agreement with the values in reference 2. In the
mass region from 65 to 100, the observed S_ values are systematically
smaller than the deformed optical model calculations[8].

In the present measurements, the resonance parameters and the neutron

total cross sections are deduced in extended energy region, and are

summarized in Table 4.

Acknowledgements
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Table 1 Condition of Measurements

!

Linac Electron Bean © 120 Mev, ~3A, 20 ns, 300 pps
Neutron Flight path | 47.38 m

Neutron Beam Diameter 35 nmo

Neutron Detector BLi-glass (38nm¢ x12.7ant NE912)
Flux Monitor : BLi-glass transmission type

Tine Analyzer 4096 chanrnels , 31.25ns

Computer . FACOM-M380

Table 2 Transmission Samples

Sanple Size Thickness
| 120 mon x 80 nm x 2 mmt 0.00215 atoms/barn
40 nm¢ =x 20 unmt 0.0258
40 nn¢ x (20 + 20) mmt | 0.0510
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Table 3 Resonance Parameters of Natural Gallium

iso- * | Energy DE 2fgTn  D(2fgDn) | fgla® | D(fgIl'n9?)| J
tope (eV) (eV) {(neV) {meV) (neV) (meV)
B 95.7 0.0 53. 5.9 2.7 0.3
A 110.8 0.0 51. 4.2 2.4 0.2
B 286.7 0.1 3010. 140. 89. 4.0 2
A 333.8 0.1 110. 15. 3. 0.4
B 375.7 0.2 1090. 78. 28. 2. i
A 472.7 0.2 74. 8.7 1.7 0.2
A 691. 0.4 950. 53. 18. 1. 1
B 704.8 0.4 218. 21. 1.1 0.4
A 1353.8 0.9 8l. 7.4 1.1 0.1
1366.6 1.0 B67. 7.4 0.9 0.1
B 1525.3 1.1 1800, 160. 23. 2. 2
A 1582.3 1.2 1470. 180. 18.5 2. 2
A 1638.5 1.3 2220. 169. 27.5 2. 1
A 1868. 1.5 1900. 170. 22. 2. 2
B 1930.7 1.8 114. 9. 1.3 0.1
B 2400.5 2.2 2060. 200. 21. 2. 2
A 2456.5 2.3 5300. 400. 53. 4, 2
B 2787.7 2.7 630. 63. 6. 0.6
B 2870. 2.9 129. 11. 1.2 0.1
A 3078. 3.2 550. 55. 5. 0.5
B 3319.1 3.6 2070. 230, 18. 2. 1
B 3415.4 3.7 187. 1Z. 1.6 0.1
A 3502.8 3.8 14800, 2400. 125. 20.
3854.2 4.4 199. 12. 1.8 0.1
A 4208.7 5.1 1170. 130, 9. 1.
4341.3 5.3 316. 26. 2.4 0.2
4388.7 5.4 760. 66 . 5.7 0.5
4584. 5.7 340. 41. 2.0 0.3
4792. 6.1 1730. 280. 12.5 2.
A 4846. 6.2 23700. 1408. 170. 10.
B 5057. 6.6 7400. 710. 52. 5.
5297. 7.1 950. 73. 8.5 0.5
5484, 7.5 1330. 150. g. 1.
5562Z. 7.7 1180. 300. 8. 2.
5580. 7.7 2090. 150. 14. 1.
5853. 8.3 £89040. 770. a5, 5.
5024. 8.6 202. 31. 1.3 g.2
8400. 9.4 240. 32. 1.5 0.2
6715. 10. 740. &2. 4.5 0.5
6775. 10. 460. 49. Z.8 0.3
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Table 3 {Continued)

iso- % | Energy DE 26g T D(2fgTn) | fgla® | D(fgTa?)|1J

tope (eV) {eV) (meV) (meV) (neV) (neV)
7237. 11. 2550. 340. 5. 2.
7283, 11. 1540. 340. g. 2.
7388. 12. 3080. 340. 18. 2.
7412. 12. 1720. 340. 10. 2.
7470. 12. 3110. 350. 18. 2.
7781. 13. 20300. | 1800. 115. 10.
8077. 13. 7700. 900. 43. 5.
8350. 14. 5800. 730. 32. 4.
8696. 15. 1680 190. g. 1.
8170. 18. 960. 96. 5. 0.5
9424. 17. 2910. 190. 15. 1.
9636. 17. 490, 98. 2.5 0.5
10157. 19. 810. 100. 4. 0.5
10420. - 20. 2860. 200. 14. 1.

¥ isotopic identification by Maletsky et al. [2] ; A : %%Ga, B : "'Ga
f: isotopic aboundance} f= 0.602 for %°Ga and 0.398 for "'Ga

Table 4 Results

Present Previous*
Energy Region 10.4 keV 5.9 keV
Number of levels 54 69Ga 30 (12 p-wave)

"1Ga 23 (10 p-wave)

Average Level 185 12 eV 69Ga 230 eV
Spacing T1Ga 330

s-wave Strength (1.2+x0.2)10°4 59Ga 1.
Function TiGga 1

% Maletsky et al. [2]
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