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Background Reduction of Low Level Gamma-Ray Spectrometer
Kiyoshi SHIZUMA, Kenji YOKOHATA and Kuninobu INADA

A new low-background shielding was installed for a Ge detector. Background gamma-ray spectrum was
measured and compared with that of old shielding to investigate how improved the background counting rate.
Additional improvements for the new shielding was installed to reduce background counting rate. It has been
shown that shielding of the neck part of Ge detector cryostat and concrete floor are effective to reduce
background contribution. The reduction factor of “’K 1461 keV gamma-ray was much improved from 51 of old
shield to 4290 of new shield.
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Tablel Specifications of Ge detector
Manufacturer EG&G ORTEC
Detector type GEM-50195-P
Crystal size

Diameter x length 64.7 mm x 89.3 mm
Volume 294 cm’
Relative efficiency 58 %
Resolution
at 1332 keV “Co 1.81 keV
at 122 keV *’'Co 0.91 keV
Peak/Compton ratio 80
Lineshape
FWTM/FWHMratio 1.84
FWFM/FWHM ratio  2.45
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Fig4 Additional improvement of new shielding
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Fig.5 Background gamma-ray spectrum measured with a Ge detector without shielding
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Fig.6 Background gamma-ray spectra measured with a Ge detector within the shielding . A: case 1, B: case 5.
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Table2 Counting rate of background continuum for different shielding
Counting rate (cpm/keV)
Energy No shielding In the shielding
(keV) 1992y | 2001y | Ratio Old Casel | Case2 Case3 | Cased Case§ Reduction Factor R;
X A X/A Y B [+] D E F A/B | A/C| A/D| AJE| A/F | Y/E
55 52.9 31 1.71 1.1 0.462 0.294 0.321 0.275 0.258 67 105 | 97 | 113 | 120 4
100 112.5 55.6 202 1.51 0.504 | 0355 0.353 0.287 0.292 110 | 157 | 158 | 194 | 190 5
200 68.2 42.9 1.59 1.72 0.635 0.403 0.443 0.371 0.355 68 106 | 97 | 116 | 121 5
300 293 19.2 1.53 0.97 0.353 0.226 0.231 0.203 0.198 54 85 83 95 97 5
500 120 1.1 1.56 0.41 0.155 0.093 0.096 0.080 0.082 50 83 80 96 94 5
700 14 4.6 1.61 0.25 0.086 0.055 0.058 0.046 0.045 53 84 79 | 100 | 102 5
1000 46 2.7 1.70 0.15 0.043 | 0.024 0.027 0.018 0.019 63 113 | 100 | 150 | 142 8
1500 0.71 048 148 | 0.032 0.013 | 0.0096 | 0.011 0.010 | 0.0091 37 50 44 48 53 3
2000 0.36 0.24 150 | 0.015 | 0.0073 | 0.0071 | 0.0064 | 0.0043 | 0.0058 33 34 38 56 41 3
2500 0.13 0.1 1.30 { 0.0063 | 0.0051 | 0.0035 | 0.0043 | 0.0043 | 0.0041 20 29 23 23 24 15
3000 0.011 | 0.0058 | 1.90 | 0.0027 | 0.0021 | 0.0025 | 0.0026 | 0.0027 | 0.0029 2.8 2.3 22 | 21 2.0 1.0
55keV — 3MeV 15730 230 145 155 128 127 68 108 | 101 | 122 | 123
Table 3 Background peak counting rate for different shielding
No shielding In the shielding Reduction Factor R
Counting rate(cpm) Counting rate(cpm)
Nuclide Energy | 1992y [ 2001y| X/A | 1992y | Casel [ Case2 | Case3 | Cased4 | CaseS | X/Y | Y/B| A/B| A/C| A/D | A/JE | A/F
(keV) X A Y B C D E F
[U-series]
2Mpyp 351.9; 102 54.7 1.86 0.57 0.43 030 | 0526 | 047 | 0360 | 179 | 1.3 | 127 | 182 104 116 152
#4g;  609.3] 108 | 652 | 1.66 | 092 | 051 | 036 | 0391 ] 041 [ 0380} 117 | 1.8 | 128 | 181 | 167 | 159 | 172
1764.5] 202 17.5 1.15 0.50 0.17 0.07 | 0.146 | 0.092 | 0.082 { 404 | 29 | 103 | 240 120 190 213
[Th-series]
*Ppp 2386/ 131 | 844 | 155 | 077 | 097 | 0.36 | 0.100| 064 | 0780 | 170 | 079 | 87 | 234 | 844 | 132 | 108
2087 583.2f 89 54.1 1.65 0.77 0.47 0.10 | 01307 0.28 | 0.260 | 116 | 1.6 | 115 | 541 417 193 208
26145| 75 65.2 1.15 1.77 0.49 0.10 | 0056 | 0.17 | 0.140 | 424 | 36 | 133 | 652 | 1154 384 466
[Other lines)
Annihi. 511 47 32.1 1.46 2.7 1.36 1.2 0430 122 | 1.190 | 174 | 20 24 | 277 747 | 263 | 270
B 1460.8] 582 296 1.97 11.3 0.29 0.29 | 0.026 | 0.082 | 0.069 | 51.5 | 39.0 | 1021 1021 ] 11534 | 3610 | 4290
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Fig.7 Background continuum counting rate for different shielding conditions.
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Fig.8 Background peak counting rate of “’K 1461 keV and annihilation gamma-ray peaks.
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Fig.9 Background peak counting rate of U-series and Th-series natural radioactivity for different shielding conditions
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