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Summary

I. Project Title

Establishment of Ultra-low Background Gamma Spectrometer System in KURT

II. Objective and Importance of the Project

In order to measure an ultra-low background sample, an ultra-low background gamma
spectrometer at underground laboratory using hybrid Compton suppression and

anti-coincidence method is needed.

IM. Scope and Contents of Project

To reduce the background induced by cosmic ray, an ultra-low background gamma
spectrometer at underground laboratory using hybrid Compton suppression and

anti-coincidence method is developed.

This report has following contents:

» Setup of Ultra-low Background Gamma Spectrometer System in KURT

* Measurement of radon concentration in order to test performance of the designed
system

* Measurement of small sample without the chemical preprocessing

IV. Result of Project

_iV_



An ultra-low background gamma spectrometer at underground laboratory using hybrid
Compton suppression and anti-coincidence method is developed. The designed ultra-low
background gamma spectrometer is composed of HPGe detector, Nal scintillation
detectors for Compton suppression, and plastic scintillation sensors as a guard detector
for the background reduction, and electronic circuits for signal processing. Influence of
radon radionuclide is studied in order to test performance of the designed system. The
background increase problem of radon will be solved by ventilation and injection of
pure nitrogen gas. Using this setup system, measurement of small sample is performed
without the chemical preprocessing The results of measurement were compared with
those results with conventional alpha spectrometer and two results were similar from

within uncertainty range.

V. Proposal for Applications

This new system and method will be applied in many field where the chemical

preprocessing is not a necessity
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C(186) = C[**° U,185.7] + C[**° Ra,186.2] (1)

A*5Ra) = AP Pb,295.2) (2)
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te, vheat 2

C(**Ra,186.2)

g 214 -
£(186.2) < P.(186.2) A Pb,295.2) )

C(**%Ra,186.2) = A (*"* Pb,295.2) < £(186.2) X P, (186.2)

A@)= Aol thdste] Aefstd, v53 2o

C(***U,185.7) = C(186) — A (*'* Pb,295.2) X £(186.2) X P, (186.2) (4)

0(235

I

) (5)

235 _
ACPU) = £(185.7) < P, (185.7)

A7)A, O 0,185.7]9 9= 1857 keVolA U &A14& (#/sec)oth. Heol U}
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B

of 35 ol WA WY A7W PRar
&

FHong Mg £ wRE TAT dE 5o ACGUP252) A$E o]&F

FIrellA MPh. - FEE P WHS 9528 5o &3 A& ohet o



el e otyetg A= das Aesta oY olyeIAE o] &ste] E &
i olE WEE v, ortsHETS ol&sANEEW =AM oltE A<
A shurbE F 718k
# 4-1 HFod & ArpdadyA 2 HEE
HF AdA | HAvtlEE HF oA | HvEEE
(RHE71) (keV) (%) (RHzH7]) (keV) (%)
Th-227 50.13 8.0 Eu-1%4 591.763 4.990
(1872 y) 235.971 12.3 (8593 y) 723.304 20.22
296.25 7.0 756.763 4.57
Th-228 84.373 1.22 873.190 12.27
(19116 y) 996.262 10.6
Th-231 25.646 14.5 1004.725 18.01
(25.52 h) 34.216 6.6 Eu-155 86.545 30.7
Th-234 63.29 4.8 (4.7611 y) 105.305 21.2
(241 d) 92.38 2.81 Co-57 122.0614 85.60
92.80 2.77 (271.79 d) 136.4743 10.68
T1-208 277.351 6.31 Hg-203 27719.1967 81
(3.053 m) 510.77 22.6 (46.612 d)
583.191 34.5 Sr—-85 514.0067 96
360.564 12.42 (64.84 d)
2614.533 99 Co-60 1173.237 99.9736
U-235 143.764 10.96 (5.2714 y) 1332.501 99.9856
(7.038x10° y) | 163.358 5.08 Fe-59 192.349 3.08
185.712 7.2 (44.503 d) 1099.251 96.5
205.309 5.01 1291.596 43.2
Na-22 1274.53 99.944 Cd-109 88.04 3.61
(2.6019 v) (462.6 d)
Eu-152 121.7817 28.58 Ce-139 165.864 30
(13537 y) | 244.6975 1.583 (137.640 d)
344.2785 26.5 Sn-113 255.05 1.82
443.965 2.821 (115.09 d) 391.690 64
778.9040 12.942 Y-88 898.042 93.7
Eu-152 867.378 4.245 (106.65 d) 1836.063 99.2
(13537 y) 964.079 14.605 Am-241 59.5412 35.9
1085.869 10.207 (432.2 y)
1112.074 13.644 Mn-54 834.848 99.976
1408.006 21.005 (312.3 d)
Eu-154 123.071 40.79 Cr-51 320.0824 10
(8.593 y) 247.925 6.95 (27.7025 d)
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*4-1 (A%)

az | oA | TEEE as | aun | FHEE

(ukzh7)) (keV) (Oj) (7)) | (keV) (i)

Ac-228 209.253 3.89 Pa-234m 766.38 0.294

(6.15 h) 270.245 3.46 (1.17 m) 1001.03 0.837

338.320 11.27 Pa-234 99.853 3.2

463.004 4.40 (6.7 h) 131.30 18

794.947 4.25 152.720 6.0

911.204 25.8 226.50 4.2

964."766 4.99 227.25 5.8

968.971 15.8 569.50 8.2

1588.19 3.22 733.39 6.9

ANN 511.00 833.24 9.6

Be-7 A77.595 10.52 925.0 7.8

(53.12 d) 926.72 7.2

Bi-214 609.312 46.1 946.00 13.4

(199 m) 768.356 494 Pb-210 46.539 4.25
934.061 3.03 (22.3 y)

1120.287 15.1 Pb-212 115.183 0.592

1238.110 5.79 (10.64 h) | 238.632 43.3

1377.669 4.00 300.087 3.28

1729.595 2.92 415.2 0.143

1764.494 15.40 Pb-214 53.22775 1.2

2204.21 5.08 (26.8 m) | 241.997 7.43

Cs-134 563.246 8.35 295.224 19.3

(2.0648 v) 569.331 15.38 351.932 37.6

604.721 97.62 785.96 1.07

795.864 85.53 Ra—223 144.232 3.22

801.953 3.69 (11435 d) | 154.21 5.62

Cs-137 661.657 85.1 269.459 13.7

(30.07 v) 323.871 3.93

[-131 284.305 6.14 338.281 2.79

(8.02070 d) 364.489 1.7 Ra-224 240.986 410
636.989 717 (3.66 d)

K-40 1460.830 11 Ra-226 186.211 3.59
(1.277x10° ) (1600 v)
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23}7] Stk wgha] Adukd o= FTho|A WEIH = 6339 keV, 9238 keVE
ol-gate] wAo] sbedtrh # 42014 BW 6339 keVel A5 TThelA W&
E 639 keVS AAA 7] wjio] *PU Fate wHI o] FrbE FES x7ha ok
=
¥ 4-2 #AvpgEeuyA W WEE
Zf%r"lrrh 2:%2Th 228 AC 227r1‘h
CNEEY N vield ©6) | Y L vield ©0) | SBY L vield ©6) | Y vield (%)
(keV) (keV) (keV) (keV)
62.39 4.8 338.3 11.27
92.38 2.81 63.9 0.263 911.25 25.8 93.93 1.4
92.80 2.77 968.97 15.8
C(63) = C[**'Th,63.39] + C[***Th,63.9] 6)
C(***7h,63.9) = A(**® 4¢,332.32) x (63.9) X P,(63.9) (7)
A71A, WAbs PThat PAce WAbsel 2ed 2 olfe WA Y wEelh
A< 2(6)] st Adelshd,
C(*** Th,63.39) = C(63) — A(**4¢,332.32) < £(63.9) X P, (63.9) (®)
234 _ C [*"7Th,63.39] 4238
ACHTh) = P,,(63.39)><e(63.3)_A( v) ©)
92.8 keVE o]&3slo] F3t= WHHS 99k A9 wszsty A(10), )= xdT 4
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“Thel 92.38 keVel 92.8 keV @ *'The] 93.93 keVE 9] w] gt}

C(93) = C[***Th,92.38] + C[*** Th,92.8] + C[**" Th,93.93] (10)
-  £(92.38) < P,(92.38) "
Cl**Th,92.38] = 2(92.8) < P (92.8) x C[***Th,92.8] (11)

F 4-1eAM e wE=&3 a9 4-49 B& %S A&shd 2029 ol Audth

C1?**1h,92.38] = 2?; < O 7h,92.8] = 1.014 < C[*** Th,92.8] (12)
o714 oY= 7F AL H]5=38k7] wjitol N-type HPGefd & 7104 &&2 7
ClP'11,92.819 AFE&E = Zdsto] thA A12)E A

1o
m

al
TC 1:4

(£(92.38) = £(92.8)) T

9 AUDAY BAL 5 ol

Cl?471h,92.38] = 1.014x
1S o] &3te] Asld A(14)9F o] TAHTLE of7]A

2515 U} zz/Tho] HlA}l 5 &
o] PUSlA “Thew 87 2

19 4-30] BAFI 9

2

0.98629] °lw|=

A *'Thez wWet Bists Hl&S o nFh
C(**"7h,93.93) 235
8(93.93)XP7‘(93'93)—0.9862><A( U,185.7) (14)
C(**" Th,93.93) = 0.9862 < A (** U,185.7) < £(93.93) x P, (93.93)
QA RaN=

2149k 4(13)= AA0)el thdste] Aefshd ofe] (159 2ol #

Cl93] = 1.014x + 2 + 0.9862 < Pr(93.93) x A (3** U,185.7) % ¢ (**" Th,93.93) (15)

cP77h,93.93) FTES =A |

21(15)°) A 193], Pr(93.93), A(**°U,185.7),
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£ o] Hn) olLe] }EUE BFEAAS o] 43 aswAel o3 BHEs

ef 3 % B o]4ol7] wiitel 1A Y3t FI= At & F Uk FFol=

IAEACI A Al&ste= vHluA =2 HdA& o]&ds A duiddoe= 3 443
I Aol FolE Ao duyy E3 EgLEE Fo] Fols JAoE dddn

® 4-3 SR 3HY AvkRdRE s ol &% SEbE v S84 v
Gamma Alpha Difference (%)
i P Bake) | FU Bake) | Y U =y 5y
(Ba/kg) (Ba/kg)

20.5 1.13 17.8 1.3 13.2 -15.0

B 24.8 1.2 24.7 1.3 0.4 -8.3

21.8 1.3 30.4 1.2 -9.4 7.7
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