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Radioactivity Measurement of a-nuclides
by Small Solid Angle Method

WANG Jianging LI Xiacdi CHEN Xilin WANG Guojun
(China Institute of Atomic Energy, Beijing, 102413)

ABSTRACT

Counting under a precise small solid angle is one of the cldest methods
developed for the radioactivities measurement of e-nuclides. The principle of
solid angle counting is very simple and the accuracy is much better. The
advantages of an equipment developed by the authors, in which a large area
Au-Si surface barrier detector (450 mm?) is used, are introduced. Saome
comparisions on measurement results have been obtained with the gridded
ionization chamber, and a national comparision result of *'Am which deviated

from tbe average result is less than 0. 2% are presented in detail.
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Fig.1 The diagram of the small solid angle counting assembly
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Table 1 The advantages of the detectors

H B #REEE 1w E EEE S A
EE mm? um v keV &
, F AR R, MRk
GCM1101 450 100 <300 <20 .5 Am 5. 486 MeV o 8. "TAE R
GM1141 500 104 <2300 <22 0 Jy 120V Al 200V, B 2048

C. WIHBE<EN.

Wt 2 B, h RBEEEE YERABER], R AMEEIEHMEE, » HHFEREES, 0
TEYEX AR g r IR 200 R (Y EE SRk MR AR AR R, R34 ®
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CE, oA (5 AT, BB/ dR/R R dh/h, AIRTST
PR AESRIE . T dh AR SHITT T A9 (4 Bk
0.01 mm 0 0. 005 mm), Rit, EAFHEZET, REHL r
HEAREDCRMNEE & FEBEDCHEM LT R, AR NE L
MRS B VL, TR SRR SRR T A
HHR B Au-Si H 2% SRR, B2 ML
BT AR A AR O WAL, IR Rk LA
BT AR S A ) BRI Fig: 2 Solid angle

subtended by the aperture
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Table 2 The relative solid angle of the detector and its uncertainties

FMEE ¢/mm 204 0. 01 1540, 01 100,01
T 150001 | 11.074 (£0.12%) 6238 (£0.15%) 2778 (£0.21%)
Rimm | 200%£0.01 5.238 (£0.11%) 3512 (£0.14%) T 1562 (+0.19%)
2504061 | 3.995 (0.11%) 2,248 (£0.14%) 0. 9998 (£0.17%)
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Fig- 3 a Scattering from the wall of the cylinderical

chamber and the method used to deduce the scattering
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Table 3 The influence of the scattering from the wall of the stainless steel chamber

TP EuFIE /s 3N g FEEE m B/ it % TS Qom0
T K 10000 26258 16 036
& 10000 26013 57 0.22
-3 10642 27583 23 0. 08
B3 14834 38432 24 0.06

R B gk RAT L, AMEREFSG, FHAHBWRKR, HHFELIRE, B
HUTREE 0.08% , MBS SR BRI B 0. 0625, BN = Ll LR FFIRE IR
X, EI, BEERA - SEEFHES.
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A N EX BB, E RN T REER B 4 L SR B A B A
MR F R, F NEERT. A5 MeV A g R R B T i
afiF, AE. #9843 keV, Fig. 4 The scattering at the
FMBHBSEFEHEAREHEAEESE edge of the diaphragm

R, K7 P R B AR LS S M, R T 5 B 1 LR 0 A R 7 el T B A P 8 T T
Jo, AP AGAES T ERBAARMNERCEBNEE, SIMREFEEX, TESFEE
M ER AR SR AR RETERASNMERY, TRRESMNTRAD, HiL, &5
2 Z O MR P R B R T R . L R RRR R R B R A [ R E R B E TR
ANME. BFRIFE SRR TR, Bl — AR ek R E R TIER L.

B Am (GEHER B4R/ F 3 mm) BEEN EHY 450 mm® FRIISSAEMT 58, 0]
I 2 3000 s, AHXT AR R 1.1074X107°, R 4 Bl M EBEEFH TIEL FRKE
sE M AR, MiGiFA 450 mm? FEREEN R, TIERERRA 120 VAR I
BRERESHRE Q7. 8keV),

#F 4 TITHEEEMER (GM1101-450-100-20)
Table 4 Selection of the voltage For the GM110%-450-100-20 detector

IiEwE LRI e ] 2303 HES EEE 5 B 5 P
v 3 5 H it i keV
60 5000 48999 2387 12689_' 13.57 \29.18
Gi] L00¢G 4999 2427 12892 9. 1§ 19. 6%
104 5004 4999 2433 129497 R. 84 15. 01
120 5000 4999 2452 13005 E. 26 17. 74
130 3000 4399 24589 13037 9.17 15. 72
150 5000 4999 2464 128465 9. 48 20. 38
2.2 HERERME

R H BRI W R A BT RO R AT
(1) FJAMAm FRER A GREFT 120 WRKHETERERAE. Bk



WA 120 V, BT MM 0 100, IR A 0. 70, MIBETA 1 s, ATITHE, #
B Am P EESEAIENE . WS Am ¥ « BB, 5. 496 MeV 1§ o B FAYMEL (T
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Table 5 Energy calibration of the standard

XHE, PUASSIERTREHIAY 5. 486 ZAT 5. 486 MeV ) o ki F,

xr“ijj—?f 2Py Z“Am My
B/ MeV 5. 165 5. 443 5. 486 5. 763 5. ROG
ROE .
K3 /eh 2644 2796 2820 2965 7986
ﬁgr;ﬁwq, O 2. 00 3.00 4.00 5. 00 6. 0 7.00 7. 51
gt B fch 985 15160 2037 2564 3030 36816 3879
Muinsh R KA/ S REMEEA:

Ao,
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Fig. 5 Spectrum of mixed source (**Cm, *'Am and **Pu)
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3 gmghiR
3.1 EEXE
XEBARRKIT KIANR, BRAREENRS AR 0. 01 tHE/FHKF.
3.2 ERMEPETME
1993 RSB M TR IFGA I/, A3 EEET 0 LR MEERIR, Z B H* Am
BEFMPPu, MAm, **Cm BEEEREVRRESESHT TN, 87N T%s.

*e EEMNBRESELNER
Table ¢ The long stability of the standard

—— 2“’Am:ﬁ.§ﬁ/ﬂq ] & & /Bq
ilAm ZSBPU 2“31!} Z“Crn

T lus311.16 2338. 24+ 38. 2 1842. 8427, 5 1354. 24+23. 7 957. 919. 8
1993, 12. 09 1843, 7 26. 3 1353. 821 2 955. 717, 4
1943.12. 24 2340. 14 24. 6
1544 07.18 2337.3+ 28 & 1846. 8425. 7 1352. 91 20.6 853. 84+16. 4
1954, 02. 23 2337.74+30.7 1845. 3= 424. 5 1333. 1+24. 6 8933, 4420.1
1994, 05, 26 TA3E. 1E29. ) 1839.5x28. 7 t3sl. 33223 440. 5+ 18. 5
1994. 08. 17 2335.727. 4 1835, 4£32. 1 1350, 7£29. 5 930. B+ 21. 7
1994. 09. 14 2336. 64 26. 4
1995. 03. 22 2334.7327.9 1832, 6= 34. 6 1348, 94 32. 1 905, 4+ 25. 3
l943.05. 16 2334. 84 23. 8 1834. 8= 28.5 1349, 3= 24. 6 807.84+25. 3
194945, 08, 27 2332.4+24.5 1841.74+27. 5 1348, F23. 4 ROA. 3+ 18. 3
1995. 12. 18 2330. 6434, 6 1834, 4£50. 0 1348, 1= 42. 8 887. 9434, 5
|1996.01. 19 2332.0F33. 6 1845. 0 28.1 1347. 924, 3 887. 4=14. 2

A Am, PPy, MCm WEREEESRRERS, HEBAEENBREL/ T 0. 1%,
3.3 RihtEHER
FEFEMS, T1996F 1 H 19 HAAm HERMNCm, *'Am, “PuiRGES P E
BT P RERAY FMESEHT TRLENUE, RENTHEZFEHIZEAN
1.1074 %107, HMBLABRREN 120V, RITET.
®7 SREBEEERNLLAFER

Table 7 Comparision results of the developed assembly and grid ionization chamber

[ d * ] HAm E g & i
- * ‘;‘”Am 3Py MAm - “4Cm
* ¥ B /Bg 2332.01+33. 6 1845. 0281 1347, 9424 3 #87.3+£149.2
EMEHE /By 232B. 7+ 69.8 1854. 24 55. 6 1345. 7+40. 3 B3l. 6+ 26.3
] #= 0.14%1 —0.47% 0.31% 0. 64%

3.4 £@EEX
1996 ¥, PR EHEEEMAIEEFERENRRERGEFTTAXEELT
“o M E M Am, YCs, “Co IS ERR L 153, HAERERTRA R R H
) _



Y2 Am SR AR BRI, RIEN TR R ERBEERFTENLD, keE5E
P BIGRAER S mm MEBEEERERHENTEEAR S TEEN, SEERRERENER
A, FAERMERAES MY, HTEETHARNGHEXE L. ZRPHR 3 +FE
ERGERE,. RAZEEET TIFEME, THERGEEMNRFTARE 120V, HX2
A 11074 X10 %, WRERPI TR 8, TRARKRY, XHHE T EER, HEHEN
AR, A XREITESS CER AR 2 Y. ROBB TEMEMETRENSE
£

#s EAREXNAAn EREEENTRES

Table § Results of the **Am solution from the national comparison

PareA FER il €5 E. H:fér&_ TEhEE ‘Fﬁittfﬁ_rﬁ

mg Bq Bq - mg~! a Bg - mg~!
B 29. 07 24311 8346. 3 ) 0. 33% o
131 22. 06 18428 835. 4 0.31% 835.6°1.2.76
g4 42.19 35233 835.1 0.25%

%9 MAm BRELELIER

Table 9 The results of the ***Am solution From the deferent kaboratories

- o
F g R MR G ;ﬁj: £
1 hERHERRR 4ma (PC) -7 835. 6 0. 24 1.5
2 T RERE R 1 JEAT dme (1S Y 837.3 0.17 0.2
3 TE TERYWERKRR dna-Y 833. 9 0. 29 2.2
4 WX E B HE IR X 838 0. ¢ 0.9

HiE Y i¥ 834 0.7 3.1

a #E{y Rid 0.7 6.9

% T ok gt i O A i A 835. 6 0.33 1.5
HATFHE By - mg ! 837.143.75 (0.45%)

4 AW RE REAT AT
NI AR o EPRENEE . BT ENB LR CEAR L, HREBHURER R
WRHm. RI1I0PE rEENEELRE R IOEE,
%10 EXHTIRIARER

Tabie 100 The main uncertainties of the standard

p 3 ] x A

SEANTEE <0.12%
B B i it 8 <0.01%
BB A S <0.06%
Ak 4 8ot A <20-01%
¥ 313 0. 01%
5% <I0.30%
ARTAHEE 0.33%
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SERIUE, FH AN TERA  MREENERE . RARENERINE 7.8
eV o T LA R e B o TR R R @ R 0T R0 L REF A6 0 7R 7 L 07 A
RE RN REY, P RERAG AR, BEW IR, ST KSR 5
SRTFHEQRENT 0.2%, RIETHREFHEEMNER.
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