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ABSTRACT

In order to calibrate energy and efficiency using the PENELOPE Code, a PENELOPE simulation was
performed using a volume source. Here, we want to verify peak efficiency and usefulness by performing
simultaneous measurement and correction. calculate the coincident sum correction for all volumes, first subdivide
the volumes of the cylinder and the four Marinelli beakers into three heights again. Therefore, the simultaneous
measurement correction coefficient in three areas and the simultaneous measurement correction coefficient for the
entire volume source are calculated as output. At low energies, the j value for each source volume (50-300 ml)
is small and increases significantly in the high energy range. Simulation results showed good agreement within
2.5% for all source volumes except for 50 ml and 300 ml, which were up to 4%. This means that the correction
for the simultaneous measurement effect during measurement is effective. In addition. Based on this, it can be
confirmed that there is an advantage to improve the detection efficiency when measuring various sources and

environmental samples.
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I. INTRODUCTION
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II. MATERIAL AND METHODS

1. PENELOPE Computer Simulation Geometry

PENELOPEZ "PENetration and Energy Loss of
Positions and Electron"ol| 4] 3} %= 91T}, PENELOPE
o] &3 F2 100 eV - 1 GeV Aol oyA| &
AR ARk A 4G Absd A R F

&
“ A dolguo] et e Ag RS A8kl
2 Th PENELOPEE SH ¥} AAW T4 S
fra AEs] Agste] duA asel] dEdel o
t}. PENELOPEE AArmAbIR ol ulg} 7 E7]9]
548 AARAF st s FA o ded, HAkR
AL ol A EY A BlaYe] dFor B
o] Age ngor B AEE do I AF=E
FE gAtste] oW EAE AU SEREXE T
st Wolth. FAAET TS, dEie] &
27t nEFE A gEAe] HAEE 540
AT ok AARALE Fa F53% Ao A
AS B4 A-wqd dAZE Fesr] v,
Geometry+= ©]d Ao Fh5 A A 2 £+
e 49 £Ee 20w A4t y
Edet A A5 BAATY A8 d9E =
Z317] $18) P HPGe HE7]E o83 Hdas
30%7F AFEE A TE “Co9] 1332.5 keV ZHmpA el o

3l oA E&e 2 1.78 keVo|t}.

w3, AAARARe] T)steA AH S BEG&G
ORTEC A ZAF oA A3 dlolH ghss Al
o] doll #-&ste] BT HE719] Fo vl

W= Table 19 YERAQIT

Table 1. Detector Dimensions as Specified by the
Manufacturer

Detector Assembly Dimensions

Component Dimension (mm)
A Mount cup, Length 94
B End cap to crystal gap 3
C Mount cup base 32
D End cap window 1.3
E Insulator/Shield 0.03/0.03
F Outside contact layer 700 microns
G Hole contact layer 0.3 microns
H Mount cup wall 0.76
I End cap wall 1.3

PENELOPE AAFEA}e] = Axw w9 S35}
olg17} gla& gds & A4k BARSSIY. Fig 1
9} 2t
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Fig. 1. Detector Information(Left) Provided by
Manufacturer and implemented by Penelope detector
geometry(Right).
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1.1 Source and Radioactive

F-33]4191(50 ml, 450 ml Certificate Reference Material
(CRM), PBa, '""Eu)S 717} 472 A3k 7t
oo = VI(50 ml), V2(100 mL), V3(200 ml) %
V4300 m)®] zu} WA A AR dFH A
4 s A7 A8 AREEASFYT V5450 ml),
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Table 2. Single Line and Multi Gamma Ray Nuclides
Crm Source and Efficiency

Nuclide Energy(keV) Intensity%)
MAm 59.50 3591
1¢q 88.02 3.68
e 122.06 85.60
136.47 10.72
139¢ce 165.85 79.90
gn 391.69 64.21
8¢y 514.00 95.64
37 661.66 85.11
sy 898.02 93.67
1836.01 99.23
g 1173.24 99.90
1332.50 99.98
80.99 90.0
160.61 0.826
133, 276.4 7.53
302.85 19.10
356.01 3.63
2447 758
443.93 2.82
152g, 778.9 12.94
1212.97 1.42
1408.02 21.05

2. True Coincidence Summing Correction
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Fig. 3. Oco Decay Scheme.
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Fig. 4 Monte carlo simulation of the cylindrical
source according of height chang.

(A) ®)
Fig. 5. Monte carlo simulation of the marinelli beaker
source according of height chang.
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Table 3. Penelope Simulated Integration of Efficiency
Values for Cylindrical and Marinelli Beaker Sources

Energy (keV)  Volume  Efficiency Volume Efficiency
1173.24 0.0204 0.0148
1332.50 0.01812 0.0125

_— 50 _— 450 _—
898.04 0.0264 0.0145
1836.02 0.0138 0.00761
1173.24 0.0191 0.107
1332.50 0.01784 0.129

_— 100 @—— 600 _—
898.04 0.0253 0.0132
1836.02 0.1259 0.00649
1173.24 0.0173 0.0778
1332.50 0.0157 0.00957

_— 200 ——— 800 _—
898.04 0.0239 0.100
1836.02 0.108 0.00418
1173.24 0.0152 0.00649
1332.50 0.0129 0.008814

— 400 —F«— 1000 ———
898.04 0.0165 0.00892
1836.02 0.00832 0.00371

0Co 2 By th3+ Eq. 4), G)°NA F& A EH
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ol FA A WA AS(CSCFsimu) %k Table 4,
50 YR AT

CSCF %k '3Ba(80.99 keV, 276.39 keV, 302.85
keV, 356.01 keV)> 9538 X 2L 'Eu (2447
keV, 443.93 keV 778.9 keV, 1212.97 keV) Marinelli
AAdE A&t AlEd ol skl

Table 4. The Simulated Coincidence Summing
Correction Factors for Cylindrical Source

Volume Energy (keV) CSFsimu CSFcal
1173.24 0.0205 0.0203
1332.50 0.0182 0.0180
% 898.04 0.0273 0.02271
1836.02 0.0141 0.0140
1173.24 0.0194 0.0192
1332.50 0.0180 0.0178
100 898.04 0.0254 0.0255
1836.02 0.128 0.0127
1173.24 0.0177 0.0176
1332.50 0.0160 0.0159
200
898.04 0.0244 0.0242
1836.02 0.112 0.111
1173.24 0.0156 0.0155
200 1332.50 0.0132 0.0131
898.04 0.0167 0.0166
1836.02 0.0086 0.0084

Table 5. The Simulated Coincidence Summing
Correction Factors for Marinelli Beaker Source

Volume Energy (keV) CSFsimu CSFcal
1173.24 0.0129 0.0127

450 1332.50 0.0100 0.0098
898.04 0.0152 0.0151

1836.02 0.00844 0.00841
1173.24 0.01197 0.01196
1332.50 0.00974 0.00972
000 898.04 0.01497 0.01495
1836.02 0.0086 0.0084
1173.24 0.01087 0.01086
1332.50 0.00956 0.00953
800 898.04 0.01389 0.01387
1836.02 0.00843 0.00842
1173.24 0.00962 0.00960

1332.50 0.0923 0.0921

1000 898.04 0.0193 0.0192
1836.02 0.00783 0.00781

III. RESULTS
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Fig. 6. Energy Calibration with y-rays from 133Ba,

152 60
Eu, “Co Sources.
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0.021, 800 ml 0.0185, 1000 ml°l|A] 0.0127= 73
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Table 6. The Simulated Coincidence Summing

133

Correction Factors of ““Ba for Cylindrical Source

Volume Energy (keV) CSFsimu CSFcal
80.99 0.136 0.134

276.39 0.0721 0.0720

% 302.85 0.0695 0.0693
356.01 0.0582 0.0581

80.99 0.01164 0.01163

276.39 0.00693 0.00692

100 302.85 0.0659 0.00658

356.01 0.0533 0.00532

80.99 0.01087 0.01087

276.39 0.00651 0.00650

200 302.85 0.0602 0.00600
356.01 0.0518 0.0516

80.99 0.00845 0.00844

276.39 0.00535 0.00534

400 302.85 0.00476 0.00475

356.01 0.00395 0.00395

Table 7. The Simulated Coincidence Summing

Correction Factors of '**Eu for Marinelli Beaker Source

Volume Energy (keV) CSFsimu CSFcal
244.7 0.0513 0.0512
443.93 0.0287 0.0282
450
778.9 0.0170 0.0167
1212.97 0.01093 0.01092
244.7 0.04885 0.04882
600 443.93 0.02623 0.02620
778.9 0.01701 0.01700
1212.97 0.01093 0.01091
244.7 0.04172 0.04171
443.93 0.02338 0.02334
800
778.9 0.01698 0.01696
1212.97 0.01078 0.01074
244.7 0.03684 0.03680
443.93 0.02287 0.02286
1000
778.9 0.01654 0.01654
1212.97 0.00841 0.00840

IV. DISCUSSION
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V. CONCLUSION
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