NGHIEN CUU CHUAN HOA MOQT SO HINH HQC MAU PO MOI
TRUONG BANG MO PHONG MONTE CARLO DOl VOI PHUONG
PHAP PHO GAMMA PHONG THAP
PHAN QUANG TRUNG, vO THI MONG THAM, NGUYEN MINH bAO, LE XUAN
THANG, NGUYEN THI HUONG LAN, NGUYEN VAN PHUC

Vién Nghién ciru hat nhan
Email: trungnri@yahoo.com.vn

Tém tit: Hiéu suat ghi ciia pho ké gamma ban dan phong thap dbi véi mau moi truong la
mot thong sb rat quan trong trong viéc xdc dinh hoat do phong xa riéng cua mau do.
Nhung do tinh da dang vé mau, hinh hoc do va mat d¢ cua mau chuan co tai phong thi
nghiém hién khong thé dap mg duogc yéu cau thyuc té hién nay. Do viy, trong nghién ctru
nay phuong phap Monte Carlo két hop phan mém mo phong Geant4 duoc sir dung dé xay
dung dudng cong hiéu suit ghi cua cua cia phé ké gamma HPGe cho mot sd dang hinh
hoc, mét d6 khac nhau cua mau méi truong, tr do nghién cuu chuan héa mot s6 hinh hoc
do cho miu moi truong d6i v6i phuong phap pho gamma phong thap.

Tur khéa: Hé pho ké gamma, hiéu sudt ghi, mau méi truong, Monte Carlo, phan mém
Geant4.

I. MO PAU

Nghién citu phong xa mai truong la mot trong nhiing linh vuc nghién ctu dang rat
duoc quan tam trong nghién cau tng dung ky thuat hat nhan hién nay. Véi nhimg uu diém
vuot troi cua phuong phap phén tich bang pho ké gamma so véi cac phuong phap khac nhu
qua trinh xir ly mau don gian, phén tich dong thoi da nguyén té ciing nhu sy phét trién vé
cong nghé ché tao cac dau do ban dan chat luong tét da lam cho phuong phap phan tich
gamma duoc phd bién rong réi trén thé gioi.

Trong cong viéc do dac va phan tich mau méi truong thi higu suat ghi cia pho ké
gamma la mot théng s rat quan trong va can phai luu tim dé tinh todn hoat d6 phong xa
trong mau. Hiéu suat ghi cua pho ké phu thudc vao rat nhiéu yéu té nhu thé tich ving nhay
cua dau do, ning lugng cia cac tia gamma can do, khoang céch tir mau dén dau do, hinh hoc
mau, mat d6 mau, v.v... Trong thuc té, miu moi truong kha da dang vé chiing loai mau. Do
d6, hinh hoc mau ciing s& thay doi theo ting loai mau dé phi hop véi thuc nghiém, dan dén
hiéu suat ghi cho mdi loai hinh hoc s& c6 sy thay doi dang ké. Viéc c¢6 duoc mau chuan theo
ting loai hinh hoc 1a diéu rat kho khan. Mat khac, ngay ca khi cing mot cau hinh do
(Marinelli beaker hoic cylindrical container, v.v...) nhung mat d6 mau, ban kinh va bé day
khéc nhau thi hiéu suat ghi ciing s& khac nhau. Cho nén, viéc chuan hoa hiéu suat ghi cho mot
s6 loai hinh hoc do mau moi truong dé dat hiéu suat tét bang phuong phap Monte Carlo 1a
diéu can thiét. Pa c6 nhiéu cong trinh trén thé gisi 4p dung phuong phap mé phong dé tinh
toan hiéu suat ghi cua Detector. Guembou Shouop Cebastien Joel va cong su [1] da sir dung
phuong phap Mote Carlo va bo cdng cu Geant4 dé xac dinh hiéu suat ghi cua Detector
BE6530 cho mau méi trudng. O. Sima va C. Dovlete [2] dung phuong phap mo phong dé
danh gia sy suy giam ning luong ciing nhu hiéu suat dinh phu thudc vao thanh phan va mat
d6 mau moi truong. Trong bai bao nay nhém tac gia dua trén nguyén tic mé phong Mote
Carlo két hop vé6i phan mém Geant4 [3, 4] dé xac dinh hiéu sut ghi cua Detector cho loai
mau thé tich hinh dia theo béan kinh, bé day va mat do mau [5].

I1. NQI DUNG
I1.1. Pdi twong va phuwong phap
a. Hé phé ké gamma va b ngudn chuan
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Trong bai bao nay, ching tdi st dung hé phd ké gamma va b ngudn chuén diém co tai
phong thi nghiém do hoat do thip ctia Trung tim Mbi truong, Vién Nghién cau hat nhan Pa
Lat. Dau do dang sir dung 12 loai dau do c6 ky hiéu GMX30P4 véi hiéu suat danh dinh la 30%
va do phan giai nang luong 1a 1,9 keV tai dinh 1332 keV cua Co-60. Phan chinh cua dau do
GC3019 la tinh thé Gemanium siéu tinh khiét duong kinh ngoai cua tinh thé 1a 55.8 mm va
chiéu cao 1a 75.1 mm va cua sé duoc dung 1a Beryllium cd bé day 1a 0.5mm. Tinh thé Ge
duoc bao boc bai mot hop nhom kin co do day 2,7 mm dé dam bao tranh dwoc su hap thu cac
photon ning luwong thip. Khoang cach ¢ gitra mit trén tinh thé Ge véi mat dudi cia so
Beryllium 12 3 mm. Pau do dugc dit trong budng chi day khoang 10cm. Hiéu suat ghi duoc
tinh theo cong thurc sau:
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Trong d6: & la hiéu suat thuc nghiém cua detector, Npe 1a s6 dém déng gop trong dinh
quang dién cua pho gamma thuc nghiém, t, la thoi gian do, y la cuong do phat tia gamma, A
la hoat d6 ctia nguon tai thoi diém chang nhan, k 13 hé sb chuyen doi tir don vi do hoat do
phong xa khac sang don vi Bq, tw 1a thoi gian phan rd tr thoi diém chirng nhan téi thoi diém
do va Ty, la chu ky ban ra. Sai s tuong dbi cua hiéu suat thuc nghiém U, duoc tinh theo
cong thuc:

U= JUZ+ Uz + U2 (2)

Trong do6: Up, U,, U, la sai s6 tuong ddi cua s6 dém dong gop trong dinh quang di¢n cua
phd gamma thuc nghiém (Npe), cuong do phét xa cua tia gamma (y) va hoat d6 nguon do (A)
tuong Gng.

b. B¢ cdng cu GEANT4 cho md phéng Monte Carlo

GEANT4 1a chuong trinh dugc phat trién tai CERN vao cudi nhimg nim 1990. Dya vao
ngbn ngir lap trinh huéng ddi tugng C™*, GEANT4 duoc viét lai tr GEANT3 nham giup
ngudi ding moé phong chuyén dong va tuong tic ciia Cac hat trong méi trudng vat chat. Thong
qua hinh hoc dugc mé phong, GEANT4 tinh toan quang duong tu do trung binh cta cac qua
trinh vat ly, chon lya mot qua trinh dua trén cudng do twong d6i cia mdi kénh tuong tac va
phét ra céc sé ngau nhién, sau d6 s& xac dinh cac qua trinh vat 1y duoc md phong.

Viéc van chuyén btic xa gamma duoc theo di & cac ving khac nhau cua hinh hoc. Néu
ning luong cua cic photon thap hon gi4 tri ngudng cua nd hoac photon roi khoi thé tich hoat
dong cua detector thi viéc theo ddi duoc ding lai va mot photon méi duoc tao ra tir ngudn.
Viéc ghi nhan sé photon tuong tac véi detector va mét hoan toan ning luong cia né hoic dé
lai mot phan ning lugng trong thé tich hoat dong cua detector duoc thuc hién thdng qua mot
thuat toan sir dung ngdn ngi 1ap trinh C™*. Hiéu suét trong chuong trinh md phong Geant4
duoc tinh bang cong thirc sau:
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Trong d6: s 1 hiéu suét ghi tuyét ddi,
&nt 12 hiéu suit ghi thuec,
Q la goc khéi, Q=27(1—cos6),



0 1a goc phan b,
N 14 sé birc xa duoc dau do ghi nhan,
No 12 s6 buc xa phét ra tir nguon.

Sai s6 thong ké &z /¢ (%) trong tinh toan hi¢u suat bang phuong phap mé phong Monte
Carlo dugc xac dinh bang biéu thac:
g N
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Trong d6 N 1a sb photon phat ra tir nguon dé lai toan bo ning luong (hay mot phan ning
luong) cuaa no trong thé tich vang hoat cua dau do.
11.2. Két qua nghién ciru

Sau khi chuong trinh md phong dugc viét ra, nhom tc gia da kiém tra d¢ tin ciy cua
chuong trinh md phong véi thuc nghiém bang cach so sanh hiéu suat ghi cua chuong trinh mo
phong (HS G4) va thuc nghiém (HS TN) bang to hop nguon chuan diém, nguon chuan the
tich hinh dia (ban kinh 3.65cm, bé day 2cm) do thuc té va két qua cho ¢ Bang 1va 2.

Bang 1: Hiéu suat thuc nghiém va md phong ngudn diém

Pong | Ningluong | Xac suit phat | Hiéu suat thuc | Hiéu suat tinh | Do 1éch twong
vi (keV) gamma (%) nghiém toan d6i 6 (%)
13¥Ba 81 36.68 0.013079 0.013112 0.3
1%¢cd 88 3.7 0.013357 0.013135 1.7
>'Co 122.06 85.6 0.013459 0.013305 1.2
>'Co 136.47 10.68 0.012836 0.013122 2.2
13Ba 276.4 7.16 0.006506 0.007375 11.8
13Ba 302.85 18.34 0.005992 0.006695 10.5
13Ba 356.01 62.05 0.005260 0.005643 6.8
13Ba 383.85 8.94 0.004851 0.005215 7.0
1¥cs 661.66 85.1 0.002901 0.002926 0.8
®Co 1773.2 99.85 0.001872 0.001693 10.6
®Co 1332.5 99.98 0.001687 0.001523 10.7
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Hinh 1: Hiéu suét thuc nghiém va mé phong ngudn diém




Bang 2: Hiéu suat thuc nghiém va md phong ngudn diém

‘ XAc suat , ,
bong Nang lugng phéat Hiéu suat Hi€u suat | D9 léch twong
Vi (keV) gamma | thuc nghiém | tinh toan doi o (%)
(%)
“pp 46 4.05 0.093498 0.097435 4.2
238 63 4.28 0.090962 0.098321 8.1
228 93 5.39 0.091267 0.096524 5.8
226p4 186 35 0.07983 0.073364 8.1
212py, 238 43.6 0.064772 0.060206 7.0
214pp 205 18.39 0.053205 0.048783 8.3
24pp 352 35.8 0.044450 0.040965 7.8
24p; 609 44.8 0.025277 0.024362 3.6
228 p\ 911 26.6 0.018169 0.017274 4.9
40K 1461 10.6 0.010665 0.011501 7.8
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Hinh 2: Hiéu suét thyc nghiém va md phong ngudn thé tich

Dé phu hop vai thuc nghiém trong qua trinh do cic mau méi trudng, nhém tac gia da sir

dung chuong trinh GEANT4 dé md phong su thay doi hiéu suat ghi theo ban kinh, bé day va
mat d6 mau hinh dia. K&t qua dugc trinh bay trong cac bang dudi day:

Bang 3: Két qua md phong hiéu suat theo ban kinh mau

46keV 63keV 93keV | 186keV | 238keV | 352keV | 609keV | 911keV | 1461keV

lcm | 0.20276 | 0.20329 | 0.20028 | 0.15206 | 0.12254 | 0.08197 | 0.04773 | 0.03322 | 0.02177
2cm | 0.18835 | 0.18808 | 0.18285 | 0.13440 | 0.10796 | 0.07214 | 0.04207 | 0.02925 | 0.01914
3cm | 0.15144 | 0.15098 | 0.14532 | 0.10662 | 0.08613 | 0.05770 | 0.03381 | 0.02353 | 0.01557
3.7cm | 0.11166 | 0.11217 | 0.11001 | 0.08421 | 0.06874 | 0.04679 | 0.02769 | 0.01951 | 0.01303
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Hinh 3: Két qua md phong hiéu suét theo ban kinh mau
Bang 4: Két qua md phong hiéu suat theo mat do mau
46keV | 63keV | 93keV | 186keV | 238keV | 352keV | 609keV | 911keV | 1461keV
0.8g/cm’| 0.10535 | 0.10542 | 0.10329 | 0.07764 | 0.06316 | 0.04276 | 0.02538 | 0.01770 | 0.01182
1.0g/cm’| 0.10211 | 0.10199 | 0.09963 | 0.07539 | 0.06160 | 0.04187 | 0.02471 | 0.01746 | 0.01167
1.2g/cm’| 0.09743 | 0.09832 | 0.09652 | 0.07336 | 0.06021 | 0.04097 | 0.02436 | 0.01727 | 0.01150
1.4g/cm’| 0.09426 | 0.09536 | 0.09365 | 0.07170 | 0.05877 | 0.04017 | 0.02390 | 0.01692 | 0.01145
1.6g/cm’| 0.09132 | 0.09233 | 0.09061 | 0.06968 | 0.05732 | 0.03926 | 0.02349 | 0.01682 | 0.01125
1.8g/cm®| 0.08726 | 0.08984 | 0.08902 | 0.06860 | 0.05643 | 0.03882 | 0.02351 | 0.01654 | 0.01120
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Hinh 4: Két qua md phong hiéu suét theo mat d6 mau
Bang 5: Két qua mo6 phong hiéu suét theo bé day miu
46keV 63keV 93keV 186keV | 238keV | 352keV | 609keV | 911keV | 1461keV
lcm | 0.11894 | 0.11918 | 0.11668 | 0.08898 | 0.07247 | 0.04912 | 0.02901 | 0.02037 | 0.01364




2cm | 0.09743 | 0.09832 | 0.09652 | 0.07336 | 0.06021 | 0.04097 | 0.02436 | 0.01727 | 0.01150
4cm | 0.06730 | 0.06842 | 0.06740 | 0.05161 | 0.04255 | 0.02921 | 0.01762 | 0.01249 | 0.00843
6cm | 0.04935 | 0.05044 | 0.04996 | 0.03859 | 0.03182 | 0.02213 | 0.01338 | 0.00968 | 0.00655
8cm | 0.03828 | 0.03931 | 0.03917 | 0.03043 | 0.02513 | 0.01752 | 0.01065 | 0.00775 | 0.00533
10cm | 0.03100 | 0.03206 | 0.03175 | 0.02489 | 0.02057 | 0.01439 | 0.00883 | 0.00646 | 0.00449
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Hinh 5: Két qua mo6 phong hiéu suét theo bé day miu
11.2. Ban luan

Tir nhitng két qua md phong néu trén dbi véi mau do thé tich hinh dia, c6 thé rat ra mot
s0 diém nhan xét sau:

Két qua md phong cho thay hiéu suat ghi cua detector phu thudc vao rat nhiéu yéu té.
Hiéu suat ghi giam khi ban kinh, mat do va bé day mau ting 1én dic biét 1a ving ning luong
thap. Hiéu ung tu hap thu tang 1én khi bé day mau ting. Véi ving ning luong thap tir 46 keV
dén 650 keV, bé day mau anh huong rat 1on dén hiéu suat ghi, ving nang luong tir 650 keV
trg 1én thi bé day mau it bi anh huéng hon. Trong thuc té, khi do mau méi trudng ching ta
can luu tim dén mat do cta mau dé hiéu chinh cho pht hop. Bai vi bé day va béan kinh mau
ching ta c6 thé kiém soat duoc theo mong mudn cta ngudi do. Con mat do mau thi phu thudc
vao timg ddi twong mau can phan tich. i véi ving nang lugng tir 650 keV tré 1én thi it bi
anh huong boi mat do. Con ving nang luong dudi 650 keV ¢6 sy anh huong kha rd vé hiéu
suat ghi cua detector khi thay doi mat do mau.

111.3. KET LUAN

Trong nghién ciru mau phong xa méi trudng, hoat dé cua mau cé thé duoc tinh thdng
qua mau chuan cling phat tia gamma véi chiing, hay c6 thé xac dinh tir dwdong cong hiéu suat
chuan. Cac duong chuan cé thé xay dung tir cAc mau chuan c6 cung diéu kién vé hinh hoc,
thanh phan va mat dé nhu mau do. Trong thuc té, dé lam dugc diéu nay la khdng d& dang, do
do6 cac phuong phap khéc nhu phuong phap mé phong hay ban thuc nghiém duoc ap dung dé
c6 thé khao sat hiéu suat ghi ciia detector véi cac cau hinh do  thay doi, dac biét véi su hd trg
cua hé théng may tinh manh nhu hién nay. Nhan thay duoc tam quan trong vé kha niang ung
dung caa phuong phap mé phong Monte Carlo trong viéc tinh toan hiéu suat caa mau thé tich,
nhom tac gia da khai thac kha ning ¢ng dung cua phuong phap nay mét cach téi da trong cac
cau hinh khéc nhau. Cu thé 1a khao st hiéu suat theo ban kinh, bé day va mat d6 mau dé dua
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ra bo sb liéu hiéu suat cho tirng cau hinh. Trén thuc té, mé phong Monte Carlo khéngthé thay
the hoan toan thuc nghiém. Tuy nhién, phuong phap md phong cd kha nang cung cap nhiing
cau hinh do phir tap ma thuc nghiém khé lam dugc, cling nhu lam giam bt cac thuc nghiém
ton kém veé thoi gian va hiéu qua kinh té.
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STUDY ON THE STANDARDIZATION OF SOME SAMPLE
GEOMETRIES USING MONTE CARLO SIMULATION FOR LOW
BACKGROUND GAMMA SPECTRUM ANALYSIS METHOD

Abstract: The efficiency of a low background gamma HPGe spectrometer is a
significant factor in determination of the specific radioactivity of environmental
samples. Since the diversity of environmental samples, the varieties in geometry
and density are not satisfied by standard sources in laboratory. So, by using Monte
Carlo method and GEANT4 simulation, the efficiencies of a low background
gamma spectrometer with HPGe detector for several kinds of geometries and
densities of environmental samples are estimated. In this study, GEANT4
software is used to simulate and standardize some geometries of environmental
samples for measurement on low background gamma spectrometry system.
Keywords: Gamma spectrometry, efficiency calibration, environmental samples,
Geant4, Monte Carlo simulation.



