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Tém tit. _Trong phép do hoat d§ phong xa cua cac méau moi truong hoat do thip bang hé ph() ké gamma
phong thap sir dung dau do germanium siéu tinh khiét (high purity germanium - HPGe), van dé nang cao
hiéu suat ghi cua dau do thuong duoc quan tdm nham giam thiéu thoi gian do va do d6 cai thién chat
luong phd gamma. Ngudn do dang tru va dang Marinelli dugc sir dung rong rii dé dap tmg yéu cau noi
trén nhung co s& khoa hoc cta viéc lya chon cac hinh hoc nguén do nay van chua dugc xay dung mot
cach day du. Do vy, viéc nghién ctru phan bd hiéu suat ciia hé pho ké 1a rat can thiét. Trong cong trinh
nay, chuong trinh MCNP5 duoc st dung dé mo phong phd gamma ciia ngudn diém dit tai vi tri bat ky
trong khong gian dat mau do cua hé phé ké va hiéu suat ghi cua dau do dugc tinh toan dé xac dinh phan
b hi¢u suat. Ngoai ra phan bo hiéu suit cling dugc Khao sat khi thay dbi ning lugng gamma va mét do
chat nén cua khong gian dat mau do. Két qua cho thdy rang c6 hai ving hiéu suat cao tap trung ngay sat
dinh dau do va tai mat bén dau do, phu hop tdt vai quan diém lua chon hinh hoc ngudn do dang tru va
dang Marinelli.

Tir khoa. miu méi truong, hé phd ké gamma phong thap, phan bd hiéu suét, ning luong gamma, mat do
chét nén, MCNP5

ASTUDY OF THE EFFICIENCY DISTRIBUTION OF THE LOW BACKGROUND
GAMMA SPECTROMETER USING THE HPGe DETECTOR

Abstract. In the measurement of environmental samples with low radioactivity by the low background
gamma spectrometer system using the high purity germanium (HPGe) detector, it is often interested to
enhance the detector efficiency for minimizing the measurement time and thus improving the quality of
gamma spectra. The source geometry shaped cylinder and Marinelli is widely used to satisfy the purposes
as above but the scientific basis of choosing these types of source have been not set up generally. In this
study, the MCNP5 code was used to simulate the gamma spectrum of the point source positioned a
certain location in the sample measurement space of the gamma spectrometer and the detector efficiency
was computed to determine the efficiency distribution. Additionally, this efficiency distribution was also
investigated when to change the gamma energy and the matrix density. The results showed that there are
two high efficiency regions on the top and around the lateral of the detector. This results agree with the
viewpoint of selecting the right cylindrical and Marinelli geometries.

Keywords. environmental sample, low background gamma spectrometer, efficiency distribution, matrix
density, MCNP5

1 MODAU

Pho ké gamma duogc sir dung rong rii dé phan tich dinh tinh va dinh lugng cac dong vi trong cac
mau v6i thanh phan vat liéu va hinh hoc ngudn khac nhau. Viéc sir dung dau do germanium siéu tinh
khiét co d6 phan giai ning luong cao cho phép phat hién cac dong Vl tu nhién va nhan tao, cting nhu xac
dinh ham lugng cta ching trong cac mau moi truong. DAi voi cac mau mbi trudng hoat do thap, trong k¥
thudt phan tich thong thuong tén kém nhiéu thoi gian do dé c6 du sb dém tich luy, kéo theo su ting phong
nhidu va 1am giam d6 chinh xac cua phép do nén miu do phai dugc chuin bi voi khéi 1u0’r1g 16n chira
trong nhiing hop véi dang hinh hoc thich hgp [1 2,3]. Trong nhiéu niam qua, hinh hoc ngudn do dang tru
hodc dang Marinelli duoc lya chon st dung dé chira mau do trong cac phép do hoat do phéng xa va di
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dugc nghién ciru chi tiét tir viée toi wu kich thude hinh hoc [4, 5, 6] cho dén viéc hiéu chinh sy ty hip thu
bén trong mau do [7, 8]. Tuy nhién, co sé khoa hoc ciia sy lya chon niy chua dugc xdy dung mot cach
day du. Trong cong trinh nay, viéc nghién ciru phan bd hiéu sudt nhim dua ra 14p ludn khoa hoc cua viée
lga chon dang hinh hoc ngu(‘A)n do thé tich 16n bao gém viéc tinh toan hiéu suét cua nguén diém dat tai vi
tri bat ky trong khong gian dit miu do ciia hé phd ké gamma thong qua phd gamma mo phong bang
chuong trinh MCNP5.

2 PHUONGPHAPNGHIEN CUU

2.1 Chuong trinh MCNP5

MCNP5 1a chuong trinh may tinh da myc dich dugc phat trién boi nhém X5, Phong thi nghiém Los
Alamos, Hoa Ky [9], cho phép mé phong twong tac cua electron, neutron, photon véi vat chat bing
phuong phap Monte Carlo. Trong cong trinh nay, hé phd ké gamma dwgc mé hinh hoa thong qua viéc mo
ta cac thong s6 lién quan trong input chudn cia MCNP5 va két qua phd gamma mé phong duoc truy xuét
bang thé F8, thé két qua cho biét phan bd do cao xung theo ning luong.

2.2 Hé phd ké gamma

Heé phd ké gamma phong thap sir dung dau do HPGe GEM15P4 dit tai Phong thi nghiém Vat Iy hat
nhan, Trudng Pai hoc Su pham Tp. H6 Chi Minh gdm budng chi, dau do, ngudn phong xa va hé thdng
dién tir. Tuy nhién, khi tién hanh mé hinh hoa hé phd ké thi co thé bo qua nhing phan khong gian dong
gop khong dang ké vao phd gamma md phong. Do do, chi can mo ta cAu tric hinh hoc va thanh phéan vét
lidu ciia budng chi, dau do va ngudn phong xa. Do tin cdy ciia md hinh moé phong hé pho ké bang chuong
trinh MCNP5 d3 duogc kiém chimg trong cong trinh nghién ciru truée day cua chung toi [10]. Theo do,
trong két qua xac dinh duong cong hiéu suit, do sai biét giita tinh toan va thuc nghiém khéng vuot qua
6% & ca ba khoang cach ngudn - dau do 5 cm, 10 cm va 15 cm.

2.3 BO tri thi nghiém

Trong cong trinh nay, dé nghién ctru phan bd hiéu suat, ngudn phong xa duoc mo ta bang ngudn
diém ly tuong dit tai mot vi tri xac dinh trong khong gian dat mau do cua hé phd ké gamma nhu hinh 1.
MG&i vi tri ddt ngudn duoc xac dinh biang céc toa do (x, y, z) véi truc Oz trung voi truc doi xung cua dau
do hodc budng chi va mit phang xOy trung voi mat day dudi cua buong chi. Do tinh chat d6i xtmg ciia
dau do hodc budng chi qua truc Oz nén modi vi tri dat ngudn chi can xac dinh béi hai toa do (y, z). Mt
khéc, vi khong gian dit mau do ciia hé phd ké gamma bi gidi han boi kich thude hinh hoc nén 3,5 <y <
21,4 d6i v6i phan khong gian co dau do, 0 <y < 21,4 ddi voi phan khong gian khdng c6 dau do va 6,3 < z
< 45,6 (c4c kich thudc tinh bang cm).

Theo ca hai hudng truc Oy va Oz, cac nguén duoc b tri tai nut cua ludi toa do (y, z) voi budce ludi
duoc chon béng 2 mm do trong thuc té kich thuéc hinh hoc duge do béng thude co do chinh xac dén 0,5
mm. Khi d6 ddi v6i toan khong gian dit miu do can phai tinh todn hiéu sudt ddi véi 18.973 trudng hop
bb tri phép do phd gamma. Dé dam bao tinh thong ké sd dém tich luy véi sai sé théng ké nho hon 1%
dong gop trong dinh ning luong toan phan va can dbi véi thoi gian md phong co thé chap nhan dugc, s6
su kién gamma phét ra tir nguon duoc chon bang 1.600.000. Chwong trinh mé phong dugc thuc hién trén
may tinh ca nhan véi b vi xt 1y Intel Core 17.
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Hinh 1. Budng chi, khéng gian dat mau do va dau do HPGe ciia hé phd ké gamma phong thip
dat tai Phong thi nghiém Vat 1y hat nhan, Truong Pai hoc Su pham Tp. HO Chi Minh.

3 KET QUA VATHAO LUAN
3.1  Xac dinh phan b6 hiéu suat

Bai toan xac dinh phan b hiéu suat dugc biét 1a xac dinh hiéu suat déi v6i cau hinh do nguf)n dau
do, trong do6 ngudn dit tai nhitng vi tri khac nhau trong khong gian dat mau do. Do do, mdi cau hinh do
nguén - dau do c6 mdt gid tri hiéu suét phai dugc xac dinh. Trong c6ng trinh nay, sO cau hinh do chinh 1a
s6 vi tri dat ngudn trong khong gian dit mau do va bang 18.973 vi tri. D6i v6i mdi cAu hinh do, thoi gian
md phong MCNP5 can thiét khoang 20 gidy, do do, thdi gian mé phong can thiét cho bai todn xac dinh
phan b hiéu sudt khoang 4,5 ngay. Dé dap tng tinh kha thi cta thi nghiém mo phong, mét chuwong trinh
may tinh bang ngon ngit 14p trinh Visual Fortran 6. 0 da dugc xay dung. Trong d6, c6 mot thu tuc két ndi
dé thyc thi chuong trinh MCNPS; két qua hiéu suat cung voi toa do vi tri dat mau tuong tmg dugc ghi
trong mot t&p output xéac dinh. Két qua phén bd hiéu suit dbi véi nang lugng gamma phat ra tir ngudn
bang 0,662 MeV va khong gian dit mau do dugc 1ip day khong khi cho thdy ving dinh tai vi tri (y
Ocm; z = 27,7cm) hiéu suat dat gia tri 1on nhat bang 0,2309; ving mat bén tai vi tri (y = 3,5cm; z =
24,7cm) cach mat trén tinh thé germanium 2,3 cm va cach mat dudi tinh thé germanium 2,2 cm hi¢u suét
dat gia trj 16n nhét bang 0,1547 nhu trong hinh 2. Theo d6, ving hiéu suit cao tip trung ngay sat dinh va
tai mat bén dau do. Két qua nay cho phép khing dinh tinh phu hop cia hinh hoc ngudn do dang tru hoic
dang Marinelli, trong thuc nghiém do hoat dd phong xa cidc mau mdi trudng, nguoi ta thuong ap dung dé
ché tao hop chira mau thé tich 16m.
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Hinh 2. D4 thi phan bd hiéu suit trong khong gian dit mau do bao quanh dau do dang
contour (a) va dang filled contour (b).

3.2 Phan bd hiéu suit theo ning lwong gamma

C6 10 vach nang luong gamma dugc lua chon dé khao sat phéan bd hiéu suét, phéan bd rai rac trén
toan mién ning luong ciia hé phd ké gom 0,059; 0,088; 0,122; 0,364; 0,511; 0,662; 0,835; 1,115; 1,173;
1,335 (cac nang lugng tinh bang MeV) va khong gian dat mau do duoc lap day khong khi. Khi d6 vi tri co
hiéu suét dat gia tri 16n nhit tai ving dinh va ving mit bén déi véi ning luong gamma tuong tng khong
thay d6i theo nang lugng va dugc trinh bay trong bang 1.

Bang 1. Gia tri 16n nhét cua hiéu suat tai vimg dinh (y = Ocm; z = 27,7cm) va viing
mat bén dau do (y = 3,5cm; z = 24,7cm) doi vdi cac vach nang lugng gamma khac
nhau va mat d6 khéi lugng bang 0,00129 g/cm®.

Ning lugng (MeV)| 0,059| 0,088 0,122| 0364/ 0511] 0662 0835 1,115 1,173] 1,335

Vung dinh 0,1029| 0,2134]| 0,2580| 0,2474| 0,2386| 0,2309] 0,2237| 0,2126] 0,2103| 0,2046

Ving mat bén 0,0646| 0,1327| 0,1619| 0,1626| 0,1583| 0,1547| 0,1504| 0,1441| 0,1427| 0,1393
3.3 Phan bé hiéu suit theo mat dd khdi lwgng miu do

Déivoicacvatlieumﬁudocomatdokhacnhaug6m000129 0,2;0,4;0,6;0,8;1,0; 1,2; 1,4; 1,6;
1,8;2,0; 2,2; 2,4 (cac mat d¢ tinh bang g/cm?), vi tri c6 hidu suat dat gid tri 16n nhat tai ving dinh va ving
mit bén dau do doi voi mat do tuong tmg khong thay dbi theo mat do va dugc trinh bay trong bang 2.

Ngoai ra, theo bang 2, hinh 3a va 3b, hiéu suat giam dan khi mat do ting va su giam hiéu suét tai
viing mit bén 16n hon dén 20% so voi viing dinh do cau triic hinh hoc va thanh phan vat lidu ciia dau do
theo nhitng phuong nay 1a khac nhau.
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Bing 2. Gié trj 16n nhat cua hi¢u suat tai ving dinh (y = Ocm; z = 27,7cm) va viing

mdt bén dau do (y = 3,5cm; z = 24,7cm) doi véi cac mat do khoi lugng khac nhau va

nang luong gamma bang 0,662 MeV.
Mat do (g/em®) 0,00129) 02| 04| 06 08 1 12| 14/ 16 18 2| 22 24
Vung dinh 0,2309|0,2293|0,2276|0,2258|0,2241|0,2223|0,2207|0,2190|0,2173| 0,2157] 0,2141| 0,2124|0,2107
Vung mat bén | 0,1547|0,1530/0,1507|0,1484|0,1462|0,1440|0,1419|0,1399|0,1378|0,1358|0,1337| 0,1317|0,1297
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Hinh 3. Sy giam hiéu suét theo mat d6 tai ving mat bén (a) va tai ving dinh dau do (b).

4 KETLUAN

Viée sir dung chuong trinh MCNP5 da cho phép thuc hién mot s6 lwong 16n phép do hiéu suat véi
hinh hoc do khac nhau, mdt cong viéc kho cod thé thyc hién trong thuc té thi nghiém. Két qua nghién ctru
da dua ra dd thi truc quan cta phan bd hiéu suét, 1dm co s& khoa hoc dé giai thich viéc Iya chon dang hinh
hoc hop chira mau thich hgp dung trong thuc nghiém do hoat d6 phong xa cua cac mau moi trudong. Do
do, trong thuc té thi nghiém hop chira mau dang tru va dang Marinelli dat ap sat dau do thuong duogc sir
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dung hodc dang Marinelli phong ciu theo dé xuat cia Hemingway [2] 12 nhitng dang hinh hoc phit hop t6t
véi két qua nghién clru phan bo hiéu suat ciia cong trinh nay.

TAI LIEU THAM KHAO
[1] Bonfanti G. and Della Bora G. (1981), Optimum Counting Geometries of Uniform and Large Gamma Sources

for Ge(Li) Detectors. An Experimental Study, Radiochem. Radioanal. Letters, 49 215-230.

[2] Hemingway J. D. (1986), Investigations Towards an Improved Marinelli for Gamma Detectors, Journal of
Radioanalytical and Nuclear Chemistry, Articles, VVol. 99, No. 2, 299-306.

[3] Ngo Quang Huy, Do Quang Binh, Vo Xuan An (2012), A study for improving detection efficiency of an HPGe
detector based gamma spectrometer using Monte Carlo simulation and genetic algorithms, Applied Radiation and
Isotopes, Volume 70, Issue 12, Pages 2695-2702.

[4] Seyed Mehrdad Zamzamian, Seyed Abolfazl Hosseini, Mohammad Samadfam (2017), Optimization of the
marinelli beaker dimensions using genetic algorithm, Journal of Environmental Radioactivity, Volume 172, Pages
81-88.

[5] Asm Sabbir Ahmed, Kevin Capello, Albert Chiang, Erick Cardenas-Mendez, Gary H. Kramer (2009),
Optimization of geometric parameters for Marinelli beaker to maximize the detection efficiency of an HPGe
detector, Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment, Volume 610, Issue 3, Pages 718-723.

[6] R. Shweikani, M. Hasan, M. Tlas, A. W. Doubal (2014), Determination of the optimal cylindrical geometry
heights for gamma-ray spectrometric analysis, Radiation Measurements, VVolume 70, Pages 34-38.

[7] H. Furci, M. Arribére, S. Ribeiro Guevara (2013), Self-shielding corrections in cylindrical samples in gamma
spectrometry with germanium well-type detectors, Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment, VVolume 705, Pages 132-139.

[8] F. L Melquiades, C. R Appoloni (2001), Self-absorption correction for gamma spectrometry of powdered milk
samples using Marinelli beaker, Applied Radiation and Isotopes, Volume 55, Issue 5, Pages 697-700.

[9] X-5 Monte Carlo Team (2003), MCNP - A General Purpose Monte Carlo N-Particle Transport Code, Version 5,
Volume I: Overview and Theory, Los Alamos National Laboratory, LA-UR-03-1987.

[10] Trinh Hoai Vinh, Vo Xuan An, Pham Nguyen Thanh Vinh, Hoang Ba Kim (2010), Monte Carlo calculation of
HPGe GEM15P4 detector efficiency in the 59 - 2000 keV energy range, The 7th National Conference on Physics.
Proceedings of The Topical Conference on Nuclear Physics, High Energy Physics and Astrophysics, 289-294.

Ngay nhén bai: 28/08/2018
Ngady chdp nhdn ding:22/12/2018

© 2018 Truong Pai hoc Cong nghiép Thanh phé H5 Chi Minh


https://www.sciencedirect.com/science/article/pii/S0265931X16303010
https://www.sciencedirect.com/science/article/pii/S0265931X16303010
https://www.sciencedirect.com/science/journal/0265931X
https://www.sciencedirect.com/science/article/pii/S0168900209017434
https://www.sciencedirect.com/science/article/pii/S0168900209017434
https://www.sciencedirect.com/science/journal/01689002
https://www.sciencedirect.com/science/journal/01689002
https://www.sciencedirect.com/science/article/pii/S1350448714002601
https://www.sciencedirect.com/science/article/pii/S1350448714002601
https://www.sciencedirect.com/science/journal/13504487
https://www.sciencedirect.com/science/article/pii/S0168900212016336
https://www.sciencedirect.com/science/article/pii/S0168900212016336
https://www.sciencedirect.com/science/journal/01689002
https://www.sciencedirect.com/science/journal/01689002
https://www.sciencedirect.com/science/article/pii/S0969804301001142
https://www.sciencedirect.com/science/article/pii/S0969804301001142
https://www.sciencedirect.com/science/journal/09698043

