Tap chi Khoa hoc va Cong nghé, Sé 28, 2017

NGHIEN CUU ANH HUONG CUA HINH HQC BUONG CHI
LEN KET QUA PO PHO GAMMA TREN HE PHO KE PHONG THAP
DUNG PAU DO GERMANIUM SIEU TINH KHIET

VOXUANAN
Truong Dai hoc Cong nghiép Tp. Ho Chi Minh,
voxuanan@iuh.edu.vn

Tém tit. Trong phép do phé gamma bang hé ph6 ké gamma phong thap sir dung dau do germanium siéu
tinh khiét (high purity germanium - HPGe), budng chi dung dé che chian phong phéng xa tir mdi trudng
xung quanh thuong duoc sir dung. Tuy thudc vao diéu kién ctia mdi phong thi nghiém ma hinh hoc budng
chi ¢ thé khac nhau. Tia gamma phat ra tir ngudn tan xa v&i méi truong xung quanh, cu thé 1a budng chi,
trude khi di vao dau do va déng gop vao ving tan xa nguoc cua phd gamma. Trén co s¢ d0, cong trinh
nay nghién ctru danh gia mire d¢ anh huong cua hinh hoc budng chi 1én két qua do phé gamma. Chuong
trinh may tinh MCNP5 duoc st dung dé mé phong phdé gamma ciia cac dong vi phong xa '¥’Cs, *Mn,
9Co va ?*Na do trén hé phd ké véi budng chi dang tru day tron va dang tru ddy vuéng. Hi¢u luc ciia mo
hinh mé phéng trén co s& chuong trinh MCNP5 dugc kiém ching bang cach so sanh két qua thuc nghiém
va md phong cta phé gamma 7Cs va ®Co. Két qua cho thiy rang tai ving tan xa nguoc viéc sir dung
budng chi dang tru dy tron tia gamma tan xa nguoc dong gop 16n hon tir 3,68% dén 5,23% so v6i budng
chi dang tru day vudng.

Tir kho4. budng chi, hinh hoc budng chi, tan xa ngugc, MCNP5

STUDIES OF THE INFLUENCE OF THE LEAD SHIELDING GEOMETRY ON
THE GAMMA SPECTRA MEASURED BY THE LOW BACKGROUND
SPECTROMETER SYSTEM USING THE HPGE DETECTOR

Abstract. In the measurement of gamma spectra by the low background gamma spectrometer system
using the HPGe detector, lead shields have been often used for preventing from gamma rays in
background radiation. Rely on the laboratory facilities, lead shielding geometry can be different. Gamma
rays from the measured radioactive source interact with matter as the lead shield, then enter the HPGe
detector and contribute the backscattering area of the gamma spectrum. Basing on that, this work presents
estimating the influence of the lead shielding geometry on the gamma spectra. The MCNP5 code was
used to simulate the gamma spectra of '¥’Cs, **Mn, ®®Co and #Na measured by the gamma spectrometer
system with the lead shield having cylinder or square prism shape. The effectiveness of simulation
modelling based on the MCNPS5 code was validated by comparison of experimental and calculated
gamma spectra. The results showed that using the lead shield shaped cylinder, backscattering gammas
contribute from 3.68% to 5.23% more than using the lead shield shaped square prism.

Keywords. lead shield, lead shielding geometry, backscattering, MCNP5

1 MODAU

Dbi v6i hé phd ké gamma phong thip st dung dau do germanium siéu tinh khiét, budng chi che chén
phong phong xa tir moi truong xung quanh dong vai troé quan trong. Da c6 mot s6 cong trinh nghién ciru
lién quan dén budng chi, cu thé nhu sau: Nam 2008, Truong Thi Hong Loan va nhém tac gia da nghién
clru phd gamma tan xa nguoc ciia ddu do HPGe bang chuong trinh MCNP, két qua nghién ctru cho thay
khi nang lugng tia gamma cang cao thi cuong do tan xa cang thap [1]. Nam 2011, Tran Thién Thanh va
nhém tac gia da nghién ctru anh huong ciia phong phong xa tu nhién ddi véi hé phé ké gamma, két qua
nghién ciru da chi ra hoat d6 nhé nhat ma hé pho ké c6 thé phat hién duoc [2]. Nam 2011, DS Thi Thanh
Vuong di nghién ctru giam phong budng chi bang chuong trinh MCNP5, két qua cho thdy viéc bd sung
cac 16p 16t ddng va thiéc v6i bé day 1an luot 1a 441 + 0,11 mm va 2,24 + 0,09 mm lam giam dén 95%
cuong do cac buc xa tia X cua chi khi chua c6 céc 1op 16t nay [3]. Nam 2015, Kinga Polaczek-Grelik va
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nhém tac gia da nghién ctru hi¢u suét che chan phong phong xa tu nhién ctia budng chi [4]. Trén thyuc te
budng chi c6 nhiéu hinh dang va kich thudc khac nhau, tir buong chi ¢c6 trong lwong du nhe co thé cim
tay, cho dén budng chi kha ning it khi dich chuyén [5]. Viéc biét rd hiéu qua che chin cia budng chi
nham nang cao do tin cdy va kha ning phat hién ctia hé pho ké 1a rat can thiét. Myc tiéu cua cong trinh
nay nghién ctru danh gia mirc d6 anh huong cua hinh hoc budng chi 1én két qua do phd gamma.

2 PHUONG PHAP NGHIEN CUU

2.1 Budng chi va gamma tin xa nguoc

Buc xa gamma phat ra tu nguon trai qua mot hodc nhiéu kiéu twong tac véi moi truong vat chat, sau
do dé lai nang luong bén trong dau do va hinh thanh phd gamma. Pac trung cia mot pho gamma dién
hinh bao gom: dinh ndng lugng toan phan ving tan xa nhiéu 1an, mép Compton, ving lung Compton,
vung tan xa ngugc va vung tia X. Trong s0 do, cac tia gamma tan xa nguoc chu yéu dugc hinh thanh sau
khi tan xa voi vat chat méi truong xung quanh, cu thé 1a budng chi, voi mot goc 16n (~ 120° - 180°%). Cac
tia gamma tan xa nguoc nay di vao dau do, dé lai ning lugng va dong gop vao ving tan xa ngugc cua phd
gamma. Pay 14 co s dé nghién ctru danh gia mic d6 anh hudng ciia hinh hoc budng chi 1én két qua do
ph6 gamma. .

Trong cong trinh nay d6i tuong nghién ciru 1a hé phd ké gamma phong thip st dung dau do
germanium siéu tinh khiét GC2018 dit tai Phong thi nghiém chuyén dé 1 thudc BO mon Vat 1y hat nhan -
Ky thuat hat nhén, Truong Dai hoc Khoa hoc tu nhién, Dai hoc Qudc gia Tp. HO Chi Minh. Pay 1a hé¢ phd
ké véi buong chi 1a mot hop rong dang tru day tron gom 10p sit ngoai cung day 9,5 mm, 16p chi day 102,4
mm, 16p thiéc day 1 mm va 16p ddng trong cing day 1,6 mm duoc bé tri déng truc. Mit trong 16p ddng
cach truc ddi xting cua budng chi 139,5 mm.

2.2 B® tri thi nghiém

Trong thyc nghiém do phd gamma, cdc ngudn phong xa '*’Cs va Co duogc sir dung va dat doc theo
truc ddi ximg cuia budng chi, cach mat trén dau do 15 ecm. S& di khoang cach ngudn - dau do 15 cm dugce
chon 14 nhdm cén ddi giira viéc tang hiéu ing trung phung do tang toc 46 dém & khoang cach gan va viéc
tang hiéu (mg déng gép phong nhidu do giam tdc d6 dém & khoang cach xa [6].

Trong tinh toan md phong bang chuong trinh MCNP5, ngoai vach ning luong 0,662 MeV cua '*’Cs,
1,173 MeV va 1,332 MeV cua “Co con sir dung thém vach nang lugng 0,834 MeV ctia **Mn, 0,511 MeV
va 1,274 MeV cua Na, ciing duoc dat doc theo truc dbi ximg cua buong chi, cach mit trén dau do 15 cm
(hinh 1a). Dé nghién ctru anh hudng ciia hinh hoc budng chi 1én két qua do ph6 gamma, md hinh mé
phong budng chi dang tru day vudng duogc xay dung vdi gia thiét 1a bé day cac 16p vat lidu va khoang
cach tir truc di xting dén mgt trong cung cua budng chi bang nhau mot cach twong Gng so v4i budng chi
dang try day tron trén thyuc t& nhu trong hinh 1b va Ic.

Lon

E 13,95 au

®

(Qa 1505 an

) a) ) ) c)
1. Nguon phdong xa 2. bau do 3. Buong chi

Hinh 1. Mt cét doc (a), mit cit ngang cua budng chi déi v6i budng chi dang try day tron (b)
va dang tru day vuong (c) dugc md hinh hoa bang chuong trinh MCNPS5.
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2.3 M6 phong Monte Carlo

Chuong trinh tinh toan Monte Carlo MCNP5 duoc st dung dé mo phong phé gamma cho tit ca cac
truong hop bb tri thuc nghiém néu trén. Nho o tally F8 nén chuong trinh MCNPS dugc sir dung dé mo
hinh hoa céc dac trung cua dau do va cho phép truy xuét pho phan b6 do cao xung theo nang lugng. Ty
suét tia gamma voi ning luong cu thé hap thy bén trong thé tich hoat dong ctia dau do cho biét hi¢u suat
dinh nang luong toan phan tuyét dbi tai nang luong do. Két qua chinh xac trong viéc tinh toan hi¢u suat
ciia dau do md phong co thé dat duoc néu nhu md hinh thi nghiém thyc té duwoc chuan bi chinh xac.
Trong cong trinh nay, cac m6 hinh mé phong duoc chuén bi gidng nhu cac truong hop bé tri thuc nghiém
nham muc dich kiém chtng sy phu hop gilra két qua tinh toan MCNPS5 va thuc nghiém do phd gamma va
danh gia mtc d6 anh huong ciia hinh hoc budng chi 1én két qua do phd gamma.

3 KETQUA VA THAO LUAN
3.1 Kiém chirng thye nghiém chwong trinh md phéng MCNP5
Két qua so sanh hi¢u §uét dinh ning luong toan phan giira thyc nghiém va m6 phong MCNP5 déi

voi khoang cach nguon - dau do 15 cm dugc trinh bay trong bang 1. Cot cudi cung cua bang 1 cho thay
rang do sai biét hi€u sudt bang 2,56%, 4,17% va 3,1 ‘3% lan lugt doi voi cac vach nang lugng 0,662 MeV

a Cs, 1,173 MeV va 1,332 MeV cia “Co. Diéu nay chiing t6 chwong trinh mé phong MCNPS la
cong cu dang tin cdy va thich hop dé nghién ctru danh gia mirc d¢ anh hudng cua hinh hoc budng chi 1én
ket qua do phd gamma [7].

Bdng 1. So sanh hiéu suét tinh toan va thyc nghiém tai cac vach nang lugng 0,662 MeV cua 37Cs, 1,173 MeV va
1,332 MeV cua *Co khi khoang cach nguoén - dau do 15 cm.

Nang lugng Hiéu suét

(MeV) Thuc nghiém Tinh toan Do sai bict (%)
0,662 000117 0,00114 2,56
1,173 0,00072 0,00075 417
1332 0,00064 0,00062 3,13

3.2 Anh huéng ciia hinh hoc budng chi 1én két qua do phd gamma

Phd gamma ciia 4 ngudn phong xa 37Cs, **Mn, °°Co va 2Na dbi véi 2 trudng hop budng chi dang try
day tron (dwong mau xanh) va dang try day vudng (dudng mau do) dugc trinh bay trong hinh 2a, 2b, 2¢
va 2d. Két qua cho thay rang tai vung tan xa ngugc viée st dung budng chi dang try day tron c6 khuynh
hudng dong gop 16n hon tur 3,68% dén 5,23% so voi budng chi dang tru day vudng (xem cot cudi cung
clia bang 2). Diéu nay c6 thé giai thich la khi tia gamma phat ra tir ngudn va cham tai moi vi tri ciia thanh
buong chi dang try day tron déu phan xa tr6 lai phia tryc dbi ximg cua buong chi. Trong khi d6 dbi voi
budng chi dang try day vudng, hau hét cic tia gamma phan xa tur thanh buong chi déu c6 xu huéng léch
xa truc d6i xtng cua buong chi, ngoai trir tai cac vi tri nim trén céc giao tuyén giita mit phang trung tryc
va mit phang thanh budng chi twong tmg; do d6, thanh phdn gamma tan xa ngugc ciing giam theo trudc
khi di vao dau do. Tuy nhién, trong thuc nghiém, mirc d¢ anh huong chi tir 3,68% dén 5,23% 1 khong
dang ké, co thé bo qua cho nén nguoi lam thyc nghiém vat 1y hat nhan co thé lua chon buéng chi dang tru
day tron hodc dang tru day vudng tuy thudc vao diéu kién thyc té ciia phong thi nghiém.

Bang 2. So sanh két qua m6 phong phd gamma tai viing tan xa ngugc ciia '*’Cs, %*Mn, ©°Co va 2Na.

Vung tan xa nguoc (s dém)

Nguon Véi budng chi dang tru ddy Vi budng chi dang tru day Do sai biét (%)
phéng xa tron vuon
g
7 Cs 14304 + 120 15052 = 123 523
Mn 19826 + 141 20779 + 144 481
0Co 18529 + 136 19001 + 138 3,88
2Na 13984 + 118 14009 + 118 3,68
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Hinh 2. So sanh két qua do phé gamma trén hé phd ké voi budng chi dang tru déy tron (dwong méau xanh) va dang
tru day vudng (duong mau do) ctia '¥’Cs (a), **Mn (b), “Co (c) va »*Na (d).

Bdng 3. So sanh két qua mo phong phd gamma tai cac dinh ning lugng toan phin 0,662 MeV cia '¥’Cs, 0,834
MeV ctia *Mn, 1,173 MeV va 1,332 MeV cta ®°Co va 0,511 MeV va 1,274 MeV cua?*Na.

Dinh ning lugng toan phan (s6 dém)

Nang luong Véi bu(‘”)ng chi dang tru Véi buf”)ng chi dang tru b0 sai biét (%)
MeV) A . N
day tron day vudng

0,662 50103 +£224 50132 +224 0,06
0,834 55454 + 235 55440+ 235 0,03
1,173 18529+ 136 18558 + 136 0,16
1,332 16362 + 128 16317 £ 128 0,28
0,511 252042 + 502 253742 + 504 0,67
1,274 63658 £252 63999 + 253 0,54

Ngoai ra, bang 3 cho thay do sai biét tai cac dinh ning lugng toan phan 0,662 MeV cua *’Cs, 1,173
MeV va 1,332 MeV clia “’Co, 0,834 MeV cua **Mn, 0,511 MeV va 1,274 MeV ctia **Na chi tir 0,03% dén
0,67%, nam trong khoang thang giang thong ké cua phép do. Piéu nay chimg t6 hinh hoc budng chi
khong anh hudng dén két qua dinh ning luong toan phan, mét dic trung quan trong ctia phd gamma.

4 KETLUAN

Chuong trinh m6 phong MCNPS5 st dung phuong phap Monte Carlo 1a mét cong cy hiru hi€u trong
viéc nghién ctru anh hudng cua hinh hoc budng chi 1én két qua do pho gamma, dic biét d6i v6i hinh hoc
do phtrc tap va nhiéu thanh phan vat liéu khac nhau ctia hé pho ké. Két qua nghién ctru da cho thay riang
hinh hoc buf)ng chi anh huong khong dang ké tai vung tan xa ngugc va khong anh hudng dén dinh ning
lugng toan phan, mot didc trung quan trong cla pho gamma. Do do trong thyc nghiém do phé gamma trén
hé pho ké ding dau do germanium siéu tinh khiét, c6 the lya chon hinh hoc budng chi dang tru day tron
hoic dang tru day vudng tuy thudc vao diéu kién thuc té cia phong thi nghiém ma khong anh huéng hodc
anh huong khong dang ké dén két qua do phd gamma.
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