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TOm tat

Pé phat hién cac vdt liéu phdng xa dn gidu bén trong xe hoi, xe tdi va cac thing
chira, viéc ché tgo cac thiét bi co khd nang do tim ra cac vat liéu phong xa va vat liéu hat
nhan dé ldp dat ¢ cac cira khdu, bén cang va bién gidi 1a can thiét 561, Cac thiét bj thé
hé ddu tién dwroc trang bi cac dau dd nhdp nhay Nal dé phéat hién cac vat liéu phat phong
xa. Trong cac hé thiét bi ndy, nhiéu dau do Nal ¢ thé tich lén dieoc i dung d@é giam thoi
gian do va ting khd nang phat hién cac nguén dioc che chan hay ¢ khoang cach xa. Tuy
nhién cac hé thong trang b cdc dau do nhur vdy c6 gia thanh rat cao. Viéc sir dung cac
dau do nhap nhay plastic vira 1am hg gia thanh thiét bj, dong thoi cdi thién dg nhay gidp
tang kha ndang phat hién. Dé thiét ké ché tao dwoc dau do nhap nhay plastic c6 cac thong
s6 ph hop theo yéu cau dat ra ciia dé tai can thiét phai thuc hién md phong dé tién hanh
danh gid, lwa chon cdu hinh dau do phi hop. Vi vdy, nhom tac gia tién hanh tim hiéu mat
s6 chwong trinh md phong nhir Geant4 dé phuc vy md phong cdu hinh dau do trong thiét
bi kiém soat do tim nguon phong xa. Do dé, trong bai bdo nay mét so két qua md phong
tir Geant4 cho hé dau do nhdp nhay plastic sé diroc trinh bay.

Tar khéa: dau do nhdp nhéy plastic, geant4, phé gamma tan xg, thiét bi phét hién phong xa
Abstract

RESEARCH ON USING GEANT4 SIMULATION TOOLKIT FOR PLASTIC
SCINTILLATOR DETECTOR

To detect hidden radioactive materials inside cars, trucks, and containers, it is
necessary to manufacture devices capable of detecting radioactive and nuclear materials for
installation at checkpoints, ports, and borders. The first-generation devices were equipped
with Nal scintillation detectors to detect radioactive materials. Multiple large-volume Nal
detectors were used in these devices to reduce measurement time and increase the ability to
detect shielded or distant sources. However, systems equipped with such detectors are
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expensive. The use of plastic scintillation detectors not only reduces the cost of the equipment
but also improves sensitivity, enhancing the detection capability. To design and manufacture
plastic scintillation detectors with appropriate specifications as required by the project,
simulation is necessary for evaluation and selection of a suitable detector configuration.
Therefore, the authors explored various simulation programs like Geant4 to simulate the
detector configuration for radiation source detection devices. This paper presents some
simulation results from Geant4 for plastic scintillation detector systems.

1. Giei thiéu

Ngay nay, viéc dam bao an ninh ngudn phéng xa, kiém soét cac nguon phong xa
trdi noi, that lac hay Ian vao phé liéu, hang lau ciing nhu tir nguy co khiing bé dang ngay
cang dugc quan tdm & nhiéu qudc gia (Ely va cs., 2004, 2006). Méi quan tam tap trung
vao viéc phat hién van chuyén lau hoic kiém soéat phé liéu ¢ chira nguon phong xa lién
quan dén dam bao suc khoe cong dong, an ninh qudc gia, an toan va bao vé méi trudng.
Theo Co quan Ning lugng nguyén ta quéc té (IAEA, 2020) va cé4c t6 chire nang luong
nguyeén tir & cac nudc cdng nghiép phat trién, tir nam 1993 dén nam 2019 c¢6 3.686 trudng
hop lién quan dén mat an ninh ngudn phong xa va vat liéu hat nhan duoc phét hién (trung
binh 140 truong hop/nam), trong d6 290 trudng hop lién quan dén van chuyén, con lai la
cac vu trom, thai trai phép, phé liéu kim loai, that lac nguén. Vi vay, nhiéu loai thiét bi c6
kha nang do tim, phat hién vat liéu phong xa va vat liéu hat nhan & céc cira khau, bén
cang va bién gioi di va dang dugc phét trién ché tao va lap dat dé phét hién cac vat lidu
phét phong xa 4n giau trong xe 8 t6, xe tai va thang chtra (IAEA, 2020; Claude Leroy va
cs., 2009; Knoll, 2010). Trong céc hé thiét bi nay, nhiéu dau do Nal c6 thé tich 16n duoc
st dung dé giam thoi gian do va ting kha nang phat hién cac ngudn duoc che chan hay &
khoang cach xa. Tuy nhién cac hé thng trang bi cac dau do nhu vay c6 gia thanh rat cao.
Viéc sir dung cac dau do nhap nhay plastic vira 1am ha gia thanh thiét bi, d& dang ché tao
v6i kich thudc 16n, c6 thé dat thé tich nhiéu tram lit va d6 khudn theo céc hinh dang khac
nhau dé phét trién nhiéu (ng dung trong do va do tim birc xa (Ely va cs., 2004, 2006). Bé
thiét ké ché tao dwoc dau do nhip nhay plastic ¢ cac thong s6 phu hop theo yéu cau dat
ra cia dé tai can thiét phai thuc hién mé phong dé tién hanh danh gia, lya chon cau hinh
dau do phi hop. Vi vay, nhom dé tai luva chon méd phong nhu Geant4 dé phuc vu mé
phong cau hinh thiét bj phét hién ngudn phong xa gamma di dong sir dung dau do nhap
nhay plastic cho muc dich ché tao thiét bj kiém soéat do tim ngudn phéng xa. Geant4 la
phan mém md phong ma nguon mé duoc xay dung trén nén tang lap trinh C++, khai thac
va (ing dung cai tién caa ky thuat lap trinh huéng @i tuong, hd tro ngudi ding xay dung
va str dung cac thanh phan can thiét. Geant4 cung cap mot tap hop cac qué trinh vat 1y da
dang dé mo phong tuong tac ctia buc xa véi moi trudng vat chat trén mot dai ning luong
rong tir hang chuc eV dén thang TeV.
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2. Phuwong phap

Trong nghién ctu ndy, nhom tac gia da st dung Geant4 dé md phong trudng hop
mét ngudn phong xa diém (bao gdbm 31; °Co; ¥7Cs) va mét tim dau do dugc cAu tao tir
chat nhap nhay plastic PVT (PolyVinyltoluene) duoc thé hién nhu trong hinh 1, sau d6
thuc hién khao st pho tan xa gamma trong céac trudng hop sau:

a) Khong thay doi kich thudc chiéu dai va rong cua dau do PVT la 80cm x 30cm,
bé day cua ddu do PVT duoc khao st lan luot 13 1cm; 3cm; 5ecm; 7cm; 9cm véi khoang
céch gitra nguon gamma va dau do PVT la 5m.

b) Khong thay doi kich thudc chiéu dai va bé day cia dau do PVT Ia 80cm x 5cm,
thay do6i chiéu rong caa dau do PVT lan luot 14 20cm; 25¢cm; 30cm; 35cm; 40cm véi
khoang cach giira nguon va dau do 1a 5m.

¢) Vi kich thude dau do 12 80cm x 30cm x 5¢m, khoang céch gitra nguon phong
Xa va dau do PVT duoc thay doi lan luot 12 1m; 3m; 6m.

Tue Sep 13 11:09:17 2022

Hinh 1. Cdu hinh md phong ddu do PVT bang GEANT4
Trong cau hinh mé phong trén, nhém nghién ciru da st dung mot sé thu vién vat ly
c6 sin cua Geant4 dé khai bao cac qua trinh vat ly cua hat photon khi truyén trong moi
truong vat chat bao gom tan xa Compton (G4ComptonScattering), quang dién
(G4PhotoElectricEffect), tao cip (G4GammaConversion). Ngoai ra, mot ngudng cit
nang luong da dugc thiét 1ap dé tang hiéu qua tinh todn ciia chuong trinh mo phong.
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3. Két qua va thao luan

Két qua phd tan xa gamma thu nhan dugc tir chuong trinh mé phong Geant4 cho
trudng hop mot nguon phong xa diém (bao gom *3; ©Co; ¥7Cs) va mot tim dau do nhap
nhéy plastic PVT s& duogc dé cap tir hinh 2 dén hinh 10. Déi véi truong hop a duoc dé cap &
muc 11, c&c hinh 2 dén hinh 4 thé hién phé hip thu ning lwong gamma thu dugc tir dau do
PVT khi thay doi bé day dau do, cd thé thiy khi ting bé day cua dau do tir lem dén 9cm thi
nén phd hap thu nang luong gamma ciia nguon ©Co; ¥Cs; 31 ciing tang dan theo bé day.

Phé tan xa gamma ciia ngudn Co-60 véi cic bé
day dau do khac nhau
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Hinh 2. Két qud phé hap thu nang heong gamma thu duroc tur dau do PVT
Véi cac bé day lan lwot 1a 1ecm; 3cm; 5cm; 7cm; 9cm cia nguon phong xa ©Co

Phé tan Xa gamma cua ngut"in Cs-137 véi cac bé
day diu do khic nhau
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Hinh 3. Két qua phé hdp thu ndng lirong gamma thu dwoc tir dau do PVT
Véi cac bé day lan hrot 1a 1cm; 3cm; 5¢cm; 7em; 9cm cia nguon phéng xa ¥7Cs

Phé tan xa gamma cia ngudn I-131 véi cac bé
day dau do khac nhau
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Hinh 4. Két qua phé hdp thu ndang lirong gamma thu dwoc tir dau do PVT véi cac bé
day lan liot 1 1ecm; 3cm; 5cm; 7cm; 9cm cua nguon phong xa
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Tiép theo, dbi véi trudng hop b duoc d& cap & muc |1, tir hinh 5 dén hinh 7 thé hién
phd gamma tan xa thu dwoc tir dau do PVT khi chiéu rong dau do thay d6i, khi chiéu rong
ctia dau do duoc ting tir 20cm dén 40cm thi nén phé hap thu ning lwong gamma cua céc
ngudn 8°Co; ¥'Cs; ¥ ciing ting 1én theo.

Phé tan Xa gamma cuia ngufin Co-60 véi cac
chiéu rgng dau do khac nhau
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Hinh 5. Két qud phé hap thu nang lwong gamma thu duegC tir dau do PVT véi chiéu
réng thay doi lan heot 1a 20cm; 25cm; 30cm; 35cm; 40cm cua nguon phong xa ©°Co

Ph tin X3 gamma cE’la nguon Cs-137 véi cic
chieéu réng dau do khac nhau
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Hinh 6. Két qua phé hap thy ning hrong gamma thu diroC tir dau do PVT véi chiéu
rong thay doi lan lwot 1a 20cm; 25cm; 30cm; 35cm; 40cm cua nguon phong xa 2'Cs

Phé tan xa gamma cia nguédn I-131 véi cac
chiéu rong diu do khac nhau
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Hinh 7. Két qud phé hdp thu ning heong gamma thu dueoc tir dau do PVT véi chieu
rong thay doi lan lwot 12 20cm; 25cm; 30cm; 35cm; 40cm cua nguon phong xa 3L
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Cubi cung, ddi véi truong hop ¢ & muc 11, khi khoang cach giira nguon phéng xa
v6i mang dau do ting 1én, lan luot 12 1m, 3m, 6m c6 thé thay nén phd gamma tén xa cua
ngudn %°Co; ¥’Cs; 11 ciing ting 1én theo khoang cach nhu duogc thé hién trong hinh 8
dén hinh 10.

Phé tin xa cua ngufm‘ Co-60 véi cac khoang cich tir
nguon deén dau do PVT khac nhau
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Hinh 8. Két qud phé hap thu nang lwgng gamma thu dugC tir dau do PVT
cua nguon phong xa ©Co dat cach dau do PVT lan lwot 1m, 3m, 6m.

Pho tin xa ciia nguon Cs137 véi cac khoang cich tir
nguon dén dau do PVT khic nhau
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Hinh 9. Két qua phé hap thu nang hrong gamma thu dueoc tir dau do PVT
cuia nguon phong xa %°Co dat cach dau do PVT lan lirot 1m, 3m, 6m.

Ph tan xa cua ugu("in 1-131 véi cac khoang cach tir
nguon dén dau do PVT khic nhau
1.E+06
1.E+05
1.E+04
E 1E03
=
R 1E+02
1.E+01
(]
1.E+00 ®
0 0.2 0.4 0.6 0.8 1
1.E-01 —
Nang lwong (MeV)
—8—1131-1m  —8—1131-3m 1131-6m

Hinh 10. Két qud phé hap thu nang heong gamma thu dueoc tir dau do PVT
cua nguon phéng xa °Co dit cach dau dd PVT lan heot 1m, 3m, 6m.
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Phé héap thy ning lwong gamma ciia 3 ngudn phong xa **1; %°Co; **Cs ¢ cach dau
dd PVT 5m véi kich thuéc dau do PVT ¢ dinh 80x30x5¢m duoc tong hop trong hinh 11.
Két qua md phong phd hap thu ning lwong gamma cho thay rd 3 canh Compton cua
3 ngudn phong xa ®Co, *¥Cs, 1311. Do ba ngudn phéng xa niy co cac dinh ning luong lan
luot 12 365 keV, 662 keV, 1173 keV va 1332 keV & cach xa nhau nén c6 thé nhin thiy rd
bd Compton ctia cac nguon nay, vi vay cé thé phan biét dugc ba ngudn phéng xa noi trén.

PHO TAN XA GAMMA
70000
60000
50000
«é 40000
~2 30000
v
20000
10000

0
0 0.2 0.4 0.6 0.8 1 1.2 14 16

Nang lwong (MeV)

Co-60 Cs-137 1131

Hinh 11. Két qud phé gamma tan Xa thu dwoc tir dau do PVT
cua cac nguon phong xa %°Co, *¥7Cs, 3 ¢ cdch dau dod 5m.

4. Két luan

Pé phat hién cac vat liéu phong xa an gidu bén trong xe hoi, xe tai va cac thung
chira, viéc ché tao cé4c thiét bi c6 kha ning do tim ra cac vat liéu phong xa va vat liéu hat
nhan dé lip dat & cac cira khau, bén cang va bién giéi 1a can thiét. Bai bao nay nhom tac
gia dung phan mém mo phong Geant4 d¢é md phong cho hé dau do nhap nhay nham phat
hién cac nguon phong xa an nhu thé. Nhdm tac gia da thyc hién qua trinh md phong véi
nhiéu tham sé lap dat khac nhau va cho thay két qua tét, phan biét rd rang ca 3 nguon
phéng xa 8°Co; ¥Cs; 131, Két qua bai bao cho thay kha ning dung dau do nhap nhay
plastic dé phat hién cac ngudn phong xa an 1a kha thi.

Trong bai béo nay, nhom tac gia da thuc hién bai toan mé phong véi mot nguon
mot dau do nhap nhay plastic va di dat dugc cac két qua dat nhu sau:

1. Xay dyng chi tiét hinh hoc hé do trén chuong trinh Geant4 gom: dau do nhap
nhay plastic kich thudc 100 x 30 x 5em lam tur vat liéu Polyvinyltoluence (PVT);

2. Khai bao dugc cac qua trinh twong tac vat Iy ciia ngudn phat gamma véi vat chat
trong hé do trong Geant4;

3. Tao ngudn diém phét buc xa gamma ((°Co; ¥7Cs; *3) tai mot vi tri nhat dinh
trong khong gian md phong;

4. Thyc hién mé phong ghi nhan dap tng phd tan xa gamma trén dau do nhip
nhay déo PVT.
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