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TOM TAT

Trong bdi bdo nay, chirong trinh GEANT4 da duwoc sir dung dé md phéng dau do HPGe-
PGNAA cua Vién Nghién ciu Hat nhdn (Pa Lat) nham xdc dinh hiéu sudt ghi, hé sé hiéu chinh
trung phung thuc, ciing nhw sy thay doi cia hiéu suat, hé sé hiéu chinh tring phung téng theo
khoang céch giita nguon va dau do doi véi nguon Eu-152 trong viing ndng lwong birc xg gamma tir
121.8 keV dén 1408 keV. Ngodi ra, chuwong trinh GEANT4 con duoc ding dé xdac dinh hé sé tu hap
thuy gamma trong cac mau nhdm, sdt, dong, polyethylene véi nding lwong gamma bang 81 keV,
661.6 keV, 1332.5 keV.

Tir khda: GEANTA4, hiéu suat detector HPGe, hé s6 triing phuing thuc, tw hap thu gamma.
ABSTRACT
Calculations of effects for summing coincidence of HPGe detector and gamma self — absorption

in samples by using the Monte Carlo simulation method

In this paper, the GEANT4 toolkit was used to simulate the HPGe detector in the PGNAA
spectrometer at the Dalat Nuclear Research Institute for determination of the detector efficiency,
summing coincidence correction factors. The simulations were carried out with different distances
from source to detector using a Eu-152 standard source for the range of gamma energies from
121.8 keV to 1408 keV. In addition, the GEANT4 toolkit was also used to calculate the gamma self-
absorption factors in the aluminum, iron, copper and polyethylene samples within 81 keV, 661.6
keV and 1332.5 keV.

Keywords: GEANT4, HPGe detector efficiency, true coincidence factor, self - absorption.

1. Tong quan

Tinh toan md phong Monte Carlo 1a phuong phép hidu qua va it ton kém dé nghién
cau cAc qué trinh ngau nhién bang cach thyc hién mé phong trén may tinh [1]. Trong linh
vire ghi do birc xa hat nhén, tinh toan xac dinh hiéu suat ghi tuyét déi va céc hiéu tng ty
hap thu photon, triing phiing tong Xay ra trong dau do béan dan siéu tinh khiét HPGe bang
phuong phap mé phong Monte Carlo nhiam nang cao do chinh xac ddi vai cac hinh hoc do
mau khéc nhau 1a yéu cau dang duoc dit ra tai nhiéu phong thi nghiém cua trung tam vat li
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va dién tir hat nhan. Xuat phét tir yéu cau thyc té ndy, bai viét duoc thuc hién voi muc tiéu
tinh todn md phong, xac dinh cac tham sé hiéu chinh hiéu (g tring phiing tong, tu hap thy
photon va hiéu suat ghi tuyét d6i cua dau do ban dan siéu tinh khiét HPGe bang chuong
trinh Monte Carlo GEANT4.

Hiéu tng tring phung tong xay ra khi hai hoic nhiéu tia gamma (hozc tia gamma va
tia X) phat ra tir mot hat nhan va duoc ghi nhan trong thoi gian phan giai cua dau do. Két
qua 14, dau do khdng thé phan biét dugc giita cac tuong tac va xir I chlng nhu 1a mot xung
duy nhét. Biéu ndy dan dén mat s6 dém tir cac dinh ning luong cua tung tia gamma va
tang thém s6 dém tai dinh ning lugng tong cua cac tia gamma d6. Trung phing tong dwoc
chia thanh hai loai: Tring phiing mét (cudng d6 dinh giam), tring phiing thém (cudng do
dinh tang) [2], [3], [4].
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Hinh 1. So'd6 phan ra 8 cia *°Co, va hiéu iing tring phiing thuc

D4i v6i ngudn thé tich hay mau do c6 do day I6n thi mot sé tia gamma phat ra bi hap
thy trong mau. Két qua 1 sé tia gamma dugc dau do ghi nhan giam. Hién tugng nay goi la
su ty hip thy (hay tu suy giam) ciia gamma trong mau. Mic do tu hap thu phu thudc vao
thanh phan, mat d9, kich thugc cia mau va ning luong tia gamma [2], [3], [4].

Dau do dung trong md phong cé ki hiéu 1a GR7023, 1a loai dau do dong truc loai n
¢6 dang nhu Hinh 2 bao gém tinh thé Ge hinh tru chir U ¢6 duong kinh ngoai 70 mm,
chiéu cao 73,5 mm. Bén trong tinh thé c6 mot héc hinh tru dudong kinh 12 mm, d6 siu cua
hbc 1a 58,3 mm.
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Hinh 2. Théng sé kich thuéc cdu trac tinh thé detector HPGe model GR7023
(kich thuéc theo mm)
Nguén chuan diém ““Eu dugc dit trén truc cia dau do HPGe tai cic vi tri: Sat mat
detector dén cach mat detector 5 cm.
2. Phuong phap tinh toan
Hiéu suit ghi tuyét d6i ciia dau do duoc xac dinh bang cong thic:

152

Eabs = Eint (2) )
4
Vi Ep=an
— @

trong do6, eas 1a hiéu suat ghi tuyét ddi, &n 12 hiéu suat ghi noi, Q 1a géc khéi
(Q=27(1-co0s0)), 6 1a goc phan bd (goc thién dinh), N 1a sb buc xa dugc dau do ghi
nhan, No 12 s6 btic xa tir ngudn dén detector theo goc khéi Q.

Sai s6 thong ké Je /e (%) trong tinh toan hiéu suat bang phuong phiap mé phong
Monte - Carlo dugc x4c dinh bang biéu thuc:

se N

% NN (©)

& N
trong d6, N 1a s6 photon phét ra tir nguon dé lai toan bo ning lwong (hay mot phan ning
lugng) cua no trong thé tich viing hoat cia dau do.

Hé sb hiéu chinh triing phiing tong duoc xac dinh bang ti sé giira hiéu suat ghi tuysat

d6i ciia dau do khi sir dung ngudn chuan diém don ning lugng va da ning lwong:
_4&

k
2, (4)
véi k @ hé sb hiéu chinh tring phuing téng,

& hiéu suat ghi tuyét ddi cia dau do khi str dung ngudn don ning lugng,
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& : hidu suat ghi tuyét ddi caa dau do khi sir dung ngudn da nang lugng.

Hé s6 hiéu chinh tu hap thy gamma trong mau duoc xac dinh bang ti s6 giira s6 dém
thu duoc khi ¢6 sy ty hip thu trén s6 dém thu dugc khi khdng c6 su tu hap thy:

C
f=c 5)

trong dé, f1a hé s6 hiéu chinh su tu hap thu, C 1a s6 dém tinh duoc khi mau c6 do day hitu
han, Co 1a s6 dém tinh dwoc khi mau c6 bé day mong Ii tuang.
3. K&ét qua va thao luin
3.1. Hiéu sudt ghi, hé sé hiéu chinh tring phlung tong

Bdng 1. Két qud tinh toan hiéu sudt ghi va hé sé hiéu chinh tring phang téng (k)

Sat mat detector

E, (keV) € 6g1/e1 (%0) & k
121.8 0.3112 0.1793 0.2124 1.4656
244.7 0.2302 0.2084 0.1304 1.7660

344 0.1766 0.2380 0.1394 1.2663
411 0.1534 0.2553 0.0908 1.6894
444 0.1442 0.2633 0.0855 1.6859
778.9 0.0950 0.3244 0.0628 1.5128
867.4 0.0877 0.3377 0.0445 1.9699
964 0.0808 0.3519 0.0603 1.3398
1085.8 0.0748 0.3656 0.0841 0.8901
1112 0.0730 0.3700 0.0619 1.1799
1408 0.0612 0.4041 0.0458 1.3367
Cach mit detector 3 cm

E, (keV) € 6g1/e1 (%0) & k
121.8 0.1053 0.2179 0.0961 1.0952
244.7 0.0696 0.2681 0.0597 1.1653
344.3 0.0526 0.3082 0.0493 1.0674
411.1 0.0455 0.3315 0.0371 1.2261

444 0.0428 0.3419 0.0349 1.2273
778.9 0.0280 0.4223 0.0238 1.1803
867.4 0.0261 0.4374 0.0198 1.3200
964.1 0.0244 0.4529 0.0217 1.1221
1085.8 0.0220 0.4768 0.0238 0.9242
1112.1 0.0217 0.4805 0.0216 1.0046
1408 0.0182 0.5238 0.0179 1.0187
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Cach mit detector 5 cm
E"! (keV) €1 6g1/e1 (%) €2 k

121.8 0.0577 0.2945 0.0534 1.0806
244.7 0.0390 0.3582 0.0325 1.2009
344 0.0299 0.4089 0.0286 1.0463
411 0.0258 0.4403 0.0206 1.2550
444 0.0242 0.4545 0.0232 1.0423
778.9 0.0163 0.5539 0.0179 0.9111
867.4 0.0151 0.5759 0.0179 0.8417
964 0.0139 0.5999 0.0118 1.1725
1085.8 0.0128 0.6245 0.0147 0.8715
1112 0.0126 0.6299 0.0127 0.9941
1408 0.0106 0.6872 0.0098 1.0822
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a) Sat mat detector

b) Céach mgat detector 5 cm
Hinh 3. Két qua md phong hiéu sudt ghi theo chudn don ndng liwong va da ndng lirong
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Hinh 4 . Puong cong hiéu sudt ghi theo ndng lirong sau khi hiéu chinh tai sat mdt detector
va cach mat detector 1 cm, 2cm, 3cm, 4 cmva 5 cm
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Hinh 5. Bé th; biéu dién si thay déi ciia hé sé hiéu chinh tring phung thuc tinh toén
doi véi cac dwong cong hiéu sudt tai cac khodng cach khac nhau tir detector dén mau

Tir cac két qua thu dugc cho thdy duong cong hiéu suit theo ning luong thay doi kha
rd khi khoang cach tir ngudn dén dau do thay doi. Hiéu suat cang lon khi khoang cach cang
gan. Hiéu suat & khoang cach sat mat detector la khac biét nhiéu so voi khoang cach 5 cm.
Diéu nay duoc giai thich 12 do khi ngudn dé cang xa dau do thi goc khéi thu nhan birc xa
cang giam, tia gamma trai qua nhiéu twong tac hon vdi méi trudng xung quanh trudc khi dén
vling nhay cia detector va ngoai ra con do su hap thu birc xa cia khdng khi trén duong di.

Tai céc vi tri gan detector, c6 su sai biét lon gitra hiéu suat md phong st dung ngudn
don ning lugng va da ning lugng. Nguyén nhan la do triing phing tong cua cic ning
lugng bic xa gamma, 1am mat s6 dém tai cac dinh ning luong birc xa gamma. Khoang
c&ch tir ngudn dén detector cang ting, sai biét nay cang giam. Qua khao sat md phong, khi
ngudn *?Eu dugc dat cach mat detector trén 4 cm thi c6 thé b qua hién tuong tring phiing
tong.

3.2. Hé so tw hip thu gamma trong miu

Ngudn chuan hinh try don ning véi ban kinh khong d6i 7 mm duoc dat trén truc cia
dau do HPGe nham khao sét sy phu thudc cua hé sé tu hip thu gamma theo loai vat liéu
(mau), do day cua vat liéu va ning lugng tia gamma.

10
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Bdng 2. Hé s6 tw hdp thu gamma thay déi theo d¢ day cua céc vat lidu
nhom, sdt, dong va polyethylene véi E,bang 81 keV, 661.6 keV va 1332.5 keV

E, Do day ciia miu Vat liéu

(keV) (cm) Nhom Sit Pong Polyethylene

0.0001 0.9998 0.9987 0.9998 1.0001

0.001 0.9996 0.9956 0.9967 0.9999

81 0.01 0.9970 0.9763 0.9693 0.9988

0.1 0.9761 0.8133 0.7416 0.9916

1 0.7944 0.2562 0.1697 0.9247

10 0.3279 0.1003 0.0320 0.6231

0.0001 1.0023 0.9992 0.9994 1.0020

0.001 1.0026 1.0001 0.9996 1.0012

6616 0.01 1.0001 0.9975 0.9956 1.0004

0.1 0.9899 0.9724 0.9671 0.9966

1 0.9099 0.7650 0.7420 0.9630

10 0.5530 0.2808 0.2587 0.7579

0.0001 1.0003 1.0032 1.0003 0.9986

0.001 1.0030 1.0010 1.0019 1.0001

13325 0.01 0.9978 0.9995 0.9999 1.0019

0.1 0.9964 0.9859 0.9790 0.9980

1 0.9394 0.8276 0.8124 0.9719

10 0.6383 0.3652 0.3346 0.8157

0.0
0.00001

—#-Nhom
St
—=—Ddng

—+—Polyethylene

0.0001 0.001 0.01 0.1
Do day caa méu (cm)

10

Hé s6 hi¢u chinh f

a) E,=81keV

0.2

0.0
0.00001

0.0001 0.001 0.01
P day ciia miu (cm)

0.1 1 10

b) E,=661.6 keV

Hinh 6 (a,b). Sw phu thugc cua hé sé higu chinh f theo d day ciia mau véi E, bang
a) 81 keV, b) 661.6 keV trong céc vat ligu nhom, sdr, dong va polyethylene

11
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Hinh 7. Sy phu thugc cia hé sé higu chinh f theo  Hinh 8. Sy phu thugc cua hé sé hiéu chinh f theo dé
d¢ day cua mau véi E, bang 1332.5 keV trong cac  day cua vat ligu sat trong viing ndng luong gamma

vt liéu nhoém, sdt, dong va polyethylene

tir 81 keV dén 1408 keV

Bdng 3. Hé s6 tu hdp thu gamma thay déi theo dé day cia vat liéu st
trong viing ndng lwong gammatir 81 keV dén 1408 keV

E, P§ day ciia miu (cm)
(keV) 0.0001 0.001 0.01 0.1 1 10
81 0.9987 0.9956 0.9763 0.8133 0.2562 0.1003
122.1 0.9992 0.9958 0.9933 0.9117 0.4715 0.2000
136.5 1.0000 1.0001 0.9917 0.9220 0.5180 0.2277
276.4 0.9995 0.9990 0.9949 0.9568 0.6748 0.2024
302.8 0.9993 0.9999 0.9944 0.9600 0.6868 0.2112
661.6 0.9992 1.0001 0.9975 0.9724 0.7650 0.2808
834.8 1.0012 1.0013 0.9996 0.9771 0.7861 0.3052
1173.2 1.0010 0.9976 0.9950 0.9800 0.8122 0.3491
1332.5 1.0032 1.0010 0.9995 0.9859 0.8276 0.3652
1408 0.9992 1.0024 0.9941 0.9797 0.8258 0.3716

Khi ting d6 day cua mau, hiéu tng tu hap thu gamma trong mau cang lsn. Nguyén
nhan 1a do s6 tia gamma bi hap thy trong chinh vat liéu (mau) d6 cang nhiéu trudc khi
thoét ra khoi vt liéu dé dén dugc detector, 1am cho sé bic xa gamma duoc detector ghi
nhan giam.

V6i cling mot niang lwong cua buc Xa gamma, sit va dong hap thu niang luong caa
birc xa gamma nhiéu hon nhém va polyethylene. Nguyén nhan 1a do sit va dong la hai vat
liéu c6 s6 nguyén tir Z va mat do p cua vat chat cao hon. Polyethylene 1a vat liéu hap thy
niang luong bic xa gamma kém nhét trong 4 loai vat liéu dugc khao sét & trén do mat do
vat chat thip nhét (p = 0.94 g/cm®).

12
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4.

Két luin
Trong bai béo nay, chuong trinh md phong Monte Carlo GEANT4 d4 dugc ding dé

khao sat duong cong hiéu suat dinh theo niang luwong cua hé dau do HPGe-PGNAA tai
Trung tdm Vat li va Dién tir - Vién Nghién ciru hat nhan Da Lat. Cac két qua mé phong da
xac dinh dugc hiéu suat ghi tuyét dbi, hé sb hiéu chinh tring phiing tong. Ngoai ra, su phu
thugc caa hé sb tu hip thu gamma trong céc loai vat liéu khac nhau voi do day thay doi
theo mat do va nang luwgng bac xa gamma khac nhau ciing da duogc khao sat.

Céc két qua dat duoc c6 y nghia trong viéc hd trg cho nguoi 1am thyc nghiém xay

dung duong cong hiéu suat theo ning lugng c6 do chinh xac tét trong didu kién khong co
nhiéu ngudn chuan. Hiéu chinh hiéu ung ty hap thu gamma trong mau hoan toan c6 thé
duogc thuc hién bang md phong nham chinh xéac hoa két qua ghi do birc xa gamma cua hé
phd ké PGNAA.
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