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TOM TAT: Trong thoi gian gdn ddy viéc mé hinh héa hé pho ké gamma dimg detector
bén dén siéu tinh khiét HPGe bang phuong phdp Monte Carlo cho két qua kha phit hop voi thuc
nghiém khi hiéu chinh 16i wu céc théng sé detector. Cong trinh ndy phdn tich anh hudng cua cac
théng s detector lén:hiéu sudt cia né ddi véi detector HPGe GCI518 cua hang Canberra
Industries, Inc. dat tai Trung tam Hat nhdn TP Hé Chi Minh. Tdm théng $6 detector dd diroc
khdo sdt trén co sé cde gid tri va dung sai ciia ching do nha san xudt cung cdp. Tinh toan theo
chirong trinh MCNP4C2 cho thdy ring, trong 8 théng s6 do chi ¢6 bé day Iop germanium bat
hoat cé anh huong dang Kké d@én hiéu sudt detector. Nhur vdy bé day 16p germanium bdt hoat
dieoc coi la thong s6 quan trong nhdt khi hiéu chinh cdc théng s6 detector dé lam phit hop giita
tinh todn Monte Carlo vdi thuc nghiém.

1. MO PAU

Phuong phép Monte Carlo dugc img dung rong rdi trong viéc md hinh hoa cac thiét bj va mod
phong cac qué trinh phuc tap trong vét Iy hat nhan vi trong do c6 thé tinh day da cac hiéu ung
vat 1y. Tuy nhién dé két qua tinh toan phi hop véi thye nghiém can phai co bo sb liéu dau vao
chinh x4c. Dbi v&i bai toan mé hinh hoa phd ké gamma ding detector ban din siéu tinh khiét
HPGe, cac théng s6 hinh hoc va vit liéu cia detector dugc cung cép boi nha san xut. Véi cac
bo s liéu d6, két qua tinh todn vAn chua phit hop hoan toan véi thye nghiém [1-8], do d6 trong
céc cong trinh néu trén da hiéu chinh lai cac thong s& nay, hodc bang céch do lai hodc bién thién
ching sao cho két qua tinh toan phu hop voi thuc nghiém. Péi véi detector dang dong truc, 8
thong s6 thuong duoc sir dung gdm bé day vo nhdm cia detector, khoang cach giira vo detector
va mit trén cla tinh thé germanium, bé day vo hop chia tinh thé germanium, duong kinh va
chidu cao tinh thé germanium, d6 sau hdc tinh thé germanium, b& day 1ép boron dugc cdy ion &
mit héc tinh thé germanium va bé day 16p lithium khuéch tan & mat ngoai tinh thé germanium
(16p germanium bat hoat). Trong s6 8 théng s nay thi 6 thong s6 ddu hau nhu khong thay doi
con bé day 16p boron va 16p germanium bit hoat thuong tang rat manh trong qua trinh hoat dong
ciia detector, dic biét khi detector khong dugc lam lanh bdi nitrogen 16ng trong thoi gian dai [8,
9].

Nhu vy khi hiéu chinh cic thong s6 detector cAn xem xét cac dic diém coa chung. Trong
cong trinh [10], ching t8i budc dau md hinh héa hé phd ké gamma dung detector HPGe GC1518
clia hing Canberra Industries, Inc. dat tai Trung tdm Hat nhan TP Hd Chi Minh. MOt trong céc
dai luong duogc nghién ctru 1a hiéu suét ghi ctia detector. N6 khé nhay voi su thay dbi cac thong
sb detector nén thudng duge ding d& hiéu chinh cic thong s6 nay. Do 6 thong s6 dau khong thay
dbi trong qué trinh 1am viéc cla detector nén c6 thé bién thién gia tri cla chung trong pham vi

r

dung sai dé khao sat sy anh huong dén hiu suét detector. D6i voi hai thong so con lai la bé day
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16p boron va 16p germanium bt hoat, do chiing ting trong thoi gian hoat dong cia detector nén
c6 thé khao sat su bién thién cia chung trong mién réng hon, cho dén 5 1an gia tri danh dinh.

Cong trinh ndy danh cho viéc khéo sat sy anh huéng cua céc thong sb detector HPGe
GC1518 dén hiéu suit ghi cia nd, trén co sé d6 x4c dinh duge vai trd cia mdi thong sb. Viée
tinh toan duoc thuc hién bﬁng chuong trinh Monte Carlo MCNP4C2 [11].

2. HE PHO KE GAMMA

H¢ pho Kké gamma tai Trung tdm Hat nhén TP H6 Chi Minh gém detector HPGe GC1518,
ngudn nudi cao thé, tién khuéch dai, khuéch dai va khéi phan tich bién do da kénh. Detector
dugc dat trong budng chi ¢6 dang hinh vién tru v6i ban kinh ngoai 25 cm, cao 50 cm, ban kinh
trong 15 cm, cao 30 cm. Bén trong budng chi cé 16t thiéc, ddng va paraffin [10]. Detector HPGe
GC1518 ¢6 dang hinh tru ddng truc véi duong kinh ngoai 76,2 mm dugc minh hoa trén hinh 1.
Céc thong s6 cia detector dugc dan ra trén hinh 1 va trinh bay trén bang 1. Gié tri cac thong s6
cling véi dung sai ciia chiing do nha san xuét cung cép.
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Hinh 1. Ciu tric detector HPGe GC1518, kich thuéc tinh bing mm.

Bang 1. Cac thong so ctia detector cung voi dung sai do nha san xuét cung cap.

Vi tri trén Thoéng s6 Gia trj danh dinh +
hinh 1 , dung sai (mm)
1 Bé day v6 nhom cha detector 1,50 £ 0,08
2 Khoang cach giita vo detector vi mit trén ciia tinh thé S0£05
germanium
3 Bé day vo hop chiia tinh thé germanium 1,8+0,1
4 Pudng kinh tinh thé germanium 54,0+ 0,5
5 Chiéu cao tinh thé germanium 32,0+ 0,5
6 D6 sdu hdc tinh thé germanium 17.0£ 05
7 Bé day 16p boron (0,30 +0,03).107
8 Bé day 16p germanium bét hoat 0,35 + 0,04
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3. ANH HUONG CUA SU BIEN THIEN CAC THONG SO DETECTOR LEN HIEU
SUAT DETECTOR

Tam théng so detector dugc chia thanh hai nhém. Nhom thir nhét gdm 6 thong s6 1-6 con
nhém thtr hai gdm hai thong s 7-8. Séu thong s6 1-6 hdu nhu khong thay ddi trong qua trinh
lam viéc cua detector. Gid tri danh dinh cta ching dugc néu trong bang 1 cing voi dung sai, la
céc gié tri thiét ké hoac do bing thude do chiéu dai. Do d6 pham vi bién thién cia cac thong s6
nay dugc xdc dinh boi dung sai cia chung Ha1 thong s6 7-8 dugc do bing phuong phap suy
glam chum tia gamma 59,5 keV cua nguon “Am vai sai s6  tuong d6i ¢ 10%. Mién bién thién
cua cac thong s6 nay khong bi han ché trong pham vi sai s6 ma c6 thé lay khoang 5 lan gla tri
danh dinh cta ching [2, 3, 4, 8]. Do la do bé day cac 16p nay co thé ting déng ké trong qua trinh
hoat dong cta detector.

Hiéu suét detector duge tinh theo chwong trinh MCNP4C2 v6i cAu hinh néu trén hinh 2, gbm
detector HPGe GC1518 va ngudn phoéng xa chuin dang diém dat cach detector 5 cm theo truc
detector. Cac ngudn phong xa dugc chon sao cho céc tia gamma do ching phét ra nim trong mot
dai rong tir 59,5 keV dén 1332 keV, d6 1a *'Am (59,5 keV), 'Cd (88 keV), Co (122 keV),
"33 (392 keV), *Na (511 keV va 1274 keV), “'Cs (662 keV), *Mn (834 keV), “Co (1173 keV
va 1332 keV). B6 s6 liéu dau vao dé tinh todn gbm cdc thong s clia detector va budng chi duogc
Iay tir céng trinh [10].

Ngudn
phong xa

Detector

Hinh 2. Cu hinh tinh to4n detector- ngudn phong xa.

Hiéu suét cla detector dugc tinh cho tung ngudn phéng xa, tirc 1a cho 1 hay 2 quang dinh,
tiy thuge vao loai nguon D6 1a ti s6 gitra dién tich cia quang dinh va s6 céc tia gamma phat ra
tir ngudn phong xa. Dbi véi 6 thong s6 1-6, chung 12 c4c vét liéu tan xa va hip thy birc xa thuin
tay nén hiéu suét detector s& glam khi kich thuéc ctia ching ting va ngugc lai. Viéc tinh hiéu
suat duge thuc hién dbi véi gia tri danh dinh va mét vai gia tri cho dén cac mep mién dung sai.
Tir d6 c6 thé nhan duge dd thay dbi twong ddi clia hidu suét khi thong sb nhén cdc gia tri & mep
trai va mép pha1 mién dung sai so Vi gié tri danh dinh. D6i v6i hai théng s6 con lai 1a 16p boron
va 16p germanium bat hoat, sy tang bé day clia chung din t6i hai hiéu Gmg lam giam hiéu suat
detector. D6 12 hiéu (mg tan xa, hap thy tia gamma va hiéu (g giam thé tich viing nhay cta tinh
thé germanium [4].

Dé lam vi du, bang 2 trinh bay két qua tinh dm v6i khoang céach giira vo detector va mét trén
cla tinh thé germanium. Theo bang 1, thong ) nay c6 gia tri 5,0 £ 0,5 mm, do d6 hiéu suét
detector dugc tinh cho gia tri danh dinh 5,0 mm va hai gid tri & hai mép mién dung sai 12 4,5 mm
va 5,5 mm. Hiéu suét duogc tinh cho 12 quang dinh tir 59,5 keV dén 1332 keV. Cot tht 5 cua
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bang 2 13 do thay dbi tuong déi ctia hidu suat giira cac kich thude 4,5 mm va 5,0 mm. Pai luong
tuong ty nhu vay ¢ cft thir 6 dbi véi cac kich thuée 5,5 mm va 5,0 mm. Cot cubi cung 1a gia tri
trung binh ciia do thay déi twong déi cia hiéu sudt detector ddi voi timg quang dinh. Tir do ta
nhan duoc do thay dbi trung binh ctia 12 quang dinh 14 0,014, tirc 1a 1,4% & hang cubi ciing clia
bang 2. Két qua tinh todn tuong tu nhu viy d6i véi cac thong sé 1-6 duge din ra trén bang 3.
Hai hang cudi cling ciia bang 3 néu két qua tinh ddi v6i bé day 16p boron véi gi tri danh dinh
0.3.10" mm trong dai kich thuée (0,3 — 1,8).10° mm va bé ddy 16p germanium bat hoat voi gid
tri danh dinh 0,35 mm trong dai kich thuée 0,35 — 1,50 mm.

Bing 2. Két qua tinh ton sy thay dbi tuong déi ctia hiéu suét detector doi voi khoang céch gita
vo detector va mit trén cua tinh thé germanium.

By (keV) | Céc gid trj cia thong sb Do thay déi twong dbi ciia higu sudt detector
E, (keV) 4.5 mm 5 mm 5.5 mm Mép trai Mép phai Trung binh
59,5 0.0039 0.0038 0.0038 0.0166 0.0148 0.0157

88 0.0179 0.0176 0.0173 0.0156 0.0142 0.0149
122 0.0306 0.0302 0.0298 0.0150 0.0136 0.0143
136 ? 0.0296 0.0292 0.0288 0.0149 0.0135 0.0142
2557 0.0181 0.0179 0.0176 0.0150 0.0136 0.0143
392 0.0112 0.0111 0.0109 0.0144 0.0131 0.0138
511 0.0087 0.0086 0.0084 0.0144 0.0131 0.0137
662 0.0066 0.0066 0.0065 0.0142 0.0130 0.0136
834 0.0051 0.0051 0.0050 0.0142 0.0128 0.0135
1173 0.0038 0.0038 0.0037 0.0141 0.0125 0.0133
1274 0.0035 0.0035 0.0035 0.0143 0.0129 0.0136
1332 0.0034 0.0033 0.0033 0.0142 0.0130 0.0136
Trung binh 0.0140

Bang 3. P thay d6i twong d6i cta hiéu suat detector khi cac théng s& detector nhén cdc gi tri
trong mién dung sai (di v6i 6 thong so dau) va trong dai dén khoang 5 lan théng s6 danh dinh
(461 v6i bé diy 16p boron va bé day 16p germanium bat hoat).

) Théng s6 Kich thuéc | Daikich thuée | D¢ thay doi
thir danh dinh (mm) twong doi
tu : (mm) cia hi¢u
sudt (%)
1 Bé day vo nhom ctia detector 1,50 1,42 - 1,58 0,40
2 Khoang cég:h gilta vo detector va mit trén 5,0 45-55 1,40
ctia tinh thé germanium
3 | B& day vo hop chira tinh thé germanium 1,8 1,7-1,9 0,02
4 | Puong kinh tinh thé germanium 54,0 53,5 - 54,5 0,06
5 Chiéu cao tinh thé germanium 32,0 31,5-32,5 1,92
6 | Do sau héc tinh thé germanium 17,0 16,5-17,5 0,75
7 | B& day 16p boron 0,3.10° (0,3-1,5).10" 0,002
8 | B& day 16p germanium bat hoat (16p 0,35 0,35-1,50 18,7
lithium)
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Tir bang 3 thiy rang khi cac thong s6 1-6 bién thién trong mlen dung sai cua ching thi hiéu
suit detector chi thay dbi tir 0,02% dén 1,92% so vdi cdc hiéu sudt & gia tri danh dinh. }5)01 Vol
bé day 16p boron, khi thay dbi gia tri dén 5 lan thi hiéu suét ciing chi thay dbi mot lugng rit bé
khoang 0,002%. D6 1a do ban thin 16p boron rit mong, hiéu mg tan xa va hap thu tia gamma
cling nhu hiéu mg thé tich ciia né bé cé thé bo qua. Con dbi véi 16p germanium bét hoat, hiéu
suét thay dbi kha 16n, khoang 18,7% so v6i hiéu sut & gia tri danh dinh khi bé day téng 1én
khoang 5 lan. Su thay d6i déng ké nay co6 thé giai thich xuat phét tir Iy do 14 ban than bé day cua
no kha 1én, do d6 hiéu ung tan xa, hdp thu va hiéu tmg thé tich déng vai trd quan trong. Nhu
vay su bién thién cua 7 thong s6 dau khong co anh huong dang ké dén hiéu sudt detector, trong
lac d6 su ting bé day 16p germanium bét hoat lam thay 601 d4ang ké hidu suit va vi vy trong cac
cong trinh [2, 4, 6, 12] chi tién hanh hiéu chinh ddi véi bé day 16p germaniium bét hoat ma bo
qua céc thong s6 khéc.

4. KET LUAN

Cong trinh ndy nghién ciru anh hudng cua 8 thong sé detector 1én hiéu suat cta no doi véi
detector GC1518 cua hang Canberra Industries, Inc. dit tai Trung tim Hat nhdn TP Ho6 Chi
Minh. Trong s 8 théng so dugc xem xét thi 6 thong sb khong thay dbi trong thoi gian hoat dong
clia detector con 2 thong' s6 tang theo thoi gian 1am viéc cua no. Két qua tinh todn theo chwong
trinh MCNP4C2 cho thay, sur bién thién cia 6 thong s6 dAu trong mién dung sai cia ching dan
dén su thay doi twong do1 clia hiéu suit detector khong vuot qué 2%. Anh huéng cua 16p boron
1én hidu suét detector rat bé, chi vao khoang 0,002% khi ting bé day ctiané 1én 5 lan. Bé day lop
germanium bét hoat c6 anh huorng thuc su 1én hiéu sudt detector, né 1am thay dbi gia tri hidu suét
dén khoang 18, 7% khi bé day ctia n6 tang tr 0,35 mm dén 1,50 mm. Nhu vy, 16p germanium
bét hoat la thong s6 thay d6i nhiéu nhét trong quad trinh lam viéc cha detector va cling chinh nd 1a
théng sb quan trong nhét khi hiéu chinh dé lam pha hop céc két qua tinh toan v6i thue nghiém.

Céng trinh nay duoc thuc hién trong khudn khé cdc Pé tai nghién ciru co ban trong khoa
hoc tw nhién cde ndm 2006-2008 ciia Bé Khoa hoc va Cong nghé (Ma s 409406).

INVESTIGATING THE IMPACT OF DETECTOR PARAMETERS ON THE
EFFICIENCY OF THE HPGE DETECTOR USING THE MCNP4C2 CODE

Ngo Quang Huy™, Do Quang Binh®, Vo Xuan An®
(1) HCMc University of Industry
*(2) Center for Nuclear Techniques HCMc

ABSTRACT: Recently, the modeling and simulation of HPGe detector based gamma
spectrometers by the Monte Carlo method gave a good agreement between calculation and
experimental results when the detector parameters were optimally adjusted. This report analyses
the impact of detector parameters on the efficiency of the Canberra GCI1518 detector at the
Center for Nuclear Techniques Ho Chi Minh City. Eight parameters are investigated based on
their nominal values and tolerances provided by the manufacturer. Calculations using the
MCNP4C2 code show that among the 8 considered parameters only the germanium inactive
layer has a significant impact on the efficiency. In consequence, the germanium inactive layer
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plays the most important role in adjustment of detector parameters in order to achieve u good
agreement between Monte Carlo calculation and experiment.
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