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XAY DUNG PUONG CONG HIEU SUAT DETECTOR HPGE
BANG PHUONG PHAP MO PHONG
SU DUNG CHUONG TRINH MCNP4C2
‘ Thai Khiic Pinh”, Nguy&n Thi Thay Hing'
1. Mé dau
Céc co s may moc, thiét bi trong cac phong thi nghiém luén duoc trang
bi day du va khong nging cai tién nham tao nhiéu diéu kién thuan loi hon cho
ngudi 1am khoa hoc. Tuy nhién, trong thyc té khdng phai ldc nao ching ta ciing
c¢6 du cac diéu kién can thiét dé thyc hién cac thi nghiém nhu mong mudn. Khi
d6 may tinh dong vai trd 1a mot cong cu thuc sy hitu ich. Sy xuat hién cia may
tinh khéng chi dung trong viéc nghién ctru, phan tich, do dac cac két qua thuc
nghiém, ma n6 con duoc sir dung nhu mot cong cu dé md phong thi nghiém,
cung cap cho chlng ta nhitng két qua ma cac thi nghiém thuan tay thudng gap
phai nhiéu khé khin va han ché trong qué trinh thyc hién. Phuong phap mo
phong noéi chung va phuong phap Monte Carlo ttng dung chuong trinh MCNP
la nhitng c6ng cu rat hitu dung, gidp ching ta c6 thé giai quyét nhiing van dé
héc bua nay sinh trong thi nghiém, do nhiing Ii do khéac nhau, ma ta khdng thé
thuc hién duoc trong thuc té.

Trong bai bado nay, ching t6i sir dung chuong trinh mé phong Monte
Carlo MCNP4C2, @& md phong hé phé ké gamma HPGe (High Pure
Germanium) GC1518 cua hang Canberra Industries, Inc. dat tai Trung tdm Hat
nhan Tp. HO Chi Minh; véi myc dich thiét lap, danh gia duong cong hiéu suat
theo ning luong ciia detector HPGe dé ing dung vao cong viéc phan tich va do
dac sau nay.

2. Thue nghiém do hiéu suit ciia Detector
2.1. Ciu tric hé pho ké gamma

Trong pham vi bdo c4o cua dé tai, ching tdi sir dung chwong trinh
MCNP4C2 d¢é md phong hé phé ké gamma dung detector ban dan siéu tinh
khiét GC1518 cuia hang Canberra Industries, Inc. dit tai Trung tdm Hat nhan
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TP. H6 Chi Minh. Céc thanh phan chinh caa hé pho ké bao géom: budng chi,
detector va nguén phéng xa.

Detector 1a mot dng hinh try ban kinh 3,81cm va c6 chiéu cao nam bén
trong budng chi 1a 8,4cm. Céc thong sb hinh hoc va vat liéu cua detector do nha
san xuét cung cap bao gom: thé tich nhay cua detector c6 dang hinh tru 1am
bang vat liéu germanium siéu tinh khiét (mtc do tap chat thuan vao khoang
10'°nguyén tia/cm®), duong kinh ngodi 54mm, chiéu cao 32mm. Bén trong thé
tich nhay, c6 mot hoc khoan hinh tru véi duong kinh 7mm va cao 17mm. Toan
bo thé tich nhay va céc chiu hre, duoc dat trong cdc bao vé bang nhém duong
kinh 76,2mm va c6 do day 1,5mm dé dam bao tranh duoc sy hap thy cac
photon c6 nang lugng thap. Khoang céch tir bé mit thé tich nhay dén bé mat
trong ctia coc bao vé 1a Smm dé tranh sy va cham vao bé mit thé tich nhay khi
lap rép detector.
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Hinh 2.1: Mdr cat doc ciia detector HPGe, kich thude dwoc tinh bcing mm.

Cac thdng sb ki thuat cua detector HPGe GC1518:

+ Hiéu suit ghi danh dinh: 15% so véi detector nhap nhay Nal cé kich
thude 3inch x 3inch, tai vach ning lwong 1332 keV cua dong vi *°Co.

+ D¢ phan giai nang luong: 1,8 keV tai vach nang luwong 1332 keV cua
dong vi *°Co.

+ Ti s6 dinh / Compton 12 45:1.

Budng chi ¢6 dang hinh try vanh khuyén duong kinh trong 30cm, duong
kinh ngoai 50cm twong g Vvéi chiéu cao trong, chiéu cao ngoai lan luot 14
30cm va 50cm. Budng chi duoc cau tao bai 17 tim chi, mdi tam day c¢& 3cm
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dat chong khit 1&n nhau va tya vao nhau khdng can khung sét chiu lyc. Cac mat
trén va dudi cia mdi tim duoc gia cong thanh 2 bac va hai tim lién nhau duoc
dat khit 1én nhau dé tranh céc buc xa phéng vao budng chi theo phuong nam
ngang. Mit trén cia day budng chi co 16t cac I6p dong va thiéc tir dudi 1én véi
cung bé day 0,8cm. Mat trong thanh budng chi duoc b tri gdm mat I6p thiée
day 0,8cm; mot lop parafin day 6,25cm (ntra dudi) va 4,75cm (ntra trén) va mot
l6p dong day 0,6¢cm ké tir bén ngoai vao.
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Hinh 2.2: Mat cat doc cia buang chi, kich thuée dioc tinh bang cm.

Céac dong vi phong xa cua hang North American Scientific dat tai Vién
nghién ciru Hat nhan Pa Lat bao gém: **’Cs, *°Co, **Mn, *Na va **Am dugc
st dung trong bai bao nay dé xay dung duong cong hiéu suat cua detector
HPGe GC1518. Tat ca cac ngudn phong xa nay dwgc goi 1a nhitng ngudn chuan
c6 dang giot cau, duong kinh 1mm, dwoc san xuat dudi dang mudi kim loai cac
chat phong xa, dat trong mot gia ¢ 1am bang nhya polyacrylic co duong kinh
25,4mm Vi chiéu cao tuong wng la 3mm. Cau tric cia cac ngudn dugc minh
hoa trong hinh 2.3.

| 254 mm |
] active
3 mm element acrylic

disc

Hinh 2.3: Cdu trdc cac nguon ¥ Cs, *°Co, **Mn, #Na va **Am
cua héng North American Scientific, Inc.
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2.2. Hi¢u suat ciia Detector trong thwe nghiém
2.2.1. Cong thikc tinh
Hiéu suat theo thuc nghiém cua detector, duoc xac dinh chu yéu dwa vao
c4c thong sé ban dau ciia ngudn phong xa va phan dién tich duéi dinh thu dugc
va duoc tinh bang cong thuc:
S

_timz

tyUAU (e 2

e(E)

Trong do:

&(E): hiéu suat detector tinh tai vach nang luong E,

S: dién tich dinh nang lugng khao sat,

y: hiéu suat phat gamma véi nang luong E,

t: thoi gian do,

Ag: hoat @6 nguon ldc san xut,

Us: hé s6 chuyén doi tir don vi do hoat d6 phdong xa khéac sang don vi Bq,

t,: thoi gian tir l0c xuat xuéng dén luc do,

Tu: chu ky béan ré cia nguon phong xa.

Do d6 ddi véi ngudn chuan va diéu kién do xac dinh thi hiéu suat detector
€(E) chi phu thugc va ti I¢ vai dién tich quang dinh S, khi d6:

&(E) =kS

Trong d6, k 1a hé sb ti 1& phu thudc vao cac thdng sé ki thuat cia nguon
chuan va diéu kién do.

2.2.2. Chuan bi thue nghié¢m

Qua trinh thyc nghiém do pho trén hé pho ké gamma véi detector HPGe
GC 1518 tai Trung tdm Hat nhan. Céac ngudn phéng xa **Am, **¥Cs, *Co ,
*Mn, va #Na, duoc xem nhu nhirng nguén diém, dat trén duong tryc cua
detector tai 3 vj tri khac nhau, cach bé mit detector & cac khoang cach lan luot
la 5cm, 10cm va 15cm. Ngudn duoc dat trén mot gia d& hinh try khong day tua
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Ién bé mat detector Hinh 2.4 md ta céch thirc thuc nghiém do pho gamma ddi
v6i mdi nguon phéng xa ting voi cac khoang cach nguon — detector khac nhau,
dat trong budng chi lan luot 1a 5¢cm, 10cm va 15 cm.

polyacrylic

nguén

cotton

Hinh 2.4: Nguon phong xa dat cach bé mat detector Scm.
2.1.3. Xay dung dwong cong hi¢u suat thue nghiém

Két qua hiéu suat thyc nghiém, d6i véi cac khoang cach khac nhau tir
nguon dén detector duoc trinh bay trong Bang 2.1 va Hinh 2.5 twong ting, trong
do, tai vach niang luong 59 keV quan tdm cua dong vi **Am, hiéu suit thuc
nghiém khong dugc detector ghi nhan.

Bang 2.1: Dir ligu thuc nghiém vé higu suat ghi &ng véi cac khoang cach
khac nhau déi véi cac ngudn **Am, **'Cs, ®Co , **Mn, va #Na.

Nguén | Ning lweng (keV) | D =5cm | D =10cm | D = 15cm
“Am 59 - - -
*’Na 511 0,00760 | 0,00264 | 0,00132
B7cs 662 0,00580 | 0,00203 | 0,00101
>*Mn 834 0,00414 | 0,00147 | 0,00074
®Co 1173 0,00325 | 0,00117 | 0,00058
“’Na 1274 0,00298 | 0,00106 | 0,00054
®Co 1332 0,00287 | 0,00102 | 0,00051
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Khoang cach ngudn - detector 5¢cm, 10cm va 15¢cm

0.035
¢ MCNP 5cm
0.03 s = MCNP 10cm
0.025 A MCNP 15cm 4
& —— Thuc nghiém 5cm
7 002 1 y —=— Thyc nghiém 10cm [
=
.‘é)' 0.015 Thuc nghiém 15cm |
0.01 - S
0.005 | gmax— " —— \M
A A — .
A P
0 7—l T T T T T T
0 200 400 600 800 1000 1200 1400

Néng luong (keV)

Hinh 2.5: Puwong cong hiéu sudt thuc nghiém ¢ cac khoang cach 5cm, 10cm
va 15cm.

Tir két qua trén, ta nhan thay duong cong hiéu suat thuc nghiém theo nang
luong ciia detector dd bi thay doi, khi tién hanh dich chuyén vi tri cia nguon
g vai cac khoang cach so vai detector lan Iuwot 5cm, 10cm va 15cm. Cu thé,
ng véi mdi vach nang lugng nhat dinh thi hiéu suat ghi nhan cang 16n, khi
khoang céch nay cang gan, nghia la duong cong hiéu suét detector phy thugc
vao viéc thay doi khoang cach nguon — detector. Nhung khong thé xay dung
duong cong hiéu suat detector theo nang lwong mot cach hoan chinh trong thuc
nghiém, vi thyc té s6 nguon chuan @ng véi ving niang lugng thap con bi gidi
han.

3. Tinh todn hiéu suit trong mdé phéng phé gamma bing chwong trinh
MCNP4C2
3.1. Md phéng hé pho ké gamma

Pé xay dung duong cong hiéu suat detector theo niang lwong mot céch
chinh x4c va day du, dac biét d6i vai nhitng ngudn phat tia gamma trong viing
nang luong thap, viéc sir dung chuong trinh md phong Monte Carlo MCNP4C2

dugc xem la mot trong nhiig phwong phép hitu ich trong qua trinh di dén thiét
lap duong cong hiéu suat tinh toan hoan chinh bang cach bo sung mot sb ngudn
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phat Xa gamma c6 ning luong E thap hon mot s6 nguon trong thuc nghiém, cu
thé E < 500 keV. Trong chwong trinh md phong Monte Carlo MCNP4C2, hé
phd ké gamma sir dung detector germanium siéu tinh khiét duoc mé hinh héa
théng qua viéc md ta input. Cau tric hinh hoc ciing nhur thanh phan vat ligu cua
detector va budng chi trong mé phong bang chuong trinh MCNP4C2 duoc trinh
bay trong Hinh 3.1 va 3.2 twong tng.

Hinh 3.1: C4u hinh ciia detector HPGe. Hinh 3.2: Cau hinh buéng chi

Cac nguén dugc chon md phong bang MCNP4C2 dugc trinh bay trong
Bang 3.1.

Bang 3.1: Cac ngudn phdng xa dwgc chon mod phéng trong MCNP4C?2

Nguén Ning lwong (keV) | X&c suat phat photon
*1am 59 35,9
%¢cd 88 3,61
>Co 122 85,6
'Co 136 10,68
13gn 255 1,82
135n 392 64,02
“Na 511 179,79
B37Cs 662 85,21
>*Mn 834 99,98
®Co 1173 99,86
*2Na 1274 99,94
®Co 1332 99,98
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3.2. Xay dwng dwong cong hi¢u suit bang chwong trinh MCNP4C2

Viéc xay dung duong cong hiéu suat tinh todn bang chuong trinh md
phong Mone Carlo MCNP4C2, duoc tién hanh lan lugt tai 12 vach nang lwong
gom 59 keV (***Am), 88 keV (*®°Cd), 122 keV (*'Co), 136 keV (°’Co), 255 keV
(**sn), 392 keV (**Sn), 511 keV (*Na), 662 keV (**'Cs), 834 keV (**Mn),
1173 keV (*°Co), 1274 keV (**Na) va 1332 keV (*°Co); ddi voi 3 vi tri dat
nguon cach detector lan lwot 5cm, 10cm va 15cm; ¢6 nghia 1a can phai mo ta
input cia chuong trinh cho 36 trudong hop khac nhau. Két qua chay chuong
trinh md phong phai dam bao s6 dém dong gop trong mdi quang dinh Ién hon
10000, nghia 1a sai s6 phép do hiéu suat tinh toan khdng Ién hon 1% cho tat ca
cac truong hop.

Két qua hiéu suat tinh toan theo ning luong cua detector bang chuong
trinh MCNP4C2 d6i véi sy thay d6i vi tri nguon duoc trinh bay trong Bang 3.2
va Hinh 3.3 twong ting.

Bang 3.2: Hiéu suat md phéng dbi véi cac ngudn ning lweng.

Nguén | Ning lwong (keV) | D =5cm D =10cm D =15cm
“Am 59 0,00383 0,00082 0,00054
1%9¢d 88 0,00176 0,00485 0,00265
'Co 122 0,03022 0,00923 0,00491
°"Co 136 0,02917 0,00904 0,00476
B3gn 255 0,01784 0,00571 0,00306
3gn 392 0,01103 0,00362 0,00193
“’Na 511 0,00857 0,00283 0,00151
BCs 662 0,00650 0,00215 0,00114
>Mn 834 0,00510 0,00168 0,00090
®Co 1173 0,00372 0,00123 0,00066
“’Na 1274 0,00347 0,00115 0,00061
®Co 1332 0,00330 0,00109 0,00058
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Khoang cach ngudn - detector 5 cm, 10 cm va 15 cm
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Hinh 3.3: Purong cong hiéu sudt tinh toan bang chirong trinh MCNPAC2
o cac khoang cach 5¢cm, 10cm va 15¢cm.

Bang 3.2 va Hinh 3.3 cho thay dang duong cong hiéu suat detector theo
nang luong thay d6i kha rd khi khoang céch tir nguon dén detector thay doi.
Trong d6, ung véi mdi mirc nang luong cu thé, hiéu suat ghi cang lon khi
khoang cach tir ngudn dén detector cang gan, chang han, xét tai vach ning
luong 136 keV, & khoang cach 15cm hiéu suat detector c6 gié tri 0,00476; trong
khi d6 tai cac khoang cach 10cm va 5cm thi két qua hiéu suat tinh toan nay lan
luot 12 0,00904 va 0,02917.

Ngoai ra, voi duong cong hiéu suat duoc xay dung tir két qua tinh toan
trong MCNP4C2 c¢6 thé nhan thay gia tri hiéu suat detector luén dat cyuc dai tai
vach 122 keV véi khoang cach nguon — detector thay doi, nghia 1a ddi véi viing
nang lugng thap hon 122 keV thi hiéu suat detector co xu hudng ting dan theo
nang luong, nguoc lai hiéu suat s& giam dan trong ving nang lwong I6n hon
122 keV dbi véi cac nguon phong xa:

+ Tai c&c vach ung véi ving nang luong thap cia birc xa gamma (E < 122
keV): trude khi cac photon phét ra tir nguon, dén twong tac trong ving thé tich

123



Tap chi KHOA HOC PHSP TP. HCM S6 18 ndm 2009

nhay cua detector, ching phai trai qua qua trinh trao d6i va mat mat nang luong
Vi cac vat lieu bén ngoai detector, chang han nhu 16p nhém bao vé, khong khi,
bé day l6p chét..., vi cac photon ndy mang ning lugng thap, do do phan Ién
nang luong cua chung da bi cac vat li¢u trén gitr lai va nang lugng hao phi nay
khong duoc detector ghi nhan, day 1a 1y do tai sao hiéu suat detector trong
truong hop nay thudng nho va tang dan khi nang luong cia photon ting.

+ Tai cac vach tng véi ving nang lugng cao cua btiic xa gamma (E > 122
keV): trong truong hop nay, cac photon phaét ra tir nguén mang nang luong Ién,
trong khi thé tich nhay cuia detector ¢6 gia tri gi¢i han, vi thé photon nao mang
nang lwong cang 16n thi cang c6 nhiéu kha ning thoat ra khoi ving lam viéc
cua detector hon, két qua hiéu suat ghi giam.

4. Két qua va thao luin

S liéu hiéu suat thuc nghiém va két qua tinh toan hiéu suét bang chuong
trinh md phong Monte Carlo MCNP4C2 dbi véi detector HPGe duoc trinh bay
trong Hinh 4.1 di véi trudng hop khoang cach ngudn — detector 5cm, hinh 4.2
d6i véi truong hop 10cm va ddi véi truong hop 15cm 1a Hinh 4.3 twong ung.

Khoang cach ngudn - detector 5 cm
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Hinh 4.1: So sanh dwong cong hiéu sudt theo néing lwong ¢ khoang céch
5cm trong thuc nghiém va mé phong MCNP
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Khoang cach ngudn - detector 10 cm
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Hinh 4.2: So sdnh dwong cong hiéu sudt theo ning hrong ¢ khoang cach
10cm trong thuc nghiém va mé phong MCNP

Khoang cach ngudn - detector 15 cm
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Hinh 4.3: So sdnh dwong cong hiéu sudt theo ning hrong ¢ khoang cach
15cm trong thuc nghiém va mé phong MCNP
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Viéc md phong duong cong hiéu suét detector theo nang luong cia ngudn
diém bang chwong trinh mé phong MCNP4C2 twong d6i phii hop véi két qua
thuc nghiém, dya trén viéc so sanh dudng cong hiéu suat tinh toan véi duong
cong hiéu suat trong thuc nghiém bang cac Hinh 4.1, 4.2 va 4.3 tuong ng tai
cac khoang céch giita nguon va detector lan luot 1a Scm, 10cm va 15cm. Pong
thoi trong quéa trinh mo phong, viéc xay dung duong cong hiéu suét detector da
hoan chinh hon véi sy déng goép cta cac ngudén phat gamma co nang luong
thap.

Puong cong hiéu suat theo nang lugng trong md phong MCNP4C2 ludn
nam vé phia trén so voi thuc nghiém, cu thé khi so sanh két qua do dac thyc
nghiém véi viéc tinh toan hiéu suat trong md phong MCNPA4C?2, ta thay rang
két qua tinh toan trong md phong dya trén bo sb liéu duoc cung cap boi hang
Canberra Industries, Inc. ludn 16n hon, véi mic sai biét trung binh 1a 15,67%
tai vi tri 5cm; 7,95% tai vi tri 10cm va tai vi tri 15cm 1a 14,9%; nghia 1a két qua
hiéu suat duoc md phong dua trén cac sb liéu ciia nha san xuat luén cao hon so
véi thuc nghiém.

Su phu hop véi két qua thuc nghiém cho thay dudng cong hiéu suat mo
phong, ma ching toi xay dung dua trén MCNP4C2 1a du tin cay dé nghién ctu
bang mo phong nhiing van d¢ lién quan dén hé phd ké nay.

Nhu vdy phuong phap mé phong duong cong hiéu suat véi chuong trinh
MCNP4C2, c6 thé hd trg cho nguoi lam thyc nghiém xay dung duong cong
hiéu suat theo nang lugng dii chinh xac cho hé do khi ta khong c6 nhiéu ngudn
chuan.
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Tom tit

Bai b4o dé cap dén viéc sir dung chwong trinh md phong Monte Carlo
MCNP4C2 d¢é md phong hé phd ké gamma HPGe (High Pure Germanium)
GC1518 cua hang Canberra Industries, Inc. dat tai Trung tdm Hat nhan Tp. Hb
Chi Minh voi muyc dich thiét lap, danh gia duong cong hiéu suit theo ning
luong cua detector HPGe dé wng dung vao cong viéc phan tich va do dac sau
nay. Ching t6i da xay dung duong cong hiéu suat tinh toan bang chuong trinh
md phong Mone Carlo MCNP4C2 duoc tién hanh lan luot tai 12 vach ning
lwong gdm 59 keV (Am?*'), 88 keV (Cd'®), 122 keV (Co®'), 136 keV (Co®"),
255 keV (Sn'), 392 keV (Sn'*?), 511 keV (Na®), 662 keV (Cs'*), 834 keV
(Mn®*), 1173 keV (Co®), 1274 keV (Na*®) va 1332 keV (Co®); ddi véi 3 vj tri
dat ngudn cach detector lan lugt Scm, 10cm va 15cm. Puong cong hiéu suat
mo phong sau d6 duoc so sanh véi duong cong thuc nghiém dugc xay dung tai
cac vach 59 keV (Am*), 511 keV (Na?), 662 keV (Cs'®"), 834 keV (Mn*%),
1173 keV (Co®), 1274 keV (Na*) va 1332 keV (Co®). Két qua cho thiy co su
phu hop kha tét gitta duong cong hiéu suat xay dung tir chuong trinh mé phong
va tur thyc nghiém.
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Abstract

Building the efficiency curve of HPGe detector by simulation method
using MCNP4C2 program

The article is about Monte Carlo MCNP4C2 program is used to simulate
gamma-ray spectrometry GC1518 with HPGe (High Pure Germanium) detector
of Canberra Industries, Inc. at Centre for Nuclear Techniques in HCM city. The
aim of this research is establishing and assessing the energy-dependent
efficiency curve of HPGe detector in order to serve analyses and measurements
later. With Monte Carlo MCNP4C2, the simulated efficiency curve was one
after the other conducted at 12 peaks of energy including 59 keV (Am?*!), 88
keV (Cd'®), 122 keV (Co>"), 136 keV (Co>"), 255 keV (**Sn), 392 keV (Sn'™),
511 keV (Na*?), 662 keV (Cs'®"), 834 keV (Mn**), 1173 keV (Co®), 1274 keV
(Na”®) and 1332 keV (Co®) for the three locations of source that were placed at
5cm, 10cm and 15cm far from detector. After that, these simulated efficiency
curves were compared with the experimental efficiency curve at peaks 59 keV
(Am?*), 511 keV (Na?), 662 keV (Cs'®"), 834 keV (Mn**), 1173 keV (Co®),
1274 keV (Na?) and 1332 keV (Co®). The findings show that there is a pretty
good agreement between the efficiency curves built by simulated program and
the ones from experimenting.

128



