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TOM TAT: Cong trinh nay trinh bay cdc két qud thu dugc tix cdc nghién citu mé
hinh hod h¢ phé ké gamma ding detector bdn dén siéu tinh khiét GC1518 ciia hdng
Canberra Industries Inc. bdng tinh todn mé phdng Monte Carlo sit dung chuong trinh
MCNP. B§ 56 liéu ddu vao vé kich thudc hinh hoc va cdu triic vdt ligu ciia cdc thanh phdn
"h¢ phé k& dugc xdy dung trén co sd thuc t& va théng tin ciia nha sdn xudt. Két qud tinh todn
phé gamma duigc so sdnh véi s6 ligu thuc nghiém ddi vdi cdc ngudn phong xa chudn 'Cs
va “Co. Sy phix hop giita tinh todn va thuc nghiém da nhan duoc d6i véi hai vi tri dat
nguén phdng xa trong budng chi cia h¢ phé ké. Piéu nay cho thdy by sé liéu ddu vao cho
chuong trinh MCNP4C la chinh xdc va di d§ tin cdy dé sit dung trong cdc tinh todn
sau nay. '

1. Mé dau

Phuong phdp Monte Carlo da dugc 4p dung rdng rdi trong viéc md phdng cdc ciu
hinh phifc tap nhdm gidi cdc bai todn tudng tdc trong vit 1y hat nhan [1,2,3,4]. Viéc tinh
todn & diy dya trén xdc sudt x4y ra cdc qud trinh tuong tdc clia cdc hat va bifc xa véi vat
chi't. Phuadng phap mo phéng Monte Carlo dugc ing dung d€ tinh cdc phd gamma clia cic
phd k& ding detector nhdp nhdy va detector ban din [5,6,7,8]. Riéng véi phd k& gamma
ding detector bdn dan, mdt s8 chuong trinh mdy tinh theo phuong phip Monte Carlo duge
sit dung phd bién 1a MCNP [9,10, CYLTRAN [11], DTEFF [12], GEANT [13],
GESPECOR [14], . . . Vdn dé quan trong khi ting dung chuong trinh Monte Carlo 13 b6 s6
ligu ddu vao vé& kich thudc hinh hoc ciing nhu cau tric vat liéu phai duge mo t cang ding
nhu thye € cang t6t. Sy diing din ndy dugc ki€m tra biing cdch so sdnh cdc phd gamma
tinh todn va phd gamma thuc nghiém clia m6t s& ngudn phéng xa chuén. Céng trinh nay si
dung chuong trinh MCNP phién bin MCNP4C dé md phdng hé phd k& gamma dung
detector ban din siéu tinh khi€t HPGe GC1518 clia hing Canberra Industries, Inc., dit tai
Trung tim Hat nhan TP H6 Chi Minh. Cdc thanh phin chinh clia hé phd k& 1a budng chi,
detector GC1518 va ngudn phéng xa. B s6 liéu vé budng chi dugc xdc dinh trén thuc t&
bing cdch do dac con bd s8 liéu cia detector dua trén dif liéu ciia nhi sdn xuat cung cip.
Viéc ki€m chiing bo s6 liéu nay dugc thuc hién bing cdch so sdnh cic phd gamma tinh
todn va thyc nghiém d6i v6i hai nguén chudn *'Cs va “Co dit tai hai vi tri khdc nhau trong
budng chi. '

2. Chudng trinh MCNP4C

Chuong trinh MCNP (Monte Carlo N-Particle) dudc xay dung tir nhitng ndm 1970 va
phién bin MCNP4C ra dgi nim 2000 [9,10]. Chuong trinh MCNP 1a chuong trinh da muc
dich, @ng dung phudng phip Monte Carlo € mé phéng qu4 trinh vin chuyén ciia cdc hat
neutron, photon va electron riéng biét hodc k&t hgp  neutron/photon,
neutron/photon/electron, photon/electron va electron/photon trong méi trudng vat chat.
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va electron 1a 10? MeV — 10° MeV. Thu vién s& liéu hat nhan va tiét dién tuong tic phu
thudc lién tuc vdo niing lugng clia biic xa neutron, photon va electron véi vat-chat cho
chuong trinh dugc chudn bi tif cdc dit liéu ENDF, ENDL va ACLT [9].

Khi st dung chuong trinh MCNP d€ md phéng phé k&€ gamma ta chi quan tim dén
qué trinh tuong tdc cla gamma v@i vat chat, tic 1a duing Mode P. Khi dé chuong trinh
MCNP sé tinh hiéu tng quang dién, tdn xa Compton, hiéu (ng tao cip electron-positron va
cdc qud trinh thit cap. Khi bifc xa gamma ban diu rdi vao ving nhay ciia detector bdn dan
thi ndng lugng cla tat cd cédc hat so cip hay thit cip sinh ra tit bifc xa gamma d6 sé dudc
giit lai va cdc s6 liéu nay dudc 1dy ra trén thé truy xuit két qua phin bd theo ning lugng
tally F8. Ning lugng tong cdng nay ti 1& véi bién do tin hiéu ra ctia detector.

3. CAu triic ciia budng chi va detector GC1518

Hé phd k&€ gamma ciia Trung tim Hat nhin TP H6 Chi Minh gém detector ban din
siéu tinh khiét germanium (HPGe) GC1518, tién khuéch dai, khuéch dai phd, khdi phan
tich bién do da kénh, ngudn nubi thé thdp mot chiéu va ngudn nudi cao thé€ cho detector.
Detector GC1518 dugc dit trong budng chi dé gidm phong gamma ti¥ mdi trudng. Ciu tric
clia budng chi dugc trinh bay trén hinh 1.
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Hinh 1. Mit cit doc ctia budng chi, kich thuéc dudc tinh biang cm.

Trén hinh 1 detector GC1518 12 mét 6ng hinh tru bdn kinh 3,81 cm véi chiéu cao
nidm bén trong budng chi 12 8,40 cm. Budng chi c6 dang hinh tru vanh khuyén véi bén kinh
ngoai 25 cm, cao 50 cm, bdn kinh trong 15 ¢cm, cao 30 cra. BE day chi § céc mit trén, mat
dudi va mat xung quanh hinh tru biing 10 cm. & mit du6i ciia ndp budng chi c6 mot 16p
thi€c day 0,3 cm va mot 16p dong day 0,1 cm. Mit trén clia ddy budng chi c6 16t mdt 16p
ddéng day 0,8 cm. Mit trong ctia thanh budng chi ¢6 mét 16p thiéc diay 0,8 cm, mot 16p
paraffin day 6,25 cm nita dudi va 4,75 cm nita trén, va mot 16p déng day 0,6 cm k€ tif bén
ngoai vao.

S d6 cdu triic clia detector GC1518 dugc trinh bay trén hinh 2. Pdy Ia detector
germanium siéu tinh khi€t cé dang hinh tru déng truc. Detector c6 céc théng s6 danh dinh
nhu sau: hiéu suft tuong ddi 15% so véi detector nhap nhdy Nal(Tl) kich thuéc 3 inch x 3
inch, d0 phén giai ning luong 1,8 keV tai vach ning lugng 1332 keV ctia déng vi “Co va i
s6 dinh/Compton bing 45:1 tai dinh 1332 keV ctia ddng vi °Co. Cdc thong s6 hinh hoc va
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vat liéu cla detector do nhd sdn xudt cung cip. Phin chinh ciia detector 13 tinh thé
germanium c¢6 dudng kinh ngoai 54 mm, chiéu cao 32 mm, & gilta ¢6 mdt héc hinh try
dudng kinh 7 mm va chi€u cao 17 mm. Tin hiéu 14y ra tit mot cdi 16i dat & hoc trong tinh
thé germanium. Mit trén va mit bén tinh thé c6 moét 16p lithium khu&ch tdn ngoai cing vdi
bé day tuong duong 0,35 mm Ge, dugc goi 1a 19p chét lithium. D6 1a 16p n* 1am dién cuc
duong ndi véi ngudn dién duong. Mit trong hdc ciia tinh thé ¢6 mot 16p boron dugc cdy ion
vdi bé day tuong duong 3.10” mm Ge, goi 1a 16p chét boron. Pay la 16p p* 1am dién cuc
am ndi vdi ngudn dién am. P day ciia cdc 19p chét lithium va boron dude do khi kiém tra
xudt xudng detector vao ndm 1996. Cdc do day nay c6 thé thay ddi theo thdi gian va ting
1én ddng k€ néu detector d€ & nhiét do cao mot thdi gian dai. Trén mit tinh thé c6 phi hai
16p vat liéu, bao gdm 16p trén lam bing kapton v6i bé day 0,1 mm va 16p dudi lam bing
mylar dugc kim loai héa véi bé day 8,5.10° mm.
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Hinh 2. Mt cdt doc clia detector HPGe GC1518, kich thudc dudc tinh bing mm.

Tinh thé germanium dugc dit trong mot hop kin bing nhdm véi céc kich thudc nhu
trén hinh 2, trong d6 cdc dién cuc cich dién véi nhau béng teflon va c6 mot khodng chin
khong & duGi tinh thé. Toan bd hop kin nay dugc dat vao trong vé bang nhém cé duding
kinh 76,2 mm va day 1,5 mm. Khodng céch giita mit irén tinh thé germanium v4éi mit trén
ctia vé nhom 1a 5 mm.

4. Tinh toan va thyc nghiém

Trong céc tinh todn dugc trinh bay duéi day, chiing t6i sk dung chuong trinh MCNP
phién bdn MCNP4C d€ tinh ph§ gamma ciia hai ngudn phéng xa chudn *'Cs va “Co dat
trong budng chi. Ngudn '*'Cs phat bitc Xa gamma vdi ndng lugng 662 keV nén khi gamma
tudng tdc vdi vat chdt c6 hai hiéu ng x3y ra 1a hi€u ting quang dién va tdn xa Compton.
Céc tia gamma cita ngudn “Co ¢6 hai mite nang lugng 12 1173 keV va 1332 keV nén ngoai
hi€u \ing quang dién va tdn xa Compton cdn x4y ra qué trinh tao cip electron-positron. Céc
k&t qui tinh todn dudc so sdnh véi cic s& liéu thyc nghiém vé vi tri va dd rdng cdc quang
dinh va vé dang toan phd gamma.

4.1. C4u tric cda cdc ngudn phéng xa 'Cs va ®Co

Ngudn '¥Cs c6 dang dia tron v6i dudng kinh 2 mm dat trong mot Gng thép khong gi
dai 62 mm, c6 collimator dai 10 mm, dudng kinh collimator 2 mm (hinh 3). N gudn CCo c6
dang dia tron véi dudng kinh 5 mm dude ché& tao b%“mg cach cho bay hai mu;‘)'i kim loai
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cobalt va dong lai trén mét gid d3 1am bing nhya epoxy, dugc trinh bay trong hinh 4. Hai
ngudn nay dugc chon vi chiing ¢6 c&u tric khic nhau. Ngudn ®Co 12 mdt ngudn don gian,
bifc xa gamma tir ngudn khong bi tdn xa ddng k€ trong vat liéu ngudn. Trong lic d6, ngudn
¥1Cs nim trong 15i thép khong gi nén hiéu @ng tin xa cla gamma trong vit liéu ngudn 1a
ding k€. Pic diém nay cda ngudn ’'Cs dugc sit dung d& khdo sat hiéu tng tdn xa
gamma.
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Hinh 3. Mit cit ditng cda Hinh 4. Mit cit ngang cia
ngudn chudn ' Cs. ngudn chuin *Co.

4.2. Vi tri va 49 rong cdc quang dinh

Ngudn phéng xa '*'Cs ¢6 vach ning lugng 662 keV véi hiéu suit phat 0,8520 con
ngudn phéng xa ®Co c6 hai vach ning lugng 1173 keV va 1332 keV véi hiéu suit phat
0,9986 va 0,9998 tuong wng. Trén phd gamma thitc nghiém céc vach niing lugng nay gidn
rong thanh cdc dinh c6 dang Gauss, dudc goi 1a cdc quang dinh. D6 rdng cdc quang dinh
dugc xdc dinh bdi ba hiu ng 1a su gidn rdng thdng ké s& lugng cdc hat mang dién, hiéu
sudt tdp hgp dién tich va déng gop ciia cdc nhidu dién t¥ [15]. Trong chuong trinh
MCNP4C khéng m6 phéng cdc hi€u ¥ng nay ma sit dung m6t thudt todn 1am phd hgp vé
d6 rong dinh gitta tinh todn Monte Carlo véi thyc nghiém. Pé 1a thi tuc 14y miu ngiu
nhién theo dang ham Gauss:

1

P(E) sbox (1)
trong d6 E 1a ning lugng gamma, E; 12 nang lugng gamma tai dinh cia phd, o 1a d6 1éch
chudn. Khi xem xét dinh gamma, thay cho d6 1éch chuén ¢ ngudi ta thudng ding d6 rong 3
nita chiéu cao FWHM = 2+4/21In2 o. Gi4 tri cla d6 r6ng & nita chiéu cao FWHM la gi4 tri
ban thyc nghiém, dugc xédc dinh theo cdng thifc sau diy [9]:

FWHM = a+ b+y/E+cE? (2)

Trong d6 a, b, ¢ 1a cdc hiing s dugc xdc dinh biing phuong phdp khép binh phudng
t6i thi€u ham s3 (2) v6i s8 liéu thyc nghiém d6i véi mot s6 dinh ning lugng ciia cdc ngudn
phéng xa chudn. T phd gamma thyc nghiém cla ngudn phéng xa **Ra da x4c dinh dugc
syt phu thudc cia FWHM vio E nhy trinh bay trén hinh 5. Phuong phdp lam khdp binh
phuong t8i thi€u cho cdc gi4 tri a, b, ¢ nhu sau:

a =0,00071 + 0,00003; b = 0,00075 £ 0,00005; ¢ = 0,46493 + 0,09143 3)

e—(E—E‘,)’ /2a*
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Tinh todn theo ham (2).

Trén hinh 6 trinh bay cdc quang dinh tinh todn theo chudng trinh MCNP4C va thuc
nghiém cda ngudn B¥cs (662 keV) va ngudn e (1173 keV va 1332 keV). Cdc ngudn
phong xa dugc dit trén tryc qua tdm detector & dd cao 10 cm d€n mit trén detector. Tinh
todn Monte Carlo dugc thiuc hién véi cdc théng s6 clia hé do néu trong cdc hinh 1, 2, 3, 4
va cdc cdng thifc (1), (2), (3). Tir hinh 6 thiy ring vi trf va d6 rong cdc quang dinh tinh todn

va thuc nghi€ém kha tring nhau.

7000 12000
662Mc - )
oY MCNP 1173MeV i
6000 + ‘I nghiém
10000 + Thyc nghi¢m
1.332MeVy
5000 !
8000 -
4
ol E
] ¥ 6000 4
B 3000 4 S
41000 p
2000 |
4
1000 2000 4 )
d o
0 — T T t 8 0 7
0.657 0659 0.001 0.003 0.663 0.667 LIs0 1.200 1250 1,300
Nang ludng (McV) Nang igng (MeV)
a b

Hinh 6. So sdnh k&t qua tinh todn theo chuong trinh MCNP4C (dudng lién) va thuc
nghi¢m (ddu +) vé vi tri va do rong céc quang dinh ciia ngudn *’Cs (hinh a) va “Co

(hinh b).

4.3. C4c phd gamma

1.350

D€ so sdnh k&t qud tinh todn véi thyc nghiém vé phd gamma, trong ¢6ng trinh nay
cdc ngudn phéng xa ducc dit & dd cao 5 cm va 10 cm so v6i mit detector va trén truc

thing didng qua tim detector. Rleng vai nguon

¥Cs, do c6 cdu tric v8 thép khong gi nén

dat né theo hai tu th& huéng ngudn xudng dudi va huéng ngudn 1én trén nhim tinh dén

hiéu Wng tdn xa gamma trong thép khong gi.
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Hinh 7 trinh bay cdc phd gamma thuc nghiém d6i véi ngudn *’Cs dit theo hai tu thé
nguon hudng xudng dudi va ngudn hudng 1én trén, trong dé hai phd gamma dugc chudn
theo d6 cao quang dinh 662 keV. Tit hinh 7 thdy ring hai phé tring nhau & mién ning
lugng tir 300 keV trd 1én va khdc nhau & mién ning iugng dudi 300 keV. Trong mién ning
lugng nay phd gamma iing v6i t th€ ngudn hudng 1én trén c6 gid tri cao hon phd tng véi
tr the ngudn hudng xudng dudi. P 12 do khi ngudn hudng 1én trén cdc photon tin xa tiY
nguén qua vé thép khong gi dé di dén detector nhidu hon trudng hdp ngudn hudng xudng
dudi. Ngoai ra khi ngudn hiténg 1én trén, s8 tia gamma tdn xa ngugc tir ndp budng chi dén
detector ciing ting 1én.
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Sk 2 ¥ 800 A
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Hinh 8 trinh bay cdc phd gamma thyc nghiém va tinh todn clia nguén "*’Cs dat cdch
detector 10 cm d6i v6i hai tr th€ ngudn hudng xudng dudi (hinh 8a) va ngudn hudng 1én
trén (hinh 8b). Trén mdi hinh, c4c phd duge chudn theo dd cao cdc quang dinh 662 keV. Tu
hinh 8 thdy riing cdc phd tinh todn va thyc nghiém gin tring nhau, trong mién ning lugng
dudi quang dinh 662 keV xudt hién mép Compton véi ning lugng khodng 480 keV va dinh
tdn xa ngudc vdi ndng lugng khodng 200 keV.
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Hinh 8. Cdc phS gamma thyc nghiém va tinh todn cda ngudn '¥'Cs dat cich
detector 10 cm. Hinh a: Ngudn hudng xudng dudi; hinh b: Ngudn huéng 1én trén .

Hinh 9 trinh bay cdc phd gamma thuc nghiém va tinh todn cda ngudn “Co dat cich
detector 5 cm (hinh 9a) va 10 cm (hinh 9b). Cic phé duge chuin theo dd cao cdc quang
dinh 1332 keV. Tif hinh 9 ciing théy riing, cdc phd gamma tinh todn gin tring véi thuc
nhi¢m. Trén cdc phS gamma nay, trong mién ning Iudng dudi quang dinh 1173 keV xuit
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hién hai mép Compton vdi ning lugng khodng 960 keV va 11 10 keV, va dinh tdn xa ngudc
véi ning lugng khodng 220 keV.
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Hinh 9. Cdc phd gamma thyc nghiém va tinh todn ctia ngudn %0Co dit céch
detector 5 cra (hinh a) va 10 cm (hinh b) theo truc qua tim detector.
5. Két luan

Trong cong trinh nay chuong trinh MCNP4C da dugc st dung d€ md phéng hé phd
k& gamma ding detector HPGe GC1518 tai Trung tdim Hat nhdn TP H5 Chi Minh. Tir cdc
nghién citu nay di xiy dung dudc bd s6 li€u diu vao vé kich thu6c hinh hoc va cdu triic
vit liéu cda budng chi va detector ciing nhu cdu tric cdc ngudn phéng xa hudng t6i mo
hinh hod chinh x4c hé phd k€. So sdnh cdc phd gamma tinh todn va thyc nghiém ciia cdc
ngudn khdc nhau, duge do tai cdc vi tri khdc nhau, & cdc tu thé khdc nhau c6 thé nhén thiy
ring cdc phd tinh todn bing MCNP4C phi hgp khd t6t v6i phd thuc nghidm. Céc quang
dinh ciia cdc phd tinh todn va thyc nghiém d6i vdi cd ngudn Cs' va Co® tring khdp véi
nhau khi s6 liéu vé sy phu thudc clia d§ rong nita chiéu cao cuc dai FWHM theo ning
lugng d6i véi hé phd k& dugce xdc dinh chinh xdc. VAn con sy chuta phit hgp hoan toan gitta
tinh todn va thuc nghiém d6i v6i phan phd gamma & viing ning lugng dudi 300 keV. Van
dé nay sé ti€p tuc dugc nghién ciu chi ti€t sau nay.

Cdm on: Cdc tdc gid bay td sy cdm on chén thanh dén CN Nguyén Van Mai, CN
Trén Vin Luyén, Th.S Thdi My Phé va cdc dong nghiép trong Phong An toan Bitc xa va
Moi truomg thudc Trung tdm Hat nhdn TP H6 Chi Minh da tao diéu kién thuén lgi trong
viéc do dac trén hé phd k& gamma va cdc ¥ kién thdo ludn bé ich.

TOWARDS A MODELING OF A HIGH PURITY GERMANIUM DETECTOR
GAMMA SPECTROMETER USING MCNP CODE

Ngo Quang Huy”, Do Quang Binh®®, Vo Xuan An®
(1) Center for Nuclear Techniques Ho Chi Minh City
(2) Ho Chi Minh City University of Industry
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ABSTRACT: The MCNP code was used for simulation of the GC1518 HPGe gamma
spectrometer at the Center for Nuclear Techniques Ho Chi Minh City. The input data of
geometrical dimensions and material compositions of gamma spectrometer were set up
based on practical measurement and data supplied by the manufacturer. These input data
were checked by comparison of calculated and experimental gamma spectra of "*’Cs and
%co reference sources. The agreement between calculation and experiment results was
obtained for two source potions inside the lead shield. This shows that the input data were
accurate and acceptable for the use of the MCNP code in other caculations.
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