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TOM T/f T: Trong bai bdo ndy, chiing téi da sit dung phuong phdp Monte Carlo dé mé phdng
qud trinh twong tdc cia bitc xa gamma vdi vat chat, théng qua 3 hiéu ung chinh la hiéu ing quang
dign, tdn xa Comptom, hiéu iing tao cdp. Dya trén cdc higu iing chii yéu nay, mft phian mém mé phéng
phé gamma ciia mot s6 ngudn phéng xa thong dung nhu Co®, Cs"", Tc”, 1!, It'*%. da dugc xdy dung
theo hudng ldp trinh hudng dbi tugng bdng ngén ngit C*".

1. Mé ddu

Viéc khdo sdt cdc qué trinh tudng tdc ciia bifc xa gamma vdi vat chit va xdy dung chuong trinh
mo phdng da dugc nhiéu tdc gid trén thé€ gidi cling nhu trong nudc thyc hién. Trong bai bdo nay,
chiing t6i thyc hién xdy dung phin mém mé phdéng hoat déng clia diu dd nhdp nhdy Nal(¢=3cm,
h=3cm) bing phudng phdp Monte Carlo theo hudng 14p trinh hudng ddi tugng vdi ngdn ngit C** théng
qua cic tuong tic chinh 12 12 hiéu Wng quang dién, tin xa Comptom, hiéu ing tao cap d€ ghi nhin phd
clia cdc ngudn phéng xa khdc nhau. Phin mém dugc xay dung theo hudng m3 dé d& dang cii tién vé
sau.

2. Ly thuyé&t co sé
Trong bai bdo chiing t6i sit dung phudng phip Monte Carlo cho viéc tao cdc bifc xa ngdu nhién
va cdc qué trinh tudng tdc dugc tinh théng qua tiét dién clia ching [6]. Ngoai ra viéc md phéng cho
titng qud trinh tuong tdc cu thé theo 1y thuyé&t ciing dudc 4p dung. Phuong phdp Monte Carlo dudc sir
dung dé lya chon bi&n cd theo x4c sud't va tao s6 ngiu nhién theo phan bd thdng ké [1],[5]. Qu4 trinh
. tuong tic gilfa bifc xa gamma v&i vat chit dugc thé hién qua 3 loai tuong tdc chinh 13: hidu ing quang
dién, tdn xa Compton, hiéu ng tao cip [4]. )

2.1. Hiéu wng quang dién
Tiét dién cda higu (ng quang dién cho mdi nguyén ti $photos dudc tinh theo cdng thic:
bproo = 40t V2270 (m,? fhv)” (1.1)
Vi §o=87r./3= 6,651.10Pcm? va « = 1/137, Z bic s6 nguyén ti cia vit lidu, hv ning ludng cla
tia gamma.
2.2. Tdn xa Comptom
Tiét dién twong tdc clia qué trinh tdn xa Comptom o, dudc tinh theo céng thifc:
2(1
o, =2mr2{ 204D Ly oy e Linae2y)- 1231 (1.2)
¥ LAty ¥ 2y (1+2y)
3 day r. 12 ban kinh electron c8 dién va y = hv/m.c’. Trong tdn xa Compton, ta luu § d&€n phin b&

dong ning T ciia electron sau tdn xa va tdn xa thi cdp. Cong thirc Klein Nishima cho phép tinh ning
lugng tia gamma thit cip hv’ bay ra dudi géc 0 so vdi phudng téi ciia bifc xa hv:

i DV (1.3)
1+vy(1-cosB)
0 y(1-cosB)

1+y(1-cosB)

T=hv-hv'=h (1.4)

2.3. Higu ung tao cdp
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Tiét dién cla hiéu ¥ng tao cdp dudc tinh theo cdng thifc sau:
* Trudng hdp mec® < hv < 137 mc*’Z"?

7(, 2hv 109
. =4Z%arl| —| In——-f(Z) |-— (1.5)
Tpalr ar, [9( mec ( )J 54 ]
* Trudng hop hv > 137 mc’Z"? ‘
T =4Z%ar {2[In(1832%) - £(2)]- 4} (1.6)

D& hiéu ng tao cip x4y ra, thi tia gamma t6i phdi c6 ning lugng trén 1,022MeV. C6 ba khi ning

c6 thé xay ra:

- C4 2 photon déu bi hdp thu. Bifc xa gamma déng gép hoan toin ning ludng vao dinh

ning lugng toan phin hv.

- Chi c6 mdt photon bi hdp thy, con mdt photon thodt ra ngoai nén nang lugng ghi nhin 1a

- hv-0.511MeV (dinh thodt cip thi nhat).
- NE&u cd 2 photon thodt ra ngoai thi ning lugng ghi nhin dudc 12 hv-1.022MeV (dinh tho4t
cip thit hai). Tuy nhién xdc sudt nay rit thap.
Khi kich thudc chdt nhip nhdy 16n thi khd ndng thodt photon (ciing nhu tia gamma thd cip) gidm

di rdt nhiéu. Cho nén trong phé thyc nghiém ta hiu nhu khdng phén biét dugc dinh thodt cip trén bitc
xa nén.Trén phd ning lugng cdc dinh khong phdi 12 mot vach ma thudng c6 dang phin bd (Gauss).
Ngudn gdc ciia sy phin b8 nay 12 do mdy do trong qud trinh ghi nhin c6 d6 bét dinh ning lugng nhat
dinh. Trong chuong trinh md phdng, su 1éch di ndy dudc thay th€ bing sy phin b8 ning ludng ngay tai
ngudn phat chit khong phdi phat sinh trong qué trinh ghi nhdn. Kha ning x4y ra tdn xa thit cip c6 thé
gidi biing hinh hoc khong gian 14n phuong phdp x4c suit. 3 day, dé gidm d6 phic tap ciia bai todn,
phuong phdp md phdng theo xdc suit (Monte Carlo) dugc 4p dung [1]. Phuong phdp dugc duva ra dua
trén ¥ twdng tim ra x4c suit d€ bifc xa gamma thit cAp tho4t ra ngoai dva vao quing dudng bay trung
binh. Do bifc xa gamma chi c6 thé tho4t ra ngoai, khi né xuit phat cdch bién it hon quing dudng bay
clia n6. Ta s& dua vao cdng thitc dua trén xdc sudt dé€ hat roi vao vj tri bit ky trong ddu do. Ngodi ra
khi tinh d€n tdn xa nhiéu 14n trong khéi tinh thé€ khi ning mit bifc xa s& cao hon. X4c sudt mat bitc
xa tir khai tinh thé o, dugc cho trong (1.7), v6i R, 12 bdn kinh tinh thé. R, 12 quing dudng bay trung

binh va N s6 14n tdn xa.
N
1_[R: _Rnn]
e T T (1.7)

3. X4y dung md hinh
3.1. Co sd xdy dung md hinh

Ngudn phéng xa phét ra cdc tia gamma c6 ning lugng va xdc suit dic trung cho ddng vi phéng
xa. Bifc xa gamma sau d6 sé& dudc xi Iy d€ ning ludng c6 dang phin bd (Gauss, Lorentz...). M4 hinh
mdy do sé thuc hién viéc md phdng cdc loai twong tdc véi ddu dd. Sau nhiéu 1an tuong tdc, mé hinh
mdy do s& trd ra k&€t qud sau ciing chinh 12 ning lugng ghi nhdn dugc clia mdy do va chuong trinh cho
thé hién k&t qui ghi nhin tin hiéu. Tudng tdc dugc tinh dén ciia bifc xa gamma vdi vit chit 1a hiéu
iing quang dién, tin xa Compton, hiéu ng tao cip thdng qua tiét dién tudng twdng dng cla ching.
Né€u 1a tdn xa Compton, ta xét diéu kién tdn xa thi cdp bao gdm 2 diéu kién : ning lugng gamma tha
cip phdi dii 16n ; hat gamma chua thodt ra ngoai qua mit bén. Ning lugng ma mdy do ghi lai s& bing
tong nang lugng mat di cla cdc 1dn twong tic. Trong mé hinh clia minh, ching t6i di dua phéng nén
vao va bé qua tuong tdc tia gamma v6i vat liéu bao quanh ddu dd. Ning lugng dugc detector ghi nhan
vGi do phan gidi xdc dinh (clta sd nang lugng).

3.2. Chuong trinh mé phdng.
Do phudng phip Monte Carlo khong doi héi céc tinh todn qud phic tap nén c6 thé si dung ngén ngit
C++ d€ md phdng cdc qué trinh vat Iy ma khéng cin si dung cdc phdn mém tinh todn manh nhu
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Matlab, Mathametica'[Z],[3]. Bén canh dé6, viéc chon ngdén ngit C++ vdi huéng lap trinh hudng d6i
tudng cho phép chiing ta ti€p tuc viéc tri€n khai ning cip chudng trinh trong tudng lai.

Sd dé chudng trinh md phone

CHUONG TRINH CHINH
+Qudn 1§ céc 16p con
+Tao qué trinh ghi-nhdn phéng xa
+Cho phép thif nghiém vai vdn dé

NGUON

\

A

MAN HIEN
TH]

+Ting diém phd
theo E vao va do
chinh xédc

PEON;} XA GIAY po (DETEC'I‘OR)\
+Lua chon +Nhin gamma

mifc ndng HAT PHOTON . +Tinh aige‘t dién tuong téc

Iudng +Chita cdc théng.sé +Luta chon tudng thc

+Phén b6 v% niing ligng, vj +Tinh todn ning lugng mat
nidng lugng ra trf, hudng bay +Tinh x4c sudt twdng tdc thiy
+Phét sinh’ c4p, thu nhéin gamma

gamma dén + Xuit gamma c6 ning lugng
detector tuong ¥ng ghi nhin dugc

+V&, zoom, in ...
+Chon va thém
phdng

%%

2%

Hinh 1 : So dé chuong trinh mé phdng theo hudng d6i tugng

4. Mo phéng phé gamma ciia mgt s6 ngudn phéng xa
Sau khi xdy dyng chuong trinh, ching tdi ti€n hanh chay md phéng qué trinh tuong tdc cia tia
gamma tiY mot s6 ngudn phéng xa thong dung va thu dudc cdc k&t qud sau:

4.1 Phé gamma_ciia ngudn phong xa Cs'”.

Péng vi Cs'” 12 ngudn don ning, ph4t bifc xa gamma c6 niing lugng 662 KeV, ning lugng cla
bifc xa gamma nay khong tdi ngudng x4y ra tao cdp, nén la ngudn phéng xa théng dung nhét ding dé
khdo st sy twong tdc ciia bifc xa gamma véi vit chit. Phd gamma ciia dng vi Cs" thu dugc ti thuc
nghiém (hinh .2) v tit mo6 phdng (hinh.3). C4c s8 liéu so sinh dudc dua ra trong bang 1.

- Bang 1: S& liéu 1y thuy&t, thic nghiém va 2 14n chay m6 phdng clia ngubn Cs'™*
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Hinh 2 : Phé thuc nghié¢m ciia Cs'’

(100.000 hat)

Ly Thuyét Thuc nghiém Mo phdng 1 | Ma phdng 2
Pinh toan phdn (KeV) 662 662 660 661
Canh Compton (KeV) 478 476 456 457
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Hinh 3.: Phé ndng lugng ciia Cs' thu
tix chuong trinh, mé hinh 100.000 hat.
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4.2 Phé gamma c ciia ngudn phéng xa Co®.

Péng vi Co® tuy khong phdi 12 ngudn don ning nhung 12 dong vi ph(mg xa phdt ra tia gamma cé
ning lugng trén 1,022 MeV nén c6 thé khio sét tudng téc cla tia gamma vdi vét chit ddy di hon bao
gdm cd ba hiéu ung. Cic Phd Co® thu dudc tir thuc nghiém (hinh 4) va tf qud trinh md phdng
(hinh.5), va céc s6 liéu so sdnh dugc dua ra trong bing.2
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Hinh 5 : Phd mé phong gamma ciia dong vi Co® vdi cuong dj gamma khdc nhau.
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Ly thuyét | Thyc nghiém Mé phéng 1 Mb phéng 2
Vach 1 (KeV) 1172 1174 1168 1170
Vach 2 (KeV) 1333 1327 1332 1332
Vach 3 (KeV) 2105 - 2104 2109
Canh Compton (KeV) 962 893 936 942

Béng .2 : S6 liéu 1y thuyé&t, thuc nghiém va 2 14n chay m6 phdng cla ngudn Co®.

4.3. Mot s0' phd gamma ciia cdc ngudn phong xa thong dung khdc

Cin cif trén db tin cdy clia md hinh vita dugc kiém ching d&i vdi cdc ngudn Cs'”’, Co®. Chiing
tdi thuc hién viéc md phdng v8i mdt s6 ngudn phéng xa khdc. Cdc ddng vi phéng xa duge sit dung
trong md hinh 13 c4c chit phéng xa ph bi€n ding nhiéu trong ddi séng, y hoc, nghién cifu ... gém c6
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Hinh 6 : Phé gamma mé phdng ciia Tc

99 131 7192
N e | e

Trong céc so sanh ph gamma mé phdng v phd gamma thyc nghiém, ching t8i khong
ti€n hanh so sdnh dd rong & nita chiéu cao (FWHM) vi s6 hat thi¥ tring v4i cudng do hat thuc
nghiém, k&t qua chiéu cao dinh quang dién va vi tri Compton 12 gan tring khdp va nhu thé cé
thé xem nhu (FWHM) cila cdc dinh 12 twong duong nhau.

5. Ké&tluin

Thong qua 3 twong tdc cd bdn cia bifc xa gamma v4i vat chat 12 hiéu ing quang dién, tén xa
Compton va hiéu ing tao cip. Chiing t6i di xdy dung mot phdn mém d€ mé phéng phd gamma cia
céc ngudn bifc xa. Md hinh xiy dung di mé phéng phd gamma clia mdt s6 ngudn bic xa théng dung
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Cs", Co® va cho k&t quai 12 phd gamma thu dudc tit m6 phéng phdt hop phd gamma thu dudc tir thuc
nghiém v4i cling s& hat. M6 hinh xdy dung ciing cho phép mé phdng phd cla cdc ngudn bic xa
gamma khdc, n€u chiing ta bi€t dugc so dd phén rd cla ching. Phin mém dugc thi€t k€ theo hudng
1ap trinh hudng ddi twgng cho phép d& dang tri€n khai u€p tuc vé sau cho cdc hidu dng phu khéc nhu
tinh d&n cdc nhiéu tao ra bdi ddu dd ... d€ phé gamma dugc md phdng tir m6 hinh 12 phdl hop hon véi
phd gamma thu dugc tir thyc nghiém & nhitng viing ning lugng thip.

SIMULATING THE INTERACTION OF GAMMA RADIATION
WITH SCINTILLATOR DETECTOR BY MONTE-CARLO METHOD

Chau Van Tao, Nguyen Anh Kiet, Dang Van Liet
Facutly of physics — University of Natural Sciences - VNU-HCM

ABSTRACT: In this paper, we used Monte-Carlo method for simulating the interactions of
gamma radiation with matter, which composed of the three main types such as photoeffect, Comptom

effect and pair formation effect. The software is designed based on C** language for simulating gamma
spectroscopy of some useful radioactivity sources such as Co®, Cs", T, I'¥!, Ir'*2.
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