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Tém tit: Trong bai béo ndy, ching ti nghién ciru tan xa Compton cua birc Xa gamma
trén mot s6 loai vat lidu bang phan mém mé phong GEANTA4. Biic xa gamma cd ning
luong 0.662MeV (tuong duwong ning lwong gamma phat ra tir nguon Cs-137) ban vao bia
vat liéu. Gamma tan xa duoc ghi nhan & cac goc tan xa khac nhau bai detector nhap nhay
Nal(TI) 3x3. Ching t6i khao sat cho cac vat liéu lam bia gdbm Al, Cu, Fe, Pb. Cuy thé Ia
khao séat pho niang luong theo goc tan xa, sy phu thugc bé day theo gamma tan xa va gioi
han bé day khao sat. Cac két qua dat dugc nay 1a bude dau trong nghién cau vat liéu sir
dung phuong phap tan xa gamma s& duoc trién khai tai BM. Vat ly Hat nhan, truong DH.
Khoa hoc Ty nhién, PHQG - TpHCM.

Tu khéa: Tan xa Compton, GEANT4

1. GIOI THIEU

Ung dung cac dong vi phong xa bic xa gamma dé xac dinh mat d9, bé day vat liéu, do
tim khuyét tat 1a mot trong cac phuong phap kiém tra khong pha hiy mau (Non-Destroyed
Technique — NDT) nhu phuong phap truyén qua va phuong phap tan xa nguoc. Trong do ky
thuat do gamma tan xa dugc dung dé xac dinh do an mon cua kim loai véi wu diém la ngudn
phong xa va dau do co thé bé tri cing mot phia, tién hanh kiém tra thiét bi ma khéng can phai
dirng hoat dong cua thiét bi d6 va co thé kiém tra trong diéu kién khac nghiét nhu nhiét do
cao, &p suat 16n [1],[2]. Tuy nhién van dé sir dung nguon phong xa gap khong it kho khin do
cac quy trinh quan ly nghiém ngét vi muyc dich an toan phéng xa. Mot trong nhing giai phap
hi¢u qua cho van dé nay la st dung cac phan mém mé phong voi cac diéu kién Iy tuong trudc
khi tién hanh cac thi nghiém kiém chimng ciing nhu cac phép do thuc té. Cac phan mém mo
phong phé bién hién nay nhu MCNP, GEANT4 dua trén nén tang phuong phap mé phong
Monte Carlo. Trong bai bdo nay, ching tdi sir dung phan mém md phong GEANTA4
(Geometry and Tracking) [3] — nghién ctu tdn xa compton cho mét sb vat liéu, dé xac dinh
mot sé tinh chat cua vat liéu. Buc xa gamma c6 nang luong 0.662MeV (twong dwong voi
nang lugng gamma phat ra tir ngudn **’Cs) bén vao bia vt liéu. Gamma tan xa duoc ghi nhan
& cac goc tan xa khac nhau boi detector nhip nhay Nal(T1) 3inchx3inch. Ching t6i khao sét
phd gamma tan xa theo cac goc tan xa tir 30° dén 150°, xé4c dinh vi tri dinh tan Xa ciing nhu
cuong d6 gamma tan, tir d6 danh gia mot sd tinh chét caa céc vat liéu khao sat. Cu thé trong
bai bao nay, chung toi khao sat phd ning luong %amma tan xa theo goc tan xa 0, va khao sat
pho gamma tan xa theo bé day vat liéu & géc 90°. Viéc khao sat dugc thuc hién trén vat liéu
Al, Cu, Fe, Pb. Cac két qua dat dugc nay 1a budc dau trong nghién ciu vat liéu sir dung
phuong phép tan xa gamma sé duoc trién khai tai BM. Vat ly Hat nhén, truong PH. Khoa hoc
Tu nhién, PHQG — TpHCM.

1.1. Co sé ly thuyét gamma tan xa

Tan xa nguoc la hién tuong khi tia gamma tuong tac vai electron cua bia vat liéu thi bi

tan Xa nguoC SO VGi phuong ban dau (hinh 1). Niang lugng ciia gamma tan xa cho bai cong

thirc tan xa Compton (1) [4]. Khi bé day vat liu vd cing mong, hién tuong tan xa nguoc
khong xay ra. Khi bé day vat chit ting, su tan xa nguoc cling ting theo va dat dén gia tri bdo



hoa [5]. Su phan bd cuong d6 theo goc tan xa va nang luong gamma toi cho boi cong thuc
Klein-Nishina (2), giam dan tir 0° &én 180° cho mirc ning luong gan 0.511 MeV (hinh 2)[2].

Hinh 1: So db hiéu g t4n xa Compton, gbc tan
xa 0 tao bdi gamma tén xa vdi gamma tGi
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Trong do, e 1a ban kinh electron, 0 1a géc tan xa, P(E,,6) =

lugng photon trudc va sau va cham.

1.2. B§ tri thi nghiém md phong

Dua vao céu tric detector nhap nhay
Nal(TI) 3inchx3inch (hinh try duong kinh 3
inch, cao 3 inch), hién co tai BM. Vit ly Hat
nhan, truong PH. Khoa hoc Tu nhién,
PHQG — TpHCM, ching ti bd tri thi
nghiém mé phong bang chuong trinh
GEANT4 cho hé do tan xa gamma nhu trinh
bay & hinh 3. Bia vat liéu dat nghiéng 15° so
VvGi gamma tGi. Detector nhap nhay dit cach
tam bia 20 cm, ¢6 6ng chuan tryc bang chi
duong kinh 1cm. Hé detector va dng chuan
truc co thé xoay theo cac goc khac nhau dé
ghi nhan chum tia tn xa véi goc tan xa thay
di tir 30° dén 150°.
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Hinh 2: Sy phan bb cudong d6 gamma tin xa theo
g0c tan xa va nang lurong gamma tGi.
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Hinh 3: So d6 bé tri thi nghiém m6 phéng khao
sat phd gamma tan xa theo goc tan xa va theo bé
day vat liéu bia.

2. KET QUA MO PHONG THUC NGHIEM VA THAO LUAN

Chung tbi tién hanh khao sat nang luong, cuong d6 gamma tan xa theo goc tan xa va
khao sat @6 bao hoa cho bé day cac loai vat liéu Al, Fe, Cu, Pb. Gamma tgi la 0.662MeV, ban

theo phuong ngang, nhu trong hinh 3.



2.1 Khao sét phd ning lwgng gamma tin xa theo goc tan xa 0

Viéc khao sat phé gamma tan xa theo goc duoc thuc hién trén vat liéu Al, Fe, Cu, Pb.
Hinh 4 1a dang phd tan xa ghi nhan duoc boi detector nhap nhay Nal(Tl). Cu thé cho truong
hop nay 1a goc do tan xa 30° cho vat liéu bia la Al. Két qua cho thdy dinh ning luong tan xa
ghi nhan dugc 1a 0.541keV. Két qua khao sét trén Al, su phu thudc dinh ning luong tan xa
theo goc tan duoc trinh bay trén hinh 5. M& rong cho céc vt liéu Fe, Cu, Pb, két qua duoc
tom tat nhu trong bang 1. So sénh véi c¢ong thic ly thuyét gamma tan xa (1), véi b tri hé do
nhu hinh 3, két qua cho thay, d¢ sai léch gitra md phong va ly thuyét tinh toan dao dong trong
viing tir 0% - 3.8%. Hay néi cach khac, viéc b tri hé do nhu trén hinh 3 thu duoc két qua tét,
pht hop vai ly thuyét tinh toén.

Ké dén, ching tdi khao sat cuong d6 gamma tan xa theo goc. Tir phd ghi nhan duoc,
chung t6i xac dinh s6 dém tai ving dinh tan xa. Két qua khao sét cho 4 vat liéu duoc trinh bay
nhu trén hinh 6. Véi ning lugng gamma tGi 1a 0.662MeV, két qua cho thdy cuong d6 gamma
tan xa 16n nhét & gdc tan xa 30°, giam dan khi géc tan xa ting, va nhé nhit & goc 150°. G goc
90°, cudng do tan xa giam di mot nixa so véi géc 30°.
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Hinh 4 : Phé niing lwong tan xa gamma Hinh 5: Sy phy thugc ning lrgng gamma tan xa
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Bang 1 : Bang so sanh két qua dinh ning hrgng gamma tén xa giira md phong va ly thuyét tinh toan

Go6ctanxa | Ly thuyét M6 phéng (MeV) D6 sai léch(%)
(d%) (MeV) Al Cu Fe Pb Al | Cu | Fe | Pb
30 0.564 0.541 0.550 0.550 0.557 23 | 14 | 14 | 0.7
40 0.508 0.482 0.495 0.492 0.503 26 | 1.3 | 16 | 05
50 0.443 0.423 0.440 0.439 0.447 20103 |04 |04
60 0.402 0.382 0.390 0.389 0.395 20| 12 | 1.3 | 0.7
70 0.357 0.337 0.346 0.346 0.352 20| 11| 11| 05
80 0.320 0.304 0.310 0.309 0.315 16 | 10| 11 | 05
90 0.288 0.276 0.280 0.279 0.285 12 (08|09 |03
100 0.263 0.252 0.256 0.225 0.261 11 (07 | 38| 0.2
110 0.242 0.232 0.238 0.237 0.241 1.0 04 | 05 | 01
120 0.225 0.221 0.221 0.224 0.230 04]04)01)|05
130 0.212 0.207 0.209 0.209 0212 | 05| 03| 03| 0.0
140 0.201 0.198 0.200 0.200 0.201 03]01)01]00
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Hinh 6: Sy phu thudc cuong @6 gamma tan xa vao goc tan xa cho cac vat liéu bia Al, Cu, Fe, Pb

2.2 Khao sat phd gamma tan xa theo bé day vat liéu & goc 90°

Chung toi khao sat gamma tan xa theo bé day vat liéu & géc 90°. Viéc khao sat nay gan
Vvéi cac thi nghiém thyc té. Ving bé day khao sat dugc thyc hién trong mé phong tir 1 mm
dén 20 mm. Ning lwong gamma t6i ciing 12 0.662MeV. Hinh 7 1a két qua thu dugc cho cac
vat liéu bia Al, Fe, Cu, Pb. Két qua cho thay cudng d6 gamma tan xa ting theo bé day bia vat
liéu va sau d6 dat trang thai bao hoa. D6i véi vat lieu Al, dinh bio hoa dat dugc véi bé day tir
10 mm tr& di. Cu va Fe c¢6 dinh bao hoa twong dwong nhau tir 8mm tro di. Bi véi Pb, dinh
bdo hoa dat trong viing 3mm tro di. Vai két qua ndy, ta cd thé két luan rang, viéc khao sét
theo bé day cho cac vat liéu Al, Cu, Fe, Pb khi ning lvong gamma t6i 0.662MeV, thi giGi han
bé day khao sat 13, d6i véi Al nho hon 10mm, Cu va Fe nhé hon 8mm va Pb nho hon 3mm.
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Hinh 7: Su thay dbi ctia cudng 6 gamma tan Xa theo bé day bia Al, Fe, Cu, Pb & g6c tan xa 90°.

3. KET LUAN

Trong bai bao nay, thi nghiém md phong Monte Carlo pho gamma tan xa ding chuong
trinh GEANT4 da duogc trinh bay. Thi nghiém md phong dugc thuc hién véi nang luong
gamma téi 14 0.662 MeV (tuong dwong véi nang lwong gamma tir ngudn Cs™’). Bia vat liéu
khao sat dat nghiéng 15° so véi gamma toi. Detector nhip nhay Nal(TI) 3inch x 3inch dwoc
st dung dé ghi nhan bac xa tan xa. Ching t6i khao séat cho 4 vat liéu gém Al, Cu, Fe, Pb, va
géc tan xa dugc khao sét tir 30° dén 150°.

Dya vao phd ghi nhan duoc tir detector nhap nhay Nal(T1), vi tri dinh tan xa va cuong
d6 gamma tan xa duoc xac dinh. Két qua cho thay, trong khao sat phé ning luong theo géc
tan xa 0, do sai léch vi tri dinh nang luong giira két qua md phong va tinh toan ly thuyét (cong
thire 1) 1a tir 0% - 3.8%, va cho ting loai vat liéu Al, Fe, Cu, Pb. Hay néi céch khac, viéc bd
tri hé do nhu trén cho két qua tdt, phi hop véi ly thuyét tinh toan. Déi voi két qua khao sét su
phu thugc theo bé day vat lidu déi voi goc do 90°, @i vai céac bia Al, Cu, Fe, Pb thi bé day
bio hoa xac dinh dugc lan lugt 1a 10 mm, 8 mm, 8 mm, 3 mm.

Cac két qua dat dugc nay la bude dau trong nghién ctu vat lidu s dung phuong phap
tdn xa gamma s¢ dugc trién khai tai BM. Vat ly Hat nhan, truong PH. Khoa hoc Ty nhién,
PHQG — TpHCM.
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STUDY OF GAMMA COMPTON SCATTERING
USING GEANT4 SIMULATION FOR SOME MATERIALS
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Astract : In this article, we study Compton scattering of gamma rays for several materials
such as Al, Cu, Fe and Pb by GEANT4 simulation. Gamma-ray beam of 0.662 MeV is
used for the simulation. Scintillation detector Nal(TI) 3inchx3inch with a Pb collimator
of 1cm-diameter is used for scattering-gamma detection. We study the dependence of
scattering energy peak versus scattering angle, dependence of scattering gamma intensity
versus the material thick and the limitation of material thick. Obtained results will be
useful for further experiment study on scattering gamma at Department of Nuclear
Physics, Faculty of Physics & Physics Engineering, University of Science-HoChiMinh
City.

Keywords: Compton scattering, GEANTA4.



