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TOM TAT 

Trong bdi bdo ndy, phuang phdp Monte Carlo duac su dung di khdo sdt su phu 
thudc cudng dg chiim tia gamma tdn xg nguoc vdo thi tich tdn xg. Kit qud nghien cim cho 
thdy rdng cu&ng do chiim tia gamm tdn xg phu thuoc luyin tinh vdo the tich Idn xg v&i he 
s6 tuang quan R' khi khdp hdm bdng 0,951. Kit qud ndy ldm ca sd cho cdc bd tri thuc 
nghiem sao cho viec ghi nhgn dugc cu&ng dg chiim tia tdn xg id l&n nhdt trong Id thudt 
gamma tdn xg nguoc co sir dgng ddng th&i collimator ngudn vd collimator detector. 

Tir khda: the tich tdn xa, gamma tan xa ngugc, phuong phap Monte Carlo. 
ABSTRACT 

A study on the dependence of the intensity of a bunch of Gamma backward diffusion 

rays on Ihe diffusion volume using Ihe Monte Carlo method 

In this paper, Ihe Monte Carlo method was used to study the intensity of a bunch of 
Gamma backward diffusion rays on the diffusion volume. The results showed that the 
intensity of a bunch of Gamma backward diffusion rays on the diffusion volume in a linear 
way and the correlation is 0.951. The result will serve as a base for all the experiment 
arrangements so as to the record of diffusion intensity is maximum in Ihe Gamma 
backward diffusion technique using both a collimator source and a collimator detector. 

Keywords: diffixsion volume, gamma backward difftision, Monte Carlo method. 

1. Gidi thifu 

Kl thudt gamma tan xj ngugc hidn nay dugc sil dgng nhidu trong linh vuc dng 
dung h?t nhdn trong cdng nghifp nhu kidm tra khuydt tdt vdt lieu, do dp an mdn vat 
lieu,... [3]. KT thuat nay cd nhidu uu didm nhu cd thd do trong cdc didu kien khSc 
nghift nhu nhift dp, dp suat cao; vd dac bift cd thd tidn hanh md khdng cin phdi dimg 

_JhS, Trudng Bai hoc Su pham TPHCM 
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boat dpng cua thidt hi. Nhiing uu didm trdn Idm cho kT thudt gamma tdn xa ngugc dugc 
sir dung phd bidn. 

Hinh 1. 36 tri thi nghiem trong ki thugt tdn xg nguac 

Trong kT thudt gamma tdn xa ngugc (Hinh I), thdng thudng chi cd collimator 
ngudn dugc su dung, cdn ddi vdi detector, tiiy vao mue dich do dac md cd thd sii dung 
collimator hodc khdng. Trong trudng hgp chi cdn phdt hidn khuydt tdt ciia vat lieu, 
ngudi ta cd thd khdng can diing ddn collimator detector nham myc dieh tdng cao cudng 
dp chilm tia tdn xa ghi nhan dugc [4]. Tuy nhien, ddi vdi cac phep do nhu xdc djnh dp 
ddy vdt lieu, do dp ddy tai vung bi dn mdn,... [1,3] vifc su dung collipiator detector Id 
can thiet de ndng cao dp chinh xdc ciia kdt qud. 

Trong cdng trinh [1], cdc tdc gid dd chi ra rang ndu dat mdu (bia vat lieu) ngodi 
viing giao nhau giiia hai chiim tia tdi vd chum tia tdn xa (dang hinh ndn) thi sd ddm thu 
dugc id rit it do su tan xa xdy ra chu ydu tren cdc phan tu cua khdng khi. 

Trong nghidn ciiu ndy, chung tdi sd dung phucmg phdp Monte Carlo dd tim ra vi 
tri dat mdu tdi uu bdng each khdo sdt su thay ddi ciia difn tich dinh tdn xa ma detector 
ghi nhfn dugc theo su thay ddi cua did tich viing tan xa trong trudng hgp cd sir dung ca 
collimator detector va collimator ngudn. Dectector dugc su dung trong nghidn ciru nay 
ia loai detector Nal(Tl), bia vat lieu la thep chiu nhidt C45. Tii phd md phdng thu dugc, 
chung tdi se xdc dinh khodng vi tri ddt bia tdi uu trong kT thudt gamma tdn xa ngugc. 
2. Tdn x^ Compton eda photon tren bia vft lifu 

Trong tdn xa Compton, ndng lugng cua photon bi tdn xj Ê  phu thudc vdo nang 
lugng cua photon tdi E, va gdc tdn xa theo cdng thuc sau: 

(1) 
l + -=iy(l-cos9) 

m,c 

d day, E, Id ndng lugng ciia photon tdi, E, la ndng lugng cua tia gamma bi tan x?, m„ĉ  
la ndng lugng nghi ciia electron va 9 Id gdc tdn xa. 
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€sc tin • . 0 (dS] 

Hinh 2. Ndng Iuang photon tdn xg Compton thay doi theo goc tdn xg 
trong viing ndng iuang 0,5-4 MeV 

Hinh 2 chi ra su phu thudc cua ndng lugng photon tdn X9 vao gdc tan xa ddi vdi 
cde nang lugng khde nhau cua photon tdi trong khoang 0,4 - 4 MeV [2]. Cung cdthe 
thdy dugc tir Hinh 2 ring, vdi cdc gdc tan xa trdn 120°, ndng lugng tan x? xip xi bdng 
250 keV va gin nhu khdng thay ddi theo gdc tdn xa. 

^̂ -

" ^ \ 

Hinh 3. Tdn xg ciia photon len vgt lieu [4] 

Trong phuong phdp gamma tdn xa, cd thd xem qua trinh tdn xa cua photon trdn 
vdt lifu theo ba giai doan (Hinh 3): giai doan 1 - chum photon bi suy gidm cudng df 
khi di vdo vdt lifu (theo dudng o); giai doan 2 - chum photon bi tan xa (tai P) vd giai 
doan 3 - chiim photon bj suy gidm cudng dp khi di ra khdi vft lifu (theo dudng P). Ddi 
vdi chum tia gamma tdi dugc chudn true cd cudng do IQ, cudng dp eua chum tia tdn xa 
trdn viing thd tich tan xa (voxel) dugc ghi nhdn bdi detector duge xdc dinh bdi 

•(P) = Io 
'd°(E„n) 

dn 
S(E,,e,Z)dnp,Ve ' (2) 
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do(E„,n) 

dn 
Id tidt difn tdn xa vi phdn trdn electron dugc xdc dinh theo cdng thuc 

Klein - Nishina: 

dg(E|„n) _r.' 1 + cos' a'(l-cosO) 

d" 2 [l + a ( l - cose ) ] ' [ [l + cos-e][l + a( l -cose)] 
(3) 

vol r̂  = 47ienm,c 
= 2,88x10 "m Id ban kinh electron cd didn. 

Hinh 4. Tiet dien tdn xg viphdn tren electron tgi cdc gid tri ngng lugng photon 
t&i 10, 100, 200 keVvd 1, lOMeV 

Hinh 4 chi ra sy phu thudc cua tidt didn tdn xa vi phdn trdn electron ddi vdi cdc 
photon tdi cd ndng lugng trong khoang gida lOkeV vd lOMeV [2]. C) vung ndng lupng 
thap, tiet didn ndy la ddi ximg d khodng 90°. Tuy nhidn, vdi ndng lugng trdn 200keV, 
dudng cong tiet difn cd xu hudng bdt ddi xirng vd phia gdc tan xa ldn. 

Trong cdng thuc (2), rd rang rdng cd sy phu thudc cua eudng dp chiim tia tdn xa 
vao mft dp electron trdn bia vd thd tich vung tan xa. Nhu vay, vd mat li thuydt, ndu bia 
dugc ddt Ifch ra khdi viing giao nhau eda bai hinh ndn - viing tdn xa (Hinh 1) thi 
cudng dp chum tia tan xa thu dugc Id rit nhd vd didu nay gay ra sai sd ldn cho cdc phep 
tinh lidn quan do khdng ddm bdo vd mat thdng kd sd ddm ghi nhdn dugc. Do vdy, trong 
nghien cuu ndy chung tdi sd su dung chucmg trinh MCNP5 dd khdo sdt viing ddt bia tdi 
ini sao cho cudng dp chum tia tan xa thu dugc Id Idn nhit. 
3. Mo phdng Monte Carlo qua trinh tan x^ Compton 
3.1. Md phing bing chuang Irinh MCNP5 

Dd tim vj tri ddt bia tdi uu trong kl thudt gamma tdn xa ngugc, chung tdi md 
phdng todn bp qua trinh tdn xj cua photon trdn vat lifu bdng chuang MCNP5. 
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Loai detector dugc su dung trong nghien cuu nay- la detector Nal(Tl) do hdng 
Amptek cung cip. Detector Nal(Tl) sir dung tinh thd nhip nhay Nal(TI) vcri kich thudc 
tinh thd cd dudng kinh 76mm vd chidu dai 76mm. Thdng sd cua detector dugc cho 
trong Hinh 5. 

83,2mm 

SOmrn 

1 7ijmm 1 

.;. 
-T-15mm 

I^ram 

I Imigi) 

[ } Silicon 

^ ^ | A I , Q , ' ^ 

Hinh 5. Cdc thdng so kich thuac vd logi vdt lieu cua detector NaI(Tl) 
diing trong mo phong 

Hmh 6. B6 tri he do tdn xg trong MCNP5 

Vat lieu dude su dung trong md phdng Id thep chiu nhift C45 vdi ham lugng cac 
nguydn td: Sdt - 97,81%, Cdc-bon - 0,45%, Silic - 0,37%, Mangan - 0,65%, Phdt-pho 
- 0,045%, Luu huynh - 0,045%, Niken - 0.25%, Crdm - 0,28%, Mdlipden - 0,1%. Vft 
lifu thep C45 cd do day 0,5em be mat tim thep hinh vudng. Tdm thep dugc dat thdng 
gdc vdi true cua ngudn vd lech gdc 60° so vdi true detector dd tsio gdc tan xa 120°. Djch 
chuydn tim thep theo true Oz vdi budc djch chuydn 0,25cm dd thay ddi thd tich tan x?. 

Trong md phdng nay, chung tdi su dung ngudn '"Cs (mdt dinh nang lugng 
662keV). Collimator ngudn dugc ldm bing chi cd dudng kinh trong I cm. Collimator 
detector dugc lam bing chi cd chidu dai 20cm, dudng kinh trong I cm dugc ddt trudc 
detector dd ban chd ddng gdp cua tan xa nhidu lan. Dd ddm bdo dugc phd phan bd df 
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cao xung (PHS - Pulse Height Spectrum) ve mat thdng kd, chung tdi thuc hifn md 
phdng vdi sd Ijch su hat la 6.10'. 

Ham bd rgng mdt nua theo ndng lugng (FWHM) dung trong md phdng cd dang 

FWHM = a+bA/E+cE2 (1) 

trong dd, cae hf sd a, b, c thu dugc bing cdch khdp ham FWHM vdi cdc gid tti thuc 
nghifm. Cdc gid tri ma chung tdi thu dugc a = - 0,0118058419427652 MeV; b = 
0,0685518173013359 MeV'°; c = -0,0815038633863655 MeV' 
3.2. Xdc Sinh Ihi tich vung Idn xg 

Dd khdo sdt dugc sy thay ddi cucmg do chum tia tdn xa theo thd tich tdn xa, cin 
phdi xac djnh dugc thd tich viing tan xa. Viing tdn xa dugc xem Id viing giao nhau cua 
hai hinh ndn vd vft lifu (Hinh 7). Dd xdc dinh dugc thd tich ndy chung tdi sir dyng 
phuang phdp Monte Carlo vdi ngdn ngii lap trinh Fortran. 

Tt^tiii>iiit*<t« 

Hinh 7. The tich vimg tdn xg se thay doi theo cdc vi tri ddt bia 

Vide dich chuydn vi tti bia dpc theo true Oz se ldm tha}' ddi the tich vung tdn xa. 
Kdt qud tinh todn thd tich viing tan xa tai cdc vi tri ddt bia khac nhau dugc cho trong 
Bangl. 

Bdng 1. Thi tich viing tdn xg tgi cdc vi tri dgt bia khde nhau 

Vi tri ddt bia z (mm) 

-20,0 

-17,5 

-15,0 

-12,5 

-10,0 

The tich tan X9 (mm )̂ 

0 

10,88 

112,12 

352,17 

685,85 
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4. Ket qua va thao luf n 

Hinh 8 a, b, c, d, e, f, g, h, i, j bidu didn cae dinh phd tan xa cua photon ndng 
lugng 662 keV trdn vat lieu thep C45 d gdc tan xa 120°. Dinh phd quan sat dupe ddi 
vdi cdc the tich viing tan xa Idn Id rd rdng va cd phdn bd dang Gauss. Tuy nhidn, d cac 
the tich tan xa nhd, do eao dinh cd xu hudng gidm din diing nhu du dodn cua Ii thuydt. 

;i) 0 inin. the lich I566inm" 

c) •' ? mm, ihc lich 1425iimi' 

.., 

b) + 2.5 iiiiiL Ihc lich I557inra"" 

d> + :,5 iiuiL Uic uch I12ymm'" 
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c) +10 nirii. the lich 781 tuin" 

g)+15 mm. tlielicli 208111111̂  

Hi 
1) +20iran, the tich O.Smin^ 

0+12.5 iTuii. Ihe ticli 46/nmi' 

•1 
ll] 1 17.5 mm. ihi; lich4Smi]i' 

j) +22,5 mm, th^ tich 0mm' 

Hinh 8. Pho tdn xg thu duac tir mo phong 

Chuong trinh Genie - 2000 dugc sir dung dc xac djnh dien tich cac dinh tan xa 
nay. Ket qua thu dugc tu qua trinh mo phong la sir thay doi cua so dem phu thuoc vao 
the tfch tan xa dugc trinh bay trong Bang 2. 

Bdng 2. Kit qud xdc dinh dien tich dinh tdn xg 

Vj tri dait bia - z (mm) 

-20,0 

-17,5 

-15,0 

-12,5 

-10,0 

Thd tich tan x^ (mm )̂ 

0 

10,88 

112,12 

352,17 

685,85 

So dim (N) 

421 

670 

2352 

5303 

9969 

Sai so sd dim 
(%) 
4,87 

11,15 

4,33 

2,67 

1,68 
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13732 

17029 

17578 

17771 

18092 

17083 

13539 

10730 

5759 

3811 

1533 

803 

300 

80 

1,54 

1,34 

1,45 

1,54 

1,38 

1,23 

1,54 

1,51 

2,81 

2,48 

5,25 

3,53 

5,77 

11,18 

Sd Udu trong Bang 2 eho thiy ring difn tich dinh tdn xa ldn khi thd tich tdn xa ldn, 
d nhiing vi tri cd thd tich tdn xa nhd han thi sd ddm d dinh tan xa nhd va khi vat lifu 
dugc dat d cdc vi tri md thd tich tdn xa bdng khdng thi sd ddm dinh tdn x£i gin nhu khdng 
ddng kd. Mat khde sai sd cua.sd ddm difn tich dinh tdn xa mic phdi d nhttag vi in co thd 
tich tan xa nhd la kha ldn (tien 10%) do sy thang gidng thdng kd ldn d vung ndy. 

Su thay ddi ciia sd dim theo thd tich tdn xa dugc ttinh bay d Hinh 9. Dd thi nay 
cho thiy sy thay ddi cua sd dim theo thd tich tan xa gin nhu tuydn tinh vdi he sd tuong 
quan la 0,951. 

Hmh 9. Suphu thudc eda dien tich dinh tdn xg vdo thi tich tdn A 
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Tu Icet qua nghien cuu tren, Ichi sii dung kl thuat gamma tan xa ngugc trong do co 
sir dung ca colHmator detector va collimator nguon, viec bo tri thi nghiem cSn phai chu 
y den vj tri dat bia sao cho the tfch tan xa la Ion nhat. Tat nhien rSng, ung vai m6i clu 
hinh b6 tri he thf nghiem sg co dugc vi trf dat bia sao cho thS tfch tan xa thu dugc la Ign 
nhat. Viec tinh toan the tfch vung tan xa da dugc chung toi viet code tren nin tang 
Fortran sir diing phuong phap Monte Carlo. 

Nghien cuu nay la ca sa cho viec b6 trf thuc nghiem trong do ca collimator 
detector va collimator nguon deu dugc su dung voi cac phep do xac djnh do day vat 
lieu, do do an mon bang kT thuat gamma tan xa ngugc ma chung toi dang thuc hien. 
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