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TOM T A T 

Trong cdng trinh ndy, tiit di$n tdn xa 
Compton ddi vdi mdt sd vdt lidu nhu nhdm, 
sit, ddng. thdp 045 vd CT3 dd duoc tinh 
todn bing chuong trinh Mathematica vd 
Fortran 95 cho vOng ndng luxmg tCr 250 keV 
din 2600 keV. Bdn canh dd, chuong trinh 
MCNP5 vd thi/c nghidm dd su di^ng k^ thudt 
TO'khda: Tiit didn Compton, MCNP5, gamma tnjyin qua. 

Gidl T H I $ U 

Phuang phip gamma tdn xa dugc img dung 
nhilu trong cic ITnh v^c ki6m tra kh6ng phi huy 
(NDT - Non-desfructive testing) nhir x&c dinh dO 
an mdn v§t Ii?u [5], do dp dSy ciia phim him ca 
phij tren t̂ m th^p [2], kilm ba khuyet tat trgn cdu 
tnic da 16p [4], do mat dO cua chit long [6],... 
C4c ling dung niy cho thSy dugc t ^ quan trong 
cung nhu tinh pho bifin ciia phuang phip gamma 
tin xa. IJu dilm cua phuong phap niy Ih nguon 
gamma va thiet bi ghi do khong cSn tilp xiic true 
tiep v6i doi tirgng can do, ngu6n phat gamma va 
dhu d6 c6 thl dat ciing mgt phia so v6\ vat m3u. 
Do d6, khi cSn do tryc tilp cac vat miu dat'trong 
mpt moi tnrdng khac nghiet (nhî t dp cao, ap suat 
I6n,...) ho$c khi dilu kifin do chi cho phep he do 
tilp can tir mOt phia (thanh 16 chiu nhiet, 6ng 
fry.-) thi h? do tin xa gamma \h giai phip h&u 
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gamma truydn qua di xdc dmh h$ sd suy 
gidm tuyin tinh ti> dd tinh todn tiit di$n 
Compton. Dd sai bidt Idn nhit 6 % cho thiy 
chuong trinh tinh todn phO hop tdt vdl ca sd 
du- lidu NIST, chuong trinh MCNP5 vd thi/c 
nghidm. 

hieu. Tiet dien tdn xa Compton fra nfin l<!m hom 
tilt difin hifiu iing quang difin vd tilt di|n hifu 
ling tao cip trong viing ning lugng tCr 250 keV 
din 3000 keV. E)o dd, tinh toin tiet difn tin xa 
Compton hd trg t&t cho cic nghien ciiu tugng tic 
ciia gamma vdi miu sinh hgc [7]. 

Trong cong trinh niy, mgt chuong trinh tinh 
toin dirge phit triln dl tinh tilt di?n tin xa 
Compton dya trfin c6ng thiic Klein - Nishina [I] 
doi vdi vat lieu dang don chit (nhom, sSt, dong) 
vi hdn hgp (th^p CT3, thfip C45). Kit qui tinh 
toin dugc so sinh vdi thuc nghifim vi md phdng 
bang chuong trinh MCNP5. D0 sai bift 6 % gitta 
chucmg trinh phit friln vdi thyc nghifm, md 
phong vi CO sd da lifu NIST [11]. Dilu niy cho 
thay, chircmg trinh tinh toin cua chiing tdi li ding 
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tin ciy va c6 the ip dyng tinh toan tilt difn 

PHirONG PHAP NGHIEN ClTU 

Ccr sd ly thuylt 

Tilt difn vi phan cua tin xa Compton dugc 
tinh toan bing cdng thiic Klein - Nishina [1]: 

n W e f,, £ (̂l-cos8)' ] , ^ 
-^^ (1) 

I d c i j ^ ""^ii+ECi-oc^fl' {i4We)[i+6(i-aEe)]J' 

Khi lugng tii gamma tdi mang nang lugng E 
(keV) tuang tic vdi electron, tilt difn toin phin 
tan xa Compton dugc tinh bang cdng thuc: 

Mln(l̂ 2.) (2) 

Vdi r̂  = ê  /{Amamhc), E - E imc' , 
a=eV47l^fic, don vj tinh ciia tTcorp 'a (cm^). 

Cdng thirc gan diing dfi tinh tiet difn tin xa 
Compton cho toin bd Z electron ciia nguyfin tu 
[3]: 

Oa«=ZcJc^ (3) 

Ddi vdi vat lifu don chSt, tilt difn tin xa 
Compton dugc xic djnh thdng qua hfi sd hip thu 
khdi Compton: 

NAVI P J 
(4) 

Trong dd, M (mol/g) Ii khdi lugng nguyfin tir, 
N̂ ,̂ Ii hing sd Avogadro. 

Compton cho cic vat lieu khic. 

He sd hip thu khdi Compton cua vit lieu hdn hgp 
gdm n nguyfn td: 

C6ng there tinh tigt dien tan X9 Compton dfii vdi 
v|it lî u d^ng Hon hgp; 

ISM.' 
(6) 

5'M, 

Trong dd, to, li phin trim khii iugng ciia 

nguyfin td thii i vi 0̂ ,0, cd dan vj (cm )̂ 

Chinmg trinh tinh toan 

Hlnh 1 thl hien giii thuat tinh tilt difin tin xa 
Compton bang Fortran 95. Trong dd, s6 khii M, 
sd bic nguyfin tic Z, khdi Iugng rifing p ciia cic 
nguyfin to dugc liy theo NIST. Khdi lugng 
eiecfron lay theo dan vj nSng lugng, nghTa li 
m = 5I0,99891(keV). 
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Diing 

t s i - y i 

t s 2 - y ^ 
ir M, 

Nhip 

tsl = 

ts2 = 

i = 

M, z,.<», 
tsl+(o, / M 

ts2 

i + 
+ (z.«,) / M , 

Ket thiic 

Hlnh I. Luu d5 chuong trinh tinh tiet dien tin xa Compton. 

Thinh phin nguyen td cua thep C45 va th^p CT3 dugc liy theo tieu chuin [10]. 

M6 phdng \k thi | r nghifm 

Chi 

Nal(Tl) U — H ^' Nal(Tl) 

Nguon 

(A) (B) 

Hlnh 2. He thyc nghidm do gamma truygn qua. 

Hf thyc nghifm do gamma truyen qua dugc 

thilt k l nhu Hlnh 2, su dyng cic ngudn^diem 

'"Cs(66I,7 keV), *°Co(I173,2 keV v i 1332,5 

keV), ^^'Ra(1764,5 keV). Diu dd Nal(Tl) 

8 0 2 - 3 x 3 (Canberra Inc.) vdi kfch thudc tinh 

thl 7,62x7,62 cm, dO phan giii 7,5 % vi cd ciu 

tnic dugc md phong nhu Hinh 3. Cic thdng so 

dau dd NaI{Tl): cira sd nhdm diy 0,05 (cm), mat 

dd 147 (mg/cm^), ldp phin xa nhdm oxit diy 

0,16 (cm), mat do 88 (mg/cm^). 
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|Si l ic 

I A1:0, 

| N a I ( n ) 

iSiOj 

| A 1 

Hmli 3. c iu tnic dau do Nal(n) mo phoi^ Iwing MCNP5 

Hf do gamma truyen qua dugc thilt k l de 

xic djnh hf sd suy giam tuyen tinh ciia vat lifu. 

Ddi vdi hf thyc n ^ i f m do gamma truyfin qua, 

can tien hinh do phdng (s6 dem den tii moi 

tnrdng) trudc khi l ip ngudn va bia vao he do. Sau 

khi trir phdng, liy difin tich dinh cua phd do 

khdng bia (Hinh 2A) cd dugc gi i tri Ng(E), lay 

difin tich dinh cua phd do cd bia (Hinh 2B) dugc 

gii trj N(E) . Ddi vdi hf md phdng gamma 

truyen qua, g i i tri N(,(E) vi N(E) dugc tinh 

toin thdng qua hifiu suit ghi nhan ciia dau dd va 

sd sy kifn k h ^ b io ban diu: 

N . ( E ) = i i 4 , (7) 

N{E) = i i5 , (8) 

Trong do, ^ v i ^j la hifu suit ghi nhan ciia 

diu dd ddi vdi hf do khdng bia v i cd bia, 

Ti = l{r sykifn. 

Cdng thirc (9) v i (10) dugc sii dung d l xic 

djnh hf sd suy giim tuyin tfnh v i sai sd tuang 

dot [9]: 

X L N(E) J (9) 

•(N.(E)) .•(N(E))1(10) 

H{E) N'(E) J 

0 d3y, p(E)(cm"') la he s6 suy giam tuySn 

tinh cua vat li^u ling vol nang lupng E; x(cm) la 

bi day bia vSt heu; u ( ^ ) la sai s6 cua ^l(E) ; 

u (x )^0 ,01 (cn i ) la sai s6 cua thudc do; 

U ( N , ( E ) ) la sai S6 cua N „ ( E ) ; U ( N ( E ) ) la 

sai so cua N{E) . 

Khi chia ^ (E) cho kh6i luong rieng p ducrc 

he s6 hip thy kh6i toan phan ( p ( E ) / p ) , thg vao 

cong thuc (11) dg tim hg s6 hSp thu khdi 
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Compton {MQ^ /p) cua vit lieu. Trong do, gii trj 
cua hf sd hip thu khdi quang difn {|ip̂ „„ /p) vi 
he s6 hip thy khdi tao cip {ii^,/p] ^wc liy tir 
CO sd dtt lieu NIST [I I]. 

^ l ^ H(E) p̂ho.0 Hpar ^ j , ^ 

P P P P 

Culi cimg, thl kit qui vio cong thiic (4) dl 
tim tilt difn tin xa Compton ciia bia vat lifiu don 
chit (nhom, sit, ddng,...) vi cdng thiic (6) dl tim 
tilt difin tin xa Compton ciia bia vat lifu hdn hgp 
nhilu nguyen td (thep C45, thep CT3,...). 

Bing I. Hfi sd suy giam tuyfin tinh va tiet difin tin 

KET QUA VA THAO LUAN 

Tiet dien tin x̂  Compton tir h£ thuc nghifm 
vi hfi md phdng MCNP5 do gamma truyen 
qua 

Bang 1 va Bing 2 the hifn ket qua tim hf so 
suy giam tuyfin tinh vi tilt dien tan xa Compton 
ddi vdi nhdm tii hf do thyc nghifm vi hf do md 
phdng. Trong dd, he sd suy giim luyen tinh dugc 
xic dinh bing cdng thiic (9), tilt difin tin xa 
Compton ddi vdi vat lifiu don chat (nhdm, sit, 
ddng,...) dugc xic dinh thdng qua cdng thic (4) 
va (II), ddi vdi vat lifu dang hon hgp (th6p CT3, 
th^p C45,...) thi tilt difn tin xa Compton dugc 
xic dinh bing cdng thiic (6) vi (11). 

xa Compton dli vdi nhdm tir he do thyc nghifm. 

E 

(keV) 

661,7 

1173,2 

1332,5 

1764,5 

N.(E) 

726310(852) 

161529(402) 

149892(387) 

199326(446) 

N(E) 

587957(767) 

137498(371) 

128963(359) 

- 174819(418) 

(cm-') 

0,2013(25) 

0,1534(38) 

0,1432(39) 

0,1249(33) 

"c 

(bam) 

3,34(4) 

2,55(6) 

2,37(6) 

2,06(5) 

Vdi 3,33(4) = 3,33±0,04 vi lbam-10""'cni^ 

Bing 2. Hf sd suy giim tuyfin tinh va tilt difn tin xa Compton ddi vdi nhdm tir he do md phong. 

E 

(keV) 

661,7 

1173,2 

1332,5 

1764,5 

N,(E) 

433150(658) 

500626(708) 

467737(684) 

391613(626) 

N(E) 

349077(591) 

425523(652) 

402649(635) 

342640(585) 

Jl 

(cm') 

0,2055(22) 

0,1548(20) 

0,1427(21) 

0,1272(22) 

MCNP5 

(bam) 

3,41(4) 

2,57(3) 

2,38(3) 

2,05(4) 

So sinh cic kit qua 

Tiit dien tdn xg Compton ctia vgi lieu dan chdt 

Chiing tdi tinh toin tilt difn tan xa Compton 
cua Iugng tu gamma nrong tic vdi bia nhdm, sit. 

ddng. Do sai bift Idn nhit 0,49 % (Bing 3) cho 
thiy chucmg trinh tinh toin li phii hgp vdi ca sd 
d& lieu NIST. 
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Bing 3. Ket qua tim tilt difn tin xa Compton ddi vdi nhdm, sit, ddng. 

V$t lifu 

NHOM 

SAT 

DONG 

E 

(keV) 

661.7 

1173,2 

1332,5 

1764,5 

661,7 

1173,2 

1332,5 

1764,5 

661,7 

1173,2 

1332,5 

1764,5 

—NIST 

<Jc 

(bam) 

3,33 

2,54 

2,38 

2,05 

6,64 

5,08 

4,75 

4,09 

7,40 

5,66 

5,30 

4,56 

" c 

(bam) 

3,33 

2,54 

2,37 

2,04 

6,66 

5,07 

4,75 

4,08 

7,43 

5,66 

5,30 

4,55 

_IT9S 

' ' c 

(bam) 

3,33 

2,54 

2,38 

2,04 

6,66 

5.08 

4,75 

4,09 

7,43 

5,66 

5,30 

4,55 

(bam) 

3,41(4) 

2,57(3) 

2,37(3) 

2,09(4) 

6,80(3) 

5,17(3) 

4,82(3) 

4,19(3) 

7,56(3) 

5,77(2) 

5,39(2) 

4,67(3) 

«.tN 

" c 

(bam) 

3,34(4) 

2,55(6) 

2,37(6) 

2,06(5) 

6,66(7) 

5,07(7) 

4,74(7) 

4,07(6) 

7,39(7) 

5,64(6) 

5,29(6) 

4,56(5) 

Sai bift 

(%) 
0,00 

0,00 

0,22 

0,49 

0,30 

0,20 

0,00 

0,24 

0,40 

0,05 

0,08 

0,19 

Sai biet 

(%) 
0,00 

0,00 

0,00 

0,49 

0,30 

0,00 

0,00 

0,00 

0,40 

0,02 

0,03 

0,28 

Sai bift 

^ T 5 , ^ » S T 

(%) 
2,40 

1,18 

0,42 

1,95 

2,41 

1,77 

1,47 

2,44 

2,16 

1,96 

1,67 

2,35 

Sai bift 

(%) 
0,30 

0.39 

0,42 

0,49 

0,30 

0,20 

0,21 

0,49 

0,14 

0,34 

0,22 

0,06 

Vdi 3,41(4) =(3,41±0,04) 

Hinh 4A thf hifn ket qui tim tilt difn tin xa 
Compton ciia nhdm 6 27 mirc ning lugng trong 
vung ning lugng tir 250 keV din 2600 keV, do 
sai bift ldn nhat giiia ly thuyft vi co sd dil Ufu 
NIST ii 0,70 %. Ddi vdi bia sit vi ddng, tilt difin 
tin xa Compton gifta tinh toin Iy thuyet vi NIST 
cd sai bift ldn nhit 1,84 %. 

Bing 4. Ket qui tim tift difn tin xa Compton cua th^p C45 vi thdp CT3. 

Tiet di^n tdn xg Compton ciia vdt lieu hon hap 
nhieu nguyen to 

(y cic mirc ning lugng thyc nghifm, tilt dien 
tin xa Compton ciia liiep C45 (vi thep CT3) cd 
dp sai biet cao nhit 0,31 % (vi 0,30 %) giiia tinh 
toan Iy thuylt vi ca sd dft lifu NIST. Kfit qui 
dugc trinh biy trong Bang 4. 

VSt lifu 

C45 

cn 

E 

(keV) 

661,7 

1173,2 

1332,5 

1764,5 

661,7 

1173,2 

1332,5 

1764,5 

„N1ST 
" c 
(bam) 

6,51 

4,98 

4,66 

4,01 

6,59 

5,03 

4,71 

4,05 

' ' c 

(bam) 

6,54 

4,98 

4,66 

4,01 

6,61 

5,03 

4,71 

4,05 

«.Ft95 
°C 

(bam) 

6,53 

4,98 

4,66 

4,01 

6,61 

5,03 

4,71 

4,05 

of*" 
(bam) 

6,68(3) 

5,07(3) 

4,73(3) 

4,11(3) 

6,74(3) 

5,12(3) 

4,78(3) 

4,15(3) 

(bam) 

6,53(7) 

5,02(7) 

4,62(6) 

4,05(6) 

6,52(7) 

5,35(7) 

4,74(7) 

3,98(6) 

Sai bift 

af*/ 

(%) 
0,30 

0,00 

0,00 

0,00 

0,30 

0,00 

0,00 

0,00 

Sai bift 

(%) 
0,31 

0,00 

0,00 

0,00 

0,30 

0,00 

0,00 

0,00 

Sai bift 

of"'/ 

(%) 
2,61 

1,81 

1,50 

2,49 

2,28 

1,79 

1,49 

2,47 

Sai biet 

"c 1 

(%) 
0,31 

0,80 

0,86 

1,00 

1,06 

6,36 

0,64 

1,73 
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Vdi 6,68(3) = 6,68+0,03 

Trong vung ning Iugng tir 250 keV din 2600 

keV (Hinh 4B), tilt difin tin xa Compton ciia 

thdp C45 tinh toin IJ thuylt cd dp sai bift ldn 

nhit 1,64 % so vdi co sd du lieu NIST 

0 500 1000 1500 2000 2500 30 
Nang lugng (keV) 

Hlnh 4. Tilt di^n lim x? Compton ciia lugng tii gamma tuong tic vdi bianh6m(A) vith^p C45 (B) 

KET LUAN 

Trong cdng binh niy, chuang trinh tinh toin 

tilt difn tin xa Compton dugc vifit bing Fortran 

95 vi Mathematica dli vdi vat lifu dan chit 

(nhdm, sit, ddng) v i vat lifu hdn hgp (thep CT3 

v i th^p C45). Ngoii ra, hf do gamma truyin qua 

bang thyc nghifm v i md phdng MCNP5 cung 

dugc thilt kfi de xic djnh hf s l suy giim tuyin 

tfnh, ttr dd tim tiet difin tin xa Compton. Tilt difn 

tin xa Compton tir tinh toin ly thuyet so vdi co 

sd dft lieu NIST cd dg sai bift ldn nhat 1,84 % 

ddi vdi bia dang dan chat (1,63 % dli vdi bia 

dang hdn hgp) chiing td chuang trinh tinh toan 

chiing tdi xay dyng l i d ing tin cay. 

Ldi CAM ON: Nghien cmi dupc tai tra bai Bgi 

hoc Qudc gia Thdnh pho Hd Chi Minh trong 

khuon khd Di tdi ma s6 B2015-18-03. 
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Calculation of Compton cross section 
of aluminum, iron, copper, C45 and 
CT3 steels in the range of 250 keV-
2600 keV 
• Nguyen Thao Ngan 
• Tran Thien Thanh 
• Chau Van Tao 
University of Science, VNU-HCM 
• Le Quang Vuong 
• Nguyen Thi Binh 
• Hoang Duc Tam 
University of Pedagogy HCMC 

ABSTRACT 

In this work, the Compton cross section 
of some materials such as aluminum, iron, 
copper, C45 steels and CT3' steels was 
calculated by Mathematica and Fortran 95 
codes. Besides, the MCNP5 code and 
experiment using the gamma transmission 

Keywords: Compton cross section, MCNP5. gamma transmission 

techniqne to determine linear attenuation 
coefficients, were used to calculate the 
Compton cross section. The maximum 
deviation of about 6 % showed that our 
codes was good agreement with NIST data, 
MCNP code and experiment 
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