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TOM TAT 

Trong cdng trinh ndy, phuang phdp hybrid Monte Carlo duac su dung di tinh todn 
hiiu sudt tdng vd hiiu sudt ndi cua detector Na(Tl) ddi vdi ngudn dgng dia, mdng co tdm 
ndm trin true ddi xung cua detector NaI(Tl). Kit qud tinh todn dugc so sdnh vdi kit qud 
ciia cdc nghiin ciru khdc vd cho thdy suphii hgp tdt 

Tir khda: hieu suit tong, hieu suit ndi, ngudn dia, hybrid Monte Carlo, Nal (Tl). 

ABSTRACT 

Determination of total and intrinsic efficiencies of a 3" x3"Nal(Tl) detector 

for a thin disc source 

In this work, the hybrid Monte Carlo method was used to determine the total 
efficiency and intrinsic efficiency of NalfTl) detector for thin disc source with coaxial 
source-detector arrangement. Calculated results were compared with other related 
publications and proved a good appropriateness. 

Keywords: total efficiency, intrinsic efficiency, disc source, hybrid Monte Carlo 
method, Nal(Tl). 

1. Gioi thieu 

Detector nhip nhay sii dung tinh thi Nal(Tl) duge phat minh bdi R. Hofstadter 
vao nam 1948 vdi uu diem la ed do phan giai va hieu suat dd cao, ed the boat ddng d 
nhiet do phdng [10] nen duge sir dung rdng rai trong nhilu ITnh vuc khac nhau. Trong 
ITnh vuc ling dung cdng nghiep, loai detector nay duge sii dimgde xac dinh vi tri khuyet 
tat dudng dng [12], dd tac nghen dudng dng, v.v... 

De xac dinh dugc boat do eiia ngudn phdng xa gamma iing vdi nang lugng tia 
gamma phat ra, mdt trong nhimg thdng sd quan trgng can phai biet la hieu suat do cua 
detector. Do vay, cd the thay rang viec xac dinh hieu suat tdng va hieu suat ndi eua 
detector Nal(Tl) van het siic can thiet. 

ThS, Trudng Dai hoc Su pham TPHCM 
' HVCH, Trudng Dai hoc Su pham TPHCM 
" TS, Trudng Dai hoc Khoa hoc Tu nhien, DHQG TPHCM 
"* PGS TS, Trudng Dai hoc Khoa hpc Tu nhi^n, DHQG TPHCM 
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Hieu suit tdng ciia detector Nal(Tl) vdi kich thudc 3"x3" ddi vdi nguon dTa da 
duge T.Nakamura xac dinh bing phuong phap giai tich [7]. Sau dd, ciing vdi phuong 
phap nay Selim va eac cdng sir da trinh bay kit qua tinh toan hieu suit tdng cua 
deteetdr nhip nhay dat ddng true vdi detector. [11] 

Ben canh phuong phap giai tich, mgt 
sd tac gia khac ciing tinh toan hieu suit NguSnaa 
tdng eiia detector Nal(Tl) bing phuong 
phap Monte Carlo do tinh don gian eiia 
nd.[4, 8] 

Nam 2007, S.Yalcin va cac cdng sir 
[13] da sir dung kit hgp phuong phap 
Monte Carlo va phuong phap giai tich dl 
xac dinh hieu suat tdng ciia detector. 
Trong phuong phap nay, nhdm tac gia tren 
da sii dung kT thuat Monte Carlo dl xac 
djnh hudng eiia cac photon phat ra tir 
ngudn. Dua tren hudng photon nay, phin 
quang dudng ma photon di trong tinh thi 
dugc xac dinh bang phuong phap giai 
tich. Su ket hgp ciia hai phuong phap nay 
duge ggi la phuong phap hybrid Monte 
Carlo. 

Trong nghien ciiu nay, chuong trinh 
may tinh duge viet bang ngdn ngir lap 
trinh Fortran (CalcTotEff) chay tren nIn 
tang Plato (Silverfrost) sii dung phuong 
phap hybrid Monte Carlo eiia S.Yalcin de 
tinh toan hieu suit tdng va hieu suat ndi cua detector Nal(Tl) ddi vdi ngudn dang dTa 
theo cac khoang each khac nhau. Dua tren hieu suit tdng tinh duge, hieu suit ndi cua 
detector Nal(Tl) ciing se dugc tinh. 

2. Phirong phap hybrid Monte Carlo 

2.1. Xdc dinh hieu sudt tdng cua detector Nal(Tl) 

Phuong phap hybrid Monte Carlo duge dua ra bdi S. Yalein [13] cd uu diem la 
thdi gian tinh toan nhanh va linh boat khi de dang thay ddi cac thdng sd nhu: khoang 
each detector - ngudn (d), he sd suy giam tuyen tinh toan phan (p),v.v... De lam co sd 
cho viec viet chuong trinh bang Fortran trong tinh hieu suat tdng va hieu suat ndi, 

r 

chiing tdi trinh bay lai tdm tat ndi dung thuat toan ma S.Yalcin da dua ra. 
Trong he thdng ngudn dTa - detector, tam eiia ngudn dia nam tren true ddi xiing 

eua detector. Ngudn dTa duge sii dung trong tinh toan la nguon dang dTa trdn mdng ed 

Hinh 1. Nguon dia ddt dong true v&i detector NaI(Tl) 
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ban kinh Rs nhd hon hoac bing ban kinh ciia detector Rd (Rs^ Rd)- Cd thi xem photon 
phat ra tir cac dilm phan bd ddng nhat tren ngudn dTa, cac diem nay nam tren mgt 
dudng trdn cd tam triing vdi tam ngudn dTa ban kinh v^ dugc xac dinh bdi: 

Ta =Rs^/q (0 ^ â < Rs) voi q = cosG (1) 

Qua trinh chgn mdt dilm bit ki tren ngudn dTa la qua trinh hoan toan ngau nhien 
do vay cd thi dimg ham RAND0M_NUMBER(1) trong Fortran va thuat toan phii hop 
dl tao ra gia tri chgn lgc ngau nhien. 

Xet dilm A thudc dudng trdn (O, ra) dugc xem la nguon dilm phat photon tir 
ngudn dang dia, dudng di ciia photon phat ra tir ngudn dilm A din detector dugc xac 
dinh qua gdc cue 6 (O<0<7r/2) va gdc phuong vi qp: qp = 27tq (0<(t)<27i;). Photon 
phat ra tir ngudn dilm A vdi gdc 0 nim trong pham vi cua hinh ndn cd gdc d dinh la 26 
va chilu cao la d. Ban kinh cua mat day hinh ndn la: A 'C = d tan 0 

A'D a' 
Goc 0.2 duoc tinh: tan a, = ^ ^ = — ^ a, = tan 

' AA' d ' 

^a;^ 
(2) 

vdi a' dugc xac dinh nhu sau: 

R^ = r; + a •' - 2r^a' eos^ =:> a'' - 2(r̂ eos(|))a' + (r̂ ' - R^) = 0 (3) 

Nghiem ciia phuong trinh (3) vdi an la a': a' = r̂ cos(j) ± yjr^cos^^ - (r̂ ^ - R j) (4) 

Xet nghiem duong ciia a': a' = r̂ coscj) + ̂ Jr^cos^^ - {r^ - Rj) (5) 

Dudng di ciia photon trong detector dugc xac dinh bdi cac gdc 0, ai, 02-

• Neu COS0 < cosOj => 0 > a, : photon khdng di vao ben trong detector. 

• Neu COS0 > cosOj =^ 0 < Oj: photon se di vao ben trong detector va tuong tac vdi 

tinh the Nai (Tl). Khi dd se cd 2 kha nang xay ra: 

o Kha nang thii nhat: photon thoat ra tir mat ben cua detector (md ta bdi 
dudng sd 1 nhu trong hinh 1). 

o Kha nang thii hai: photon thoat ra tir mat day cua detector (md ta bdi dudng 
sd 2 nhu trong hinh 1). 

De xac djnh xem photon di ra tir mat ben hay mat day eiia detector cin dua vao 
gia tri cua gdc aj. Gdc ai dugc tinh: 

tana, = 
A'"D' a' 

a, = tan ' 

AA" H,+d j ^ , 

' a' 
Ha+dJ 
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• Neu 0 < a, thi photon se tuong tac vdi tinh the Nai ben trong detector va di ra tir 

da>' cua detector. Khi dd quang dudng cua photon di trong detector dugc xac djnh 

bdiA:=BB^ = 5 ? ^ - - ^ 
eos0 COS0 

• NIU a, < 0 < 02 thi photon se tuong tac vdi tinh thi Nai ben trong detector va di 

ra tir mat ben cua detector. Quang dudng eiia photon di trong detector trong trudng hgp 
nay duge tinh nhu sau: A 

A C = ^ " ^ ' = '• 
sinO sinO 

= CC' = AC' 

sinO 

-AC 

d 

cosO 

COS0 cosO , 

Nhu vay, quang dudng photon di trong detector dugc xac dinh nhu sau: 

H. 

A = 
khie < a, 

cosO 

— k h i a , < e < a 2 
sin 0 cosO 

(V) 

Mdt photon vdi nang lugng E di dugc quang dudng A ben trong detector, phan 
hap thu ddi vdi photon do dugc xac dinh bdi: 

S(E) = l-e-^^^^'' (8) 

trong dd p(E) la he sd suy giam tuyen tinh toan phan va dugc xac dinh nhd chuong 
trinh XCOM [2]. 

Hieu suat tdng cua detector Nai (Tl) duge xac dinh bdi cdng thiic [4]: 

yS(E) 
e , ( E ) = ^ ^ ^ 

2N 
(9) 

So do thuat toan xac dinh hieu suit tdng ddi vdi ngudn dia bing phuong phap 
hybrid Monte Carlo dugc trinh bay trong hinh 2. 
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(' S tan ) 

iii|-ul: i:. yi. K^,, H ,̂, <l, K .̂ N 

i 
nu j ^= KNIX 

:z:i::_., 
r., = K,»t.i"' 

T [ .S>=2 * «* KNlXl) 

— J —-

[ t / -= (iHr'(ii'/i.(» I 

f irt.sOs HNIX II j 

37""' 
j'osO r", cii>.t». 

>v> 

T 
in, = larr'<'ii'/iiltll,i)) 

£ 

A = (iiVsinO) - (tl/co-*) 

T 
A = H.,A'o%tt 

S - l4;XPf-|,(*A) 

TS « TS • S 

NH.xr 

oul|XH: i;. l i f l 'Kll iNCY 

THI: 
c •**'"'' ) 

Hinh 2. Liru dd thugt todn tinh hieu sudt tdng cua detector Nai (Tl) ddi vai ngudn dia 

2.2. Xdc dinh hieu sudt ndi cua detector Nal (Tl) 
Ben canh hieu suit tdng, hieu suit ndi eung la mdt tham so quan trgng danh gia 

kha nang do dac eua detector. Hieu suit ndi duge xac dinh la ti sd giira sd dim trong 
dinh nang lugng toan phin vdi sd photon din dap vao tinh thi. Hieu suit ngi cd thi 
duge tinh qua hieu suit tdng theo cdng thiic: 

2s. 
(10) s. = dIR 

yl{d/Rf+l 
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Hieu suat ndi phu thudc vao nhieu yeu td nhu nang lugng photon tdi, sir phat 
photon, sir hap thu va ca viec nang lugng bd lai trong dinh nang lugng toan phin. 

Trong nghien ciiu nay, thdng qua viec tinh hieu suit tdng ddi vdi ngudn dang dTa 
hieu suit ngi cua detector Nal(Tl) cung dugc tinh. 

3. Ket qua 

3.1. Ddnh gid do tin cdy cua chwang trinh tinh hieu sudt tdng CalcTotEff 

De danh gia chuong trinh tinh hieu suit CalcTotEff, viec so sanh hieu suit tdng 
dugc tinh tir CalcTotEff vdi cac tac gia khac se dugc thuc hien. Kit qua vl hieu suit 
tdng trinh bay trong bang 1 va 2 dugc tinh toan vdi so photon phat ra tir ngudn dia la 
2.10^ hat. 

Bdng 1. Hieu sudt tdng ciia detector Nal(Tl) kich thudc 3"x3" ddi vai ngudn dia cd 
bdn kinh Rs=3,81cm dgt ddng true vdi detector cdch bi mat detector khodng d = 3,0cm 

Nangluong 
(keV) 

81 
212 
1100 

Hieu suat tong 
Ket qua 

cua chiing toi 
0,1446 
0,1226 
0,0701 

S. Yalein [13] 

0,1451 
0,1224 
0,0701 

Cesana 
and Terrari [3] 

0,1430 
0,1230 
0,0701 

Heath [5] 

0,1450 
0,1230 
0,0702 

Bdng 2. Hieu sudt tdng ciia detector Nal(Tl) kich thudc 3"x3" ddi vdi ngudn dia cd 
bdn kinh Rs=3,8Icm dgt ddng true vdi detector 

cdch be mat detector khodng d = 10,0cm 

Nang 
lu*0Tig(keV) 

50 
100 
500 
661 
1000 
1332 
2000 
2620 
2750 
5000 

Hieu suat tong 
Ket qua 

cua chung 
toi 

0,0300 
0,0294 
0,0206 
0,0191 
0,0170 
0,0156 
0,0141 
0,0133 
0,0132 
0,0126 

S.Yalcin 
[13] 

0,0301 
0,0295 
0,0206 
0,0191 
0,0169 
0,0155 
0,0142 
0,0133 
0,0133 
0,0127 

Belluscio 
va cong su. 

fl] 

— 

~ 

0,0190 
— 

0,0164 
— 

~ 

0,0141 
~ 

Nakamura 
[8] 

~ 

— 

~ 

0,0183 
— 

0,0168 
— 

0,0132 
— 

— 

Vegors va 
cong sir 

•[14] ' 
— 

— 

— 

— 

0,0156 
— 

0,0133 
— 

— 

Selim 
va cong su" 

[ill 
0,02744 
0,02801 
0,02087 

~ 

0,01727 
~ 

0,01440 
— 

— 

0,01298 
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Hinh 4. Suphu thudc cua hieu sudt ndi theo ti sd d/Rd 

/ r -y r 

Ket qua trinh bay trong bang 1 va bang 2 cho thay sir phii hgp ve ket qua gia tri 
hieu suit tong dugc tinh toan tir chuong trinh CalcTotEff vdi cac tac gia khac da khing 
dinh dugc do tin cay eiia chuong trinh CalcTotEff ma chiing tdi phat triln tren nIn tang 
ngdn ngii lap trinh Fortran. 
3.2. Hieu sudt ndi cua detector Nal(Tl) 

Hinh 3 chi ra sir phu thudc eiia hieu suit ndi eiia detector Nal(Tl) kich thudc 
3"x3" theo nang lugng photon phat ra tir ngudn dTa ed ban kinh Rs=3,81cm dat ddng 
true vdi detector each bl mat detector khoang d bing lOem. Tir dd thi cho thiy, hieu 
suat ndi eiia detector Nal(Tl) thay ddi theo nang lugng, khi nang lugng cang tang thi 
hieu suat ndi cang giam. 
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Hinh 4 chi ra sir phu thudc cua hieu suit ndi vao ti sd d/R^ eua detector Nal(Tl) 
kich thudc 3"x3" ddi vdi photon cd nang lugng 1332 keV. Tir dd thi cho thiy, hieu 
suit ndi cua detector Nal(Tl) ddi vdi ngudn dang dTa thay ddi theo ti sd d/Rj, diu tien 
khi tang ti sd d/R^ thi hieu suit ngi se giam va sau khi dat gia trj nhd nhit tai ti so 
d/Rd=0,5 nd lai tilp tuc tang len va bao hda khi ti so d/R^tren gia tri 100. Dang thay ddi 
cua dd thi bieu dien hieu suit ndi theo ti sd d/Rj phii hgp vdi nghien ciiu trudc day. [6] 

4. Ket luan 

Trong nghien cim tren, chiing tdi da sir dung phuong phap hybrid Monte Carlo 
ciia S. Yalein va cac cdng sir dl tinh toan hieu suit tdng va hieu suit ngi ciia detector 
Nal(TI) kich thudc 3"x3", ddng thdi vilt chuong trinh bing ngdn ngu lap trinh 
Fortran (CalcTotEff) dl tinh toan hieu suit tdng, kit qua thu duge cho thiy cd sir phii 
hgp vdi kit qua eiia cac nhdm tac gia khac. Dieu nay, mdt lin nira da khing dinh lai do 
tin cay ciia phuong phap hybrid Monte Carlo va lam co sd cho viec sir dung phuong 
phap nay vao viec tinh toan do uu dilm tinh toan nhanh va linh boat cua nd. 

Ben canh dd, chiing tdi ciing sir dung phuong phap hybrid Monte Carlo dl tinh 
r f -y \ 

toan hieu suat ngi eua detector Nal kich thudc 3"x3" ddi vdi ngudn dang dTa, ddng 
thdi khao sat su phu thudc ciia hieu suat ndi vao ti sd d/R^ va doi vdi cac gia tri nang 
lugng khac nhau. Ket qua cho thay hieu suat ndi dat gia tri cue tieu khi ti sd d/Rj cd gia 
tri trong pham vi tir 0,5 den 1 va bao hda tai cac ti sd d/Rj nhd hon 0,01 hoac ldn hon 
10. Tir day ed the ket luan rang, de ghi nhan duge photon vdi hieu suat cao khi sir dung 
detector Nal(Tl) kich thudc 3"x3", ngudn dTa can dat rat gan (d/Rd< 0,01) hoac xa 
detector (d/Rd> 10). Tuy nhien trong thue nghiem, viec do dac se thue hien de dang 
hon vdi ti so d/Rd> 10. 

Trong nghien ciiu nay, trong khi tinh hieu suat tdng va hieu suat ndi, ehiing tdi da 
r r f 

bd qua sir hap thu ciia cac Idp vat chat bao bgc quanh tinh the Nal(Tl) nhu: silicon, 
nhdm, d-xit nhdm (AI2O3). Tuy nhien ket qua nghien ciiu trong cdng trinh tinh toan 
hieu suit tdng va hieu suit ngi ddi vdi ngudn diem ma cbiing tdi thuc hien da chi ra 
ring sir khac biet giiia hieu suit tdng giiia li thuyet va thue nghiem la dudi 10%. 
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