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XAC PINH HIEU SUAT TONG VA HIEU SUAT NOI
CUA DETECTOR Nal(Tl) KICH THUOC 3°°x3”’
POI VOI NGUON DANG biA
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TOM TAT
Trong cbng trinh nay, phuong phap hybrid Monte Carlo du"oc sir dung dé tinh ton
hleu sudt tong va hiéu sudt néi cia detector Na(T 1) déi véi nguon dang dia, méng cé tam
nam trén truc doi ximg cua detector Nal(Tl). Két qua tinh todn dwoc so sanh véi két qua
Cia cdc nghién ciru khac va cho thay sw phU hop tot.
Tir khéa: hiéu suat tong, hiéu suat ndi, ngudn dia, hybrid Monte Carlo, Nal (T1).
ABSTRACT
Determination of total and intrinsic efficiencies of a 3” x 3 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 Nal(Tl) 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.  Giéi thiéu

Detector nhap nhay st dung tinh thé Nal(TI) duoc phat minh boi R. Hofstadter
vao niam 1948 véi wu diém 1a c6 do phan giai va hiéu suat do cao, c6 thé hoat dong &
nhiét d6 phong [10] nén duogc sir dung rong réi trong nhiéu linh vyc khac nhau. Trong
linh vuc g dung cong nghiép, loai detector nay dugc su dungdé xac dinh vi tri khuyét
tat duong dng [12], o tic nghén duong dng, V.v...

Pé xac dinh duoc hoat d cia ngubn phong xa gamma tmg voi nang luong tia
gamma phat ra, mot trong nhimg thong s6 quan trong can phai biét 1a hiéu suat do cua
detector. Do vay, c6 thé thay rang viéc xac dinh higu suat tong va hiéu suat noi cua
detector Nal(TI) van hét sirc can thiét.

" ThS, Trwong Dai hoc Sw pham TPHCM

” HVCH, Truwdng Pai hoc Sw pham TPHCM

TS, Trwong Pai hoc Khoa hoc Ty nhién, PHQG TPHCM

" PGS TS, Trwong Dai hoc Khoa hoc Tw nhién, PHQG TPHCM
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Hiéu suét tong cua detector Nal(T1) véi kich thude 3’3 d6i véi ngudn dia d
dugc T.Nakamura xac dinh bang phuong phap giai tich [7]. Sau d6, ciing véi phuong
phap nay Selim va cac cong su da trinh bay két qua tinh toan hiéu sut tong cua
detector nhap nhay dit dong truc voi detector. [11]

Bén canh phuong phap giai tich, mot
s6 tac gia khac ciing tinh toan hiéu sut
tong cua detector Nal(Tl) bang phuong

phép Monte Carlo do tinh don gian ctua
no. [4, 8]

Nam 2007, S.Yalcin va cac cong su
[13] d& st dung két hop phuong phap
Monte Carlo va phwong phap giai tich dé
x4ac dinh hiéu suét téng cua detector.
Trong phuong phap nay, nhom tac gia

trén d4 sir dung ki thuat Monte Carlo dé
xac dinh hudng cta cac photon phat ra tir
nguon. Dya trén huéng photon nay, phan
quang duong ma photon di trong tinh thé
dugc xac dinh bang phuong phap giai

tich. Su két hop cua hai phuwong phap nay
dugc goi l1a phuong phap hybrid Monte
Carlo.

Trong nghién ciru nay, chuong trinh

may tinh duogc viét bang ngdén ngir lap
trinh Fortran (CalcTotEff) chay trén nén

tang Plato (Silverfrost) st dung phuong Hinh 1. Nguén dia ddt déng truc véi defector Nal(Tl)

phap hybrid Monte Carlo cua S.Yalcin dé
tinh toan hiéu suat tong va hi¢u suat noi cua detector Nal(T1) doi véi nguon dang dia
theo cac khoang cach khac nhau. Dya trén hi¢u suat tong tinh dugc, hi¢u suat ndi cua
detector Nal(TI) ciing s€ dugc tinh.

2.  Phwong phap hybrid Monte Carlo

2.1. Xdc dinh hiéu suit tong ciia detector Nal(Tl)

Phuong phap hybrid Monte Carlo dugc dua ra bai S. Yalcin [13] o vu diém 1
thoi gian tinh toan nhanh va linh hoat khi d& dang thay d6i cac théng s6 nhu: khoang
céch detector — ngudn (d), hé s suy giam tuyén tinh toan phan (p),v.v... Dé lam co s&
cho viéc viét chuwong trinh bang Fortran trong tinh hiéu sudt tong va hiéu suét noi,
ching toi trinh bay lai tom tit noi dung thuat toan ma S.Yalcin da dua ra.

Trong hé théng ngudn dia — detector, tdm cua ngudn dia nam trén truc ddi xing
cta detector. Ngudn dia duoc sir dung trong tinh toan 14 ngudn dang dia tron mong c6
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ban kinh R nho hon hoac béng ban kinh cta detector Ry (Rs< Ry). C6 thé xem photon
phét ra tir cac diém phén b6 dong nhat trén nguon dia, cac diém nay nim trén mot
duong tron ¢6 tdm trung vai tam nguon dia ban kinh r, dugc xac dinh béi:

I =R./q (0 <r,<Ry) V6iq = cosd (1)

Qua trinh chon mot diém bat ki trén ngudn dia 1a qua trinh hoan toan ngau nhién
do vay co thé dung ham RANDOM_NUMBER(1) trong Fortran va thuat toan phu hgp
dé tao ra gia tri chon loc ngéu nhién.

Xét diém A thudc duong tron (O, r,) duoc xem la nguon diém phat photon tir
nguon dang dia, dudng di ciia photon phat ra tir nguon diém A dén detector dugc xac
dinh qua goéc cuc 6 (0<06<m/2) va goc phuong vi @: @ = 2nq (0<$p<2n). Photon
phét ra tir ngudn diém A véi goc  nam trong pham vi ciia hinh nén c6 goc ¢ dinh 1a 26
va chiéu cao 12 d. Ban kinh ciia mat d¢ay hinh nén la: A'C=dtan6.

Goc o, duogc tinh: tan o, = AD_a —a,=tan™! a (2)

AA' d d
voi a’ dugce xac dinh nhu sau:

R =r’+a”-2ra'cosp =a”?—2(r,cosp)a'+ (r’ —R2) =0 (3)

Nghiém ctia phwong trinh (3) véi an 1a a’:a' = r,cos¢ + \/I’aZCOSZd) -(r?-R3) (@)

Xét nghiém duong cua a’:a'=r,cosd + \/I’;COSZd) —(r’ -R?%) (5)
Puong di cua photon trong detector dugc xéac dinh bdi cac goc 0, ay, a,.
= Néu cosO<cosa, = 0>a,: photon khong di vao bén trong detector.

= Néu cosf>cosa, = 0<a,: photon s& di vio bén trong detector va tuong tac voi
tinh thé Nal (T1). Khi d6 sé& c6 2 kha ning xay ra:
0  Kha ning thtr nhit: photon thoat ra tir mat bén cia detector (md ta boi
duong so 1 nhu trong hinh 1).
0  Kha nang tht hai: photon thoat ra tir mat day cua detector (md ta boi duong
SO 2 nhu trong hinh 1).

Pé x4c dinh xem photon di ra tir mat bén hay mat day ctua detector can dya vao
gia tri cua goc ay. GOC a; dugc tinh:

e = " H.+d
m +
‘ (6)
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= Néu 0<q, thi photon s& trong tac véi tinh thé Nal bén trong detector va di ra tir
day cua detector. Khi d6 quang duong cua photon di trong detector dugc xac dinh
— BB" H
béiA:BB‘ZEZ d
cos® cos6

= Néu a, <0<a,thi photon s& twong tic véi tinh thé Nal bén trong detector va di
ra tir mat bén cta detector. Quang duong cia photon di trong detector trong truong hop
nay dugc tinh nhu sau: A=CC'=AC'-AC

AC‘ZA\_ C :_a— a' d
sin sind :Azﬂ_ﬁ
_ ' i
ac A d
cosO cosO

Nhu vay, quing duong photon di trong detector dugc xac dinh nhu sau:

H, khi® < o,
A= . coso )
a' d
sin® coso

Mot photon véi nang lugng E di duoc quing dudng A bén trong detector, phan
hap thu doi véi photon d6 duogc xac dinh boi:

S(E)=1-e®* 8)
trong d6 W(E) 12 hé s6 suy giam tuyén tinh toan phan va dwgc xac dinh nhd chwong
trinh XCOM [2].

Hiéu sut tong cia detector Nal (T1) dugc xac dinh bai cong thirc [4]:

> S(E)
E)= 9

s (B) == ©)

So d6 thuat toan xac dinh hiéu suat tong dbi v6i ngudn dia bang phuong phap
hybrid Monte Carlo dugc trinh bay trong hinh 2.

khio, <0 <o,
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Hinh 2. L do thudt todn tinh hiéu sudt tong cia detector Nal (T1) doi véi nguon dia
2.2. Xac dinh hiéu sudt ngi cua detector Nal (TI)

Bén canh hiéu suét tong, hiéu suat
kha nang do dac cua detector. Hleu suét

noi ciing 14 mot tham sb quan trong danh gia
ndi dugc xac dinh 14 ti s6 giira s6 dém trong

dinh ning luong toan phan vai s photon dén dap vao tinh thé. Hi¢u suat ndi co thé
dugc tinh qua hiéu suat tong theo cong thirc:

B 2¢,
: 1- d/R

Jd/R)? +1

&
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Hiéu sudt noi phu thudc vao nhiéu yéu t6 nhu ning lugng photon téi, sy phat
photon, su hap thu va ca viéc nang lugng bo lai trong dinh nang lwong toan phan.
Trong nghién ciru ndy, thong qua viéc tinh hiéu suat tong d6i voi ngudn dang dia
hi¢u suat ndi cua detector Nal(T1) cling dugc tinh.
3.  Kétqua
3.1. Pdnh gid dj tin cdy ciia chwong trinh tinh higu sudt téng CalcTotEff
Pé danh gia chuong trinh tinh hiéu sudt CalcTotEff, viéc so sanh hiéu sut tong
dugc tinh tir CalcTotEff voi cac tac gia khac s€ dugc thuc hién. K&t qua vé hidu suat
tong trinh bay trong bang 1 va 2 dugc tinh toan véi s6 photon phat ra tir nguon dia 1a
2.10°hat.
Béng 1. Hiéu sudt tong ciia detector Nal(Tl) kich thuéc 3°°x3 " doi véi nguon dia c6
ban kinh Ry=3,81cm dat dong truc voi detector cach bé mdt detector khoang d = 3,0cm

Niing lwgng Hiéu suit tong
: Két qua . Cesana
(keV) cuiia ching toi S. Yalcin [13] and Terrari [3] Heath [5]
81 0,1446 0,1451 0,1430 0,1450
212 0,1226 0,1224 0,1230 0,1230
1100 0,0701 0,0701 0,0701 0,0702

Béng 2. Hiéu sudt tong ciia detector Nal(Tl) kich thuéc 3°°x3°° doi véi nguon dia c6
ban kinh Ry=3,81cm dat dong truc voi detector
cach bé mat detector khodang d = 10,0cm

Hiéu suit tong
| Ning t(ét ql’lﬁ S Yalcin I\3eIAIusci0 Nakamura VeAgors va . S(ilim
wong(keV) | cia ching [13] va cong su. 8] cong sw | vacong sw
toi [1] [14] [11]

50 0,0300 0,0301 -- -- -- 0,02744
100 0,0294 0,0295 -- -- -- 0,02801
500 0,0206 0,0206 -- -- -- 0,02087
661 0,0191 0,0191 0,0190 0,0183 -- --
1000 0,0170 0,0169 -- -- -- 0,01727
1332 0,0156 0,0155 0,0164 0,0168 0,0156 --
2000 0,0141 0,0142 -- -- -- 0,01440
2620 0,0133 0,0133 -- 0,0132 0,0133 --
2750 0,0132 0,0133 0,0141 -- -- --
5000 0,0126 0,0127 -- -- -- 0,01298
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Ti s6 dIR,
Hinh 4. Sy phu thuéc cia hiéu sudt ndi theo ti s6 d/Rq

Két qua trinh bay trong bang 1 va bang 2 cho thay su phl hop vé két qua gié tri
hiéu sudt tong duoc tinh toan tir chwong trinh CalcTotEff vai cac tac gia khac da khing
dinh duogc d6 tin cay ciia chuong trinh CalcTotEff ma ching tdi phat trién trén nén tang
ngon ngir 1ap trinh Fortran.

3.2. Hiéu sudt néi ciia detector Nal(TI)

Hinh 3 chi ra sy phu thudc cua hiéu suit ndi cua detector Nal(T1) kich thudce
3°’x3”’ theo ning lugng photon phat ra tir ngudn dia c6 ban kinh R=3,81cm dit dong
truc voi detector cach bé mat detector khoang d bang 10cm. Tir do thi cho thiy, hiéu
Suat noi cia detector Nal(T1) thay d6i theo ning luong, khi ning luong cang ting thi
hiéu suét noi cang giam.
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Hinh 4 chi ra sy phu thudc cua hiéu suit ndi vao ti sb d/Ry cua detector NaI(T1)
kich thuéc 37°x3”” ddi véi photon c6 nang luong 1332 keV. Tir d6 thi cho thy, hiéu
Suat ndi ciia detector Nal(TI) ddi véi ngudn dang dia thay d6i theo ti s6 d/Rg, dau tién
khi tang ti s d/Rq thi hiéu suét noi s& giam va sau khi dat gia tri nhd nhét tai ti sd
d/R¢=0,5 no lai tiép tuc tang 1&n va bao hoa khi ti s6 d/Rqtrén gia tri 100. Dang thay doi
cta do thi biéu dién hiéu suit noi theo ti s6 d/Rq phll hop voi nghién ciru trude déy. [6]
4. Kétluan

Trong nghién ctru trén, chung toi da su dung phuong phap hybrld Monte Carlo
cia S. Yalcin va cAc cong sy dé tinh toan hiéu suat tong va hiéu suét noi ctia detector
Nal(Tl) kich thuéc 3°°x3”’, dong thoi viét chuong trinh bang ngén ngir lap trinh
Fortran (CalcTotEfD dé tinh toan hiéu suat tong, két qua thu duoc cho thay co sy phu
hop véi két qua cta cac nhom tac gia khac. Piéu ndy, mot lan nita d& khang dinh lai d6
tin cay cua phuong phap hybrid Monte Carlo va lam co sé cho viéc st dung phuong
phap nay vao viéc tinh toan do uu diém tinh toan nhanh va linh hoat cua noé.

Bén canh d6, ching toi ciing sir dung phuong phap hybrid Monte Carlo dé tinh
toan higu suit noi cia detector Nal kich thudc 37’x3”’ d6i voi nguon dang dia, dong
thoi khao sat sy phu thudc cua hiéu sut noi vao ti s6 d/Ry va dbi véi cac gia tri nang
luong khac nhau. Két qua cho thay hiéu suét ndi dat gia tri cuc tiéu khi ti sé d/Rqco gia
tri trong pham vi tir 0,5 dén 1 va bdo hda tai cac ti s6 d/Rqnhod hon 0,01 hodc 16n hon
10. Tu day co thé két luan réng, dé ghi nhan dugc photon véi higu sut cao khi str dung
detector Nal(T1) kich thudc 3°’x3”’, ngudn dia can dit rat gan (d/Rg< 0,01) hodc xa
detector (d/Rg> 10). Tuy nhién trong thuc nghiém, viéc do dac s& thuc hién dé dang
hon véi ti s6 d/Rg> 10.

Trong nghlen ciru ndy, trong khi tinh hiéu suit tong va hiéu suat noi, chiing toi da
bo qua su hép thu cua cac 16p vét chét bao boc quanh tinh thé Nal(TI) nhu: silicon,
nhém, d-xit nhdm (Al,O5). Tuy nhién két qua nghién ctru trong cong trinh tinh toan
hiéu suét téng va hiéu suét noi dbi véi nguf"m diém ma chung t6i thuc hién da chi ra
rang su khac biét giira hi¢u suat tong giira Ii thuyét va thuc nghiém 1a dudi 10%.
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