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/xAc PINH HIEU SUAT TONG VA HIEU SUAT NOI
CUA DETECTOR Nal(Tl) KICH THU'GC 3°°x3”
PpOI VOI NGUON DANG PIA
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TOM TAT
Trong céng trinh nay, phirong phdp hybrid Monte Carlo du'ac sty dung dé tinh todn
hzeu sudt 10ng va hiéu sudt ndi ciia detector Na(T 1) doi véi nguon dang dia, mong cé tim
ndm trén truc déi ximg cua detector Nal(Tl). Két qua tinh todn dwoc so sanh véi két qua
cua cdc nghién ciru khac va cho thdy su phit hop tot.

Tie khda: hidu suit tong, hiéu suét ndi, ngudn dia, hybrid Monte Carlo, Nal (TI).
ABSTRACT
Determination of total and intrinsic efficiencies of a 3” x 3” Nal(TI) detector
Sor 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(TI).

1. Gidi thiéu

Detector nhép nhéy str dung tinh thé Nal(T1) dugc phat minh boi R. Hofstadter
vao nam 1948 v&i wu diém 14 ¢6 d6 phan giai va hiéu suét do cao, c6 thé hoat dong &
nhiét d6 phong [10] nén duge sir dung rong réi trong nhiéu linh vuc khac nhau. Trong

Iinh vuc ung dung cOng nghlep, loai detector nay duoc sir dungdé xac dinh vi tri khuyét
tat dudng dng [12], do tic nghén dudng 6 ong, V.V..

Dé x4c dinh duoc hoat do cia nguon phong Xa gamma ung v&i nang luorng tia
gamma phat ra, mot trong nhung thong sO quan trong can pha1 biét 13 hidu suét do cta
detector. Do vy, c¢6 thé thiy rang viéc x4c dinh hiéu suit tong va hiéu suét ndi cua
detector NaI(T1) van hét stc can thiét.

“ThS, Trwérng Pai hoc Sw pham TPHCM

" HVCH, Trwéng Dai hoc Sw pham TPHCM

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

™ PGS TS, Trudng Pai hoc Khoa hoc Ty nhién, PHQG TPHCM
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Hiéu suat téng cuia detector Nal(T1) véi kich thude 37'x3°* déi véi ngudn dia da
dugc T.Nakamura x4c dinh bang phuong phap giai tich [7]. Sau do, cling v&i phuong
phap nay Selim va cic cong su da trinh bay két qua tinh toan hiéu suét téng cua
detector nhip nhay dit ddng truc véi detector. [11]

Bén canh phuong phép giai tich, mét
sb tac gia khac ciing tinh toan hiéu suét
tdng cta detector NalI(T1) bang phuong
phédp Monte Carlo do tinh don gian cua
né. [4, 8]

Nam 2007, S.Yalcin va cac cdng su
[13] dd st dung két hop phuong phép
Monte Carlo va phuong phap giai tich dé
x4c dinh hidu suit tdng cua detector.
Trong phuong phép ndy, nhém tac gia trén
da sir dung ki thuat Monte Carlo dé xéc
dinh huéng cua cdc photon phét ra tir
ngudn. Dya trén hudng photon nay, phan e T 11 v H,
quing dudng ma photon di trong tinh thé et R N D
dugc x4c dinh bing phuong phap giai Y
tich. Su két hop cuia hai phuong phép nay
dugc goi 1a phuong phép hybrid Monte
Carlo.

Ngubn d1a

] — etector

Trong nghién cttu nay, chuong trinh s
méy tinh dugc viét bing ngén ngit 1ap
trinh Fortran (CalcTotEff) chay trén nén
tang Plato (Silverfrost) sir dung phuong
phép hybrid Monte Carlo cta S.Yalcin dé
tinh toan hiéu sut tdng va hiéu suit ndi cua detector Nal(T1) ddi véi ngudn dang dia
theo céc khoang cach khac nhau. Dya trén higu suét téng tinh dugc, hiéu sut ndi cla
detector Nal(T1) ciling sé dugc tinh.

2.  Phwong phap hybrid Monte Carlo

2.1. Xic dinh hi¢u sudt tong ciia detector Nal(Tl)

Phuong phép hybrid Monte Carlo dugc dua ra béi S. Yalcin [13] ¢6 wu diém la
thoi gian tinh toan nhanh va linh hoat khi d& dang thay d6i cac thong s6 nhu: khoang
c4ch detector — ngudn (d), hé sb suy giam tuyén tinh toan phan (w),v.v... Pé lam co s&
cho viéc viét chuong trinh bing Fortran trong tinh hiéu suét tbng va hiéu suét ndi,
ching t6i trinh bay lai tom t4t ndi dung thuat todn ma S.Yalcin di dua ra.

Hinh 1. Nguén dia ddt dong truc véi detector Nal(Tl)

Trong hé théng ngudn dia — detector, tam cla ngudn dia nim trén truc dbi xung
cua detector. Nguon dia dugc su dung trong tinh toan la ngudn dang dia tron mong ¢
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ban kinh R nho hon hodc béng ban kinh cta detector Rq (R< Ry). C6 thé xem photon
phét ra tu cac diém phéan bd dong nhat trén ngudn dia, cac diém nay nam trén mot
duong tron ¢é tdm trung voi tm ngudn dia ban kinh r, duoc xé4c dinh bai:

r =R.\Jq (0 <r, <R,)v6i q=cosb (1)

Qua trinh chon mot diém bAt ki trén ngudn dia 13 qua trinh hoan toan ngau nhién
do vy ¢6 thé dung hAm RANDOM_NUMBER(1) trong Fortran va thuat toan phu hop
dé tao ra gia tri chon loc ngdu nhién.

Xét diém A thudc duong tron (O, r,) duge xem la nguon diém phat photon ti
ngudn dang dia, dudng di cua photon phat ra tir ngudn diém A dén detector dugc xéc
dinh qua géc cuc 6 (0<6<n/2) va gbc phuong vi @: @ = 2nq (0<¢<2m). Photon
phat ra tir ngudn diém A véi goc 0 nim trong pham vi ctia hinh nén ¢6 goc & dinh 12 26
v chiéu cao 13 d. Bén kinh cua mit ddy hinh nén la: A'C=dtan®

Goc a, dugc tinh: tana, = % = %' = o, =tan" (%} (2)
véi a’ duge xac dinh nhu sau:

R2=r’+a"~2ra'cosp =>a"”—2(r,cosdp)a’+(r; —R3) =0 3)

Nghiém ciia phuong trinh (3) véi dnlaa’:a' = r,cosd + \/rjcoszd) —(r7 -R}) (4

Xét nghiém duong cua a’:a'=r,cos+ \/ r’cos’dp—(r; —R2) (5)
Pudng di chia photon trong detector duge xac dinh bdi cac goc 6, a,, a,.
* Néu cosO <cosa, = 0> a, : photon khdng di vao bén trong detector.
* Néu cos8>cosa, =0 <a,: photon s& di vao bén trong detector va tuong tac véi
tinh thé Nal (TI). Khi d6 s& ¢6 2 kha nang xay ra:

o  Kha nang tht nhat: photon thoat ra tir mit bén cia detector (md ta bdi
duong s 1 nhu trong hinh 1).

o  Kha néng thir hai: photon thoat ra tir mat day caa detector (md ta bdi duong
sO 2 nhu trong hinh 1).

Dé x4c dinh xem photon di ra tir m3t bén hay mit day cua detector cin dya vao
gia tri cua gbc a,. Goc a, dugc tinh:
A " Dl a ’
tana, = ——==
AA"™ H,+d

-l a’
= a, =tan
[Hd+d]

(6)
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* Néu 6<q, thi photon sé& tuong tac véi tinh thé Nal bén trong detector va di ra tir
day cua detector. Khi d6 quiang dudng cua photon di trong detector dugc xac dinh

BB" H,
cos® cosH

boiA=BB'=

» Néu o, <0 <a, thi photon s& tuong tac véi tinh thé Nal bén trong detector va di
ra tr mét bén cua detector. Quing dudng clia photon di trong detector trong trudng hop
nay dugc tinh nhu sau: A=CC'= AC'- AC

ac=4%_ 2 o,
S'_ne sin® = A= ,a -
_E_AA'_ d sin@ cos6

" cosO  cos

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

H, khif < a,
cosH (7)
a' d

A =

- khia, <0 <a,
sin® cosb

Mot photon véi ning luong E di duoc quiang dudng A bén trong detector, phan
hép thu ddéi véi photon do dugce xac dinh bai:

S(E)=1-e™®* (8)
trong d6 w(E) 1 hé sb suy giam tuyén tinh toan phan va dugc xac dinh nhd chuong
trinh XCOM [2].

Hiéu sut téng cua detector Nal (T1) dugc xac dinh béi cong thuc [4]:

> S(E)
g(B)=&—— = (%)
(E) N

So do thuét toan xac dinh hiéu suit tong dbi véi nguén dia bang phuong phap

hybrid Monte Carlo dugc trinh bay trong hinh 2.

117



Tap chi KHOA HOC BHSP TPHCM

S6 58 niim 2014

( suan )

¢

e i

)pu( i, ;1 R

o l()Rl

II «IR\

SITON T

.._ __\,.__._.
H

G=2 %08 RN |

[ o = reond + (rgeosd)? o R
[ = ant Gl |

[ cnx()LRhl)(l) J

RN

W'

e e yon
- T CON Y Coner e - ey
no ~‘
[ ey = tan”! G Aid e By J
ne e T T —
=T cant) = ¢ (n(‘t, e =

- s

I Mind = (Yacos o) 2 —I
v i
i A= '/ sin®) - (d /o) A = Hy/eoss |

¥

yes

S—

4
| S w L-EXP (1A [

’

[ TS =TS 4 & |

[Nt ]

| — T._ —

FEFICIENCY = TSA27N) ]

Lo et wosspess s — ‘ s iy i

-~

Hinh 2. Luu d6 thudt todn tinh hiéu sudt tong ctia detector Nal (T1) déi véi nguon dia
2.2. Xdc dinh hiéu suét noi cua detector Nal (TI)

Bén canh hiéu suét tong, hiéu suét ndi cling 12 mot tham sb quan trong dénh gia
kha ning do dac cua detector. Hleu suét noi dugc xéc dinh 14 ti so giita so dém trong
dinh nang luong toan phan véi sé photon dén dap vao tinh thé. Hiéu suat ndi co thé
dugc tinh qua hiéu suat tong theo cdng thuc:

2¢
: d’/R (10)

-4
J(d/R) +1
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Hiéu suat noi phu thudc vao nhiéu yéu té nhu ning luong photon t6i, su phét
photon, su hp thu va ca viéc nang lugng bo lai trong dinh ning luong toan phan.

Trong nghién ctru nay, thong qua viéc tinh hiéu suit tong déi voi nguon dang dia
hiéu suét ndi ctia detector Nal(T1) cling dugc tinh.

3. Kétqua
3.1. Ddnh gid dj tin cfiy ciia chwong trinh tinh hi¢u suit tong CalcTotEff

Pé dénh gia chuong trinh tinh hiéu suat CalcTotEfT, viéc so sanh hieu suat téng
duge tinh tir CalcTotEff véi cac tac gia khac s& duoc thue hién. Két qua vé hi¢u sut
tong trinh bay trong bang 1 va 2 dugc tinh toan véi sé photon phat ra tir ngudn dia la

2.10% hat.

Béng 1. Hiéu sudt téng ciia detector Nal(Tl) kich thuéc 3"’ x3°’ d6i véi nguon dia cé
ban kinh R;=3,81cm ddt dong truc véi detector cdch bé mdt detector khoang d = 3,0cm

< Hiéu suit tong
Nang I‘llr(.mg Két qua . Cesana
(keV) cuaa chung t6i S. Yalcin [13] and Terrari [3] Heath [3]
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

Bing 2. Hiéu sudt t6ng ctia detector Nal(Tl) kich thude 37 x3°’ déi véi nguon dia cé
bdn kinh R;=3,8 1cm ddt dong truc voi detector

cich bé mdt detector khodng d = 10,0cm

Hiéu suft téng
Nang | Kétqui | oy | Belluscio | 0 | Vegorsva | Selim
lwong(keV) | cua ching [13] va cong su. 8] cong sy | vacongsw
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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Hinh 4. Sw phu thujc cua hiéu sudt ndi theo ti s6 d/R;

Két qua trinh bay trong bang 1 va bang 2 cho thdy su phi hop vé két qua gla tri
hiéu suét tong dugc tinh toan tir chuong trinh CalcTotEff vai cac tac gia khac da khéng
dinh duoc do tin cdy cliia chuong trinh CalcTotEff ma chung tdi phat trién trén nén tang
ng6n ngit 14p trinh Fortran.

3.2. Hiéu sudt nji ciia detector Nal(Tl)

Hinh 3 chi ra su phu thudc ctia hiéu suit ndi cda detector Nal(Tl) kich thudc
3’3"’ theo nang lugng photon phat ra tir ngudn dia cé ban kinh R,=3,81cm dat dong
truc vdi detector céch bé mat detector khoang d bing 10cm. Tir db thj cho thay, hiéu

suét noi cta detector Nal(Tl) thay dbi theo ning lugng, khi ning lugng cang tang thi
hiéu suét noi cang giam.
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Hinh 4 chi ra su phu thudc cta hiéu suit nodi vao ti sé6 d/Ry clia detector NaI(Tl)
leh thude 3°x3”’ d6i voi photon co nang luong 1332 keV. Tir db th1 cho thay, hiéu
sut noi cua detector Nal(TI) d01 v&i nguon dang dia thay ddi theo ti sb d/Rd dau tlen
khi tang ti sd d/Rd thi hiéu suét ndi s€ giam va sau khi dat gia tri nhé nhat tai ti sb
d/Ry=0,5 no lai t1ep tuc tang 1én va bao hoa khi ti s6 d/R4trén gia tri 100. Dang thay doi
ctia d thi biéu dién hiéu suat ndi theo ti sb d/R4 phu hop véi nghién ciru trude day. [6]
4. Két lu@n

Trong nghién ciru trén, ching tdi dd s dung phuong phap hybrid Monte Carlo
cua S. Yalcin va céc cOng su dé tinh toan hiéu suét téng va hiéu suét nodi cua detector
Nal(Tl) kich thuéc 3’x3’’, ddng thoi viét chuorng trinh bang ngdn nglr 1ap trinh
Fortran (CalcTotEfﬂ dé tinh toan hiéu suét tong, két qua thu dugc cho thay cO su phu
hop véi két qua clia cac nhom tac gia khac. Piéu nay, mot 14n nira da khéng dinh lai do
tin cdy cua phuong phap hybrid Monte Carlo va lam co s& cho viéc sir dung phuong
phép ndy vao viéc tinh toan do wu diém tinh todn nhanh va linh hoat ctia né.

Bén canh do, ching t6i ciing sir dung phuong phép hybrid Monte Carlo dé tinh
toan higu sudt ndi cia detector Nal kich thudc 3°°x3°* ddi vdi ngudn dang dia, dong
thoi khao sat su phu thudce cua hiéu sudt ndi vao ti sd d/Ry va ddi véi cac gia tri nang
lugng khéac nhau. Két qua cho thay hiéu suét ndi dat gia tri cuc tiéu khi ti s6 d/Ry c6 gia
tri trong pham vi tir 0,5 dén 1 va bdo hoa tai céc ti s6 d/Rynhod hon 0,01 hodc 1én hon
10. TUr day c6 thé két luan rang, dé ghi nhan dugc photon véi hiéu sudt cao khi sir dung
detector Nal(TI) kich thudc 3°’x3”’, nguén dia can dit rét gén (d/R4< 0,01) hodc xa
detector (d/Rg> 10). Tuy nhién trong thuc nghiém, viéc do dac sé& thuc hién dé dang
hon véi ti s6 d/Rg> 10.

Trong nghién ctru nay, trong khi tinh hidu suét téng va hiéu suit ndi, chiing ti da
bd qua su hép thu cia cac 16p vét chat bao boc quanh tinh thé Nal(T1) nhu: silicon,
nhém, 6-xit nhém (AL O;). Tuy nhién két qua nghién ciru trong cdng trinh tinh toan
hiéu suét téng va hiéu suit ndi ddi voi ngudn diém ma ching tbi thuc hién da chi ra
rang su khac biét gitra hiéu suat tong giira li thuyét va thuc nghiém 1a dudi 10%.
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