Tap chi KHOA HOC BHSP TP HCM Hoang Dirc Tam va tgk
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TOM TAT
Trong bai bao nay, Chung t0i sir dung phuong phdp cua tac gia M.Noguchi dé xay dung
dwong cong hiéu sudt cho detector Ge siéu tinh khiét (HPGe) ciia phong thi nghiém vt Ii
hat nhan, Truong Dai hoc Su pham TP HCM doi véi nguon chudn dang dia theo nang
lirong va theo khodng cach. Tir két qua ndy, ching toi tién hanh tinh todn hiéu sudt doi
V&i mau khoi dang hinh tru. Két qud xac dinh hoat do phong xq cua d(;ng vi “K trong
Mdu chudn IAEA — RGK — 1 tir viéc tinh todn hiéu sudt ¢ trén so sanh véi gid tri vé hoat
dé da dwoc chirmg nhan cia IAEA cho thdy sw khdc biét 1a nhé (< 10%). Do vdy, c6 thé
sir dung dwong cong hiéu sudt nay dé tinh todan cdc dai lwong lién quan trong c&c bai
toan c6 sir dung mau do dang hinh try.

ABSTRACT

Forming the curve of efficiency of hpge detector system using the standard

dish source for nuclear laboratory of Ho Chi Minh City University of pedagogy
In this paper, we carried out the experiments by M. Npguchi in order to establish
the curve of efficiency for HPGE detector of the nuclear laboratory at Ho Chi Minh City
University of Pedagogy according with the standard source in the form of dish and
interval. We based on these results to determine the efficiency of cylindrical samples. The
results identify the activity of the radio-active isotope “K in the standard sample IAEA
— RGK - 1. The difference between the results and the standard sample by IAEA is small
(< 10%). So we can use this efficiency curve to calculate the quantities related in

problems with the cylindrical sample.

1. Giéi thiéu
Hién nay, dé xac dinh hoat d6 ciia mot sd dong vi trong mau moi truong,
phuong phap thuong duge sir dung nhleu d6 1a phuong phap twong ddi dya trén

viéc do phd clia mau chuan va mau can phén tich. Phuong phap nay c6 uu diém véi
d6 chinh xéc cao, tuy nhién n can phai c6 mau chuan.

Trong phuong phap tuyét d6i, dé xac dinh hoat do phong xa cua mot mau vat
pham nao do, ching ta can phai xac dinh dugc hiéu sudt ghi doi véi dinh ning
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luong tia gamma phat ra twong Gmg voi dang hinh hoc cia mau. Chinh diéu nay dat
ra nhu cau xay dung dudng cong hiéu suét ddi voi detector Ung voi tung dinh nang
luong theo d§ cao. Viéc xay dung duong cong hi¢u sudt nay la rat can thiét nham
gidp tinh todn hoat 46 phong xa ctia cac mau do c6 dang hinh hoc nhat dinh.

Di ¢6 nhiéu cong trinh nghién ctu vé viéc xdy dung duong cong hiéu suat
trudc day. Tuy nhién trong bai bao nay, chung toi xay dung duong cong thuc
nghiém cho dbi tuong 1a detector Germanium siéu tinh khiét (HPGe) dit tai Phong
thi nghiém vat Ii hat nhan, khoa Vat li, Truong Pai hoc Su pham TP HS Chi Minh.

Pé tién hanh thi nghiém nay, ching tdi sir dung ngudn chuan dia bao gdm céc
dong vi phong xa: 1%¢d: *Co; *Ce; ¥'Cs; **Mn; ®Y; ®°Co; Y. Cac dong vi nay
phat ra nang lugng trong pham vi tr 88 keV (109Cd) dén 1 836,6 keV (**Y) va phan
bd ‘tuong d6i déu. Piéu nay, lam tang tinh chinh xac khi xay dung duong cong hi¢u
suat theo nang luong. Viéc tinh toan hi¢u suat d6i véi ngudn khdi duoc thyc hién
bang phép tich phan cic ngudn dia.

2. Phwong phap thwe nghiém xic dinh hi¢u suit ghi ciia detector cho cac
dinh ning lwgng doi voi mau dang hinh tru

2.1. Xdc dinh hi¢u suit ghi dinh n, (E) Ciia detector doi véi nguén dia 13 ham
theo nang lwong

N

— 1
A Aft @)

Hiéu suét ghi dinh ctia detector dugc tinh theo cong thirc: n, (E) =

v6i: N: dién tich (s6 dém) cia dinh nang lugng quan tam,
A, [%]: 1a hi¢u suat phat gamma tmg véi ning luong E, ,
A [Bq]: hoat 6 ctia mAu tai thoi diém do,
fum: Né s6 hiéu chinh cho hiéu ung triing phing tong,
t [s]: thoi gian do mau.
Hiéu suét ghi dinh 12 ham theo ning lwong n, (E) [1] c6 dang:
In[n, (E)]=a+bIn(E)+c[In(E ] +.. 2)
C6 thé chia duong nay chia thanh hai phan:
e E<E(keV), phuong trinh c6 dang: In[n(E)]=a-+bln(E)+c[In (E)]2 +.. (3)
e E > E;(keV), phuong trinh cé dang: In [n(E)} =a+bin(E) 4)
v6i Ec = 210 keV [1].

Do vay, dau tién cin xac dinh hiéu suat ghi n, (E) sau d6 lam khép bo sb liu
do dugc voi ham (3) va (4) dé xac dinh hé sé a, b vac.
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2.2. Xdc dinh higu sudt ghi dinh 7, (h) ciia detector déi véi nguon dia I3 ham
theo khodng cach

Trong phan thuc nghiém, ching toi tién hanh xac dinh hiéu suat ghi dinh cia
detector doi vo1 ngudn chuan dia ¢ cac do cao (dugc tinh tir nguon dia cho dén bé mat
cua detector) khac nhau lan lug't la05cm,1cm,?2 cm, 3 cm, 4 cm, 5 cm. Do do, tur
ham khop (3) (hodc (4)), c6 the tinh lai duoc hi¢u suat ghi doi véi nguon dia tai cac do
cao ¢ trén va img mdt mot dinh nang lugng E quan tAm bat ki trong khoang tir 100 keV
dén 2 000 keV (dai do thuong dugc stir dung dé do cac mau moi truong).

Sir dyng ham khép c6 dang: n (h)=(c.+Bh+yh? +nh®) " [1] dé 1am khop bo
sb liéu vira tinh dugc & trén.
2.3. Xic dinh higu sudt ghi dinh ¢, (H ,p1) Ciia detector déi véi méu cé dang hinh try

Trong thuc té, mau can do thuong 1a mau khéi hinh try nén can phai tinh toan
hi¢u suat ghi dinh cta detector trong truong hop nay. D€ tinh toan hi¢u suat nay,
phuong phép duoc dua ra dya trén sy tdp hop nhi€u dia mong c6 ban Kinh bang
nhau thanh mot hinh try. Vi vay, hiéu suat ghi dinh cta detector doi véi mot mau
khoi hinh try c6 thé xac dinh bang phuong phap lay tich phan ciia ham hiéu suat ghi
dinh d6i voi dang ngudn dia phy thudc khoang cach ne(h), , trong d6 da tinh dén hiéu
mg tu hap thy cua tia gamma bén trong thanh phan ciia mau.

Hiéu suat ghi ctia detector dbi voi dinh ning lugng E quan tim trong mau hinh
tru dugc tinh nhu sau [1]:

1% X
ey (Hin) == [ ne(h)e*"dhn ©)

trong do:
e &,(H,u) lahiéu suat ghi dinh ning luong E ctia dong vi quan tam trong mau
khéi hinh try;
e H=H,— H, la chiéu cao ciia mau;
e 1 1ahé s hap thy tuyén tinh.
3. K&ét qua va thao luan

3.1. Higu sudt ghi cia detector doi véi nguon chuin dia khdo sdit theo ning
lwong va theo dj cao

Céc phép do thyc nghiém sir dung hé pho ké gamma phong thap cta phong thi
nghiém vat li hat nhan, Truong Pai hoc Su pham TP H6 Chi Minh.

Ngudn chuan dia c¢6 chira cac dong vi phong xa véi thong tin nhu trong bang 1.
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Bdng 1. Théng so cdc nguon phéng xa cé trong nguén chuin dia

béng vi 2?/(55/(137 Tz (NGY) 22/8?2))8 E(keV) | A0
19¢q 22 679 462,6 13 647 88 3,61
Co 1557 271,8 656 122,06 85,6
1¥9ce 1479 137,6 268 165,85 79,88
Bcs 1956 10983 1915 661,6 85,1
*Mn 2 045 312,3 964 834,55 99,98
' 2232 106,7 247 898,04 93,7
%co 2 539 1925 2 247 11732 99,97
%co 2 539 1925 2 247 13325 99,98
' 2232 106,7 247 1 836,6 99,2

Két qua do hiéu suat ghi dinh theo ning lwong cla cac tia gamma tir cac dong

Vi c6 trong nguon dia tai cac do cao khac nhau duoc chi ra trong hinh 1.

Efficiency (%)

0.1

h=0.15cm
h=0.5cm
h=1cm
h=2cm
h=3cm
h=4cm
h=5cm

T T
100 Energy (KeV) 1000

Hinh 1. Do thi biéu dién hiéu sudt ghi theo ning lwong tai cdc dé cao khdc
nhau doi voi nguon chuan dang dia

Tir do thi thdy rang, trong khoang ning luong tir 170 keV dén 660 keV chung
t0i khong xac dinh dugc hi¢u suat do nhiing dong vi phat ra nang lugng trong pham
Vi nay c0 hoat d9 thap (do chu ki ban ra ngan).

Tir bo s6 liéu & trén, chling toi 1am khép dudng cong hiéu suat theo ning luong
(phuong trinh (3) va (4)) st dung phan mém Efficiency As A Function of Energy. Keét
qua dugc chi ra nhu ¢ bang 2.
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Bdng 2. Cic hé sé a, b, ¢ dwoc tinh todn tiv ham khép

h=015cmh=05cmh=1cm|h=2cm [h=3cm |h=4cm |h=5cm

E <210 a | -34,66 -3545 | -34,53 | -33,04 -34,96 -33,59 | -31,64
KoV b | 1516 15,55 15,13 11,43 15,11 14,45 13,47
c | -1,548 -1,599 -1,561 | -1,496 -1,567 -1,502 | -1,394

E>210  a | 6,904 6,663 6,543 6,148 5,748 5,408 5,36

keV b | -0,8936 | -0,8797 |-0,8951 | -0,8959 | -0,8865 | -0,8803 | -0,9097

3.2. Ddnh gid két qua ciia viéc Iam khép dwong cong hidu sudt

Pé danh gia ham khép ciling nhu qua trinh xay dung b sb liéu vé duong cong
hiéu suat, chung t6i tién hanh tinh toan hoat do ctia “K trong mau chuan IAEA -
RGK -1 theo phuong phéap xdy dung dudng cong hiéu suét va so sanh hoat do cua
mau nay theo ching nhén cia IAEA [2].

“K phat ra dinh nang luong E = 1 461 keV, st dung ham khop dang (3) (véi
cac hé sb a, b, ¢ da xac dinh dugc trong bang 2) ching tdi tinh dugc hiéu suat ghi
cua detector theo khoang cach. Két qua thu dugc trong bang 3.

Bdng 3. Higu sudt ghi ciia detector déi véi nguéon dia ¢ cdc dp cao khdo sdt

h (cm) 0,15 05 1 2 3 4 5
ne(h)(%) | 1,480 | 1,287 | 1,021 | 0,683 | 0,490 | 0,365 | 0,281

Mau IAEA-RGK-1 c0 chét nén 13 K,SO, ¢
(99,8%). Str dung chuong trinh XCOM [3], .|
ching t6i tinh duogc p = 0,052 cm?/g. Tiép do, .
st dung chuong trinh Integration of Disk
Source Efficiency ching té1 tinh dugc hi¢u
suat ghi dinh cta detector d6i vi mau IAEA-
RGK-1 c0 dang tru chiéu cao 4,4 cm 14

0.8

Efficiency[%]

=4
o
1

SV(H: Hl_H2 :41 4Cm, HKZSOA :O’ 0520m2 /g) :0, 5672 )

044

Két qua nay dugc st dung dé xac dinh ] "

hoat 6 ctia “K trong mau IAEA-RGK-1, két —
qua dugc trinh bay trong bang 4.

hlem]
Hinh 2. Hi¢u sudt ghi doi véi nguén
chudn dia tgi cac dj cao khdc nhau
tuwong vng vdi ning luong E = 1461keV
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Bing 4. Két qud tinh hoat @$ *°K trong méu IAEA-RGK-1

M Khéi lwong N Thoi gian do Hoat d0 A | Hoat d¢ riéng
a ) (s6 dém) () ¢ (Bq) (Ba/kg)
IAEA- 180 15 220 10 800 0,5672 | 2 323,25 12 937
RGK-1 ' '

3.3. Thdo ludn va dé xudt

Trong phan trén, chiing toi da xac dinh duoc hiéu suat ghi dinh ciia detector va
ciing da &p dung dé tinh hoat do cua K trong mau chuan IAEA-RGK-1. C6 thé
thdy rang, két qua tinh toan hoat do dva trén viéc xdy dung duong cong hiéu suat
thap hon so v&i két qua dé nghi cia IAEA (léch khoang 8%).

Sai léch nay co thé bat ngudn tir nhiu nguyén nhan, trong d6 cac sai s6 déng
gop cha yéu tir viéc xdy dung cong thirc tinh toan hiéu sudt. Tai thoi diém thuc hién
do dac thi mot s6 dong vi trong ngudn dia do chu ky ban rd ngan nén hoat do da yeu
di rat nhiéu, cy thé 13 *®Y c6 Ty, =106,7 ngay va **°Ce c6 Ty, = 137,6 ngay, dan dén
viéc khong thé tinh dugc hiéu suit ghi cua detector dbi v4i cac dinh nay nén gay ra
sai s6 khi thyc hién viéc 1am khop.

Trong khl xay du:ng duong cong hi¢u suat, bé day 1op chét chung t6i st dung
do nha san xuat cung cap, tuy nhién bé day l6p chét nay ting theo thoi gian. Do do,
trong cac phép do yéu cau do chinh xac cao, can phai tinh toan lai bé day 16p chét
nay.
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