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Tom tit

Hiéu suét ghi cta dau do 1a dai lugng quan trong trong cac bai toan phan tich hat nhan. Gi4 tri
hiéu suit anh hudng truc tiép dén d6 chinh xac cua két qua thuc nghiém. Cac bd ngudn chuin gamma
phat mot hodc nhiéu ning luong nhu Cd-109, Cs-137, Mn-54, Co-60, Eu-152, Ba-133 duoc st dung
trong viéc xac dinh hiéu suit theo nang lugng. Tuy nhién, ddi véi cac ngudn phat tir hai ning luong trd
1én, hiéu mg trung phung thuc xudt hién khi cac tia gamma dén dau do cing lac nhod hon do phan giai thoi
gian ciia hé phd ké. Hiéu tmg nay cang rd rét khi khoang cach ngudn cang gan dau do, do d6 gia tri hiéu
suit sé sai khac dang ké so voi gia tri dang. Trong bai viét ndy hiéu tmg tring phing duoc xac dinh cho
céc nguon chuin Eu-152, Ba-133, Co-57 va Co-60 theo khoang cach.
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Abstract

The detector efficiency is significantly important in Neutron spectrum Activation Analysis
because it can directly impact on the exprimental results. For the determination of the efficiency curve, a
set of standard sources including Cd-109, Cs-137, Mn-54, Co-60, Eu-152, Ba-133 are used. Some of
these emit multiple gamma-rays in form of multi-step cascades, leading therefore to losses of count due to
the true coincidences summing effect. Additionally, the closer is the detector to source distance, the
stronger is the true coincidences summing effect. The present paper determined the correction factor of the
coincidence effect for: Eu-152, Ba-133, Co-57 and Co-60 standard sources.

Keywords: Neutron Activation Analysis, coincidence correction factor, standard source.



l. MO PAU

Ghi do birc xa gamma sir dung dau do ban dan HPGe 1a mot k¥ thudt ghi do phong xa
thong dung trong cac phong thi nghiém phén tich kich hoat neutron, phong thi nghiém quan tric
moi truong va phong thi nghiém do miu méi trudng. DEé phép thuc nghiém dugc chinh xac thi
budc hiéu chuin hé do 13 v6 cing quan trong, cac budc hi¢u chuin hé do bao gdm chuén Ve nang
lwong, chudn d6 phan giai nang luong va chuan hiéu suat ghi. Hiéu suét ghi la mot thong s6coy
nghia quan trong trong h¢ pho ké gamma, mdi hé phd ké gamma c6 mét hiéu suat ghi khac nhau,
phu thudc vao nhiéu yéu t6 nhu hinh hoc cua h¢ do, kich thude va hinh hoc mau, goc khdi do va
thoi gian chét ciia hé do, ngoai ra hiéu suét ghi con phy thudc vao nang luong cua buc xa. Be
chuén hiéu suat ghi theo nang luong cua birc xa gamma cho dau do ban dan HpGe, cac bd nguon
chuin phat mét hodc nhiéu ning lwong thuong duoc st dung. Dbi voi su dung bd ngudn chudn
don ning luong c6 thé tinh toan chinh xac gia tri hiéu suat ma khong can phai hiéu chinh hiéu
g tring phung, tuy nhién rt kho ché tao dugc bd ngudn chuin ma dai ning lwong rong nhat
1én dén hon 1200 keV (ngudn don Zn-165 phat nang lugng 1115 keV). Déi véi truong hop st
dung cdc ngudn chuan phat tr hai nang lugng gamma, dai nang lugng tuong dbi rong, nang
luong t6i da cua nguon chuan 1én den 1408 keV cua Eu-152, do d6 chi can str dung mgt nguon
chuan Eu-152 c¢6 thé xac dinh hiéu suat trong dai nang luong tir 43 keV dén 1408 keV. Tuy nhién
dbi v6i cac ngudn phat nhidu nang lwong, khi do tai cac vi tri gin dau do, thi s& xay ra hiéu tng
tring phing lam gia tri hiéu suét bi sai 1éch véi gia tri hiéu suat dung. Dé giai quyét van dé da
néu & trén trong bao cdo nay tip trung nghién clru tinh todn hi¢u chinh trung phung su dung
phuong phap do theo khoang cach xa gan khac nhau, dugc trinh bay trong phan thuc nghiém.

Hiéu tng trung phung 13 hiéu Gng khi hai hodc nhiéu hon tia gamma dugc phat ra tir
ngudn dén detector trong khoang thoi gian phan giai cia nd va duoc ghi nhan nhu 1a mot xung

duy nhat [1]
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Hinh 1. Minh hoa hiéu tng trung phing ngudén Co-60
Trung phung dugc chia 1am hai loai 13 tring phung ngiu nhién va tring phung thue.
Trung phing ngau nhién 1a tring phung khi 2 tia gamma tir 2 hat nhan khac nhau, hoic mot phan
nang lugng tia gamma tan xa Compton va tia gamma t&i1 tir hat nhan trong khoang phan gii thoi
gian cua hé pho ké, dbi vai trung phung nay thi xac suat xay ra rat thap, do d6 c6 thé bo qua trong
tinh todn thuc nghiém.
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Hinh 2. Minh hoa hiéu tmg tring phung thém va tring phung méat

Trung phing thuc 14 hiéu Gng triung phung khi hai hodc nhiéu tia gamma phat ra tir mot
hat nhan, dén dau do cung luc trong khoang thoi gian phan gidi ciia hé phd ké, do d6 c6 thé tao ra
mot dinh tong (Hinh 1), hodc dong gop s6 dém vao cac dinh gamma duoc quan tam khac, do do
lam ting sb dém dién tich dinh (tring phing thém) hodc giam sé dém dién tich dinh dan dén sai
khac vé gia tri hiéu sut (tring phung mat), duoc minh hoa trong hinh 2. C6 nhiéu phuong phap
dé hiéu chinh hiéu tng tring phung thudng duoc st dung bao gdm: Phuong phap dudng cong
P/T (dinh trén tong), phuong phap dich chuyén ma tran va phuong phap do qua khoang cach
duogc trinh bay nhu sau:
Phuong phap hiéu chinh tring phing Ti s6 theo khoang cach:

Khi do tai vi tri cang xa dau do thi hiéu tng tring phung téng xem nhu khong dang ké @i voi
cac nguon phat nhiéu nang luong, vi vay hiéu suit tai do tai khoang cach 16.73 cm dugc lay l1am
gi tri hiéu suat quy chiéu dé xac dinh hé sb hiéu chinh cho cac vj tri do gan dau do.

Theo Kafala (1994) @ : Ti sé hiéu suat dinh dugc do ¢ cac khoang cach khac nhau thi
khong d6i theo ning lugng.
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Hinh 3. Ti s cta cta hiéu suét dinh duge theo nang luong dugc do ¢ cac khoang cach khac

nhaul?



Uu diém cua phuong phap do theo khoang cach c6 thé hiéu chinh cac hat nhan phat nhiéu
ning lugng ma khong can quan tdm dén so d6 muc ciia né. Bé hiéu chinh trang phing trong thuc
nghiém ngudi ta thuong 1am nhu sau: ding moét ngudn chudn két hop voi ngudn can hiéu chinh
tring phung va do hai ngudn nay & cach nhau & cac khoang cach xa va gan dbi voi detector.

e Hiéu suit ghi:

ta

cps _ Np/t L. —In2.
gy= 2 = Bl (L1 v6i A=Age T
AL, Al

Trong d6: Ag la hoat @6 ngudn tai thoi gian xac nhan cua nha san xuat, A I1a hoat d6 nguon tai
thoi diém hién tai, tq 12 thoi gian ra, Ty, 12 thoi gian béan ra caa hat nhan phong xa, I, 13 cudong do
phat tuyét doi ( xac suat phat tia gamma quan tam trén 1 phan rd ciia hat nhan phong xa). N, la

dién tich dinh gamma, t,,, la thoi gian do.

Sau khi tinh duogc hi€u suat ghi doi voi ngudn chuan va nguon do, 1ap ti sO ¢ cac khoang

cach g?m va xa detector ta suy ra dugc cong thic:
— (& A - (&
Rf= (SS )f (1L.2)va Ry, (SS )n (1.3)

Trong do: &, : 1a hiéu sudt ghi cia ngudn chuan khéng tring phung.
& : 12 hiéu suét ghi ctia ngudn do can hiéu chinh tring phung.
R : 14 ti s6 cua tée d6 do tai vi tri gan dau do.
Ry : 1a ti sb cua toc do tai vi tri xa dau do.

Véi nguén c6 trung phung x4y ra, tdc d6 dém tai vi tri g:?ln dau do s& chiu anh huoéng ctua
tring phung do d6 s& thap hon téc d6 dém tai vi tri xa. Néu ngudn chuéan 1a ngudn khong c6 tring
phung thi khéng c6 sy méat sé dém do trung phung. Khi d6 hé sé trung phung dugc dinh nghia

nhu 13 ti s6 R, trén Ry dbi voi cdu hinh tuong tu nhau:

(1.4)
- C¢ =1 khi tring phung tong khong dang ké.

- Ct # 1 khi tring phung tong dang ké.

e Hiéu suat ghi sau khi d hiéu chinh hiéu ing tring phung thuc:



eno(E) = Cs . &5(E) (1.5)

V6i &(E), enc(E) 1an luot 13 hiéu suat ghi trude va sau khi hiéu chinh tring phung va Cy 12

hé sb trang phung thyc.

Sai s0 hiéu suat ghi cua dau do:

Geff = \/613 + 8N,% + 8,7 (1.6)

Trong do:

e &I, lasai s twong ddi cua cuong do phat I,
o 8N, lasai s twong doi cia dién tich dinh N,,.
e 8, lasaisb hoat &6 nguon (V6i 8, =~ 3 %).

Tuong tu cach tinh sai s6 trong ddi cua hiéu suat ghi (5¢,) ta tinh duoc sai sb twong dbi

SR, = /8£r2 +8e° (1.7)  ORp= /&rz + 8e% (1.8)

8¢, 1a sai s6 twong ddi hiéu suat ghi ciia nguon chuan khong tring phiing.

cua Rn, Rf1 Cf .

Trong do:

8¢, 1a sai s6 twong d6i hiéu suat ghi cia ngudn do can hiéu chinh triing phung.

3C; - /SRnZ + SR, (1.9)
Il. Thue nghiém

1. Hé phd ké do Gamma sir dung diu do bian din HPGe
Pau do duoc sir dung trong bai viét 1a dau do ban dan siéu tinh khiét HPGe (loai dong
truc), cac thong s6 vé dau do duoc néu cu thé nhu sau:
Ky hiéu dau do : GMX30190 (Hang san xuat Ortec)
DPuong kinh tinh thé : 57.0 mm; D6 dai tinh thé : 73.6 mm.
Khoang cach tir ctra s6 dén mat tinh thé : 4.0 mm
Bé day ctra s6 detector : 0.5 mm Berylium
Do phan giai FWHM = 1.9 keV tai dinh ning luong 1332 keV caa ngudn Co-60.
Cao thé dit tai gia tri -2.5 KV.



ADC
HPGe > | Amplifier , | Accuspec 100 PC
GMX30190 2026 Mhz va MCA Genie 2000
Accuspec 8K
HV 3106D
0-5kV

Hinh 3: So d6 khdi hé pho ké gamma dugc st dung trong bao cdo
2. Thuc nghiém do miu
B6 ngudn chuan dugce str dung trong phép do hiéu suat nhu sau:

Bang 1. Thong tin bd ngudn sir dung trong thi nghiém

Bo nguon chuan 1 B0 nguon chuan 2
Tén Hoat d0 | Ngay san Tén Hoat d6 Ngay san
ngudn (Bq) Xudt ngudn (Bq) Xudt

Eu-152 304.1 15/5/2002
Ba-133 37000 | 01/12/2014
Cd-109 37000 | 01/12/2014
Cs-137 37000 | 01/01/2015
Co-57 37000 | 01/12/2014
Co-60 37000 | 01/01/2015

Ba-133 285.6 15/05/2002

Cs-137 259.0 15/05/2002

Co-60 367.0 15/05/2002

B6 ngudn Model Cal2601 Gamma Standard sai sé khoang 3%, hinh hoc ngudn c6 dang
try nho, duong kinh 1.0 mm, chiéu cao 1.0 mm dugc bao phi bai 16p plastic day 2.7 mm, c6

duong kinh toan phan 25.4 mm, chiéu cao toan phan 6.4 mm nhu hinh bén dudi.
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Hinh 4. Mat cét ngang va mat cit doc bod ngué)n chuén.

Céc ngudn chuan duge do tai cac vi tri H1=1.72 cm, H3=4.88 cm, H6=10.45 cm, H8= 13.65 cm,
H10=16.73 cm.

Bo nguén chuin 1 cho muc dich xac dinh duong cong hi¢u suét thuc nghiém va bd ngué)n chuin
2 dé kiém chung lai tinh dung cua duong cong hiéu suét trong thyc nghiém.

Pho gamma thu nhén tir phan mém Genie2k duoc xir Iy qua phan mém Fitzpeak dé khép dién
tich dinh theo dang ham Gaus, cac gia tri dién tich dinh tir phan mém Fitzpeak duoc sir dung tinh
toan trén phan mém Excel. Gia tri hi¢u suat do dugc, dugc khdp theo dang ham da thirc bac 5,
theo phU:O'ng phép binh phuong t01 thiéu, st dung cac ma tran trong sO, ma tran sai s6, ma tran
chuyén vi dé tinh toan cac tham sb ham khop, cling nhu ndi squ sai s6 cac diém nang lugng thuc
nghiém theo phuong phap binh phuong t6i thiéu co trong s0.BM

Pé kiém chtng tinh dung ctua duong cong hiéu suat do tai vi tri H10 1a chinh xac, vi Iy do bd
nguén chuin 2 hoat d6 thép nén trong thi nghiém sur dung mau chuédn Nist 2711a do tai vi tri
H10, dugc chuan bi cting hinh hoc do véi ngudn chuan, duge chiéu tai vi tri mam quay 10 phan
g hat nhan Pa Lat. Két qua tinh phan tich ham luong ctia Nist 2711a sir dung dudng cong hiéu
sudt tai vi tri H10 duogc biéu thi trong Bang 2.

In( efficiency)
-4.8000
-5.3000 - i 4 Lne-exp-h10
-5.8000 - - Ln eff fit-h10
-6.3000 - —— Poly. (Ln eff fit-h10)
-6.8000 -
-7.3000 - i
y = 0.0645x5 - 2.0197x4 + 25.172x3 - 156.02x2 + 479.81x - 589.86 =
-7.8000
4 4.5 5 5.5 6 6.5 7 7.5
In E(keV)

Hinh 5 . Pudng cong hiéu suat duoc khop tai vi tri H10



KET QUA VA THAO LUAN

Bang 2. Gi4 tri phan tich miu chuan Nist 2711a do tai vi tri H10

Nguyén t6 Ham lugng (ppm) Gia tri x4c nhan (ppm)™ D6 1éch (%)
Sodium 12290 12000 2.00
Scandium 8.63 8.5 1.49
Iron 27710 28200 -1.74
Cobalt 9.89 9.89 0.03
Arsen 102.7 107 -4.02
Rubidium 116.7 120 -2.69
Cerium 66.7 70 -4.76
Samarium 5.98 5.93 0.78
Europium 1.01 1.1 -8.18

Bang 3. Két qua gié tri hi¢u suét va hé sd trung phung thuc nghiém vi tri H8 va H6

S6 A . Nang Hltéllll;c“ét Hi§u U at Hé s tring Hiu suat Hi:éu ou at H¢ s6 tring
77 | Pongvi | luong | iem dd higu phang H8 thue da higu phang H6
(keV) Hs chinh H8 nghiém H6 | chinh H6
1 Ba-133 81.00 | 5.922E-03 | 5.646E-03 0.954 8.828E-03 | 8.351E-03 0.946
2 Cd-109 88.00 | 6.291E-03 | 6.014E-03 1.000 9.274E-03 | 9.274E-03 1.000
3 Co-57 122.06 | 6.763E-03 | 6.579E-03 0.973 1.206E-02 | 1.018E-02 0.844
4 Co-57 136.47 | 6.443E-03 | 6.242E-03 0.969 1.131E-02 | 9.656E-03 0.854
5 Ba-133 276.40 | 3.127E-03 | 3.365E-03 1.076 4.539E-03 | 5.017E-03 1.105
6 Ba-133 302.85 | 2.888E-03 | 3.076E-03 1.065 4.204E-03 | 4.586E-03 1.091
7 Ba-133 356.01 | 2.508E-03 | 2.641E-03 1.053 3.700E-03 | 3.938E-03 1.064
8 Ba-133 383.85 | 2.378E-03 | 2.467E-03 1.038 3.591E-03 | 3.679E-03 1.024
9 Cs-137 661.66 | 1.567E-03 | 1.567E-03 1.000 2.337E-03 | 2.337E-03 1.000
10 Co-60 1173.20 | 9.053E-04 | 9.743E-04 1.076 1.341E-03 | 1.453E-03 1.084
11 Co-60 133250 | 8.099E-04 | 8.780E-04 1.084 1.208E-03 | 1.309E-03 1.083
12 | Eu-152 344.29 | 2.650E-03 | 2.724E-03 1.028 3.859E-03 | 4.061E-03 1.052
13 | Eu-152 443.89 | 1.964E-03 | 2.175E-03 1.107 2.891E-03 | 3.242E-03 1.121
14 | Eu-152 778.92 | 1.274E-03 | 1.372E-03 1.077 1.883E-03 | 2.046E-03 1.086
15 | Eu-152 867.38 | 1.143E-03 | 1.255E-03 1.099 1.765E-03 | 1.872E-03 1.061
16 Eu-152 064.11 | 1.067E-03 | 1.149E-03 1.077 1.607E-03 | 1.713E-03 1.066
17 | Eu-152 | 1085.89 | 1.002E-03 | 1.039E-03 1.038 1.412E-03 | 1.550E-03 1.098
18 | Eu-152 | 1112.08 | 9.426E-04 | 1.019E-03 1.081 1.400E-03 | 1.519E-03 1.085
19 | Eu-152 | 1408.00 | 8.169E-04 | 8.410E-04 1.029 1.214E-03 | 1.254E-03 1.033




Bang 4. Két qua gia tri hiéu suit va hé s6 tring phung thuc nghiém vi tri H3 va H1.

8 . . Nang Hiéu suat Hi~6u §}1§t H¢ s6 tring Hiéu suét Hif:u §}1ét H& 56 tring
TT bong vi luong t.l}uc d,a higu phung H3 t}}uc dfl higu phung H1
(keV) | nghiém H3 | chinh- H3 nghiém H1 | chinh H1
1 Ba-133 81 2.585E-02 | 2.344E-02 0.907 6.604E-02 | 5.774E-02 0.874
2 Cd-109 88 2.961E-02 | 2.556E-02 1.000 9.201E-02 | 6.433E-02 0.699
3 Co-57 122.06 | 3.403E-02 | 2.689E-02 0.790 9.453E-02 | 7.037E-02 0.744
4 Co-57 136.47 | 3.255E-02 | 2.528E-02 0.777 9.040E-02 | 6.676E-02 0.739
5 Ba-133 276.4 | 1.227E-02 | 1.318E-02 1.074 2.670E-02 | 3.468E-02 1.299
6 Ba-133 | 302.85 | 1.137E-02 | 1.237E-02 1.088 2.401E-02 | 3.170E-02 1.321
7 Ba-133 | 356.01 | 9.884E-03 | 1.076E-02 1.088 2.144E-02 | 2.722E-02 1.270
8 Ba-133 | 383.85 | 1.010E-02 | 9.917E-03 0.982 2.478E-02 | 2.543E-02 1.026
9 Cs-137 | 661.66 | 6.376E-03 | 6.376E-03 1.000 1.616E-02 | 1.616E-02 1.000
10 Co-60 1173.2 | 3.508E-03 | 3.916E-03 1.116 8.257E-03 | 1.004E-02 1.216
11 Co-60 13325 | 3.163E-03 | 3.558E-03 1.125 7.317E-03 | 9.051E-03 1.237
12 | Eu-152 | 34429 | 1.111E-02 | 1.031E-02 0.928 2.881E-02 | 2.808E-02 0.975
13 | Eu-152 | 443.89 | 7.796E-03 | 8.362E-03 1.073 1.786E-02 | 2.242E-02 1.255
14 | Eu-152 778.92 | 5.284E-03 | 5.273E-03 0.998 1.253E-02 | 1.415E-02 1.128
15 | Eu-152 867.38 | 4.255E-03 | 4.805E-03 1.129 9.157E-03 | 1.294E-02 1.413
16 | Eu-152 | 964.11 | 4.100E-03 | 4.384E-03 1.069 9.297E-03 | 1.184E-02 1.274
17 | Eu-152 | 1085.89 | 3.960E-03 | 4.172E-03 1.054 9.352E-03 | 1.072E-02 1.146
18 | Eu-152 | 1112.08 | 3.712E-03 | 3.882E-03 1.046 8.501E-03 | 1.050E-02 1.235
19 | Eu-152 1408 3.137E-03 | 3.256E-03 1.038 6.924E-03 | 8.669E-03 1.195




In (efficiency)
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Hinh 6. BPuong cong hi¢u suét da hiéu chinh trung phung téng tai cac vi tri H1, H3, H6, H8.
Bang 4. Két qua tinh hoat d6 bd ngudn chuén 2 str dung duong cong hiéu suat da hiéu
chinh tring phung tai vi tri H1 va H3

Vi tri H3
. R Sai s0 Gia tri hoat @0
STT Ngudn Gia thhOat do hoat d6 chtrrig nhan ' Do 1éch(%0)
(Ba) (Bq) (Bq)
1 Ba-133 2743 5.2 285.6 -3.9%
2 Cs-137 256.9 5.8 259.0 20.8%
3 Co-60 354.5 6.5 367.0 3.4%
Vit Hl
o - isb i trj hoat do
STT Nguwsn | O t“BhOat do hSOZtS(;)(‘) Gc?u;'ﬁg gﬁggo Db léch (%)
(Ba) (Bq) (Bq)
1 Ba-133 2736 6.0 285.6 4.2%
2 Cs-137 253.8 6.2 259.0 2.0%
3 Co-60 368.2 8.0 367.0 0.3%

Tai vi tri H10=16.73 ¢m, anh huong cua hiu ng trung phung tong khong dang ké, tinh
chinh xac cua duong cong hi¢u suat tai vi tri H10, dugc minh chung trong ket qua bang 2, gia tri
phan tich ham lugng cac nguyén t& mau chuan st dung duong cong hi¢u suat duogc khép tai vi tri
H10, d6 1éch gitra gid tri ham lugng tinh todn va gid tri do nha san xuét cung cép tuong ddi phu
hop. D6i véi vi tri H1 va H3 céc gia tri hiéu suat da duoc hiéu chinh, cho két qua xac dinh gia tri
hoat d9 cac nguf)n chuin bo ngudn chuan 2 phi hop véi gid tri hoat d chimg nhan do nha san
Xuat cung cap, qua do chimg minh dugce tinh tin cdy cia phuong phap tinh hé sd trung phing
thuc bang phuong phap do theo thoang cach. Ta thdy rang tai vi tri do cang gan dau do thi gia tri
hiéu sudt bi sai khac so v&i gid tri hiéu suat ding 1a cang nhiéu.



Tai liéu tham khao:

[1] Thomas.M. Semkow, Ghazala Methmood, Pravin P. Parekh and Mark Virgil
(1990), Coincidence summing in gamma-ray spectroscopy, Nuclear

Instruments and Methods in Physic Research A20, 437-444.

[2] S. I. Kafala (1995), Simple method for true coincidence summing correction,
Journal of Radioanalytical and Nuclear Chemistry, 105-114.

[3] Gido trinh xur Iy s6 liéu thuc nghiém, TS Mai Xuan Trung

[4] Gio trinh hiéu suat ghi, TS Tran Tuén Anh, Vién nghién ctru hat nhan
[5] https://www-s.nist.gov/srmors/certificates/2711A.pdf



