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Tém tit: Trong nghién ciru ndy, anh huéng cta hi¢u ing thoi gian chét trong phén tich kich
hoat neutron 1dp vong (CNAA) da duoc dénh gid bang phuong phap thuc nghiém trén Lo phan
mg hat nhan Pa Lat. Céac hé s6 hiéu chinh sau khi dugc xac dinh, di dugc st dung trong viéc
x4c dinh mot sé nguyén t6 thong qua cac hat nhan séng ngin nhu *°"Sc (18,75 gidy), °mHf
(18,67 giay), 1%mDy (75,42 gidy), 2V (3,74 phut) va 5'Ti (5,76 phat). Sau higu chinh, két qua
phan tich da duogc cai thién dang ké khi so sanh trudc va sau khi hiéu chinh ciing nhu gitra gia
tri ham lugng xac dinh va gia tri phé chuin cua vat liéu chuin tham khao NIST-SRM-2711A.
Két qua cho thdy phuong phap hiéu chinh thuc hién trong nghién ctru nay c6 thé ap dung trong
nhiing truong hop thoi gian chét 1én dén 50% trong phén tich kich hoat neutron lap vong tai
Kénh 13-2 va Cot nhiét Lo phan (ng hat nhan Pa Lat.
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GIOI THIEU

Nhiéu phuong phap da tung dugc phat trién trong qua khir dé khoi phuc sy mat s6 dém
do thoi gian chét. Cac phuong phap nay bao gdm “live-time clocks” (LTC) va “loss-free
counting” (LFC). K§ thuat m¢ rong LTC hiéu chinh bang cach kéo dai thoi gian do dé bd
sung phan s dém bi mat. K§ thuat nay cho két qua chinh xac ddi véi thoi gian chét nho
hon 10% va mau do c6 tdc d6 dém tong hau nhu khong thay ddi suét qua trinh do. Trong
khi d6, k¥ thuat LFC cho két qua tdt hon dbi véi mau do c6 hoat dd cao va tdc do dém thay
d6i dang ké sudt khoang thoi gian ghi nhan. Tuy nhién, phuong phap LFC khong tinh duoc
sai s6 cua dién tich dinh. Do do, ky thuat “zero dead-time” (ZDT) dugc phat trién nham
khic phyc nhuogc diém trén, k§ thuat ZDT c6 kha nang hiéu chinh s6 dém bi mét khi do
mau hoat d6 cao va thay doi nhanh trong qué trinh do, dong thoi tinh toan dugc sai sé cua
dién tich dinh [1-3].

Trong phan tich kich hoat neutron (NAA), hoat d6 cua mau ngay sau khi kich hoat ¢ cac
kénh chiéu trén Lo phan ung hat nhan Da Lat (LPUDL) thuong rt 16n. D6i vi NAA sir
dung cac hat nhan séng ngin, mau can dugc do ngay hodc dé ra chi trong mot khoang thoi
gian rat ngan khoang 1 + 2 chu ky ban ri (T12) ctia dong vi quan tim. Diéu nay din dén
thoi gian chét ciia hé do rat 16n. Thoi gian chét khoang 10 + 20% khi do dé xac dinh nhém
cac hat nhan séng ngan nhu 28Al, 51Ti, 52V, “°Ca va 2’Mg c6 chu ky ban ra khoang 2 + 10
phat. Thoi gian chét khoang 20 + 50% khi do dé xac dinh nhom céc hat nhan c6 chu ky ban
1 ngan hon nhu 7"™Se, 1°Ag, Y°™Hf va “MSc c6 chu ky ban rd khoang 10 + 30 gidy. Ngoai
ra, khi ap dung k¥ thuat kich hoat neutron lap vong (CNAA), miu duoc chiéu va do lai
nhiéu 1an dé tich lily s6 dém, ciling ddng nghia véi viéc hoat d6 tong cia miu tang lién tuc
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dan dén thoi gian chét rat cao, do d6 mot phén s6 dém khong dugc ghi nhan boi hé do. Vi
vay, viéc hiéu chinh mat s6 dém do thoi gian chét cao trong kich hoat neutron lap vong can
phai dugc thuc hién.

Céc hé pho ké gamma déu c6 sy mat s6 dém trong khi ghi nhan tin hiéu, diéu nay gay ra
béi qua trinh xtr Iy xung cua cac khéi dién tir. Thong thudng, sé dém bi mét gay ra boi thoi
gian chét (DT) va chong chap su kién trong dau do. Hé do can mot khoang thoi gian nhat
dinh dé xtr Iy m&i tin hiéu t&i ddu do, do d6 néu tin hiéu thir hai ti ddu do trong khi tin hiéu
thir nhat dang dugc xur 1y thi tin hiéu thir hai s& bi mat di. Hién tuong nay duoc goi 12 su
mét s6 dém do hiéu tmg thoi gian chét. Truong hop ma hai tin hiéu xuat hién déng thoi hodc
lién sat nhau thi ning lugng cua ca hai tin hiéu dugc cong vao nhau, truong hop nay sé dém
ctia ca hai tin hiéu déu bi mét do hiéu tng chdng chap su kién trong dau do [4,5]. DAu hiéu
nhan biét cd sy chong chap su kién trong dau do 1 s6 dém cua cac kénh & phan bén phai
cua dinh phd tang 1én so voi dinh phd binh thudng. Hinh 1 cho thay két qua khao sat su mat
s6 dém cua hé pho ké dung dau do GMX-4076 giy ra boi thoi gian chét cao va chong chap
su kién trong dau do. Hé pho ké str dung dau do GMX-4076 gan voO1 hé chuyen mau khi nén
Kénh 13-2 trén Lo phan tmg hat nhan Pa Lat duoc dung dé do cac mau kich hoat 13p vong
cho viéc xac dinh cac hat nhan séng ng’fm.
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Hinh 1: Két qua khao sat su mat sb dém theq hoat do téng cua mau
theo thoi gian chét va chong chap su kién trong dau do doi véi hé GMX-4076
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Hinh 2: Su phu thudc cta tbc d6 dém dinh vao thoi gian chét ctia hé GMX-4076

Su phu thude tdc d6 dém vao thoi gian chét ciia ddu do GMX-4076 di duogc khao sat trong
nghién ctru ndy. Két qua cho thay rang khi do mau ¢ thoi gian chét nho hon 10% thi toc d6 dém
dinh gan nhu khong thay d6i nhiéu, nghia 1a s dém khong bi mat dang ké khi do ¢ thoi gian
chét thap. Tuy nhién, khi do ¢ thoi gian chét 16n hon 10%, tbc dd dém ctia dinh giam tuyén tinh
theo thoi gian chét ting nhu hinh 2. Tir két luan trén, sé dém bi mat do chong chép su kién trong
dau do khi do ¢ thoi gian chét cao ¢ thé hiéu chinh béi hé s hiéu chinh (HSHC) duoc xac
dinh bang thyc nghiém [6]:

1

HSHC =
1-a(DT-DT,)

Trong d6: Tich a.(DT —DT,) biéu thi phan sb ¢ém bi mat do chdng chép sy kién trong dau do.
DT la thoi gian chét tng v6i timng phd do, DTola gia tri thoi gian chét tdi da cua hé do khi khong
can hiéu chinh hiéu ung chéng chép su kién trong dau do (c6 gia tri khoang 10%), a 1a gia tri
dac trung cho su phu thudc cua phﬁn s6 dém bi méat vao thoi gian chét. Gia tri DTo duoc xac
dinh tir giao diém ciia duong lam khép bac nhét cia cic toc do dém khi thoi gian chét cao
(>10%) voi dudng thing biéu thi gia tri trung binh cua tbc do dém & thoi gian chét thap (hinh
2). Gia trj a duoc tinh tir 46 ddc clia dwdng lam khép bac nhat ciia toc do dém khi thoi gian chét
cao.

THUC NGHIEM

) Thi nghiém dp:qc :[hu’c hién trén hé kich hoat neutron laip vong st dung dau do GMX-4076
gan véi hé chuyén mau khi nén Kénh 13-2 trén LPUDL. Dau do GMX-4076 cua hing ORTEC
véi hiéu suat twong d6i 40%, d6 phan giai ~760 eV tai dinh 5,9 keV cta *°Fe, d6 phan giai ~2,0



keV d6i voi dinh ning luong 1,33 MeV cua ®©Co. B tién khuéch dai x6a bang transistor phi
hop cho viéc do véi toc d6 dém cao, bién ddi nhanh, va khéi dién tir xr 1y tin hiéu k§ thuat sb
(DSPEC Pro). Céac 14 do nhdm (Al), Scandium (Sc), vang (Au), Dysprosium (Dy) va ngudn
chuan ¥7Cs duoc sir dung trong nghién ctru nay nhu trinh bay trong Bang 1.

Bang 1: Thong tin cua cac la do dung trong thuc nghiém

NN ‘. Khbi
\ A 13 Chicéu dai | Khoi lugng
L4 do Dang ,Bu(mg Be d ay dang day trung | trung binh h.rfmg
kinh (mm) la (mm) binh (mm) (ma) riéng
(g/cm®)
0,1%Au-Al La 5,44 0,100 - 6,268 2,7
99,9%Sc L& 2,21 0,127 - 1,448 3,0
99,9%Al Déay 1,00 - 1,397 2,960 2,7
1%Dy-Al | Day 0,50 - 2,010 1,065 2,7

Cac bo 1a do duoc kich hoat va do nhiéu phé lién tiép dé c6 thé nghién ciu su phu thudc caa
tbc do dém theo cac thoi gian chét khac nhau. Mau dugc kich hoat sao cho thoi gian chét dat
90%, sau d6 mau dugc do nhiéu 1an Gmg véi thoi gian chét giam dan xudng dudi 10%, mbi phd
dugc do trong khoang thoi gian 5 phiit va duge xir 1y dé tinh dién tich dinh cua hat nhan quan
tam. Sau khi hiéu chinh thoi gian rd d6i voi timg pho, ta thu dugc sb dém cia cac phép do rdi
so sanh véi gia tri s6 dém & thoi gian chét thap DT < 10% (xem nhu gié tri chudn, sb dém khong
sai khi DT < 10%).

KET QUA

Gia tri DTo biéu thi thoi gian chét cao nhit c6 thé do ma khong thuc hién hiéu chinh chong
chap su kién trong dau do dugc trinh bay trong Bang 2. Két qua cho thidy DTy cua hé do st
dung detector GMX-4076 c6 gia tri béng khoang 10% va c6 xu huéng giam khi nang luong cua
dinh gamma tang. Nguyén nhén co thé 1a do dau do khi xur 1y mot tin hi€u c6 nang lugng cao
can nhiéu thoi gian hon khi xir 1y tin hiéu ¢6 nang lugng thap vi thé hién tugng chong chap sur
kién trong dau do d& xay ra hon ddi véi tia gamma ning lugng cao.

Bing 2: Két qua xac dinh gia tri DTo
.| SO bo dit E DTo (%) trun
Hatnhan | “ps | (kev) DTo (%) o
46mg e 5 142 5 11,7 +1.8
198 2 411,8 11,6+ 2.6
+
1387Cs 1 661,7 9,7+ 2,6 9.9+11
BA] 4 1778,9 74+18

He¢ s6 a biéu thi cho phan s6 dém bi méat do chong chap su kién trong dau do khi thoi gian
chét ctia pho do tang thém mot don vi. Két qua tinh hé so a dugc trinh bay trong Bang 3.

Két qua trong Bang 3 cho thdy hé s6 a hiu nhu khong phu thudc vao loai ngudn va nang
luong tia gamma duogc do, diéu nay cho thiy kha ning ap dung cta coéng thirc hiéu chinh trén
cho cac dang ngudn phirc tap hon. Gia tri trung binh 0,00397 cua a c6 y nghia 1a khi thoi gian
chét ciia pho do ting 1% thi sé dém bi mat 0,397% do chong chép su kién trong dau do.



Bang 3: Két qua tinh toan hé sb a cho hiéu chinh chong chap su kién trong dau do

Bé 14 do E (keV) Hé sb a
Al+Dy 108,2 0,00367+0,00022
Al 1778,9 0,00390+0,00007
Cs+Al+Au 661,7 0,00397+0,00019
Cs+Al+Au 411,8 0,00398+0,00014
Al+Au+Cs+Al+Dy 1778,9 0,00400+0,00008
Sc+Al 142,5 0,00401+0,00008
Hé s a trung binh 0,00397+0,00004

Két qua tinh téc 46 dém da hiéu chinh hiéu tng chong chap su kién trong dau do voi gia tri
DTo va hé s0 a dugc trinh bay tir Hinh 2 dén Hinh 4. Két qua cho thay sau khi hiéu chinh thi d¢
chinh xac cua toc d dém dinh dugc cai thién dang ke, c6 thé hiéu chinh ¢ thoi gian chét 1én
dén 50%.

1.1 1

=
=
]

*3
Ngubn “™Sc 1in 1 [
Ngudn “™Sc 1an 2 Py
Noudn mgc 1 A
Nguon "Sc Iin 3 ;g
Ngubn *™Sc 1in 4

=
=
]

Ngudn *™Sc lin 5
Ngubn “®Sc 1in 6
Nguén “™Sc 1an 1 di hiéu chinh A »
Ngubn “™S¢ in 2 di hidu chinh ¥
Nguén “™S¢ Iin 3 dd hiéu chinh
Nguén “™S¢ in 4 dd higu chinh [ ]
Ngudn *™Sc Jan 5 di hidu chinh &
Ngudn *™Sc lin 6 dii hiéu chinh

T T T T T T T

20 40 60 80

Thoi gian chét (%)
Hinh 2: Sy thay d6i toc do dém dinh 142,5 keV “6™Sc theo thoi gian chét.
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Hinh 3: Sy thay ddi téc 46 dém dinh 411,8 keV **Au theo thoi gian chét.
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Hinh 4: Sy thay d6i toc do dém dinh 661,7 keV *¥’Cs theo thoi gian chét.

Béng 4 1a két qua phan tich cia mau chuian NIST-SRM-2711a (Montana II Soil) dwugc xéac
dinh bang phan tich kich hoat neutron 13p vong sau khi da hiéu chinh hiéu tmg thoi gian chét.
Mau nay c6 khdi lugng khoang 150 mg dugc chiéu 1ap vong & Cot nhiét cia LPUPL. Mau
dugc chiéu 60 gidy, dé rd 10,35 gidy, do 60 gidy va lap lai 4 vong lap. Thoi gian chét ciia cac
phd do duoc tang tir 32,43% dén 62,03%.



Bang 4: Gia tri ham lugng mg/kg xdc dinh bang CNAA so véi gia tri chimg nhan
(GTCN) cua mau NIST-SRM-2711A khi do ¢ thoi gian chét cao.

NT. T12(S) | E (keV) KQPT GTCN sai khac | Zeta- Score
Dy 75,42 108 4,8+0,5 5 -4,3% -0,27

Sc 18,75 143 7£0,7 8,510,1 -18% -2,07

Hf 18,7 214 10,3+1 9,210,2 12% 1,11

Ti 345,6 320 3689+529 3170+80 16% 0,97

Vv 225 1434 76,7£4,4 80,7£5,7 -5% -0,56

Két qua trong Bang 4 cho thiy d6 sai 1éch gitra gia tri ham luong xac dinh dugc so voi gia
tri chimg nhén la khong qua 18%. K&t qua nay co6 thé chap nhan dugc trong phép do cac hat
nhan song ngan véi ky thuat CNAA Gng vai thoi gian chét 1én dén 50%.

KET LUAN

Két qua cho thdy DTo (thoi gian chét khong can hiéu chinh) ctia hé phd ké sir dung
dau do GMX-4076 gin v6i hé chuyén mau khi nén Kénh 13-2 trén LPUDL c¢6 gié tri
trung binh la 9,9%. Gia tri nay c6 xu huéng giam khi ndng lugng cua dinh gamma tang.
Hé s6 a trong cong thirc hiéu chinh hau nhu khong phu thudc vao loai nguén va nang
luong tia gamma duoc do. Pidu nay cho thdy kha nang ap dung cua cong thic hicu
Chlnh trinh bay trong bai bao nay d6i v0i cac dang ngudn phire tap hon, phu hop véi cac
nén matrix trong mau do trong thuc té. B6i v6i mau sau kich hoat ¢6 hoat d6 phong xa
cao, sau khi hiéu chinh thi két qua c6 do chinh xac duoc cai thién dang ké va hau nhu
khong phu thude nhiéu vao thoi gian chét ctia hé do va co thé thuc hién do & thoi gian
chét 1én dén 50%. Két qua nay gitip cho viéc ap dung k§y thuat kich hoat neutron lap
vong co thé dugc thuc hién trong truong hop thoi gian chét cao va md ra kha ning tng
dung dé xac dinh cac hat nhan séng ngén trong mau dia chét.

Léi cam on: Nhom tac gia xin chan thianh cam on Quy Phat trién Khoa hoc va Cong
nghé Quéc gia (NAFOSTED) thong qua dé tai ma sd: 103.04-2017.75, tén dé tai: “Péanh
gia cac s liéu hat nhan cua cac nguyén td quan tdm trong ko-NAA”, 2018-2019, do TS.
Ho6 Manh Diing 1am chu nhiém, d tai trg kinh phi cho nghién ctru nay.
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CORRECTION OF DEAD TIME AFFECTS FOR CYCLIC NEUTRON
ACTIVATION ANALYSIS
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Abstract: In this work, corrections of dead-time affects have been determined by experimental method
for cyclic neutron activation analysis (CNAA) method at Dalat research reactor. The correction factors
were applied for determination of short-lived nuclides such as “™Sc (18.75 sec.), "*™Hf (18.67 sec.),
165mpy (75.42 sec.), *2V (3.74 min.), 51Ti (5.76 min.). After correction of dead-time, the analytical results
were significantly improved in terms of accuracy by comparison with certificate values of NIST-2711A

reference material. Moreover, these results can be applied for correction of dead-time up to 50% in
CNAA method.
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