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TOM TAT: Trong cong trinh nay, thudt toin ML-EM (Maximum Likelihood Fitting by
Expectation Maximization) duwoc su dung trong viéc tim ph(; goc ciia hé phé ké gamma dau do
HPGe. Tap hop cac dap ung dau do dwoc mé phong bang chwong trinh MCNP4C2 doi véi
burc xa gamma phat ra tie nguon diém don nang ddt tai khodng cach 10,6¢m so véi mdt dau do.
Nang lwong ciia cdc nguon thay doi tir 50,1 keV dén 1502,1 keV véi bude nhay 2,5 keV duwoc
mo phong theo sy ghi nhdgn cua hé phé ké gamma 8192 kénh. Két qua bude dau thue hién trén
phé gamma ciia cdc nguon diém Co-60, Cs-137, Eu-152 cho thdy Upho dwoc hiéu chinh co sy
ting dang ké dién tich quang dinh so véi phé do trong cung mot diéu kién.

Tir khéa: tim pho goc, phé ké gamma, HPGe, nguon diém, MCNP.

1. GIOI THIEU

Khi di qua méi trudng cia dau do véi cau hinh cu thé, tia gamma t6i tuong tac voi déu do
s& dugc ghi nhan thong qua cc hiéu tng tryc tiép (hiéu Gmg quang dién) hodc gian tiép nhu
tan xa Compton, tao cap hodc thoat khoi dau do. Tuy theo hinh hoc va cau triic cu the ctia dau
do ciing nhur b tri vat liéu xung quanh dau do ma anh huong tan xa so cap va thi cép lén pho
s& thay d6i khac nhau. Mot cach tong quat pho do dugc la két qua cua sy tuong tac ctia hé dau
do Ién pho t61, 1am phén bd lai dang cua phd toi, bao gom dinh toan phén do hiéu Gmg quang
dién va nén lién tyc tir hiéu ing tan xa Compton nhiéu lan trong méi truong dau do va cac vat
lidu xung quanh. Do d6 tbc d6 dém trén dinh toan phan khong thé hién dy du cudong d6 ngudn
di vao dau do. Phuong phap giai cudn sir dung mot thuat toan 1ap thich hop dé khir dan mién
lién tuc do tan xa Compton s& giup ta c6 dugc phd gbc ban ddu cua photon t6i. Bang cach dé
ta c6 dugc cac phd twong (mg sau khi giai cudn voi cac dic trung tot gitip nang cao kha ning
phan giai, giéi han phat hién va do chinh xac ctia phép phan tich bang hé pho ké gamma dang
dung.

C6 nhiéu phuong phap dé giai cudn phd gamma nhu phuong phap Linear Regularisation
Method (LS), Maximum Likelihood Fitting by Expectation Maximization (ML-EM),
Maximum Entropy Method (MEM)... nhung theo L.J. Meng and D.Ramsden [2] thi ML-EM
mic di ¢ téc do hoi tu chdm nhung phuong phap nay c6 nhiéu vu diém vé do phan giai cao
trong viéc tach cac dinh gan nhau, cho nghiém duong, bao toan sd dém trén toan phd giup ta
dé kiém tra sy dung dan cua phuong phép, dé thich nghi trong viéc xir Iy s6 dém thap.

Trong cong trinh nay chung t6i sir dung thuat toan ML-EM dé giai cuén phé gamma cta
hé dau do HPGe ky hiéu GC2018 cua hing Canberra [1]. Budc dau thyuc hién trén ngudn diém
Cs-137, Co-60 va Eu-152. Nguén duoc dat tai khodng cach 10,6cm so voi mat déu do.

2. CAC PHUONG PHAP THU'C HIEN
2.1 Phwong phap giai cudon dung thuat toan ML-EM
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Vé mit toan hoc c6 thé dién ta phuong phap giai cudn nhu sau : goi y(j)la sb dém do
dugc boi hé phd ké gamma & khoang ning lugng thir j. Khi d6 ky vong cia y(j), ky hiéu
¥(j) duoc dién ta boi dang:

1

(i) = Ely()]1= D_x(Da(, j) )

i=1

O day: x(i) 1a s6 dém co6 duoc ctia pho tia gamma ti tai kénh thir i. O day x(i) tuan
theo thing giang thong ké Poisson.

a(i,j): 1a xéac suat dé tia gamma t6i c6 nang lugng & kénh i dugc phat hién &

kénh thir j thoa diéu kién a(i,j)=0.

Co nhiﬂ‘éu cach dé tim lai phd gbc x cua tia ti ban dau tir phuong trinh (1) nhu da phan tich
0 phén L. O day ching toi stt dung phuong phap ML-EM dua trén nguyén 1y co hoi cuc dai [3]
detimx:

X(k+l) (1) — X(k) (l)i I Y(.])a(la .]) (2)
Y @ad )

Trong d6:
-oxW (i) 1a s6 &ém c6 dwoc cua x & kénh i & bude lap thir k
- Jl1asb kénh tbi da ghi nhan dugc boi hé phd ké tuong tng.
- I1asb kénh twong ing voi ning luong cao nhét ciia phd tia gamma t6i ma
ta mudn khao sat.
2.2 M6 phéng ma tran dip g bing chwong trinh MCNP

Ma tran xac suat a(i, j) trong (1) c6 dugc tir viéc khao sat phan bd do cao xung ciia dau
do dbi véi timg tia gamma don ning c6 ning luong trai dai trong pham vi can khao sat. No
tiy thudc vao ting loai cdu hinh dau do, bd tri hinh hoc giira ngudn va dau do ciing nhu dbi
vé6i vat liéu xung quanh, matrix va mat d6 mau do nén con duoc goi la ma tran dap ung.

Trong cong trinh ndy ma tran dap tng a(i,j) dugc mdé phong bang phuong phap Monte
Carlo voi chuong trinh MCNP4C2 [4]. Trong [5] nhom tac gia da thyc hién viéc mo hinh hoa
hé pho ké HPGe (GC1820) dit trong budng chi bang chuong trinh nay. Viéc kiém dinh tinh
dung din cia chuong trinh v6éi mé hinh x4y dung dd dwoc x4c nhan. Trong [6] chwong trinh
nay da duoc 4p dung dé nghién ctru dap ung cua diu do HPGe dang dung, két qua phd mo
phong duoc so sanh v6i pho thuc nghiém.

Vi cach thuc tuong tu, ching t6i thuc hién viéc mo phong ma trén dap img cho bai toan
nay. Hinh 1 trinh bay so do cit doc ctia hé dau do - budng chi dung trong mé phong va do dac.
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Hinh 1. So dd cit doc ctia hé ddu do — budng chi duoc mé phong bing MCNP

M6 hinh MCNP cua hé dau do HPGe va ngudn dugc p dung & day dé mo phong phan bd
d6 cao xung cho ba ngudn Cs-137, Co-60, Eu-152 dat & khoang cach 10,6cm so v6i mit dau
do. Niang luong ctia photon téi trai dai tir 50 keV dén 1500 keV dwgc md phong véi bude nhay
2,5 keV. bé théng ké du tét, s lich sir 5.107 dugc st dung.

Két qua phan bd d6 cao xung sau d6 dugc nhan cho sé hat tugng trung 1a 100.000 hat dé
¢6 duge dang phd gamma twong ng nham muc dich minh hoa.
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Hinh 3. Mot s6 dap tmg cua dau do HPGe duoc mo phong boi MCNP

3. KET QUA VA THAO LUAN
Sau khi x@y dung duoc ma trdn dap Gng béng m6 phong MCNP cho hé dau do HPGe va ba
ngudn Cs-137, Co-60, Eu-152, viéc giai cudn pho do dugc thuc hién doi voi ting phd do.
Hinh 4, 5, 6 trinh bay két qua cua viéc giai cudn cac phd do Cs-137, Co-60, Eu-152.
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Hinh 4. Phé do va phd sau khi giai cuon cta ngudn Cs-137
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Hinh 5. Phé do va phd sau khi giai cuén cia ngudn Co-60
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Hinh 6. Ph6 do va phd sau khi giai cudn ctia ngudn Eu -152

Pho sau khi giai cudn c6 nén lién tuc bi giam xudng va dién tich dinh twong tmg ting 1én
rat nhi€u lan. Hinh 7 minh hoa sy tdng dang ké dién tich dinh cua mét vai dinh nang lugng ctia
Eu-152.
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Bang 1. trinh bay su so sanh dién tich dinh cua mét s6 nang lwong cua cac ngudn Cs-137,
Co-60, Eu-152 cta pho do S;(E) va pho sau khi giai cudn S,(E).
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Hinh 7. Su so sanh mot vai dinh do va dinh sau khi giai cudn ctia phd ngudn Eu-152

Biang 1. So sanh dién tich dinh phd trudc va sau khi giai cudn

Dién tich dinh pho | Dién tich dinh
E (keV) do, S1(Ei) phé sau khi giai | S2(Ei)/S1(Ei)
cudn, S2(Ei)

121,78 9.659.428 12.580.660 1,302
24470 1.732.572 2.902.612 1,675
344,28 4.539.938 11.056.650 2,435
661,70 238.380 844.418 3,542
778,90 1.013.117 3.625.679 3,579
867,38 363.606 1.202.112 3,306
964,08 1.012.864 4.406.812 4,351
1.112,08 580.355 3.109.040 5,357
1.173,20 2.275.943 9.956.457 4,375
1.332,50 350.371 2.999.274 8,560
1.408,01 1.083.197 6.076.921 5,610

Tir bang 1 ta thay ty s6 giita dién tich dinh phd sau khi giai cudn so véi dién tich dinh phd
do 16n hon mdt nhiéu lan tuy theo ning lugng cua photon tdi.. N6 cho thiy hiéu qua cua viée
giam nén lién tuc va tich lity vao s6 dém & dién tich quang dinh twong tng sau khi gidi cudn la
rat cao. Didu d6 1am tang kha ning phat hién ciing nhu d6 chinh xac ctia hé phd ké ddi véi viée
do hoat do thap clia mau mdi trudng. Day 1a mot dic diém noi tri cia viée gidi cudn.

Tuy nhién trén do thi cﬁng cho thiy van con ton tai mot it ving lién tuc & phé sau khi giai
cudn. Didu d6 cho thy viée giai cudn van chwa hoan toan triét dé. N6 duoc giai thich bai mo
hinh hé ph ke dé mo phong dap umg pho c6 thé chura hoan hao ciing nhu thuat toan dang st
dung chua t01 uu lam cho cac blen ¢6 trén phd ghi nhan chua tich iy dugc vao trong quang
dinh nén van con ton tai trong nén lién tuc ctia phd sau khi giai cudn.
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4. KET LUAN

Trong cong trinh nay, thudt toan ML-EM (Maximum Likelihood Fitting by Expectation
Maximization) duge sir dung trong viéc tim phd gdc tir hé phd ké gamma dau do HPGe. Tap
hop cac dap tng pho dugc mo phong bang chuwong trinh MCNP4C2 d6i v6i birc xa gamma
phat ra tor nguén diém don nang dit tai khoang cach 10,6cm so voi mat dau do. Niang lugng
ctia cac nguon thay ddi tir 50,1 keV dén 1502,1 keV vé6i bude nhay 2,5 keV dugc mod phong
theo sy ghi nhan cia hé phd ké gamma 8192 kénh. Két qua budc dau thyc hién trén phod
gamma cta cac ngudn diém Co-60, Cs-137, Eu-152 cho thay ¢ phd duoc hiéu chinh co sy ting
dang ké dién tich quang dinh so v&i phd do trong ciing mét didu kién. Diéu d6 1am ting kha
nang phat hién cling nhu d6 chinh xac cia hé phé ké d6i véi viéc do hoat do thép ctia mau moi
truong. Tuy nhién trén db thi ciing cho thay van con ton tai mot it ving lién tuc & phd sau khi
giai cudn. N duge giai thich boi mé hinh hé phd ké dé mé phong dap tmg dau do chwa hoan
toan chinh xac, vi du sy m6 phong khong ly tuéng cua tan xa Compton nhiéu lan tir chét ligu
xung quanh hé dau do — budng chi nhu tudng, gia do, hé dién tu, thiét bi thi nghiém xung
quanh .Ngoai ra cung can quan tam dén viéc cai tién thuat toan g1a1 cudn, giam thang giang
thong ké trong phd trude khi giai cudn nhim giam thiéu sw xuit hién dinh gia sau khi giai
cugn..

STUDY ON DECONVOLUTION FOR GAMMA SPECTROSCOPY USING
ML-EM ALGORITHM AND MCNP SIMULATION

Mai Van Nhon", Le Van Ngoc®, Truong Thi Hong Loan", Dang Nguyen Phuong®”
(1)University of Natural Sciences, VNU-HCMC
(2)Institute of Nuclear Science and Technique, Ha noi

ABSTRACT: In this paper, the ML-EM (Maximum Likelihood Fitting by Expectation
Maximization) algorithm was used in deconvolution of continuum gamma ray for HPGe
detector. A set of response functions was simulated by using MCNP4C2 code for gamma
radiation emitted from point source located at 10.6¢cm from detector. The source energies
varied from 50.1 keV to 1502.1 keV with 2.5 keV step were detected by the 8192 - channel
spectrometer. The results of deconvolution for some gamma spectra of Co-60, Cs-137, Eu-152
showed that the photopeak areas of the deconvoluted spectra were considerably raised in
compare with ones of measured spectra in the same condition.

Key words: deconvolution, gamma spectroscopy, HPGe, point source, MCNP.
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