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TOM TAT
Nghién citu nay duwoc thyc hién nham myc dich danh gid sw phi hop ciia mé hinh mé phong
Monte Carlo ding trong chirong trinh MCNP Vi thuc nghiém. Dé ting dg tin cdy cia md hinh md
phong, bén canh cic dic trung nhw dang déap 1img cia phé va hiéu sudt dinh hap thu ndng lwong
toan phan da khdo sat trong nghién cizu trude day, ching t6i tiép tuc danh gid cac dic trung phé
khac bao gom dé phan gidi nang heong (R(E)) va ti sé dinh trén Compton (Rec). Két qua cho thay,
doi véi d phan gidi nang lwong c6 s phil hop rdt tot gisza md phong va thuc nghiém véi dé léch
twong doi khéng vueot qud 3,59% trong khi @6 gid tri nay doi véi ti sé dinh trén Compton 1a 5,58%.
Két qua nay khang dinh tinh tin cdy ciza md hinh md phong ma chiing téi da dua ra.
Tir khoéa: d6 phan giai nang luong, ti s6 dinh trén Compton, dau do Nal(TI).
ABSTRACT
Validating the Monte Carlo simulation model using MCNP code by evaluating the features
of spectrum obtained by Nal(TI) scintillation detector
This research was performed to evaluate the agreement of Monte Carlo simulation model
using MCNP code of Nal(TI) detector with experiment. In attempt to increase the reliability of the
simulation model, the features of spectrum such as energy resolution (R(E)) and peak to Compton
ratio (Rpc) were evaluated. The results showed that the deviations between experimental and
simulated values does not exceed 3.59% for R(E) and 7.42% for Rpc. These results strongly
confirm the reliability of this simulation model that we proposed.

Keywords: energy resolution, peak to Compton ratio, Nal(TI) detector.

1. Giéithigu

Hién nay, phuong phap md phong Monte Carlo duoc st dung nhiéu trong linh virc
vat Ii hat nhan 1a do nhitng wu viét ma phuong phap nay mang lai. Trong nhiéu truong hop,
céc thi nghiém vat Ii can phai duoc tién hanh bang md phong truéc nham dinh huéng cho
thuc nghiém giup tiét kiém chi phi dong thoi ting do tin cay cho két qua nghién ctu.
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Hién nay, mot trong nhitng chuong trinh md phong rat phd bién s dung phuong
phap Monte Carlo la chuong trinh MCNP (Monte Carlo N-Particle). Pay la chuong trinh
duogc phat trién boi phong thi nghiém Los Alamos [1] va duoc rat nhiéu nhém nghién ciru
sir dung [2, 3, 4, 5] cho thay db tin cay cua chuong trinh. Tuy nhién, dé c6 thé sir dung két
qua md phong nham dinh huéng ciing nhu 1am ting d6 tin cay cua két qua thuc nghiém,
yéu cau cac thong sb ki thuat dau vao caa hé do khi dua vao chuong trinh md phong can
phai ¢dam bao do chinh x4c cao. Pay 1a mot yéu cau khong dé thuc hién do khéng phai lic
nao chlng ta ciing c6 day du cac thdng s ki thuat cua hé théng dau do hoac cac thong sé
Ki thuat nay c6 thé thay di theo thai gian [6].

Hién nay cach phé bién nhat dé khai béo céc théng sé ki thuat dau do cho dau vao
caa chuong trinh md phong MCNP 1a sir dung céc thong sé duoc cung cip boi nha san
Xuat. Tuy nhién, nhu ¢4 dé cap & trén, mot s théng sé ki thuat ciia dau do bién doi theo
thoi gian nhu do day 1op chét [6] cua dau do HPGe (High Purity Germanium), do vay viéc
sir dung céc thdng sé dugc cung cip bai nha san xuat trude do 1a khong con chinh xéc.
Trong nghién ciru trude day [7], ching tdi ciing da chi ra rang viéc khai bao khéng chinh
xac do day cua lép phan xa Al,O3 bao quanh dau do nhap nhay Nal(T1) anh huong rat Ién
dén hiéu suét dinh hip thu ning luong toan phan. Do vay, viéc danh gia tinh phu hop cua
céc thong sé nay la rat quan trong trong viée 1am ting do tin cay cua cac két qua mo phong
khi so sanh vai thuc nghiém.

Dé danh gia tinh phu hop cua cac thong sb ki thuat cho dau vao cua chuong trinh mo
phong, can thiét phai khao sét dang dap ung cua phd thu dugc bang mé phong so vai thuc
nghiém dua trén ba dic trung phd do 1a higu suat dinh hap thu nang lugng toan phan, ti s6
dinh trén Compton (Rpc) va d6 phén giai dinh niang lugng R(E). Su phu hgp cua cac dic
trung nay gitra md phong va thuc nghiém s& khang dinh tinh phi hop cua cac thong s6 ki
thuat ctia dau do khi dua vao chuong trinh mé phong.

Trong nghién ciru nay, ching tdi tiép tuc khao sat cac dic trung phd Vé ti s6 dinh trén
Compton Rec va d6 phan giai ning luong cua dinh hap thy toan phan R(E). Két qua nay
clng vé&i khao st trude ddy vé hiu suat dinh ning lwong toan phan [7] s& khang dinh
dugc tinh chinh xac cia md hinh md phong Monte Carlo ma chung toi dua ra dong thoi s&
cung cap thong tin vé tinh can thiét trong viéc danh gia tinh phu hop cua céc thong sé ki
thuat dau do trong md hinh md phong Monte Carlo truéc khi &p ching vao cac nghién ciru
cu thé.

2. Cosé li thuyét
2.1. Tisé dinh trén Compton (Rpc)
Thong thuong dé so sanh sy phd hop caa phé méd phong va phé thuc nghiém, dang
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dap ung cua phé trong tat ca cac kénh dugc so sanh; tuy nhién, danh gia nay chi 1a danh
gid budc dau va mang tinh dinh tinh. Nhitng danh gia mang tinh dinh lugng vé sy phi hop
cua phé md phong va thuc nghiém nhu da dé cap & trén bao gdm hiéu suat dinh hap thy
niang luong toan phan, ti s dinh trén Compton va d6 phan giai ning luong caa dinh. Céc
thdng s6 mang tinh dinh lrong ndy con c6 thé danh gia duoc “chét luong” caa dau do khi
lya chon cho mét nghién ctu cu thé nao do.

Ti s6 dinh trén Compton 14 ti s6 gitra s6 dém tai kénh dinh quang dién va sé dém tai
ving dic trung nén Compton tuong ¢ng véi dinh niang lugng d6. Ving Compton dugc
chon la viing phang trong nén Compton lién tuc ngay bén dugi canh Compton. Ti s6 dinh
trén Compton dugc tinh theo cong thuc:

o @

¢

m-n+14;

trong d6 C, 1a s6 dém tai vi tri dinh cao nhét cia dinh hap thu nang lugng toan phan, C; la
s6 dém tuong Gng tai kénh i, m va n lan lugt 1a kénh dau va kénh cubi tuong &g vai viing
dic trung Compton cta pho.

100000 g——— e
> Thyc nghiém Co :
Mo phong Pinh quang di¢n
10000 -
E Y -
3 2y = E
< . *f ‘/{ i %
& 10004 - Yooy
v E \0 B I
= ¢
O | / v ]
B 100+ ‘ sanh C
E Canh Compton &
1 Dinh tdn xa ngugc %
10 5
1

200 400 600 800 1000 1200 1400 1600
Nang luong (keV)
Hinh 1. So sanh phé thuc nghiém va mé phong déi véi nguén *Co
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2.2. D¢ phan gidgi dinh hdp thu toan phan R(E)

Dé danh gia do phan giai cua cac loai dau do, thong thuong nguoi ta s dung do
phan giai dinh hap thu ning lugng toan phan R(E). Trong thyc té, dai lugng nay duoc tinh
bang ti s6 cua bé rong tai nira 6 cao dinh (FWHM) véi nang lugng cia dinh d6. Cy thé:
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FWHM (keV
R(E):E—(e) o)

FWHM phy thudc vao loai dau do va nang luong ciia chim tia gamma ma dau do ghi
nhan. Thong thudng biéu thire toan hoc ciia ham bé rong mot nira ¢6 dang sau [8, 9, 10]:

FWHM =a +by/E +cE? (3)
Véi a, b, ¢ 1a cac tham s thu duogc tir viéc 1am khép vai dit liéu thuc nghiém.

Trong thyc nghiém, d6 phan giai nang luong dugc xac dinh theo biéu thic sau [11]:
FWHM =2,/2In(2)c 4)

v6i o 1a d6 léch chuan.
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Hinh 2. Dinh hap thu nang hrong toan phan do dwoc
trong theec nghiém sir dung dau do Nal(T1) véi nguon **'Cs
3. Phuwong phap Monte Carlo
Trong nghién ciu ndy, ching toi sir dung chuwong trinh MCNP5 dé mé hinh hoa toan
bo qué trinh do dac thyc nghiém. Trong nghién ciru trude day [7], bang cach khao sét dang
dap ung phd va hiéu suat dinh ning luong toan phan, ching t6i dd dé xuat mé hinh mo
phong vai cac thdng sb ki thuat dugc trinh bay nhu trong Hinh 3.
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Hinh 3. Cac thong sé ki thudt ciia ddu do nhap nhay Nal(TI)
dung trong md phong Monte Carlo si dung chwong trinh MCNP5 [7]

Phé thu nhan duoc tir chwong trinh MCNP [a phd phan b d6 cao xung (Tally F8).
Dé phd c6 dang gidng nhu nhu nghiém, can phai st dung thé FT8 trong khai béo input cua
chuwong trinh MCNP véi ham bé rong mot nira nhu trong phuong trinh (3)
véi a = - 0,0137257 MeV; b = 0,0739501 MeV*? va ¢ = - 0,152982 MeV* [7].

Phé mo phong thu duoc tir chuong trinh MCNP5 duoc phan tich dé tinh toan cac dai
luong nhu d6 phan giai nang lugng R(E) Vva ti s6 dinh trén Compton (Rec). Cac két qua
tinh toan nay dwoc so sanh véi cac két qua tuong tng thu dugc tir phan tich phd thuc
nghiém nham khing dinh d¢ tin cdy caa md hinh md phong Monte Carlo sir dung cho céc
nghién ciru sau nay c6 st dung chuong trinh MCNP va loai dau do d& khao sat. Bé dam
béo tinh thong k&, sb lich sir hat dugc sir dung trong mo phong 1a 1x10° hat. T4t ca cac phd
thu dugc bao gdbm ca thuc nghiém va mé phong déu dwoc xir li bang chwong trinh phan
tich phé gamma chuyén dung Colegram [12].

4. BO tri thuc nghiém

Loai dau do dugc sir dung trong nghién ctru nay 1a ¢au do nhap nhay Nal(TI) véi tinh
thé ¢ dang hinh try dic co duong kinh 76 mm va chiéu dai 76 mm do hiang Amptek (M7)
san xuat. Loai dau do nay hoat dong dugc & nhiét dd phong va viéc két nbi né véi may tinh
kha don gian thdng qua cong USB nén dugc sir dung khé phé bién trong céac tmg dung nhét
4 linh vuc cong nghiép nhu do d6 day vat liéu [13], do do day thanh dng [14].

Ngudn sir dung trong nghién ciu ndy 1a bo ngudn chuan diém do hang Eckert &
Ziegler cung cap. Hoat 6 caa cac nguon tai thoi diém do nhu dugc trinh bay trong Bang 1.
Tat ca cac ngudn nay déu co sai s tuong ddi cua hoat d6 1a 3%. Ngudn dugc dit trén truc
d6i xung cua dau do va cach 20 cm tinh tir bé mat ¢au do. Thoi gian ghi nhan phd la
1,8x10%s.
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Bdng 1. Thdng tin cac nguon phong xa [7]

Ngudn Chu ki ban ra Nang lwong Hié,u suat Hoat d (Bq)
(keV) phat (%) Co
’Na 2,6029 (8) nim 511 180,7 (2) 37333
1274,537 (7) 99,94 (13) —~
BCs 30,05 (8) nam 661,657 (3) 84,99 (20) 38258
*Mn 312,13 (3) ngay 834,838 (5) 99,9746 (11) 38110
%Zn 244,01 (9) ngay 511 2,842 (13) 37555
1115,539 (2) 50,22 (11) —~
®Co 52711 (8) nim 1173,228 (3) 99,85 (3) 37407
1332,492 (4) 99,9826 (6) —~
2Ey 13,522 (16) nim 121,7817 (3) 28,41 (13) -
244,6974 (8) 7,55 (4) -
344,2785 (12) 26,59 (12) —~
778,9045 (24) 12,97 (6) —~
964,079 (18) 14,50 (6) —~
1085,837 (10) 10,13 (6) —~
1112,076 (3) 13,41 (6) —~
1408,013 (3) 20,85 (8) —~

5.  Kétqua

Két qua tinh toan d6 phan giai ning lugng tir phd md phong va phd thuc nghiém
dugc trinh bay trong Bang 2. Trong bang nay, ching ta c6 thé thiy duoc sy phi hop giia
d6 phan giai ning luong thu duoc tir thyc nghiém va md phong. Po léch tuong ddi ¢ hau
hét cac ning luong d4 khao sat déu dudi 2,2%. Riéng do phan giai cua dinh 244,6974 keV
cua *?Eu 1a cao hon so véi cac dinh con lai tuy nhién ciing chi xép xi ¢ 3,6%. Diéu nay c6
thé giai thich 1a do ?Eu la ngudn da ning véi nhidu muc niang lugng nén viéc xi Ii phd
mo phong twong dbi phic tap va gay ra sai sb lon.

Bdng 2. So sanh d¢ phéan gidi nang lhwong ciia cdc dinh thic nghiém va mé phong

R(E) (%)
N Ning luwgng Do léch twong dbi
bong i (keV) Th hiém (a) MCNP5 (b) b
C nNghiem (a a—
we nghie RD =272100%
a
’2E 121,7817 9,79 9,70 0,94
’2E 244,6974 8,67 8,98 -3,59
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2By 344,2785 8,43 8,30 1,49
“Na 511 7,29 7,37 -1,14
Bcs 661,657 6,44 6,54 -1,60
*Mn 834,838 5,90 5,92 -0,23
®Zn 1115,539 5,14 5,14 -0,15
®Co 1173,228 4,98 4,92 1,13
“Na 1274,537 481 4,84 -0,60
Co 1332,492 4,78 4,67 2,14

Viéc so sanh d6 phan giai niang lugng véi cac dinh ning luong trai dai va phan b
déu tir 121 keV dén 1332 keV véi d6 léch tuong ddi cua gia tri R(E) giira phé thyc nghiém
va md phong 1a nho ¢ hau hét céc niang lugng d4 khao sat 4 Iam tang do tin cdy mé hinh
mo phong dau do nhap nhay Nal(T1) nhu trinh bay trong Hinh 3 ma chiing t6i d& dé xuat
trong nghién ctu trude day [7].

Bdng 3. Ti s6 dinh trén Compton ciza mét sé dinh hap thu ndng long toan phan

khi do bang ddu do Nal(Tl)
Ti s6 dinh trén Compton (Rec)

DPdng Nang lugng D6 léch twong dbi
vi (keV) Thyc nghiém (a) MCNP5 (b) RD - a-b 100%
a
Bics 661,657 9,71 9,83 -1,21
*Mn 834,838 8,66 8,56 1,14
Co 1173,228 3,78 3,87 -2.61
®Co 1332,492 3,24 3,42 -5,58

Két qua tinh toan ti s6 Rpc dugc trinh bay trong Bang 3. Trong bang nay cd thé thiy
duogc sy phi hop rat tot cua Rec thuc nghiém va mo phong dbi véi cac dinh ning luong caa
ngudn **Cs va **Mn (d6 léch dudi 1,3%). Trong khi d6 véi dinh ning luong caa ®°Co, gia
tri Rpc €0 I6n hon nhung cling déu nho hon 5,6%. Diéu nay co thé giai thich nhu sau: Dya
vao so dd cac mirc ning lugng phat ra tir ngudn *’Cs, c6 thé xem déy 1a ngudn don nang,
viéc xtr Ii dinh phd nay tuong dbi don gian. Do vay, viéc tinh toan Rpc 1a kha chinh xac
gitra thyc nghiém va mo phong. Diéu nay ciing hoan toan dung cho dinh 834,838 keV cua
*Mn. Trong khi d6 véi ngudn °°Co, c¢6 su phét ndi ting cac photon ning lwong 1332,492
keV va 1173,228 keV nén phé ghi nhan dugc 13 c6 hai dinh. Mit khac ddi voi dau do nhap
nhay NalI(T1) c6 d6 phan giai kém hon rat nhiéu so véi dau do HPGe nén hai dinh pho nay
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nam rat gan nhau dan dén viéc xu i phd phirc tap hon, két qua Ia ti 6 Rpc s& kém chinh
Xac hon.
6. Kétluan

Két qua tinh toan d6 phan giai ning lugng R(E) va ti s6 dinh trén Compton Rec cho
thay su phi hop tét gitra mé phong va thuc nghiém. Két qua nay mét lan nira khang dinh
raing md hinh md phong Monte Carlo véi céc thong sé dau do ma ching tdi dua ra trong
nghién ciru trude day 1a hoan toan phu hop dé sir dung trong tap tin dau vao cia chuong
trinh MCNP. Tir két qua nghién ctru ndy ching tdi c6 thé khang dinh rang, viéc danh gia
cac ddc trung phd nhu dang dap ung cua phd, hiéu suat dinh hap thy nang lugng toan phan,
d6 phan giai nang luong va ti s6 dinh trén Compton giita pho md phong va thuc nghiém 1a
rat can thiét trong viéc lam tang do tin cay cia mé hinh md phong Monte Carlo. Qua d6, c6
thé st dung két qua md phong dé dinh huéng thyc nghiém ciing nhu lam ting do tin cay
caa cac két qua nghién ciu.

Loi cdm on: Nghién citu nay duoc tai tro boi Truong Pai hoe Sw pham Tp.Hé Chi Minh qua
deé tai véi ma s6 CS2016.19.12 va trong khubn khé dé tai cap B “Phat trién ki thugt gamma tan xg
nguege dé do khoi heong riéng chat long bang dau dd nhap nhay Nal(T1)”.
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