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Tém tit. Trong nhiéu nim qua, éng chuan truc béng chi da duoc ap dung rong rai dé tao ra chum tia
gamma hep trong cac phép do phé gamma. Thay « dbi kich thudc dng chuan truc 14 céng viée mat nhiéu thoi
gian va chi phi, kho co thé thyuc hién trong thyc té thi nghiém dé xac dinh kich thudc phit hgp. Ngay nay da
¢6 nhiéu cong cu md phong Monte Carlo hiru ich va dang tin cdy, trong do c6 chuong trinh may tinh mé
phong MCNP4C2, cho phép thiét ké thi nghiém véi cac thong so vat Iy duoc thay d6i linh hoat, két qua
tinh toan phu hop tot véi thyc nghiém, dic biét 1a tiét kiém thoi gian va chi phi. Trong cong trinh nay,
chuong trinh may tinh mé phong Monte Carlo MCNP4C2 da dugc st dung dé xay dung mé hinh mo phong
dé nghién ciru xac dinh kich thudce hinh hoc cua ong chuan tryc bang chi. Két qua nghién ctru cho thay rang,
dbi voi 6ng chuén tryc hinh tru tron, ban kinh ngoai duogc 1y bang ban kinh tinh thé diu do va chiéu dai
dugc lay bang khoang cach ngudn - déu do 1a lya chon phu hop.

Tir kho4. dng chuan truc, phd ké gamma, dau do ban dan siéu tinh khiét HPGe.

1 MODAU

Trong linh vyc vat Iy hat nhan thyc nghiém, 6ng chuén truc béng chi dugc sir dung dé tao ra cham
gamma hep. Chung c6 mit trong b tri thyc nghiém tinh todn bé day bio hoa cuia kim loai bang phuong
phap tan xa gamma [1], trong k¥ thuat quét gamma cat 16p dé phan tich thung chét thai hat nhan [2, 3],
trong nghién clru sy suy giam gamma trong vat li¢u [4], trong ky thuat chyp gamma cit lop bang phuong
phap gamma phat xa [5], ... Tuy nhién, trong cdc nghién ctru noi trén dng chuan tryc duge ché tao theo kinh
nghiém va tuy thudc vao thi nghiém cy thé. Cho dén nay kich thudc hinh hoc ciia dng chuan tryc bang chi
chua duoc nghién ctru chi tiét. Trong bai béo nay, ching toi dé xudt nghién ciru xac dinh kich thudc hinh
hoc ctia 6ng chuén tryc bang chi bang chwong trinh may tinh mé phong Monte Carlo MCNP4C2. Thiét ké
thi nghiém dwa trén hé phd ké gamma ding dau do ban din HPGe GC1518 dat tai Trung tim Hat nhan
Thanh phd HO Chi Minh véi cAu hinh gdm ngudn phong xa **’Cs, dng chuén tryc va dau do duge bd tri
déng truc theo thar tu do.

2 PHUONG PHAP NGHIEN CUU

2.1 Hé pho ké gamma

Hé phd ké gamma ding dau do ban din siéu tinh khiét HPGe kiéu GC1518 gﬁa hang Mirion
Technologies Inc., Hoa ky dat tai Trung tdm Hat nhan Thanh pho Ho Chi Minh hi¢n van con dang hoat
dong on dinh sau gan 30 nam qua ké tir khi dua vao sir dung nam 1996. CAu tric tong quat buong do cua
hé phd ké gamma gdm budng chi che chan phong méi truong, ngudn phat tia gamma, 6ng chuan tric, dau
do.

Buong chi 1a loai tu ché tao gom cac 16p chi, thlec paraftin va dong tinh tir ngoai vao. Khéng glan
bén trong buong chi, doc theo truc dbi ximg, tir trén xuong, gom ngudn phong xa dang diém ¥’Cs, dng
chuén tryc bang chi ap sat nguon phong xa va dau do duge bb tri nhu hinh 1 [6].
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Hinh 1. M3t cit ding ciia budng do ph6 gamma voi ngudn phong xa va ong chl}én tryc dién hinh \ béang chuong
trinh MCNP4C2. Trudng hgp ngudn dat cach dau do 15 cm, 6ng chuan truc bang chi ban kinh khau d6 0,25 cm
va ban kinh ngoai 5,35 cm.

Ngudn phong xa 'Cs dang dia tron lam bang nhya epoxy véi duong kinh 25,4 mm va chiéu cao
6,35‘mm, 0 gilta c6 vién chat phong xa dang try tron voi duong kinh 5 mm va chi€u cao 3,18 mm dugc bo
tri dong truc nhu trong hinh 2 [7].
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Hinh 2. Mit cét dimg cua nguén phong xa v& bang chuong trinh may tinh mo phong
Monte Carlo MCNPA4C2. Cau tric va kich thudc hinh hoc do hang Eckert & Ziegler,
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Ong chuan tryc dang hinh try tron ¢6 ban kinh khau d6 0,25 cm bang véi ban kinh vién chit phong
xa. Ban kinh ngoai va chiéu dai thong thuong dugc Iya chon theo kinh nghiém sao cho che chén toan bo
tia gamma phat ra tir nguén. Chi 1a nguyén td nang, hép thu manh tia gamma, phé bién trong tu nhién, dé
tim nén dugc st dung lam 6ng chuén truc. Thuc vay, voi mat do mat tam chi béng 10 g/cm? s& 1am gidm
b6t mot nira cuong d6 chum gamma cé nang luong 1000 keV hodc mat d6 mit tam chi bang 100 g/cm?
tuong duong kich thudc dai 8,8 cm thi cudng dd chum gamma cé ning luong 1000 keV giam di 1000 lan

(8].
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Hinh 3. Ong chuan truc cing véi ngudn phong xa va dau do dugc b tri ddng truc véi nhau. Trong do:
Fape, Feol VA Idet 1an Twot 12 ban kinh khau @6, ban kinh dng chuan tryc va ban kinh dau do.
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2.2 Chuong trinh mé phéng Monte Carlo MCNP4C2

MCNP4C2 la mét trong nhitng chuong trinh may tinh tmg dung phwong phép Monte Carlo dé mo
phong qua trinh van chuyen ctia neutron, photon va electron hodc két hop neutron/photon/electron trong
mdi trudng vat chat, ké ca tinh toan tri riéng trong nhimg h¢ thong t6i han [9]. Pbi v6i viec mo phong phd
gamma, cac két qua nghién ctru trong nhitng nim gan ddy ctia nhiéu tac gia cho thiy c6 su phu hop tot giita
tinh toan MCNP4C2 véi thyc nghiém [10, 11, 12].

Dé thu thap phd gamma mo phong, cAu tric tong quat budng do ctia hé phd ké gamma gdm buong
chi che chin phong méi truong, ngudn phat tia gamma, dau do dugc mo ta trong mot input chuan cua
chuong trinh may tinh mo phong Monte Carlo MCNP4C2 duoc trinh bay ¢ phan phu luc. Sé liéu dau vao
vé thanh phan vat liéu va cdu trac hinh hoc cla budng do dd duoc trinh bay chi tiét trong cong trinh [6].

Trong mé hinh mé phong MCNP4C2, dng chuén tryc bang chi duoc thiét ké dang hinh try tron 6
ban kinh trong (ban kinh khau d6 dng chuén truc) rape = 0,25 cm bang v4i ban kinh vién chat phong xa va
giit khong thay doi. Trong khi d6, ban kinh ngoai (ban kinh dng chuén truc) thay dbi tir re = 0,35 cm dén
9,35 cm va chiéu dai thay d6i tir | = 0,1 cm dén 14,9 cm theo timg budc 1 mm. Do d6, dbi voi su thay doi
ban kinh ngoai c6 91 truong hop va chiéu dai c6 149 trudng hop. S6 trudong hop tinh todn mé phong
MCNP4C2 13 13559. Viéc tinh toan md phong MCNP4C2 duoc thyuc hién biang may vi tinh Dell Inc.
OptiPlex 3020, Intel(R) Core(TM) i7-4758T 2,2GHz, thoi gian trung binh cho mdi truong hgp tinh toan
mo phéong MCNP4C2 khoang 1,25 phut.

Tai vi tri ngudn phong xa, tia gamma phat ding hudng, d6i xtmg cau trong khong gian 4, phan 16n
cac tia gamma bi chan boi bé day 16p chi cua ong chuan tryc, chi c6 nhiing tia gamma cung phuo‘ng voi
ong chuan trire hodc nhing tia gamma tan xa voi thanh 6 dng bén trong ong chuén tryc hodc tan xa véi vat
liéu cdu thanh buong chi, di vao dau do va bi hap thu mot phan hoac hap thu toan b nang lugng ctia no.
Trong mdi truong hop, s6 lich sir tia gamma phat ra tir nguon phéng xa duge Iyra chon 1a 3200000 véi sai
s6 thong ké nho hon 0,06%.

Dé tinh toan sé dém dau do ghi nhan khi tia gamma xuyén qua khau d6 6ng chuén truc, trong thiét
ké thi nghiém, md hinh mo phong dugc xay dung d6i v6i hai truong hop sau day:

(i) Khong glan khau do 6 ong chuén tryc 1a 'khong khi giong nhur thuc té,

(ii) Khong gian khau d6 éng chuan truc lap day chi (Pb).
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Sb dém toan phan dau do ghi nhan ddi véi truong hop (i) duge xac dinh boi:

Nt%i[ = Ng;;’é + (%'1; + Nsaci,; y Feol < Idet (1)

NEE = N + NET o > T @

Trong d6: NI, N&L, N&E, N4 1an Tugt 1a s6 dém toan phan, sé dém khi tia gamma xuyén qua
khau d6 6ng chuén truc, sé dém khi tia gamma di bén ngoai dng chuén tryc va sé dém khi tia gamma tén
xa |én thanh vat liéu budng do trude khi dén dau do ddi véi truong hop khong gian khau d6 dng chuén truc
1a khdng khi. reol VA reet 1an lugt 1a ban kinh dng chuan truc va ban kinh dau do.

S6 dém toan phan dau do ghi nhan dbi véi trudng hop (i) duoc xac dinh bai:

Nior = Newe + N&&, , Feol < Tt 3)

Ng)l% = Ns}z% y Feol 2 Tdet (4)

Trong d6: NP2, NEP, va NEB 1an luot 1a s6 dém toan phan, sé dém khi tia gamma di bén ngoai 6ng
chuan tryc va s6 dém khi tia gamma tan xa 1&n thanh vat liéu budng do trude khi dén dau do dbi véi trudong
hop khong gian khau do 6ng chuan truc 1ap day chi (Pb).

Trong tinh todn mé phong MCNP4C2, ddi véi ca hai truong hop (i) va (ii), hau hét cac thong sé dau
vao déu giéng nhau, chi khac nhau mot théng s6 duy nhat 1a vat liéu trong khéng gian khau d¢ dng chuan
truc, do do:

Nflft = (;1157; (5)
va
N& = N (6)

Nén Khi reol < et hodc Feol > rer, s6 dém khi tia gamma xuyén qua khau d6 dng chuén truc dugc xac
dinh boi:
ir _ [ Pb
Ngpe = Niot — Niot (7

3 KET QUA VA THAO LUAN

Dé xac dinh sy phy thuge cua s6 dém tia gamma tir ngqén qua }(héu d6 6ng chudn tryc di vao dau do
theo chiéu cao 6ng chuan tryc, ‘cc') 1‘0 gia tri ban kinh ngoai 6ng chuan tryc tir 0,35 cm dén 9,35 cm dugc
lua chQn’khéo sat, hai gié, tri [ién ké khac nhau 1 cm thay cho 93 truong hop Qﬁ tinh toan ma khong anh
huong dén ban chat ctia van dé va dugc trinh bay trong bang 1 va cac hinh 4a dén 4j.

Bang 1. S6 dém tia gamma tir nguon xuyén qua khau do dng chuan truc dén dau do, N&T, , va trung binh sé dém
trong pham vi tir 3,35 cm dén 9,35 cm.

Chié}% Ban kinh 4ng chuan tryc, ro (cm) P6
6dnal léch
g B chuan

chuan 03 13 235 33 43 53 63 7,35 835 9,35
truc, h
(cm)

15 7295 1560 1146 1053 1005 967 946 936 933 926 967 £ 47 4,85%

14 7346 1633 1219 1128 1079 1039 1016 1005 1002 995 1038 +49 4,74%

13 7404 1716 1302 1214 1166 1124 1099 1086 1083 1076 112151 4,59%

12 7472 1812 1398 1312 1266 1223 1197 1181 1177 1170 1218 +53 4,35%

11 7550 1925 1509 1425 1382 1340 1313 1295 1289 1282 1332+54 4,02%

10 7642 2059 1644 1561 1520 1479 1453 1434 1427 1416 147054 3,65%

7752 2223 1813 1727 1688 1648 1623 1604 1596 1583 1638 +53 3,22%

7886 2429 2025 1932 1900 1858 1834 1813 1807 1791 1848+52 2,81%

8058 2704 2308 2206 2174 2137 2113 2093 2086 2069 2125+50 2,34%

8280 3071 2679 2574 2543 2510 2480 2465 2458 2439 2495+49 1,96%

tuong
doi

o ~N 00 ©

") Trung binh s6 dém trong pham vi tir 3,35 cm dén 9,35 cm
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Sb dém sai khac khong dang ké khi ban kinh dng chuén truc 16n hon 2,35 cm do d6 1éch chuén tuong
dbi cua sé dém trong pham vi ban kinh 6ng chuan tryc tir 3 ,35 cm dén 9,35 cm nho hon 5% duogc trinh bay
& cot cudi cung cla bang 1. Diéu nay c6 thé giai thich dugc rang, truong hop ban kinh 6 ong chuén tryc 16n
hon ban kinh tinh thé dau do (reet = 2,7 cm), chi c6 tia gamma xuat phat tur nguon phong xa di qua khau do
ong chuan truc, con lai s& bi che chan hoan toan. Do d6, trong thuc té ché tao dng chuan truc, ban kinh
ngoai dng chuén tryc duoc ldy bang ban kinh tinh thé dau do 1a Iya chon phu hop.
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Hinh 4. Su phu thudc cua sé dém tia gamma di qua khau do dng chuan truc vao chiéu dai va ban kinh ngoai dng
chuén truc.

e SO dém dau do ghi nhan khau do dng chuan truc la khdng khi (air), N&T
== S6 dém du do ghi nhan khau d6 dng chuan truc 1ap day chi (Pb), NJ2

= Ngpe = Niot — NFE | s6 dém khi tia gamma xuyén qua khau d6 6ng chuan truc

Bang 2. Trung binh s6 dém va do léch chuélp tuofng’df')i theo chiéu dai 6pg chuan tryc 1an lugt tir 14 cm dén 15 cm
va tir 5 cm dén 6 cm cta pham vi ban kinh ong chuan tryc tir 3,35 cm dén 9,35 cm.

Chiéu dai 6ng chuan tryc, h

Tir 14 cm dén 15 cm Tir 5 cm dén 6 cm
Trung binh s6 dém D%i‘:;%%l;én Trung binh s6 dém D(?uiif; (zi}g;én
0,35 6835 + 10 0,14% 8307 + 201 2,42%
1,35 889 + 25 2,85% 3116 + 343 11,01%
2,35 477 £ 17 3,61% 2724 + 344 12,62%
Ban kinh 3,35 369 + 23 6,23% 2619 + 342 13,06%
dng chuan 435 326 +11 3,51% 2588 + 347 13,40%
truc, ot 5,35 3097 2,12% 2555 + 346 13,53%
™ 635 300 + 14 4,64% 2525 + 349 13,82%
7,35 298 +12 3,86% 2510 + 349 13,89%
8,35 298 + 10 3,33% 2503 + 345 13,79%
9,35 293 +10 3,51% 2484 + 345 13,87%
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Cot 4 va cft 6 bang 2 trinh bay do 1éch chuan tuong d6i khi chidu dai dng chuin truc lan luot tir 14
cm dén 15 cm va tu 'S cm dén 6 cm. Két qua cho thdy rang, d6 léch chuan twong ddi cua sd dém trong pham
vi béan kinh 0 ong chuén tryc tir 3,35 cm dén 9,35 cm nhé hon 7% dbi v0i truong hop chiéu dai 6 ong chuan
tryc tir 14 cm dén 15 cm va 16n hon 13% dbi voi truong hop chidu dai 6ng chuan truc tir 5 cm dén 6 cm.
Picu nay co thé giai thich dugc rang, khi chiéu dai ong chuan truc nhd, tia gamma tir nguon tan xa voi
thanh budng do va dé dang di vao dau do, gy ra d6 bat dinh s6 dém déu do ghi nhan 16n do ciu tric phic
tap cua thanh budng do. Nguoc lai, khi chiéu dai dng chuan truc l6n, hau hét tia gamma tan xa véi thanh
budng do bi b ong chuan truc che chin nén khong bi anh hudng boi ciu tric phure tap cua thanh budng do va
do do co do bat dinh s6 dém dau do ghi nhan nho hon. Do do, trong thuc té ché tao 6ng chuan truc, chleu
dai 6ng chuan truc dugc lay bang khoang cach giita ngudn va dau do 1a lwa chon phu hop. Theo d6, ngudn
&p sat vao mit day 6ng chuan truc va mat day con lai ap sat vao mat dau do.

4 KET LUAN

Trén co s& chuong trinh may tinh mé phong Monte Carlo MCNP4C2, thiét ké thi nghiém x4c dinh
kich thudc hinh hoc ctia dng chuan truc bang chi da dugc xay dung. Chiéu dai va ban kinh ngoai 6ng chuan
tryc dugc thay doi theo timg budc 1 mm. Theo d6, c6 13559 truong hop can phai tinh toan mé phong
MCNP4C2, thoi gian tinh todn cho mdi truong hop méat khoang 1,25 phut. Két qua tinh toan cho thay rang
dbi voi 6ng chuan tryce hinh tru tron, ban kinh ngoai dugc lay bang ban kinh tinh thé dau do va chiéu dai
dugc lay bang khoang cach ngudn - dau do 1a lya chon phu hop. Viéc ing dung chwong trinh méay tinh mo
phong Monte Carlo MCNP4C2, mot phuong phap thuc nghiém toan hoc wu viét va dang tin cay cho phép
thay thé cac thuc nghiém vat 1y, trong d6 bd tri thi nghiém doi hoi nhidu thoi gian va chi phi, thim chi kho
¢6 thé thuc hién duge.

PHU LUC

Mot input chuan cta chwong trinh may tinh mé phong Monte Carlo MCNP4C?2
Problem - Study on determining the geometric dimensions of collimators used in gamma spectrometer measurement
using the MCNP4C2 code

c Cell cards

1 6-8.94(-1-2321):(-1 -21 90) imp:p,e=1 $ loi Cu dan tin hieu

2 1-5.35(-55 -64 22)#1#34 imp:p=1 imp:e=0 $ cell detector

3 3-0.00129 (1 -2 -22 21)#1#(-96 -22 21) imp:p,e=1

4 2-2.6989 (2 -87 -83 82):(2 -3 -84 83):(2-87 -8584) &

(2 -3 -86 85):(2 -87 -24 86):(2 -3 -82 21):((92 -3 -21 20)#(-95 -21 20)) &
:(92 -93 -20 89):(91 -93 -89 88) imp:p,e=1

5 3-0.00129 (-4 -25 57):(87 -4 -57 86):(3 -4 -86 85):(87 -4 -85 84) &
(3-4-8483):(87 -4 -83 82):(3 -4 -82 20):(-4 -20 16)#(-93 -20 88) &
#(-95 -20 90) imp:p,e=1

6 2-2.6989 (-5 -26 25):(4 -5 -25 16):(-5 -16 15) imp:p,e=1

11 3-0.00129((-13 -31 30):(-11 -30 26):(5 -9 -26 19)) &

#A5#46#52#53 imp:p,e=1 $ - cs40e

12 6-8.949-10-26 19 imp:p,e=1

13 7-0.88 (11 -12 -30 26):(10 -12 -26 19) imp:p,e=1

14 8-7.2812-13-3019 imp:p,e=1

15 9-11.34 (13-14 -31 17):(5 -14 -17 16) imp:p,e=1

16 3-0.00129 (-13-32 31):(13 -14 -34 31) imp:p,e=1

17 8-7.28 -13 -33 32 imp:p,e=1

18 6-8.94-13 -34 33 imp:p,e=1

19 10-7.86 13 -14 -35 34 imp:p,e=1

20 9-11.34 (-14 -36 35):(-13 -35 34) imp:p,e=1

21 10-7.865-14-16 15 imp:p,e=1

22 8-7.285-13-18 17 imp:p,e=1

23 6-8.945-13-19 18 imp:p,e=1

24 014:36:-15 imp:p,e=0

34 15-2.31(1-54 -23 22):(-54 -56 23) imp:p,e=1 $ dien cuc cay ion B
35 17 -5.05 (-55 -24 64):(55 -2 -24 22) imp:p,e=1 $ dien cuc khuech tan Li -
36 18-1.435-87 -81 24 imp:p,e=1 $ cua so IR mylar - cs40e
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45
46
47
48
49
50
51
52
53

11 -0.0899 -76 -75 74 imp:p,e=1 $ nguon Cs - cs40e

13 -1.15 (-77 -80 78)#45 imp:p,e=1 $ holder epoxy - cs40e

20 -1.11 -87 -57 81 imp:p,e=1 $ cua so IR kapton - cs40e

21-2.2 (1-92 -21 90):(-92 -90 89) imp:p,e=1 $ teflon

3-0.00129 -91 -89 88 imp:p,e=1 $ ranh khong khi cua coc Al

3-0.00129 -94 -22 90 imp:p,e=1 $ ranh khong khi cua vo boc PE

4 -0.92 (94 -96 -22 21):(94 -95 -21 20):(94 -95 -20 90) imp:p,e=1 $ vo boc
3-0.00129 -76 -78 98 imp:p,e=1 $ ong chuan truc loi kk

9-11.34 76 -97 -78 98 imp:p,e=1 $ ong chuan truc Pb

¢ Surface cards

36

€z 0.35

cz 2.7 $ cs36a
€z 2.776
€z 3.66
cz3.81

€z 7.35
cz7.95
€z 9.45
cz14.2
cz15.0
cz25.0
pz 0.0

pz 1.6

pz 10.0
pz 10.8
pz 11.6
pz 19.742
pz 20.062
pz 20.815
pz 22.515
pz 24.015
pz 24.55
pz 24.7
pz 35.8
pz 43.6
pz 44.1
pz 44.5
pz 44.6
pz 46.2
pz 54.2

55 ¢z 2.584 $ dien cuc khuech tan Li - cs36a
56 pz 22.5153 $ dien cuc loi B - i42

57 pz 24.026 $ cua so IR - cs36a

64 pz 23.899 $ dien cuc cua so Li - cs36a

74 pz 39.977 $ hinh hoc nguon Cs (2) - cs40e
75 pz 40.295 $ hinh hoc nguon Cs (2) - cs40e
76 ¢z 0.25 $ hinh hoc nguon Cs (2) - cs40e
77 ¢z 1.27 $ hinh hoc nguon Cs (2) - cs40e
78 pz 39.7 $ hinh hoc nguon Cs (2) - cs40e
80 pz 40.34 $ hinh hoc nguon Cs (2) - cs40e
81 pz 24.016 $ split mylar and kapton - cs40e
82 pz 21.255 $ split the detector holder

83 pz 22.115 $ split the detector holder

84 pz 22.415 $ split the detector holder

85 pz 23.275 $ split the detector holder

86 pz 23.715 $ split the detector holder

87 cz 2.97 $ split the detector holder

88 pz 17.536 $ split the detector holder
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89 pz 18.696 $ split the detector holder
90 pz 19.042 $ split the detector holder
91 cz 0.13 $ split the detector holder
92 ¢z 0.88 $ split the detector holder
93 ¢z 1.546 $ split the detector holder
94 ¢/z 0-2.2 0.1 $ day dan in/out
95¢/z 0-2.2 0.2 $ day dan in/out

96 ¢/z 0 -2.2 0.49 $ day dan infout

97 cz 9.351110

98 pz 25.701111

¢ Data cards

mode p

m1 32000 -1.0 cond=1$ Ge

m2 13000 -1.0 cond=1 $ Al

m3 7000 -0.755 8000 -0.232 18000 -0.013 $ Atmosphere

m4 1000 -0.14372 6000 -0.85628 $ PE

m6 29000 -1.0 cond=1$ Cu

m7 1000 -0.1549 6000 -0.8451 $ Paraffin C9H20

m8 50000 -1.0 cond=1$ Sn

m9 82000 -1.0 cond=1$ Pb

m10 26000 -1.0 cond=1$ Fe

m1l 1000-1.0$Cs

m13 1000 -0.06 6000 -0.721 8000 -0.219 $ Epoxy - cs40e

m15 5000 -1.0 cond=1 $ B

m17 32000 -0.9999 3000 -0.0001 cond=1 $ Ge Li - th22a24

m18 1000 -0.053 6000 -0.526 8000 -0.421 $ Mylar C10H1206 - cs40e
m20 1000 -0.028 6000 -0.720 7000 -0.077 8000 -0.175 $ Kapton C22H10N204 - cs40e
m21 6000 -0.24 9000 -0.76 $ Teflon (C2H4)n

sdef cel=45 pos=0 0 0 axs=0 0 1 ext=d1 rad=d2 erg=0.66166 par=2 wgt=10
ft8 geb 0.00071 0.00075 0.46493

sil h 39.977 40.295

spld-210

si2h 0.0 0.25

sp2-211

f8:p2

€8 0.0001 .005471 8190i 1.942341 $ cs40e

phys:p $ produce bremsstrahlung radiations - cs40e

phys:e

cut:p 2j 0 0 $ because of taking a tally of pulse height distributions
cut:e

nps 3200000

ctme 120
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STUDY ON DETERMINING THE GEOMETRIC DIMENSIONS OF
COLLIMATORS USED IN GAMMA SPECTROMETER MEASUREMENT

USING THE MCNP4C2 CODE
VO XUAN AN
Faculty of Electronics Technology, Industrial University of Ho Chi Minh City
Corresponding author: voxuanan@iuh.edu.vn

Abstract. For many years, lead collimators have been widely used to generate narrow gamma beams in
gamma spectroscopy measurements. Changing the size of the collimator is a time-consuming and costly
task, which is difficult to perform in practical experiments to determine the appropriate size. Nowadays,
there are many useful and reliable Monte Carlo simulation tools, including the MCNP4C2 simulation code,
which allows designing experiments with flexible physical parameters, the calculation results are in good
agreement with the experiment, especially saving time and cost. In this work, the Monte Carlo simulation
code MCNP4C2 was used to build a simulation model to study the determination of the geometric size of
the lead collimator. The results show that, for a circular collimator, the outer radius taken as the detector
crystal radius and the length taken as the source-detector distance are suitable choices.

Keywords. collimator, gamma spectrometer, HPGe detector.
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