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Tém tit. Trong phép do phd gamma, budng chi phong thip bao gdm cac 16p vat lidu che chian dung dé
giam phong burc xa gamma tir m6i trudng xung quanh, nhung cac gamma tan xa tir cac 16p vét liéu che
chan nay c6 thé dong gép va anh hudong dén cac thong sé dic trung cia phé gamma quan tim. Trong cong
trinh nay, chuong trinh MCNP4C2 (Monte Carlo N-Particle version 4C2) duoc st dung dé mo phong pho
gamma dbi voi timg truong hop cac 16p vat liéu cau thanh budng chi duoc boc tach tir trong ra ngoai, ke ca
vét liéu lam thén gitr ngudn phong xa cling dugc tinh dén. Trén co s¢ phd nang lwong gamma, cac ti s dinh
trén toan phan (P/T - Peak to Total), ti s6 dinh trén Compton (P/C - Peak to Compton) trong timg trudng
hop dugc tinh toan dé xac dinh mirc d6 anh hudng cua timg 16p vat liéu. Két qua cho thay rang, chi c6 bac
s0 nguyén tir Z cao, tan xa Compton giam do hi€u ung quang dién chlem vu thé so Vi dong va thiéc;
paraffin dong vai tro quan trong trong qua trinh tan xa; riéng l6p epoxy tiép xtic truc tiép ngudn phong xa
nén gy tan xa manh khi nguén gan dau do va giam dan theo khoang cach; khong khi c6 mat do khéi lugng
thip nén gay tan xa khong dang ké.

Tur khod. pho ké gamma, dau do ban dan siéu tinh khiét HPGe (Hyper Pure Germanium), buong chi phong
thap.

1 MODAU

Hién twong tan xa trén phd ké gamma dung dau do ban dan do vat liéu che chin va than giit ngudn
phong xa ¢ thé anh huong dén két qua do phd gamma. Plagnard va cong su (2008) da khao sat sy anh
hudng cua timg loai vat liéu xung quanh ngudn va dau do 1én phd nang luong tan xa & ving nang luong 15
- 80 keV dung dau do HPGe ciu hinh planar bang chuong trinh mé phong Monte Carlo PENELOP két hop
so sanh véi thuc nghiém [1]. Mai Van Nhon va cong sy (2008) da nghién ciru anh hudng tan xa nhiéu lan
tir vat liéu xung quanh dau do 18n phé ning luong gamma cia diu do HPGe dong truc loai p sir dung cic
tia X dic trung ctia chi, dinh thoat don, dinh thoat déi, dinh tin xa ngugc va cac dinh nang lugng toan phan
ctia ngudn ®Co bang chuong trinh mé phong Monte Carlo MCNP4C2 [2]. Thiessea va cong su (2022) da
nghién ciru sy anh hudng cua hiéu Gmg tan xa bén trong mau thé tich hoat do thap bang chuong trinh mé
phong Monte Carlo GEANT4 két hop so sanh véi thuc nghiém [3]. Singh va cong su (2023) da nghién ctru
thuc nghiém tan xa gamma ning luong 661,2 keV 1én sit voi cac goc tan xa khac nhau dé xac dinh bé day
bao hoa [4]. Khadijah va cong su (2024) d nghién ctru hiéu sudt che chin cua kinh 1am bang hop kim chi
Pb - W - B pha thém Sb, Al, Bi ddi véi gamma ning lugng 0,1 - 1 MeV [5]. Trong cong trinh nay, ching
t6i tién hanh nghién ciru hién twong tan xa ciia tia gamma 1én céc vat liéu cdu thanh budng chi va than gir
ngudn phong xa cta hé phd ké gamma dung dau do HPGe bang chwong trinh mé phong Monte Carlo
MCNP4C2.

2 PHUONG PHAP NGHIEN CcUU

Bu(‘Bng chi che chin phong gamma moi truong cua hé phé ké dugc dat tai Trung tdm Hat nhan
TPHCM la loai tu ché tao gdm céc 16p chi, thiéc, paraffin va dong tinh tir ngoai vao nhu hinh 1. Trong thuc
té viéc bd tri thi nghiém dé nghién ctiru anh hudng tan xa cua timg 16p vat liéu che chén 1a rt kho khan do
hé do con phai thyc hién nhiéu nhiém vy khac nhau phuc vu cac véan dé kinh té, x4 hoi. Tuy nhién trong
nhiing nim gan day, nhd c¢6 nhitng chwong trinh mé phong Monte Carlo vé tuong tac ciia gamma véi vat
chat dang tin cay nhu EGS [6], GEANT [7], MCNP [8], DETEFF [9], CYLTRAN [10] ... di khic phuc
dugc nhitng khé khan trong bd tri thi nghiém. Trong cong trinh nay, ching t6i st dung chuong trinh
MCNPA4C2 [11] dé khao st hién tuong tan xa ddi voi cac truong hop khi co day du cac 16p vét liéu che
chan va khi cac 16p vat liéu duogc boc tach tir trong ra ngoai. Ngudn phong xa duoc chon dé khao sat 1a
ngudn chuén ¥¥’Cs dang diém, phat tia gamma ning luong 661,6 keV, duoc dit c¢b dinh trong than lam bang
nhya epoxy, dang dia tron c6 duong kinh 25,4 mm va chiéu cao 6,4 mm. Nang lugng 661,6 keV duogc chon
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dé khao sat vi n6 thuoc mién  nang lugng trung binh, khong c6 hién tuong tao cap, phd ning luong tan xa
khong qué phure tap nhung van day du cac tinh chat dic trung. Khoang khong gian chira ngudn va dau do
bén trong buong chi dugc 14p day khong khi véi mat do 0, 00129 g/cm?®. Trong qua trinh nghién ciru, ching
t61 danh gia anh hudng tan xa cua cac vt liu theo ting mién ning lugng: micn tan xa nguoc (180 - 300
keV), mién Compton (358 - 382 keV) va mién nang luong tan xa nhiéu 1an dugc tinh tr mép Compton dén
dinh ning lugng toan phan (476 - 659 keV). Dé tién hanh khao sat hién tuong tan xa, chung t61 tién hanh
mo phong trong truong hop dat ngudn & cac vi tri cach nguon 5cm, 10 cm, 15 cm va & sat nap budng chi
tuong tmg v6i khoang cach 18,76 cm. O timg vi tri do, pho gamma tan xa ung voi bay truong hop s& dugc
khao sat: budng chi véi day du cac cac 16p vét liéu che chian (TH1), budng chi khi khong co lop ddng (TH2),

budng chi khi khong c¢é 16p dong va paraffin (TH3), budng chi khi khong c6 16p ddng, paraffin va th1ec
(TH4), trudng hop khong c6 budng chi (TH5), trudng hop khong c6 budng chi 1dn 16p epoxy bao boc nguon
(TH6) va truong hop tuong tw nhu TH6 nhung khong co khong khi trong phan khéng gian hé do (TH7). O
mdi trudng hop, ching t6i danh gia ti sb P/T va sé gamma tan xa cta ting ving ning lugng.

Ngudn phéng xa

Thiéc

Paraffin

Tinh thé HPGe

Déng

Chi

Pau do

Hinh 1. Mat cat dung cua budng chi che chin phong birc xa vé bang chuong trinh MCNP4C2, dugc bb tri cac
16p vat liéu gom dong, paraffin, thiéc, chi tinh tir trong ra ngoai va nguon phong xa véi than giit nguon lam bang
nhya epoxy. Truong hop nguén dat cach dau do 15 cm.

3. KET QUA VA THAO LUAN
3.1. Tisd P/T
P/T (peaki/total) 1a i sb giita dién tich dinh ning lwong toan phan (Npeak) va dién tich toan phd (Niotal)

[12]:
N
P/T = peak (1)
Ntotal
Béng 1. Ti s6 P/T ddi véi vat lidu tham gia che chén va khoang cach ngudn - dau do.
. Khoang cach ngudn - dau do
Truong hop

5cm 10cm 15cm 18,76cm
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TH1 0,15275 0,14519 0,13528 0,12365
TH2 0,15503 0,14763 0,13761 0,12588
TH3 0,16499 0,16751 0,16220 0,15076
TH4 0,16677 0,17250 0,17162 0,16614
TH5 0,16800 0,17627 0,17994 0,18207
TH6 0,17397 0,18269 0,18662 0,18886
TH7 0,17398 0,18272 0,18685 0,18854
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Vit liéu tham gia che chén

Hinh 2’. Sy phu thudc cua ti ) P/T theo‘ vat liu tham gia
che chén va theo khoang cach nguon - dau do.

Bang 1 va hinh 2 trinh bay két qua tinh toan ti s6 P/T ddi véi vat liéu tham gia che chin va khoang
cach nguodn - dau do. Tir bang 1 va hinh 2, nhan thiy rang khi thio bo dan cac 16p vt lidu, ti s6 P/T tang.
Trudong hop budng chi véi day du cac cac 16p vat lidu che chan (TH1), khi khoang cach ngudn va dau do
tang dan, ti s6 P/T giam do su tan xa dang ké ctia tia gamma 18n cac 16p vat lidu che chan.

Ciing theo hinh 2, xét TH1 va TH2, ti sb P/T thay d6i khong dang ké. Piéu d6 ching t6 16p dong véi
bé day 6 mm gay anh hudng khong 16n dén ti sé P/T. Xét TH2 TH3, ti s6 P/T ting nhanh & timg vi tri. Dleu
nay duoc giai thich 1a do 16p paraffin c6 bé day dang ké (khoang 6 cm), pht hop v6i nhan dinh xéac suat tan
xa nguoc tang tuyén tinh v&i bé day va bac ) nguyén tir ciia vat liéu tan xa [13]. Xét TH6 va TH7, ti $6
P/T hau nhu khong thay d6i. Didu d6 ching té 16p khong khi giita dau do va budng chi ¢ mat do phén tir
thip khong gdy anh huong dén su thay ddi phd ning luong tan xa.

3.2. Mién ning lwong tan xa nguoc

Trong ph6 gamma tan xa thuong xudt hién mot dinh trong khoang nang luong 200 - 250 keV, goi 1a
dinh tan xa nguoc [13]. Doi véi nguon **'Cs, dinh tan xa ngugc tuong ung véi vach nang lugng 184,3 keV,
do d6 mién tan xa ngugc dugc chon trong khoang 180 - 300 keV.

Bang 2. S6 gamma tan xa trong mién tan xa ngugc va phép so sanh tuong doi.

Khoang cich ngudn - dau do

True 5cm 10 cm 15cm 18,76 cm
ruong hop
Gamma So sanh Gamma  So sanh Gamma  So sanh Gamma So sanh
tan xa tuong ddi tan xa tuong dbi tinxa  twong doi tan xa tuong dbi
TH1 1952302 1,000 859438 1,000 515715 1,000 415676 1,000
TH2 1850447 0,948 808855 0,941 485611 0,942 390661 0,940
TH3 1626318 0,833 644634 0,750 379663 0,736 316974 0,763
THA4 1555398 0,797 577315 0,672 313281 0,607 234864 0,565
TH5 1524605 0,781 544459 0,634 276094 0,535 185780 0,447
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TH6 1339789 0,686 477272 0,555 241813 0,469 162787 0,392
TH7 1337835 0,685 474530 0,552 240572 0,466 162168 0,390
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Vat liéu tham gia che chan

Hinh 3. Ti 1¢ gamma tan xa & mién tan xa ngugc theo vat liu
tham gia che chan va theo khodng cach nguon - dau do.

Trong bang 2, cac cot 2, 4, 6 va 8§ trinh bay sb gamma tan xa cua 7 trudng hop, cac cot 3,5, 7va 9
trinh bay phép so sanh tuong dbi clia cac truong hop so véi TH1 ddi véi cac khoang cach ngudn - dau do 5
cm, 10 cm, 15 cm va 18,76 cm. Hinh 3 biéu dién ti 1& gamma tan xa o mién tan xa nguoc theo vt liéu tham
gia che chan va theo khoang cach nguén déu do. Tur bang 2 va hinh 3, nhén théy réng vét lidu cau thanh
buong chi bao quanh dau do cang nhiéu thi sé dém mién tan xa cang 16n. Cy thé 1 s gamma tén xa trong
mién tan xa nguoc giam khi 1an luot g0 bo dan cac 16p vat liéu lam budng chi. Trong céc vi tri khao sat, i
1¢ gamma tan xa 6 TH6 va TH7 thay d6i khong dang ké chimg t6 16p khong khi bén trong budng chi dong
gOp vao mién tan xa nguoc khong nhleu Xét TH2 va TH3, ti 1é gamma tan xa thay doi khé rd rét chung to
16p paraffin dong gop nhidu vao mién tan xa nguoc. Xét TH4 va THS, ¢ vi tri 5 cm, chi dong gop vao mién
tan xa nguoc khong dang ké. Tuy nhién khi ting khoang cach ngudn - ddu do, ti 16 déng gop cua chi ting
1én. Xét TH5 va TH6, & vi tri 5 cm, d6i vai 16p epoxy, ti I¢ gamma tan xa thay d01 lon va giam dan khi tang
khoang cach nguon dau do. Piéu d6 ching t6 khi & gdn ngudn, nhitng vat lidu tiép xuc truc tiép voi ngudn
gdy tan xa nhiéu.

3.3. Mién niing lwgng Compton

Trong phd gamma tan Xa, mién Compton 1a mién lién tuc bén dudi mep Compton. P/C
(peak/Compton) la ti s0 gitra chi€u cao dinh nang luong toan phan (Hpeak) va chi€u cao trung binh ctia mién
lién tuc Compton (Haver) [13]:

Hpeak
P/C B Haver (2)

Dbi véi ngudn ¥Cs phat tia gamma ning luong 661,6 keV, mién Compton dugc chon trong khoang
358 - 382 keV.

Bang 3. S6 gamma tan xa trong mién Compton va phép so sanh tuong dbi.

Khoang cich nguén - dau do

\ 5cm 10cm 15cm 18,76 cm
Truong hop
Gamma So sénh Gamma So sémh Gamma So sénh Gamma So sénh
tan xa tuong doi tan xa tuong doi tan xa tuong doi tan xa tuong doi

TH1 2376985 1,0000 855115 1,0000 435757 1,0000 300868 1,0000
TH2 2374703 0,9990 853798 0,9985 434424 0,9760 299337 0,9949
TH3 2375491 0,9994 853957 0,9986 433487 0,9948 293600 0,9758
TH4 2375130 0,9992 853769 0,9984 433179 0,9941 292656 0,9727
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TH5 2375336  0,9993 853999 0,9987 433190 0,9941 292498 0,9722
TH6 2359771 0,9928 849140 0,9930 430856 0,9888 290903 0,9669
TH7 2359220  0,9925 848430 0,9922 431140 0,9894 290327 0,9650

Trong bang 3, cac cot 2, 4, 6 va 8§ trinh bay sb gamma tan xa cua 7 truong hop, cac cot 3,5, 7va 9
trinh bay phép so sanh tuong dbi clia cac truong hop so véi TH1 ddi véi cac khoang cach ngudn - dau do 5
cm, 10 cm, 15 cm va 18,76 cm. Hinh 4 biéu dién ti 1¢ gamma tan xa & mién Compton theo vét liéu tham
gia che chan va theo khoang cach nguon - dau do. Turbang 3 va hinh 4, nhan thdy rang trong mién Compton,
xét TH5 va TH6, 16p epoxy tiép xuc truc tiép v4i ngudn dong gop sb gamma tan xa dang ké hon so véi cac
vt liéu khac. Xét TH2 va TH3, & vi tri 18,76 cm, ti 1¢ gamma tan xa thay ddi 16n chtng to paraffin gy tan
xa manh & mién Compton so voi cac vat li¢u con lai.
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) N —o—15cm
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TH1 TH2 TH3 TH4 TH5 TH6 TH7
Vit liéu tham gia che chén

Hinh 4. Ti 1¢ gamma tan xa & mién tan xa Compton theo vat li¢u tham
gia che chan va theo khoang cach nguon - dau do.

Bang 4. Ti s6 P/C d6i vai vat liéu tham gia che chin va khoang cach ngudn - dau do.

Khoang cich ngudn - dau do

Truong hop

5cm 10cm 15cm 18,76cm
TH1 114,027 113,607 113,365 113,126
TH2 114,081 113,611 113,642 113,453
TH3 114,049 113,555 113,402 113,731
TH4 114,035 113,609 113,483 113,745
TH5 114,047 113,564 113,441 113,782
TH6 114,391 114,077 113,915 114,341
TH7 114,044 113,394 112,300 114,020

Béng 4 va hinh 5 trinh bay két qua tinh toan ti s P/C ddi véi vt liéu tham gia che chin va khoang
cach ngudn - dau do. Tir bang 4 va hinh 5, nhan thiy rang khi thao bo dan cac 1op vat liéu tur TH1 dén TH7,
ti s6 P/C thay d6i khong dang ké, khong vuot qua 1%. Diéu d6 ching t6 rang cac vat liéu ding 1am budng
chi it gy tan xa trong mién Compton xét trong toan pho nang luong.
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Vit liéu tham gia che chin

Hinh 5. Sy phu thudc cua ti s6 P/C theo vét liéu tham gia che chén va theo

khoang cch ngudn - dau do.

3.4. Mién ning lwong tan xa nhiéu lan

Trong phd gamma tan xa, mién tan xa nhiéu 1an 1a mién nim giita dinh ning luong toan phan va mép
Compton [13]. D6i v6i nguon ¥’Cs, mién tan xa nhiéu lan dugc chon trong khoang 476 - 659 keV.

Bang 5. SO gamma tan xa trong mién tan xa nhi€u lan va phép so sanh tuong doi.

Khoang cach ngudn - dau do

Truc 5¢cm 10 cm 15cm 18,76 cm
ruong hop
Gamma So sénh Gamma So sénh Gamma So sénh Gamma So sénh
tan xa tuong doi tan xa twong doi tan xa  tuong doi tan xa tuong doi
TH1 636688 1,0000 228992 1,0000 116122 1,0000 78358 1,0000
TH2 636397 0,9995 228747 0,9989 115987 0,9761 78199 0,9980
TH3 631060 0,9912 226818 0,9905 114984 0,9902 77534 0,9895
TH4 631052 0,9911 226852 0,9907 115066 0,9909 77566 0,9899
TH5 630528 0,9903 226512 0,9892 114881 0,9893 77431 0,9882
TH6 629300 0,9884 225950 0,9867 114698 0,9877 77248 0,9858
TH7 627334 0,9853 225711 0,9857 114513 0,9861 77393 0,9877
1,000
5 om

-

z --4--10cm
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é 0,995 A —o—15¢cm

g — & — 18,76 cm

s | Ne......

2 0,990 -

H
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TH1 TH2 TH3 TH4 TH5 TH6 TH7

Vit liéu tham gia che chin

Hinh 6. Ti ¢ gamma tan xa & mién tan xa nhiéu 1an cua cac
truong hop vat liéu tham gia che chan khac nhau.
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Trong bang 5, cac cot 2, 4, 6 va 8§ trinh bay ) gamma tan xa cia 7 truong hop, cac cot 3,5, 7va 9
trinh bay phép so sanh twong d6i ciia cac truong hop so vi TH1 ddi vai cac khoang cach ngudn - dau do 5
cm, 10 cm, 15 cm va 18,76 cm. Hinh 6 biéu dién ti 18 gamma tan xa o mién tan xa nhiéu 1an theo vt liéu
tham gia che chan va theo khoang cach nguén - dau do.

Tir bang 5 nhan thay rang trong mién tan xa nhiéu 1an, s gamma tan xa giam dan tir TH1 dén TH7
khi thdo bo dan cac 16p vat liéu dung lam budng chi va vé boc ngudn, nhung khong dang ké. Bang 5 va
hinh 6 cho thay rang trong mién tan xa nhiéu lan, xét TH2 va TH3, ti 1 gamma tan xa thay d6i dang ké khi
so sanh vdi cac cap truong hop con lai. Diéu d6 chimg to 16p paraffin c6 bé day 6,25 cm ¢ nura du6i va 4,75
cm & nira trén dugc dat gan dau do nén 1am cho hién tuong tan xa nhiéu 1an xuat hién manh hon.

4. KET LUAN

Hién tuong tan xa gamma 1én cac vat liéu xay ra bén trong hé phé ké kha phuc tap. Dbi véi vt lidu
6 bac s6 nguyén tir Z cao nhu chi (Pb), hién tuong tan xa Compton s€ giam do hién tuong quang dién
chlem uu the Paraffin dong vai tro quan trong trong qua trinh tan xa. Riéng dbi voi 16p epoxy tiép xuc truc
tiép v6i ngudn giy ra tan xa manh khi ngudn & gin dau do va kha nang ndy giam dan theo khoang cach.
Lop khong khi co mat do vat chat thdp nén gay tan xa khong dang ké. Khi thay d6i vi tri ctia ngudn, co sy
thay doi su phan bb khong glan cua cac tuong tac so cap trong dau do nén sb gamma tan xa trong mién tan
xa nguoc, mién Compton 1dn mién tan xa nhiéu 1an giam theo khoang cach.

PHU LUC

Mot input chuén ctia chuong trinh may tinh MCNP4C2

Problem - Study on the influence of background shielding materials on characteristic parameters of gamma
spectra using the MCNP4C2 code

c Cell cards

1 6-8.94 (-1-23 21):(-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 (2-87-8382):(2-3-8483):(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 -84 83):(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)) &

#45#46 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 - th22a25
36 18-1.435-87-81 24 imp:p,e=1 $ cua so IR mylar - cs40e

45 11-0.0899 -76 -79 78 imp:p,e=1 $ nguon Cs - cs40e

46 13 -1.15 (-77 -80 78)#45 imp:p,e=1 $ holder epoxy - cs40e

47 20-1.11-87-57 81 imp:p,e=1 $ cua so IR kapton - cs40e
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48 21-2.2 (1-92-2190):(-92 -90 89) imp:p,e=1 $ teflon

49 3-0.00129 -91 -89 88 imp:p,e=1 $ ranh khong khi cua coc Al

50 3-0.00129 -94 -22 90 imp:p,e=1 $ ranh khong khi cua vo boc PE

51 4-0.92 (94 -96 -22 21):(94 -95 -21 20):(94 -95 -20 90) imp:p,e=1 $ vo boc PE

¢ Surface cards
1 ¢z0.35

2 €z2.7 $cs36a

3 ¢z2.776

4 ¢z3.66

5 cz381

9 c¢z7.35

10 ¢cz7.95

11 ¢z 9.45

12 cz14.2

13 cz15.0

14 cz25.0

15 pz 0.0

16 pz1.6

17 pz10.0

18 pz10.8

19 pz11.6

20 pz 19.742

21 pz 20.062

22 pz20.815

23 pz 22515

24 pz24.015

25 pz24.55

26 pz24.7

30 pz35.8

31 pz43.6

32 pz44.1

33 pz44.5

34 pz44.6

35 pz46.2

36 pz54.2

54 ¢z 0.3503 $ dien cuc khuech tan Li - i42
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
76 cz 0.05 $ hinh hoc nguon Cs (2) - cs40e
77 cz 1.27 $ hinh hoc nguon Cs (2) - ¢s40e
78 pz 39.7 $ hinh hoc nguon Cs (2) - cs40e
79 pz 39.8 $ 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 ¢z 2.97 $ split the detector holder

88 pz 17.536 $ split the detector holder

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 cz 0.88 $ split the detector holder

93 cz 1.546 $ split the detector holder
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94 ¢/z 0-2.2 0.1 $ day dan infout
95¢/z 0-2.2 0.2 $ day dan in/out
96 ¢/z 0-2.2 0.49 $ day dan in/out

c Data cards

mode p

ml 32000 -1.0 $ Ge

m2 13000 -1.0 $ Al

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

m4 1000 -0.14372 6000 -0.85628 $ PE

mé6 29000 -1.0$ Cu

m7 1000 -0.1549 6000 -0.8451 $ Paraffin C9H20

m8 50000 -1.0 $ Sn

m9 82000 -1.0$Pb

m10 26000 -1.0 $ Fe

m11l 1000-1.0 $Cs

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

m15 5000-1.0$B

m17 32000 -0.9999 3000 -0.0001 $ 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 39.7 39.8

spld-210

si2 h 0.0 0.05

sp2-211

f8:p 2

€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 900000000

ctme 120
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STUD YING THE INFLUENCE OF BACKGROUND SHIELDING MATERIALS
ON CHARACTERISTIC PARAMETERS OF GAMMA SPECTRA 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. In gamma spectrometry, the low-background lead shield includes layers of shielding material
used to reduce the gamma radiation background from the surrounding environment, but scattered gammas
from these layers of shielding material can contribute and influence affects the characteristic parameters of
the gamma spectra of interest. In this work, the MCNP4C2 code is used to simulate the gamma spectra for
each case where the layers of material constituting the lead shield are removed from the inside out, including
the material making the holder of the radioactive source. On the basis of the gamma energy spectra, Peak-
to-Total ratios (P/T), Peak-to-Compton ratios (P/C) in each case are calculated to determine the influence
of each material layer. The results show that, with lead having a high atomic number Z, Compton scattering
is reduced due to the photoelectric effect being dominant compared to copper and tin; paraffin plays an
important role in the scattering process; the epoxy layer is in direct contact with the radioactive source,
causing strong scattering when the source is close to the detector and gradually decreases with distance; air
has low mass density, so scattering is negligible.

Keywords. gamma spectrometer, HPGe detector, low-background lead shield.
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