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Tém tat. MCNP4C2 (Monte Carlo N-Particle, version 4C2) 1a mét trong nhiing chuong trinh méy tinh
dang tin cdy, ing dung phuong phap Monte Carlo dé mo phong qua trinh vén chuyen cua neutron, photon
va electron trong mdi truong vat chat. Bdi v6i viéc mod phong phd gamma, cac két qua nghién ctru trong
nhitng nim gan ddy cta nhiéu tic gia cho thay c6 mot su phu hop tét gitra tinh toan MCNP4C2 véi thuc
nghiém & mién ning lugng cao (trén 300 keV). Tuy nhién, & mién ning lugng thap (dudi 300 keV) thi két
qua ciia MCNP4C2 c6 su khac biét so v6i thuc nghiém. Trong cong trinh ndy mot s nguyén nhan tir viée
lya chon cac thong sb6 dau vao va su anh huong cua b tri thi nghiém dugc néu ra dé giai thich cho su khéc
biét gitra thuc nghiém va tinh toan ctia mién nang luong thap nay.

Tir khoa. Detector HPGe, Phé gamma, Mién ning lwong thap, Chuong trinh may tinh MCNP4C2.

1 MODAU

Phuong phap Monte Carlo 1a cong cu todn hoc manh cho phép mé phong cac qua trinh tuong tac phuc tap
clia gamma voi vat chat. Bai toan mé phong phd gamma da duoc thuc hién trong hon nira thé ky qua, ké tir
cong bé cuia Zerby va Moran (1961) di vai detector nhap nhay [1], Wainio va Knoll (1966) d6i vai detector
ban dan Si(Li) va Ge(Li) [2], cho dén nhitng ndm gan diy cong bd ciia Ewa va cong su (2001), Saegusa
(2008), Conti va cong su (2013), Sarangapani va cong su (2017), Uyar va cong su (2022) dbi véi detector
ban dan siéu tinh khiét HPGe [3-7]. Hién nay detector ban dan siéu tinh khiét HPGe budng chi phong thap
dang dugc sir dung rong rdi trong phan tich pho gamma dé xac dinh hoat d6 phéng xa trong cac mau moi
truong, mau dia chat, mau thuc pham véi nhidu vu diém vuot troi do co do phan giai cao. Nam 2005, nhom
nghién ctru caa chang toi dd mé hinh hoa hé phé ké gamma dung detector ban dan siéu tinh khiét HPGe
GC1518 cua hang Canberra Industries, Inc. ddt tai Trung tam Hat nhan TP Ho Chi Minh béng chuong trinh
may tinh MCNP4C2 [8]. Két qua cho thiy rang phé gamma mé phong phu hop t6t vei pho gamma thuc
nghiém. Tuy nhién s6 dém tong & mién nang luong dudi 300 keV trong phd gamma van con c¢6 sy khac
biét dang ké giira md phong va thuc nghiém. Thyuc nghiém 16n hon mé phong 1én dén 8,3% ddi véi phd
gamma 37Cs va 13,1% d6i vai phd gamma *Co khi khoang céch ngudn - detector 15 cm. Trong cong trinh
nay chung toi tlep tuc nghién cuu, tim klem nguyén nhan de giai thich cho su khac biét nay theo hudng
danh gi4 cac yéu té anh huéng manh dén sé dém tong & mién ning luong dudi 300 keV ciing dua trén co
s& chwong trinh may tinh MCNP4C2 két hop so sanh véi thuc nghiém.

2 PHUONG PHAP NGHIEN CUU
2.1 Hé phd ké gamma

Hé phd ké gamma ding detector ban dan siéu tinh khlét HPGe kiéu GC15 18 cua hang Canberra, Hoa ky
dt tai Trung tm Hat nhan TP H Chi Minh hién van con dang hoat dong on dinh sau gan 30 nim qua ké
tur khi dua vao sir dung nam 1996. Pé thu thap phd gamma md phong, cau tric téng quat budng do ctia hé
phé ké gom budng chi che chin phong moi trudng, ngudn phat tia gamma, detector du’oc mo ta trong mot
input chudn cua chuong trinh may tinh MCNP4C2. Mit cit ding (bén trai) va mat cit ngang ¢ do cao 27
cm (bén phai) ctia budng do v& bang chuong trinh MCNP4C2 dugc trinh bay trong Hinh 1. S6 liéu dau vao
vé cdu trac hinh hoc va thanh phan vat lidu ciia budng do da duoc trinh bay chi tiét trong cong trinh [8].
Cong trinh [9] cho thdy c6 su anh hudng cta 16p germanium bét hoat 18n hiéu suét detector va di xac dinh
bé day 16p germanium bat hoat nim 2005 bang 1,16 mm. Khi d6 hiéu suat detector tinh toan bang chuwong
trinh MCNPA4C2 phu hop véi thyc nghiém t6t hon so véi truong hop sir dung bé day 16p germanium bt
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hoat nam 1996 bing 0,35 mm do nha san xuit cung cip. Tuy nhién sy khac biét s6 dém tong & mién ning
lwong dudi 300 keV gitra phd gamma mé phong bang chwong trinh MCNP4C2 va thyc nghiém ciing chua
cai thién dang ké so v6i cong trinh [8]. Trong c&c cong trinh [8, 9] hai ngudn chuin dang diém phat tia
gamma ®Co v6i hai vach nang lugng 1173 keV va 1332 keV va 137Cs v6i mot vach nang lugng 662 keV
dugc st dung. Day la cac nguon phong xa chuin do hing Eckert & Ziegler, Co. cung cip v6i cdu tric hinh
hoc gdm mdt vién chat phong xa hinh try dat trong hop kin hinh dia tron 1am bang nhua ctng epoxy [10].

Hinh 1. Mit cit ding (bén trai) va mit cit ngang tai do cao 27cm (bén phai) ciia budng do v& biang
chuong trinh MCNP4C2.
1. Nguén phong xa; 2. Gid do nguén; 3. Thiéc; 4. Paraffin; 5. Tinh thé germanium siéu tinh khiét; 6.
Dong; 7. Chi; 8. Detector: 9. Sit.

Két qua so sanh pho gamma mo phong bang chuong trinh MCNP4C2 véi phé gamma thyc nghiém déi véi
céc v6i céc nguodn *¥Cs va ®Co & khoang cach nguon - detector 15 cm dwoc trinh bay trong Bang 1 va Hinh
2. Cot cudi cung trong Bang 1 1a d6 khac biét vé s6 dém tong gitra thue nghiém va tinh toan ¢ mién ning
lwong dudi 300 keV, dbi voi phd gamma ¥7Cs 12 8,31% va phd gamma %°Co 13 13,1%.

Bang 1. Do khac bigt vé& s6 dém tong gira thuc nghiém va tinh toan ¢ mién ning
luong dudi 300 keV trong pho gamma *37Cs va %°Co.

A . S6 dém tong ¢ mién ning lwong dugi 300 keV A LhAn RiAf (0
Nguon phéng xa Thuc nghiem Tinh toan Do khac biét (%)
187Cs 1,29.10° 1,18.10° 8,31
%Co 5,64.10° 4,90.10° 13,1
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Hinh 2. So sanh phd gamma mé phong va thuc nghiém dbi v6i cac nguon 1¥Cs (bén trai) va Co
(bén phai) ¢ khoang cach ngudn - detector 15 cm theo cong trinh [8].

2.2 Panh gia cac yéu té anh hwong

Dé danh gia cac yeu t6 c6 thé anh huong dén mién nang luong thap, céc loai vat liéu c6 bac sd nguyeén tu
thip bén Ltrong buong do gly tan xa gamma dugc quan tam bao gom I6p nylon che kin toan bo bé mat bén
trong budng do dé phong ngtra vay ban phong xa, gidy bo1 lam gia d& nguon, 16p paraffin dé hap thu neutron,
nhya cimg epoxy lam dé gitt vién chét phéng xa cua ngudn. Bang cach thay doi bé day cua cac lop vat ligu
nay, két qua tinh toan bang chuong trinh MCNP4C2 cho thiy rang do khac biét vé& sé d¢ém tong ¢ mién
nang lugng dudi 300 keV déu khong vuot qua 1% dbi voi ca hai pho gamma **’Cs va ®“Co. Trong khi d6
vat liéu ché tao ngudn phong xa anh huong dang ké dén sb dém tong & mién nang lugng dudi 300 keV.
Diéu nay c6 thé giai thich duoc 1a do thanh phan hoa hoc cua nhyua epoxy bao gom cac nguyén t6 nhe nhu
C, H, O va tiép xuc truc tiép véi vién chit phong xa ¢ khoang cach khong dang ké so véi cac thanh phan
vt lidu khac tham gia. Do d6 sy thay doi vé kich thudc hinh hoc ciia ngudn phong xa s& anh huong dén sé
dém tong nay.

Nhu vy ¢6 thé néi rang su khac biét gitra thuc nghiém va tinh todn vé 56 dém tong ¢ mién ning lugng dudi
300 keV la do anh huéng cua ciu trdc hinh hoc va thanh phan vt lidu ché tao nguon phong xa. Thuc vay,
trong cac cong trinh [8, 9] do thleu thong tin vé cac thdng sé kich thuéc hinh hoc cua nguon phong xa nén
duong kinh va chiéu cao cua ngudn phéng xa duoc do dac truc tlep, con bé day cira sb tw, chiéu cao h, va
duong kinh dr caa vién chat phong xa dugc chon bang 1 mm dé xay dung mé hinh mé phong duoc trinh
bay trong cot 2 Bang 2. Trong cong trinh nay cac sé liéu néi trén do chinh hang Eckert & Ziegler, Co. cung
cap dugc sir dung nhu trinh bay trong cot 3 Bang 2 va Hinh 2.

Bang 2. Kich thudc hinh hoc cta cac nguon phong xa 1¥7Cs va %°Co tinh bang don vi mm.

Theo céng trinh [8], Theo Eckert & Ziegler, Co. [10]
[0
Bé day cira 50 tw 1 2,77
Chiéu cao vién chat phong xa h, 1 3,18
buong kinh vién chat phong xa d; 1 5
Duong kinh hop nhya citng epoxy 25,4 25,4
Chiéu cao hp nhua cirng epoxy 6,35 6,35
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Hinh 3. Mat cit ding cta ngudn phong xa vé bang chuong trinh MCNPAC2. Céu triic va kich thuéc
hinh hoc do hang Eckert & Ziegler, Co. cung cap [10].
1. Vién chat phong xa; 2. B¢ nhya epoxy; 3. Gia d& nguon.

Két qué so sanh pho gamma mo phong bang chuong trinh MCNP4C2 véi phd gamma thyc nghiém
d6i v6i cac v6i cac ngudn ¥7Cs va °Co & khoang cach nguon - detector 15 cm dwoc trinh bay trong Bang
3 va Hinh 4. Cot cubi cung trong Bang 3 cho thay do khac biét vé s6 dém tong giita thuc nghiém va tinh
toan & mién nang lugng dudi 300 keV, d6i voi phd gamma ¥Cs 1a 4,19% va phod gamma °Co 12 0,36% la
nhitng gia tri c6 thé chip nhan dugc khi sai s6 thong ké vé s6 dém tong & mién ning luong dudi 300 keV
trong phd gamma thuc nghiém bang 0,3%. S6 liéu thyc nghiém cta phd gamma *¥'Cs va ®°Co trong céc
cong trinh [8, 9] duogc sir dung lai dé so sanh.

Bang 3. B¢ khac biét vé s6 dém tong gira thuc nghiém va tinh toan & mién ning
lugng dudi 300 keV trong pho gamma *¥'Cs va *Co. Kich thudc hinh hoc nguon
phdng xa do hang Eckert & Ziegler, Co. cung cap.

X . S6 dém tong ¢ mién nang lugng dudi 300 keV A Lhan Riar (0
Nguon phéng xa Thuc nghiem Tinh toan Do khac biét (%)
137Cs 1,29.10° 1,24.10° 4,19
80Co 5,64.10° 5,66.10° 0,36
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Hinh 4. So sanh phd gamma mé phong va thuc nghié¢m d6i vai cac ngudn B37Cs (bén tréi) va %°Co
(bén phai) & khoang cach nguodn - detector 15 cm.
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3 KET QUA VA THAO LUAN

Dé thay rd anh huong cuia cau tric hinh hoc va thanh phan vat ligu ché tao nguon phéng xa Ién s6 dém tong
& mién nang luong dudi 300 keV, céc thdng s6 kich thudc hinh hoc dugc quan tdm bao gom bé day cira s6
t. burc xa gamma truyén qua trudc khi dat dén detector, chiéu cao hy va duong kinh d; vién chat phong xa.

3.1 Anh huéng ciia bé day ciia so ty

C6 5 gia tri bé day cira sd tw duge chon trong khoang 0 - 2,77 mm 1am sé liéu déu vao dé mé phong phd
gamma *¥'Cs va %Co, chiéu cao vién chat phong xa hr = 3,18 mm va duong kinh vién chat phong xa dr =5
mm, gia tri cac thong s6 vat ly con lai cua hé pho ke dugc giit ¢6 dinh. Két qua tinh toan bang chuong trinh
MCNP4C2 vé su phu thu¢c cua s6 dém téng ¢ mién ning luong dudi 300 keV trong phd gamma ¥Cs va
Co vao bé day cira s tw dugc trinh bay & cot 3 trong Bang 3 va Bang 4 tuong mg. Bang 3 va Bang 4 cho
thay rang cang ra xa gia tri danh dinh tw = 2,77 mm do nha san Xuit cung cap thi do khac biét vé s6 dém
tong & mién nang lugng dudi 300 keV déu tang d6i véi phé gamma ¥7Cs bang 36% va phd gamma ®Co
bang 85%.

Bang 3. Su phu thudc cua sé dém tong ¢ mién nang luong dudi
300 keV trong phd gamma 137Cs vao bé day cira s6 tu.

Bé da S6 dém téng & mién nang lugn L
i d t, dugcyi ook | o Khéc biet
(mm) Thuc nghiém Tinh toan (%)
2,77 1,235.10° 4,19
1,77 1,224.10° 4,99
1,27 1,289.10° 1,220.10° 5,34
0,77 1,216.10° 5,68
0,00 1,204.10° 6,55
So vai gia tri danh dinh, d6 khac biét tang 36%

Bang 4. Sy phu thudc cua s6 dém tong & mién nang lugng
dudi 300 keV trong pho gamma ¢°Co vao bé day cira so tw.

Ba da S6 dém tong & mién nang luon L

oA sh tn dusisookev o | P Khac biet
(mm) Thuc nghiém Tinh toan (%)
2,77 5,662.10° 0,36
1,77 5,611.10° 0,53
1,27 5,642.10° 5,598.10° 0,77
0,77 5,556.10° 1,52
0,00 5,505.10° 2,43

So vai gia tri danh dinh, d6 khac biét tang 85%

3.2 Anh hwéng ciia chiéu cao h,

Tuong tu, c6 5 gid tri chiéu cao vién chat phong xa h, dugc chon trong khoang 1 - 3,18 mm lam s ligu dau
vao dé mo phong phd gamma *¥'Cs va ®Co, duong kinh vién chat phong xa dr = Smm va bé day cura SO tw
= 2,77 mm, gia tri cac thong s6 vat Iy con lai cua hé pho ké duorc giit ¢d dinh. Két qua tinh toan bang chwong
trinh MCNP4C2 vé sy phy thudc ctia sé dém tong & mién nang lugng dudi 300 keV trong phd gamma 13'Cs
va %Co vao chiéu cao vién chat phong xa hr dugc trinh bay ¢ ¢t 3 trong Bang 5 va Bang 6 tuong ung.
Bang 5 va Bang 6 cho thay rang cang ra xa gia tri danh dinh h, = 3,18 mm do nha san xudt cung cap thi do
khac biét vé sé dém tong & mién nang luong dudi 300 keV déu ting d6i véi phé gamma ¥7Cs bang 12%
va phé gamma ®Co bang 94%.
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Bang 5. Su phu thugc cua s6 dém tong & mién néng lugng
duai 300 keV trong pho gamma *¥'Cs vao chieu cao vién
chat phdng xa h.

Chiéu S6 dém tong & mién nang luon L

cao h, du%i 300 keV 1 o Khac bigt
(mm) Thyuc nghiém Tinh toan (%)
3,18 1,235.10° 4,19
2,18 1,232.10° 4,44
1,68 1,289.10° 1,229.10° 4,62
1,18 1,227.10° 4,77
1,00 1,226.10° 4,78

So véi gia tri danh dinh, @6 khac biét tang 12%

Bang 6. Su phu thugc cua sé dém téng & mién nang luong
duai 300 keV trong phé gamma %°Co vao chiéu cao vién chit

phong xa h.
i3 S6 dém tong & mién ning lugn _
fah(}ehf dlgc'yi s00keV 1 o Khac bict
(mm) Thuc nghiém Tinh toan (%)
3,18 5,662.10° 0,36
2,18 5,520.10° 2,16
1,68 5,642.10° 5,431.10° 3,73
1,18 5,338.10° 5,38
1,00 5,291.10° 6,22
So vai gia tri danh dinh, d6 khac biét tang 94%

3.3 Anh hwéng ciia dwong kinh d;

Tuong tu nhu hai truong hop trén, c6 5 gia tri duong kinh vién chat phong xa dr dugc chon trong khoang 1
-5 mm lam s6 liéu dau vao dé mo phong phd gamma 7Cs va *Co, chiéu cao vién chat phong xa hy = 3,18
mm va bé day cira s6 tw = 2,77 mm, gia tri cac thong sO vat 1y con lai cua hé phd ke dugc giir ¢d dinh. Két
qua tinh toan bang chuong trinh MCNP4C2 vé su phuy thudc ctia s6 dém téng & mién nang luong dudi 300
keV trong phd gamma ¥Cs va °Co vao dudng kinh vién chat phong xa dr duoc trinh bay & cot 3 trong
Bang 7 va Bang 8 tuong mg. Bang 7 va Bang 8 cho thy rang cang ra xa gia tri danh dinh d, =5 mm do
nha san xuit cung cap thi do khac biét vé s6 dém tong & mién nang luong dudi 300 keV déu ting ddi véi
phé gamma ¥Cs bing 7% va phd gamma *°Co bang 96%.

Bang 7. Su phu thudc cua s6 dém tong & mién ndng lugng
dusi 300 keV trong pho gamma *¥Cs vao dwong kinh vién
chat phéng xa d.

Puon S6 dém tong & mién ning lugn L
kinh d% du%i 300 keV EH ] pg kr;ac bigt
(mm) Thuc nghiém Tinh toan (%)
5,00 1,2350.10° 4,19
4,00 1,2309.10° 4,50
3,00 1,289.10° 1,2293.10° 4,63
2,00 1,2304.10° 4,55
1,00 1,2311.10° 4,49
So vai gia tri danh dinh, do khac biét tang 7%
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Bang 8. Sy phy thudc ciia s6 dém téng ¢ mién ning luong
dusi 300 keV trong pho gamma *Co vao duong kinh vién
chat phdng xa d.

: S6 dém tong ¢ mién nang luon L
Eﬁﬁr&g du%i 00ke 1 o Khac biét
(mm) Thyuc nghiém Tinh toan (%)

5,00 5,662.10° 0,36
4,00 5,5658.10° 1,47
3,00 5,642.10° 5,471.10° 3,03
2,00 5,344.10° 5,27
1,00 5,222.10° 7,44

So véi gia tri danh dinh, @6 khac biét tang 96%

Két qua tinh toan bang chuong trinh MCNPA4C2 dugc trinh bay & cot 3 trong cac Bang 3 - 8 cho thay rang
¢6 sy phu thudc manh cta sé dém tong & mién ning lugng dudi 300 keV trong phd gamma ¥Cs va °Co
vao cac thong s kich thude hinh hoc ngudn phong xa. Do d6, trong nghién ciru hé phd ké gamma dung
detector ban dan siéu tinh khiét HPGe, khong nhirng kich thudc hinh hoc va thanh phén vat liéu cua hé phé
ké anh huong dén phé gamma mé phong trén toan dai ndng luong dbi voi hiéu suat detector [11] ma con
kich thudc hinh hoc va thanh phan vat liéu cua nguon phong xa ciing anh huong dang ké 1én két qua phd
gamma mo phong, dic biét ddi voi sé dém tong ¢ mién nang luong dudi 300 keV.

4 KET LUAN

Cong trinh nay s dung chuong trinh may tinh MCNP4C2 dua trén nén tang phuong phap Monte Carlo dé
nghién ctru anh hudng cua cau trac hinh hoc va thanh phan vt liéu che tao ngudn phong xa 1én s6 dém
tong & mién ning luong dudi 300 keV. Két qua nghién ctru cho thiy rang anh huong nay la dang ké, kich
thudce hinh hoc nguén phong xa cang xa gia tri danh dinh thi d¢ khac biét s6 dém tong ctia mién nang luong
thip dudi 300 keV cang ting. Co su phu hop tét gitra thuc nghiém va tinh toan MCNP4AC2 ké ca s6 dém
tong & mién ning luong dudi 300 keV trong phd gamma 37Cs va ©Co, da cai thién dang ké do khac biét
giam tir 8,31% xudng 4,19% dbi v6i pho gamma ¥Cs va giam tir 13,1% xudng 0,36% d6i voi phd gamma
80Co khi str dung gia tri danh dinh do nha san xuit cung cap. Qua dé, ciing c6 thé khang dinh thém ring
chuong trinh may tinh MCNP4C2 1a cong cu mé phong dang tin cay dé thuc hién nhimg nghién ctru tiép
theo.

PHU LUC

Mot input chuin cua chwong trinh may tinh MCNP4C2
Problem - Study on the low energy area of the gamma spectrometer using the MCNP4C2 code
c Cell cards

6-8.94 -1 -23 21 imp:p,e=1

1-5.35 (-55 -64 22)#1#34 imp:p=1 imp:e=0 $ cell detector
3-0.00129 (1 -2 -22 21)#1 imp:p,e=1

2 -2.6989 (2 -3 -24 21):(-3 -21 20) imp:p,e=1

3-0.00129 (-4 -25 57):(3 -4 -57 20):(-4 -20 16) imp:p,e=1
2 -2.6989 (-5 -26 25):(4 -5 -25 16):(-5 -16 15) imp:p,e=1
11 3-0.00129((-94 -31 30):(-11 -30 26):(5 -9 -26 19)) &
#A5#46#48#49 imp:p,e=1

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 8-7.28 12 -94 -30 19 imp:p,e=1

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

16 3-0.00129 (-94 -32 31):(94 -14 -34 31) imp:p,e=1

17 8-7.28 -94 -33 32 imp:p,e=1

18 6-8.94 -94 -34 33 imp:p,e=1

19 10-7.86 94 -14 -35 34 imp:p,e=1

20 9-11.34 (-14 -36 35):(-94 -35 34) imp:p,e=1

OO0k WN B
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21 10-7.865-14-16 15 imp:p,e=1

22 8-7.285-94-18 95 imp:p,e=1

23 6-8.945-94-19 18 imp:p,e=1

24 0 14:36:-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 18-1.435-3-81 24 imp:p,e=1$ cua so IR mylar

45 11-1.879-76 -79 78 imp:p,e=1 $ nguon Cs

46 13-1.15 (-77 -80 78)#45 imp:p,e=1 $ holder epoxy
47 20-1.11-3-57 81 imp:p,e=1$ cua so IR kapton

48 14-0.8 (5-82 -84 85):(5-82 -85 26 86 -87) &
:(5-82 -85 26 88 -89):(5-82-8526 90 -91) &

:(5-82 -26 83) imp:p,e=1

49 14-0.8-789293-5imp:p,e=1

50 4-0.33615 (94 -13 -31 95):(5 -13 -95 17) imp:p,e=1

¢ Surface cards
1 ¢z0.35

2 cz27

3 ¢z293

4 cz3.66

5 c¢z381

9 ¢z7.35

10 cz7.95

11 ¢z 9.45

12 cz14.2

13 cz15.2

14 ¢z25.0

15 pz0.0

16 pz1.6

17 pz9.8

18 pz10.8

19 pz11.6

20 pz19.715

21 pz19.815

22 pz20.815

23 pz 22515

24 pz 24.015

25 pz 24.55

26 pz24.7

30 pz35.8

31 pz43.6

32 pz44.1

33 pz445

34 pz44.6

35 pz46.2

36 pz54.2

54 ¢z 0.3503 $ dien cuc khuech tan Li
55 cz 2.584 $ dien cuc khuech tan Li
56 pz 22.5153 $ dien cuc loi B

57 pz 24.026 $ cua so IR

64 pz 23.899 $ dien cuc cua so Li
76 ¢z 0.05 $ hinh hoc nguon Cs (2)
77 ¢z 1.27 $ hinh hoc nguon Cs (2)
78 pz 39.7 $ hinh hoc nguon Cs (2)
79 pz 39.8 $ hinh hoc nguon Cs (2)
80 pz 40.34 $ hinh hoc nguon Cs (2)
81 pz 24.016 $ split mylar and kapton
82 ¢z 4.01 $ mat tru ngoai gia do nguon
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83 pz 23.7 $ mat day duoi gia do nguon

84 pz 39.7001 $ mat day tren gia do nguon
85 pz 38.7 $ mat day tren gia do nguon lower
86 py 0.0 $ 0 degree

87p0.27100$ 15 degree
88p1.73100$ 120 degree
89p11008$135degree

90 p-1.73100$ 240 degree
91p-3.73100$ 255 degree

92 pz 39.6 $ mat day duoi vanh khan

93 ¢z 1.0 $ ban kinh trong vanh khan

94 cz 15.0 $ mat tru nylon trong

95 pz 10.0 $ mat day nylon tren

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

m6 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 55000 -1.0 $ Cs

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

m14 1000 -0.062 6000 -0.444 8000 -0.494 $ Cellulose
m15 5000-1.0$ B

m17 32000 -0.9 3000 -0.1 $ Ge Li

m18 1000 -0.053 6000 -0.526 8000 -0.421 $ Mylar C10H1206
m20 1000 -0.028 6000 -0.720 7000 -0.077 8000 -0.175 $ Kapton C22H10N204
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 h39.7 39.8

spld-210

si2 h 0.0 0.05

sp2-211

f8:p2

€8 0.0001 .005471 8190i 1.942341

phys:p

phys:e

cutp2j00

cut:e

nps 900000000

ctme 90
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STUDY ON THE LOW ENERGY AREA OF THE GAMMA SPECTROMETRY USING
THE MCNP4C2 CODE

VO XUAN AN
Faculty of Electronic Technology, Industrial University of Ho Chi Minh City
*Corresponding author: voxuanan@iuh.edu.vn

Abstract. The MCNP4C2 (Monte Carlo N-Particle, version 4C2) code is one of simulation tools that are
reliable, use the Monte Carlo method to simulate the transport of neutron, photon and electron in matter. In
recent years, there were many scientific paper proving the remarkable agreement between experimental and
calculation gamma spectra at the high energy area (greater than 300 keV). However, at the low energy area
(less than 300 keV), the MCNP4C2 code based calculation and the experimental results were still different.
In this work, some reasons from selecting the input parameters and setting up the experiment as well were
presented to explain the difference between experimental and calculation gamma spectra at the low energy
area.

Keywords. HPGe detector, Gamma spectra, Low energy area, MCNP4C2 code.
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