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SU DUNG CHUGNG TRINH MCNP4C2

Trwong Thi Hdng Loan, Mai Viin Nhon, Ping Nguyén Phuong,
Tran Ai Khanh va Tran Thién Thanh
Trudng Pai hoc Khoa hoc Ty nhién, PHQG-HCM
(Bai nhdn ngay 16 thdang 08 nam 2006, hoan chinh sita chita ngay 16 thang 05 ndm 2007)

TOM TAT: T rong bai bdo nay chwong trinh MCNP4C2 cua phong thi nghiém Los
Alamos ' dwge dimg d@é khao sdt duwong cong hiéu sudt dinh theo nang lwong cua hé dau do
HPGe ctia B6 mén Vit Iy Hat nhan, Truong Pai hoc Khoa hoc Tu nhién Tp. HCM ciing nhu sy
thay déi ciia dwomg cong nay theo khoang cdch giita nguén va dau do. Cdc nguén duoc sit dung
dé khao sdt thic nghiém kiém chimg la Cs-137 (661,7 keV), Na-22 (1274,5 keV), va Co-60
(1173,3 keV va 1332,5 keV) duwgc muon o Trung tam dao tao, Vién nghién ciu hat nhdan Da lat.
Cdc nguén gia dinh dimg dé mé phong thém la Am-241 (59,5 keV), Co-57 (122,1 keV), Se-75
(96,7 keV), Ba-133 (81,0 keV ; 356,0 keV), Eu-152 (1408,0 keV). Két qua ty 56 giita cdc hiéu
sudt mé phong va thuc nghiém véi cde ning luong khdc nhau deu cao hon 0,9 cho thdy chiong
trinh mé phong ma ching t6i xdy dung duoc, diea trén ma nguén MCNP4C2 la di tin cdy cho
nhitng nghién ciru tiép theo trén hé phé ké nay.

1. GIOI THIEU

B6 mén Vit 1y hat nhan Trudng Pai hoc Khoa hoc Tu nhién Tp.HCM ¢6 hé pho ké gamma
dung dau do germamum siéu tinh khiét dang dong truc cia hang Canberra ndm 2004. Pé sir
dung hé pho ké nay can khéo sat cac dic trung co ban cia dau do nhu duong chuén nang lucmg,
durcmg chudn hiéu suit, hiéu img che chin phéng....Vi B6 modn khéng co dugc nhiéu nguon
chuén véi nang luong trai déu trong khoang cho phep ciia dau do loai nay tuong ung nang Iugng
tir 50 keV dén hon 2000keV nén song song vdi viée do dac thyc nghiém véi cdc nguon co dugce
nhu Cs-137 (661,7 keV), Na-22 (1274,5 keV), va Co-60 (1173,3 keV va 1332 5 keV) cua Trung
tam Pao tao, Vién nghlen clru hat nhan Pa lat, trong cong trinh nay con tién hanh xdy dyng mo
phéng hé do thém vai céac nguon gia dinh Am-241 (59,5 keV), Co-57 (122 1 keV), Se-75 (96,7
keV), Ba-133 (81,0 keV ;356,0 keV), Eu-152 (1408,0 keV) theo tidu chuén cua ®* ™ ¢¢ hinh hoc
glong va1 cac nguon chudn di neu trén dé c6 du cac sb liéu cho viée xé4c dinh dudng cong hiéu
sudt theo ning lugng trén toan m1en ning lugng cho phép. Ngoal ra ching tdi con khdo sat su
thay dbi coa dudng cong hiéu suat nay theo khoang cach ngudn va dau do.

pé tai nay str dung chuong trinh MCNP phlen ban 4C2. Dé danh gia hiéu suit ghi cia diu
do, ta cin md phong phd néng luong tuong mg. Trong MCNP dé danh gia do cao xung ndy ta
str dung Tally F8. Budc dau tién ching t6i x4c dinh d§ tin cdy cua chuong trinh md phong bang
céch so sanh két qua hiéu suét ghi bang thuc nghiém va bang mo phong v6i cac ngudn co thuce
Cs-137, Na-22, Co- 60. Khi chuong trinh du tin cdy ching tdi tlep tuc md phong tiép vai mot 56
ngudn gia dinh di néu & trén va xay dyng dudng cong higu suét hoan chinh.

2. CAU TRUC HE NGUON - PAU DO - BUONG CHI DUNG TRONG MO PHONG VA
THU'C NGHIEM

Pau do HPGe & Bo mdn Vit ly Hat nhén, c6 ky hiéu GC2018, 12 loai déu do déng truc c6
dang nhu Hinh 1.a bao gbm khéi Ge hinh tru chit U c6 dudng kinh ngoai 52mm, chidu cao
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49,5mm. Bén trong tinh thé c6 mot hoc hinh try dudong kinh 7mm, do sdu clia héc 1 35mm. Mt
ngodi tinh thé 12 16p tiép xuc loai n (16p Lithium) néi véi dién cye dwong, mét trong héc tinh thé
1a 16p tiép xuc loai p (16p Boron) nbi vé6i dién cuc 4m. Pau do dwoc dyng trong mdt hop kin
bing nhom vai bé day 1,5mm.

Hinh 1.b 12 so db cat doc ctia hé d4u do va budng chi. Cac kich thudc duge cho nhu trén
hinh v&. Chiing ta biét ring tuong tic cla tia gamma VOl chi tao ra céc tia X co nang lugng trong
khoang 75 — 85 KeV. Céc tia X nay ciia chi ¢6 thé dugc ghi nhan bdi ddu do va lam cho pho
gamma bi nhiéu. Pé han ché diéu nay nguoi ta da 16t bén trong budng chi cac 16p ddng va thiéc
6 bé day tuong tmg 14 1,5mm va Imm. Qua khao sat “Icho thay mot 16p thiéc day Imm c6 thé
hép thu dugc khodng 95% céc tia X cua chi. Va sy ¢ mat ciia 1,5mm Cu da lam ting kha nang
hép thu 1én t&i 98,5% dbi véi cac tia X cla chi.
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Hinh 1.a. Chu tric cua diu do HPGe (kich thudc tinh theo mm)
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Hinh 1.b. So dd cét doc ciia hé diu do-budng chi (kich thuée tinh theo cm)

Tét ca 3 ngudn chudn Cs-137, Na-22, Co-60 dwgc muon tir Trung tam dao tao Vién ngh1en
ctru hat nhan Pa lat, déu thudc Model Ca12601 Gamma Standard. Ngudn cé dang tru nho, véi
duong kinh 1mm, chiéu cao 1mm dugc bao phii béi 16p plastlc day 2,7mm, c6 dudng kinh toan
phin 254mm, chiéu cao toan phin 6,4mm. Céc thong s6 khic ciia ngudn nhu hoat do, chu ky
bén r3, ning luong, hidu suat phat dwoc cho trong 31,

3. MO PHONG PUONG CONG HIEU SUAT PINH CUA PAU DO HPGE

3.1.X4c dinh d§ tin cdy cia chwong trinh

Trudce khi khao sat, ta phai xdc dinh duge do tin cdy cua chuong trinh m6 phong. Céch so
sanh tht nhat la so sénh véi cac so liéu thuc nghiém do duge trong thuc té. Viéc md phong trude
hét duoc tién hanh véi cic ngudn ma ta d3 do dugc trong thyc nghiém. Chung ta s& so sanh két
qua hiéu suéit ciia dAu do HPGe trong mé phong véi hiu suét thu dugce trong thuc nghiém.

Hiéu suét thuc nghiém cin x4c dinh & ddy 13 hiéu suét dinh dwgc dinh nghia: £(E) = E .

Trong d6: S - sb dém dién tich dinh toan phan, A - hoat d¢ ciia ngudn phéng xa & thoi diém
dang do; b - x4c suat phat gamma; va t - thoi gian do.

Két qua tinh toan hiéu suét thuc nghiém do dugc & khoang cich 15.3 cm d6i véi cac ngudn
Cs-137, Na-22, va Co-60 mo ta ¢ trén duge cho trong Bang 1.

Béng 1. Két qua thuc nghiém hiéu suét dinh cia dau do v6i cac ngudn Cs-137, Mn-54, Na-22,

Co-60
Ngudn Ning luong (keV) Hiéu suit thyc nghiém
Cs-137 661,7 (11,7240,43) .10
Co-60 1173,2 (7,17£0,27) .10°*
Na-22 1274,5 (6,72+0,22) .10™*
Co-60 1332,5 (6,4110,24) .10™
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Bang 2. Hiéu suat mé phong ddi véi cic ngudn Cs-137, Na-22, Co-60

Ngudn Niing luong (keV) Hiéu suit md phong
Cs-137 661,7 (10,82 £ 0,10).10™
Co-60 1173,7 (6,66 + 0,08).10™
Na-22 1274,5 (6,35 +0,08).10"*
Co-60 1332,5 (6,00 + 0,08).10™

Két qua hiéu sudt md phéng voi cAu hinh hé do twong ty nhu cta thyc nghiém dugc trinh
bay & Bang 2. Ti sb so sanh gitta hiéu suit mé phéng véi hiéu suét thuc nghiém duge cho &
Bang 3. Ta thdy ring cic s6 liéu v& hiéu suit thu duge bang chuong trinh MCNP 1a phu hop voi
cdc sb liéu thu duge tir thue nghiém (ti s6 13 trén 0,9).

Pay 12 mot két qua rat tbt, két qua nay dat duoc chinh 12 nho sy tinh todn md phong chinh
xac clia chwong trinh MCNP ciing nhu sy m6 ta hinh hoc cta hé do mét cach chi tiét va ti mi clia
nguoi sir dung. Két qua nay cho thy chuong trinh m6 phéng ma chung t6i xdy dung dua trén
ma nguébn MCNP4C?2 12 di tin cdy cho phép chung ta tiép tuc md phong hiéu suat ctia cdc ngudn

gia dinh tiép theo.
Bang 3. So sanh gié tri hiéu suét thuc nghiém va md phong
iéu sua ié Ti sb
Nér(lfel\t/rimg e Suaz :?u )c e Hiéu sut md phong (€,,) | (€ /Ew)
661,7 (11,72+0,43) .10 (10,82  0,10).10* 0,9232
11733 (7,1740,27) .10* (6,66 % 0,08).10™ 0,9289
1274,5 (6,7240,22) .10* (6,35 % 0,08).10™ 0,9449
1332,5 (6,41+0,24) .10 (6,00 + 0,08).10™ 0,9360

3.2, Hoan thién dudng cong hiéu suét theo niing lwgng biing md phéng
Piu tién ta phai x4c dinh nhiing ngudn phit gamma cén dugc mo phéng thém. Céc ngudn
nay duoc mé phong dua trén co s& 1a cdc ngudn trude do da dwge kiém chimg 1a phi hop véi

thuc nghiém.

Dang hinh hoc cita ngudn va cach bd tri thi nghiém duoc thiét 14p hoan toan gibng véi céc

nguon trudc.

Céc ngudn duge chon ! d& md phong thém bao gbm:
- Am-241 (59,5 keV — 36%)
_ Co-57 (122,1 keV - 98%)
_ Se-75 (96,7 keV — 3,41%)
- Ba-133 (81,0 keV — 34,11%; 356,0 keV — 61,94%)
- Eu-152 (1408,0 keV —20,85%)

-Y-88

(1836,1 keV — 99,36%)

Két qua md phong cua cac ngudn con lai ndy dugc trinh bay & Bang 4.
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Béng 4. Két qua md phong hiéu sudt véi céc ngudn gia dinh

Ngudn Nang lugng (keV) " Hiéu suit
Am-241 59,5 (7,74 £ 0,09).10°*
Ba-133 81,0 (14,30 +£0,12).10™
Se-75 96,7 (28,40 +0,17).10*
Co-57 122,1 (32,37+ 0,18).10*
Ba-133 356,0 (18,75 + 0,14).10"
Mn-54 834,8 (8,87 +0,09).10"
Eu-152 1408,0 (5,86 + 0,08).10°
Y-88 1836,1 (4,81 +0,07).10°*
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Hinh 3. Budng cong hiéu suét theo nang lwong khi khoang cach ngudn - ddu do 15,3 cm.
Cic hiéu suat ndy clng voi céc hiéu sut md phong thu dugc véi cée ngudn trude di dé ta

thiét 14p mot dudng cong hiéu suét theo ning lugng (xem Hinh 3).

Lam khop céc s6 liéu trén theo 5] ta dugc két qua:

- Ning luong thap (duoi 120 keV): In(g) = —54,39+19,52 In(E) -1, 954 In*(E)

- Nang lugng cao (trén 120 keV):
In(g) = —56 + 28,79 In(E) - 5,546 In*(E) + 0,3535 In’ (E)

+0,00672 In*(E)—0,001087 In’ (E)
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3.3. Sw phu thudc ciia dwdng cong higu suit vao khoang cdch giira ngudn va dau do

Dé khao sét sy phu thude theo khoang cach, ching t6i mé phong dudng cong hiéu suét theo
ning luong tmg véi cac khoang cach khac nhau 5 cm; 15,3 ecm va 25 cm. Két qua dugc cho &
Bang 5 va trinh bé.y minh hoa so sanh ¢ Hinh 4.

Chung ta thdy ring duong cong hiéu suat theo ning lugng thay dbi kha ré khi chung ta thay
d6i khoang cach tir ngudn dén ddu do. Hiéu sudt cang lén khi khoang cach cang gan Hiéu suit &
khoang c4ch Scm 14 khac biét nhiéu so véi khoang cach 15,3cm hay 25,0cm. Piéu nay dugc giai
thich 1a do khi ngudn dé xa déu do goc khéi thu nhan birc xa giam va ngoai ra con do sy hép thu
birc xa cia khong khi trén dudng di nhiéu. bic biét tai ning lugng 1332 keV cua Co 60 khi
khoang cach ngubn — dAu do 25cm hiéu sudt tuyét ddi moé phong cho gié tri 2,76. 10* tuong
duong voi hiéu sufit tu'ong dbi 23.0% ma n6 sai biét 2,7% so vdi hiéu suat danh dinh clia nha san
xuét (22,4%). Sai biét nay la khong déng ké va dugc coi nhur 1a nim trong thing gidng théng ké.
Co nhleu nguyén nhdn gdy nén thang giang nay vi du ciu hinh nguon Co-60 gia diém ctia nha
san xudt la khong biét duoc va c6 thé khac chut it so véi cAu hinh ngudn gia diém trong mo
phéng clia nhém tac gia.
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Hinh 4. Pudng cong hiéu suit & cac khoang cach 5 cm; 15.3 cm va 25 cm.

Bang 5 Hiéu suit theo ning luong (g v6i cic khodng cach 5 cm; 15,3 cm va 25 cm

Ning lugng (kev) Hiéu suit mo phéng
5cm 15.3 cm 25cm
59,5 (7,65 +0,03).10° (7,74 £0,09).10" (4,80 £ 0,07).10°*
81,0 (11,09 £ 0,03).10° (14,30 +£0,12).10* (6,94 + 0,08).10°
96,7 (20,77 £ 0,05).10° (28,40 +0,17).10"* (13,16 + 0,11).10"
122, (22,14 + 0,05).10° (32,374 0,18).10° (14,39 0,12).10*
356,0 (11,22 +£0,03).10° (18,75 £ 0,14).10°* (8,40 + 0,09).10*
661,7 (6,21 £0,02).10° (10,82 +0,10).10* (4,86 £0,07).10*
834,8 (5,08 £0,02).10° (8,87 £0,09).10 (3,91 + 0,06).10°*
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1173,7 (3,82 £0,02).10° (6,66 +0,08).10™ (3,00 + 0,05).10™

1274,5 (3,64 +0,02).107 (6,35 +0,08).10™ (2,87 £0,05).10*

1332,5 (3,44 +0,02).10° (6,00 + 0,08).10™ (2,76 + 0,05).10

1408,0 (3,32 +0,02).10° (5,86 +0,08).10™ (2,66 + 0,05).10

1836,1 (2,69 +0,02).10° (4,81 +£0,07).10* (2,14 +0,05).10™
4. KET LUAN

Trong bai bdo nay chuong trinh MCNP4C2 dugc ding dé& khao s4t dudng cong hidu suit
dinh theo ning lugng cia hé dau do HPGe ciia B mon Vit ly Hat nhan, Truong Dai hoc Khoa
hoc Tu nhién Tp.HCM. P4u tién ching t6i xdc dinh d¢ tin céy cua chuong trinh mé phong bing
céch so séanh hidu suit ghi thuc nghiém va mé phong véi cac ngudn co thue Cs-137 (661,7 keV),
Na-22 (1274,5 keV), va Co-60 (1173,3 keV va 1332,5 keV) dugc muon & Trung tam dao tao,
Vién nghién ctru hat nhan Da lat. Két qua ty sb giita cac hiéu suit mb phong va thyc nghiém vai
cac ning lugng khac nhau déu cao hon 0,9 cho thiy chwong trinh mé phéng ma chung ti xdy
dung dugc dua trén ma nguén MCNP 4C2 1a du tin cdy dé nghién ciru bang phuong phap mé
phong nhiing vén @& lién quan dén hé phd ké HPGe nay. Do d6 chung t6i tiép tuc hoan thién
dudng cong higu suat bing cach moé phong tiép véi mot s6 ngudn gia dinh theo nhu Am-241
(59,5 keV), Co-57 (122,1 keV), Se-75 (96,7 keV), Ba-133 (81,0 keV ; 356,0 keV), Eu-152
(1408,0 keV). Sau d6 ching tdi tién 61 khao sat su thay dbi cia duong cong higu suét theo
khoang cach tir ngudn dén dau do. Keét qua cho thay khi dat nguon ¢ khoang cach gan dau do thi
ta thu duoc hiéu sudt ghi dau do cao.

Nhu vy phuong phép mé phong véi chuong trinh MCNP4C2 ¢6 thé hd trg cho ngudi lam
thwe nghiém xay dung dudng cong hiéu suit theo nang luong du chinh xac cho hé do khi ta
khéng c6 nhidu ngudn chudn. P6 ciling 1a mdt trong nhimg uu diém cua viéc mb phong nay.

MONTE CARLO SIMULATION OF PEAK EFFICIENCY CURVES OF THE
SUPERPURE HPGE DETECTOR IN ENVIRONMENTAL GAMMA
SPECTROMETRY USING MCNP4C2 CODE

Truong Thi Hong Loan, Mai Van Nhon, Dang Nguyen Phuong,
Tran Ai Khanh and Tran Thien Thanh
University of Natural Sciences, VNU-HCM

ABSTRACT: In this paper, the Los Alamos Laboratory’s MCNP4C2 code Pl was used
to determine the peak effieciency curves of the HPGe detector of Nuclear Physics Department,
University of Natural Sciences of Ho Chi Minh City. We also investigated the changes of the
efficiency curves with the distances from sources to detector. The standard sources used for the
experiments of test are Cs-137 (661.7 keV), Na-22 (1274.5 keV), va Co-60 (1173.3 keV va
1332.5 keV) which were borrowed from Nuclear Research Instutitute (NRI), Dalat. The standard
sources used for more simulating are Am-241 (59.5 keV), Co-57 (122.1 keV), Se-75 (96.7 keV),
Ba-133 (81.0 keV ; 356.0 keV), Eu-152 (1408.0 keV). They have the same geometry with NRI's.
The ratios of the experimetal efficiencies to simulation efficiencies are higher than 0.9. It shows
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that our simulation program based on MCNP4C2 code is good enoz}gh for later studies on our
HPGe spectrometer.
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