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TOM TAT: Trong bai b&o ndy chuong trinh MCNP4C2 cia Phong thi nghiém Los
Alamos, My duroc ding dé md phéng phé nang lweng gamma ciia Co-60 Véi dau do HPGe va
so sanh véi phé thirc nghiém, khao sat s hap thu tia X dac tring cia | p thiéc va dong 16t &
mgt trong buong chi, khdo sat anh hirong cia buong chi 18n nén tan xg ciia pho, khdo st s
thay doi dang phé khi d@é¢ nguon gan va xa dau do, khdo sét anh hueng cia d@é 16t nguon Ién
phé ddc trung. Két qua so sanh phé md phong cho thay ¢ ving trén 250 keV phé md phong
kh& phtl hop véi phé thirc nghiém, nhing ¢ viing nang lurong diegi 250 keV thi co s khac biét
nén tan xa co 12,7%. S hién dién ciia buong chi va dé tan xa chi anh huéng d@én ving tan xa
ngueoc va tia X ddgc trung nhung khdng anh hieong dén so dém trén dién tich dinh nang luong
toan phan. Cac két quda cb dwroc |am nén tang cho viéc nghién cizu phé gamma cia hé pho ké
HPGe dang co d¢é nang cao dg chinh xac trong phan tich dinh liong nguyén té trong mau moi
truong .

Tir khéa: Phé gamma, Tan xg nhiéu lan, HPGe, MCNP, Pinh ning lwrong toan phan

1. GIOI THIEU

Khi tuong téc voi mdi truong vat chat caa dau do, mot phan nang luong cia photon ban
dau chuyén thanh dong nang cia céc eectron trong qué trinh quang dién, Compton vatao cap.
Phan ning lugng con lai chuyén cho cac photon thir cdp. Trir truong hop electron mat do
tuong tc xay ra & gan bé mat tinh thé, trong nhitng truong hop con lai dong niang electron
chuyén hoan toan thanh xung dién. Pong nang cang lon kha ning tuong téc cang cao thi do
cao xung cang |on . Xung dién ndy duoc ghi nhan & 15i rabai hé dién tu tiép sau. Do vakhao
Sét tin hidu xung ratir dau do theo 15i vi phan ta cé thé thu duoc nhitng thong tin vé birc xa ¢4
ghi nhan dudi dang phd nang lugng va con dugc goi |a ham dép (g caa dau do.

Dang ham d&p ung ciia dau do mang nhirng nét dic trung cia méi qua trinh tuong tac xay
ratrong dau do. N6 bao gém dinh niang lugng toan phan, viing lung Compton, dinh thod don
(SE) c6 nang luong hn - 0,511 MeV, dinh thoat d6i (DE) c6 nang luong hn — 1,022 MeV,
dinh tan xa nén, tia X dic trung cua vét liéu xung quanh dau do, bic xa huy 0,511MeV, dinh
tén xa nguoc (BS) vacudi cling la dinh tong [1]. Trong cOng trinh [4] va[5] chung t6i da s
dung chuong trinh MCNP phién ban 4C2 dé nghién ciru hiéu suat ghi ciia hé pho ké, danh gia
hiéu tng triing phung tong trong khi do pho gamma ciia cac nguon danang. Trong cong trinh
ndy chdng toi tiép tuc &p dung chuong trinh MCNP dé nghién ciru vé céc dic trung cia phd
gamma, dac biét la vung tan xa nhiéu 1an mané tay thudc nhiéu vao ciu hinh cua h¢ do vala
dic trung cu thé cia méi hé phd ké dugc sir dung. Cu thé bao gom céc van dé sau: (1) Mo
phong phd niang lwong gamma caa Co-60 véi dau do HPGe va so sanh véi phd thue nghiém
tuong g (2) Khao sét anh huong tan xa cia budng chi 1&n phd ciing nhu 1én hiéu suat ghi cia
dau do bing cach khao sét phd tan xa khi ¢ budng chi va khdng c6 budng chi, ciing nhu khi
c6 16p thiéc vadong (16t bén trong budng chi diing dé hap thu céc tia X dac trung co thé co do
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tan xa nhiéu 1an trong chi cuatiagamma) vakhi khéng cd 16p thiéc vadong (3) Khao sét anh
huéng caa tén xa nguoc tir d& ngudn |én phd nang luong gamma caa Co-60, cu thé 1alén dién
tich dinh tan xa ngugc. Céc vat lidu dé gia dinh |a nhdm, thiéc, ddng, chi duoc khao sét va so
sénh dé danh giaanh huong caand 1én dang phd, dac biét & mién nang lugng thap.

Dé khao st phd thuc nghiém va m6 phong chiing t6i dung nguon chuan gia diem Co-60
[6]. bé chgén nang lugng va khao sat FWHM theo nang lugng chung toi sir dung nguon Rar
226. Céc so liéu caa hé pho ké dugc cung cap boi nha san xuat Canberra[7].

2. CAU TRUC CUA HE NGUON - PAU DO HPGE —BUONG CHI

2.1.M6ta dau do HPGe[7]

Dau do HPGe & Bo mdn Vat |y Hat nhan, c6 ky hiéu GC2018, laloai dau do ddng truc co
dang nhu Hinh 1. bao gdm khéi Ge hinh tru chit U c6 duong kinh ngodi 52mm, chiéu cao
49,5mm. Bén trong tinh thé c6 mot hdc hinh tru duong kinh 7mm, d6 sau caa héc 1a 35mm.
M3t ngoai tinh thé 1al6p tiép xdc loai n (I6p Lithium) ndi véi dién cuc duong. Mit trong héc
tinh thé 1a16p tiép xuc loai p (16p Boron) ndi véi dién cuc am. Pau do dugc dung trong mot
hop kin bang nhém vai bé day 1,5mm.
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Hinh 1. CAu tric dau do HPGe ( kich thudc theo mm)

2.2.S0 dd cat doc cia hé dau do va budng chi [7]

Hinh 2. la so db cit doc cua hé dau dd va budng chi. Céc kich thudc duoc cho nhu trén
hinh v&. Tuong tac caatiagamma véi chi tao ra cac tia X ¢6 nang lwong trong khoang 75 — 85
keV. Céc tia X ndy cua chi co thé dugc ghi nhan bsi dau do valam cho phé gamma bi nhiéu.
Dé han ché diéu nay nguoi ta d& 16t bén trong budng chi céc |6p dong vathiée co bé day tuong
ung la1,5mm valmm.
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Hinh 2: So db cit doc ciahé dau do-budng chi (kich thudc tinh theo cm)

2.3.M6 ta ngudn Co-60 [6]

Ngudn co6 hoat d6 37,89kBq (1,024 Ci) , san xuat ngay 15-01-2005 véi chu ki ban
hay (5,2721 0,001) ndm, c6 2 dinh nang luong gamma la 1.173,273keV va 1.332,501keV.
Nguon c6 dang tru nho, véi duong kinh 5mm, chiéu cao 3,18mm, dugc trang trén de Epoxy,
bé mit bao pha boi I6p Acrylic. Toan bo c¢d duong kinh 25,4mm, chiéu cao 6,35 mm (xem
hinh 3).
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Hinh 3.Céu hinh nguén chuin gia diém Co-60

3.MO HINH HOA HE PHO KE GAMMA DUNG MCNP [2]

Dé mo hinh hod hé phé ké gamma bang MCNP, can mé ta tép dau vao (input file) & d6 hé
can md phong dugc chia thanh céc 6 dong chat gisi han boi cac mat dugc dinh nghia trudc.
MJi 6 thé hién mot thanh phan cua hé dau do.

O trong cong trinh nay hé dau do - budng chi — nguon duoc chia thanh 28 6 va duoc lap
day bang cac vat liéu twong tng. Twong tng véi 28 6 ¢ trén cin 59 mat khac nhau dé lién két
tao thanh 28 & v6i d6 quan trong cia 27 & dau bang 1 va 6 28 bang 0 nghia la trong qué trinh
md phong néu c6 hat ndo rangoa budng chi thi ching takhéng theo di hat nay nira.

Sau @6 mo phong N hat phét ra tir nguon. Ching duoc ngau nhién hoa bang phuong phép
Monte — Carlo theo dling nhu ban chat théng ké xay ra trong qua trinh tuong t&c véi hé dau do.
Tuc 1a co hat bay vao va cd hat thi khdng. Nhirng hat sau khi bay vao dau do tiép tuc lich sir
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cia ching, ching c6 thé tham gia vao cac tuong tac khac nhau bén trong dau do hoic thoét
khoi dau do ma khéng chiu tuong tac ndo. Tat ca céc s kién ndy déu dugc ghi nhan theo x&c
Suét twong wng caa ching.

Vi danh gid phan bd do cao xung F8, c&c hat bay vao dau do, tuong tac véi vat chat dau
do va dugc chuong trinh ghi nhan vao céc khe (bin) niang lugng tuwong trng véi nang lugng ma
chiing truyén cho dau do. Thong ké sb dém tai cac khe tuong ang véi nang luong quan tam ta
thu duoc sd tiagamma tng véi nang leong d6 da duoc dau do ghi nhan. Thu thap cac sb dém
tai tat ca cac khe ning luong ta s cd duoc phd nang luong gamma

Trong cong trinh ndy dé moé phong hé do glong véi thi nghiém, cac khoang nang luong
dugc chiatuong ung vei cac kénh trong h¢ phd ké, tirc 12 8192 kénh. Bé sai sb twong dbi cua
higu suat 1a dudgi 1%, viéc md phong vai sb lich sir hat ¢ 10°, con ddi vai viéc md phong phan
bd d cao xung sb lich sir hat mé phong tly vao s gamma phét ra tir nguon thuc nghigm.
Trong thuc nghiém, viéc do phd duoc thuc hién trong khoang thoi gian sao cho sé dém dinh
I6n hon 2.10* dé sai sb théng ké dudi 1% va dé thay rd cac hiéu (ng cia tao cip nhu dinh
thoét don, thoét di vabirc xa hily 511keV sb lich sir hat ¢6 thé 1én téi 2 ty.

Do ban chét thang gian théng ké caa qué trinh phan rd phong xa ciing nhu hiéu ang tap
hop dién tich va sy déng gop nhiéu tin hidu dién tir, c&c dinh nang lugng toan phan cua pho
gamma thuc nghiém thuong c6 dang Gauss voi mot do rong vach duoc dic trung bang dai
lwong FWHM (Bé rong toan phan & mot nira chiéu cao cuc dai). MCNP khéng mé phong hiéu
rng ndy ma sir dung ky thuat 1am pha hop bé rong dinh gitra thuc nghiém va tinh toan bang
cach dwavao tuy chon GEB trong danh gia F8. Do dd trudc khi mo phong dang pho chiing toi
thuc hién viéc chuan niang lugng bang céach sir dung ngudn Ra-226. Sau d6 véi sb ligu pho co
duoc chang t6i 1am khop FWHM theo nang lugng. Cong thirc thich hop dugc sir dung ¢ day
co dang:

FWHM = a+byE +cE?

& d6 E laning lugng gamma do du’qc‘theo MeV; a, b, c 1a cac tham sb c6 dugc tir viée
lam khop va dugc sir dung nhu tham s6 dau vao cia tlly chon GEB trong danh gia F8 cua
MCNP. Két qua 6 dugc nhu sau:

a=4,866336.10* MeV, b=9,32268.10 “MeV¥?,c=0,315494MeV * _

4. KET QUA THUC NGHIEM VA MO PHONG

4.1.S0 sanh phé gamma md phéng va thwc nghiém cia nguon Co-60

D& khao sé pho thuc nghiém vamo phong, ngudn Co-60 duoc dat tai khoang cach 10,6cm
so v6i mat dau do. Toan b hé dau do va nguon dugc dat trong buong chi nhu d& mé ta trong
Hinh 2 vaHinh 3. Ket qua dugc trinh bay trong Hinh 4 cho thay tr 250keV tro ve sau vung
nang luong cao co sy pht hop tot gira phd md phong va thuc nghiém. Pho md phong ciing
cho thay cac dinh thoét cap nhu thoédt don (SE), thoat d6i (DE) , birc xa huy, hai cap tia X dac
trung cua chi (K_,(72,805keV), K_,(74,969eV), K, (84, 784keV), K, (87,306keV),
dinh tan xa nguoc. Bé khao sét chi tiét dac trung cua phd, & bang 1 trinh bay két qua danh gia

dién tich céc dinh dic trung ciing nhur sé dém phd cia ving quan tam va so sanh véi s6 liéu
md phong tuong tng théng qua viéc danh gity |é gitra ching.
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Hinh 4. So sanh phé thirc nghiém va md phong ¢ d=10,6cm

Bing 1. Banh giaty I¢ di¢n tich dinh t&n xa, dinh toan phan ciia phd thuc nghiém so véi pho
mo phong caa nguon Co-60.

binh Dién tich dinh Ty lé
Pho thuc nghiém(Tn) Pho mé phong (Mp) (Tn/Mp)
K a, 8.357 (7,77) 1.037 (56,17) 8,06
Ka, 7.249 (8,96) 3.794 (15,37) 1,91
K b.

" 4.974 (13,07) 4.375 (13,55) 1,14
K, 0 4.066 (14,69) 0
BS 986.866 (0,69) 1.170.994 (0,55) 0,84
DE 12.237 (5,21) 733 (84,88) 16,69
511keV 26.105 (2,26) 1.303 (43,20) 20,03
SE 9.255 (7,39) 488 (134,70) 18,97
1,17MeV 3.520.338 (0,05) 3.613.748 (0,05) 0,97
1,33MeV 3.160.295 (0,06) 3.276.812 (0,05) 0,96

Con sb trong ngoic lasai sb tuong dbi [%)].

Két qua tir Bang 1 cho thy co sy sai biét [on giira dién tich mé phong va thuc nghiém caa
céc dinh ndy. Diéu d6 dugc cho rang thu vién tiét dién twong tdc caa gamma & phién ban
MCNPA4C2 chua dii tét dé md ta cac qua trinh thong ké xay ra trong hé dau do ¢ nang lugng
thip. Miac khéc cac qué trinh thir cip ndy xay ra véi xac suat rat nho nén sb lich sir phé sinh
hai ty hat mabai béo ¢4 thyc hién van chua du théng ké dé nghién ciru chinh xac riéng vé cac
qua trinh ndy. Ngoai ra dién tich dinh tan xa nguoc caa phé thuc nghiém nho hon 16% so véi
phdé mé phong nhung chiing ndm trén ving nén tan xa cao hon ¢ 12,71% so véi phd mo
phong ké tir 250 keV trg vé trude. Can cha y rang dbi vai dinh toan phan thi sy khéac biét nay
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la nhé nam trong pham vi cho phép (nho hon 5%). Piéu d6 c6 nghia la ¢ khoang céch
d=10,6cm s sai biét hiéu suat dinh nang lregng toan phan gitra mé phong va thuc nghiém la
du nho.

4.2 Khao sét sw hip thu tia X dic trung caa |ép thiéc va ddng 16t & mit trong budng
chi

Trong phan nay chiing t6i khao sét sy hip thu tia X dic trung cua chi boi 16p thiéc day
Imm valép dong 1,5mm [6t bén trong buong chi. BE lam dieu do thi nghiém mo phong pho
khi buong chi cé hai [6p thiéc vadong nay véi khi khéng c6 chiing dugc thuce hién.
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Hinh 5. Viing nang luong thép caaphé md phong  Hinh 6. Ving nang lugng thap cia pho mé phong
nguon Co-60 khi diing buong chi khdng co 16t nguon Co-60 khi dung buong chi c6 16t thém thiéc
thém thiéc vadong. vadong.

Béing 2. So sénh ty 1¢ c&c dién tich dinh tan xa, dinh toan phan ciia pho mo phong véi nguon
Co-60 khi budng chi c6 vakhong cé hai 16p thiéc (Sn) vadong (Cu) voi khoang cach nguon -
dau do d=10,6cm

binh Diéntich dinh Ty lé
Khang c6 Sn va Cu (1) Cé SnvacCu (2) W/
Ka, 172.832 (0,41) 1.037 (56,17) 166,67
Ka, 169.599 (0,41) 3.794 (15,37) 44,70
K b
: 74.800 (0,83) 4,375 (13,55) 17,10
K, 71.906 (0,36) 4.066 (14,69) 17,60
BS 768.896 (0,80) 1.170.994 (0,55) 0,66
DE 61 (1005,88) 733 (84,88) 0,08
511keV 1.485 (37,91) 1.303 (43,20) 1,14
SE 687 (95,78) 488 (134,70) 1,41
117MeV 3.613.685 (0,05) 3.613.748 (0,05) 1,00
1,33MeV 3.278.899 (0,05) 3.276.812 (0,05) 1,00
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Con sb trong ngoic lasai sb tuong dbi [%)].

Hinh 5 va Hinh 6 trinh bay két qua md phong phd khi sir dung budng chi khdng c6 va co
|6t thém thiéc va ddng (chi minh hoa viing nang lugng thap). Quadanh gia trong Bang 2 cho
thiy khi bUOng chi khéng c6 16p hip thu thiéc va dong, phé md phong cd dinh toan phan
khéng thay déi, c6 hai cap dinh tia X dic trung caachi rat cao vadinh tan xa nguoc (BS) thi
thip hon khi c6 thiéc va ddng. Diéu d6 1a phi hop vai du dodn vi thiée dung dé hap thy tia X
dic trung cia chi, dong dé hap thy tia X dic trung caa thiéc. Con nén tan xa nguoc caa chi
thip hon cua dong 1a do c6 mdt phan tia gamma tan xa nguoc cua chi bi hip thu quang dién
trong chinh 16p chi @6 thé hién théng qua hi¢u ang thir cip phét tia X dic trung caa chi. O day
chang tdi khéng c6 so sénh md phong anh huéng riéng |¢ cualép ddng. Vi tia X dic trung cia
thiéc rat nho dudi 30 keV ma dau do HPGe ciia b mén chi nhay véi viing nang luong tir 60
keV tro lén.

4.3.S0 sanh phé md phéng khi ¢6 budng chi va khi khéng cé budng chi

Trong hé pho ké dang khao sét, budng chi duoc gin c¢b dinh, khéng théo rép dé dang, nén
viéc khao sét anh huong cia tén xa tir buong chi 1én hiéu suat ghi caa dau do larat khé khan.
Thay vao d6, thi nghiém bang mé phong va so sanh hai phé mé phong khi ¢6 budng chi va
khoéng c6 budng chi dugc tién hanh. Hinh 7 trinh by sy so sanh hai phé nay. O day tathiy khi
¢6 budng chi dinh tan xa nguoc ting cao ré rét so véi khi khéng ¢ budng chi, nhung sy déng
g6p ndy vao trong dinh todn phan lakhdng dang ké (xem Bang 3).

6 buéng chi

Khong ¢6 buong chi

5000

T T T T T 1
0 200 400 E(keV) 600 800

Hinh 7. So sénh viing ning luong thip cua pho m6 phong Co-60 khi c6 buong chi (cao)
va khi khéng cé buong chi (thap)

Bing 3. Banh giaty 1¢ tham gia céc dinh trong phd ngudn Co-60 khi c6 vakhéng c6 buong
chi véi khoang céach nguon - dau do d=10,6cm.

binh Dién tich dinh Tylé
C6 budng chi Khéng budng chi
Ka, 1037 (56,17) | Khang c6
Ka, 3.794 (15,37) | Khong c6
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K b,
4.375 (13,55) | Khong cd
K b 4066 (14,69) | Khong co
BS 1.170.994 (0,55) 382.552 (2,00) 3,06
DE 733 (84,88) | Khong déng ké
511keV 1.303 (43,20) | Khéng dang ké
SE 488 (134,70) | Khéng dang ké
1,17MeV 3.613.748 (0.05) 3.613.619 (0,05) 1,00
1,33MeV 3.276.812 (0.05) 3.278.899 (0,06) 1,00

Con sb trong ngoic lasai sb tuong ddi [%)].

4.4.S0 sanh phé md phang ngudn Co-60 khi dit trong budng chi ¢ khoang cach gan
d=2.4cm va khoang cach xa d=10.6cm

Hinh 8 trinh bay sy so sanh phé mé phong ngudn Co-60 khi dat & khoang cach d=2,4cm
(cao) va khi d=10,6cm ( thip). Két qua cho thiy khi & khoang céch gan dau do, hiéu suat do
dinh ngudn tang 1én, c&c dinh huy vathoét don thoét ddi ciing tang, nhung céc tia X dic trung
cua budng chi thip (Bang 4). Biéu d6 dugc |y giai 1a do khi dat ngudn gan dau do, hinh hoc
ghi nhan 16n hon 1am tang hiéu suat ghi, va nang luong tia gamma vao trong dau do van con
cao nén dé gay ra hiéu ung tao cip tao birc xa huy va céc dinh thoét. Tuy nhién khi ngudn dat
gan dau do, anh huong cia tan xa l1én budng chi hau nhu khdng dang ké, do d6 céc tia X dic
trung cua chi ciing it di. Do chd ndi gitra dau do va éng dan Ni to 16ng khéng dugc che chin
chi, nén khi dat nguon gan dau do thi hi¢u tng thoét cua birc xa huy tang. Bang 4 cho thay h¢
sb tang co 12,5 1an.
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Hinh 8.So sénh pho m6 phong nguon Co-60 khi dat ¢ khodng cach d=2,4cm (cao)
vakhi d=10,6cm (thép)
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Biang 4.Dbanh giaty lé tham gia c&c dinh trong phdé mé phong ngudn Co-60 & hai khoang cach
d=2,4cm vad=10,6cm.

binh Dién tich dinh Tylé
d=2,4cm d=10,6cm
Ka, 0 1.037 (56,17)
K, 0 3.794 (15,37)
K b.

: 8.219 (17.,87) 4.375 (13,55) 1.88
K, 5.535 (26,6) 4,066 (14,69) 1.36
BS 3.515.900 (0,45) 1.170.994 (0,55) 3.00
DE 3.990 (40,29) 733 (84,88) 5.44
511keV 8.371 (17,42) 1.303 (43,20) 6.42
SE 2.128 (80,04) 488 (134,70) 4.36
1,17MeV 24.167.014 (0,02) 3.613.748 (0,05) 6.69
1,33MeV 21.788.312 (0,02) 3.276.812 (0,05) 6.65

Con sb trong ngoac lasai sd twong d6i [%].

4.5.K hao sat anh hwéng ciia tan xa nén tir dé nguon

Trong phan ndy anh huéng cua tan xa nén tir dé nguon Ién phd gamma, dic biét 1a lén
dinh tan xa nguoc, duoc khao sét v6i cac vat liéu dé gia dinh la nhém, thiéc, dong, chi (Hinh

9.a,b,c).
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Hinh 9b.So sénh viing tén xa ciia phd mé phong Co-60 tir dé bang dong (cao) va dé bing nhdm ( thip)

Két qua so sanh dién tich dinh tan xa nguoc theo céc vat liéu dé khéc nhau cho trong Bang
6, cho thay hiéu trng tan xa nguoc cang ting khi mat do nguyén tir cua dé cang lon [g/em3].
Tuy nhién di véi chi, dinh tdn xa nguoc lai thip hon ciaa ddng ly do 1a c6 mot phan gamma
tan xa nguoc ndy khong thodt duoc khoi chi dé dugc ghi nhan binh thudng ma bi hip thu bén
trong chi duoc ghi nhan thdng quatia X dic trung cta chi tao ratir dé. That vay sau khi hiéu
chinh lai dién tich dinh tan xa nguoc ciia chi bang cach cong thém phan déng gop cia céc tia
X dic trung caachi (Bang 5) thi mbi quan hé gitra dién tich dinh BS s& phtl hop theo quy luat
tang tuyén tinh binh thuong( Hinh 9.¢).

Bang 5.Khao s& sy tham gia cia gamma tan xa nguoc tir 16p dé chi vao quétrinh hip thu
guang dién cuachi tao tia X dac trueng

binh dic trung cua K, K, K, K, Tong
Pb 2 1 1 2
Dién tich dinh 351.753 | 672.550 330.274 86.104 1.440.681

Bang 6. Su phu thudc gitra dién tich dinh tan xa nguoc (sau khi hiéu chinh) véi mat do vat
chét 1am dé tan xa

Viatligudé | Matdo d[glem’] S Shc
Nhoém 2,70 3.173.974 3.173.974
Thiéc 7,31 4.391.782 4.391.782
DPong 8,96 4.954.449 4.954.449
Chi 11,35 4.396.844 5.837.525
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O day:
S: dién tich dinh tén xa nguoc

Shc: ladién tich dinh tan xa nguoc sau khi hiéu chinh bang cach cong thém phan déng gop
tao tia X dac trung caa chi.
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Hinh 9c.buong biéu dign sy phu thusc gitta dién tich dinh’tén Xa Nguoc BStrugce khi hiéu chinh, Sva
sau khi hiéu chinh,Shc véi mat do vat chat lam dé tan xa d [g/cms]

5KET LUAN

Trong cong trinh ndy chiing tdi st dung chuong trinh MCNP4C2 caa Phong thi nghiém
Los Alamos, My dé mé phong phé nang lugng gamma ciia nguon Co-60 véi dau dd HPGe va
s0 sanh vai phé thyc nghiém. Quadd anh huang hiéu ing tan xa nhiéu lan cia photon gamma
trong hinh hoc caa hé do 1&n phd toan phan théng qua cac biéu hién dang phé ¢ viing gan canh
Compton, viing nén tan xa nhiéu lan tir dinh thodt déi tré vé sau, ving nhay cua céc tia X dic
trung cia céc chit cau thanh hinh hoc toan bo caahé do 1én hiéu suit ghi ( thdng quadién tich
dinh ning lwong toan phan) caa dinh nang lugng duoc danh gid Bén canh d6 viéc khao sét
anh huong caa lép hip thu thiéc va ddng |6t trong budng chi, anh hudng caa budng chi ciing
nhu dé dung ngudn 1&n phé ciing dugc thuc hién.

Sur phu hop giira phé md phong va thuc nghiém & VL‘mg nang qung cao trén 250 keV dic
biét 12 dinh nang luong toan phan cho thiy do tin cay va kha ning c6 the diing chuong trinh
m6 phong MCNP vei tép dau vao da xay dung hé trg thuc nghié ém trong cac ung dung lién
quan dén viéc xdy dung duong cong hiéu suit dinh chuin cho ciu hinh hé do va mau cin
dung. Tuy nhién sy khéc biét 12% & viing nang lwong thap va céc anh huéng caa tan xa nhiéu
1an tir hinh hoc cua h¢ do 1én s dém toan phan cua phd dac biét ving nang luong thip ciing
dat ranhing van de can nghién cau tiép theo nham tang do chinh xéc trong viéc phan tich dinh
lwong cac nguyén té cia mau mdi truedng ma Phong thi nghiém dang &p dung.
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STUDY ON THE INFLUENCE OF MULTI-SCATTERING FROM
SURROUNDINGS OF HPGE DETECTOR ON ITSGAMMA SPECTRA
BY SIMULATION USING MCNP CODE

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

ABSTRACT: In this paper, the Los Alamos Laboratory’s MCNP4C2 code was used to
simulate the Co-60 gamma ray spectra of the HPGe detector and compare to the respectively
empirical one, to investigate the X-rays absorption from lead by the 1.5mm copper and 1mm
tin liners covering the lead shield, the influence of lead shield on the scattering continuum of
the low energy, the change of the spectra shape when placing the source at a near and far
distance from the detector . The results of comparing the empirical spectrum with simulated
one showed that there was a agreement in the range of energy higher than 250 keV, but in the
range of energy lower than 250 keV the empirical spectrum is 12.7% higher than the
simulated one. The presence of lead shield and source - supports does almost not influence on
counting number in the full energy peak. The results are the foundation to get high accuracy
for latter estimating the gamma spectra in environmental sample quantitative analysis.

Key words: Gamma spectra, Multi -scattering, HPGe, MCNP, Full energy peak
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