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TOM TAT: Hién nay trén thé gi6i cé rdt nhiéu phan mém mo phong vén chuyén birc xa béng

phirong phdp Monte Carlo. Céc phdn mém ndy c6 rdt nhiéu ing dung chang han nhu: tinh todn liéu,

khao sat hiéu suat ghi do birc xa, thiét ké che chan birc xq, . . . Tuy nhién, déi voi nhiéu ngudi, cdc phdn

mém nay hodic la kha ddt tién, kho s dung ciing nhu khé siea doi cho phiihop voi muc dich sir dung.

Trong céng trinh nay, ching t6i budc dau xdy dung mot chuong trinh mé phong vdan chuyén bic xa

bang phirong phap Monte Carlo dwa trén ngén ngit ldp trinh C++ voi muc dich tinh toan nhanh gon, dé

str dung ciing nhir ¢6 kha ndng siea déi. Két qua mo phong ciia chwong trinh nay duge so sanh voi ket

qua nhan dwoc tir MCNP cho rhcfy maot sw phit hop twong déi 16t va cé thé duoc cha"'p nhan.

Tir khéa: mé phong, vdn chuyén birc xa, Monte Carlo, C++ .

1. GIOI1 THIEU

Phuong phap Monte Carlo la mdt phuong
phap tinh toan phd bién trong viéc giai quyét
cac bai toan vat ly va toan hoc. Phuong phé[;
nay la mét ki thuat giai tich sé dua trén viéc sir
dung mot chudi cac sé ngiu nhién dé thu duge
gia tri gieo iy mdu ciia cdc thong s trong bai
toan.

Trong bai toan van chuyén hat, phuong
phap Monte Carlo dugc str dung rat rong rii dé
mo phong cac van chuyén ciing nhu tuong tac
cua cac hat (neutron, photon, electron, positron,
alpha, . . .). Trong khoang 50 nam tro lai day ké
tir khi phuong phap mé phong Monte Carlo str
dung may tinh ra doi tai Phong Thi nghiém Los
Alamos vo1 su déng gop cua Ulam, von
Neuman, Fermi, Metropolis, Richtmyer [I];
hing loat chuong trinh md phéng vin chuyén

birc xa duoc ra doi: MCNP (Los Alamos 1977)

[2], EGS (SLAC 1978) [3], GEANT (CERN
1974) [4], PENELOPE (U. Barcelona 1996)
[5], TRIPOLI (NEA 1976) [6], . . . Mdi chuong
trinh ddu c6 nhitng uu khuyét diém riéng
nhung tit ca déu dua trén nén tang clia phuong
phép Monte Carlo.

Trong thoi gian qua, mdt s6 chuong trinh
mdé phong Monte Carlo déc biét la chuong trinh
MCNP di va dahg duoc sir dung dé md phong
tinh todn cho hé phd ké gamma HPGe tai Bo
mén Vit ly Hat nhian. Cong trinh nay dugc
thwe hién nham muc dich tim hif;'u siu hon vé
cac thudt toan duoc st dung trong cac chuong
trinh md phong dong thoi gép phén ning cao
kién thirc, nghién ctru phat trién cc thudt toan
Monte Carlo cho bai toan van chuyén hat. Day
ciing 1a budc diu cho viée xdy dung mot

chuong trinh mé phong Monte Carlo hoan
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chinh c6 thé so sanh véi céc chuong trinh khéac

hién dang duoc sir dung trén thé gioi.

2. MO PHONG VAN CHUYEN PHOTON
VA ELECTRON
2.1. Thu vién tiét dién

Thu vién tiét dién dugc sir dung dé mo
phong vin chuyén hat ¢ diy la thu vién tiét
dién tuong tac photon (EPDL) va tuong tic
electron (EEDL) cua Trung tam Dir liéu Hat
nhan (Nuclear Data Services) thudc IAEA. Thu
vién nay ra doi nam 1997 bai cac tac gia D.E.
Cullen, J.H. Hubbell va L. Kyssel nhim su
dung cho muc dich tinh toan vén chuyén
photon va electron tai Phong Thi nghiém Quéc
gia Lawrence Livermore (LLNL) [7].

Thu vién ndy bao gébm cic tuong tac
photon va electron cho tit ca cic nguyén t6 tir
Z =1 (hidro) cho dén Z = 100 (fermium) bao
gbm cdc tiét dién twong téc ion héa, kich thich

nguyén tir, va cham dan héi va khéng dan hoi,

dcph:rza4(gJ5 P sin’e,
dQ, ° \E) v (1-BcosH,)*

Trong do: y=1+E_/(mc?) va
b= M voi E, va m, 1a dong ning
E, +m,c’

va khéi luong ciia electron quang dién.
Cong thirc cua tiét dién vi phdn tin xa

Rayleigh

dop, - l+c0:> 0
< e IR

€

[F(q.2)] (2)

Thura s6 dang F(q,Z) dugc tinh theo cong

thirc gan ding cta Baro va cong su [8).

tao cdp hai va cdp ba, hién tuong phat blrc xa
hiam. Céc sb liéu nay dugc sir dung cho dai
ning lugng tir 10 eV t61 100 GeV.

Céc thu vién tiét dién duoc cho dudi dang
roi rac theo ndng lugng, do vay dé co thé sir
dung cho viéc tinh toan tiét dién tuong tic cho
photon va electron ning lwong lién tuc cn phai
xir ly so bg céc tiét dién niy. Mot module xir Iy
so bo tiét dién duoc xdy dung. Ki thudt lam
khép spline bac ba duoc sir dung dé tinh toan
tiét dién v6i ning luong lién tuc.

2.2. M6 phéng van chuyén photon

Tuong tac cia photon véi vat chat chu yéu
thong qua 4 hiéu Ung: quang dién, tan xa dan
hoi (Rayleigh), tan xa khong dan hdi

(Compton) va tao cép.

4

bé md phéng hién tuong quang dién ta di
tir cong thire tiét dién vi phan cia hién twong

quang dién theo goc khoi Qc la géc ma

electron quang dién phat ra

1
[1+§y(y—l)(y—2)(1—Bcosee)} (1)
Cong thic cia tiét dién vi phin tin xa
Compton
dog oo

KN e
—C{):_' E_C) EC +£_51n e (3)
o 2\EBJ|E B,
v6i 0 1a géc bay ra cha photon sau va

cham

B
I+ E(l-cos0)/m,c’

Ec-:
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Pit € = E¢/E, ta ¢6 ham mat do xac SuAt:

p(g) ~ E+l—sin29}

L €
Pé don gian, ching t6i st dung ham:
| b, | véiabgc la cic th
p(e) = B = vO1 a,b,c la cac tham
£ g

s6 theo ning lugng photon t6i.

véi €=(E_+m,o?)/E; E 1a dong

nang electron duoc tao ra va E la nang luong
photon tdi. @, @, 1a cac ham Green lién quan
dén thira s6 dang cua nguyén tir va fc 1a ham
hiéu chinh truong Coulomb cta Davies, Bethe,

Maximom [9].

2.3. M6 phéng vin chuyén electron

GOi Zprems Ziny Zer 12 tiét dién tuong tac
cung cua hién tugng bremsstrahlung, tdn xa
khong dan hoi, tin xa dan héi va T la tiét
dién twong tic cing tong cua electron

Ziotal = Zprem T Zin T Zey (5)

Dé mo phong tan xa dan hdi, ching toi su
dung hai m6 hinh: mé hinh song riéng phén
(nang luong thap dudi 100 MeV) va mé hinh
Wentzel (nang luong cao trén 100 MeV). Con
trong mé phong tan xa khong dan héi, ching
t61 sir dung mé hinh Moller [5].

Trong . mo phong hién  tuong
bremsstrahlung, electron chi mat nang lugng,
con huéng thi khéng thay déi, tiét dién duoc
tinh theo cong thirc Bethe-Heitler duoc trinh

bay trong [10].

Céng thirc Bethe-Heitler cua tiét dién vi

phan cua hién tugng tao cip

dgg = 20Z[Z + T}]{[82 +(1-e)2 @, —2fc)+ %8(1 _e)@, - 2fc)} @

Do electron va cham rit nhiéu trong qua
trinh van chuyén vi vy s& khong thuc té khi
md phong moi va cham mot cach chi tiét.
Nhirng tuong tac nao co6 goc léch 16n hon géc
ngudng va ning lugng electron bi mat mat 16n
hon nang luong ngudng duoc goi la twong tac
cing, nhiing tuong tac nay duoc mo phong mot
cach chi tiét, con cac tuong tac khéc duge goi
14 twong tic mém. Cac tuong tac mém khéng
dugec mé phong chi tiét ma dugc mod phong
cong gdp dé tim ra géc 1éch trung binh va ning
lurong mét mét trung binh do tuong tic mém

tao ra theo cac bude
i. Electron di quang duong t ngau nhién gitra
0 va s (quang duong trung binh).
ii. M6 phong goc 1éch va ning luong mat mat
do va cham mém, géc léch la y.
iii. Sau d6 electron di tiép quang duong s- .
Mot s6 chuong trinh md phong hai hay
nhiéu va cham mém lién tiép gitra hai tuong tac
cing. Dac biét goc léch ngudng va nang lugng
ngudng trong tuong tic mém do ngudi lap

trinh hodc ngudi str dung tuy y lua chon, khong

"6 mdt tiéu chudn cu thé vé cic ngudng nay.
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Trong chuong trinh mé phong, hién tugng
va cham dan hoi dién ra rit phé bién, gitia céc
va cham nay 14 va cham mém, con su phat birc
xa him va va cham khong dan hdi cimg xay ra
it hon. Cac va cham mém ciing gép phan rét
I6n vao ning lugng médt mét cia electron.
Riéng va cham khong dan hdi, dé don gian

chiing t6i chi mé phong va cham theo mé hinh

Moller tirc va cham khéng dan hoi véi electron

dugc coi 1a tu do.

Ning luong mit mat va goc léch cua
electron do cdc va cham mém nay gay rasduoc
mé phong boi ham gauss chiat cut dua vao gia
tri trung binh va phuong sai cia néhg luong

mat mat, gia tri trung binh va phuong sai cua

goc léch.
3. KET QUA VA THAQ LUAN
yocm

7em

3.1. Xy dyng chuong trinh mé phéng

Chuong trinh md phong véan chuyén
photon/electron dugc xdy dung dua trén cic
thudt todn da trinh bay trong muc 2. Chuong
trinh dugc viét bing ngdn ngir ldp trinh C++,
mang tén SIMPAT (viét tit tir SIMulation of
Particle Transport).

Do cong trinh nay chu yéu tp trung vao
viée xdy dung thudt todn Monte Carlo d& mo
phong cac tuong tic co ban cua electron va
photon véi vét chit cho nén cdu hinh duoc st
dung dé mé phong rdt don gian: moé hinh
detector 12 mot khéi vat chdt hinh tru dong
nhat, don cht ¢6 chiéu cao Scm, ban kinh day
3.5cm; ngudn la mot ngudn diém don ning
phat ding huéng dit cach mat trudc cua
detector Scm. Chi tiét hinh hoc duoc cho trong
Hinl:n 1.

S5cm

Hinh 1. B4 tri hinh hoc cua ngudn va detector trong qua trinh m6 phong

Chuong trinh md phong ¢6 chirc niang dénh
gid hiéu suat va phd nang luong mat mat trong
detector. Ngoai ra mét module db hoa ciling
dugc xdy dung dé v& vét cua hat tuong tac véi
vt chét cua detector trong khéng gian gia lap

ba chiéu.

3.2. Mé phéng van chuyén photon

Dé mé phong van chuyén cua photon,
ching t6i xdy dung mé hinh nguén diém phat
ra photon ndng lugng 0.1 va 1 MeV di tGi
detector lam bing Germanium (Z = 32). Dé s6

dém du théng ké, ching t8i md phong 2x10°
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hat phat ra tir ngudn. Hinh 2 va Hinh 3 trinh
bay két qua danh gid dap ang phé cia dau do
d6i véi hai photon ning luong trén bing
SIMPAT va so sanh voi két qua c6 duoc khi
dung MCNP. Tir két qua so sanh dap tng phd
véi MCNP, ta thidy phd dugc mé phong boi

SIMPAT hoan toan phu hop voi phd cua
MCNP. Tuy nhién dinh Compton hoi thip hon
MCNP diéu nay c6 thé chap nhan dugc boi su
sai khac clia cdc ham phan b xdc suat st dung

trong hai chuong trinh.
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Hinh 2. Dap ting phd photon 0.1 MeV mé phong véi detector Ge
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Hinh 3. Dap g phod photon 1 MeV mé phong vdi detector Ge

Hinh 4 so sénh hiéu suat dinh c6 dugc tir
chuong trinh SIMPAT & cac ning lugng khéc

nhau ctia photon voi gid tri hiéu sudt tuong tng

ctia chuong trinh MCNP. Két qua cho thdy cé
su phi hop (6t gitra gia trj hiéu sudt dinh tinh
bing SIMPAT va MCNP.
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Hinh 4. Dudng cong hiéu suit dinh cua chuong trinh SIMPAT so sanh vai MCNP

Hinh 5 biéu dién vét cua photon 1 MeV v6i nang lugng cao 1 MeV hau nhu di thing
trong méi truong Ge. Trong d6 khéi tru tron xuyén qua méi trudng detector, x4c sudt tan xa
mau xanh la hinh giéi han khong gian detector photon rat thap.

méd phong. Két qua cho thiay quy dao photon
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Hinh 5. Vét cia photon 1 MeV twong téc trong detector Ge
3.3. Mé phéng vin chuyén electron khao sat. Hinh 6 trinh bay vét cua electron |

0 T oo MeV trong Ge. Tu két qua md phong cho tha
Trong phan nay, mé hinh electron vi ning & 4 iR SO

¢ : . dng \ A Al rA
luong 1 MeV di qua detector Germanium dugc quang chay cia electron trong vat chat rat

Trang 10



TAP CHi PHAT TRIEN KH&CN, TAP 13, S0 T2 - 2010

ngin, ngén hon vai trdm lin so v&i quing chay
ctia photon trong vat chét. Hinh 6 dugc phong
dai vung quan tam (ving bat dau xay ra tuong
tic giira electron véi vt chat) 1én khoang 6000
lan khi vé&. Két qua md phong cho thy electron

gan nhu mét hdu hét ning luong trong detector.

sun | oD anp\echaymz2
| ibd

ke 2
Ky 83715

" Photon

& Election

=
i

V& co ban c6 thé thdy electron méit khd nhiéu
nang lugng do qué trinh va cham mém. Trong
hinh nay, ta thdy quy dao electron 1 dudng uén
lién tuc do quang chay cua electron trong vat

chét rit nho.

Dravispeed e

" St

Hinh 6. Vét quy dao cua electron 1 MeV trong Ge, khuéch dai & ving quan tim

Trong danh gid dap (mg phd dbi véi
electron, dé khdao sat duoc nhiéu hiéu (g
tuong téc clia electron déng gop 1én dang phd,
nhom tac gia chon moéi trudong detector lam
bing chét liéu Z cao. Hinh 7 trinh bay dép (g
pho cua electron 1 MeV tuong tic trong méi
trudng chi Pb (Z = 82) c6 dugc bang SIMPAT
va so sanh véi dap tmg phé tir MCNP.

Két qua cho thiy cé su phu hop vé dang
dap Gmg phoé mé phong giira hai chuong trinh.
Tuy nhién déap tmg phé bing SIMPAT con bi
thang giang nhiéu, ngoai ra trong dap (mg phod
cia, MCNP con ¢o su xudt hién cia cac dinh

tuwong Umg voi su thoat cua tia X déac trung ra

khoi detector, day la hiéu (rng con chua duoc

mo phong trong cong trinh nay.

4. KET LUAN

Trong cong trinh ndy, ching t6i di budc diu
xdy dung dugc chuong trinh mé phéng vén
chuyén photon va electron bing phuong phap
Monte Carlo mang tén SIMPAT. Vé co ban
chung t6i da xay dung duoc cac thudt toan mo
phong vén chuyén electron va photon ¢ nhiing
moi truong don nguyén tr voi Z khac nhau. Su
phit hop dang dép g phé cua detector doi véi
photon véi nang lugng khac nhau gilra

SIMPAT va MCNP cho thdy mo hinh van
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chuyén photon dugc xdy dung kha tét. Trong
van chuyén electron, cong trinh dd mé phong
diy du mot sb lu‘o*né tac co ban cua electron
bao gém va cham dan hdi, va cham khong dan
héi, hién tuong phat bic xa ham va va cham
mém., Trong va cham khoéng dan hdi chi mé
phong va ci;am voi electron tu do. Pdp (g
phé electron ctia chuong trinh ciing kha tot, tuy
nhién thoi gian chay chuong trinh con hoi
cham do va cham dan hdi cua electron qua

nhiéu. Céc tac gia cling da vé dugc quy dao cua

electron va photon & dang gia lap ba chiéu gitp
ngudi ding c6 thé hinh dung cu thé hon su
chuyén dong cua cac hat trong moi truomg vit
chdt. Tuy nhién ddy 13 phién ban déu tién nén
chuong trinh con nhidu han ché. Vi dyu nhu
chua mé phong moét cich chi tiét cic hién
tuong va cham cua photon vaéi electron cua lép
vo nguyén t, chua dua vao cac hiéu Ung

huynh quang tia X, . . .
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Hinh 7. Dép (ng phé cua electron ning luong 1 MeV trong méi truong Pb

Trong tuong lai, chuong trinh can dugc
tiép tuc phét trién theo nhiing huéng sau: mé
phong van chuyén photon va electron trong
mdi trudng da nguyén 1 va cd cdu tric bat ki
théng qua viéc két hop cac khdi hinh hoc giai
tich don gian; cai tién ki thuit mdé phong

electron sang ki thudt mé phong nhiéu hat cling

mot lic dé cai thién thoi gian chay chuong
trinh; dua thém cdc tuong tdc mdi nhu huy
positron, va cham véi electron lop K, L,... hay
kich thich nguyén tir. Ngoai ra ciing can cai
tién chuong trinh mé phong dé co thé mo
phéng vén chuyén cua cac hat khéc ching han

nhu neutron, positron, alpha, cac ion ning,...
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SIMULATION OF PHOTON AND ELECTRON TRANSPORT
BY MONTE CARLO METHOD

Nguyen Thanh Tan, Dang Nguyen Phuong, Truong Thi Hong Loan
University of Science, VNU-HCM

ABSTRACT: There are many radiation transport simulation codes using Monte Carlo method in

the world nowaday. These codes have many applications such as: dose calculation, investigating

radiation detection efficiency, designing radiation shielding, . . . However, these codes are too

expensive or too difficult in using and changing to suitable for using purpose with many people. In this

work, we built a radiation transport simulation program based on Monte Carlo method using C++

programing language with purpose of fast calculation and also easy to use. The simulation results of

this program showed a good agreement in compared to MCNP results.
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Keywords: simulation, radiation transport, Monte Carlo, C++.
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