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Tém tit

Cac hé sé hiéu chinh hiéu ing ti che chdn notron trén nhiét doi véi phan ing bdt birc xa
WAu(N, )8 trong cac bia mau Au, dang la méng véi nhiéu dé day khéc nhau, da dwroc tinh
todn xdc dinh bang phwong phdp mé phéng Monte Carlo siz dung chwong trinh MCNPS.
Trong nghién cizu ndy, cac tham sé dac trung cua thiét bi chiéu notron (cét nhiét) cua LO
Phdn iing Hat nhdn Pa Lat da dwoc sie dung dé thiét ldp théng tin dau vao (input) cho nguon
notron mé phong. Phé néng lwong Notron trén nhiét dwoc dinh nghia theo phan bé 1/E Véi
khodng nang heong tir 0.5¢V dén 0.2MeV.
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Abstract

The epithermal neutron self-shielding correction factors for 7Au(n,;)!®® reaction in Au
target foils with different thickness were calculated using the Monte Carlo simulation code
MCNP5. In this research, the characteristics of neutron irradiation facility at the thermal
column of the Dalat Nuclear Research Reactor were used as the input parameters for the
neutron source definition. The input epithermal neutron energy spectrum is defined as 1/E
distribution from 0.5 eV to 0.2MeV.
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1. MO PAU

Phan ng bat btc xa notron AX(n,y)*™X duoc st dung rat phé bién trong cac
nghién ctru thyc nghiém vé cau trdc hat nhan, co ché phan wng hat nhan, vat 1y notron,
vat |y hat nhan thién vin, xac dinh s6 liéu phan ang hat nhén... Qua trinh tuong tac bét
birc xa cua notron vai vat chat 14 mot trong nhirng phan tng hat nhan co6 nhiéu ¢ng dung
quan trong trong nh.iéu linh vuc khac nhau cua khoa hoc va céng nghé hat nhan nhu:
Nghién ciru phat trién 10 phan tng hat nhan; Nha may dién hat nhan; May gia toc; Ky
thuat phan tich kich hoat notron; Chup anh notron; Tan Xa notron; Ché tao chat béan dén;
San xuat déng vi phuc vu trong y hoc hat nhan va cong nghiép...

Trong thuc té, cac thi nghiém nghién ciru co ban va nghién cau tng dung trén co
s phan ung bat bic xa notron AX(n,y)A**X, cac mau vat liéu nghién ctru thuong duoc
chiéu béi cac ngudn notron tir 10 phan tng hat nhan nghién ctu, may gia tc hoic nguon
notron dong vi. Trong cac phép do thuc nghiém nay, tdc do phan tmg dugc md ta bang
phuong trinh (1).

- A [®(E)o(E)dE
A AJOE(E) "

trong d6 m 1a khdi luong mau, A sé khoi, A, 1a sb Avogadro. Pé dat duoc do nhay can
thiét va d6 chinh xac thong ké cao thi dai lwong m phai c6 gia tri da Ién, do d6 kich thuéc
hitu han caa mau thuong khdng thoa man duogc diéu kién 1y tudng (do day cia mau <<
quang chay tu do trung binh cua notron trong mau) dé c6 thé loai trir duoc sai s6 hé thong
do hiéu wng ty che chan va hiéu tng tan xa nhiéu 1an cua notron trong mau.

Do d6, cac hé sé bo chinh sai s6 hé théng do hiéu tng tu che chin notron va tan
xa notron nhiéu lan trong mau trong cac thuc nghiém do sé liéu tiét dién phan ¢ng bit
birc Xa notron va tan xa notron da dwoc nghién ciu ¢ nhiéu phong thi nghiém trén thé
giai (Vineyard, 1954; Blech & Averbach, 1965). Yamamoto va Yamamoto (1965) da tinh
toan cac hé sé hiéu chinh sy tu che chin notron cong hudng trong cac mau co do day
khac nhau, d6i vai cac hat nhan Au-197, In-115, Mn-55 va Co-59 biang cach sir dung s6
liéu tinh toan vé tich phan cong huong notron tir chwong trinh ZUT-code (Kuncir, 1961).
Lopes (1989) da nghién ctu tinh toan hé s6 hiéu chinh tu hap thy notron cong huéng co
bao gom ca hiéu tng tan xa nhleu lan bang phuong phap tich phéan va sir dung cac tham
sb cong hudng notron, cung cap bang sé lidu bo chinh dbi véi cac hat nhan Mn-55, W-
186, Cu-63, Au-197 va In-115 trong cac mau dang la mong. Senoo, Nagai, Shima, va
Ohsaki (1994) da phat trién chuong trinh TIME-MULTI bang phuong phap Monte Carlo
dé tinh toan hé sb hiéu chinh tan xa nhiéu Ian ctia notron trong mau trong cac thuc nghiém
do tiét dién bat birc xa notron bang pho ké thoi gian bay (Time of Flight - TOF) trén may
gia toc. Shcherbakov va Harada (2002) di xac dinh hé s ty che chin notron cong huéng
trong thuc nghiém do tiét dién phan ung kich hoat trong trudng notron trén nhiét cua 10
phan ung, phuong phap giai tich gin dung (Pade Approximations of the Doppler
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broadening function - PAD) di duoc st dung trong d6 c6 tinh dén hiéu tng Doppler tai
cac ning luong cong huong. Trkov, Zerovnik, Snoj, va Ravnik (2009) da phat trién
chwong trinh may tinh MATSSF-code bang phwong phép giai tich, giai gan dung phuong
trinh khuyéch tan notron dé phuc vu cho cac tinh toan hiéu chinh tu che chin notron trong
phan tich kich hoat notron trén 16 phan tng. MATSSF-code c6 uu diém la thoi gian tinh
toan nhanh, c6 thé tinh cho miu véi nhiéu thanh phan nguyén té khéac nhau, tuy nhién
chwong trinh nay chi 4p dung cho mét sé dang hinh hoc mau di dugc dinh nghia san la
dang 14 mong, hinh tru va hinh cau. Ngoai ra, nhom tac gia nay ciing dé st dung chuong
trinh MCNP5 (Monte Carlo N-Particle Transport Code, Version 5) dé tinh toan so sanh.
Cac tac gia Goncalves, Martinho, va Salgado (2001) d& nghién ctu tinh toan hé sé hiéu
chinh ty hap thy notron cong huéng déi vai thi nghiém chiéu miu dang day tron trong
truong notron trén nhiét cua 10 phan tmg, phuong phap tinh toan Monte Carlo bang
chuong trinh MCNP di dugc &p dung véi cac két qua co do tin cay tét. Tac gia Chilian,
St-Pierre, va Kennedy (2008) da nghién ciru xac dinh hé sé hiéu chinh tu hap thu notron
trén nhiét trong phan tich kich hoat notron bang ky thuat INAA (Instrumental Neutron
Activation Analysis). Nhom tac gia nay két hop do thuc nghiém tiét dién hap thu notron
trén nhiét va cac tham sé cong hudng notron dé phén tich xac dinh céc tham sé hiéu chinh
tu che chin notron trén nhiét, nhu vay cac két qua cua nghién ctu nay cé gia tri thuc
nghiém tham khao cho céc nghién cuu lién quan. Tac gia Mancinelli (2012) nghién ctu
hiéu chinh tan xa notron nhiéu lan bang thuat toan Monte Carlo di véi mau pha long va
pha khi trong cac thuc nghiém nghién ctiu trén phé ké tn xa notron.

Qua nghién ctu tim hiéu mot cach tong quan tinh hinh nghién ciru ¢ nuéc ngoai
va tinh can thiét cua bai toan nay can dugc ap dung vao céc thi nghiém, nghién ctu, do
dac tai cac thiét bj chiéu notron tai L6 Phan ung Hat nhan Da Lat, noi dung nghién cau
tinh toan xac dinh hé s hiéu chinh ddi véi hiéu ung ty che chin notron trén nhiét trong
mau Au-197 bang phuong phap Monte Carlo s dung chuong trinh MCNP5 da dugc
nhém tac gia dé xuat va thuc hién trong nghién ctiru ndy véi muc tiéu 1a xac dinh bang céc
hé s6 hiéu chinh tu hap thy notron trén nhiét d6i vdi cac mau Au, dang 14 mong c6 do day
khac nhau tir 10 dén 2.0 mm.

2. PHUONG PHAP TiNH TOAN
2.1. Phuwong phap mé phéng Monte Carlo

Phuong phap Monte Carlo 1a phuong phap sé md phong cac mdi quan hé cua céc
bién sé hoic cac dai luong vat ly theo tién trinh duoc quy dinh bai cac ham phan b xéac
suit. Trong bai toan md phong qua trinh twong tac ciia notron véi vat chat, mot mé hinh
sb twong (g vi md hinh thuc nghiém phai duoc dinh nghia va sau d6 cac sé ngau nhién
duoc lua chon theo cac ham phan bé xéac suat khac nhau cua bai toan dé thuc hién tinh
toan (Lux & Koblinger, 1991). Cac budc co ban trong qué trinh mo ta moét lich sir hat
duoc tém tit nhu sau:

e Budéc 1: Gieo mot sé ngau nhién trong doan [0, 1]; Tir ham phan bd xéac suat,
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xéc dinh ning luong En, Vi tri toa d6 xyz trong khong gian nguén:

e Budc 2: Xac dinh vécto chi phuong @ = (ax, @y, @), khoang cach (quang
chay tu do) va toa do x’y ’z’ ctia vi tri twong tac tiep theo;

e  Buoc 3: Xac dinh loai hat nhan tham gia twong tac tir ham mat d6 khoi;

e  Buoc 4: Xac dinh loai phan g bit birc xa notron hay tan xa dan hoi;

e Budéc 5: Néu phan tng 1a bét bic xa thi két thic chu trinh van dong cua hat
notron va quay lai tir Bugc 1 cho mot hat ngudn mai. Néu phan tng 1a tan xa
dan hoi, xac dinh ning lwong cia notron sau tan xa En’ va lap lai tir Budc 2
cho dén khi hat bi bat hodc vuot ra ngoai gisi han khong gian cua bai toan.

Cac tham sé trong ldn
twong tac dau tién

{ START \ Cac:tharrj s0
ngudn netron
\.__ ___/

Hinh thirc

bt notron

Phan &ng

Phan tng Cac ttham sé méi:

twong tac

tan xa notron
dan hdi

gdc,phweng va nang
lreng sau tan xa

| Twerng tac bén trong hay
| thoat khdi md hinh ? | tai vi tri trong tac

| Cac tham sé toa dd méi

Chuyén vao mdi trirérng
tiép theo

_{

Thodt khdi mdi trucing
hién tai

4>{ Thoat khdi md hinh

Hinh 1. So' @6 nguyén ly ciia phwong phap Monte Carlo m ti qua trinh twong tac

co ban ciia notron véi vat chat

2.2.  Ung dung chwong trinh MCNP5 tinh toan cac tham s hiéu chinh

Chuong trinh Monte-Carlo MCNP5 ¢ thé sir dung ¢é md phong va tinh toan cac
hé sb hiéu chinh ty hap thu notron va tan xa nhiéu 1an cua notron bén trong khéng gian
mau trong thi nghiém do tiét dién bét birc xa notron trén cac dong notron phin loc don
nang, trudng notron nhiét va trén nhiét cua 16 phan ang nghién ciu, ddi vai cac dang hinh
hoc mau va cau hinh chiéu khac nhau. Chuong trinh MCNP5 cho phép ngudi sir dung
tinh toan phan bd phd ning lugng caa notron bi nhiéu loan trong mau va tinh toan téc do
phan ng bt btic Xa cta notron véi hat nhan trong mau maot céch chinh xéc theo quy luat
thng ké. Tuy nhién cac lénh Output mac dinh caa MCNP5 khéng cung cap thdng tin vé
téc d6 phan tmg va thong luong ddi véi thanh phan cac notron tan xa nhiéu 1an tao nén.
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Do d6 khong xac dinh dugc mot cach truc tiép hé sé tan xa notron nhiéu lan tir cac lénh
Output mic dinh cia MCNP5. Theo tai liéu huéng dan st dung chuong trinh MCNP5
(Monte Carlo Team, 2003) thi chiing ta c6 thé giai quyét duoc van dé néu trén bing céch
bé sung cac cau 1énh vao mot s6 chuong trinh con cia MCNP5 va thuc hién bién dich lai
chuong trinh dé c6 thé ghi nhan trong tap tin Output thong tin thdng ké vé cac notron tan
xa nhiéu lan trong mau. Trong MCNP5, phan b6 théng lwong notron bi nhiéu loan trong
mau dugc xac dinh bang 1énh: Tally F4:N. Téc d6 phan tng (n,7) dugc xac dinh bang cac
Iénh:

FC4 (n, gamma) reaction rate
F4:N 60 80 100

FM4 -1.01 102

M1 79197.60c 1.0

Trong trudng hop vi tri chiéu mau nam trong trudng notron nhiét va trén nhiét co
phan bé déu theo cac hudng (isotopic neutron source) thi hé sb hiéu chinh tu hap thu
notron nhiét G va notron trén nhiét Gep duoc xac dinh theo cac céng thac (2) va (3).
Trong céc trudng hop ngudn notron chudn truc hodc ngudn ddng vi thi cac cong thic (2)
va (3) van ap dung duoc nhung cac dic trung vé phan bd nang luong va vécto chi phuong
cta notron phai dugc dinh nghia theo ding ban chét thyc té cua thiét bi thi nghiém. Hé
s6 hiéu chinh ty hap thy notron nhiét G va notron trén nhiét Gep dugc xac dinh nhu sau:

f ®(E)a,, (E)dE
Gy = EE;
[®,(E)o,, (E)IE
. ()
[o,(E)e,, E)E

trong d6: onE) 12 tiét dién phan tng (n,7); @(E) la thong luong notron theo niang lugng
E (tuong tng Vvéi truong hop mau dugc pha lodng vo han); @&(E) la thong lugng notron
theo nang lugng E bi nhiu loan bén trong miu thue do hiéu tng tu che chin notron trong
mau; E1 va Es lan luot |1 giGi han dudi va trén cua ving nang luong quan tam; Ez 1a nang
lwong cit Cd (0.5eV). Trong cong thic (3) can tich phan Iy trong viing niang luong notron
trén nhiét hay con goi 1 ving notron cong huong tir E2= 0.5V dén E3 = 0.2MeV; Cong
thirc (2) can tich phan lay trong ving ning luong notron nhiét tir E; = 105V dén E; =
0.5eV. Trong cac tinh toan, thong lugng notron khong bi nhiéu loan dugc xac dinh ddi
véi mat 6 cuia mau so sanh duoc pha lodng vo han tuong ang véi hé s6 1a p = 10°po, oo
la mat do ciia mau trong thyc nghiém.
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Hé sb tan xa notron nhiéu lan dwoc xac dinh bang cong thuc (4), hé sé nay tinh
bang ty s6 cua téng tdc d6 phan wng bt birc xa (n,7) do cac notron chwa tham gia tan xa
va notron di qua tan xa dan hoi trén téc d6 phan ang (n, ) do thanh phan notron khong bi
tan xa. CONng thirc hé s6 tan xa notron nhiéu 1an duogc tinh nhu sau:

j ®HS(E)any(E>dE+JcD (), (E)IE
MSF =&

jcbns(E)any(E)dE

(4)

trong d6: @ns |4 thanh phan thong luong notron khong bi tan xa trong mau (non-
scattring); @nms |2 thanh phan thong luong notron da qua mot hoac nhiéu tan xa dan hoi
trong mau (multi-scattering).

2.3.  Kiém tra danh gia két qua tinh toin

Phuong phép tinh toan cac hé s6 hiéu chinh ty che chin notron va tan xa notron
nhiéu lan trong mau bang chuong trinh MCNP5 da duoc kiém tra bang cach so sanh Vi
s6 liéu da cong bd cua cac tac gia khac trudce khi dua vao ap dung trong thuc nghiém phan
ng (n,7) tai L6 Phan tng Hat nhan Da Lat. Cac két qua so sanh trén Bang 1 va Hinh 2
cho thay két qua tinh toan bang chwong trinh MCNP5 d6i véi mau Au-197 ¢6 su phi hop
t6t véi cac s liéu thuc nghiém cua Lopes (Lopes & Avila, 1990). Bang 2 so sanh két qua
tinh toan hé s6 Gn cua mau Au-197 véi sé liéu tinh toan bang chwong trinh MATSSF
(Trkov va ctg., 2009). Céc két qua so sanh cho thiy chuong trinh MCNP5 da duoc (ing
dung va kiém chiing véi do tin cay cao so Vo s6 liéu thyc nghiém va phuong phéap khac
dé &p dung trong tinh toan xac dinh cac hé sé hiéu chinh ty che chin notron trong mau.

Bang 1. Két qua tinh toan hé so tw che chin notron trén nhiét Gep bang
chwong trinh MCNP5 d6i véi miu Au-197 dang 14 tron, so sanh véi s6 liu
thuc nghiém cta Lopes va Avila (1990)

Do day miu H& 50 Gep ’ D6 lach (%)
(mm) MCNP5 S liéu thyuc nghiem

1.10° 1.000 1.000 0.0

1.10°% 1.000 0.999 0.1

1.10* 0.990 0.986 0.4

1.10° 0.890 0.881 1.0

0.011 0.531 0.516 2.8

0.110 0.210 0.210 0.2

2.100 0.070

Ghi chi: Nguon cua cot S6 liéu thuc nghiém 1a cua Lopes va Avila (1990).
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1.2

1@
0.8
0.6

He sé G,

0.4 1

—0—MCNP5
0.2 1 | —+—sé lidu thwre nghiém

0 I I
0.000001 0.0001 0.01 1

t(mm)
Hinh 2. Két qua tinh toan hé sé Gep bang chwong trinh MCNP5

Ghi chd: Mau Au-197 dang la tron chiéu trong trudng notron trén nhiét cua 0 phan @ng,
s0 sanh véi so liéu thuc nghiém cua Lopes va Avila (1990).

Bang 2. Két qua tinh toan hé s6 tw che chin notron nhiét G bang chwong trinh
MCNPS5 doi véi mau Au-197 dang day tron

Ban kinh — 0 O Do lach (%)
(mm) MCNPS5 (X) ('%;\S/S\'/Fa ctg. 2000) () DS T/RALO0
0.01 0.994 0.994 0.0

0.02 0.983 0.988 05

0.03 0.981 0.982 0.1

0.04 0.979 0.975 0.4

0.05 0.977 0.969 0.8

0.06 0.974 0.963 12

0.07 0.971 0.957 1.4

0.08 0.967 0.951 17

Ghi ch: Két qua duoc so sanh véi s6 liéu tinh toan bang chuong trinh MATSSF.
3. KET QUA VA THAO LUAN

Phuong phap Monte Carlo st dung chuong trinh MCNP5 da dugc nghién cuu ap
dung trong bai todn xac dinh hé s ty hap thu notron trén nhiét déi voi mau Au-197. Bang
1 md ta cac két qua tinh todn hé sé Gep d6 véi dang mau 14 tron; Bang 2 md ta két qua
tinh toan hé sé G di vi mau dang day tron. Cac két qua tinh toan da duoc so sénh véi
s6 liéu thuc nghiém cua cac tac gia khac, da cong bd trén mot sé tap chi va hoi nghi quéc
té. Két qua kiém tra so sanh cho thay c6 su phu hop tét véi sb liéu cua cac tac gia khac
khi cac diéu kién ban dau vé phan bb phé ning luong notron va hinh hoc mau la twong
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dong nhu nhau; Biéu nay chimng to rang phuong phap tinh va chuong trinh tinh toan
MCNP5 la c6 co s6 tin cdy dé giai quyét bai toan xac dinh cac tham s6 tu hap thu notron.
Trong do cac tham s6 Input dugc md ta chinh Xac véi tung truong hop thuc té vé& hinh
hoc mau, thanh phan vat liéu, hinh hoc chleu mau va ngudn notron. Két qua tinh toan hé
sb tu hap thu notron trén nhiét ddi véi mau Au-197 theo cac diéu kién khac nhau vé kich
thudc mau va hinh hoc chiéu dugc mé ta trong Bang 3 va Hinh 3.

Bang 3. Két qua tinh toan hé s tw che chin notron trén nhiét Gep
doi véi mau Au-197, theo cac do day mau va cac hinh hgc chiéu khac nhau

Hé sb tu che chan notron trén nhiét Gep (Epithermal neutron self-shielding factors)

Do day mau

(mm) A B c

1.10° 1.0 +0.003 1.0 +0.058 1.0+0.012
1.10° 1.0 +£0.003 1.0 +0.058 1.0+0.012
1.10" 0.997 + 0.003 1.0 +0.058 0.987 +0.018
1.10°% 0.996 + 0.003 0.906 + 0.053 0.889 +0.011
0.011 0.722 +0.002 0.595 + 0.035 0.531 + 0.006
0.110 0.293 + 0.001 0.245 + 0.014 0.207 + 0.002
1.100 0.114 + 0.001 0.092 + 0.054 0.079 + 0.001
2.100 0.086 + 0.001 0.073 +0.042 0.072 +0.001

Ghi cha: A) Dong notron chuin tryc, miu dat doc theo truc cua dong notron; B) Ngudn notron hinh tru
dang huéng, mau dat doc theo truc cua nguon; va C) Nguon notron hinh tru dang huéng, mau dat vuong
goc vai truc cua nguon.

Hinh 3 cho thay sé liéu thuc nghiém caa Shcherbakov va Harada (2002) phi hop
t6t v4i truong hop md phong ngudn notron dang hudng va tiét dién mau dat vudng goc
véi truc cua kénh chiéu. Sy khac biét cua két qua md phong dbi véi cac truong hop co
goc chiéu khac nhau the hién trén Hinh 3 cho thiy su anh huong cua higu img *canh’
(edge effect) diéu nay xay ra khi mau c6 do day hitu han va duong kinh mau tiém can
tuong ddi so v6i duong Kinh cua kénh chiéu notron. Tuy nhién dé c6 théng tin mot cach
dinh luwong vé hiéu ang nay thi can c6 thém nhiéu nghién ciru md phong véi do chi tiét
cao vé hinh hoc mau va cau hinh thi nghiém. Su khéc biét giita cac hinh hoc chiéu mau
dat gid tri cuc dai khi d6 day mau c6 gia tri khoang 0.01mm, c6 thé giai thich diéu nay la
khi do day mau hiéu dung c6 tinh dén ‘edge effect’ ting dan dén gia tri trong duong Vi
quang chay tu do trung binh A cia notron trong mau. Khi ¢ day mau hiéu dung vugt hon
A thi hiéu tng bao hoa kich thudc (hay bdo hoa khéi lwong) s& xuat hién theo quy luat
‘exponental decay’.
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Hinh 3. Két qua tinh toan hé sé tw che chin notron trén nhiét Gep ddi véi mau Au-
197, theo cac dd day mau va theo cac cau hinh chieu mau khac nhau
Ngudn: Sé liéu thuc nghiém cua Shcherbakov va Harada (2002).

4, KET LUAN

Phuong phap Monte Carlo (ng dung chuong trinh MCNP5 da dugc nghién cuu
&p dung thanh cdng md phong xac dinh phd notron bi nhidu loan (bat dong déu) trong
mau Au-197 va xac dinh tc d6 phan ung bat buc xa (n,7) theo ning lwgng trong mau tir
d6 tinh toan duoc cac tham sé hiéu chinh ty che chin notron trén nhiét trong mau theo
cac diéu kién thi nghiém khac nhau vé hinh hoc mau va ngudn notron. Tur cac két qua
nghién ciru cho thay rang, cac hé sb hiéu chinh phu thugc rat manh vao do day cua mau
va phu thudc vao goc chiéu tuong ddi theo phuong ciia dong notron chuan truc tai vi tri
chiéu so véi vecto phép tuyén cua mau.
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