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TOM TAT

Puong kinh chim neutron la tham s6 cé ¥
nghia rdt quan trong trong nghién ciru hat nhén
thuc nghiém. Xac dinh dung dwong kinh chum
neutron la phwong phdp t6i wu gitip ché tao mau
véi kich thude phit hop, giam cdc sai s6 dong gop
trong xir 1y 56 liéu. Pé xdc dinh ding dwong kinh
ciia chim neutron cé thé si dung cdc phirong
phap nhw: mé phong Monte - Carlo, chup anh

neutron va phwong phdap kich hoat neutron.
Trong bai bdo nay, chung toi nghién cuu xdac
dinh chim neutron tai kénh ngang sé 3 ciia Lo
phan vmg hat nhdan Pa Lat bang phwong phdp
kich hoat ld do vang. Két qua cho thdy, viéc xdc
dinh bang phwong phdp nday mang lai két qua
nhanh va chinh xdc hon so véi mét sé cong bo
trudc day [1, 2].

Tir khéa: phan tich kich hoat, théng lirong neutron, kénh ngang sé 3 ciia Lo phdn g hat nhan Pa Lat,

dwong kinh chum neutron
MO DAU

Trong thuc nghiém nghién ciu ciu trac hat
nhan va tng dung phéan tich kich hoat neutron
trén cac kénh ngang cua 10 phan (rng nghién cuu,
cac tham sé ciia chum neutron nhu: thong lugng
neutron, chat lwong cua chum neutron: muac do
nhiét hoa, hiéu suat nhiét héa, va duong kinh
chim neutron dong vai tro 1a tham s dau vao
cho nghién ctu trén cac kénh cua 10 phan ng hat
nhan. Céc tham sé nay anh huéng truc tiép va rat
I6n dén thoi gian thyc nghiém ciing nhu d6 tin
cay cua két qua nghién cuu.

Xac dinh dang duong kinh chum neutron cho
phép ché tao mau phu hop véi yéu ciu cua tirng
bai toan dat ra va giam thiéu tdi da sai s6 do dong
g6p cua hinh hoc gay nén. Thong thuong, dé xac
dinh dudng kinh chum, cic phuong phap sau
duoc st dung:

Phuong phap mo6 phong Monte — Carlo;

Phuong phap chup anh neutron;

Phuong phap kich hoat 14 do.

D6i véi phuong phap mo phong Monte -
Carlo, v& mat nguyén tic, c6 thé tinh toan chim
neutron cting mét IGc tai nhiéu vi tri, va co thé
tinh toan m6 phong sy tdn xa cta neutron trén
duong di. Tuy nhién, gitta md hinh tinh toan ciu
hinh theo ly thuyét va ciu hinh thuc nghiém
thuong c6 sai s6 kha 16n. Do vay, day 1a phuong
phap duogc sir dung dé dwa ra mo hinh mo phong
trude khi tién hanh 1am thuc nghiém, va phuong
phép nay khong thé thay thé phuong phép thuc
nghiém. Théng thuong, ¢ cac kénh thuc nghiém
cua 10 phan ng hat nhan, khi xay dung dugc cau
hinh din cham neutron ra ngodi thi van cén su
dung thuc nghiém dé diéu chinh cho phu hop [2].

Phuong phéap thuc nghiém mang tinh ¢6 dién
dé xac dinh dwong kinh chim neutron 13 phuong
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phép chup anh neutron. Bang thuc nghiém, hoan
toan co thé xac dinh dwoc hinh dang cua cham
neutron tai vi tri quan tdm bai hinh anh chup
dugc trén phim chup bang phuong phap chup anh
neutron. Mic do dam nhat cuaa vét trén phim do
birc xa gamma tao nén cho biét cuong do va ving
duong kinh cua chum neutron. Tuy nhién, hinh
anh hién trén phim thuong ¢ bién nhoe va do 16n
cua anh trén phim phu thudc vao thoi gian chiéu,
chat lwong phim ciing nhu thoi gian xir ly phim
[3, 4].

Hién nay, phuong phép thuc nghiém thuong
dugc &p dung dé xac dinh duong kinh chim
neutron 1a phwong phap kich hoat bia miu sau
khi tinh toan ly thuyét va xay dung cau hinh dan
chum neutron ra ngoai kénh thuc nghiém. Bé
kiém chung bang thuc nghiém, hai phuong phép
kich hoat sau dugc tng dung trudc day:

Kich hoat nhiéu 1a do rt nho xung quanh vi
tri chum neutron. Sau do, xac dinh hoat d6 cac la
do sau kich hoat dé xac dinh vi tri tim chum ciing
nhu xac dinh duong kinh hinh hoc cua chum;

Kich hoat 1a do & dang day bang cach b tri
cac day duoc kich hoat du6i dang ludi, sau d6 cit
nho cac day nay va xac dinh hoat d¢ [1, 4].

Tuy nhién, nhuoc diém cia cac phuong phap
nay la phai tién hanh nhiéu phép do, dé bi nham
13n vi tri 14 do sau khi cat. Bong thoi, sai s6 cua
duong kinh chum neutron phu thugc nhiéu vao
kich thudc cua cac 1a do nho hodc kich thudc cua
céc 14 do sau khi cit.

Phuong phap thuc nghiém s dung trong
nghién cttu nady la kich hoat hai 4 do cung loai (¢
day st dung 14 do vang, **Au), ciing tam va cling
mot vi tri tai kénh neutron. Thuc nghiém tién
hanh trén kénh ngang sé 3 cua 10 phan tng hat
nhan Pa Lat. M6t 14 do c6 duong kinh nhé hon
nhiéu so v&i duong kinh chum neutron va mot 14
do c6 duong kinh I6n hon duong kinh chom.
buong kinh chum dugc tinh toan wde lwgng
truge theo md phong ly thuyét bang phan mém
NCNP 5.0. Nhu vay, voi phuong phdp nay, bia

mau nho s& duoc kich hoat toan b do duong
kinh cta n6 khong vugt hon duong kinh thuc caa
cham neutron, con bia mau 16n s& ¢6 mot phan
khoéng duoc kich hoat vi kich thugc ving nay
nam ngoai duong kinh chum neutron. Sau khi
kich hoat, dé ré va tién hanh do birc xa gamma
phat ra do giai kich thich cua cac 1a do sau khi
bat neutron, viéc xac dinh chinh xac duong kinh
chum neutron dugc thuc hién dé dang.
CO SO LY THUYET

Trong thuc nghiém phan tich kich hoat,
thong lugng ciia chum neutron di dén bia mau
dugc xac dinh thong qua méi lién hé véi cuong
d6 birc xa gamma [5] theo cong thurc:
Net/t, A (1)

b = x
SxDxCxm I;xOxg xoxN,
Trong dé:
On 1a  thong lwong neutron  nhiét
(neutron/cm?/s);

Net la dién tich dinh gamma déc trung;
t la thoi gian do (s);
A 12 s6 khéi cua nguyén tu;
S=1-e“lahe ’sé bao hoa. t. 1a thoi gian
chiéu (s), A 1a hang s0 phan ra;
D =g 1a h¢ sO ra. tq 1a thoi gian ra (s);
1-e"" 13 hé sb do;

At

m

m la khéi lugng 14 do (gam);

lo 14 cudong do phat gamma tai dinh nang
lwong quan tam (xac suat phat tia gamma (%));

6 1a do phé bién cua dong vi ciia nguyén tb
trong mau (%);

g 1a hiéu suit ghi cua h¢ phd ké tai dinh
gamma can quan tam (%);

o 1a tiét dién bat neutron nhiét ciia hat nhan bi
kich hoat (barn);

Na hing s6 Avogadro (Na = 6,022x10% mol
1
).

Khi 14 do " Au duoc kich hoat b&i neutron,
tao thanh **®Au, sau d6 phan ra B~ Sau phan ra
s& tao thanh hat nhan **®*Hg. Do d6 léch spin gitra
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1%8Au va spin cua *®Hg & trang thai co ban kha
cao (AJ = 2%), nén phan Ién (chiém hon 99,7%)
trong phan ra B~ cua *®*Au s& vé *®*Hg & muc kich
vai J = 2%, ¥Hg sé giai kich thich biang cach phét
ra cac buc xa gamma. Tir céc tinh chat cua bic

197 1 198
o7 AU+, N —g Au

2+

2,69 ngay

p
0,025%

Xa gamma dic trung nay, c6 thé do va tinh toan
duoc hoat do phéng xa, va do d6 co thé tinh dugc
gia tri thong lwong cta chum neutron di vao 1a
do. Hinh 1 minh hoa qua trinh phan rd B cua
198 Au khi bt neutron [6].

- 0,985%

2,5 ps

98,995%

887,7 keV (2%)

v (1087,7 keV) |y (675,9 keV)

23,16 ps ¢y

411,8 keV (2

v (411,8 keV)

0 (0"

g0 HY

Hinh 1. So db phan ra cua *®Au

V6i thuc nghiém ndy, cac tham sé dong gop
dén sai s6 cua két qua tinh duong kinh chim
neutron theo phuwong phap truyén sai sé bao gom:
sai s6 vé tiét dién phan ng, sai sé vé hiéu suat
ghi cta dau do va sai s théng ké cua dién tich
dinh gamma (¢ day chon dinh gamma 411,8 keV
dé danh gia va xac dinh thong lugng chim
neutron vi hiéu suét phat caa dinh nay gan 100 %
do d6 giam thiéu t6i da sai sé théng ké cua phép
do).

VAT LIEU VA PHUONG PHAP

Thuc nghiém duoc tién hanh tai kénh ngang
s6 3 cua 10 phan &g hat nhan Pa Lat. Hinh 2 md
ta cAu trlc thyc tai cua kénh.

Hé bao gom mot kénh dan neutron bang thép
duong kinh 203 mm, dai 3150 mm. Bén trong
Iong kénh b tri mot hé dong mé dong neutron

bang nudc chira trong mot thang nhdm hinh tru
dudng kinh 80 mm dai 1500 mm. Nudc cit duoc
dan vao thung qua hai 6ng dan nudc vao va ra
thong qua hé théng bom. Trong trudng hop mo
dong neutron, toan bo nudc trong thung dugc
thdo ra thung chira bén ngoai va nguoc lai khi
dong dong neutron thi nudc duge bom vao day
thung. Cac phin loc silic dugc bd tri sau thing
nudc ¢ tac dung nhiét hda neutron nhanh thanh
neutron nhiét, chiéu dai phin loc duoc tinh téi wu
sao cho thong lwong neutron va ti sé cadmium la
I6n nhat. Cac chuan truc dwoc lam bang paraffin
pha B, Li, Cd Ia cac vat liéu co tiét dién hap thy
neutron 1én, cé tac dung tao duong kinh chum
neutron (tlly theo cdu hinh thi nghiém cu thé,
truong hop thuc nghiém nay cira s6 dong neutron
12 1,5 cm).

Trang 149



Science & Technology Development, Vol 19, No.T5-2016

%

]
%
s

4 Chim

T
244
P
4004
L
SR
557!
T

NARAN
SRR

Ving

| neutron

hoat

KRR

A,
AR

2]
2]

e
eIy,
LELLPEEESPEEEP PP EEI P,
0 509099955955555%:
R R
LLE “Ml.ggggllg

Chi E Nhom

F
Parafin +B,C . e FZZ  Betong

Hinh 2. C4u trac hé théng din dong neutron tai kénh s6 3 ctua Lo phan tng hat nhan Da Lat

Céac bia mau sau khi kich hoat duge do trén
hé phd ké gamma phong thap, 8192 kénh. H¢ phd
ké dung dau do ban din HPGe véi d¢ phan giai
1,9 keV véi hiéu suit ghi twong ddi 1a 70 % tai
dinh gamma 1332 keV ciia ®°Co va s dém phéng
la ~10cps.

Hai & do chuan dung trong thuc nghiém nay
dé 1am bia mau kich hoat 1a 14 do vang do Lién
bang Nga tai trg, *’Au, co6 do giau 99,99 %, bé
day 0,05 mm, dudng kinh cua mdi 14 do lan luot
1a 1/4 inch (0,635 cm) va 1 inch (2,540 cm), khéi

Chum neutron o
3 -
> 7
> X
»
>
3
—
>
A

lwong lan luot 12 0,0078 gam va 0,4651 gam. Céac
tham sé chinh cua *’Au: Tiét dién bit neutron
nhiét: 98,8 + 0,06 barn, d6 giau bia mau: 0,9999,
cudng do phét tai dinh 411,8 keV: 95,56 % [7].

Hai 14 do kich hoat dugc dat ddng tam,
vubng gbc v6i chum neutron va dit tai vi tri
chiéu mau cua kénh ngang s 3 16 phan ¢ng hat
nhan Da Lat (vi tri dat bia miu cach chuan truc 4
cm). Hinh 3 md ta duong kinh chum neutron va
duong kinh céc 14 do tuwong (ng.

é_ 0197AU
o Chum neugr
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Hinh 3. Mé ta duong kinh 14 do va duong kinh chum neutron cho hai truong hop
A. Xét truong hgp duong kinh 1a do nhoé hon duong kinh duong kinh chum.
B. Xét truong hop duong kinh 14 do 16n hon duong kinh duong kinh chum.

KET QUA VA THAO LUAN

Tién hanh tinh toan thoi gian chiéu dé giam
t6i thiéu sy tan xa cua neutron trén 14 do, ching
t6i tién hanh chiéu, ra va do véi thoi gian tuong

ting khéc nhau. Két qua do phd gamma chi quan
tam dén dinh 411,8 keV. Thong lwong chim
neutron dugc tinh twong tng vai hai 1a do tinh
theo cong thuc (1). Bang 1 trinh bay cac tham sé
chiéu va két qua.
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Bang 1. Thong tin mau, tham sé chiéu, théng lwong chiim neutron déi vai hai 14 do ¢6 dwong kinh khac nhau

ThOi gian .o oian 13] Thoi gian Tée do dém | 1170
L4do ¥Au | chidu &l 8l S D C SxDxC | dinh411,8 ong
(gidy) (gidy) | do (giay) keV/ x10” (n/
cm?/s)
Dg%‘égrmh 3565 9575 | 4527354 | 0,0106 |0,9719 | 0,9355 | 0,0096 0,3471 1,6567
Dz‘g"fgg:r‘;h 1620 57530 | 3838,16 |0,0048 |0,8426 |0,9943 | 0,0040 6,7319 1,2833
Nhu phan tich ¢ trén, 14 do co6 duong kinh M=7zxr’xdxp )

nho s& dugc kich hoat todn bo, va nhu thé, khi
phén tich va tinh toén s€ cho gié tri thong luong
neutron dung; nguoc lai, 14 do c6 duong kinh 1én
hon duong kinh chum neutron s& khéng dugc
kich hoat toan bo 1a do vi c6 mot phan 14 do nam
ngodi ving chum neutron di qua. Tuy nhién, van
sir dung cong thirc (1) dé tinh thong luong, vi vay
truong hop nay sé& cho két qua gié tri thong luong
chim neutron nho hon gia tri thyc. Gié tri théng
lwgng neutron nho hon nay phu thudc vao phan
khdi lugng nam trong ving duong kinh mau Ién
hon duong kinh chum neutron, tirc phu thudc vao
khéi lwgng bia mau khong duoc kich hoat.

Béng cach tinh toan dé loai cac hat nhén
khéng dugc kich hoat, s& tim dwgc duong kinh
cia bia mau tring voi duong kinh cua cham
neutron. Dé giam thiéu sai sé trong tinh toan gia
tri thong lugng chum neutron, ching toi tién hanh
chiéu, rd va do véi thoi gian nhu & Bang 1, dam
bao sb dém thong ké tai dinh 411,8 keV & hai
truong hop do 16n hon 15.000. Do vay, sai s6
thong ké cua dién tich dinh 411,8 keV c6 gié tri
<1%.

Vé mat ly thuyét, néu duong kinh bia mau
khong 16n hon duong kinh cham neutron, thi két
qua tinh thong luong neutron theo cong thuc (1)
luén cho @, 1a hing sb.

Mat khac, & cong thice (1), sy khac biét khi
tirlh thong luwong clia cung mot vat li€u lam bia
mau, trén cung mdt hé¢ do va cung mot nang
lugng gamma quan tam chi phu thudc vao tich
cac tham so sau: Net/t, . Trong d6 m dugc

SxDxCxm
xac dinh theo duong kinh bia mau:

Vv6i r 1a ban kinh bia mau, d 1a bé day bia
mau va p la khdi lugng riéng cia bia mau.

Xét truong hgp 14 do dudng kinh 16n. Gia sir
chia 1a do 1am hai duong tron dong tim. Puong
tron nho nam bén trong, c6 duong kinh bing
chinh duodng kinh chum, khéi lwong cua né 1a m,
- day 1a phan duoc kich hoat; dwong tron 16n nam
phia ngoai, 1a hinh vanh khuyén ddng tam véi
vong tron nho, 1a phan vuot qua duong kinh
chum, khéi lugng m, - day 1a phan khéng duoc
kich hoat. Nhu vay khéi lugng téng cong cua hai
méau dugc chia nay bang khdi luong cua 14 do
I6n, my + m, = 0,4651 gam.

Tur cong thic (1) ¢ duoc:

Net /t, A X X

= x = =
SxDxCxm lyxOxg,xoxN, m (m+m,)
®)

Chia hai vé cho X

¢d_ml
X
¢ _m+m,  m
¢H 1 m1+m2
ml

Nhu vay, hé phuong trinh cho m; va m, nhu
sau:
¢ 11,2833 m,
4, 16567 m,+m,
m, +m, =0,4651

4)

Két qua chia 2 vé sé co:
Thuc nghiém do dugc ¢ = 1,2833x10°
nicm?/s, ¢q = 1,6567x10° n/cm?/s.
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taim_ 11 m
1,2833 1,6567 455,068

¢ ¢ X

Két qua tinh todn khdi lwong bia mau trong
vung duong kinh chum: m; = m - m, = 0,3603
gam. Sir dung cong thic (2), suy ra duong kinh
chim r =1,968 cm.

Sai s6 duong kinh chum dugc xac dinh bang
phuong phap truyén sai s6 véi 3 tham s6 1 sai s6
tiét dieén bét neutron nhiét cua *’Au, sai s6 hiéu
suit tai dinh 411,8 keV va sai sb thong ké.

ad = J(ac) +(as) +(AN) =\[(1%) +(3%)° + (1%)° =3,32%

Nhu vay, khi loai bo cac hat nhan khéng bi
kich hoat ra khoi cong thirc tinh nhu trén thi gia
tri dwong kinh thuc ctia chum neutron dwoc xac
dinh d = 1,968 + 3,32 % (cm).

KET LUAN

Viéc xac dinh chinh xac duong kinh cua
chum neutron gidp ché tao bia mau thi nghiém c6
kich thuéc tdi wu nhét tly thudc vao yéu cau cua
bai toan. Do vay, két qua nghién ctu gidp giam
thiéu sai sé trong do dac céc nghién ctu thyuc
nghiém khéc.

Bang phuong phap xic dinh duong kinh
chum neutron trong nghién ctru nay, da xac dinh
chinh xac dwong kinh chum neutron cua kénh
ngang sé 3 cua 10 phan @ng hat nhan DPa Lat.
Khic phuc duoc hién tuong bién duong kinh
chim neutron bi nhoe trong nghién ciru xac dinh
duong kinh chim bang k§ thuat chyp anh
neutron. Két qua ciing cho thay, viéc xac dinh
duong kinh chim neutron bang phwong phap nay
khéng phu thugc vao duong kinh cua cac 14 do
nho, ciing nhu kich thuéc 1a do sau khi cat va
giam thiéu phép do phé gamma nhu cac thuc
nghiém trudc day ddi véi phuwong phép kich hoat.

Mat khac, phuong phap nghién ctu nay cé
thé tai sir dung cac la do vai nhitng lan nghién
ciru va xac dinh duong kinh chum neutron &
nhitng nghién cuu sau. Viéc tai sir dung céc 1a do
vang rat don gian, chi can can lai bia miu (do
mot phan " Au chuyén thanh *°Hg). Nhu vay da
tiét kiem duoc vat liéu thuc nghiém ma khong
lam méat di tinh chinh x4c cua phuong phép
nghién cru.

Loi cin on: Nhém nghién ciu xin chan
thanh cam on cac dong nghiép trong nhom So
liéu hat nhan tqi Vién Nghién cuu hat nhdan da
ung ho va giup do trong qua trinh lam thuc
nghiém nay.
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Determination of the neutron beam diameter
based on the neutron activation analysis

e Nguyen An Son
e Dang Van Tien
Dalat University
e Ho Huu Thang
e Phan Bao Quoc Hieu
Nuclear Research Institute, Dalat

ABSTRACT

Neutron beam diameter is a very important
parameter in the experimental nuclear research.
Determination of the correct neutron beam
diameter is the best method to prepare corectly
the optimal sample size correctly, reduced data
analysis errors. To measure the neutron
diameter, some methods were used: Simulation
by Monte — Carlo method, neutron image, and

neutron activation analysis. In this report, we
determined the neutron beam diameter of the 3"
horizontal channel of the Dalat nuclear reactor
that activated gold foils. The result shows that
this method offer quick and more correct results
than other methods which had been published
preiously [1, 2].

Keywords: Neutron activation analysis, Neutron flux, The 3™ horizontal channel of Dalat nuclear

reactor, Neutron beam diameter
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