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Tom tat: Mot hé do tan xa neutron dang dugc nghién ctru xay dung trén kénh ngang sé
01 10 phan @ng hat nhan Pa Lat nham phuc vu cac nghién ciu thuc nghiém vé vt Iy hat
nhan, va cong tac dao tao. Viéc md phong vé théng luong neutron va cau hinh thiét ké
ctia hé do da duoc tién hanh. Bén canh d6, tinh toan hiéu chinh c&c higu ung tu che chan,
tan xa_ nhiéu lan va bat btc xa I can thiét trong viéc xac dinh tiét dién neutron d6i voi
cac mau co do day hiru han. Bao cao nay gigi thiéu mot phuong phap dé tinh toan hiéu
chinh cho cac hiéu ung nay bang chuong trinh md phong MCNP. Cac két qua thu duoc
v6i mau chi Pb-208 va uranium U-238 da duoc kiém tra 1a trung khép tét voi cac thuc
nghiém trudc day ciing nhu cac s lidu tir thu vién so lidu hat nhan. Viéc tinh toan hiéu
chinh nay c6 thé dugc ap dung cho céc thuc nghiém do dac sap toi tai 10 phan tng hat
nhan Da lat.

Tur khoa: tiét dién neutron, hiéu ing ti che chan, tan Xg nhiéu lan, bdt bic xa, hiéu
chinh.

. MO DAU

Vién Nghién ctu hat nhan dang xay dung cac hé thi nghiém mai trén cac kénh ngang
cua 10 phan ung hat nhan Da Lat nham muc tiéu phét trién va nang cao chat lugng nghién ciu
hat nhan thuc nghiém, dao tao ngudn nhan lyc. Trong s6 do, hé do tan xa neutron trén kénh
ngang s6 01 s& phuc vu cac nghién ctu thuc nghiém, va cong tac dao tao [1]. Viéc thuc hién
c4c qué trinh md phong vé thong lugng neutron, t6i wu hoa cau hinh cua hé do da duoc tién
hanh. Ngoai ra, cac bao céo trude day chi ra rang, dé xu ly s6 liéu thuc nghiém va dua ra két
qua chinh xéc cho tiét dién neutron, mot loat cac hiéu chinh cho céc hiéu ung tu che chén, tan
xa nhiéu 1an va bat bic xa can phai duoc thyc hién [2]. Hiéu ung tu che chin thuong dugc
hiéu chinh bang thuc nghiém hoic md phong véi cac mau c6 do day khac nhau. Trong khi d6
hiéu (g tan xa nhiéu lan va bt buc xa c6 thé duoc hiéu chinh bang phuong phap giai tich
hoic Monte Carlo. Phuong phap Monte Carlo khong chi cho phép kiém tra céc tinh toan giai
tich ma con rat hitu dung trong truong hop cac dinh luat tan xa tré nén phuc tap va khdng thé
biéu dién bang cac ham giai tich [3]. Nhu vay, véi phuong phap mé phong Monte Carlo,
ngudi thuc hién thi nghiém khdng chi dua ra dugc cac sé liéu hiéu chinh cho di liéu thuc
nghiém ma con cd thé so sanh, ddi chiéu cac két qua véi nhau.

Cong trinh [3] gidi thieu mot s6 ky thuat nham t6i wu hoa phuong phap mo phong
Monte Carlo cho thi nghiém tan xa ciing nhu nhiéu xa neutron. Tuy nhién, viéc phat trién mot
chuong trinh md phong chuyén dung nhu vay la khdng can thiét boi vi nhiéu chuong trinh mo
phong cé&c qué trinh hat nhan hién nay nhu MCNP, Geant4, ... c6 thé dap tng yéu cau nay voi
cac két qua ngay cang chinh xac, dang tin cdy va dugc chap nhan rong réi. Trong bao céo nay,
md phong Monte Carlo véi chuong trinh MCNP5 duoc lya chon. Péi véi qua trinh tan xa
nhiéu lan va bat bic xa, nguoi dung chuong trinh MCNP c¢6 thé xuat file theo ddi lich st hat
(PTRAC-Particle Tracking) dé xac dinh tat ca cac qua trinh trong mau. File nay thuong co
dung luwong 16n, tuy nhién lai khong chira cac tham sb hiéu chinh cudi cing. Do d6, mot
chwong trinh mdy tinh don gian da dugc phat trién dé tinh todn va xuat ra cac gia tri hiéu
chinh can thiét. Phuong phéap hiéu chinh nay c6 thé duoc ap dung cho céc thuc nghiém do tiét
dién neutron sap t6i tai 10 phan wng hat nhan Pa Lat.

I1. NQI DUNG
IL1. Pdi twong va phwong phap



Cac cau hinh thuc nghiém ddi voi cac mau chi Pb-208 va uranium U-238 trong cong
trinh [2] da duoc mo phong dé xac dinh tiét dién neutron toan phan va phan bd goc cua
neutron tan xa dan hoi va khong dan hoi & muc ning lugng 55keV va 144keV. Céch bd tri
mau trong nghién ctu tiét dién neutron toan phan va phan bb gdc caa neutron tan xa dugc chi
ra ¢ hinh 1.

Hinh 1. Cau hinh m6 phong do dac tiét dién neutron toan phan (A) va phan b
goc cua neutron tan xa (B). (A) — ngudn neutron try, ban kinh 2.325cm, cao
1cm, toa d6 tam day (-5,0,0), phat don huéng (1,0,0); (B) — ngudn neutron try,
ban kinh 2.5cm, cao 1cm, toa d¢ tam day (-5,5,0), phat don hudng (1,-1,0).

Cac mau chi va uranium c6 dang try, ban kinh 2.325cm véi mat d6 tuong tng 1a
11.34g/cm® va 19.1g/cm® dugc dat tai tam cua hé toa do. Do day cac mau chi va uranium
ding trong nghién ciu hiéu ang ty che chan Ién tiét dién toan phan duoc cho ¢ bang 1. Di
Vi hiéu tng tan xa nhiéu 1an va bét buc xa, cac mau day 0.986¢m duogc st dung.

Bang 1. Cac d6 day cia mau chi Pb-208 va U-238 duoc khai bao trong nghién cau hi¢u tng tu
che chan Ién tiét dién neutron toan phan

STT Mau Pb-208 Mau U-238
bg day (cm) bg day (cm)
1 0.986 0.99
2 2.000 1.98
3 3.000 2.97
4 4.000 3.96
5 5.000 4,95
6 6.000 5.94
7 7.000 9.00
8 8.000 11.00
9 9.000 -
10 11.000 -

Cac vat liéu duoc khai béo trong MCNP 1a hoan toan tinh khiét. Ngoai ra, dé don gian
hod viéc md phong, cac thanh phan phdng tan xa boi bo git mau, khong khi, ng chuan truc
va phong ngoai lai duoc loai bo bing cach chi md phong twong tac giira neutron va bia mau.
Céc tuong tac nay duoc phan mém MCNP ghi lai trong file ¢ tén mic dinh 12 PTRAC khi
Particle Tracking Output Card duoc khai bao. Dé thu duoc céc thong tin tan xa ciing nhu hé
sb truyén qua mau, tat ca cac thdng sb vé vi tri, huéng, nang luong, trong s hat va thai gian
xay ra phan ¢ng cho hai loai su kién 1a va cham (collision) va két thdc (termination) s& duogc
xuat ra. Pinh dang cua file PTRAC duoc chon 12 ASCII. Bén canh d6, cac tham s vé trong sb
ctia Cutoffs Card dugc dua vé khéng — WC1 = WC2 = 0. Lic nay qua trinh hap thy — ma cha



yéu la bét buc xa doi voi cac mau nghién cau, s& dugc MCNP xir Iy mét cach twong minh
thay vi dung k§ thuét tang giam trong s6. Dung lugng cﬁa‘ﬁle PTRAC thuong rat 16n nén mot
chuong trinh may tinh duoc viet ra dé doc cac dir licu can thict cho tinh toan tict dién, bao
gom so hat tham gia phan tng véi bia mau, phan loai phan ing dau tién xay ra giita bia mau
va neutron dén — tan xa dan hoi, tan xa khong dan hoi hoac bt bic xa. Ngoai ra, chuong trinh
con gidp tinh toan hiéu chinh qué trinh tan xa nhiéu lan va bat bic xa trong mau theo biéu
thure tinh toan sau [2]:

Ny(8) N;i(8)+ N;(0) + N3 (0)+...—N;(0) — N;(6) — N5 (0)—...
N3 (6) N7 (6)

Trong d6: Nf(6) — sé neutron tan xa mét lan theo goc 8; N5 (0), N5(8),... — sb
neutron c6 huéng bay theo goc 6 sau khi tan xa 2, 3, ... lan trong mau; N£(8), N£(6), N5(6)
— S0 neutron c6 hudéng bay theo goc 6 sau khi tan xa 1, 2, 3, ... lan trong mau thi b bat buc xa.
Nhu vay, trong thuc nghiém ciing nhu m6 phong, tir 30 cua bleu thirc (1) — Ny (6), chinh la 30

neutron dén duoc dau do sau khi twong tac véi bia miu; gia tri ndy can hiéu chinh theo hé sb
k() dé thu dwoc sé neutron tan xa mot lan theo goc 6 — N5 (6).

k() = (1)

Chin dau do gia dinh hinh try, ban kinh r = 1.5cm duoc dat hudng vao tm cua mau
theo chin géc 6 — 30°, 45° 60° 75° 90° 105°, 120° 135° va 150° tai khoang cach d=30cm.
Véi céc sb liéu tir file PTRAC lam dau vao, chuong trinh may tinh s& tinh todn xem hat sau
phan g tan xa c6 dén dugc vi tri dau do hay khong. Phan tmg nay dugc kiém tra 1a phan ¢ng
tan xa dau tién hodc/va cudi cling trong mau dé tang sé dém cho N7 (8) hoic/va N, (), tuong
ung.

Phan bb gdc cua neutron tan xa duoc xap Xi theo cac da thuc Legendre P;(cos 6) va so
sanh véi két qua cua cong trinh [2]:

B
N7 (6) = e (1 + A;P;(cos8) + A,P,(cos 8) + A;P;(cos 9)) (2)

Cac tham s6 B, A4, A,, A; dugc xac dinh tir phép xap xi. Sau do, dé dbi chiéu vai sb liéu tir
thu vién hat nhan va thu vién cia MCNP, ham phan bo goc dugc chuan hoa nhu sau:

1
F(uE) =§(1 + APy (1) + AP, (1) +A3P3(ll)) 3)
Trong d6 u = cosB va E — nang lugng neutron tai.
11.2 Két qua

a. Hiéu irng tu che chan 18n tiét dién neutron toan phan

Céc két qua tinh toan hiéu tng tu che chin Ién tiét dién neutron toan phan cia Pb-208
va U-238 dugc chi ra ¢ hinh 2. Quang duong tu do trung binh cua neutron trong mau Pb-208
1a xap xi 3.3cm (144keV), trong mau U-238 lan luot 1a 1.8cm (144keV) va 1.6cm (55keV).
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Hinh 2. Hiéu &ng tu che chan 18n tiét dién neutron toan phan caa Pb-208 va U-238

Viéc 1am khép tuyén tinh s& dugc thuc hién véi cac do day mau x(cm) Ién hon quing
tu do trung binh cua neutron trong mau do:

or(x) = —0.1197x + 12.4270 (barn) tai 55keV véi U-238

o:(x) = —0.0445x + 11.2600 (barn) tai 144keV voi U-238

o(x) = —0.0018x + 9.1276 (barn) tai 144keV véi Pb-208

Tiét dién neutron toan ph?ln trung binh hoa dugc xéac dinh thdng qua viéc ngoai suy dix
liéu thuc nghiém dén d6 day mau bang khong:

(g, ) = 12.4270 (barn) tai 55keV vai U-238
(o, ) = 11.2600 (barn) tai 144keV véi U-238
(g,) = 9.1276 (barn) tai 144keV véi Pb-208

b. Hé s6 hiéu chinh cho qué trinh tan xa nhiéu lan va bat bizc xa trong mau

Hé sb hiéu chinh cho qua trinh tan xa nhiéu lan va bat bic xa duge xac dinh theo biéu
thire (1) ddi véi chin gia tri goc 6 1a: 30°, 45°, 60°, 75°, 90°, 105°, 120°, 135°, 150°. Cac hé sb
nay dugc cho ¢ bang 2, sy phu thu¢c cua ching vao goc 6 dugc minh hoa trén hinh 3. Trong
do dac thuc nghiém, cac hé so6 nay la can thiét dé hiéu chinh tir s6 neutron dén dugc dau do
N3 (6) vé s6 neutron tan xa mot 1an theo goc 8 — N5 (6).

Bang 2. Hé s hiéu chinh qua trinh tan xa nhiéu 1an va bét buc xa trong mau
Pb-208 va U-238 vai cac muirc nang lugng neutron 55keV va 144keV

k(6)

Pb-208 (dan hdi) U-238 (dan hoi) | U-238 (khong dan hoi)
55keV | 144keV | 55keV | 144keV | 55keV 144keV
30 | 1.0969 | 1.0715 | 1.1074 | 1.0674 | 1.0926 1.2437
45 1.1085 1.0759 1.1286 1.0810 | 1.0739 1.2299
60 1.1217 1.0985 1.1405 1.1186 | 1.0618 1.1542
75 1.1248 1.1197 1.1388 1.1315 | 1.0033 1.1244
90 1.0847 1.0933 1.0998 1.1138 | 1.1654 1.0612
105 | 1.1474 1.1532 1.2419 1.2790 | 1.2965 1.1673
120 | 1.1710 1.1715 1.2913 1.3556 | 1.2941 1.2255
135 | 1.1798 1.1653 1.3184 1.3941 | 1.3895 1.2517
150 | 1.1722 | 1.1586 | 1.3137 | 1.4402 | 1.4610 1.3131

0
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1.50 -~

1.40
130
>
~
1.20
1.10 88
1.00
30 45 60 75 90 105 120 135 150
- -3 - Pb-55keV. Dan hdi 0(d9) o _ py144kev. Dan hdi
—o— U-55keV. Dan hbi —a— U-144keV. Dan hdi
<@ U-55keV. Khong dan hdi  ---m--- U-144keV. Khong dan hdi

Hinh 3. Hé sb hiéu chinh qua trinh tan xa nhiéu lan va bit birc xa trong mau
Pb-208 va U-238 vai cac muic nang lugng neutron 55keV va 144keV

Két qua md phong cho thay, sai s6 vé sb dém cd thé 1én dén 18% voéi chi va 46% voi
uranium néu khdng thuc hién phép hiéu chinh. Vi mét ciu hinh chay mé phong MCNP,
chuong trinh doc dir li¢u tur file PTRAC ¢ thé dua ra hé Sé hiéu chinh cho gdc @ bat ky, dap
g nhu cau do thuc nghiém chinh xac véi do phan giai vé _g0c ngay cang tang. Ngoai ra, do
dac thuc nghiém véi kich thude dau do hitu han con yéu cau hiéu chinh vé d6 phan giai géc
cua dau do. Vai cac gia tri s6 dém tan xa dan hdi thu dwoc, gia tri hiéu chinh nay da duoc
danh gia 13 nho trong trudng hop st dung cau hinh do di chi ra — ban kinh dau do 1.5cm,
khoang cach tir dau do dén tam caa mau 30cm.

c. Phan bé gdc cua neutron tan xa

Véi dir liéu tir md phong MCNP, phan b gdc caa neutron tan xa bai chi Pb-208 va
uranium U-238 dugc xac dinh va chi ra dudi day. Pau tién, gia tri ham phan bd goc F(u,E)
ciia Pb-208 (E=100keV) tai chin gia tri goc néu trén duoc tinh toan véi bbn gia tri lich sir hat
NPS tir 10" dén 10° dé so sanh vai thu vién cia MCNP va thu vién JENDL4.0 bai vi cac thu
vién nay cd sb lieu cho mic E=100keV. Hinh 4 cho thiy d6 chinh xéac cia phép mé phong sé
tang 1én khi ting s6 lich sir hat, cac gié tri tinh toan cang tién gan dén duong ly thuyét. Vi
NPS = 108, sai s6 cuia cac gid tri nay 1a nho hon 1.6%. Do vay, véi cac md phong tiép theo cho
Pb-208 va U-238 & cac mic nang luong 55keV va 144keV, sb lich sir hat duoc chon bang 108,
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Hinh 4. Két qua phan bé neutron tan xa dan hoi bsi Pb-208 & mirc néng lwong 100keV
véi bon gid tri lich sir hat NPS khéc nhau — 107, 2x10°, 5x107 va 10°.
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Hinh 5. Két qua phan b neutron tan xa dan hi boi Pb-208 ¢ cac mirc nang luong
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Hinh 6. Két qua phan b neutron tan xa dan hdi boi U-238 & cac mirc nang luong
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Hinh 7. Két qua phan b neutron tan xa khong dan hoi bai U-238 & cac muc ning lwong
55keV va 144keV

Cac két qua vé phan bb gdc cua neutron tan xa tir cic mé phong duoc so sénh véi thu
vién MCNP va thu vién JENDL4.0 ¢ hinh 5, hinh 6 va hinh 7. Cac ham phan b goc F(u,E)
cho tan xa dan hoi tai mtrc ning lwong 55keV va 144keV cua Pb-208 va U-238, ciing nhu cho
tan xa khong dan hoi cia U-238 tai 55keV déu dugc khép tot véi cac da thirc Legendre. Tuy
nhién, dbi véi tn xa khong dan hoi bai U-238 tai ning luong 144keV, ham F(u,E) c6 dang
ddi xtmg qua duodng thang 6 = 90°.

11.3 Ban luan

Cac két qua vé hiéu ung tu che chan, tan xa nhiéu lan va bat bac xa 18n tiét dién
neutron bang mé phong Monte Carlo di dwoc xac dinh va so séanh véi ¢ong trinh thyc nghiém
[2], thu vién MCNP va thu vién sb liéu hat nhan JENDLA4.0. Bang 3 cho thiy cac két qua tiét
dién neutron toan phan trong cong trinh [2] déu I6n hon tir 1.2% dén 3.1% so véi sb liéu cua
thu vién MCNP; trong khi d6, két qua tir md phong hiéu tng tu che chan bang chinh MCNP
lai dwa ra két qua nho hon tir 0.4% dén 3.9%. Véi gi4 tri tiét dién toan phan cang I6n thi hiéu
g tu che chan cang Ién, dong thoi gia tri tiét dién ngoai suy dén d6 day mau bang khong
cang giam so véi gia tri ly thuyét. Cac md phong tiép theo s& duoc thuc hién dé danh gia su
sai khac nay.

Bang 3. So sanh két qua tinh ton hiéu ung tu che chin Ién tiét dién toan phan

Ning Tiét dién tong (barn) bo do(cb(;lrlﬁ /Igﬁgl khp
Mau | luong _ S— _ _ A
(keV) Trong bao | Céng trinh | Thu vién | Trong bao | Cong trinh
céo nay [2] MCNP cao nay [2]
Pb-208 | 144 9.1276 9.349 9.1606 0.0018 -
U-238 | 144 | 11.2600 11.551 11.4094 0.0445 0.0723
U-238 | 55 12.4270 13.343 12.9349 0.1197 0.258
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Hinh 8. Méi lién hé gitra d6 doc caa ham lam khép va tiét dién neutron toan phan

V& hé s6 tan xa nhiéu lan va bat buc xa trong mau, ¢dng trinh [2] s dung phuong
phap Monte Carlo va dua ra gia tri 16n nhat 1a 15% doi véi chi ¢ goc 150°; doi vai tan xa
neutron dan hoi va khong dan hoi 1én hat nhan U-238, gia tri I6n nhat twong ung la 21% va



35%. Véi chuong trinh MCNP, bao cdo nay dwa ra gia tri hiéu chinh 16n hon va chi tiét dbi
véi ting murc nang luong 55keV va 144keV (xem bang 2). Sé liéu hat nhan duoc cap nhat
thuong xuyén cang lam ting do chinh xac cua phép md phong va cé thé 1a nguyén nhan dan
dén sai khéac cua cac két qua md phong. Ngoai ra, dé tang do tin cay cua phép hiéu chinh,
ngudi ding can tang sé lich sir hat cho MCNP. Tuy nhién, thoi gian mé phong va dung lwong
file PTRAC s& ting 1én dang ké.

Céc két qua md phong vé phan b goc cia neutron tan xa ciing da duoc chi ra Ia tring
khép tét véi s6 liéu hat nhan tir thu vien MCNP va JENDLA4.0 khi ting s6 lich sir hat dén 108,
Céc két qua nay ciing cho thiy su twong déng véi ham phéan bé thuc nghiém cua cong trinh
[2] dbi véi neutron tan xa dan hoi boi Pb-208 va U-238. Tuy nhién, trong cdng trinh [2], phan
bé gdc cua neutron ning lugng 144keV tan xa khong dan hoi boi U-238 dugc danh gia 1a
dang hudng, diéu nay cho thay su sai khéc voi két qua md phong ¢ hinh 7.

Khi tién hanh cac phép do thuc nghiém, cac két qua phan bé md phong con cé gia tri
tham khao. Truong hop dang ham phan bé thuc nghiém thu dugc khac véi két qua md phong,
viéc sir dung céc hé sé hiéu chinh tir mo phong s€ khéng con gid tri. Do do, phép hiéu chinh
nay chi dugc thuc hién khi c6 mot mé hinh twong tac ding va s liéu twong tic phi hop —
diéu nay duogc thé hién ¢ sy nhat quan trong két qua md phong va thuc nghiém. Trong thoi
gian t6i, qua trinh mé phong cd thé duoc thuc hién véi thu vien MCNP cap nhat méi hon dé
nang cao do chinh xac. Viéc sur dung va cham cudng buc s& dugc xem xeét dé giam thoi gian
mo phong dbi véi thi nghiém vé tan xa neutron. Bang thoi, cac ‘phép do thuc nghiém c6 thé
dugc tién hanh trén hé tan xa caa 10 phan @ng hat nhan Da Lat dé kiém ching cac két qua mo
phong.

I11. KET LUAN

Bao cdo da chi ra phuong phap dung chuong trinh m6 phong MCNP dé tinh toan hiéu
g tu che chan, tan xa nhieu lan va bat bac xa [én tiet dién neutron. Cau hinh thuc nghiém
dugc moé phong chinh xac bang MCNP. Sau d6, mot chuong trinh mdy tinh s& doc dix liéu
phan ung cua neutron véi bia mau trong file PTRAC va dua ra gié tri tict dién doi voi thi
nghiém do tiét dién neutron tpan phan, cling nhu cac gié hiéu chinh va phan bo cho thi nghi¢m
Ve tan xa neutron. Mot so6 ket qua thu dwoc véi mau chi Pb-208 va uranium U-238 da dugc
kiém tra la trung khop tot vai cac thuc nghiém trude day ciing nhu cac so liéu tir thu vién so
liéu hat nhan.
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SELF-SHIELDING, MULTIPLE SCATTERING AND
RADIATIVE CAPTURE CORRECTIONS FOR NEUTRON
CROSS-SECTIONS USING MCNP SIMULATION PROGRAM

Abstract: A neutron scattering measurement facility is being developed at horizontal
channel No. 01 of Dalat nuclear research reactor. This facility will provide an efficient



tool for nuclear physics experiments and training works. The simulation is required to
optimize the measurement conditions and result quality. In addition, It is also important
to understand certain effects in finite thickness samples, including self-shielding, multiple
scattering and radiative capture. This report introduces a method to evaluate these effects
using MCNP simulation program. Comparision of the results for lead Pb-208 and
uranium U-238 in this report with those of previous experiments and nuclear library data
shows a good agreement. This work can be applied to improve the neutron scattering
measurement at Dalat nuclear research reactor.

Keywords: neutron cross-section, self-shielding effect, multiple scattering, capture,
correction.



