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ABSTRACT

The *¥La(ny)!*’La nuclear reaction cross-sections were
calculated on the basis of resolvable resonance parameters in the
energy range from 100 eV to 9 keV. A computer program called
CrossCom has been developed to perform a detailed
computational model for the (n,y) reaction in the energy region of
resolved resonances and resonant parameter analysis for research
and educational purposes. In this report, the Breit-Wigner
approximation model was used to calculate the reaction cross-
sections. The Free Gas Model was used to calculate the Doppler
peak broadening effect at an ambient temperature of 300°K. The
calculated results are in good agreement in comparison with the
reference data extracted from the nuclear reaction database.
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hé trudc va sau khi phan ting hay con dugc goi la
ning luong lién két ciia hat nhan hop phan véi

Phan tng bét neutron birc xa gamma (n,y) dién neutron. Khi nang luong cua h¢ hat nhan hop phin
ra khi mot hat nhan bia Xz hip thu mot neutron tao bang muc nang luwong cua trang thai kich thich trong
thanh hat nhan hop phén A"'X; ¢ trang thai kich hat nhan 4'Xz thi mot cong huong phan tng s&
thich, ning luong kich thich nay bang tong dong duoc quan sat trong ham tiét dién phan tng bét
ning cta hat neutron téi va ning luong hut khéi ciia neutron birc xa gamma cua hat nhén bia.

1. GIOI THIEU
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Hat nhén La-139 c6 s6 neutron magic n = 82 va
d6 phd bién chiém 99,91%, s6 lidu tiét dién phan
ung bét blrc xa notron ctia hat nhan nay déc biét co
¥ nghia trong cac linh vuc nghién ciru céu tric hat
nhan, nghién ciru co ché phan tmg hat nhan, nghién
ctru sy hinh thanh d6 pho bién ciia cac dong vi ning
trong tu nhién. Trong thoi gian gan day, s6 liéu hat
nhan cia dong vi niy da va dang dugc nhiéu nha
khoa hoc quan tAm nghién ciru va nhiéu cong trinh
vé s6 liéu thuc nghiém méi da dugc cong bd nhu:
Terlizzi et al. (2007) da sir dung thiét bi n-TOF do
sO liéu tiét dién bat neutron birc xa gamma trong
khoang ning lwong cong huong tir 100 eV dén 9
keV. O’Brien et al. (2003) d do s6 liéu tiét dién bét
blic xa neutron tai phan bd phd notron Maxwell &
nhiét d6 twong duong 25 keV bang phuong phap
kich hoat. Tan et al. (2003) d do tiét dién bat birc
xa notron tai nang luong 54 keV va 148 keV str dung
dong neutron phin loc tir 10 phédn trng hat nhén
ba Lat.

Trén co s6 1y thuyét ma trdn-R (Vogt, 2005), mot
chuong trinh may tinh goi 12 chwong trinh
CrossComp da dugc phat trién va ap dung dé tinh
toan so liéu tiét dién bét blic xa notron trong vung
néng luong cong hudng phén giai duge va co the ap
dung @& phan tich tham s6 cong hudng tir s6 liéu
thyc nghiém bang thuét todn vong lip khép binh
phuong tdi thiéu phi tuyén (Madsen et al., 2004).
Trong nghién ctru nay, chuwong trinh CrossCom
dugc sir dung dé tinh toan tiét dién phan tng
39La(n,y)"*La trong khoang ning lugng cong
hudng tir 100 eV dén 9 keV. Cac két qua tinh toan
da dugc higu chinh déi véi hiéu timg mé rong dinh
Doppler & nhiét 6 300°K va so sanh véi s6 lidu trich
dan tir co so dit liéu JENDL3.3 (Shibata et al.,
2002) va ENDF/B-VII (Chadwick et al., 2006). So
liéu input 1a cac tham sé cong hudng va cac s6 luong
tir spin trich dan tir tai liéu tham khao dbi voi hat
nhan bia La-139 va hat nhan hop phan La-140.

2. PHUONG PHAP NGHIEN CUU

Thanh phan déng gop ciia mot don cong huong
tai nang lugng cong huong Ey vao tiét dién vi phan
6my(E) clia phan umg bat neutron (n,y) dugc tinh
toan bang cong thirc Breit-Wigner (Herman et al.,
2008):

grnly
G("V)(E) m ,/EEO 4(E—E0)2+F2] (1)
2]+1 _ A
T 2020+1) T 144

Trong thyc té thuong cd nhié}l dinh cong hudng
trong mot khoang nang lugng nhat dinh, trong do tai
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méi dinh c6 nang lugng cong huong E: va cac tham
s0 cong huong Iy, I'yr va Iy, cOng thire (1) dugc tong
quat hoa thanh biéu thitc (Herman et al., 2008):

2mh 1 IrTneTyr ]
Iy (E) = Z” (,/EET) [4(E—ET)2+F$
2+l
T 2(21+1)

)

trong do: I 1a spin cua hat nhan bia va J; 1a spin
cua trang thai cong hudng r; I', va I, 1a d6 rong cong
hudng cua kénh phan ting neutron va buc xa gamma
tai ning lugng cong huong E;; m 14 trong s6 khdi
lugng ctia neutron va I'= T’y + Ty

Cac cong thuce (1) va (2) mo ta tiét dién phan v ing
bét neutron trong diéu kién nhiét d6 khong tuyét doi,
tuy nhién trong diéu kién nhiét do thuc ciia moi
truong khi xay ra twong tac thi cé sw mé rong o cac
dinh cong hudng trong ham tiét dién phan tmng
S(ny(E) nhung dién tich cua dinh cdng hudng thi
khong d6i va dugc goi 1a higu mg mé rong dinh
Doppler. Nguyén nhén cua hiéu ung nay la do sy
chuyen dong nhiét cua cac hat nhan trong bia mau.
Dé mo ta diing thong tin vé tiét dién phan tng trong
vung cong hudng tai mot diéu kién nhiét d6 trong
thue té, hodc phan tich cac tham s6 thuc nghiém do
tai mot dicu kién nhiét do thuc té ciia moi truong thi
nghiém, bat budc chiing ta phai bo sung cdc ham tinh
toan hi¢u chinh cho hiéu trng nay. M0 hinh tinh toan
dugc sir dung phd bién hién nay 1a mo hinh miu khi
tr do (Free-Gas Model of Doppler Broadening),
dugc mo ta theo cong thuc sau (Larson et al., 1998):

—4(5— EE' )2

2
O-D(E) = AD\/EIO e Ap _

2
—4(5— EE’) )
O'(E')\/% dE’

2
e 4p

3)

4MEKT

Ap= —, > m va M 1a s0 khoi cua neutron va

hat nhan bia; k 1a héing s6 Boltzman, ¢ va op la gia
tri tiét dién truéc va sau khi hiéu chinh hiéu ung
Doppler tai nhiét do T (°K).

Nhu vay, van dé con lai can thiét trong bai todn
1a tap sb liéu cac tham s6 Ey, I, Iy trong Ung voi
cac trang thai cong huong. Cac tham sO ndy co thé
tham khao tir co s6 dir li€u (Mughabghab, 2006), bai
béo qudc té hodc xac dinh duoc thong qua khép )
liéu do thuc nghiém neutron truyén qua T(E)
(neutron transmission coefficients) hodc suat luong
phan tng bét neutron Y(E) (neutron capture yield),
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dién hinh nhur trong thye nghiém bai Macklin et al.
(1991).

Mic du trong nghién ctru nay chua c¢6 diéu kién
do thye nghiém nhung ciing da phat trién chirc ning
khop cac tham so cong hudng trong chuong trinh
CrossCom va c6 thé ap dung dé tinh toan tiét dién
phan mg ciing nhu huéng dén viéc phan tich tham
sO cong huong neutron trong thoi gian t6i khi thiét
1ap duogc thyc nghiém st dung neutron-beam cua 10
phan ung hat nhan, hodc tham gia hop tac nghién
ctru véi co sé thyce nghiém c6 lién quan khac.

3. KET QUA VA THAO LUAN

Mot input-file d& dugc chuan bi, trong do, thong
tin vé céc tham s6 cong hudng thuc nghiém ciia hat
nhan La-139 dugc st dung trong tinh todn nay
(Terlizzi 2007). Ngoai ra, cac gia tri kha di cua spin
kénh vao s va spin cac kénh ra J dugc xac dinh theo
quy tic to hop vecto spin:

[i=I<s<i+];|s=l<]J<s+l (4

trong do: s 1a céac gia tri lugng tur cua vector spin
toan phin cta kénh vao (8 = 741 ); J 1a cac gié tri
lugng tir clia vecto momen géc toan phan (J = § +
T); i = 1/2 la gia tri spin cta neutron; / = 7/2 1a spin
cua hat nhan bia La-139; / la mémen goc quy dao
cua cdp hat neutron va hat nhan bia (/ = 0 tuong ting
voi neutron song s va / = 2 tuong ung vdi neutron
song p. Nhu vay, cac gia trikha dilas=3,4valJ=
2,3,4,5.

- Untitled - NCP =13

File Edt ¥iew Help
Ded g %
VAEC/NRI
CrossComp
¥ Bioss Secion Caculaior ™ Resonance parametes Anlysis
Incidence Pacticle Target Nuclide
(N z [&
A & [i@
El 772
Spin [172 S
i 10 Input Parameter File
£ Parameters. dat
max (20000
Input ExpDiata File
Tkl 300 [EwDatadt
1] Data Fie
Reaction |[n.g) i
Type [DataOut.dat
START ‘
Ready M

Hinh 1. Giao dién nhap so li¢u ciia chwong trinh
CrossComp

Céc thong s6 dau vao co ban nhu: s Z, A, spin

¢ trang thai co ban cda hat tdi (incident particle) va
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hat nhén bia (target nuclid); khoang nang luong
Enmin, Emax; 10ai phan g (n,y) dé diéu huéng chuong
trinh tinh todn déi véi truong hop cua phan tmg bt
neutron (n,y), ngodi ra ciing ¢ thé chon (n,n) hodc
(n,tot) dbi véi truong hop tan xa dan hoi hodc hip
thu neutron toan ph?m; chon tén file s6 liéu input va
output dé cung cap thong tin cho chwong trinh tinh
toan thong qua mot giao dién nhu Hinh 1.

Céc két qua tinh toan da thuc hién trong khoang
nang luong cong hudng tit Epin= 100 eV dén Epax =
9 keV, nhiét o T = 300 °K. Cac két qua so sanh véi
s6 lidu trich dan tir cac co sd dit vé so liéu tiét dién
phan ung hat nhan c6 d6 tin cdy cao nhu ENDF/B-
7 (Chadwick et al., 2006) va JENDL3.3 (Shibata et
al., 2002) dwoc mb ta tir Hinh 2 dén Hinh 5.

1.E+04

—— JENDL 33
- -ENDF BVIl
——CrossComp
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Tiét dién (n, g) (barn)
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Hinh 2. Két qua tinh toin va so sanh tiét di¢n
phén ing *’La(n,y)'*’La trong khoéng niing
Iwgng tir 100 eV dén 1 keV
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Hinh 3. Két qua tinh toin va so sanh tiét di¢n
phén ing *’La(n,y)'*’La trong khoéng niing
lwgng tir 1 keV dén 2 keV
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——JENDL 3.3
- -ENDF BAVII
—— CrossComp

1.E+03

1.E+02

1.E+01

1.E+00

1E-01

Tiét dign (n, g) (bam)

1E-02

1E-03 q

1E-04
2000 2100 2200 2300 2400 2500 2800 2700 2800 2900 3000

Ning legng (eV)

Hinh 4. Két qua tinh toin va so sanh tiét di¢n
phén ing *’La(n,y)'*’La trong khoéng niing
lwgng tir 2 keV dén 3 keV
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Hinh 5. Két qua tinh toin va so sanh tiét di¢n
phén ing *’La(n,y)'*’La trong khoéng niing
lwgng tir 3 keV dén 4 keV

1.E+04

——JENDL 3.3
------- ENDF B/VII

CrossComp
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Hinh 6. Két qui tinh todn va so sanh tiét di¢n
phén ing *’La(n,y)'*’La trong khoéng niing
lwgng tir 4 keV dén 9 keV

Két qua tinh toan cho thiy nhém cac dinh c6 do
rong cong hudng 16n twong trng vdi neutron song s
(momen goc quy dao / = 0) hién dién chu yéu trong
viing ning luong thip; cu thé nhu cac dinh 1178 eV
trong Hinh 3; 2116 V va 2458 eV trong Hinh 4; 3284
eV, 3484 eV va 3747 eV trong Hinh 5. Nhom cac
dinh c6 do rong cong huong hep twong ung voi
neutron song p (momen goc quy dao / = /) hién di€n
chu yéu trong ving ning lugng cao hon, nhu trong
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Hinh 6. Tir Hinh 2 d&én Hinh 6 cho thiy cac két qua
tinh toan tlet dién phan tmg trong bdo cdo nay co su
phu hop t6t khi so sanh véi s0 liéu qudc té tai da
phan cac dinh cong hudng va nén lién tyuc trong toan
khoang niang luong tir Emin = 100 €V dén Epax = 9
keV. Diéu nay cho thidy ring chwong trinh
CrossComp va cac s6 liéu input 1a phu hop cho viéc
giai quyét vin dé xac dinh tiét dién phan ung bat
neutron-birc xa gamma '*La(n,y)'*’La. Mot s sai
khac vé dinh ning lugng cong hudng giﬁ’a két qua
tinh toan va s0 lidu so sanh chu yéu la do c6 sy khac
nhau vé gié tri nang luong E: tai mot s6 dinh cong
hudng dugc cung cap trong file s6 liéu input trén co
sO cac quan sat thuc nghi¢m khac nhau; chang han
nhur trong hai tap s6 liéu tham khao duoc sir dung dé
so sanh 1a JENDL 3.3 va ENDF B/VII cling ¢6 mot
s6 khéc nhau vé dinh ning luong cong huong, nhu
trong Hinh 5 va Hinh 6. Diéu nay c6 thé khac phuc
khi ¢6 sb liéu thuc nghiém médi véi do phan gidi
nang lugng cao hon va cé cap nhét trong nhiing
phién ban méi cua co so dir liéu vé s6 liéu phan tng
hat nhan.
4. KET LUAN

S4 lidu tiét dién phan tmg hat nhan bit neutron —
biic xa gamma c6 tinh can thiét cao trong nghién clru
khoa hoc, ung dung va dao tao. Tuy nhién, dé xac
dinh dugc chinh xac s6 liéu tiét dién phan (mg nay
trong khoang nang luong cong hudng neutron (tir
eV dén hang chuc keV), ta can thyc hién mot qua
trinh nghién ctru tinh toan va danh gia trén co s& ap
dung ddng bd cac phuong phap bao gdm mo hinh
tinh toan 1y thuyét, chuong trinh may tinh va thyuc
nghiém xac dinh cac tham s6 cong huong.

Két qua tinh toan va so sanh vai s lidu trich dan
tur co s¢ dit liu quoc té cho thay rang chuong trinh
CrossComp ¢ thé duoc ap dung dé cung cip sb liéu
tiét dién phan tmg (n,y) trong khoang ning lugng
cong huong phéan giai dugc, d6i voi cac hat nhan bia
khac nhau, tai cac diéu kién nhiét do khac nhau theo
yéu cau cta 4p dung thyc tién; cu thé nhu cung cip
s lidu tiét dién phan mg cho thuc nghiém san xuat
déng vi phéng xa, phan tich kich hoat neutron va
thuc hanh trong cong tac dio tao cé sir dung ngudn
neutron cua 10 phan tmg hat nhén. Chuong trinh nay
cling ¢6 kha ning tiép tuc phat trién dé thuc hién tinh
toan ddi v6i phan tmg tan xa neutron dan hdi (n,n)
va hap thu neutron toan phan (n,t).

LOI CAM TA

Nghién ciru ndy dugc hd trg boi Vién Nghién
clru hat nhén, (dé tai cap vién ma s6: CV01-2022;
dé tai cap co s mi s6: CS/08/01-04).
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