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Tom tiit: Co s6 dir liéu vé phan ing hat nhan chira cc thong tin vé tiét dién bét birc xa,
pho, phan bo goc cua san pham phéan hach,... ma trong tam la cac phan tng gay ra boi
neutron. Hién nay dir liéu nay dugc phén tich danh gia boi cac nha vat ly hat nhan giau
kinh nghiém dé tao nén cac thu vién so Iiéu'hat nhan phuc vu cho cbng tac nghién cau
khoa hoc trén khap the gisi. Doi voi viéc tien hanh nghién ctru trén kénh ngang cua 10
phan tng hat nhan Pa lat, thict 1ap cac so liéu hat nhan phu hop véi mau nghién ctu la
cén‘thi{et cho qué trinh tinh toan hiéu chinh nhu hiéu chinh su suy giam gamma, su tan xa

nhiéu lan cua neutron.

B&o céo nay gidi thiéu mot chuong trinh may tinh giup nguoi dung truy cap nhanh chéng
tiét dién tuong tac neutron trong Thu vién dit liéu hat nhan nhu ENDF, JENDL,
CENDL,... Chuong trinh nay duoc viét bang ngdn ngir lap trinh Java, chay dugc trén
nhiéu hé diéu hanh cuing véi thiét ké giao dién truc quan gitip nguoi ding c6 thé truy xuat
dén cac vung ning lugng neutron cu thé va dua ra do thi (ng véi tirng loai phan @ng riéng
biét;

Tir khoa: Thur vién so liéu hat nhan, neutron, tiét dién, ndng lwong, chwong trinh mdy
tinh.

1. MO DAU

Tuong tac ctia neutron véi vat chat co thé chia thanh hai loai: tan xa (dan héi, khdng
dan hdi) va hip thu (hap thu phan hach, hip thu bat neutron) [1]. Ban chat cua tuong tac nay
la mot qua trinh mang tinh xac suat va phu thugc vao tiét dién cua chang. Tiét dién cang lén,
kha ning xay ra tuong tac giita neutron va vat chat cang cao. C4c sb liéu tiét dién nay gidp
hiéu rd ban chat cua tuong tac ciing nhu cung cip cac thong tin dau vao co ban cho viéc mo
hinh héa, md phong ciing nhu giai quyét cac bai toan hat nhan, bao vé an toan bic xa.

Thu vién s liéu hat nhan cung cap céc sb liéu dic trung cho tinh x4c sut cua cac qua
trinh vat 1y lién quan dén hat nhan nguyén tir, trong d6 ¢ twong tac giita neutron va vt chat.
File dién tir cua cac thu vién nay dugc luu trir dudi dinh dang quy uéc chung la Evaluated
Nuclear Data File (ENDF-Format). Bao cdo dua ra mét chuong trinh may tinh véi tén goi
ENDFCrossSection dé khai thac nhanh chéng va c6 hiéu qua cac file dir liéu nay. Muc tiéu
ban dau khi xay dung chuong trinh 14 thiét 1ap cac s6 liéu twong tac neutron nham hd trg phat
trién huéng chup anh neutron tai 10 phan ang hat nhan Da lat. ENDFCrossSection gitup ngudi
ding truy xuat di liéu truc quan dudi dang bang, do thi va trich xuit cac sb liéu ddi véi loai
phan tmg va viing nang luong quan tam.

I1. NOI DUNG
I1. 1. Céu tric tape sb liéu trong thu vién ENDF va phwong phép truy xuét.

CAu tric caa mot tape s liéu ENDF duogc thé hién trong hinh 1. Mdi tape 1a mot tap
hop cac cau triic co ban goi la thanh ghi. Mdi thanh ghi 1a mét dong ngang 80 Ky tu va duoc
sap xép theo cac Section, File type, Material twong ung véi cac chi sé dinh danh MT, MF va
MAT. Mdi vit liéu trong thu vién ENDF dugc xac dinh bang mét trj sé don nhét 1a MAT, ¢6
gid tri tir 1 dén 9999 [2]. Déi véi twong tac neutron thi MF = 3 va gia tri MT dung dé xéc dinh
loai tiét dién twong tac ctia neutron véi vat chat. Bang 1 chi ra cac loai tiét dién tuong tac, 1a
dbi tugng truy xuat trong béo céo nay, va cac gia tri MT twong tng. Mot Section, File type,
hodc Material duoc bado hiéu két thidc bang nhirng thanh ghi dic biét 1a SEND, FEND va
MEND. Hinh 2 dua ra céc s6 liéu minh hoa déi véi hat nhan vang **’Au. Nhu vay viéc truy



xuat sb liéu hat nhan cé thé duogc thuc hién dua vao cac gia tri MAT, MF, MT, bét dau tir gia

tri chi s6 dong NS=4 cho dén thanh ghi két thic section SEND vai NS=99999.

Tape Ident First file First section First record
(TPID) (HEAD)
First material Second file Second section Second record
Material . Section Record

File (MF)
(MAT) (MT) (MR)
Last Material Last file Last section Last record
Tape end Material end File end Section end
(TEND) (MEND) (FEND) (SEND)
Hinh 1. Cau tric caa mot tape dit liéu
Bang 1. Céc loai tiét dién twong tic neutron dwoc truy xuat
Giatri MT | Loai tiét dién tuong tac Gia tri MT | Loai tiét dién twong tac
1 (n, total) — tiét dién tong 37 (n, 4n)
2 (n, np) — tan xa dan hoi 102 (n, 7)
4 (n, n’) — tan xa khong dan hoi 103 (n, p)
16 (n, 2n) 104 (n, d)
17 (n, 3n) 105 (n, t)
18 (n, fission) — tiét dién phan hach 106 (n, *He)
27 (n, absorption) — tiét dién hap thu 107 (n, o)
ZA=1000Z+A  mass parameter
[7.919700+4) L. 952750+2] 0 0 0 07925 3 1 1
0.000000+0 0.000000+0 0 0 1 140487925 3 1 2
14048 2 0 0 0 07925 3 1 3
1.000000-5 4.946716+3 1.102400-5 4.711452+3 1.215040-5 4.487832+37925 3 1 4
1.339460-5 4.274415+3 1.476330-5 4.071547+3 1.627500-5 3.877946+37925 3 1 5
1.793810-5 3.69390943 1.977490-5 3.5182794+3 2.179560-5 3.351335437925 3 1 &
2.402740-5 3.19201043 2.648260-5 3.04057143 2.919430-5 2.896044437925 3 1 7
3.217750-5 2.75866743 3.547230-5 2.627b66+3 3.909700-5 2.5029474+37925 3 1 8
4.310050-5 2.38402143 4.750460-5 2.2709824+43 5.236900-5 2.163106437925 3 1 9
5.772020-5 2.06057043 6.363060-5 1.962719+3 7.013260-5 1.8697124+437925 3 1 10
T.731390-5 1.78095743 8.521420-5 1.696595+3 9.393980-5 1.6160914+437925 3 1 11
1.035390-4 1.53957343 1.141410-4 1.466555+3 1.258040-4 1.397153+37925 3 1 12
9000000.00 5.140411+0 9634028.38 5.098113+0 10000000.0 5.086681+07925 3 1 4683
11000000.0 5.10395140 12169299.0 5.182753+0 14000000.0 5.360060+07925 3 1 4684
16000000.0 5.55042040 17239840.3 5.63711040 18250000.0 5.684805+07925 3 1 4685
19250000.0 5.70850540 20000000.0 5.712720+0 7925 3 1 4686
7925 3 099999
—— [ —— 1 I I |
energy (V) cross-section MF NS
(barn) /number of characters MAT MT
(11 1] [17 [10] 1] [t0]" [1] [10] 1] [10] [1] [10]  [4] [2][3] [5]

Hinh 2. Céu triic mét section (MT=1) trong file s6 3 (MF=3) di véi hat nhan *’Au



Chuong trinh khai thac sb liéu tiét dién twong tic neutron voi cac hat nhan bia dugc

thuc hién theo so dd nhu hinh 3.

Chon thu muc thu vién;

Chon hat nhan
méi tir thu vién
trude do?

Chon hat nhan;

Tim thay céc file

ddng vi hat nhan?

Chon ddng vi;
Chon I0gi tuong tac;
Truy xuat dir liéu;

Truy xuat dit liéu
khac cua cung
hat nhan?

Tuy chon thao tac vai dix ligu:
Loc dir liéu theo ndng lugng;
V& do thi;

Xuit file chira dir liéu can
thict,;

Xt ly di ligu?

ba truy xuét
thanh cong?

Két thdc phién truy xuét;

Tiép tuc

chuong trinh?

Hinh 3. So d6 chwong trinh

Dé truy xuét sé liéu, ngudi dung can chon dung thu muc thu vién va loai dong vi hat
nhan co trong thu vién dé, chuong trinh s& ty dong chi dén tap tin chira dit liéu. Khi cé yéu
cau truy xuat, cac thanh ghi trong tap tin s& dugc doc tir trén xubng dudi, tiét dién tuong tac
neutron phu hop véi cac chi s6 MF, MT s& duoc trich xuat dudi dang bang & mot cta s6
méi. Cira s6 ndy cho phép ngudi ding thuc hién mot sé thao tac voi dit liéu nhu loc tiét dién
theo ning luong neutron, vé db thi tiét dién — ning lugng hay xuét dir liéu dudi dang file
text.



1. 2. Két qua

Hién tai chuong trinh truy xuét duoc s liéu tiét dién twong tic neutron cia 406 dong vi
trong thu vién JENDL-4-300K. Chuong trinh hoan chinh véi tén goi ENDFCrossSection da
duoc thuc thi thanh cong, két qua truy xuat dudi dang bang hoan toan trung khép vai cac sé
li¢u trong thu vién.

B Cross-Section Data - O X
Isotope: 83 Bi Bismuth 209 Energy (eV) Min: 1.0E-5
Type: 1 Total Cross-Section Max: 2.0E7
Energy (eV) Cross-Section Filter
267 1012.20155 1.183918+1 From:
268 1041.51208 1.152295+1
269 1079.50720 1.121141+1
270 1125.35592 1.092984+1 __1000.0
271 1186.21020 1.065024+1
272 1266.82680 1.037483+1 To:
273 1387.75170 1.006188+1
2200
274 1696.78200 9.380450+0
275 1804.27080 9.090164+0
276 1889.36610 8.800159+0
277 1952.06790 8.530016+0 Apply
278 2005.81230 8.240320+0
279 2046.12060 7.973491+0
280 2081.95020 7.688063+0 O log-log
281 2113.30110 7.391720+0 @\og—\inear
282 2144.65200 7.044847+0
283 2198.39640 6.373005+0
Export
Close
(a)
897.130600 1.515894+1 905.815200 1.462209+41 914.499800 1.417704418325 3 1 90
924.269975 1.376033+1 936.211300 1.333912+1 951.409350 1.290920+418325 3 1 91
968.778550 1.251945+1 988.318900 1.217216+1 1012.20155 1.183918+18325 3 1 92
1041.51208 1.152295+1 1079.50720 1.121141+1 1125.35592 1.092984+18325 3 1 93
1186.21020 1.065024+41 1266.82680 1.037483+1 1387.75170 1.006188+18325 3 1 94
1696.78200 9.380450+0 1804.27080 9.090164+0 1889.36610 8.800159+408325 3 1 95
1952.06790 8.530016+4+0 2005.81230 8.240320+40 2046.12060 7.973491408325 3 1 S6
2081.95020 7.688063+0 2113.30110 7.391720+0 2144.65200 7.044847408325 3 1 97
2198.39640 6.373005+0 2212.72824 6.229440+0 2222.58138 6.175370+08325 3 1 98
2225.71647 6.170359+0 2232.43452 6.192344+0 2237.80896 6.251658+08325 3 1 99
2241.83979 ©.32996340 2245.87062 6.44656240 2249,90145 6.612717408325 3 1 100

(b)

Hinh 4. So sénh két qua truy xuat (a) vai sb liéu cua dong vi *®Bi trong thu vién
JENDL-4-300K (b)

Db thi biéu dién sy phu thudc caa tiét dién tuong tac vao ning luong neutron téi duoc
thé hién rd rang, dix liéu duoc hién thi truc quan — hinh 5. S6 liéu ghi nhan tir thu vién duoc
thé hién bing cac diém dam hinh thoi. Cac diém s6 liéu nay duoc ndi véi nhau bang cac doan
thang manh. Ngoai ra céc file text ¢ thé duoc trich xuét theo y8u cau cia ngudi ding, tao nén



cac thu vién s6 lidu hat nhan con, phuc vu cho qua trinh nghién ctu vé twong tac ctia neutron
vGi mot so vat chat cé trong thu vién trong céc dai nang lugng can quan tam.

Cross-Section Graph - a x
1 Total Cross-Section - Bismuth - Bi209

Cross Section, barn

300 302 304 306 308 310 312 314 316 318 320 322 324 326 328 330 332 334
LoglO(Energy)

- Cross-Section
Hinh 5. B thi thu dwoc tuong tng véi s6 liéu caa **Bi

Bismuth 209BiB83

Type: 1 Total Cross-Section
Energy from: 1000.0 to: 2200.0 eV
Number Of Rows: 17

Energy (V) Cross—Section (barn)
267 1012.20155 1.183918+1
268 1041.51208 1.152295+1
269 1079.50720 1.121141+1
270 1125.35592 1.05%2984+1
271 1186.21020 1.065024+1
272 1266.82680 1.037483+1
273 1387.75170 1.006188+1
274 1696.78200 9.380450+0
275 1804 .27080 9.090164+0
276 1885.36610 8.800159+0
277 1952.067%0 8.530016+0
278 2005.81230 8.240320+0
279 2046.12060 7.973491+0
280 2081.95020 7.688063+0
281 2113.30110 7.391720+0
282 2144 _65200 7.044847+0
283 2198.39640 6.373005+0

Hinh 6. Dir liéu duoc xuét ra dudi dang file text.

Il. 3. Ban luan

Chuong trinh dugc viét hoan toan bang ngdn ngir Java nén c6 thé thyc thi trén nhiéu he
diéu hanh khac nhau, dap tng nhu cau da dang cua ngudi dung may tinh. Ngoal ra ngon ngir
Java con gitp cho viéc hiéu chinh va nang Cap chu(mg trinh dé dang hon. Diéu do6 khién cho
chuong trinh ¢6 tiém ning trong viéc trich xuat cac dit lidu véi chi sé MF khac, twong (ng véi



c4c théng tin vé théng sb cong huong, phan b theo goc va ning lugng,... ciing nhu tinh toan
va xu li truc tiep dir liéu can quan tam.

I11. KET LUAN

Chuong trinh méy tinh gitp truy cap nhanh chong tiét dién tuong tac neutron voi vat
chit trong thu vién sb lidu hat nhan da duoc phat trién va kiém tra. Céc dir liéu truy xuat dugc
chinh xédc, dang tin cdy, dép umg dwoc viéc tra cau phuc vu cac nghién ctu lién quan.
ENDFCrossSection vei tiém ning nang cap xir ly dir liéu 1a mot cong Ccu phu hop dé thiét lap
cac sb liéu hat nhan can thiét cho viéc tinh toan hiéu chinh, thiét ké va che chén bac xa cho
cac hé thi nghiém trén cac kénh neutron cua 10 phan (ng hat nhan Pa Lat.
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A COMPUTER PROGRAM FOR EXTRACTION NEUTRON CROSS-
SECTION DATA FROM EVALUATED NUCLEAR DATA LIBRARY

NGUYEN DUY QUANG, Nguyen Canh Hai
Center for nuclear physics & nuclear electronics, NRI, 01 Nguyen Tu Luc, Da Lat

Abstract: Nuclear reaction database contains evaluated nuclear reaction cross sections,
spectra, angular distributions, etc. with emphasis on neutron induced reactions. The data
were evaluated by nuclear data experts to produce recommended libraries for nuclear
science and technology. In the case of research activities at Dalat nuclear reactor, nuclear
data is needed by many processes, such as the calibrations of gamma attenuation and
neutron multi-scattering.

This paper introduces a computer program to help user access neutron cross-section data
from data-files such as ENDF, JENDL, CENDL, etc. The program has been written in
Java so it may run properly in different platforms. User can access into the database for
extraction of cross-sections in type of table or graph.

Key words: Nuclear data library, neutron, cross-section, energy, computer program.



