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B TOM TAT: Mé hinh tinh todn ciia chiing t6i dugc xdy dung dua trén cdc cong thitc bdn
thuc nghié¢m tix thi nghigm TARC tgi CERN (1999). Muc tiéu la chitng minh khd ndng sit dung
neutron & vang céng hudng doan nhiét dé phd hity mét cdch higu qud cdc déng vi phéng xa séng
dai (LLFF) trong cdc mdy gia ting ndng lugng (EA). Tiét dién biéu kién va ti sé bdt neutron ciia
LLFF nhu *Te, "°1 da dugc tinh todn. Cdc két qud tinh todn phit hop khd t6t vdi thuc nghigm. M6
hinh ciing c6 thé iing dung tinh todn ti s6" chuyén déi cho cdc nguyén t6" khdc va trong cdc viing
ndng lugng neutron khdc ma thic nghi¢m khong do dat dugc.

1. Gidi thiéu

Ea 13 m6t hé théng 10 phdn ¢ng du6i t6i han dugc van hanh bdi mdt mdy gia t&c proton va sit
dung neutron nhanh hoic neutron nhiét. Ld phdn #ng kiu mdi ndy c6 nhiéu tiém ning vi wu th€ hon
10 phdn ng thong thudng:

e Hoat dong an toan hon va sach hon.
e C6 thé thiéu hiy chat thdi hat nhan.
e Loai tri nguy cd phé bién quin sy hat nhan.

Ea khic phuc hiu hét nhitng nhugc diém ciia 10 c8 dién va trong tuong lai né c6 kha ning
canh tranh, thay th& 15 phdn #ng théng thudng. Ngoai ra EA ciing c6 thé phd hity chat thii phéng xa
dic biét 1a c4c chi't phéng xa dai ngay (LLFF) nhu *Tc va 'ZL.

Chiing t6i xdy dyng mot mo6 hinh tinh todn khi ning chuyén ddi LLFF thanh cic ddng vi
s6ng ngin hoic bén. Muc dich 1a kiém tra lai d6 tin cdy ciia cdc cOng thifc, sau d6 4p dung tinh todn
ti€t dién biéu kién va ti s6 chuyén d8i LLFF *Tc, "I va mét s6 c4c dbng vi khic: '7'I, 'Ag, '®Ag,
#Al, "In, "' Ta. M6 hinh cling m& rong tinh todn cho cic viing ning lugng khdc ma thuc nghiém
khong do dac dudc va ciing hitu dung cho nhiéu déng vi khic.

M5 hinh dugc xdy dung dua vao thi nghi¢m TARC [1] tai CERN (1999). Trong thi nghiém
TARC, mét chiim hat proton dugc gia t6c dat xung lugng 3,5 GeV/c, mit d6 dudc chdn héa 10°
proton/shot, d€n bin ph4 mdt bia chi v6i chu ky 14,4 s. Sau ddy 13 cdc cong thifc:

e MOJdi tudng quan niing lugng-thdi gian, E-t:
EW)=KNt+1,) , Ko, =172+2keV.pus® , 1,=037+02ps

K 13 hiing s& trong viing ning lugng 0,1 eV- 10 keV.
e S& phdn ing bit neutron trén mot don vj thvi gian:

MLA?,Q = Niager Jo (E-(t)’ F)E(E(t))l%

e Ludng neutron dugc fit tif s6 li¢u thyc nghiém theo ham I§ thuyét tudi Fermi:

SNSRI S (o D -2 _1f Be
fO(E,r)—Eumexp( ba)exp[ \/E) p u-ln(EJ

D&i véi proton 3,5 GeV/e, cdc tham s& ¢c6 gid tri:

n(t,rF)=
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E;~1,5MeV, a ~ (8+1)x10” neutron/cm*10’ proton , b ~ 10° cm, ¢ ~ 0,5 e V*?
o Ti€tdiéntrungbinh:  o(E()) = fM(E, E())o(E)dE
e Ham phén bd x4c sufit:

M(E,E() = = E A J

e =
e D6 léch chufin: :
o;/E=20,/t=0121671+17/E , E<d4eV
oc,/E=013 , 3eV <E <1000eV
o,/ E=0147277[1+0,306In(E/896)] , 4eV < E <1600eV

e Tiét dién clia déng vi miu bia, dugc 18y-tit JENDL-3.2: o(E)
e Tisd chuy&n d6i, 12 s6 hat nhin bia bit neutron trén mét proton tdi:

tr(E) = n(t) % = Nyyu fo (B, )G (E(®))

try = [tr(E)dE

Trong md hinh tinh todn, ching t6i gid s hi¢u suit ghi cla detector bing mot va bé day miu
vO ciing bé nén ta c6 thé bd qua cdc hiéu ¥ng ty ngén cdn va ty hdp thy.
2. Chuyén ddi cdc ddng vi phéng xa séng dai ®Tc va I
e Céckét qua ddi vdi technetium (PTe):

Céc miu thuc nghiém bao gdm 0,85 mg *Tc dugc dit trong mdt tim *’Al 1,7 g ¢6 dang hinh
hép 2 cm x 2 cm x 1,5 mm. Hinh 1 va 2 v& ti€t dién bt neutron biéu ki&n (c,p) thuc nghiém khong
¢6 va c6 sy hidu chinh cdc hiéu ¥ng nhi&u do vit liu clia detector va nhifu do bé day méu bia. So
sdnh hinh 2 va hinh 1 ta thdy hi&u dng b& day miu thé hién chi y&u & hai dinh bt cdng hudng chinh,
cu thé gi4 trj clia ti€t dién dugc ting cao hon khodng 50% & dinh 5,58 eV, 18% tai dinh 22,3 eV va

" khéng ting cudng ddng k€ & nhitng ning lugng khic. G,pp. dugc tinh todn cho miu v6 cling méng
(hinh 3) rd't tring khép v6i Guppex 4@ duge higu chinh (hinh 2), chitng td cdc cong thic dugc sit dung
12 ddng tin cdy.

Ti 56 chuyén d8i vi phin thyc nghiém trex(E) v 1y thuyét try(E) dugc vé trong hinh 4 va §
theo E x tr(E) . Ta thdy s3 liéu thyc nghiém thap hon 1a do miu c6 bé day.

Dé do ti s6 chuy&n ddi toan phin, ngudi ta ti€n hanh phan tich kich hoat cic miu **Tc nhu
sau:

- MZu rfn *Tc, khdi Iugng 14,3 mg, hinh dang 15 mm x 6 mm, day I = 29 pm.
- Miu bot PTcO4K, hinh try: 10 mm x 4 mm (dudng kinh), kh&i lugng m1 = 206,0 + 0,1 mg chita
100,88 mg **Tc.
- Miu bdt ®TcO,K, hinh try: 12 mm x 5 mm, m2 = 441,3 +0,1 mg chifa 216,11 mg T
Sd d8 chuyén d8i khi kich hoat neutron cho *Tc:

n+ PTc 2,11x10°y) —> 197" > 107 (1585) B 100Ry,* Y5 100py

Hinh 6 v& ti s chuyén d6i toan phén thyc nghiém va tinh todn cho miu bot 216 mg *Te.
Chiing t8i tinh todn cho trudng hgp mAu rit méng try, va cho cd miu thuc t& tr = try, X dey (tr°° = try, X
du) théng qua viéc hiéu chinh hiéu ¢ng bé day miu dugc thé hién qua tham s& d.

dex = trex (mu day)/tre, (miu rit méng_mAu rin); Ay, = tre, /trg,
dex(101 mg/14,3 mg) = 0,6 : da(101 mg/101 mg) = 0,56
d.x(216 mg/14,3 mg) = 0,54 . dn(216 mg/216 mg) =0,473
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So sdnh cdc gi4 tri dy vA dex ta thiy k&t qua tinh todn ly thuy&t cda chiing ta 1a chﬁp nhin
dudc va dy < dex 12 hgp 1y bdi vi try(14,3 mg , 12 0) > trex(14,3mg, 1 = 29um) va sai s6 tuong d6i
trung binh so véi thuc nghi®ém (tr*y, - tros) fir¥y = (dex - Aex) / dex = 13%. Nhin chung cdc két qud tinh
todn Iy thuy&t tuong d&i phi hgp vdi thyc nghiém.

Hinh 4 v 5 cho thdy x4c sudt bit neutron dugc ting cudng rit 16n & cdc dinh cong hudng.
D6i v6i *Tc hiu hét cdc phdn wng bit neutron xdy ra & hai dinh cdng hudng chinh (5,6 eV va 20,3
eV), cu thé s6 hat nhin dugc chuyén d6i chi€ém 80% trong ving [l eV, 30 eV] va chi€m 90%
trong ving [1 €V, 1 keV] so v6i toan ving 14y tich phdn  [1 eV, 1 MeV]. Piéu ndy chitng minh
dudc quan diém si¥ dung ving cong hudng doan nhiét (ARC) d€ phé hiy higu qua LLFF.

o Cic k&t qua ddi véi ist (L, "Iy

M3u i6t dudc chudn bi ¢6 dang hinh try 9 mm x 6 mm (duSng kinh) [1], khéi lugng 286,85 mg
bao gdm '®I, '7'I, Pb, H, v O, trong d6 '*I chi€m 64,7 mg '*'I chi€m 10,44 mg. S d3 chuyén ddi
nhu sau:

130m (9 min, isomer) B 16%
+ P1(1,57x10" y) J 1m. 8445 °Xe” —> 1Xe (bén)
130¢1 (12,36 h, ground) - B 100%

B*, 6,9% 128716 (7,7x10% y)
+ ¥ ——> 1272499 min)

B,93,1% - 128xe* T 5 128y,

Tié&t dién phin @ng biéu kién crapp , ti s8 chuy&n d8i vi phin E x tr(E) va toan phin tr(R) dugc
14y tich phan trong viing ning lugng [10° eV, 10° eV] dudc hién thij trong hinh 8, 9 va7.

So sinh cdc k&t qua (hinh 7) ta thi'y s6 liéu ly thuy&t thdp hon s& liéu thuc nghi¢m, theo
nguyén tic diéu nay 1a vd 1y do miu thuc t&€ c¢6 bé day. Tuy nhién khi ta md rong pham vi ning
lwgng cho phép cla cdc cong thifc (E < 0,1 eV va E > 10 keV) thi s0 liéu tinh todn s& kém chinh xdc
va & phdn ning lugng thap thi s& liéu ti€t dién JENDL-3.2 s& khong dt dé€ tinh todn cho phin chin
ciia dinh Gauss mé td sy phin b8 ning lugng neutron (M (E, E (£))) nén k&t qua tinh todn thudng

thép hon két qui ma déng ra n6 phdi c6 (xem hinh 8, 9 & phén ning lugng thdp). Cling chinh 1y do
nay ma d6i v6i méiu i6t ta khé c6 thé d4nh gid dugc hiéu @ng ty ngiin cdn do c6 bé d3y miu nhu di
1am trong trurdng hgp clia e,

M3t di chiing ta d3 md rong thém pham vi tinh todn cdia cdc cong thic (10° 2 eV <E < 1 MeV), nhung
céc k&t qua thu dugc ciing rd't khi quan, sai s8 tuong d6i (tr,, — 7, - )/tr,, dugc 14y trung binh theo cdc

15 1210% d8i v6i "1 va 3% ddi véi "*'L
S& hat nhdn bt neutron luén chi€m wu th€ trong ving cng hudng. So vdi toan viing 18y tich

phin [10® eV, 10° eV], ti s6 chuyén d6i chiém khodng 33,4 % trong ving [10? eV, 50 eV], 61,8%

trong ving [50 eV, 10* eV] d6i véi "’I va 4 % trong viing [10% eV, 20 eV] 94% trong vtmg [20

eV, 10* eV] d6i véi 'L

3. Kétluin

e Céckét qua tinh todn philt hgp kh4 t8t v6i thuc nghiém.

e Hiéu #ng ty ngin cin, ty hip thy 1a khdc nhau d8i v6i cdc nguyén t8 khic nhau. B3i véi ciing
mot nguyén t8 thi cdc hiéu tng nhidu ndy cling khic nhau & cdc ning lugng khdc nhau, ching c6
inh hudng chi y&u & cic dinh cong hudng cao nhat va c6 xu huéng gidm din khi ning lugng
ting din.

e Khd ning chuyén ddi thudng chi€m u‘u th€ trong ving ning lugng cdng hudng doan nhiét.
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Chuong trinh mdy tinh (Math-4.0) dugc xay dyng dudi dang t8ng quét nén d& dang sif dung cho

A

nhiéu nguyén t8 khdc sau nay. Tuy nhién trong tinh todn ta bi han ch& trong viéc hiéu chinh cdc

tinh todn cho trudng hgp miu mdng v6 han.
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Hinh 1: Ti€t dién biéu kién trung binh (n,y) thirc nghiém cia *Tc dudc so
sdnh vdi phuong phdp MC sit dung dit liéu tir JENDL.
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Hinh 2: So sdnh ti&t di
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Hinh 3: Tiét dién bi€u kién 1y thuy&t dugc tinh todn bing chuong trinh Math-4.0

E dn(capt)/dE trén 10° proton

sit dung dit liéu ti€t dién tir JENDL-3.2 .

108

.+ Predata
= JENDL simulation
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Hinh 4: Ti s8 chuyén ddi thuc nghiém tre, (vi phin) nhu 12 m6t ham s theo
ndng lugng neutron, dugc so sdnh vdi tryc tir phudng phdp MC st dung dir
liéu ciia JENDL. MAu dudgc sit dung chita 85 mg **Tc dugc giif trong mot tim

nhém 2 cm x 2 cm day 1,5 mm.
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Hinh 5: Ti 8 chuyén d6i 1y thuy&t try, d8i v6i mAu mdng vd han *Tc (85 mg).
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Hinh 6: S8 phan 1tng bit neutron trén mibt proton t6i d&i v6i 216 mg *Tc bi&n déi
theo khodng céch tinh tiY tim kh&i chi.
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Hinh 7: Ti s6 chuyén ddi tre, va try, ddi v6i 1 proton tdi khi kich hoat neutron
mAu i6t chita 10,44 mg '*’I va 64,7 mg '*°I.
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Hinh 8: Ti€t dién biéu kién Iy thuy&t va ti s8 chuyén ddi try, d6i véi "I

(64,7 mg; 15 10,z = 17,5 cm).

Trang 11




Science & Technology Development, Vol. 7, No. 8-2004

3 % " 5 i . 3
10 F - S i e e minvn e e i e el )
r % 1N =
dchewannl- T L R N B U TR B L 190"
----- tr 1§ thuyét HEE L . e ;
= 2| | 1044 mg,1510;z=7,5cm : : : i % 1 2 ©
= o g8
510 resmilisemsnleseniibnaca 40 5
E "'_---_"-.._ i \‘_:‘ [=H
% [ 1% 4 o Py
\':5 ............ ’ Wl iiatan Oy aisia e wln e e e i e il R e e e e e e e e N e e e S e e —é 10 :
g . %
B0 ARprernsiestadoeerg 10 F
=
- =
:-8 ...................................................................................... - 10 %
~‘B |
B o : : : 2
10 -_':'"'_'.""""':_"' R, ~ e e g S SRR St e et s "'_“"',""'""g 10 m
'
l' ) -3
e T e R P LR PR TR PP PPRTS PEPEPRPRRE TP .g 10
I': 3
-1l § e i ; =
10 -3 -2 -1 0 1 2 3 4 5 510
10 10 10 10 10 10 10 10 10 10

Ning lugng neutron (eV)
Hinh 9: Ti€t dién bi€u ki&n 1y thuy&t capp-m va ti s6 chuyén ddi 1y thuy&t try,
dsi véi 1 (10,44 mg; 15 10, z = 7,5 cm).

TRANSFORMATION ABILITY OF ?T¢, "1 INTO SHORT-LIVED ISOTOPES
BY USING NEUTRONS IN ENERGY AMPLIFIER :

Mai Van Nhon’, Tu Thanh Danh*, Nguyen Mong Giao*
* University of Natural Science — VNU-HCM
* Institute of Physics of HCM city,Vietnam Science and Technology Centre

ABSTRACT: Our calculating code is established based on one-half experiment
formulas from the TARC experiment at CERN (1999). The purpose is to demonstrate the
possibility of using neutrons in Adiabatic Resonance Crossing (ARC) to destroy efficiently
Long-Lived Fission Fragments (LLFFs) in Energy Amplifiers (EAs). Apparent cross sections
and neutron capture rates of LLFFs *Tc, '*T were calculated. The calculated results are good
agreement with measured data. The code can be also applied to calculate transmutation rate
for other elements and in other neutron energy ranges that are not measured in experiment.
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