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Abstract

Thermal neutron cross-section for the *®Mo (n,y)??Mo reaction was measured within
the activation method. The samples with and without Cd cover (1mm thickness) were irradiated
in the neutron field at the Dalat nuclear reactor. The induced activities in the samples were
counted by a high-resolution gamma spectrometer. Thermal neutron cross-section for
%Mo (n,¥)?°Mo reaction has been obtained: o, = 0.115 + 0.007 the result was compared with

the previous values.
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PO TIET DIEN NEUTRON NHIET PHAN UNG*2Mo(n,y)*°Mo

TRINH VAN CUONG, Trung tdm Vat ly — Bién tir hat nhan, Vién nghién cau hat nhan, 01 duong
Nguyén T Luc, Thanh phd Da Lat

Ban tom tat

Tiét dién neutron nhiét cua phan tng *®Mo (n,¥7)°?Mo duogc do bang phuong phap kich hoat.
Cac mau thi nghiém duogc chiéu khdng boc va cd boc trong hop Cd (day 1mm) duogc chiéu trong
truong neutron 10 phan wng tai 16 phan (ng hat nhan Pa Lat. Hoat d6 phét ra cua mau duoc do bang hé
phd ké gamma d¢ phan giai cao. Tiét dién neutron nhiét cia phan ung *®Mo (n,y)°°Mo thu duoc :
0o = 0.115 4 0.007 két qua duoc so sanh véi céc b lidu trude day.



I. MO PAU

%Mo (n,y)°°Mo 1a phan tng quan trong trong chudi phan tng hat nhan diéu ché
9MTce (Hinh 1), *°™Tc 1a hat nhan phéng xa dugc Gng dung trong linh vuc y hoc hat nhan &
nhiéu nuéc trén thé gisi véi muc dich chan doan céc bénh ung thu. Dé tinh hoat d6 cua san
pham °°™Tc¢ can thiét phai biét chinh xé4c gia tri tiét dién neutron nhiét cua phan ung
%Mo (n,y)°’Mo. Muc dich cua bai bao cao nay Ia kiém ching gia trj tiét dién neutron nhiét
cua phan tng *®Mo (n,y)°°Mo dugc do tai 10 phan tng hat nhan nghién ciru (tai Da Lat).
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Hinh 1. So d6 phan ra tir hat nhan °°Mo thanh hat nhan *°Tc

Tiét dién neutron nhiét cua phan ang *®Mo(n,y)?’Mo dugc do bang phuong phap kich
hoat 14 do. Phan tng xay ra gitra hat nhan bia va chum neutron tai tao thanh cac hat nhéan hgp
phan. Cac nhan hop phan nay phan ra tia gamma tuc thoi dé tro vé trang thai co ban bén cua
hat nhan san pham. Trong qua trinh phan rd B~, kém theo phat cic tia gamma dic trung
(gamma trd). Qua trinh phan @ng cua hat nhan bia va chum neutron téi dugc biéu dién tong
quat nhu Hinh 2.
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Hinh 2. Phan &ng bét neutron cua hat nhan bia



Cac mau duoc chiéu trong thi nghiém cua bai bao cao nay la cac 14 do trong Bang 1
dudi day.

Bang 1. Cac phan ung hat nhan va cac s liéu hat nhan.

Phan trng hat nhan Thaoi gian ban réa Nang lugng Cuong do gamma
B~ (h) gamma (keV) (%)

%Mo (n,y)*’Mo 65.94 740 12.26%

97 Au(n, y) % Au 64.68 411 95.58%

M&i lién hé giita téc d6 phan tng R (Reaction rate) va sé éém N, thu dwoc tai dinh hap
thu ning luong toan phan biéu dién theo phwong trinh sau:
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Véi N, 1a sb Avogadro,W- khéi lugng cua cac 1a do trong thi nghiém, 6 - o giau dong vi, M
- khéi lwong nguyén tir cua hat nhan bia, o, - tiét dién bat neutron cua cac hat nhan tai mirc
nang luong nhiét 0,0253 eV, I(a) - tich phan cong hudng cho phd neutron 1/E*+* |
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I, 1a tich phan cong huong cua hat nhan va a 1a hé s6 md ta do léch phd neutron trén
nhiét so véi quy luat 1/E, G- hé sb hiéu chinh cho viéc tu che chin neutron nhiét, G, - hé sb
hiéu chinh cho viéc ty che chan neutron trén nhiét, y — cuong d6 phat gamma tuong ddi twong
ng véi dinh ndng lugng, &, — Hiéu suat ghi tuyét dbi twong tng véi dinh, N, la dién tich dinh
hap thu nang lugng toan phan.

Atm

S=1-e~*i, D=¢~*4,C= ;

Trong d6 S 1a hé sb hiéu chinh cho sy phan ra trong qué trinh chiéu, A 1a hang sé phan
ra, D 1a hé sé hiéu chinh cho sy phan rd trong qué trinh rd, C 1a hé s6 hiéu chinh cho sy phan
1a trong qua trinh do va t;, t4, t,, 12 thoi gian chiéu, thoi gian ra, thoi gian do, tuong tng.

Cuong do gamma la xac suat phét tia gamma tng véi ning luong da biét truge trén mdi
hat nhan phdng xa.
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Vi Agy, la hoat d6 cua 1a do khong boc Cd, Ay, . la hoat do cta la do boc Cd. R la toc do
phan trng cua la do khong boc Cd va R ¢4 la téc d6 phan ung cua la do boc Cd.

Trong thi nghiém nay cac yéu té chinh déng gop dén sai s6 cua tiét dién do dac oytheo
cdng thic (1) bao gom sai s6 dién tich dinh oy, sai 56 cua tiét dién o, va sai sb ciia higu suat
ghi g, sai s6 cua tich phan cong huaong Io.

0= (TG0 (6)

Trong d6 f(x;) 1a mot ham cua cac bién s x;. Cac ham £ (x;) twong tng vai vé tréi cua
cac cong thire (1) dén (5) va (7), va cac bién sé x; ¢ day chinh 1a cac thanh phan dong gop sai
s6 trong vé phai cua cac phuong trinh tir (1) dén (5) va (7).

Tir phuong trinh (1) ta c6 toc d6 phan tng ddi véi neutron nhiét Ia:
RO = Gth' ¢0. Og, Suy ra:

(Rs—Rs,ca)Mo(Gen) Au
Oo,M0 = ’ A 7
O.MO ™ (Re—Rsca) au(Gen)mo O AU ™)

Tir cong thire (7), véi cac hé sé hiéu chinh bang 1, két hop véi cong thirc truyén sai sé (6),
ta c6 sai sb tiét dién neutron nhiét cia Mo.
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II. THUC NGHIEM

Nhu chung ta da biét, truong neutron 10 phan @ng 1a mét trong nhitng trudng neutron
duoc sir dung phd bién cho cac do dac thyc nghiém, vi thong luong trudng neutron 10 phan
g twong d6i 16n ¢6 thé 1én dén 10™* — 10*° (n.s~*cm™2) ma cac ngudn neutron khac kho
c6 thé dat duoc va trong mdi truedng chat [am cham nang lugng neutron phan bé trong khoang
0 dén 20 MeV.

I1.1. Cac mau dwoc sir dung trong thi nghiém.

Trong thi nghiém st dung 4 14 do, céc 14 dd du mong va cé thé bo qua hiéu tng tu che
chan neutron trong mau va duoc phan loai trong Bang 2.



Bang 2. Khéi lugng céc 14 do dung dé kich hoat.

N ’ Ham
Boc Cd Tén mau | Khoi luong(g) | luong
be Au-J 0.1282 100.00%
Mo-o 0.0913 100.00%
Au-G 0.1250 100.00%

Khoéng boc Cd
ong boee Mo-p 0.0909 | 100.00%

Céc 14 do khong boc Cd va céc 14 do boc Cd dwoc chiéu cing vi tri tai tm 10 phan &ng
hat nhan Pa Lat va cung khoang thoi gian chiéu nhu sau:

Bit dau chiéu: 14/8/2015 10:16:00 va két thac chiéu: 14/8//2015 12:16:00.

Bang 3. Céc dir liéu thoi gian ddi vai cac 14 do.

Tén mau zﬁi(‘:éiug(iﬁ? Thoi gian ra (h) Thoi gian do (h)
Au-J 2 1398.38 0.83
Mo-0 2 578.53 2.74
Au-G 2 1397.43 0.88
Mo-p 2 571.2 6.82

11.2. H¢ pho ké gamma ding detector HPGe

Pau do duoc sir dung trong bao cdo nay la dau do ban dan siéu tinh khiét HPGe
GEMS50P4 (loai dong truc), day 1a loai ¢au do ghi nhan phd gamma phé bién hién nay, ching
¢6 uu diém 1a d6 phan giai cao, cd kha ning nhan biét cac phdé gamma phuc tap nhiéu dinh.
Céc thong sb vé dau do dugc néu cy thé sau day:

Loai dau do : GEM50P4 (Ortec)

Puong kinh tinh thé : 69.4 mm; o dai tinh thé : 67.1 mm.
Khoang cach tir nap dén tinh thé : 4mm

Bé day cira s detector : 1 mm Aluminum

Do phan giai FWHM = 1.9 KeV tai dinh ning luong 1332 keV cua ngudn Co-60.

Detector HPGe DSPEC jr™
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Hinh 3. So d6 hé phé ké Gamma str dung dau do GEM50P4



Khdi DSPEC duoc tich hop cac chirc nang:

+ Cung cap nguon nudi HV (High Volt) cho detector, khuyéch dai tin higu tir detector,
tich hop chirc nang cua cac khoi ADC, MCA, céc hiéu chinh duong khong (pole zero) va hiéu
chinh thoi gian chét (dead time).

+ Khéi DSPEC dugc két ndi véi may tinh bang cap USB, may tinh duoc cai dat sin
phan mém GammaVision, v&i cac chirc nang ciia mot phan meém thu nhan va xtr ly pho.

Hiéu suit ghi cua hé phd ké duoc do tai khoang cach 5cm dén detector s dung bo
ngudn chuan: *°°cd, *’Co, *** Ba, **Na, **’Cs, >*Mn, ®*Zn, ®°Co. Ta thu dugc dudng cong
hiéu suat theo nang lugng theo Hinh 4.

Puong cong hiéu suat tai vi tri do cach detector Scm duogc biéu dién nhu hinh sau:

vy =1.5029x°-20.782x*+114.5x* - 314.21x*+ 428.72x-231.73
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Hinh 4. Do thi hiéu suat ghi theo ning luong tai vi tri 5cm, y(=log eg) 1a ham 1am
khép cua céc bién x(=log E).

I1l. KET QUA VA THAO LUAN

Bang 4. Dién tich dinh va sai s6 dién tich dinh, tiét dién hiéu dung ddi véi neutron nhiét, hiéu
suit ghi dinh hip thu ning luong toan phan twong (g cua cac 14 do boc Cd.

. ) Sai s6
1N ME | 4 | Saisd | Dientich | dién
Tén mau g:rgnrri]ga dilfllll (s;a) hiéu suat dinh tich
p inh dinh
Lé do (keV) dinh oz, | (Np) dnd
boc Cd Np
411 0.0169 2.00% 28204 0.66%
Au-J
740 0.0110 2.00% 203870 0.49%
Mo-0




Bang 5. Dién tich dinh va sai s6 dién tich dinh, tiét dién hiéu dung ddi véi neutron nhiét, hiéu
suit ghi dinh hip thu ning luong toan phan twong tng cua céc 14 do khdng boc Cd.

Nang o Sai s6 D,ién §ai S,é
A X lugng Hiéu suat hie X tich dién tich
Tén mau \ 1€u suat , ,
L4 de gamma | dinh (&) dinh o dinh dinh
a do keV €p N o )
khong (keV) (Np) My
boc Cd
Au-G 411 0.0169 2.00% | 213098 | 0.29%
Mo-p 740 0.0110 | 2.00% | 905831 | 0.22%

Tur dix liéu cac Bang 1, 2, 3, 4, 5 va céc cong thuc (3), (4), (5), (6) gié tri hoat do, tc do phan
g va sai s6 cac 14 do thu duoc trong Bang 6,7.

Bang 6. Hoat do va toc do phan tmg ddi véi 14 do boc Cd.

Nang ’ Tée d6 phan Sai s6 toc
A X luong Hoat do Sai s0 hoat L P \ do phan
Tén mau . ung (Phan . .
gamma (Bq) do (Bq) ine / i ung (Phan
(keV) g/ gidy) | ino/ giay)
Boc Cd g/ glay
Au-J 411 1.12E+10 | 9.41E+06 2.27E-10 0.05E-10
Mo-O 740 4.84E+06 | 2.17E+03 2.39E-12 0.05E-12
Bang 7. Hoat d¢ va toc do phan ung ddi vai 14 do khong boc Cd.
Néang X an s Sai s6 toc
Teén miu luong Hoat do Sai s6 hoat TES d&,ﬁgin do phan
L4 dod gamma (Bg) dé (Bq) ung L ung(Phan
A (keV) g/ gldy) | oo giay)
khéng g/ gy
boc Cd 1 Ay) 411 | 8.15E+10 | 2.96E+07 | 1.66E-09 | 0.03E-09
Mo-O 740 8.19E+06 | 1.65E+03 4.05E-12 0.08E-12

Két qua thu duoc gié tri thong lwong neutron nhiét va trén nhiét:
¢o =1.45x 1013 £0.03 x 1013 (n.s"1cm™2)
¢ = 2.90x 10*° + 0.08 x 10*°(n.s"'cm™?)
Tur cac Bang 6, Bang 7 va ap dung cbng thac (7), (8) két qua tiét dién neutron nhiét ctia phan
ing *®Mo (n,y)*°Mo 1a: g, = 0.115 £ 0.007 barn

Sai s6 hiéu suat ghi cua detector (trong Hinh 4) dugc tinh bang phuong phap binh phwong téi
thiéu. Sai sé cua hoat do, téc do phan tmg, thong luong va tiét dién neutron nhiét duoc tinh
toan bang cong thic truyén sai s6 (6).




Cac két qua tinh toan trong ban bao cao nay phu hop véi s6 liéu do dac gan day.

Nang luong

neutron (eV) Tac gia Tiet dién(barn)

Phan tng

%Mo (n,y)?’Mo 0.0253 Trong b&o c4o nay 0.115 + 0.007

%Mo (n,y)*Mo |  0.0253 A.E1ADd 0.137 + 0.014
%Mo (n,y)*°’Mo 0.0253 N.V. Do 0.136 + 0.007
%Mo (n,y)*°’Mo 0.0253 M. Kurosawa 0.150 + 0.030

Sy phu hop giira s6 liéu tiét dién neutron nhiét cua phan wng *®Mo (n,y)*°’Mo duoc do tai 10
nghién ciru hat nhan Pa Lat va cac két qua duoc cong b trude day cho ta thiy kha ning sir
dung ngudn neutron caa 1o phan wng hat nhan nghién cau (tai Da Lat) trong thuc nghiém vat
ly hat nhan va dao tao.
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