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TOM TAT

Nghién ctru phdn (ng hat nhéan la cén
thiét trong viéc xéc dinh céc tinh chét dac
thu cda tieng hat nhédn va la phuong phap
thuc nghiém hiu hiéu cho dén ngay nay.
Tuy nhién, dé gidi thich céc tinh chét vé cu
tric hat nhén, ngoai viéc nghién cteu phan
tng thi phai str dung cac méu céu truc hat

nhén dé lam séng té van dé. Cé nhiéu méu
cdu tric hat nhén khac nhau dé giai quyét
cho bai toan nay. Bai bao trinh bay tng dung
mé&u tap thé trong viéc xac dinh mét sé dai
quay va dai dao ddng cua hai hat nhan
1%25m va ®?Gd dwa trén viéc phan ra beta

cta nguén *°Eu.

Tir khéa: Mau tap thé; **°Sm va *?Gd; "*°Eu; dai quay; dai dao déng

MO PAU

Mau tap thé duoc phat trién vao nhiing nam
1950 boi cac cdng trinh nghién cau cua
Reynvoter, A. Bohr va cong su [1]. Trén co s&' Y
tuéng cho rang cau tric cua hat nhan khong cé
tinh ddi xtng cau (la nhitng hat nhan cé sé proton
va sé neutron nam xa cac sé magic), nén khong
thé giai thich dwoc céc tinh chét cua hat nhan khi
st dung mau l6p. Bé khic phuc, mau tap thé
duoc xay dung véi su bd sung hai gia thuyét
chinh 1a tinh bat ddi xiang cua hd thé va su tuong
tac giita cac nucleon. Trong van dé hé tu hop c6
dang bat ddi xtng cau, c6 thé coi bén trong hat
nhan xuét hién thém maot bac tu do mai, 1a bac ty
do tap thé, twong ung Vvéi su quay cua I8i hat
nhan. Két qua thuc nghiém s& cho thiy cac pho
nang luong kich thich ciia hat nhan xuat hién céc
phd quay; ddng thoi phd thu duoc ¢ trang théi
kich thich c6 thé xuat hién cac phd dao dong do

su tuong tac gilta cac nucleon bén ngoai vai 16i
hat nhan lam cho 18i hat nhan dao dong.
C6 nhidu nghién ciru trude day vé ngudn **’Eu
nhu nghién ciru tng dung phd quay dé giai thich
cac nang lugng thip dudi 300 keV [2], & nghién
ciu ndy nhém tac gia da st dung phuong phap
phan tich kich hoat neutron khi st dung bia *'Eu
theo phan ung Eu™!(n, v)**?Eu va di xac dinh
duogc cap phé quay 81 keV va 92 keV; cac nghién
ctru khac lién quan dugc diang tai gan day chu
yéu nghién ciu ti sb cac dich chuyén dién don
cuc va tir cuc (Eo/E,) cua °2Sm va ?Gd [3, 4].
Céac cong trinh trong nuéc chua thiy co
nghién ctru cau tric hat nhan va st dung mau ly
thuyét hat nhan dé giai quyét bai toan vé cau tric
cia *?Sm va 2Gd. Chi c6 nhiing cong trinh
ding ngudn **?Eu dé chuén nang lugng cho hé do
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[5]. ®°Eu rét hay duoc sir dung & cac phong thi
nghiém vat ly hat nhan trong viéc chuan hé do.
ban huay la 13,537 nam dé tao ra ***Sm va **Gd &
trang thai kich thich, sau d6 cac hat nhan nay giai
kich thich bang cach phat ra cac buc xa gamma.
52Ey 14 hat nhan nang va 1 hat nhan 1¢ - 1¢, gdm

B2Eu ¢6 dac diém 1a phan rd c6 ca cac qua trinh
gom bit electron, phan ra p* va B~ véi thoi gian
63 proton va 89 neutron, khi phéan ré beta sg tro
vé céc hat nhan chin — chin. So d6 phan ra duoc
minh hoa ¢ Hinh 1.

152Eu
EC, B* p
1525 m* 12Gd"
Phét gamma Phat gamma
lSZSm v \ 4 ISZGd

Hinh 1. So db phan ra cua ?Eu.

Déi véi cac hat nhan cé 1p lap day hoic gan
nhu ddy, thé nang dbi xing ciu c6 d6 6n dinh
kha cao trudc nhitng tac dong nhiéu loan tir cac
nucleon bd sung. Vi thé hinh dang hat nhan van
con d6i xang ciu. Cac trang thai kich thich cua
nhiing hat nhan nay duoc xac dinh bang cac muc
mot hat trong truong thé ddi xung cau, va bang
cac dao dong tir cuc dang hat nhan ddi xung cau
can bang tuong ddi.

Trong truong thé khong déi xung cau,
moment téng dong lugng i khong dugc bao toan,
nén sy suy bién ngan (2i + 1) cua muc bi loai bo.
Tuy vay, néu truong c6 ddi xang truc, thi hinh
chiéu i, cua vector 1 lén truc dbi xing duoc bao
toan. Didu d6 dan téi su suy bién gip doi cua mdi
muac con véi gid tri |i;| (twong ng voi 2 gia tri
hinh chiéu +i, va -i,). Nhu vy, muc i duoc chia
thanh (2i + 1)/2 mirc con dich chuyén Ian nhau
mot cach twong d6i. Muc do dich chuyén phu
thuoc vao dau va thdng sé cua hat nhan khéng
céu & = AR/R, ma c6 thé tinh toan dwoc tir gié tri
moment tir cuc dién cua hat nhan Q.

Viéc tinh todn cac mac mot hat dbi véi hat
nhan khong d6i xting cau lan dau tién da duoc
Nilsson dwa ra vé6i viéc sir dung hé thé cua dao
dong tir voi d6i xang truc va lién két spin quy
dao manh [6]:

V(r) :%[mz(x2 +y?) +wfzz)]+CIs+ prr (1)
Trong do
o =0;(1+25/3); o’ =w;(1-43/3);
C, D, o la c&c hing sb; & 1a thong sb bién dang.

Hat nhan khong cau cé dang elipxoit quay,
c6 hinh chiéu tong tt ca cdc moment cua céc
nucleon hat nhan trén tryc ddi xang cua hat nhan,
hinh chiéu nay dugc ky hiéu 1a K. Vector K
trung vaéi spin caa hat nhan, ¢ trang thai co ban
thi K = l,. Truong hop d6i véi hat nhan chan -
chinthily=K =0.

Néu hat nhan khong ciu ¢ trang thai kich
thich, thi gia tri spin cua né c6 thé khéc lo. Néu
moment quay cua hat nhan bang Q, thi moment
t6ng cua nd & trang théi kich thich:
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I=K+Q (2)
Cdac murc nang lwong quay: & trang thai kich
thich cua dai quay thi K = const. Nang lugng cua
trang thai quay dugc xac dinh [6]:
iy =QQ—2=\|22;—Kth—2[|(|+1)TK(K+1)] (?)
Voi "}’i" la harg) so f’]@hk, Jng 1& moment quén
tinh hiéu dung:
2
Jog = Jo g%g (4)
Trong d6 Jo 1& moment quan tinh cua vat
ctng c6 hinh dang gidéng nhu hat nhan, R 13 ban
kinh hat nhan, AR 1a d6 bién dang ban kinh cua
hat nhan.
Truong hop hat nhan chin - chin va cac
chuyén doi duoc khao sat o trang thai co ban, tic
K = 0, thi ndng lugng quay duogc xac dinh [6]:

—_ 52 1a+1 (%)
2

Equay

vi K =0, theo cong thic (2) s€ cO6 I=Q, val

chi c6 thé nhan gia tri chin 1 = 0, 2, 4, 6,... (do

tinh d6i ximg bién dang d6i véi mat phang vudng

géc truc ddi xang cua hat nhan), nén ning lugng
cuia cac dai quay chi c6 thé nhan cac gia tri sau:

I 0P A s (6)

_‘]hd, v ‘]hd s Jhd s Jhd e ‘]hd o
Nhu vay, theo (6) ti I¢ gilta cac nang lugng cua
dai quay la:

Radioactive Material
A U bard
Spectrum Techniques

S —y

E,/E,/E,IE,[E,/..= 1(10/3)/7/12/(55/3)l... ~ (7)
Cac mitc nang lwong cua ddi dao dong: khac véi
céc dai quay xuat hién khi c6 su thira hoac thiéu
nhiéu nucleon bén ngoai cac Iop da ddy, cac dai
dao dong xuat hién khi hat nhan c6 su thira hoic
thiéu cac nucleon khong nhiéu. Khoang cach déu
nhau cua cac mtc nang lugng dao dong va tinh
lién tuc xac dinh cua spin va d6 chan I¢é dic trung
cho cac phé dao dong.
E,. dons — nho, n=1,2...,

VAT LIEU VA PHUONG PHAP

Tién hanh thyc nghiém do dac trén ngudn
152Ey, 13 ngudn diém duoc bao boc bai nhém cé
duong kinh 2,54 cm, bé day 3 mm, hoat do
ngudn tai thoi diém tién hanh thi nghiém la
198,99 kBg. Hinh 2 trinh bay dang hinh hoc cua
ngudn *?Eu.

(®)

Thu nhan phé thyc nghiém bing hé phé ké
gamma da kénh véi detector ban dan, hiéu suat
tuong ddi 20 % va d6 phan giai nang lugng la 1,9
keV (tai nang lugng 1332 keV). Khoang céach tur
ngudn dén detector 12 5 cm. Thoi gian do thuc la
10 gio. Hinh 3 trinh bay so dd bd tri ngudn va
detector, Hinh 4 I phé thu duoc cua ngudn **Eu
do véi thoi gian 10 gio.

Detector

> Phd ké da kénh

Hinh 3. Thiét 1ap so db thyuc nghiém.
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Ham chuén niing lugng c6 dang: E(keV)=10"x +0,518x-0,287

Hinh 4. Ph do thyc nghiém cua *?Eu.

Thuc nghiém do dac dugc trinh bay trong
Bang 1, két qua da xac dinh dwoc 23 tia gamma
phat ra. Nhu da dé cap ¢ phan tong quan, quéa
trinh >?Eu phét beta va tao thanh hai hat nhan
1%25m va %Gd, sau d6 khu kich thich bang cach
phat ra cac tia gamma, nhung trong thuc nghiém
nay st dung hé phé ké mot detector nén khong

thé x4c dinh dwoc chuyén doi gamma riéng 1é cua
%25m va *°Gd. Do vay, dé tach nhitng chuyén
doi riéng biét ddi voi hai hat nhan nay can tham
khao thém sé liéu tir thu vién [7]. Két qua cua cac
chuyén doi gamma & qué trinh khir kich thich cua
1%29m va 1%2Gd dugc trinh bay trong Bang 2.

Bang 1. Ning luogng va cudng do phat tuong ddi cua cac tia gamma do duoc tir thyc nghiém khi ***Eu
phan ra beta

Stt Nang lugng | Cuong d6 phat tuong doi Stt Nang lugng | Cudng dg phat twong doi
(keV) (%) (keV) (%)
1 121,78 25,6 13 778,80 12,8
2 244,70 7,6 14 867,35 4,2
3 295,94 0,4 15 964,10 14,5
4 344,28 26,5 16 1005,32 0,6
5 367,72 0,9 17 1085,80 10,2
6 411,12 2,2 18 1112,20 13,6
7 443,96 31 19 1213,00 14
8 488,68 2,1 20 1299,32 1,6
9 564,02 0,5 21 1408,14 21,1
10 586,15 0,5 22 1457,56 0,5
11 678,12 0,9 23 1528,12 0,3
12 688,65 1,9
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Béng 2. Cac chuyén doi gamma ciia **Sm va %*Gd.

Cic chuyén doi gamma cia ~’Sm.

Stt Ning lugng Cwong d§ phat twong 13 1213,00 1,4%
(keV) dbi (%)
1 121,78 25,6 14 1408,14 21,1
2 244,70 7,6 15 1457,56 0,5
3 295,94 0,4 16 1528,12 0,3
4 443,96 3,1 Cic chuyén doi gamma ciia ™°Gd.
5 488,68 2,1 Stt Ning lwong Cwong d¢ phat twong
(keV) dbi (%)
6 564,02 0,5 1 344,28 26,5
7 688,65 1,9 2 367,72 0,9
8 867,35 42 3 411,12 2,2
9 964,10 14,5 4 586,15 0,5
10 1005,32 0,6 5 678,12 0,9
11 1085,80 10,2 6 778,80 12,8
12 1112,20 13,6 7 1299,32 1,6

%25m va ™2Gd I hai hat nhan chin - chin,
nén sir dung cac cong thic (6), (7) dé xac dinh
cac dai quay, va cdng thic (8) dé xac dinh dai

dao dong. Két qua tinh toan, két hop so sanh gitra
ly thuyét va thuc nghiém duoc trinh bay & Bang
3.

Bang 3. So sanh két qua tinh toan 1y thuyét cua dai quay va dai dao dong cua hat nhan *Sm va ***Gd.

Dii quay ciia °Sm

Dii dao dong “°Gd.

Stt | E, (keV) (Ei/E,) thue (E/Ey) ly Stt E, thwe nghi¢m E, Iy thuyét
nghiém thuyét (keV) (keV)
1 121,78 1,00 1,00 1 344,28 344,28
2 443,96 3,38 3,33 2 678,12 688,56
3 867,35 7,12 7,00 3 1299,32 1377,12
4 1457,56 11,97 12,00
Két qua thuc nghiém cho thiy, & hat nhan  KET LUAN

152Sm c6 04 dai quay la cac ning lwong 121,78
keV, 443,96 keV, 867,35 keV va 1457,56. Két
qua nay kha phu hop giira ly thuyét va thuc
nghiém. Trong truong hop véi hat nhan **°Gd
khong xac dinh duoc dai quay, nhung c6 03 dai
dao dong la 344,28 keV, 678,12 keV va 1299,32
keV. Viéc xac dinh dai dao dong duoc tinh theo
cdng thac (8), ¢ d6 cac nang lugng cua dai dao
dong 1a boi sb cua nang lwong mic kich thich
dau tién. Két qua nay ciing kha phu hop véi ly
thuyét, tuy nhién ¢ ning luong 1299,32 keV co
su khéc biét nhiéu so vai ly thuyét.

Bang viéc tng dung ly thuyét mau tap thé
trong nghién ciu cu tric hat nhan, két qua da
xac dinh dugc mot sé dai quay va dai dao dong
cua hai hat nhan bt déi xang cau 1a **Sm **Gd
sinh ra tir phan ré beta cia ngudn **’Eu. Cac qué
trinh giai kich thich cua *Sm **?Gd cho thay c6
mot s6 dai quay va dai dao dong. Diéu nay la pha
hop vai ly thuyét cua mau tap thé khi nghién ctu
cac hat nhan niang cé sé neutron va proton trong
hat nhan sai khac nhau l6n. Két qua da tim duoc
mot s6 nhoém quay va nhom dao dong cua ***Sm
12Gd chung t6 hai hat nhan ndy cé ciu tric
khong d6i xing cau.
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ABSTRACT
The research nuclear reactions is
necessary to identify the  specific

characteristics of nucleus, It is the most
effective experimental method up to now.
However, in order to explain the properties of
nuclear structures, in addition to the study of
the nuclear reactions, nuclear structure
models to explain experimental data and its

bands and
1528m lSZGd

theory must be used. There are many
nuclear structure models to solve those
properties of nucleus. This paper presents a
collective model application to identify some
of rotational bands and vibrational bands of
125m and '®°Gd nucleus which have the
decayed beta of ***Eu source.

Keywords: Collective model, ***Sm and **°Gd, ***Eu; rotational band, vibrational band.
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