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TOM TAT

Spin va dé chén 1é & cac mirc kich thich
va mirc co ban cua hat nhén la hai dai ltong
quan trong trong céc tinh chét luong ti cia
hat nhén. Tuy nhién, hién nay & Viét Nam
chuwa c6 hé do nao c6 thé xéc dinh truc tiép
hai dai legng nay. Bai bao trinh bay phwong
phéap dung méu I6p dé xac dinh spin va do

chén 1é cia mirc trung gian cing nhw trang
thai co ban cda hat nhan *°Fe. Két qua duoc
Sso sanh v&i nhimg thuc nghiém trirdc day.
Két qué cua bai béo nay ciing cho thdy suw
phu hop trong tng dung méu don hat cua
hat nhan A lé & vung hat nhén trung binh.

Ttr khéa: Spin hat nhan, do chén 18, mirc kich thich, mau I6p, méu don hat.

MO PAU

Céc dic trung luogng tir cua hat nhan 13 van
dé can quan tam trong nghién ctu ciu trac hat
nhan ngay ca trong ly thuyét ciing nhu thuc
nghiém. Tuy nhién, mot sb dac trung lwong tir rat
kho xac dinh bing thuc nghiém, ching han spin
va d6 chin Ié cua cac muc trung gian. Thong
thuong, hé do tuong quan goc thuong dugc dung
trong viéc xac dinh spin va do chan lé cua cac
murc kinh thich trung gian.

Cho dén nay, Viét Nam chua c6 hé phé ké do
dac spin ciing nhu nang lugng kich thich mic
trung gian. Tai L0 phan (mg Pa Lat cd hé trung
phing gamma — gamma, nhung hé nay ciing
khong thé xac dinh tat ca spin caa cac mirc trung
gian mot cach truc tiép, ma chi giai doan gia tri
nang lugng muc trung gian cling nhu spin va do
chin 1é cia mtrc qua ning luong cac cap chuyén
doi ndi tang [1, 2].

Trén co sé St dung c&C mAu cau tric hat
nhan dé hd tro giai quyét mot s6 van dé ma thuc
nghiém khoé xac dinh, tuy vao loai hat nhan ciing

nhu cac tinh chat can quan tdm ma sir dung céc
mau ly thuyét khac nhau. O hat nhan nhe, mau
giot chat long kha phu hop khi giai thich mot sb
tinh chit vé ning luong lién két; & cac hat nhan
trung binh khéng bi suy bién thi mau 16p 1a phu
hop hon ca; trong khi & hat nhan nang suy bién
thi mau suy rong dugc tng dung nhidu hon. Tuy
nhién, khi tinh toan dén spin va do chén Ié cua
hat nh&n ¢ trang thai co ban cling nhu cac muac
kich thich thi mau 16p la kha phu hop cho nhiing
hat nhan trong dai s khéi 20 < A < 120.

Sét 1a kim loai dwoc sir dung trong thiét ké
mot sb thiét bi trong ciu trdc Lo phan tng hat
nhan. Do vay, dé tiép can véi cong nghé Lo phan
{ing, thi viéc nghién ciru tinh chit cua cac vat ligu
la can thiét va thiét thuc. **Fe 1 hat nhan trung
binh, c6 A 1&, do vay Iy thuyét miu don hat c6
thé 4p dung cho qué trinh tinh toan vai hat nhan
nay. Cac nghién ctu trude day da xac dinh céc
nang lwong chuyén doi gamma cua *Fe trén két
qua giai kich thich tir phan ra beta caa **Mn. Mot
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s cong trinh di xac dinh cAc mic spin thyc
nghiém [3, 4]. Tuy nhién cac tac gia nay chi xac
dinh duogc spin thuc nghiém & muc nang lugng
thip < 2 MeV. Viéc kho khin khi xac dinh bang
thuc nghiém cua cc tia gamma cua *°Fe 1a vi
chinh **Fe ciing tiép tuc phan ri beta dé vé *°Co,
va thoi gian ban rd caa *°Mn rét ngén, chi khoang
4,59 s [5].

Cong trinh nghién cau thyc nghiém day da
nhat cho dén nay la cong trinh cua Coral M.
Baglin [5]. O nghién ctu nay, tac gia da do va
tinh duoc cac ning lugng, cudng d6 chuyén doi,
hé s6 ré nhanh cua cac tia gamma phéat ra cua
%9Fe khi giai kich thich tir qua trinh phan ra beta
cua *°Mn.

Céc cong bd trude ciing chua thdy ¢ cong
trinh cong bé vé &p dung mau cau trac hat nhan
cho viéc tinh toan cac dac trung lugng tir cua cc
muc nang luong kich thich.

CO SO Li THUYET

Mau 16p hat nhan dugc xay dung theo md
hinh mau nguyén ti, bang cach chuyén bai toén
hé nhiéu nucleon (bai toan nhiéu hat) vé bai toan
mot hat chuyén dong trong truong thé xuyén tam
tu hop. Giai bai toan Schodinger d6i voi chuyén
dong cuia nucleon trong trudng thé ty hop s& nhan

dwoc mot hé cac trang thai ting vai mét mic
ning lugng xac dinh. Theo nguyén Iy loai trir
Pauli, mdi nucleon trong hat nhan chiém mot
muc nang luong, va bat dau tir mic thap nhat.

Phuong phap don gian nhat cia mau I6p la
mau don hat dbi v6i hat nhan cé sé khdi A 1é.
Trong mau nay, ngoai trir nucleon Ié cudi cung
thi cac nucleon con lai tao nén mot cai 15i dbi
X{ng cau v&i moment dong lwong va moment tir
bang khong. Nhu vay, cac tinh chat cua hat nhan
dugc quyét dinh bai tinh chat cua nucleon lé
khong lién két cap.

Trong hat nhan, trang thai cta nucleon trong
truong thé tu hop duoc dic trung boi 4 sb lugng
tirn, 1, j va m;. Véi n 1a sé luong tr chinh nhan
cac gi4 tri nguyén 1, 2, 3, ... xac dinh phan b
c4c muc nang luong ting dan; | 1a s6 luong tu
quy dao nhan cac gia tri 0, 1, 2, 3, ... va duoc ky
hiéulas, p, d, f, ... ; j 1a moment toan phén (spin)
caa nucleon, j =1 + 1/2; m; Ia hinh chiéu cia j,
m; =-j, -j-1, ..., j-1, j nhan 2j+ 1 gia tri.

Cac muc sap xép theo thir ty ting dan va
dugc dic trung bang 2 sé lugng tir n va |. Theo
nguyén ly loai trir Pauli dugc trinh bay ¢ Bang 1,
mdi muc chira toi da N = 2(21 + 1) nucleon mdi
loai proton hay neutron.

Bang 1. Cac trang thai nhan duoc tir viéc giai phuong trinh Schodinger véi thé chir nhat [6, 7].

Trang thai 1s 1p 2s 1d 1f 2p 1g 2d 3s 1h 2f 3p
| 0 1 0 2 3 1 4 2 0 5 3 1
N =202l +1) 2 6 2 10 14 6 18 10 2 22 14 6

Thong thuong mot mirc ndng luong nucleon
trong hat nhan dwoc ky hiéu boi 3 s6 lwong tir 4

n, I, j. Bang 2 va Hinh 1 mé ta su phan b cac
mic ddi voi mau 16p.
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Biang 2. Cac trang thai img véi cac 16p vo ¢6 tinh dén spin quy dao [6, 7].

Lép vo Trang thai m; N
I 1syp 2
I 1psplpys 4+2 8
i 1d5/2251/21d3/2 6+2+4 20
v 187,185,2p312P1/2100r 8+6+4+2+10 50
\ 197/,2d5/,203/,381/,10111 8+6+4+2+12 82
VI 1h9/22f7/22f5/23p3/23p1/21i13/2 10+8+6+4+2+14 126
1h1]_/2 i
3512
2d3;
2d .
1932 Ljisp
199 4syy;
2py 2_97/2
2p3); 1'51/2
1fs, 3ds2
2992
)
1i
1dy, ; 53/2
2 112
2 3P
1dsp,
1pyp 2fy,
1ps; lhg;

NEON|

@ ]

Hinh 1. So db cac mic nucleon trong hat nhan theo mau 16p.

Spin cta hat nhan dugc xac dinh theo nguyén
tac sau:

Néu hat nhan c6 A 1¢é thi spin caa hat nhan
chinh 1a spin cua nucleon riéng Ié khong lién két
cap;

Céc truong hop khéac thi spin cta hat nhén
dugc xac dinh theo quy tic Brennan — Bernstein
[7] (&p dung 20 < A < 120) nhu sau:

Néu | 16p cudi caa proton va neutron 1 chin
- 1& hodc 1¢ - chan thi spin cta hat nhan dugc Xac
dinh theo hiéu spin cua I6p cudi, J = | Jo—Jn E

Néu | 16p cudi cua proton va neutron 13 1é - 1¢
thi spin cua hat nhan dugc xac dinh theo téng
spin cua I6p cudi, = | J,+J,1;

Néu | 16p cudi cua proton va neutron | chin
— chin thi spin cua hatnhan J = | 3, +J, - 1].

Do chin I¢ duoc xac dinh theo nguyén tic
7, =(=1)". Truong hop hat nhan A I¢ thi |
duoc xac dinh 1a 1 ¢ I6p cua nucleon khong lién
két cap. Cac truong hop khac duoc xac dinh theo
tong cua | ¢ hai I6p proton va neutron cudi cing.

Khi hat nhan phat gamma thi khéng lam thay
doi s6 proton va neutron cua hat nhan, ma chi la
qua trinh sip xép lai cAu trdc Iop cua céc
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neucleon. Qua trinh phat gamma la dang dich
chuyén dién tir. Gia sir hat nhan c¢6 niang luong,
spin va do chan I¢ & trang thai dau tuong tng la
E;, Ji, m va trang théi ké sau la Ey, J;, mi¢, thi ning
lugng cla tia gamma phat ra dugc xac dinh tir d6
Iéch gitta hai mc nang lugng:
E,=Ei-E 1)
Gamma la nhitng photon, tuc la hat boson, ¢c6
spin bang 1, vi spin J, cua photon phai la nguyén
duong. Trong dichﬁ_chuyén dién tir gitra hai trang
théi hat nhan |J,’ Z —[J; ) thi spin J, cua
photon dugc xac dinh tir hé thuc tam giéc sau:
3,33, <3,+3,  ©
Do chin ¢ ciing duoc bao toan trong qua
trinh dich chuyén dién tur.
mimyme = 1 ©))
Nhu vay do chén Ié cua photon =, 1a duong
néu m; = m; va m, phai 1a &m néu m; = -m;.

1f, o—0—0—0—0—0

251/2 —@
1ds, —0—0—0—0—0

o—o
—o0—o0o0—0o—

1p1p
1psp
O—0

2.A) Sép xép proton

Trong dich chuyén dién thi:

m, =(-1)" @
va dich chuyén tir thi:
m, =" )

Birc xa gamma vai J, = 1 goi la buc xa ludng
cuc, J, = 2 goi la buc xa tor cuc, J,= 3 goi la buc
Xa bat cuc, ...

KET QUA TiNH TOAN VA SO SANH
THUC NGHIEM

Sip xép cac nucleon theo miu 16p

Hat nhan *°Fe c6 26 proton va 33 neutron.
Hinh 2 trinh bay su sip xép céc nucleon cua *Fe
theo mau 16p. O trang thai co ban, su sip xép céc
nucleon trong hat nhan nhu sau:

. 2 4 2 6 2 4 6

Proton: 15,1p5,1p;,,1d5, 257, 1d,1f7,

Neutron:

2 4 2 6 2 4 6 6 1
18,,1p5,1p;,1d5, 257, 1d5,167, 21, 2 pg

2p32 O
1f5;, O-O—O—O—0O—0

— OO-O-O-O-O—
1f72

1dg, —O0—0O0—0—0—

251/ o—0
O OO OO V)
1dsp,

1p1p
—O0—O—O0—0O—
1pss
O—0
1s12

2.B) Sép xép neutron

Hinh 2. Sy sép xép cac nucleon cua ®Fe ¢ trang thai co ban.
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Nhu vay véi cac sip xép nay, *Fe ¢ trang
thai co ban c6 spin dugc quyét dinh boi nucleon
riéng 1¢, d6 1a neutron ndim & muc 2ps,, tic spin
hat nhan I = 3/2, d chian ¢
T, = (D' =(-1D' =—1. Nhu vay, & muc co
ban | = 3/2-. Két qua nay phu hop vai cac két qua
thuc nghiém da xac dinh [5, 8].

Bay gio xem hat nhan *Fe gdm mot 16i hat
nhan véi sy lién két cap bén cua 26 proton va 26
neutron. Cac muc kich thich tiép theo néu co la
su thay d6i mirc cua 8 neutron thira & muc trén.
Vay xem xét cac truong hop cu thé sau:

Muc kich thich the nhdt: 1 neutron & 16p
2p3, nhay 1én mic cao hon lién k& (Hinh 3), tic
& mic 2py,. Nhu vady & muc kich thich nay d6
chdn l¢ 7, = (D' = (1! =-1, va spin cua

VASIT) O
VALY
1512 O—O—0O—0—0—0

1£7/p=—0O-0-O-O0-0-0—

1d3, —O—O—O0—0O—

2S1p O—0O
1ds;, O~O—O—0O—0—0

1p1s O—0
1psp —O—O—0O—0—

1syp Oan®,

Hinh 3. Mic kich thich thi nhAt.

hat nhan & muac kich thich nay la | = 1/2-. Mat
khac, & mac 2psj, khong con nucleon, do do6 theo
quy tac, spin cua hat nhan ciing c6 thé quyét dinh
bai spin ciia mirc nay va d6 chan Ié nguoc véi do
chén 1é & mic nay, tirc day la muc kép, c6 thém |
=3/2+.

Mic kich thich the hai: 1 neutron tir muac
1f5, dich chuyén 1&n muc 2py, (Hinh 4), nén spin
cua hat nhan quyét dinh boi muc ¢, tic mirc 1fs,
(con 5 neutron). Nhu vay & muc kich thich nay do
chinle 7, = (D' =(=1)° =—1, vahatnhan &
muac ndy c6 spin la | = 5/2-. Tuong tu nhu giai
thich & murc kich thich thi nhat, spin caa hat nhan
con anh huéng boi mac 2ps, khéng con nucleon,
do do6 c6 thém I =3/2+.

2p1s2 =0

2p3p2
1fs), o--OoO0———~0——=0-0

17/, —O-O-0-O-0-0—

1d;p —O—O—O—O—

25112 O—0O

o0—0
—O0—0—0—0—

1p1
1psp

1s12

o—0

Hinh 4. Mxc kich thich thit hai.

Murc kich thich thir ba: 2 neutron 6 muc 1fs, chuyén 1én muc 2p3, (Hinh 5), nén spin cua hat
nhan quyét dinh bdi muc 1€, tre mirc 15, (cOn 3 neutron). Nhu vay ¢ murc kich thich nay hat

nhéan cling c6 spin la I =5/2-.

Mikc kich thich thit tu: 1 neutron & mitc 1fs, tiép tuc chuyén 1én muc 2pgy, (Hinh 6). Do d6
spin cua hat nhan 6 mac nay quyet dinh bai 16p nucleon 1€, tirc murc 2ps)p, hat nhan 6 mic nay co

spinlal=3/2-.
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2p112 OO
2p3p2 e © e © s
1fs, O——m8 ——0—0

1f;j——OC-O0-0-0-O0—

—O0—0—0—0—
0—0

1dsp
2512
1dsp,

O—0

1pr2 —5—0—0—0—
1psp

o—0

Hinh 5. Mtc kich thich thi ba.

2p1r2 ote
2P32 ——O—O—O——
15, © O
1f,;,——O-0-0-0-0-0—
1ds, — OO OO
28172 o0
1dsp2

O—0
1py OO
1psp

O—0O

Hinh 6. Muc kich thich tht tu.

Tuong ty nhu vy, spin va do chan 1é & cac muc kich thich tha nam I = 7/2+, muc tha sau | = 3/2-,
murc thir bay | = 5/2-, muc thir tdm la mac kép véi | = 3/2- va | = 5/2+, muac thir chin la muac kép vai 1=
7/2- va | = 5/2+, mic thitr muoi 1a mac kép voi | = 3/2- va | =5/2+. Hinh 7, 8, 9, 10, 11, 12 trinh bay su

sap xép cac neutron trong cac 16p.

19712 O
2p1p2 O-0
2P312 O0—O
1f5 O O
s 0,0 0200y
1f72
—O0—0—O0—0—
1dsp,
2512
OO Qe Qe OO
1dsp,
OO0
1p1p Y OO
1psp
O—0O

Hinh 7. Mtc kich thich thir nam.

1972 OO

2p1p2 OO

2P3s2 O

1fs O O
— O OO-OO—

1f71

—O0—0—O0—O0—
1dsp

25172 O—0
o O0—0O0—0—0-0
1ds,

Hinh 8. Mt kich thich thir sau.
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1972 OO
2p1/2 OO
2p3/2 O O

1fs5), O

—O-O-0-O-0-O—
1f7

—O0—0—0—0—

1dsp
O—0O

25172
OO O O=—0O
1dsp,

O—0

1p1s OO OO
1psp

o—0

Hinh 9. Mic kich thich thir bay.

1972 e @ OO
2p1p O-0O
2par Oo—C
1fs)

a0, 0200
1f72

—O0—0—0—0—

1dsp,
O—0O

25172
OO Qe Qe OO
1dsp,

O—0

e o o0—0—0—
1ps2

Oo—0

Hinh 11. Mic kich thich thir chin.
So sanh két qua thuc nghiém
Két qua tinh toan spin va do chin lé¢ & cac
muc kich thich cua *Fe duoc so sanh véi thuc
nghiém do dac [5]. Hinh 13 Ia c&c mirc kich thich

197 o0
2p1/2 O-0

2p3/p —O—O—0O—
15,

e OO
171

—O0—0—0—0—

1dsp
O—0O

25172
OO Qe Qe OO
1dsp,

O—0
1py2 —o—0—0—0—
1par

Oan®,

Hinh 10. Murc kich thich thir tam.

1g7/2 _O—O—O'O—
2p1p O-0O
2p3p2 O
1fsp
0,002 00
1f71
—O0—0—O0—0—
1dsp
25172 —C
1dsp
OO0

1pr2 —5—0—0—0—
1psp

Oo—0

Hinh 12. Muc kich thich thtr muoi.

cua P Fe do dwoc tir phan rd beta cua hat nhan
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(512) 00 45955
59y
25Ny,
Qigs)=6185 keV 29
B-: 100 %

D.082 6.89

035 6.46

0.4

k%) Logft
018 G2z 52 . _— 2447
020 sos 72k 697 2340
23489 1720
! 21509

2448

19182

1750

1569.4

105 5.19 11619
0.18 7.02 1023.1
4.90 7263
108 5.44 3—570.8
5.19 4727
~5.7 287
534 % . YY 0.0
59
26/ %33

Hinh 13. Cac mutc kich thich ciia **Fe do dugc tir phat beta cua ddng vi **Mn [8].

C6 thé tng dung cach tinh toan nay cho
nhitng hat nhan khac véi sb khéi A 1é va trung
binh. Ly thi du v6i hat nhan ;Si,, cho viéc ang
dung mau I6p trong ving sé khdi hat nhan da
néu.

G muc co ban, +Si,, c6 chu tric nucleon
theo mau 16p theo quy tic & Bang 1, Bang 2 va
Hinh 1 I&:;

. 2 4 2 6

Proton: 1s;,1p3,1p;,1dg),

. 2 4 2 6 2 3

Neutron: 1s;,1p;,1p;,1d:,, 2S;,,1d5), .

Nhu vay theo cach giai thich mau 16p thi spin
& trang thai co ban cua . S, quyét dinh boi
nucleon khong lién két cap, tac nucleon & 16p
1d¥, va do chin & duoc xac dinh
T, = (—l)l = (—1)2 =+1, tic spin va do chin
lé & mirc co ban cua S Siyg 12 3/2+.

Khi bi kich thich, nhitng nucleon & céc mic
ngoai cung bi day lén muc ning lwong cao hon.
Céc mirc cao hon co thé c6 theo mau vo (Hinh 1)
& muc 1f, 1fsn 2psp, 2Pwe, 10w, -... Do do,
spin va do chan I¢ kha di ctia cac muc trung gian
la 7/2-, 3/2+, 1/2+, 9/2-, ... Két qua nay la phu

Trang 99



Science & Technology Development, Vol 13, No.T1- 2015

hop véi thuc nghiém [9] khi xac dinh spin va do
chan Ié cua cac nghién cau khéc.

Nhu vay, trong nghién ciru nay, két qua tinh
toan bang mau 16p cho thay kha phu hop véi két
qua thyc nghiém do dugc cua *Fe va *Si. O
Fe, trong 10 mc tinh toén ly thuyét theo mau
don hat, thi cAc murc don phu hgp hoan toan gitra
tinh toan spin va do chin I¢ cua cac muc trung
gian. O cac mirc kép, thuc nghiém do dac triing
hop véi ly thuyét & mac kich thich tha tam. Tuy
nhién cac muc thir nhat, tha hai, tha chin va tha
mudi thuc nghiém chi xac dinh dugc muc don.
Diéu nay 1a hoan toan cé thé, bai chua c6 mau ly
thuyét nao pht hop hoan toan, va do vay khéng
thé thay thé thuc nghiém bang viéc tinh toan toan
bo qua ly thuyét trong nghién ciu ciu trdc hat
nhan.

KET LUAN

Bang viéc tng dung mau I6p di xac dinh
duoc spin va do chan 1é ciia 10 mirc kich thich va
trang thai co ban cua *°Fe. Két qua cho thiy viéc
tinh todn theo mau don hat 1a phi hop voi két qua
thyc nghiém cho bai toan xac dinh spin va d6
chdn lé cua cac trang thai hat nhan & hat nhan c6
A lé va khéi lugng trung binh. Nhu vay, két qua
nghién ctru nady gilp xac dinh dugc spin va do
chén ¢ cua cac muc cua hat nhan trung binh bang
ly thuyét kha chinh xéac, diéu nay da khic phuc
dugc han ché thiét bi nghién ciru cac dic trung
luong tir & cac muc trung gian cua hat nhan trong
diéu kién thyc hién nghién ctu hat nhan & Viét
Nam con han ché.

Application of single particle model to
determine the spin and parity of levels

of >°Fe nucleus

e« Nguyen An Son
e Dang Lanh
Dalat University

ABSTRACT

The spin and parity of the excited state
and the ground state of nuclei are two of
important properties of the nuclei quantum.
However, up to now we do not have
appropriate equipments to directly
detetmine the spin and parity of nuclei. This
paper shows the application of nuclear shell

model to study the spin and parity of
intermediate levels and ground state of *’Fe
nucleus. Comparing to previously
experimental  data, this nucleus single-
particle model is suitable of the average
mass and odd A nuclei.

Keywords: Spin nuclei, Parity nuclei, excited nuclear level, nuclear shell model, nuclear single

particle model.
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