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MO HINH BOSON TUONG TAC
VA PHO NANG LUQNG HAT NHAN Yb VA Os

INTERACTING BOSON MODEL
AND ENERGY SPECTRA OF NUCLEI Yb AND Os

NGUYEN DUY LY® va NGUYEN THI THU QUYEN®”

TOM TAT: Bai viét trinh bay mét sé két qua sir dung mé hinh Boson turong tdc mé ta phé
nang lwong hat nhdn, xét cho cdc hat nhdan nang "o, va 20s,, . Ding két qud phin
tich cdch tinh tri riéng cua toan tr Casimir don gian hoa da tinh trong [7, tr.110], [8, tr.1]
va lam khop phé tinh todn theo mé hinh véi sé liéu thuc nghiém cho mat s6 hat nhéan bén
va khéng bén mdi phdt hién dwoc néu ¢ trén. So sanh cho thdy cac phé 1y thuyét va thuc
nghiém phu hop nhau.

Tir khoa: mo hinh Boson twong tac; |1BM; hat nhan chan-chan; phé nang lwong hat nhan.

ABSTRACTS: The article presents several results of applying the interacting Boson model
to interprete the energy spectra of nuclei b, and *7Os,,, . The findings are used to

analyze the method of computing the simplifying eigenvalues for Casimir operators of
Hamiltonian and fit the spectra of the model with the experimental data for some stable
and unstable nuclei which were recently discovered. The comparison of experimental
spectra with theoretical ones gives good fitting results.
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1. PAT VAN DE

M6 hinh Boson tuong tac do A. Arima
va F. Tachello néu ra vao nam 1975 [1], [2,
tr.1069], [3], [4] dua trén chuyén dong tap
thé cia hat nhan dat dugc rat nhiéu két qua
dang khich 1¢ khi mo ta pho nang luong ctia
nhiéu hat nhan. C6 thé hinh dung, mé hinh
1 hé ma trong d6 chuyén dong tap thé dang
don cuc va tir cuc dong vai tro chu yéu. Mo
hinh cho thiy dic biét hiéu qua khi khao sat
cac hat nhan trung binh va nang.

Bai viét trinh bay mot s két qua méi
ma cac tac gia da tinh toan trong viéc su

dung mo hinh dé giai thich pho ning luong
ctia hat nhan bén va khong bén va xét cu
thé cho cac hat nhan "jYb,, va 70s,,, .
2. NOI DUNG
2.1. M6 hinh Boson twong tac

Khi mo ta chuyén dong tap thé cua hat
nhan bang phuong phap bién sb tap thé,
thuc t& chi xét dén mot sé bac da cuc A.
Khi bién dang hat nhan 1a nho c6 thé chi
gidi han xét hang thuc da cuc bac A = 2
(chuyén dong tr cuc) va hang thuc da cuc
bac A = 0 (chuyén dong don cuc). Hang
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thirc A = 1 (chuyén dong ludng cuc) khong
c6 mit vi dich chuyén khéi tdm 13 tAm
thuong, tir hang thitc A = 3, 4,... (chuyén
dong 8, 16 cuc,...) trd di co thé bo qua vi
cac dong gop nay qua nho [5, tr.110].

Hat nhan 1a mot hé cac fermion. Xét
hat nhan chin-chén trong d6, chuyén dong
tap thé cua hat nhan duoc xét nhu mot hé
gom 2 loai boson lap ddy, cac s-boson co
momen A = 0 va cac d-boson c6 mémen A
= 2. Céc boson nay hinh thanh tir hi¢u ung
két nhom cua cic proton va neutron. Do
hiéu tng nay khéi chat long Fermi d tro
thanh khéi chét 16ng Bose don gian héa.

M hinh Boson tuong tac cé cac toan
tu huy va sinh boson da cuc bac khong ky
hiéu 1a s va s* (L = 0), cac toan tir hiy va
sinh da cuc bac hai ky hiéu 1a d,va d, (
1 =0,1£1,£2). Cac toan tir nay tuan theo hé
thirc giao hoan Bose [1, 4].

[s,s"]=1[d,.d]
[s,d;]=0,[d,.d,]=0][d;,d [=0 (a)

Tur 6 toan tur huy va 6 toan tir sinh noi
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trén lap dugc 36 tich song tuyén, mdi tich
gdm mot toan tir sinh va toan tr hiy: 25
toan tir dang d,d,, 5 toan tir dang d,s, 5
toan tir dang sd va 1 toan tir dang ss.

36 vi tr nay 1a cac vi tir cia nhom dbi
xtng cua hé va 1a nhom U(6). Bé thuan tién
cho viéc trinh bay, c4c toan tir huy va sinh
ky hiéu chung 1a b, va b, (1 < p < 6).
Ching 1a céc toan tor boson va tuan theo
cac h¢ thire giao hoén sau:

[b,, b'] = d,

[b,.b] = [b;.b;] = 0 (1)
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v
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Céc vi ttr cia nhém U(6) c6 thé chon 1a
+
B, =bDb,.
Toan tir Hamilton cta hat nhan chin-
chan c6 dang:

Hy =25L2(b; xﬁy.)L
L H M
20D Ui

. L l:(b; xﬁv )L x(b; xﬁﬂ )L}

Trong d6 céc cong thuc sau day cua

02

phan hat nhan 16i mo ta bang mé hinh

(s°xs),
A, = V5(d"xd) (3a), todn tir momen
L, = V10(d"xd)
(2 =104 (4" xd) x(a"d) | 3b),
todn tir mOmen tr cuc :

QAH :[S+xd+d+x§+;(d+><d~:| :

2
7

boson tuong tac:

Cac toan tir so boson: N,

xung  luong:

1
H
7

Q*=\5[0x0] =3.6,Q, =X (-1"3,0,,
(3¢)

Céac bién d6i cua (2) va (3) da duoc
trinh bay trong [7, tr.110], [8, tr.1], [9, tr.1].

Vé6i hat nhan chin-chin mé ta béi
nhoém U(6), toan tir Hamilton véi d6i xtng
dong luc 1a to hop tuyén tinh cua cac toan
tr Casimir bac hai. Khi ha cam nhom U(6)
xubng nhom O(2), thu duoc ba xich nhom
bat kha quy. Mdi xich nhém s& cho mot
biéu thirc cia mot kiéu chuyén dong tap thé
cua hat nhéan.

Xich nhom dau tién: loai tat ca cac vi
tir lién quan dén s-boson, ta con 25 vi tir co

d@mg(d+ xd)Lduqc mo ta bang nhom U(5).

Sau d6 bo 15 vi tir d-boson lién quan dén
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L=0,2,4,tacon 10 vi tir dugc mo ta bang
nhom O(5). Cudi cung loai 7 vi tir lién quan
dén L = 3, con 3 vi tir d-boson lién quan
dén L = 1, duoc mo ta bai nhom O(3) va
hinh chiéu ciia n6 dugc moé ta boi nhom
0(2):

U(®) o U(B) o O(B) o0(3) o 0O(2) (4a)
Véi xichnhom thirhaitaxét 1 +3+5=9
tr don cuc, hai

A 0
'

N =A, +A, = (s+xs)o+\/§(d+xd~)

vi cuc va tr cuc

L, v G, dugc mé ta boi nhom U(3). S
hang lién quan dén boson c6 thé bo qua, khi
do ta con 8 vi tir lién quan dén toan tir hai cuc
va tor cyc tuong tng voi nhom SU(3), lam
tuwong tu nhu trén ta thu dugc xich nhom:
U(6) o SUB) o O(3) o O(2) (4b).
Cudi cung lay 3+ 7 + 5 =15 vi tr
~ ~\3 i 2 n 2
L., (d*xd)#, (d xs)#—(s xd)#,
twong tmg v6i nhom O(6), bo 5 vi tir cudi cling
ta thu dugc nhom O(5), xich nhém c6 dang:
U@®6) o O(6) > O(5) o O(3) > O(2) (4c).
Pho hat nhan lién quan dén xich nhom
(4c) - xich nhém khong bén gamma di
dugc trinh bay trong [5, tr.110], cong trinh
nay chi khao sat cac hat nhan c6 pho lién
quan dén chuyén dong quay, twong tng véi
xich nhom (4b).
U(6) o SUB) o O(3) o 0(2) (4b)
Vi xét hat nhan c6 dinh nén tri riéng
clia toan tir Casimir cia nhém dau xich
U(6) 1a mot hang sd, con nhom cudi xich
O(2) khong tao nén nang lugng cua hat
nhan néu khong co lyc tir. Do d6, chi co hai
toan tir Casimir bac hai cua hai nhém trong
long xich tham gia chii yéu vao phd niang
luong hat nhan la cac nhém SU(3) va O(3),
ky hiédu 1an Iugt 1a Cosy) Va Cao) [1], [6].
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Nhu vay, todn to Hamilton ctua hat
nhan khi tinh dén cac nhém ddi xtmg dong
luc s€ c6 dang:

~

H ()

Casimir bac hai ctia cac nhom: nhém SU(3):

= aCy + bC,qy @ T CCoos

GOm hai vi tir L

, Va Q,, toan tir Casimir:

Cosuy =2Q° +% %, trj riéng clia toan tir nay:
Cosu =A° +1° + Au+3(A+ 1) (6).

Trong d6 Q? 1a tuwong tac ti cuc-tk
cuc, (M) 13 cac cap sé danh ddu trang thai
co so duoc xac dinh theo quy tic: A = 2N —
6l —2u, voil=0,1,.;u=0,24,..,N.

Nhém O(3): Vi tr [?, toan tir Casimir:

A

Coom =L, tri riéng Cao) = L(L + 1) (7).
Thay céc tri riéng da rat gon cua cac
toan tr Casimir vao (5) ta dugc biéu thirc
sau day cho pho nang luong:
E=E,+a[A(A1+3)+ u(u+3) @
+Au—2N(2N +3)]+bL(L+1)

Trong d6, L 14 s6 luong tir mémen ciia
hat nhan con N 1a sb boson va 1a ¢b dinh
khi xét mot hat nhan (N = ng + ng, ns la $6
s-boson va ng 14 sé d-boson). Biéu thirc phy
thudc hai hé s6 hang sé 1a a, b.

2.2. Giai thich phd ning lwong ciia cac
hat nhan chiin-chin

Nhu d3 néu trén, sb luong cac hat nhan
bén va khong bén phat hién dén thoi diém
nay da vuot qua con sd 3200, bai toan dit
ra & ddy 1a phai giai thich cu tric va phd
nang lugng cua chung. Cac tac gid da ap
dung mo6 hinh Boson tuong tic phan tich
hang loat hat nhan chin-chin & cac viung
bén va khong bén, va bao céo nay néu hai
trong s do.
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Céc két qua tinh toan va do duoc néu
va so sanh trong Hinh 1 va Hinh 2. S6 liéu
thuc nghiém duoc 1y tir [10]. Tinh toan
lién quan dén (8) thuc hién cho cac hat
nhan chan-chan tuan theo mo hinh Boson
tuong tac.

Cé4c hat nhan ‘Yb, va “FO0s,, duoc
chon vi c6 phd niang luong thé hién 16 tinh
chat cua hat nhan d6i xtng quay, trong d6

hat nhan *2%Yb,,, bén va hat nhan 1%0s,,,
khong bén c¢6 cac mirc ning luong méi
dugc xac dinh gan day, cac tinh toan ly
thuyét con xac dinh mot sé murc nita nhu 1a
mot tién doan cac mirc co thé xuét hién.
Céc hinh v& cho thiy, cac két qua tinh toan
ly thuyét phu hop véi thuc nghiém. Noéi
cach khac, cac hat nhan dwoc khao sat mo
ta t6t boéi mdé hinh Boson twong tac.

1800 ~
S - 502 - 1611
=
~ — 438 — 1445 = 1451 = 1453
= —_— g4 o 1330 — 32 == 3]
— 1225 =215
-39 == 146 =136 == 1136
- 1069 - 057
— 064 = 049
900 -
574 554
— 277 - 4
— g4 =9
0 - = 0 Exp. - Theory
N F , 17 IR P
Hinh 1. Pho néng lugng cia 7ng100 vGi cac hé so a = 4,76155; b = 13,187
2000
S = 1769
§ - 1632
N’
= - 1306 - 1433
L]
- 04 1213 - 1158
= 1079
_ -— 032
1000 - 950
— 364 == Q54  mm g54
-6 =771 = 757
- (50 =676
= 398
= 3))
- 32 - g7
0 - - - =
Exp. Theory

Hinh 2. Phd ning lugng ctia 5eOS,, Vi céc hé s6 a = 5,04746, b = 16,0847
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3. KET LUAN Hién tai, chua thé doi hoi ly thuyét va

Trén day, ching t6i da chon hai hat thyc nghiém phu hop nhau véi d§ chinh
nhan cho thiy su phu hop cia phd ning  xéac cao, vi day 1a mot mo hinh méi dua ra
lwong véi mo hinh Boson twong tic mang  va chua st dung cic hiéu chinh bd sung.
tinh chit dién hinh. CAu tric cta cac hat Chéc chin, con thiéu mot hodc mot vai sb
nhan nay thé hién rd tinh ding dan cia mé  hang nao d6 vira c6 y nghia vat 1y cin ban,
hinh Boson tuong tac. vira dé 1am khép thuc nghiém tt hon cac

s6 liéu vé pho ning luong tinh toan.
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