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1. Introduction 

It has been shown recently / 1/ that the Hamiltonian of the 

Interacting Vector Boson Model of collective nuclear states can be 

expressed in terms of two interacting vector bosons, which form a 

"pseudospin" doublet. It is shown also there that the noncompact 

Sp(12,R)-group is the group of dynamical symmetry for the most ge-

neral one- and two-boson Hamiltonian. As a first approximation of 

the model it is assumed in (1,3) that the Hamiltonian H should con

serve the number of bosons (this approximation seems to be reaso-

nable for the description of the low-lying collective states in 

nuclei)~ In this case H can be expressed only in terms of the gene

rators of the maximal compact subgroup of Sp(12,R), namely the group 

U(6). The latter necessarily includes the group 0(3), ger ·qted by 

the angular momentum operators, and it has been shown in /l, 2/ that 

the following chains of subgroups are possible in the Interacting 

Vector Boson Model: 

U(6) ------f---------0 6) SU(3) Ill SU(3) U(3) ~ U(2) 

~ j 
SU(3) 0(2) 0(3) ~ 0(3) U(3) ~(U(1)EU(1)) 

O(J)~j 
0(3) 

( 1 1) 

In some particular cases/3/ (when H is subject to some addi

tional restrictions) the Hamiltonian can be expressed in terms of 

, .. 
'. .. 
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the independent Casimir operators of one of the chains of subgroups 

of the reduction scheme (1.1), Then the Hamiltonian can be diagonali

zed automatically in a U(6)-basis labelled by the quantum numbers 

of the representations of the corresponding subgroups of the chain. 

These limiting cases are of a great interest,because they give a set 

of comparatively simple analytical solutions, which can be easily 

compared with the corresponding experimental nuclear data, However, 

it turns out that only a very restricted number of nuclei can be 

described within these limiting cases. Most nuclei have intermediate 

spectra, which can be described only by a diagonalization of the full 

Hamiltonian of the model, 

In this paper we are going to discuss an approach for an analy

tical diagonalization of the full Hamiltonian of the model, This ap

proach is based on the idea, that the Hamiltonian can be constructed 

as tensor operators, which transform according to the irreducible 

representations of one of the chaine of decomposition (1.1) 9 namely 

the chatn: 

U(6) ~ U(3) ® U(2) ::::> U(3) ~ (U(1) EEl U(1)) 
u 

0(3)_::::) 0(2) • 
(1.2) 

This chain of subgroups is very convenient, because the Interacting 

Vector Boson Model is a generalization of the model, used for the 

description of deformed even-even nuclei in the framework of the 

broken SU(3)-symmetry / 4 •5/. The latter makes use of the well-known 

basis of Bargmann and Moshinsky /G/, which is very appropriate for 

the calculation of the matrix elements of the physical obeervables, 

such as angular momentum,quadrupole momentum and so on 171. 

The representation of the Hamiltonian and the physical obser

vables as a combination of irreducible tensor operators transforming 

2 

according to (1.2) makes possible the calculation of their matrix ele

ments through a direct application of the generalized \Vigner-Eckart 

theorem /B/. In this way the problem is reduced to the calculation 

of the corresponding ieoecalar factors and reduced matrix elements 

in the basis of decomposition (1,2), 

2. Teneorial structure of the U(6)-generators and their 

bilinear forms 

We recall that the Interacting Vector Boson Model Hamiltonian, 

which conserves the number of boeons, can he expressed in the fol

lowing way / 1/: 

(2.2) 

are the generators of the group U(6), 
t 

The operators~ (oi) a:1d 11m_ (d,) in (2.2) (m, =0,!.1) are creation 

and annihilation operators of vector bosons with a projection of the 

"peeudospin" cL = ± ±· These operators satisfy the standard boson 

commutation relations. 
+ 

T!ce operators ~ (oi)(or lAm (o<)) can be considered as components 

of a vector in the 6-dimensional space, which transform according 

to the irreducible representation [1,0,0,0,0,0] 6 :=[11 6 of the group 

U(6) 1Um (oi.)transform according to the corresponding conjugate rep

resentation [1, 1,1, 1,1 ,oj 6 ::0 (o,o,o,o,0,-1] 6 =:: [,] f, . These irredu-



cible representations become reducible if one passes to one of the 

chains of subgroups in (1.1). This means that along with the quantum 

numbers characterizing the representations of U(6), the operators 
+ 11m Um. (oi)and lA (o<.) are charActerized by the quantum numbers of the 

subgroups of the corresponding chain of subgroups. In our case the 

most natural chain of subgroups is the chain (1.2) because of the 

sense of the quantum numbers m and d. The chain ( 1. 2) is very suitable 

because it is a particular case (11.=3) of the unitary scheme /G,S, 9/ 

U ( 3 ( n -1 )) :::> S U ( 3) 1'- U ( n -1) 

u (2.3) 
0(3)XO(n-1)::::>S(n), 

where S(n) is the permutation group.This scheme has been entirely 

investigated in/9/ and all further calculations of the present paper 

are based on the algebraic technique developed in 191• 

The only possible representation of the direct product of 

,~,~~~,~~ +~ +h<> """"""""""'+<•+inn r11, of' U((,) is f1 L. 111~. 
----··u---u ,_ .. U - -..J -

TTf"1' I TT(')' 

(1]
3

• [1] 2 *). According to the reduction rules for de-

composition U(3) .:::>o(3) the representation [1]
3 

of U(3) contains the 

representation (1)
3 

of the group 0(3) giving the angular momentum 

*) In this paper we use a simplified notation for the repre
sentations of the U(r)-groups 

[Ai, ~~ ..... , Ar1 = [.i\.,Az, .... Ar-n]Y" 
if Ar- n H, ...•. 7 Ar::: 0 • 
where 
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of the bosons 1=1 (with a projection m=0,!1). The representation [1] 2 
of U(2) defines the "pseudospin" of the bosons T = ±, whose pro

jection is given by the corresponding representation of U(1) $ U(1), 
. . +I 
~.e.,o<. =- 2 • 

Further, when convenient, we shall use also the notation: 

u U]" ~ 
[~h,[1].z. m eX-= z ' 

. + u [~] G I nm.::: L~1_,[4]4 m o£.=-2 
and the corresponding 

A1 111 u 1/ 
f"''VYL- IA[AJ; [1]~ 

r~Jt nm. = u r11 t r1 1• 3 2 

Formulae (2,4a,b) establish the following phase convention 

-o(_' 

( 2. 4a) 

(2.4b) 

In this way the generators of the group U(6) (2.2) can be re

written in the following way: 

(2,6) 

where (~ 'YL H are the Clebsch-Gordan coefficients for the decom

position 0(3)~ 0(2), It is evident from (2.6) that the operators 

A~(cl. p) have clear tensorial properties only according to the de

composition 0(3)~ 0(2).The irreducible tensor operators according to 

the chain (1.2) can be expressed in terms of the operators (2,6) by 

5 



T([1t [1}:) [J-1" [A]_, [ZT]z L M 'TTa) = 
~c [1]6 [1]: Dl c m~ !~]3 [A]3 cx1 T * 

=_L [iJ~[1}z(1]:[1]; [i\.]:,(Z.TJL U)3 (03 (L)!> ct. p 'To (2.7) 

« 11 fi J" /} , rot _ 
v'in,[i]L tn c( (;l[lJ;C1J_; 11 t -

1 ,( 1)i+}cflh [f]: [J]6 cro.3 [1J~"t)]3c± .t T AL (c .A\ 
- - {iJ3L1]L [1]; [1]; Ct..]~[.z,Tl m3 (03 (L) d.. - f-> To M o{,J~), 
where the generalized Clebsch-Gordan coefficients are given as a 

product of isoscalar factors for the following chains of subgroups: 

1) for the chain U(6).:::>U(3) ~ U(2) 

l} "J(. P (J-]G 

[~'j_,[Z.'T"j~ [/\]J2T1.z, 
( 2. Ba) 

2) for the chain U(3) .:::>0(3) 
.- ,, r ..... 111 r .... 1 

C LJ\.J:, 

(L')?J 

l/l J) litj_, 

(L")3 (L)) 
(2.8b) 

3) for the chain U(2}_::) (U(1) (f) U(1}) 

[T'] [T"j [T] c ~ -p Ta (2,8c) 

The Hamiltonian (2.1) is given in terms of the U(6)-generators, 

which can be expressed as a linear combination of the irreducible 

6 

Hence these generators transform according to the direct product of 

the U(6)-representations [11 6 and [1}~, namely 

(2,10) 

where [1,-1] 6 = [2,1,1,1,1,0]6 • Along the chain U(6):JU(3) (£)U(2) 

the representations (2.10) contain the following representations of 

U(3) (!)U(2): 

[ o \ = [ o] 3 • lo] 2 (2,11) 

[1,-1j 6 = [2,11 3.[2h + (2,1]3'[c!k + [o} 3.[2] 2 

and along the chain U(3) :J0(3) the U(3)-repreGentations in (2,11) 

conoain the corresponding representations of 0(3) /3/: 

[2,1]3 = (2)3 +(1}3 

L0]3 = (o)3 

The chain U(2) '.:) (U(1) @U(1)) of (1.2) gives the values of the 

"pseudospin" and its third projection 

where the integers ]\_
1

;;. A.z, determine the representations of U(2) 

[7l1, };._ l2.. and ]\.:) runs the values 

Hence
7

the U(2)-representation [2J 2 contains tensors with T=1, 

T
0
=0,!1, and the representation[oJ 2 contains tensors with T= 0 

and T
0 

= 0. 
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(2,12) 

( 2. 13a) 



The two-boson interaction in the Hamiltonian (2.1) is expres

sed as a linear combination of all possible scalar products (accord

ing to the group 0(3))of the generators ofU(6).Along the chain (1.2) 

these scalar products transform as the tensors 

T(([J 1
]" [J"L)w [}.1b [}1;,LZT)~w' L =0 TTo) ::= 

(2.14) 

LT((C11bt\):)t}J6 [X1JtrJ2 LMT'1::JT~r4JJtJ!)(J'lf~~3(trj_zcMTI!fJ:'} 
[}'Jb [J'1 w L}lG c [t\']3 [).'~3 [A}3 c '- L 0 c T''T: 'T 

c71],[2Tl!ij, [2'1''])J.1, [t'ft (L ), (L ), w'O H- M 0 To' '1,' 'f. , 

where the isoscalar factors are of the type (2.8a-c), and the sym

bols w and W 1 indicate the extra sets of quantum numbers needed to 

characterize the tensors, as the chain (1.2) is not a canonical one. 

Formula \2. 14) lB 1n IBCli s cieiin.i..~.iuu u.L ~i.~c ~~G)-~ii"O~u.c'!.t!:; 

tensor operators transforming according to the chain (1.2),which are 

0(3)-scalars. Through an inverse transformation one can express the 

two-boson interaction in the Hamiltonian in terms of the irreducible 

tensor operators (2.14) 

CL L o AL AL (- ),{+~+r ;( 
H -M 0 M (o~.., }J -M ( f, 5) = i 

') r 816 [~JZ EJ-~, 1B1b m: (1'~, r[J.'l rt~6 · w · Dl x 

L Lm:?lq.:~. [~J:r4J1 [7t'J:Jz.rr~}-{(IJ~].t[d~r~l~ f!.''1}.zr~~~jr2.r~~tJ_,[2Tj2 L~tlrJL 
·c[n3 [~];[A.')~ cw_, [1]; [J.IIJJC [)']!:> [:\"]_, ~,._]3 C ~ 1 ': [1 ± T: ~2.15) 

l( B-}; (i \ (Lh W:; (0:; (L) (L) (L)w 0 of.. -p rr;, r- s 'Tc 

T'~uT - r Cra' ~0,, 1: T(([tJJf1b)cv[}lll]3l2T]2 w' L==OT 'o) · 

8 

It is obvious, that the tensors (2.14) (or (2.15)) transform accor

ding to the direct product of the U(6)-representations 

([o] 6 +- [1,-1]6) ~([o]&+-~\-11t)= 2[D]G +-~l~,-1]6 +-[2,-2]6 

t- [1, 1 ,o, o, -1 ,-11~ + [1, i,o, o, o,-2]" + [2)o,o,o, -1,-1 J 6. 

where 

(2.16) 

(2.17) 

The boson realization of the basis along chain (1.2) is determined 

by the most symmetric representations of U(6), namely [N} 6 (N-in

teger). It has been shown in /9/, that in this case, only tensors, 

which transform according to U(6)-representations of the type 

[et,o,o,o,o,-~]6 , generate symmetric U(6)-representations [;Vj • On 

I> I 1 , ., .LL. TT-- • ..! -..1. _ • ..! • ,.,.... ... \ - -·-----~•- -· -1-1... ..... --~--1--- ..... ..V '"'-~----
IJJ..l0 UIJLlO.L. LJ.OJ.J.U I.IL.J.t;:;; J..I.OI.lU...L..J...VVtJ.-1-01~1 \<-e 11 vvo~uv..L wvu u._A._. ~.&~"-'....,._.. ._. ... ._.._......,...,. .... .__. 

which gives [J{jb"' [!f']6• For this reason in this paper we shall discuss 

the irreducible structure only of the operators, which transform 

according to the first three representations ln the right-hand side 

of (2.16). Having in mind the reduction rules (analogous to (2.11) 

and (2.12)) along chain (1.2) one can enumerate all the represen

tations of ( 1.2), which contain the scalar representations of 0(3) 

and appear in the bilir.ear forms of the generators of U(6). These 

representations snd the corresponding irreducible tensor operators 

are listed in Table 1 where the scheme of coupling of the U(6)-

representations is given by 

(2o 18} 

9 



Table 1 

No u (6) U(3) U(2) U(1)+U(1) Tensors 

[J.Il: []."]" [Xl" [~1~ l_l'TJ 'To 
I 

0 
1 0 0 0 0 0 0 u1 

I 
2 1.-1 I 1,-1 0 0 0 • ,o uo 

2 
I I• 

uo 3 1.-1 I 1,-1 2,-2 0 0 0 
3 

4 1.-1 I 1,-1 2,-2 0 4 -2,0,2 -1 0 t-2. 
I 

u4,u4,u4 

5 1 • -1 I 1.-1 2,-2 4,2 0 0 uo 
5 

6 1,-1 I 
1,-1 2,-2 4,2 2 -1,1 u-4 u+{ 

I 6 • 6 

7 1,-1 I 1,-1 2,-2 4,2 4 -2,0,2 -2 0 +2. 
u7,u7,u7 

I u- 4 ut-1 8 0 1 '-1 1.-1 0 2 -1,1 
I 8' 8 

9 1.-1 I 0 1,-1 0 2 -1 ,1 u-1 u+l 
I 9' 9 

10 1 '-1 I 1.-1 s 1 '-1 0 2 -1,1 u-4 u+~ 
s' s 

11 1 '-1 
I 

1 '-1 a 1,-1 0 2 -1 '1 u-A u+4 
I a' a I ------- --· ---- ---L- ---- --

Table 2 

C[1,-1J" [4, n~ g:1. [}], I 

{;~.']!> [2.T1.z. [;~..'~~ [Z j1 [4~1Jo1_ [c,-2]., [2,2,1,1] 6 I 

[2,1hJ2k [2, 1}3.[2]~ -1/2 -3/2 

[2,1]j0]_zx[2,1]~ [o].t +3/2 -1/2 

---- -- ------- ~- -- -- - - - -

Table 3 

[(1,-1], ~ ,-11 [J1c. [XL;; 

[ 2. -2]" [2,2,1,1]c;. [11']!> [2T~j71 11]~[2TJ.~. \1)]2>(41 

(2, 1]~ (2JL x (2, 1]3 (2].(., +1/3 -2/2 

[ o J!l [2t x [o13 (2 j.t +2/3 +1/3 
........_______ -- --

10 
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J. Transformation properties of the independent 
Casimir operators 

It has been shown in / 2/, that the two-boson interaction in 

(2.1) can be expressed in terms of the second-order Casimir opera-

tors of the algebras belonging to the reduction scheme (1.1) 

H i 'ltt = d-b~~ +- J_~ K?> +- J_J.., K;_, 1- d.~ k 1 + J~ G~ t 

+- P6 ~ + t3 qr; +- r~ ~I + Y3 % + r~ Jf +-
( 3. 1 ) 

+- f (A o (p, 1}'1,) + A 0 C 'Yl, F)), 
where kb , k ~, ~2., ~~are the Casimir operators of the U-algebras 

in (1.1), c;; is one of the Casimir operators of the SU(3)@ SU(3) -

algebra,~,JG" ,'31 1 ,%, and Yi;_ are the Casimir operators of 

the corresponding 0-algebras (we recall that the 0(3) ~ 0(3) - algeb

ra ha~ two second-order Casimir operators noted in (3.1) by~ 

and 9G ). The relation between the coefficients of (3.1) and the 

independent constants of (2.1) is also given in 121. 
- . . • • 1-. "'' --- 1.:.,, ____ +"-.-~ -.+' +-1-...,. TTl&:.,_ 

1\.l.l. \,t:lf:5i.ill.i..l' U}Jt:l.'t:l I.IU.l'l::' J..ll \ J• t J a.~oo u.._.._.._ .. a .• ._..._ • ..,.._ ... ......, ..,_... ¥ ... _ -.,- ~ 

generators (2.2) (or (2.6)), i.e.,they can be expressed as linear 

combinations of the irreducible tensor operators listed in Table 1. 

For this reason, however, one has to know the explicit values of the 

isoscaler factors, which are of the type (2.8a-c). First of all it 

should be noted, that the isoscalar factors can be expressed in the 

form of orthogonal matrices. Thus for example, the isoscalar factors 

C
[}1J6 (J-"1 w [}1 .. 
[}...']~ [ZT'J,z.fi'J?> [t\''] [}1c. [LT]:hich correspond to the decomposition 

of the direct product rt1.,xtf1b = [}1~ according to the chain 

U(6) ,:)U(3) Et> U(2) can be treated as matrix elements of an orthogonal 

matrix M ~\.. 
1 

where l_:; [}16 and~: ~l~(2.-l
1

J.tl'\ (1-"J~J:Z.IJ.z_. 

11 



Ne shall first enuJnerate the triviul cases of the isoscalar 

factcn1 corresponding to one-dimensional matrices: 

[(1J(, [1J-1Jc, 

L 0 J,)ZJL [OJ :1 [2].1: 

[O]t, f1,-11 6 

(o 1 :J o 1 Co 1, [2.] .z, • 

b) of the type (2.8b) 

whose absolute values are equal to 1. 

The U(3) ~ U(2)-representations [o1
3 

(o} 2 and [4,2]
3

. [2] 2 balonc; 

to three rl ifferent U(6 )-repre~:entations determined b;r the direct 

product l~,-11f, X. [ ~, -~ J (, • The corresponding isoscalar factors form 

three-dimensional matrlces, whose values are given in Table 4 and 

Table 5. The last two columns of Tr;ble 5 are not filled up because 

the U(6)- representations C3, 3,2,2,2]
6 

and [3, 1,1,1] 6 do not cor,tain 

12 
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Table 4 

G[1,-1J6 r.-1J6 r;:J6 [j,], 

[J.~ (2T1] 2 [~~~3 [2T~ 2 [o1
3

(o1 2 
[ o]6 [<::,-2]6 [2,2,1,1]6 

f2,11 3 .[2] 2 X [2,1] 3 [2b lN 5 1 1 
-2 

5 -2 f3.7 - 2.f3.5 

[2,1] 3 .[o1 2 x[2,1] 3 ,[o] 2 ~ 
3 3 

- 2.f7 --+2 
5 2~ 

[o13 l2h x (oh (2] 2 -~5 +2f.S ffi 7.3 
-2 

5 

Table 5 

(1,-116 [1,-1}6 [J:J6 
[x]" 

~3 [2T~ ~~(2T~2 [4,21 3 [2] 2 
[2,-2]6 [3. 3,2 ,2,2] 6 (3,1,1,~E 

[2,1hJo1 x [2.11 3 • [21 2 
u 

( 2 t 11 3,[ 21 2 X f2 t 1 h , ( 2] 2 
1 -Y2 

[2,1h[o] 2 x [2,11 3 (o] 2 
_L 

'(; 

scalar 0(3)-representations. The method of calculation of the iso

scalar factors belonging to the first column of Table 5 will be pub

lished in a following paper, This method has also been used for the 

calculation of the values of the isoscalar factors given in Tables 2, 

3 and 4J th•7 oo1no1de (up to a pha•e faotor) with the oorreapond1DC 

values calculated in 191, 
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The U(3)<JU(2)-representation [o]_, [O].z. belongs to the U(6)-rep

resentationsl\-1Jb,[)73~1,2,Z](;, and[3,17-f 71Jc but the corres

ponding orthogonal matrix is four-dimensional, because the represen

tation l-~,-1]G appears twice in the direct productf~,-.fJ,x[~,-1]6 
The values of the isoscalar factors are given in Table 6, where, as 

in the case of Table 5, the last two columns are not filled up, 

Table 6 

G \:1.-1}6 (1.-1)6 \\16 

[?11
] 3 (2T~ [A''h Li"~l Co1 3 l21 2 

(2,1j 3 ,[2l 2 X (2,1j 3 ,L2]2 

[2,1JJ.Coh x [2,1] 3 . [2J 2 

[2,11 1 [2] 2 x [2,1] 3 .[oh 

Table 7 

c2·1h [2' 1] 3 [;~J3 
(i)_, (0).3 ({).3 

(1) 3 X (1) 
3 

(2) 3 X (2 J 3 

a [1,-11 6 

~ 
3 

0 

0 

1 

3 

[il] ; 
3 

[~L, 

1 
I 

: 
I 
I 
I 

I 
I 

[2,2,2) 3 =[o1 3 

-H 
+ ~; 

s l1,-1]6 

0 

1 
f2 
1 

,r;::= 
'" 
0 

[).1 ~ = 
[4,2,0]3 

+ff 

+~ 

tain scalar 0(3)-representations. The indices Cl and S take into 

account that the representations 

direct product [i,-J]Gx [1,-i]c;. 

The isoscalar factors 

appear twice in the 

[t,1]3 [jt]3 
(e_)j O , which cor-

respond to the coupling [A]3 = [2,1]3 )I [2, 1)
3
containing scalar 0(3)

representationsJform two-dimensional matrices whose matrix elements 

are listed in Table 7. 

The isoscalar factors of the type (2.8c) according to the chain 

U( 2) .:::>U( 1 ) (jj U( 1 ) co inc ide with the usua 1 Clebsch-Gord on coefficients 

given in / 101. 

l~ing the values of the isoscalar fRctors given in Tables 2-7 

one can easily express the independent quadratic Casimir operators 

of formulae (3.1) in terms of the irreducible tensor operators of 

Table 1. First of all it should be pointed out that the Casimir ope

rators k;,.k-.,,~,.f.<A and g{j are diagonal in the basis of chain (1.2), 

and using, the re~ults obtained in/2/ they can be written as 

(3.2) 

(3. 3) 

15 



which is due to the fact that the groups U(3) and U(2) are mutually 

complementary 12 ,31• This leads to the relation 

o lfi(Uo ) U.z ~ ~1 1 t N . 
Using (3.2) and (3.3) one can express the irreducible tensor opera

tors U1° 1 u;' ulfo and u; either in terms of the Casimir operators 

k6 ~ 1 1{1 % or in terms of the "pseudospin" operator T, its J Jj ., J 

third projection T , the number of boson operator N and the angular 

momentum operator 1. 

The second-order Casimir operators 'JIG , <J"j , Ji3', J{z, and G3' 

of expression (3.1) are off diagonal in the basis of chain (1.2). 

However, they can be expressed in terms of the remaining irreducible 

tensor operators listed in Table 1. Having in mind that H iut 121 

is invariant if the p- and n-bosons are mutually substitutable 

ing operators: 

With the help of (J.5) the off diagonal Casimir operators can be 

written as 

16 

<]( "" i JfJ. +- j( 1-' 2 L.t _ .L r.e_ _{_ 'T'2 + ,fi 1 +- ~~ uo _ '{15 J 
.3 6 2 6 ~ lo r 8 If f2 f I 8 -t 

:If;'= -_(' Ja.- ff Js -t- ~J6 -2(.5 U 
Sf.z = % T.z- i To~- Pi J1r 

,.....__ 

c;=- ~ Ja,- 1(.2 Is- ~ U, (3.6) 

,....._ o J/o 
where U= A (p1 11..) + ('Yt1p. Having in mind certain relations / 2/ 

between the second-order Casimir operators and the bilinear forms 

of the U(6)-generators one can obtain the relation 

(3. 7) 

Then the Hamiltonian (3.1) can be expressed as 

H ~~t = (dro + td!l +- ~o(~ + fd. + ~ 06 t-~ ~,) N" 2 
+ 

-- -' '-' 1/,/,..) OJ 

+ C 5cJ.6 +- J?J t 1 f6 + f:JY -t-
,- 2 ) <+ (2o<:.3 + j-r~..z + f.PG- 6[:;+3_?.<. T + 

+ (~d1-lp0-}pJ-]f.t}12t-(~6t Jp t tf5)0 + 

+(- fi f6+ }1[1 fo- ~ f~)lr + ~ f3' 1 + 

+(- ~r6 ,_ !!Ju: + c- ~-16- f ~ f0I1 + 
( 3.8) 
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This representation of the Hamiltonian of the Interacting Vector

Boson Model makes it possible to use the generalized Wigner-Eckart 

theorem for its diagonalization, i.e., 

( 3· 9) 

Here [n] 
3

; ( 'l-t4,'Yl1,
1 
0\ ' and (.tt1 = L 'Yl1- '\'l.t 1 O]..t are the represent at ions of 

the groups U(J) and U(2), respectively. The numbers [n]~ and [2t] 

~:::1:-~~~;n~ +h., .,...,",.."""ntRtinnR of the direct product U(3)$U(2) belong

ing to a given U(6)-representation LNJ6 can be obtained by standard 

group-theoretical methods /3, 9/. The index oL ( d. 
1

) distinguishes 

states with equal L, which appear more than once in the decomposi

tion U(3):J0(3), while the summation index j'J in (3.9) indicates 

that some U(3)-representatione appear more than once in the direct 

product ~];X [ 'Yl~ ~. 
Unfortunately, there are no explicit analytical expressions for 

the isoscalar factors in (3.9), which correspond to the decomposi-

tiona U(6) ::J U(J)~U(2) and U(3)..:=>0(J). However, one can calculate 

them in some particular cases, which are of importance for the prob

lems discussed in this paper. The reduced matrix elements in (3.9) 

have also to be calculated. 
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4. Conclusions 

The results of the present paper show an explicit way for a di

rect diagonalization of the Hamiltonian using a basis along one of the 

main chaine of the ~eduction scheme (1.1) (it is the chain (1.2) in 

our case). Furthermore, it is evident from (3.6) and (3.7) that the 

irreducible tensor operators U.,0 , 1h_
0 

, [},

0

, [};/,and Uo of Table 

are diagonal in the basis ( 1.2). The operators V,O, Jf, and J'f give 

the transition from chain (1.2) to the chain U(6)..:J0(6}..:::>SU(J)+0(2).J 

_:)0(3)+0(2) :::> o(J), while the inclusion of different types of linear 

combinations of the operators J5 , Jct,and J6 gives the transi

tions to the remaining two chaine of (1.1). 

At last, it should be noted, that all results of this paper 

can be applied directly to the three-body problem, where (after the 

introduction of the Jacoby coordinates) the group U(6) appears in 

a quite natural way. 
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reoprHeaa A.H., PaH4ea n.n., Pycea n.P. 

MoAenb B3aHMOAeHCTB~HX BeKTOPHWX 6030HOB 
AnA KOnneKTHBHWX RAePHWX COCTORHHH. 
TeH3opHaR CTPYKTypa raMHnbTOHHaHa 

E4-83-421 

npH noM~H ABYX B3aHMOAeHCTB~HX BeKTOpHWX 6030HOB CKOHCTpyHpOBaHO 
caMOe ~ee OAHO- H ABYX4aCTH4HOe B3aHMOAeHCTBHe. rpynna AHHaMH4eCKOH CHM
MeTpHH coxpaHRIOIIIero 4Hcno 6o30HOB raMMnbTOHMaHa ecTb rpynna U(8). s'ce ao3-
MO*Hwe THnW B3aHMOAeHCTBHR BWPa•aOTCR nOCPSACTBOM HenpMBOAHMWX TeH30pHWX 
onepaTopoa, COOTBeTCTB~MX npH&eAeHMO Ha ~en04Ke 

U(6) ::> U(3) • U(2) ::> U(3) • (U(l) • U(l)) ::> 0(3) • 

npHaeAeHw ace Heo6xOAHMWe H30CKanRpHwe ~aKTopw. TaKoe npeACTaaneHHe raMMnb
TOHHaHa AenaeT B03MO*HOH ero AMarOH8nM38~MO npM n~M TeopeMW 8HrHepa-3K
KapTa. 

Pa6oTa awnonHeHa a na6opaTOPMM TeopeTM4ecKoH ~M3MKM OH~H. 

Georgieva A.I., Raychev P.P., Roussev R.P. E4-83-421 
Interacting Vector Boson Model 
of Collective Nuclear States. 
Tensorial Structure of the Hamiltonian 

The most general one- and two-body interaction is constructed by means 
of two interacting vector bosons. The group U(6) is the group of dynami ca 1 
symmetry if the Hamiltonian conserves the number of bosons. All possible 
types of one- and two-boson interactions are expressed by irreducible tensor 
operators corresponding to the decomposition 

U(6) ::> U(3) • U(2) ::> U(3) • (U (1) • U(l)) ::> 0(3) • 

The necessary isoscalar factors are calculated. This representation of the 
Hamiltonian makes possible its diagonalization through a direct application 
of the Wigner-Eckart theorem. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1983 


