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I . INTRODUCTI ON 

In our pr ev i ou s pa per ! 9! hereaft er r e f erres to as I , we dis 
cussed an a l gor i t hm, r eali zed on Compu t er Al gebra Syst ems (CAS), 
fo r t he invest i gation of al gebraic nucl ear mode l probl ems. 
In t hi s s t udy we a re go i ng t o u se thi s a l gor i t hm f or the ca lc u
l a t i on o[ th e matrix element s of th e Hamiltoni an of t he In t erac
t ing Vec t or Boson Mode l ( I VBH) ( t he ba si c aspec ts o f IVBH are 
gi ven i n I) and t heir r el a t i on t o the U(6 )-Cl eb s ch-Gord on coef
f ic ients . 

2 . HATRI X ELEt-lENTS OF THE IVB ~l lIA1'IILTONI AN 

The t enso r i a l s t r uc t ure of t he Hamilt oni an ( fo rmulae ( 2 . 2 . 4) 
of 1) ha s bee n inves t iga ted i n 'l,2 It ha s be en s hown there 
that t he f i r s t t hr ee t e rms in the r.h. s. o f t he ex pre ss ion of 
th e IImnilt oni an can be ex pr e s sed as linear co mb i na t ions o f the 
f i r s t and seco nd or de r i nva r iant ope ra t or s o f t he group U(6 ) 
a nd i t s s ubgr oups acco r d ing t o the ch a in 

U(6) :) SU(3) >: SU(2 ) 

( 2. I ) 
SO(3) , 

i .e . , th e s e t erms a n' dia gona l in the ba s i s o f Bar gman n and Hos
h i nsky ( B ~1) (see formu lae ( 2 . 3 . 6 ) of I) . The o ff - d i agonal t erm s 
o f th e Harn i l r ou i an ( t IlL' la s t t wo t erms o f ( 2. 24 ) o f 1) can be 
cha r ac te ri ze d by a s e t o f qua n tum numbers , whi c h de fi ne their 
t r an sformat i onal pr ope r t i e s a l ong de comp ositi on ( 2 .1 ) . As i t i s 
s hown i n Secti on 2. 3 o f I, t he s ame quant um numbers cha r a c t e r i 
ze t he st a t e o f th e BM- ba si s . Hen ce, th e acti on o f t he diffe
r ent t erms o f t he Harn i I t on ian on th e s t a t es of the m1-ba s i s 
i s g i ven by t ile genera l r u les o f co up l i ng of the l ab el s , that 
def ine th e di ff eren t ir r edur i bl e r epre sentati on (IRs ) a l ong 
cha in ( 2 . I ); i . e . , by t he gene r a l i zed Cl e bs ch- Go r don coe ff i c i 
ents (eGCs) (or the cor r e s pon d i ng i soscal ar [ ac to rs (IFs) of 
( 2 .1)) . Here we u s e an approach i de n t i ca l to the one us ed for 
th e ca l cu l a t i on o f the mat r ix e lements of the SU(3)-quadrupol e 
ope r a t or in I . This approac h i s bas ed on the fac t t ha t by defi

.~~J.::lR:1 11 
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u i ti on the o f f -rd i.a goria l t erm s o f t h e Ha rn i 1 ton i a n a rc t h« SO(3 ) 
sca l a r s , i .e . , the ir a c tion on th e s t ates ( 2 . 3 . 6 ) o f 1 doc s not 
c ha nge th e a ngu l ar momentum L. On t he o t he r h a nd t he s o t e rms 
h a v e def inite t ens ori a l pr op er ti e s in th e "p s e u do s)1ln" s pa c e 
(the co r r e s pon d i n g value s o f t he "ps eud o s p i n" T a nd it s thi r d 
p r o jec t ion T a r e g i ven i n the Table) . 

Tnbl.e 

"Ps e ud o s p i n" c l as si f i c a t io n o I ti lt.' IVIHI lI ; ll'li I I-on i ;1I1 

Ty pe o f in t era ction ( I . t lJ ) 

AL(p.n) AL(p,n) U . : ~ ) 

AL (n,p) AL(n,p ) (2. -;l ) 

L LA ( p,n ) A ( p, p ) ~ U . \ ) 

t (I , I 

L L
A (n,n ) A (p,n) 

J(2 , 1) 

1(1, I ) 

A
L 

(n.p ) AL (n ,n ) { 

( 2 , -- I ) 

( 1,- 1 

AL ( p,p ) AL(n, p) ~( 2. - I ) 

d I , - } ) 

As ha s be e n po i n t e d out i n Section 2. 3 o f 1 (s p , ' (t , :I . I I ) 
o f 1) the s tat e s o f Bargmann and Hos hi nsk y (Bl·l) .i rr - ; 1 1 ~; 11 ; 1 

c omp le te s e t of h i ghe s t-rw e i gh r v ectors f o r t h e 1I{ (N ,T) IIf t he 
"pseudo spin" group U(2 ) . For t his r e a s o n , <1 10 n r , wi t h t hc n o t a 
tion ( 2 . 3.6) of I we s hal l a lso use the f o l l owi.ng 11I oI ; l l. i ll ll f o r 
th e Bt-l-s ta t e s 

(>, old,>. 
( 2 . 2) 

a,T, T/ 
He n c o , the act ion o f H~ (an y o f the ope r a t o r s I i s i vd ill th e 
t a b l e ) bri n g s a b ou t s t ri'te s wi t h T ' = T -I- t , TI L - 1 •. .. ,T-t 
c ompa t i b l e w i th the t h ird p roj e c tion ru l e T '= T f t. 

'h k ' , h " d . 11 LI t1 u s t a - ~ng 1nto acc ou n t t e p s eu o s p 1n s t r uc t ur e o f j t ' 

through a d ire ct appl i cat ion o f H t on t he s t a t es of B ~l we 0 

ob t a i n t o 

2 

!
\ (A + 2 k ' /L- k) \
 
H

t (,\ , Il ) = ~ dk) T k-to 
to s -1 

a , T , T / s ,k a -l-s ,T -I-k,T+k! (2 . 3 ) 

t ..) k 2 tD ; A -I- 2k ? 0 ; /-1- k ?:. 0 ; k - in te get 

and the i n teger s va r i.e s i n r ang e s compa t i b le wi t h ('\ ,-2k , /-I - k) , 
The matr i x e l emen ts Cit) ( phys i c a l isos ~a l a r f a c t o r s ( PIFs ) ) 
a r e c lo s e l y r e l a t ed t o t he r educ ed matr1 x e l emen ts of H: and, 

o 

a s i t w1l l be shown i n t he f o Ll owi n g Sect ion , t o t h e u sual 
i s o s c a lar [ac to rs ( IF s ) o f c h a i n ( 2. 1) as we Ll . Th e a p p l i c a
t i on of t he J.1 i gne r - Ec k a r t theorem in r e gard t o bo t h SUO ) and 
SU(2 ) r e s u l ts i n t he f o l l owing exp r e s s i on f o r th e r educ e d mat
ti x e lement s of U: 

« 
o 

A I- 2k . /l-k ) IU t ('\ '/-1 ) ~ ( k -t O ) I (2T + 2 k )! ) ~ ., 
to k - to
 

a ' , 'f t- k ll , T 2 (2T + k -l-I O ) !
 

( 2 . 4 ) 

( k ) (A t-2kolL-k )T + k t 1' )-1 
C r , 

s (J, . a ~ s( - T-t o to T ~ 

(A i 2 k , /-I-k) 
\.Jhe re 1 S <1 3j- s ymbo 1 ' :1 i s a n 

T · k, t, 1' ) 
a nd f a ' , a-IS( 

-T-t to To 
ov e r l ap i n tegra l (s e c f o r mu l ae ( 2 . , , 12 ) of 1) . 

Th e P f ls C (k) i n U .3 ) c a n h e c a lcu l a ted dire ct l y by c a l c u 
l a ti ng s l' pe r;t t'p l y t.lu. l c Lt a nd righ t h . B. o f e C] .(2. 3 ) . 

Thu s in th e c a s e o f th e op e rat o r AL(p,n) A I. (p ,tl) c h n r a c t e 
ri z e d b y t = 2 a nd to = 2 ( see t h o Tah l e ) one h a s 

(Add) (:!) ('\ + -1 ,/-1- 2) ) 
-- 1 C " (L ) AI. (p ,tl) AI. (Jl,n) 

( 2 .5 ) 
a , T,'1' 

~ 

u t-s ,T +2 ,TI 2 

The di r e ct a c ti o n 'o f t h e> o pe r at or AL (p .n )A L (p ,n) on t h e BM-
st at e s a n d t he e x p r e s s i on s f or t he PIF s d;)(L) a r c g i v e n 1 n! 1 ~ / 
I t s hou l d be me n t i one d hore , t ha t t h e PU ' s C~2) (0) a n ' e qu a l 
to ze r o be c a u s e by d e f i n it i on the o pe r'a t o r AO (p, n) i s t h e ra i 
s i n g c ompo n e n t of t h t- " p s c ud o s p i n" ope r a t o r ( s e e ( 2 . 2 . 8 0. ) o f I ) 
a nd t he s ums C( 2} (1) I- c (2 )(2) a r e eq ua l t o z e r o bec a us e of t he 
r el a tion :1 ' s • 

1 (_l)M C I. M CL 
- 1.1= (_l l ·-a D 15 ( 2 .6) 

L ,M 1/-1 Ii -' if' 1u /l,-(J IJ , - p 
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wh ich , in our c a s e , l e a d s t o 

A1 (p ,n) A 1 (p,n) + A2 (p,n) A 2 (p.n) = 2 A0c p.n) A0 (p.n ) . (2 . 7) 

The op e r at o r AL(n ,p) AI. (n,p) is a more complica t e d o ne . 
Fi rst o f a ll ( see the Ta b l e ) th i s ope rato r i s c ha r ac t e ri z e d by 
the qu antum numb ers t = 2 and to = - 2 a nd its act ion on t he 
BM-sta t es i s exp r e s sed in t h e Eo l Lowi ng way ( in t he not at i on s 
(2 .3 . 13a , b) of I) 

A+ JI. - L - even 

AL(n,p) AL (n.p) If l ' P2 • r , a > = 

' 2 ) 
).:, ds (L )T 4 1£ + 2 s ~ 2 . f - 2s - 2 , r - ::;+ I , Qf S>+ 

2s -1 1 

~ C( 1\ L) T 
3 

z ] P1 \- 28+1 . f ,,- 28- 2. r - s , (~ .! ::; , ~ 

s - 1 c: 

I d O)(L) T 2 I P1 + 28 , P2 -2 5. r - ::; • a t S > (L . Sa) 
s s - 1 

( - 1) 
:i C s (L ) 1'_1 z ]£1+ 25- 1, P2- 28, r-8 -1, a +S > ...
 
s
 

( - 2)
 
~ C s (L ) 1£ 1 f 28 - 2. £2 - 28 +2, r - 5 - 1, a + S>;
 

A f- Il - L -odd 

L L IA (n,p) A (n,p ) z £1 ' £2 •r , a > 

, ( 2) 4 
~ C . (L)T tz ! r 1 f2S t2, P.,-2s-2 , r - Stl ,a +s >1 
s s - 

~ C
(1) 

(L)T 3 I f i t28 +1' £2- 28, r - s f! , a + S > + 
s s - 1 

(2 . 8b ) }: C<~ tL) T~ l z I P 1 + 2 S , £2-2s , r - s, rH S > f
 
s
 

~: C(- l(L)T I P +28- 1, f - 28 .' 2. r - s ,a+ S > + 
1 2s s -1 

' - 2) ).:, C's \.L)z 1£ 1 + 28 - 2 , f 2 - 2s + 2 , r- 8 -1, a+S >;
 
s
 

The op e r a t o r s AI. (n.p) AL (n,p) s at i s f y a n equa t i on simi lar t o (2 . 7 
wh i c h r e s u lt s i n t he f o l lowi ng r e l ation for the P I Fs i n (2 . 8 ) 

C(Sk\I) . C ~k ) (2) = 2 C(: ) (O) . ( 2 . 9 ) 

O . . 1 1 2 
By d e f i n it i on the o pe ra t or A (n.p) AO(n.p) 15 p r opo r t i.o na to - 1 

and i n th i s c as e on l y the PIFs CbO)(O) a re no t equa l t o z ero ( s e e 
r e f. ' 10 ' ) . 

Th e ope ra t o r A
1 

(n.p) is of the fo llowin g t yp e (e xpress ed by 
means of t he p- a nd n - boson s (2.2 . 1a , b ) of I ) 

A i ( ) ., C1 M ,." C ) v C 1 M a
'I n.p '" - 1 1 n p '" - - 1 1 n,, - (2 . 10 ~ I.l ,v I.l I' II V I.l,v 111 v r- aP- I' 

The d i r e c t ac tion o f the o pe r a tor A (n,p) A (n ,p) on the BM
s t a te s (bo t h f o r A+ I.l - L - e v e n and odd ) i s g i v e n in 1 101 

The o pera t o r 1'_1 i s g i ven by 

, ~ - (l...f- AO Cll ,p). (2 . I I ) -1 ~ 

\oIith t he he l p o f (3 .4 ) and (3.5) of lone obtain s 

( £1 + 2 r ) 2r r 1IP1' P" , r, a >=--- lll 'PCl , P2 , r,ll > - -=- z l £l - I ' £2,r- l , a > ;
 
- - -j2 -j 2
 

T lz l£i ,£" . r , a >"" - 2 r ,·1 ( 2 . 12 ) I P1- 1, P2+2,r, (1 ) 

- - ..j2 

f 1 + 2r + 1 2 r
"--=..- - n z ] £1 - 1 ,f2 , r , a > +-- IP1 +1. P2 ,r -l , a d > ; 

1
-j 2 J'£ 

The c ompa ri s o n be t we e n t he r e sult s obt a ine d by t h e d ire c t a c 
t i on of AL(n,p ) A L(n.p) a nd t he r e s u l t s ob t a ine d by the suc c e s s ive 
action o f T - 1 on t he s tate s o f t he BH- ba s i s g i v e s e xpre s s i o n s 
f o r t he PI Fs i n ( 2 . 8a ,b ) . The re s u l t s f or A+ Jl-L - even a r e 
giv en in r e f . 'ill : Se c . I , whi l e t he corre s po nd i n g r e s u lt s f o r 
,\ + Jl - L - o d d a r e g i ve n in r e f ./ 10 / , Sec . 2 , 

The las t f o u r terms of the Hami lton i an (fo r mu lae (2 . 2 . 4 ) o f 
I ) can be divi ded i n to tw o t ype s (s e e t he Tabl e ) : 

i ) t he o pe r a t ors AL(p,n) AL( p,p) a n d AL(n.n) AL(p.n) wh i c h a r e 
a mi x t ure o f " pseudo s pin" t e n s or op era t or s wi t h (t .t o ) = ( 2 , I ) 
a nd (t ,t ) = ( 1 , 1) . The ac tion o f the s e o pera to r s on the BUo 
s t a t es i s g ive n in t he fo l l owi ng wa y 
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A+ /1 - L -even 

(2)
L C (1) 'I' l f +2s +2 , f2 - 2s - 2 , r - s+ l , a + S > + 
S	 S -I l 

(2 . 13a ) 
+:t C~I ) ( l ) z IP + 2s t-l , f - 2s-2, r- S ,at S>; 

A +	 /l-L -odd 

:t C
(2) 

(L) T_ Iz \ f I + 2s +2 , f 2 - 2S - 2 , r - s+ l . a ts >+s
S 

(2 . \ 3b)
P) 0 

+ :t	 C s (L) j r l t- 2s +1 , f 2 - 2s . r-s +l. a + S > 
S 

i i) the ope r a tor s AL(n.p) AL (n.n) an d AL(p.p) AL(n ,p) which a re 
a mi x ture o f "ps eudo s pi n" t enso r o pe r a t o r s wi th (t. l 0 ) = (2,- 1) 
and (t ,t o ) = ( 1, - 1) . In th i s ca se t he a c t i on o f these ope r a to r s 
on t he s t a t e s of the 8M- basi s i s g i ven by 

A t /1- L - ev en 

( 2) 3 I
:t C s (L)T_ I f I + 2s t 2 , P2-2s - 2 , r- s t- l , a +S > t 
S 

(1) o
 s C s (L)T_~ z l f l+ 2s +1. P2-2s - 2, r-s , a + s :. +

(2.1 4a) 
~ C ~O)(L) 1'_1 I PI t 28, P - 2s , T - S. a ~ S > l2s 

C~I )(L) z~ I PI I- 2s -1. P2-28 , r - S -1 , <l t S -, ; 
H 

A+ 11- L - odd 

:t C (2) (L) 1'3 Z I PI 1 2s + 2 , Pl!-2s-2. r -s -+ 1 , at-S > '" 
S -1 

L c<1) (L) 1' 2 I PI + 2s +1, P 2-2s . r-St1, a+ S > + 
S S -1 

2.14b )
~C~O)(L) +2s. r-s, a+S >T_ Iz IP 

I 
P2-2s, 

(-1 )

~C (L) IP1 + 28 - 1 . P -2s -I-2, r - S ,a + s > ,
 
S S	 2 

6 

The direct a c t ion of a l l thes e ope ra to rs on t he bas is of 
BM i s given in / IO( As i n the previous ca s es , t he compa r ison 
between t he r esults obtained by the successive act ion of 1'_1 
in (2 . 14a, b) and the results ob ta i ne d by the direct ac t ion 
of t he ope ra t o r s i) and i i) gives ex pre s s ions fo r the PIFs 
in (2.14a, b ) . The co r r e spond i ng r e sult s a re given i n ' IO' 

3.	 RELATIONS BET\mEN THE PHYSICAL ISOSCALAR FACTORS 
AND THE USUAL ISOSCALAR FACTORS 
OF DECOMPOSI TI ON U(6) '~ SU(3)xSU(2) 

u 
SO (3 ) 

In the previous Sect i on we obta i ne d the PI Ps of the di f 
fe rent t erms of the Hamiltonian of I VBtt . These PIFs are gi ve n 
i n r e f fIO.l,Sec.\ if A+/1- L '- even and i n r e f / IO'!. Sec. 2 i f . 
A+ /1- L - odd . The PIFs are obtained t hroug h a d i r ect ac tion 
o f the t e rms of t he Hamiltonian on t he s tates of the 8M- ba
s is . Hence , C(k)(L) contain a ll i nf orma tion o f t he t ensor 

S 
s t r uc t ure of the Hami ltonian. On t he o t he r hand , a s already 
men si oned, these PIFs a re c lo s e ly r el a t ed to th e u su a l IFs of 
d e compos i t i on (2.1). It has been shown i n ' I.2.' tha t th e t erm s 
of t he Hamil toni ~n of IVIDI can be expressed as linear co mbi na 
t i ons of t ensor ope ra tor s a l ong c hai n (2. 1) . The s e oper a t or s 
a re of t he fo l l owi ng t ype : 

r ([ X J6 ; (A"l) (21'); L = O.To ),	 (3. I) 

whe r e [X]6 is the I R of U(6),(A.I1) and (21') of SU O) and SU(2) 
r e sp ect ivel y and T i s the third proj ection of t he "p s eud o
s pi n"T . 

Taki ng i n t o ac coun t the U(6 ) - s t r uc t ur e of (3 . I) i t s ac t ion 
on t he 8M- s ta te s can be expre ssed i n th e fo l lowi ng way : 

[ X] 6 [N1 6 [N]6 (A ,/I) (AI.III) (A2·/12) 

~ C C 
A 2 ·/~ ·"'2·T 2 ( A,/1) (2 T ) (Aoz oI1 1 )(2 TI~(~ , llt ( 2 1'2) o a l L I a 2 L I 

[N]6 
(.\ 2 11 2) )TT IT 2C
 

TO TI TI I- TO
 (3 . 2a 2'L I , '12 , 1'1 - T o 

II [ N16 (>.. 1 +- 2k , /1 _k) 

( k; [x16 (A .Il)) k- T 

1 2 c, (L I ) 1'_ 1 O 

k, s 
a 1+ s, L 1•T 1 -+ k, 1'1 t k 
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lx, j [ N] [ Nl 
is t he I F o f t ile c ha i n where C (A ,' I) (2T) (A1,111)(2T1 ) ('\ 2,112)(212 ) 

(A.I1 ) (A l ,1l1) (~,/1 9 ) 
U6( 6) 'J SU(3 ) XSU(2) , C	 - i s t he t il o f t lu : dccompo-: 

o a c1 Ll L l 2 2 

(k, [ xl l .\ ,/l l) 
s i t i on SU(3 ) '1 S0 (3 ) and t he PI Fs c, (L 1 ) i ll fa ct co i nc i de 
wi th the PIF s in (2 . 3) . 

The pr obl em of ca l cu l a t i on of t he IP s o f t he ,1l..: clllll\h)s i t i on 
SU (3 ) ' ~ SO(3 ) is di s cus s ed i n a number of pa pe rs ( l;c e for 
e xampl e:4 , 5.6 ' ) . Hen ce , t hr ough a di r ec t a ppl i ca t i on o f t he gene 
r a l i zed \.J igner-Ecka r t theor em one obt a i ns t he Eol l owi ng expres
s ion fo r t he CGC s o f decompos it i on (2 . 1) . 

Ix ] [ N I I Nl
 
C
 

(.\ ,11 ) (2T ) (A
l

' 1l
1
) (2T 1) (A2 · /1 2)(2T2 ) 

(A ,11 ) (\ .11 1) (\ .1' 2 ) T T '1'2 
lc C T T '1'1 + '1'0 o a , L a ' L l 

o 1 
l	 1 

(3 . 3 ) 
= 1<N II T [ X] I IN >l - l ~ 

1° T T +k ° A . A1 2k ° 1l2 · 1l1 - k
k ,s 2. 1 2 

i : 2 . l v ] \k- To ) ! (2T +k~ TcY ! ) (k . X .(A .I1) (., +2k , ll- k)

l C (L 1) f a , a +8 '
 

(
 t-TO(2T1 -.. 2k) I	 ' 1 

Ix,] 
wher e <N IIT l iN .> is t he r educ ed ma trix el emen t of (3 . 1) a l ong 
chain (2. 1) . Thu s, the l a s t expressi on (3 . 3) give s an explici t 
f or mul ae fo r t he cal cul a t i on of s ome o f t he U(6) - CGCs (or t he 
co r r e spond i ng I Fs ) and t hei r r e l at i on t o t he PI Fs o f the Hami l 
t oni an. 

4 .	 GENERAL CAS ALGORITHtI 
AND ALGE BRAI C NUCLEAR PROBLEHS 

The cal cul a tion of the mat r i x e l ements and t he d i ago nali za 
ti on of diffe ren t a l gebr a i c model Hamilton i ans , a s de s c r i bed i n 
t he prev i ou s Sections , l ead s t o a gr e a t numbe r o f s i mi l a r , bu t 
very c umbe r some ope ra tions . For th i s r ea son , i n a number of ca 
ses , i t is more conven i ent t o use pr ogr ams fo r an al y t i c a l ca l cu
lat ions on a comput er (CAS) . The r e a r e a lo t of CAS, whi c h a r e 
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ch aracterized by di fferent pos s i b i l i t i es . The a lgor i t hm, pre 
sen t ed i n I and in this paper, i s of an univers al c ha rac te r and 
ca n be r ealized on d i fferent CAS. In our ca s e the a lgori t hm is 
r e a l i zed on CAS- REDUCE- 2. It s r eali zat i on on CAS-REDUCE-3 , 
SCHOONSCHIP an d AHP i s i n proc e s s . 

I n th i s Sect ion we a re go i ng to di s cu s s the gene ral s cheme 
o f calc ulat ion and the pr oblems that appear i n thi s appr oach. 

II	 Construc t i on of Dif f e ren t ia l Opera t or s 

The ope r a t or s of t he physica l obs e r va bles a r e expres sed as 
polynomia l s i n s ome t ype o f boson c r ea t i on a nd anni hi l at ion 
opera to r s . In Fock's r epre sentati on the an n i h i la tion oper a to r s 
a r e t r eat ed a s d i f f erential ope ra to rs . The lat t e r i s very conve
n i en t f or th e ap plica t i on of s ome t yp es of CAS, fo r e xampl e 
REDUCE- 2 , REDU CE-3 and AHP. For o t he r CAS , f or exampl e, 
SCHOO~;SCHIP , where the ord e r i ng of the op era to rs i s o f i mpor 
t ance, the pr oblem i s r educed t o the ca lcul a t ion o f mul t i pl e 
commu t a to rs . The compa r i so n between bo th t he s e method s i n re 
ga r d t o t he computa t i ona l time i s o f gr ea t impor tance . 

21	 Tensor i a l St r uc ture 

The ope r a t or s of t he physical obs e r vab l es a re c ha rac ter i ze d 
by s pecif i c t ensor i a l properties a long a gi ven cha i n of sub
groups (in our ca se t he cha i n of subgroups is (2 . 1); s ee a lso 
(3 . I )) . 

31 Polyn'llnial Bases 

In Sect ion 2 . 3 of I we discu s s ed i n deta il th e pol ynomia l 
bas is of BM . Polynomia l ba ses of thi s t ype a r e very conven i en t 
for ca lculat ions r ea l i zed on CAS. Ot he r po l ynomi a l bas es wi l l 
be di s cllss ed i n for t hcoming pap ers. 

41 Red uction t o I r reduc i bl e Fund amental Block s 

The r educt i on is r ea li zed t hr ough the appl i ca t i on of a num
be r of subs ti t u tions (s ee f or mul a (3 . 5) o f I) . Thi s opera t i on 
is a very cumbe rsome on e and t i me con sumi ng . 

51	 Gen e r a tion o f Li near Sy s t e~s of [ qua t i ons fo r t he PIFs 

Thi s pr ocedur e i s carr i ed alit by a compar i s on between the 
r e sul t s obta i ned by t he dire c t ac ti on o f t he ope ra to rs (s ee / 10 1 

and t he r esul t s obtaine d i n the expa nsi on f o rmu la of 
t he t ype (2 . 13a . b ) or (2 . 14a , b ) . Thi s l e ads to the ge ne 
r at i on of so l vab l e linear sys t ems o f eq uations f or t he PIFs , 

9 



wllich i s due to the l inear i ndependenc e o f the i r r educi bl e fun 
damen t a l b l oc ks . 

6 /	 Derivation of the PI Fs 

The systems of equa t i ons d iscus sed ab ove are always se lf 
co ns i s t en t and can be so lved by t he usual Gauss al gor i t hm. 

7 /	 De r i vation of the Usual CGCs 

The PIFs arc clos e l y r elat ed t o t he usual CGCs o f ch a in (2. 1). 
The der ivation of the CGC s i s di s cus s ed i n Se c tion 3 . In gene
r a l , t he pr ocedure gi ven the r e i s not ye t ve r y well under stood 
and inves ti gation s in t hi s f i e l d ar e in progres s . Howev er, we 
are co nvi nced , tha t th i s procedur e wi ll gi ve an al gorithm f o r 
so l ving the very complica t ed probl em o f t he ca l cula tion of CGCs 
of di f f erent cha ins o f s ubgroups . 

8 /	 Cal cul a t i on o f Overl ap In t e gr a l s 

Thi s probl em is d i s cu s s ed i n de t a i l i n ' 7 

9/	 Cal cul a t ion of Hatr i x Eleme n ts 

Fo l l owi ng th e pr ocedure g iven i n 6 / and 8 / t hr ough fo r mu la 
s i mi lar t o (2 .4 ) , one ca n der i ve expr e ss i ons fo r the mat r i x e l e 
ment s of t he d i f Le r cn t physi ca l obs c r vabl e s , 

10 / Eigenva l ue Probl em 

Thr ough a d i agllna li ;;:a t i on of the Hamil t oni an one obta ins 
exp l i ci t e xpr cs s i ous f or the energi e s o f th e sy s tem as f unc ti ons 
o f t he parame t e r s o f the Hamil to nian . It mus t be po int ed ou t 
that t he de gr ee o f t he cha ract eristi c. equa t i ons dep en ds on t he 
I R of t he gr oup D(6) . 

11/ Numer i ca l Ca l cula t i ons 

The pa r ame t er s of the mode l Hami l t on i an a r e f i t t ed to t he 
ex periment al dat a o[ the energy l ev e l s o f th e s ys tem. For 
exampl e , numer i ca l ca~c~ l a ti on s in t he r o t a t i onal lim i t o f 
I VBM are pe r f ormed i n 8, 

The r unn i ng time depend s heavi l y on the t yp e o f t he ope ra 

t or an d i t ca nno t be e s t i mated in ad van ce . The compu t i ng o f t he
 
di r ec t ac tion of t he t erm s of t he I VBM Hamil to ni an on t he B}I

ba si s an d ~h e r educt i on to f undamen ta l irreduc ibl e bl ock s , whi ch
 
are ch a r a ct eris t i c fo r t he a l gori thm g i ven a bov e , r uns fr om 2
 
to 30 min on a co mpu t e r ES-I 060 , ope rat i ng sys tem OS, pr ogram
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ming l an guage - REDUCE-2, h i gh s peed storage HI by tes i n JINR, 
Dubna . A part of the cal culat ions were held in TSS-IIDI in So f i a 
on a computer IBM 370/1 48 , ope ra t i ng syst em OS/VSI, hi gh s peed 
s to rage 1M byte s, running time in compari s on wi t h ES-I060 
2-3 time s sl ower . 

5 .	 CONCLUSIONS 

In paper /g l and present paper we dis cu ssed an approach , whi ch 
can be wi de l y u s ed in a l gebr ai c nucl ear models . The gene ra l 
t echnique of t hi s a pproac h is illustrat ed on t he example s o f 
the SU(3 )-quadrupol e ope ra tor and the of f - d iagonal t erms of 
the IVBM Hamiltoni an. 

I n our opinion , t h is a l go r i thm, r eali zed on CAS, i s of grea t 
interest no t onl y f or t heoretica l nuc lear ph ysi cs ( I VBM i n par 
t icul ar) but also fo r group theory i n ge ne r a l , bec au s e i t can 
f i nd i t s appl i cation in the ca lcula tion of different combina
t ions of CGCs (o r IFs) a long cer t a i n ch ai ns of su bgroups. 

In t he pa rti cul ar case o f IVBM, the re sults of the pr es en t 
paper clar i fy the compl icat ed a l gebr a i c s t ructu r e of t he Hamil
t on i an and show an expli c it way fo r its di agonal i za t i on. The 
d iagonal i zation of the I VBH Hamiltonian in the BH-ba s is \\1i11 be 
discus s ed i n futu re publ i cat i on s . 
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BblllHCJlellHe ~laTpHt.lHblX 3JleMe!ITOB r-anam.rouaana 

n3aHMoAeH cTBYID~X BeKTopHb~ 6a30HOB 

C HCIlOJlb 30B allHeM KOJ-mbIDTepHOH arrr-eripu , 

}f ::lTp H t.lHble 3 JleMe H T bl raNHJlbTOHHaHa 

H s e x o -r o p ue U(6 )-K03(Mmu,HeHTbl Knebura-Topnana 

Ilae r ca anr -oprrrn BbNHCJleHHH Ma1'pH<IlIblX ::lJ1eM e Il T O B raMHJlb

TO II H a H a N BBB H nexoro psrx U(6) - K03q)(lHIl~HeIlTOB Knetiura-Fopnaua , 
J1'01' aJlrOpH1'M pe anH30B <'H na a ssrx e CIICTeMbl AHanHTHt.leCKHX Bbl

t.I HCJleHHl1 REDUCE- 2 . 

Pa6o ~a BWIlOJlHeHa B lla6opaTopHH BWt.lHCJlHTenbHOn T eXHHKH 

H anTOMa1'H 3 au,HH OHHU. 
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