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L The problem 

The interacting boson model (IBM) /1-4/ has got n grcat dcvelop
ment and has been used in m~ applications /5/. As pointed out by 
its authors /1/, in its initial version it ls equivalent to the ear
lier proposed quadrupole phonon model (QPM) /6-8/. Its complete 
group structure has been described in ref. /9/. The relation betwcen 
the coefficients of both models yielding their equivalence has 
been discussed by several authors, but exactly derived in ref. /10/. 
In spite of some drawbacks /11,10.12/, it is the only model yielding 

such a simple anel clear transition between nuclei of different shape 
and such a connection between vibrational and rotational motion. 

The problem of its microscopic foundation /5,13,14/ will not be 

considered here. Several well known extentions have been proposed: 
tl,1) pr-otiorr-neutir-on IBM /15/, the interactine; boson fermion model 
including dynamical supersyrnmetriec /16-19/ , the confif,Uration mi
xing IBM /20,lO,21( the higher order IBM /5,?-?/. The necessit~ of se

varRI other dep;rees of freeelom, besides the 1JI0nopole-quadrupole 
(s , d ) one, has been realized Lmmed í a t e Ly /1-.3/. Additional bosons, 

such 35 pairing monopole-quadrupole (Sf, di), dipole (p), octupole 
(f), hexadecapole (g) have been included /5/. HoweveI' until very re
c errt Iy this hus been -done in a more 01' less e.up í.r-Lc a I way. 

One year aGo it was realized that the inclusion of new bosons, 
either tbe ô one /23/ or the combin[~ion of p f /24/, does not 

change at least the rotatlonal limit clrastical1y since the U(3) 

subgr-oup remo.ins there. Therefore the introduc tion of a " unif i ed IBM" 
/25/ of a somewhat different type than here has been preliminarilJ' 

Su.r;3e s t e d • 
50 ouI' problem is to show that some extentions of the model with 

Lme Leve L, the inclusion of new bosons, a d at better deseribing ener
gies and transition rates, if suitably chosen, ara conserving its ba
sic feature of a simple and clear description of transitional nuelei. 
ThuB we stress thatthis advantage is not related -1;0 the monopole
quadrupole degree of freedom only. Special attention has been paid 

to the group-theor'etical foundation of this statement. 

@bl.tJi!iilit'IHlio1l\ fl:trCTrrryr I 
~U.I~'B&3.\ tj(" ""';;1:IUfltmt,J 

.. ... 6~Slt~ KJ~( fbLiA __ 



2. Coordinates p bosons and groups 

The collective coordinatos wo are going to uso are of the type 
introduced in ref. /2~/. However we consider n - 1 power forros 
instead of 2 as fo110ws: 

A 
'r k /c k
L Jef ;tê .... ~n-1 • (1)

~ #f, Xl' ... Je1\ - f 
k=1 

'k. k k k .Here de;, = xi' Yi' zi a,s the usual coordinate of the k-th nuc.Le on, 
Thus we do not introduce spin and isospin yet, but this can be done 
later on in an extended version of the modele The coordinates q are 
symmetric with respect to 8.l\Y perinuiJation of de,3t',e •••. 1en - 1 • Vle 
denote by ny, n the numbers of x, y, z indices, n + nnx' z	 x y 
+ n = n - 1 • 80 we have (n - l)I/(nxl	 n l nzl) different index z y 
sequences giving the same coordinate, and n(n + 1)/2 different 
coordinates. 

Wo notice that if we decompose (1) into irreducible tansors with 
respect to the usual rotational 0(3) group, we get one tensor of 

each rank j = n - 1, n - 3, ••• 1 or 0, which we denote by q~. 
We denote a180"bj' Pg = i-I à/ àq~ their momenta. Now wo can define 

our bosons in the usual wayz 

j + 1 J ' m j) . J (j+) + 1 (, m j . j)
b = V2 (9m --L i-, r.; ) bm= bm =1/2\(-) 1-m + Lfm • (2)m 

j+ .
1We notice that b • b~ are generators of a U(n(n + 1)/2)m1 ._~ , . 

group. If in (1) we change n to n = n - 1 , we obtain tensore of 
rank j = n - 2, n - 4, ••• ° or 1, of which we construct the 
generators of a U(n(n - 1)/2) group in the same way. A1together 

both cases give n bosons of raruc j = n - 1, n - 2, ••• ° , and 
the generators of a U(n2) group. Let us notice a180 that alI our bo
Bons b~+ G b; =(-)~:m have + time parity, and the bosons of r-ank 

j have (-)j space parity. 
To find alI subgroups of U(n2) of physica1 significance, con

taining the usual rotational 0(3) group at the end, 1a of course a 
nontrivia1 group-theoretical problem. However in addition to the 
usual group-theoretica1 methods /27/ for finding the branching ru1ea 
of s.g. U(r) ~ OCr) , there ia a powerfu1 method reiated to the ao· 
cal1ed outor p1ethyam, introduced in reto /28/, deacribed in ref. 
/291 and used for tabu1ation of O(r):J 0(3) I tabu1ated in refa. 
/30-,3 1/ in a fo:rm c onvení.errn for U(r) => U(a) • Wa have used tMs 
method to find the UO ,2 (3) subgroup ambeddod in the usual a d bo
son UO,2(6) group/9/. 
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We denote the momenta with respect to (1) bJ' Px,~.t .... ~n-' 
i-I a/à q~I)QI-'" Jlrt-f • IVe define their bosons s nií.Lar-Ly to (2) butí 

in a Cartesian basis. Then we use combin~tions of the U(nCn + 1)/2) 
f,enerators bJ making s contractions: 

+ ,I bJeI	 b /I 3€" 
JI1s' n- 1 se .s + f ;e;,... .1€, de, .•. :Je,sJes + , '" n-f:leI" .. 

If wa make suitable additional combinations, we lua;}' hope to get the 
generators of a subgroup. One example is the usual n ='3 sd UO,2(6 ) 

group where one contraction gives the generators of its UO,2(3) 
subgroup /9/. Another example i5 the n = 4 P f Ul,3 Cl O) group 
where two contractions give its Ul ,3(3) subgroup suggested in ref. 
/24/. Furthar examplea w1l1 be given in section 3. . 

3. 6 P d f bOBon model 

For n 
l
= n - 1 = 3 and n:: lJ, we obtain b j = s , p, d , f bo

sons or muLtiEolarit;y j:- 0, 1, 2, 3 and their UO,1,2,3(6) ~ 
2UO. (6 ) X tr1 • (10) group. Thu8 U(16) contains thedirect product 

Ul,3(10)of the usual s d UO,2(6) group and a p f group , ~'or the 
subgr-oups UO,2(3) and OO,~ (6) of tbe usual s d UO,2(6) ~óup 
there are phase ambiguities used in a different w~ in refs. 1-4/ 
and in ref. /32~ and di8cus~ed in r-ers , /33 ,3 iJ,/ • 

If for the moment we do not pa;y attention to time reversa1 1nva
riance and normalize the UO,2(6) gRnerators similar1y to ref~ /32/, 

1 1" h we get the known tabla 1 (L:: VcF5 I ,where I 1e the angu

lar momentum operator). The important f~r the subgroupe ex:1sténce 
/9. 4/ : ' 

UO , 2 C6 ) :::> if (5 ) =:> a2 (5) :...:J cl. C3 ) 

Uo •2 ( 6 ).,:) 0°, 2 (6) .:J 02 (5 ). ~ 02 C3 )	 (3) 

UO,2 (6) ::::> UO';?(3):J 02 0 ) 

commutators are listed intable 2. 
Now wa appl~ the method mentioned at the end of the preceding 

sectiqn 2, and construct generators of U1 , 3 ( 10 ) as listed in tab1e 
3.	 One can check directly that the~ obe~ the same commutâtion rela

Ul,3(10)tions of table 2. Thus one sees that in , besides the new 
but trivial first and part1y Becond row, the same subgroups as in the 
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Tab1e 1 
Gener-abnr-s af the sd UO,2(6) graup, dofining its 

01-5' 3 I~ (123 012U(5) (N , L , !-j-, L , N ), 0(6) IJ, IJ , L) and UO) (N , L , Q ) 
*" *' subgraups; ftf + = v+ V1" = 1 

NO= 5 +5 + .J5 [d+d ] O
 

L1 = [cj+d]1
 

. N2=[d+d]2
 

L2 ={p+d+s + p:S+d]2
 

0 2 : .1.[y d+s+ J's+d]2+ IT..[d+d]2
(j + + f3
 

L3= [d+d]3
 

N4= [d-+:d]4 

[NO,rk]j=oTab1e 2
 
Co~mutators of the
 [L 1 rk]j =_Jk1k+1l" r k 5. 

I 2'5 jkU1,3(10)UO,2(6) and 
[Q2 Q2]j = 5 L 's. group generators, proving I J1 

the existence of their [L3 L3]j =-r1:1.. L1 Õ. +/IL3&. 
I 5 J1 \fs J3

U(5)	 , 0(6) and U(3) 
L2]j[L2 = 2L1Ó'1 + 2L35'3 subgroups;	 Tk is an;y I J J 

generator [ L2 L3] j =_12L2 t5' 
I 15 J2 

[N2 N2]j = L16'1 _ .l.3 L36'3 
I • J 7 J 

IN 4 N4]j={f.3L16. +1..-'f1L3õ. 
I • J1 7 V I I J3 

[N2 N4]j = _l.rg- L3e5. 
I '1 VL'~ J3 

[N 2 L3]J. = ~3 N2Õ. _n1:2N4õ. 
I "5'7 J2 7 J4 

[N4 L3]j = _ 3 fTN2&. _ orN4 ó. 
I • YT J2 VT J4 

4 

Tab1e 3 
U1,3(10)Generators of the pf group, defining its 

•..0	 1 2 3 '\ 4 1 2 3 ' 
U(5) or-, L	 1 N i L with 1\, N ), 0(6) (L , L ,L with ft~) 

u 2 'ÀJ16. *' ~ and	 UO) (N. , L t Q) su~groups; 11. =f-f'- = 11_ V_ = 1 

NO = -{3{p+ p]O_ ff{f+flO 

L 1 = __1 {p+p]1_J2.7[f+f]1
f5 5 

N2 =1..p:7{p+p]2 + 2. {2-3[).f+p+ )."p+f]2 _1 V2-3tt +f]2
5 s	 5 

L2 =-iff3{ptp]2 +i .j37f[p_t+p + p:p+ff+~m[t+f]2 

02 = ~2[p+p]2 +~m[Y_f+p+ lJ~p+fl2+~m[f+t]2 

L3 = fl[(~Jf+P + (~~)P'+fp+ jf{f+f)3 

N4=-!f["Af+P+ À*p+f)4 + jIg-{f+f]4 

UO,2(6) case are embedded: 

U1 , 3(10) ~ U10 )xU3( 7 ) ::J 01 0 ) x03( 7 ) ~ 01 0 )x03( 3 ) :::> 01 ,30 ) 
. 1 n 

U1,3(iO) ::> ° ,3(10) =:J 0 1 , 3(5 ) =:> 01 ',3O ) 

U1•3(10) ::>U1 , 3 (5 ) :J 0 1 , 3(5 ) =:) 01• 30 ) (4) 

U1,3(10) ~01,3(6) ::) 0 1 ,3 (5 ) => 01 , 30 ) 

U1,3(10) => U1 , 30 ) ::> 01 , 3O) 

We are going to ca11 these five rows ~eparate vibrator, intermediate 
vibrator, mixed vibrator, unstab1e rotator and stab1e rotator. 

The generators of tab1e 3, at variance with those of tab1e 1, do 
U1• 3(6)not 1ead to	 a subgroup. The direct products of the (3) and 

(4) subgr-oups of the same name, with upper indices O. 1, 2, 3 ,will 
be embedded in th~ UO,l,2,3(16) ~ UO,2(6) ~U1,3(10) gr-oup , Ons 

can	 soe moreover that the phase ambiguities in both the· UO,2(6) 
U1,3(10)and cases represent ang1es of rotation in the coordinate

momentum'space of d bOBons with respect to s for tab1e 1, and f 
with respect to p for tab1e 3. 
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Thus we can conclude that in apite of extending the boson space, 
the physical éonsequence of a good description of the transition be
tween nuclei of different shape will be preservedo However, diffe

r~nceB due to different possible representations of the subgroups 
will appear: see section 50 

4 0 ~amiltonian and transition operators ~. 

We limit the hamiltonian bJ the usual conditions: up to 4 boson 
oper-anor- terms, total bason number conser-vat on , hermitic'ity, inva ~í 

riance with ~espect to rotation, time and apace parity revereal o It ~ :
 
is well known that in this way in the usual sd hamiltonian there
 
remain 9 termê which c~ be written alternativaly /32/ as the inde

pendent firct and second order Casimir operators of alI the groups
 

O 2 in U ~ (6) (3) with f+ ~ 1, i, v+ =:tl in table lo 
Let us for the moment trJ to solve this problem onl~ for the pf 

case o Then we can show that one ia left with 16 terms o Time reversal 
invariance is achieved by using real coafficients as in the sd 
case o Although one c~~ write them explicitly, we are going to try to 
write the hamiltonian directly in terms of the Casimir operators of 
alI groupa in ul , 3 (10 ) (4) .e The first order Casimír operator of 
~ group U8 ( r ) will be denotad by ~~ ,the second order one of 

s ... s 6 '" SU (r) by }) r and the second order one of O (r) by w ,norma
lited as in ref o /32/ . 'I'hus we obtain: r 

j J. k ... j ... k 1 3 A ',3.... J 
\ I n ~ , )).

H = L é r1,aj+1 + Lo(, n;;j-/- 1 t!k+ f + L ot.ú Z J+Z 
•j fi:: ',3 i» 1<=1,3 J = t.s 

(5) 

\ 1,3 -'\ 1,3
+ r .'. w'< + j,f;;1,3 f{jf~){/u.I)/Z W(j#",G)(k+ 1)/2 .i" k= 1,3 f3t!)-/- f ~j+ 1 

The ham11tonian in the s p d f case can be written in a similar 

manner. 
To obtain time reversal invariance, we have to insert into tab1e 

; À • f C • lJ_ =±1 • The terms in (5) are 14 instead of 16 o 
The laQk of two terms might be related to: 1) missing some subgroup '.I 
of Ul'~(10) in (4), 2) having an example wher~ the Casimir opera
to~s do not exhaust alI terms of the hamiltonian /35/ 0 However, we J} 
might trJ to remedy this d1fficiency by adding the Casimir operators

l 

e.go V of U~,3(5) and U;:3(3) with /\ = V_ = -1 to those 
with À = Y_ = +1 , if they turn ouf to be Lndependerrt , 

We are going to shoVl that something like this is eog o the case 
O 2 O 2 .with the U '(6) groupo Instead of the O' (6) Cas~mir operator 

one might use the U~;2(3) Casimir operator with a phase factor 
V = -1 added to that with V+ = +1 , or instead of the 02 ( 5 ) 

+ . O 2 
Casimir operator the 0l": (6) Casimir operator with fi + = i added 
to that with te+. = 1 o In fact, they are related as follows (where 

.... O 2 A 2 'L ... 2 J!.. /\ 2 '" "'2 "O '" "2
V3: v+::=: ( Qy+ ) +"2( I) +y( N) , N =~ + n l • n =~ 

Q=Q2, I = IM LI): 

/\ 2 " 2 I [ '" A 1\ 2 A.... ]
(Q'+l) + (Q-l) = '3 8W 6,l - 12W 5 + (I) + 4n(n + 5) 

(6) 

1\ 1\.1\ '" J\"" 
CU 6 , 1 + W 6 , i 2 W 5 + 4(N - n) (ri + 5/2) + 2n . 

These results mean that the 0(6) unstabIe rotator limit can be in
terpreted as appearing from the transition between U(5) vibrator 

and two andU+I(3) U_1(3)
Table 4 stable rotators with diffe

Electromagnetic transition opera rent Q.Q interaction 

tors signs. By analogy, the 
Qi(6) unstabIe rotator is 
appearing irom the trans1

T'EO =I e~(bJ·bj 10 • tion between U(5) vibraj=O J 
tor and 01(6 ) unstable ro

TM1;: tm~(bj· bj )'
 
J=1 J
 tatoro 

1 The électromagnetic tranTE1 ;: ! e~ [bJ+ bJ-' + bj - + b j )1 

TXLj=1 J sition operators with 
TM2= i. m~(bt bj-, + bj-1+bj )2 their parities: time parity

J=2 J 
+ for EL and - for ML, 

TE2;: t e~lbj+ bj )2 + r. i, lb j• bJ-2 • bj-2·~)2
 
J-1 J j=2 J,)-2
 space parity + for EL = 

even, ~~ = odd , and 
m3[b j·b j )3 + m3
 

j=2 J 3,1
 
TMJ.. t [b3+b' +b1'b3)3 

for EL = odd, ML = even, 
can be written in the lowTE3 a t e~ Ib j·b j- 1 + bH+~13 + e3 1~·bO. tP·b3)3 

j-2 J,J-1 3,0 est order directly ~or the 
4TM4. m Ib3+b2. b2\3)4 s p d f case as in table 4 0

3,2 
One observes that at vari 

4TE4 _ f. élbJ·bJ)4. e lb3+b'.b'·b3]4 
ance 1'11th the s d modelJa2 J 3,' 

TEl M2 TE3 m/5/ ,ereh ,.~., , 

TM4 are nonzero and will 
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TE1 give corresponding transitions. For 
TM1te~ than with f bosons only. Also 

the3 must be described bet
can be different from the, 

angular momentum in lowest order,and thus might give not only 1-+1 
g factors, but also I ~ 1 ± 1 transitions. 

5. Spectra 

To diagonalize algebraicallJ the 
ding s p d f H , in some p f Lí.mí.t 

8 p df limit, one has to obtain the 
A ... A 

the Casimir operators n, )} ,t() 

/367 r r r 
are known : 

r 
n ~ hr L k 

k = I 
r 

p f H (5) or the c.:)rrespon
case (4) or in a corresponding 

eí.genvaLue s ~, V r' ca r of 
of that case group chain. They 

= hk(hk + r ...Vr L 
k = 1 

~2J - -Wr = ~(~ + r -
k = I 

if the eigenstate quantum numbers, L e. 

.!ions (IR) '_[h1 ~ ~ ~ ••• h ~ 01r 
h2 ~ • • c. h ~ O) of all OCr) 

f r/2 J 
known ( [r/2 Ls the integer part of 

I - 2k) 
(7) 

2k) 

the irreducible representa-o 

of a.Ll U(r) and (h1 ~ 
in the group chain, are 
r/2 ). Pay attention that at 

variance with the sd Case where only completely symmetric repre
sent~tions, except for U(3) , plaJ role, here this might be not the 
case for other groups too. It will make the spectrum richer. 

However groUp-theoFetical methods /27-31/ will be necessary for 
finding the IR. As an example we merrt Lon the IR [hl ~ h3J or 

1
(À = h - ~ , f = ~ - h3 ) of U , 3 (3 ) embedded in the IR [hJ 

U
11,3CIO),- tha las~of one in our case being completely symmet

rico Several cases 'have been tabul~ted on p. 137 of ref~ /37/, but 
can also be reproduoed via the pletllysm [3] ® [h] tables, a.g. 
on p. 287-91 of ref. /30/. One can see that at variance with the 
B d c ase , in the p f case odd K banda and negative parit~ leveIs 

will appear. 
To describe the transition between the limit cases, one has to 

diagonalize the hamiltonian numericalli, possibly in a group cha1n 
baaí.s , as in the a d case. Let us no t í.ce that for our pur-po se a 
concise version of the hamiltonian with a smal1 number of par~~eters 

might be Buffieien~. E.g.: 

8 

II
h 
d
I1 

11 
~ ........ r'


;j H =L- ~;) n~j+l + o (X
j , 

!r 
(Xj)2(where = (Xj.x j )U 

2-? 
..]c) 1..2 = eX N

2 
+ flL2 

+ '(Q2 (8) 

(0(;+.)3+(=1) 

(-) j f2j;J:" [x j xj ] O) might cover alI 

the transitions between the limit cases.. For the s d case a similar 

o)E /MeVI I 5, 
5, 

1- =2. O'. 

=4'X23:[1 
_2+-6'x25 

II 
0.-4'-7' 

_6,-ll'1l2f -9' 
-lO'I 

~~~~ 12'-12'-3--6 , 3 
-7

-9

10' 
-2' 

-0,-4' 
-6' li 2 

b) 

-3' 
-I' 

-9' -6' 

-10' 
-8' 

-4' 

-r -7'.2_6_ -2' -3
-6'.2 _6'.2 -o' -1

-6- 5' -5
- :2_4-.2 

_5-.2_4•2- 3.2
-9

-6"2-4: =3:2=2- ,

~~!~_2 l' 
-7- -4'.2 1 

-2'.2 
-O, 

8' -5
! 

-3 i 1~1 6' =~~ 
4'
 
2' 13119,0)0- 13JIS,2Jr- (3J(3,3J~: [3113p10·


oL-O" I I I I I o ôL1--- I I ., I I I I 

-3
-1

(3llO,3l<r 
I 

101101 111111 12](0) [2112113](11 [3](3114)(01 (4](21(4)(41 14Jll2,OlO' 14J(8,2l~: [4!16,31f. [4l!8.0l0' (4113,0)0' 

Fi&l:Ee L Schematic spec tira. in the p'f boson model (5) after addi
tion of the hanmoní.c s d term r;: cj~j'H ( é O arbi'trary,

') "...iZ. j .rAJ .e::. =.x; ) with N = +-. ~j+1::1.f of: a) anharmonic octupole
J '" o --c. 1 3 O 

vibrator, hamiltonian (5) with é =.00, e =[ + 1 MeV, 

,~ = 18 keV, fi ~,3 = - 10 keV i ali other par~meters ~qual to O; 

below each multiplet: [h] of U ,3(10), and U/(7) • (h) of 
03 ( 7 ) ; b ) axial stable rotatoI', hamiltonian (5) wí.th tI = e3 = 
lO + 1 MeV, ex: ~ ,3 = -40 keV muLti Lp Ld.ed by }) ~,~ the SUO) 

instead of V~,3 the UO) Casim1r operator, (3 k,3 = 
- ~ ot ~,.3 = 20 keV, corresponding to (8) with the aame c 1 = E, 3,

"" :;r "',3r:: 1, d: 1X =-40 keV , alI other parameters equal to O ; below aach
3 

U1,3(10)band: (h} of , ( /t = ~1 - ~ • f =~ - h3 ) of u •3 (3 ), 
K 7r I limited to (À, f) giving pairs of opposite parity bands, 
and to [h] = [41 , [.3] • 

:I 
II 9 
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haml1tonian, with the N2, L2, Q2 operator expr-e as í.ons !'roín babLe 1 
and <X = ° , has been shown to 'wor-k wel1 /38/; for the p f case 
one has to take for (8) the operator expressions from table 3; for 
the complete s p d f case, the l3urn o~ their expressions from table 1 
and from table 3. 

In conclusion we show in figure 1 the schematic spectra of the 
p f model (5) for the separata vibrator: the first row of (4), and 
for the stable rotator: the Iast row of (4) lirnit cases. The s p d f 
model' w'ith nonscheroatic parameters will give of course modified and 
richer spectra due to the interactions between the s, d ,and p, 
f degrees of freedom, both for vibrations and for rotations. One 
can see that in principIe one can reproduce the. 0+, 1-, 2+, 3-, •• 
leyel bands of' the Ra - Th doub1;y even isotopes, discussed trom the 
point of view of octupole defor~ation in m~ recent pub1ications, 
e.g. /39,40/. The inclusion of B d - pf interaction may lead e.g. 
to Coriolis t~pe terms (in fact, such aterro appears also from the 
p - f interaction on1;y due to (4): its first row) and thus, in par
ticular, to a more realistic hlgh spin behaviour. UO,l,2,3(16) 
configuration mixing for a similar purpose ~ also be performed ·in 
toe ~ay suggested in ref. /10/. 
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HaA>K<~KoB E. f. , M~ttxaHnoa H. H. E4-<36-510 
MoAe11b MHOlHX e3aHMOAeHcreyfCl4HX 6o3oHoa 

BaeAeHbl o6o6~eHHble RAePHble KOlllleKTt~~BHbl-e KOOPA1.1HaTbl. 4epe3 Hv~x not..TpueHbl 
6o30Hbl pa3Hb1X MYllbTHnonRpHocre~. YKa3aHa nopo>t<AaeMaR vtMH U(r) rpynna. OpcAno
>t<eH o6~~~ MeToA n~cKa ee noArpynn. Orl n~)vtJln~crp~poaaH Ha npHMepe s p d f 
MMBD c MYilbTvtnonRpHoCT.AMH 6oJoHoe Q. 1, 2, 3. H3noit<eHa npol\€AYPd Hanvtco~;..,R 

6030HH010 raMHJlbTOHHaHa H onepaTOpuB nepCXUAOB lH2-p~3 r·cHepaTOpbl rpyiYlbl, .l.tdlld 
npoCTdR -BePCHA raMHilbTOHHdHa C H€CKO!lbKHMH 4flt:Hi)MI-1. 06CYtt<AeHbt B03MOM<HOCH1 

MOAellH YllY4WHTb o6b14HYKJ MB6, onHCbiBaA orcyrcrayoutHe cocroAHHA H nnu.<o aocnpo

H3BOAHMble aepOATHOCH1 nepeXOAOB. 0TM€4€Ha 803MO>t<tiOCTb ec npHMeHeHHH K Ht:.Aae

HO Hd6JlJOA€HHbfM HH3K011€>t<dt4V1M COCTO.AHI-tAM OTpw~aTt:>llbHOt-1 4tTHOCTH B 4eTr-!\;-4CTHbiX 

H30Tonax Ra o6nac. n1 c aepoRTHO~ OKTynonbt1Dilt At''.fldPMdltV1CH. 

p a6oT a BblnOllHeHa B na6opaTOPHH reoperHqeC.KQ~1 $V13HK¥1 OHflH. 

fipenpHHT 06'bell.HHeKHoro HHCTHryu 8LlepHbiX Hn:ne_aosaKMM 1ly6Ha J986 

Nadjakov E.G., Mikhailov I.N. 
Interacting Multi-Boson Model 

£4-86-510 

Generalized nuclear collective coordinates are introduced. Bosons of dif
ferent multipolarities are constructed by using them. The created by them 
U(r) group is indicated. A general method of searching its subgroups Is pro
posed. It is illustrated by the example of an s p d f IMBM of boson multipo
larities 0, I, 2, 3. The procedure to write the boson hamiltonian and transi
tion operators In terms of the group generators is sketched. A concise versi
on of a several term hamiltonian Is given. The model possibilities to imp
rove the usual IBM by describing lacking state> and poorly reproduced tran
sition rates are discussed. Its possible application to the recently obser
ved low lying negative parity states in doubly even isotopes of the Ra re
gion with probable octupole deformation is pointed out. 

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