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Universal description of the 0 state in collective everA nuclei
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A generalized description of the;Ostate in collective eved-nuclei is obtained in th@-excitation scheme.
It is shown that for the whole symmetry triangle the t@oand threeQ configurations are exhausted in a sum
more than 90% of the norm of thej Cstate. For the parameter range important for the description of nuclear
data it is about 95% of the norm. The results obtained are applied to the descriptiorE@-thecay branching
ratio of the @ state in nondeformed nucldiS0556-281@8)01206-0

PACS numbdps): 21.60.Fw, 21.60.Ev, 21.10.Re

I. INTRODUCTION

In the series of papefd—4] an attempt has been under-

(071(QQQ)@|07)
(07 1(QQ)@|07)

1250)=M??2| (QQ)?~ Q||05).

taken to describe low-lying collective states of even-even 3

nuclei in terms of the multipl€ excitations of the ground

State
IL*,n) = NED(Q...Q)Ll0}) )

n

where the operato®

Q=s"d+d" s+ y(d*d), 2

The state vectof3) is orthogonal to the on& configu-
ration. To describe a weak decay of thg Ztate to the
ground state it is necessary to take into account a small ad-
mixture of the onel configuration

|25) =AN>¥Q|0; ) 4)

consisten® formalism (CQP [5] the quadrupole operator

Q is proportional to theée2 transition operator. The consid-

scribed with an accuracy about 9g%j.
Although the consideration above was based on IBM, it

eration has been performed in the framework of the extende¥@s shown that the calculations are correct also for some

consistent® formalism(ECQH [6] of the sd-interacting bo-
son model(IBM).

In the O(6) dynamical symmetry limit the low-lying
states with thé(6) seniority quantum number=N can be
created acting byQ on the ground state. It was shown[i3]
that these states can be described exactly as mul@ipbe-
citations with a fixed number d®. In the SU3) dynamical

other modelq7,8]. So, we hope that the results mentioned
above have a more general applicability than in the IBM
only. It is also useful to stress that in expressi@hs(2), (3),

and (4) the properties of the ground state as well as the
quadrupole operator change with the Hamiltonian param-
eters. Therefore the properties of the states represented by
the Q configurations are also changed. However, the rela-

symmetry limit only states belonging to the ground-statelioNS among them remain approximately the same.

band can be produced acting Qyon the ground-state vec-

The aim of the present paper is to obtain a universal ex-

tor. These states are also described exactly by mui@ple- pression in terms of configurations for the D state vector.

excitations with the number o equal to the half of the
angular momentum. In a general ca@econfigurations(1)

Together with the results obtained [i4] it will give us the
expressions for the heads of the two main excited quasibands

form a basis which can be used to expand the eigenstates 8f €ven-even nuclei.
the IBM-1 Hamiltonian. The question arises, how many ba-

sic states of the typ€l) are required to describe eigenstates Il. Q CONFIGURATIONS FOR 07 STATE

with a good accuracy. Iil,2] it was shown that the wave

vectors of the yrast states can be described to a good accu- Let us investigate a possibility of expressing the €tate

racy (better than 90% of the nomnover the whole parameter
space of the extended consistentHamiltonian of IBM-1 by

in terms of the multiple® configurations. The simplest are
two-Q

the simple universal expressions containing only one

multiple-Q configuration. Then, it was shown [4] that the

(QQ)ol07) ®)

second 2 state, which is a two-phonon state in the case of

harmonic vibrator and & =2 one-phonon vibrational state
in a rotor limit, can be described with an accuracy better tha

90% almost over the whole parameter space as aQveon-
figuration
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rz]and three@

(QQQ)l07) (6)
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configurations. The expressions given above are not orthogonalized to the ground state. It should be done before to use them
as a basic vectors for the expansion of {0 ) state vector. Orthogonalizing vecto(s), (6) to the ground state and
normalizing them we get the following state vectors:

) [(QQ)o—(01 [(QQ)o|07 )]
|0QQ>: T ¥ T \2
V(07 [(QQ)0(QQ)0|07 ) — (07 [(QQ)0|07)

07), (7)

103003 = [(QQQ)o—(011(QQQ|0;)]
QR (07 1(QQQ6(QQQ)0|0; ) —(0; [(QQQ),|07 )2

07). (8)

At the moment we do not know how many mul@i-configu-  number of bosondN=12 are presented in Table I, where
rations it will be necessary to take into account to exprgss 0 there are given the values ofQ; |050)*+(03050)%) and
state vector. However, before going to the higeconfigu-  ((0; |0500)%+(03]0500)?) calculated for the set of values
rations let us first analyze the expansions of |10§Q> and  of e/« and those values of, which minimize <02+|05Q>2
|05Q9> vectors in terms of the eigenstates of the ECQF+.<0§|05Q)2) and ((02+|05QQ)2+<O§|05QQ>2)_ for every
Hamiltonian given e/ k. The results show that already the first two excited
0" states (§ and 0;) exhaust mainly more than 90% of a
norm of the|04q) and|05qq) Vectors. Therefore the two-
1050)= 223 a|0;"), 223 at=1, (9 dimensional subspace based @%o) and|05o0) Vectors
A approximately coincides with the two-dimensional subspace
based onj0; ) and|03 ) vectors. It means tha0, ) and|03 )
4 4 2 state vectors can be presented with a good accuracy as a
|OQQQ>:i=223_“ bi 0 >’i=2§_” bi=1, 19 jinear combination 0f050) and|05qq) Vectors. Since the
last vectors are not orthogonélthough they are linearly
where|0;") are eigenstates of the ECQF Hamiltonian. Forindependent in general cade each other it is convenient to
the coefficientsa; andb; we have orthogonalize them. To do it we will take the twi@-configu-
ration [05) as it is and then subtract froffgq ) its pro-
a=(01050), (11)  Jection on|0gq). The new normalized vectdd o), which
is orthogonal td05Q> can be presented as

b;=(0;"|0&00)- (12
i=(0;"|0gqq) 10500 — (050|000 1050)

T A+t \2
V1—(050l0000)

[0500)= (13
We have calculated the values of the,a; andb,,b; coef- QRQ ’

ficients over the whole parameter space of the ECQF Hamil-
tonian. Some results of the calculations performed for thavhere

(071(QQQ)(QQ)o|07) — (07 1(QQQ)|07 ){07 [(QQ)0|0; )

05,108 o) = )
(O20l0000) \/[<0II(QQQ)o(QQQ)oIOD—(OII(QQQ)OIODZJ[(OII(QQ)o(QQ)OIOD—<OI|(QQ)OIOI>2]( )
14

Now we have two orthogonalized and normalized multi-over the whole symmetry triangle. It is seen from these re-
Q+\/ectors|95Q> and|05QQ>,lwhich can be used to present sults that two multiQ configurationg0$o) and[05oq) ex-
|05 ) state in terms of) configurations haust in a sum more than 90% of the norm of 0g) state.

For the parameter range important for a description of
nuclear data it is about 95% of the norm. Thus, tjedlate
is described with a good accuracy as a linear combination of

Let us calculate the coefficients, anda; over the whole  105q) and|0500) vectors over the whole symmetry triangle.
symmetry triangle. The results of the calculations are preHowever, the relative contributions of the separate compo-
sented in Figs. 1, 2 for different sets of parametéisand y nents to the § state vary strongly over the triangle. Near the

|07 )= a|0g0) + “3|65QQ>+ e (15
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TABLE I. The sums of the squares of the scalar products
((02105)*+(03105)%) and (05 |05 *+(03 [0g0e?) calcu-
lated for the set of values @f k and thosey, which minimize these
sums for every giver/x. N=12.

€l k <O;|05Q>2+<0;|05Q>2 (0;|05QQ>2+<0§|05QQ>2 o’

0.1 0.985 0.946

0.6 0.989 0.945

11 0.991 0.944

1.6 0.993 0.943

2.1 0.994 0.942

3.1 0.995 0.940

4.1 0.996 0.939

5.1 0.996 0.937

10.1 0.990 0.923

15.1 0.978 0.904

20.1 0.964 0.881

25.1 0.956 0.924 ,

30.1 0.966 0.970 %,

O(6) angle of the triangle, i.e., for smdlf| and smalle/ «,

the 0, state mainly coincides with th~e(§%Q configuration.

With an increase of the/ k a quasicrossing of the two lowest

0" states takes place and at the vicinity of a quasicrossing

the states are exchanged by the main components. With a

increase of théy| two configurations QQ and~Q§QQ interact

more strongly and an interval of the valuesedk, where the

exchange by the components takes place, becomes wide 1.0 i
B . + . . Ja T H

Simultaneously, the state with thg,g configuration as the ; i %%@ b .....

main component goes down in energy. Thus, at siyaland al+ o 05
e/, the 0; state is described with a good accuracy as a

65QQ configuration. At largd x| or e/« (or both, simulta- 0.0
neously the 0, state coincides mainly with the 3, con-
figuration. There is a transitional region where two configu-
rations are strongly mixed. This region is very narrovelr

at y~0. With an increase ofy| a width of this region in-
creases. It is illustrated in Fig. 3 where the energies of the 0 FIG. 1. The squares of the scalar produefs=(050|03 )% a3

and 0] states are shown as functions efx for several =(04ql03)? and their sumaj+ a3 for the whole ECQF IBM-1
values ofy. The calculations are done fot=12. It is seen space calculated gridwise throughout the symmetry triangle for
that for y= 0 there is a level crossing. With an increase of N=12 bosons.

| x| the level repulsion is increased.

50" 0.0

B(E2;55000—4060)
lll. DECAY TRANSITIONS fQQQ +QQ 17
B(E2:500004qq0)

It was shown i 2] that for the yrast states, which can be
described approximately as a pure m@tieonfigurations, 5o very small in the full symmetry triangle.

theLe t;a'l)'(ti'SIS l?l simlplethseEltzc:ion r;gle ch)r ttEé-tra;Esiti?nt Because of this selection rule we can expect that the ratio
differing by more than one quadrupole opera@rin the larger than the rati@(E2; 03 o—s 22 )/B(E2: 05— 25) at
expression of the state vector are weak in comparison with 1mQQ7QQ QQ "7Q

the E2 transitions between the states differing by one quadl-eaSt for smally|. With an increase ify| the E2 transitions

rupole operatorQ.] For instance, it was shown that the between the configurations with the same numbere a-

branching ratios crease also.
Let us consider the even-even nuclei which do not belong

to the region of the well deformed ones. In this caggis
B(E2;3$QQH2$) relatively small and for smak/« the 0; state is dominated
Tt n 18 by the Qoo configuration. At largee/« the 05 state is
mainly described by the&g configuration. In all these cases
and 2, state is well approximated by the,g configuration and
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FIG. 2. Contour plots of the squares of the scalar produéts
=(040]03 )2 a5=(0400/03 )% and their sumws+ o5 for the whole

ECQF IBM-1 space.

the 2 state is well approximated by the;2configuration.
Thus, we get that for relatively smadf « the ratio
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FIG. 3. Energies of theand 0} states as the functions ef«
calculated foN=12 andy=0.0,—0.1,—0.2.

is large. With ae/ k increase this ratio should decrease. An-
other observable which also varies monotonously with is

B(E2;4; —2])

. 19
B(E2;2; —07) 19

Rap=

This ratio is larger for larger values @& x and decreases
with a e/ « decrease. In Fig. 4 are shown the correlations of
two observable®R’ and Ry, for nondeformed nuclei. It is
seen that the data, which are taken fri@-12], confirm the
assertion formulated above.
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o * B(E2;030—200) _ (V35/XK3)? 1
40 - B(E2;050—24) K, (1—(\/35/2K3)?%/K )
C 2
a Ks—K
r X (5_ 4, (22)
=R Kot
20 ¢ o .
: whereK3 andK, have been introduced ii4]
C 'Y 4
: K (071(QQQ)|07))|
C 1 1
O 1 | 1 |‘_l_‘ 1 L ‘_ KSE " - 3/2, (22)
1 2 V54507 [(QQ)ol07)
R4_/2 + +
—— {0{1(QQ)s(QQ)el07) 23
FIG. 4. Correlation of the observabl& and R, for nonde- ¢ (01+|(QQ)0|0D2
formed nuclei. The data are taken frgé12].
and
IV. TWO EXCITED 0 * STATES: FLUCTUATIONS
From the results obtained in Sec. (Bee also Fig. Bit (07 1(QQQ)(QQ)0|07)
follows that near theD(6) dynamical symmetry limit, but Ks= (24

(071(QQQ)0|05 )01 [(QQ)o/07 )’

not exactly in this limit, two lowest excited 'Ostates can be
described as approximately pure th@end twoQ configu-
rations. The lowest one is the thr&e-configuration. The " +
energy interval between these states can be regulated by the K.= (01 [(QRQ(QQQ)I0; ) (25)
additional forces, for instance by the IBM pairing forces with ® (0 1(QQQ),|07 )2

the sign which provides a lowering of the" Ostate with a

smal[er vqlue chr. Such forces do not disturb the wave gypressiong20), (21) have been derived by neglecting the
functions if x| is near zero. These two mul@-configura- noncommutativity of the components &, which produces
tions are characterized by the differdf2-decay properties: 5 small correction for these quantities.
threeQ configuration decay mainly to thej 2state, however, Consider as an exampf®Pt, which is the closest to the
two-Q configuration decay mainly to the;2state. The ex-  O(6) limit nucleus[13). It is important because fop#0 it
ample is given by %Pt [13]. In this caseB(E2;0,  can be necessary to take into account a mixing of the three-
—2,)/B(E2;0, —2/)=6.32 and B(E2;0;  Q and twoQ configurations. The values #; andK, can
—25)/B(E2;0; —2{)=0.16. A similar situation is real- be extracted from the data dB(E2)’s and are given for
ized in 1Pt for 0; and Q; states obtained in the Coulomb some nuclei in[14]. For %Pt \35/X5;=0.446 and
excitation experiment9]. In this caseB(E2;0, —2,)/ K,=1.06. Substituting these values into E0), (21) and
B(E2;0, —»2;)=10.9 and B(E2;0,—2;)/B(E2;0;  using the experimental data on the branching rdtids we
—21)=0.97. However, we should take care of a possibleget for 19pt
rlT;i4>|<3ing effect of the thre€ and two€Q configurations in
1.

These experimental data give us a possibility to get infor- Ks=1.11,
mation about the fluctuations ofXQQ),, i.e., of they de-
gree of freedom. Indeed in the framework of the
Q-excitations formalism we can derive the following rela- Ke=1.69. (26)
tions for the branching ratios discussed above:

The deviations oK ,4, Kg, andKg from 1 characterize the
amplitudes of the fluctuations of the corresponding dynami-
cal quantities. From the results obtained it follows that in the

Nt + [aE /5
B(E2;0g00—290) _( 35/_2'(3)2 1 _ case of 1°Pt the fluctuations of @QQ), are much larger
B(E2;0500—20) K, (1—(\35/XK3)?%IKy) than those of QQ),, i.e., the fluctuations ofy are much
) larger than those oB. This result is natural for the nucleus
% ( Ke— KS) (20) closed to theD(6) limit. However, by this consideration we
Ks—1 have demonstrated the ability of tigzexcitation scheme to

extract from the data an interesting physical information not
only about the average values of the physical quantities but
and also about their fluctuations.
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