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Phonon mechanisms of mixing collective and quasiparticle excitations
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A phonon approach with subsequent mapping onto bosons is developed for describing transitional nuclei
spectra including the first backbending energy region. Quasiparticle random-phase approximation and its
modification with minimum ground state correlations are employed toBipghonons(spinJ=4) and most
collective quadrupol® phonons, respectively. Phonon functions and matrix elemers DBfinteraction are
calculated with factorized quasiparticle forces. Besides the interaction mechanisms known in the interacting
boson fermion modglIBFM) a new one is introduced that leads to three into one boson transformation. After
mapping onta-, d-, andb;-boson space a boson Hamiltonian comprises IBM1 Hamiltonian, whose parameters
depend on the presence or absench;dfosons and are determined phenomenologically,bgnd interaction
with constants calculated microscopically inside phonon space. This approach applied to energy spectra and
B(E2) values in*?%12Ba and*Ce gives reasonable agreement with experin{@0556-28189)05806-9

PACS numbsgs): 21.60.Ev, 21.10-k, 23.20—g

I. INTRODUCTION consist in a weak coupling between collective and two-
quasiparticle high spin states predicted by the existing ver-
In experimental and theoretical explorations of the lastsion of the IBFM Hamiltonian adapted to even-even nuclei.
decades it has been established that low energy spectra of The interaction of quasiparticles with collective excita-
nonmagic even-even nuclei are predominantly caused by thions is governed by two mechanisrh8]. One of them,
qguadrupole collectivity leading either to rotational bands inwhich we will call the direct mechanism, consists in the qua-
deformed nuclei or to vibrational states in nuclei not so farsiparticle scattering by the collective quadrupole moment.
from magic ones, or to complicated superpositions of rotaThe second mechanism includes the quasiparticle exchange,
tional and vibrational movements in transitional nuclei.in which one quasiparticle enters into the collective fermion
However at energies close to the doubled pairing gap weaklpair, D phonon(its boson image idl boson, and the other is
collective two-quasiparticle states come into play and a pareither present in the system under consideration or created in
ticular role belongs to quasiparticle pairs on intruder levelghe course of the interaction. This mechanism in particular
of the shell model§9/2, h11/2, i13/2). The maximum spin accounts for the well-known ‘j(—1)-anomaly” [8]. Both
of such pairs can be high and frequently, when an intrudemechanisms are taken into account in IBFM for odd nuclei.
level is near the chemical potential, the quasirotational spec- Several ways can be considered to employ these mecha-
trum based on these high spin pairs gets yrast as its energiesms to even-even nuclei. Yoshidaal.[2] made use, prac-
are less than those of purely collective states with the samécally, of only the direct mechanism that led to a rather weak
spin. In deformed nuclei this band crossing, which manifestgoupling of two-quasiparticle and collectivks excitations.
itself in backbending, is investigated theoretically within the This way was also applied by Hsieti al. [3]. To take into
cranking model. In transitional nuclei this phenomenon hasccount the exchange mechanism the explicit presence of
become the subject of the interacting boson fermion modejjuasiparticles is required. It can therefore straightforwardly
(IBFM) [1]. be switched on for the process whel 8oson and a quasi-
This model involving collective and quasiparticle excita- particle pair convert into themselves with increasing the qua-
tions is a proper tool for theoretical investigation of quasiro-siparticle pair spin by two or four units. However the quasi-
tational structures in nuclei up to rather high spins, and itgarticle structure of theD phonon should be explicitly
extensions for describing quasirotational bands in even-everepresented to start up this mechanism for coupling purely
nuclei were successfully applied to transitional and deformedollective configurations and those involving a quasiparticle
nuclei [2-7], allowing one to reasonably explain general pair. For this purpose Vretenat al. [6] introduce a special
trends and peculiarities caused by the influence of two- oterm (V,,,) to the boson-fermion Hamiltonian, which trans-
four-quasiparticle high spin states. forms ad boson into a superposition of quadrupole quasipar-
One of the characteristic features of rotational or quasiroticle pairs, and then make use of the usual exchange interac-
tational yrast bands is the irregular behaviole&#-transition  tion of IBFM.
probabilities that reveal a small decrease in the first back- A more natural way to include both coupling mechanisms
bending region. HoweveB(E2) values calculated by em- into the boson description is the consideration of their action
ploying IBFM are sometimes considerably less than empiri-on quasiparticled phonons and weakly collective pairs and
cal oneg2-4]. A possible reason for such a discrepancy maythe consequent mapping of the fermion processes onto those
in boson space. Owing to the interaction of fermion pairs
with the same spin]=4, it is more realistic to consider their
*Electronic address: efimov@cycla.ioffe.rssi.ru superpositions and treat them as phonons that in turn can be
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regarded as fermion counterparts of bosons. Thereby, pro- D~ D~

ceeding from quasiparticle structure of diverse phonons we | |

have to show up mechanisms of their interaction and take — D~~~ ~_ By
them into account in describing excited states in the boson (a) (b)
framework. Such an approach, the development of which is D~ Bi~_~

our goal in this paper, differs evidently from IBFM for even I I

nuclei since instead of bosons and quasiparticles of IBFM we By~ A~~~ By D ~J~~_ By
consider only bosons. However we believe that the physical (©) (@)

origins of thes_e approaches are ide_ntical because both focus p ¢ Diagrammatic representation of the interaction(1).
efforts on the important role of the interaction of the collec-\y,,y and solid lines denote phonons and quasiparticles, respec-
tive quadrupole modes and high spin two-quasiparticle exCigyely. vertical dashed lines imply an effective internucleon inter-
tations. action.
As the number of high spin phonons under consideration
is great and they all interact to some extent with collectiveMatrix elementsH,, and others, are determined by effective
phonons and between themselves, the boson Hamiltonigiorces in the particle-holeph) and particle-particle (§p)
cannot comprise a small quantity of parameters. Thereforehannels.
we are forced to exploit a microscopic scheme for their de- The first traditional mechanism of the boson-fermion cou-
termination. However at this stage of investigation we do nopling taken into account in the original work of Yoshida
try to calculate all parameters and employ the phenomencet al. [2] corresponds to scattering a quasiparticle with cre-
logical approach to the IBM Hamiltonian ar£R operator.  ating (or annihilating the collective quadrupole phondhas
Our paper is organized as follows. In Sec. Il we discusdndicated in Fig. 1a). In the Bogolubov quasiparticle de-
the coupling mechanisms, introduce additional terms to th&cription this process is governed by the comporegt, ;5
exchange boson interaction and give a microscopical methoEq. (3)] of the Hamiltonian. In even-even nuclei this mecha-
for estimations of parameters. Section Ill describes calculanism gives rise to the transformation of tilphonons into
tions of energy spectra anB(E2) values in *®Ba and a hexadecapolB, phonon, therD andB, phonons turn into

13%Ce. Section IV contains our conclusions. aBg phonon and so offFigs. 1b)—1(d)]. We use henceforth
D,B, for pair quasiparticle phonons] (is the angular mo-
Il. DIRECT AND EXCHANGE MECHANISMS mentum while we used,b; for their boson counterparts.
FOR THE INTERACTION OF COLLECTIVE Thus, in perturbation terminologfg appears in third order
AND TWO-QUASIPARTICLE PHONONS andBq in fourth one. That can result in a rather weak cou-

pling of the collective space composed®phonons and the
As our objective is describing properties of transitional space including a high spin quasiparticle phondy (or
nuclei with developed superfluidityor superconductivity g, especially when a quasiparticle transitiffig. 1(a)]
we make use of the quasiparticle approach, which from thgroceeds between levels “1” and “2" near the Fermi level
very beginning takes into account pairing effects and pro{r) (states “1” and “2” can coincid¢. In fact, each matrix
vides the clear hierarchy of states in quasiparticle numbergiement in the transformation chain in Fig. 1, for example
that is practically equivalent to the seniority scheme. A qua—<DD|H31+13| B.), contains a factomyu,—vqv, (U,v are
siparticle Hamiltonian involves a single quasiparticle field Bogolubov parametersvhich is small sincei~v ~1/y/2 for

and quasiparticle interactions: “1,” “2" ~F. However this reduction can be not so pro-
nounced if phononB; is distributed over many two-
H :2 ey as+Hiy, (1) quasiparticle states. Certainly, there may be a singular reso-
s nance event of coinciding energies when mixing is
maximum(50%) and independent of the interaction strength.
a’,a being quasiparticle operators. This form arises after |n IBFM the direct mechanism includes also the process
minimizing the ground-state energy and for the constanfvith D-phonon scatterinfthe corresponding diagram can be

pairing force quasiparticle energies are equal to obtained from Fig. (g) if we continue the uppeb line to the
right from the interaction dashed liheWe omit it as its
es=V(es— \)°+A%, 2 matrix element in nuclei under consideration is much less

than that for Fig. (a).
e, N\, A are, respectively, a particle mean field energy, the The second mechanism of tiBe and D-phonon coupling
chemical potential, and pairing gab;,; does not conserve originates from the well-known exchange quasiparticle-
the quasiparticle numbed, and comprises three terms, two phonon interaction, which can be accompanied not only by
of which changeN, by two (Hi3.31) and four Haoyo04) D-phonon scatteringFig. 2(a)] but also by twoD-phonon
units annihilation[Fig. 2(b)]. Therefore the first stage of the sec-
ond chain of transformationdmigs. Zc), 2(d)], which was
pointed out in our work5], consists in the conversion of two

_ o+
Hine= 12234["'22(1234)&1 8 8334 D phonons intoD and B; phonons withJ=0-6. Besides,
the simultaneous annihilation of thré& phonons and cre-
+H3y, 141234 (ay ay a5 a,+H.c) ation of B, is possible as wellFig. 2(d)]. HereJ can take

s any value accessible for three quadrupole phonéms
+Hyo1041234(a @, a3, +H.C)J. (3 poson, i.e., 0, 2, 3, 4, 6. However for coupling collective
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lem consists in its transformation into a boson space. As is
well known the simplification is attained by means of ap-

Z proximate mappings because the exact boson mapping is
() (b) completely equivalent to the original fermion problem.
The main trouble of diverse boson mappings is the con-
D Do~ vergence of the boson series taking account of the Pauli prin-
D ! D ! ciple for fermion operators. A way to restrict such series is
i:DV”BJ mBJ developed in the interacting boson mod&M) showing
D D

(d)

D"\/\/jl

(c)
avae D
D l D
B] BJ

(e) (f)

itself to advantage in many applications. Therefore we revert
to a version of the model, IBM11], where neutron and
proton bosons are not distinguished. In the framework of
such an approach the vacuumfndB phonons is mapped
onto the normalized state 6f scalar €) bosons, wher€) is

the total boson number. Other fermion states created by the
action ofD*- andB*-phonon operators on the vacuum are
mapped by means af"s- andb*s-boson operators acting
on the pures-boson state. Such a way provides the conser-
vation of ) and answers approximately the requirement of
the exclusion principle. That is more obvious in the general-
ized Primakoff-Holstein mapping used by Jansseal. [9]

where D*—d*\1-n4/Q, but both representationss (
bosons or square rogtare unitary equivalent and so, for the

aae Bp

D ! D ' sake of simplicity, we shall make use of the Arima-Jachello

:@va D :@Xﬂ By representation.
B; D The correspondence of basic fermion and boson states
) @) being obtained, the construction of the boson effective inter-
action related with Figs. 1 and 2 is implemented so that
matrix elements calculated with such functions in the fer-
mion and boson spaces coincide. Thus, we employ the Maru-
and high spin stateB, andBg are most important. Starting mori approach, which generally gives rise to infinite series in
with the processes in Figs(@ and Zd) further changes can bosons. However, following the IBM practice we keep terms
flow either along the chain in Figs(d and Xd) or the chain  with minimum numbers ofl ands bosons. Such approxima-
in Figs. 4e)—2(i). The second chain may be shorter than thetion enables us to represent the fermion processes shown in
first one because here a phordyp, for example, is reached Figs. 1 and 2 by means of boson interaction operattrs
already on the second stage. On the first stage we hawé,, andV;, respectively:
(D?) -4—(DBg)i -4 oOr (D% _s—Bs, and then
(DBg) —g—(DBg)—g or (D?Bg),—10—B1o. Processes in 1

FIG. 2. Diagrammatic representation of the interaction(2)
andV; (3).

1

Figs. Za), 2(c), 2(e), 2(g), and Zh) are caused by the com- Vi=—— > | —=puybl,st(dd)
ponentH,, [Eq. (3)] of the quasiparticléd whereas transfor- VO-17 |2
mations in Figs. @), 2(d), 2(f), and Zi) proceed under the
gction ofH 0. 04 [EQ. (3)]. Ensuir_wg matrix elements of spin + > paJary(bZJd*)(J/)(baryS)(y) +H.c., (4
independent forces are proportional to a faaigy,+u,v o'
which is~1 if single-particle states “1,"‘2"” are close té-.

The transformations conditioned by the processes in Figs.
2(c) and Ze) can be reproduced py the exchange interaction v2=2 i 2 q(a"J)(bZJd*)('-)(dd)('-)
of IBFM whereas the processes in Figgd)2and 2f) are not ad \/5 L
considered in the model. Besides, we allow for the processes
in Figs. 4g), 2(h), and Zi), which proceed under the impact |
of the forces with multipolarity equaled to the spin of the + %I A3 (A7) Db b 5) D [ +H.c., (5)

created or annihilateB phonon. These processes are outside
the existing version of IBFM.

The pair-quasiparticle structure BfandB phonons being 1
determined with some effective forces, matrix elements cor- Vszm %
responding to diagrams of Figs. 1 and 2 could be straightfor-
wardly computed in the fermion space. However such a 1
purely fermion approach is pertinent only for low energy — > r('g (A d ") Db b, 5)Pss|+H.c.,
simple configurations comprising not more than thize 2091
phonons. To pretend to describe the backbending region, any
consideration has to involve many phonon excitations, the
treatment of which at the fermion level is not practically
feasible. The known way to simplify the many fermion prob-

1
— T gblisTsT(ddd)Y
N

(6)

NZ=((ddd)P(d*d*d")D),
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D~ 8 ber. We assume that they can be omitted and whe® the
| energy gap between unperturbed states, such as the collective
D ground state with() s andd bosons and any oneboson
D By state including also( — 1) sandd bosons, is formed by one
boson energyeg and by the difference of the correlation
FIG. 3. An example of the threB-phonon conversion intoB,  €nergies determined Byc({2) andH{(Q—1). Parameters
phonon and twe phonons. entering into boson Hamiltonia#$ic,HY (Q—1)] are fit-

ted phenomenologically whereas matrix elemeptg(r) in
a in Egs.(4)—(6) distinguishes bosons with the saheDp-  Egs.(4)—(6) and b-boson energiesg are calculated micro-
eratorV; is a three-boson interaction. However it does notscopically.
imply that V5 corresponds to a three-particle force. Figures The processes in Figs. 1 and 2 proceed so that at each
2(d), 2(f), and Zi) indicate that its origin is a two-particle Stage creation or annihilation of th& phonon is caused by
interaction whose boson representation may contain mantpe action of the quadrupole component of the quasiparticle
boson components. forces. The same force together with a single-quasiparticle
The possibility of the conversion of thré@ phonon into  field leads to formingD phonons that we consider in the
one B phonon is not a specific feature of the quasiparticleframework of the modified random phase approximation
description. In Fig3 a diagram of the)3—BSSprocesses (MRPA) [10], which replaces the usual linearization
is presented wher8is one of the Cooper pairs forming the + .
ground state in the number conserving treatment. [H.B"]=wB ©
Processes represented in Figs. 1 and 2 are specially pick

out among all others since they are enhanced by th%g/ the modified equation fad-phonons

D-phonon creation or annihilation and play therefore the de- [H,D/]=¢g4D} +2k, QD7 (10
cisive role in coupling collective and quasiparticle states. In # #

V, andV; we exclude the terms with=0 (in the second 1

parts ofV, andV3) as they renormalize parameterg and D;=— > {[ Y187 ay + ¢1.87a7]

k, of H gy, in the presence of B phonon. The influence of V2 127

B phonons on the collective properties of the nucleus is taken S (iai
. . . . m;my|2 . 11

into account by introducing several components in the boson (jaizmamel2.)}; e

Hamiltonian: Hc(Q) for description of states withouB The explicit form of Eq.(10) is a system foiD-phonon
phonons and—lg)(Q—l) for all states containing B pho-  amplitudes:

non independently of its spin and other quantum numbers. At

the same time we assume that parameters of protenm) (7) 1-9 (1-y
and neutron £=») Hamiltonians can differ. The choice be- 34,;:77 H (12)7, (34 2(34)7 [ea+(—1) Zklﬂ]z(lz)f ’
tween and v is determined by the microscopical structure (12)
of B phonons, e.g., if protons iB are predominant its boson
counterpart is regarded as a proton one: ZE@)Tz[(/fler(—l)’?golﬂT, 7n=0;1. (13
(m) -
H=H(Q)(1- nb)+2 HOQ -1 +Hp+V, (7) H (127, (3ayr =1(11€2) 13024
+G12sMB MG Y5,
np=2 A7, AEP=2 (bgbe), VD e (LS )AL ™), (19)

MG 7 =uuy+(—1) "0y,

Ho=2, egbgbg, V=V;+V,+V,.
B TR e ! L(l M= u1v2+( 1) 7]uzl)j_.

B as index denotes ali-boson quantum numbers. Our con- G andV(” are matrices of the quadrupgie andph forces,
figuration space includes functions comprising not more thamespectively. We take for them the usual factorized forms:
oneb; boson §=4,6, . .. ).Thereforeﬁb and (1—ﬁb) play
the role of the projection operators.

Both He(Q) andH{?(Q—1) are the usual Hamiltonians
Hgm1 @nd distinguished by parameters:

1. . .
912,34—>—G(2)§<J1||r2Y2||12><13||r2Y2||J4>a

(1) 1+(-pr”
Higmi=edNg+ (kod™-d¥sstk,[dTd"]?.ds+H.c) Y (12)r, aay 2 [ #0r 7= k(17 077)]
1 1. L :
+§; C [d*d*]®-[dd]®. ®) X§<J1||r2Y2||12>7<J3||r2Y2||14>r/- (15

Each of the collective Hamiltonians of E¢?) could com- One can see that Eq12) determines only the combination
prise its own additional constant depending on boson nume3—4k2Q?, which may be positive, equal to zero, or even
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TABLE I. Strengths of the quasiparticle interactions dahghonon energy parameters f#Ba and**Ce (A, ,e4,— k;Q are in MeV,
other values are dimensionlgsg,= (k+ k?)/2ko(BM), &, =k, /xS (BM), «{M(BM) is given by Eq.(19).

Y

A, A,, G2/K0(BM) & €q _klﬂ R &y §6 §8 §10
12684 1.32 1.43 1.32 1.10 -0.08 0.49 0.065 0.942 0.926 0.82 0.35
130ce 1.32 1.34 1.41 1.11 —0.004 0.46 0.067 0.880 0.840 0.70 0.26

negative. That renders MRPA applicable to cases wheq-

. is the E2-transition operator in the fermion space
strength constants are equal to or even more than the critical* P P

ones. The relationship a@fy andk, in Eq.(12) influences the ) A 1 .
ghround—state correlations and can be taken such to minimize TM:Z1 [e E_tz+ ) rZYZM(0,<p)} , (18
them = [

e is the proton charget,=+1/2, —1/2 for neutrons and
R=E @izf/ 2 ¢§4T: min. (16) protons, respectively$ is a polarization correction to the
127 =0/ 34r 7 charge. WithD-phonon amplitudes and empirical values of

e* the quantity ofés is found to be equal to 0.25 for the

The absence of the critical Strength constants and attenlg‘tandard IBM operator ofE2 transition. That can be re-

ated ground state correlations make MRPA similar to thejarded as a satisfactory result indicating that the collectivity
Tamm-Dankov approximatiofTDA). The difference con-  of the D-phonon operator is sufficiently high.

sists in the commutator with Hamiltonian. In TDA this com- To calculate parameters in Operatmlsl V2, andv3 [Eqs

mutator Compl’ises an infinite set of TDA phononS: (4)_(6)] one needs the quasipartic'e amp“tudemhnd B
phonons. The former is found by means of Ef2) for D
phonons, the latter together wiBtphonon energiessg) is
determined by the quasiparticle random-phase approximation
(RPA) (9). We solve this equation witph isoscalar factor-

[B,(TD) are TDA phononsB,(TD) has the lowest energy ize_d forces.'Their strengt_hs are fitted and given in Table | in
£o], while for D phonon of MRPA such expansion consists units of the isoscalar oscillator Bohr-Mottelson strend8is
of only two terms given by Eq10).
The substitution ofe4 and k4, found from phenomeno- kM (BM) = 4_77 4 1 MeV (19)
. . . . . 0 —
logical calculations of low-lying collective states, into Egs. 3 (1.220-1) ABF3)B
(10) and(12) gives rise to two conditions for three constants
(K,KW,V,G(Z))- Our calculations of 2 state energies of Table I indicates that multipole strengths decrease stronger
semimagic nuclei show that can be taken aso(BM)/4.  with A than x{(BM). This result is in agreement with our
ko(BM)=120A"52 MeV is the isoscalaph quadrupole estimations okg” , Which were performed by comparison of
strength estimated by Bohr and Mottelsf8]. Fixing the  matrix elements of factorized forces with those for Gauss
value of k we obtaink,, and G®. Our calculations oD  forces[14].
phonon are performed in a wide single particle space involv- A quasiparticle composition of hexadecapole phonons in-
ing the valence shell and two shells above and below it. Theludes several two-quasiparticle pairs. With growth of the
pairing gaps required for this purpose are equated to pairinghonon momenta the quasiparticle structure becomes poorer
energies[11]. The analogous method for determination ofand phonons with1=8 and 10 practically consist of one
the strengths was applied in the TDA in our w¢f@]. two-quasiparticle component corresponding to the intruder
The isoscalar quadrupole strengthg=(x+ «,,)/2 ob-  level. Other components are small){<0.1), nevertheless
tained in that way for'?®Ba and **Ce and given in Table | they influence interaction parameters. The quasiparticle com-
are close to the Bohr-Mottelson estimations. We believe thaposition [amplitudesy in Egs. (11),(20)] of lowest energy
such a choice is reasonable bearing in mind that we use phonons for*?®Ba is presented in Table II:
simplified form for the interaction matrices and do not take

[H.B§ (TD)]20-02=20Bg (TD)+ 2, K,B,(TD),

into account higher order processes renormalizing these L1 Dttt (I

strengths. We would like to note that we have obtained ap- BJ,U,:E 12_72:77 , {[y17a1 8; + ¢i7a%aq]
proximately the same relation betwepp andph strengths .

as in the works of Tamurat al. [13], who studied a micro- X(j 1 2mmy|Iu)},. (20)
scopical version of the boson expansion technigBET)

with factorized forces. After fixing parameters in the quasiparticle Hamiltonian

The D-phonon amplitudes found with Eq12) can be and computing phonon energies and amplitudes we are able
applied to calculate IBM1 effective charge® determining to calculate matrix elements of the Hamiltonian between

the E2 transition probabilities in IBM1 phonon states and thereby, following the Marumori proce-
dure, to find constants in the boson interaction, E45.(5),
1 R and(6),
e* =—(0|T,D|0). (17)
7o OTD.l0 Pas=(BagH(DDF)IPN, (2D)
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TABLE II. Phonon energiesg and main two-quasiparticle am-

plitudesy (|4|=0.10) of B;-phonon wave functions if*Ba. v,
denote neutron and proton configurations.

J7 2* 4" 6" 8" 10"
eg (MeV) 1.776 2.094 2551 2.806
Vdg/z 0.11
vg3, 022 —0.13
vh2,, —0.54 064 —063 098 1.00
Sy —0.16
vS129712 —-0.18
vz 0.17
vdg G772 -0.19 0.14
vd3Sy 0.14
vd3, 0.13
vizhiin 015 -—0.10
wd2, 0.32 —042
7g705) —0.249 0.50
ER 029 -0.23 0.17
mhi,, -0.21 0.12
7S50 -0.15
w3050 0.13
wd3 29772 —0.11
Pada’y =(|(DBuy) "' HBr 3/ IN,. (22

Hereafter factordN; provide the normalization of initial and
final phonon states. Matrix elements in E(&l) and(22) are
determined by the quasiparticle interactidg;, 13, EQ. (3),
whereas constants i, and V; are caused byH,, and

H o1 04:
g4 =(|(DB.)P(H-E)(D*D*)IN;. (23

L is the two-phonon angular mome, is the energy of the
phonon vacuunp),

D|)=B|)=0.

The tilde above the left side of ER2) means the orthogo-
nalization:

((DB)YM(D*D*)M)y=0, (24

(B DH)V)=(B* DD
—(D*'DH)ON|(DD)P(BFD*)M])
X(|(DD)Y(D*D )My~

Equation(23) includes a commutatdrH,B ;] in which
we retain three components

[H,Bi;]=25B;+2KiB,38s 0 +[H.B;]a1113. (25
The second term witldg  takes place if phonoB coincides

with D, k;=k,Q enters into Eq(12). With Egs.(24) and
(25) we can write down Eq(23) as follows:
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q/Ns={eg—ep—(|(D[D)V),H]a1, 14D DV
X((|(DD)(D D))~
X(|(DB,y,)P(D*D*)M)])
—{|(D[B,1)™"),H]31: 1D D)),

eg, &p being RPA and MRPA eigenvalues f& and D
phonons. The index “3% 13" points out that we take into
consideration those parts of commutators that comprise
a*a®a'a anda*aaa quasiparticle operators.

A very interesting circumstance, which is displayed in
calculations of the matrix elements in E@6), consists in
that they are reduced to the same matii>entering into the
RPA equation, Eq(14), if we keep only terms linear in
amplitudesp, Egs.(11) and(20). We would like to give this
result in a general form for any phonons:

(IBa[ By, Hla1+13B¢ By )

(26)

= =2 {HDaz1(d) hse(€) + H D3 21C) rse(d)}

X h35(D) hag(@). (27

In this equation the upper indekor c in the matrix has to be
understood agy or . [7=0 or 1, Eq.(13)]. Now employ-
ing the RPA or MRPA equation one can express &)
through the phonon and quasiparticle energies:

(|Bal By, H]31+18B¢ B4 |)
=(gc+eq)(|Bal By, Bg 111Bg )

- < ‘ BaBo 2 esa;ras rB::rB; > (28)
(Here we have assumed th#a, a,|)=0.) Thus, the residual
forces do not manifest themselves explicitly in matrix ele-
ments of Eq.(26) and reveal their role only in energies and
amplitudes of phonons:

qY9/Nz= 264(|(D[D)V,(D*11DHHP)|)

L
D+)

SB+8D_

|

x<<|(DD><L><D+D+><L)I>>1]

D[D)®,

ZS esaqs as,(D"]

|

(11)

X(|(DB)M(D*D )]y

As before, symbol {--)(*) means the angular momentum
coupling of phonon operators.

Matrix elements for the processes in Fig. B;D
—By/D) are calculated analogously by using EZ7),

(DB)‘“{E el as,(DDHV
S

>. 29

q") . ~(|(DB )M (H—Eg)(B.,,, D" )I)N,.

al,a
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TABLE Ill. Wave functions for 1?Ba. (I,) means a purely collectivel, s boson state with a spih;, (J%;) corresponds to a
configuration with &, boson under a collective state with spin Absolute values of amplitudes presented are more than 0.1.

State Main components of wave functions
07 0.99(0) —0.11(6"6,)
27 0.99(2) —0.12(6'4,)
25 0.98(2) +0.13(42,) —0.11(6%,)
47 0.97(4) —0.17(62,)
43 0.96(4) +0.15(40,) +0.11(42,)
67 0.92(6)) —0.25(60,) +0.15(6%2,) —0.12(62,)
65 0.18(6)) +0.79(6,) +0.38(412,) +0.32(60,) —0.19(6%2,) —0.13(62,)
8/ 0.86(8,) —0.41(6"2,) +0.10(6%2,) —0.16(6%4,) —0.10(6%4,)
85 0.26(8)) +0.54(8,) +0.55(44,) +0.50(62,) —0.11(6%2,) —0.16(6%4,)
107 0.74(1Q) —0.57(6'4,) +0.14(6%4,) +0.16(66,) —0.18(8%2))
105 0.34(1Q) +0.35(1Q) +0.62(4%6,) +0.50(64,) —0.10(6%4,) —0.17(160,)
127 0.27(13) —0.42(6"6,) —0.15(8%,) +0.20(86,) +0.81(162,)
125 0.45(13) +0.15(48,) —0.45(6'6,) —0.54(8'4,) —0.49(102,)
125 —0.19(12) —0.53(48,) —0.55(6%,) +0.18(6"8,) +0.50(8%,) —0.19(162,)
147 —0.14(6'8,) +0.17(8'8,) +0.97(104,)
145 —0.23(14) —0.13(4'10,) +0.40(6%8,) +0.86(86,)
145 —0.14(14) +0.40(410,) +0.77(6%8,) —0.18(6'10,) —0.35(86,) +0.13(104,)
167 0.13(8'10,) +0.98(106,)

The calculation of matrix elements for processes in Fid) 2 of these nuclei were approximately described in@hglimit
(D3—B,) is also closely connected to the MRPA equations,of IBM1.

Eq. (30), These results are incorporated in the phenomenological
description of the collective states on the basis of the IBM1
r o3/Ns=2k(|D3B ;D D7) HamiltoniansH. in Eq. (7). Initial values of parameters in
H.(Q) are fitted so as to reproduce energies of low lying
+(|Bao[H,Dja Ja1+18Dp D¢ ). (300 states with even spins<8 without b-boson mixture. Then,

after switching on thév-d boson interactiofEgs. (4)—(6)],
The replacement of 8y, operator in Eq(27) by D, gives in these states appear smidboson componentéheir am-
rise to an additional factor|{1)7a. The summing of the plitudes are given in Tables IlI, IV Therefore a “fine tune”
RPA matrix (72) with this factor reduces Eq30) to prod-  of the parameters il .(Q) is needed that is achieved in the

ucts of the parametds, and overlap integrals: course of diagonalization. The final values of the parameters

are given in Table V. The extent of the closeness ofshe
r o3/Ng=2k.{(|DzB,D; D{ |)+(|DB,D . D |) d-boson wave functions found with such Hamiltonian to the
Og limit of IBM1 can be characterized by the overlap inte-
+(|DgByD, Dy |)}- (8D  grals

The analogous method is applied to calculate matrix ele- Iny={'|4'(Og)),

ments for D?B;—B;/) processes, i.e., forgg 2y CON-

stants. ' where ' and ¢'(Og) are eigenfunctions ofl () and the

Thus Eqgs(28) and(31) indicate that our modification of Os Hamiltonian, respectively. For yrast states 6fBa the
RPA gains one more useful feature because it gives not onlyalues of In are Ip=0.91; In=0.85; In,=0.85; Iny

two parameters of the collective Hamiltoniaeg(k,) but ~ =0.86; Ip=0.87; In,=0.88. _
also S|mp||f|es calculations of interaction parameters_ In calculations of wave functions and matrix elements we

keep twob; bosons with the same spib{; ,b;,). However
components wittb;, are so small that their contributions to
wave function normalizations for states under consideration
Among barium and cerium isotope¥®Ba and 3%Ce  are not more than one percent. That is a consequence of the
stand out owing to the fact that quasirotational bands andRPA diagonalization in two-quasiparticle space, which leads
E2-transition probabilities in these isotopes are investigatedo B; phonons.
experimentally in detail in the region of the first band cross- In Sec. Il we postulated that parametersl—dcf)(ﬂ— 1),
ing. Thereby these nuclei are the most interesting subjectise., in the presence oftaboson, have to differ from those of
for applying our approach. The character of their spectrad.({)) governing purely collectived, s states. The first
testifies that they can be attributed to transitional or weaklymanifestation of this alteration in the collective properties
deformed nuclei. Such interpretation is confirmed by thecaused by th&-phonon blocking is revealed in the calcula-
IBM analysis performed earligrl5] where low lying states tion of the B-phonon energies. The RPA equation with the

Ill. RESULTS OF CALCULATIONS
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TABLE IV. Wave functions for 2¥Ce. Designations are the same as in Table Ill. The structure of those non-yrast states
(2,,4,,6,,8,,10,,12;,14,) are presented which are connected by enhai&dransitions.
State Main components of wave functions
o7 0.99(0)
27 0.99(2) —0.11(6%,)
25 0.98(2) —0.10(6%,)
47 0.98(4,) —0.16(6%2;)
43 0.97(4) +0.12(40,)
67 0.93(6,) —0.24(6%0,) +0.15(6%2,) —0.12(6%2,)
65 0.13(6) +0.86(6,) +0.24(42,) +0.28(6'0,) —0.17(62,)
8 0.83(8) —0.13(8) —0.46(672,) +0.16(6%4,)
85 0.32(8) +0.59(8,) +0.45(44,) +0.11(44.,) +0.45(62,)
107 —0.38(1Q) +0.40(6%4,) —0.69(100,) —0.40(102,)
10, 0.27(1Q) +0.16(10) +0.32(46,) +0.18(64,) —-0.30(82,) —0.25(8%4,)
—0.32(100,) +0.53(102,) -0.27(102,) +0.32(104,)
127 —0.16(84,) +0.15(8%6,) +0.85(102,) +0.35(102,) +0.29(104,)
125 —0.15(13) +0.20(6%,) +0.33(84,) +0.23(84,) +0.24(8%,)
+0.43(102,) —0.48(102,) —0.25(106,)
14f 0.17(8%6,) —0.13(8%8,) —0.90(104,) —0.32(104,) —0.21(106,)
147 0.28(6'8;) —0.24(8%,) —0.15(8'6,) —0.33(104,) +0.44(104,)
+0.67(106,) +0.22(108,)
16; 0.15(8'8,) -0.11(810,) —0.93(106,) —0.27(106,) —0.16(108,)
18/ 0.13(8'10,) —0.95(108,) —0.23(108,) —0.13(1010,)
207 0.11(8%12)) —-0.97(1010,) —0.19(1010)) —-0.10(1612)
22f 0.98(1012) +0.15(1012,)

24f 1(10M14,)

standard mean field and pairing and with strengths presentdihal values shown in Table V are established by fitting en-
in Table | gives theB-phonon energies to be about 0.5 MeV ergies in the yrast band after bandcrossing.

less than needed for the description of the quasirotational Such choice of parameters provides a good description of
bands. This discrepancy according to our assumpibe  the yrast bands: if?®Ba the difference AE) between the
text just below Eq(8)] can be removed if we allow for the theory and experiment fdr=20 is ~0.15 MeV, for lower
difference between the ground-state correlation energies d%‘pinsAEsO.]_S MeV (Fig. 4), in 13%Ce for | =20-26 AE
termined byH(Q) andH{"(Q—1), i.e., in the absence and <0 18 MeV and forl <20 AE<0.1 MeV (Fig. 5. How-
presence of & phonon. Thus, with the appearance oBa eyer in 12Ba even forl <20 the energies of the neighbor
phonon the collectivity has to be reduced and the correpands are described worse, which one can see in Fig. 4. A
sponding ground state must lie higher. Therefore an initialeason for this may consist in the assumption uHéT)(Q

set of parameters ngT)(Q— 1) can be taken from the IBM1 —1) does not depend on the kind Bfphonon that blocks
analysis of adjacent nuclei where the collectivity is less andne collectivity. While the yrast band after bandcrossing con-
in particulard-boson energy is higher than in the nucleus  tains practically only ond boson with the maximum spin
under consideration. For example, #i®Ba we start with  (wave functions are written out in Tables III, JVin other
parameters of'?®Ba for H{(Q—1) and with ***Xe for  phands the important role is played by bosons with lower
H{(Q—1). In 1*%Ce we use the same set of the parameterspins. Therefore the marked discrepancies in energies may
for the neutron and proton Hamiltoniam‘c{j)((z—l). The indicate that the above-mentioned assumption strongly sim-

TABLE V. Parameters of the IBM1 HamiltonionidleV). H(Q), HY(Q—1), andH{(Q—1) are
determined by Eqg.7) and(8), Q) is boson number.

Q Sd kl k2 CO C2 C4

1268a

He(Q) 9 —0.040 —0.0565 0.0257 0.1955 0.017 0.2018

HOQ-1) —-0.038 —0.0499 0.0120 0.0747 0.3049 0.2382

HMQ-1) 0.138 —0.0539 0.0143 0.2364 0.0254 0.1312
130Ce

He(Q) 9 —0.004 —0.0508 0.0249 0.1425 0.0008 0.2042

HOQ-1) 0.003 —0.0557 0.0146 0.1927 0.0761 0.1749
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FIG. 5. Experimentdl18] and theoretical level scheme bCe.
In the figure those states are presented the structure of which are

FIG. 4. Experimenta]17] and theoretical level scheme &fBa. 1 the
given in Table IV.

plifies the situations and a real improvement in describingnevertheless a sign of such level arrangement can be discov-
energy levels could be attained by the microscopical considered inp constants since the first five of them involving
eration of blocking effect of eacB phonon. Another pos- phononsB, andBg are clearly more in the averagee mean
sible way to give a more exact treatment of high energyabsolute valugsthan the rest of them. That is a consequence
levels is the extension of our configuration space by involv-of the wider spread of these phonons over two-quasiparticle
ing states with twdb; bosons especially when they are of the states in comparison with phonoBg andB,. The p con-
proton and neutron types. The importance of similar configustants are subjected to an impact of the processes determined
rations (two proton and two neutron quasipartijle®r by forces with multipolarity more than [Fig. 1(d)]. In par-
IBFM was pointed out by Vretenast al. [7]. ticular allowing for such force along with small components
Another set of parametefgonstants of the directy)  of phononsBg andD gives a marked value qfggin **Ba.
and exchange\(,+V,) b—d interactior] are calculated mi- For example, the small componenis;s, 1n11/A Bg) = 0.05,
croscopically by means of the method expounded in Sec. lland ¢7/2 111/ D) =0.15 are connected with main phonon
The values of some constant are listed in Table VI. All con-components by the multipole force wikh~ 8, moreover the
stants are calculated witd phonon functions determined in smallness of amplitudes is compensated byu¢—uviv5,)
Sec. Il. The employment of functions of two quasiparticlesfactors that are=0.6 in these casesp({; ;oconstant in***Ce
on the intruder level leads to considerable changes of thetands out against others because of a geometric factor.
constants. For example, itf®Ba, where the intruderHy ), One more detail of Table VI draws attentioqg“) con-
level energy practically coincides with the chemical poten-stant, corresponding to the processif¥)— (dbg)*), domi-
tial, the calculations with the quasiparticle functions wouldnates over othergin V, [Eq. (5)]. That results in a substan-
give zero values fop constants of the direct mechanism tial contribution ofbg boson to wave functionéTables lil,
(V1). Though the phonon calculations remove this result|V).

TABLE VI. Constants of the direct and exchanged boson interaction for'?Ba and 13®Ce. Constants are presented for processes
involving lowest energy phonons onlyV, andV; interactiond Egs. (5),(6)] include a great number of constants, of which are gig§h
for V, [Fig. 2(c)] andr; [Fig. 2(d)] and rg")J, , J’=J=2 and 4,J=6 [Fig. 2f)].

Vi
Pa Pasa Pas Pea Pse Pes Pss Pss Ps,10 P1o0,10
12683 -0.29 029 -0.32 -0.28 0.37 -0.15 -0.12 0.11 -0.04 -0.06
Bce -0.13 023 -0.12 —-0.08 0.14 0.02 0.03 —-0.06 0.07 —0.28
V, andV;
qu) qE{‘) q 234) I4 e r 55%) r éﬁ)o r gz? r g,?o r g,ll)o
12684 -0.195 -0.10 0.254 —0.004 0.08 —-0.011 —0.004 -0.13 0.08 -0.25

130ce —0.145 —0.09 0.206 —0.0006 0.067 —0.008 0.019 -0.11 0.06 —-0.22
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TABLE VII. The energy shiftsSE determined by the interaction (~100 keV) with Opposite signs the energy spectrum cal-
mechanisms in the bandcrossing region ¥Ba. E is the theoret- . |ations do not enable us to reveal the rolevaf
ical energy calculated taking into account the direct and exchange The structure of the states undergoes more drastic changes
mechanisms\{,+V,+V3). SE is the difference between energies - . . . .

L. - o when any of the interaction mechanisms is switched off. As
calculated omitting one\(3=0), two (V,=V3;=0), or three ¥, dth ion of h Mo-d i .
=V, =V,=0) mechanisms an. expected the action o¥,, as the onlyb- '|ntc'-:‘ract|on §/2
=V3=0), leads to a considerable contribution of mixtures

with b, boson while ¥/,+V3) intensifies the role obg bo-
son. The comparison of the wave functions created by the
direct or exchange mechanisms or by the complete \get (

E(keV) SE(keV)

|-Tr (V1+V2+V3) V2:V3:0 V3:O Vl:V2:V3:O

8, 2074 -6 83 406 +V,+V3) indicates that the role of\(,+V3) is essential

10, 2068 —82 95 693 since the functions of\(; +V,+V3) in many details are like

12, 3852 _56 83 118 the functions of ¥/,+V3) (Table VIII). One can note that
14, 4450 106 160 91 this mechanism gives rise to a rather rapid change in the
8, 2590 122 —136 668 structure of the states under consideration: the state IWith
10, 3345 99 —121 236 =10" is collective on the whole whereas the main compo-
12, 3967 19 84 319 nent of state 12 includes the high spin quasiparticle state
14, 4865 -71 16 170 J9=10. On the contrary, with the direct mechanisth ) the

functions of states 1012" are distributed over many con-
figurations so that the transition from collective(8to qua-
The role of the direct and exchange interactions in enersiparticle (14) structure is realized through rather washed
gies andE2 probabilities can be revealed by comparing theout states (10,12"), the composition of which does not
results of the calculations with the complete interactivh ( practically includeb,, boson prevailing in state 14 There-
+V,+V3), Egs.(4)—(6), and with its separate part$ables fore, when either the direct mechanisw,j or the exchange
VII, VIII'). In these calculations we keep unchanged the paene (V,+V3) act separately, respectiveB(E2;14—12) or
rameters of the collective Hamiltoniari$able V) and the B(E2;12—10) is suppresse(lable IX). However the com-
interaction constants fov,,V,,V; (Table VI). bination of both mechanismsv{+V,+V3) smoothes out
As Table VII shows the energies of the yrast states neathe difference between collective and quasiparticle states in
the bandcrossing region can be practically reproduced by néhe bandcrossing region that results B(E2;12—10),
glecting both components of the exchange interactidp ( which is about three times more th&{E2) for the pure
=V3=0). Thereby it becomes clear why energy spectraexchange mechanism. Columvig=0 in Tables VIII and IX
were reasonably described only with the direct mechanisngive convincing examples of the essential influence of the
[2,3]. Since omittingV; gives also minor energy shifts new three-boson exchange interactdgon the wave func-

TABLE VIII. The wave functions of the yrast states near bandcrossing produced by the direct interaction
mechanism Y, +V3=0), the exchange one&/¢(=0), and by both {¥;+V,+V3). (The absolute values of
the amplitudes presented are more than)0.1.

State Vi+Vy+ Vs, V;=0 V,=V3=0 Va=0
8; 0.86(8,) 0.89(8)) 0.76(8,) 0.85(8,)
—0.41(6%2,) —0.37(6%2,) +0.49(44,) —0.42(6%2,)
—0.16(6',) —0.11(6'4,) +0.31(6%2,) +0.18(6%,)
—0.11(64,)
10; 0.74(1Q) 0.81(1Q) 0.58(1Q) —0.53(1Q)
—0.57(6'4,) —0.53(6'4,) +0.56(46,) 0.17(%%6,)
+0.16(6%,) —0.15(6%,) +0.69(6'4,)
+0.17(8%2,) —0.17(6',)
—0.23(6%,)
+0.26(812,)
127 0.27(13) 0.14(13) 0.37(13) -0.13(13)
—0.42(6%,) —0.22(6%,) +0.51(418,) +0.29(48,)
+0.20(8%6,) +0.20(8%,) —0.14(6'8,) +0.67(6%,)
+0.81(102,) +0.94(102,) +0.38(8%4,) —0.12(6%,)
+0.12(102,) —0.16(6'8,)
+0.53(84,)
+0.29(102,)
14; —0.14(6'8,) —0.12(6'8,) 0.19(8,) 0.19(8%;)
+0.17(8%8,) +0.16(8%8,) +0.97(104,) +0.98(104,)

+0.97(104,)

+0.98(104,)
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TABLE IX. Theoretical B(E2) values caused by the different TABLE X. B(E2) ratios in**Ba.
interaction mechanisms itf®Ba.

Exp. [17] Theory

Vi+Vo+Ve) V=0  V,=V4=0 V,=0
VitVetVa) Wi 2 73 3 Vi+Vo+Vs Vi=0 V,=Vz=0 V=0

10,—8; 7510 8020 6980 5280
12,—1
14,—12, 3770 4430 425 1020 12—-10,

10,—8,

tion structure andE2-transition probabilities. One can see 10,—8,
that excludingV; (V3=0) changes the composition of the 12;—10,
transitional states especially those with sping Ehd 12, 12,—10,

which considerably redistributds2 -transition probabilities. 4,512,
%43—&23

0.0146) 0.056 85 0.25 0.50

0.040Q12) 0.042 57 0.25 0.20

The effects of each mechanism are markedly pronounc 0.124) 0.08 0.18 0.29 0.37
in B(E2) ratios (Table X for 12Ba). Only one or two of

them lead to values deviating considerably from the experil4—12
mental ratios satisfactorily explained with';+V,+ V3. 14 —-12
Thus, our calculations of these ratios stress once more thgg‘z_>121
all mechanisms have to be taken into account simultaneousm 0.134) 0.20 3xX104 20 4.8
and the new exchange mechanigmplays here not the least 2

role.

All calculations of E2 probabilities, presented in Tables 1ha yalues ofe*
IX and X as well as in Table XI embracing transitions in the agreement with empirica(E2) values in the yrast bands.
yrast bands of*Ba and'*Ce, are performed with a collec- Tpege parameters are given in Table XII.
tive E2 operator constructed in the same manner as the col- Analyzing the quasiparticle-boson interaction Vretenar

lective HamiltonianEq. (7)]: et al. [7] also suggested to extend the standard boson quad-
rupole operator by adding a higher order term. In our case
T, (E2)=T,(E2)c(1-Ny)+ > T,(E2)Tn,. (320  however the need of introducing the term with paraméter
T dictated by an unusual growth &?2-reduced probabilities
. . with spin up tol =8 in ?®Ba and **®Ce. By using the op-
Introducing in Eq.(32) projection operators (1ny) andn,  erator withé=0 we can render onl{0.6—0.7 of the empiri-
assumes that parameters in the operatorEdftransitions g B(E2;8—6). An attempt to increase this value by en-
between purelyl-s states and those containindgp&oson can larging the total boson numbef)) gives not more than 10
differ. T(E2)c and T(E2){ are standarE2 operators of percent even for too larg@. One more possibility to influ-
IBM1 complicated by adding a term proportional to the enceB(E2) consists in the consideration of corrections con-

0.143) 0.19 0.01 9.3 3.3

, X, and ¢ are fitted so as to attain overall

d-boson numbeng nected withE2 transitions betweeb bosons and with simul-
taneous transformations of two bosons into a gamma quant
T,(E2)c=e*[d}s+s d,+ x(d"d){? and a boson. However these corrections are of the single-
o e particle order and can be neglected. The adopted term

+£&(d, ngs+s"ngd,)]. (33 (~¢) facilitates describing the trends E2 probabilities up

TABLE XI. B(E2) (e? fm*) along the yrast band if*®Ba and**%Ce. B(E2) values in columns Th. |
and Th. Il are calculated witB2 parameters of Table XII.

lzﬁBa lSOCe

(R Exp.[19]  Th.1  Th.ll Exp.[20]  Exp.[21] Th.l  Th.ll

27 —0; 3400(100) 3370 3420 398G 3960 3990
47 —2; 4830(100) 4750 5570 650099 5690 6660
6, —4; 6620(300) 4930 6820 743¢28 6020 8290
8, —6; 804E% 4790 7660 11 604335 5780 9060
10, —8; 730G5° 4250 7510 540053 1800 3020
12] —10; 410G 1290 2300 612032, 2200 2410
14 —12] 598G 2900 3770 915G3; 4810 6160
16 —14; 447059 3850 5970 12768235 103043% 5470 8630
18] —16/ 3790 7400 689G100 5450 10700
20 — 18/ 408G3° 4980 12200
22 —20] 549¢2° 4160 12600

24 — 221 518G%° 3010 11200
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TABLE XIl. Parameters ofE2 transition operators, Eq$32), TABLE XIll. Energies of excited statesMeV) and B(E2)
(33). For BCeTY(Q-1)=T(Q-1). e* isinefm?, y andé  (e?fm?) in 1¥Ba.
are dimensionlesg) is the boson number.

l; E It B(E2;l;—1y)
Th. 1 Th. Il
Exp.[22] Theor. Exp.[22] Exp.[23] Theor.
Q e X & e X £

2, 0.284  0.293 @ 2930160 2760180 2920

12%8a 4, 0.763 0.776 2 4370360 3940150 4100

T(Q) 9 1153 -08L 0O 587 -120 04 6, 1.407  1.397 4 57001300 4080450 4430
TY(Q-1) 1208 -014 0 701 039 04 8 2189 2171 § 47001600 3490870 4330
T -1) 10.12 -0.045 O 6.06 016 04 10, 3.082 3.074 § 2400800 23801580 4010
¥ce 2, 0.885 0.886 © 120050 200

T(Q) 9 1239 -089 0 6.35 —132 04 2, 1300500 2150
TYQ-1) 1434 -031 0 811 —-034 04 4, 1372  1.467 2 5516 30(10) 26
4, <1300 <810 1340

2, 40001200 1920640 2450

6, 1.939 2058 4 5208 50(10) 0

4, 5300800 56601150 1900

to spin~ 16, however it overestimaté&y E2)’s for high spin 8, 2.601 2597 6  37(10 70(40) 1.4
states in**%Ce (Table XI). 6, 47001200 85204480 2540

Although we could point out several sources of the origin
of this term, nevertheless we believe that the discussion of
these speculations is untimely now. On the one hand in early
experiment$16] B(E2) values of the bandcrossing region in

these nuclei were found to be smaller. On the other hand in
such adjacent nucleus 4&Ba so largeB(E2) values as in  Of fitting the parameters of the IBM1 operators. We assume

12685 and 13%Ce are not observed and our approach quitéhﬁtB phonons exert a blpcking impact on collective prop-
satisfactorily reproduces energies @(&E?2)’s with the stan- ~ erties. Therefore we consider three sets of the IBM1 param-

dardE2 operator aE:O; these data are given in Table XIII. eters for purely:l-s collective states and for states with neu-
tron and protorb; bosons. Such phenomenology enables the

yield of a reasonable agreement with experiment for the en-
IV. SUMMARY ergies of theb;-boson states calculated with strength con-
) ) ) ) _stants close to the Bohr-Mottelson estimates.

In this paper we consujer the_ mterapﬂon of the coIIe_ctlve Our approach has been applied to analysis of the energies
quadrupole excitations with pair fermion modes of highery,q g2 transition probabilities int?Ba and **Ce. Special
multipolarities among which there are practically pure qua-gitention has been paid to the role of each interaction mecha-
siparticle pairs occupying the intruder shell model level. .« \We have found that energy spectra are weakly sensi-

In the fermion space all these modes are treated a3,e to the choice of the mechanism. However BYE2)
phonons; the most collective of them alephonons. The 51465 and particularly their ratios point out unambiguously
two-quasiparticle composition of the phonons has been caly5; 5l three types of the interaction have to be allowed for
culated with the help of RPA or its modified version for simultaneously. If each of them taken separately gives a

phonons to attenuate ground-state RPA correlations. Wgn, transition from a purely collectivés boson state to
have found that the interaction is realized through thregy containing a high spin boson, their unified action

mechanisms. Two of thertthe scattering by the collective gpqathg out this sharpness and leads to a relatively small

quadrupole moment and the exchange interaction with Coryecrease oB(E2) in the bandcrossing region and correctly
servation of quasiparticle or phonon numbare employed o, q,cedB(E2) ratios. In all these processes the new

in IBFM, the th'rd mechanism transformlng three ph(.)no.nsthree-boson exchange interaction plays the important role.
into one(and vice versahas not been considered earlier in To reproduce a rather strong growth B2 probabilities

such problems. o . L before decreasing in the backbending region'#Ba and
With the same quasiparticle interaction, which is eM-134-¢ \we have added to the stand&2l operator of IBM1 a

have calculated parameters of the phonon interaction Thef)errn proportional to thekboson number. Nevertheless we
. - . X ) Sre not sure of its necessity B data in an adjacent nucleus

in the spirit of IBM the fermion picture has been mappedizez, ot the same spins and energies can be satisfactorily
onto the boson space where we deal vgjitd bosons of IBM described without this term

and additionally withb; bosonsJ=4, the boson images of '

B; phonons(IBFM considers fermion pairs instead of The authors wish to express their gratitude to I. Kh. Lem-
bosons. berg and V. G. Kiptily for discussions on various aspects of
Along with microscopical calculations our approach in- this study. The help given by D. N. Dojnikov and Yu. N.

cludes phenomenological description of energies by meansobach is gratefully acknowledged.
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