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An analysis of positive parity levels in the even palladium isotof¥s'%d has been carried out in the
framework of the interacting boson approximation-2 model to identify states having large mixed-symmetry
components. By means of numerical calculations, performed in & lunit of the model, it has been
possible to find simple relations obeyed by the eigenvalues of the generalized Majorana operator for the
mixed-symmetry states havirig=F,,,— 1. These results have been utilized as a starting point for our analy-
sis. Experimental energies, static and transition electric quadrupole and magnetic dipole moments as well as
mixing ratios and intensity ratios have been compared to the values calculated by using a realistic Hamiltonian.
In the analysis only six out of the twelve model parameters have been varied as a function of the neutron
number. A good overall agreement has been found. A detailed investigation of the level structure made it
possible to identify whole groups of states of predominant mixed-symmetry character and to establish, in most
cases, a close correspondence with states of g llthit of the model.[S0556-28138)02412-1]

PACS numbgs): 21.60.Fw, 21.10.Re, 27.66j

I. INTRODUCTION isotopes Z=48) we found evidence for identifying the; 2
state as the lowest state of MS chara¢tr Later on, our
The interacting boson model, in its early version IBA-1 analysis of theB(E0)/B(M1) ratios in the 2 —2; transi-
[1], which is fully symmetric in the proton and neutron de- tions supported this interpretatipf]. We thus extended our
grees of freedom, has been very successful in reproducingtudy to even®® “Ru isotopes Z=44) providing a large
the properties of many low-lying positive parity levels in body of evidence for assigning to several levels an MS char-
medium and heavy even-even nud@i. However, even a acter[7]. In particular, the Z state has been shown to be the
simple inspection of the excitation-energy patterns at rathelowest state of MS character all along the isotopic chain; the
low energy(say <3 MeV) reveals the presence of levels 3; level has been found to be the lowest odd-spin state hav-
which cannot be interpreted in the IBA-1 model space. Thang a large MS component and, in the heavier isotopes of the
IBA-2 extension of the model predicts a new class of stateshain, a band of MS states havidg=5", 7", and 9
[3,4] having mixed symmetryMS) in the proton and neu- above this level has been identified. Sizable MS components
tron degrees of freedom, some of which could possibly béave also been found for the 6and & states.
identified with the additional states. In this work we present the results of our study of
An investigation aimed at clarifying to what extent the *°° "*%d isotopes Z=46). A preliminary account of some
IBA-2 model can describe positive parity states in even-evei@spects of this work has been presentefBin
medium and heavy nuclei needs a systematic comparison of A systematic analysis of even palladium isotopes, in the
experimental data and theoretical predictions, e.g., over affamework of the IBA-2 model, has been performed a long

isotopic chain. In this case the parameters of the adoptefihe 2go by Van Isacker and Pudfj who only considered

model Hamiltonian and transition operators are requested t&!Y _symme%ié:_ (ES) states. Recently, results of IBA-2 cal-
ulations on ®%d isotopes have been published by Kim

vary smoothly from one isotope to the next, thereby reducin
the possibility of achieving “fictitious” good agreement tal.[10].
with experimental data by fine tuning the parameters for each
isotope. Moreover, by considering a whole isotopic chain
(or, better, several neighbouring ondse difficulties arising
from the lack of important experimental data may be attenu-
ated. As pointed out by several authofs.g.,[10,11]), even
Some years ago we started, in the framework of thepalladium isotopes belong to a region of transition from the
IBA-2 model, an investigation of nuclei having a proton U(5) to the Q6) limit of the IBA model. These limits corre-
number close t&@=50. From the analysis of energies, static spond, in a geometrical picture, to anharmonic vibrational
moments, transitions rates and mixing ratios'fd?>*d  andy unstable nuclei, respectively.

Il. PROPERTIES OF F=F;—1 STATES
IN THE U (5) LIMIT
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The problem of the identification of MS states other thanthese groups the eigenvalues of the Hamiltor{@ncan be
the lowest ones has been faced, for the first time, in our worlgiven in a closed analytic form depending only §nandé;.
on ruthenium isotopef?] where, due to the lack of specific For the third group the excitation energy depends on all the
guidelines, we referred to the(8) limit of the model to  Majorana parameters according to an expression of the type
obtain information on the properties which possible candi-
dates should possess. 1 1

In the U(5) limit, states are characteriz¢®] by the quan- E=eng+ §N§2+ End(_ EHENHU(—E+E), D)
tum numbers

[N,IX[N,] [N=f,f] {ny,n5} (vy,v5) a L, where( is a positive coefficient which depends on the num-
_ ) ) ) ber ofd-bosons and assumes different values for states hav-
which label the irreducible representations of the groups inng the sameny. For any givemy, its value is smaller than

the chain 1/2 ng4, so that the total coefficient af; in Eq. (4) is posi-
U.(6) tive. _ o
v In Fig. 1 are reported the excitation-energy pattern of FS
xU_(6)DU,, (6)DU,,,(5)20,,.(520,,,.(3). states and of the three groups of MS states halrg- ,ax

—1 for a nucleus havin§=7. States are displayed in sepa-
(1) rate columns according to the expressions obeyed by their

Here N, (p=m,v) is the number ofp bosons,N=N,, energy eigenvalues, which are reported in the lower part of

+N. anda is a label necessary to completelv specify thethe figure. In each column, the full range of values al-
0 v (5)DaO (3) reduction y P y specify lowed by the labels of the irreducible representations of the
vhm Iy : U(6) and U5) groups(given in the upper part of the figure
th fiti F1 the E-spi t ber being S eported. For a giveny, in columns(a) and (&), (b") are
use the quantitiet, F ], theF-spin quantum number being displayed the five FS states and the three MS states of high-

related tof by the expressioff = N/2—f [12]. ) i : .
Fully symmetric states have the maximum value of theSt SPin. We remark that thg,=3 multiplet in column (b)

F-spin (Fax=N/2) and are equivalent to the IBA-1 states Is composed_ of pnly three states. S;ate; of colunip ¢an
with the same value of. Mixed-symmetry states are char- b.e grouped in d.'”.ere”F subsets ¢stmgwshed .by the expres-
acterized by quantum numbeBs=F .—1, Fo—2 ..., sion of the coefficient in Eq. (4): in Fig. 1 we display only

- . - the energy of the two subsets of states which, for any given
down to the minimum value en by¥.,,=1/2 |N . X :
_,\\I|V| inimum:value - giv F min N ng, have the highest and second highest spin value.

States in columnga), (a'), (b') belong to degenerate
multiplets characterized by the numberdsbosons. States in
columns (&) are the counterpart of the states in colufan
H :S(ﬁdw+ﬁdv)+ MW- 2) having the same §pin a_rdiboson nur_nber. The spacing,S

between MS multiplets in column (pis the same as that of

Hereny =(d’-d,) is thed-boson number operator afg_, S multiplets in column(@) (S, =S,=¢). The spacing $
4 PP between multiplets in column (b depends og,, &5 andis

Instead of the the quantum numbé¢id—f, f] one can

The simplest form of the Hamiltonian in the(®) limit is
given by

represents the Majorana operator which has zero eigenvalu _ =
when applied to FS states and is responsible for the shift iﬁﬁ/en by $ =&+ 1/2(~ &5 1 &)

excitation energy of MS states with respect to FS states. In AS. long asé, IS posmve_andgg negatlvg(whlch s the
o case in the following analysishe spacing § is smaller than
the most general form it is given by

S, so that states of columns ‘(b can become yrast. For
example, in the case reported in the figure, the odd-spin yrast

\/ 1 T T_ ot T1(2) = [ & 7 12
= X X [s, X X . .
M= 2808, X dr =8, Xd, [, Xd7 =5, %d, ] band, starting from the 5 state, is made-up by the states of

+§1[dIXdL](1)-[aVXaw](1) highest spin in each multiplet of column’(b This is not the
case for states of column 'flawhoseny-multiplets are al-

+&[dTxdT®.1d,xd,1®, (3) Ways( r)ligher in energy than the corresponding ones in col-
umn (a).

where ¢, ,&,,&5 are the so-called Majorana parameters. For The regularities we found in spectra of the Majorana op-
increasing values of these parameters mixed-symmetry stategator for states of columns ‘(a (b") and for the lowest

move to higher energy. states of column (9 have been explained by Talifi5] on
The eigenvalues off ., have been given in closed form the basis of partial dynamic symmetries of the IBA-2 Hamil-
only for the particular casé; = &;=— &, [13]. tonian in the U ,(5) limit.

Having realized in our previous analyses the importance A safe identification of a class of states relies not only on
of using unconstrained Majorana parameters for the identifith® comparison of predicted and observed excitation-energy
cation of MS states, we diagonalized the Hamiltoni@nto ~ Patterns but also on a detailed analysis of their decay modes.
find out whether analytic expressions were obeyed by the [N the IBA-2 modelE2 andM1 operators are expressed
eigenvalues of the generalized Majorana operé@prCalcu-  8S [2]
lations were performed by using the NPBOS cpii4]. As a
result, we found that all states havikg=F,,,—1 can be T(E2) =e, T(E2)+e, T,(E2)
arranged in three groups, according to the different depen- R )
dence of their excitation energies @n,&,,é;5. For two of =e,Q,+€e,Q,, 5)
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FIG. 1. Excitation energies of FS states and MS states having ,,— 1 in the U5) limit, for the particular caseN,=2, N,=5.
Expressions reported at the bottom of the figure are valid in tt® limit for any N. The parameters used in the Hamiltonian are
=0.300 MeV, £,=0.250 MeV, £,=0.160 MeV, &=—0.055 MeV. MS states are reported in columns according to their different
dependence on the Majorana parameters, given in the lower part. At the top of each column are shown the quantufnaumbeifsthe
relevantU, , .(5) representation. The numberabosons is reported in square brackets. In cold@n¢=0.30(nd—2) for odd spin states

and{=0.10(nd—3) for even spin states.
T(M1) =g, T,(M1)+g, T.(M1)
0k 6
- E(gv V+g’77 77)! ()
where
Q,=[dIxs,+s!xd, 1@+ y,[dIxd,]?, 7)

L,=v10d!xd, 1. ®

In these expressiong, is an adimensional coefficieng,

Both E2 and M1 transitions obey thé--spin selection
rule AF=0, =1; moreoverM1 transitions are forbidden
between FS stategl6,17. The reduced matrix elements
(IT,IIy and(||T || of theM1 transition operator have always
the same absolute values but opposite sjdi7$ so thatM 1
transition probabilities are proportional tg.{—g,)?. As to
E2 transitions, the relatiod|T,|)=—{||T,|) holds when
AF= =1 [18]; in this caseE2 transition probabilities be-
tween states having the sardeboson number will be pro-
portional to €,x,—e,x.)>2 while those between states dif-
fering by oned-boson will be proportional tog,—e_)?.

In the U5) limit, expressions for the electromagnetic
properties of low lying states of columns’f§a (b"), (c’)

andg, are the effective quadrupole charges and gyromaghave been derived in closed form[ib8—20. It turns out that

netic ratios and. is the angular momentum operator.

Because of the form of the transition operatdg, tran-
sitions obey the selection ruleny=0,=1 while M1 transi-
tions can only connect states having the saki®son num-
ber.

E2 transitions betweek=F,,— 1 states are of the same
order of magnitude as those between FS states.

The properties just discussed provide useful signatures for
the identification of states having=F,—1 character in
nuclei having a structure close to thg3Y limit. For ex-
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ample, the identification of the lowest lying'2MS state in TABLE I. Adopted values for the Hamiltonian parameters used
nuclei having a vibrational structure has been based on thier IBM-2 calculations. All parameters are given in MeV, excgpt
presence of a stroniyl1 componentitherefore on a small (dimensionless The values of the parameters kept fixed along the
value of theE2/M 1 mixing ratio ) in the transition to the isotopic chain arg,=—0.90 and¢;=1.0 MeV.

2] state(see, e.g.[17] and references thergin

A € K Xv Wﬂ',v 62 53
Ill. PARAMETERS OF THE IBA-2 MODEL 100 0.785 -—-0.06 —1.10 0.000 0.33 -—-0.32

For the present calculations we adopted the same Hamiﬁ-gj 0.760 ~ —008 ~ —~1.10 0.015 0.28 —0.29

tonian as in our previuos work on the ruthenium chiaih 0.800  —0.08 = —~0.65 0030 024 ~—028
namely 106 0.741 —-0.08 —0.55 0.030 0.20 —-0.25

108 0.678 -0.08 —-050 0.040 0.12 -0.25

H=s(hy +0g)+x OO, +w_ L -{,+M_,. (9 110 0624 -008 —-040 0050 011 -0.20

” Y 112 0.604 -0.10 0.10 0.060 0.00 -—-0.19

With respect to the Hamiltoniaf®) there are two additional 114 ~ 0.547 —0.10 020 0.060 0.01 -018

terms representing the quadrupole and dipole interactions bé16 0.550 -0.10 020 0060 0.05 -0.16

tween neutron-boson and proton-boson. Because of theSe
terms, the Hamiltonian is no longer &iscalar so that the
wavefunction of a state can have differdftspin compo- this parameter depends only on the proton nunpp&}. The
nents. final adopted value (.= —0.9) is close to that foundy(,

Calculations have been performed by using the NPBOS=—0.8) for the ruthenium chain.
code[14] which gives the structure of the wave function of  The parameteé; was fixed at a value sufficiently high to
each state in terms of the number @boson andF-spin  push the lowest 1 MS state at an energy2 MeV, due to
components. Even palladium isotopes have two protonthe fact that naJ™=1" level has been definitely identified
bosons and a number of neutron-bosons which reaches telow this energy in all isotopes here examined. We have
maximum of eight for the neutron numblI=66, half way also checked that the calculated excitation-energies of the
between the closed shells &=50 and N=82. For A levels relevant to this work do not depend on the valug;of
=100 the possibld=-spin values range fromfr ., to Fhax  When it is varied over a large range of positive values cen-
-2. tered around 1 MeV.

The parameters, «, w,.,, &, & have been deter- The effective quadrupole charges have been deduced
mined so as to reproduce as closely as possible th#rough a minimumy? procedure performed in the way de-
excitation-energy of all positive parity levels for which a scribed in[7]. Their values é,=0.095,e,=0.115 e b) are
clear indication of the spin value exists, following the sameclose to those found for the ruthenium chaire,(
procedure described [7]. For the final choice of the param- =0.080, e,=0.120 e b). For the effective gyromagnetic
etersy, andy, , their influence on quadrupole moments andratios we adopted the values derived [ifi|, namely g..
E2/M1 mixing ratios has also been taken into account. The=0.51 andg,=0.28 wy.
value of y,. has been kept fixed along the isotopic chain as The full set of adopted parameters is reported in Table I.
suggested by microscopic considerations which predict thaAltogether, six out of twelve parameters appearing in the
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FIG. 2. The adopted values of the Hamiltonian parameters which have been varied along the isotopic chain are shown as a function of
the neutron number for palladiutuoircles and rutheniunitriangles isotopes. The parametessk,w ., ,&,,&3 are reported in MeV. Data on
ruthenium isotopes are taken frdmy.
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FIG. 3. Experimental excitation energies of the even-spin yrast E(MeV) N 27+
states up td=8 in the palladium chain are compared to the calcu- 34 Lo 26+
lated values. s .
s s 2
——— o — 5
S : ==-- A 2%
Hamiltonian and in th&2 andM 1 operators have been kept 2] - ‘—: -7 4
fixed along the isotopic chain. In Fig. 2 the values of the :: e — 23+
remaining parameters are reported as a function of the neu- —
tron number together with the corresponding values for ru- 14 - - -—- 22“
thenium isotopes. One can observe the following.
They have quite similar values for isotones of the two -- -—- 2,+
isotopic chains and vary smoothly from an isotope to the 0
neighboring one.
K varies over a quite restricted range with a maximum E(MeV) ] 45+
absolute value of 0.1 MeV. 3 Phd
The behavior ofy, is that expected on the basis of mi- e 44"
croscopic calculation$21], i.e., it has negative values of T PR e
large magnitude at the beginning of the neutron shell and Y p— S Sm— 3+
rises to positive values beyond half shell. - - -=- 4,
&, and &3 show the same trend found for the ruthenium
chain: ¢, has large, positive values at the beginning of the , - - - 41"
neutron shell and decreases monotonically towards the i
middle of the shell whilet; displays the opposite trend.
The values of botl§, and&; fall in a narrow band thereby
defining a region of reasonable values for these parameters in 0
the A=100—-120 mass region. G
An important starting point for establishing the presence ] s 2
of states of MS character is to investigate whether there are ~ E(MeV) e 12+
states whose excitation energies can be reproduced by a suit: 54 —— ‘ jp— ‘(10 +
able choice of the Majorana parameters. To disentangle the _ . : -7 5+
effect of the latter from that due to the remaining Hamil- 4 == ___ 7 _—"7 10*
tonian parameters, we first checked whether the predicted —_— , 7. 5,
excitation energy of states whose wave functions have a pre- 3] w——— T L8
. . . I ————— L —
dominantF = F,,, componentthus being very little affected —_— v,
by &, and &3) is close to the experimental ones. A general 24 ——- . TooiIT== g+ 6,
idea of the agreement of experimental and calculated excita- —_— " 1
tion energies for the even-spin yrast states upg+® (they 1

turn out fo be .Of FS Characman be obtained fram Flg..3. FIG. 4. Experimental values of the excitation energies of posi-
We then considered the In_fll_,lence &f and &5 on the EXCl" " ive parity levels in'%Pd are compared to those calculated by using
fcatlon energy of _the remaining S_tates for all the p_a"ad'umthe Hamiltonian parameters given in Tableblumn(a)] and those
isotopes studied in this wo_rk and in .each. case very importarfained by setting,=¢;=1 MeV [column (b)]. The two states
information has been gained for identifying possible MS,hich have no connecting line are interpreted as lying outside the

candid'ates. standard IBA-2 model space.
To illustrate the procedure that has been followed, the

most useful example is that 3f%Pd, since an ample experi- of states of a given spin are reported in separate boxes. The
mental information is available on its excitation-energy pat-experimental data include all positive parity levels up to 2.5
tern, which is shown in Fig. 4. For the sake of clarity, groupsMeV (they all have definite spin assignemeand, above
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FIG. 5. Experimental and calculated excitation energies for positive parity stat¥5 % d. Full(open character on the left part of the
figure refer to experimental states whose spin and parity have been uniquely asgigppsbedt when several spin assignments are
consistent with experimental data the assumed value is reported in brackets.

this energy, only those of definite spipwith no ambiguity ~ figure and the calculated ones on the right part. The latter are
on the ordinali induced by uncertainties about the spin of grouped in two columns: states of predominant FS character
lower lying states. In the figure their excitation energy isare reported on the left of the dashed line, while those of
compared to that calculated by using the adopted set of pgredominant MS character are given on the right. The ex-
rameterg column (a)] or the set obtained by changing only perimental levels are also arranged in two columns so as to
the Majorana parameters to the valdgs é&3=1 MeV[col-  display clearly our proposed correspondence.
umn (b)]. With the latter choice, all states in colurtin) have As to the e.m. properties, the experimental values of elec-
an Fpa component(amplitude squapelarger than 0.98,  tric quadrupole and magnetic dipole moments of the relevant
since all MS states have been moved to much higher energ¥tates of each isotope as wellBE&E2) andB(M1) reduced
It is seen how the agreement with the experimental data draransition probabilitiesE2/M1 mixing ratios and intensity
matically improves in passing from colunth) to (a. ratios for the deexciting transitions have been compared to
the calculated ones. In this analysis we usedyfpandy, in
the expression of the E2 operat¢f) the same values
(consisten® formalism[2]) as in the Hamiltoniar(9).
The relevant experimental data for each isotope are from
The comparison of experimental and calculated energiethe same references given above, except for the two possible
of positive parity states it %d is given in Fig. 5. Ex- values of5(3; —2;) in °Pd[38].
perimental data are taken from the following references: All available experimental data on magnetic dipole mo-
100pq [23], 19%Pd [24], 1%Pd [25,26, 1°%Pd [27,28, %Pd  ments andB(M1)’s are reported in Table Il together with
[28-30, '%Pd [28,31-33, '%d [34,35, ''“Pd [35,36, the corresponding calculated values.
116p([35,37. The experimental and predicted values of the electric
For each isotope all the experimental energies of positivgiuadrupole moments Q ai{E2) reduced transition prob-
parity states up to that of th" =6 level are reported in abilities are shown in Figs. 6,7. THE2) values are dis-
the figure. Above this energy, up to 5 MeV, we only display, played on a logarithmic scale since their values vary over 4
as a rule, states havint=4 with definite or strongly sug- orders of magnitude.
gested spin assignement and definite value of the ordinal The E2/M1 mixing ratios, defined by the usual expres-
Experimental energies are reported on the left part of theion[22]

IV. EXCITATIONS ENERGIES AND ELECTROMAGNETIC
PROPERTIES
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TABLE Il. Experimental values of magnetic dipole momept$uy) and reduced transition probabilities
B(M1) (,uﬁ) are compared to the calculated ones for even palladium isotopes. The galues0.51
un, O, = 0.28 wy for the effective giromagnetic ratios have been used. The calculated value of
B(M1; 2;—27) in 1%2Pd is reported in italics since the interpretation of thel@vel in the framework of
the model is doubtfulsee text The experimentaB(M1) values of the 2—2; transition in 1%Pd and
252, 4;—4] transitions in%Pd have been deduced from the relevant value8(@2) and &
[24,25,26. The limit for B(M1; 2§ —2;) in Pd has been deduced from the relevant values of

B(E2; 23 —07) and of the branching rati@4] in the hypotehsis that the;2-27 transition has a purs 1
multipolarity.

A w(2) B(M1; 2, —27) B(M1; 25 —27) B(M1; 4, —4])
Expt. Calc. Expt. Calc. Expt. Calc. Expt. Calc.

102 0.828) 076  0.00367)  0.00001

104 0.826) 0.74  0.001119  0.0002  >0.013 0.015

106 0.804) 072  0.0004) 0.0002  0.0204) 0.011  0.0048)  0.0003
108 0.726)  0.70  0.0048l1)  0.0004

110 0.626) 0.70 0.0011°}*  0.0003
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FIG. 6. Experimental and calculated valuesBfE2) reduced transition probabilities of the indicated transitions and electric quadrupole
moment of the indicated levels if?104:106.108,112,114,13%y
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FIG. 7. As in Fig. 6 for!'%d. To help in the comparison, data concerning experimé(gR) values larger than 16 e? b? are
reported on the left, the remaining ones on the right side of the figure. Experimental values are deduced from the data regg&irted in

(J7|IT(E2)[19™) (eb) strongEOQ transition to the ground state, so that it clearly lies
(37— Jf)=—0.83E (MeV) ! - ! outside the IBA-2 model space, as already remarked in
QFITIMD)IIT) (en) [39,10. In 9% the calculations predict only four 4states

(10 in the energy region between 2.2 and 3 MeV whereas five are
experimentally known. By comparing experimental and cal-

are given in Table Ill together with intensity ratios. In this ¢jated decay properties we are led to conclude that the 4
table, to make it apparent the contributions of 82 and  state lies outside the IBA-2 model space.

M1 strenghts to the observed branching ratio we report, for
each transition, besides the calculated valueB(@f11) and V. DISCUSSION OF THE RESULTS

B(E2), the absolute transition probabilities We now discuss the results reported in the previous sec-

_ 3 -3 1 tion with the aim of identifying the predominant symmetry
Wy(M1)=1.76x 10 Ey(MeV) B(M1) s, (1D character of as many states as possible. In particular, we will
_ 35 1 try to establish a correspondence between the states shown in
W,(E2)=1.22X 10 EJ(MeVv) B(E2) s *. (12 Fig. 5 and the states of the(§) limit given in Fig. 1. For the
sake of simplicity, we will refer to this limit also for the
We note the general good agreement between the calCyeavier isotopes of the chain even though their structure ap-
lated and experimental data. We must mention that spectrgyears to be slowly changing towards thé6Plimit of the
scopic data concerning theg Gtate in'%? Pd and the 4state  model.
at 2.350 MeV in'%d have not been included in Figs. 6,7
and Table Il since the model fails to reproduce their prop- A. FS states

erties. Indeed, the§0 state has a strongly hindered decay to In this subsection we consider the states of sgi@ re-
the 2, state [B(E2; 0; —2;)<4x10 % W.u] and a ported on the left of the dashed lines in Fig. 5.
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TABLE lll. Experimental and calculated mixing ratia® and relative intensities foy transitions deexciting the indicated levels in
102-118pd. The units for transition energi&s, and reduced transition probabiliti@&M1), B(E2) are MeV, 10%u§ and 104 ? 1,
respectively. The calculatedl1 andE2 transition probabilitegin 10° s™1) are given in columns 9 and 10. The values=0.095, e,
=0.115 e b for the effective charges amgl, = 0.51,g, = 0.28 u, for the effective giromagnetic ratios have been used. Calculated data
concerning the 2 level in 1°2Pd are reported in italics since the interpretation of this state in the framework of the model is d@esful
text).

A Jr J7 E, 1) B(M1) B(E2) W,(M1) W, (E2) Relative intensities
Calc. Expt. Calc. Expt.
102 2, 07 1535 7 73 100 100(10)
2 00978 —72 2.82) 0.7 733 0.3 830 1077 97(8)
37 2 8 =15
104 0f 27 1538 9 113 100 106)
2; 0797 0.7 0.3 0.2
25 0343 401 2.3 2
2, 07 1342 10 52 13 86)
2, 078 —16 —-4.842) 2 1120 2 412 100 106)
25 07 179 6 130 25 1@)
05 0.460 87 2 0.4 a)
27 1238 0.2 M1 154 5 514 16 100 1®)
28 27 1689 7 0.5 57 9 100 1000)
2;  0.902 5 3 7 2 14 1@)
3; 27 1265 -16 0.237) or 6 13 20 53 100 1000
|8]>13
2, 0479 -0.7 M1E2 97 268 19 8 37 )
47 0498 -04 M1E2 72 80 16 3 25 7®)
4; 27 1527 2 23 13 8)
2; 0740 815 221 125 95)
47  0.759 -8 —0.8424) 3 566 2 174 100 108)
47 27 1626 0.4 5 6 5()
2;  0.840 2 1 1 12)
4f 0858 —0.02 0.4%30) 84 0.1 94 0.05 100 1G0)
4, 27 1708 0.3 6 3 a)
2; 0923 0.1 0.7 0.03 28)
3; 0.444 28 204 4 4 4 @)
47 0.942 022  —0.64149 144 11 10 222 100 ()
47y 0.183 21 18 0.2 0.005 0.1 (®
106 0, 27 0622 1360 154 100 100
2;  0.006 839 x10°° 0
0; 27 149 3 26 2.8 0@)
2; 0873 1480 915 100 10D)
2; 0439 33 0.7 0.1 2(9)
0 27 1766 12 255 100 1a0)
2; 1150 0.8 2 1 a)
2; 0716 704 162 63 29)
2, 07 1128 16 36 24 54)
2/ 0616 —13 —-9.420) 2 1410 0.9 152 100 10R)
2y 07 1562 7 74 33 104)
0,  0.429 374 7 2.9 4@3)
2, 1.050 0.17 0.24) 107 4 219 6 100 10Q@)
25 0434 1 85 0.1 2 0.8 1(3)
47 0.333 143 0.7 0.3
2; 0 1.909 0.4 12 5 3@
27 1397 52 2 250 14 100 100
2, 0782 0.01 231 0.007 82 32 (B
28 0f 2243 0.5 32 5 1@)
0,  1.109 1 25 0.4 A7)
27 1730 1 3 9 54 10 18)

2; 1115 20 1.5753 51 232 123 487 100 1Q0)
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TABLE lll. (Continued.

A J7 J7 E, ) B(M1) B(E2) W,(M1) W, (E2) Relative intensities
Calc. Expt. Calc. Expt.
2y 0.680 -6 M1E2 13 393 7 70 13 7@a4)
3, 0684 50 142 28 26 9 43
2¢ 0 2309 1 95 95 <9
2] 1.797 0.63 0.28) 7 1 71 28 100 10)
25 1.180 0.44 —0.0612) 91 2 25 5 30 5@L)
3] 0751 1 453 0.8 132 134 (B
3] 2] 1.046  —22 —3.84) 4 27 9 42 100 100)
25 0430 -14 -7.99) 59 906 8 16 48 44)
47 0.328 —0.69 E2+(M1) 45 285 3 1 8 3.@
4; 27 1.419 3 19 4 0.Q)
25y 0.804 1080 444 100 100
25 0374 26 0.2 0.1 2(8)
47 0703 -99 -2.302) 3 750 2 157 36 3@)
4; 27 1566 0.7 8 8 6l)
2, 0.950 2 2 2 1)
47 0847 82 0.5 88 0.3 100 108B)
4; 27 1IN 0.2 5 2 @)
47  1.054 0.3 M1E2 110 12 227 19 100 1005)
5/ 37 0808 984 413 100 1@6)
4 1.137 14 3 35 7 10 @)
4;  0.434 93 125 13 2 4 @)
55, 37 1.199 140 423 40 40)
4 1.528 4.8 -2.51) 0 5 2 50 5 5815)
43 0.825 3.7 —6.5(6) 5 154 5 72 7 561)
4; 0474 -13 —-4.0152 16 178 3 5 0.8 3@
5/ 0391 -08 E2(+M1) 32 176 3 2 0.5 13(8)
67 0.680 -10 M1,E2 0 113 0.2 20 1.9 5(8)
5,  3; 1.394 79 508 93 qay
4 1.723 2.1 —2.514) 1 3 13 57 13 7414)
47 1.020 21 M1E2 0 246 1 331 61 66)
4;  0.874 42 219 50 137 34 n)
5/ 058 —19 M1E2 8 125 3 10 3 26
55  0.195 022  MI1(+E2) 30 55 0.4 0.02 0.1 19
108 25 0 0931 30 25 42 22)
2/ 0497 -83 —3.19) 4 1610 0.9 60 100 100
25 0] 144 8 57 39 2@)
0,  0.389 510 6 4 1%)
27 0.901 104 16 135 12 100 1)
2, 0510 0.3 77 0.06 3 2 <25
37 27 0901 6 43 8 31 167 96)
2,  0.404 -2 M1E2 54 1330 6 17 100 1a0)
110 25 0 0814 a7 20 55 33)
2/ 0440 -86 -4.6'13 3 1830 0.5 37 100 1ae)
23 0f 1.214 8 27 100 100)
0, 0267 1060 2 7 24)
2 0841 57 13 59 7 249 636)
25 0.401 0.2 190 0.03 2 9 782
47 0.294 620 2 6
3] 27 0.838 4 75 4 38 141 530)
25 0.399 27 2200 3 27 100 1Qm0)
47 0292 22 660 1 2 9 10
4; 25 0585 1670 139 100 106)

47 0.478 4 1050 0.7 32 23 62
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TABLE lll. (Continued.

A J7 J7 E, 1) B(M1) B(E2) W,(M1) W, (E2) Relative intensities
Calc. Expt. Calc. Expt.
112 25 07 0.737 90 24 94 44
2 0.388 31 2070 3.2 22 100 100
23 0; 1.140 3 7 4
05 0.250 574 0.7 0.4
27 0.792 122 167 107 63 100 100
37 27 0.748 11 120 8 34 168 97)
25 0.360 43 2960 35 22 100 100)
4 0.213 37 865 0.6 0.5 4.3 {0}
114 25 o, 0.694 71 14 78 6@)
27 0.362 21 1965 2 15 100 1(B)
3/ 2 0.679 10 94 55 17 100 106
25 0.317 45 2580 25 10 57 )
4; 25 0.626 1617 189 100 1002)
47 0.468 37 1068 7 29 19 )
116 25 o 0.738 53 14 60 72
2 0.398 15 1810 2 22 100 1006)
37 27 0.726 8 71 5 18 100 1091
25 0.329 44 2070 3 10 54 £83)

From the decomposition of the wave functions in terms of -2,") whereas, at least in the(8) limit, the 2, —0; tran-
F-spin andng-componentsamplitude squang it turns out  sition (Any=2) is forbidden.
that these states have an FS character all along the isotopic The e.m. properties of thef4state are well reproduced by
chain and that, at least for the lighter isotopes, a close Colhe calculations. The values of the ratiB(E2; af
respondence with states in colurfa of Fig. 1 exists. As an —27)/B(E2; 27 —0;), measured in2" 1% are scat-

example, we show in Fig. 8 the structure of the even-spifereq around an average value of about 1.6; they compare
yrast states up td=8. For these states the amountff  ,ch petter with the expectations of théSJlimit (ranging

symmetry breaking is quite limited, except for the predictedsom 1.6 10 1.78 for the different isotopethan with those of
8" state in'%Pd (this case will be discussed in the secondpe Q6) limit (ranging from 1.27 to 1.37

part of this work. The quadrupole moment of the;2level, as well as

_ In the Ilghter isotopes these states show a remarkable PB(E2) values of the deexciting transitions show a fairly
rity also with respect to the-boson number; thay cOMpo-  good agreement with the calculated data. It is interesting to
nent which by far outweighs the remaing ones is that exppserve that the experimental quadrupole moment, which
pected for a nucleus having a structure close to tfiB) U has been measured i 11%d, has the opposite sign of that
limit. The purity decreases in the heavier isotopes, reflectingf the 2/ state, as expected in the®) limit. The calculated

a slight change of their structure towards thé6Olimit B(M1; 25 —2) agree in order of magnitude with the ex-

whereng is no longer a good quantum number. _ perimental ones 10°-~10 “u3 (see Table . Since M1
We now discuss the e.m. properties of the states in ordgfansitions are forbidden between FS states Mte compo-
of increasingn . nent in the 2 —2; transition can only be explained on the

(i) The calculations reproduce correctly the electric quadpgasis of the MS components present in the wave functions of
rupole moment of the Pstate, both in m?gnltudg and sign, the 2 (see Fig. 8 and of the 2 state (for which the
as well as theB(E2) value of the 2 -0, transition. The strength of the MS component varies from 0.02 to 0.10 in
same comment applies to the magnetic dipole moment of tthing from %4Pd to 11° Pd). We notice that also the sign of
2 state thereby justifying our choice of keeping the gyro-the E2/M1 mixing ratio of the 2 —2; transition is repro-
magnetic factorg,. andg, to the same values found for the dyced.
ruth_enlum chain. _ _ The good agreement between experimental and calculated
(ii) All the states belonging to they=2 triplet have been yajues of theB(E2) of the transitions deexciting the;0
clearly identified in several isotopes. M?Pd, however, the |ayel in 194119 supports the interpretation of this state as
possibility of interpretating the 2 state as a state of the |ying within the IBA-2 model space and confirms our find-
triplet seems a little doubtful. Indeed, the calculations underings about the corresponding state in the ruthenium chain.
estimate its energfpy 16% while reproducing that of the'4  The decomposition of the wave function of thé Gevel in
state within 2% as well as the values of thB(M1; 2;  terms of F-spin components shows a quite pure FS character.
—21)andB(E2; 2, —0;). The latter has an experimental (jii) States belonging to the,=3 multiplet are clearly iden-
value of the same order of magnitude as BEE2; 2, tified in most of the isotopes.
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FIG. 8. F-spin componentgleft) and the four majomy componentgright) are reported for thd=0, 2, 4, 6, 8 yrast states as a
function of the mass number for even palladium isotopes; the components dfBiestate inl°2Pd are those of the 8state(see second
part of the present work for detallsThe F-spin andny componentgamplitude squapeare given as a percentage.

The e.m. properties of the;6level are in general well because it turns out that they are strongly mixed with states
reproduced. In particular, one might observe that'fitd the  of the same spin and of lower symmetry.

calculatedB(E2) values for the transitions to the 4 4, , The model completely fails to reproduce the preferential
4§ levels are quite close to the experimental values whictflecay of the @ level to the 2 level in *%*~1%%pd (see Fig.
are scattered over three orders of magnit(ske Fig. 7. 9). Actually, for isotopes having a structure close to tH&)u

In some isotopes up to three levels of spin 4 are known alimit, the 0; —2; transition is forbidden. We are then led to
an energy comparable to that of thg &vel, where only one  conclude that this state lies outside the model space in spite
state is expected in a model limited to FS states. On the bas® the reasonable agreement between experimental and cal-
of the decay properties it is possible to associate théeel ~ Culated values of its excitation energgee Fig. 3. The iden-
with the FS state of thay=3 multiplet of Fig. 1. As to the tification of a 0; state, very close in energy to thg &tate,
comparison between experimental and calculated data of this **Pd (at 2.103 MeV[26]) and in 1°%Pd (at 2.001 MeV
state we only mention the close agreement for the quadrd27]) supports this conclusion. While it?*Pd the decay of
pole moment which has a particularly small absolute value this state is not known, if°Pd its preferential decay to the

The discussion about the levels of spin 3 and 2 belongin@, level closely matches the predictions of thg @nodel
to theng=3 multiplet is postponed to the following section state. In the heavier isotopes, starting fréffPd, the calcu-
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lations compare much better with the observed decay prop&,
erties of the g states. In this case the preferential decay to™ T
the 2/ state reflects the increasing importance of ai6)O
structure characterized by selection rules which forbid the
decay to the 2 level.

(iv) The experimental information on states belonging to
the ng=4 multiplet is rather limited so as to preclude the °
possibility of recognizing any systematic trend in their decay 2 {
properties apart from the;8state which is known in the
whole chain. i

TheB(E2) value of the § —6; transition has been mea- 14 -«
sured in 1%6110pq and is well reproduced by the calcula-
tions. The experimental value of the ratB(E2; 8; T T T T T T T
—6;,)/B(E2; 2] —0;) suggests a structure of these iso- 0 2 4 6 8 10 121
topes still closer to the (B) than to the @) limit. This is
clearly seen in Fig. 10 where the experimental values of FIG. 10. Experimental valuggrossesof B(E2) for the transi-
B(EZ2) for the transitions of the yrast band, normalized to thetions in the yrast band, normalized B{E2; 2; —0;), are given

B(E2; ZI_’OD! are compared to the model predictions for as a function of the spin of the final state. The model predictions in
FS states in the (8) and Q) limits [40]. the U5) (circles and Q6) (squares limits for the FS states are
given for comparison.

’

2

110])(1

° u(s)

BeHOo

o 0(6)

f

B. F=Fmna—1 states reproduced by the calculations, where the choice of the Ma-

Having clarified which states have a predominant Fgorana parameter§, and &3 plays a crucial role. As seen
structure we can now proceed with some confidence to iderfrom Fig. 11, in the lighter isotopes thg 2and 3| states are
tify states having a predominai=F,—1 character on predicted to have a quite purg,f—1 character and a main
the basis of their excitation energy and e.m. properties.  Ng=1 andng=2 component, respectively, so that the corre-

Referring again to Fig. 1, we will try to establish a corre- spondence with the lowest state in columns)(a(b’) of
spondence with states of columns' Yand (B) since, as Fig. 1 is quite evident. In the heavier isotopes a laFge

remarked in Sec. Ill, the calculated energies of the states: Fmax cOMponent, which becomes predominantfPd, is
reported in Fig. 5 do not depend on the Majorana parametegresent. The 2 state shares its MS character with thg 2
. state. Indeed, it turns out that the summed square amplitude

First we consider the 2 and 3 states to check whether, of the F,,,—1 component for the 2, 2, states is close to
like in ruthenium isotopes, they could be the lowest state®ne. This is also the case for tg,,, component, meaning
having a large MS component. Due to the uncertainty in thehat no additional state with=2 is significantly mixed with
identification of the candidates itf%'°Pd we only consider these states. Similar considerations apply for the, 3,
the 2 and 3 states in'% %d. Their energies are well states.
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FIG. 11. F-spin componentdeft) and the four majony componentsgright) are reported for the 2, 3; states as a function of the mass
number.

In 194-112%p( there is a large experimental information ona reasonable agreement is found between experimental and
the e.m. properties of the;2state, which are all reasonably calculated data. We again stress the importance of the large
reproduced by the calculations. In particular we notice theM1 components predicted for the transitions to the @hd
importance of the large predictéd1 component in the 2 4] levels, which basically have twd-bosons, for reproduc-
—2; transition for reproducing the mixing ratid(2; ing the experimental data.

—27), known in 1°Pd, as well as the intensity ratios in  In several isotopes of the ruthenium chain it has been
1041125 (see Table Il). Where the comparison is possible, possible to find states which could be related to the
namely in 042°Pd, the calculated values &(M1; 27  47,27,07, ng=2 triplet in column (&) and to the

—27) are in agreement with the experimental data, whos® 47,27 ng=3 triplet in column (B) of Fig. 1. However,
order of magnitude is ﬂ)zuﬁ,. the lack of experimental data on their decay properties se-

This confirms our findings in the ruthenium chain, i.e verely limited the comparison of experimental and calculated
that in nuclei of theA=100-120 region the order of magni- data. . e . .
tude of B(M1)'s for transitions connecting a state Bf,, The identification of_ the §tates belonglng to th_e two trip-
—1 character to a state of FS character with the same mailﬁtS seems also possible n the palladium chain, where a
ny component is 102,uﬁ,. This value turns out to be one— larger body of spectroscopic data allows a more stringent

. n comparison. On the basis of excitation energk€ég. 5), pos-
two+orders.(.)f magnitude larger than that found for the 2 sible candidates can be found in all isotopes, apart from
— 2, transition. 11

The only information on the e.m. properties of thg 2 First of all, we will discuss in detail the case df%Pd
level concerns its branching ratio %Pd. A large percent-  \yhere it seems possible to associate tfie 2, 07 and the
age(0.35 in strengthof the F,.,— 1 component is predicted 55, 47, 27 levels to the tripletsiy=2 of column (4) and
in its wave function and also in this case the possibility of

o i ng=3 of column (B) of Fig. 1, respectively. These states
reproducing its preferential decay to the evel (see Table 50 displayed, together with those of lower energy, in Fig. 12

1) is due to the predominaril1l component in the 2 where thick lines indicate states of MS character and thin

—2; transition. lines states of FS character. For the MS states are also re-
The information available on the/3level concerns mix- ported the experimental and calculated intensity ratios of the

ing ratios in 19271%pd, intensity ratios in'®1%d and  deexciting transitions together with the available mixing ra-

B(E2)’s in %d. As to1%%Pd, it seems difficult to draw any tios. It is particularly striking that the energy difference be-

definite conclusion about the structure of the only known 3 tween the almost degeneratg 42¢ , O triplet and the 2

level. Its energy(very close to that of the 6 staté compares level is very close to that between thg 425, 05 triplet

well with that predicted for the ;Bstate(see Fig. 5 which  and the g level.

has FS character; however, the only observed decay is to the The structure of the wave functions of the two triplets is

2/ state in contradiction with this interpretation. On the othergiven in Fig. 13. All states show a rather pufe= F ,— 1

hand, the experimental limit for the mixing ratio of the tran- character. The states having the same spin share partially

sition (6=15) compares better with the value predictell ( their ny components; the 5 level has a quite purey=3

=8) for the 3y —2; transition than with that predicted5(  structure due to the fact that no additiondl State is pre-

=—0.9) for the 3 —2; transition. As to the other isotopes, dicted at a nearby energy.
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FIG. 12. Experimental intensity ratios for the states'®#d marked by thick lines are compared to the calculated ¢nesquare
bracket$. Thick lines represent states of MS character, thin lines states of FS character. In italics are given the experimental values of the
E2/M1 mixing ratios together with the calculated values in square brackets.

The decay properties of the two triplets are reasonablysee Table Il basically obey the selection rules mentioned
reproduced, including the small values of the mixing ratiosabove(Sec. I) which provide the signatures for the identifi-
of the transitions connecting these states to states of FS charation of MS states. Indeed, the order of magnitude of the
acter. It is interesting to note that the magnitude of the preB(E2) values for the §—23 and 5 —3; transitions is
dicted B(E2) and B(M1) reduced transition probabilities that of anng-allowed transition connecting states having the
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FIG. 13. F-spin componentgleft) and the four majony componentsgright) for the predicted §, 22, 4; levels in 1°Pd which have
been associated to the experimental,®g , 4, levels, respectively, and for the predictefl 245 , 5] levels which have been associated
to the experimental 2, 45 , 5; levels. The triplets 0, 2%, 4" and 2", 4%, 5% are characterized by the maig component being equal
to 2 and 3, respectively.

same F-spin [e.g., B(E2; 2] —07)] and is much larger In particular, in 1%%Pd, in addition to the 5 level dis-
than that of theB(E2) values for the transitions connecting cussed above, two more'5states are known at an energy
the & and 5 levels to states of FS charactge.g., close to that of the 8 level; their excitation energig§ig. 5
B(E2; 0. —2,)]. Moreover, the fact that the strongest as well as their branching ratios, shown in the upper part of
transition deexciting the 4 and 4, levels is the one to the Fig. 14, are well reproduced. For nine of the ten transitions
45 level (which has basically any=2 structur¢ appears to connecting the 5, 5; levels to lower lying states of spin
be due to the largay=2 component present in their wave- J=4, 5, 6 the presence of a1 component has been ex-
functions (Fig. 13. Indeed, the predicteB(M1) value for ~ Perimentally establishe¢see column 6 of Table Il The
the 45 —4;, 47 —4; transitions is comparable to that of calculations also predict a sizabél component though, in
the 20 —2; transition. some cases, the sign of the mixing ratio is not reproduced.
These states, as shown in the lower part of Fig. 14, can be
interpreted basically as a mixture of thg=4, FS state and
of theng=4, MS state of column (h in Fig. 1.

In 19%d the calculations correctly predict tWe- 6 states

In 1%Pd the states associated to the experimenjfal @&
and 4 , 27 levels have a structure similar to that of the
corresponding states if°Pd, shown in Fig. 13, with a
higher degree of purity in terms d¥-spin andny compo-
negnts. Thgreby, thz rer¥1arks made abgvel?a?d gpply glso (6, and 6) at an energy close to that of thg 8evel and
to this isotope. The experimental e.m. data concerning th@"’?‘lzs States (g and &) atan energy close to that of the
branching ratios of these states and the mixing ratios of thd01 level (see Fig. 3. From the analysis of the structure of
transitions from the é‘ 41 states to the Zl state compare thege stateg¢Fig. 15 it seems possible to associate the ex-
reasonably well with the calculated datee Table II). perimental § and 6 levels to theJ=6 states of theny

Also in 198pd and 11%d three 4 levels have been ob- =%, FS multiplet and of they=4, MS multiplet of column
served at an energy rather close to that of tielével. In (b") in Fig. 1',.respectively. Thi's interpretation i; supported
10804 they can be accounted for on the basis of thdevel by the capability of the calculations to reprodu€ég. 7) the

having a predominant FS characté,,, component= 0.90 Ia”rge Bd(EZI')k vaILrJles of trigsmgfs Tft’ In our p|cture',: are
in strength and the 4, 4; levels a predominar,—1 2 owed, like the G§—4;, 6545 transitons QF
character E,,,— 1 component=0.71 in strength A similar =0, Ang=1), as we!l as th”e gmaB(EZ) valu+es of transi-
interpretation is also possible for the corresponding states ifons that are forbidden,” like the §—4; transition
11004 even though the correspondence with thestates of (Andf 2) or hindered 'because of Ehe cor.n'pensatlon effects
theny=3 andny=2 MS triplets is not as straigthforward as Mentioned in Sec. i, like the $-6; transition QF=1).
in the lighter isotopes due to a large mixing in both theAS {0 the structure of the B states, theiF o, andF a1
F-spin andn, components. The comparison of experimentalcOmponents have a comparable amplitude, rtipe S com-
and calculatedB(E2)s of the transitions deexciting these PONent being the largest one in both states. The two states
levels in both isotopes is satisfactory. H%d, where the C€an be interpreted basically as a mixture of the tve8
quadrupole moments of these states are known, calculatiofsates of thez=5, FS multiplet and of they=5, MS mu+l-
are able to reproduce the order of magnitude as well as th@'e}_ in column (er) 0f+ Fig. 1. The values oB(E2; 8,
opposite sign of for the 43+ 47 states. —6,), B(E2; 8;—65), which are comparable to that of
Due to the lack of experimental data, it is not possible, inB(E2; 2, —07), as well as those oB(E2; 8;—6;),
general, to recognize the presence of states which could B¥E2; 8; —83), which are smaller by one and two order
associated to (b) states havingF=F—1 and ny>3. of magnitude, respectively, are well reproduced by the cal-
However, in those few cases where it is, the model prediceulations (Fig. 7). This implies that the model is able to
tions account for an observed numberJet5 states larger evaluate correctly the amount &%, Fmax—1 mixing in
than that expected in a picture limited to FS states. the 6, , 6 and § , 85 states.
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FIG. 14. Upper part: experimental and calculated values for the intensity ratios fromy th&5and 5; levels in 1°Pd. The main
deexciting transitions from the;5level to the 4 state and from the 5 level to the 4 state, at 2.350 Me\which lies outside the model
space, see textare not reported. Lower pafE-spin componentéeft) and four majomny componentsgright) for the 55 , 53 levels in1%%Pd.

Recently, Kimet al. [10], in a study of even palladium VI. CONCLUSIONS
isotopes performed in the framework of the IBA-2 model,
found that in some isotopes thg Ztate has a predominant  In the present work we discuss the results of numerical
MS character as well as thg State in1%1%Pd. The com- calculations performed in the(8) limit of the IBA-2 model
parison of their results with those of the present work iswhich enabled us to identify groups Bt F,,,,— 1 states for
difficult since they use a different type of Hamiltonian and which the eigenvalues of the generalized Majorana operator
keep the Majorana parameters at the valdes 0.2, &, can be expressed in analytic form.

=0.4-0.5 andt;=0 MeV. By using these results as a guideline, we have investigated
. N n=3 E ns=6
F . F .2 B =4 O nz=7
K F -1 B ns=5
(%) 1
0.8
g 0.6
/
’ 0.41
/ 029 _ i -
4 ol B
63+ 62* 63+ 82+ 83+

FIG. 15. F-spin componentgleft) and the four majony componentgright) for the 65 , 65 and the § , 85 levels in 11%d.



PRC 58 INTERACTING BOSON ... . ... 3333

the chain of even palladium isotope®{ *'%d) with the  those predicted for the 0 state of theny=3 multiplet, so

aim of identifying states of MS character. Starting from thethat it has to be considered an “intruder” state.

Hamiltonian already used in the analysis of even ruthenium In most of the isotopes of the chain thg 23] levels
isotopeq 7], we have optimized the values of the parametershave been identified as the lowest states having a large
by taking into account the excitation-energy patterns as welF, . —1 component. In addition, in several isotopes, given
as the available experimental data on e.m. properties. In theéxperimental levels can be reasonably associated with states
analysis, six out of twelve parameters present in the Hamilbelonging to the twony=2, J=4, 2, 0 andnyg=3, J
tonian and in theM1 andE2 operators have been varied =5, 4, 2 triplets in the (b) limit. In particular, for the first
smoothly as a function of the mass number; they all turn outime, 0" states ofF ,,,— 1 character have been identified in

to be quite close to the values we adopted for the correspond?41%p(. |n some cases it has also been possible to recognize
ing isotones in the ruthenium chain. Particular attention hashe presence oF =F 1 states having a predominant
been paid to the choice of the Majorana paramefgendés  n,>3 component, so that the model predictions can account,
which play a decisive role in determining the excitation en-in the proper energy range, for an observed number of J

ergy of MS states. o =5 states larger than that expected in a picture restricted to
Excitation energies, magnetic dipole and electromagneti¢s states.

quadrupole moment&(M1) andB(E2) reduced transition  Finally, from our overall analysis of'%112!¢q [5,6],
probabilities, as well aE2/M1 mixing ratios and intensity  98-1145,[7], 100-116p( (present work, it seems possible to
ratios have been considered and compared to the calculatgdnclude that the interpretation, in the framework of the

ones. A general good agreement has been found. IBA-2 model, of whole groups of states as having a predomi-
In most cases it has been possible to recognize a structupaintF=F ,,,— 1 is well-founded.

of the relevant states close to that of FS or MS states belong-
ing to the U5) limit of the model. This is particularly evi-
dent in the lighter isotopes of the chain.

All along the isotopic chain, predicted states of quite pure Many thanks are due to |. Talmi for his interest in our
FS character and structure close to that of states belonging teork. We are grateful to A. Gelberg and R. Herzberg for
theny=2, 3, 4 multiplets of the () limit, have been suc- providing us with the routine for the decomposition of the
cessfully associated to experimental states. Only in thenodel wave functions in terms &#-spin components. Many
lighter isotopes the decay properties of the€iate do not fit  thanks are also due to G. Maino for helpful discussions.
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