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Observation of the vh,, sequence in the®’Mo nucleus
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High-spin states have been studied in #f&lo nucleus with the reactiof’Se(°F,p3ny) at 68 MeV. The
main experimental result is the observation of i ;,, quasiband structure up to the 31/3tate atE,
=5.5 MeV. The systematic behavior of this structure along the isotopic and isotonic sequences is presented.
The structure of thé@’Mo is discussed in terms of the interacting boson-fermion model 1.
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[. INTRODUCTION charged particles. Details of the measurement geometries are
specified in our recent workL4].
Knowledge of the high-spin states in the- 100 nuclei is v-v, n-y, and charged-particlg-coincidences have been

more fragmentary than in many other nuclear regions. Theecorded on the hard disk of a PC and then analyzed offline.

Mo isotopes withN above 50 are, in particular, poorly stud- Different measurements have been performed. Thus, in a first

ied at higher spins. Detailed knowledge from this point ofrun, y-y and charged-particlg- coincidences were mea-

view is rather worthwhile since these nuclei cover an inter-sured, the two Ge detectors being positioned-425° with

esting region with rather dramatic structural changes. Thuggespect to the beam direction. Thepn,y and neutrony co-

at N=60 they experience one of the most abrupt knownincidences were measured; in one run, the two Ge detectors

changes of deformation in the ground state, passing verwere kept in fixed positions, at 90° and45°, respectively,

suddenly from rather weakly deformed nuclei to nuclei withwhile in another run one Ge detector was keptd#45°, and

a large stable deformatiol]. Also, in the same region, a the other one was moved at the angles 15°, 35°, 45°, 55°,

very interesting coexistence and competition between tw@5°, and 90°, respectively, thus covering an angular distri-

different configurations was proposed almost 20 years agbution measurement both in the singles ang coincidence

[2]. mode. The energy and efficiency calibrations were made
The °’Mo nucleus has not been studied until now with with a *52Eu source.

heavy-ion-induced reactions. Its low-energy, low-spin states

are rather well known fromB-decay work[3], as well as IIl. DATA ANALYSIS AND LEVEL SCHEME OF %Mo
from many studies with light-particle-induced reactions, such . .
as (d,p) [4], (p,d) [5], (n,) [6], and (1,n"y) [7] (for ad- The level scheme of’Mo, as evidenced in the present

ditional information, see the ENSDF adopted level scheméneasurements, is shown in Fig. 1. The lower part of the
[8]). Information on higher-spin states /Mo have been positive-parity levels, as well as the first transiti@®65 keV)
obtained with the &,nv) [9,10] and («,3n7) [10] reactions. ~ above the 11/2 level atE,=1.437 MeV, were known from
As a result, positive-parity levels have been proposed up to Brevious works[8-10] and have been confirmed in the
tentative 23/2 state and those of negative parity up to apresent measurements. Starting from these knoamy
15/2" state[10]. transitions, the level scheme of Fig. 1 was constructed on the
The purpose of the present work has been to study thbasis of y-y coincidence relationships observed in a sym-
structure of the oddk nucleus®’Mo at higher spins, with the metric matrix andy-ray intensities. The assignment of all
aid of a heavy-ion fusion-evaporation reaction. After presentthese transitions td’Mo has been confirmed by observing
ing the experiments and their results, the structure of thigll of them in coincidence with both neutrons and protons,
nucleus is discussed in comparison with calculations basedhile they were absent in the coincidence withparticles.
on the interacting boson-fermion mode{IBFM-1) and with By comparing with transitions of the other observed reaction
level systematics in neighboring nuclei. channels, as well as with calculations with the cadecADE
[15], it results that thep3n channel was populated with an
intensity of about 5% of the total fusion cross sectitime
calculated cross section for this channel is 28) nkable |
The °"Mo nucleus was populated and studied with thegives a summary of the-ray transitions observed ‘Mo
reaction ®2Se(°F,p3ny) at an incident energy of 68 MeV. and their properties and assignments.
The target was Se of thickness around 5 md/aracuum Figure 2 is an example of g-ray spectrum gated by clean
evaporated on a 2 mg/é@u foil, and having an enrichment transitions(i.e., belonging only to’Mo), which shows the
of 92% in 8°Se. ThelF®* beam, of 68 MeV, was delivered bandlike structure evidenced above the I1@vel (cf. Fig.
by the Bucharest FN tandem van de Graaff accelerator. The). Gamma-ray intensities have been determined from the
experimental setup consisted of two intrinsic Ge detectors of-ray spectrum registered at 55° in coincidence with the
20% efficiencya 1 liter NE213 scintillator detector placed in protons, with the exception of the transitions mentioned in
the forward direction for the detection of the neutrons, andhe caption of Table I. This proton-gated spectrum, shown in
one AE-E Si detector telescope for the identification of the Fig. 3, is dominated by transitions belonging to the

Il. EXPERIMENTAL TECHNIQUES
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97 gular distributions and directional correlation from oriented
Mo 5005 1/ states(DCO) ratios, and are given in Table I. Clean angular
. B distributions, which confirm the previously assigned multi-
polarities[9,10], could be obtained for some of the strongest
transitions, such as 320.2, 565.4, and 1116.7 keV. Starting
9859 from these transitions, DCO ratidd6] have been deter-
mined for other transitions, from gates set on an asymmetric
252 a2 isms_ ¥ 27/ matrix, with the detector at 45° on one axis and the detector
_—T at 90° on the other axis. In this geometry the DCO ratio
(Rpco) for a dipole transition should be close to 0.5 when
7247 .38 gating on a quadrupole transition and 1.0 when gating on a
dipole transition, whereas a quadrupole transition is seen
/2y 37478 with a ratio of 1.0 when gating on another quadrupole and
szie ¥ 23/ about 2.0 when gating on a dipole. Table | gives all these
results, as well as the multipolarities assigned to different
1.0 ok, transitions. One can see that the sequence built above the
' 11/2" state is made of quadrupole-type transitions; therefore
19/2* ¥ 28288 we have assumed a sequenceE@f transitions up to spid
17/2_T65 27123 27252 ¥ 19/7 =31/2.
15/gjj?'3_243_4.o
7229
IV. DISCUSSION
v -
10245 19203 /) —/ A. Comparison with IBFM calculations
5654 In this section we compare the existing experimental data
/o __L_H/Z‘ to predictions of the interacting boson-fermion model 1
— (IBFM-1) [17]. In this model the®’Mo nucleus consists of a
%Mo core, described by the interacting boson model 1
75

(IBM-1) [18], to which one couples an odd parti¢fermion)
allowed to occupy the single-particle orbitals from the va-
lence space. In this modélversion 1”) one does not dis-
we7 tinguish between neutrons and protons. In the present case
6581 this image might have, nevertheless, certain limitations. As
noted in the Introduction, in the neutron-rich Mo isotopes the
.20 5/2* experimental data indicate a coexistence between two differ-
; ) ent configurations, whose mixing varies with [2]. This
FIG. 1. Level scheme of’Mo as observed in the present mea- gy ation could be successfully descrii@] with an exten-
surements. For the level characteristics, see the discussion in tXfon of the IBM in which a mixing between two different
and Table I. boson configurations is introducéd9], the physical mean-
ing of it being the interplay between a “normal” configura-
p3n (°"Mo) andp4n (°®*Mo) channels, and some transitions tion and the one resulting by breaking the existisgshell

from the p5n (°*Mo) channel. closure through two-particle—two-hol@p-2h) excitations.
As mentioned, the level scheme of Fig. 1 coincides in theWe note, however, that if®Mo the mixing between the
lower part with the one resulted from the,f) and («,3n) “basis” [ground state(g.s)] configuration and the “in-

experimentd9,10]. In the upper part of the positive-parity truder” one is rather small, the lowest states being largely
sequence we have reversed the order of the 116.5 keV artbminated by the “normal’(almost sphericalconfiguration
278.3 keV transitions, confirmed the 919.0 keV transition[2]. We thus decided to treat th®Mo core, in a first ap-
(tentatively proposed in Refl10] above theny and added proximation, with the simple IBM-1 model. In this way, the
one more transition, of 724.7 keV. low (1.15 Me\) 0, state, which is largely due to the ‘“in-

As concerns the transitions placed above the 1Btate  truder” 2p-2h configuration, will not be described; also,
[10], we confirm the 722.9 keVy-ray transition, but place it some details of the-ray decays of the excited states might
above the known 565.4 keV transition, while the other tran-be affected by neglecting this mixing. Thus, by using such a
sitions from Fig. 1 are new. We have observed a few othecore in the IBFM description of"Mo, it is possible that
weaker transitiongsee spectrum of Fig.)2obviously con-  certain low-lying experimental states cannot be correctly de-
nected with the negative-parity sequence, but they could nacribed. A comparison of such a simple approach to the low-
be placed with certainty in the level scheme. excitation-energy experimental data is, nevertheless, interest-

Information on the multipolarity of they-ray transitions ing, in order to evidence possible “intruder” states in the
in this level scheme has been obtained from bpttay an-  odd-mass nucleus.
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TABLE I. Properties ofy-ray transitions in®’Mo, as observed in thé?Se(°F,p3n) reaction at 68 MeV. Legendre polynomial
coefficients are determined from angular distributions measured in coincidence with neutrons. The DC®Rgatipsate determined from
an asymmetriey- y coincidence matrix with one of the detectors at 90° and the other at 45°, the gated trés)dieamgy of quadrupole type,
except for the cases marked with an asterisk when the gate was set on dipole tri@hstiamma-ray intensities are from the spectrum at
55° measured in coincidence with protons, except for the 778.4, 846.4, and 947.0 keV trafisiitasiinated with transitions iffMo
[24]) which were estimated from gates on the symmetrig¢ matrix.

E, I, a,/ag a,lag Rpco Multipolarity Assignment
(keV) (rel. unit9 E; (keV) E; (keV) Ji’Ti_>J;Tf

116.5 18.815) —0.06)5) —0.126) D 2828.8 2712.3 19/2—17/2*
278.3 33.917) 0.4512) D 2712.3 2434.0 17/2—15/2"
292.7 14.311 1409.5 1116.7 11/2—9/2*
320.2 65.423) —0.4511) 0.0514) 0.576) D 1436.9 1116.7 11/2—9/2*
458.6 5.020) 1116.7 658.1 9/2—7/2*
565.4 74.930) 0.355) —0.106) 1.8024)* Q 2002.3 1436.9 152—11/2
658.1 46.924) 0.5011) D 658.1 0 712 —5/2F
722.9 69.945) 1.0616) Q 2725.2 2002.3 19/2—15/2"
724.7 15.%536) 2.37)* Q 4472.5 3747.8 25/2—21/2"
751.3 22.9198) 2.04)* Q 1409.5 658.1 11/2—7/2*
778.4 15.738) 1436.9 658.1 11/2—7/2*
803.6 25.745) Q? 1921.0 1116.7 (1312 —9/2+
846.4 46.850) 0.8718) Q 3571.6 2725.2 23/2—19/2°
919.0 20.826) 1.2025* D 3747.8 2828.8 (2112 —19/12*
947.0 31.029 0.8817) Q 4518.6 3571.6 27/2—23/2
983.9 23.430) 0.8726) Q 5502.5 4518.6 31/2—27/2

1024.5 27.239) 2.44)* Q 2434.0 1409.5 15/2—11/2"

1116.7 1005) 0.506) —0.068) 1.7027* Q 1116.7 0 9/2 —5/2*

3From Ref.[10].

First, the ®Mo core has been described with the IBM-1 has been obtained for the ground state quasiband up to 6
model as a system of six bosoiithe bosons have been and they quasiband up to the'Sstate. The parameters used
counted with respect to the closed shel).5the calculations  for the nonmultipole form of the Hamiltoniatas described
have been performed with the codeeNT andFBeEM [20]. A in the input for the coderHINT [20]) were HBAR=0.78,
reasonable description of the level apdiecay schemgll] C.(L=0,2,4>=-0.1-0.1,0.0, F=0.05, and G=-0.05,
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respectively(all in MeV). dard on€[17], in which, besides the IBM-1 Hamiltonian of

Then, this core, which is rather close to th¢5Ulimit  the core and the quasiparticle energy term, there is a boson-
(anharmonic vibratgr has been used in the IBFM descrip- fermion interaction with three terms: a monopole-monopole,
tion of ®"Mo (see Fig. 4 The odd fermion was allowed to a quadrupole-quadrupole, and an exchange interaction. We
occupy all the orbitals from the 50 to 82 shedls;,,g7, have given in Ref[23] a detailed account of the particular
S1/2,d30,h142, and f4, from the next major shell. The parametrization used in these calculations both for this
single-particle(s.p) energies have been chosen according tdHamiltonian and for theM 1 andE2 electromagnetic transi-
the prescription of Reehal and Soren§2t|, only that of the  tion operators.

g, Orbital has been lowered by 0.2 MeV in order to improve  The Hamiltonian parametersvhich are, essentially, the
the agreement with the dataee below. The quasiparticle strengths of the three boson-fermion interaction ternave
energies and occupation probabilities have been calculatduken chosen by trying to describe as many spectroscopic
by using a simple BCS approach with a standard pairing gapuantities as possible. These included level positions, their
of 12A~ Y2 MeV. The calculations have been performed with y-decay [branching ratios, and, when existing, absolute
the codesobDA, PBEM, and SPEG which calculate energy B(E2) andB(M1) probabilitie, and one-neutron stripping
levels,B(M1) andB(E2) electromagnetic transition prob- spectroscopic factors. These parameters have been deter-
abilities, and one-nucleon transfer spectroscopic factors, remined first for the positive-parity levels, for which there is
spectively[22]. The IBFM-1 Hamiltonian used is the stan- quite extensive informatiof8]; in addition, in trying to re-
produce the properties of the low-lying positive-parity states,
- o - - . one hopefully finds those parameters which produce the right
204 1/2 372 ' 5/2' 772 9/2 1172 - o . . .
s mixing between the four positive-parity orbitals considered
= in the calculations. The values finally chosen for the
- strengths of the boson-fermion interactions a#y,
=, =-0.15 MeV, I',=0.2 MeV, andA,=0.9 Me\? (corre-
— - sponding to the monopole, quadrupole, and exchange terms,
S T — — respectively. The same parameters were able to provide a
—_ T — good description also for the negative-parity states; in order
to obtain a more correct moment of inertia for the negative-
parity band, only theA, value has been modified to
—0.05 MeV. The influence of this parameter is mainly in the
B FURETETE T E7F ETF EF sense of a renormalization of the core state energies, while
the mixing between the different orbitals remains essentially

FIG. 4. Comparison of the low-spin energy levels of positive the same. . -
parity in ®’Mo with IBFM-1 predictions. Experimental and theoret- ~ Figure 4 shows a comparison of the calculated positive-

ical levels are marked by “E” and “T,” respectively. Experimental parity states of spin up to 11/2 with the known experimental
levels with tentative spin assignmef8] are drawn with dashed levels. When the identification could be made unambigu-
lines. The dotted lines connect experimental levels with the asously, the experimental level and its theoretical counterpart
signed theoretical leveldor details see text and Table).ll have been connected by a dotted line. This identification has
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FIG. 5. Experimental and theoretigdBFM-1) quasiband structures ifiMo. The calculated sequence 5/8/2",13/2" is dominated by
the ds, orbital, whereas the 7/211/2",15/2" is dominated byg,, (see text The configuration of the negative-parity band is maimnjy;,
coupled to yrast core states. The predicted unfavored states (13/2°, ...) arealso shown. The Hamiltonian used to calculate the
negative-parity states is practically the same with the one used for the positive-parity states, and the excitation energy of $ketel1/2
relatively to the ground state 5/2is also well predicted. This figure shows only the main decays towards states of the same parity, with
weaker branches represented by dashed lines.

been made on the basis of the level propefieergy, decay 5/2],9/2/ ,13/2 sequence has as main configuration the
mode, spectroscopic factor in thd,p) reactior]. One can ds, shell coupled to core states, whereas the
see that up to about 1.2 MeV, an almost one-to-one correz/2;",11/2/ ,15/2 is based mainly on thegy, shell. This
spondence could be established for all spin values. The pigituation is similar to that observed in the isotonic nucleus
ture of Flg 4is completed by Table Il, in which the electro- 101Pd, and exp|ained on the basis of a partic|e_p|us_rotor
magnetic properties of these levels are shown, both thghodel with a rather small deformation of the coré (
experimental and the calculated ones; branching ratios and, 0.12) [24]. Above the 15/2 state at 2.43 MeV, there is a
in most cases, also absolute transition probabilities are reghange of structure which is no longer described by the

sonably well reproduced. _ IBFM, possibly an intersection with three-quasiparticle con-
The calculated configurations of these low-lying statesiguyrations.
are, in general, dominated by thg,, andgy, orbitals. Most As remarked above, for the description of the negative-

of the lowest states have as main configuratiods@ one,  parity states we have used the same boson-fermion interac-
with the exception of the 7/211/27, and 15/2 states tion parametergwith the exception of a renormalization of
which are mainly due to thg,,, orbital. For the experimental the monopole terjn The variation of the monopole-
7/2; state we had in competition two low-lying calculated monopole interaction strength did not practically affect the
states, one dominated by tlig,, and the other one domi- relative position of the negative and positive states. From
nated by theg,, orbital. The choice of the appropriate con- Fig. 5 one can see that the excitation energy of the 11/2
figuration as ‘g,” for this state was made on the basis of state is reproduced rather correctly. TB2 band structure

its large spectroscopic factor in the,p) reaction[4] and  built on the 11/2 state is also reasonably well described.
the rather lowB(E2) value of its transition towards the The calculated states of spin 13/2, 17/2, 21/2 areunfa-
ground state(see Table ). To lower this state below the vored in energy(they are situated above the states of spin
‘“dg;’ one we had to modify the s.p. energy of thgg,,  15/2, 19/2, 23/2. .., respectively, and this explains why
orbital with about 0.2 MeV relatively to the Reehal-Sorensenthese states were not observed in the experiment. All these
prescription, as remarked above. Figure 5 shows the experstates have as dominant configuration g, shell coupled
mental and calculated “band” structures. The to the yrast vibrational core states.

014306-5



D. BUCURESCUet al.

PHYSICAL REVIEW C 63 014306

TABLE Il. Electromagnetic properties of low-spin positive-parity levels®fivio [8], compared to the IBFM predictions. Calculated
branching ratios smaller than (telative to 100, the standard value for the strongest bpaach given only if there is an experimental

counterpart.
E, Jra Jrb NH E, B(M1) (nm?) B(E2) (e?fm?) Br. ratio (%)
(keV) (keV) Calc. Expt. Calc. Expt. Calc.
480.9 312 32  s512f 480.9  0.02m3) 0.0007  30721) 602 100 100
658.1 712 7/2;  5/2f  658.1 0.06836) 0.0002 58723 54 100 100
679.6 1/2° 127 527 679.6 13%11) 331 100 100
719.2 5/2" 5/2;  312] 238.3  0.07839 0.234 <238 142 3%5) 44.7
5/2; 719.2  0.00644) 0.003 4024) 445  1005) 100
720.9 312" 3/2; 5/ 7209 0.025°[3 .027 2745 32 100 100
888.2 12 1/2; 5027 888.2 5324) 48.9 185 8.8
312 407.3 0.320 60.4 1a6) 100
127 208.6 0.141 0. - 5.9
312, 167.3 0.057 256 - 1.2
993  3/2"512" 527  5/2f 993 0.006 6.9 100
3127 512 10°© 511 21.5
512, 274 0.0157 54.4 5.6
3125 272 0.141 45.1 48.3
1024.5 712 7/25  5/2] 10245  0.053 0.004 211106 573  10Q3) 100
372 543.6 7426) 25 0.41) 0.2
7127 366.4 0.061 33.0 3@ 6.0
5125 305.3 0.182 30.7 - 10.4
1092.6 3/2 3/2; 527 10926 0.0503 0.108 53752 4.8 100 100
3/2f 611.7 21076 97.8 112 0.4
312, 3717 0.075 2.8 - 1.6
1116.7 9/2 9/2;  5/2{ 11167 265200 535  10Q1) 100
712 458.6 0.062 24.3 1(8) 9.2
5/2; 397.5 52980) 10.0 1.1%14) 0.001
1268.6 712 7125 512  1268.6 0.0015 20 108 36.1
3/2f 787.7 464 38%) 100
7127 610.5 0.0040 19.1 - 10.4
5/2; 549.4 0.0028 196 35) 11.7
5/2; 275.6 0.282 88.2 - 59.9
1409.6 11/2 11727 712f 751.5 >0.344 578 100 100
1515.7 9/2 9/2;  5/2{ 15157 326) 12.1  1005) 67.6
7121 857.6  0.0068L8) 2x107° 21(11) 308 285) 100
5123 796.5 15979) 264 2111 59.2
7125 491.2 0.0004 163 - 37
9/2; 399.0 0.0456 4.4 - 28.8
7125 247.1 0.132 107 - 19.8
1920.3  (13/27)  13/27 92 803.6 739 100 100
11/2;  510.7 0.0275 11.8 - 21.2
2434.0 15/2 15/2]  11/2] 1024.4 951 100 100

8Adopted values from ENSDFRef. [8]).

PAssigned calculated stateomparison with the IBFM calculations

B. Systematics of theh,y, structures in A~100 nuclei isotopes withN=60 become suddenly deformé¢d]. The

We may try to follow the nuclear structure evolution in ©ddA isotopes witiN=61 and 63 show indeeda,, band
this mass region by examining the properties of theg, with rotationlike characteristics. 1Mo (N=63) the unfa-
structure. Figure 6 shows its systematics both for the Mdrored states are also known, and their position with respect
isotopes withN larger than 50 and for the isotonic nuclei to the favored states, with a rather small signature splitting,
(with N=55). Among the neutron-rich Mo isotope§Mo is  indicates indeed a well-deformed band, with a deformation
the only one where this structure is known at spins largeclose to the axial symmetry. Right befoke=60, in theN
than 19/2. In the even-even Mo nuclei, it is known that the=59 isotope t°’Mo) the h,,,, structure is not known, with
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F —27/2 Mo isotopes F Mo *Ru  '"'Pd
WL 4L — — 51z
| — 232 L FIG. 6. Systematics of thk,;,, sequences in
_ _ the region close t&’Mo. The left panel shows
s L 3| — R the evolution of this structure in the Mo isotopes
I - - with N>50. The known unfavored states are
R et U I drawn with dotted lines. The dashed lines are
UE—J; :\\ . . L _ — 232 spline fits through levels with the same spin; the
A W 15/2" level atN=53 and 11/2 one atN=59
e 172 were not included in these fits. In the right panel,
r a— o — e — o2 the sequence if"Mo is compared to that from
\ = 172 e o the only isotonic N=55) nuclei **Ru and'°'Pd
r N e — | in which it is known. Unfavored states are also
= e . — — — 52 drawn with a dashed line.
—e T 2
0 | 1 1 1 1 1 1 1 1 | " 1 N | N | " 1
50 52 54 56 58 60 62 64 66 40 42 44 46 48
N z

the exception of the “bandhead” 1172 In Mo (N=57) 13/2" and 17/Z states are unfavored in energy, a fact which

one unfavored state is known (17/2 which shows an al- Strongly suggests a similar situation #iMo, as discussed
ready reversed signature splitting, a situation which indicateg/ready above.
a departure from the rotation alignment, and therefore a In *Ru the negative-parity structure could be determined
smaller deformation. IrP’Mo, although the unfavored states up to rather high sping25], and recently configuration ter-
could not be determined, this trend probably contin(ee®  minations have been determined experimentally for both the
also the IBFM prediction aboyeFor theN=53 and 51 iso- negative- and positive-parity statgZb], and the changes oc-
topes, not much is known, but due to the proximity of thecurring along these bands have been interpreted within the
N =50 shell closure, thl,,, structure in®*Mo will probably ~ cranking model. In the lowest part of these structures the
no longer look like a quasiband. nucleus is predicted with small deformation and ratheoft

In the right part of Fig. 6, théy,y, structure of®Mo is  [25,26. In Fig. 7 we present the data from Fig. 6 in the form
compared to that of other nuclei with=55; only for ®®Ru  of experimental Routhians and alignments, which are more
[25] and t°'Pd[24] is this structure known. Th&’Mo struc-  suggestive with respect to structural changes along the g.s.
ture is more similar to that of°®Pd, whereas that if°Ru  quasibands of the core nuclei and thg,, structures in the
looks more rotational. In bot°Ru and °*Pd the known odd-A nuclei. In all six nuclei we have used the same refer-
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ence (Harris parameters J,=6.0:2MeV™! and J;  °Mo. As aresult, the positive-parity yrast structure has been
=15.7* MeV~%) which has been determined from the extended up to a 25/2state, and the negative-parity states,
%Ru nucleus. One should emphasize that for nuclei withconsisting of a bandlike structure of quadrupole transitions
small deformation and larges softness the choice of a built above the known 15/2—11/2" one, have been ob-
“stable” reference is questionable; nevertheless, we shalserved up to the 3172state.

comment on the figures obtained in this way °*fRu there is Theoretical calculations for this nucleus have been per-
a crossing in the g.s. band atw=0.45 MeV which has formed within the multishell IBFM-1 approach. For both
been attributed to the alignment bf,,, neutrons; the cross- parities we have used practically the same Hamiltonian. In
ing seen in thé;;,, band of*°Ru at about:w=0.5 MeV has the positive-parity case, a one-to-one correspondence be-
been attributed to the alignment of a pairgaf, protons[25].  tween the experimental and calculated levels could be made
In the Mo and Pd isotopes from Fig. 7, the situation is lesip to about 1.2 MeV excitation for all spins up to 11/2; the
clear. In both “cores” ®“Mo and 19%d there is a drastic calculations describe also the beginnings of two bandlike
change of structure dw~0.4 MeV or even less, probably structures based on the one-quasiparticle sthjgsndgz,.

an early hy1,)2 neutron alignment. The alignment gain in The excitation energy of the 11/2state is correctly pre-
the hyy), structures in bot’Mo and 1°%Pd is rather smooth dicted, and the observed quasiband structure above it is in-
up to that frequency; then, the existing date’Mo indicate  terpreted as the favoreu,,, structure. A discussion of this
the beginning of an upbending, while #*Pd a similar up- ~ structure is also presented in the context of the systematics of
bending is seen, which are probably due to ¢f3gg proton  theh;y,, states in the Mo isotopes witi>50 and in theN

pair alignment. =55 isotones.
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