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Excited states in thel,=3 nucleus ®®Mo have been observed for the first time with the reaction
58Ni(%%S,any) at 105 MeV.y-ray transitions in this nucleus have been assigned unambiguously by combining
the information from the GASR-ray array, the ISIS silicon ball, and theeRing neutron detector. Two band
structures have been observed in this nucleus; they continue the smooth evolution of the known bands from the
lighter N=43 isotones and have been tentatively assigned spins and parity on this basis. After reaching a
maximum of collectivity at®Zr, the trend with increasing mass is reversed, showing a smaller collectivity at
8Mo. The rotational behavior of the observed bands is discussed on the basis of the projected shell model

calculations.
DOI: 10.1103/PhysRevC.65.034315 PACS nuner21.10.Re, 23.20.Lv, 25.70.Jj, 27.5@&
I. INTRODUCTION may be also enhanced in their closest neighbors, the nuclei

along theN=2Z+1 line, although until now the understand-

The nuclei in the immediate vicinity of tid=2Z line and  ing of the observed characteristics did not seem to require an
with mass above 80 constitute one of the regions of currer@xplicit consideration of this interaction in conventional total
interest, and there have been continuous efforts to study theiputhian surface calculatiorig]. Nevertheless, it is impor-
structure in a systematic manner. Being close to the protofnt to have a more complete image, as systematic as pos-
drip line, this region is hardly accessible with the availableSiPle, of the evolution of the nuclear structure of te-Z
(stable target-projectile combinations. Indeed, on thez ~ +1 nuclei from this mass region, such as to allow more
line, which is the most difficult to study, the progress during9/0bal assessments of the theoretical model analyses.

the past years was extremely slow, the heaviest nucleus in '€ purpose of this article is to present the first experi-

which a few excited states could be recently determined pehental observation of excited states fiMo. These results
ing the even-even nuclet®Ru [1]. The N=Z+1 line (T, are then compared with calculations performed with the pro-

=1/2 nuclej has been mapped for all masses up to 83, ané)eCted shell model.

some information(a cascade of twoy-ray transitiony has

been obtained irf"Tc [2], while nothing is known on the Il. EXPERIMENT

gxcited !evels of th§85Mo nuclgus. Th'e only experimental The ®Mo nucleus was populated in the reactiGPNi

information about this nucleus is obtained fronSalelayed | 325 5t an incident energy of 105 MeV. THES®* beam,

proton decay study, and concerns the ground state which {§jth an intensity of about 6 particle nA was delivered by the

assigned ag"=1/2" [3]. Legnaro XTU Tandem accelerator. The target consisted of a
One of the points of interest in the study of the=80 1.1 mg/cn? °®Ni layer evaporated on a 10 mg/énmAu foil.

nuclei on and near thd=Z line is the fact that they cover a The incident beam energy was chosen such as to favor the

transitional region with a fast evolutiofi,4] from nuclei  two particle evaporation channels.

with the largest known ground state deformati@entered The y rays were detected with the GASP ari@y in its

on "®sr [5] and 8Zr [6]), towards the(probably spherical ~ standard configuration with 40 Compton-suppressed HPGe

doubly magic®’sn. The study of the odd-mass nuclei in this detectors and a BGO inner ball. Six elements, out of the 80

region may provide experimental probes of the neighboringf the inner ball, placed on the most forward ring were re-

even-even transitional nuclei. Another reason for studyinglaced with then-Ring detectof9]. The n-Ring consists of

this remote nuclear region is the hope to observe effects afix BC501A liquid scintillator filled detectors for neutrgn-

the collective neutron-protonn) pairing interaction. Ef- discrimination. The ISIS silicon ba[l10], consisting of 40

fects of this interaction are expected to be strongest in thAE-E telescopes with a geometry similar to that of GASP,

N=Z nuclei (which have the largest relative numberrgd  was also used. The trigger condition required at least 2 Ge

pairg and it is a topical subject how to recognize them. Theyand 3 BGO detectors firing in coincidence. A total number of
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150 TABLE |. Relative intensities of they-ray transitions assigned
100 8 . @ to Mo (see Fig. 2 for their placement into the level schgme
E, (keV) I, E, (keV) I,
306.7 667) 865.0 125)
360.5 114) 879.1 3714)
362.9 113) 895.5 515)
384.8 184) 952.3 85%8)
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723.4 698) 1021.9 35%6)
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1 ! " g ¥ : , . . . " 790.6 226) 1079.4 194)
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FIG. 1. (a) Projection of ay-y coincidence matrix obtained in
coincidence with onex particle, “zero” protons(i.e., anticoinci-
dence with protons detected in 1I3J&nd neutrons; the-ray peaks The middle part of Fig. 1 shows the projection of the
are transitions ir"Nb and®Mo. (b) Same as above, butforay  141pn y-y coincidence matrix(obtained in coincidence
matrix coincident with onex particle, one proton, and neutrons; the \yith one « particle, one proton, and neutrondhis matrix

spectrum contains only transitions frofiNb (Ref. [11]). (c) Dif- contains practically only thed1pln channel §4Nb) [11].
ference between the upper two spectra, normalized according to the A comparison of the two spectra discussed above readily

measured proton detection efficiency. Théines left belong to the shows they rays which are in coincidence with one

an channel(the “Mo nucleus, see text a-particle and with neutrons, butnot in coincidence with
protons, and therefore must be assigned to a Mo isotope.
nlhese are shown in the lowest pannel of Fig. 1, which shows
the spectrum resulted from the difference of the upper two
spectra, normalized according to the measured proton detec-

10° events have been recordedad 6 day experiment.

In the off-line processing of the data, a clean neutro
identification was achieved by setting two selection condi
tions, one on the time of flight-zero crossou&CO) time > o - 84
distribution, and the other on the energy-ZCO distribution. Intion €fficiency. Since the two known yragtrays of “Mo
this way, they rays coming from nuclei formed without (Channel kr2n), of 444 and 674 ke\4], are not seen, it is
evaporation of neutrons were reduced by a factor of mor&'€ar that all they rays observed in this way can be unam-
than 1¢ when the coincidence with neutrons was requested?!9uously assigned to thealln channel, i.e.,””Mo.

The experimental values of the particle detection efficiencies First coincidence relationships between fflo y rays
were ~56% for detecting one proton, 36% for oaepar- have been obtained from thex@pn matrix, but, once the
ticle. and 3.1% for one neutron. main y rays of ®Mo have been recognized, the level scheme

The information on the charged particles, deduced fronfould be constructed by working on thex@p matrix, in
the ISIS data, consists of the type and multiplicity of theWhich the an chanel had much better statistic. The level
detected particlesy-y coincidence matrices have been scheme built on the basis of coincidence relationships and
sorted with different conditions concerning the detected®lative intensitieggiven in Table ) is shown in Fig. 2. Two
charged particles and neutrons and used to assigy thags sets of levelgband structureswhich could not be intercon-

due to the prompt decay of excited states®#lo as de- nected by any transition, have been observed. Their assign-
scribed below. ment will be discussed below. The two band structures are

illustrated by gatedy-ray spectra in Fig. 3.
Il RESULTS The intensities of all reaction channels sizably populated
' in our reaction have been deduced from the coincidence
Figure 1 illustrates the procedure of assignipgays to  spectra of the two lowest transitions of the structures popu-
the prompt decay of*Mo levels. The upper part shows the lated in each nucleus and corrected for efficiefiegually,
projection of ay-y coincidence matrix which we shall call for the oddA and odd-odd nuclei there are more such struc-
“1 a0pn;” this matrix has been obtained by requiring coin- tures, so finally one sums their intensifiethe sum of all
cidence with onex-particle, “zero” protons(that is, by ac- channels was then normalized to the fusion cross section
cepting the sorted event only if ISIS did not detect any pro-calculated with the codeAscADE for an incident energy of
ton), and neutrons(in any number. The zero proton 100 MeV (the beam energy at the middle of the tajgét
condition has been set in order to reduce as much as possilileis way, we estimate that then channel was populated
the background due to the proton-evaporation channels. Notgith a cross section of about 0.13 mb.
that, however, due to the proton detection efficiency less than A tentative assignment of spins and parities of the ob-
100% the channel d1p1n (8Nb [11]) still appears in this served levels could be made on the basis of the examination

matrix. On the other hand, the excellent neutnodiscrimi-  of the systematic behavior of the band structures known in
nation completely suppressed the very strong channelpl the N=43 isotones. Figure 4 shows that the two band struc-
(®*Nb) and 1a2p (32r). tures assigned t8°Mo (the heaviest studieN =43 nucleu
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. 772§ 305 experimental information is as folows$’Se:[14]; "*Kr: [14]; ®!Sr:
! 667.2 [16,17; %2zr: [18,19; ®Mo: present data.

go, Orbital and based on a 9/2state[12—18. We were not

FIG. 2. The level scheme dMo, as observed in the present aple to observe members of the other signature - 1/2)
experiment. The tentative spin and parity assignments are made @if this structure. The other sequence, with two bands inter-
the basis of experimental systematisge discussion in Sec. Il ~gonnected in the lowest part, continues smoothly the evolu-
The excitation energies of the (5/2)and (9/2)" bandheads is un- tion of a strongly coupled band of negative parity built on a
determined, but we place them tentatively at_ 30 and 150 keV, reg/o— state [12—18. Due to this remarkable similarity we
spectively, according to thil =43 systematiaFig. 5 and text have tentatively assigned spins and parities to the two band
structures as shown in Fig. 2. Another band observed in the
lighter isotones’’Se[12] and "Kr [14] is the one built on
She 1/2° ground state. Since the lowest transitions in this
band have lower energiéthe 5/2°—1/2" transition is 439
and 402 keV, respectively, in the above nugleihich do not
Sit with the values in our bands, it is unlikely that any of the
bands observed in this experiment is built on the 1/2
ground state.

In the region above the (17/2 and (19/2) states we
found some levels connected only to the negative-parity
bands(the levels drawn to the right of the negative parity
band in Fig. 2. Such side structures have also been ob-
served in the otheX =43 isotones:’'Se[12], "*Kr [13], and
837r [18].

Indications about the multipolarities of the transitions,
which support these assignments, could be obtained only for
the two strongest lower transitions, of 754.8 and 306.7 keV,
respectively. For these transitions, we have determined the
angular distribution from oriented stat¢8DO) ratio, de-
fined as the ratio between the average intensity of the tran-
sition in the detector rings at 36° and 144°, and that in the

FIG. 3. Gatedy-ray spectra showing the band structures of Fig. 90° detector ring, in #0p matrices. This ratio should be
2. The y-ray gates were set on “clean” transitiofiise., belonging about 1.2 for a pure stretch&?® transition and about 0.7 for
only to 8Mo), as indicated by an asterisk, in the:Qp y-y (see  a pureM1 stretched transition. The values we have obtained
text) coincidence matrix. are 1.1218) for the 755 keV transition and 1.220) for the

continue rather smoothly the evolution of two band struc-
tures systematically observed in the lighter isotones. The s
guence most strongly populated in our nucléstarting with
the 755 keV transitionis very similar to thea= +1/2 sig-
nature of the rotation-aligned positive-parity band due to th
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Lo Kt S e Mo energy transitiori10 and 24 keV, respectivelyfor Mo, the
systematic of Fig. 5 indicates a possible increéiee40—50

keV) of the separation energy between the two states, too
FIG. 5. Systematic of the lowest energy levels in tHe43  small, however, to have been observed in our experiment, in
isotones(Refs.[14-19). A smooth extrapolation is suggested for which the effective threshold was around 60 keV. The"9/2
#Mo. state in®Mo is expected at an excitation energy around 150
keV, above the 7/2 state. We have not observed, however,
307 keV transition. These values, together with the pattern ofhe expected transition between these states. One should em-
the constructed level schenfEig. 2) and the systematic of phasize once more that the placement of the two band struc-
the band structures in this mass reg(@ng 3)' are compat- tures with respect to the l729r0und state, as shown in Flg
ible with a quadrupole character of the 755 keV line, and &, is only tentative based on the isotonic systematic of Fig. 5.
mixed dipole/quadrupole character of the 307 keV line; in-
deed, in some othéd =43 isotones, the 7/2—-5/2" transi-
tion is found compatible with a dipoleM1) mixed with a
large quadrupoleE2) componen{12,13,15,17. For other The systematic evolution of the two band structures con-
transitions we could not determine these values, since prasidered above, for th&l=43 isotones between Se and Zr,
tically all of them are made impure with much stronger was extensively discussed in previous pagé&13. Also,
rays from other channel@.g., 723 keV, with a line of*Zr  for all these nucle{12—-18, the properties of these band
[20], the «2p channel; 667 keV with a line if°Nb [19], the  structures were interpreted in the framework of the deformed
ap channel, etg. Woods-Saxon cranking modg22]. In the following we shall
Another problem concerns the relative position of the twoconsider an extension of these systematics and discussion to
band structures with respect to the ground state. A hint ma§°Mo. From Fig. 4 one observes that the two rotational band
be obtained by following the evolution of the excitation en-structures reach a maximum of collectivity &Zr and
ergies of the lowest excited states in the lighter isotoneshecome somewhat less collectiffégher transition energigs
which is shown in Fig. 5. The ground state i93=1/2" in  in ®Mo.
all these nuclei up t3Zr, and theB-delayed proton emis- Figure 6 displays the variation of the kinematic moment
sion study of Ref[3] supports a similar assignment for the of inertia of the two bands. The left side shows the positive-
ground state of°Mo. A smooth extrapolation of the excita- parity band, for which we observed only the 9/213/2",
tion energy of the lowest 572 7/2" (bandheadsand 9/2  17/2", ... sequencéwith signaturea= + 1/2). In the other
states leads to the following suggestions fevlo. The 5/2° nuclei thea= — 1/2 signature partner is also knoWw2—-18,
state, which is rather lowbelow 100 keV in both 8Sr and  but it was observed with much lower intensity, which would
837r shows a steadily decreasing energy, and consequentxplain why it was difficult to see it in the present case. The
one may expect that it is still lower if®Mo, around 30-40 «=+1/2 band presents systematic changes, from an up-
keV. It is likely that we were not able to observe the transi-bending in "’Se and"*Kr, to a sharp backbending if*zr
tion from this state to the 172ground state due to its low (see, e.g., Ref.12]). Mo continues this trend, showing an
energy. According to the trend shown in the same figure, oneven sharper backbending. Since thg,, orbital is blocked,
might expect the 7/2 state to be around 70 keV, about the this irregularity has been interpreted as the alignment of a
same as irf3Zr [17]. In both 81Sr[15,16 and 82zr [17,18  gg, proton pair. The crossing between the 1qmd,) and
this state is known to decay to the 5/8tate by a very small 3qp (vge,® mg2,) configurations takes place at a rotational

IV. GENERAL DISCUSSION
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frequencyh w=0.50 MeV in &Mo, very similar with thatin  shell model due to dimensionality and the related problems,
837r. This rotational frequency is also comparable to that ofcan be efficiently performed by the PSM.
the first backbending in the g.s.b. of the even-even core The ansatz for the angular momentum projected wave
nucleus®Mo, which occurs at w=0.48 MeV and has also function is given by
been interpreted as due to thg, proton alignmenf21].

Figure 6 shows also the behavior of both signatures of the lo,IMY=2, 7Py @), (1)
negative-parity band®Mo continues smoothly the evolution K x
observed in its isotones with increasidd12], showing the
beginning of an upbendin@n the = —1/2 signature mem- where the indexs labels the states with the same angular

ben at the same frequency, 6f0.50 MeV, which has also  momentum andc the basis state$?}, is the angular mo-

been interpreted as the alignment of g proton pair. mentum projectof25] which projects good angular momen-
The positive-parity sequence was interpreted in all theym from an intrinsic statée,). In this way, angular mo-

otherN=43 isotones as a rotation-aligned band based on thgyentum conservation, which is violated in the deformed

[422]5/2 Nilsson orbital. In the lighteN =43 isotones, total mean-field calculation, is restored.

Routhian surfacd TRS) calculations based on a deformed  The basis statefp,) have a goodK quantum number,

Woods-Saxon cranking modg22] predict that at low ener-  since we start from an axially symmetric potential. In the

gies, before the backbending, this is a moderately deformegresent calculation the statks,> are spanned by the fol-
band, triaxial or oblate buy soft, with (8,,7) values such |owing set;

as (0.30-30°) in %zr [17], (0.23-50°) in ®Sr [15],
(0.23-55°) in ™Kr [14], and (0.22-50° in "'Se) [12]. (al]e), alalal|d) 2
After the alignment, the band becomes less deformed and M MR P
nearly prolate or triaxial3,~0.23. The value at which the . ) .
kinematic moment of inertia almost saturates after the alignWith [#) the quasiparticléqp) vacuum determined by the
ment is about 24, 26, 28, and 28 MeV ! in "Kr, 8lsr, Nilsson + BCS calculations.«,, (a;rn) are the annihilator
837r, and %Mo, respectively; these values are roughly pro-(Creatoy gp operators on this vacuum. The indgx(p;) runs
portional to A%, suggesting that after the alignmeffivlo ~ over selected neutrogproton states. The index in Eq. (1)
has a deformation similar to that of the other isotones. ~ runs over the states of E(). Hereby the standard Nilsson
The negative-parity band is based on [883]5/2 Nilsson ~ Scheme26] is used for the deformed single-particle calcula-
state. In83Zr it is suggested that it may be admixed with the tion. The configuration space includes three major shhllls,
K =1/2 and 3/2 Nilsson band47]. Before the backbending, =2, 3, and 4, for both neutrons and protons.
in all the isotones it is generally calculated asysoft or The weightsfy in Eq. (1) are determined by diagonaliza-
prolate band, with3,~0.26, while after the backbending it tion of the HamiltoniarH in the space spanned by the states
slightly decreases in deformatiofB{~0.22) and becomes of Eq.(2). This leads to the eigenvalue equatiéor a given
triaxial [12,14-11. spinl)
More detailed considerations concerning the structure of

the observed bands are given below.
2 (Hew —ENo)f7, = 0, @3)

V. CALCULATIONS FOR %Mo o _
WITH THE PROJECTED SHELL MODEL and the Hamiltonian and norm overlaps are given by

A. Theory ~ g
. . . . . HKK’:<()DK|HPK K’ ,|(PK’>1
In this section the projected shell mod€ISM) is briefly K

introduced. A more detailed description of the model can be )
found in the review article of Hara and S{i23]. The PSM NKK,:(qu|P'K ko l@er). (4)
computer code that is used for the present calculation is also oo

accessiblg24]. The explicit form of the Hamiltonian is given below.

The PSM follows closely the shell model philosophy, and For a given intrinsic state of Eq2), angular momentum

is a spherical shell model truncated in a deforniddsson- A : ; .
. ) . . projection to different’s generates the rotational band asso-
type) BCS single-particle basis. More precisely, the trunca- Ly

tion is first achieved within the quasiparticle basis with re-ciated with this statePy,ay, [), for example, represents
spect to the deformed BCS vacuuiw); then rotational one 1-gpK band in an odd-neutron nucleus. 3-gp bands are
symmetry that is violated in the deformed mean-field basis iduilt upon a 1-gp neutron band plus a pair of quasiprotons.
restored by standard projection techniqs] to form a  The energies of the states in the band associated with the
spherical basis in the laboratory frame; finally the shellintrinsic statel¢,) are given by

model Hamiltonian is diagonalized in the projected basis.

The shell model truncation obtained in this way is very effi- (o APk le) H

. . . . K KKI P« KK
cient. In fact, structure calculation for intermediate and E.(l)= ~ N (5)
heavy mass regions, which is unfeasible for the conventional (¢l Pkl @) KK
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A diagram in which the rotational energies of various bands Y/
are plotted against the spinis referred to[23] as a band ® lowest state aftor band mixing '..,-' \
diagram 10} |- @40112 4 AN
. .= [431]3/2 1N
The Hamiltonian employed in the PSMi&3] A J N
— AN
5 == v[440]1/2 + K=1 nt-pair 7 1 [ RO A
P 1 A . rn A E - :[431]3/2+K=1 z-pa:r . l,’\\ e ;
A=Ho—5x2 Q)Q,~GuP'P-GoX PIP,. (6 3
Iz 5 % sk NV T _
whereH is the spherical single-particle shell-model Hamil- i BTt ¢
tonian and the other terms are quadrupole-quadrupole [ DI ]
monopole-pairing, and quadrupole-pairing interactions, re- -
spectively. The strength of the quadrupole-quadrupole force | "':_"." 2 |
x is adjusted in such a way that has a self-consistent relatior R T SR S
0 5 10 15 20

with the employed quadrupole deformatios,. The
monopole-pairing force constanG,, used in the calcula-
tions are FIG. 7. Band diagram for the positive-parity state$¥o. The
various bands, as calculated with Ef) are shown by lines, while
the lowest states of each spin, obtained after band mixing(3g.
are represented by the black circles.

Spin [h]

N—Z
Gy=|20.25- 16.20—— AL

GP=20.25A"1, 7) in the calculation are plotted. We have selected only those
that are important for discussion.

These monopole-pairing forces are the same as used in pre- For the positive-parity case, Fig. 7, one can see four bands
vious PSM calculations for the same mass redi@n. Fi- starting at energies between 0 and 1 MeV. These are neutron
nally, the strength paramet&,, for the quadrupole pairing 1-gp bands based on the intrinsic single parti¢k40]1/2,
was simply taken to be proportional @, . For the present [431]3/2, [422]5/2, and [413]7/2, respectively. For this
calculation a value of 0.16 was chosen, which is consistentucleus with the neutron Fermi level close[#22]5/2, one
with the value used in the same and the other mass regiorpects the band based p#22]5/2 to occur as the lowest
[23,27. band at low spins. Therefore, one can roughly say that the
observed positive-parity band is of tHd22]5/2 structure
since it has its main component from this intrinsic state.
However, soon at spih=29/2, the[422]5/2 state is strongly

The positive-parity band built on thet22]5/2 orbital is  mixed by the other two zigzag bands based #40]1/2 and
interpreted in the previous discussions as having a lower d§231)3/2. The mixing is so strong that the mixed band carries
formation with a triaxial or oblate shape, as also seen for thench character of the low- band, not that of thg422]5/2
lighter isotones. Thus, in our calculation, we assume an obstate. The last 1-gp band, the one based on[#1g]7/2
late deformation withe,=—0.24 for the positive-parity configuration, goes up quickly as spin increases, and there-
band, and a prolate deformation with=0.27 for the nega-  fore, does not have much contribution to the mixed states.
tive parity band. There are two interesting observations. First, due to the

The PSM result fo®Mo is compared with data in Fig. 6. strong mixing with th440]1/2 and[431]3/2 configurations

The PSM calculation reproduces nicely the observed 9/2 gt spinl =9/2, the mixed state is pushed down so much that
band. In particular, the sharpness of the backbending is ob-

tained at the correct rotational frequency. This agreement |,

B. Results and discussion

T r T 1 T T T T T .

will allow us to extract physical information as to why and L ey

. . . . @ lowest state after band mixing o+ L

how the backbending occurs, which will be discussed below. 4| | — o s

The result for the two negative-parity bands is not as impres- [ |~ gg;gg A e ]
. oy . - A 7y

sive as for the positive parity band; the calculated moments 4| |--. 3quasiparticte S _

of inertia are undervalued and the backbending is too sharg | L= bads e i

(although there are no sufficient experimental data to dis=

prove this prediction We may get a better fit if we adjust the
interactions(for example, we can decrease the pairing force g
in order to increase the moments of inertiaut we have
chosen not to do so since the basic physics can already b
described.

Band diagrams are given in Figs. 7 and 8. In these plots,
the various bands presented by curves are calculated accor i Sl e L e
ing to Eq.(5). The final results, obtained as the lowest state ~ ° 5 Spil:[h] 15 »
for each spin after band mixing, i.e., after solving the eigen-
value[Eq. (3)], are presented by dots. Not all bands involved  FIG. 8. Same as Fig. 7, but for the negative-parity states.

energy

Exc.
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it becomes lower in energy than the other lower-spin memyrast region. Therefore, it is of little importance for our dis-
bers in this band. This explains why the observed bandheaclssion.

of the positive-parity band has spin 9/2 although the band The observed data stop just around the spin value where
has the[422]5/2 structure and should normally have 5/2  the PSM calculation predicts a band crossing. In Fig. 2, one
as the bandhead. Second, although the positive-parity band$§€s that two 3-qp bands starting around 3 MeV cross the
believed to be of thg422]5/2 configuration, it shows a 1-dp bands at about spir=23/2.

strong decoupling behavior as it is mixed with {#&10]1/2

and[431]3/2 configurations. As a consequence, one branch VI. CONCLUSIONS

of signature is pushed down anq the other up. The states of In conclusion, we have determined for the first time ex-
the unfavored signature are predicted close in energy to tho%‘?ted states in thaN=Z+1 nucleus®Mo. Two rotational

of the favored ones, forming close doublets 7/2-9/2, 11/2y54 structures have been observed, which continue
13/2, etc., as observed in the lighter isotones. smoothly the evolution observed in the lightdr=43 iso-

In Fig. 7, two bands starting between 3 and 4 MeV Crosggnes and consequently have been assigned as a decoupled
based on intrinsic states of a neutron 1-gp band plus a pair ¢fegative-parity band, respectively. The similarity of these
protons. The most favorite proton pair is built by the intrinsic two band structures along tie=43 isotonic chain suggests
single particles[422]5/2 and [413]7/2, coupled toK=1.  that in both these band¥Mo is rather similar to its lighter
Thus, the 3-gp band starting bt 3/2 comes from the neu- isotones. Calculations performed with the projected shell
tron 1-qp[440]1/2 band plus th&K =1 proton pair, and the model describe reasonably well the behavior with spin of
3-gp band starting at=5/2 comes from the neutron 1-qp these bands, and give insight into their structure.

[431]3/2 band plus the sante=1 proton pair. The observed Further experimental information on this nucleus would
sharp backbending shown in Fig. 6 can be interpreted as € valuable. Thus, it would be of very much interest to ob-
direct cause of the band crossing discussed above. serve experimentally the=—1/2 member of the positive-

In Fig. 8, the band diagram for the negative parity case iarity band as well. The signature splitting of this band has a
displayed. For neutron 1-gp bands, we show three band¢'y interesting systematic in the region of the first two band
based on the intrinsic single particlg&01]1/2,[301]3/2, and crossing428] and, once determined also f%‘r?Mq at least up
[303]5/2. Since the neutron Fermi level is close to thel® €nergies after the first alignment, would give quite useful
negative-parity orbital303]5/2, the 1-gp band based on this information concerning the neutron-proton interaction.
configuration appears to be the lowest. The band based on
[301]1/2 lies nearby and shows zigzag behavior. However, in ACKNOWLEDGMENTS
contrast to the positive-parity case, mixing between these This work was partly supported by a research contract
two bands appears to be small. Therefore,[8@8]5/2 band  with the Romanian Ministry of Education and Research,
receives little influence from the mixing, and remains mainlywithin the CERES programme. Th.K. and B.Q. acknowledge
with its smooth behavior. Experimentally, both branches inthe EC support under the TMR Contract ERBFMRX-CT97-
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