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The level structure of Mo has been studied with the Ni( S,2pn) reaction at 110 MeV beam
energy. Mainly two bands of p rays depopulating states of probable spin-parity values ranging up
to (27/2) were determined from the excitation function, neutron and p-p coincidences, and p-ray
angular distributions. The high-spin states of Mo show a scheme very similar to that of the Zr
isotone. The interpretation of these states in terms of the three neutron-hole configuration (vgs~z)
and core-excited states is discussed.

PACS number(s): 27.50.+e

I. INTRODUCTION

The purpose of this investigation is to establish the
decay scheme of Mo. This nucleus, which lies in the
vicinity of the closed N = 50 shell, is expected to present
features of spherical nuclei with three neutron-hole exci-
tations.

Let us now outline the scarce information available
on the decay scheme of the excited states of Mo [1].
This nucleus was investigated for the first time by Pardo
et al. [2] with the Mo( He, He) reaction. They pro-
posed a few low-energy levels, in particular, a low-lying
I = (7/2+) state at an excitation energy of 124 keV and
a (1/2 ) isomeric level at about 400 keV. This isomer as
well as other levels has also been analyzed by de Boer et
al. [3] with the soZr(sHe, 4n) reaction. On the basis of
their findings these authors reported a preliminary level
scheme for Mo. In addition, the decay properties of the
(1/2 ) isomeric level have been studied by Gallagher et
al. [4] in an experiment where a Mo target was irradi-
ated by a 60 MeV proton beam. They established that
the isomer lies at 387.3 keV and decays with a half-life
of 190 + 15 ms.

In summary, due to the light-ion beam used in all pre-
vious investigations it was only possible to determine the
existence of few low-lying levels with small spin. Further-
more, the proposed spin-parity assignment relied mainly
on systematic trends of low-lying states of the adjacent
N = 47 isotones Zr and Sr. Thus, in order to increase
the information about Mo, it has been the purpose of
the present work to measure the high-spin decay scheme
of this nucleus via a reaction induced by a heavier pro-
jectile, as S. The paper is organized as follows. The
experimental setup as well as the procedures employed
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for the measurements are reported in Sec. II. A descrip-
tion of the isotopic identification is presented in Sec. III.
The level scheme is given in Sec. IV. Finally, Sec. V is
devoted to a discussion and conclusions.

II. EXPERIMENTAL PROCEDURE AND
RESULTS

The high-spin states of Mo were populated by the
reaction Ni( S,2pn) produced at the Buenos Aires
TANDAR accelerator. The target consisted of a
1.5 mg/cm2 foil of soNi enriched to 99.9%, which was
backed with an 8 mg/cm2 foil of natural lead in order to
stop the recoiling nuclei. Gamma-ray singles spectra were
measured with a Compton suppressed HPGe detector of
30'Fo efficiency at several beam energies, ranging from 110
up to 140 MeV in 10 MeV steps. The evaporation code
PACE4 predicts at about 110 MeV a strong population of
the 2pn channel, which leads to Mo. Figure 1 shows
a p-ray singles spectrum in which the other important
reaction channels were identified as 3p, o.2p, 4p, and 3pn
leading to Nb, Zr, Zr, and Nb, respectively.

Further identification was accomplished by analyzing
neutron-p coincidence spectra measured at the same
beam energies as those used for the excitation functions.
The neutrons were detected with a 127 mm diameter by
127 mm long cylinder filled with NE213 liquid scintil-
lator. This detector was positioned at 10 cm &om the
target and at 0 relative to the beam direction and to
decrease the number of detected p rays it was covered
with a 4 cm thick lead shield. The standard pulse shape
discrimination technique was used to separate neutrons
from p rays. A HPGe detector of 40'Po efficiency located
at 135 measured the p-ray spectrum in coincidence with
the neutron signal. The data obtained at 110 MeV are
shown in Fig. 2.

The p-ray angular distributions were measured using a
standard procedure with a cylindrical chamber and two
detectors placed at a distance of 12 cm &om the target.
One of them, a Compton suppressed HPGe detector, was
rotated to measure p-ray spectra at seven angles (0', 15
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30, 45', 60', 75, and 90') with respect to the beam di-
rection. The other one (a 30/q eKciency HPGe detector)
was held at 135 and. used to determine p-ray intensities
in order to normalize the diferent spectra. The results
for the singles intensities as well as the corresponding an-
gular distribution coeS.cients 222 and A44 are listed in
Table I.

For the p-p coincidence experiment we used a Colnpton
suppressed HPGe detector of 30% efficiency placed at 0
with respect to the beam direction in coincidence with
a HPGe detector of 40%% efficiency positioned at 135'.
The measurements were performed at 110 MeV beam
energy and from their analysis two groups of p rays were
determined. Some examples of gated spectra are plotted
in Fig. 3.

A preliminary level scheme obtained from the experi-
ments described above has already been published else-
where [5]. The revised and completed final version is
shown in Fig. 4.

1200 1400 1600
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III. ISOTOPIC IDENTIFICATION

FIG. 1. Single Compton suppressed p-ray spectrum from
the Ni( S,X) reaction at 110 MeV beam energy. Several
reaction channels are labeled. The letter C stands for back-
ground unidentified p rays.

As described in the preceding section, two difFerent
sorts of experiments, namely excitation function and
neutron-p coincidence, were performed in order to obtain
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FIG. 2. (a) A p-ray single spectrum from the Ni( S,A) at 110 MeV energy in which several reaction channels are indicated.
The letter t stands for unidentified p rays. (b) The neutron-p coincidence spectrum in which most of intense transitions, labeled

by the energy, are from the decay of Mo. A few transitions from the neutron channel leading to Nb are also indicated.
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TABLE I. Energies, intensities, and angular distribution coefBcients of p rays assigned to Mo.
The error in the last digit is given in parentheses.

E~
118.8(3)
167.7(2)
174.S(2)
i83.3(2)
249.4(3)
262.6(2)
268.8(3)
319.6(2)
362.2(4)
367.5(4)
424. 2(2)
487.4(2)
506.6(3)
543.6(3)
550.4(2)

I~
5(1)

18(4)
21(3)

4a

17(3)
17(3)
4(1)
9(1)
6(1)
3(1)

14(2)
27(4)
23(4)
6(i)

34(5)

0.22(5)
0.37(6)

-0.58(6)
0.13(6)

-o.6o(io)
0.15(6)

-0.54(6)

A44

-0.14(10)
-0.06(6)

0.03(12)
-0.06(6)

0.19(10)
-0.03(3)

0.14(8)

sso.s(3)
S82.7(2)
595.5(2)
696.5(3)
702.4(2)
845.3(4)
879.9(2)
9i7.7(3)
992.0(3)

1016.3(2)
1080.0 (2)
1102.1(3)
1399.6(4)
1526.9(4)
1646.1(4)

I~
7a

is(2)
17(3)

3a

io(2)
3

27(4)
i9(3)
17(3)

100(12)
60(8)

3
i6(2)
weak
weak

444

0.11(6) 0.08(8)

0.28(6)
O.26(6)

-0.08(6)
-0.06(2)

0.25(8) -0.10(7)

-0.53(6) 0.14(10)

Estimated from coincidence results, the corresponding errors are about 30'70.

the isotopic identification of the measured p rays. Several
transitions observed in the excitation measurement were
identified and ascribed to the decay of known nuclei as
shown in Fig. 1. The scarce knowledge about Mo ob-
tained from previous works [2,3] made the identification
difficult of the p rays belonging to this nucleus.

Most of the numerous p rays found in this study can
be collected into two groups with different intensities as a
function of beam energy. One of them, with a maximum
intensity at about 110MeV, corresponds to three-particle
evaporation residues. At this energy there are several,
not previously identified, strong p-rays exhibiting excita-

tion functions similar to those of known three-particle
channels. These transitions, for instance, the 167.7,
174.5, 550.4, 879.9, 1016.3 keV lines, are greatly en-
hanced in the neutron-p spectrum as indicated in Fig. 2.
More information was obtained from a PACE4 evaluation
by looking at results yielded for reactions involving the
evaporation of three particles, one of them being a neu-
tron. According to such a calculation, the cross section
for the 2pn channel at 110 MeV is one order of mag-
nitude larger than that for the competing own channel.
Further evidence was provided by the p-p coincidence
experiment. From all the above-mentioned arguments,
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FIG. 3. The p-p coincidence spectra obtained by gating on the 167.7, 174.5, and 1016.3 keV p rays.
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These levels are deexcited through strong p rays. The
angular distribution coeKcients reported in Table I indi-
cate that the 1016.3, 1080.0, and 1399.6 keV lines are of
quadrupole character. From the analysis of p-intensity
and p-p coincidence results we concluded that the 1016.3
keV line populates the ground state, hence the spin-
parity (13/2+) is assigned to the decaying level. The
data also indicate that this state is directly fed by the
other two transitions. Therefore, the same (17/2+) as-
signment is suggested for both the 2096.3 and 2415.9 keV
levels.

1 400 (1 1/2+)
1080

1 646. 1 C. The 2583.7 and 3134.1 keV levels
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FIG. 4. Level scheme for Mo derived in the present work.

IV. THE LEVEL SCHEME

The level scheme was constructed on the basis of the
experimental data used for the isotopic identification in
conjunction with p-intensity balance, energy combina-
tions, and p-ray angular distribution results. As re-
ported in Ref. [1], from systematic trends of K = 47 and
Z = 47 nuclei and decay studies performed by Gallagher
et al. [6] the spin-parity of the ground and first-excited
states of Mo have been suggested to be, respectively,
I = (9/2+) and (7/2+). By taking into account these
assignments and our results, it was possible to propose
the spin-parity of several levels. In the following sections
we shall give some details about the way in which the
level scheme shown in Fig. 4 was built.

A. The 118.8 and 387.6 keV levels

It is known that the (1/2 ) isomeric level at 387.6 keV
in Mo decays to the ground state through the 268.8 and
118.8 keV transitions. Even though the involved levels
are weakly fed by the reaction used in the present work,
it was possible to measure the coincidence between the
118.8 keV line with the 268.8 keV transition and, in ad-
dition, with the cascade built by the 262.6, 362.2, and
1526.9 keV p rays. This fact gave us an additional im-
portant argument in favor of the proposed decay scheme.

the p rays listed in Table I were assigned to the decay of
excited states in Mo.

The 2583.7 keV level deexcites to the 2415.9 and 2096.3
keV states through the 167.7 and 487.4 keV transitions,
respectively. Both p rays have comparable intensities and
exhibit moderate positive Aq2 and smaller negative A4q
coefficients. Since a dipole stretched transition (I ~ I—
1) requires that a positive Aqq be correlated with an also
positive A44 coefficient [7,8], such a decay mode is ruled
out. Thus we can state that the angular distribution
results favor a quadrupole character of both transitions,
which feed diferent levels of the same angular momentum
(17/2+). Hence a spin-parity (21/2+) is proposed for the
2583.7 keV level.

The 3134.1 keV level is depopulated by the 550.4 keV
transition, which presents a large negative 4~2 and a
moderate positive A44 coefFicients. These values are char-
acteristic of a dipole I -+ I —1 stretched transition with
an admixture of about 20 —40% of a quadrupole contri-
bution. Thus the assignment I = (23/2+) is suggested
for the decaying level.

D. The 3558.3, 3716.8, and 4260.7 keV levels

The 3558.3 and 3716.8 keV levels populate the 3134.1
keV state through the 424.2 and 582.7 keV transitions,
respectively. Their angular distribution supports a mixed
dipole-quadrupole character for these lines, similar to the
550.4 keV p ray. Therefore a spin-parity I = (25/2+) is
suggested for these levels.

The 4260.7 keV level decays through the 543.6 and
702.4 keV p rays feeding the two lower (25/2+) states.
Their weak intensity makes it diKcult to measure the an-
gular distribution coefFicients. Thus the suggested spin-
parity (27/2+) for this level is entirely based on the simi-
larities found with the decay of the (27/2+) level at 4533
keV in Zr [9]. Of course, this assignment is not so con-
clusive as that derived mainly from angular distribution
data.

E. The 1646.1, 2008.3, and 2270.9 keV levels

The 1646.1 keV level deexcites to the (7/2+) at 118.8
keV and the (9/2+) ground states through the weak



LEVEL STRUCTURE OF Mo

1526.9 and 1646.1 keV transitions, respectively. This fact
suggests an (11/2+) assignment for it.

The decay scheme above the 2096.3 keV level is sep-
arated into two independent p-ray cascades. This ob-
servation suggests that these cascades deexcite levels of
different parity. The one of probable positive parity was
just described in the preceding subsections. The other
cascade strongly populates the 2270.9 keV state, which
in turn is deexcited through the 174.5 and 262.6 keV p
rays. The positive values of the 422 coeKcients quoted.
in Table I might suggest a common quadrupole charac-
ter for both transitions, but such a description cannot
account for their similar intensities and one must per-
form a more elaborate analysis. On the basis of experi-
mental data one is practically forced to assign a 4I = 2
character to the 262.6 keV p ray. However, the particu-
larly large positive value of A22 ——0.37(6) for the 174.5
keV p ray makes it possible to interpret it as a LI = 0
transition [7]. The similarity of the observed intensities
can be well understood, since a 174.5 keV dipole tran-
sition involving a change of parity (e.g. , a 10 hindered
El decay) may compete successfully with a quadrupole
transition of 262.6 keV. Therefore, we suggest an isomeric
I = (17/2 ) state at 2270.9 keV and a (13/2 ) state at
2000.8 keV. Further support to our assignment is given
by the fact that the decay of this 2270.9 keV level is sim-
ilar to that of the isomeric 17/2 state of 2.7 ns at 2314
keV in Zr (see Ref. [9]).

Towards higher-energy levels the weak intensity and
the lack of angular distribution results make the assign-
ment procedure very diKcult. Concluding, there were
several p rays, assigned to the decay of Mo, not placed
in the present decay scheme. For instance, the coinci-
dence spectrum gated in the 1016.3 keV p ray (see Fig. 3)
presents a p ray at the same energy, namely 1016.3 keV.
From an intensity measurement in the spectra gated by
the 1016.3, 879.9, and 1080.1 keV lines it was possible
to determine that the intensity of the unplaced p ray
is about 10% of the known one decaying to the ground
state. Furthermore, the coincidence data give evidence
that the missing p ray feeds the cascade which finally
feeds the 2270.9 keV level.

Other transitions seen in coincidence with the strong
1016.3 keV line, which were not placed in the decay
scheme are the 270.4, 285.3, 388.4, 392.0, 1153.1, and
1264.1 keV p rays.

V. DISCUSSION AND CONCLUSIONS

We shall now discuss the level structure of sMo (Z =
42 and N = 47). Since this nucleus has only three neu-
tron holes in the closed N = 50 shell, one could expect
that it would mainly present properties of spherical nu-
clei. In order to provide more arguments in favor of such
an assumption and to get a correct interpretation of our
results for Mo, it is useful to review the available in-
formation in this mass region. For instance, an impor-
tant guide for the understanding of the level scheme re-
ported in Fig. 4 is the analysis of the properties of the
chain of zirconium (Z = 40) isotopes. A very large se-

ries of these isotopes (from W = 40 up to N = 64) has
been carefully investigated and data show an interest-
ing interplay of collective and single-particle degrees of
freedom. Thus, at neutron numbers N = 40 and 64,
zirconium exhibits a strong collectivity with quadrupole
deformations of P2 0.4 [10,11], while around N = 50
the spherical neutron shell closure dominates and no evi-
dence for collectivity was found [9,12—16]. Moreover, the
changes occur rather suddenly at N = 45 and 55; for
46 & N & 54 there are almost no collective band struc-
tures and the quadrupole matrix elements do not show an
important collective enhancement. Very similar features
have also been seen in the chain of strontium (Z = 38)
isotopes, which indicates that properties described above
are not much disturbed by the different number of pro-
tons. This has been the situation until a couple of years
ago and in such a scenario one could infer that the chain
of molybdenum isotopes might present similar character-
istics. We have undertaken the study of Mo in order
to seek whether this analogy indeed holds [5]. Simulta-
neously with our research this conjecture has also been
thoroughly investigated in the cases of Mo by Winter et
al. [17], of Mo by WeiszBog et al. [18], and of Mo by
Kabadiyski et aL [19]. These authors found that Mo
(K = 45) is a transitional nucleus exhibiting both col-
lective and noncollective features, while Mo (N = 46)
and Mo (N = 48) can be described by a shell model
approach. Hence, nowadays it is reasonable to suppose
that Mo should also exhibit a near-spherical behavior.
Since a shell model calculation goes beyond the scope of
this experimental work, we shall interpret the structure
of this nucleus on the basis of a systematic comparison
with known neighbors. Of course, while this procedure
can only provide schematic results, interesting conclu-
sions may nevertheless be drawn.

Let us erst pay attention to positive-parity states.
Looking at Fig. 4 one notices that the Ni( S,2pn)
reaction strongly populates the cascade connecting the
yrast levels 2584 keV (21/2+), 2096 keV (17/2+), and
1016 keV (13/2+) to the 9/2+ ground state. In what
follows of the discussion we shall suppress the parenthe-
sis of the spins. Similar cascades have already been ob-
served in the neighboring JV = 47 isotones Sr [20,21]
and Zr [9]. In the literature [9,14] it is suggested that
the low-lying states of these p-ray cascades can be associ-
ated with the coupling of a neutron hole (vg9y2)

~ to the
I = 0+, 2+, and 4+ core excitations of the (Z, 1V + 1)
adjacent even-even nuclei. Figure 5 shows a comparison
between the energy of low-lying positive-parity yrast lev-
els of the N = 47 isotones and those of the Sr, Zr,
and Mo N = 48 isotones. From this figure it becomes
evident that there are common features in the structure
of low-lying states of all these nuclei. This odd-even par-
allelism has been found in many transitional nuclei. The
doubly even nuclei shown in Fig. 5 exhibit a very similar
structure up to the 8& yrast level, which is an isomer
with half-life Tzyq

——0.46 ps in Sr, T&~2
——1.75 ps in

Zr, and T&g2
——1.05 ps in Mo. One would naively

expect all the I = 0+, 2+, 4+, 6+, and 8& yrast states
to consist primarily of some mixture of the (vgsg2)& and
(vrgs~2)& excitations. However, the location of the very
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FIG. 5. Comparison of low-lying positive-parity levels for the N = 47 odd-even isotones Sr, Zr, and Mo and those for
the N = 48 even-even isotones Sr, Zr, and Mo.

closely placed 6+ and 8z levels, being almost independent
of Z, suggests for these states a wave function dominated
by neutron configurations. In fact, the measured g factor
of the 8i+ state in ssSr [22], i.e., g = —0.243, coincides
with the experimental value [23] obtained for the g factor
of the 9/2+ ground state of the N = 49 Sr, indicating
a pure neutron aligned (vgsy2)1 s configuration for this
isomeric state. In addition, the measurements [24] of the
g factor in the cases of ssZr (g = —0.227) and Mo

(g = —0.174) indicate that the structure of the 8i state
of these heavier nuclei may be interpreted in terms of a
dominating neutron alignment with a small proton ad-
mixture which increases for increasing Z. Furthermore,
according to calculations of de Boer et al. [25] and Oxorn
et al. [26], the lower-spin I+ yrast states also contain a
strong neutron component (vggl2)1 with an admixture
of the proton (vrggg2)1 configuration.

Figure 5 shows that the energies of the 13/2+ and
17/2+ levels agree rather well with those of the I = 2+
and 4+ states of adjacent doubly even nuclei; neverthe-
less, note a slight but systematic compression with in-
creasing mass number A. On the basis of its location,
these low-lying states can be mainly attributed to the
coupling of a hole (vg9~2) to the core excitations de-
scribed above. This scheme gives rise to seniority-three
excitations of the type (vg9~2) and (vgglz) (ng9~2) I.
Taking into account that the energy of the 17/2+ level
varies as a function of Z more pronouncedly than that of
the 13/2+ level, one could suggest that the contribution
of the (vgoy2) (vrggy2)1 configuration should be more
important in the former case.

On the other hand, the comparison of energies of
the 21/2+ levels with those of the 6+ states does not
show the regular behavior of the lower-lying ones. This
fact is an indication that the 21/2+ states have a more
complex structure than the other members of these
I ~ I —2 yrast cascades. Probably, besides the ex-
pected (vggy2) and (vggy2) (vrgqy2) I s contributions,

there is an important admixture of the configuration
(vggl2) (vrggl2)1 s as well as of higher-seniority exci-
tations like (vgsl2)I (vrggl2)I . It should be pointed out
that 21/2+ is the highest spin allowed by the seniority-
three (vggl2) multiplet.

Figure 4 shows that the 21/2+ state is strongly fed
by an Ml transition from the 23/2+ level. This feature
has also been observed in Zr (cf. Fig. 5 in [9]). Both
23/2+ levels have been included in Fig. 5, where one re-
alizes that they lie at almost the same energy as the 82
levels of adjacent (Z, N + 1) nuclei. The 82+ states in
even-even neighbors are dominated by the proton aligned
(vrgsl2) I s configuration (see discussions in Refs. [25,26]).
Therefore it is reasonable to assume that these 23/2+ lev-
els are mainly (vggy2) (mgsy2)1 s states with a weaker
contribution of seniority-five (vg9~2)1 (vrggy2)1 s config-
urations. This kind of wave function favors the high
rate of the 23/2+ —+ 21/2+ Ml transition and, there-
fore, strongly supports the proton admixtures suggested
above for the 21/2+ yrast state. Although a 23/2+ level
has also been determined at a comparable energy in Sr
(see Fig. 5), its structure must be different because it
does not deexcite via the 21/2+ yrast state (cf. Fig. 2 in
[21]). Furthermore, it cannot be associated with a close-
energy proton aligned 82 state in Sr, since no evidence
has yet been found for such a level [27].

The similarities between the level schemes of Zr and
Mo displayed in Fig. 5 can be extended further. Fig-

ure 6 shows our results for the positive-parity states in
Mo compared with those of Zr measured by Arnell

et al. [9]. On top of the 23/2+ levels there are located
three more states with spins 25/2i, 25/22, and 27/2+.
Both 25/2+ states may be interpreted in terms of the
same configurations ascribed to the 23/2+ one, the dif-
ferences being due to changes in the coupling of the
neutron-hole clusters (vgsl2)1 to the aligned protons.
Since the seniority-three (vgg/2) (ags~2)I s multiplet
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FIG. 6. Comparison between the most populated levels in Mo and their counterparts in the N = 47 odd-even isotones Sr
and "Zr.

only reaches up to spin 25/2+, the 27/2+ state should be
described by at least seniority-five configurations of type
(vgg/2) I (vrgg/2) I s. There is no crossover transition
found within these 27/2+ -+ 25/2+ ~ 23/2+ ~ 21/2+
cascades because E2 transitions cannot compete with
the fast M1 transitions. On the other hand, it is re-
markable that a fast 25/2+ ~ 23/2+ ~ 21/2+ Ml
cascade has also been observed at similar energies in

Mo (Z = 42, N = 49), where the nuclear structure is
clearly dominated by the (vgg/2) (7rgg/2) I configuration
[28].

Furthermore, Kemnitz et al. [29] studied the Kr nu-
cleus, isotone of Mo, establishing a AI = 1 p-ray cas-
cade from 21/2+ up to 29/2+, which was interpreted as a
(vgg/g) (m gg/2)

2 configuration. The observation of strong
M1 p rays depopulating these levels in several nuclei of
this mass region supports to such an interpretation, see
Refs. [29,30]. Donau et al. [31],using a semiclassical rela-
tion, explain this M1 enhancement as a result of a partic-
ular three-quasiparticle (3qp) configuration consisting of
a strongly coupled neutron and two almost aligned pro-
tons. The result of a search for similar 3qp configurations
in the 80—90 mass region is shown in Fig. 7, where the
levels are normalized to the energy of the 23/2+ state.
The similarities exhibited by this drawing for the isotonic
chain % = 43, 45, and 47 suggest the assignment of a
common nuclear structure to all these levels.

On the other hand, we determined a second 17/22+
state, which is equivalent to that tentatively suggested
by Arnell et al. [9] for Zr. The low-lying 7/2+ state
present in both nuclei and shown in Fig. 6 is an important
feature of the seniority-three neutron (vgg/2) I configu-
ration (see discussion of Kitching et al. [14]). In addition,
this seniority-three neutron excitation also explains the
location of 11/2+ states displayed in the same figure. It
is worthwhile to note that the 7/2+ and 11/2+ states
have been also found [20,21] at almost the same energies

+29/2

1 27/2+

C

25/2+

23/2'

79 81
Kr43 Sr„ 81 83Kr„Sr„

I' IG. 7. Systematic of states interpreted as a
(vgs/2) (vrg9/2) three-quasiparticle (3qp) configuration for
odd Kr, Sr, Zr, and Mo isotopes. The energies are normalized
to that of the 23/2+ level.

in Sr. Therefore, in order to facilitate a direct compar-
ison we include in Fig. 6 also a basic level scheme of this
nucleus.

Our new information on negative-parity states is rather
poor. Due to the lack of data on p-ray angular distribu-
tions, the identification of the probable negative-parity
high-spin states above the 2279 keV (17/2 ) level was
not possible. Only the 13/2 and 17/2 states could be
identified unambiguously. Both these levels have coun-
terparts in the level schemes of Sr and Zr as shown
in Fig. 6. In the cases of s Zr and Mo the 17/2 level
decays to the 17/2+ yrast and the negative-parity 13/2
state emitting two low-energy p rays, whereas in Sr the
17/2 level lies below the 17/2+ yrast state and therefore
decays to the 13/2 state. In turn, the latter level always
decays primarily to the 11/2+ and 13/2+ yrast states.
These negative-parity states may be interpreted as a cou-
pling of the neutron hole (vgg/2) to the I = 4 and 5
yrast core excitations of the adjacent (Z, K + 1) nuclei.
These core excitations are mainly seniority-two proton
particles or neutron holes in the piy2 and g9/2 configura-
tions. In the case of Zr the calculations of Refs. [25,26]
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both indicate that the 5 yrast state is dominated by
the [(7rg&yq)(vrpiIz)]s configuration, whereas for Mo the
theoretical results difFer. The calculation of de Boer et
al. [25] yielded a mixed wave function with a dominance
of the neutron-hole [(vg&Iz) (vpiIz) ]s configuration,
while Oxorn et al. [26] obtained that the proton configu-
ration is the most important one as in Zr. Therefore on
the basis of these calculations no meaningful guess can be
made about the structure of the 13/2 and 17/2 yrast
states in Mo. In spite of this fact, it is interesting to
point out that Fig. 6 indicates that the location of these
states is almost independent of Z, resembling the behav-
ior of the neutron aligned 6+ and 8z states in adjacent
even-even nuclei.

Finally, the low-lying 1/2 state present in all the K =
47 isotones shown in Fig. 6 is interpreted [9,14] as a single
neutron hole (vpiyz) coupled to the ground state of the
even-even core.

In conclusion, the present determination of the previ-
ously unknown decay scheme of Mo results in a very
similar structure compared to the isotone Zr. Thus
the Zr- Mo pair of nuclei strikingly exhibits an almost
identical energy pattern, although a slight compression

for positive-parity high-spin states in Mo is apparent.
Certainly, more experimental work, in particular lifetime
measurements, is needed to reduce the uncertainty in the
con6.guration assignment.

Tote added. We have learned of results of S. Wen et
al. reported in Proceedings of the 1992 International Nu
clear Physics Conference, Wiesbaden, Germany, edited
by Organizing Committee, Book of Abstracts, contribu-
tion 1.2.10. Their results are in agreement with those pre-
sented here. Furthermore, a work by WeiszGog et at. has
recently been published in Z. Phys. A 344, 395 (1993);
their results agree with ours and add several new levels
at higher angular momenta.
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