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Nuclear structure of 94,95Mo at high spins
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The high-spin level structures of94,95Mo (N552,53) have been investigated via the65Cu(36S, ap2n)94Mo
and 65Cu(36S,apn)95Mo reactions at 142 MeV. The level schemes have been extended up to spinJ'19\ and
excitation energiesEx'12 MeV. Spherical shell-model calculations have been performed and compared with
the experimental energy levels. The level structure of94Mo exhibits a single-particle nature and the higher-
angular-momentum states are dominated by the excitation of ag9/2 neutron across theN550 shell gap. The
level sequences observed in95Mo have been interpreted on the basis of the spherical shell model and weak
coupling of ad5/2 or a g7/2 neutron to the94Mo core.
@S0556-2813~98!02306-1#

PACS number~s!: 27.60.1j, 23.20.Lv, 21.60.Cs
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I. INTRODUCTION

This investigation of the high-spin states of94,95Mo is a
continuation of efforts to understand the level structure
nuclei located just above theN550 shell closure@1,2#. The
low-spin levels of these nuclei have been previously stud
@3–5# and interpreted within the framework of either th
spherical shell model and/or vibrational models@6#. The low-
lying levels of nuclei with N550 are dominated by
p(p1/2,g9/2) proton excitations@7#. Numerous additional ex
citations @for example, neutron excitations within th
(d5/2,s1/2,g7/2,h11/2) orbitals coupled to the proton excita
tions within the (p1/2,g9/2) orbitals# are also possible for the
low-lying levels in nuclei withN.50. With the advent of
heavy-ion accelerators and modern arrays of Comp
suppressed Ge detectors, it is now possible to extend
level schemes of these nuclei into the higher-angu
momentum regimes.

The level structure of nuclei withN<51 exhibits single-
particle behavior, even at high spins@1,2,8,9#. However, not
much experimental information is available on the lev
structures of nuclei with 52<N<54 at comparable angula
momenta. Investigations of the level structures in the hi
angular-momentum domain would contribute to~i! the un-
derstanding of the mechanisms responsible for the genera
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of high-spin states and~ii ! probing of the possible onset o
collectivity in this mass region and the transition fro
single-particle to collective behavior.

A recent study of high-spin states in92Mo (N550) @9#
indicates that the level structure in this nucleus exhib
single-particle character even at spins as high asJ'18\.
Earlier studies of94,95Mo had employeda particles as the
incident projectile@3–5#. The results presented in the prese
paper on the94,95Mo nuclei were obtained as a by-product
the study of 96– 98Ru, reported in@10#. Although, the cross
sections for the production of the94,95Mo isotopes were
rather small~8.0% and 4.3% of the total fusion cross sectio
respectively!, interesting information was extracted on the
nuclei. This was due in part to the use of a36S projectile
capable of imparting large amounts of angular momentum
the nuclei of interest and in part to the detection sensitivity
Gammasphere, a multidetector array of the newest gen
tion.

II. EXPERIMENTAL PROCEDURE

High-spin states in 94,95Mo were populated via the
65Cu(36S, apxn) reactions (x52 and 1, respectively!, at a
bombarding energy of 142 MeV. Even though the incide
beam energy was not optimized~according to statistica
model calculations! for the 94,95Mo reaction channels, it was
still possible to obtain substantial information on the high
angular-momentum states in these nuclei, as can be see
low. The 36S beam was provided by the 88-Inch Cyclotro
facility at the Ernest O. Lawrence Berkeley National Lab
ratory. Two stacked, self-supporting, isotopically enrich
65Cu target foils~;0.5 mg/cm2 thick! were used. Triple- and
higher-fold coincidence events were measured using
early implementation phase of the Gammasphere ar
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FIG. 1. Representative double-gated coincidenceg spectrum for94Mo. All transition energies are marked to within61 keV.
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which at that time comprised 36 Compton-suppressed
detectors. A total of about 4003106 events were accumu
lated and stored onto magnetic tapes for further analysis

The data were sorted into three-dimensional histogra
~Eg-Eg-Eg cubes! using the Radware@11# and Kuehner@12#
formats. The coincidence cube with Radware format w
analyzed with the Radware software package@13# which
uses the generalized background subtraction algorithm
Ref. @14# to extract spectra corresponding to two coinciden
gates~the so-called ‘‘double-gated spectra’’!. Such double-
gated spectra were also obtained from the Kuehner cube
ing the FUL method of background subtraction@15#. More
experimental details, including procedures for construct
level schemes and for multipolarity assignments, are give
Ref. @10#. In particular, multipolarity assignments we
based primarily on intensity ratios extracted from ang
sorted matrices: coincidence gates were placed on transi
detected in the forward-angle~32° and 37°! detectors, and
theg rays measured at 90° and at backward angles~143° and
147°! were sorted along the two axes of the matrices.
though, as pointed out in Ref.@10#, such directional correla
tion ~DCD! ratiosR5I g~backward!/I g~90°) have their limi-
tations, reliable spin assignments can still be made
comparing the ratios of the newg lines to those of previ-
ously knowng rays whose multipolarity is already firml
established@3,4#. In the present configuration,g rays ofE2
character haveR'1.9, whereas dipole transitions haveR
'1.5.

III. RESULTS

Thirty-three newg rays belonging to94Mo were observed
in the present work. Figure 1 illustrates the quality of t
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data with a double-gated coincidence spectrum on transit
in 94Mo. The measured spectroscopic data~g-ray energies,
intensities, DCO ratios, and suggested spin assignments! are
summarized in Table I and the proposed94Mo level scheme
is shown in Fig. 2. The newg rays extending the previousl
known positive-parity cascade beyond the 101 state@3# are
of energies 241, 443, 487, 715, 791, 974, 1060, 1245, 13
1367, 1609, 1612, 1740, 1750, 2096, and 2389 keV, resp
tively. The ordering of these transitions is based on the m
sured intensities and the observed coincidence patterns
these transitions have been assigned anM1 multipolarity,
based on a comparison of the obtained DCO ratio val
with the previously knownM1 g rays, systematics of leve
structures in this region@2,10,16#, and comparisons with
shell-model calculations~see below!. In particular, the DCO
ratios of these transitions, where available, are larger than
values generally associated with pureE1 transitions, and are
similar to those forM1 transitions with strongE2 admix-
tures~for more details, see Ref.@10#!. This cascade is, thus
extended up toJ5(181) andEx'12 MeV. It may be noted
that no transitions deexciting the level fed by the 487-k
transition [Jp5(131), Ex'7 MeV# have been observed
suggesting either that the intensity is fragmented into m
weak transitions or that this level is an isomeric state~the use
of a thin target precluded identification of possible isomer!.

The new transitions belonging to the proposed negat
parity cascade and feeding the 72 level @3# are also mostly of
M1 character~except where indicated! and are of energies
555, 565, 624, 653(E2), 663, 729(E2),984(E2), 1063,
1431, 1600, and 2189 keV, respectively. This structure
been extended up toJ5(172) andEx'10 MeV. In addition,
the 251-, 308-, 367-, 945-, and 1543-keV transitions w
found to connect the positive- and negative-parity casca
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57 2905NUCLEAR STRUCTURE OF94,95Mo AT HIGH SPINS
adding by their presence confidence in the proposed l
scheme.

Two major changes are found in the present work w
respect to Ref.@4#: ~i! the 449- and 84-keV transitions
placed in parallel with the 531-keV transition, have not be
observed in the present work, and~ii ! the 367- and 485-keV

TABLE I. Energies, initial and final spins, relative intensitie
and ratiosR ~as defined in the text! for transitions assigned to94Mo.

Eg ~keV!a Ji→Jf I g
b Rc

241.1 (151)→(141) 14.7 ~3.0! 1.6 ~0.2!
250.6 (112)→ 4.0 ~2.0!
294.4 (121)→101 25.7 2.1~0.2!
307.8 →(121) 4.0 ~3.0!
367.4 →101 6.0 ~2.0!
443.3 (161)→(151) 5.0 ~1.0! 1.5 ~0.3!
485.4 (112)→ 6.0 ~3.0!
487.0 (141)→(131) 8.0 ~2.0! 1.6 ~0.2!
531.4 81→61 35.0 1.9~0.1!
555.3 (162)→(152) 1.0 ~0.3!
565.4 (152)→(142) 1.0 ~0.3!
623.9 (152)→(142) 24.1 1.5~0.2!
653.1 (112)→(92) 20.4 1.9~0.2!
663.1 (142)→(132) 27.6 1.5~0.2!
702.7 41→21 90.1 2.0~0.3!
714.7 (151)→(141) 3.0 ~1.5!
728.7 (92)→(72) 23.7 1.9~0.3!
757.5 (72)→52 13.5 2.2~0.3!
791.2 (171)→(161) 3.0 ~0.6!
850.3 61→41 72.0 1.9~0.2!
871.6 21→01 100.0 2.0~0.2!
942.3 101→81 32.4 1.9~0.3!
944.7 (72)→61 6.7 ~0.4! 1.3 ~0.2!
974.4 (141)→(131) 2.0 ~0.5!
984.3 (132)→(112) 27.5 1.9~0.3!
1037.5 52→41 13.0 1.3~0.2!
1060.0 (151)→(141) 3.0 ~0.7! 1.6 ~0.3!
1062.5 (172)→(162) 11.0 1.5~0.2!
1245.0 (181)→(171) < 1.0
1341.4 (161)→(151) 6.0 ~1.5! 1.5 ~0.3!
1367.1 (161)→(151) 9.2 ~2.0! 1.6 ~0.3!
1431.3 →(152) <1.0
1542.7 (132)→(121) 2.0 ~1.0!
1599.7 d 1.0
1609.1 (181)→(171) 3.0 ~1.0!
1612.3 (131)→(121) 13.5 1.6~0.2!
1740.1 (171)→(161) 3.0 ~1.0!
1750.3 (141)→(131) 8.7 ~2.0! 1.6 ~0.3!
2095.6 (141)→(131) 4.0 ~1.0!
2188.6 (131)→(121) 4.0 ~1.0!
2389.0 (13)1→(12)1 4.0 ~1.0!

aThe transitions of energies<1500 keV are known to;0.4 keV;
for the higher energies the uncertainties are;1 keV.
bExcept where stated, the uncertainties in relative intensities are
than 10%.
cA blank space is kept for all the transitions for which no ratioR
could be obtained.
dThe 1600-keV transition feeds the 1431-keV transition.
el

n

transitions have been placed above the 531-keV transi
(81 level! and in parallel to the 942-keV transition. Th
change in placement is based on the coincidence relat
ships which show that these transitions are feeding the 11

level.
The level structure of95Mo was known up toJ523/21

and an excitation energy of about 3.6 MeV from earlier wo
using the92Zr(a,n) 95Mo and 94Zr(a,3n)95Mo reactions@4#.
In all, 27 newg transitions were observed in this nucleus a
the level scheme, presented in Fig. 3, has been extende

TABLE II. Energies, initial and final spins, relative intensitie
and ratioR ~as defined in the text! for transitions assigned to95Mo.

Eg ~keV!a Ji→Jf I g
b Rc

153.1 19/21→17/21 50.2 1.6~0.2!
347.8 17/21→15/21 50.2 1.5~0.2!
385.2 (11/22)→9/21 5.0 ~1.0! 1.3 ~0.3!
387.3 (27/21)→(25/21) 10.5 ~1.0! 2.2 ~0.3!
421.1 9/21→7/21 2.0 ~0.5!
467.3 7/21→5/21 2.0 ~0.5!
468.9 (29/21)→(25/21) 7.0 2.2~0.3!
535.3 (39/21)→(37/21) 7.1 1.6~0.3!
535.4 (27/21)→(25/21) 21.0 1.5~0.2!
593.2 11/21→9/21 51.1 1.6~0.2!
604.4 (9/21)→9/21 13.5 1.7~0.4!
642.5 (29/21)→(27/21) 33.2 1.5~0.3!
667.4 (13/21)→(9/21) 13.5 2.1~0.3!
676.3 (17/21)→(13/21) 13.5 1.9~0.3!
691.7 15/21→11/21 70.1 2.1~0.3!
742.6 (41/21)→(39/21) 7.1 ~0.7! 1.5 ~0.2!
760.0 (15/22)→(11/22) 5.0 ~1.0! 2.1 ~0.3!
766.1 7/21→5/21 20.0 1.5~0.3!
770.3 (21/21)→(19/21) 13.5 1.6~0.3!
774.4 11/21→7/21 20.0 1.9~0.3!
855.3 (33/21)→(29/21) 25.4 1.8~0.3!
904.8 (23/21)→19/21 40.1 1.8~0.3!
947.3 9/21→5/21 98.0 2.0~0.2!
950.1 (25/21)→(23/21) 43.3 1.6~0.3!
966.1 (31/21)→(29/21) 10.0 1.6~0.3!
1037.2 (19/22)→(15/22) 5.0 ~1.0! 1.9 ~0.3!
1070.4 (25/21)→(21/21) 13.5 2.2~0.3!
1221.3 (31/21)→(31/21) 4.0 ~0.9!
1266.0 (23/22)→(19/22) 4.0 ~1.0! 2.2 ~0.3!
1277.8 (41/21)→(37/21) 14.2 1.9~0.2!
1444.7 (45/21)→(41/21) 18.1 1.9~0.3!
1500.0 (27/22)→(23/22) 4.0 ~1.0! 2.3 ~0.4!
1531.0 (31/22)→(27/22) 3.0 ~1.0!
1670.9 (37/21)→(33/21) 21.2
1861.4 (49/21)→(47/21) 8.3 ~2.0!
1873.0 (35/22)→(31/22) 2.0 ~0.5!
2093.2 (31/21)→(29/21) 3.0 ~0.5! 1.4 ~0.3!
2103.4 (35/21)→(33/21) 3.0 ~0.5! 1.6 ~0.2!

aThe transitions of energies<1500 keV are known to;0.4 keV;
for the higher energies the uncertainties are;1 keV.
bExcept where stated, the uncertainties in relative intensities are
than 10%.
cA blank space is kept for all the transitions for which no ratioR
could be obtained.
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FIG. 2. Level scheme of94Mo as established from the present study. The energies are labeled in keV. The new transitions are in
by asterisks. The widths of the arrows are approximately equal to the relative intensities of the observedg transitions.
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to Jp5[(49/21) and (35/22)#. Above the ground-state
transition ~947 keV!, the positive-parity cascade splits in
two parallel sequences. Most of the intensity feeds thro
the level sequence starting with the 593-keV (M1) transition
~‘‘sequence 1’’; a representative coincidence spectrum
shown in Fig. 4!. The second sequence~‘‘sequence 2’’! is
comprised of three previously known 604-, 387-, and 6
keV lines, to which three new 667-, 770-, and 1070-k
transitions have now been added. Figure 5 shows a repre
tative double-gated coincidence spectrum for this seque
and the relevant spectroscopic data for allg rays assigned to
95Mo can be found in Table II. The most important change
the level scheme with respect to Ref.@4# is that a positive
h

is

-

en-
e,

parity is suggested for sequence 2 while the authors of R
@4# had suggested a negative parity beyond the(9/21! level.
The ambiguity with the parity assignment for this sequen
in Ref. @4# can be attributed to the fact that in that work th
387–385-keV doublet could not be separated and this
cluded a firm multipolarity assignment for the 387-keV tra
sition. The DCO ratio of the 385-keV transition i
R51.3—this is a typical value for anE1 transition—while
all the g rays at higher spin appear to be ofE2 character.
Therefore, a negative parity has been proposed for thisE2
cascade. This cascade is very weakly populated, with
relative intensities of several transitions equal within the
ror limits. The actual ordering of the transitions could, the
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57 2907NUCLEAR STRUCTURE OF94,95Mo AT HIGH SPINS
fore, be somewhat different from that proposed here. Con
quently, although the energies of theseE2 transitions appea
to increase monotonically with spin, it would be prematu
to interpret this sequence as a rotational cascade.

A few other differences with respect to the work of Re
@4# should be pointed out. These are that~i! the 174- and
1111-keV transitions, placed in parallel with the 692- a
593-keV transitions„connecting the[(15/21) and 9/21#
levels… have not been observed in the present work;~ii ! the
786-keV (M1) transition feeding the 7/21 level is also ab-
sent; and~iii ! the intensities of the 766- and 774-keV tran
tions are;20% of that of the 947-keV line, while;50%
and 38%, respectively, were reported for these twog rays in
Ref. @4#. In another study, of the low-lying states of95Mo
populated in the decays of95mTc and 95Tc @17,18#, a 467-
keV transition has been reported as decaying from the11/21

level. This transition has not been observed in this wo
However, the data show two new transitions~467 and 421
keV! parallel to the 948-keV ground-state transition.

Sequences ‘‘1’’ and ‘‘2’’ meet at the(27/21) level. The
energies of the new members of the main positive-parity c
cade are of energies 950, 535~a doublet!, 643, 855, 1671,
1278, 1445, and 1861 keV. These transitions have b

FIG. 3. Level scheme of95Mo as established from the prese
study. The energies are labeled in keV. The new transitions
indicated by asterisks. The widths of the arrows are approxima
equal to the relative intensities of the observedg transitions.
e-

.

s-

en

placed above the 905-keV@(23/21)→(19/21)# transition.
Another fragmentation ofg decay in ‘‘sequence 1’’ occurs a
J5(25/21). The new cascade~called ‘‘sequence 3’’! con-
sists of the 469(E2)-, 966(M1)-, 1221(M1)-, 2093(M1)-,
and 2103(M1)-keV transitions. The;2-MeV transitions ap-
pear in parallel with each other and are likely indicative
the breaking of theN550 core. A similar feature has bee
reported for the96– 98Ru nuclei@10#, and was interpreted a
suggestive of a change in the structure following the bre
ing of theN550 core.

IV. DISCUSSION

Several theoretical investigations have been devoted
the study of nuclei in theN>50 region in order to explain
the observed level structures in terms of different mode
such as the shell model@2,19# or the vibrational-core mode
@6#. The success of the shell model in explaining the lo
spin level structure of95Tc (N552) @19#, 96Ru (N552)
@10# and the low-lying levels (J<10\) in 94Mo @3# makes it
imperative to attempt an understanding of the94Mo (N
552) high-spin level structure within the same framewo
Spherical shell-model calculations using the codeOXBASH

@20# have been carried out for94Mo with 88Sr as the inert
core and the@p(p1/2,g9/2);n(d5/2,s1/2)# valence orbitals.
The effective interaction was taken from the work
Gloeckner@21#. Within this limited configuration space, th
maximum angular momentum possible for94Mo ~with four
valence protons and two valence neutrons! is J516\. Figure
6 shows a comparison of the experimental excitation en
gies with the shell-model predictions denoted asGL. It is
evident from the figure that the experimental results are
very good agreement with the calculations up to 121 and
132. However, a discrepancy is observed for higher leve
suggesting that this restricted model space is no longer
propriate in describing the higher spins. For example,
calculations lead to a much larger gap between the le
121 and 131 than observed. This discrepancy may be attr
uted, at least in part, to contributions from configuratio
which were not incorporated in this restricted model-spac

The decay scheme of94Mo exhibits noticeable changes a
and above the levelJ512\, with the following characteris-
tics: ~i! g rays with energies much higher (Eg>1.5 MeV!
than observed for lower-spin states are present, and~ii ! some
of these high-energy transitions appear in parallel with e
other at spins where the experiment andGL model are in
disagreement. These observations hint at the breaking o
N550 core, suggesting that the states aboveJ512\ could
be dominated by the excitation ofg9/2 neutrons into higher
orbitals, such asn(g7/2,h11/2). Very recently, similar features
have been observed in the96– 98Ru isotopes and were attrib
uted to the breaking of theN550 core@10#.

An adequate description for the higher-angula
momentum states (J>12\) may, then, be sought in shel
model calculations performed with a model space enco
passing all the aforementioned configurations. Su
calculations, with the model space comprised of the orbi
[p( f 5/2,p3/2,p1/2,g9/2,g7/2,d5/2,d3/2,s1/2) and n( f 5/2,p3/2,
p1/2,g9/2,d5/2,d3/2,s1/2,h11/2)] have been carried out: thi
particular model space is code namedSNE in OXBASH @20#.
The two-body matrix elements employed inSNE were gener-

re
ly
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FIG. 4. Representative double-gated coincidenceg spectrum for the main positive-parity sequence of95Mo. All transition energies are
marked to within61 keV.
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ated from a schematic interaction, with experimental val
used wherever available@21#, and the truncation procedur
described in Ref.@22# was used. Initially, no neutron excita
tion across theN550 core was allowed for levels belowJ
516\, and thep( f 5/2,p3/2) orbitals were kept fully occu-
pied ~i.e., no excitations from these orbitals were allow
within the f pg subspace!. As seen from Fig. 6, although th
sgap between levels 121 and 131 has been reduced, there
good agreement between the observed excitation ene
and the shell-model predictions~usingSNE! only for states up
to J<131 and 142 corresponding to an improvement o
only 1 spin unit compared to theGL code. Significant dis-
crepancies still exist for higher levels. For example, theSNE-
calculated 141, 151, and 161 levels lie at much lower ex-
n
FIG. 5. Representative double-gated coincidenceg spectrum for ‘‘sequence 2’’ in95Mo. All transition energies are marked to withi
61 keV.
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57 2909NUCLEAR STRUCTURE OF94,95Mo AT HIGH SPINS
citation energies than the lowest experimental states w
these spins. It could be surmised, then, that these states
a dominant contribution from the excitation of ag9/2 neutron
across theN550 magic core. To test this hypothesis, calc
lations have been performed for the higher-angu
momentum states (J>141, 162) by incorporating the exci-
tation of a singleg9/2 neutron across theN550 core into the
next major oscillator shell@i.e., to then(d5/2,g7/2,s1/2) orbit-
als#. The configuration involving the excitation of ag9/2 neu-
tron into theh11/2 orbital could not be included in the calcu
lations due to the large dimensionality of the matrices. T
results of these calculations are also presented in Fig
~markedNU!. Very large gaps occur in the calculations abo
the 131 and 152 levels and, clearly, discrepancies still r
main between theoretical and experimental excitation e
gies for the high-spin levels. A similar feature has been
served in the 96Ru @10# nucleus. As in that work, the
discrepancies seen here can be attributed to either~i! the
effective interactions used or~ii ! the truncation of the active
model space. The effective interactions are not well kno
for such large model spaces, especially for the configurat
involving the excitation of theg9/2 neutron across theN
550 core, and it is our hope that the present data will lea
the development of effective interactions more suited to
high-spin states in this mass region. The effects of trun
tion, on the other hand, could, perhaps, be minimized
normalizing the excitation energies of the levels predicted
the shell model with the experimental value for one of t

FIG. 6. Comparison of the experimental and calculated exc
tion energies in94Mo with shell-model predictions. See the text fo
the details on the various model spaces used~GL, SNE, andNU!. The
levels marked with an asterisk in the calculations identified by
codeNU include ag9/2 neutron excitation across the shell gap.
th
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high-lying states~say, J5141, 162). Such normalizations
have been adopted in the past by Kabadiyskiet al. @23# to
explain the high-spin states in90Mo.

The shell-model calculations described above, none
less, provide a qualitative understanding of the obser
94Mo level structure: states withJ<131, 152 are dominated
by neutron excitations within then(d5/2,s1/2,g7/2,h11/2) or-
bitals coupled to proton excitations within thep(p1/2,g9/2)
orbitals; the higher-spin levels are dominated by excitatio
involving the breaking of theN550 core and the excitation
of at least oneg9/2 neutron across the gap.

The N553 nucleus95Mo lies in the crucial transitiona
region where one generally expects a transition from
spherical to a deformed shape. In attempting to underst
the underlying structure of the observed levels, shell-mo
calculations have been performed for this nucleus using
model spaceGL described above. The results of these cal
lations are compared with the experimental levels in Fig
In this case too, the agreement between theory and exp
ment is reasonable up to moderate spins (J'23/2\). The
discrepancies for theJ57/21, 11/21, and 19/21 states can
be attributed to the omission of theg7/2 neutron orbital in this
limited configuration space. Also, in analogy with the situ
tion in 94Mo, the higher-angular-momentum stat
(J>23/2\) are most likely dominated by the excitations
neutrons into theg7/2,h11/2 orbits which were not included in
the GL model space. It would clearly be of interest to exte

-

e

FIG. 7. Comparison of the experimental level scheme and
shell-model calculations within theGL model space for95Mo.
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FIG. 8. Comparison of the experimentally observed level sequences of94,95Mo within the weak-coupling framework:~a! 94Mo(J)
^ n(g7/2)595Mo(J8); ~b! 94Mo(J) ^ n(d5/2)595Mo(J8).
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the calculations to a larger model space. Unfortunately, s
large-basis calculations could not be undertaken due to c
putational limitations. In the isotone97Ru, similar conclu-
sions have been drawn from the comparison of the data
the shell-model calculations@10#. However, it was found tha
the weak-coupling scheme could also provide a qualita
description of the level sequences in97Ru @10#. Therefore,
similar calculations have been performed for the level
quences in95Mo. This nucleus is then described as resulti
from the coupling of either ad5/2 or a g7/2 neutron to the
94Mo core. Figure 8 illustrates the results of this stretch
weak-coupling scheme for95Mo. The levels dominated by
the coupling of ang7/2 neutron to the94Mo core lie about
800 keV higher in excitation energy when compared to
corresponding levels in94Mo since theg7/2 orbital has an
excitation energy of about 800 keV with respect to thed5/2
orbital, as deduced from the excitation energy of the 71

level in 95Mo. The low-lying level structure in95Mo ~up to a
h
-

th

e

-

d

e

spin of J<27/2\! is clearly well reproduced by the weak
coupling scheme. Further, the stretched configurat
[ 94Mo(J) ^ n(g7/2)595Mo(J8)] succeeds in reproducing th
excitation energies of theJ57/21 and 11/21 levels, which
are not reproduced well in the shell-model calculations
scribed above. This too supports the view that these st
are dominated by excitations of neutrons into higher orb
like g7/2. However, the weak-coupling approach does n
appear to work very well for negative-parity states withJ
>27/22. A possible explanation for this observation mig
be that the dominant contributions to the higher-lying sta
come from configurations involving other orbitals, lik
n(h11/2,d3/2).

As mentioned earlier, the level scheme of95Mo contains a
sequence of transitions@between the levelsJ5(35/22) and
J5(11/22)# with energies that appear to increase monoto
cally ~and in a very regular manner! with spin. All these
transitions are found to be of quadrupole nature from
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DCO ratio analysis and can be assumed to beE2’s. It is
tempting to think of this sequence, therefore, as a ‘‘ro
tional’’ band based on theh11/2 neutron orbital. However
our results, while intriguing, are far from definitive and poi
to the need for further investigation, including lifetime me
surements, before a fuller understanding of the underly
nuclear structure can be achieved. Such caution is fur
warranted since it transpires that both shell-model and we
coupling calculations can reproduce the lower three level
the E2 sequence in95Mo quite well. Indeed, it has bee
pointed out previously by Skouras and Dedes@19# that the
excitation energies of nuclei in this transitional region can
reproduced more or less equally well by both the spher
shell model and the collective~particle 1 vibrating core!
model, rendering a clear distinction between the two mo
quite difficult in the absence of additional spectroscopic da

V. SUMMARY

The 36S165Cu reaction at an incident beam energy of 1
MeV has been used to populate the high-spin states
94,95Mo (N552,53) andg-ray spectroscopic measuremen
have been performed with the Early Implementation Ga
masphere detector array. In94Mo, the observed level se
quences~up to a tentative spin ofJ518\ and an excitation
S
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energy ofEx'12 MeV! can be interpreted in terms of th
spherical shell model. The low-lying levels~up to J;13\)
can be described quite satisfactorily by single-particle ex
tations involving the@p(p1/2,g9/2); n(d5/2,s1/2,g7/2,h11/2)#
orbitals. The higher-angular-momentum states are, m
likely, dominated by the excitation of a single neutron acro
the N550 closed shell into the next major oscillator she
The level scheme of95Mo has been extended to (J549/21,
35/22, Ex'12 MeV!. The level structure can be describe
rather satisfactorily in the framework of the stretched co
pling scheme, with ad5/2 or g7/2 neutron weakly coupled to
the 94Mo core, as well as by shell-model calculations using
limited configuration space~GL!.
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