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Nuclear structure of %Mo at high spins
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The high-spin level structures 8f*Mo (N=52,53) have been investigated via ff€u(*®s, ap2n)®Mo
and ®5Cu(®®s, apn)®*Mo reactions at 142 MeV. The level schemes have been extended up thsp@ and
excitation energieg,~12 MeV. Spherical shell-model calculations have been performed and compared with
the experimental energy levels. The level structuré®o exhibits a single-particle nature and the higher-
angular-momentum states are dominated by the excitationggf,aeutron across th=50 shell gap. The
level sequences observed 1Mo have been interpreted on the basis of the spherical shell model and weak
coupling of ads, or a g, neutron to the**Mo core.
[S0556-28188)02306-1

PACS numbgs): 27.60+j, 23.20.Lv, 21.60.Cs

[. INTRODUCTION of high-spin states andi) probing of the possible onset of
collectivity in this mass region and the transition from
This investigation of the high-spin states ¥f*Mo is a  single-particle to collective behavior.
continuation of efforts to understand the level structure of A recent study of high-spin states ffMo (N=50) [9]
nuclei located just above tHé="50 shell closurd1,2]. The indicates that the level structure in this nucleus exhibits
low-spin levels of these nuclei have been previously studiegNdle-particle character even at spins as high)aslgh.

. . 4,9 .
[3-5] and interpreted within the framework of either the _Earller studies of***Mo had employedw particles as the

spherical shell model and/or vibrational mockgs The low-  ncident pfoiefg”ef3‘5]- The results presented in the present
lying levels of nuclei with N=50 are dominated by paper on thé’gg_ﬁg\/lo nuclei were obtained as a by-product of
7(P12,0es) Proton excitations7]. Numerous additional ex- the study of Ru, reported n*[lO]Zi gA'thOFigh’ the cross
citations [for example, neutron excitations within the S€ctions for the production of thé**Mo Isotopes were
(dsj,S1/2,G772,h11,2) Orbitals coupled to the proton excita- rather s.maI(8_.0% anq 4.3% of thg total fusion cross section,
tions within the Oy/,,de,) Orbitals are also possible for the respectively, interesting information was extracted on these

low-lying levels in nuclei withN>50. With the advent of nuclei. This_ was _due in part to the use of*$ projectile
heavy-ion accelerators and modern arrays of Compton(—:apable qf imparting Iargc_a amounts of angul_ar momentum to
e nuclei of interest and in part to the detection sensitivity of

suppressed Ge detectors, it is now possible to extend t .
level schemes of these nuclei into the higher-angular ammasphere, a multidetector array of the newest genera-
tion

momentum regimes.

The level structure of nuclei withN<51 exhibits single-
particle behavior, even at high spif52,8,9. However, not
much experimental information is available on the level High-spin states in®*Mo were populated via the
structures of nuclei with 52 N<54 at comparable angular ®Cu(®*®S, apxn) reactions k=2 and 1, respectively at a
momenta. Investigations of the level structures in the highbombarding energy of 142 MeV. Even though the incident
angular-momentum domain would contribute (tp the un-  beam energy was not optimize@ccording to statistical
derstanding of the mechanisms responsible for the generatianodel calculationsfor the 4°Mo reaction channels, it was

still possible to obtain substantial information on the higher-
angular-momentum states in these nuclei, as can be seen be-
*On leave from Physics Department, University Chouaib Douk-low. The 3¢S beam was provided by the 88-Inch Cyclotron

Il. EXPERIMENTAL PROCEDURE

kali, BP 20, El Jadida, Morocco. facility at the Ernest O. Lawrence Berkeley National Labo-
"Present address: IUCDAEF-Calcutta Center, Sector Ill/LB-8,ratory. Two stacked, self-supporting, isotopically enriched
Bidhan Nagar, Calcutta 700 064, India. 85Cu target foils(~0.5 mg/cn? thick) were used. Triple- and

*Present address: Fullerton Community College, Fullerton, CAhigher-fold coincidence events were measured using the
92833. early implementation phase of the Gammasphere array,
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FIG. 1. Representative double-gated coincidepcectrum for®Mo. All transition energies are marked to withinl keV.

which at that time comprised 36 Compton-suppressed Gdata with a double-gated coincidence spectrum on transitions
detectors. A total of about 40010° events were accumu- in ®Mo. The measured spectroscopic déjeray energies,
lated and stored onto magnetic tapes for further analysis. intensities, DCO ratios, and suggested spin assigniargs
The data were sorted into three-dimensional histogramsummarized in Table | and the propos&o level scheme
(E,-E,-E, cubes using the Radwargl1] and Kuehnef12]  is shown in Fig. 2. The new rays extending the previously
formats. The coincidence cube with Radware format waknown positive-parity cascade beyond the*16tate[3] are
analyzed with the Radware software packdd&] which  of energies 241, 443, 487, 715, 791, 974, 1060, 1245, 1341,
uses the generalized background subtraction algorithm of367, 1609, 1612, 1740, 1750, 2096, and 2389 keV, respec-
Ref.[14] to extract spectra corresponding to two coincidencaively. The ordering of these transitions is based on the mea-
gates(the so-called “double-gated spectra’Such double- sured intensities and the observed coincidence patterns. All
gated spectra were also obtained from the Kuehner cube ughese transitions have been assignedvih multipolarity,
ing the FUL method of background subtractiftb]. More  based on a comparison of the obtained DCO ratio values
experimental details, including procedures for constructingwith the previously knowrM1 y rays, systematics of level
level schemes and for multipolarity assignments, are given igtructures in this regiorfi2,10,16, and comparisons with
Ref. [10]. In particular, multipolarity assignments were shell-model calculationésee below: In particular, the DCO
based primarily on intensity ratios extracted from angle-ratios of these transitions, where available, are larger than the
sorted matrices: coincidence gates were placed on transitioR@lues generally associated with pl# transitions, and are
detected in the forward-angkg2° and 37 detectors, and similar to those forM1 transitions with strondE2 admix-
the y rays measured at 90° and at backward anlé8° and  tures(for more details, see ReffL0]). This cascade is, thus,
1479 were sorted along the two axes of the matrices. Al-extended up td=(18") andE,~12 MeV. It may be noted
though, as pointed out in R€fL0], such directional correla- that no transitions deexciting the level fed by the 487-keV
tion (DCD) ratiosR=1,(backward/l ,(90°) have their limi-  transition P7=(13"), E,~7 MeV] have been observed,
tations, reliable spin assignments can still be made byguggesting either that the intensity is fragmented into many
comparing the ratios of the new lines to those of previ- \weak transitions or that this level is an isomeric stéte use
ously knowny rays whose multipolarity is already firmly of a thin target precluded identification of possible isormers

established3,4]. In the present configuration, rays of E2 The new transitions belonging to the proposed negative-
character haveR~1.9, whereas dipole transitions ha®  parity cascade and feeding the Tevel[3] are also mostly of
~1.5. M1 characterlexcept where indicatedand are of energies

555, 565, 624, 65¥2), 663, 729E2),984(E2), 1063,
1431, 1600, and 2189 keV, respectively. This structure has
been extended up tb=(17") andE,~10 MeV. In addition,
Thirty-three newy rays belonging t“Mo were observed the 251-, 308-, 367-, 945-, and 1543-keV transitions were
in the present work. Figure 1 illustrates the quality of thefound to connect the positive- and negative-parity cascades,

Ill. RESULTS
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TABLE I. Energies, initial and final spins, relative intensities, transitions have been placed above the 531-keV transition
and ratiosR (as defined in the texfor transitions assigned t4Mo. (84r level) and in parallel to the 942-keV transition. This
change in placement is based on the coincidence relation-

E, (kev)? Ji—Js L R® ships which show that these transitions are feeding the 10
241.1 (15)—(14") 14730  1.6(0.2 level. s
250.6 (11T)— 4.0(2.0 The Ievgl structure of*Mo was known up to]=2.3/2+
204 4 (12)—10" 257 2.1(0.2 and an excitation energy of about 3.6 MeV from erarher work
92 95 94- 95

307.8 (12 4.0 (3.0 using the*<Zr(a,n) _Mo and *Zr(«a,3n) Mo re-actlons[4].
367 4 10t 6.0(2.0 In all, 27 newy transitions were opserved in this nucleus and
4433 (16)— (159 5.0(L0) 15003 the level scheme, presented in Fig. 3, has been extended up
485.4 11)— 6.0(3.0 TABLE Il. Energies, initial and final spins, relative intensities,
487.0 (14— (13 8.0(2.0 1.6 (0.2 and ratioR (as defined in the texfor transitions assigned t¥Mo.
531.4 g 6" 35.0 1.9(0.1)
555.3 (16')—(157) 1.0(0.3 E, (keV)® Ji—J; 1P R
9654 (15)—(14") 1003 153.1 19/2 —17/24 50.2 1.6(0.2
623.9 (15)—(14) 24.1 15(00.2 347.8 17/2 —15/2° 50.2 1.5(0.2
653.1 (11)—(97) 204 1.9(0.2 385.2 (11/27)—9/2+ 50(1.0  1.3(0.3
663.1 (14)—-(@137) 21.6 15(0.2 3873 (27/21)—(25/2°)  105(1.0  2.2(0.3
702.7 4 2% 90.1 2.0(0.3 4211 0/F > 7/2" 20(0.5
7147 (15)—(147)  30(L9 467.3 712 —5/2+ 2.0(0.5
728.7 (9)=(") 23.7 1.9(0.3 468.9 (29/2%)—(25/2) 7.0 2.2(0.3
757.5 (7)—=5" 135 22003 535.3 (39/2+)—(37/2") 7.1 1.6(0.3
791.2 (17)—(167) 3.0(006 535.4 (27/27)—(25/2") 21.0 1.5(0.2
850.3 6 —4" 72.0 1.9(0.2 593.2 11/2+—9/2" 51.1 1.6(0.2
871.6 20" 100.0 2.000.2 5044 (9/2) 012" 135 1704
942.3 108" 324 1.900.3 642.5 (29/27)—(27/2") 33.2 1.5(0.3
944.7 (7)—6" 6.7(0.4 13(0.2 667.4 (13/2)—(9/2") 135 2.1(0.3
9744 (14)—(137) 20(0.9 676.3 (17/2)—(13/2") 135 1.9(0.3
984.3 (13)—(11) 21.5 19003 691.7 15/2° - 11/2* 70.1 2.1(0.3
1037.5 5—47 13.0 1.3(0.2 7426  (41/2°)—(39/2°) 7107  1.5(0.2
1060.0 (15)—(147) 3.0(0.7) 16(03 760.0 (15/27)—=(11/2)  50(1.0  2.1(0.3
1062.5 (17)—(167) 11.0 1.5(0.2) 266.1 219 /ot 20.0 1503
1245.0 (18)—(177) <10 7703 (21/27)—(19/2") 135 1.6(0.3
1341.4 (16)—(15%) 6.0(1.5 1.5(0.3 2744 11/25 —7/2+ 20.0 1903
1367.1 (16)—(15%) 9.2(2.0 16(0.3 g5t 3 (33127) - (2912°) o5 4 18009
1431.3 —(157) <10 904.8 (23/27)—19/2" 40.1 1.8(0.3
1542.7 (13)?(12+) 2.0(1.0 947.3 9/2 —5/2 98.0 2.0(0.2)
1599.7 1.0 950.1 (25/2%)—(23/2) 43.3 1.6(0.3
1609.1 (18)—(177)  3.0(10 966.1  (31/2)—(29/2") 10.0 1.6(0.3
1612.3 (13)—(127) 135 1.6(0.2 1037.2  (19/2)—(152) 50(1.0  1.9(0.3
1740.1 (17)—(16") 3.0(1.0 10704 (25/2")—(21/2") 135 2.2(0.3)
1750.3 (14)—(13") 8.7(2.0 1.6(0.3 12213 (31/2°)-(312)  4.0(0.9
2095.6 (14)—(13") 4.0(1.0 12660  (23/2)—(19/2)  40(1.0  2.2(0.3
2188.6 (13)—(12%) 4.0(1.0 1277.8 (41/2%)—(37/2") 14.2 1.9(0.2)
2389.0 (13)* —(12)* 4.0(1.0 1444.7 (45/2%) - (41/2") 18.1 1.9(0.3)

3The transitions of energies 1500 keV are known te-0.4 keV; 1500.0 (27/27)—(23/2") 4010  23(0.4

for the higher energies the uncertainties aré keV. 1531.0 (31/27)—(27/Z") 3.0(1.0

bExcept where stated, the uncertainties in relative intensities are less 1670.9 (37/27)—(33/2") 21.2

than 10%. 1861.4  (49/2)—(47/2')  8.3(2.0

A blank space is kept for all the transitions for which no refo 1873.0 (35/27)—(31/2) 2.0(0.5

could be obtained. 2093.2 (31/2Y)—=(29/2") 3.0(0.5 1.4(0.3

9The 1600-keV transition feeds the 1431-keV transition. 2103.4 (35/27)—(33/2") 3.0(0.5 1.6(0.2)

adding by their presence confidence in the proposed levélhe transitions of energies 1500 keV are known te~0.4 keV;
scheme. for the higher energies the uncertainties aré keV.

Two major changes are found in the present work with?Except where stated, the uncertainties in relative intensities are less
respect to Ref[4]: (i) the 449- and 84-keV transitions, than 10%.
placed in parallel with the 531-keV transition, have not beerfA blank space is kept for all the transitions for which no ra®o
observed in the present work, afi the 367- and 485-keV could be obtained.
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FIG. 2. Level scheme ot*Mo as established from the present study. The energies are labeled in keV. The new transitions are indicated
by asterisks. The widths of the arrows are approximately equal to the relative intensities of the ohstareitions.

to J”=[(49/2") and (35/2)]. Above the ground-state parity is suggested for sequence 2 while the authors of Ref.
transition (947 keV), the positive-parity cascade splits into [4] had suggested a negative parity beyond(@&*) level.

two parallel sequences. Most of the intensity feeds througffhe ambiguity with the parity assignment for this sequence
the level sequence starting with the 593-kaéW ) transition  in Ref.[4] can be attributed to the fact that in that work the
(“sequence 1"; a representative coincidence spectrum i887—-385-keV doublet could not be separated and this pre-
shown in Fig. 4. The second sequencesequence 2') is  cluded a firm multipolarity assignment for the 387-keV tran-
comprised of three previously known 604-, 387-, and 676sition. The DCO ratio of the 385-keV transition is
keV lines, to which three new 667-, 770-, and 1070-keVR=1.3—this is a typical value for a&1 transition—while
transitions have now been added. Figure 5 shows a represealt the y rays at higher spin appear to be B2 character.
tative double-gated coincidence spectrum for this sequenc@herefore, a negative parity has been proposed forERis
and the relevant spectroscopic data forjatlays assigned to cascade. This cascade is very weakly populated, with the
%Mo can be found in Table Il. The most important change inrelative intensities of several transitions equal within the er-
the level scheme with respect to Rf4] is that a positive ror limits. The actual ordering of the transitions could, there-
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14 | 1) placed above the 905-ke](23/2")—(19/2")] transition.
s Another fragmentation of decay in “sequence 1” occurs at
95 J=(25/2"). The new cascadéalled “sequence 3) con-
Mo sists of the 46%2)-, 966(M1)-, 1221M1)-, 2093M1)-,
12 | T and 2103M1)-keV transitions. The-2-MeV transitions ap-
pear in parallel with each other and are likely indicative of
o4 — the breaking of theN=50 core. A similar feature has been
reported for the®®~°Ru nuclei[10], and was interpreted as
—_ T suggestive of a change in the structure following the break-
> 101 e (3) ing of theN=50 core.
L oz L (35/2*)
E T o2 IV. DISCUSSION
s * G420 TN 205 %
?5 3 Several theoretical investigations have been devoted to
B wm | | the study of nuclei in thé&d=50 region in order to explain
= SRy the observed level structures in terms of different models,
= by ey o such as the shell modg?,19] or the vibrational-core model
= ) | [6]. The success of the shell model in explaining the low-
S o6 | ent e b A e spin level structure of**Tc (N=52) [19], %Ru (N=52)
= )jf* 5 o * j [10] and the low-lying levelsJ=<10%) in ®*Mo [3] makes it
= il ‘”’ZL‘—;W @ el imperative to attempt an understanding of tA#o (N
éé | PP Ml e sl il =52) high-spin level structure within the same framework.
= B 1, o % Spherical shell-model calculations using the can&AsH
4 | e oy . [20] have been carried out fot'Mo with 8Sr as the inert
.y | i core and Fhe[ﬁ(pl/z,g_g/z);V(ds/z,Sl/z)] valence orbitals.
B . —j The effective interaction was taken from the work of
057 W T ek Gloeckner[21]. Within this limited configuration space, the
I e e maximum angular momentum possible f$Mo (with four
o x e i” T valence protons and two valence neutddes) = 16#4. Figure
R g 6 shows a comparison of the experimental excitation ener-
* gies with the shell-model predictions denotedas It is
. i evident from the figure that the experimental results are in
0 | s/ e very good agreement with the calculations up to"1&nd

. 13". However, a discrepancy is observed for higher levels
FIG. 3. Level scheme of®Mo as established from the present . PR - . ’
study. The energies are labeled in keV. The new transitions arguggestlng that this restricted model space is no longer ap-

indicated by asterisks. The widths of the arrows are approximatelyroprlate in describing the higher spins. For example, the

L . o calculations lead to a much larger gap between the levels
equal to the relative intensities of the observettansitions. L9 .
q o 12* and 13" than observed. This discrepancy may be attrib-

fore, be somewhat different from that proposed here. Consested, at least in part, to contributions from configurations
quently, although the energies of thds2 transitions appear which were not incorporated in this restricted model-space.
to increase monotonically with spin, it would be premature The decay scheme JfMo exhibits noticeable changes at
to interpret this sequence as a rotational cascade. and above the level=127%, with the following characteris-

A few other differences with respect to the work of Ref. tics: (i) y rays with energies much higheE(=1.5 MeV)
[4] should be pointed out. These are tligtthe 174- and than observed for lower-spin states are present(iansome
1111-keV transitions, placed in parallel with the 692- andof these high-energy transitions appear in parallel with each
593-keV transitions(connecting the[(15/2%) and 9/2"]  other at spins where the experiment amd model are in
level9 have not been observed in the present wdiik;the  disagreement. These observations hint at the breaking of the
786-keV (M 1) transition feeding the 7/2level is also ab- N=50 core, suggesting that the states abdwel2%: could
sent; andiii) the intensities of the 766- and 774-keV transi- be dominated by the excitation gk, neutrons into higher
tions are~20% of that of the 947-keV line, while-50%  orbitals, such ag(g»,h11/9). Very recently, similar features
and 38%, respectively, were reported for these wmys in  have been observed in tH&°Ru isotopes and were attrib-
Ref. [4]. In another study, of the low-lying states Mo uted to the breaking of thel=50 core[10].
populated in the decays oP"Tc and ®°Tc [17,18), a 467- An adequate description for the higher-angular-
keV transition has been reported as decaying fronithe* momentum statesJ&124) may, then, be sought in shell-
level. This transition has not been observed in this workmodel calculations performed with a model space encom-
However, the data show two new transitio@67 and 421 passing all the aforementioned configurations. Such
keV) parallel to the 948-keV ground-state transition. calculations, with the model space comprised of the orbitals

Sequences “1” and “2” meet at th€27/2") level. The  [7(f5/2,P32,P1/2,90/2:972,0d5/2,d312,512) and v(fs,Pa.
energies of the new members of the main positive-parity casp1/»,099/2,0s/2,d3/2,51/2,N11/2)] have been carried out: this
cade are of energies 950, 585 double}, 643, 855, 1671, particular model space is code nam@dE in OXBASH [20].
1278, 1445, and 1861 keV. These transitions have beemhhe two-body matrix elements employedsre were gener-
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FIG. 4. Representative double-gated coincidepapectrum for the main positive-parity sequence®flo. All transition energies are
marked to within=1 keV.

ated from a schematic interaction, with experimental valuegiap between levels 12and 13" has been reduced, there is
used wherever availabl@1], and the truncation procedure good agreement between the observed excitation energies
described in Ref[22] was used. Initially, no neutron excita- and the shell-model predictiortigsingsNg) only for states up

tion across theN=50 core was allowed for levels belodv  to J<13" and 14 corresponding to an improvement of
=16k, and thew(fs;,p3,) Orbitals were kept fully occu- only 1 spin unit compared to theL code. Significant dis-
pied (i.e., no excitations from these orbitals were allowedcrepancies still exist for higher levels. For example, $he-
within the fpg subspace As seen from Fig. 6, although the calculated 14, 15", and 16" levels lie at much lower ex-
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FIG. 5. Representative double-gated coincidemcgpectrum for “sequence 2” if®Mo. All transition energies are marked to within
+1 keV.
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the details on the various model spaces ugedsnE, andnu). The
levels marked with an asterisk in the calculations identified by the GL EXP EXP GL

codenu include agg;, neutron excitation across the shell gap. FIG. 7. Comparison of the experimental level scheme and the

shell-model calculations within theL model space foP*Mo.

citation energies than the lowest experimental states with

these spins. It could be surmised, then, that these states hawigh-lying states(say, J=14", 167). Such normalizations

a dominant contribution from the excitation ofyg, neutron  have been adopted in the past by Kabadiyetkal. [23] to
across theN=50 magic core. To test this hypothesis, calcu-explain the high-spin states #Mo.

lations have been performed for the higher-angular- The shell-model calculations described above, nonethe-
momentum statesJ& 14", 167) by incorporating the exci- less, provide a qualitative understanding of the observed
tation of a singlegg, neutron across thid=50 core into the  **Mo level structure: states with< 13", 15~ are dominated
next major oscillator sheli.e., to thev(dsj,,97/2,S152) orbit- by neutron excitations within the(ds,S1/2,97/2,h11/2) Or-

als]. The configuration involving the excitation ofga, neu-  bitals coupled to proton excitations within the(p/,,99/0)

tron into theh 4, orbital could not be included in the calcu- orbitals; the higher-spin levels are dominated by excitations
lations due to the large dimensionality of the matrices. Thanvolving the breaking of th&l=50 core and the excitation
results of these calculations are also presented in Fig. 6f at least onayg, neutron across the gap.

(markednu). Very large gaps occur in the calculations above The N=53 nucleus®Mo lies in the crucial transitional
the 13" and 15 levels and, clearly, discrepancies still re- region where one generally expects a transition from a
main between theoretical and experimental excitation eneispherical to a deformed shape. In attempting to understand
gies for the high-spin levels. A similar feature has been obthe underlying structure of the observed levels, shell-model
served in the%Ru [10] nucleus. As in that work, the calculations have been performed for this nucleus using the
discrepancies seen here can be attributed to eihethe = model spacesL described above. The results of these calcu-
effective interactions used dii) the truncation of the active lations are compared with the experimental levels in Fig. 7.
model space. The effective interactions are not well knowrin this case too, the agreement between theory and experi-
for such large model spaces, especially for the configurationsent is reasonable up to moderate spids-23/24). The
involving the excitation of thegy, neutron across thé&l  discrepancies for thé=7/2", 11/2", and 19/2 states can
=50 core, and it is our hope that the present data will lead tdve attributed to the omission of tige,, neutron orbital in this

the development of effective interactions more suited to thdimited configuration space. Also, in analogy with the situa-
high-spin states in this mass region. The effects of truncation in %Mo, the higher-angular-momentum states
tion, on the other hand, could, perhaps, be minimized by(J=23/24) are most likely dominated by the excitations of
normalizing the excitation energies of the levels predicted byeutrons into theg,,h44/, orbits which were not included in
the shell model with the experimental value for one of thethe GL model space. It would clearly be of interest to extend
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FIG. 8. Comparison of the experimentally observed level sequencéé®@lo within the weak-coupling frameworkia) %Mo(J)
®v(g7;0) =>Mo(J"); (b) **Mo(J)® v(ds) ="Mo(J').

the calculations to a larger model space. Unfortunately, suchpin of J<27/2h) is clearly well reproduced by the weak-
large-basis calculations could not be undertaken due to contoupling scheme. Further, the stretched configuration
putational limitations. In the isotoné’Ru, similar conclu- [ ®*Mo(J)® v(g7,,) =**Mo(J’)] succeeds in reproducing the
sions have been drawn from the comparison of the data witkxcitation energies of th@=7/2" and 11/2" levels, which

the shell-model calculatiorj40]. However, it was found that are not reproduced well in the shell-model calculations de-
the weak-coupling scheme could also provide a qualitativescribed above. This too supports the view that these states
description of the level sequences {fRu [10]. Therefore, are dominated by excitations of neutrons into higher orbits
similar calculations have been performed for the level selike g;,. However, the weak-coupling approach does not
quences in’®Mo. This nucleus is then described as resultingappear to work very well for negative-parity states with
from the coupling of either als,, or a g7, neutron to the =27/2". A possible explanation for this observation might
%Mo core. Figure 8 illustrates the results of this stretchecbe that the dominant contributions to the higher-lying states
weak-coupling scheme fot®Mo. The levels dominated by come from configurations involving other orbitals, like
the coupling of args,, neutron to the®*Mo core lie about  v(hyy/,d3).

800 keV higher in excitation energy when compared to the As mentioned earlier, the level scheme®81o contains a
corresponding levels i?*Mo since thegy,, orbital has an sequence of transitiorfbetween the leveld=(35/2") and
excitation energy of about 800 keV with respect to thg  J=(11/2")] with energies that appear to increase monotoni-
orbital, as deduced from the excitation energy of the"7/2 cally (and in a very regular mannewith spin. All these
level in ®*Mo. The low-lying level structure if®Mo (upto a  transitions are found to be of quadrupole nature from the
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DCO ratio analysis and can be assumed toH#s. It is  energy ofE,~12 MeV) can be interpreted in terms of the
tempting to think of this sequence, therefore, as a “rota-spherical shell model. The low-lying leve(sp to J~13k)
tional” band based on thé,;,, neutron orbital. However, can be described quite satisfactorily by single-particle exci-
our results, while intriguing, are far from definitive and point tations involving the[ #(p1/2,99/2); v(ds/2,S1/2:97/2,h11/9) ]

to the need for further investigation, including lifetime mea- orbitals. The higher-angular-momentum states are, most
surements, before a fuller understanding of the underlyindikely, dominated by the excitation of a single neutron across
nuclear structure can be achieved. Such caution is furthehe N=50 closed shell into the next major oscillator shell.
warranted since it transpires that both shell-model and weakFhe level scheme of®Mo has been extended td € 49/2",
coupling calculations can reproduce the lower three levels 085/2, E,~12 MeV). The level structure can be described
the E2 sequence in’®Mo quite well. Indeed, it has been rather satisfactorily in the framework of the stretched cou-
pointed out previously by Skouras and Ded&$] that the  pling scheme, with als, or g, neutron weakly coupled to
excitation energies of nuclei in this transitional region can behe *“Mo core, as well as by shell-model calculations using a
reproduced more or less equally well by both the sphericalimited configuration spacésL).

shell model and the collectivgarticle + vibrating core

model, rendering a clear distinction between the two modes

quite difficult in the absence of additional spectroscopic data. ACKNOWLEDGMENTS
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