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Multi-quasiparticle excitations of "'Ru*
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Abstract: The level structure in neutron-deficient nucleus * Ru was investigated via the *Ni (36Ar, 2plny) ’'Ru reac-

tion at a beam energy of 111 MeV. Charged particles, neutrons, and y-rays were emitted in this reaction and detected
by the DIAMANT Csl ball, Neutron Wall, and the EXOGAM Ge clover array, respectively. In addition to the previ-
ously reported levels in *'Ru, new low-to-medium spin states were observed. Angular correlation and linear polariza-

tion measurements were performed to unambiguously determine spins and parities of the excited states in *'Ru. The

low-spin states of *'Ru exhibit a scheme of multi-quasiparticle excitations, which is very similar to that of the neigh-

boring N =47 isotone. These excitations have been interpreted in terms of the shell model. The calculations per-

formed in the configuration space (p3/2,f5/2,P1/2,89/2) reproduce the experimental excitation energies reasonably

well, supporting the interpretation of the newly assigned positive-parity states in terms of the three quasiparticle con-

figurations 7(g9/2) >v(go/2) " and v(gg2)~>.
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1 Introduction

The existence of multi-quasiparticle configurations is
consistently predicted and observed in the low-lying level
structures of nuclei near the N =50 closed shell. For the
even-Z N =47 nuclei, three-quasiparticle excitations from
the v(go/2)™* or m(go2)*¥(g9/2)~" configuration are expec-
ted to dominate low-lying level schemes. The v(gg;2)~>
excitations are indeed observed in the N =47 “Sr isotone
Z =38 [1, 2], and they generate the low-lying positive-
parity structure up to the yrast state with spin 21/2, cor-
responding to the aligned v(go/2)77 w= =21/2" conﬁguratlon
However, the level structure of the N =47 isotone *Mo
Z =42 [3] as well as g-factor measurements [4] both in-
dicate that yrast positive-parity states up to 25/2" in Mo
are essentially built from the 7(gg/2)>v(g9/2)”! configura-
tion, showing an evolution from the neutron to the proton
alignment in the even-Z N =47 isotones with increasing
proton number.

In contrast, the N =47 nuclei in the A ~90 mass re-
gion, which lie in the vicinity of "Sn, are particularly
suited to study neutron-proton (np) interactions. This spe-
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cific feature is due the fact that this region is dominated
by protons and neutrons particle-hole excitations in the
same lgo,, orbital. Consequently, the spatial overlap
between the proton and neutron single-particle go/» wave
functions are large, resulting in an enhanced np interac-
tion. This interaction is expected to be strongest in N =Z
nuclei, which have the largest relative number of neutron-
proton pairs (see Ref. [5] for a review). As the proton
number increases, the low-lying level structure from *Sr
to *Mo [1-3, 6] undergoes a slight but systematic com-
pression. This systematic trend suggests that effects of the
np interaction could increase with Z along the N = 47 iso-
ton1c chain. Investigation of the low-spin level structure
in "'Ru would extend the systematic trend in N =47 to
larger proton numbers, and thus provide a good opportun-
ity for the study of the competition between proton-
particle and neutron-hole excitations in the g9/, orbital,
and probe the possible onset of the np interaction effects
when approaching the N = Z line.

The excited states of *Ru were studied by Arnell et
al. [7] via the (@, xn) reaction. Subsequently, the level
scheme was extended up to J* = (41/2 ) at 8 MeV excita-
tion energy by Heese and co-workers [8] using the reac-
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tion **Ni (36Ar 2pln) *'Ru at a beam energy of 149 MeV.
More recently, results from - decay studies of some neut-
ron-deficient nuclei including ’'Rh [9, 10] were pub-
lished, and several new y-rays were observed.

In this study, we report the low- to medium-spin level
scheme of *'Ru, including a new observed low-spin posit-
ive-parity structure. The experiment and data analysis is
briefly described in the following section, which is fol-
lowed by some details on the shell-model calculations
that were performed to interpret our data.

2 Experimental details and methods

Low-spin states in *'Ru were populated by the fusion-
evaporation react10n *Ni ( *Ar, 2p1n) 'Ru at a bombard-
ing energy of £ (Ar) = 111 MeV [11]. The beam was

delivered by the GANIL CIME cyclotron and focused on

a 99.83% isotopically enriched *Ni target of 6.0 mg/cm2
thickness. The charged-particle emission following the
decay of the *'Pd compound nucleus was detected using
the DIAMANT detector system, which comprises 80 Csl
scintillators [12, 13]. The Neutron Wall [14], comprising
50 liquid scintillator detectors and covering a solid angle
of 1 in the forward direction, was used for the detection
of evaporated neutrons. y rays emitted from the reaction
products were detected using the EXOGAM Ge clover
detector array [15]. At the time of the experiment, seven
segmented clover detectors were placed at an angle of
90°, and four detectors were placed at an angle of 135°
relative to the beam direction, leaving room for the Neut-
ron Wall at forward angles. EXOGAM was used in a
close-packed configuration with the front part of the
BGO Compton suppression shields removed from the
clover detectors. Details regarding the experiment have
been described earlier [11]. Events were collected when
one or more y rays was detected in the Ge clover detect-
ors together with at least one neutron in the Neutron
Wall. With these conditions, a total of 4x10° events were
recorded.

In the offline analysis, the selected events had one de-
tected neutron along with two detected protons (corres-
ponding to the production of’ 'Ru). With the particle con-
dition of 2pln, a total of about 2.6x107 y-y coincidence
events were selected. Efficiency and energy calibration
for Ge clover detectors was performed with the standard
y-ray "’Eu radioactive source. After the gain matching
for all Ge clover detectors, these coincidence data were
sorted into symmetric and asymmetric (angle-dependent)
matrices for subsequent analysis.

Spins and parities of the levels were deduced from the
information on directional correlations of the y-rays from
oriented states (DCO ratios) [16] and the y-ray polarisa-
tion asymmetry [17]. The multipolarity of emitted y-rays

was determined directly from the DCO ratios, and the
electromagnetic character was deduced from linear polar-
ization measurements. For these kind of measurements,
the EXOGAM Clover geometry has proved very effi-
cient. Details are given in Refs. [11, 18].

3 Results

New transitions were assigned to "'Ru on the basis of
coincidence with y-rays already known in this nucleus
Typical prompt y-y coincidence spectra for 'Ru are
shown in Fig. 1. The new y-rays assigned to *'Ru are lis-
ted in Table 1. Their relative intensities were obtained
from the total projection of the E, — E, matrix. In the case
where the peak-to-background ratio in the total projec-
tion was too low, or where there was a contamination in
the peak from other y-ray transitions, the relevant trans-
ition energies were selected in the coincidence matrix,
and the obtained projected spectra were used to fit the rel-
ative intensities. The transition energies were also meas-
ured in the total projection in the matrix. The energy un-
certainties presented in the table are a combination of
statistical, cal1brat10n and background errors. The level
scheme for Ru as shown in Fig. 2, was established by
the results from careful analysis of the y-ray coincidence
relationships. The spin-parity assignments are based on
measured DCO ratios and Compton asymmetries for the
transitions. The stretched quadrupole transitions cannot
be distinguished from Al = 0 dipole transitions or certain
mixed AJ =1 transitions. In these cases, simultaneously
measuring the linear polarization of the transitions could
provide supplementary arguments for the spin assign-
ments. These results, as well as the level scheme, were
already partially published in Ref. [11].

The present level scheme of ~Ru is consistent with
the previous result of Heese et al. [8], with the exception
of the 19/27 level. For this particular state, some modific-
ations have been made in the present work. First, the 296
keV transition was found to be a magnetic dipole rather
than magnetic Al =0 dipole, as suggested in Ref. [8].
Furthermore, the ordering of y-rays in the 549-296 trans-
ition sequence was reversed in the present level scheme.
This is based on the intensity consideration, since 889
keV and 804 keV crossover transitions were not ob-
served in this work.

Below the (13/27) level, a transition sequence consist-
ing of 1003 keV and 890 keV y-rays was observed feed-
ing the ground state. The order of the two new transitions
is determined mainly by comparing their relative intensit-
ies. This is further supported by a new observed crossov-
er transition of 844 keV energy, as shown in Fig. 2. The
DCO ratio and asymmetry measured for the 8§90 keV
transition are 1.05 and 5, respectively, when gated by the
stretched dipole transition, and —0.03 and 1, respectively,
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Fig. 1.  Upper spectrum shows total projection of E, — E, matrix sorted assuming two detected protons and one detected neutron.
Lower panels show typical coincidence spectra for ’'Ru gated on 898, 361, and 871 keV y-rays, corresponding to transitions that de-
populate 17/2%, 15/27, and 25/2~ states in ’'Ru, respectively.

Table 1. y-ray energies, intensities relative to 13/2% — 9/2* 974 keV transition, DCO ratios, Compton asymmetries, and their assignments in *'Ru.
Gates used for determination of DCO ratios are indicated. Energy uncertainties are within 0.5 keV. (Only new transitions discussed in this paper are

shown).

E, /keV I, (%) Rpco Gatepco /keV Asymmetry E; - E VAN

458 460 (7120912

233.6 2.7(2) 0.9(2) 361 1893—1660 (13/2)—(11/23)
2529 <0.6 5100—4847 (29/27)—(27/23)
435.9 2.4(2) 1.02(8) 974 0.17(7) 2799—2363 (21/23)—(17/23)
491.4 4.2(2) 0.7(2) 974 0.07(2) 2363—1872 ((17/23)—((17/2))
518.8 2.2(4) 1.1(2) 1614 2179—1660 (15/2%—(11/23)
685.8 0.8(1) 0.6(1) 974 —0.12(3) 1660—974 (11/25)—(13/2%)
720.7 0.7(1) 0.57(10) 871 -0.11(3) 5100—4379 (29/27)—(27/27)
754.5 1.7(2) 3164—2409 (21/2D—(17/23)
811.6 0.8(1) 0.55(9) 871 —0.16(5) 48474035 (27/27)—(25/27)
844.0 0.4(1) 890—46 (11/2H—(7/2%)
889.8 7.6(1) 1.05(5) 361 —0.03(1) 890—0 (11/29)—(9/2%)
1003.6 6.7(3) 0.98(4) 361 0.12(5) 1893—890 (13/27)—>(11/2%)
1126.9 0.8(1) 0.96(9) 497 5097—3970 (31/2H)—(27/2%)
1280.7 2.1(8) 0.6(1) 974 0.14(4) 2254—974 (15/27)—(13/2%)
1613.9 1.3(1) 1.58(9) 234 0.18(3) 1660—46 (11/25)—(7/2%)
1659.7 1.3(1) 1.07(8) 234 —0.07(2) 1660—0 (11/2H)—(9/2%)
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indicating a stretched M1 multipolarity, which leads to
the assignment of (11/2%) for the new state at 890 keV. A
stretched E1 character for the 1003 keV transition is ob-
tained from the results of the DCO ratio (0.98 + 0.04 when
gated by the stretched dipole transition) and linear polar-
ization measurements (0.12 +0.05). Hence, this y-ray has
been assigned to the (13/27)—(11/2}) transition, which in
turn provides a supplementary argument for the previous
assignment of the (13/27) state at 1893 keV.

The newly observed y-rays at energies of 234, 1660,
and 1614 keV have been assigned to connect the (13/27)
level and the (9/2*%) ground state. These new transitions
are clearly seen in Fig. 1. Based on the obtained DCO ra-
tios and the Compton asymmetries, we assigned the M1
and E2 multipolarities to the 1660 and 1614 keV y-rays,
respectively. The DCO ratio analysis shows that the 234
keV transition has a dipole multipolarity (see Table 1).
These assignments lead to an identification of the (7/2%)
state at 46 keV excitation energy and the (11/2%) level at
1660 keV excitation energy. The 46 keV y-ray, which
corresponds to the decay of the excited state to the
ground state, cannot be observed in the EXOGAM
Clovers, since it is fully absorbed by the material located
around the target, including the DIAMANT array. Fur-
thermore, a new transition of 686 keV was observed and

(color online) Level scheme of *'Ru, obtained from present experiment. New y-ray transitions are marked by asterisks.

assigned to connect the (11/27) level at 1660 keV and the
(13/2%) state at 974 keV. The combination of the DCO
ratio and linear polarization data shows that the 686 keV
y-ray contains the A/1 multipolarity, which confirms the
spin and parity assignments of the 1660 keV level as
J*=(11/2%). Finally, a 519 keV line has been observed in
coincidence with all the above-mentioned new trans-
itions except the one at 234 keV. The measured DCO ra-
tio and asymmetry indicate the E2 character. This trans-
ition reveals the yrast (15/2%) level at 2179 keV.

4 Discussion and shell model interpretation
4.1 Shell model calculations

As shown in Fig. 2, the level scheme of ’'Ru displays
a complex structure in the presence of high-energy -
rays, irregular level spacings, and many parallel decay
branches, indicating that the excited states are formed
primarily by the excitations of valence nucleons, which
are expected to be suitably described by the shell model.
The shell model Seems to be an appropriate tool to study
the structure of *'Ru. In the earlier study of Heese et al.
[8], the yrast positive parity states in *'Ru have been effi-
ciently described by the shell model calculations per-
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formed with the code RITSSCHIL, where a *Sr core was
used, and the model space was restricted to the g9/, and
pij2 orbits outside the %Sr core. However, despite the
success the calculations had in explaining the level struc-
ture of ° Ru the use of the small (g9/2, pi,2) space has
only limited applicability. In the present work, we per-
formed the shell model with extended P+ QQ interaction
[19—22] for a more detalled understanding of the ob-
served level scheme of *'Ru. The shell model space has
been extended to (fs2, p3j2, Pij2, 89s2)- This choice of
model space should lead to more accurate descriptions of
nuclei with A ~ 90, especially for those close to the limit
of the restricted model space (Z ~ 38, N ~ 50). It also has
the advantage that protons and neutrons are treated on an
equal basis. Recently, an extended P+ QQ force was ap-
plied to the f72- and go,2-shell nuclei. This interaction is
schematic, nevertheless it works remarkably well. The
conventional P+ QQ force was first proposed by Bohr
and Mottelson, and subsequently widely used by Kiss-
linger and Sorensen, Baranger and Kumar, and numerous
authors. Later, the octupole-octupole (OO) force was in-
troduced into the extended P+ QQ force model to de-
scribe negative-parity states. The QQ and OO forces are
the long-range and the deformation-driving part of the ef-
fective interaction. Contrary to this, the monopole pair-
ing force can be associated with a short-range force,
which restores the spherical shape. The extended P+ QQ
interaction is isospin-invariant and includes the np pair-
ing forces in addition to the np QQ force, which is con-
sidered to be suitable for studying N = Z nuclei. Details
regarding this model are described in Refs. [19-22].

Hasegawa et al. have carried out shell model calcula-
tions usmg the extended P+QQ model for Ru isotopes in-
cludlng 'Ru. The calculations qualitatively reproduce the
overall | energy le levels observed in the Ru isotopes *Ru,

“Ru, "'Ru, “Ru, “Ru, and *'Ru using a single set of para-
meters in the model space (fs,2, p3/2, P1/2, €9/2)- The same
extended P+ QQ model is therefore expected to describe
the level structure of °'Ru established in this work.

By studying the single-particle energies used by
Hasegawa et al. [23], we fixed their energies in MeV as
follows: &,,,=00, ¢,,=1.6, g,,,=60, &, =55 for
both proton and neutron holes. The energy difference
£p,, — &g, = 1.1 applied in Ref. [23] is modified to be 1.6
MeV to correctly reproduce the very low-lying 7/2" and
the 9/2" ground states in "'Ru. '™Sn is considered as a

"core" in these calculations. The strengths of the J =0
and J = 2 pairing forces, QQ force, and OO force are de-
termined such that the same set of parameters reproduce
the observed energy levels as a whole in Ru isotopes, as
well as lighter isotopes of St, Zr, and Mo including odd-A4
and odd-odd nuclei (38 <Z <44, 45 <N <50). We use
different force strengths for proton-proton (pp), neutron-
neutron (nn), and neutron-proton (np) interactions and

impose A dependence on them as usual. We adopt the ap-
proximation that the pp, nn, and np interactions have the
same force strengths go, g2, x2, and y3 to reduce the num-
ber of parameters. The fixed parameters are as follows (in
MeV): go = 24/A, g5 = 225/A%3, y» = 400/A%3, y3 = 350/A°
for pp, nn, and np interactions, respectively. Changes of
force strengths w1th1n 10% do not significantly affect the
level scheme of “'Ru. We use the shell model code
NuShellX, newly released by Rae [24]. This code first
obtains proton and neutron substrates and subsequently
diagonalizes np interactions for their product states.

4.2 Results

The calculated level energies of states in 'Ru are
compared with the experimental ones in Fig. 3 for posit-
ive- and negative-parity states, where the observed or cal-
culated levels with the same J™ values are connected to
each other with dashed lines. The yrast and non-yrast
states, as well as the two close lying levels, are separ-
ately shown in two columns. The overall agreement
between calculation and experiment is generally satisfact-
ory. In Table 2, we show the main components of wave
functions (>10%) for the excited states in *'Ru. The lead-
ing configurations in these states are given by (p°)] (%)}
(7 being the parity of proton- and neutron-hole snbsys—
tems). Its squared amplitudes and expectation values of
proton-hole numbers (n,), and neutron-hole numbers
{(ny), in the respective orbitals a are also shown in Table 2.
The configurations contributing to the wave functions
were characterized according to their seniority. Fig. 3 and
Table 2 show that the present calculations adequately re-
produce the level energies and decay patterns of the posit-
ive and negative level structure.

One can see in Fig. 3 shows that these calculations ef-
ficiently describe the favored positive-parity states at 974,
1872, 2369, 2985, and 3192 keV, which are connected by
strong E2 or M1 transitions. The dominant components of
these states have six proton holes occupying the 1g9/> and
2p1,2 orbitals and three neutron holes filling the 1g9/, or-
bitals. Up to spin 25/2, the total angular momentum of
these dominant components is built up by the successive
alignment of two proton holes parallel to the spin of the
last unpaired neutron hole in 1gg/>. The structural change
from seniority v =3 to v = 5 occurs above the 25/2" state,
which reflects in a relatively large spacing between the
25/2" and 29/2" states. This is found in the calculations as
well as in the experimental observation. The above con-
figuration assignments are consistent with the previous
shell-model study by Heese et al. [8]. As illustrated in
Fig. 3, the negative-parity states are efficiently and pre-
cisely reproduced by the calculations. The dominant com-
ponents of all the negative-parity levels up to 33/2 have
six proton holes mainly occupying the 1g9/» and 2p,, or-
bitals with small admixtures from the 1f5,, and/or 2ps,,
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Fig. 3. Calculated positive- and negative-parity energy levels of ’'Ru, compared with experimental ones.

Table 2.  Structure of yrast and non-yrast states in *'Ru. Leading components of configurations (p(’)’}p (n3)”n, and its squared amplitude (in percentages)
are tabulated in the second and third column, where the superscript 7 in (p® )’J’p 3 )’J’n indicates parity of 6p and 3n subsystems. Expected values of pro-

ton number {n,), (neutron number (n,),) in four proton orbitals (in four neutron orbitals) are tabulated in columns 5-8 (in columns 9-12).

I leading config proton (n,), neutron (714 ),

' % POV (13) v P32 f502 P12 892 P32 f52 P12 892
772+ 52 P07 3 0.0 0.0 0.2 5.8 0.0 0.0 0.0 3.0
18 PO 3 0.0 0.0 0.2 5.8 0.0 0.0 0.0 3.0

17 P2 5 0.0 0.0 0.2 5.8 0.0 0.0 0.0 3.0

9/2* 62 P20 1 0.0 0.0 0.2 5.8 0.0 0.0 0.0 3.0
11/2¢ 29 o)1) 3 0.0 0.0 0.2 5.8 0.0 0.0 0.0 3.0
22 PO 3 0.0 0.0 0.2 5.8 0.0 0.0 0.0 3.0

15 P2 5 0.0 0.0 0.2 5.8 0.0 0.0 0.0 3.0

14 POTE 5 0.0 0.0 0.2 5.8 0.0 0.0 0.0 3.0

11/2% 33 P3N 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0
26 PO 5 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

18 PO 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

Continued on next page
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Table 2-continued from previous page

o leading config proton (1, neutron {n,),

' % (PO)Vor (1) dur y D32 502 D12 89/2 D32 52 P12 89/2
11/2% 19 P12 3 0.0 0.0 0.1 59 0.0 0.0 0.0 3.0
17 POe*)7) 5 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

15 POTE ), 5 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

15 P2e)s) 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

13/2* 38 TN 3 0.0 0.0 0.1 5.8 0.0 0.0 0.0 3.0
28 P32 3 0.0 0.0 0.1 5.8 0.0 0.0 0.0 3.0

15/2* 25 POTE ), 5 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0
12 P62 5 0.0 0.0 0.1 59 0.0 0.0 0.0 3.0

12 POTE) 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

15 P2e)s) 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

17/2% 25 POTE) 3 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0
16 P33 5 0.0 0.0 0.0 59 0.0 0.0 0.0 3.0

17/2% 27 P17 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0
11 PR3 5 0.0 0.0 0.1 59 0.0 0.0 0.0 3.0

11 (P07 5 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

21/2¢ 20 P2e)s) 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0
17 TN 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

11 POTE) 3 5 0.0 0.0 0.1 59 0.0 0.0 0.0 3.0

21/23 45 P01/ 3 0.0 0.0 0.1 5.8 0.0 0.0 0.0 3.0
13 PO 5 0.0 0.0 0.1 5.8 0.0 0.0 0.0 3.0

11 P17 5 0.0 0.0 0.1 5.8 0.0 0.0 0.0 3.0

23/2* 54 P52 3 0.0 0.0 0.1 59 0.0 0.0 0.0 3.0
25/2} 52 (P05 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0
17 (P63 5 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

25/23 21 (P35> 3 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0
15 (PO ()13 5 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

11 P51 5 0.0 0.0 0.1 5.9 0.0 0.0 0.0 3.0

27/2* 30 P10 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0
27 P13/ 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0

16 PO )12 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0

29/2* 42 (P23 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0
27 P10 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0

13 P17 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0

31/2* 25 (PO 172 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0
18 P03 7 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0

13 P HEs) 5 0.0 0.0 0.0 59 0.0 0.0 0.0 3.0

33/2* 36 (PO 172 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0
25 P03 7 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0

12 (P61 )2 5 0.0 0.0 0.0 5.9 0.0 0.0 0.0 3.0

024002-7



Chinese Physics C  Vol. 44, No. 2 (2020) 024002

orbitals, and three neutron holes filling the 1g9/, orbitals,
which illustrate that an extension of the (go;2, p1/2) model
space to a larger configuration including the fs52, p3/,
P12, and goj» orbitals should be taken into account for a
more precise shell model description.

The new states of 7/2+, 11/27, and 11/2] identified in
this study at 46, 890, and 1660 keV, respectively, are
grouped into a low-lying positive-parity structure. A sim-
ilar structure has also been observed in the lighter N =47
isotone *"Mo by Kitching et al. [6]. They suggested that
the three-neutron-hole vg;? j, configuration would take an
important role in explaining this low-lying structure. In-
deed, the 7/2", 11/27, and 11/2 state in 'Ru are repro-
duced by the shell model states, whose wave function
mainly arises from Vg§/32 (52% for 72", 29% for 11727,
33% for 11/27) with a mixture of 7rg9/2vg9/2 (18% for
72", 22% for 11/27, 26% for 11/2*) These results indic-
ate that compared to the 7/2° state with a qu1te pure
three-neutron-hole configuration, the two 11/2" states ex-
hibit a larger configuration mixing of proton subconfigur-
ations.

S Summary

The excited states in Ru were populated v1a the fu-
sion-evaporation reaction *Ni ( Ar 2plny) "Ru at a
beam energy of 111 MeV. New low-lying levels were ob-
served in ~ Ru for the first time. Spins and par1t1es were
assigned to new and previously reported levels in ’'Ru by
measuring the DCO ratios and linear polarization of y-
rays. We have carried out the shell model calculation for

*'Ru in the model space nv(fs/2, P32, P1/2, 89/2)- A para-
meter set of the extended P+ QQ interaction was determ-
ined for the 38 <Z <44, 45< N <50 nuclei including

"Ru. The shell model efﬁ01ently explains the overall
level scheme observed in °'Ru.

Based on the fairly good agreement, we discussed the
low-lying positive-parity structure of "'Ru. The shell
model results show that the new low-lying positive-par-
ity states of 7/2", 11/27, and 11/2] can be interpreted as
three- quas1partlcle excitations, which mainly arise from
the three-neutron-hole vg;fz configuration with a mixture

-2 -1
ofﬂg9/2vg9/2.
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