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The yrast level schemes of three neutron deficient nuclei with Mas85 have been studied with the
reaction ®®Ni+%°Ca at 135 MeV, using the GASK-ray array, the ISIS silicon ball, and threring neutron
detector. Excited levels, including a (23/2spin-gap isomer, are reported for the first time in the heaviest
N=Z+1 nucleus experimentally investigate®Ag. In ®*Pd, the yrast line above the ground state has been
observed and connected to states above the known isomeric levél Zh@wing for the first time that this is
indeed a spin-gap isomer. fMPd, the 95.6-keV isomeric transition was confirmed, andERscharacter was
firmly established. The experimental observations are compared with current shell-model calculations.
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New experimental information about neutron deficient nu-the 21/2° state could be deexcited only i/decay compet-
clei with mass above 90 is of considerable interest for shelling with E4y decay to the first 13/2 state. The calculated
model calculations aimed at the description of nuclei close tgosition of this state relative to the 17/atate was shown to
1%%n. Being close to th&l=Z line, they are expected to depend rather critically on the value of the two-body matrix
show enhanced neutron-proton pairing effects based on t"@ement(gg,2|vpn|g§,2>319 [5]. Recenty-ray spectroscopic
T=0J=1,nay configuration[1]. The nuclear structure in jnestigations have assigned excited states above the iso-
this region is mainly given byrli2,9o2) hole configurations  mevic jevel, but its real position has still remained unknown,
in the doubly magic'®®Sn, and therefore the neutron-proton as the excited states above the ground state could not be
pairing is dominated by thgy/, neutron and proton orbitals. observed6]. In %Pd, seven yrast transitions were identified

Older shell-model calculations of Gross and Freriialin following the decay of a 0.53(1)s half-life of an isomeric
the proton 4/,,99,7) subshells have been performed assum- . . Yoa
. ) oo . state[7,8], which has been associated to the" 1éomer
ing a semimagic®Sr core and a set of two-body matrix

elements, which describe well many experimental datapredicted by shell-model calculations. In a very recent study

94 .
Other sets of two-body effective interactions were deduced’ A9 A decay[9], some newy rays were assigned t¥Pd

for this region more recently, but most of them are tuned forf"md pla(?ed below and above the isomeric state. Consistent
nuclei close to thes stability line. Going towards heavier information about the level structure of the=Z+1 nucleus
neutron deficient nuclei, a better specification of the effective’ A9 Was not available in literature until the present work.
interaction becomes crucial. Experimental information con-Only very recently threey rays have been attributed to this
cerning nuclei close to the=Z line is not so rich as for the nucleus, but they could not be placed in a level schitog
isotopes close to stability. In many cases, such as the rgshell-model calculation$5,11] predicted another possible
process calculations, physics based on the properties of prepin-gap isomer in this nucleus. The present experimental
ton rich nuclei relies on shell-model estimates instead of unedata enrich significantly the knowledge of this nuclear region
available experimental quantities. Thus it is very importantand allow a much better test for the current shell-model cal-
to have reliable shell-model description for tNe<Z nuclei  culations in nuclei close tbl=2Z=50.
of this region. One of their characteristics that must be de- The ®*Pd, ®*Pd, and®°Ag nuclei have been populated in
scribed is the occurrence of high-spin isomeric states. the %®Ni+“°Ca reaction performed at the Legnaro XTU Tan-
In °5Pd, a high-spin isomeric state with a half-life of 14 s dem accelerator with 8°Ca beam of energy 135 MeV. The
decaying by bottB*/EC (where EC stands for electron cap- incident beam energy favored the two- and three-particle
ture) and B-delayed proton emission has been discoveredevaporation channels. The beam intensity during the experi-
assigned as (2179, and placed at approximately 2 MeV ment was about 8 particle nA, and®Ni foil of thickness
excitation energy3,4]. Shell-model calculations of Ogawa 6 mg/cnf was used as target.
[5] have predicted that the first 217Xtate in this nucleus The y rays were detected with the GASP detector array
has lower excitation energy than the first 15/and 17/2 [12] arranged in its standard configuration with 40 Compton-
states. This inversion would create a spin-gap isomer, sinceuppressed high purity Ge detectors and with the 80 BGO
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FIG. 1. Left side:y-Ray spectrum obtained by a sum of double gates on the known yrast transiticiBdyfon ay-y-y cube
anticoincident with charged particles. Right side: The level schenéRaf as deduced from the present experiment.

element inner ball. The six elements of the most forward ringespect to the reaction. The 96-keV line was confirmed as an
of the BGO inner ball were replaced by theing detector isomeric transition by the fact that a spectrum similar to that
[13], which consisted of six BC501A liquid scintillator de- of Fig. 1 was obtained from a cube coincident with protons,
tectors for neutrony discrimination. The ISIS silicon ball and it has shown all lines, except the 96-keV transition. In-
[14,15, a 40-elementE - E telescope array, with a geom- deed, if this transition would have came from a prompt de-
etry similar to that of GASP, was also used. The trigger concay, it should have been observed in coincidence with pro-
dition required at least two Ge detectors and one BGO firingons five times more intense because of high proton detection
in coincidence. This “low multiplicity” trigger was specially efficiency. It should be mentioned that the same effect has
chosen to facilitate the study of isomeric states, which posbeen observed for many other known long lived isomers of
sibly decay by short cascades with a small numbey cdys.  nuclei populated in our reaction. Generally, only isomers of
Information on the charged particles was extracted fromup to several tens of nanoseconds can be seen in prompt
the ISIS data, and it consisted of the type and multiplicity ofcoincidence with charged particles or neutrons.
the detected particles. Neutron selection was performed by Assuming a constant intensity of the decay along the cas-
setting conditions on pulse shape signal, detected energy, ardde fed by the isomeric level, the total conversion coeffi-
time of flight. The experimental values of the particle deteccient of the 96-keV transition was estimated to he
tion efficiencies were~60% for detecting one proton, 38% =1.9(4). Dipole multipolarity, which could not be excluded
for one a particle, and 3.5% for one neutron. About®10 by the lifetime of the isomeric state, would have led tosgn
events were collected during the experiment. Severaly  value at least three times smaller, while the theoretical value
cubes andy-vy coincidence matrices were sorted with differ- for a 14" ¥ 12* transition is 1.65. So the experimental value
ent conditions on the detected charged particles and neis clearly consistent only with stretchdg2 multipolarity.
trons. They were used to assign thaays emitted through Following the isomer decay, we observed weak transitions at
the decay of excited states in the residual nuclei. 347 and 745 keV. The first one was observed also in [Réf.
The right side of Fig. 1 presents the level schem@®d  but was not placed in the level scheme. In the same work, a
populated through the@2n channel as observed in this ex- 745-keV transition is marked a&Min contamination. Con-
periment. The 96-keV transition, which is the highest oneversely, our double-gated spectra showed the 347- and 745-
observed by us in the yrast line, was confirmed to be th&eV y rays in coincidence with each other and with the
previously reported isomeric transition with a half-life of whole yrast cascade, except the 1092-keV line. These coin-
0.53(1) us [9]. The spectrum from Fig. 1 shows a sum of cidence relationships validate their placement in ted
double gates set onto the known yrast transitions of thigevel scheme as shown in Fig. 1.
nucleud 7,9] selected from g-vy-y cube anticoincident with Besides the 347- and 745-keV lines, other transitions of
charged particles. By gating on this cube orpry matrices 979, 818, 158, and 867 keV were found in prompt coinci-
vetoed by the charged particles, most of the observed eventience with protons and neutrons. The 979-keV line was pre-
come from coincidences in cascades, which are delayed withiously reported by La Commast al.[9], and its placement

061301-2



RAPID COMMUNICATIONS

YRAST ISOMERS IN**Ag, °*Pd, AND %Pd PHYSICAL REVIEW C67, 061301R) (2003
21/2+ 2883 2906 19/2~ perimental results suggested that the level at 2532 keV is
A T isomeric having a relatively long half-life, probably well

23/2+ 2532 above 1,us..We discuss bgl_ow the grounqls for thissassign-
881 801.8 ment. Candidates for transitions from excited §tate§ Ay
4278 were found by comparing spectra from matrices produced
v 2105 ¢ 17/2~ setting different conditions on neutrons and charged par-
17/27 _y 2002 jgo+ 1041 G 1639 ticles. One such candidate line is the 164-keV transition.

Starting from this line, the level scheme presented in Fig. 2
was constructed following the usual procedure based on the
relative intensities of the observedtransitions and the co-
1065 1003.9 11176 incidence relationships between them. Figure 3 shows gated
spectra that support our assignments. The first three spectra
in the upper part are as follows. FiguréaBshows gate on
95A the 164-keVy ray selected from a matrix coincident with
g neutrons and with at least one proton, Fi¢h)3shows gate
on the samey ray selected from a matrix coincident with
822.9 neutrons and at least two protons, and Fifc) 3hows the
same gate on a matrix coincident with neutrons angar-
9/2* 0 ticles. The peaks from Figs(l® and 3c) correspond to tran-
sitions in the channelsgh (**Rh) andapn (°?Rh), respec-
FIG. 2. Level scheme of°Ag as established in the present tively. One can observe that the five peaks with energies
experiment. from 802 to 1118 keV are present in Figagwhile they are
absent in Figs. ®) and 3c). Hence they must belong to a
in the level scheme is confirmed by our data. The angulanucleus populated through evaporation of only one proton
distribution analysis has revealed a stretched quadrupole typghd some neutrons. In order to identify the reaction channel,
for the 906-, 660-, 324-, 1092-, 994-, and 979-keV transithe number of neutrons was estimated from the intensities of
tions, while the angular distribution of the 818-keV line sug-candidate lines in coincidence with neutrons. The neutron
gests a pure dipole type. These results and the conversignultiplicity is proportional to the ratio of the intensity ofa
coefficient of the 96-keV transition allow clear spin-parity line in coincidence with neutrons versus the total intensity of
assignments for the levels observed in #8d nucleus as the same line. Compared with that of theays in channels
presented in Fig. 1. For instance, the spin and parity of thvith one neutron, this ratio is double for our candidate lines;
isomeric state are firmly supported by our experimental datéhus two neutrons are evaporatéske Fig. 3. As a result,
to be 14", as predicted by the shell model. these five transitions have been assigned to th@nichan-
Figure 2 shows the level scheme of tfeAg nucleus, nel corresponding to the nucle§2Ag.
which was populated in the present experiment through the One should note in Fig.(8) the complete absence of the
1p2n reaction channel. In the case of this nucleus, our ex428-keV line. As in the case dfPd, this indicates an isomer
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oo 961 312+ o s the 21/2 isomer.[_6] and shown on the Igft side of Fig. 4.
ol ] w2 These new transitions allowed a connection between th_e Mo
g’ L= / / A @) a3es parts of the level scheme, and consequently the excitation
B “ R Sy e ’ ey ao0s energy of the isomer was firmly established to be 1876 keV.
b oL 942 se07_@112) The multipolarities of the new transitions have been esti-
13748 13d0.1 15102 12565 mated from angular distributions and DCO ratios. In particu-
b e lar, the 11/2 assignment to the 1262-keV state is in agree-
e 2567 4 2372 (orz) + 2678 ment with its observation in thg decay of the®®Ag ground
eha —G! N e state[11]. The transitions of 1351 and 527 keV were found
e L vz aare 1 1973200 szt to be of stretched quadrupole type supporting the spin pari-
ds b ties 13/2 and 17/2 for the 1351- and 1879-keV levels,
PRI a6 e respectively. Moreover, the 323-keV transition was found to
95Pd / be of pure nonstretched dipole type, and this fact supports
18813 1pdr0 the negative-parity assignments for the structure built upon
. the 2202-keV level. The tentative spin assignments shown in

Fig. 4 are consistent with the spin values assigned in earlier
FIG. 4. Low-energy level scheme SPPd determined in the experimentg 6] to the isomeric state and to the states above

present experiment. it. It should be emphasized that the excitation energy of the

21/2" isomer is 3 keV below the 1772level. This clearly

decaying by this transition with a lifetime of the order of 1 proves for the first time that the 217/tate is a real “spin-
us or larger. The last spectruffig. 3d)] is a sum of triple  gap” isomer whosey decay may take place only by &
coincidences selected from the cube vetoed by charged pd¥fansition of 525 keV unobserved by us and which must
ticles as discussed above. This spectrum was obtained KPmpete with the observedl”/EC decay3,4].
setting double gates on all combinations betweemthays Most of the properties of the nuclei witd,N<50 are
of 164 keV, 428 keV, and the group composed by the 823-satisfactorily described by assuminé%QSn core and placing
937-, 1004-, and 1118-keV lines. It clearly shows theay  the valence proton and neutron holes into digg, p,/, orbit-
cascade fed by the isomeric level at 2532 keV as presented &is [17]. However, to account for the observed high-spin
Fig. 2. The absence of the 802-keV transition from Figl)3 states of som&l=50 nuclei[ 18] or for the distribution of the
is explained by the short lifetime of its initial level promptly 8" decay of®Ag [19], it is more appropriate to consider a
fed in the reaction. We could not derive angular distributiondarger configuration space. So the restriction of a rithesn
or angular correlations with enough accuracy to allow mul-core is relaxed and particle-hole excitations are allowed to
tipolarity assignments since the statistical level of the experioccur from thegg,, andpy, orbits to theg,, ds», ds, and
ment was very low for®®Ag. The spin and parity values S, shells above.
shown in Fig. 2 are only tentative, and they were made by In order to get insight to the nuclear structure of the nuclei
comparison with shell-model calculatioRefs.[5,11] and  studied in our experiment, shell-model calculations were car-
below). ried out using the model proposed by Johnstone and Skouras
In %Pd, we found the previously unknown excitation en-(JS [17]. These calculations, shown in Fig. 5, reproduce
ergy of the 21/2 isomer. We have also observed many newmost of the observed levels of the three nuclei within about
high-spin levels related to the positive- and negative-parityl00 keV, including those which have still tentative spin-
structures reported by Arnedit al. [6] above the 21/2 iso-  parity assignments. One should notice that above 2 MeV
meric state. We report here only on the results concerning thexcitation energy, the calculation predicts several other lev-
lower spin part of the level scheme. els, which will not be discussed here.
From theB*/EC decay of°°Ag [11], we had some infor- Using the JS wave functions, we have made a preliminary
mation concerning low-spin states feeding the ground statestudy of the decay of the I4state of**Pd and of the 21/2
The lowest state was proposed at 1262 keV. In Ref] an  state of *Pd. With an effective charge of ®5or protons
intriguing transition of 1351 keV was also discussed, and itand 0.7% for neutrons, we obtaineB(E2)=53 e?fm* for
was finally thought to be a transition froffRh [16]. We  the 14" ¥ 12* decay of®Pd, which is in satisfactory agree-
clearly deduced that a 1262-keV line belongs to thEn2 ment with the experimental estimate of 44€6jm®*. On the
channel #°Pd). Moreover, the 1351-keV transition is a com- other hand, the calculation predicts a partial half-life of about
posite line that belongs both to th@@ and 3 (®°Rh) chan- 50 s for theE4 decay 21/2 ¥ 13/2" in **Pd. This value is
nels. The presence of a transition at 89 keV in coincidenc®.5 times slower than the half-life of the 21/Ztate corre-
with the 1262-keV line proves the existence of the 1351-keVsponding to its3™ decay[3,4].
level, which decays directly to the ground state. Using these Despite its success in reproducing the energies of the
observations, we have built up the level scheme®#d  %Ag levels, the JS model is not suitable for describing the
nucleus starting from the ground state, as shown in the righdecay of the 23/2 state at 2532 keV. This particular state is
side of Fig. 4. The upper transitions at 285.6, 1665.7, anexpected to deexcite mainly iy3 decay to the 17/2 state
2028.8 keV were found in our experiment to be in coinci-at 2105 keV[11]. However, theE3 decay in theN,Z<50
dence with known transitions assigned by Arretlal. above  nuclei proceeds mainly by thgy, ¥ ps, andgg, ¥ fs), tran-
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FIG. 5. Comparison of the experimental level schemes“B, %°Ag, and °*Pd, with the JS shell-model calculatiofsee text for

details.

sitions and, as described above, thg andfs,, orbitals are

of the 23/2 state of ®*Ag, Schmidtet al. [11] used the

model of

Sinatkas et al.

[20],

y-ray spectroscopy, was deduced for the first time. This level
not included in the JS model space. To determine the decagcheme includes a 2372isomeric state that is deexcited by
E3 decay. The conversion coefficient deduced for the 95.6-

which employs a keV isomeric transition in?*Pd demonstrated i&2 charac-

{9912, P12, P32, f52t model space. Using the latter model but ter. The level scheme d¥Pd was completed and the excita-

the experimental energies of tHeAg levels, we estimate tion energy of the 21/2 isomeric state was deduced.
that the 23/2 state is deexcited by about 98% to the 17/2 p|| these results are discussed in the frame of the shell

at 2105 keV with a weak branch to the 17/8tate at 2002
keV. The calculated half-life is about 3 ms, i.e., about twopclei.
orders of magnitude faster than the half-life estimated for the

B decay of this 23/2 state[11].

tal results for yrast isomers ittAg, %Pd, and®/Pd. A level

model, which accounts for most of the properties of the three
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