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Systematics of yrast levels in odd Ru isotopes: Do they point to coexistence at low excitation?
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New spectroscopic strength information extracted throtfRu(d, p)*°*Ru shows the 3/2 ground state in
10%Ru to be poorly populated in both one-neutron transfer reactions, in contrast with former claims. In com-
parison with!%®Ru, particle and hole strengths are significantly reduce§¥Ru and these facts are interpreted
as signs of a poor overlap of the odd isotope with its even neighbors plus or minus one neutron. Very-low-lying
3/2* levels, associated with small one-particle spectroscopic factors, are shown to exist in most odd-neutron
nuclei in the region and may represent the lowest state of a coexisting configufa06566-28188)06202-3

PACS numbg(s): 21.10.Jx, 25.45.Hi, 27.60]

Within our systematic experimental research program okpectrum obtained a,,=8°, one of the ten angles at which
the A~ 100 nuclei[1,2] we came recently across some pecu-the reaction was observéd]. Above E,,.=0.9 MeV much
liar characteristics linking the ground states of even Ru isowas gained in spectroscopic detail. In all, 79 states were
topes with states of their odd neighbors. This prompted us tdetected, their excitation energies being in excellent agree-
follow those characteristics along the region and this is thanent with the pertinent adopted values of the Nuclear Data
theme of the present Brief Report. TheoSRaulo Nuclear compilation[3]. In particular,y-ray results, for the 20 levels
Spectroscopy Group has for more than one decade been iop to 2.00 MeV of excitation, for which a clear correspon-
volved with experimental nuclear structure research in whichdence with states reached by one-neutron transfer may be
light ions (in particular deuterons, protons, and alphas forestablished, agree with thel,p) energies mostly within 1
which the interaction parameters are well establistee@ keV, as may be appreciated comparing the energies pre-
employed as spectroscopic tools. Because of the good beasented in Fig. 1 with the adopted ori&3. In this context, the
characteristics of the Pelletron accelerator and of the use afalue ofE.,.=(3.3=0.7) keV determined for the lowest en-
nuclear emulsions as detectors at the focal plane of an Engegy transition[1] means that in thed,p) reaction, as well
spectrograph, in addition to the especially prepared thin ands in the formerly measuredl ) one[2], the known 5/2
uniform targets, high quality data are usually obtained. Infirst excited state is populated in a preferential manner. This
fact, the recent'®Ru(d,p)!®®Ru results of the aPaulo finding supersedes the indetermination of previous studies
Group[1] extended the spectroscopic information up to 3.8[4] which could not decide if the ground state or the first
MeV of excitation and revealed 39 levels observed for theexcited state was reached id,p). In the emulsion detection
first time in this reaction. Figure 1 shows part of the protontechnique no possibility of such a difference being due to an
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FIG. 1. Partial spectrurfup to~ 2.1 MeV) of protons emerging from tht’?Ru(d,p) reaction atf,,,= 8°. The 1°Ru levels which were
identified in the reaction are sequentially numbered. The enefigi&eV) of those levels which have been associated wittay results are
presented above, within square brackets.

0556-2813/98/52)/967(4)/$15.00 57 967 © 1998 The American Physical Society



968 BRIEF REPORTS 57
_ 101Ru 103Ry
12+ I=0 1,2 =0
1,04 - (dp) 1,0 I - (dyP)
038 @y 08 [ J@n)
0,6 - 0,6
04 04
024 -
4 HIH ............................................
0’0 T I:I' ! I—.VI T A T T T
00 05 10 15 20 25 30
0
30 M )
25 [ J@t)
2,0
1,5
1,0
05 {3 g T
00 05 10 15 20 2,5 3,0
8- 8- I=4
4 l=4 4
74 7 - d
6 M 6] Eid’f;
57 NG 5 ’
4] 4]
3] 3]
2] 2] 9/29)
' i R
0 IJI}I- iiiiiiii || iiiiiii | iiiiiii == 0 = II’I-'I'I‘I'I'
00 05 10 15 20 25 30 00 05 1,0 15 20 25 30
7] I=5 7] =5
6] | JE) 6] W
5] L @) 5] [ ]@)
4] 4]
O 34 3
24 2
[ e el [y I e e Al
05 , , ; . T 0 . -[ : ‘ T
0,0 15 20 25 0,0 05 10 15 20

X 25
EXCltatlon Energy (MeV) Excitation Energy ( MeV)
FIG. 2. Spectroscopic strengths, classified according to transferiad*®'°Ru [1,2,5. The symbolG= Gpick T Gsurip Stands for the
summed spectroscopic strengths, wWah,= C?3(d,t) and Gstrip= C28'(d,p). Horizontal lines correspond to cuts at the 2.5%, 5%, 10%
and 20% values of the total expected strength, for éach

experimental zero or scale calibration error exists. In théng feature put into evidence through Fig. 2 is that in both
chain of odd Ru isotope#y=101[2,5] andA=103[1,2] are  1%%19Ru, for each transferred, the levels situated lowest in
now known with similar spectroscopic detail. Figure 2 excitation energy are the most intensely populated. For these
shows, in an additive and comparative manner, the spectrastates the summed strengttimle plus particlg always ex-
scopic strengths gathered through th¥°Ru(d,p) and ceed 60% of the limit of the corresponding spherical shell
10210Ru(d,t) reactions studied by the 8&aulo Group, as model orbital in °’Ru, while in 1%Ru, although the yrast
superposed solid and open bars, respectively. The informdevels still preserve their predominantly quasiparticle charac-
tion is classified according to transferred orbital angular mo4er, the strengths are appreciably reduced. A global overview
mentuml, and horizontal lines serve to indicate where cuts,of the information shows that, for eathin 1°’Ru the total

at predetermined fractions of the respectivg{2) limit of expected strength was almost all found, but'fiRu up to

the valence shell, would lie. In the case lef2, the cuts ~ 3 MeV of excitation strength is certainly lacking. This
correspond, arbitrarily, t9=5/2, as do the strengths, if the loss of strength necessarily indicates that it is difficult to
level spin is not known. For the othéwvalues, for unknown form the °Ru nucleus starting from either th®Ru or
level spin, the spin of the valence shell model orbital was'®Ru ground states. Other peculiarities are observed for
taken. This procedure may superestimate the valencé™Ru. First, it is to be remembered that the first excited state
strengths fol =2, 4, and 5. It is to be stressed that, as Fig.and not the ground state is preferentially populated through
2 shows, the detection limits of the experiments are, exceft=2 transfer, starting both from®Ru and from%Ru, de-

for |=5, extremely low and mostly below 1%. An interest- fining the lowest'®Ru configuration to be of small similar-
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TABLE I. Excitation energy and spectroscopic small intensity 25+ . .
of the 3/2" yrast state in*Ru isotopes. AT e
A Eexc (Mev) CZs/(d‘ p) CZS(d,t) R 204 ; a5, =72,
> " Y S S 7
97 0.189247] low [8] — 2 MG ™
99 0.089699] — 0.037[2] < 13 <1y
101 0.1272910] 0.067[5] 0.006[2] 2
103 0[3] low [1] low [2] 5 o
105 o[11] 0.009[6] 5
g
ity with the ground states of the neighboring even isotopes. B \ g
Second, the state at 2.2 MeV of excitation reached by U R a
is, through its excitation characteristics, most probably asso- o . S "‘f """" o e
ciated with the 34, orbital and, thus, an excitation of the *’Ru *Ru "Y'Ru "Ry 1Ry
N=50 core[1]. Both the high strength and the relatively low Ruthenium Odd Isotopes
excitation energy of this state are rather unexpected. ,
The uncommon situation of a ground state being poorly FIG. 3. Yrast states for Ru isotopes.

populated in one-particle transfer reactions, as was evidenced

for 1%Ru, merits a closer investigation, both from experi-

mental and theoretical points of view. In fact, the next oddlighted isotopes and isotones are disclosed through Figs. 3
isotope of the ruthenium chaif®Ru, also displays the same and 4: the yrast 7/2 and 9/2 levels, where known, and
behavior in 2%Ru(d,p) [6] and otherwise also very similar With the exception of*’Zr and *°’Sn lie almost constant,
spectroscopic characteristigg). A survey of the experimen- respectively, 0.2-0.4 MeV and 0.7-0.9 MeV above the
tal information, for the odd ruthenium isotopes and for theground state, while the energy of the 11/@vel, followed,
isotones of 1°219Ru (always taken from the most recent Where already detected, by a “companion” 7/grast, var-
Nuclear Data Sheets compilationgan be appreciated for ies by a factor of 9, being lowest fot®*'®Ru. Transfer
the known yrast states with”=1/2" to 9/2" andJ"=7/2-  reactions show all these levels, as well as thg 5/® have
and 11/2 in Figs. 3 and 4. It is seen that a yrast 8/  an important quasiparticle character in Ru, in contrast to the
known in most nuclei, appearing for the majority of them atlowest 3/2" levels. However, it is to be stressed again that
excitation energies lower than 0.3 MeV, this value beingthe yrast 5/2, 7/2", and 11/2 have their strengths about
exceeded only for’Zr and 1°%Sn with known semimagic halved, when going fromh=101 toA=103. The yrast 1/2
properties. Table | shows this yrast level to be consistentlyevel lowers its energy in the Ru isotopes, betwé&én 53
weakly populated in one-neutron transfer for all cited Ruand N=61, by a factor of about 5, but never becomes a
isotopes, being thus similar to th¥3%Ru ground states. ground state, as it is for the lighter isotor(&s, Zr, Mo) with
Not many other odd nuclei were studied with similar spec-N=57 andN=59. As far as studied, the yrast 1/2xhausts
troscopic detail in this mass region; in particular little trans-a rather constant fraction of about half of the expecteg,3
fer information is available for the isotones, lying 3—11 neu-quasiparticle strength throughout the region.

trons above the magitN=50 shell. The 3/2 yrast is, It seems clear that in th&~100 region, in most odd
however, known to have small spectroscopic factors also imeutron nuclei, a low-lying 3/2 level exists which has,
10%pd[11] and %Mo [9]. Other regularities in the here high- where measured, a small overlap with the neighborifig 0
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FIG. 4. Yrast states fot°*1%Ru isotones.
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ground states plus one quasiparticle. Gamma-ray decay propnt” configuration for these coexisting states in the odd Ru
erties show it to be linked to oth€s/2™, 5/27) levels which  isotopes is not easily traced in the even neighbors. The bro-
are poorly populated in transfer and also to the; 1tthe,  ken pair (2s;,)? would be obviously absent in the even
which in turn has, as already mentioned, an appreciablground state, but it is also not evident in the rest of the
single-quasiparticle character. This singular'3&ate may spectra if available experimental information is taken into
represent the survival of ()% characteristics, as inter- account; nor is there any other configuration which could

preted in%°Zr 53 and *Mos; by Talmi[12], as far from the  provide the basis for a direct interpretation of the;3Aate
N=50 shell as'®Pdss, a fact which would be certainly in the odd neutron nuclei.

surprising. Instead, it could indicate the presence in the odd

neutron nuclei in this mass region of still more complex This work was partially supported by Conselho Nacional
configurations at very low excitation. Both situations may bede Desenvolvimento Ciefiito e Tecnolgico (CNPq, Co-
taken as characterizing a coexistence phenomenon in thesedenaeo do Aperfejipamento de Pessoal devdl Superior
nuclei, put also into evidence through a very consistent (CAPES, Financiadora de Estudos e Projet6$NEP), and
decay pattern, which always favors the feeding of either, onéunda@ de Amparo aPesquisa do Estado dé G®aulo

or the other, the yrast 5/2or the yrast 3/2 states. A “par- (FAPESB.
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