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Level structure of ' 'Ru from the ' Ru(d, p) reaction
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Energy levels of ' 'Ru have been studied by the ' Ru(d, p)' 'Ru reaction at an incident deuteron

energy of 12 MeV. Outgoing particles were momentum analyzed by a magnetic spectrograph and
detected in nuclear emulsion plates, with an energy resolution of 7.5 keV. A total of 68 levels up to
3.2 MeV excitation energy was identified, about two-thirds of them reported for the first time. Ex-
perimental angular distributions were compared to distorted-wave Born approximation predictions
and reduced spectroscopic factors obtained. The total I =2 and 75% of l =0, 4, and 5 spectroscopic
strengths were located. Attention is drawn to transitions to low-lying states in ' 'Ru (below

E,„,=0.75 MeV) with l =3 and I = 1 character.

I. INTRODUCTION

The region of nuclei around A =100, in particular, the
ruthenium isotopes, continues to attract attention, from
both theoretical and experimental points of view, due to
conflicting aspects revealed by the data when confronted
with the simpler models. In fact, level energy systematics
and decay properties of the lighter even ruthenium iso-
topes tend to follow a vibrational description, as revealed
also by interacting boson approximation (IBA) calcula-
tions. ' However difficulties have been found in describ-
ing the neighboring odd-A isotopes on the same footing.
In particular, it was, until recently, not possible to ac-
count for the spreading in energy of levels which, accord-
ing to the vibrational model, should belong to the same
multiplet. '

Recently, predictions of a symmetric prolate rotor
(with a variable moment of inertia) plus particle model,
including Coriolis coupling, allowed the identification in

Ru of several particle-core multiplets, with the correct
y-decay properties, due to the dominance of a particular
value of core angular momentum R and quasiparticle
parentage. In agreement with experiment, a lowering of
the low spin members of the multiplets, especially those
based on high-j-particle states, is predicted.

Very recently, Arias et al. performed, for the Tc, Ru,
Rh, and Pd isotopes, extensive calculations within the
proton-neutron interacting ooson-fermion approximat1on
(IBFA-2) and, where comparison was made, not only lev-
el energy systematics, but also one-particle transfer spec-
troscopic strengths and electromagnetic properties could
be satisfactorily reproduced.

From an experimental point of view, one-particle strip-
ping reactions could help to put into evidence mainly
those low spin members of the multiplets, not easily pop-
ulated by (HI, xn y) or even (a,xn y ) and ( He, xn y ) reac-
tions, through admixtures of the even-core ground-state
components into the wave functions of these excited
states of the odd nucleus. The nucleus ' 'Ru has been the
subject of y-ray studies with (a, 3n) (Refs. 7 and 8),

( He, 2n) (Ref. 8), and (a, n) (Ref. 9) reactions, and from
the decay of ' 'Rh ' . On the other hand, a previous
(d,p) work' covered an excitation energy range of only
1.9 MeV with an energy resolution of 25 keV. In the
present experiment the ' Ru(d, p)' 'Ru reaction has been
studied with better resolution to provide a detailed deter-
mination of the level spectrum and spectroscopic
strengths in ' 'Ru. A wider range of excitation energies
than in the previous (d,p) study' has been covered,
several new energy levels have been detected, and definite
values of l have been assigned to a larger number of tran-
sitions.

II. EXPERIMENTAL PROCEDURE

Angular distributions and absolute cross sections for
the (d,p) reaction on targets enriched to 97.2% in ' Ru
were measured with 12-MeV deuterons from the tandem
Pelletron accelerator of the University of SKo Paulo. The
scattered protons were detected with nuclear emulsion
plates (Kodak type NTB 50 pm thick) placed in the focal
surface of an Enge split-pole magnetic spectrograph.
Aluminum foils, thick enough to absorb heavier reaction
products, covered the emulsion. The total number of in-
cident deuterons was determined by a current integrator,
which measured the charge collected in a Faraday cup
with electron suppression. Elastically scattered deute-
rons detected at 41.5' by a surface barrier position sensi-
tive detector placed in the focal surface of the spectro-
graph provided the absolute normalization, obtained
from the deuteron elastic cross section given by an opti-
cal model prediction using the potential parameters
shown in Table I. The uncertainty in the absolute cross
section scale is estimated to be +15%, taking into ac-
count an uncertainty of +10%, due to different optical
model predictions for the elastic cross section and an un-
certainty of +10%, from the nonuniformity of the tar-
gets.

Targets were made by evaporation" of metallic
ruthenium powder onto thin carbon backings. The thick-
nesses of the three different uniform ruthenium films used

38 664 1988 The American Physical Society



38 LEVEL STRUCTURE OF ' 'Ru FROM THE ' Ru(d, p) REACTION 665

TABLE I. Bound-state and optical model parameters used in
DWBA calculations.

Deuteron' Bound neutron Proton"

V (MeV)
ro (fm)

ao (fm)

V, . (MeV)
r, , (fm)

a, , (fm)
m (MeV)
r~ (fm)

a~ (fm)
e (MeV)
rD (fm)

a~ (fm)

r& (fm)

97.32
1.15
0.81
7.0
0.75
0.50
0
0
0

17.28
1.34
0.68
1.30

1.17
0.75

A, , =25

60.87—0.32'
1.17
0.75
6.2
1.01
0.75

0.22' —2.7
1.32
0.60

13.34—0.25Ep
1.32
0.60
1.25

'From Refs. 15 and 16.
bFrom Ref. 17.
'Adjusted to reproduce the neutron binding energy.

during this experiment were around 20 pg/cm .
The protons produced in the reaction were observed at

seven angles, from 10' to 68', and the exposed plates were
scanned in steps of 0.2 mm along the plate. An energy
resolution [full width at half maximum (FWHM)] of 7.5
keV was achieved. The spectrum obtained at a laborato-
ry scattering angle of 52' is shown in Fig. 1 and can be re-
garded as typical of the spectra measured at other angles.
Peaks corresponding to transitions to levels of ' 'Ru are

numbered, the ground-state group being labeled by zero.
The inset in Fig. 1 shows the region of levels 2 and 3
scanned with higher magnification and in smaller steps.
The identification of peaks corresponding to states in
' 'Ru was made following the procedures described in de-
tail elsewhere. '

III. RESULTS

The excitation energies shown in Table II are the aver-
age of the energies obtained from the spectra, making use
of the calibration of the spectrograph. ' Deviations of in-
dividual energy determinations and the mean were in
most cases lower than 3 keV. Reported in Table II are
the levels clearly detected at at least four different angles.
Also shown in Table II are the results of Hollas et al. '

from a study of the same reaction at 11.5 MeV with a
resolution of 25 keV. The adopted levels of ' 'Ru in the
compilation of Blachot' are also reproduced in Table II.
A comparison of the level energies obtained in the
present work with the energies reported by Blachot'
shows a good agreement. Differences with the measure-
ments of y-decay work'" are typically less than 2 keV.

The experimental angular distributions, for those tran-
sitions for which at least five points were measured, are
shown in Figs. 2 and 3. The error bars include contribu-
tions of statistical deviations and uncertainties due to
plate scanning, background subtraction, and relative nor-
malization.

The angular distributions were compared with predic-
tions of distorted-wave Born approximation (DWBA) cal-
culations, with corrections to include finite range and
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TABLE II. Summary of the results for ' 'Ru from the ' Ru(d, p) reaction and comparison with previous experiments. Assign-
ments given in parentheses are tentative.

Present work
Level

number E,„, (MeV) [cr,„~(8)]',„(mblsr) I S(',

Hollas et al. '

E,„, (MeV) I S('

Nuclear data

E,„, (MeV)

10
11

12

13

14

15

16

17

18

19

20
21

0.000
0.127

0.307

0.326

0.421

0.533

0.597

0.622

0.685

0.718

0.742
0.823

0.908

0.972

1.051
1.098
1.112

1.227

1.268

1.501

1.544
1.584

2.7+0.2
0.071+0.006
0.49+0.14

4.2+0.3

0.19+0.05

1.08+0.06

0.59+0.05

0.26+0.02

0.25+0.02
0.065+0.010

0.055+0.010
0.53+0.03

0.26+0.02

0.88+0.06

0.026+0.005
0.23+0.04
0.81+0.05

0.14+0.04
0.031+0.008

0.56+0.010

0.074+0.026
0.75+0.04

2

1

2

2

0
2

2

11
2

5 3
2' 2

7 5
2' 2

3 1

27 2

2.10

0.067
5.3

0.96

0.15

5.8
0.72, 0.75

0.60, 0.74

0.063

0.17, 0.18

0.017, 0.018

0.40, 0.43

0.057, 0.060

0.63, 0.70

0.28

0.028
0.17

0.016
0.019, 0.022

0.45, 0.50

0.000
0.127

0.325

0.408

0.535

0.599

0.625

0.684
0.714

0.827

0.910

0.976

1.110

1.588

5

2
3
2

2.09
0.08

1.30

0.20

2 —,—0.85, 1.03

3.62

0.09

2 2, 2
0.39, 0.46

2 2, 2
0.59, 0.71

0.19

2 2, 2 0.38, 0.46

0+2 21' 23 003'015

0.000
0.12723

0.30685
0.31134
0.32515
0.3441
0.4221

0.4623
0.5275

0.535
0.54508
0.5983
0.6163
0.6234
0.6235

0.6438
0.684

0.7200

0.827

0.84278

0.92872
0.93847
0.9586
0.9734
1.0012

1.110
1.2068
1.2190

1.3215
1.3899
1.4993
1.5010

1.5873
1.6223

5+
2
3+
2
7+
2

5+ 3+
2 ' 2

1+
2

11—
2

(5+ 3+)
2 ' 2

7 +
2

(7 j)
2

(7+)
2
1+
2

9+
2

(-'+)
2

(7+ 9+
2 ' 2

(-'+)
2

(
15 —

)2

(5+ 3+)
2 s2

11+
2

1+
2

13+
2

(5 +)
2

(
19 —

)2
22
23
24

1.659
1.689
1.714

0.022+0.005
0.26+0.03

0.057+0.008

11
2
1

2

3.7
0.012

1.695 11
2

2.14 1.695

1.7618
1.7743

(11 — 9 —
)2 ' 2

25

26
27

28

29

1.779
1.813
1.825

1.842

1.861

0.130+0.014
0.10+0.02
0.13+0.02
0.08+0.02
0.29+0.03

3 1

2' 2
5 3
27 2
5 3
2' 2
5 3
zt 2

1

2

0.027, 0.028
0.064, 0.068
0.07S, 0.081
0.041, 0.043

0.062

1.825 2 2, 2
0.13, 0.16 1.825

1.8434
(

5+ 3+)
2 ' 2
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TABLE II. (Continued. )

Present work Hollas et al. ' Nuclear data

30
31
32

1.878

1.893
1.936

0.44+0.03
0.12+0.03
0.26+0.02

2

Level
number E,„, (MeV) [O,„p(8)]',„(mblsr) I S

0.25, 0.27

0.061

E,„, (MeV) 1 SIJ

1.875 2
2 2 038 046

E,„, (MeV)

1.8622

1.875

1.9615

15 +
2

( 3+ 5+)
2 7 2

33
34

35

1.969
1.997

2.057

0.35+0.02
0.21+0.02

0.33+0.03

5 3
2' 2
5 3
2' 2

0.20, 0.21

0.12, 0.13

0.076
2.0175

2.0634
36
37
38

39

40
41

42

43
44

2.087
2.133
2.147

2.218'

2.299
2.348

2.404'

2.443
2.459

0.05+0.01
0.14+0.02
0.22+0.02

0.075+0.009

0.16+0.06
0.10+0.01

0.44+0.04
0.22+0.02
0.05+0.01

1 2, 2
0.037, 0.039

(1) (2), (2) (0.043), (0.046)

2 2, 2
0.098, 0.105

(1) (-, ). ('-, ) (0020). (0021)

2 2, 2
0.20, 0.23

2 —,— 0.09, 0.10
(3) (2), ( 2) (0.042), (0.056)

2.1740

2.2229

2.3459
2.3772

2.4732

17+
2

(32 —
)2

45
46
47

48
49
50

2.493
2.544
2.600
2.624
2.654'
2.694

0.14+0.03
0.12+0.03
0.14+0.02
0.12+0.02
0.22+0.02
0.08+0.01

5 3
27 2

7 5
2' 2

5 3
2' 2

0.063, 0.072

0.12, 0.14

0.038, 0.042

2.7979 (21 +)
2

51

52
53

54
55

56
57

58
59
60
61

62

63
64
65
66
67

2.718
2.752
2.784
2.815
2.844

2.867
2.881

2.901
2.918
2.931
2.977

3.019

3.065
3.083
3.120
3.173
3.228

0.22+0.02
0.09+0.01
0.15+0.03
0.08+0.02
0.14+0.02

0.13+0.04"

0.06+0.01
0.15+0.04
0.14+0.02
0.08+0.02

0.15+0.02

0.16+0.02
0.18+0.06
0.06+0.02
0.13+0.02
0.24+0.02

0.046, 0.049

3 0.026, 0.027

0.031

(3) ( —,'), ( —,') (0.10), (0.11) 2.8236

2.8853

2.9842

3.0520

19+
2

'Reference 9.
Reference 13.

'Maximum cross section measured.
Integrated cross section (1 =5+1 =2).

'Possible doublet.
Doublet.
"Integrated cross section (levels 56 and 57).
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nonlocality effects, performed by means of the code
DwUcK4. ' The correction parameters employed were

RFz ——0.62 fm, Pd
——0.54 fm, P =0.85 fm. The optical

model parameters for the entrance and exit channels were
taken from the analysis of Percy and Percy' for deuteron
scattering, with the addition of a spin-orbit term suggest-
ed by Lohr and Haeberli' and from the analysis of Bec-
chetti and Greenlees' for proton scattering. The cap-
tured neutron was assumed to be bound by a real poten-
tial well of Woods-Saxon shape plus a spin-orbit term.
The calculations were performed supposing, as usual,
that the bound neutron occupies an orbital near the Fer-
mi surface. In the case of I = 1 and I =3 transfers, orbit-
als 3p and 2f, of the next major shell, were assumed. The
parameters used are presented in Table I.

Fits to the angular distributions are shown in Figs. 2

and 3 in comparison with the data, whenever an assign-
ment of transferred angular momentum I was attempted.
The reduced spectroscopic factors SI' were extracted in
the fitting procedures according to the relationship

Dw(g)
cr,„p(6) }= l. 53S(~ 2j+1

The values of S&' are related to the spectroscopic factor
by

2Jf +1
SI' —— SI.——(2j+ 1 }S(I+

where J; ( =0) and Jf ( =j) are, respectively, the spins of
the target and final nuclei.

The values obtained for l and S&~ are shown in Table II.
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are DWBA curves fitted to the experimental data.
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angle maximum of the cross section and its ensuing de-
crease. The criterium also took into account that, for the
I =2 transfers in this excitation energy region, the data
corresponding to the smallest angles lie systematically
below the D%BA prediction. Figure 4 compares the
quality of the I =3 and I =4 fits to both '~Ru(d, p)'o'Ru
and ' Ru(d, t)' 'Ru reaction populating the state at
0.597 MeV. The pickup results, reproduced from Ref.
21, clearly characterize the transition as 1=3. The fact
that the authors of a recent (p, d) work do not report a
level at approximately 0.60 MeV is probably due to the
poor resolution (24 keV) of these data. In their published
spectrum the peak corresponding to the 0.623-MeV state
presents, at the right position, a shoulder of appropriate
magnitude, if compared to the (d, t) results. '

The transition to the state detected at 0.533 MeV (No.
5) reveals a predominant I =2 component, but there is a

If different global prescriptions, for the optical model pa-
rameters, are used in entrance' ' ' and exit' * chan-
nels, a maximum variation of 215% in the reduced spec-
troscopic factors occurs.

Transferred I values were extracted without ambigui-
ties. for levels below 2.0 MeV, except for levels numbered
6, 10, 19, 20, 22, and 31. The experimental angular dis-
tributions related to levels 10, 19, and 31 are similar, but
their shape is not reproduced by one-step DWBA predic-
tions, while those associated to levels 20 and 22 present
no discernible structure. An 1=4 attribution was at-
tempted for the transition to the state at 0.597 MeV (No.
6), following Hollas et al. ,

' but the quality of the fit was
poor when compared with other I =4 fits. On the other
hand, this angular distribution is better reproduced by an
1=3 transfer, especially if, as usual, emphasis is put on
fitting the experimental points around the first forward-
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FIG. 3. ' Ru(d, p) ' 'Ru angular distributions (see caption of Fig. 2).
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100R
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E 01—
Cl

b Ru(d, t) Ru

E;-0.596 MeV

0.05—

I

0.01—
I I I I I I I I I

0 'lO 20 30 40 50 60 70 BO

6, ~ (deg)

FIG. 4. (a) ' Ru(d, p) ' 'Ru at 12 MeV, and (b)
Ru{d, t)' 'Ru at 16 MeV, angular distributions corresponding

both to the same 0.597-MeV final state. The curves are DWBA
predictions for I =3 and I =4 transfers. {b) is reproduced from
Ref. 21.

function of excitation energy. Only levels with a reliable
I value attribution were included. For the detected I =2
spectroscopic strength there is a concentration of intensi-
ty corresponding to the known —', + ground state (g.s.) and
a spreading among many levels. The intensity of this
strongest transition is consistent with the presence of two
2d5&z neutron holes in the g.s. of ' Ru. For the other
I =2 transitions a d3/p character was arbitrarily assumed.
The spectroscopic strength thus associated to the d3/p or-
bital is heavily fragmented with components extending
up to 2.7 MeV of excitation. In the case of I =0 transi-
tions, there is also an experimental fragmentation, but
one level alone is responsible for 66% of the detected
spectroscopic strength. Most of the I =0 and I =2
strengths were already located by Hollas et al. ' The
detected strength for I =4 transitions is almost totally
(95%) concentrated in the state at 0.307 MeV, which was
not detected by Hollas et al. ,

' probably due to lack of
resolution in presence of the intense / =0 state at 0.325
MeV. Only two levels reached by /=5 transfers were
seen. A small fragmentation for the 1=5 strength is thus
observed, since the limit of detection corresponds, in this
case, approximately to S'=0.6.

The present experiment locates the total I =2 and 72%
of the I =0 strengths, relative to the sum-rule limits. In
the case of I =4 and I =5, respectively, 70% and 79% of
the total spectroscopic strengths were detected, if re-
stricted to the shell 50—82. Transitions with /=1 and

8.0-

clear necessity to consider an I =5 contribution corre-
sponding to the known —", level at 0.5275 MeV. The
spectroscopic factors of the states involved were extract-
ed by a least-squares fitting procedure. The cross sec-
tion at 8=10' for state No. 8 excludes contributions from
an I =0 component, in disagreement with Hollas et al. '

Above 1.9 MeV most of the levels reported here have
been seen for the first time. For levels 35 to 39 the car-
bon contamination of the spectrum at 20', where a
minimum of the cross section for an I =0 transfer is ex-
pected, is an impairment to the distinction between I =0
and /=1 transfers. Due to the overall fit for levels 35
and 37, /=0 and / =1 attributions, respectively, were
preferred. For level 38 the I = 1 value is tentative.

The values of the reduced spectroscopic factors are in
good agreement with those published by Hollas et a/. ,

'

whenever a comparison can be made. An exception is the
I =5 level at E,„,=1.689 MeV, where the discrepancy
amounts to a factor 1.7. Due to the low excitation proba-
bility of states reached by I =5 transfer, this discrepancy
is not incompatible with the experimental errors in the
data and the uncertainties in the DWBA predictions for
di6'erent optical potentials.

IV. DISCUSSION AND CONCI. USIONS
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FIG. 5. Reduced spectroscopic factors obtained for all states
reached by the same I transfer, as a function of excitation ener-

gy.
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1=3 character were observed, and only lower limits of
g S' were obtained. Weak I = 1 transitions were located
below 2.8 MeV and are spread in a 2-MeV interval. For
the I =3 transfer, on the other hand, 83%%uo of the detected
strength is carried by one state at 0.597 MeV.

Arias et al. present a comparison of spectroscopic
strengths below 1.0 MeV for 3sl/2, 1g7/2 2d5/Q and

2d&/2 transfers in ' Ru(d, p)' 'Ru, as predicted by their
IBFA-2 calculations, in comparison with the results of
Hollas et al. ' The very satisfactory agreement with ex-
perirnent would perhaps be even better if the present re-
sults were taken, since the low-lying 1 =4 strength is now
clearly located 0.30 MeV below the former attribution.

It is believed that the distribution of the neutron
single-particle strengths among levels in ' 'Ru, up to ap-
proximately 3.2 MeV of excitation, is now quite well es-
tablished. The same experimental detail is not available
for the other odd ruthenium isotopes. However, general
features emerge from previous (d,p) reaction studies on

Ru (Refs. 10 and 24), ' Ru (Refs. 25 and 26},and '~Ru
(Refs. 25 and 27). In each isotope, the strongest 1=2
transition populates the lowest —,

'+ state and a heavy frag-
mentation of the remaining 1=2 strength is observed.
All the referred isotopes are found to have a strong low-

lying —,
'+ state with much weaker l =0 strength distribut-

ed among higher excited states. A very light fragmenta-
tion is observed for the I =4 and I =5 strengths. Transi-
tions of 1 = 1 character were, up to now, reported only in
the present reaction and in ' Ru(d, p)' Ru (Refs. 25 and
27), while low-lying I =3 strengths have been observed in
' 'Ru and ' Ru (Refs. 25 and 26), concentrated in single
transitions, and in ' Ru (Ref. 27), possibly split.

Negative parity states, based on the single particle or-
bital h»/2, are expected in the mass region of the Ru iso-
topes. The simpler models, however, are not able to
reproduce important experimental results. For instance,
it is not evident how to bring 1=3 and 1=1 single-
particle strengths, from the next shell down to within
hundreds of keV from the ground states. Recently,
Whisnant et al. coupling the quasiparticle to a sym-
metric, slightly deformed prolate rotor were able to
reproduce some vibrational-like features for Ru. In
particular, the calculations characterized a multiplet as-
sociated to the dominant R =2 core excitation and lh „/2
quasiparticle and predicted it to be spread through an
1.2-MeV interval, in good accordance with experiment.
The lowest-lying member is the —,

' state at 1.105 MeV, in

correspondence with the experimental level at 1.29078
MeV. However, previous calculations ' for the heavier

Ru isotopes, based on the same model, did not put a
rnultiplet structure into evidence and present consider-
able differences in the predictions for ' Ru. These
differences may possibly be due to the consideration of an
oblate core deformation for negative parity states and the
neglect of part of the recoil term in the calculations by
Imanishi et a1. For ' 'Ru only the results of Imanishi
et al. are available and no theoretical negative parity
state, besides the —", at 0.529 MeV, is presented below
1.0 MeV.

As already pointed out, through admixtures of R =0

components into predominantly R & 0 states, these could
be accessible to one-particle transfer reactions. In partic-
ular, the low-lying —', levels would be seen as 1=3
transfers in (d,p). In fact, in ' Ru the experimental
counterpart of the theoretical state at 0.191 MeV could
be the level at 0.297 MeV populated by an (I =3}transi-
tion, ' with a spectroscopic strength which is in agree-
ment with the prcdiction. Considering the lowest-lying
levels populated by 1=3, for the various isotopes, it is
verified that, in going from ' Ru to ' 'Ru, their energy
follows closely the increase in energy of the —", states
with the strongest I =5 spectroscopic strengths. In Ru,
this trend would point to the level at 1.29078 MeV,
identified by Whisnant et al. as the —,'member of the
R =2 multiplet. For ' 'Ru the suggested accordance
with the model would thus locate the —,'member at
0.597 MeV. Similar considerations could account for
the presence of low-lying I =1 strength, through the con-
tribution of R =4 dominant core components, resulting
in the presence of I"=—', states. In fact, in the recent
calculation of Arias et al. , besides the low-lying —',

states, which deserved special remarks, —', states were

predicted, at about 1 MeV in each isotope above the
lowest —", level. In this paper IBFA-2 calculations for
A =100 nuclei were performed in a systematic way, con-
sidering the transition from SU(5) to O(6) symmetries.
Arias et al. found it necessary to include contributions
of the 2f7/p and lh9/2 orbitals into their fermion space to
rnatch the properties of the negative parity states for
which, unfortunately, no theoretical one-particle transfer
strengths were published. Both approaches, ' though
starting from different theoretical ingredients, are thus
equally able to predict important experimental evidences
in the Ru isotopes. In particular, negative parity states
lying relatively close in energy to the lowest —", levels

seem now clearly interpreted as —,', resulting essentially
from the coupling of the 2~+ core state (which may have
different descriptions) to an lb „/2 quasiparticle.

Though the picture presented seems tempting, there
are other experimental results, ' ' some of them also re-
cent, which are in possible contradiction to the men-
tioned —,'attributions in ' " ' Ru. Kajrys and co-
workers, ' ' in (a, ny) experiments populate the levels
here interpreted as —,', at 0.598 MeV in ' 'Ru and at
0.297 MeV in ' Ru, and assign to both spin and parity
—', +. The corresponding level in ' 'Ru was not reported
by Klamra et al. in their (a, 3ny) and ( He, 2ny) stud-
ies. In the case of ' Ru, on the other hand, the result of
Kajrys et al. ' ~ould supersede the —', attribution to the
0.297-MeV level made by Klamra and Rekstad, based
on experimental information extracted from the same re-
action with more complete excitation function measure-
ments. It is felt that, taking into account the usual
diSculties in spin and parity attribution through that
kind of analysis, the measurements of Kajrys and co-
workers ' ' certainly do not exclude a —', attribution, al-

though a —,
' may be more diScult to sustain. It is to be

remembered that the 1 =3 transfer characterized by the
present experiment would not be in disagreement with
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J =—,
' for the 0.598-MeV state. Also, for ' Ru, the

analysis of all the available information led de Frenne
et al. to make a ( —,',—', ) assignment for the lowest-lying
level reached by 1=(3) in the (d,p) reaction. A —,'at-
tribution is, in this case, improbable if a misassignment or
a doublet structure are excluded, in face of the y feeding
pattern exhibited.

A theoretical counterpart for such low-energy —', lev-

els would be difficult to find within the framework of the
models discussed. ' The connection between the odd
and even Ru nuclei may, however, be considerably more
complicated than supposed by these models. ' In fact, in
exploring the properties of the —',

+ g.s. of ' 'Ru through

one neutron pickup reactions, ' this state was found to
be strongly related, through 1=2 transfers, to levels of
the even core at excitation energies above 2.2 MeV, not
usually considered important core states in the calcula-
tions. '
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