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Recent (HI, xny) results on the levels of ' "" 'Pd have been analyzed using the Nilsson model with Coriolis

coupling at intermediate deformation (5 0.12). A variable moment of inertia treatment of the Nilsson basis

was found to be necessary. With such a treatment the decoupled 11/2 and 7/2+ bands of "favored states" are

well reproduced for all three nuclei. In addition, the decoupled (AI = 2) character of the 5/2+ ground-state

band in ' 'Pd is explained, as well as its transition to a conventional EI = 1 band in ' 'Pd. Some of the other,
"unfavored" states in these nuclei are also explained; and single-nucleon transfer spectroscopic factors and

relative y-ray branching are also discussed.

NUCLEAB STBUCTUBE lot'lo~' o5Pd; calculated energy levels (d,p) (d, f) spectro-
scopic factors, y-ray branching. Nilsson model, Coriolis coupling, variable mo-

ment of inertia.

I. INTRODUCTION

Studies utilizing (heavy ion, xn) reactions have
produced bands of states in odd-A Pd' and odd-A
La' nuclei which appear to result from the cou-
pling of an odd particle to the collective motion of
an even-even core. The energies of the states in
the odd-A bands look as if the ground state band of
the even-even core had simply been superimposed
on the odd-mass bandhead state without major
changes in the configuration of the particle or core
states. In this situation, the particle is effectively
"decoupled" from (i.e. , minimally coupled to) the
core and becomes essentially a "spectator" to the
motion of the core. Specifically, in the La nuclei,
these bands have negative parity and exhibit a
AI= 2 spin sequence: —. . . , —, , etc. The ex-&9

perimental results are quite consistent with an
extreme weak coupling description of the nuclei,
but such an interpretation is independent of any
specific description of the collective motion of the
core, so it sheds little light on the nuclear struc-
ture. An interesting and potentially much more
useful interpretation of the odd-A La band struc-
ture has been offered by Stephens and co-workers,
who have proposed' a rotational description of
these nuclei. In this description the even-even
core is moderately deformed (5=0.1 to 0.2), and
Coriolis effects are therefore comparable in ener-
gy to the single-particle level spacings. Because
of these Coriolis effects the minimum energy is
obtained when the angular momentum of the odd
particle j and the rotational angular momentum of
the even-even core 8 are maximally aligned. The
odd particle's own angular momentum (j), being

aligned with that of the core (R), gives the odd-A
spin sequence I =j+R =j j+2 j+ 4 etc. This
behavior should be most pronounced for odd-
particle states of relatively high single-particle
purity and large j. The unique-parity orbitals
(g»„h»&„i„», etc.), which are depressed into
the next lower major oscillator shells by the
spin-orbit interaction, are therefore most likely
to exhibit this "decoupled" behavior. The observed
band structure of the odd-A La nuclei can then
be interpreted as arising from the C oriolis coupling
of an odd It»/, proton to the motion of the adjacent
even-even Ba core. The correct energy spacing
and angular momentum sequence for the odd-A
bands are then predicted because of the specific
nature of the particle-core coupling and not be-
cause the coupling is weak.

Similar negative-parity band structure has also
been observed' in the odd-A Pd nuclei, ' ' '" Pd.
In addition, definite AI = 2 posifjve-parity bands,
built on I= —,

' andI= —,
' states, have been seen in

these nuclei. In analogy with the odd-A La nuclei,
the Pd negative-parity band structure could be
interpreted as the Coriolis decoupling of an odd

h»» neutron from the adjacent even-even Pd core.
In addition, it is tempting to attribute the positive-
oarity band structure to the partial decoupling of
g7 /Q and Cf5 /2 odd neutrons . In this latter case, one
would expect that the highest-j positive-parity
orbital, namely g7/„would exhibit the most sig-
nificant decoupling behavior, with the next high-
est j,d, /„ decoupling to a lesser extent. In fact,
the experimental data show that the —, AI =2 band
persists in all three nuclei studied. On the other
hand, the —,

' AI =2 band is definitely present' only

1946
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in "'Pd; it is weakly seen' in '"Pd and absent in
' 'Pd. In fact, in ' 'Pd it is replaced by a 2

4I =1 band. '
It shoud be further noted that in "'Pd and ' 'Pd

a number of states other than those associated
with the —, , —,', and —, bands have been observed. '
These states actually constitute an added constraint
on the model used to describe nuclei in this region,
and their role in the test of the present calculation
will be discussed in the ensuing sections.

In this paper we shall demonstrate that the neg-
ative parity ~I = 2 band built on an —, state in"' '"Pd can be understood as a Coriolis-decoupled
band with a dominant K value of —,', indicating a
maximum alignment of j and R. We will also pre-
sent the results of a Nilsson model calculation
with Coriolis coupling on the positive-parity states
in these nuclei, in an effort to demonstrate that
the rotation alignment and consequent decoupling
is capable of explaining these states as well.
Finally, we shall show that this rotational model
also provides a natural explanation of the other
negative- and positive-parity states seen in
103~ 105Pd

II. DESCRIPTION OF CALCULATION

The calculation employs a modified version of
a computer code originally written by Starner and
Bunker' which utilizes the standard Nilsson model'
for an odd particle coupled to an axially symmetric
deformed core. The total Hamiltonian is taken as
H =H(Nilss)+H(rot), where H(Nilss) is the usual
single-particle deformed shell model Hamiltonian'
with energy eigenvalues e», and K(rot) constitutes
the energy of the system which comes from col-
lective rotation and includes the recoil and Coriolis
terms (see below). Specifically,

1
H(rot) = —[1—j]'

28

The last term is the so-called Coriolis term, and
the components of j and I are with respect to the
nuclear body-fixed axes, the 3 axis being the sym-
metry axis.

A Nilsson diagram appropriate for odd-neutron
nuclei in this mass region is shown in Fig. 1. The
shell model parameters ~ and p. were adjusted so
that the d5&» g, &» s, &» and d», level positions
at zero deformation corresponded to those deter-
mined by Reehal and Sorensen. ' The values of K

and p, thus obtained were 0.064 and 0.35, respec-
tively, which also correspond to the values sug-
gested by Soloviev. ' The bye/2 basis states were
calculated using ~=0.066 and p. =0.35 and were
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FIG. 1. Nilsson diagram for odd neutrons in theA =-103
mass region. The positions of the spherical shell model
states in this region (see Ref. 8) are shown as heavy lines
to the left of the diagram, and the shell-model param-
eters w and p, were adjusted to values of 0.0637 and 0.35
to obtain correspondence between these levels and the
Nilsson levels at zero deformation. Fermi levels chosen
for theA =101, 103, 105 isotopes of Pd are indicated by
the dashed horizontal lines, and the energy seal. e is based
on @capp:41/A ~ MeV for A =-103.

placed at an energy relative to the above-mentioned
positive-parity shell model states which was con-
sistent with the results of Reehal and Sorensen. '

The level structure of the even-even Pd nuclei,
if interpreted in a quasirotational context, sug-
gests an intermediate deformation of 5=0.1 to 0.2
for the low-lying states of these nuclei. Measure-
ments of B(E2,0'-2') in the even-even Pd nuclei"
suggest 5 =0.12 for "4Pd. Furthermore, the
B(E2,0'-2') are decreasing with decreasing mass
in this region, so the deformations of '" '"Pd
should remain low. We have therefore used the
deformation parameter 5= 0.12 for all of our cal-
culations.

The single-particle energies e~ of the Nilsson
states at this deformation were transformed into
quasiparticle energies E ~ according to

E,= [(e»- X)'+ a']'~' —a, (2)

where X is the Fermi level and 6 is the pairing
gap parameter. The latter was chosen to be 1.1
MeV for all three Pd nuclei, as suggested by the
empirical relation 6 = 12/A'~' MeV, " and also as
deduced from the odd-even Pd mass differences
in this region. The Fermi levels chosen for each
nucleus are also indicated in Fig. 1. The six
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unique-parity adiabatic Nilsson states from the

AJ ] /2 spherical shell model orbital and the rotatloD-
al excitations built upon them served as the basis
for the calculation of the negative-parity states.
The I(I =4 positive-parity states (excluding the five

g9(2 stRtes which Rx'6 deep ln the N= 3 osclllRtor
shell) and their rotational excitations were used
as the basis for the Coriolis calculation of the

positive-parity levels. This basis will be denoted

by iIMK&.
The calculation of the unperturbed bandhead

enex'gles Rlso lncol pox'Rted Rn Rppx'oxlmatloD to the
"zero-point" rotational enex gy."'" The energies
of the stRtes 1D R Nilsson 1 otRtlonRl bRQd Rx'6

written as

Ei»=E»+ [I(I+1)——2K +(j )
1

+ &», g, e(-1)' ""(I+»)],
where the E~ axe the intrinsic quasiparNele state
energies defined in E(l. (2), and a is the decoupling
parameter for K= —, bands (h= 1). The (luantity

(j ), which contributes significantly to this zero-
point energy for high-j low-K orbitals, was taken
Rs

(j') = Q C,»'i V+1)

where the C,.~ are the expansion coefficients of the
Nilsson state of the odd particle in the spherical
basis. The unperturbed bandhead energies are
then given by E(bandhead) =E»».

The Nilsson HamiltoniaLl wRs supplemented by
the usual Coriolis interaction H~ ~, whose matrix
elements in the ~(IMK& basis are

II, , =(V V,, + V,V,,) (IMK~lII„, ~IMK'&,

where gMK~Hc„~IMK'& are the single Pmticfe-
Coriolis matrix elements in the adiabatic basis,
Rnd the fRctoL' U U + V p 18 the usual pRlx'lng
correction factor for the Coriolis matrix elements
ln R quasipartlcle bR818 ~ Blocking effects were
ignored in the calculation„resulting in a constant
) and ~ for all of the intrinsic sta, tes of each
nucleus.

The total Hamiltonian (including the Coriolis
term) was diagonalized, giving the energy eigen-
values and wave functions of the final states
~IM& in terms of the Coriolis mixing amplitudes

f,» and the basis states ~DJK&:

(ji(vf&= p j„~lIMK&.

In order to identify the rotational composition
of the final states ~IM&, we expand those states
in terms of states with good Band j, where. g is the

angular momentum of the core, j is the angular
momentum of the odd particle, and I= R+ j. One
finds that'~

~IM& = g g t„~(»)~IMjE&,

~,'„i= VY (IKI K.~It-o&( 1)'-»C„.

The fraction of the state ~IM& which contains
A=Ro is then given by

I (IM, R,) = P (IMIIt, ~IM&'

IE R
E

The single-nucleon-transfer spectroscopic
factors for stripping and pickup rea.ctions can be
calculated and also serve as a very useful test of
the validity of the model used. These factors S~
are defined by

dG dg—(d, t) =MS,
dO ' ~dA 'D„'

—(d, p) =X'(2I+1)S,—d0' do'

dA ' ~dQ D~'

where N and ¹ are ca,lculated normalization fac-
tors for the reaction, and (dojdA)n„are the f-de-
pendent D%'BA differential cross sections. In
terms of the Coriolis-perturbed Nilsson wave
function, these spectroscopic factors are given by

S, (22) 2(P 2„C„, )='„

(21+1)2 (2,2) =2(g f C ((
)

where the quantities Uz& and Vzz refer to the

target nucleus.
It should be noted that the states of the Pd cores

in these odd-A calculations clearly do not exhibit
the well-behaved rotational structure that one en-
counters in the rare-earth region (see, e.g. , Ref.
15). An I{I+1)energy dependence for the members
of the ground-state rotational bands, fitted to the
first 2 state, progressively overestimates the
energies of the rest of the rotational states. It is
possible to impose some compression in energy of
the higher-spin members of a rotational band if
the energies of the xotational states in the input
to the odd-A calculation are defined by

Ei» =E»»+A I (I + 1)+ BI (I+ 1) „

where A denotes the moment of inertia parameter
1,'28 {)2=1). However, while this procedure yields
results which are in better agreement with expexi-
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ment than a simple stiff-rotor picture (without the
parameter B), those results still show a marked
progressive overestimation of the energies of the
rotational states. This implies that a constant
moment of inertia picture for these nuclei is un-
realistic, even with the (modest) higher-order
corrections provided by the parameter 8.

Viewed in a quasirotational context, the moments
of inertia of even-even Pd core states are, in
fact, a strong function of the angular momentum.
To illustrate this we present in Fig. 2 a plot of the
effective moment of inertia parameters for the
ground-state quasirotational bands in the even-
even Pd cores. This effective moment of inertia
parameter A(R) is defined below for values of the
core rotational angular momentum 8:

A(R)=2a, =
2(2R i).

Thus, A(R) is a spin-dependent (variable) moment
of inertia parameter analogous 'to A 1ll EQ. (12),
with B=0.

The specification of the input basis states for the

odd-A calculation should reflect the "rotational
content*' of each state, as far as the varying ef-
fective moment of inertia parameter is concerned.
One way to accomplish this involves assuming that
the rotational behavior of each odd-A Pd nucleus
is dominated by that of the adjacent even-mass
Pd core. Then each unperturbed rotational state
in a given Nilsson band J~IMK)} could be charac
terized by the fraction of each value of the core
angular momentum R allowed by the vector cou
pling of R and j to I contained in that state. These
fractions are given by a special case of Eg. (9)
with no Coriolis mixing:

P(IKR)= g (~,'r&)'.

The effective moment of inertia parameter for
each rotational state ~IK) can then be expressed
as 1/(2alr), where air is the weighted sum of the
core moments of inertia for each value of R con-
tained in that state, the weighting factox s being
I'(IKR). Thus,

a„=-p a, I*(IKR),

4I
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lK
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Kl

lk
4J+0-
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A~ Ioo
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A„=1/(2a„) .
The energies of the unperturbed rotational

states ~IK) would then be

E, =E,+A„[I(I+1)- 2K'+(q')

+ 6 «(-1)'""(I+-')i
EK aOr)

The la,st term in Eq. (16) is added in analogy with
the variable-moment-of-inertia (VMI) model" to
provide the expected "elastic energy" term. This
elastic energy also implies an added potential term
in the total Hamiltonian mentioned at the beginning
of this section. The elastic constant C would be
obtained most reasonably from a VMI fit to the
even-A Pd coI'e. The IQiniIQum IQOIQent of inel tia
80E is best defined as

a„=a„(I=q,),

FIG. 2. Empirical. moment of inertia parameters A I)
for the even-even Pd nuclei A = 100-104. /See Eq. (13).1
'7he dashed curve through the data is meant only as a
guide to the eye.

where jo is the angular momentum of the spherical
shell model state to which the state ~IMK) degen-
erates at zero deformation.

Although the above procedure is a straightforward
way to simulate approximately the core behavior
in odd-A bands, it suffers froIQ an intrinsic lack
of self- consistency. The weighting factors
P(IKR), used to calculate the moments of inertia,
depend intimately upon the deformation through
the C&r coefficients in n&z»' [see Egs. (7) and (14)j.
Thus, a correct calculation of the moments of
inertia in a rotating nucleus whose deformation is
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not constant must necessarily include a different
set of C,.~'s for each mtational state. The weight-
ing factors P(INCR) must therefore be redetermined
for each rotational state in a manner which gener-
ates a self-consistent set of moments of inertia.

As a consequence of the complication inherent
in the calculation described above, we have adopt-
ed an alternative approach to imposing a relatistic
core behavior on the unperturbed odd-particle
state. This procedure involves an adaptation of
the VMI model" for these states. In the even-even
Pd cores, VMI fits to the ground-state quasirota-
tional bands" yield elastic constants, C, of order
of 6 x 106 keV' and a negligible ground-state mo-
ment of inertia 8,. The minimization of the rotation-
al energy at each spin I and with 8, = 0 simplifies
to

8„=8„=[I(I+1)I2C]'I' keV '. (18)

As a first approximation, we therefore express the
odd-A moments of inertia a.s

8,» =91/2C) [I(I+1)—2E'+ (j')
+ 6 a(-1)'"~'(I+-')])»' (19)

The rotational energies to be used as input to the
Coriolis calculation are then expressed as in Eq.
(16). In the Coriolis calculation C and 8,r were
treated as free parameters, to be varied over
restricted ranges. In addition, the moment of in-
ertia parameter which appears as the energy
scale factor in the Coriolis matrix element H«,
was set equal to the average value of A«and A~X, .

Plots of the effective moment of inertia param-
eters [determined from Eq. (19) with C =4 && 10'
and 3 & 10' keV' for the negative- and positive-
parity bands, respectively] are presented in Figs.
3(a)-3(c). The spin dependence of 8, is seen to
be monotonic in all bands except the K= & bands,
where the presence of the diagonal Coriolis term
induces oscillations in 8 with spin. This behavior
is not surprising in view of the R content of the
rotational states of these bands, which can be
discerned by evaluating Eq. (14) for the K = -,' bands.
In fact, this oscillation is essential to the success
of the present calculation; a constant or monoton-
ically increasing 8 in the K= & bands yields energy
levels which in no way resemble the observed
spectra.

Volkovxv and also Gregory and Taylor'8 have
demonstrated that, when Coriolis effects can be
ignored, a direct extension of the VMI model"
from the even-even cores to their adjacent odd-A
partners gives reasonable results for the odd-A
band energies. While our simplified procedure
differs somewhat from the conventional VMI pro-
cedure, the end result for the odd-mass input
states is basically the same.

The performance of this Coriolis calculation
requires that a substantial number of input param-
eters, including Ez„, a set of AIE's for each
Nilsson band [see Eq. (16)], v, and p. be specified.
In addition, the intrinsic Coriolis matrix elements
(including the decoupling parameter for the IC = -,'

bands) must, in general, be adjusted. This latter
adjustment is usually necessary in the rare-earth
region where Coriolis matrix elements are found
to be significantly smaller than their theoretical
size, '9 and it would not be unreasonable to expect
similar behavior in the Pd nuclei.

In a calculation with so many possible input
parameters, it is tempting to adjust all of them
individually and obtain a best fit, in the most rig-
orous sense, to the experimental data. On the
other hand, it is the objective of this work to at-
tempt an understanding of the odd-A Pd band
structure first on the basis of a simple application
of the Nilsson model with Coriolis coupling. Ac-
cordingly, full-scale variation of the input param-
eters was held to a minimum, and most of the
parameters were held within rather restricted
ranges of physically reasonable values. In partic-
ular, the strength of the Coriolis coupling among
all of the basis states was reduced to 80% of its
theoretical value. In accordance with Bunker and
Reich, ' we impose this reduction through q«, , a
multiplier of the Coriolis matrix element H~~, of
Eq. (5). We also define q« to be equal to the
multip1. ier of the decoupling parameters for the
K= —, bands and equal to zero for K4-,'. This ad-
justment of the Coriolis strengths serves the func-
tion of approximating several possible effects:
(1) a true rescaling of the strength of the rota. tion
particle coupling, (2) a renormalization of the
moment of inertia parameters due to polarization
of the core by the odd particle or other changes
in the nuclear deformation, (3) the influence of the
core overlap integrals, defined by Malik and
Scholz, "and (4) the inclusion of blocking effects
and the consequential change in the pairing re-
duction factors for Hrr, [see Eq. (5)], the last two

effects being related.

III. RESULTS

A. Negative parity states

The present state of knowledge regarding the
negative-parity states in "' "'Pd is summarized
in Fig. 4. Each of these nuclei shows a definite
AI=2 band of "favored" states, based on an —,

state, and the character of this band in all three
nuclei is essentially unchanged. Furthermore, we
see —,

' and —,
' states in 'O'Pd, ""and the same

states are tentatively observed' ' ' in ' Pd. In
addition, a few higher-spin negative-parity states
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FIG. 3. Semiempirical moment of inertia parameters for the odd-neutron Nilsson states whose parentage is the 8&&F2

spherical shell-model state. These states are listed in the figure according to their asymptotic quantum numbers. Note
that the Az& curve for each K "[Nn, A] state begins at I =K. The points enclosed in squares represent the value of the pa-
rameter 1/(R+ ) used for each band. [See Eqs. (16) and (19).1 (b) Same as (a), except forg7/2 states (see also Table II).
(c) Same as (a) except for d&y2 states (see al.so Table II).

have been observed' in ' 'Pd. Thus, the negative-
parity states seen in these Pd nuclei provide a
stringent test for the rotational description of a
nucleus outside the known deformed regions, since

several levels other than the favored —, , 2, . . .
sequence are known in two of these nuclei.

The negative-parity calculations agree quite
well with experiment and yield similar results for
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and 'O~Pd (Refs. 5 and 22). A1so shown for comparison are the ground-state (quasirotationa1) bands of the adjacent even
even Pd cores. The positions of the ground states of the odd-A Pd nuclei are indicated by the dashed horizonta1 1ines.

the negative-parity states in all three odd-A Pd
nuclei studied. The only parameters varied in
adjusting the calculations for the three nuclei were
the Fermi level and mass number; and the final
results for the three cases differ basically only in
the energy "zero'". Subsequent discussion of the
negative-parity results will center on ' 'Pd levels.

The results for the calculation on 'O'Pd are
presented in detail in Fig. 5 and discussed below.
%e have obtained very good agreement. with the

41=2 band. It is even more important that the
same calculation is remarkably accurate in pre-
dicting the location of the two low-spin negative
parity states and the other, high-spin unfavored
states that have been observed experimentally.
These latter states are not consistent with the
weak coupling picture (where, for instance, the

and & states would be degenerate with the —,

and —, states, respectively), and we know of no
other adequate interpretation of these states prior
to the present calculation.

The angular moment of states in the —, band
appear to be the result of an a.lignment of the
pa.rticle (j) and core (R) angular momentum
(I=j +8). As will be shown below, this simplified
picture is consistent with the detailed calculation
so we will refer to these states as "rotation aligned".
The —,'a, nd 2™states are calculated to have
dominant R =2 and 4 components, respectively,

so these states are interpreted as "rotation anti-
aligned" (&= ~y

—& ~).
Since the significance of our calculations is

strongly dependent on the proper identification of
the —, band and the —, and 2 states, a brief review
of the appropriate experimental. data will be pre-
sented. The —, state in "'Pd is well established, "
having been seen in (d, p) and (d, f) rea.ctions with
an I transfer of 5. Also, its transition probability
is in good agreement with that expected for an M2
transititon to a —, state (approximately —,

' of the
single-particle value). Delayed coincidence mea-
surements were necessary to assign the states in

11 ll
the —, band because the —, state is isomeric
(T, &, =37 psec). The stretched E2 nature of the y-
ray cascade coming from the band was determined
by measuring the A,, and A~ y-ray angular distribu-
tion coefficients with j.% aeeuracy. A preliminary
report on these measurements for the —", band has
been presented previously' and a more complete
report' is being prepared.

The crucia, l assignment of the angular momentum
and parity of the —, and p sta.tes comes from the
work of Kawakami and Hisataki, "who make very
precise measurements of conversion coefficients
as well as I.-subshell ratios for transitions fol-
lowing the p decay of the 2 ground state of "'Ag.
The assignments were confirmed by y-y angular
correlation measurements on the same transitions
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FIG. 5. Detailed summary of the experimental and
theoretical results for the negative-parity states in ' Pd.
The heavy lines in the calculated spectrum represent the
states which are predicted by the present calculation to
comprise the rotation-aligned (longer l.ines) and rotation-
antialigned (shorter lines) bands discussed in the text.

by Behar and Grabowski. "
A summary of the most important results of the

Coriolis calculation for the negative-parity states
in "'Pd are given in Table I. First, we notice
that the states identified as rotation aligned
(~2,—, ,—, , etc. ) are all predominantly K=-, (i.e. ,

the projection of j on the nuclear symmetry axis
is minimum, so j and R are maximally aligned).
Rotation alignment is also evident in the dominant
R component —the bandhead is calculated to be
primarily R =0, the first rotational state R = 2, etc.
Since the dominant components of the rotation-
aligned states come from the same Nilsson band
(K= —,'), transitions between these states are "intra-
band, " so they are expected to have B(E2)'s that
are enhanced, and our calculation predicts an en-
hancement of about a factor of 30 to 40 times single
particle estimates. This is consistent with experi-
mental observation. "

The identification of the antialigned (—", , &, —,
'

—,', and —,
'

) band is also evident from Table I.
Again the states are predominantly K=-,' and have
the expected major R components, except in this
case 1= j—R ~. The calculation predicts an even
greater B(E2) enhancement for the antis. ligned
band —typically 45 single-particle units. Since the
antialigned states have low angular momentum rel-
ative to the aligned states, they are observed to
decay by E1 transitions to states outside the bands,
so that a more quantitative comparison can be made
to the predictions of the Coriolis calculation. The
ratios of the E2 (intraband) to El (extraband) tran-
sition probabilities shown in Fig. 5 are observed"
to be 4.3 &&10 ' and 2.9 for the —,

'
and —,

' states,
respectively. Even if the E1 transitions were
hindered by a factor of 10~, the single-particle
estimates for these ratios would be 2 && 10 ' and
5 && 10 ', respectively. Thus, both E2 transition
would appear to be enhanced by approximately
three orders of magnitude relative to this estimate
for the hindrance of the E1 transitions.

Two other high-spin negative-parity states
(—, and —, ) have been observed in the (HI, xn)
work. ' As is evident in Fig. 5 and Table I, the
calculation predicts the energies of these states
very well.

An important feature of the calculation is that
spectroscopic factors for (d, p) and (d, f) res.ctions
to final states in "'Pd can easily be obtained. For
a spin-zero target, the stripping spectroscopic
factor is given by"

2 2

Sr -2f I +g frx Crrr Urrr

The calculation predicts that the stripping
strength (for negative-parity states) should go
predominantly to the —,

' states at 490 and 1584 keV:

490 keV: S, = — 6.28,1

1584 keV: Sr= 2.65.1
2I+1)

The spectroscopic factor for stripping to the
490 keV —, state has been measured to be"

(2I+ 1)Sr = 6.0 + 0.5,
in good agreement with the results of the calcula-
tion. [No higher-lying —, states following the

(d, p) reaction were seen, due to the high density
of states above 1.5 meV. ]

The measured spectroscopic factor cannot be
easily explained on the basis of either the simple
shell model or a weak coupling model. In either mod-
el the splitting of the ~2 one-quasiparticle strength
is expected to be small. Thus, when only one low-
lying —", state was observed, it was expected to
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contain nearly the full one-quaisparticle strength
of (2f+ l)SI = 12.0U' = 12(U' = 1). This discrepancy
has been reported for heavier Pd nuclei. '9 The
present Coriolis treatment places a significant
fraction of the —, strength at much higher energies,
and tends to remove the discrepancy. The success
of the calculation in predicting this spectroscopic
factor is additional evidence for the validity of the
model.

It is interesting to note that spectroscopic fac-
tors can be easily obtained from the R projections
P(IM, R,) [Eq. (9)J. Since the target is in an R =0
state, single-nucleon transfer can only populate
R =0 components of final states. Thus, one finds"
(for a pure single-particle state)

S~=P(IM, RO =0)UI .
The tabulated P(IM, R, = 0) fractions of Table I
therefore provide an alternate determination of
single-nucleon- transfer spectroscopic factors.

The present simple Coriolis calculation has been
successful in describing the —, , AI = 2 band in the
odd-A Pd nuclei. The results of Fig. 5 clearly in-
dicate why many other states (resulting from the
coupling of the ~2' state to the core excitations)
were not observed in (Hi, xn) reactions; they a.re
far from the yrast line. More importantly, the
nature of the low-lying —, and 2 states obser ved
in 13 decay and some of the higher-lying high-spin
states seen in the (HI, xn) studies have been ex-
plained for the first time. The enhanced B(F2)'s
for transitions between states in the rotation-
aligned and rotation-antialigned bands have been
adequately predicted, and the anomalous spectro-
scopic factor for the 490 keV —, state has been
explained. The overall success of the simple
rotational treatment of the negative-parity states
of these nuclei argues strongly for the validity of
the approach and suggests that the more complex
problem of the behavior of the positive-parity
states of the odd-A Pd nuclei might also be under-
stood in the context of this simple model.

B. Positive parity states

is a significant amount of j mixing in the basis
states. To illustrate this we present in Table Q
the C, ' for the positive-parity basis states. It is
clear from this table that j is less prominent as a
constant of the motion of the odd particle than in
the negative-parity case. However, we see that it
is clear which states are dominated by d», and
which states are largely g, /, in character.

Because of the j mixing the first positive-parity
calculations were carried out including in the
basis all Nilsson states with g, / 45/g 43/2 and

s„,parentage. The &3/, and ~„,Nilsson states
were seen to play a minor role in the desc ription
of the (heavy ion, xn) results. This was largely
because their low jvalues resulted in small C oriolis
matrix elements with the d», and g, /, states.
Furthermore, their relatively high excitation ener-
gy (see Fig. 1), along with their small Coriolis
matrix elements, resulted in only very small
d, /, and s, /, admixtures in the other states in the
calculation. Accordingly, as a simplification to
the calculation, the d», and s, » states were omit-
ted from the set of positive-parity basis states.

The positive-parity calculation was performed
with the moment of inertia parameters shown in
Figs. 3(b) and 3(c). The only significant variation
of the input parameters was that of the single-
particle energy of the —,'[431] Nilsson state. In or-
der to position the —, state as the lowest energy
state in each nucleus, it was necessary to raise the
single-particle energy of this Nilsson state (see
Fig. 1) by approximately 450 ~eV (thereby lowering
the excitation energy).

The results of the calculation with the input de-
scribed above are summarized in Figs. 6(a) —6(c)
for A =101-105, respectively. As with the nega-
tive-parity calculation, the only changes made in
going from A =101 to A =105 were in the specifica-
tion of Fermi level (see Fig. 1) and ma, ss number.

TABLE II. Spherical shell model state admixtures for
the d5/2 and '7/z Nilsson states, calculated with 4 =0.12,
p. =0.35, and f~ =0.0637. Also included are the (j ~) terms,
as calculated from Eq. (4).

The experimental data on the positive-parity lev-
els in ' ' ' 'Pd are much more abundant than for
the negative-parity states, especially in '"""Pd.
In addition to the —,

' and —, 4I=2 bands seen in the

(HI, xn) work, ' a number of lower- spin positive-
parity states have been established through decay
and reaction studies in '03pd (see Ref. 25) and "'Pd
(see Hefs. 5 and 28).

In the negative-parity calculation, j was an ex-
temely good quantum number, the C»/2 being
larger than 0.96 for all six Nilsson states in the
basis. In the positive-parity case, however, there

Nilsso
State

-' [431j

—,
' [4221

5 [413]

—,
' [420I

-', [411]

T [402]

—,
' [404]

0.14 0.07 0.67 0.05 0.07 8.71

0.05 0.73 0.17 0.05 10.37

0.63 0.35 0.02 11.50

0.00 0.14 0.11 0.74 0.00 13.31

0.02 0.20 0.78 0.00 14.12

0.35 0.65 0.00 13.29

0.99 0 00 15 78
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FIG. 6. (a) Summary of experimental and calculated results for the positive-parity levels in Pd. The arrows in the
experimental spectrum denote observed transitions, with the solid lines indicating strong transitions and the dashed
lines indicating weaker transitions. The corresponding arrows in the theoretical spectrum are meant to represent the
fact that large E2 matrix elements exist between states connected by solid arrows. Considerably weaker transitions
are predicted between states connected by the dashed arrows. The states which are predicted to comprise the "rotation-
antialigned" bands are highlighted among the other calculated levels, the solid lines representing the d5~& band and the
open lines denoting the g7g2 band. For further discussion of this level scheme, see text. (b) Same as (a), but for Pd.
In this nucleus, the rotation-antialigned bands were not as evident in the cal.cul. ation, and so no indication of their iden-
tity is made. (c) Same as (a), but for Pd. The states denoted as the &+ ground-state band were grouped as such be-
cause of the similarity in their wave functions (all of these states contained a large 2'[4131 component).
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&o&Pd levels

From Fig. 6(a) it is apparent that the present
calculation reproduces the ' 'Pd level structure
very well. Both a -,'- and a —, 4I=2 band of states
are predicted theoretically. In addition, both
bands exhibit the rotational composition [see Eq.
(8)] expected for rotation-aligned bands (i.e. , band-
head largely 8 =0, first rotational state mostly
R =2, etc. ) The calculation further predicts that
the states in each of the & and the —, BI=2 bands
are linked by large F.2 intraband matrix elements,
the B(E2$)'s being typically 20-30 single-particle
units, while interband B{E2)'sare typically two
orders of magnitude smaller. The weaker inter-
band transition strength is carried by JI,~I1 radiation.

+
The Coriolis-mixed wave functions of the —, band

of states show these states to be largely K= —,
'

in
character, with some K = -,= admixed. The fr~
(—,'[420]) is typically 0.66, while f,» (2[411]) is
approximately 0.50. The —,

' band is also calculated
to be dominantly K=-,' and —, in approximately equal
amounts. f f/» (»[431]) and f,» (-,[422]) are typical-
ly 0.65 to 0.70.] These results, along with the
rotational composition and B(E2) values, present
the ~ and —

2 DI=2 bands in ' 'Pd as prima. rily
rotation-aligned bands arising from the coupling
of d, /, and g, &, odd-particle states to the rotating
'ooPd core.

In addition to the 4I = 2 bands discussed above,
the calculation also predicts the presence of a
number of other low-spin positive-parity levels in
the first Me V of excitation. The low- spin states
which the ca.lculation predicts to be the antialigned
bands of g», and d, &, states are highlighted in
Fig. 6(a), although none of these states were seen
in the (HI, »ny) studies.

2. ~03Rd levels

Figure 6(b) summarizes the calculated and ob-
served level spectra for "'Pd. In this nucleus
four states in the 2 4I=2 band and only three
states in the —,

' AI=2 band are observed. In the
7+calculation for the —, band, the rotation-aligned

character persists, in that (a) K=-,' and —, ampli-
tudes dominate the Coriolis-mixed wave functions,
(b) the rotational composition of the members of
the band is consistent with the rotation-aligned
picture, and (c) the states in this band are linked
by large B(E2) reduced matrix elements. In the

band, however, the rotation-aligned nature of
the states is predicted to be weakening. While
K= —,

' character is still prevalent in the wave func-
tions of the band members, the K= & and —,

' ampli-
tudes are dominant. The rotational (R) composition
of the states does survive, however, in the manner
expected for a rotation-aligned band. Although
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the favored states (-,', —, , etc. ) are still connected
by enhanced B(E2)'s, nI =1 transitions are also
predicted to be increasing in strength.

The experimental levels shown in Fig. 6(b) are
taken largely from the (Hl, xn) work reported
earlier. ' Some of the low-lying low-spin levels
shown have been taken from the compilation by
Kocher. " In addition to the 4I=2 bands, essen-
tially all of the other observed states can be ac-
counted for by the calculation. The most likely

3+ i i+
candidates for the observed &

-—, sequence of
states seen at low energy are grouped to the right
of the other calculated levels. This band contains
la.rge amplitudes of —, [422] and —,

' [413] Nilsson
states, and may represent the developing d, f,
af = 1 band which appears in "'Pd (see below).
There are also a number of higher-spin calculated
levels which could be associated with the observed

to —, levels that were not definitely connected
with either of the 4I =2 bands. Of those calculated
higher-spin states shown in Fig. 6(b), some also
show large —,

' [411]and —', [413] amplitudes and may
therefore be continuations of the developing AI =1
d», band mentioned above.

3 Pd levels

A comparison of the experimental and calculated
results for "'Pd is presented in Fig. 6(c). The
experimental spectrum [obtained largely from
(Hi, xn) work' and also from various decay studies
(see compilation by Bertrand26)] shows a persis-
tent —, ~I =2 band of states, but the —,

' ground

state appears to have become the bandhead of a
"normal" ~I=1 band. The calculation is quite
successful at predicting both of these effects. The
7+

band is seen to be still rotation aligned, but this
character is significantly weakened. The Coriolis-
mixed wave functions of the members of this band
are not as pronounced K= 2, but K= 2 and K= —,

'
amplitudes are also present in comparable
amounts. The incipience of a AI =1 character to
this band is both evident experimentally and pre-
dicted theoretically. However, the E2 crossover
transitions still dominate the decay in this band,
and so the AI= 2 appearance weakly survives. The

band is predicted to be a conventional 4I = 1 band
whose dominant Nilsson amplitude is that of the
'; [413] state. The calculation agrees very well
with experimental results for this band until ap-
proximately spin —", or —,, where a dramatic back-
bendinglike behavior ensues. Of course this
simple Coriolis coupling calculation cannot repro-
duce such an effect.

4. General results

The present calculation predicts a definite trend
in the behavior of all three nuclei under study
here. 0 '"Pd, the K=2 bands for both the d5/2
and the g, i, states are very near the Fermi level,
and so the "decoupling", or rotation alignment
has the optimum opportunity to manifest itself. As
the Fermi level rises, however, the calculation
shows that the rotation-aligned character of both
the d, i, and the g», bands diminishes, but the

TABLE III. Coriolis-mixed wave functions for the lowest —,Ye, and —,— pairs of states
in pd. In each case the amplitude fr~ (for I =Y~, Y~, Y, or ii) is given [see Eq. (5)].

A I$
d5/2

101 103 105 101 103 105

—,
' [431]

—,
' [420]

-', [422]

-'[411]

~ [413]

» [402]

7 [404]

0.62

0.65

0.12

0.21

0.65

0.57 0.49

0.63

0.41 0.09

0.34 0.38

0.01 -0.11

0.13 -0,10

0.69 0.34

0.66
2

5
2

Y 0.04 -0.34 0.37

0.35 0.82

0.34 0.58 0.55

0.01 -0.05 -0.25

—0.01 -0.25 0.36
~ ~5 ~ ~ ~ ~ ~

2

-0.06 -0.21 -0.02

7

2

ii

7

2

ii
2

7

2

ii
Y
7

2

ii
2

7

2

ii
2

7
2

ii
2

7
2

ii
2

-0.30

-0.27

0.63

0.67

-0.43

-0.35

0.45

0.49

-0.30

-0.25

0.18

0.21

0.09

0.09

-0.22

-0.22

0.58

0.63

-0.35

-0.30

0.53

0.55

-0.36

-0.28

0.26

0.27

0.14

0.12

-0.12

-0.14

0.39

0.49

-0.24

-0.23

0.54

0.59

-0.48

-0.36

0.42

0.41

0.29

0.23
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d», band deteriorates much more rapidly. This is
evidenced primarily by the change in the Coriolis
mixing amplitudes in the wave functions for the
states of these two bands. As an explicit example
of this, we show in Table III the Coriolis-mixed
wave functions for the &' ground state and its —,

companion, as well as the lowest-lying —, state
and its —, partner for iox-iosPd Here we se
explicitly the gradual loss of preference for
alignment of j and R (ordinarily manifest by large
K= ~ amplitudes) as mass increases.

With this "loss of alignment" should come a
diminishing in the decoupled character of the
bands. One way to witness this is to consider the
8(E2) values for transitions in the AI= 2 bands in
comparison with corresponding E2 transitions in
the adjacent even-even cores. If the odd particle
is minimally coupled to the core and the character
of the excited states of the ~I =2 bands is largely
that of the rotating core, then the 8(E2$) for tran-
sition from the R = 2 to the R = 0 states in these

ll+ 7+ 9+ 5+
bands (i.e. , the —, ——, and the —, ——, transitions
in the —', and —,

' bands, respectively) would be equal
to the 8(E2, 2'-0') for the adjacent even-even
core. The extent to which this is not true may be
said to be a measure of the lack of decoupled ro-
tation-aligned character in the band. Bolotin and
Mcclure" quote values of 8(E2, 2'-0') for
110,108» j06~104pd to be 0 172 0 149 0 131 and 0 106
e'b', respectively. This trend suggests that the
corresponding values for '"" 'Pd would likely be
somewhat less than 0.100 e b . The calculated
values of the It =2 to It =08(E2)'s in '" "'Pd are
given in Table IV. In the context of the discussion
above these results predict reasonably definite de-
coupling in "'Pd, 8(E2$) being nearly equal to the

101
103
105

0.065
0.039
0.023

0.074
0.069
0.054

I3(E2, 2+ 0+)
(e2 b2)

104
106
108
110

0.11
0.13
0.15
0.17

TABLE IV. Calculated B(E2&) values for the R=2 to
8=0 transitions in the y and ~' A1=2 bands in ~0~ ~0&pd

7+2
(i.e. the ——&+ and -" —7 transitions in these nuclei).

2 2 2 2
B(E2)'s are expressed in units of e b2. Also given are
the B(E2, 2+ —0+) in even-even Pd nuclei of mass num-
ber A=104 to A =110 (in the same units) from H,ef. 10.

B(E2$) (e~b2)
9+ 5+ t1+

Y Y

expected 8(E2, 2"-0') in 'OOPd. However, the cal-
culated values show a steady decrease with in-
creasing mass, suggesting a gradual failure of the
decoupled description for ' 'Pd and '"Pd. Further-
more, this failure is predicted to be much more
rapid in the ~ band than in the —, band, which is
consistent with observation. It should also be
noted that the 8(E2$) measured by Bolotin and
McClure'o for the —, - —,

' ground-state transition in
'"Pd is 0.035 e'b', which compares very well with
our calculated value of 0.023 e'b'. (The transition
referred to here is the ground-state transition
from the 782-keV state which the authors of Ref.
10 tentatively assumed to be —, . In fact, the work
of Ref. 5 establishes this state as the —, member
of the —,

' AI =1 band discussed above. ) The work
of these authors actually provided the earliest
indication that the odd-mass Pd nuclei may be ex-
hibiting some collective behavior. They observed
several highly enhanced E2 transitions in ""Pd
and thereby suggested that the collective features
of some of the '0'Pd levels were important. These
authors point out that in a weak-coupling core-ex-
citation model, "'" transitions from each member
of the d», neutron-2' core phonon excitation mul-
tiplet would represent the 2'-0' core deexcitation,
and the E2 strength out of each of these multiplet
members to the ground state should equal the
8(E2, 2'-0') of the even-even core. They then
show that significant 8(E24) strength in 'O'Pd

exists only to the —, and —, sta. tes at 442 and 782
keV, respectively, and is otherwise severely frag-
mented among many other states. In addition,
they show that a significant fraction of the expected
F2 strength from the ground state is missing from
the Coulomb excitation spectrum. Their conclusion
is that the core-excitation strength must be shared
over many other low-lying levels in ' 'Pd, and the
weak coupling description of this nucleus is unjus-
tified. [In an earlier study of "'Pd, Krien, et al."
recognized this fact and attempted a Coriolis
calculation on this nucleus —with mixed success,
due to the fact that very little experimental data
was available at the time. j Our calculation, on the
other hand, is not predicated on any weak-coupling
picture, but rather it relies upon the strong Cor-
iolis coupling between the odd particle and the
rotating, slightly deformed core. This model pro-
vides a natural mixing mechanism whereby the F.2
strength to the ground state is severely fragment-
ed, and thus explains the observations in the
Coulomb excitation studies.

As was indicated previously, the (d, p) and (d, t)
spectroscopic factors have been measured' for
the three Pd nuclei studied here. It is observed
that in these nuclei the d», and g, &, single-pa, rticle
strengths are concentrated largely in the ground



1960 HASTINGS A. SMITH, JR. AND F. A. RICKEY 14

state and lowest-lying —,'state, respectively. How-

ever, the d, &, single-particle strength in the odd-
mass Pd ground state is observed to deteriorate
dramatically from ' 'Pd to '"Pd. These results
are summarized in Table V. Our calculations
based on this simple rotational model are also
summarized in Table V, and it is evident that the
overall magnitudes of these spectroscopic factors
are very well reproduced. It should be remarked
that the predicted low-lying d, &, strength seems to
be concentrated slightly above the ground state in
"'Pd and split between the two lowest-lying —,

'
states in '"Pd [see also Figs. 6(b) and 6(c)J. This
probably suggests the need for a slight refinement
of some of the input parameters for the calculations
on these two nuclei, most likely the energies of
the single-particle basis states (Fig. 1). We do
not believe that any significant change in the major
features of the theoretical predictions would result
from such small adjustments of the input parame-
ters so no such refinements were attempted, there-
by preserving the simplicity of the calculation.
In any case, the theoretical corroboration of the
dramatic decrease in the d, &, spectroscopic
strength, accompanied by a general persistence of
the g», spectroscopic strength (and also of the

h»&, strength, which is included in Table V for
completeness ) as one goes from "'Pd to '"Pd is
evident and therefore constitutes an additional
success of this simple model.

IV. DISCUSSION

Some attempts have been made to describe the
decoupled band structure in this mass region in
terms of a model which utilizes a weak coupling of
the odd particle to the phonon excitations of the
even-even core. In this description the decoupled

~I =2 bands arise from the weak coupling of the
appropriate odd particle to the aligned multiple
phonon states of the core. The fact that both this
model and the rotational model exhibit similar suc-
cess in reproducing the energies of the decoupled
bands is easy to understand. The aligned members
of the multiple phonon excitations (f'=2n' for the
n-phonon multiplet) viewed microscopically, in-
volve coherent nucleon motion not unlike that aris-
ing from the rotational motion of an ellipsoidal
core. However, the success of the weak-coupling
particle-phonon model is limited to the 4I = 2

bands; it is not at all successful in explaining the
other "unfavored" states observed experimentally
in ""'Pd. The ease with which the rotational
model explains these additional states is therefore
compelling evidence for its validity in these nuclei.

Central to the success of the present calculation
has been the treatment of the moment of inertia
parameters for these odd-mass Pd nuclei. It is
essential that these parameters decrease (i.e. , the
nuclear moment of inertia increase) with increasing
nuclear spin in order to reproduce the observed
compression of the AI= 2 bands. There is an
added provision that the K= & bands possess an
oscillating moment of inertia parameter, reflecting
the fact that the dominant character of the states
in these bands alternates between an aligned and a
nonaligned configuration, the alignment being that
of the j of the odd parti. cle and the 8 of the even-
even core. The simplified extension of the VMI
procedure which we have adopted [see Eqs. (16),
(16), and (19)J accomplishes this ta,sk to a reason-
able first approximation. The wave functions are
still constructed under the assumption of a constant
deformation 6 (=0.12). Thus, the intrinsic Coriolis
matrix elements„as well as reduced electromag-

TABLE V. Comparison of theoretical single-nucleon-transfer spectroscopic factors with
their measured values (from Ref. 28). For definitions of the spectroscopic factors, see Eqs.
(10) and (11).

Isotope
of Pd

(2l + l)S(d, P)
Observed Calculated

S (d, t)
Observed Calculated

101
103
105

101
103
105

101
103
105

{3.99)
3.00
1.24

(4.08)
3.79
5.22

(7.02)
6.58
6.05

3.30
1.63/0. 80 '
0.34/1. 74

4.48
3.94
3.72

6.98
6.72
6.28

(1.71)
1.82
1.10

(2.72)
2.53
3.34

(0.78)
0.98
1.15

1.97
1.85/0. 86
0.55/1. 74

1.41
2.08
2.66

0.54
0.84
1.44

'Extrapolated values from Ref. 28 given in parentheses.
Two

2
states of significant strength were calculated in '0 ' 5Pd. Spectroscopic factors for

these states are given as follows: lowest-energy ~+/second-lowest ~+.
2 2
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netic transition matrix elements, do not fully re-
flect the dynamic behavior of 5. Actually, in the
unique-parity (h„&,) case, it should be no surprise
that this approximation does not diminish the suc-
cess of the calculation. The C,.r (j = —", ) is =1.0
over a very wide range of values for 5, and so the
Nilsson wave functions are negligibly perturbed by
the changing 5. In the positive-parity case, how-

ever, the configuration mixing is much more sen-
sitive to 5, and so refinements in the treatment of
the variations. in 5 should improve the calculation.

It is likely that the parameters C and 8«, as
used in this calculation, cannot properly be assigned
the physical significance of an elastic constant
and a minimum moment of inertia as they are in
the even-even case. In a completely self-consis-
tent treatment, such an association would still
seem reasonable; but in the present calculation
these two quantities are viewed simply as param-
eters which help us compensate in part for some of
the inconsistencies of the simplified approach.

In spite of the dramatic rate of change of the
moments of inertia of these light Pd nuclei with
angula. r momentum, it is not really proper to view
these nuclei as particularly "soft" toward defor-
mation. Indeed, VMI fits to the even-even Pd
nuclei in this region" yield an elastic constant C
on the order of 6 & 10' keV', which is in accord
with values typical for rare-earth nuclei (-2 to
10 x 10' keV')." The Pd nuclei are unique in that
their small moments of inertia require very la, rge
rotational frequencies for even a modest amount
of angular momentum. For instance, a simple
calculation reveals that the rotational frequency
associated with the 2' state in ' 'Pd is about the
same as that of a 10' or 12' state in a rare-earth
nucleus. Thus, it is easy to see why Coriolis
effects (the classical force being proportional to

~

(u „&&I', «„,~) are so stzang in these interme-
diately deformed nuclei. Furthermore, at these
high rotational frequencies, one must also be
aware of other shape degrees of freedom in the
nuclear dynamics. In particular, nonaxially- sym-
metric shapes may become important as the nu-
clear spin increases. The triaxial-rotor-plus par-
ticle model of J. Meyer-Ter-Vehn" has had some
measure of success in explaining the data for the
A =135 and A = 190 transitional regions, "and Toki
and Faessler" have attempted a similar approach
in the A = 100 region. However, the present cal-
culations would suggest that in order to reproduce
the data properly, it will be necessary to treat the

P and probably also the y degrees of freedom as
dynamic variables.

Another important aspect of the present calcula-
tion is the inclusion of the so-called "recoil term"
in the expression of the rotational energy. ""The

primary component of this term is the ((j') -K')
portion of the rotational energy [see Eq. (16)J. For
the 4I =2 bands considered here, the main contri-
bution to the rotational energy comes from the
(j') term (since K= ~), which can be quite large.
The essential effect of this term is a constant ad-
dition to the "zero-point energy", and is properly
added to the quasiparticle band-member energies. "
For a typical moment of inertia parameter of 60
keV (see Fig. 3 and Table II), this results in an
upward displacement of the d, /, bands by =600 keV,
the g, /, bands by =850 keV, and the h, y/2 bands by
=2.5 MeV. This latter result for the hz /2 bands is
essential to the mutual consistency of the energet-
ics of the positive- and negative-parity calcula-
tions. As was mentioned in Sec. II, the hzy/2 states
were positioned relative to the N =4 Nilsson states
so that the hy1/2 energy at 6=0 was consistent with
the value deduced by the fits of Reehal and Soren-
sen' to the energies and B(E2) values out of the
levels of single-particle shell model nuclei in this
mass region (see Fig. 1). In some calculations in
this mass region (see, e.g. , Ref. 41) it was
necessary to place the h, z/2 state -1 MeV above
all of the N =4 Nilsson states, which was not con-
sistent with shell-model results. ' On the other
hand, placement of the hzz/2 as shown in Fig. 1
yields consistent results, the necessary extra ex-
citation of the hz /2 bands being provided by the
(j') term.

V. CONCLUSIONS

It is our conclusion that the present work dem-
onstrates that the level spectra of the odd-A Pd
nuclei in this mass region are best described by a
rotational model with Coriolis coupling at inter-
mediate deformation. It is encouraging that such
a simplified application of the model yields re-
sults which correspond so well with the variety of
experimental data discussed here. On the other
hand, one can readily visualize improvements to the
model which will help to resolve some of the minor
discrepancies between the present results and the
experimental data. The most important next step in

improving the model would be a rigorously self-
consistent treatment of the effective moment of in-
ertia in this mass region where deformation seems
to be an additional dynamic variable. It is anticipated
that this work will provide some guidance for future
efforts to refine the theoretical treatment of this
problem and to improve the theoretical model for
these quasirotational nuclei.
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