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The static quadrupole moments of the 511.7-keV 2+ state in Pd and the 373.8-keV 2+

state in Pd have been determined by employing Coulomb-excitation techniques. Foils
(-175 pg/cm ) of separated Pd isotopes were bombarded with 25- and 30-MeV 0 6 ions and
55- and 56-MeV Ss ions from the Purdue University and Argonne National Laboratory tan-
dem accelerators. The angular distributions of the inelastically scattered ions were mea-
sured in coincidence with the deexcitation y rays to determine the relative excitation proba-
bilities. The experimental data were fitted using the Winther-de Boer multipole-Coulomb-
excitation program so that the sign and magnitude of the static quadrupole moment could be
extracted. The effect of higher excited states on the excitation probability of the 2+ state
has been calculated using the matrix elements determined by Robinson et al. and the Winther-
de Boer program. Self-consistency of the oxygen and sulfur data suggests that the excitation
via the second 2+ state interferes constructively so as to increase the excitation probability.
With this choice for the interference via the second 2+ state, the values of the static quadru-
pole moments are Q22=-0.458 ~0.059 b for Pd and Q2q=-0. 483 ~0.049 b for Pd" . If the
excitation via the second 2+ state interferes destructively, the values of the static quadrupole
moments are Q22=-0.282+0.059 b for Pd and Q22=-0.266+0.049 b for Pd

I. INTRODUCTION

The Pd isotopes are classic examples of vibra-
tional nuclei. In Pd' ' and Pd'", both the one-pho-
non 2 state and the two-phonon 0, 2, 4 triplet
states are present, as predicted by the pure vibra-
tional model of the nucleus. " The Pd nuclei,
therefore, can be considered good subjects on
which to test predictions of the vibrational model
of the nucleus. One prediction of this model is
that the static electric quadrupole moment of the
first quadrupole phonon (2') state should be zero.
Recent experiments' "have shown substantial
static quadrupole moments for these states in vi-
brational nuclei.

Tamura and Udagawa" are able to account for
substantial static quadrupole moments by con-

sidering the first and second excited 2+ states to
be composed of large admixtures of the one- and
two-quadrupole phonon states in their anharmonic-
vibrator model of the nucleus. The results of this
experiment will be compared with the predictions
of the anharmonic-vibrator and the pure rotational
models of the nucleus.

The reorientation effect" can be the dominant
interference effect in heavy-ion Coulomb excita-
tion. The reorientation effect involves the inter-
action of the static electric quadrupole moment
of the target nucleus in its excited state and the
electric field gradient produced by the incident
projectile. Since this electric field gradient can
be computed, the value of the static quadrupole
moment of the nucleus can be extracted by mea-
suring the relative differential excitation cross



1470 BEYER, SCHATENB ERG, AND THOMSON

section as a function of projectile type and ion
scattering angle. We have measured the static
quadrupole moment of the first excited 2 state in
Pd"' and Pd'" using the reorientation effect in
Coulomb excitation.

where A. , represents the projectile atomic mass,
A, the target atomic mass, Z, the target atomic
number, ~ =Ef —E; the excitation energy, and

K(8q,„,$) the orbital dependence, tabulated in Ref.
14. The reduced matrix element

II. THEORY

The advantage in using Coulomb excitation in

nuclear studies is the electromagnetic interac-
tion is well understood. It is important, there-
fore, that an appropriate physical separation be
maintained between target and projectile ion. If
such a separation is maintained, the electromagnet-
ic transition between states in the target nucleus
can be considered to be induced by the time-de-
pendent electromagnetic field of a point charge in

a classical hyperbolic orbit. " Under these condi-
tions the differential inelastic cross section for
excitation from an initial state f, to a final state f
is given by

~g'(inelastic) =P,~(], &g.„)d

where P,f($, 8„„)is the excitation probability, $ is
the adiabaticity parameter, 8„„is the scattering
ion, and dos/dQ is the Rutherford differential
cross section. The excitation probability is given

by

where bif is the transition amplitude, M; and Mf
are the magnetic quantum numbers associated with
states i and f, and I is the nuclear spin.

It is useful to expand the transition amplitudes by
using second-order perturbation theory, because
of the insight provided into the interaction:

is related to the static electric quadrupole moment
of the 2' state, Q», by

(5)

A schematic energy level diagram for the first-
and second-order excitation processes is shown

in Fig. 1.
The influence that the static electric quadrupole

moment of a state has on the excitation probability
of that state is defined as the reorientation effect.
From Eq. (5) it can be seen that a measurement of
the excitation probability as a function of 6)~,„or

can yield the value of Q». In Fig. 2 the devia-
tion from first order of the excitation probability
for 54-MeV sulfur ions and 25-MeV oxygen ions
on Pd"' is shown for Q»=1 b. The effects are
almost twice as large for sulfur as for oxygen,
indicating one reason for using heavier-ion beams.

For small excitation probabilities the assump-
tion that the intermediate state n is a magnetic of
the final state is usually valid. For larger excita-
tion probabilities it may be necessary to consider
the nearby states in any calculation designed to
extract Q».

III. EXPERIMENT

The relative excitation probability may be evalu-
ated using the relation

+ 2
i

Here n represents an intermediate state, either
a magnetic substate of the final state or another
state. When the excitation probability is expanded
to second order one may write

P(2) P(&&) +P(&2) +P(22)if if + if + if

P if is the first- order excitation probability, P;f'
the interference between first and second order,
and Pif a second-order term which may be ne-
glected in this approximation.

If the state n represents a magnetic substate of
the final state, the deviation from first order can
be written

b.„ b„,

(5)
FIG. 1. Schematic energy-level diagram for first- and

second-order processes in excitation of the first excited
2 state.
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FIG. 3. Chamber arrangement for the reorientation-
effect experiment.

We have chosen to measure the relative excitation
probability as a function of ion scattering angle
and to identify the inelastic events by requiring a
coincidence between a deexcitation y photon and a
scattered ion. The experimental arrangement is
indicated in Fig. 3.

The deexcitation y photons were detected in a
22.85-cm X10.15-cm NaI(TI) crystal positioned
with the front face of the crystal 3.18 cm from the
target. The crystal symmetry axis was placed
directly above the target center and perpendicular
to the scattering plane. The crystal was physical-
ly rotated about its symmetry axis during the ex-

periment to average out any 4
&

asymmetry in the
crystal efficiency.

In order to perform the experiment most effi-
ciently and to cover a large range of ion scattering
angles, ions were detected simultaneously in four
ion detectors placed at different angles in the ion
scattering plane. The excitation probability is
extremely sensitive to scattering angle for forward
scattering, so that the scattering angle must be
accurately known. We have constructed a cylindri-
cal ring with a 25-cm diam, behind which two ion
detectors can be positioned symmetrically with
respect to the beam axis at laboratory scattering
angles of 90, 75, 60, and 45'. This cylindrical
ring is aligned with respect to the scattering
chamber center and incident beam direction. Using
a transit, which sights along the beam line, the
target is positioned with respect to the chamber
center with an accuracy of +0.3 mm. Calibration
of the detectors with respect to the ion scattering
angle is achieved by moving the detectors into the
transit line of sight and noting the corresponding
angle setting. The various circular apertures in
the cylindrical ring are 1.54 cm in diameter, while
the surface-barrier detectors, which are posi-
tioned behind these apertures, have a sensitive
surface with a diameter of 2.39 cm. Thus, slight
detector positioning uncertainties can be tolerated
while retaining angle integrity. In the backward
angles it is preferable to place detectors closer to
the target. Inside the 26-cm cylindrical ring a
third detector with its sensitive surface individual-
ly masked to a diameter of 1.9 cm is positioned at
8.25 cm from the chamber center. This detector
is moved over a range from 100 to 145' in the lab-
oratory. The fourth detector, with a sensitive sur-
face of 2.39 cm in diameter, is fixed 7.62 cm from
the chamber center at a laboratory scattering
angle of 162". The chamber arrangement is shown
schematically in Fig. 3.

In order to continuously monitor the angle integ-
rity during the reorientation experiments, the
number of scattered ions in each of the four detec-
tors is compared with the Rutherford cross sec-
tion. Deviations from the Rutherford cross sec-
tion are interpreted as a change in the beam posi-
tion and are used to correct the data. Expressed
in angular terms these corrections reflect uncer-
tainties of &0.1'.

A simplified block diagram of the electronics is
shown in Fig. 4. The data were accumulated in the
form of both real and accidental gated y spectra
for each ion detector by using a random-access-
time-sharing exclusive oR gate, designed by
Simms, "to process timing signals from the ion
detectors.

The linear signals from the ion detectors went
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to charge-sensitive preamplifiers. The preampli-
fied signals then went to linear amplifiers used in
the double-delay-line mode, and then to integral
discriminators which employed leading-edge
timing. The discriminators generated a timing
pulse which went to the exclusive OB gate. Cross
talk between ion channels was prevented by the

. exclusive OH, gate which placed a common 15-psec
dead time on all ion channels for each timing pulse
accepted, allowing logic decisions to be made
while letting only the initiating pulse through. The
total ion-channel dead time was maintained at 6/p

or less by lowering beam currents when the sym-
metrical pair of ion detectors were located at for-
ward scattering angles. The ion singles counting
rate was obtained from the number of ion counts
from a given detector which passed the exclusive
OR gate. These signals were tabulated in scalers
and set to the coincidence circuit.

The linear signals from large y detector went to
a charge-sensitive preamplifier, to a linear ampli-
fier used in the double-delay-line mode, and to an
integral discriminator which used leading-edge
timing. The discriminator generated a timing
pulse which went to a gate that gave each y timing
pulse which it processed a 10-psec dead time in
order to allow logic decisions to be made before
another y pulse was processed. The total y-chan-
nel dead time was on the order of 2%.

The signals from the ion an/ y gates went to
the coincidence circuit. The coincidence circuit
measured real plus a,ccidental events, hereafter
called reals, and accidental events for all ion and

y pulses with a resolving time of about 2& =300
nsec. Real and accidental coincidence pulses out
of the coincidence circuit were tagged by the orig-
inating ion detector via the exclusive OH, gate. Any
real or accidental coincidence event opened a
linear gate for the y spectra and allowed the linear
pulse which initiated the event to pass into one of
the 100-channel. subgroups of the analyzer. Eight
y spectra were simultaneously stored and appro-
priately routed as representing real and accidental
events from each of the four ion detectors.

The targets were in the form of seIf-supporting
Pd metal films -175 pg/cm' thick enriched to
75.5% for Pd'0' and 87.5/0 for Pd "0. The isotopes
were obtained from the Separated Isotopes Divi-
sion of the Oak Ridge National Laboratory. The
targets were made by vacuum-evaporating the
separated-isotope metal from Al, O, -coated Mo
boats onto glass slides which were mounted on a
substrate which was heated to 300'C. The films
were floated onto water and then lifted on copper
target holders which had 0.635-cm diam circular
openings.

IV. TREATMENT OF DATA

The output from a reorientation-effect experi-
ment, for a given set of ion angles, consisted of
the eight gated y spectra and the number of scat-
tered ions in each detector which passed the exclu-
sive OR gate. The y spectra were processed
to determine the number of real, A;, y rays in
the photopeak coincident with ions in detector i,
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FIG. 4. Electronics diagram.



MEASUREMENTS OF STATIC QUADR'UPOLE MOMENT. . . 1473

where i=1, 4. The small fraction of coincidence
in the photopeak due to higher-level decays was
determined and subtracted. The number of ions
from detector i passing the exclusive OR gate
were denoted as N;. The kinematical corrections
were combined in the quantity D;(8q,„).

Four measurements were made at each of four
sets of scattering angles. The 162' position was
repeated each time. At least 10000 real coinci-
dences were measured at each angle. The relative
excitation probability P;z($, 8q«) was obtained from

P; ($, 8~ „)=R;D;(8~ „)/N;C;($, 8~ „), (8)

where C;($, 8q«) is the relative crystal correction
to be discussed below.

The excitation probability was parametrized as

P(8„„)= A(8g«) +M2~B(8g«) .
The theoretical excitation probability was calcu-
lated using M» values which straddle the experi-
mental curve, with the aid of the Winther-de Boer"
computer program. An interpolation and least-
squares fit to the experimental points was then
made to obtain M„.

The origin of the relative crystal correction
C;($, 8q«) is the variation of the anisotropic parti-
cle-y angular distribution with the ion scattering
angle. Consider the focal cooridinate system of
Alder et aE."shown in Fig. 5. The large y crystal
axis is situated along the z axis above the ion scat-
tering plane. After integrating over the 4» depen-
dence, the angular distribution of the deexcitation
photons seen by the large y crystal in the focal
system can be written'
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W(8q«, 8&, $) = 1+A,(8„„,$)G2(8„„,$)P, (cos8&)

+A~(8io, t)G4(8ro, $)P,(cos8&}, (10)

where 0~,„ is the ion scattering angle, 6)» is the
angle of emission of the deexcitation photon with
respect to the s axis, and ( is the adiabaticity pa-
rameter. The P, (cos8&) are Legendre polynomi-
als, and the A„(8q«, $) are proportional to the sta-
tistical tensors for the distribution. The G,(8q„, $)
are the attenuation coefficients.

If the excited'target nucleus recoils out of the
target before decay occurs, the nucleus can be
subject to large electric and/or magnetic fields at
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the nucleus due to ionization of the atomic electron
cloud. These fields can interact with the nuclear
moments and cause precession of the angular mo-
mentum vector of the excited nuclear state before
decay. Since the degree of ionization of the atomic
electron cloud can depend on the recoil energy,
the amount of precession can depend on the inci-
dent-ion scattering angle. The precession results
in attenuation of the y angular distribution as man-
ifested in the attenuation coefficients G,(8q,„,$).

The crystal correction C;($, Ot,„) compensates for
the anisotropic photon angular distribution. The
number of y coincidence counts in the large y crys-
tal was modified by the crystal correction so that
the modified y counts represented an equal oppor-
tunity for any inelastic ion which was detected of
having its associated deexcitation photon observed
by the large y crystal. The attenuation factors
G~(8~„, ~) in Eq. (10) were obtained by observing
the angular distribution of the deexcitation y pho-
tons in the ion scattering using a small 3.82-cm
X2.54-cm Nal(T1) crystal. The total y distribution
and a distribution coincident with backscatter ions
observed in an annular ion detector were taken.
If the perturbing force causing the attenuation is
randomly oriented, the attenuation coefficients
relevant to the y distributions in the ion scattering

5 (4 )
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N I
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FIG, 9. Energy level diagram for low-lying states of
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plane are identical to the attenuation coefficients
in the distribution seen by the large y crystal and
shown in E|l. (10)." The experimentally deter-

jne d attenuation factors for Pd ioe and Pd i io are
shown in Figs. 6 and 7.

The relative y detector angular efficiency e(8&)
was measured with a collimated y-ray source for
several y-ray energies. An accurate interpolation
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FIG. 8. Relative crystal correction for 9-in. x 4-in.
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FIG. 10. Summary of 30-MeV 0' on Pd'o' experiments.
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to the exact y-ray energy could be made since the
angular dependence of the efficiency was insensi-
tive to the precise energy. No 4'& asymmetry was
detected.

The relative crystal correction C;($, 8z„) was
computed by numerically integrating the experi-
mentally determined photopeak efficiency e(8&) and
the ion-y directional correlation W(8',„,8&, $) (ob-
tained from the Winther-de Boer program), over
the large y crystal. The ion-y correlation is in-
sensitive to M», and, consequently, the crystal
correction is essentially independent of M». " The
relative crystal correction is shown in Fig. 8.

V. RESULTS

The energy levels" for the low-lying states in
Pd' ' are shown in Fig. 9. Both the one-phonon
2' state and the two-phonon 0, 2, 4 triplet
states are present, indicating Pd'" has an energy
spectrum characteristic of a pure vibrational nu-
cleus. Summary plots of the reorientation-effect
results are shown in the form of percentage devia-
tions from first-order theory as a function of ion
scattering angle in Figs. 10 and 11. The percent-
age deviation from first order is defined by

I I

Mpp= 0.0

(P ~ /P ") x lPP

The energy levels" for the low-lying states in Pd'"
are shown in Fig. 12. In addition to the one-pho-
non 2' state and the two-phonon 0, 2, 4' triplet
states, Pd'" also has a third 2 state at 1212 keV.
The spectrum of Pd" is characteristic of a pure
vibrational nucleus although the third 2' state in-
dicates some deviation from the pure vibrational
model. The reorientation-effect experiments were
performed by scattering 25- and 30-MeV 0", and
55- and 56-MeV S" ions off Pd'" nuclei. Summary
plots of the results are shown in the form of per-
centage deviations from first-order theory as a
function of ion scattering angle in Figs. 13-16.

In order to avoid complications due to the nuclear
force and to justify the assumption that the inter-
action is purely electromagnetic, a substantial
physical separation must be maintained between
target and projectile ion. In these experiments
the nuclear surfaces of projectile and target were
separated by at least 10 F.

Doug;las and McDonald' have shown that the ex-
citation of the first 2 state via the giant-dipole-
resonance interference is considerably smaller
than the reorientation effect. In addition, for dif-
ferent projectiles, whose incident energies are
chosen so that the values of the adiabaticity param-
eter $ are the same, the relative magnitudes of

1212

Ld
O
CL

-6
V)
CL

U

O
EL~ -IO

O
~-lZ

UJ

-I4
~O0

5 (0') 946
I

373.8

-l6 373.8

-l8

50
I I I I I I

70 90 l l 0 I 50 l 50 l 70
SCATTERED ION c.rn. ANGLE

I 0'
N I Pd E(keV)

FIG. 11. Summary of 56-MeV S3 on pd 6 experiments.
FIG. 12. Energy-level diagram for low-lying states of

Pdi 10



1476 BEYEH, SC HATE'NB ERG, AND THOMSON

Q. 0
Oz0
I—
(/)
CL

LL

O
K
LL -6-

I

MP2- 0.0

CL

O

I I

IVlqp= 0.0

O -8-)
LLJ

-10-
~0
0

M22 = 1.0

I I I I I I

40 60 80 100 120 140 160 180

SCATTERED ION c.m. ANGLE

FIG. 13. Summary of 25-MeV 0'6 on Pd'" experiments.

the interference via the giant-dipole and the, re-
orientation effect remain constant. Therefore,
consistency of the oxygen and sulfur results should
be completely independent of the giant-dipole inter-
ference term. Comparison of the oxygen and sul-
fur results thus can be used to indicate the sign of
the interference via the second 2+ state.

In Figs. 17 and 18 the percentage change in the
excitation probability due to the interference term
from excitation via the second 2+ state is shown
for Pdi06 and Pdiio The interference must be con-
sidered for the energies at which the experiments
~ere performed. for notational purposes the sign
of the matrix-element product relevant tq the
second 2+ state interference will be indicated by
(p4, where

IP4 i M/3 M33MI3 M33 i /MI3 M33MI3 M33

g4 is independent of the phase convention chosen
for the matrix elements. For 6'4 (0 the inter-
ference due to the second 2' state is positive,

I

I I I I I I

M~~- 0.00
LLI
C5

O

M
CL

LL

Z,'

O
I—

O
LLI
C5

0
0~

-(0

-12

0
I I

IV!pp = 0.0

2
LLJ
Cl

, Ko-4
I-
M

LL
—-6

Oa. -8

0 10

~-12
Cl

-l6 I I I I I

70 90 110 150 150 170
SCATTERED ION c.m. ANGLE

FIG. 15. Summary of 55-MeV S on Pd~~ experiments.

O——8-
I—

)
Ld 10 M22= I.O

~00
-12 I I I I

'
I I

40 60 80 100 120 140 160 180
SCATTERED ION c.m. ANGLE

-16
50

I I I I I I

70 90 110 150 150 170
SCATTERED ION c.rn. ANGLE

FIG. 14. Summary of 30-MeV 0'6 on Pd" experiments. FIG. 16. Summary of 56-MeV S on Pd"0 experiments.



1477

P4& oP4& Q+5

M2
0

is

S-tl
+
CU

o
—I

~2
0

0o
=4 32

eu

5

UJ

160

p+
OJ

O =I
I—
UJ —2

t-I

P4 &0

P4 &o 0I6

q~=0.5)

60
o =4

CL

=0.5)

g, =160'

E(MeV)
35 50

I I

25
I

2O
I

E (MeV)

25
I

l6

75 65' 55
I E (IVleV )3245 E(MeV)55

I

65
Is~O

0

0.5
I

0.2
I

0.3
I

0,4
I

0.6
I

0.80.5
I

Q4
I

Q.7
I

0.6
I

0.5
I

FIG. 18. Percentage change in excitation probability of
first excited 2 state due to interference from excitation
via the second excited 2' state for Pd'~ .

FIG. 17 Percentage change in excitation probability of
first excited 2' state due to interference from excitation
via the second excited 2' state for Pd

cited 2' states) sre listed for each sign of the
second excited 2 state interference term. The
uncertainty in the M» values is listed in the col-
umn headed error. A third 2+ state (N = 6) in Pd "o
was not considered in this calculation, because of
its small coupling to the first 2+ state. For Pd"'
the oxygen and sulfur results are more consistent
for positive interference, +,& 0, than for negative
interference, 6 4& 0. Therefore, if we use self-
consistency of the oxygen and sulfur results as a
criteria, the interference from the second 2' state
on the excitation of the first 2+ state appears to be

increasing the excitation probability of the first 2+

state. For t4 &0 the interference due to the second
2 state is negative, decreasing the excitation prob-
ability of the first 2+ state.

In Table I the results extracted from the data
are displayed. In the column headed M»(2 level)
the M» values obtained by considering the nuclei
to have only two energy levels (ground state and
first excited 2' state) are listed. In the columns
headed M»(g, &0) and M»((P, &0), the M» values
obtained by considering the nuclei to have three
energy levels (ground state, first and second ex-

TABLE I. Results.

Energies
(MeV) M»(6'4 & 0)M 22 ((P4 & 0)M22(2 Level) ErrorBeamTarget

Pfs
S32

Average

Pd106 0.417
0 ~ 541
0.481

0.283
0.458
0.370

0.113
0 ~ 109
0.078

0 ~ 546
0 ~ 659
0.604

30
56

Q22 = -0.458 + 0.059 b (P4 & 0)
Q =-0.282+0.059 b ((p &0)

0.087
0.097
0.065

Pie
S32

Average

Pd'" 0 ~ 617
0.657
0.637

0.318
0.389
0.350

0 ~ 503
0.531
0 ~ 516

25-30
55-56

Q22 = -0.483 + 0.049 b ((P4 & 0)
Q22 = -0.266 + 0.049 b ((P4 & 0)

MEASURE MENTS OF STATIC QUADRUPOLE MOMENT. . .
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positive (6, & 0}. If the experiments a,re considered
individually then two values of the quadrupole mo-
ment can be extracted from the data. An indepen-
dent measurement of (P, could settle this question.

VI. COMMENTS

The excitation-probability curves, Figs. 10, 11,
13-16, indicate deviations from first-order theory
that are consistent with nonzero static quadrupole
moments. These substantial moments are in dis-
agreement with the zero moments predicted by the
pure vibrational model of the nucleus.

Tamura and Udagawa" have introduced a phe-
nomenological anharmonic-vibrator model of the
nucleus. They consider the wave functions of the
first and second excited 2' states to be

~,.=(I- a')"'12"&-~I2'&, (IB)

(l4}@', = ~I2 "&+(I-~')"'I2'&,

wh~~e 12'& and l2"& are the pure one- and two-
quadrupole phonon states. In this model the static
and transition quadrupole moments of the first and
second excited 2' states and the ground state can
be expressed in terms of the mixing parameter

In particular,

q 12 (7~)-1/2&(l +2) I/2gB 2P

is expressed in terms of a, Ao, and P, the ampli-
tude of the quadrupole-type surface vibration.
Kith this model substantial quadrupole moments
occur if the 2' state contains large mixtures of the
one™and two-phonoD excltatlons,

Further, the anharmonic-vibrator model relates
the sign of the interference in the excitation prob-
ability of the first excited 2 state due to excita-
tion via the second excited 2' state with the sign
of the static quadrupole moment of the first 2
state. ' This model predicts a positive inter-
ference term for a negative static quadrupole mo-
ment. This agrees with the self-consistent inter-
pretation of these Pd'0 experiments and the con-
clusions of Cline" in reanalyzing the available da-
ta on the static quadrupole moment of the first ex-
cited 2' state in Cd"4.

However, Robinson et a/. "have shown that no

single admixture can explain the ratio of matrix
elements,

B(E2, 2+' —2+) B(E2, 2+' —0+)

B(E2, 2+-0') ' B(E2, 2'-0') '

ln these pR11RdluIQ isotopes.
In Table II the values of the admixture parameter

l c/l necessary to account for the static quadrupole
moments from this experiment are listed along
with the values of the admixture parameter neces-
sary to account for the ratio of the transition mo-
ments as determined by Robinson et al." No sin-
gle admixture can explain the transition moment
ratios and static quadrupole moments. The lack
of agreement between the amounts of admixture
necessary to explain the experimental moments
argues against a simple representation in terms
of vibrational quadrupole phonons.

Baranger and Kumar" have solved Bohr's col-
lective Hamiltonian numerically using a pairing-
plus-quadrupole model. They are able to account
for vibrational-type spectra, as well as substan-
tial static quadrupole moments for the first 2+

excited state through a coupling of rotational Rnd

vibrational motions yielding a nonzero equilibrium
deformation. While no explicit pairing-plus-quR-
drupole- model calculations are presently available
in this mass region, the model predicts the sign
of 6', in terms of the character of the second 2+

state. If the second 2' state is interpreted as a
2& vibration, then 0'4&0. If the second 2' state is
interpreted as a 2g vibration, then (P4&0. The ob-
served energy spectrum suggests the 2& assign-
ment.

The static quadrupole moments predicted by the
pure rotational model of the nucleus are

Q»(rot) =0,75 h for Pd"',

Q»(rot} =0.85 h for Pd'".

The absolute value of the static quadrupole mo-
ments obtained in this experiment therefore is
considerably smaller than the pure rotational mod-
el predicts and larger than the pure vibrational
model predicts. This indicates that the first ex-
cited 2' states in the Pd isotopes may represent
a motion that is "intermediate" to that of the

TABI Z II. Anharmonic-vibrator-model admixtures. Values of j e ) necessary to explain experimentally determined
moments.

aw2, 2"-2+)
ag2, 2+- 0)

a g2, 2+'- 0+)
a(a2, 2+- 0)

@22(expt)
((p4 & 0)

q,2(expt)
(0'4) 0)

Pd"'
Pdf io

0,485
0.428

0.16
0.118

0.80
0.26

0.18
0.14
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strongly deformed rotational and pure vibrational-
type motions.
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