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Investigation of the Reorientation Effect in Cd'"® and ca'*
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In contrast to earlier measurements reporting a large negative quadarupole moment for
the 2* state in Cd!! near the rotational model value of —0.65¢ b, new detailed investiga-
tions of the reorientation effect in Cd!" yield Q,+ = (~0.28 £ 0.09)e b with B(E2; 0—~2)
=(0.513£0.005)e? b?, or @,+=(=0.03%0.09)e b with B(E2;0—~2)=(0.512£0.005)e? b%. For
Ccd'?, Q,+=1[—(0.42 or 0.21)%0.10]e b with B(E2; 0—~2)=(0.432+ 0.006)e? b,

Since the first experimental observations of the
reorientation effect in Coulomb excitation were
reported indicating large static quadrupole mo-
ments for first excited 2* states of the so-called
vibrational nuclei near A ~110,' considerable
theoretical effort has been focused on explaining
these unexpectedly large @,+ values. In assess-
ing the experimental results and their theoreti-
cal implications, the value of @,+ for Cd''* has
assumed a particular significance; the first mea-
surements? for Cd'!* have been followed by new
discordant results®® which not only leave the @,+
value for Cd'* ambiguous but also reflect on the
credibility of the conclusions reached regarding
the large @,+ values for the other nuclei in this
mass region determined with similar experimen-
tal techniques. The @,+ values now span the full
range from a value near zero, expected for a
traditional model of harmonic vibrations, to the
rotational-model value. Inconsistent results also
have been reported for B(E2;0~2). As was
pointed out in Ref. 4, the 10% spread in the B(E?2)
values, when reflected in the deduced @,+, is it-
self sufficient to account for the range of @,+
values. The most disturbing disagreement oc-
curs among the three experiments employing the
more straightforward technique of determining
the Coulomb excitation probability from direct
inelastic-scattering measurements.>*°% None
agree simultaneously on both the B(E2; 0 ~2) and
Q,+ values.

In view of the inconsistencies in @,+ for Cd'!*
and the interest in the variation of @,+ with neu-
tron number for the Cd isotopes, we report here-
in on new and more detailed investigations of the
reorientation effect in Cd*!* and in Cd'* with He*
and O™ projectiles. The results presented com-
bine independent measurements performed at the
Weizmann Institute of Science and at the Institut
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fiir Kernphysik, University of K6ln. We empha-
size that the agreement between these measure-
ments is excellent.

The excitation probabilities for He* and O pro-
jectiles were obtained by comparing well-re-
solved elastically and inelastically scattered par-
ticle groups detected in a cooled annular surface-
barrier silicon counter at a mean scattering
angle of 176°. The He* and O™ projectile ener-
gies were varied from 8 to 16 MeV and from 37
to 48 MeV, respectively. The solid angle of ~40
msr subtended by the annular counter represents
an improvement of a factor of ~50 over that
achieved in a previous counter experiment,* and
a factor of 10 over the measurement with a mag-
netic spectrometer.®

Examples of spectra obtained by scattering He*
and O projectiles from Cd! are presented in
Fig. 1 (similar spectra were obtained for Cd'!°),
In the He* spectra the excellent separation be-
tween the elastic and inelastic peaks, the large
inelastic peak-to-valley ratios, and the smooth
flat background combined to make the analysis
straightforward. To assess the accuracy of the
computer peak-fitting procedures adopted in the
analysis of the O spectra, additional measure-
ments were ‘carried out to study elastic-peak
line shapes, and to check on the consistency with
which excitation probabilities could be extracted
from spectra exhibiting different peak-to-valley
ratios. Details regarding target contaminants,
line-shape studies, and computer fitting proce-
dures will be presented in a forthcoming publica-
tion; but we note here that the overall consisten-
cy of the results, over a wide range of excitation
probability, lends credence to the peak-unfolding
procedure used and to the assignment of errors.

Interference between nuclear processes and
Coulomb excitation has been noted previously® ® 1°
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FIG. 1. Spectra of 42-MeV O'® and 8.015-MeV He* .
ions scattered from Cd'! for 6;,,=176°. The line
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data presented in Fig. 2(a) show that, in agree-
ment with Refs. 4 and 9 but contrary to the con-
clusions of Refs. 5 and 10, we do not observe at
about the 1% precision level any deviation from
the pure-Coulomb-excitation prediction for He*

Energy O'6 (MeV)

FIG. 2. Reyy/Reomp for Cd'" plotted against incident
projectile energy (a) for He! ions, and (b) for O ions.

R=d0;e1/(d0g1+d0;,61); quantum effects have not been

included in calculating Reomp-

energies up to 10 MeV. The O'® data indicate that

that appreciable interference does occur at O'®

bombarding energies above 46 MeV.

The B(E2;0—~2) and @,+ values deduced from
the He* and O data are given in Table I. In the

TABLE 1, Best-fit B(E2;0*—~2") and Q,+ values obtained from the He* and O!® data,
71, refers to the number of degrees of freedom in the fits. Excitation of the first 2+
state via the giant dipole resonance is not included in the analysis.

Interference B(E2;0"—2") Q,+
Isotope term (e® b?) (e b) xz/nf 0
calt + 0.432+0.006 —0.42+0.10 1.08 8
- 0.432+0.006 —0.21+0.10 1.11 8
cai + 0.513%0.005 —0.28+0.09 0.59 19
- 0.512+0.005 —0.03+0.09 0.72 19
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analysis, matrix elements involving known ex-
cited states above the first 2* state were taken
from Milner et al. and McGowan et al.'* The two
solutions quoted reflect the ambiguity in the un-
known relative signs of the excitation amplitudes
to the higher 2* states. A combination of signs
corresponding to the two extreme limits for Q,+
are presented. The present B(E2; 0 - 2) value

for Cd!'* confirms the measurements in Refs. 2-
4 and 8, and agrees marginally with Ref. 9. How-
ever the B(E2; 0 - 2) values obtained by Saladin

et al.’ and by Milner et al.!! are about 10% higher
than those reported herein. One of the solutions
for the Cd'** @,+ value is consistent with zero,
while the other solution, (- 0.28+0.09)e b, is
about half the rotational-model value of — 0.65¢
b. Table II shows other published measurements.
For Cd''° we obtain Q,+=[-(0.42 or 0.21)+0.10]e
b with B(E2; 0 —2) =(0.432x 0.006)e? b2,

Since for both the Pittsburgh measurement® and
the one reported herein the assessed errors on
the absolute excitation probabilities are ~1-2%,
we examine the discrepancies between these two
experiments in more detail in Fig. 3. All the
data taken as a function of the scattering angle,
the projectile species, and the energy can be il-
lustrated together by plotting the ratio Rexp/

R omp(Q = 0) against a sensitivity parameter p, de-
fined by® R(Q) =R(Q =0)(1+pQ,+); R comp(Q=0) is
the computed excitation probability for @,+=0,
and Ry, is the measured excitation probability.

TABLE II. Summary of measurements for Cd!4,
When quoted in the literature we have included @,+(min)
and @,+(max) values corresponding to the two extreme
choices for the sign of the interference terms via the
higher 2% states.

For clarity, our twelve He* data points below

10 MeV and nine O data points below 45 MeV
have been grouped together and are plotted as
two points since the variation in p is small for
each projectile species at the same scattering
angle. Similarly, the four He* data points below
10 MeV from Ref. 5 have been combined. The
spread in the p parameter for the O points from
Ref. 5 reflects a spread in scattering angle from
45° to 142.8°.

It is clear that the two O’ measurements agree
at backward scattering angles (large p values),
but that the Pittsburgh forward angle data (small
p values) yield increasingly larger excitation
probabilities as the scattering angle decreases
than are consistent with our O and He* measure-
ments. In assessing the discrepancy between
measurements it is important to note that if the
analysis of the Pittsburgh He* data includes all
data points taken with bombarding energies up to
and including 10 MeV, their He* datum point falls
considerably lower than the best fit through their
O data; combining their O data at the backscat-
tering angles with their He* data at 135° yields a
Q.+ value which is within 1 standard deviation of
our result. As possible sources of error for the
Pittsburgh forward angle data we note that, as
the scattering angle decreases, the uncertainty in
Rexp/R comp(Q = 0) is increasingly sensitive to the

.10

B(E2;0%=2%) Qz+(min) Qa+(max)
(e2 x10748cm4) (e x1072%cm2) Ref.
0.48%0.05 -0.49%0.23 3
0.503%0.013 -0.76%0.26 2
0.560%0.045 -0.85%0.14 -0.59%0.14 2
-0.64%0.19 6
0.560%0.017 -0.68%0.09 -0.43%0.09 5
0.509+0.009 0.05%0.27 0.21%0.28 4
-0.53%0.17 7
0.498+0.027 | -0.40%0.12 8
0.506%0.027 -0.32+0.12 8
0.576+0.023 1
0.536%0.011 O(assumed) 9
0.547%0.013 | —-0.623(assumed) 9
0.553%0.014 -0.43 (assumed) | 10
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FIG. 3. Reyp/Reomp (@ =0) plotted versus the sensiti-
vity parameter p defined by R(Q)=R(Q =0)(1+p@Q,+).
Rcomp and p are calculated with a multiple-Coulomb-
excitation program. The sign of the interference term
was chosen to yield the most-negative @,+ value. Quan-
tum effects are not included in R, and p. B(E+;0—2)
is 0.513¢% b” and 0.432¢% b? for Cd!! and Ca'?, respec-
tively.
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uncertainties in the determination of the scatter-
ing angle and the background under the inelastic
peak.

We conclude from the measurements presented
herein that @,+(Cd*?) is significantly smaller
than the rotational-model value. The larger neg-
ative moment previously associated with Cd!**
was based principally on the results from Refs. 2
and 5. However, a recent investigation® of syste-
matic errors associated with particle-y coinci-
dence experiments has shown that the @,+ value
derived from Ref. 2 has to be decreased by about
a factor of 2. If, in addition, the result from
Ref. 5 is also modified for reasons already cited,
the emphasis shifts from the larger moments.
The remaining results in Table II are not incon-
sistent with a @,+(min) of about half the rotation-
al-model value. The scatter in these values,
however, is large and probably not completely
statistical, so that an error-weighted average of
all the data cannot be taken appropriately. We
point out that the most recent results, from this
measurement and from Ref. 8, are consistent
with each other; their mean is (- 0.32+0.08)e b,
which, as noted above, is significantly different

from the larger moments on which past theoreti-
cal comparisons were based.

We thank Professor G. Goldring and Professor
I. Talmi for their interest and support.
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Reaction D(d, n)3He at 0° with Polarized Beam: A New Source of
Polarized Neutrons from 7 to 18 MeV*
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(Received 14 May 1971)

Experimental results are reported for the neutron polarization from the reaction
D(d,n)3He at 0° with the incoming beam polarized to the extent p3=p33~0.82 perpendicu-
lar to the direction of motion, where p; and p33 are components of vector and tensor
polarizations, respectively. The measured neutron polarization varies in the range
0.65 to 0.72 for E; in the range 4.1 to 15.1 MeV. The measurements are consistent
with a process in which the neutron spin suffers little interaction. The influence of the
deuteron D state is noted. Comparison is made to several other sources of polarized
neutrons, with the conclusion that near E, =10 MeV this process is outstanding.

The reaction D(d, n)°He is a very high-yield
source'? of monoenergetic neutrons with ener-
gies in the neighborhood of E, =10 MeV. It is
also very sharply peaked forward in the labora-
tory system, such that by 6=30° (l1ab) the cross
section is down by a factor of 10 compared to
0°. The forward peaking becomes more pro-
nounced as energy increases. With an unpolar-
ized deuteron beam incident, it is necessary to
work near the cross-section minimum to obtain
polarized neutrons. The highest neutron polar-

ization for this reaction was reported by Spalek
et al.® to be about 0.43 at E, =12 MeV and 31.1°
(lab). Under these conditions the cross section
is 20 times smaller than that at 0°.

Polarizing the incident beam changes the situa-
tion completely. The purpose of this note is to
present measurements of the neutron polariza-
tion from the d-d reaction at 0°, where a polar-
ized deuteron beam is used. The resulting val-
ues of neutron polarization are large and re-
markably constant for E, in the range 4 to 15
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