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The “pair” current is suppressed, so we get just
the “wn” exchange current of Ref. 6, the only pa-
rameter of the theory being F ,. The net effect is
to drop g4’ from Eq. (3), giving rise to a unique
relation for A in terms of . To see whether this
model makes sense, it is necessary to evaluate
gr from the current (10). We are unable to do
this fully satisfactorily, but we can get an order-
of -magnitude idea by saturating the matrix ele-
ment of Eq. (10) by nucleon intermediate states
alone.®!” The results depend rather sensitively
on the cutoff mass M used in the 7NN and wNN
form factors. For a common mass M =0.9 GeV
(1 GeV), we obtain a ratio A/&=4.90 MeV (-4.02
MeV) which agrees in sign and in order of mag-
nitude with the empirical value — 1.6+ 0.5 MeV.
In view of our ignorance on the contributions from
other intermediate states, this may not be too
significant; however, the rough agreement sug-
gests that this simple one-parameter model is
not utterly absurd.
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We have performed a thick-target particle-y coincidence experiment to measure g(2*"),
the quadrupole moment of the second 2* state, of %4286y, We have also determined ¢(2*)
of W by an independent method involving particle spectroscopy. Neither the rotation-
vibration nor the asymmetric rotor model can explain the results. Kumar-Baranger cal-

culations agree with the trend.

Much systematic information has now been ob-
tained on the spectroscopic-quadrupole moment
of first excited nuclear states via the reorienta-
tion effect. Little is known of the higher-lying
states, since such experiments require high-pre-
cision measurements which become more diffi-
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cult with increasing excitation energy. It is of
interest to extend these measurements to higher-
lying collective levels which are not members of
the ground-state band and whose nature is less
well understood. '®*W and '**W each have a sec-
ond 2% state, at 737 and 904 keV, respectively,
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of a collective nature. In the simplest collective
models, these states would be interpreted either
as y vibrations built on an axially symmetric
ground state or as band heads of K =2 bands of
an asymmetric rotor. Both models predict a 2*/
quadrupole moment substantially larger than that
predicted by Kumar and Baranger calculations.
To determine the nature of these 2*/ states we
have performed a series of experiments to mea-
sure their quadrupole moments. We have devel-
oped a method whereby the required information
is obtained from the de-excitation y rays. Thick
targets of natural isotopic abundances are used
and so measurements may be made on several
isotopes simultaneously. One then has a high de-
gree of confidence in the relative quadrupole mo-
ments extracted.

Experimentally, a tungsten target thick enough
to stop the beam (250 mg/cm?) was bombarded,
first with 13.5-MeV a particles, then with 54-
MeV 0 ions. y rays emitted at 55° to the beam
direction were detected in coincidence with back-
scattered particles using a Ge(Li) detector with
nominal active volume of 66 cm® (see spectrum
in Fig. 1). The geometry of the experiment was

not changed when the projectile type was changed.

Thus accurate knowledge of factors such as the
Ge(Li) efficiency, detector solid angles, etc.,
was not required. The y-ray energy, particle

energy, and timing information were logged on
tape, event by event. These data were analyzed
off-line to extract the coincident y-ray spectra
and, also, to determine the contributions of y
rays in random coincidence. The latter was typ-
ically a 15% subtraction. To monitor the inte-
grated beam on target we used the coincidence y-
ray yields of the 2% to 0% transitions.

The yield of y rays in coincidence with back-
scattered particles was calculated using the semi-
classical code of Winther and de Boer and inte-
grated over the effective target thickness. The
matrix elements (0*|| M (E2)|| 2*) and {0*| ME4)|
x| 4*) were taken from the literature.*? From
these values all the other £2 and E4 matrix ele-
ments connecting the first four members of the
ground-state band were calculated, using the rig-
id-rotor model. The matrix element {0* || MM(E2) |
x| 2*7) and the ratio of B(E2;0" - 2*) to B(E2;2*
- 2%1) were taken from Baktash et al.® and Milner
etal.* The calculation also requires the stopping
power of the target material.® In the projectile
energy range 0.1 to 1 MeV the stopping powers
were modified to fit the data of Ziegler and Chu®
in the manner proposed by Guidry et al.” Correc-
tions were applied for y-ray absorption in the tar-
get and for the finite solid angle subtended by the
Ge(Li) detector. A quantum mechanical correc-
tion was obtained by comparing the full quantum
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FIG. 1. Spectrum of y rays in coincidence with backscattered particles.
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TABLE 1. ¢(2*') in electron barns.

sgnp, 184y 186yy
Particle-y - 0.155:4 1.1£0.3
Coincidence + - 2.640:3 ~0.843-3
Particle - 1.6+0.5
Spectroscopy + 1.1+ 0.9
Adopted value - 0.13-4 1.3£0.3
McGowan et al - 0.74+0.42

aResult of Ref. 12,

mechanical code AROSA® with the semiclassical
results.

In a second experiment, particles scattered
elastically and inelastically from a thin enriched
18w target (10-20 ug/cm?) were analyzed. This
method has been reported previously.’® With O
projectiles, six spectra of varying resolution and
total number of counts were obtained. The ener-
gy separation of the 2*’ and 6* states is 71 keV.
These peaks could not be resolved. According to
semiclassical calculations, the 6* peak should be
about 10% of the 2*’ peak. The counts attributed
to the 2%/ peak were adjusted accordingly. Re-
sults from the various spectra were combined to
obtain the final estimate of ¢(2*’). The major
sources of uncertainty are the low statistics of
the '°0 data and the difficulties in separating the
peaks.

The experimental results are presented in Ta-
ble I. As the relative signs of the £2 matrix ele-
ments connecting the 0* to 2*’ and 2% to 2% states
are not known, there is an ambiguity in the quad-
rupole moments extracted. This is usually dis-
cussed in terms of the sign of P,, which is the
product of the four matrix elements {0* || 9N (E 2)|
x[2%, (0*[|lmE2)| 2*7), (2* [mE2) || 2*), and
(2*||om(E2)] 2*7. Quadrupole moments were de-
termined for both signs of P,.

In the case of **W, where we have data on the
ratio of the 2*’ to the 2* excitation cross section
and on the 2*’ to the elastic cross section, one
may determine both ¢(2*’) and P,, if the 2% state
is assumed to be a rotational state built on a pro-
late intrinsic shape. The results of the two ex-
periments are consistent only when P, is chosen
to be negative, as is expected theoretically. This
should be contrasted with the work of Baker et
al.’® in ®Pt, where the sign opposite to the theo-
retical prediction was found. The present result
has the virtue of being model independent, the
only assumption being on the nature of the 2*

326

2 | -

¢ = B} /} ® Particle gamma

= . coincidence

3 -

@ i e I o Particle spectroscopy

£ 0 -~ — -~ Kumar - Baranger
I prediction (2%)

S L X Kumar - Baranger

+ - o

N prediction (2%))

o - — ——— Asymmetric rotor

and RVM
-2 |82W |B4W l86w

FIG. 2. Experimental values of ¢2*'), for P, nega-
tive, and the model predictions. Kumar-Baranger cal-
culations predict two 2% states (see text).

state. With this choice of P,, the values of q(2*’)
obtained from the two experiments are in good
agreement.

The striking feature of the data is the rapid
drop in the value of ¢(2*’) in going from ***W to
18w, The predictions of the asymmetric rotor
model (ARM) and the rotation-vibration model
(RVM) are very similar for this state. ARM pre-
dicts the quadrupole moment of the 2*/ state to
be equal in magnitude but opposite in sign to that
of the 2* state, while according to RVM ¢(2%) is
approximately —0.98¢(2%). Both ARM and RVM
predict P, to be negative and ¢(2*) to increase
slowly with decreasing mass for the tungsten iso-
topes. This is in marked contrast with the ex-
perimental results, as is seen in Fig. 2.

Kumar and Baranger'' predict two 2* states
beyond the first excited state for the tungsten
isotopes, referred to here as 2,* and 2,*. P,
is negative for both. The predictions of this cal-
culation for B(E2) values and ¢(2*') are compared
with experiment in Table II. While the numerical
agreement is not as good as would be desired,
one is tempted to associate the experimental re-
sults with the 2,*’ state. In particular, ¢(2,*) is
opposite in sign to ¢(2*) and decreases with de-
creasing mass in going from *W to **W to ®Ww,
In the present experimental arrangement, Dop-
pler broadening of the 2*’ y rays prevented us
from measuring ¢q(2%’) of %W,

The 2*! states of "W and W appear quite dif-
ferent in nature. Both nuclei have ground-state
bands which are well described by the rigid-ro-
tor model. Hence both nuclei are believed to be
well deformed in the ground state. The 2%’ state
of ®W has a quadrupole moment close to zero,
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TABLE II. Comparison of the two 2% states of Ku-
mar and Baranger with experimental results. Values
of B(E2;2%"—2*") were derived from B(E2;0"—2%), us-
ing the branching ratios of Ref. 4.

2, " 2" Expt.
184W
B(E230%—2%) 0.085 0.135 0.138
B(E2;2%—2%) 0.176 0.007 0.050
g(2*) 0.736 - 1.097 0.1
186W
B(E2;0%—2%) 0.154 0.083 0.139
B(E2;2%—2%) 0.302 0.002 0.064
g(2%) 1.053 - 1,735 1.3

which implies that its average deformation is
small. This is in contrast with **W where the
2% state is well deformed. Two-neutron-trans-
fer reactions have previously provided evidence
of the coexistence of nearly spherical and de-
formed nuclear states in regions of the periodic
table where a rapid shape transition occurs. Ex-
cited states of such small deformation have not
previously been found in permanently deformed
nuclei.

The calculations of Kumar and Baranger fit the
trend of the present data quite well. For the
tungsten isotopes, this calculation predicts a
strong coupling between the g and y bands. In
this model, this is the source of the reduced val-
ue of ¢(2%’). This strong coupling is also support-

ed by the large B(E2) values connecting the g and
y bands in *W.
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High-spin levels of the rotation-aligned bands built on the %4/, subshell in 831y and ®%1r
have been populated by («, 6ny) and (a, 4ny) reactions. In ®3[r a rapid increase in the ap-
parent moment of inertia has been observed at high spins. The implication of this result
for the interpretation of backbending phenomena in even nuclei in this mass region is

discussed.

The anomalies exhibited by the nuclear moment
of inertia of many deformed nuclei at high rota-
tional velocities has been described by two com-
peting microscopic models: the Coriolis anti-

pairing’? and the rotational alignment model,®
Although the possibility that both effects contrib-
ute to the backbending phenomena cannot be ex-
cluded,? it seems now that the decisive contribu-
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