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represented by weakly coupled gluons, but the
nature of the gauge excitations responsible for
the observed sharp increase in the specific heat
in the transition region remains to be elucidated.
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Transverse electron scattering form factors from the ground-state rotational band of
1873 have been measured to study the single-particle contribution to the magnetization
current density. The data are compared with a Hartree-Fock calculation by use of
density matrix expansion with filling approximation.

PACS numbers: 25.30.Cg, 21.10.Ky, 27.70.+q

This Letter reports the first measurements of
the transverse electron scattering form factor
from the ground-state band of a heavy odd-even
rotational nucleus. In electron scattering, the
nucleus interacts with the electromagnetic field
of the electron via its charge, current, and mag-
netization. In strongly deformed nuclei, the
charge scattering provides information about the
collective properties of nuclei; whereas the mag-
netic scattering, which is transverse, results
principally from one or a few nucleons and is a
measure of single-particle aspects. These re-
sults are used to study the single-particle contri-
butions to the ground-state magnetization and to
the transition current densities and are compared
directly with Hartree-Fock (H-F) calculations.

At 6=1x06, the electron scattering cross sec-
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tion can be written in first Born approximation as

oo (Z) h(00P I 1+ [+ 3007 I

where Z is the atomic number of the target nucle-
us, a, 6, and E, are the fine structure constant,
the scattering angle, and the incident energy, re-
spectively; and F; and F ;are, respectively, the
longitudinal and transverse form factors. The
finite angular aperture of the apparatus ranged
from 6.48x 1073 to 5.75 X 1072 rad.

The present experiment was performed at the
400-MeV electron scattering facility of the Bates
Electron Accelerator. The scattered electron
spectra were measured at 180° scattering angle.
The high-resolution energy-loss spectrometer,
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whose performance and design are described in
detail elsewhere,' was used along with the 180°
scattering system?® to obtain these data over the
effective momentum transfer range 0.7 fm™ <q
<2.5fm ™, Electron beam currents of up to 50
LA were incident on tantalum and tungsten tar-
gets. Two different target thicknesses of tanta-
lum (9.88 and 21.7 mg/cm?) were used to obtain
the data at low- and high-momentum transfer,
respectively. The energy resolution over the en-
tire momentum range studied allowed a clear sep-
aration among the lower members of the ground-
state rotational band.

Because of finite solid angle at 180°, the meas-
ured cross section includes a contribution from
the longitudinal form factors. This contribution
was subtracted by measurements on even-even
tungsten targets for every energy under the same
experimental conditions. Measurements at the
same energy with two different target thicknesses
demonstrated the adequacy of the subtraction
technique with respect to the multiple scattering
effect. In the range of momentum transfer where
these subtractions are important, the intrinsic
Coulomb multipoles® of **'Ta are almost identical
to those of the even-even tungsten isotopes. This
was established by measurements at 90° on these
isotopes. In subtracting the Coulomb contribu-
tions from the tantalum measurements appropri-
ate combinations of the multipoles were made
using Clebsh-Gordon coefficients as described in
Ref. 4. The three tungsten targets used were
foils of WO, evaporated onto a '?C backing and
were obtained from Oak Ridge National Labora-
tory. The three targets were, respectively, en-
riched in the isotopes '#W, 3w, and '**W with
the abundances being 94.32%, 82.5%, and 94.87%.
The target thicknesses were determined by com-
paring elastic electron scattering measurements
from these targets to those from a natural tung-
sten target of known thickness and abundance.
These target thickness measurements, at five
different energies, were done at low-momentum
transfer at 90° laboratory angle. The two even-
even targets had a small amount of W impurity
(2.54% and 1.82%, respectively). However, sev-
eral measurements in the region of low-momen-
tum transfer with the !®W target showed that no
effect would be observable in these even-even
targets because of the presence of ‘%W,

The observed cross sections from the even-
even tungsten targets were purely Coulomb within
the uncertainties of the experiment. For exam-
ple, |F(q)|? for the first 2* excitation of tungsten

was less than 3 X 1078 at ges¢=1.1 fm ™, This re-
sult was derived by comparing the measurement
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FIG. 1. Experimental results for |Fp(g)|? for electron
scattering from the first three members of the ground-
state rotational band of 8lTa: circles, elastic; triangles,
It —2* squares, £*—3*. The curves are the result
of the H-F theory described in the text. The solid lines
are the full results, and the dashed lines represent the
contributions of the individual multipoles. The dash-
dotted curve is the total elastic form factor of a g7/,
proton in a spherical harmonic oscillator potential with
oscillator parameter b =2 fm. The individual multipoles,
M1-M7, are shown as dashed curves.
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of the elastic scattering cross section from the
tungsten isotopes at 6=180° with the predictions
of a phase-shift calculation by use of a charge
density that reproduced the elastic cross section
at 6=90°. This established the effective angle of
the spectrometer or the deviation from exactly
180°. The 2* cross section was then determined
at the effective angle assuming only charge scat-
tering. The distorted-wave Born approximation
calculation in this case used the same elastic
scattering charge density and a transition charge
that reproduced the 2* cross section at 6=90°,
This result agreed with the measurement at the
180° scattering angle, establishing the Coulomb
nature of the 2* cross section. A similar calcu-
lation established the 4* excitations in tungsten
to be pure Coulomb. In addition, the contribution
due to the finite mass of the electron has been
evaluated and found to be small.

All measurements in this experiment were abso-
lute, and no normalization was made to any other
data. As a verification of the calibrations of the
apparatus, thin foils of °Be and Al were mounted
to the back of the tantalum targets. The cross
sections obtained for °Be are in good agreement
with the measurements at other laboratories,?®
and the cross section measurement for 2’Al are
in excellent agreement with other measurements®
made in this laboratory. These targets as well as
the carbon backings of the tungsten targets also
allowed an accurate determination of the bombard-
ing energy by the recoil kinematics.

The transverse form factor at 180° for the %%,

_ [ Zomc\?
[o,i lf(q)]S-P-“< 2E0> ,:L:odd

It should be pointed out that all the ML multipoles
in the elastic scattering are considerably reduced
compared to those of a g,/, proton in the spheri-
cal shell model, as shown by the dashed-dot
curve in Fig. 1.

These Hartree-Fock calculations have been
done in plane-wave Born approximation. Never-
theless, the effects of the distortion can be well
reproduced by plotting the experimental results
as a function of the effective momentum transfer.
As seen, the theoretical calculation is in good
qualitative agreement with the present measure-
ments. In detail, however, there are a number
of obvious discrepancies between theory and ex-
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#*, and %' members of the ground-state rotation-
al band of '®'Ta are shown in Fig. 1, where |F,|?
has been plotted as a function of effective momen-
tum transfer, q.¢.” The error bars indicated are
statistical. Above the momentum transfer of 1.7
fm ™' no Coulomb subtraction was needed. Below
1.7 fm ™!, however, Coulomb subtractions were
performed as described above. Other members
of the ground-state rotational band are not pre-
sented, since they could not be resolved from
other states.

Theoretical calculations® are also shown in Fig.
1 (dashed curves for individual multipoles and
solid curves for their sum) for the first three
members of the ground-state rotational band of
18lTa, This calculation has been done in the “pair-
filling approximation” to allow the application of
H-F calculation to odd-A nuclei. In this approxi-
mation, the states of angular momentum projec=
tion on the symmetry-axis (& and - Q) are as-
sumed to be equally populated for the odd nucleon.
Based on this model, the core contributions to
the transverse form factors are quite small as
compared to the single-particle contributions,
except for the transverse E2 multipole in the re-
gion of low-momentum transfer for the 4* state.
The total transverse form factor is an incoherent
sum over the possible multipoles of the trans-
verse electric and magnetic form factors arising
from single-particle and collective contributions.
Neglecting the small core part, the cross section
reduces to a sum of the single-particle intrinsic
form factors F  “L(q), F,,"*(q), and F, Z%(q) ac-
cording to the expression,

Z: I(Ii?K; L’ Ol]f’K>FKML(q)+ <1i7 "'K; L, 2Kllf7K>F21{ML(q)|2

. 5 l<zi,-K;L,zxnzf,K>F2KEL<q>|2].

L =even

periment as well as some notable agreement.

The theory predicts that the high-g region is dom-
inated by the M7 multipole and yields form fac-
tors which are reasonably well reproduced ex-
perimentally in the case of the ground state and
the 3* state. Inthe 4-* case the agreement is
less satisfactory. For the lower g side of the

M lobe, the theory predicts substantially more
cross section than is observed in all three form
factors. In the region of intermediate ¢, where

a number of multipoles are contributing, the
theory is substantially out of line when compared
to the experimental results. At low ¢ in the elas-
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tic and §* cases, the form factor is dominated by
the M1 moment and the agreement is reasonably
good. However, it should be noted that the H-F
prediction for the static dipole moment is approxi-
mately one-half the experimental value. As point-
ed out in Ref. 8, the choice of g,'f= 0,48 for the
proton can reproduce the experimental value of
the static dipole moment. At the same time this
choice of g has only a small effect (<10%) on the
M1 form factor. This may be understood from
the fact that at the peak of the M1 form factor the
convection current contribution is 4 times larger
than the spin magnetization part.

The results of Rad etal.,® Bertozzi,® Creswell
etal.,® and Sasanuma and co-workers'® demon-
strate the ability of the H-F technique to predict
the lower multipole Coulomb densities of axially
symmetric nuclei, and show that on a microscop-
ic level '8'Ta is a very good rotational nucleus.
The lack of detailed agreement of the calculations
with the higher Coulomb multipole densities and
with the present data is not understood. These
discrepancies clearly indicate the need to investi-
gate the validity of the specific assumptions in
the H-F calculations as well as the sensitivity of
the results to the details of the nucleon-nucleon
force if detailed agreement with the experimental
measurements is to be achieved.
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The interacting boson approximation has been applied to the deformed nucleus %Er.
The parametrization used corresponds to a description close to the SU(3) limit of the
model. The calculation, which is the most detailed test of the interacting boson approxi-
mation to date, correctly reproduces the complete sequence of positive-parity collective
bands below the pairing gap and provides an excellent overall description of their decay

properties.

PACS numbers:

The interacting boson approximation (IBA)! has
now been applied to a large number of nuclei with
widely varying structure, and has met with a
great deal of success in predicting many different
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21.60.Ev, 21.60.Fw, 27.70.+q

properties? but no detailed test has yet been made
in a deformed nucleus, The underlying SU(6)
group structure of the model basis leads® to three
limiting symmetries, SU(5), SU(3), and O(6),
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