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ing in the outer part of the atom, one can vary
the initial capture distribution and its evolution
during the early part of the de-excitation, and
hence the t distribution at n =(M/m)' '; these
changes are about the right size to give the ob-
served absolute-yield variations (increased scat-
tering producing lower yield). This same change
for a given element in a compound will increase
capture on that element, which accounts for the
inverse correlation between the yield data [Figs.
l(a)-1(c)] and the capture-ratio data [Fig. 1(d)].
Now positron annihilation is mostly on loosely
bound electrons, and the valleys in Fig. 1(e) pre-
sumably reflect an increased density of electrons
in the outer part of the atom. " Since such an in-
crease necessarily implies increased electron-
meson scattering in the outer parts of the atom,
we think that this is the basic physical property
underlying the variations in yield and capture
ratios.

Future theoretical and (hopefully) experimental
work will attempt to test this idea quantitatively.
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Fermi-surface cross sections for field along principal symmetry directions for Gd are
presented which are in serious disagreement with those of previous investigators. This
disagreement stems from the use of an incorrect value for the saturation magnetization.
The new frequency values are compared with the results of a relativistic augmented-
plane-wave band calculation.

The only direct measurements of the Fermi
surface of a rare-earth metal with an incomplete
4f shell were reported by Young, Jordan, and
Jones, who observed several de Haas-van Alphen

(dHvA) frequencies' for Gd and reported effective
masses associated with some of these frequen-
cies. Assuming a rigid-band splitting of 1.14
eV for a relativistic augmented-plane-wave
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(APW) band structure of paramagnetic Tb, ' they
mere able to identify their larger frequencies
with orbits on the spin-up and spin-down Fermi
surfaces. This splitting is considerably larger
than expected from the measured' conduction-
electron polarization, using the Tb density of
states.

We have measured dHvA frequencies on a 8-
in. -diam sphere of Gd of purity comparable to the
best reported to date (residual resistivity -260)
which was purified by an electrochemical proc-
ess as described by Peterson and Schmidt. ' Our
frequencies are in serious disagreement with
those published by Young, Jordan, and Jones, '
stemming primarily from the use of the wrong
value for the magnetization throughout their
work. The purpose of this communication is to
present the correct frequencies along principal
symmetry directions and to discuss briefly the
implications that these values of the frequencies
have on the band structure of ferromagnetic Gd.

The dHvA frequencies were obtained by stan-
dard field-modulation techniques in a 55-kOe
superconducting solenoid. The use of the usual
in situ field calibration (NMR or a known dHvA
frequency)' is precluded by the field distortion
near a ferromagnetic sample such as Gd. There-
fore the II-versus-current value was checked us-
ing a known dHvA frequency in a separate experi-
ment. The sample orientation was determined
to within 2 by standard x-ray techniques and the
crystal was fixed with respect to the applied-
field direction by gluing with epoxy to a rigid
sample holder.

In a ferromagnetic material the saturization
magnetization, M„and demagnetizing factors
must be known because the dHvA oscillations
are periodic in the reciprocal of the magnetic in-
duction, B"'. For a spherical sample B=H,
+8@M,/3, where II, is the applied field. We de-
termined our frequencies by fitting our data by a
straight-line plot of integers versus (K&+8@M,/
3) ', where the K~ are zero crossings of the os-
cillations. We found values of 8sM, /3 of 18.6
+ 0.7 kG. This agrees well with the direct mea-
surement' of (7.63 + 0.02)pB /atom which corre-
sponds to 18.1 kG. We also checked for consis-
tency by measuring the effective mass of the
strongest frequency at widely separated applied
fields. The magnetization contribution obtained
using this less accurate method was 17+ 3 kG.

Our results using 19 kG for 8@M,/3 are shown
in Table I and differ substantially from those of
Young, Jordan, and Jones' who used 7 kG. The

TABLE I. de Haas-van Alphen frequencies for Gd
using 19 kG for 8nM, /8 (in units of 106 G).

Field direction Frequency

f0001]

f1010]

[1120]

0.3
1.96

16.9
13.9
40.7

1.6
0.5
1.71
2.8

46.6

From Ref. 1.

values are increased by roughly 50%%uo for most of
the frequencies. It should be noted that the fre-
quencies cannot be corrected accurately without
a knowledge of the applied-field values used in
the measurement. Recalculations for the data of
Ref. 1 using the correct magnetization are in
substantial agreement with the values shown. '

These new frequencies were compared with the
results of a relativistic APW calculation for pa-
ramagnetic gadolinium. The larger frequencies
could be tentatively identified with the Fermi-
surface orbits suggested by Young, Jordan, and
Jones, but with a rigid-band splitting of about
0.95 eV instead of 1.14 eV (using a rigid-band
splitting the largest orbits could be fitted nicely,
but there was only qualitative agreement for the
smaller orbits). This splitting along with the
calculated Gd density of states predicts a spin
moment of nearly 0.78p, s/atom from the uncom-
pensated spin-up electrons. If the orbit identifi-
cations are correct (and we believe they are for
the major pieces), then the simple nonrelativistic
and linear picture of pure spin states split by an
exchange field cannot be reconciled with the ob-
served conduction-electron moment of 0.63', s/
atom. ' To obtain this moment, it would be nec-
essary to reduce the splitting to ~ the above val-
ue required for reasonable agreement with the
major dHvA orbits, which would totally destroy
any agreement in Fermi-surface topology. This
implies that one must eliminate the nonrelativis-
tic view of pure spin states (thus changing the g
factor), the linearized-exchange-field approach,
or both. A relativistic ferromagnetic calcula-
tion is being undertaken to examine these ques-
tions and provide more quantitative orbit infor-
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A pair of partially occupied surface-state bands found in recent calculations by the
authors for the 2 x 1 reconstructed Si(100) surface is shown to provide a mechanism for
additional reconstruction via charge-density-wave formation, This is proposed as an ex-
planation of weak fourth-order reflections seen in low-energy electron diffraction.

The dominant reconstruction pattern of the
Si(100) surface is 2&& l.' In a recent Letters the
authors have shown that the self-consistently cal-
culated spectrum for the Schlier-Farnsworth-
Levine dimerization, model'' of this reconstruc-
tion agreed with ultraviolet photoemission and en-
ergy-loss measurements. ~' '

In this Comment we demonstrate that residual
Fermi surface or charge-density-wave (CDW) in-
stabilities" ' can account for the weak higher-or-
der spots that are observed in low-energy elec-
tron diffraction (LEED) on carefully prepared Si
samples. ' ' The position of these higher-order
spots relative to the primary and half-order spots
is shown in Fig. 1. These spots are almost two
orders of magnitude weaker than the primary
spots, and more than an order of magnitude weak-
er than the half-order spots. '

The origin of the CDW we believe to be respon-
sible for these spots can be found in the pair of
partially occupied bonding and antibonding &-like
surface states calculated for the dimer model,
whose dispersion relations are plotted in Fig. 2

of Ref. 2. Notice that the lower band contains a
pocket of holes around the line I" to 4, and that
the upper contains a pocket of electrons around
the line J' to K. The electron and hole Fermi

surfaces, displaced relative to each other by the
vector q, connecting I' to K, are shown in the up-
per left in our Fig. 2.

I EED PATTERN
(ONE DOMAIN)

FIG. 1. Schematic representation of the LEED pat-
tern for Si{100). The size of the first-, second-, and
fourth-order spots indicates their relative intensity.
While a sixgle domain is shown here for clarity, the
experimental pattern will be a superposition of this
p3ttern and one obtained by a 900 rotation.
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