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following time translation:

c, „t(t)= c, ,~ exp(- t[~, ((7&)—tL] t)t.

Using the Kubo-Martin-Schwinger boundary condition it follows that

&,.',.&= (1+ p(}3[ (& )) —ul)) '.

The temperature dependence of (r) is determined by'

(14)

Because the state is assumed to be homogeneous
and extremal invariant for space translations,
the operator

«.(&~))

d(&) n o n, a

is also a c number. After some trivial calcula-
tions it follows that relation (14) is the same as
relation (4), which was obtained by the minimiza-
tion procedure. The conclusion is obvious; The
dynamic model is equivalent to the static model
in the thermodynamic limit for the case that the
state of the system is assumed to be homogen-
eous and extremal invariant for space transla-
tions. This results from the fact that both sub-
lattices become infinitely heavy in the thermo-
dynamic 1imit.

Although only a one-dimensional model is con-
sidered in this paper, the last result holds also
for higher dimensional models. Further details
concerning the calculations and the extension to
higher dimensionality will be presented in a
forthcoming paper.

The authors wish to thank A. J. Dekker, N. M.
Hugenholtz, W. A. Smit, and A. S. de Vries for
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work is par t of the research program of the
Stichting voor Pundamenteel Onderzoek der
Materie (Foundation for Fundamental Research
on Matter) and was made possible by financial
support from the Nederlandse Organisatie voor
Zuiver Wetenschappelijk Onderzoek.
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Photoemission Studies of the Oxidation of Strontium*

C. R. Helms and W. E. Spicer
Stanford Electronics Laboratories, Stanford, California 94305

(Heceived 1 November 1971}

The oxidation of strontium has been studied by ultraviolet photoelectron spectroscopy.
Minimal oxidation produces a relatively sharp peak (width about 0.5 eV) in the energy
distribution curves originating from a state 5,0 eV below the Fermi level; this state is
seen to broaden strongly into a band as the 0 concentration increases and 0 -0
overlap occurs. The metallic component of the emission appears to originate from a thin
layer near the surface and is little affected by the oxidation.

It is well known that the alkaline-earth metals
such as Sr react readily with gases such as oxy-
gen, forming quite stable compounds. ' The sur-
faces of these metals do not passivate as do those

of meta. ls such as Al, and complete oxidation of
typical samples occurs in air in relatively short
times. ' In this Letter we report on the study of
changes in electronic structure of an Sr film dur-
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Lett. 90A, 322 (1969); T. H. DiStefano, thesis, Stanford
University, 1970 (unpublished)]. In all cases the width
of the EDC's from the valence bands of these materials
were much larger than the O widths found here for
I &10 I, whereas, the widths for 20 and 40 L were
consistent with the widths found in the alkali halides.

An alternate model might involve the formation of
islands of SrO on the Sr surface similar to the forma-
tion of AgS on Ag, described by H. E. Bennett, B. L,
Peck, D. K, Surge, and J. M. Bennett, J. Appl, Phys.
40, 3351 (1969), Since in this case the islands are
made up entirely of the compound, one would expect
little dependence of the EDC width on concentration, in
contradiction to experiment. It should also be noted
that AgS is quite covalent and Bennett et al. attribute
the formation of AgS islands to the small attractive
forces between the AgS covalent molecule and free Ag.
The situation will be very different for SrO because of
the ionic nature of the molecule. Here the 0" ion will

seek as many Sr neighbors as possible, since the Cou-
lombic repulsive forces between two neighboring O
lons would be quite large. Since a Sr film will oxidize
quickly and to completion at room temperature, it is
clear that diffusion of the oxide through the film takes
place rapidly, which is not the case for AgS on Ag.
Certainly the getter action of Sr argues strongly against
an SrO island-formation model. Thus it appears that
such a model can be rejected.

0Bennett, Peck, Burge, and Bennett, Ref. 9.
If the oxidation rates are large enough and the dif-

fusion coefficient into the bulk small enough, the sur-
face can saturate with 0 . In the present experiments
the maximum rates were approximately 3.0 monolayer
per second and the exposure ti,mes relatively short,
so that appreciable saturation would not occur. The
concept of a metal-rich surface would therefore only
strictly be correct when the oxygen pressure is zero
at the metal vacuum interface.

Energy Dependence of Quasifree Scattering in Deuteron Breakup
under ot-Particle Bombardment from 30 to 80 MeV

R. G. Alias, D. I. Bonbright, * R. O. Bondelid, E. I. Petersen, A. G. Pieper, and R. B. Theus
¹va/ Research Laboratory, Washington, D. C. 20890

I,'Received 21 January 1972)

e-particle-induced quasifree scattering in deuteron breakup exhibits no difference be-
tween kinematically equivalent e-P and ~-n channels, in contrast to previously mea-
sured proton-induced breakup. This supports the hypothesis that spin and statistics play
a dominant role in deuteron breakup reactions and that previously postulated charge and
final-state effects cannot explain the proton data.

Recently a large and as yet unexplained differ-
rence in the quasifree scattering (QFS) cross sec-
tion for the two kinematically equivalent modes
of deuteron breakup under proton bombardment
has been observed. ' The ratio of the two cross
sections is strongly energy dependent, being as
large as 5 around 20 MeV. In a simple impulse
approximation (SIA) calculation the only differ-
ence between the D(P, PP)n and D(P, Pn)P QFS is
in the free (P,P) and (P, n) scattering cross sec-
tion. This difference in free scattering cross
sections is, however, much too small to explain
the observed ratio. The measured peak cross
sections can be explained by a modified impulse
approximation with energy-dependent cutoff radii
that are different for the two breakup channels. '
However, even the introduction of cutoff radii
will not explain the observed angular variation. '
Final-state interaction (FSI) as well as Coulomb
effects have been postulated as possible causes
for the observed large difference in cross section

for the two deuteron breakup channels. It has
been shown' that FSI effects alone cannot, in any
simple manner, explain the angular variation.
Bassel and I angworthy' have developed a semi-
phenomenological theory, based on distorted
wave methods, which treats the spin of the three-
body system exactly. Since one of the QFS chan-
nels has two identical particles (protons) inter-
acting, spin and statistics considerations break
the SIA amplitude into several terms which are
different for the (P,P) or (P, n) QFS, thus pre-
dicting a branching difference. A branching dif-
ference is predicted only for the case in which
there are two identical particles in the exit chan-
nel. Similar conclusions regarding the impor-
tance of the Pauli exclusion principle in deuteron
breakup have been reached by Cahill. ' His ap-
proach is based on the Amado' model, ignoring
Coulomb effects. No complete calculations of the
Coulomb effects over the entire range of bom-
barding energies exist, even though some D(p,


