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cuiting effect of He3 spin relaxation at the con-
tainer walls. For these experiments T, was
about 10' sec. We estimate that with the much
slower wall relaxation to be expected from im-
permeable container materials, a polarization
of the order of 10% might now be possible by
this method. Of course such an estimate ignores
the (so far unknown) effect of rubidium on the
surface relaxation behavior. We are current-
ly investigating this question and plan to repeat
the experiment of Bouchiat, Carver, and Varnum.
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TEMPERATURE DEPENDENCE OF POSITRON MEAN LIVES IN METALS
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The dependence of positron lifetimes on sample temperature has been studied in sev-
eral metals over a range from room temperature to the melting point or to 400'C.
Marked effects, amounting to as much as a 30% increase in lifetime, are noted in most
of the low —melting-point metals. Lattice vacancies are considered to be the likely
cause of these effects.

The lifetime of positrons in certain metals
exhibits a marked dependence on sample tem-
perature in the range from room temperature
to 400'C. This result is closely related to the
previously reported temperature dependence
of the angular correlation of annihilation radi-
ation. ' We attribute the effect to lattice defects
induced by temperature, and hence, it is also
related to the recently observed dependence
of both lifetime2 and angular correlation~ on
plastic deformation.

The measurements reported here were ob-
tained on a fast-slow coincidence system em-
ploying an overlap time-to-amplitude convert-
er, pulse-height compensation, and pile-up
rejection. With energy selection appropriate
for lifetime studies, the system yielded a res-
olution of 410 psec on a Co source, the approx-
imately exponential slopes corresponding to
mean lifetimes of 90 and 103 psec.

All samples studied were of at least 4 nines

purity and were annealed and etched before
insertion in the Pyrex sample chamber which
operated with a helium atmosphere. The cham-
ber was heated externally and a cooling system
ensured that the scintillators and photomulti-
pliers were not allowed to introduce false tem-
perature-dependent effects. The simplest proof
of the effectiveness of these precautions is in
the markedly different results observed with
the various metals but we also measured the
temperature in the detector enclosures and
held the variation below 10'C.

We observed two components in the decay
of each metal. This is invariably the case when
using a sandwich arrangement with a separate
source between two samples, but it has been
clearly demonstrated that the low-intensity
tail is due to surface effects. 4 Although the
tail is not of primary interest, we must make
a reasonably accurate measurement of its slope
and intensity in order to evaluate the main slope.
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Our procedure is to carry out a long measure-
ment at room temperature and at the upper
temperature limit for each metal. We find that
the slope and intensity of the tail agree with-
in the experimental error in each case as in-
dicated in Table I. The average value of these
quantities is computed and the data at interme-
diate temperatures are constrained to fit these
values for the tail. Runs at the temperature
extremes were of about 7 h duration, while
most of the intermediate points were obtained
in about 1 h.

Results are presented in Fig. 1 for all of the
metals investigated to date. The upper temper-
ature reached is determined either by the melt-
ing point of the sample or by limitations of the
sample chamber. The smooth curves are mere-
ly visual fits and are influenced by the results
obtained for the same metals in the angular
correlation studies. '

We wish to emphasize several features of
the results:

(1) Copper shows a weak temperature depen-
dence several times stronger than we might
expect from the lowering of valence-electron
density associated with thermal expansion of
the lattice. The other metals may also include
a similar component, but it is masked by the
larger effect.

(2) The mean life increases smoothly with
temperature in a way that is qualitatively sim-
ilar in all metals other than copper. (We as-
sume that the aluminum curve must flatten at
higher temperatures. )

(3) Although it is not evident from Fig. 1, we
have found no measurable hysteresis on the
time scale required for these measurements.
The lifetime appears to be a single-valued func-
tion of sample temperature in these metals.

(4) The extent of the lifetime increase is sim-
ilar in the metals other than copper, but the
temperature at which the increase begins is
a characteristic of the metal.

(5) Plots of the annihilation rate versus tem-
perature for Cd, In, and Zn have much the same
shape as the plots of tail intensity versus tern-
perature in the angular correlation. ' The tail
is usually considered to arise from annihila-
tion with core electrons in these metals.

We have sought an explanation of these anom-
alous effects in a great variety of chemical
and physical properties of the various metals.
The only link we have found lies in the equilib-
rium density of point defects; we rule out dis-

Table I. Analysis of time spectra at temperature ex-
tremes.

Metal
Temp.
(C)

7 j
(psec)

T2
(nsec)

Tail
intensity

Al
Al
Cd
Cd
Cu
In
In
Zn
Zn

21
368
29

296
21
21

122
21

375

175+4
228+ 6
196+3
232+ 6
147+ 3
203+ 5
250+ 5
179+5
240+ 9

1.10+0.15
1.31+0.24
1.02+ 0.12
0.92+ 0.12
0.75 + 0.06
0.95+ 0.13
0.85 + 0.23
0.97 + 0.15
0.95 + 0.27

1.8+ 0.6
1.8
2.1
2.9
4.2
2.2
2.8
2.0
1.8

locations as a prime cause mainly because of
the lack of hysteresis in the rneasurernents.

The particular defect of interest is presum-
ably the vacancy site since interstitials are
not only much fewer but would probably have
the wrong effect. Vacancy density should in-
crease continuously up to the melting point in
accord with the Boltzmann factor. We do not
understand why they should become less effec-
tive as they become more numerous (as indi-
cated by the tendency of the lifetime to be tern-
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FIG. 1, Positron mean lifetimes in several metals
as a function of temperature. Error bars, based on
statistical consideration alone, are similar for all sam
ples but are presented only for cadmium. The shapes
of the smooth curves are influenced by related data on
angular correlation.
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perature independent at higher temperatures),
but the effect of the vacancies at low concentra-
tions seems to be qualitatively predictable.
We consider an individual vacancy as a region
considerably smaller than the ion it replaces
since the lattice is known to relax inward on
a vacancy. The region, being deficient one pos-
itive ion, can be treated as a unit negative charge
which will attract positrons. However, because
the potential well is not deep, it is unlikely that
it can restrain a positron within the small vol-
ume available and form a bound state. Instead,
it merely increases the probability that the pos-
itron will annihilate with electrons in vacancy
sites and thereby decreases the chance of an-
nihilation with the competing core electrons
and normal valence electrons. Since electron
density in vacancy sites should be lower than
elsewhere in the lattice, we can expect a gen-
eral lowering of the annihilation rate as the
vacancy density increases.

Quantitative correlation of our results with
the activation energy of vacancies in the vari-
ous metals' will certainly require a sophisti-
cated model, but a compelling qualitative cor-
relation is evident. It is a little surprising that
we observe an effect in aluminum which has
a vacancy activation energy of 0.76 eV, and

this may imply that the positron itself collab-
orates in vacancy formation.

The data indicate that the positron may be
a useful tool for studying metallic defects.
In addition there is a clear warning that if life-
time measurements are to be used as a check
on theory, they should be carried out on annealed
samples at temperatures such that vacancy den-
sity is negligible.
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In this Letter we wish to report on some un-
usual magneto-optic effects in perovskite crys-
tals of RbFeF~. We believe that this is the
first example of a ferromagnetic' crystal which
(l) is transparent in the bulk to visible light,
(2) has a very low saturation magnetization
(=250 G), (3) has a large magnetic rotation
in the uv, visible, and near infrared at a tem-
perature below 85'K, and (4) has good optical
quality. To the best of our knowledge, no one
of the previously reported' ' ferromagnets
that are transparent in the visible has all four
c,i these properties. Therefore, this materi-
al looks very interesting from the point of view
of studies such as visual observations of do-
main structures' and some possible applica-
tions of these magneto-optic effects. ' ' The
work described in this Letter includes mea-

surements on magnetic rotation, Cotton-Mou-
ton effect, and optical absorption of RbFeF,
at 82'K.

It ha.s been established only recently'~' that
RbFeF, remains paramagnetic from room tem-
perature down to 102 K, becomes antiferromag-
netic between 102 and 87'K, and then under-
goes a transition to a state having a magneti-
zation in zero field below 87'K. Testardi, Levin-
stein, and Guggenheim" have shown that the
transition at 102'K is accompanied by a distor-
tion to tetragonal symmetry. A distortion to
an orthorhombic symmetry occurs at 86'K,
and a further decrease in symmetry to a mono-
clinic-structure class occurs at 45 K.

All of our measurements were made on x-
ray oriented single crystals of RbFeF~ that
were grown by a method described elsewhere. '
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