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MUONIUM IN A12O3 POWDER AT LOW TEMPERATURE
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Measurements of rouonium (y+-e~) spin relaxation in a finely powdered sample of >-A1;0>
in a He (or Ne) atmosphere indicate that the muonium atoms escape the powder grains
with a high efficiency at low temperatures (T < 30 K). The muonium spin relaxation
rate is proportional to the fraction of the powder surface area not covered by
adsorbed He (Ne).

1. INTRODUCTION

A considerable fraction (251' or more) of the
positrons injected into SiOj, A1:0=, or MgO
powder at 300 K appear as o-Ps in the void
region between the particle grains.1 Similarly,
positive muons stopped in these powders at 300 K
appear as Mu(u+e") in the voids with a high ef-
ficiency (50° or more).2'5 These phenomena have
been explained in terms of a thermal diffusion
model whereby the injected particle thermalizes
as a neutral atom within a powder grain and then
diffuses to the grain surface where it is
ejected because of a negative work function.1''
In the case of positrons the surfaces may also
play a role in Ps formation. For example, Ps is
produced efficiently when slow positrons are
incident on a metal or oxide coated metal
surface."

The study of these pure leptonic atoms in
powders has important applications in testing
fundamental electromagnetic- and weak interac-
tion theories- but may also be of interest in
surface physics and chemistry. A proper under-
standing of the behaviour of these atoms in
powders, including how they form and find their
way into the voids, may have considerable impact
on these applications. For example, in order to
study Mu on surfaces it is necessary to produce
it in such a way that it comes in contact with
surfaces at temperatures much less than the
binding energy of Mu to the surface.

In this paper we report the observation of
thermalized extragranular Mu atoms in f-Al2O=
powder in a He or Ne atmosphere at temperatures
below 30 K.

2. EXPERIMENTAL

The muon spin rotation (u+SR) technique7 allows
one to measure the time evolution of the u+

spin polarization (both magnitude and direction).
This is made possible by the properties of muon
decay (w+ •* e+ + ve + vy) in which the positron
is emitted preferentially along the muon spin
polarization direction. In the presence of a
small U 1 0 Oe) magnetic field transverse to the

muon polarization direction, the histogram of
time delays between an incident muan and its
decay positron (the ^SR spectrum) is of the
following form:

N(t) = Nce-
t/T-[l +S M u(t)4S u(t)] + Bg (1)

with

W*) = fytuW1) tos(2-.Kut + jHul (2)

St(t) = A^Rjt) cos(2-._t + : J (3)

where Smu(t) and S (t) are the Mu and free muon
precession signals", Bg is a time independent
background, N. is the normalization, -..^ is the
muon lifetime1" (2.2 us), AM U and A_ are"the Mu
and free muon precession amplitudes, R(/|u(t) and
R, (t) are the Mu and free muon relaxation func-
tions, »M U and ;.__ are the Mu and free muon pre-
cession phases and VM U and v._ are the Mu and
free muon precession frequencies.

A low energy (4 MeV) separated beam of polarized
u+ from TRIUMF was used in the experiment. The
u+SR apparatus is described elsewhere.5 Imme-
diately prior to the measurements the i-Al;0-.
powder (Davison SMR-7-7563, specific surface
220 nr/g) was baked at 500 K in air for 12 h,
sealed within a stainless steel target vessel
and evacuated to 10"- torr at 300 Y for a period
of 24 h to remove excess water from the sur-
faces. The evacuated target vessel was then
inserted in a He gas flow cryostat (see
Figure 1) and connected to a stainless steel gas
handling system so that controlled amounts of
He(99.995S pure) or Ne(99.99S pure) could be ad-
sorbed on the powder surfaces. The temperature
of the powder, measured with a Cryocal 2500L Ge
thermometer, was controlled to within ±100 mK.

The experimental procedure consisted of (1) ad-
mitting a small amount of adsorbate gas (He or
Ne) from a standard volume into the target
vessel, (2) recording the equilibrated vapour
pressure, (3) accumulating a u+SR spectrum in a
transverse field of ~8 Oe and (4) repeating
steps (1) through (3) until more than a mono-
layer of adsorbate was on the surfaces. The
dead volume correction to the adsorption
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Figure 1 : The target-cryostat assembly for
studying the effect of adsorbed He or Ne on
muonium spin relaxation in oxide powders. The
positive muons enter the target vessel from the
left through a 0.0025 cm stainless steel window
and stop in the first 2 mm of powder.

isotherm (a plot of amount of adsorbed gas
versus vapour pressure at constant temperature)
was made afterwards by repeating the isotherm
with the powder replaced by an equal volume of
Al.

The resulting i.+SR spectra fitted well to the
spectral form given above using a single expo-
nential Hu relaxation function (R(iju(t)=exp[->t]).
The Mu fraction (29-3') determined from the pre-
cession amplitude A^u is in agreement with a
previous room temperature result of 35:145;.3

The Mu relaxation rate (>.) versus amount of ad-
sorbed He at 7.3 K and 10.4 K is shown in
Figure 2. For comparison, the vapour pressure
at each coverage and temperature is also plotted.
The number of adsorbed atoms per unit area, n,
was determined by using the specific surface
area supplied by the manufacturer. The amount
of adsorbed gas corresponding to the beginning
of the linear portion on the adsorption isotherm
is a rough measure of the amount of gas required
to complete a monolayer (n m).

9 Applying this
method yields a monolayer coverage
nnplO.0=1.0 nm-2 at 7.3 K and nm=12.5±1.0 nm'

2

at 10.4 K.

It is clear from Figure 2 that the Hu relaxation
rate is a decreasing linear function of the
density of adsorbed He below monolayer coverage
and quickly levels off at a constant value at
higher coverages. Similar behaviour was
observed in the case of Ne adsorbed at 28.7 K
and 30.3 K.

3. DISCUSSION

Bearing in mind there is no Mu formation in He
or Ne gas 1 0 the following explanation for the
data is proposed: A large fraction of the Mu
which is formed in this powder emerges into the
void regions even at temperatures as low as 10 K;
subsequently the depolarizing effects of the
surface are quenched dramatically by the
presence of adsorbed He or Ne. This can be
justified as follows. First, the observed spin
relaxation of Mu is much too small to originate
from Mu trapped inside the powder grains. The
relaxation rate of tfu in bulk Al :0 3 is estimated
at 400 (JS": on the basis of longitudinal field
measurements'-- which indicate the presence of a
random local magnetic field of order 50 Oe,
presumed due to nuclear moments of •'Al. Second,
the strong dependence of > on adsorbed He clear-
ly shows that the spin relaxation rate is pro-
portional to the amount of exposed surface area,
which is only plausible if the Mu is outside the
powder grains. It should be noted that the Mu
formation probability in oxides is not positive-
ly correlated with the degree of aggregation-
suggesting that Mu formation is a bulk rather
than a surface phenomenon.

The coverage dependence of the Mu spin relaxa-
tion rate was fit to the following form:

1
<• TFfi

"Mu IA\

"Mu

where n; is the number of adsorbed atoms per
unit area in the first layer only, rjj- is the
total elastic cross section for Mu "J

scattering off an adsorbed He atom, k + -
relaxation rate with no adsorbed He and
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Figure 2 : The muonium spin relaxation rate
versus density of He atoms on the surface of
Y-AI2O3 powder. The circles without error bars
are the He vapour pressure at each coverage.
Honolayer completion occurs at —10 atoms/nm2.



constant relaxation rate .unrelated to the
Hu-Al20;- surface interaction. At low coverage n;
is simply the total surface density of adsorbed
gas (this explains the linear behaviour of x(n)
below monolayer completion) whereas at higher
coverages, n2 -* nm (the monolayer density) and
thus x(n) ->• x0. there was no marked temperature
dependence in x(n), and therefore the combined
data at both temperatures were fitted to a
linear function at low coverage, yielding in Jfhe
case of He, k = 32.9±0.3 ps"1 and
o ^ = 11.0 ±0.2 AJ, and in the case of Ne.

k = 31 A± 0.3 us"1 and B.9± 0.2 l?f

In a strong c o l l i s i o n model12 where the Mu
depolarizes rap id ly during a s ingle dwell time
on the surface, k can be w r i t t en

k = v c [Pa + Pd]

where -.c is the classical collision frequency
with the surface, Pa is the probability per
collision that the Mu becomes adsorbed and Pj is
the probability for depolarization in a given
collision flue to spin exchange::* with unpaired
electrons on the surface (atomic absorption
measurements indicated a 1.8» Fe impurity).

4. SUMMARY

A considerable fraction of the Mu in >-Alr0j
powder emerges from the surfaces into the void
regions of the powder below 30 K. This suggests
that there exists a mechanism for Mu to escape
from the powder grains that is not diffusion
controlled, since thermalized Mu within the
powder grains is most likely immobile at these
low temperatures. For example, Mu is static in
bulk SiO2 below 50 S..*'u One possibility is that
a fraction of the Mu thermalizes directly in the
void regions of the powder because of a large
(2 eV) negative work function.'-2

Other results15 show that Mu also escapes
efficiently from SiO2 and MgO powders at low
temperatures.

An experiment is planned to determine if Ps also
escapes efficiently from these powders below
30 K.
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