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Abstract

Positive-muon spin rotation experiments have been performed In
an Fe single crystal from 4.2°K to 300°K at the new meson facility
TRIUMF. No signal was observed below 23°K. The u* diffusion
constants deduced from the relaxation times can be fitted to an
Arrhenius law (activation energy 17 meV) above 70°K, but deviate
from this mn.dozoq temperatures, indicating quantum diffusion. The
ut hyperfine mmm[n was found to have a temperature dependence slight-

ly different from that of the saturation smm:mn_nmﬂmnz.
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In the last few years, the positive muon (uT) has been used exten-

sively to probe phenomena related to polarized conduction electrons at
interstitial sites in magnetic metals. The magnitude and width of the
local magnetic field can be obtained from the precession and relaxation
of the u* spin via the time evolution of the asymmetric distribution of
decay positrons (uSR method). Interstitial electron spin densities have
thus far been studied in several ferromagnetic materials, in particular
Nil»2 and Fe.3s%

A recent experiment showed an anomalous temperature dependence of

the u* hyperfine field in a Ni single crystal,? which enhanced our
curiosity about the analogous phenomenon in Fe. However, a serious
difficulty was anticipated: in bcc Fe various defects and/or vacancies
were expected to suppress rapid diffusion of the ut, causing fast de-
polarization due to the inequivalent atomic dipolar fields at different
interstitial sites or to inhomogeneous fields around the trapping
center. In mmnn. previous experiments in both polycrystallined and
single crystal* Fe samples were unable to detect any signal below 150 K.
We therefore carried out u*SR experiments on a carefully prepared single
crystal of Fe, to study the temperature dependence of the hyperfine
fields and the diffusion time.

This rmmnmq represents the first uSR results from the new 'meson
factory' TRIUMF; the experiments ran on the M20 muon channel using a
500-MeV proton beam of about 1 pA on a 10-cm Be production target.

About 10% u*/sec with around 60% polarization were stopped in the Fe

target, which consisted of five sheets of 50 mm x 48 mm x 1.1 mm um:m_ou.

crystal plates cut from one large sheet grown by a strain-annealing
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(My/My ~ 1/9). The obvious suggestion is that E; depends on the mass
mm.\mu in conflict with the quantum theory of Flynn and Stoneham,®
where a self-trapping mechanism predicts a dependence of mm on M-1,

Below 44°K, the relaxation data deviate from the exponential law -
manmuo_mnoa from the higher temperatures. This suggests that fast
quantum diffusion dominates over thermally activated diffusion at low
temperatures, as earlier suggested for u* in Nb.2 The deviation in
Fig. 2(a) is too strong to be explained by a T7 law predicted by Flynn
and Stoneham.® Moreover, experimental results show the absence of any
visible precession signal at 4.2°K, where the py* still seems to be
diffusing, instead of being 'frozen'. .

In zero external field, the local field By felt by the p* can be

decomposed as

By = (4n/3) M + (Hg) + Hine, _ (4)

where the first term Is the Lorentz field, the second the average
dipolar field within the Lorentz cavity, and Hint is the contact hyper=
fine field due to polarized conduction electrons. The dipolar field
{Hq) is assumed to average to zero in a random walk with v >> YuH1 -

The sign of B, in Fe is known to be negative.3 Thus, using known
values of the saturation magnetization M,10 we obtain Hiny at various
temperatures, as shown in Table I.

At the low temperature limit Hj,¢ becomes -11.1 kG. It is inter-
esting to relate this hyperfine field to the conduction electron
polarization observed with polarized neutrons.!! For the ut located
at a tetrahedral site, which is known to have the deepest negative mag-

netization of 4rMjqy = =-1.6 #+ 0.5 kG, the hyperfine field would be

-6 -

(8n/3)Mine = -1.1 * 0.3 kG in the absence of the screening effect of
polarized electrons. The observed Hint I's an order of magnitude larger
than this value. This wcﬂvqmm_am_< large discrepancy can be attributed
to pronounced screening of u* by polarized conduction electrons in Fe,
while in Ni such a screening enhancement appears minimal;12 further
theoretical study is clearly required. The calculation of Jenal!3 based
on the Daniel-Friedel model predicts that Hi,(Fe) = -5.6 kG. In this
model the conduction electron spin density is assumed to be uniform but,
if the u* prefers a tetrahedral site with subsequent conduction
electron screening, the predicted value would be close to the observed
one.

Relative values of Hi,.(T) are shown in Fig. 2(b), along with the
temperature dependences of the saturation magnetlization (M) and the
nuclear hyperfine field A::V.Ho Clearly Hi ¢ deviates from M in the
same sense as Hp, but more strongly. However, just the opposite but
similarly pronounced effect is seen in Ni: Hint remains nearly constant
up to 300°K, while the magnetization decreased by 7%.2

The presence of the interstitial p* perturbs the host metal w: nfo
ways: i) screening of the positive charge by polarized conduction
electrons; and ii) static distortion of the neighbouring lattice. Our
results imply that the p* in Ni perturbs the neighbouring atoms in such
a way that they have a stronger ferromagnetic coupling than the bulk
atoms, but that the u* in Fe does not. This conclusion mmmlm relevant
to several known differences between Ni and Fe: while the host
magnetic moment of Ni-is strongly affected by the presence of magnetic

impurities, that of Fe shows only simple dilution;!* while the pressure
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Figure Captions

Fig. ! u* precession signals in Fe at representative temperatures. Solid
lines represent best fits to the data.

Fig. 2 (2) u* relaxation rate in Fe as a function of inverse temperature.
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