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1 Introduction
Static magnetic hyperfine fields acting on impurities recoil-implanted into ferromag-

netic hosts following heavy-ion induced reactions are being studied with a view to making
measurements of the magnetic moments of subnanosecond excited states in neutron-
deficient nuclei. These measurements present many experimental challenges, largely
because the states of interest have subnanosecond lifetimes, which means that a mea-
sureable precession can be obtained only by employing the integral perturbed angular
correlation technique in conjunction with intense hyperfine magnetic fields present at
impurity nuclei implanted into ferromagnetic hosts.

Along with several technical problems (see e.g. Stuchbery et al. 1996), there are
several problems of condensed matter physics interest inherent in the implantation per-
turbed angular correlation (IMPAC) technique. Matters that must be considered include:

(i) corrections for the transient field effect

(ii) whether the hyperfine field is parallel to the applied field

(iii) whether the implanted nuclei all experience the same magnetic interaction

(iv) the time the static field takes to reach equilibrium after implantation

These matters, which in time-integral measurements cannot always be treated in-
dependently, are being studied. The focus here is on (i) pre-equilibrium phenomena
associated with the implantation process and (ii) the direction of the internal magnetic
field at implanted impurities after equilibrium is reached.

2 Pre-equilibrium effects following implantation
An interesting outcome of our recent work (Anderssen and Stuchbery 1995, Stuch-

bery, Anderssen and Bezakova 1996) has been the observation that hyperfine fields for
the 5d systems Os, Ir and Pt in iron appear to take about 10 ps to reach equilibrium
following implantation.

The effective static field strength, I?IMPAC> c a n be extracted from measured perturbed
angular correlations. If we assume that the hyperfine field is zero for a time te after
implantation, the observed effective field can be parameterized as

BlMPAC = (1 - /o) X -Bmax X e"**^, (1)

where Smax is the field obtained in an NMR or radioactivity measurement with all of the
nuclei on full-field sites and r is the mean life of the nuclear probe state. The factor (1 —
/o) accounts for the fraction of nuclei that do not reside on full-field sites once equilibrium
is established. Alternatively, if the hyperfine field comes to its equilibration value (from
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Fig. 1 Ratio of the static hyperfine fields measured by the IMPAC technique to the 'maximum' fields
obtained from NMR measurements, plotted versus the inverse lifetime of the probe state used in the
IMPAC measurement. The solid line is a fit to eq. (1) while the dashed line is a fit to eq. (2).

zero immediately after implantation) by a relaxation process with characteristic t ime rP,
then the effective field is

= (1 - /o) x Bmax x ( \ ) . (2)

As a convenient means of exposing pre-equilibrium effects, we may plot
versus the inverse lifetime of the probe state (1/r). The results for 5d impurities near
iridium are displayed in Fig. 1. There is a correlation between the lifetime of the probe
state and the effective strength of the hyperfine field following implantation. Fits to
eq. (1) give te = 11.6 ± 1.4 ps while fits to eq. (2) yield rT = 14.1 ± 1.9 ps. In either case
the hyperfine field takes of the order of 10 ps to reach equilibrium. As the earliest data
gave te < 10 ps, it was suggested initially (Anderssen and Stuchbery 1995, Stuchbery,
Anderssen and Bezakova 1996) that the static field is quenched altogether for that time,
perhaps due to the thermal spike; however the equilibration time of the hyperfine field
after implantation will be affected both by the timescale of the atomic rearrangements
(thermal spike) and by the equilibration time of the impurity-host spin system.

Alfter et al. (1997) have recently reported much longer equilibration times for Er
and Dy (4f) ions recoil-implanted into iron. They suggest that there is a relaxation
of the hyperfine field following the thermal spike due to hindered antiferromagnetic
coupling between 4f (and also 5d) impurity atoms and the iron host. In principle, this
can be tested, and the different contributions to the equilibration process investigated,
by making precise IMPAC measurements on several ion-host combinations.

3 Misaligned hyperfine fields
The first evidence that the internal hyperfine field may not be parallel to the ex-

ternal applied field for impurities implanted into ferromagnetic hosts, even in the case
where the macroscopic sample is apparently saturated, was presented by Ben-Zvi et al.
(1967). To explain the locally misaligned hyperfine fields, Aharoni (1969, 1970) proposed
a microscopic mechanism associated with magnetostriction forces on oversize impurities
in the host matrix. Unfortunately the theory contains many approximations and lacks
predictive power.
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Fig. 2 Apparent static hyperfine field as a function of external field for isotopes of Os, Ir and Pt recoil-
implanted into iron. The apparent hyperfine field strengths at low external fields are reduced because
the internal field is no longer parallel to the external field. The behaviour of Pt appears different only
because the nuclear lifetimes, and hence the observed precessions, are smaller in that case.

While the data of Ben-Zvi et al. could have a microscopic explanation in the Aharoni
effect, similar effects in the perturbed angular correlations could also be produced by
macroscopic domain rotation if the host were not fully saturated. Despite the passing of
30 years, this has not been adequately investigated.

We have measured the dependence of the hyperfine fields (static and transient) on
the external, polarizing field for isotopes of Os, Ir and Pt recoil-implanted into polycrys-
talline Fe foils, following Coulomb excitation with beams from the ANU 14UD Pelletron
accelerator. Some results are shown in Fig. 2. A detailed account of the measurements
and results will be published in the Proceedings of the Nuclear Methods in Magnetism
Workshop (Stuchbery and Bezakova 1997).

We find that the internal field does become increasingly misaligned with respect to
the external field direction at fields below 0.08 T, but this is associated with incomplete
saturation of the foil (domain rotation), not with a microscopic effect like that proposed
by Aharoni. Such low field.data are also probably affected by the texture of the iron foils.
This is being followed up. In our studies, the implanted osmium nuclei all experience
the same magnetic interaction (within uncertainties of the order of a few percent).
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