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Recently reported zero-field uSR measurements below
the spin-glass transition temperature in AgMn (1.6 at.2)
show a temperature dependent inhomogenous width. We
discuss these data 1in terms of a model in which the
local field urdergoes limited-amplitude fluctuations.
We find that both very slow (-0.3 ws~}) and rapid
(=3000 s~ 1) fluctuations are required.
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In recently reported zero-field uSR experiments on the spin-glass AgMn
(1.6 at. %), the positive muion (1) inhomogenous 1line width, a(T), was
found to 1ncrease monotonically as the temperature was lowered below the
glass temperature Tg.l This effect was interpreted as evidence for rapid,
small-amplitude fluctuations of the 1local fields, with the decreasing
amplitude nf these fluctuations producing the increasing a(T) as the tem—
perature 1s lowered. The purpose of the present paper is to discuss these
data in the context of a spin-plass model based on just such limited-ampli-
tude fluctuations of the local fields. We will see that the data provide
evidence for the existence of both slow- and fast-fluctuation modes.

Models for the depolarization of positive muons in spin glasses which
assume comlete reorientation of the local fields during fluctuations have

been presented by Uemura et al.? 3

and by Leon;” these models cannot plausi-
bly produce a temperature-dependent a(T), however. A two-state model, one
state of which nas a fixed local ficld direction, has been discussed by
Uemura.a

In the present ''quasimagnon model" we assume that the local dipolar
fleld (corresponding to a particular mion site) has both a static component
Hy which is Lorentzian-distributed with width a, and a fluctuatineg
component which 18 Gausslan-distributed with width A(Ho). For this
fluctuating component the '"strong collision" assumption {s mndo,5 f.0.,
there is no correlation before and after the Jump. Finding the evolution
of the ' polarlzation then amounts to rolving the "Kubo-Toyabe" prohlomb

for an arbhitrar!.y oriented static external field Ul Fortunately, this

o*
can be done In terms of the polarization functions Gn(t),Gl(t) for the
parallel and perpendicular H, configurations, using the relation

G(t) = con?Q, G,(r) + 8in?Q, G (), (1)
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0, being the angle between H, and £ (the initial * pclarization
direction). Each Gi (1 = 1,1) evolves independently of the other, and is
determined from an integral equation involving the correspording static
(no-fluctuation) polarization function Gg(:).5'6

These integral equations are solved numerically, for given Ho' 4, and

fluctuation rate v, to give the Gi(t) = Gi(t;Ho,A,v). We take A= H so

ol
that a represents the characteristic angle of fluctuation of the total
field. Lastly, an integration over H0 (i.e., over the different muon
sites) is performed to give the net polarization function G(t; V).

Since we want the RMS wvalue of the local field at each site to be

independent of the amplitude of the fluctuations, we impose the constraint

ap,
HL -

—_— (2)
/1 + 3aZ

1 is the frozen spin value.7 In general, of coutse, tne

where a® = 19 s~
{ nhomogencous width, a, will depend both on a and a.
Finally, ~since one can show that for very fast fluctuations v, of

angular amplitude a,

Gi(t) = P(L)GP(t;H,, 8) 3)

where

Hey .
P(1) . exp {-21-1:;31‘ (e %t —1 4 v)}, (4)

0

we can comhine these very faat fluctuations with gslower ones In an
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approvimate way by simply substituting these Gy(t) for Gg(t) in the

integra ~quations. In this case Eq. (2) 1s replaced by

o]
a
a = = : (5)
/1 + 3c? + 3a2

The data at T= 0.3T; and T = 0.8 Tg were first fitted assuring a
single, fast fluctuation mode of limited amplitude, applying the constraint
of Eq. (2). Excellent fits to the first C.5 us of data were obtained for
the fluctuation rate of 10" us™!. As can be seen from the dotted curves in
Fig. 1, however, both the long- and short-time behavior of the relaxation
function cannot simultaneoucly be well fitted with this model. Next both
fast (v)) and slow (V) fluctuation modes were included. This provides a
better fit to the data as shown 1in Fig. 1. The fit parameters are
cunmAarized 1in Table I; for convenience we have taken a = Gy+ It must be
emphasized that these paramcters are certainly not unique.

In conclusion, we have presented a model for muon spin relaxation in a
8pin-ylass system which incorporates limited-amplitude fluctuations of the
local field and accounts for the observed temperature dependence of the
inhomogeneous 1ine width in a physically plausible way. Our model assumes
the same two fluctuation rates and angular amplitudes at each muon &ite.
An  equally plausible -icture in which different &ltes have differert
(single) fluctuation rates and amplitudes may also be consistent with our
data. In  reality, wo uxpvcf the =apin glass to possess a continuum of
fluctuation modes, as har bheen ohserved with the neutron spin-echo
tcchn]quo;8 however, whether a single slte experfences thig continuum or s

dominrted by a single mode 18 not known. Finanlly, we note that the
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existence of spin-glass modes at frequencies much lower than that found in
numerical simulations of harmonic quasimagnon excitations,10 as previously
renorted,1 persists in this new analysis; this provides evidence that small

amplitude barrier modes may be important in the relaxing of the mion spin.
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TABLE I. Parameters Used to Generate Fits to the AgMn (1.6 %) data.1

T/Ty  ap/af a Wis™h) A, v(us™) 2N

.30 92 0 0 .24 3000 6.0

.30 .86 .24 .3 24 3000 2.8

. 80 .60 0 0 .76 3000 3.6

. 80 47 .76 .3 .76 3000 1.4
Tg = 7.5 K

a® = 19 s~}



Fig. 1.

FIGURE CAPTION

Zero-field muon spin relaxation function for spin-glass Aghn
(1.6%2) at T = 0.8T,. The dotted curves from bottom to top
were calculated from the quasimagnon model wusing a single
fluctuation rate of 1000, 3000, a2nd 9000 us™!, respectively.
The solid curve was generated using rates 0.3 ws~™! and
3000 ws"l. Table I gives other relevant parameters.
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