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LETTER TO THE EDITOR

Low-temperature magnetic viscosity in the re-entrant
ferromagnet (FeO.68MnO.32)75P16B6A13
Y Yeshurun and M B Salamon
Department of Physics and Materials Reasearch Laboratory, University of Illinois at
Urbana-Champaign, Urbana, Illinois 61801, USA
Received 6 April 1981
Abstract. Studies of magnetic viscosity in (Feo,68Mno.,2),5P16B~Al~
are presented. The magnetisation in a constant field H i s described by M = M I + S in t. The coefficient S(T) peaks
at T,,,(H). We show that S and the susceptibility x scale similarly and deduce the ferromag
neticispin glass transition temperature T,, = 35 K, in agreement with our previous results.

Magnetic viscosity is a term used to describe the slow changes in magnetisation that lag
behind the changes in the external magnetic field. This phenomenon, which has been
known in ferromagnetic materials for almost a century (see Dunlop 1973), has attracted
new interest in the study of spin glasses. The spin glass may be defined as a system of
randomly oriented ‘frozen’ spins with a non-zero, time-average magnitude for each spin
but with no long-range spin order. In the infinite time limit this definition corresponds
to the Edwards-Anderson (EA) spin glass phase (Edwards and Anderson 1976). However, the existence of an EA-type spin glass phase transition is still controversial. One
experimental approach to resolve this question is to examine the nature of time-dependent phenomena in spin glass systems. In particular, magnetic viscosity is one of the
major characteristics of spin glasses, and has been studied in many systems (Guy 1978,
Ferre et a1 1980,1981, von Lohneysen and Tholence 1979). The time dependence of the
thermo-remanent, the isothermal remanent and the in-field magnetisation has been
found to obey either a weak power law or a logarithmic law. (As a matter of fact, it is
almost impossible from an experimental point of view to distinguish between the two).
The exponent in the power law and the coefficient of the logarithmic term are found to
be field and temperature dependent with a tendency-in some cases (Ferre et a1
1981)- to diverge near the freezing temperature Tf. For T Tf, the exponent has been
predicted to be linear in T by Monte Carlo simulations of the E A spin glass (Binder and
Schroder 1976, Kinzel 1979, Dasgupta et a1 1979) and by several theoretical models
based upon a simple physical picture of small-cluster, two-level systems (Dasgupta et
aZ1979, Ma 1980). The time dependence near Tf still lacks a theoretical explanation,
While the paramagnetic1spin glass (PM/SG) transition is still disputed, there seems to
be more agreement about the existence of a ferromagneticispin glass (FM/SG) phase
transition. This transition, which was first predicted by Sherrington and Kirkpatrick
(SK) (1975), also occurs in other models (Klein et a1 1979, Kinzel 1979, Fishman and
Aharony 1980). Experimental evidence for such a spin glass phase at low temperature
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Figure 1. Slope of logarithmic tail versus temperature for three different fields: 0 , 100 Oe;
0 , 4 0 0 Oe; A ,800 Oe.
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A change in H,,, causes a rapid change in the magnetisation followed by a logarithmic
tail which was fitted to
M(t)

=

MI

+ S In t

(1)

where M , the magnetisation at t = 1s found by least-squares analysis, is usually smaller
than the actual value M ( 1 ) due to deviations from (1) at short times.
The field and temperature dependence of the coefficient S is described as follows:
(i)S( ZJ exhibits a sharp cusp at T,(H) for each stepped external field H . (See figure 1for
some representative results.) The peak position T,,,(H) decreases with increasing final
field while the amplitude of the peak increases with field. (ii) S ( H ) peaks at H,(T) for
a constant T . (See figure 2 for some representative results.) The field H , and the
amplitude of the peaks decrease with increasing temperature.
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Figure 2. Slope of logarithmic tail versus external field at (0)4.2K and (t)20K.

Richter (1937) suggested a phenomenological model to account for the logarithmic
time dependence of the magnetic viscosity. The starting point of this model assumes
exponential relaxation of the instantaneous magnetisation toward the equilibrium value.
However, the relaxation times are assumed to be distributed according to
tl6 t s t2

= gdt

for

=o

elsewhere.

(2)

Integration of the relaxation function over all possible relaxation times gives a logarithmic decay for a restricted time interval.
Another phenomenological approach was proposed by NCel (1955) and by Street
and Woolley (1956) who considered the thermal activation of domain walls and particle
magnetisation over a distribution of energy barriers. An interesting aspect of this model
is a semi-empirical relationship between S and the static susceptibility:
S(H, T)

- kTXo(H, W q ,

(3)

where q is the change in activation energy with applied field; it reduces to the particle
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moment for an ensemble of identical domains. The simplest linear response argument
gives a similar result. The response of the system to a step change in magnetisation is
governed by the frequency-dependent susceptibility which gives the magnetisation
resulting from each Fourier component of the field step. For a step at t = 0, trivial
arguments give

where x(t')is the Fourier transform of the frequency-dependent susceptibility. Because
we expect the entire spectrum of x(w) to scale with the static susceptibility, we predict
c

28 K
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Figure 3. Average susceptibility A M A H versus temperature for (Feo.6*Mn".3*)7~P~6B6A1~.

In figure 3 we have plotted the ratio AMIAH for this material, obtained by subtracting
neighbouring isochamps reported earlier (Yeshurun et a1 1980). The position of the
peaks compares well with those of S ( H , T> at comparable applied fields, and the peak
heights scale with H as in equation (5). The close relationship between S and x has
further implications. According to scaling laws, which we assert hold at this lower
transition, the susceptibility scales as

x = t-Yx*(H/tpa),
(6)
where here t = 1 - T/Tfg.Any feature, such as a peak, should scale with field so that
t,

- H"@.

(7)

Our previous scaling results give l/pS = 0.5. To test this, we plot T, against H"* in figure
4. The best-fitting line gives Tfg= 35 K which agrees with our previous value of 38 K
within experimental uncertainty.
In conclusion we point out two interesting observations. (i) Although theoretical
models which treat magnetic viscosity assume a P M ~ S Gtransition, they agree with the
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Figure 4. The peak temperature T,,,versus square root of external field H . The straight line
is the result of a least-squares analysis. Note that for H = 0, T,,, = 35 K.

present results, which deal with a F M transition.
~
This is seen clearly when we compared
the peaks in S ( H ) with Monte Carlo calculations (e.g. Kinzel 1979). Note that similar
behaviour of S ( H ) was reported by Guy (1978) for Au-Fe spin glasses. From this point
of view the spin glass phase has the same properties, regardless of the type of transition.
(ii) Scaling laws are used quite successfully here as well as in previous works. This, of
course, favours the existence of an actual F M ~ G
phase transition. Note that the low-field
relaxation peak agrees well with our previous determination of Tfg.
The samples used for this study were kindly provided by H S Chen. We have benefitted
from discussions with K V Rao, M Weissman, H Sompolinsky and R Parks. This work
was supported in part by NSF-MRL Grant DMR-77-23999 and NSF Grant DMR78-07763.
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