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Fig. 3.12 Low-field susceptibility x(7) of AuFe for 1 = x = 8 at. %. The data
were taken every & K in the region of the peak, and every i or 1 K elsewhere. The
scatter is of the order of the thickness of the lines. The open circles indicate isolated
points taken at higher temperatures. From Cannella and Mydosh (1972).
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Fig. 3.14 Zero-field susceptibility x' as a function of temperature for sample Ilc
(CuMn (0.94 at. %) powder), measuring frequencies: O, 1.33 kHz; O, 234 Hz; X,
10.4 Hz; and A, 2.6 Hz. From Mulder et al. (1981).
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Fig. 3.15 Temperature dependence of the dispersion x' (solid symbols) and
absorption x" (open symbols) for Euy,S1o:S: @O, 10.9 Hz; WO, 261 Hz; A A,
1969 Hz (applied ac field 4 = 0.1 Oe); from Hiser et al. (1983).
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Fig. 3.16 Field cooled [(a), (c)] and zero-field cooled [(b), (d)] magnetizations (x
= M/6 gauss) for CuMn (1 and 2 at. %) as a function of temperature; from Nagata

et al. (1979).
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How can we better analyse and interpret the data near T;? Let us begin
with the frequency shift of Ty. First of all we could try the Arrhenius law
for thermal activation already used for a superparamagnet

T =t eXpi | B, /knT] (3.29)

which we can rewrite as

® = w, exp [~ E /kgT] (3.30)

Here o is the driving frequency of our y,.-measurement and 7; its peak.
By plotting In (w/w,) versus 1/T¢, we can from the slope and value of the
logarithm determine E, and w,. For the canonical spin glasses using the
data in Fig. 3.14, best-fitting to the Arrhenius law gives completely unphysical
values for w, and E,, e.g. 0, = 10?® Hz and E, = 4400 K. This nonsense
is clearly due to the very small changes in T; (maximum in Xac), and it
distinguishes a spin glass from a superparamagnet where the Arrhenius law
does indeed hold. There is much more than simple energy-barrier blocking
and thermal activation in the transition of a spin glass.
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A second method of analysis is ferreted out from the literature on real
glasses. It is the empirical law which describes the viscosity of supercooled
liquids, namely, the Vogel-Fulcher law. Written for use in describing T
shifts this becomes

w = w, exp [~ EJkp(Ty — T,)] (3.31)

where 7T, is a new parameter (for real glasses it is called the ‘ideal glass’
temperature). With three fitting parameters (w,, £, and T,) the agreement
is naturally much better, except perhaps at low frequencies, using a

more physical set of parameter values. Typically for CuMn (4.6 at. %)
w, =16 x 108 Hz, E, = 11.8K and T, (< Ty = 27.5K) = 26.9 K. The
problem here is the precise physical meaning of the large 7,,. Some attempts
have been made to relate it to the interaction strengths between the clusters
in a spin glass. Since a spin glass is not a non-interacting collection of
clusters something must be added to take into account the inter-cluster
couplings. T, might also be related to the true critical temperature of an
underlying phase transition for which T} is only a dynamic manifestation.
Thus far, a deeper understanding of T, and its connection to the longer-
range interactions is lacking.
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