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ABSTRACT

The magnetoresistance of spin glass alloys is examined within

the percolation model of Mookerjee and Chowdhury (1983), the mode freezing

model of Hertz (1983) and the constrained relaxation model of Palmer

et al. (1981+). All three models yield qualitatively similar results in

excellent agreement with the experiments of Majumdar (1983, 1981+) on AgMn.
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ititute of

In two earlier ccrjtiunications (Mookerjee, 19S0; Mookerjee and Chowdhury,

j.vBSa) ve nave examined the magnetoresistance in metallic spin glass alloys. The

approach looked at the resistivity produced "by the scattering of the conduction

electrons by the magnetic and atomic impurities in the system of random binary

alloys one of whose constituents is magnetic. This approach vas relatively

crude in the sense that the relaxation of spins was not incorporated in detail.

The Beal-Monod type of treatment assumes essentially instantaneous relaxation of

spins, leading to |< 8(R..,t) 5(1^,0) > | & v = Q(T,H) <5(t). It is well known that

in spin glasses, like its normal glass counterpart, the spin dynamics is characterized

by a distribution of relaxation times and near the glass transition temperature T ,

anomalous slow relaxation of spin correlations. Our earlier approach reproduced

the gross overall features of magnetoresistance in surprising good agreement with

the experimental data of Higam and Majumdar (1979). Later, more careful

measurements by Majumdar (1983,19SM revealed features which could not be reasonably

explained by the crude theory. In this communication we shall attempt to incorporate

the spin dynamics appropriate for the spin glass alloys and study its effect on

magnetoresistance.

As in the case of resistivity, the usual simple-minded mean field dynamics

of relaxation to equilibrium does not work for the glass type of transition

(Chowdhury and Mookerjee, 1981+a). Our approach will be via the percolation

or the mode freezing model (Mookerjee and Chowahury, 1983b; Hertz, 1983) which

envisages the transition as a cooperative blocking or slowing down of spin clusters

into metastable configurations with diverging lifetimes, rather than a simple-

minded second order transition. Before discussing the application of the model,

it is instructive to recall some of its basic features. Both the percolation

and the independent mode freezing models partition, the spins into clusters or

modes with varying sizes and hence lifetimes, but the assumption is that they

relax parallelly. Near T , there is a considerable overap between the various

modes and it is clear that their relaxation is very strongly coupled. A mode

may not be able to relax until another has reached a particular configuration.

Recently, Palmer et al. (198I4} have proposed a model of hierarchically constrained

mode relaxation. Their model is still phenomenological and simplified, appropriate

to glass-like transitions. We shall also try to interpret our microscopic

picture in the context of a model similar to that proposed by them.

The system under consideration is modelled by a collection of n spins

randomly distributed over U lattice points and interacting with the conduction

electrons via the sd coupling. The conduction electrons are scattered by two

mechanisms:
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i l j po ten t i a l f l uc tua t i ons , V = '.'f - V r.-.r-.l (i.i) :;d ocijTilitif- J , tor.I1 of

w'lich are assurced, for s imp l i c i t y , t o ti» isoLropic. FollcvJr:.i- -.'v: t ec ix inuc of

our e a r l i e r papci- (Chowdhury and .Hooker,]ee, 19'~!^a) and usjug the zmr.c underlying

assumption disci;..::.;ed in d e t a i l in Hookerjee arid Chowdhury (1983a; we can eas i ly

wri te down the sca t t e r i ng p r o b a b i l i t i e s for the non-op]n f l i p nod s p i n - f l i p

processes :

(a) Non-spin f l i p processes ^ ^ r(ka + k 'o) = A + E + C

= />(-') ~J>(°)
HZF) {Q(H)

(3)

5: n.

vhere A Q = Q(H) - Q(0) and 0(T,T) = in y - (2y)~ - G(y), y = 1/

and G(y) is the diagamma function. Ramakrishnan (197M has given an approximation

for 0(y) valid over a large range of y: 0{y) = (2y - lSy ) ,

Here f is the Fermi function, 0 is a unit vector along a, N(E ) is the

density of states of electrons with energy E and spin a and n. is a random

occupation probability of the site Ft. (i.e." n.

occupied by a magnetic atom and 0 if not). H?z

is the spin autocorrelation function.

1 if the site R is

j E l v t < S!1(Ri,t)S
i!(E1,0} >

(b) Spin-flip scattering processes:

2 n. j d v

(2)

Let 1 - 0(T,T}/nk TT = Y, since hit - 3Y A Q > 0 for all T and since

the terms of the order J /IT are very small (Mookerjee, 1980), Ap is negative

at all T, in agreement with the experimental results. But {2} fails to explain

the linear variation of Ap with magnetization squared VT over very wide ranges

of magnetizations (Majumdar, 198U). Invocation of the Yoshida model is not really-

valid, as that approach applies to dilute alloys alone, while in spin glasses

Q(H) f M 2(H), over any appreciable range of M. We attribute the failure to the

single relaxation time model.

Within thf percolation or mode freezing models the spins are partitioned

into clusters or modes with varying effective sizes and hence lifetimes. Sums

like /^ti. F^tv) = H j g d ) R(W,T ) dT, where g(x) is the distribution of

relaxation times. In the percolation model, one can obtain an estimate of this

g(x). We have shown in an earlier paper (Chovdhury and Mookerjee, 1983) that

not too far away from T , g(r) may be approximated by

for <x<-c
0 otherwise

(1*)

Subsequently we shall assume that temperatures and magnetic fields are not very

high so that only electrons near Ep contribute to the resistivity

S*(t)S+(O) and Y = g U
E

It is in the treatment of sums like Z^ n- S'(w) that the difference

between different relaxation models show up clearly. The single relaxation time,

cooperative phase transition models yield (l/B) YZ,n • S. = c ff(w) and following

Mookerjee and Chowdhury (198*)a) we get

Note also that in the percolation model, unlike t h e single relaxation

cooperative models, only a fraction P(T) of spins belongsto the frozen infinite

cluster at T and hence have a non-zero long time autocorrelation. P(T)
g

increases from zero at T to 1 at T = 0. Therefore retaining the leading
g

terms, the percolation model yields

- 3PAQ
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In our e a r l i e r paper (Chowdhury and Mookerjee, 198ta) we showed tha t

p(T) = c N ^ H v 2 + 3B J 2 j d v(w/eB w - l ) jd T g(x) H ( W , T ) . Therefore, up t o

leading order in J /IT (remember t h a t in the canonical spin g lasses J'V i s

small compared to un i ty )

V2) { t$2 - 3P AT J v(T, (6a)

Not too far away from T , this can be further simplified to obtain

(6b)

Both M(H) and Q(H) may be self-consistently calculated as reported earlier

(Mookerjee and Chowdhury, 1983a). Using these values of M and Q, we plot

A Q against i/T, as shown in Fig. l . We find that i Q = b t r , where b i s

very weakly dependent on M and T over very large ranges of T around T

Thus,

2 in H + lnj 4 3bP

(7)

Noting that P varies very slowly, except very near T , even then |dP/dT[

s
is not very large (Chowdhury and Mookerjee, 1981fb), while the logarithmic term

at the end is also very slowly varying. So that the graph of £n|Ap/p| versus

In M is expected to be a straight.line with a slope 2 over a large range, and

an intercept which is only very weakly dependent on M (or temperature). This

is, indeedi what has been experimentally observed by Majumdar (1983) in AgMn.

Within the mode freezing model we do not expect to obtain very different results,

although the exact distribution of participation ratios of eigenmodes of the

random EKKY matrix has never "been looked at till this date, nor is much known

about the distribution of overlaps between the modes. Numerical results exist

in the cases of diagonal disorder with only nearest neighbour overlap, whereas

the appropriate problem here is one of completely off-diagonal disorder with long

ranged overlaps (Chowdhury and Mooksrjee, 198^0).

In the Palmer et al. model, modes are partitioned into hierarchies

labelled by n = 0,1,2,.., any one of the N modes in the n+1 level can relax

only after \i modes of the level n relax to a particular configuration. For

a specific choice n P P >, l; H n = H£1 ° we obtain

• s .

(8}

where
k = l

( s e e Palmer et a l . , 198M, % are the eigenroodes of J(R).

For the choice p = 1, this becomes with
p p-i

tn r

(9)

exp(p_ y ) and comparing (9) with (6) we note thatDefining x(n) as n

the two forms are very similar with g(t) replaced by

( T / T 0 )
ap!"oYo11/1 / l lo

This term cannot be

analytically evaluated, but it is not difficult to show that between T = 0(10'

and T O = Tn y_ £, , the result is qualitatively similar to (6b), The estimate

of the cross terms like (I/IT) S ^ < S (t) S , (0) > which also arises in the

expansion in terms of eigenmodes, is much tougher. If the modes belong to the

same level n in the hierarchy, then they relax parallellyand the cross

correlation is zero. However, if the modes belong to levels n+1 and n,

and that which belongs to n is one of the u spins which constrain the

-lit

re laxa t ion of the one in l eve l n+1, then < S ( t ) B (0) > j 0 for a l l t < t

where t is the time taken by the group of u modes to relax to the particular

configuration. Thereafter the mode in the level n+1 is no longer constrained

and the two modes relax parallel^. It is immediately not obvious how to estimate

the correlation for t < t^, ana this must be left as a further problem. However,

noting the general structure of the model, one can reasonably assert that whatever

the details of the estimates, the Palmer et al. model will also yield qualitatively

similar results as the mode freezing or percolation models as far as magneto-

resistance is concerned.
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Variation of A Q versus VT for three temperatures

for a model of AgMn.

near T
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