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CURIE TEMPERATURE OF AN AMORPHOUS
FERROMAGNET
IN A CORRELATED EFFECTIVE FIELD THEORY")

A. _wOw%_AJ, Kosice

A new-type effective field theory with correlations is used to determine the Curie
temperature of an amorphous ferromagnet for the Ising model. Due to the structure
fluctuations of the exchange integrals a decrease of the Curie temperature is found in
comparison with the corresponding crystalline case. The result is compared with other
investigations.

TEMIEPATYPA KIOPH AMOP®HOIQ DEPPOMATHETUKA B TEOPUU
IPOEKTUBHOIO 110 C KOPPEISAIMSAMU

Hna onpepenenus TemnepaTypel Kiop amopduoro (eppomarteTika B Mogenu
Wsunra uenons308an HoBbIH THr Teopuu 3hpeKTUBHOIO Nons ¢ Koppensiumsimu. Benep-
CTBHE CTPYKTYPHBIX (DIyKTyaumii 06MeHHbIX HHTErpanoB oGHapyXeHo nagenue Tem-
nepatypet Kiopu no cpashenmio ¢ COOTBETCTYHOLUNM Cly4aeM KPHCTAMIHMYECKOTO COC-
TosHus. [lposeaero cpaBuenye non YHERHBIX DE3YNLTATOR C APYIUMM MCCIEAOBAHMAMM,

L INTRODUCTION

Recently Honmura and Kane yoshi[1, 2] discussed a new-type effective field
method of the Ising model with correlations in a crystalline ferromagnet. The
method is realized by introducing a differential operator into an exact spin
correlation function and yields results which represent a remarkable improvement
on the standard molecular field theory (MFT). In this paper, the method is
extended to the case of an amorphous ferromagnet. We use the “lattice model"” [3]
in which the structural disorder is replaced by the random fluctuations of the
exchange integrals around its crystalline mean value. Contrary to the standard
MFT we have found that the fluctuations of the exchange integral causes a decrease
of the Curie temperature.

') Contribution presented at the 7th Conference on Magnetism, Kosice, June 5—8&. 1984,
?) Katedra teoretickej fyziky a geofyziky PF UPJS, Komenského 14, 041 54 KOSICE. Czechos-
lovakia.
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Il. THEORY

The Hamiltonian for an amorphous Ising ferromagnet is
EHIMMM.N.:%:.W si=%1, :v
i

where J; is the random exchange integral between spins at the places i and j with
Ji=0.

According to Callen [4], we can obtain an exact spin correlation function as
follows

(s:) HAB:: Am M ?@.vv , (2)

with B=1/ksT and {...) indicates an ensemble average. Using the differential
operator D =0/3x in relations (2), and neglecting site correlations we obtain

(s:) =[] [cosh (DK;)+ (s,) sinh (DK,)] tanh x|, . (3)

with K; = BJ;. For an amorphous system with random exchange integrals, we must
perform the configurational average on equation (3). If we restrict ourselves to the
z, the nearest neighbours relation (3) reduces to

<52 =[] ([cosh (DK;) + (s, sinh (DK})]). tanh x|,_, 4)
j=1

where {...}. denotes the configurational average. In amorphous ferromagnets, the
ensemble-averaged value (s;) should be different at each site, because of the
random configuration of the nearest neighbours. However, near the transition
temperature, long-range critical fluctuations become dominant. Therefore, near
the critical region the homogeneous approximation [3, 5], or (5;) = <s5;>.=m,
might be a better approach, when the spins are strongly correlated and fluctuated
collectively. In this approximation, equation (4) becomes, for small exchange
fluctuations :

m= ?oom: (DK) + m sinh (DK)] — 1 +W AUNVNDNQ VN tanh x|, . 5)

Here K=BJo and A*= ((AJ;)?)./J3 represents the mean square deviation in the
distribution of the random exchange integrals Jy=Jo+ AT, with Jo=(J)..

Near the transition temperature, as the averaged magnitization m is nearly equal
to zero, we can linearize equation (5), and then the Curie temperature T, can be
obtained from
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I'=z[cosh (DK, )]*~" sinh (DK.) T +.Nm AUFVMDNN tanh x|, _, (6)

where K. =Jy/ ks T.. For example, in the case of =6 and 7

=8, equati
reduces to 1 on (6)

T.— T®
T® = —AA% (7)

where A =0.203 and 0.144 for z=6 and 8, respectively,

and T is the critical
temperature for the corresponding crystal (A =0).

Finally, we note that quantitatively similar results for the Curie temperature have
been found in [7] by using a d-function distribution of the exchange integrals.
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