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            Abstract
Most physical and biological systems are disordered, even though the majority of theoretical models treat disorder as a weak perturbation. One particularly simple system is a ferromagnet approaching its Curie temperature, TC, where all of the spins associated with partially filled atomic shells acquire parallel orientation. With the addition of disorder by way of chemical substitution, the Curie point is suppressed, but no qualitatively new phenomena appear in bulk measurements as long as the disorder is truly random on the atomic scale and not so large as to eliminate ferromagnetism entirely1. Here we report the discovery that a simply measured magnetic response is singular above the Curie temperature of a model, disordered magnet, and that the associated singularity grows to an anomalous divergence at TC. The origin of the singular response is the random internal field induced by an external magnetic field transverse to the favoured direction for magnetization2,3,4. The fact that ferromagnets can be studied easily and with high precision using bulk susceptibility and a large variety of imaging tools will not only advance fundamental studies of the random field problem, but also suggests a mechanism for tuning the strength of domain wall pinning, the key to applications.
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                    Figure 1: 
                        Random fields in a diluted, dipolar-coupled ferromagnet drive the system away from mean-field behaviour.
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Figure 2: 
                        Real part of the magnetic susceptibility 
                        Ï‡
                        â€² of LiHo
                        
                        0.44
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                         measured versus transverse field 
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                         at a series of temperatures.
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Figure 3: Critical behaviour of LiHoxY1- xF4 in the paramagnetic regime as a function of  T  at  Î“  = 0 and  Î“  at  T = TC.[image: ]


Figure 4: 
                        Singularities above the Curie temperature.
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        Editorial Summary
Order and disorder
Theoretical models of real biological and physical systems can take some disorder into account, but it is usually treated only as a weak perturbation. But in systems such as ferromagnets, the disorder can dominate a material's performance. One model that successfully incorporates effects of disorder in magnetism, the 'random field Ising model', has so far been applied only to antiferromagnets. Silevitch et al. have now realized a random field model in a ferromagnet. Using this model it is possible to measure a singular behaviour of the magnetic response just above the Curie temperature (where all magnetic pointers line up) and its divergence at the Curie temperature. Many bulk probe and imaging measurements are possible in ferromagnets, so this work should advance studies of the random field problem and also lead to ways of tuning the strength of domain wall pinning, a key step towards practical applications of the phenomenon.
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