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The modification of the magnetic properties of ferromagnets induced by doping and disorder may be understood in the universal paradigm of formation of a Griffiths phase [1,2]. This theoretical scenario got numerous experimental confirmations for either the materials with pure ferromagnetic (FM) interactions [6-12], or the MnSi-based spiral magnets [3], where magnetic order at TC~29 K results from the combination of dominating FM exchange and more weak Dzyaloshinskii-Moriya interaction. When Griffiths phase is formed, the randomness in FM system leads to suppression of Curie temperature TC with the dopant concentration increase [1-3]. This universal, expected in theory, behavior holds for Fe and Co impurities substituting Mn [4]. The effect of doping for Mn1-xFexSi and Mn1‑xCoxSi is strong and, according to [4] for x >0.1 (Co) or x >0.2 (Fe) any FM type magnetic transition is completely suppressed.
In the present report we discuss breaking of the universal paradigm in the novel solid solution system Mn1-xRhxSi synthesized in high pressure (~8 GPa) and high temperature (1500-1700 K) conditions [5]. In the rhodium concentration interval x=0.05-0.8 the material maintains the B20 structure observed in the parent compound MnSi. Analysis of the magnetization field dependencies measured in the magnetic field up to 9 T shows that Mn1-xRhxSi demonstrates anomalous power laws M =A(T )(H 1–((T ) in the wide temperature range 2-400 K, which is in contradiction to any ferromagnet driven by an ordinary equation of state [6]. This result poses two fundamental problems, namely the explanation of the observed anomaly and finding the order parameter and determination of Curie temperature. We developed the model for a Griffiths-like disordered cluster ferromagnetic phase [5,7], in which magnetic disorder is determined by random local magnetic fields Hl with a power-law distribution function w~|Hl|–( (( < 1). This approach is entirely different from the standard one, as long as typically the Griffiths phase is characterized by dispersion of the local magnetic transition temperatures in spin clusters [1,2]. Our theory allows describing analytically the experimentally known magnetic properties of Griffiths ferromagnetic phases [8] from a unified point of view, including the transition from the Curie-Weiss law for magnetic susceptibility (~1/(T –TC) to an anomalous power-law dependence (~1/(T –TC)( in the range of temperature T exceeding the Curie temperature TC. The developed approach makes it possible for the first time to explain the appearance of a power-law dependence of magnetization M on the magnetic field H, M =A(T )(H 1–((T ), in the ferromagnetic region T < TC and to propose a method for experimental determination of the order parameter, which may be reasonably approximated by coefficient A(T ) . Comparison with experimental data leads to conclusion that it is precisely the disorder of this type playing the main role in ferromagnetic Griffiths systems, and the division into magnetic clusters should be valid for temperatures both above and below the Curie point. It is shown that the peculiarities of the magnetic properties of the Griffiths cluster system are not associated with the anomalous behavior of the magnetization of an individual cluster, but arise as a result of the disorder-induced modification of the integral characteristics of a disordered ferromagnet. The electron spin resonance and nuclear magnetic resonance measurements support the formation of the Griffiths-type phase with strong dispersion of the local magnetic fields in Mn1-xRhxSi.
The analysis of the temperature dependence of the order parameter in FM Griffiths phase Mn1-xRhxSi demonstrate effect of strong enhancement of Curie temperature by a factor 8-12 with respect to the parent compound MnSi (Fig. 1). This parameter reaches TC ~350 K for x=0.8 thus breaking the expected in [1-3] universal suppression of the magnetic transition temperature. We argue that the observed increase in Curie temperature is a direct result of the Griffiths phase formation and may be due to the spin-fluctuation mechanism of enhancement of the magnetic interaction.
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Fig. 1. Order parameters in FM Griffiths phase for Mn1-xFexSi solid solutions with various rhodium content.
