Heavy fermions in dilute magnetic system CexLa1-xB6 (x≤0.1)
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The recent results of inelastic neutron scattering presented for CeB6 in [1] question the application of the traditional Kondo paradigm to this compound and also to the heavy fermion system CexLa1-xB6. In order to clear the situation we performed the complex investigation of transport, magnetic and thermal properties of CexLa1-xB6 in the dilute magnetic limit (x≤0.1). This area (x≤0.1) is very promising to research cerium on-site effects for better understanding of both mechanisms responsible for the appearance of phase II in CeB6 and the formation of heavy fermions in CexLa1-xB6 solid solutions.

The data obtained allow to detect the various anomalies unexplained in the framework of Kondo paradigm. In particular (i) the low temperature magnetic contribution to resistivity obeys to power law Δρm~T−α (α≈0.47-0.5). (ii) The behavior of Seebeck coefficient is described by the relation S~−lnT. (iii) In the same temperature interval the Hall coefficient is found to be constant RH≈−4.15∙10−4cm3/C (n/n4f~1) whereas it changes drastically (ΔRH/RH≈50%) below 4.2K in the magnetic field B≥3T [2]. The additional investigation of specific heat allows (iv) to estimate correctly the vibrational and electronic terms, including the effects of DOS renormalization at low temperatures, and also (v) to detect the presence of nvac≈1-2% boron vacancies in RB6 matrix [3]. The existence of boron vacancies in combination with loosely bounded state of R3+ ion leads to the displacement of some R3+ ions from their centrosymmetric positions resulting to the formation of two-level systems (TLS) with concentration N=4∙nvac and barrier height ΔE~90K. The one more magnetic TLS (Nm=x(Ce), ΔEm~1K) is detected below 8K only for the systems CexLa1-xB6 with magnetic impurity [4]. The results obtained allow to propose the mechanism of heavy fermions formation that is alternative to Kondo model. This mechanism is based on the tunneling of Ce ions between the states in double-well potential causes the fast spin fluctuations with Tsf~1K which are accompanied by the electron polaron effect [5].
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