QUANTITATIVE EPR LINE SHAPE ANALYSIS IN a METAL BASED on the SEMICLASSICAL MAGNETIZATION DYNAMICS
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EPR line shape in metals is asymmetric and often considered as a per se manifestation of Dyson-Feher-Kip theory accounting strong spin diffusion in a skin layer [1]. However, this is not the case, and asymmetry may appear for oscillating localized magnetic moments in metals [2,3]. The latter situation occurs in various strongly correlated metals and quantum critical systems [3], but the evaluation of EPR line is not simple from the mathematical point of view. For that reason, the empirical asymmetric Lorentz functions are introduced for the data analysis [4]. Despite simplicity, this ansatz may face difficulties with the decomposition of the EPR line into spectral components and with interpretation of the obtained parameters [5]. 
In the present work, we introduce EPR line shape description in a metal based on the semiclassical magnetization dynamics and related program solution for the experimental data analysis. As long as recent investigation showed that Landau-Lifshitz (LL) and Gilbert (G) relaxation describes different physical mechanisms which may be met in experimental system [6], the general master equation for magnetization dynamics is considered
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where ( is the hyromagnetic ratio, ( and ( are LL and G relaxation constants respectively, and ( denotes mixing parameter. Assuming Faraday geometry for EPR and linear link between oscillating magnetization m and oscillating magnetic field h, it is possible obtaining dynamic susceptibility matrix
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Here M0 is the oscillating magnetization in external steady field H0 and ( denotes microwave frequency. Equations (2) may be used to find effective permeability (R and cavity losses Q~((RR)1/2 for a metallic sample with the resistivity R. Details of the (R(H0,() calculation may be found elsewhere [3].
The above approach is applied for analysis of the X-band EPR spectra for novel ferromagnet with the Griffiths phase Mn1-xRhxSi [7]. The initial spectra were integrated numerically in the field range up to 1 T using the trapezoid method due to its computational stability. The obtained experimental function was fitted by the model expression (R(H0,(). The developed software allowed approximation consisting of several spectral components. For each EPR line forming a complicated spectrum, the full set of spectroscopic parameters, including hyromagnetic ratio (g-factor), relaxation parameter (line width) and oscillating magnetization, may be determined by optimization of the error functional. Special attention was paid to stability in the data distortion, which is critical for accurate determining of the fitting parameters. The initialization of the computation values may be done by approximate location of the peaks positions. An example of the Mn1-xRhxSi with x=0.8 EPR spectrum decomposition into two lines in presented in Fig. 1.  The developed method of data analysis is general and may be applied for various strongly correlated metallic systems. Support from RSF project 22-12-00008-П is acknowledged. 
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Fig. 1. Example of the experimental integrated X-band spectrum for the Mn1-xRxSi sample with x=0.8 (points) and simulation by the developed software (lines). 1,2 – partial components, 3 –sum of the components 1 and 2.
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