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Broadband spectroscopy of thermodynamic magnetization fluctuations through a ferromagnetic spin-reorientation transition
Balk, A.L., Li, F., Sinitsyn, N.A., Crooker, S.A. (NHMFL); Gilbert, I., Unguris, J. (NIST Gaithersburg)
Introduction 
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Near changes in magnetic ordering, the magnetization of some materials can spontaneously fluctuate, even in thermal equilibrium. These fluctuations have been observed in a number of materials, where spatial correlations1 were studied. However, the frequency spectra of these fluctuations have not been measured above 1 kHz. In contrast, spin noise, which is a related kind of fluctuation of individual spins, has been measured in thermalized atomic vapors,2 semiconductors,3 and quantum dots.4 Spectra of spin noise could be analyzed to determine properties such as homogeneous linewidths5 and spin decoherence.6 Such techniques have not yet been applied to measure properties of magnetization noise. In this work, we use the magneto-optical Kerr effect to perform noise spectroscopy of magnetization fluctuations in Pt/Co/Pt trilayers which have been irradiated with Ar+ (Fig. a).  This irradiation disorders the trilayers, and drives the magnetization through a phase transition in ordering direction, called a spin-reorientation transition (SRT) (Fig. b), and leads to rapid fluctuations (Fig. c).  
Experimental

We use the polar Kerr effect to measure the magnetization of our sample, which ensures that our measurement is only sensitive to magnetization fluctuations in the direction perpendicular to the sample plane.  The Kerr effect is a rotation of the polarization of light upon reflection from a magnetic material. We use a laser and polarization sensitive optics for detection. The temporal signal of the magnetization fluctuations is recorded from a detector, Fourier transformed and squared to generate power spectral density (PSD), and then averaged and stored with a computer for analysis. 
Results

We find that at positons on the wafer with low Ar+ exposure (small x), the PSD of the magnetization noise in Pt/Co/Pt obeys a power law with an exponent of -1.5 (Fig. d, red and orange traces).  In contrast, on regions with large Ar+​ exposure (large x), the magnetization noise spectrally flat, with no clear exponent (Fig. d, black and blue traces).  Regions with intermediary dose (Fig. d, green trace) show a crossover frequency 0 above which the spectra show power-law behavior, and below which the spectra tend toward flat. All spectra can be fit with a simple (+0)-1.5​ law (Fig. d, black dashed lines). While the exponent of -1.5 which characterizes the power law behavior of fluctuations at frequencies above 0 is unchanged by applied magnetic fields, temperature, and variations in Ar+ dose, 0​ itself itself is strongly sensitive to these parameters. Additionally, we find that 0 is monotonic in Ar+ ​dose and temperature, and therefore can be used as a parameter to characterize the magnetic ordering of the sample relative to the SRT. 
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