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Magnetization Noise in Ultrathin Pt/Co/Pt Trilayers
Balk, A.L.; Sinitsyn, N.A.; Crooker, S.A. (NHMFL-LANL); Gilbert, I. and Unguris, J. (NIST Gaithersburg)
Introduction 

Optical spin noise spectroscopy is a technique for measuring fluctuations of electron spins in thermal equilibrium to probe interactions between the electrons and their surrounding environment. It has been applied to atomic vapors,1 semiconductors,2 and quantum dots3 to measure interactions such as homogeneous broadening4 and spin decoherence.5 However, spin noise spectroscopy has not been applied to ferromagnets, which are dominated by interactions which suppress fluctuations, such as magnetic exchange and anisotropy.  In this work, we apply optical noise spectroscopy to Pt/Co/Pt trilayers which have been irradiated with Ar+, allowing magnetization noise to arise in our samples.6  Magnetization noise is an analog to spin noise in a ferromagnetic system, and, similarly to spin noise, can be used to determine interactions between magnetic moments and their surrounding environment. In this work we discuss our technique for measuring magnetization noise in Pt/Co/Pt, the results of our measurements, and conclusions that can be drawn from these results. 
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We use the optical Kerr effect to perform measurements of the magnetization of our samples.  The Kerr effect is rotation of the polarization of light reflected from a material which depends on the material’s magnetization. We use a laser and polarization sensitive optics for detection. The magnetization noise signal from the detector is detected and processed in real time using fast digitizers. 
Results and Discussion

We find the power spectral density (PSD) of the magnetization noise in Pt/Co/Pt obeys a power law with an exponent of -1.5.  Fig. (a) shows measurements of PSD over areas of the sample with values of coercive field 0Hc varying over more than an order of magnitude, but a consistent scaling exponent of -1.5.  The scaling exponent of this noise is also insensitive to magnetic fields and changes in temperature. However, we find that the total power of the magnetization noise as shown in Fig. (b) is sensitive to the direction of applied magnetic fields. In this figure Bx is field applied in the plane of the sample surface, and Bz is field applied perpendicular to the plane of the sample surface. The total magnetization noise is largest at small values of applied fields but suddenly decreases at certain values Bx and Bx.  We fit these boundaries of the high-noise regime (dashed white lines) to a physical model of the noise to determine micromagnetic sample parameters such as magnetic anisotropy and Dzyaloshinskii-Moriya interaction.

Our measurements have uncovered a previously unknown, robust scaling law for magnetization noise in our samples. Furthermore, we observe relationships between the noise power and applied fields which can be used to measure micromagnetic parameters.

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  
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