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Optical probes of spin and magnetization dynamics enjoy a broad application across the many atomic, 

semiconductor, and metallic systems in which spin-orbit interactions allow coupling between electron 

spin polarization and the optical (circular) polarization of light. Experimental techniques include powerful 

spectroscopies based on, e.g., optical Faraday/Kerr rotation, magnetic circular dichroism, or circularly-

polarized photoluminescence. Using these techniques, signals are typically proportional to some 

intentionally-induced change in a sample’s net magnetization or spin polarization.  

In the last decade, the magnetic resonance in the Faraday rotation (FR) noise spectrum, primarily 

considered as an academic demonstration of fundamental relationship between the susceptibility and 

noise spectra of macrosystems, has gained a strong practical interest. In accord with the fluctuation-

dissipation theorem, the radio-frequency spectrum of this intrinsic “spin noise” reveals the same spin 

dynamical properties as in conventional magnetic resonance techniques, but without ever pumping or 

driving the spin system away from equilibrium. 

While studies thus far have typically been performed with a fixed wavelength of the probe light, here we 

demonstrate that wavelength-dependent spin noise studies can form the basis of a powerful and novel 

spectroscopic tool to provide unique information that is fundamentally inaccessible via conventional 

linear optics. We show, in particular, that in the general case there is no direct connection between 

magnitude of the FR-detected spin noise and Verdet constant of the paramagnet at the wavelength of the 

probe beam. We also show that spectral dependence of integrated spin noise power at the wavelength of 

the probe beam can provide specific information about nature of the optical transitions contributing to the 

Faraday effect. In particular, optical spectroscopy of spin noise can be efficient for: identification of 

optical transitions and mechanisms of the line broadening, measuring the ratio of homogeneous to 

inhomogeneous broadening, resolving overlapping spectral bands belonging to different spin-systems, 

and to define the average homogeneous linewidth buried in inhomogeneously broadened system. 

 These capabilities are illustrated by experimental results on spectral dependence of integrated 

spin noise power in potassium atoms and in the inhomogeneously broadened ensemble of (In,Ga)As 

quantum dots doped with single hole spins.  
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