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Introduction: 

Ultrafast magnetization and demagnetization phenomena induced by light have been investigated 

by many groups for the past twenty years. This is due not only to their potential importance in  

high speed magnetic data storage and quantum memories but also to the intriguing complexity of 

their dynamics. These phenomena are reported to involve thermal or spin-dependent charge 

diffusion, electron-phonon-mediated torque interactions, the flow of angular momentum, 

helicity-dependent remagnetization and other processes that are all the subject of ongoing 

investigations.  

 

Theory of Induced Magnetization at Optical Frequencies: 

In this talk recent findings will be briefly reviewed and one particular aspect of optical 

magnetism that has not previously been considered will be emphasized, relating to charge 

dynamics mediated by Lorentz forces of light in non-magnetic insulators. An imaginary 

interaction Hamiltonian of the form 

    

is presented where  and cif eff / . This Hamiltonian obeys parity-time (P-T) 

symmetry and enables ultrafast, torque-mediated dynamics which enhance magnetic response at 

optical frequencies. Optical magnetization at the optical frequency is predicted to comprise one 

quadrature of a 2-photon moment driven jointly by the electric and magnetic fields of light. 

 

Recent Scattering Experiments: 

Radiant nonlinear magnetization can rival first-order electric polarization in isotropic liquids and 

solids. The mechanism that explains such unprecedented strength of magnetic dipole response is 

reminiscent of the Einstein-deHaas effect and reveals that nominally non-magnetic dielectric 

materials may hold important insights for optical magnetism generally. Induced optical 

magnetization as intense as Rayleigh scattering has been observed in fused quartz (see Fig.1). 

 
Fig.1. Polar plots of radiation patterns for polarized ED and MD scattering in fused quartz at an intensity of I ~ 2.2´10

10  W/cm2 . Note that peak 

intensities in the two plots are equal.  At this intensity, in this sample, unpolarized scattering components are negligible compared to the polarized 

component. Residuals from the best fit of a squared cosine curve to the raw data are shown below the polar plot. 


