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Abstract: 

Chiral phonons arise in crystals with broken mirror symmetries. In a magnetic field, the circular motion 

of lattice ions in a chiral phonon leads to a finite magnetic moment, even when the host material is 

purely nonmagnetic. Further, via electron-lattice and spin-orbit interactions, chiral phonons are 

predicted to induce novel topological phases of matter. To explore such hitherto-unobserved 

phenomena, here we study Pb1-xSnxTe, which is a narrow-bandgap semiconductor that exhibits a 

topological phase transition as a function of Sn composition, x – from a trivial insulator (x < 0.32) to a 

topological crystalline insulator (x > 0.32).  In addition, this material system possesses soft optical 

phonons (in the terahertz frequency range) and exhibits ferroelectric instabilities. First, I will describe 

our observations of novel magnetic phenomena associated with chiral phonons in PbTe [1]: magnetic 

circular dichroism, a Zeeman splitting, and a diamagnetic shift. I will show that these observations are 

results of magnetic field-induced morphic changes in the crystal symmetries through the Lorentz force 

exerted on the lattice ions. Second, for films in the topological crystalline insulator phase, we observed 

phonon magnetic moment values that are larger than those for topologically trivial films by two orders 

of magnitude [2]. Furthermore, the sign of the effective g-factor was opposite in the two phases. These 

results strongly hint at the existence of interplay between the magnetic properties of chiral phonons and 

the topology of electronic band structure. Lastly, I will discuss initial results of our attempt to observe 

topological polariton ground states through ultrastrong coupling of chiral phonons in PbTe with 

quantum vacuum fluctuations in small mode-volume terahertz cavities. 
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