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Ultrafast resonant and non-resonant manipulations of 
optical properties in hybrid perovskites 

Abstract:  

Hybrid organic-inorganic lead halide perovskites are not only among outstanding low-cost photovoltaic materials, but also with 
intriguing behaviors coming from the soft nature of their electronic structures. As an example, I present a resonant manipulation of 
the near gap optical transitions via a single optical phonon mode excitation in methylammonium lead iodide perovskite (MAPbI3). 
We have identified the particular phonon mode which shows the strong electron-phonon coupling and renormalizes the band gap by 
higher populations1. The phonon mode assigned to be Pb-I octahedral rotations is also suggested to be responsible for the positive 
temperature dependence of the band gap. In this talk, I also introduce our recently developed two-dimensional spectroscopy where 
the mode-resolved phonon-electron couplings manifest themselves as cross peaks2. By gearing the frequency of intense THz pulses 
to be nonresonant with any phonons and interband transitions, we observe the instantaneously modulated optical transitions in the 
presence of external dynamic electric fields. Furthermore, we demonstrate the theoretically predicted Wannier-Stark localization in 
this material, with the threshold field strength lower than that of bulk GaAs3. 
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