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Abstract: 

Lead halide perovskites (LHPs) have emerged as new darlings of materials science with broad 
potential for high performance solar cells and light emitting devices. The dynamically disordered 
and soft perovskite lattice is found to be a key component for their extraordinary optoelectronic 
properties, leading to a multitude of exciting phenomena such as (dynamic) Rashba effect, 
ferroelectricity, and large polarons1–4. The unifying goal of these studies is finding the fundamental 
mechanism of charge carrier protection in LHPs, but so far, specific electronic state coupled lattice 
potentials have eluded experimental probes.  

Here, we perform coherent phonon spectroscopy (CPS) of the all-inorganic CsPbBr3 perovskite and 
extend it to electronic state specific two-dimensional CPS. This novel method allows to establish 
the phonon response with precise excitation energy resolution in the highly dilute charge injection 
regime. We find a rich structure of coherent lattice response over a wide spectral range including 
strong phonon anharmonicities leading to coherent softening and phonon-phonon coupling. 
Additionally, we witness an extreme pump energy-dependent shift in phonon frequency compared 
to the equilibrium normal mode analysis through ab-initio calculations. These results unveil the 
energy-dependent mapping of strongly modified non-equilibrium lattice potentials, likely induced 
by ferroelectric charge localization. Such lattice response may form the basis for the design 
principle of defect tolerant semiconductors from efficient dynamic screening.. 
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