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We theoretically study the size dependence of the trion and biexciton binding energies of lead halide perovskite
nanocrystals (NCs). Lead halide perovskite NCs are promising materials for optical devices due to their excellent
properties such as band gap tunability due to the possibility of halogen substitution and high photoluminescence
quantum yield. The exciton emission spectra of lead halide perovskite NCs obtained by single-dot spectroscopy
under low-temperature conditions accompany the sidebands originating from multiexciton states, that is, trions
and biexcitons [1], deeply involved in the application of NC-based devices, as they can affect the optical gain of
lasers and reduce the luminescence efficiency of LEDs. Moreover, biexcitons can play an important role in the
generation of entangled photon pairs. This is the reason why such exciton complexes in NCs attract much attention.
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Next, we considered the influence of the polaron effect. Since lead
halide perovskite is an ionic crystal, lattice distortions can give rise to local deformation of dielectric constant that
affects the binding energy of the exciton complex. We have found that what resolves the underestimations is to
correctly evaluate the polaron effect for the bulk exciton. In fact, we have obtained the calculated results giving
better fitting to the experimental data, using realistic values of optical/static dielectric constant and polaron radius
by previous theoretical studies (Fig. 1).

This is how we can theoretically explain the binding energy of exciton complexes in lead halide perovskite
NCs to a large extent by combining the dielectric confinement and polaron effects. In addition, we are going to
discuss the effects of nonparabolicity in one-particle dispersion relations.
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