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I. SEM Image of Perovskite Film
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Figure S1. Individual grains are observed in this SEM image of a perovskite film.

1. SEM Image of Perovskite Single Crystal
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Figure S2. SEM image of perovskite single crystal.
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Figure S3. SEM image of perovskite single crystal.
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Table S1. Carrier densities calculated at each value of the pump fluence

Fluence Film Crystal
27 wl/em® 4.23 x 10® cm™ 452 x 10® cm™
39 pJ/em® 6.00x 10" cm™ 6.41x 10 cm™
50 wJ/cm® 7.75x 10% cm™® 8.28x 10% cm?
93 wl/cm® 1.44% 10" cm™ 1.54% 10" cm™
161 pJ/cm® 2.50x 10¥ cm™ 2.67x 10% cm™
315 wl/em® 4.89x 107 cm? 5.22x 10¥ cm?
905 p/cm® 1.40x 10 cm™ 1.50x 10° cm™®

I11. Calculating Carrier Densities

This section describes how carrier densities are calculated for the film and crystal. The carrier

density is calculated by assuming Beer-Lambert absorption with the following equation,’

f —al
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where f is the fluence, hv is the energy of a photon, | is the thickness of the sample and « is

the absorption coefficient, which is 6.9um™at 570 nm.? The constant, C, is determined by

properties of the material. The thickness of the film is extracted from its absorption spectrum

using the Beer-Lambert law,
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where O.D. is the optical density at 570 nm. The thickness of crystal is set equal to the inverse
of the absorption coefficient (i.e., 1/e of the absorption length).? This is because the thickness of
our crystal is greater than 5um , so a negligible amount of pump light can be transmitted
through the sample. Therefore, the signal is predominately generated within 1/e of the
absorption depth. Under these assumptions, the constant C is equal to 2.15x10*J"cm™ for the

film and 1.66x10%*J*cm™ for the crystal.

IV. Plots of Fitting Parameters at all Laser Spots for a Range of Fluences

The parameters determined for each pump spot and pump fluence are plotted in Figure S4 in
order to illustrate variation of the dynamics for the two samples. Typically, 5-10 of the 41 beams
is incident on a scattering defect on the crystal surface, which limits the number of useful spots
to 33 in this experiment. The signals measured for each spot are fit with Equation (1) for both
systems. The means and standard deviations are then computed to produce the summary in
Figure 6 in the main article. Significant variation is found for each of the parameters. For

example, the diffusion coefficients range from 0.00 to 0.10 cm?/s in the film and from 0.04-0.36

cm?/s in the crystal at 90 wJ/cm?. The single-body relaxation rate, z,, exhibits greater variation
in the crystal than it does in the film. In the crystal, the parameter, z,*, ranges from 0.01 to 0.46
nst at 90 uJ/cmz. Finally, the two-body relaxation rate, z,", is negligible in the crystal but

significant in the film at fluences above 50 pJ/cm?. For example, the parameter, z,, ranges from

0.02 t0 0.80 ns™ at 90 wJ/cm? in the film.
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Figure S4. Fitting parameters for all laser spots obtained for perovskite film (top) and single

crystal (bottom). (a),(d) Diffusion coefficients, D, (ecm’/s); (b),(e) single-body relaxation rate,

7,1 (ns™); (c),(f) two-body relaxation rate, 7, (ns™). Averages and standard deviations for these

data are shown in Figure 6 in the main article.
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