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1. Summary of the subject: 
Spatiotemporal microscopy (SPTM) enables direct visualization of exciton transport 
phenomena by tracking the space–time evolution of photoexcited quasiparticles such as 
excitons. Event-resolved single-photon detection with SPAD arrays now allows operating far 
below the perturbative regime while preserving high temporal fidelity. 
This project proposes a compact SPTM platform built around a 32×32 single-photon 
avalanche diode (SPAD) camera with per-photon time tags. We will use structured-light 
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excitation to generate an initial carrier distributions such as Bessel beams or interference 
gratings/lattices, to interrogate different physical responses. In particular, we aim to separate 
normal diffusion from ballistic or non-linear effects, i.e. exciton–exciton annihilation (EEA) 
by leveraging the distinct spatiotemporal fingerprints produced by different excitation 
symmetries and length scales. 
Methodologically, we will develop an event-by-event Bayesian framework in which each 
detected photon updates the posterior over transport and reaction parameters in real time. 
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3. Objectives: 

• Build and calibrate a SPTM platform coupling a 32×32 SPAD array to a high-NA 
microscope with structured illumination excitation. 

• Derive an event-likelihood function (space × time) and realize an online Bayesian 
estimator. 

• Design illumination patterns (Bessel beams, interference gratings/lattices, 
Airy/Bessel–Gaussian, and Gaussian references) to maximize sensitivity to specific 
parameters (D, ballistic velocity, annihilation rate). 

• Validate on calibrated diffusive media and thin-film semiconductors. 

 
Additional information (if needed): 
Required skills: 

• Familiarity with programming using Python programming language (common scientific 
computing libraries such as NumPy etc) 

• Previous experience with optics laboratory setups would be a bonus 
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