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	Ultrasensitive Imaging of Thermal and Acoustic Field interacting with biological systems
	Thermal and acoustic fields have been shown as important physics stimuli modulating cell activities.  In this project we will develop a pump-probe based imaging method with unprecedented high spatiotemporal resolution to map the dynamic and propagation of these fields to understand how they interact with cells, such as neurons.  Students will design and setup the optic setup for the imaging platform and perform in vitro imaging. 

Reference: Science Advances, 2025. https://www.science.org/doi/10.1126/sciadv.adw4939
	Chen Yang
https://sites.bu.edu/yanglab/

	1
	

	AI-powered chemical microscopy
	This project applies deep learning tools to break the trade-off between speed, sensitivity and field of view in chemical imaging and to address significant biomedical problems. Reference: Newton, 2025, https://doi.org/10.1016/j.newton.2025.100195
				
			
		
	 
	Ji-Xin Cheng
https://sites.bu.edu/cheng-group/ 
	1
	

	photothermal imaging at single molecule level
	The project applies single molecule photothermal microscopy, recently developed in our lab, to explore single biomolecule structure and functions. Reference: Nature Methods, 2025
doi.org/10.1038/s41592-025-02655-w
	Ji-Xin Cheng
https://sites.bu.edu/cheng-group/ 
	1
	

	Physics & Applications of Singular Light
	When we think of light, we think of a Gaussian-shaped spot, usually traveling in a straight line except when it encounters interfaces. This is, however, only the first, fundamental solution of the wave equation – much as a guitar string can have many modes (and frequencies) of vibrations, so can light also exist in different eigenstates. These peculiarly shaped light beams are characterized by singularities – i.e., regions in which some quantity does not have a well-defined value – in polarization, phase or amplitude. The physics of propagation of such beams reveals exotic effects, such as the ability of the beam to self-heal past obstructions (Bessel beams), the ability to carry orbital angular momentum (OAM) that makes light travel in helical paths rather than a straight line, or even the possibility of retaining memory of the paths that it takes. Analogous to the physics of tornadoes as well as electron orbitals, these beams reveal several unique classical and quantum properties not normally observed with conventional Gaussian beams. We study these fundamental properties and also apply them to varied applications such as high-capacity classical communications that consume low energy per bit, high-speed metrology including object sensing for autonomous systems as well as spectrometry and imaging.

Representative Publications:
(1) D. I. Shahar, H. B. Kabagöz, and S. Ramachandran “Generation of spatial combs digitized by orbital angular momentum,” APL Photonics  9, 016113 (2024).
(2) Z. Ma, P. Kristensen and S. Ramachandran, “Scaling information pathways in optical fibers by topological confinement,” Science 380, 278-282 (2023).

	Siddharth Ramachandran
https://sites.bu.edu/ramachandranlab/ 
	1
	

	Nonlinear & Quantum Photonics
	Nonlinear optical phenomena represent the interaction of light with the material in which it propagates, resulting in myriad effects such as the ability to controllably alter its color and shape in both time and space. Because such effects perturb the principle of superposition in linear optics, nonlinear optics is one of the best known means of generating quantum entanglement. We study new nonlinear optical phenomena enabled by singular and structured light beams, such as new modal selection rules for Raman & Brillouin scattering and the ability to obtain hyper- or hybrid-quantum entanglement. We then exploit these unique effects for applications such as single-photon frequency conversion for quantum networks, and for developing high-power lasers in the long-pulse as well as ultra-fast regime, for myriad uses ranging from biomedical imaging to LIDAR-based sensing and underwater communications.

Representative Publications:
(1) X. Liu, D.I. Shahar, D.B. Kim, V.O. Lorenz, and S. Ramachandran, “Generation and engineering of orbital angular momentum biphotons in optical fibers,” Optica Quantum 3, 280-288 (2025).
(2) X. Liu, E.N. Christensen, K. Rottwitt and S. Ramachandran, “Nonlinear four-wave mixing with enhanced diversity and selectivity via spin and orbital angular momentum conservation,” APL Photonics 5, 010802 (2020).
	Siddharth Ramachandran
https://sites.bu.edu/ramachandranlab/ 
	1
	

	Novel image sensor device 
	The aim of the project is to develop an optically read out image sensor that tightly combines photonics and electric integrated circuits. Close integration between photonic and electronic circuits provides an industrially scalable pathway to ultra-high-bandwidth and low-latency devices for data communication and sensing. With conventional electrical signal readout, the energy consumption and latency of data transmission through metal interconnects increase with distance, posing a fundamental limit on system scalability [1]. By transducing electrical signals locally into optical signals using compact on-chip modulators, the proposed platform circumvents the electric data transmission bottleneck and enables high-fidelity, long-distance optical transmission to support distributed downstream processing (e.g., using photonic chips for direct signal processing of ~TB/s of continuously streaming data.). 
We are looking for candidates with strong interest and prior experience in photonic IC design or analog/mixed-signal CMOS IC design. We will be using tools such as Tidy3D [2]/Lumerical for design/simulation and Cadence for layout.
 [1] Miller, David AB. "Attojoule optoelectronics for low-energy information processing and communications." Journal of Lightwave Technology 35.3 (2017): 346-396.
[2] https://www.flexcompute.com/tidy3d/community/notebooks/ShapeOptimizationMMI3D/
	Tianyu Wang 

https://tyw-lab.github.io/research/
	1
	



