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Quantum computing on an integrated photonic platform 
Nanoscale waveguides in lithium niobate on insulator systems are an emerging platform for integrated quantum 
computing that offers unrivalled properties like small absorption losses in a wide spectral range, high optical 
nonlinearities, and the ability for ultrafast modulation of material properties. Based on these exceptional properties, 
a number of basic elements for integrated quantum computing, e.g. entangled photon sources, low-loss quantum 
interference elements, fast modulators, and nonlinear frequency converters have been demonstrated. All these 
demonstrations used waveguides with cross-sections in the range of a few hundred nm, showing the large potential 
of this platform to realize integrated and scalable quantum computers. 
We aim to use this platform to move quantum optics to the nanoscale by implementing sources for photonic quantum 
states, optical elements to modify and control these quantum states as well as single-photon detectors in a single 
optical chip. This will enable to realize different quantum functionalities in lithium niobate nanowaveguides, with the 
final aim to build a full-scale photonic quantum computer. 
The project comprises the development, optimization, and test of individual quantum elements in such circuits, the 
implementation of basic quantum interference experiments to gauge the performance of complex lithium niobate 
quantum circuits and the design and realization of large-scale circuits that perform applicable functionalities.  

Depending on the abilities and preferences of the candidate the following subjects would be covered 
− Theoretical quantum optics and numerical simulations
− Experimental characterization and nanostructuring technology
− Development and demonstration of quantum computing applications

Left: Lithium niobate rib waveguide. Center: Y waveguide splitters. Right: Setup for characterization of integrated quantum 
circuits. 

References 
S. Saravi, T. Pertsch, and F. Setzpfandt, "Lithium niobate on insulator: an emerging platform for integrated quantum photonics," Adv. Optical Mater. 2100789 
(2021). 

Y.-X. Lin, M. Younesi, H.-P. Chung, H.-K. Chiu, R. Geiss, Q.-H. Tseng, F. Setzpfandt, T. Pertsch, and Y.-H. Chen, "Ultra-Compact, broadband adiabatic passage optical 
couplers in thin-film lithium niobate on insulator," Opt. Express 29, 27362-27372 (2021). 

T. Santiago-Cruz, A. Fedotova, V. Sultanov, M. Weissflog, D. Arslan, M. Younesi, T. Pertsch, I. Staude, F. Setzpfandt, and Maria V. Chekhova "Photon pairs from 
resonant metasurfaces," Nano Lett. 21, 4423-4429 (2021). 

A. Belsley, T. Pertsch, and F. Setzpfandt, "Generating path entangled states in waveguide systems with second-order nonlinearity," Opt. Express 28, 28792-28809 
(2020). 

S. Saravi, T. Pertsch, and F. Setzpfandt, "Photonic crystal waveguides as sources of counterpropagating factorizable biphoton states," Opt. Lett. 44, 69-72 (2019). 

A. Solntsev, P. Kumar, T. Pertsch, A. Sukhorukov, and F. Setzpfandt, "LiNbO3 waveguides for integrated quantum spectroscopy," APL Photonics 3, DOI: 
10.1063/1.5009766 (2018). 

S. Saravi, T. Pertsch, and F. Setzpfandt, "Generation of counter-propagating path-entangled photon-pairs in a single periodic waveguide," Phys. Rev. Lett. 118, 
183603 (2017). 

Supervisors: F. Setzpfandt (f.setzpfandt@uni-jena.de), F. Eilenberger (falk.eilenberger@uni-jena.de), and 
T. Pertsch (thomas.pertsch@uni-jena.de)
Further information: https://www.iap.uni-jena.de/nano-quantum-optics


