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Bulk based systems

VCQ

Photonic chips

Quantum photonic systems for technology applications



3C. Reimer, M. Kues, et al., Science 351, 1176-1180 (2016).

On-chip quantum frequency comb: time bin
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On-chip quantum frequency comb: frequency bin
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“Photonic quantum technologies” Research Group

Quantum-enhanced 
measurement concepts

Quantum algorithms
for optimization problems

Integrated/fiber-based
photonic systems
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• New quantum metrology concepts 
based on frequency comb nature and new processing scheme

 Enhanced resolution, precision, sensitivity 
Science 328, 879 (2010), Science 316, 726 (2007), Science 321, 1463 (2008). 

• Integrated/fiber-based 
quantum-enhanced measurement systems

• Imaging and spectroscopy 

Quantum optical coherence tomography

Sub-shot-noise spectroscopy

 

Fig. 12. : One decade of progress in ophthalmic FD-OCT imaging: Left data published in 2002 

[21,53,126] and FD-OCT cross-sectional ophthalmic images published in 2012 [127]. 

In ophthalmology for example it is possible to reconstruct images of the eye’s fundus 

analogous to images obtained by scanning laser ophthalmoscopy [125,128,129], by averaging 

the backreflected intensity along the axis determined by the direction of light propagation. 

Such a FD-OCT fundus image clearly reconstructs the retinal vasculature and, in the case of 

diseases it provides information about the location and extension of pathologic changes. The 

retinal vasculature creates a unique pattern and may be used for very precise localization of 

OCT data with respect to the classical fundus photo or angiography. Once the volumetric 

OCT data are acquired, it is also possible to generate projections using only a fragment of the 

volume. In the case of the retina we may choose data corresponding to a specific tissue layer 

and create its projection [128,130–132]. One of the most important steps in ophthalmic OCT 

applications is incorporation of standard surgical microscopes with FD-OCT [133–135]. This 

enables to take full advantage of the excellent optics of current microscope systems and add 

another dimension delivered by OCT. The challenge here is to have high quality cross-

sectional images in the shortest possible time to improve the precision of manual surgery 

procedures. It is also important to ensure that cross-sectional images are visible in real time 

through the microscopic ocular. 

High speed OCT imaging using Fourier domain detection can also be beneficial in 

applications other than ophthalmology. For example, in cardiology one of the main challenges 

is large scale imaging while searching for small focal (localized) regions to understand 

coronary atherosclerosis and to monitor the response to intravascular interventions such as 

implementation of stents or angioplasty. Fourier Domain OCT imaging has also the potential 

of providing the ability to survey large tissue volumes in real time in endoscopic and 

laparoscopic applications. In contrast to excisional biopsy, OCT examination enables for 

screening of early neoplastic localized changes in large luminal surface areas. Another 

interesting example of applications demonstrating the capabilities of high-speed Fourier 

domain OCT imaging is developmental biology. The ability to directly image dynamic 

changes in the cellular architecture enhances understanding of normal development as well as 

congenital abnormalities in live model systems [136–140]. 

                                                                                  Vol. 8, No. 7 | 1 Jul 2017 | BIOMEDICAL OPTICS EXPRESS 3277 

Opt. Express 8, 3277 (2017).

Exploring and developing quantum frequency combs for …

Quantum metrology and sensing
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Quantum machine learning

J. Biamonte, et al., Nature 549, 194 (2017).

Quantum machine learning co-processors

Accelerating machine learning 
e.g. classification and clustering tasks

No universal processing … 

… but static defined manipulations

Quantum computing
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“Photonic quantum technologies” Research Lab

Quantum optics laboratory with cutting-edge equipment operational after 6 months

First on-chip quantum frequency comb in Germany/Europe

Chip couplingQuantum optics setup

FSR=55 GHz



• Detection of 4 photon states: building photon generation setup and
develop quantum state analysis codes

• Quantum random number generator: Building up a chip coupling stage
and photonic chip control

• Photonic machine learning: developing and simulating a photonic based
setup for machine learning tasks

• High-dimensional quantum random walk: performing simulations and
designing the experiment

• ....
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Bachelor and master thesis
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Drug development
Medicine

Autonomous vehicles Robotics Finance
Cyber security

Application fields:

Machine learning

Quantum computing

Current approaches: neuronal networks and large scale vectors  large overheads


