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Some examples: (without symmetry)

3 lasers, 3 BS, 3 detectors: 1000 combinations
5 lasers, 5 BS, 5 detectors: 81,000 combinations (!)
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How to design quantum experimental setups?
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High-dimensional multipartite entanglement
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Computer-inspired ideas and concepts

MK, Hochrainer, Lahiri, Zeilinger, Entanglement by Path Identity, PRL 118 (2017).
MK, Erhard, Zeilinger, Nature Reviews Physics 2, 649 (2020).

JW Wang et al. submitted (2023).

Feng, et al., On-Chip nonlocal quantum interference between the origins of a four-
photon state, Optica (2023).

Bao et al., Very-large-scale integrated quantum graph photonics, Nature Photonics, 17, 573 (2023) .

Gu, Erhard, Zeilinger, MK, PNAS 116 (2019).

Qian et al., Multiphoton non-local quantum interference controlled by 
an undetected photon, Nature Communications 14 (1), 1480 (2023)
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Highly efficient computer-designed quantum experiments
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Change Perspective:
New representation -> orders of magnitude speed-up.

Change Perspective:
New representation -> orders of magnitude speed-up.

Vertex: Photonic path
Edge: Photon pair
Edge weight: amplitude
Color: Photonic Mode
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Highly efficient computer-designed quantum experiments

github.com/artificial-scientist-lab/PyTheus
pip install pytheusQ
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De-novo Design of Physics Experiments with AI

Gravitational wave Detections 
Phys. Rev. X 15, 021012 (2025)

Super-Resolution Microscopy
Nature Comm. 15, 10658 (2024) 

Quantum-Enhanced Telescopes
arXiv 2508:nnnnn (hopefully)
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with Yehonathan Drori, Rana X. Adhikari (Caltech, LIGO)
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Phys. Rev. X 15, 021012 (2025)

LIGO’s next Generation Detector Update: Voyager
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MK, Zeilinger "Predicting Research Trends with Semantic and
Neural Networks with an application in Quantum Physics", PNAS 117(4), 1910 (2020).
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Which unconnected pairs of concepts will be investigated 
together in 5 years?
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Evaluate with 2025: AUC=85%



Link Prediction
via Neural Networks

2020 2025

Which unconnected pairs of concepts will be investigated 
together in 5 years?

Then: From 2025 to 2030!
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Gu, Krenn, Forecasting high-impact research topics via machine learning on
evolving knowledge graphs, Machine Learning: Science & Technology, 6, 025041 (2025) 
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Gu, Krenn, Interesting Scientific Idea Generation using Knowledge Graphs and LLMs:
Evaluations with 100 Research Group Leaders, arXiv:2405.17044.
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AI-based Experimental Design:
In many domains in physics (quantum optics, gravitational wave physics,
microscopes/telescopes soon), we have now algorithms for

finding solutions to open questions.

The solutions are presented such that
we can learn and understand new concepts.
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AI-based Experimental Design:
In many domains in physics (quantum optics, gravitational wave physics,
microscopes/telescopes soon), we have now algorithms for

finding solutions to open questions.

The solutions are presented such that
we can learn and understand new concepts.

Automated Idea Generation:
Towards personalized, new, high-impact, interesting research idea generation

MK et al., On scientific understanding with artificial intelligence, Nat.Rev.Phys (2022)

Artificial Scientists
Creativity?

Curiosity?
Understanding?
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AI-based Experimental Design:
In many domains in physics (quantum optics, gravitational wave physics,
microscopes/telescopes soon), we have now algorithms for

finding solutions to open questions.

The solutions are presented such that
we can learn and understand new concepts.

ERC Starting Grant 2024

ArtDisQ
Artificial Scientific Discovery

of advanced Quantum Hardware

with high-performance Simulators

Numerous PhD and
PostDoc positions available!!!
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