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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?

Quantum Entanglement:
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How to design quantum experimental setups?

High-dimensional multipartite entanglement
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High-dimensional multipartite entanglement
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How to design quantum experimental setups?

High-dimensional multipartite entanglement

W enz—sp = ? (&)32) T ‘C)1C§C1)> T |2‘2‘2‘))

Erhard et al., Nature Photon/cs 12, 759 (2018)

Krenn, Malik, Fickler, Lapkiewicz, Zeilinger, Automated Search for new Quantum Experiments, Phys. Rev. Lett. 116, 090405 (2016)
Krenn, Erhard, Zeilinger, Computer-inspired quantum experiments, Nat.Rev.Phys 2, 649 (2020).
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How to design quantum experimental setups?

High-dimensional multipartite entanglement
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Erhard et al., Nature Photon/cs 12, 759 (2018)
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MK, Hochrainer, Lahiri, Zeilinger,
Entanglement by Path Identity, PRL 118 (2017)

Krenn, Malik, Fickler, Lapkiewicz, Zeilinger, Automated Search for new Quantum Experiments, Phys. Rev. Lett. 116, 090405 (2016)
Krenn, Erhard, Zeilinger, Computer-inspired quantum experiments, Nat.Rev.Phys 2, 649 (2020).
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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).

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

Qian et al., Multiphoton non-local quantum interference controlled by
an undetected photon, Nature Communications 14 (1), 1480 (2023)
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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).

10P Publishing Physica Scripta
Phys. Scr. 95 (2020) 062501 (50pp) https://doi.org/10.1088 /1402-4896/ab7a35
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14. How can a computer find autonomously new, surprising or creative
solutions or insights? by Mario Krenn, Art I. Melvin and Anton Zeilinger
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Computer-inspired ideas and concepts

K, Hochrainer, Lahiri, Zeilinger, Entanglement by Path Identity, PRL 118 (2017).
K, Erhard, Zeilinger, Nature Reviews Physics 2, 649 (2020).
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Highly efficient computer-designed quantum experiments

MK, Kottmann, Tischler, Aspuru-Guzik, Conceptual understanding through
efficient inverse-design of quantum experiments, Phys. Rev. X 11, 031044 (2021).
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Highly efficient computer-designed quantum experiments

MK, Kottmann, Tischler, Aspuru-Guzik, Conceptual understanding through
efficient inverse-design of quantum experiments, Phys. Rev. X 11, 031044 (2021).

Change Perspective:

New representation -> orders of magnitude speed-up.
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Highly efficient computer-designed quantum experiments
MK, Kottmann, Tischler, Aspuru-Guzik, Conceptual understanding through
efficient inverse-design of quantum experiments, Phys. Rev. X 11, 031044 (2021).

Change Perspective:

New representation -> orders of magnitude speed-up.

A) Bridge between quantum experiments and graphs

Vertex: Photonic path
Edge: Photon pair

Edge weight: amplitude
Color: Photonic Mode
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Highly efficient computer-designed quantum experiments

( Yuantum

the open journal for quantum science

Digital Discovery of 100 diverse Quantum Experiments with
Py T heus

Carlos Ruiz-Gonzalez!, Séren Arlt3?, Jan Petermann?, Sharareh Sayyad®, Tareq Jaouni?,
Ebrahim Karimi®?, Nora Tischler®, Xuemei Gu!, and Mario Krenn?

Quantum 7, 1204 (2023).

(a) Four-dimensional
four-photon GHZ state (b) Heralded 3D Bell state (¢) Two-mode five-photon (d) A 4-qubit entangled
(overcoming the with single photons NOON state |50) + |05) states with unit

3-dimensional barrier for (improves state-of-the-art (very symmetric shape coefficients, which requires

multiphoton entanglement) design by requiring less with an inscribes complex-valued weights for . o e o . .
wnil hotens) penosran) github.com/artificial-scientist-lab/PyTheus
pip install pytheusQ

(e) Quantum measurement (f) Entanglement swapping
for a quantum without using two Bell

(h) Mixed state with
bound entanglement that
ccccccccc tion task with states . can violate a Bell
quantum advantage (Mean inequality (countel:sxample
King’s Problem) to the Peres conjecture
from 1999, solved 2014)

(g) Toffoli quantum gate
without ancilla photons
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Highly efficient computer-designed quantum experiments

Yuantum

the open journal for quantum science

Digital Discovery of 100 diverse Quantum Experiments with
Py T heus

Carlos Ruiz-Gonzalez!, Séren Arlt3?, Jan Petermann?, Sharareh Sayyad®, Tareq Jaouni?,
Ebrahim Karimi®?, Nora Tischler®, Xuemei Gu!, and Mario Krenn?

Quantum 7, 1204 (2023).

(a) Four-dimensional

four-photon GHZ state (b) Heralded 3D Bell state (¢) Two-mode five-photon (d) A 4-qubit entangled
(overcoming the with single photons NOON state |50) + |05) states with unit
3-dimensional barrier for (improves state-of-the-art (very symmetric shape coefficients, which requires
multiphoton entanglement) design by requiring less with an inscribed complex-valued weights for
ancilla photons) pentagram) generation

(h) Mixed state with
bound entanglement that
can violate a Bell
inequality (counterexample
to the Peres conjecture
from 1999, solved 2014)

(g) Toffoli quantum gate

(f) Entanglement swapping
without ancilla photons

without using two Bell
states

(e) Quantum measurement
for a quantum
communication task with
quantum advantage (Mean
King’s Problem)
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Highly efficient computer-designed quantum experiments

Yuantum

the open journal for quantum science

Digital Discovery of 100 diverse Quantum Experiments with

Py T heus

Carlos Ruiz-Gonzalez8!, S
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Qua ntum 7F 1204 (2{: Entangling Independent Particles by Path Identity

Kai Wang,]‘? Zhaohua Hou®,"* Kaiyi Qian,' Leizhen Chen.' Mario Krenn,>’ Shining Zhu ! and Xiao-Song Ma Lt
'Wational Laboratory of Solid-state Microstructures, School of Physics, Collaborative Innovation Center of Advanced Microstructures,
Jiangsaﬁ;, Physical Science Research Center, Nanjing University, Nanjing 210093, China
“Max Planck Institute for the Science of Light (MPL), Erlangen, Germany

PHYSICAL REVIEW LETTERS 133, 233601 (2024)

(a) Four-dimensional (a)
four-photon GHZ state (b) Heralded 3D Bell state (c BSM
(overcoming the with single photons —
3-dimensional barrier for (improves state-of-the-art 0 -————= P T———— 1
multiphoton entanglement) design by requiring less 1 ———— Pt S 0
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(f) Entanglement swapping
without using two Bell
states

(e) Quantum measurement
for a quantum
communication task with
quantum advantage (Mean
King’s Problem)
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Highly efficient computer-designed quantum experiments
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the open journal for quantum science
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for a quantum
communication task with
quantum advantage (Mean
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Al-driven design of new Gravitational Wave Detectors
with Yehonathan Drori, Rana X. Adhikari (Caltech, LIGO)
Phys. Rev. X 15, 021012 (2025)
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Al-driven design of new Gravitational Wave Detectors
with Yehonathan Drori, Rana X. Adhikari (Caltech, LIGO)
Phys. Rev. X 15, 021012 (2025)

LIGO’s next Generation Detector Update: Voyager
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Al-driven design of new Gravitational Wave Detectors

Quasi-Universal Interferometer (UIFO)

with Yehonathan Drori, Rana X. Adhikari (Caltech, LIGO)
Phys. Rev. X 15, 021012 (2025)
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Al-driven design of new Gravitational Wave Detectors
with Yehonathan Drori, Rana X. Adhikari (Caltech, LIGO)
Phys. Rev. X 15, 021012 (2025)

A) Quasi-Universal Interferometer (UIFO) B) LIGO Voyager in UIFO
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Al-driven design of new Gravitational Wave Detectors
with Yehonathan Drori, Rana X. Adhikari (Caltech, LIGO)
Phys. Rev. X 15, 021012 (2025)
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Al-driven design of new Gravitational Wave Detectors
with Yehonathan Drori, Rana X. Adhikari (Caltech, LIGO)
Phys. Rev. X 15, 021012 (2025)
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A Differentiable Interferometer Simulator for the
Computational Design of Gravitational Wave Detectors

Jonathan Klimesch, Yehonathan Drori, Rana X. Adhikari, Mario Krenn

Second EuCAIFCon on June 17, 2025
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From Large Collection
Of Literature

Semantic Network of QM
from 750k papers

Vertices: Concepts
Edges: Co-Occurance

Krenn, Zeilinger, PNAS 117, 1910 (2020)
Krenn et al., Nat. Mach. Intell. (2023)

Krenn, Pollice, Guo, ..., Aspuru-Guzik,
On scientific understanding with artificial intelligence, Nat. Rev. Phys. (2022).



Mario Krenn

From Large Collection
Of Literature

o
V]

Ji
G

A
V%3

| mec

AN TUT\/;
ECHANICS
M
—_—

1

)
/'w > =

) ps
/)

QU

Semantic Network of QM
from 750k papers

Vertices: Concepts
Edges: Co-Occurance

Link Prediction

Then: From 2025 to 2030!

Krenn, Zeilinger, PNAS 117, 1910 (2020)
Krenn et al., Nat. Mach. Intell. (2023)

Krenn, Pollice, Guo, ..., Aspuru-Guzik,
On scientific understanding with artificial intelligence, Nat. Rev. Phys. (2022).
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From Large Collection
Of Literature

Semantic Network of QM
from 750k papers

Vertices: Concepts
Edges: Co-Occurance

Link Prediction

Then: From 2025 to 2030!
Krenn, Zeilinger, PNAS 117, 1910 (2020)
Krenn et al., Nat. Mach. Intell. (2023)

Gu, Krenn, Machine Learning: Science & Technology (2025): Impact4Cast
Krenn, Pollice, Guo, ..., Aspuru-Guzik,

On scientific understanding with artificial intelligence, Nat. Rev. Phys. (2022).
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From Large Collection
Of Literature

Suggesting research collaborations

Project Title:
Optimizing Bioremediation Strategies
Using Genetic Algorithms

The main objective of this project is to use
genetic algorithms to optimize the use of
soil microorganisms in bioremediation, a

() Research O
Information B
process that uses living organisms to

clean up polluted environments...
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Collaboration Ideas

The main objective of this project is to
. investigate the potential of multilayer
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knowledge
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i heterostructures to enhance the energy
! storage capacity and efficiency of

i portable electronics...

I

Gu, Krenn, Interesting Scientific Idea Generation Using Knowledge Graphs and LLMs:
Evaluations with 100 Research Group Leaders, arXiv:2405.17044.

Krenn, Pollice, Guo, ..., Aspuru-Guzik,
On scientific understanding with artificial intelligence, Nat. Rev. Phys. (2022).



From Large Collection

Of Literature

(@)
o USA(Jupiter)

2) A
7 B
):‘ . ,‘,ﬂ,n'
PG A
2 C b %,‘
v Retock  Greifswalt
e H {
\ oo = an1§urg 5 2
s et I
] A <
N ¥
& W X
Bremen W/ Sk
{ B, Py
\ ‘ Potsdames, Berlin
§ . g )
- N A o Hanover { & &
; 5 Ma
Dutch(Nijmegeft) o Minster i‘g, =
> [ Gottinger,

LY
% Bochumpg

. e / 7 -
2 £t/
5 &/
;

s ", 5 o
) S A A e
{, Bonn(ARCANS L A A {
v\ | DR g sBagauhenct ) 1/ e 7/
¢ 3 72 4 oA R

Lot r\){" /4 S \?{

\_ A4
Luxembodrg
o -

7 Kaisersla" ¢. ,yf" {”}
XA L Heidelbt‘r);}\?
el [® e

i
Saarbricken-w._ /

“@Erlangen $ \

/. X
(¥) ¢ stuttgart ?_g

o B
. .'mbmger\» MunicH\:(r:\

R
248$/Garching

©4

{ .
freiburg , Radolfzell | seewiesen

R ¢
Martinsried 1\,
2o, 84 KOnstanz) . £

Italy(Florence)
.

\“{eportmund _hf/)"“:,“‘ Y AT l[-lfllls y s
«re Miilheim SRV YO e a1 Le,pz,g’n-/\f
wDusseldorf" £, S5\ [/Ad3)

37, I‘j:e’;«;teﬂkj %

MECHANICS

\ ﬂPREDIC”NG' )

(b) 8] evaluators (% number of collaboration suggestions
same nat nat to other nat nat to soc
nat () @ * —e * —e
104 1044 2082 1039
same socC soc to other soc soc to nat
soc(e) @ o —o * —o
6 72 70 144
(c) °s 0.5
0.4 all answers 0.4 same institutes
0.3 0.3
0.2| 1632 0.2
01 3 0.1 243 249
e T I TR e e R
0.5 0.5
0.4 same nat institutes 0.4 same soc institutes
0.3 0.3
0.2 0.2
01 224 . o B .. 18
£00-5 2 4 5 031 2 3 4 5
] 05 0.5
'§ ol nat to other nat G nat to soc
0.3 0.3
0.2| 805 02|
0.1 0.1
00_... 0o | l_. £ 555
: 1 2 3 & 5 : L 2 %3 g -5
0.5 05
0.4 soc to nat 0.4 soc to other soc
0.3 0.3
71
0.2 0.2{ 28
0.1 6 | 0.1 . I 11
L W TR T 20 2 3 a4 5

5 1
Interest Level

— |

v

~

Mario Krenn

Gu, Krenn, Interesting Scientific Idea Generation Using Knowledge Graphs and LLMs:
Evaluations with 100 Research Group Leaders, arXiv:2405.17044.

Krenn, Pollice, Guo, ..., Aspuru-Guzik,

On scientific understanding with artificial intelligence, Nat. Rev. Phys. (2022).
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Conclusion

Al-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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Conclusion

Al-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: RN O
Towards personalized, new, high-impact, interesting research idea generation

Artificial Scientists
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(a) learn to explore on Level-1 (b) explore faster on Level-

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

Al-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.

Artificial Scientific Discovery
of advanced Quantum Hardware
with high-performance Simulators

ERC Starting Grant 2024

Numerous PhD and PostDoc positions available!!!



