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tǊƻŦΦ tǊȊŜƳȅǎƱŀǿ KazienkoΣ tƻƭƛǘŜŎƘƴƛƪŀ ²ǊƻŎƱŀǿǎƪŀ 

Lider trzech grup badawczych: ImpactAI ςǿǇƱȅǿ ǎȊǘǳŎȊƴŜƧ ƛƴǘŜƭƛƎŜƴŎƧƛ ƴŀ ŎȊƱƻǿƛŜƪŀΣ

HumaNLP ς ȊƻǊƛŜƴǘƻǿŀƴŜ ƴŀ ŎȊƱƻǿƛŜƪŀ ǇǊȊŜǘǿŀǊȊŀƴƛŜ ƧťȊȅƪŀ ƴŀǘǳǊŀƭƴŜƎƻ ƻǊŀȊ

Emognition ς ǊƻȊǇƻȊƴŀǿŀƴƛŜ ŜƳƻŎƧƛΣ ǿ YŀǘŜŘǊȊŜ {ȊǘǳŎȊƴŜƧ LƴǘŜƭƛƎŜƴŎƧƛ tƻƭƛǘŜŎƘƴƛƪƛ ²ǊƻŎƱŀǿǎƪƛŜƧΦ 

.ŀŘŀƴƛŀ ƴŀŘ ǿǇƱȅǿŜƳ ǎǇƻƱŜŎȊƴȅƳ ƛ ƳŀƴƛǇǳƭŀŎƧŀƳƛΣ ƳƻŘŜƭŀƳƛ ƧťȊȅƪƻǿȅƳƛ όƳΦƛƴΦ t[[¦aύΣ ǎȅƎƴŀƱŀƳƛ 
ŦƛȊƧƻƭƻƎƛŎȊƴȅƳƛΣ ƛƴŦƻǊƳŀǘȅƪŊ ŀŦŜƪǘȅǿƴŊΣ ƭǳŘȊƪƛƳƛ ŀǎǇŜƪǘŀƳƛ {LΣ ƻŘǇƻǿƛŜŘȊƛŀƭƴŊ {LΦ 

tǊƻŦΦ Wŀƪǳō bŀƭŜǇŀΣ tƻƭƛǘŜŎƘƴƛƪŀ |ƭŊǎƪŀ

Jakub Robert Nalepa, Katedrze Algorytmiki i Oprogramowania Wydz. Automatyki, Elektroniki i 
LƴŦƻǊƳŀǘȅƪƛ tƻƭΦ |ƭŊǎƪƛŜƧΣ ƻǊŀȊ ŘȊƛŀƱǳ !L ǿ Yt Labs (misje kosmiczne). Laureat Nagrody im. Witolda 
[ƛǇǎƪƛŜƎƻ ǿ нлмт ƻǊŀȊ bŀƎǊƽŘ bŀǳƪƻǿȅŎƘ th[L¢¸YL нлнл όbŀǳƪƛ ¢ŜŎƘƴƛŎȊƴŜύΦ 
½ŀƛƴǘŜǊŜǎƻǿŀƴƛŀΥ ŀƴŀƭƛȊŀ ƛ ǇǊȊŜǘǿŀǊȊŀƴƛŜ ƻōǊŀȊƽǿ ƳŜŘȅŎȊƴȅŎƘ ƛ ǎŀǘŜƭƛǘŀǊƴȅŎƘΣ ǳŎȊŜƴƛŜ ƳŀǎȊȅƴƻǿŜΦ
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Prof. Piotr Sankowski, Instytut Informatyki Uniwersytetu Warszawskiego i Instytut Badawczy Ideas, 
ƧŜǎǘ ǘŜȍ /9h aLa {ƻƭǳǘƛƻƴǎΦ 5ƻƪǘƻǊŀǘ Ȋ ŦƛȊȅƪƛ ŎƛŀƱŀ ǎǘŀƱŜƎƻ ƛ ŘƻƪǘƻǊŀǘ Ҍ ƘŀōƛƭƛǘŀŎƧť Ȋ ƛƴŦƻǊƳŀǘȅƪƛΦ 
hǘǊȊȅƳŀƱ ŎȊǘŜǊȅ ƎǊŀƴǘȅ 9w/Φ ½ŀƛƴǘŜǊŜǎƻǿŀƴƛŀΥ ŀƭƎƻǊȅǘƳƛƪŀΣ ŀƴŀƭƛȊŊ ƎǊŀŦƽǿΣ ŀƴŀƭƛȊŊ ŘŀƴȅŎƘ ƻǊŀȊ 
ǇǊŀƪǘȅŎȊƴȅƳƛ ȊŀǎǘƻǎƻǿŀƴƛŀƳƛ ŀƭƎƻǊȅǘƳƽǿΦ [ŀǳǊŜŀǘ bŀƎǊƻŘȅ ƛƳΦ ²ƛǘƻƭŘŀ [ƛǇǎƪƛŜƎƻΦ

aƻŘŜǊŀǘƻǊΥ tǊƻŦΦ ²ƱƻŘȊƛǎƱŀǿ 5ǳŎƘΣ YŀǘŜŘǊŀ LƴŦƻǊƳŀǘȅƪƛ {ǘƻǎƻǿŀƴŜƧ ¦aY ǿ ¢ƻǊǳƴƛǳΣ [ŀōƻǊŀǘƻǊƛǳƳ 
Neurokognitywne w ICNT, Neuroinformatyka ƛ !LΣ ¦ƴƛǿŜǊǎȅǘŜŎƪƛŜ /ŜƴǘǊǳƳ 5ƻǎƪƻƴŀƱƻǏŎƛ 5ȅƴŀƳƛƪŀΣ 
Analiza Matematyczna i Sztuczna Inteligencja (DAMSI). Fellow: International Neural Networks Society, 
Asia-Pacific Artificial Intelligence Association (APAIA), International Artificial Intelligence Industry 
Alliance (AIIA), World Academy of Artificial Consciousness (WAAC), Life Senior Member of IEEE. 
/ȊƱƻƴŜƪ YƻƳƛǘŜǘƽǿ LƴŦƻǊƳŀǘȅƪƛΣ bŜǳǊƻōƛƻƭƻƎƛƛΣ bŀǳƪƻȊƴŀǿǎǘǿŀ t!bΦ 
.ȅƱȅΥ ǇǊŜȊȅŘŜƴǘ European Neural Networks Society (2006-2011), prorektor UMK (2012-14), 
podsekretarz stanu w MNiSW (2014-15). 



мл ƴŀƧŎȊťǎǘǎȊȅŎƘ ȊŀǎǘƻǎƻǿŀƵ !L



AI for Science, Fudan
Nature report written by Fudan University and Shanghai Academy of AI for Science 2025. 
Core AI amounts to about 1/3 of all publications, only in India it is 44%. 
China has 39% publications in engineering, other regions about 1/4.  

https://www.nature.com/articles/d42473-025-00161-3


Core AI

Core AI publications global volume,
from 179,200 in 2015 to 463,700 in 2024. 
China creates almost half of all publications, 
India already surpassed the US and is now 
approaching the EU level.

Analysis of publication data reveals a dual focus: 
sustained innovation in frontier models, 
foundational algorithms and computing 
ŀǊŎƘƛǘŜŎǘǳǊŜǎΤ ǎƛƴŎŜ нлнлΣ ŀ ƎǊƻǿƛƴƎ ŦƻŎǳǎ ƻƴ !LΩǎ 
endogenous safety, alignment, and extreme risks.



Math AI 

Global math AI publications grew from 21,200 to 41,200 
China after 2019 is clearly leading, EU is second, US is 
now close to India. Math AI theory is fundamental for 
model design and algorithmic frameworks. In areas 
such as operations optimization, scientific computing
and complex systems, the increasing integration of 
mathematics and AI is driving collaborative innovation. 

Data analysis and the keyword cloud highlight
the prominence of reinforcement learning,
recurrent neural networks, generative
models and diffusion models within
mathematical sciences, reflecting a
paradigm shift toward foundational
theory innovation and interdisciplinary
integration.



AI for Physical Sciences 

From 10,000 to a total 70,700 by 2024, AI in physical 
sciences is growing. China dominates, EU is second, 
India is on the rise. Materials and battery technologies 
are the focal points. Multiscale models, symbolic 
regression, graph neural networks and inverse design 
are particularly valued by scientists.  Physics-informed 
deep learning is driving deeper integration between AI 
and materials science. 

Symbolic regression and causal reasoning 
uncovered hidden physical symmetries.
aL¢ ŘŜǾŜƭƻǇŜŘ Ψ!L-CŜȅƴƳŀƴΩΣ ŀ ǇƘȅǎƛŎǎ-inspired 
neural network for formula recognition and
theoretical derivation.
Princeton team improved galaxy mass predictions 
correcting astrophysical equations. 



AI for Life Sciences

Global AI output for life sciences reached 120,700 by
2024. The US and EU dominates, but China is rapidly 
closing the gap. AI is accelerating drug discovery 
through large language models, advancing disease
diagnosis with high-resolution imaging, and driving 
deep integration of multiscale data-driven models with 
genomics and proteomics, advancing our understanding 
of complex biological systems.

Data analysis and the keyword cloud underscore 
neuroscience, genomics and health as the
most prominent areas of research. Advances in
gene editing, de novo protein design, metabolic 
engineering have accelerated synthetic biology, 
leading to transformative applications in 
healthcare, environmental remediation and 
advanced materials.



AI for Earth/Environment
AI publications in the Earth and environmental sciences
quadrupled, rising from 9,200 to 35,600 papers. 
China accounted for nearly half of global publications, 
far surpassing the output of the EU and the US. 
India has overtaken the US by 2024. 
By incorporating physical constraints, employing data 
augmentation techniques, and applying interpretable
models, AI is reshaping the landscape of Earth and 
environmental sciences. 

Climate change, ecosystems and biodiversity are 
the most prominent research areas. 
Random forest methods and image processing
techniques are widely used AI techniques,
while multimodal and end-to-end AI models 
integrated with numerical forecasting have 
significantly improved the accuracy and 
efficiency of weather prediction. 



AI for Engineering

AI in engineering sciences reached 343,000 papers. 
China maintains a decisive lead, surpassing EU by 3 
times, and the US over 4 times. 
India has overtaken the US by 2024. 
AI is the core technology in the architectures of 6G 
mobile networks and F6G fixed networks.
Intelligent radio access networks (RAN) are a 
primary direction for development. 

Main topics: wireless communications, network 
optimization, semiconductor design and remote 
sensing. AI methodologies: LLMs, federated
learning, semantic communication, edge 
intelligence and model splitting. 
This is embedding AI into the backbone of next-
generation infrastructure. 



AI for Humanities and Social Sciences

Digital economy needs new paradigms of human-AI 
interaction. 
AI publications in humanities and social sciences 
increased from 37,100 to 144,800. 
China surpassed the EU in 2022 to become the leading
contributor in this field, while India rapidly caught up 
and overtook the US by 2024. 

Main topics: transparency, ethics and 
governance, emphasis on mitigating societal 
risks through privacy protection, bias reduction 
and value alignment frameworks. 
Agent-based models, multimodal large models, 
and complex systems are reshaping how we 
analyze economic and social systems, 
deconstruct cultural phenomena.







AI4Science
Zhang, X., Wang, L., HelwigΣ WΦΣ Χ WƛΣ {Φ όнлноύΦ !ǊǘƛŦƛŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ ŦƻǊ {ŎƛŜƴŎŜ ƛƴ vǳŀƴǘǳƳΣ !ǘƻƳƛǎǘƛŎΣ 
and Continuum Systems, pp. 1-282. arXiv:2307.08423

Physics Informed Machine Learning (PIML): 
High Level Overview of AI and ML in Science and 
Engineering.  YouTube2/2024

We need to embed prior physical knowledge into the 
machine learning process at each stage. 

PIML is critical for many applications that can learn 
more from sparse and noisy data sets. 

Engineering systems are governed by physics and 
involve safety critical components. 

AI Factories in Poland! 

https://arxiv.org/abs/2307.08423v3
https://www.youtube.com/watch?v=JoFW2uSd3Uo


AI4Science ςAlfy DeepMind
!Lп{ŎƛŜƴŎŜ ƻǎƛŊƎŀ ƴŀŘƭǳŘȊƪƛ ǇƻȊƛƻƳΣ ǇǊƻƎǊŀƳ DŜƴŜǎƛǎ Mission ǿ ǘȅƳ ǇƻƳƻȍŜΦ 

AlphaGo, AlphaZero, Alphastar ς gry strategiczne czasu rzeczywistego 
Starcraft-II  (2019), i wiele innych, np. Gry wojenne.  
MuZero AI ǳŎȊȅ ǎƛť ƴƻǿȅŎƘ ƎƛŜǊ ōŜȊ ƛƴǎǘǊǳƪŎƧƛΣ ǘȅƭƪƻ Ȋ ǇǊȊȅƪƱŀŘƽǿ όнлнлύ
AlphaDev ƻǇǘȅƳŀƭƛȊŀŎƧŀ ǎȅǎǘŜƳƽǿ ƪƻƳǇǳǘŜǊƻǿȅŎƘΦ 

Bio: AlphaGenome, AlphaFold όōƛŀƱƪŀύ, AlphaProteo, AlphaMissense (mutacje).

Fizyka/Chemia: AlphaQubit, QuantumMatter, Fusion, GNoME  

Matematyka: AlphaEvolve, AlphaProof, AlphaGeometry. 
AlphaChip ǇǊƻƧŜƪǘƻǿŀƴƛŜ ŎƘƛǇƽǿ ƴǇΦ ¢ŜƴǎƻǊ tǊƻŎŜǎǎƛƴƎ ¦ƴƛǘ(TPU).

AlphaEarth ŀƴŀƭƛȊǳƧŜ ǎǘǊǳƳƛŜƴƛŜ ŘŀƴȅŎƘ Ȋ ǎŀǘŜƭƛǘƽǿ ƛ ǊƽȍƴȅŎƘ ǎŜƴǎƻǊƽǿΣ ƛƴǘŜƎǊǳƧŜ ŘŀƴŜ Ȋ ²ƛƪƛǇŜŘƛŀ 
ҐҔ ǘǿƻǊȊȅ ŎȅŦǊƻǿŜ ǊŜǇǊŜȊŜƴǘŀŎƧŜ ǎǘŀƴǳ ȊƛŜƳƛΣ ƻŘ ǳǇǊŀǿ ƛ ǊƻȊǿƻƧǳ Ƴƛŀǎǘ Ǉƻ ǇƻƪǊȅǿť ƭƻŘƻǿŊΦ  

WeatherNext, rodzina modeli do przewidywania pogody.

²ƛťŎŜƧ ǇǊȊȅƪƱŀŘƽǿΥ  ²ǇƱȅǿ ǎȊǘǳŎȊƴŜƧ ƛƴǘŜƭƛƎŜƴŎƧƛ ƴŀ ǊƻȊǿƽƧ ƴŀǳƪƛ. Klub Profesora, UMK, 8.10.2025

PP-RAI 2026, Panel AI4Science

https://deepmind.google/technologies/alphazero-and-muzero/
https://deepmind.google/discover/blog/alphaearth-foundations-helps-map-our-planet-in-unprecedented-detail/
https://deepmind.google/discover/blog/alphaearth-foundations-helps-map-our-planet-in-unprecedented-detail/
https://deepmind.google/discover/blog/muzero-alphazero-and-alphadev-optimizing-computer-systems/
https://deepmind.google/science/
https://deepmind.google/science/
https://deepmind.google/science/
https://deepmind.google/discover/blog/alphaproteo-generates-novel-proteins-for-biology-and-health-research/
https://www.science.org/doi/10.1126/science.adg7492
https://deepmind.google/discover/blog/millions-of-new-materials-discovered-with-deep-learning/
https://deepmind.google/discover/blog/alphaevolve-a-gemini-powered-coding-agent-for-designing-advanced-algorithms/
https://deepmind.google/discover/blog/how-alphachip-transformed-computer-chip-design/
https://deepmind.google/discover/blog/alphaearth-foundations-helps-map-our-planet-in-unprecedented-detail/
https://deepmind.google/science/weathernext/
https://is.umk.pl/~duch/ref/PL/25/2510-Klub%20Prof-AI%20Nauka.pdf


S. ŘΩ!ǎŎƻƭƛ+ META (2026). A foundation model of vision, audition, and language for in-silico neuroscience.. 





GPQA benchmark

ωRein, D et al. (2023). GPQA: A Graduate-Level Google-Proof Q&A Benchmark. arXiv:2311.122

ωппу ŜƪǎǘǊŜƳŀƭƴƛŜ ǘǊǳŘƴȅŎƘ ȊŀŘŀƵΥ ƭǳŘȊƛŜ Ȋ ŘƻƪǘƻǊŀǘŀƳƛ ǿ ǇƻƪǊŜǿƴȅƳ ƻōǎȊŀǊȊŜ оп҈ Ȋ ǇƻƳƻŎŊ 
Internetu przez 30 min, eksperci z doktoratami w danym obszarze 65%-74%.

Kata GO ELO >6000 , 
ludzie 3,600ς3877
5Ȋƛťƪƛ w[±w Η 

95.5% Gemini Pro 3.1
92.0% GPT-5.4
89.7% Claude Opus 
GPQA vals.ai

IǳƳŀƴƛǘȅΩǎ [ŀǎǘ 9ȄŀƳ
53.1% Claude Opus 4.6
51.4% Gemini 3.1 Pro
51.0% Kimi K2

W 2025: < 4%  GPT 4o

https://doi.org/10.48550/arXiv.2311.12022
https://lifearchitect.ai/iq-testing-ai/
https://www.vals.ai/benchmarks/gpqa
https://llm-stats.com/benchmarks/humanity's-last-exam


AlphaStarand Strategic Games

Deepmind.googlealphastarςmastering the real-time strategy game Starcraft-II  (2019)
Many open, strategic games, like war games.  
5ŜŜǇaƛƴŘΩǎ MuZeroAIMasters Games Without Even Being Taught the Rules (2020)

https://deepmind.google/discover/blog/alphastar-mastering-the-real-time-strategy-game-starcraft-ii/
https://spectrum.ieee.org/deepminds-new-ai-masters-games-without-even-been-taught-the-rules


AlphaChip

AI has accelerated and optimized chip design, and its superhuman chip layouts are used in hardware 
around the world. {ǳŎƘ ƭŀȅƻǳǘǎ ǿŜǊŜ ǳǎŜŘ ƛƴ ǘƘŜ ƭŀǎǘ ǘƘǊŜŜ ƎŜƴŜǊŀǘƛƻƴǎ ƻŦ DƻƻƎƭŜΩǎ ŎǳǎǘƻƳ !L 
accelerator, theTensor Processing Unit(TPU). AI is here a partner helping humans. 

Mirhoseini, A., Goldie, A., Yazgan, M. et al.A graph placement methodology for fast chip design.
Nature594, 207ς212 (2021), addendum 26.09.2024

https://cloud.google.com/tpu?hl=en
https://deepmind.google/discover/blog/how-alphachip-transformed-computer-chip-design/


Nowe architektury LLM
[ƛǳΣ ¸Φ Χ ϧ [ƛǳΣ tΦ όнлнрύΦ AlphaGo Momentfor Model Architecture Discovery. arXiv:2507.18074. 

¢ŜƳǇƻ ōŀŘŀƵ ƴŀŘ ǎȊǘǳŎȊƴŊ ƛƴǘŜƭƛƎŜƴŎƧŊ ƧŜǎǘ ƻƎǊŀƴƛŎȊƻƴŜ ǇǊȊŜȊ ƭǳŘȊƪƛŜ ȊŘƻƭƴƻǏŎƛ ǇƻȊƴŀǿŎȊŜ. 
ASI-Arch ǘƻ ǇƛŜǊǿǎȊŜ ǿŘǊƻȍŜƴƛŜ ǎȊǘǳŎȊƴŜƧ ǎǳǇŜǊƛƴǘŜƭƛƎŜƴŎƧƛ ǿ ōŀŘŀƴƛŀŎƘ ƴŀŘ ǎȊǘǳŎȊƴŊ ƛƴǘŜƭƛƎŜƴŎƧŊ 
(ASI4AI) ς ǿ ǇŜƱƴƛ ŀǳǘƻƴƻƳƛŎȊƴȅ ǎȅǎǘŜƳ ǳƳƻȍƭƛǿƛŀƧŊŎȅ ǎŀƳƻŘȊƛŜƭƴŜ ǿǇǊƻǿŀŘȊŀƴƛŜ ƛƴƴƻǿŀŎƧƛ 
ŀǊŎƘƛǘŜƪǘƻƴƛŎȊƴȅŎƘΥ ƻŘƪǊȅǿŀ ƴƻǿŜ ŀǊŎƘƛǘŜƪǘǳǊȅΣ ǎŀƳƻŘȊƛŜƭƴƛŜ ŦƻǊƳǳƱǳƧŊŎ ƘƛǇƻǘŜȊȅ ŘƻǘȅŎȊŊŎŜ 
ƴƻǿȅŎƘ ǊƻȊǿƛŊȊŀƵΣ ǿŘǊŀȍŀƧŊŎΣ ǎȊƪƻƭŊŎ ƛ ŜƳǇƛǊȅŎȊƴƛŜ ǿŜǊȅŦƛƪǳƧŊŎ ƛŎƘ ǿȅŘŀƧƴƻǏŏ ǿ ŜƪǎǇŜǊȅƳŜƴǘŀŎƘΦ 

ASI-Arch ǇǊȊŜǇǊƻǿŀŘȊƛƱƻ мтто ŜƪǎǇŜǊȅƳŜƴǘȅ ǿȅƳŀƎŀƧŊŎŜ ǇƻƴŀŘ 
нл ллл ƎƻŘȊƛƴ ƻōƭƛŎȊŜƵ ƴŀ Dt¦Σ ƻŘƪǊȅǿŀƧŊŎ млс ƛƴƴƻǿŀŎȅƧƴȅŎƘ 
architektur [[aƽǿ, z mechanizmami liniowej uwagi (SOTA), 
ǇƻƪŀȊǳƧŊŎ ȊŀǎŀŘȅ ǇǊƻƧŜƪǘƻǿŀƴƛŀΣ ƪǘƽǊŜ ǎȅǎǘŜƳŀǘȅŎȊƴƛŜ ǇǊȊŜǿȅȍǎȊŀƧŊ 
ȊŀǇǊƻƧŜƪǘƻǿŀƴŜ ǇǊȊŜȊ ŎȊƱƻǿƛŜƪŀ ǇƻŘǎǘŀǿƻǿŜ ǊƻȊǿƛŊȊŀƴƛŀ ƛ ǳƪŀȊǳƧŊ 
ƴƛŜȊƴŀƴŜ ŘƻǘŊŘ ǏŎƛŜȍƪƛ ƛƴƴƻǿŀŎƧƛ ŀǊŎƘƛǘŜƪǘƻƴƛŎȊƴȅŎƘΦ 

Jankowski N, Duch W, DǊŊōŎȊŜǿǎƪƛK, Meta-learning in Computational 
Intelligence. Studies in Computational Intelligence, Vol. 358, Springer 2011.

https://doi.org/10.48550/arXiv.2507.18074


Theseus

Theseus, an algorithm for new conceptual understanding, was applied to experimental quantum optics. 

i. A graph-based representation of quantum optical experiments that can be used algorithmically. 

ii. Automated design approach for new quantum experiments, orders of magnitude faster than the best 
previous algorithms at concrete design tasks for experimental configuration. 

iii. Solved several crucial open questions in photonic quantum technology and quantum states and 
transformations that allow for new foundational quantum experiments. 

iv. Theseus can produce solutions that a human scientist can interpret and gain new scientific concepts. 

Theseus will become an essential tool in quantum optics for developing new experiments and photonic 
hardware. It can further be generalized to answer open questions and provide new concepts in a large 
number of other quantum physical questions beyond quantum optical experiments. 

Theseus is a demonstration of explainable AI (XAI) in physics that shows how AI algorithms can contribute 
to science on a conceptual level.

ωKrenn, M., Kottmann, J. S., Tischler, N., & Aspuru-Guzik, A. (2021). Conceptual Understanding 
through Efficient Automated Design of Quantum Optical Experiments. 
https://doi.org/10.1103/PhysRevX.11.031044. 

https://doi.org/10.1103/PhysRevX.11.031044


Dusty plasma 
ωYu, W., Abdelaleem, E., Nemenman, I., & Burton, J. C. (2025). Physics-tailored machine learning 

reveals unexpected physics in dusty plasmas. PNAS122(31), e2505725122. 

Dusty plasma is a mixture of ions, electrons, and macroscopic charged particles that is commonly found in 
space and planetary environments. We demonstrate and experimentally validate an ML approach that 
incorporates physical intuition to infer force laws in a laboratory dusty plasma. 

Trained on 3D particle trajectories, the model accounts for inherent symmetries, nonidentical particles, 
and learns the effective nonreciprocal forcesbetween particles with exquisite accuracy, enabling precise 
measurements of particle charge and screening length. 

Our ability to identify unknown physics from experimental data demonstrates how ML-powered 
approaches can guide new routes of scientific discovery. 

We anticipate our ML approach to be a starting point for inferring laws from dynamicsin 
a wide range of many-body systems, from colloids to living organisms.

https://doi.org/10.1073/pnas.2505725122


Gravitational waves

Gravitational waves are space-time distortions caused by some of the most cataclysmic events in the 
Universe, including black hole mergers and supernovae. An intelligent AI strategy helped to discover 
unorthodox topologies for gravitational wave detectors that significantly outperform the currently best-
known designs under realistic experimental constraints. 
This increases the potentially observable volume of the Universe º50-fold. 

Analyzing the best solutions from our superhuman algorithm, we uncover entirely new physics ideas at 
their core. Our methodology can readily be extended to AI-driven design of experiments across wide 
domains of fundamental physics, opening fascinating new windows into the Universe.

Krenn, M, DroriY, Adhikari RX. (2025). Digital Discovery of Interferometric Gravitational Wave Detectors. 
Physical Review X, 15. 

https://doi.org/10.1103/PhysRevX.15.021012


GNOME



From transformers to protein folding

R. B. Altman, A Holy Grail τThe Prediction of Protein 
Structure, New England J. of Medicine 389 (2023)

Google Deep Mind AlphaFold 2 has reached accuracy 
comparable to experiments on about 100000 proteins 
and released 218 mln 3D protein structures. 



AlphaFold 3 i NatureLM

Nowy znacznie ulepszony model: J. Abramson + 56 coauthors,  Accurate structure prediction of 
biomolecular interactions with AlphaFold 3, Nature630, 493 (2024).    Nobel 2024, D. Hassabis I biolodzy. 

AlphaFold 3ǇǊȊŜǿƛŘǳƧŜ ǎǘǊǳƪǘǳǊť ƛ ƛƴǘŜǊŀƪŎƧŜ ǿǎȊȅǎǘƪƛŎƘ ŎȊŊǎǘŜŎȊŜƪ ƻǊƎŀƴƛȊƳǳΣ 

AlphaProteo ƎŜƴŜǊǳƧŜ ōƛŀƱƪŀΣ ǇǊȊȅǎǇƛŜǎȊŀƧŊŎ ōŀŘŀƴƛŀ ǿ ǇǊŀǿƛŜ ƪŀȍŘŜƧ ŘȊƛŜŘȊƛƴƛŜ ōƛƻƭƻƎƛƛκƳŜŘȅŎȅƴȅΦ  
½ŜǎǇƽƱMicrosoft, Nature Language Model: Deciphering the Language of Nature for Scientific Discovery. 
NatureLM, ƻǇŀǊǘȅ ƴŀ ǎŜƪǿŜƴŎƧŀŎƘ ƳƻŘŜƭ ŦǳƴŘŀƳŜƴǘƽǿ ƴŀǳƪƻǿȅŎƘ ǇǊȊŜȊƴŀŎȊƻƴȅ Řƻ ƻŘƪǊȅŏ ƴŀǳƪƻǿȅŎƘ ǿ  
biologii/medycynie.   https://naturelm.github.io/

https://www.nature.com/articles/s41586-024-07487-w
https://deepmind.google/technologies/alphafold/impact-stories/
https://deepmind.google/discover/blog/alphaproteo-generates-novel-proteins-for-biology-and-health-research/
https://naturelm.github.io/
https://naturelm.github.io/


https://thoughtforms.life/     MomBot Robot Scientist (Levin lab)

https://thoughtforms.life/


²ȅƴƛƪƛ ƳƻŘȅŦƛƪŀŎƧƛ ƪŀƴŀƱƽǿ ƧƻƴƻǿȅŎƘ Ȋŀ ǇƻƳƻŎŊ Ƴwb! ƴŀ ŜǘŀǇƛŜ ȊŀǊƻŘƪŀ 

9ƳŜǊƎŜƴǘƴŀ ǎŀƳƻƻǊƎŀƴƛȊŀŎƧŀΥ ǎƪǳǇƛŜƴƛŜ ǿƻƪƽƱ ƪƻƳƽǊƪƛΣ ƛŘŜƛ ƭǳō ƭƛŘŜǊŀΦ 

/Ȋȅ ƛƭƻǏŏ ƳƻȍŜ ǇǊȊŜƧǏŏ ǿ ƧŀƪƻǏŏΚ 
! ƧŜǏƭƛ ǘŀƪΣ ǘƻ ƧŀƪΚ 



Recovers a variety of results established by decades 
of empirical research, extracting interpretable 
latent features TRIBE v2 reveals the fine-grained 
topography of multisensory integration. 



Generacja nowych idei
Can LLMs Generate Novel Research Ideas? A Large-Scale Human Study with 100+ NLP 
Researchers. 6.09.2024

Anthropic Claude-3.5-Sonnet (200.000 ǘƻƪŜƴƽǿ) ƧŜǎǘ ȊƴŀŎȊƴƛŜ ƭŜǇǎȊȅ ƻŘ ƭǳŘȊƪƛŎƘ ŜƪǎǇŜǊǘƽǿ ǿ 
ǿȅƳȅǏƭŀƴƛǳ ƴƻǿȅŎƘ ǇƻƳȅǎƱƽǿΦ Human re-rank  ǘƻ ǎŜƭŜƪŎƧŀ ǇƻƳȅǎƱƽǿ !L ȊǊƻōƛƻƴŀ ǇǊȊŜȊ ŎȊƱƻǿƛŜƪŀΦ 

¢ŜƳŀǘȅ ōŀŘŀǿŎȊŜΥ ǊŜŘǳƪŎƧŀ ǳǇǊȊŜŘȊŜƵ ǎǇƻƱŜŎȊƴȅŎƘΣ ǇƻǇǊŀǿŀ ƎŜƴŜǊƻǿŀƴƛŀ ƪƻŘǳΣ ōŜȊǇƛŜŎȊŜƵǎǘǿƻ 
ƭǳō ǇǊȅǿŀǘƴƻǏŏΣ ǊƻȊǿƛŊȊȅǿŀƴƛŜ ǇǊƻōƭŜƳƽǿ ƳŀǘŜƳŀǘȅŎȊƴȅŎƘΣ ǿȅŘŀƧƴƻǏŏ ǿ ƧťȊȅƪŀŎƘ ƻ ƴƛǎƪƛŎƘ 
ȊŀǎƻōŀŎƘΣ ǎǇǊŀǿŘȊŀƴƛŜ ŦŀƪǘƽǿΣ ǊŜŘǳƪŎƧŀ ƘŀƭǳŎȅƴŀŎƧƛΣ ǎȊŀŎƻǿŀƴƛŜ ƴƛŜǇŜǿƴƻǏŎƛ ƛ ǇŜǿƴƻǏŎƛ [[aΦ 



Stanford Research Biomni, ŀƎŜƴǘ ōƛƻƳŜŘȅŎȊƴȅ ǎŀƳƻŘȊƛŜƭƴƛŜ ǊŜŀƭƛȊǳƧŜ ǎȊŜǊƻƪƛŜ ǎǇŜƪǘǊǳƳ ȊŀŘŀƵ 
ōŀŘŀǿŎȊȅŎƘ ǿ ǊƽȍƴȅŎƘ ŘȊƛŜŘȊƛƴŀŎƘΦ tǊȊŜŀƴŀƭƛȊƻǿŀƱ ǇǳōƭƛƪŀŎƧŜ Ȋ нр ŘȊƛŜŘȊƛƴΣ ǎǘǿƻǊȊȅƱ ǏǊƻŘƻǿƛǎƪƻ 
ȊŀǿƛŜǊŀƧŊŎŜ мрл ǎǇŜŎƧŀƭƛǎǘȅŎȊƴȅŎƘ ƴŀǊȊťŘȊƛΣ млр ǇŀƪƛŜǘƽǿ ƻǇǊƻƎǊŀƳƻǿŀƴƛŀ ƛ рф ōŀȊ ŘŀƴȅŎƘΦ  
{ǘŀǊǎȊŜ ǊƻȊǿƛŊȊŀƴƛŀΥ BioCyc, EcuCyc ƛ ƛƴƴŜ ǊŜǇƻȊȅǘƻǊƛŀ ƴŀǳƪ ƻ ȍȅŎƛǳΦ



BrainBenchpredicts neuroscience results
Luo, X., RechardtΣ !ΦΣ {ǳƴ Χ [ƻǾŜΣ .Φ /Φ όнлнпύΦ Large language models surpass human expertsin 
predicting neuroscience results. Nature Human Behaviour, 1ς11.

BrainBenchis a forward-looking benchmark for predicting 
neuroscience results. Fine-tuned Mistral-7B can forecast 
novel results better than human experts. 
LLMs surpass experts in predicting experimental 
outcomes and estimating their confidence. 
This approach is quite general.

https://doi.org/10.1038/s41562-024-02046-9


Future: Virtual Labs with specialized agents
Swanson, K.et al.   
The Virtual Lab: AI Agents 
Design New SARS-CoV-2 
Nanobodies with Experimental 
Validation. bioRxiv 11/2024. 

https://doi.org/10.1101/2024.11.11.623004




Virtuous Machines: Towards Artificial General Science

WehrΣ D  Χ ϧ Ehrhardt, S.E. (2025). Virtuous Machines: Towards Artificial General Science. arXiv:2508.13421

Agentic system incorporating hypothesis generation through experimental design, physical experimental 
implementation, data analysis, result interpretation, theory refinement, visualisation, and reporting. 
/ƻƳǇƭŜǘƛƻƴ ƻŦ ŀ Ŧǳƭƭ ǎŎƛŜƴǘƛŦƛŎ ǎǘǳŘȅ ǊŜǉǳƛǊŜŘ ƻƴ ŀǾŜǊŀƎŜ мт ƘƻǳǊǎΩ ǇǊƻŎŜǎǎƛƴƎ ǘƛƳŜ ŀƴŘ ŀǾŜǊŀƎŜŘ ŀ ǘƻǘŀƭ ƳŀǊƎƛƴŀƭ 
cost of Ḑ$114 USD per research project (+ human participant payments of Ḑ$4,500 USD). 

Three cognitive science experiments were 
designed, testing visual working memory 
(VWM), mental rotation, and imagery 
vividness, with online data collection with 
288 participants were performed. 

AI system developed analysis pipelines 
and produced completed manuscripts 
for each experiment. 

AI can devise and test hypotheses through 
real-world experiments, accelerating 
scientific discoveries. 

https://doi.org/10.48550/arXiv.2508.13421


NobelTuringChallenge
Nobel Turing Challenge(HiraokiKitano, Systems Biology Institute, Kyoto).

²ƛŜƭƪƛŜ ǿȅȊǿŀƴƛŜ ƳŀƧŊŎŜ ƴŀ ŎŜƭǳ ƻǇǊŀŎƻǿŀƴƛŜ ŀǳǘƻƴƻƳƛŎȊƴŜƎƻ ǎȅǎǘŜƳǳ !LΣ ƪǘƽǊȅ ōťŘȊƛŜ ǿ ǎǘŀƴƛŜ 
Řƻƪƻƴȅǿŀŏ ǿŀȍƴȅŎƘ ƻŘƪǊȅŏ ƴŀǳƪƻǿȅŎƘ ƴŀ ǇƻȊƛƻƳƛŜ bŀƎǊƻŘȅ bƻōƭŀΦ 
5th Conference Singapore AI for Scienceand NobelTuringInitiative, July 2024. Challenge on YouTube. 

https://www.nobelturingchallenge.org/
https://ai4science.sg/
https://www.youtube.com/@nobelturingchallenge5259


AGIS: Advanced General Intelligence for Science Program: building, training, and 
using large-scale models + hardware development. 

(a) AI development, LLMs/LMMs, libraries, AI workflows, data aggregation, etc.;
(b) design/build hardware and software systems, research automation; 
(c) AI applications in science, engineering, medicine, and other domains.

RIKEN 2024 TRIP-AGISprogram, platform of platforms. 
Transformative Research Innovation Platform ςAGI for Science. 
Multimodal foundation models of dynamic behavior, dynamic and spatial 
transcriptome, cellular response to drugs.  

https://trip.riken.jp/en/

