


• AI has the potential to transform the way we do science.

• AI can help in human-limited situations

• Curiosity is a human characteristic. Because of it, we have advanced as a civilization.

• Humans need to take responsibility for the bad usage of AI, including reputational damage.

• May enable the largest democratization of science ever

• AI-science needs to be separated from human-science

• This is the beginning of the golden era for science. Benefits for humanity will be inmense

• What will happen if science can be automated?

Main messages



Literature search

• PathFinder

• Denario

• Claude

• …









Values

• AI should enhance humans, not replace them

• We are not artists; we must be guided by truth and knowledge

• Develop our own tools; not just rely on commercial products

• AI should benefit humanity; regulation



Goals

• Derisk science

• Tackle extremely hard problems

• Reduce human biases

• Accelerate scientific discovery

• Have humans doing the fun part



Denario
Goal: Automate science
Goal: Accelerate scientific discovery

Publicly available
2510.26887



Denario team



Developers

Boris Bolliet
(Cambridge)

Pablo Villanueva-Domingo
(Barcelona)



Denario team



Astrophysics

Adrian Bayer
(CCA/Princeton)

ChangHoon Hahn
(UT Austin)

Jun-Young Lee
(Princeton)

Licong Xu
(Cambridge)

Yan-Fei Jiang
(CCA)

Jay Wadekar
(John Hopkins)

Matteo Viel
(SISSA)

Iñigo Zubeldia
(Cambridge)

David Spergel
(Simons)



Denario team



Biology

Aidan Acqua
(Oxford)

Pablo Cardenas Ramirez
(Cornell/MIT/Harvard)

Qiyao Zhu
(CCB)

Anupam Anand Ojha
 (CCB/CCM)

Camille Bilodeau
(Virginia)

Chemistry

Shimanto Roy
(Virginia)



Denario team



Neuroscience

Yossi Yovel
(Tel-Aviv)

Almog Barzilay-Siegal
(Tel-Aviv)

Jiajun Zou
(SISSA)

Material Science

Osman Mamun
(Cornell)

Shuwen Yue
(Cornell)



Denario team



Machine Learning

Chi Wang
(DeepMind)

Pavlos Protopapas
(Harvard)

Miles Cranmer
(Cambridge)

Planetary Science

Wenhan Zhou
(Tokyo)

Bonny Wang
(Chicago)



Denario team



Software engineering

Chetana Amancharla 

(Infosys)
Ujjwal Tiwari

(Infosys)

Physics

Raul Jimenez
(Barcelona)

Pedro Tarancon
(Barcelona)



Denario team



Quantum physics                     Medicine

Mathematics                        Philosophy

Pablo Bermejo
(Google/DIPC/CCQ)

Urbano França
(Harvard)

Antonio Lerario
(SISSA)

Thomas Meier
(Munich)



Denario team



GitHub repository:

https://github.com/AstroPilot-AI/Denario

Installation:
>> pip install denario

HuggingFace app:
https://huggingface.co/spaces/astropilot-ai/Denario

Open invitation to everyone to join us!

Denario

https://github.com/AstroPilot-AI/Denario
https://github.com/AstroPilot-AI/Denario
https://github.com/AstroPilot-AI/Denario
https://huggingface.co/spaces/astropilot-ai/Denario
https://huggingface.co/spaces/astropilot-ai/Denario
https://huggingface.co/spaces/astropilot-ai/Denario


Idea sampler

Idea selector

Idea chooser Idea hater Idea maker

Idea module



Literature module



Methods module



Deep Research module
CMBAgent

https://github.com/CMBAgents/cmbagent Boris Bolliet
(Cambridge)

https://github.com/CMBAgents/cmbagent


Writing module



Reviewer module
https://skepthical-ai.org



DENDRAL (1960s)



Medicine

Urbano Franca
(Harvard Medical School)



Astrophysics

Jay Wadekar
(John Hopkins)



Biophysics

Anupam Anand Ojha 
(CCB/CCM)



Quantum physics + cosmology + machine learning

Pablo Bermejo
(Google/DIPC/CCQ)





Biology

Pablo Cardenas-Ramirez
(Cornell/MIT/Harvard)



Planetary science

Wenhan Zhou
(Tokyo)

Bonny Wang
(Chicago)



Mathematical physics

Pedro Tarancon
(Barcelona)

Raul Jimenez
(Barcelona)



Chemistry

Camille Bilodeau
(Virginia)



Neuroscience

Yossi Yovel
(Tel-Aviv)

Almog Barzilay-Siegall
     (Tel-Aviv)



Material Science

Osman Mamun
(Cornell)

Shuwen Yue
(Cornell)



Astrophysics

Yan-Fei Jiang
(CCA)



Biomedical informatics

Aidan Acquah
(Oxford)



Lessons learned

• A large number of the ideas/methods/analyses are uninteresting

• Around 10%-20% contain interesting ideas, plots, and/or analyses

• All our domain experts have found it very useful

• In some cases, Denario was able to “rediscover” known results

• In other cases, it was able to “discover” unpublished results

• In other cases, Denario taught us something new

• Research documents are at the undergraduate/early graduate level

• Works well across disciplines



Failure modes

• Peptide generation

•Mathematics



Advantages Limitations

New and broad ideas Citations

Fast research Shallow research

Fully reproducible results Previous knowledge

Interdisciplinary Failure modes

Explore risky ideas Hallucinations

More time to think!



Depth vs Breadth

Depth

B
re

ad
th

Humans

Artificial 
intelligence



Data

Input 
text

EDA 
module

Idea module Methods module Analysis module

Evaluation module

Paper module

Verification module

Reviewer module

Literature module

Denario2



Existing collaborations

Denario team: astrophysics, biology, biophysics, chemistry, material 
science, mathematics, computer science, medicine, neuroscience, 
planetary science, quantum physics, physics.

CAMELS data: big simulated collection of universes

Ecology data: with Uconn

SFARI data: Simons Foundation



Parallel ArXiv

• Important not to mix human and AI generated knowledge
• Human should be gold standard, AI is not there yet
• Good to report failed experiments
• Good to find information not available already in arXiv

Boris Bolliet
(Cambridge)



Generating knowledge



Final goal
Can agents working fully autonomously do science and make discoveries?



Ethics / Concerns
Low-quality papers Break the system (arXiv 

and Journals)

Inflate citations Validation*

Malicious usage* Training and education*

Authorship Homogenization

Access Environmental issues*

Plagiarism* Sidestep learning
* Not just related to AI



Philosophy of Science

Thomas Kuhn Paul Feyerabend
Science develops through periods of 
“normal science” in which knowledge is 
incorporated into existing theoretical 
frameworks, alternated with “paradigm 
shifts” during which those frameworks are 
overhauled.

“Anything goes”

science as a steady, purely rational accumulation of facts.



https://arxiv.org/pdf/2606.22859



Ancient voices

• Socrates:

• It destroys memory

• You get knowledge without 
understanding

• It tell you the same thing forever 
(not like dialogue)

We only know this because Plato wrote 
this 



Conclusions

• Denario can be a useful research assistant

• A brute force search in the space of scientific ideas

• The AI-human collaboration could accelerate 
scientific discovery

• This technology may change the way we approach 
science 





Denario: workflow
Input description

Idea
module

Methodology
module

Analysis
module

Writing
module

Idea Research plan Results Paper

Literature
module

Literature report

Review
module

Referee report



AI Agents

LLM
Output

Query

RAG (Retrieval Augmentation Generation)
Documents

Embedding 
model

Vector database

Similarity search

Embedding 
model



Really 
bad

Really 
good

A
ve

ra
ge



Multi-Agents: behavior

Collaboration Competition
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