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OUTLINE 
•What is DENARIO? 


•For which physical problem did we use it? 


•How does it work? 


•Preliminary results
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DENARIO 
The DENARIO project: DEep kNowledge Agents foR scIentific discOvery
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AI  Multi-Agent: Autonomous system composed by many number of 
agents

• Agents can be specialized for different tasks
• Different relations among agents
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DENARIO 
•AI multi-agent system designed to be a scientific research assistant
•Generate ideas, check the literature, develop research plans, write and 

execute code, make plots, and write a scientific paper
•Modular system: multi agent orchestration with AG2 and LangGraph

https://ag2.ai/ 

•Plan and Control is done with cmbagent
https://github.com/
CMBAgents/cmbagent
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https://ag2.ai/
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https://github.com/CMBAgents/cmbagent


DENARIO: The Architecture
https://github.com/AstroPilot-AI/Denario Version 2.0 out in a couple of months
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guide the system towards the 

final result

• It can contain data, topic to 

investigate, analysis that we 

want to perform, key points…

• The input.md file will be given 

to the consecutive modules
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DENARIO: The Architecture
• Literature module: Takes 

input.md and idea.md and will 

produce a literature review

•Goal: determine whether the idea 

is original or not

•Composed by three agents
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DENARIO: The Architecture
•Methodology module: Takes 

input.md and idea.md and will 

produce methods.md

•Goal: produce plan and 

methodology to tackle the problem

• The output will be a detailed 

research plan

• It will focus on the methods and 

workflow, rather than generating 

results
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DENARIO: The Architecture
• Analysis Module: Takes input.md, 

idea.md and methods.md. 
•Goal: generate the results as stated 

in the methodology
• It can write and run code, generate 

plots and interpret the results
• The output will be a report and 

plots
• Framed out in research-specialized 

cmbagent 
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DENARIO: The Architecture
•Report Module: Takes input.md, 

idea.md, methods.md and 

results.md

•Goal: put everything together and 

write the report

• Different agents will take care of 

different abstract/sections/plots.

• The output will be a .tex file with 

the final report.
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The Physical set up
Theories of modified gravity: scalar tensor theories 

Horndeski theories (1974): most general tensor-scalar with 2° EOMs + Galilean 
symmetry for the scalar dof  Galileons→
Ostrogadsky theorem: Any non-degenerate Lagrangian that depends non-
trivially on time derivatives higher than first order leads to a Hamiltonian that is 
linear in at least one canonical momentum and is therefore unbounded from 
below. Consequently, the theory possesses an instability, known as the 
Ostrogradsky instability or Ostrogradsky ghost.
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DHOST

Beyond Horndeski

Horndeski DHOST: most 
general scalar 
tensor theories
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Stable theory on the classical level. What happens when we consider quantum 
corrections?

• Galileon theories  Non renormalization theorem: quantum loop corrections do 
not renormalize the coefficients of the Galileon operators. Loops may generate 
operators with more derivatives per field, but they cannot change the coefficients 
of the original Galileon interactions.

→

• DHOST theories  Do we have a mechanism that can guarantee stability when 
we consider loops?

→
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Consider the quantum corrected Lagrangian

De Donder gauge + Unitary gauge  Disformal frame→

⟵⟵

Pure gravityFinite normalization

Divergent part of the one loop effective action: Seeley-DeWitt coefficient 
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Seeley-DeWitt: 

Going back to the original coordinates: 

Safe from Ostrogadsky ghost: Pure gravity theory  the scalar dof is not 
propagating

→

What happens with other gauge choices?
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De Donder gauge + covariant gauge choice for the scalar field

Expand the action up to second order in the fields
Counterterms Lagrangian:

Safe from Ostrogadsky ghost: gauge symmetry preserves degeneracy 
conditions

The gauge generator defines one of the null directions of the kinetic matrix
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What about the other ghosts and instabilities?

EFT approach?



PROs & CONs

26



PROs & CONs

26

 More efficient 



PROs & CONs

26

 More efficient 

 Able to deal with theoretical problems 



PROs & CONs

26

 More efficient 

 Able to deal with theoretical problems 

 Can speed up research 



PROs & CONs

26

 More efficient 

 Able to deal with theoretical problems 

 Can speed up research 

 Not entirely free



PROs & CONs

26

 More efficient 

 Able to deal with theoretical problems 

 Can speed up research 

 Not entirely free

 Can make mistakes  



PROs & CONs

26

 More efficient 

 Able to deal with theoretical problems 

 Can speed up research 

 Not entirely free

 Can make mistakes  

  Power compromised dynamics in academia (?)


