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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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Al Agent: LLM with decision making capability

Benvenuto/a, Ginevra

Quando vuoi.

Claude Fable 5 non & attualmente disponibile. Scopridipit X

il - riassumi un documento - pianifica la settimana

Sonnet 4.6 Basso G i

ivere (2 Vitaquotidiana () SceltadiClaude

Al 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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LangGraph
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DENARIO

* Al 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

LangGraph

https: //092 ai/

*Plan and Control is done with cmbagent CMHMBAGENT

https://github.com/
CMBAgents/cmbagent



https://ag2.ai/
https://github.com/CMBAgents/cmbagent
https://github.com/CMBAgents/cmbagent

DENARIO: The Architecture

hitps://aithub.com/AstroPilot-Al/Denario  Version 2.0 out in a couple of months

Input description

Idea
module

Methodology
module

Analysis
module

Literature Review
module module

Literature report Research plan Results Referee report
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DENARIO: The Architecture

* Input description: will initially (ot dotpn

guide the system towards the

module

final result

module

Analysis
module

* [t can contain data, topic to

Paper Review
module module

iInvestigate, analysis that we

Literature report Research plan Referee report

want to perform, key points...

* The input.md file will be given

to the consecutive modules
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* ldea module: Takes input.md and

Input description

Idea
module

produce a file idea.md

Methodology
module

* Goal: generate a (hopefully) o

module

innovative idea given the initial et

module module module
data

Literature report Research plan Referee report

* The pipeline tries to mirror the

natural human process of idea

Idea Hater

dea Maker
d eve I O p I I le nt Generates research ideas based on the data of interest. Role: Critical reviewer of research project ideas.

Refines ideas based on critiques from the idea_hater. Purpose: Find flaws, irrelevance, or infeasibility in proposed ideas.
Clear, structured list of ideas with explanations for each. utput: Critiques with suggestions for improvement or rejection.

Make creative, data-driven directions to advance the plan. soal: Ensure all project ideas are realistic and scientifically sound.
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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

Literature report

Input description

Summary
agent
Literature report

Review
module

Referee report
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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

10
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* Analysis Module: Takes input.md,

iIdea.md and methods.md.

* Goal: generate the results as stated

Methodology
module

in the methodology
* |t 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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* Report Module: Takes input.md,

Input description

idea.md, methods.md and

module

results.md

Methodology
module

Analysis

* Goal: put everything together and

write the report Lo e

Literature report Research plan Referee report
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DENARIO: The Architecture

* Report Module: Takes input.md,

idea.md, methods.md and

Input files

results.md

Section agents

1. Abstract
Preprocess 2. Introduction

* Goal: put everything together and S

5. Conclusions

write the report

* Different agents will take care of

different abstract/sections/plots.

12

Paper
Captions

Citations
agent




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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DENARIO: What you obtain

horndeski_promp Project_Horndesk
t.ma BT |

gemini.json hordenski.py horndeski_promp method_generati idea_generation_ input_files methods_generati experiment_gener
t.md on_output output on_output ation_output
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The Physical set up

Theories of modified gravity: scalar tensor theories

£:£EH+£¢

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.

14
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0S5 =0 4+ det|K|=0

Beyond Horndeski

Horndeski DHOST: most

general scalar
tensor theories
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Degeneracy conditions — Constraints on the parameters of your theory

Slguw, @] = / 42/ =g [F(X, $) R+ CP*PV ¥, ¢V Vo &

l

D
CHP7 o 3 Ai (X, 9)
1=1

Stable theory on the classical level. What happens when we consider guantum
corrections”?
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corrections?

» Galileon theories — 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.
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The Physical set up

Stable theory on the classical level. What happens when we consider quantum
corrections?

 Galileon theories — 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?

17
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QUESTION: Can we see these constraints as a manifestation of a hidden
symmetry?

Analyse the Horndeski Lagrangian as described here https://arxiv.org/abs/1404.3713. The goal is to
investigate whether hidden symmetries exist that can protect the theory from instabilities such as ghosts,
tachyons, or other undesirable features. The analysis must show explicitly that no ghosts are generated,
not even at first-order perturbative corrections (one-loop level). Additionally, any proposed symmetries
should be compatible with observational constraints, such as the speed of gravitational waves,
cosmological expansion and structure growth. Do a thorough analysis and write a detailed paper.

18



Al-Assisted Exploration

QUESTION: Can we see these constraints as a manifestation of a hidden
symmetry?

Analyse the Horndeski Lagrangian as described here https://arxiv.org/abs/1404.3713. The goal 1s to
investigate whether hidden symmetries exist that can protect the theory from instabilities such as ghosts,
tachyons, or other undesirable features. The analysis must show explicitly that no ghosts are generated,
not even at first-order perturbative corrections (one-loop level). Additionally, any proposed symmetries
should be compatible with observational constraints, such as the speed of gravitational waves,
cosmological expansion and structure growth. Do a thorough analysis and write a detailed paper.

l

experiment_gener idea_generation_ iInput_files methods_generati gemini.json hordenski.py
ation_output output on_output

18



Al-Assisted Exploration

DRAFT VERSION SEPTEMBER 26, 2025
Typeset using [ATEX twocolumn style in AASTeX631

Quantum Kinetic Structure Preservation in Horndeski Theories: Ensuring One-Loop Stability and
Testable Cosmology

DENARIO"

L Anthropic, Gemini €& OpenAl servers. Planet Earth.

ABSTRACT

Horndeski theories, while constructed to be classically ghost-free, face the critical challenge of pre-
serving this stability under quantum corrections, which often introduce problematic higher-derivative
ghost terms into the effective action. This paper proposes the Quantum Kinetic Structure Preser-
vation (QKSP) symmetry, a principle defined by specific algebraic and differential relations among
the theory’s functions, designed to explicitly maintain its intrinsic ghost-free kinetic structure at the
one-loop level and prevent the generation of new propagating ghost degrees of freedom. Our multi-
stage theoretical analysis first establishes classical stability conditions for Horndeski theories around
a flat Friedmann-Lemaitre-Robertson-Walker background, incorporating the observational constraint
of luminal gravitational wave propagation (c¢5 = 1). We then compute the one-loop effective ac-
tion using the background field method and heat kernel regularization to identify quantum-generated
higher-derivative terms. The QKSP conditions are derived by demanding the vanishing of coefficients
for terms that would introduce higher-than-second-order time derivatives in the effective action for
physical perturbations. We find that QKSP symmetry fundamentally implies that scalar and tensor
modes must propagate at the same speed (¢ = c%), which, combined with the empirical ¢% = 1,
leads to the strong prediction that QKSP-symmetric Horndeski theories must satisfy ¢ = 1. A sub-
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DENARIO first iteration: Consider Type la class
Ay = —A,, F+ XAy #0, constraints on Az, A4, As

Find whether it exists an hidden symmetry for this theory for which the
degeneracy conditions can be seen as a manifestation of a hidden symmetry,
protecting the possible quantum corrections.

Ocp(z) = €(z) A, X)
5egw/(x) — e(x) Lﬁ(gw/) — e(x) (Vu‘gu T VV’S;L) — gli — CY(¢, X) ¢H
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Consider the quantum corrected Lagrangian

p— \/D¢ Dg 67' Scl[g,¢]+’b ng[g,d)]—H Sghost

De Donder gauge + Unitary gauge — Disformal frame

/ma

Finite normalization

/D () Scl [g]
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Consider the quantum corrected Lagrangian

p— /D¢ Dg ez Scl[g,¢]+7/ ng[g,qb]—H Sghost

De Donder gauge + Unitary gauge — Disformal frame

/D¢5 /D ZSCI[g] zggf[g] igghost

Finite normalization

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

22
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Seeley-DeWitt: ag o {R, G, W}

Going back to the original coordinates:

Lo = { Bw(co,e1, X)W + Balco, e1, X) G+ Brlco,e1, X) B2 + Y vi(co, 1, X) O |
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Seeley-DeWitt: ag o {fz, G, W}

Going back to the original coordinates:

Lot {5W(00761,X) W + Ba(co, 1, X) G + Br(co,c1, X) R+ ) vi(co,c1,X) O; }

Safe from Ostrogadsky ghost: Pure gravity theory — the scalar dof is not
propagating
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Al-Assisted Exploration

Seeley-DeWitt: ag o {R, G, W}

Going back to the original coordinates:

Lot ~ 9 Bw/(co,c1, X)W + Bg(co,c1,X) G+ Br(co,c1, X)R* + )Y 7i(co,c1,X) O;
\

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

What happens with other gauge choices?

23
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Al-Assisted Exploration

De Donder gauge + covariant gauge choice for the scalar field

Expand the action up to second order in the fields

Counterterms Lagrangian:

Y gz Fi(d, X) O; ~ {Gravity + Interaction + Scalar}

The gauge generator defines one of the null directions of the kinetic matrix

Safe from Ostrogadsky ghost: gauge symmetry preserves degeneracy
conditions
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Al-Assisted Exploration

What about the other ghosts and instabilities?

Log =/ — gz Fi(¢, X) O; ~ {Gravity + Interaction 4+ Scalar}
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Al-Assisted Exploration

What about the other ghosts and instabilities?

Lot =/ — gz Fi(¢, X) O; ~ {Gravity + Interaction 4+ Scalar}

EFT approach?
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PROs & CONSs

v/ More efficient
v/ Able to deal with theoretical problems

v/ Can speed up research

Not entirely free
Can make mistakes

Power compromised dynamics in academia (?)
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