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Multi-Agent System



Human in the loop?... Bad.

Task

Terminate



No human-in-the-loop!
Task:

Download the file: https://supernova.lbl.gov/Union/figures/SCPUnion2.1_mu_vs_z.txt
Its description is:

<description>
An ASCII table with tab-separated columns: Supernova Name, Redshift, Distance Modulus, and Distance Modulus Error. For Union2.1, there is an additional column for the probability that the supernova was hosted by a low-mass
galaxy.
</description>

Fit this data within flat LCDM model with two free parameters: H0 and Omega_L. Write a simple MCMC (but optimized/fast) code to fit for H0 and Ω_L using the SN1a data.

Make a contour plot and show the 1d posteriors, and quote the mean and 1-sigma on each parameter.
Finally show the data along with the best fit model and 68%/95% CL regions.
Comment on the results.

Constraints:
We are running this analysis on a Macbook Pro with 8 available threads. Ensure you use the resources optimally so the MCMC can run fast, i.e., within a few minutes until convergence.
Have the engineer agent do a preliminary MCMC timing step in a separate step.

scan me

Motivated by discussions w. David Kaiser (MIT) and Bruce Bassett (SAAO)'s 2024 article:
"Integrals and Integrity: Generative AI Tries to Learn Cosmology" MIT SERC journal



Goal: Superhuman Research

ArXiv:2507.07257

Get the open-source code here



"The main objective of A.I. is not to automate white-collar work," said Liam Fedus, one of the start-up's
founders. "The main objective is to accelerate science."

.........
Credit, image and quote: New York Times, Sept 30, 2025
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Can research be automated?
Gemini 2.5 DeepThink

GPT-5
Gold-medal level

ICPC
17 sept 2025

Przemysław Dębiak,
who beat OpenAI at world finals,

says he may be last human to win...

AtCoder
World Final

16 July 2025
AlphaGo

March 2016

In data-driven fields, AI outperforms humans at most tasks

Massive opportunity for acceleration and discovery

"Superhuman" research?

7th December 2025
Gold-medal level
NeurIPS
2025
Fair-universe
with agents

21 July 2025
Gemini DeepThink
Gold-medal level

IMO

AlphaFold
1st place on CASP
December 2018

Nobel Prize 2024



Discovery flow in data-driven fields
- Chemistry
- Biology
- Material Science
- Astrophysics
- Economics
- Quantitative Finance
- ...

Pre-existing
knowledge/theory/model

Pipeline often involves:
preset recipes

standard software packages

Can be automated!

New Dataset

Pipeline

Updated
theory/model

Can be "supercharged"



What is an Agent?

LLM
GPT-4.1, GPT-5, o3-mini
gemini-2.5-pro, ...
claude, ...

System Message
You are an idea maker agent.
You must provide a high quality set of ideas and update your ideas based on recommendations.
Ideas should be based on the data/problem of interest, and feasibility given the data available

def record_ideas(ideas: list):
""" Record ideas. You must record the entire list of ideas and their descriptions.
You must not alter the list."""
timestamp = datetime.datetime.now().strftime("%Y%m%d_%H%M%S")
filepath = os.path.join(cmbagent_instance.work_dir, f'ideas_{timestamp}.json')
with open(filepath, 'w') as f:
json.dump(ideas, f)
return f"\nIdeas saved in {filepath}\n"

An agent is an LLM instructed to play a role and to select tools

Agency

Tools



Scientific Research Project Idea Generation

with Adrian Bayer
Flatiron/Princeton

Example:



A multi-agent system is a group of agents that collaborate

Idea Agent

Literature Agent

...

The Lab of tomorrow

Paper writing Agent

Referee Agent

Simulation agent
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Francisco Villaescusa-Navarro Pablo Villanueva-Domingo



Denario: End-to-End Scientific Research





247 submissions
48 accept
Only 5 with >95% AI

https://agents4science.stanford.edu



PLANNER PLAN REVIEWER

Suggests
plan

Critiques
on the plan

N rounds

Final Plan

CONTROL

ENGINEER

EXECUTOR

Generates
and

debug
code

Reports
on

execution

N rounds
until

success
RESEARCHER

Provides interpretation
and reasoning.

Saves reports in markdown.

Code-based
sub-tasks

Reasoning
sub-tasks

All sub-tasks in plan
successfully completed

Terminates.

Planning

Control

Deep Research: Cmbagent

Planning

decompose main task into sub-tasks
propose-critique loop

Long workflows enabled by context handling

Other Example: ChatGPT DeepResearch, Claude Code,
OpenAI Codex, gemini cli, cursor agents,...
Ours is for scientific research

e.g., Xu et al (2025)
https://github.com/CMBAgents/cmbagent

Control/Execution

Solve each sub-task
generate-evaluate loop

Get the open-source code here:



Input: Weak lensing maps

Data volume ~1TB
Run time ~4h

FAIR-Universe NeurIPS Competition 2025

Output: Parameter value prediction

Strategy:
Human research followed by
Autonomous Program Synthesis
with Human-on-the-loop



Main-task Prompt Planning Prompt

PLANNER PLAN REVIEWER

Suggests
plan

Critiques
on the plan

N rounds

Final Plan

CONTROL

ENGINEER

EXECUTOR

Generates
and

debug
code

Reports
on

execution

N rounds
until

success
RESEARCHER

Code-based
sub-tasks

Reasoning
sub-tasks

All sub-tasks in plan
successfully completed

Terminates.

Planning

Control

Xu et al (2025)
https://github.com/CMBAgents/cmbagent

Get the open-source code here



FAIR-Universe NeurIPS Competition 2025

Open-phase leaderboard

Final leaderboard (i)



Humans

Time

Superhuman research
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It's not about automating menial tasks... Not about replacing students/researchers...

It's about building systems that do research with us, better than us alone.

Gemini 2.5 DeepThink
GPT-5

Gold-medal level
ICPC

17 sept 2025
Przemysław Dębiak,

who beat OpenAI at world finals,
says he may be last human to win...

AtCoder
World Final

16 July 2025
AlphaGo

March 2016

7th December 2025
Gold-medal level
NeurIPS
2025
Fair-universe
with agents

21 July 2025
Gemini DeepThink
Gold-medal level

IMO

AlphaFold
1st place on CASP
December 2018

Nobel Prize 2024

Research is a competition.



Inigo Zubeldia
(Cambridge)

Critique System
SKEPTHICAL = SKEPTIC + ETHICAL



Multi-Modal Reasoning (2511.14631)

Kahaan Gandhi
(Caltech)



Other areas of ongoing efforts:

- Data mining + hypothesis generation
(w. U. Demirbozan, G. Farren)

- Program & Agent Synthesis
(New York X Cambridge)

- Disseminating access
(Platforms for research)

- More competitions

Stay tuned!

(Aygun,.., Brenner, Google: 2509.06503)
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