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Primary focus: reasoning

Ø Inherent complexity of  natural science
• Modeling of  real-world scenarios

• Understanding of  fundamental laws

• Long, multi-step and unstructured reasoning

• Implicit constraints

• Deterministic & probabilistic, precise & approximate

• …

ØPrimary focus: 2023 ~ 2025

ØScientific research has extremely stringent requirements 

for accuracy

ØLLMs hallucinate in complex (long) scientific reasoning tasks
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Various approaches

ØTraining-based: improve the model’s intrinsic reasoning

ØTraining-free: augment reasoning with external mechanisms

• Scaling
• Fune-tuning

• Reinforcement learning

• Prompt engineering
• Tool calling

• External knowledge

• Workflows / agents (early-stage)
• Domain-specific design

• E.g., CoT, ToT, GoT, self-refine, MAD, Physics Supernova, LOCA… 

ØBreakthrough progress, significantly surpassing humans
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Achievements

ØE.g., on Olympiad-level physics problems
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Challenges for frontier fields

ØExample: perturbative quantum field theory

ØGreat uncertainty

    Highly complex domain-specific methods

Multiple 
methods 

integration
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Solution 1: prompt engineering

ØGuide AI’s reasoning behavior

https://doi.org/10.
1038/s42005-025-
01956-y

https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
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Solution 2: RAG / memory

ØMemory(accumulated experience)ØRAG(Retrieval-Augmented Generation)

ØDifference
Memory RAG

Data updates atomic, frequent batch, infrequent:

Primary use
personalized, 
dynamically 
evolving facts

general-purpose, 
relatively static
domain knowledge

ØProvide AI with external knowledge that it hasn’t encountered
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Solution 3: tool calling/MCP

ØTool calling

ØMCP(Model Context Protocol)

Leave professional work to professional tools

Standard protocol for communication 
between LLMs and tool services

• What tools?

• How to use?

• When to call?

https://resources.wolframcloud.com/PacletRe
pository/resources/Wolfram/MCPServer/

Considering absolute accuracy and efficiency

https://resources.wolframcloud.com/PacletRepository/resources/Wolfram/MCPServer/
https://resources.wolframcloud.com/PacletRepository/resources/Wolfram/MCPServer/
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Solution 4: scheduling
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Solution 5: multi-agent workflow

ØSingle-LLM belike： ØMulti-agent belike：

ØAgents with different roles collaborate like humans

ØFor truly complex, multi-step problems
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Solution 6: skills

ØProposed by Anthropic in 2025

ØProgram written in natural language 
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From vibe coding to vibe research

Ø Inspiration from vibe coding: a high level of  automation

ØCoding vs. research: fundamental differences in underlying logic
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The fundamental research-coding gap

ØOutcome-driven vs. principle-driven
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The fundamental research-coding gap
ØEngineering stability vs. rapid falsification
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The fundamental research-coding gap
ØMaintainability vs. reproducibility
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Accessibility for the broader research community
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Accessibility for the broader research community
ØNot all researchers are skilled programmers
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From disciplinary methodology to AI copilot
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Aether

ØAutonomous Engine for Theoretical & Hands-on Exploration in 

Research
ØTo achieve a more suitable kind of  vibe research
ØBased on OpenCode https://aether.aiphys.cn/

https://github.com/Science-Discovery/Aether

https://aether.aiphys.cn/
https://github.com/Science-Discovery/Aether
https://github.com/Science-Discovery/Aether
https://github.com/Science-Discovery/Aether
https://github.com/Science-Discovery/Aether
https://github.com/Science-Discovery/Aether
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Highlights: inherited from OpenCode

ØOpen source

ØFully utilize the foundational capabilities of  vibe coding
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Highlights: highly enhanced UI

ØUser-friendly, ready to use out of  the box
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Highlights: mobile devices integration

ØWeChat, QQ and FeiShu integrated, supporting remote work 

and voice input
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Highlights: research adaptation

Ø Integrated professional skills/tools for scientific discovery 

(general & domain-specific)
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Highlights: research adaptation

ØUser-level memory mechanism; the Cron scheduler
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Highlights: research adaptation

ØSelf-evolving scientific research skills
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Highlights: research adaptation

ØResearch agent mode (upcoming public release)
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E.g.1: pQFT skills for high-energy physics
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E.g.1: pQFT skills for high-energy physics
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E.g.2: research agent mode
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Summary and outlook

Ø AI for scientific discovery is evolving from isolated algorithmic tools toward integrated 
research platforms

Thank you！

Ø The next generation of  AI research agent should augment the entire scientific discovery 
process, rather than individual research tasks

Ø Because scientific research fundamentally differs from coding, dedicated research 
agents—not generic coding agents—are essential for effective AI-assisted scientific 
discovery

Ø General and domain-specific research skills will continue to be developed by experts, 
ultimately becoming valuable training resources for future foundation models


