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Science done differently
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Al changes the structure of exploration

Al is not just a faster calculator.

It changes the geometry of scientific search.

Al systems can help us:
traverse enormous conceptual spaces;
generate hypotheses;
connect distant domains;
simulate possibilities;

iterate much faster than individual human cognition.

Science becomes less like a pipeline
and more like a hybrid cognitive ecosystem.
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Al is not merely a new tool for science.

It may reveal that science itself was always
a form of guided, collective, coherence-seeking exploration.

Not just a method for knowing the world,
but a way the world generates new forms of
knowing.




Science as Percolation
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Early: isolated ideas Threshold: connected framework

In percolation, local links suddenly become a global path.
In science, isolated results can suddenly connect into a new framework.

Agentic Al can speed up and improve drastically the range of these
connections: literature, simulations, hypotheses, and experiments.
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Incremental Science vs. Disruptive Science

Most science is incremental . - .
Rarely, science is disruptive
Better measurements
A new framework changes the map
Cleaner datasets .
Old facts are reorganized
Smaller error bars . .
I g | New questions become possible
mproved controls .
5 P lat Example 1: Quantum Mechanics
etter simulations .
Example 2: Theory of Evolution of

Slightly better molecules or Species

materials

Breakthroughs are rare. Most breakthroughs stand on thousands of small
steps.
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Traditional Science vs. Agentic Science

Old work ow:

“l have an idea. Al, please help me check it."

New work ow:

“Al, generate strange ideas, attack my assumptions, find
contradictions, and tell me why my favorite hypothesis is probably
wrong."”

Key shift: the scientist is no longer only the commander.
The scientist becomes a chaotic promoter of useful collisions.
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The Scientist Is Not the Orchestra Conductor Anymore

Traditional model:
Scientist — Tool — Result
Agentic model:

Scientist <+ Agents <> Data, Literature, Simulations, Experiments

A less elegant but more accurate image

The scientist is now someone releasing intelligent raccoons into a library and
saying:

“Find me something interesting, but please do not burn the building.”
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Agentic vs Non-agentic Al

Al FOR SCIENCE DISCOVERY: TRADITIONAL vs AGENTIC

From answering questions to expanding and testing hypotheses at scale

TRADITIONAL Al FOR SCIENCE AGENTIC Al FOR SCIENCE

Assist human researchers Expand and test hypothesss at scale

Human defines the question Al agents generate, expand, test and learn

@ and drives the process in a multi-agent system

APPROACH ‘ — — > |I | —> A
Al Tools Answer / i Validated
Insight / i i
Human formulates one or a few hypotheses Agents generate many diverse hypotheses in parallel
HYPOTHESES @
R A Sequential, limited by human time Massively parallel exploration across ideas, data and tools
&Y 4
and attention . PR S— )
EXPLORATION N N W .
SCALE ®e—0—e—e © “—o—0—0——0
Human selects experiments and analyzes results Agents design, run and analyze experiments/simulations
A continuously
e 32— & — A-A-O-@-B-@ —,
| —
Limited learning from each use Continuous learning across results; improves future searches
LEARNING @ O
Answers questions faster Finds bttr questions, ests mre of e, )
and discovers what we didn’t think to ask

OUTCOME

/' RESULT: Agentic Al transforms science from a human-limited workflow into a scalable, self-improving discovery engine.
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Agentic vs Non-agentic Al

SENDING AGENTS TO EXPLORE A NEW PLANET

Many agents. Different roles. One mission: discover, learn, and bring back knowledge.

OUR GOAL:
Understand this planet
and return new knowledge

for humanity. MISSION PLAN

Explore

Collect Data

Test ldeas

Search Knowledge
Evaluate & Critique
Report Back

THE PLAN
47 1. LAUNCH AGENTS

£7} 2. EXPLORE & GATHER DATA (
A 3. TEST HYPOTHESES G e
@ 4 Learn & oapT

((g) 5. SEND KNOWLEDGE BACK

(ZAS) BACK TO EARTH
i gs,

insights, and new questions.

Go explore!
We'll be waiting
for your findings.

Analyzing
what we see
and hypotheszing!

SCIENTIST AGENT

Searching for clues
in local structures
and signals!

*~~~-

WHAT WE GET BACK

8 4 ® =% ¢

New Data

Tested Maps &

Models

Surprises! New

CRITIC AGENT

Questions

Hypotheses
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Collecting
samples and
environmental

Sending data
and insights

!
Questioning backhome]

assumptions.
Finding weak
spots!

COMMUNICATOR AGENT

——————

New knowledge! THE CYCLE CONTINUES

Better models!

Next mi (

We learn, adapt,
and send new teams even further!
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Traditional Al vs Agentic Al for Scientific Discovery

Traditional Al

Goal: Assist the researcher

Typical Prompt

“Summarize recent papers on
protein aggregation and suggest
3 hypotheses.”

Characteristics
@ Human drives the work ow
@ Al answers speci ¢ questions
@ Limited exploration
@ Sequential reasoning
@ Few hypotheses tested

Work ow
Researcher ¥ Al Tool ¥ Insight

Agentic Al

Goal: Expand and test hypotheses at scale

Typical Prompt

“Generate competing hypothe-
ses, test them with simulations
and literature review, critique
weak ideas, refine promising
ones, and iterate autonomously.”

Characteristics

Multi-agent collaboration
Autonomous exploration

Parallel hypothesis generation
Continuous testing and re nement
Self-critique and adaptation
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From Prediction to Discovery

Predictive Al Agentic discovery
Learns from existing data Plans multi-step workflows
Predicts likely outcomes Uses scientific tools
Works best inside known Tests hypotheses
distributions Explores possibility space
Answers: “What is probable?” Asks: “What should we try next?”
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Out-of-Distribution: e Discovery Often Lives

Scientific value o
A~ Distribution boundary

Possible discovery

agentic exploration

Known relations

1
1
1
1
1
1
1
1
1
1
1
1
| Extrapolation is where discovery may live, but also where errors become more dangerous.
1

1

1

» Possibility space

New drugs may not look like previous drugs.
New materials may sit far from known examples.
New mechanisms may not fit old categories.

The challenge: explore beyond the training distribution without confusing
novelty with nonsense.
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e Agentic Al Can Improve Discovery

Literature synthesis: map papers into mechanisms, conflicts, and gaps.

Hypothesis generation: propose causal explanations and testable
predictions.

Experiment design: choose variables, controls, and next-best experiments.

Simulation orchestration: run molecular dynamics, DFT, plasma, quantum,
or climate simulations.

Data analysis: clean, analyze, debug, and interpret complex datasets.

Closed-loop discovery: connect prediction, experiment, feedback, and
model updating.

Cross-domain reasoning: connect biology, chemistry, physics, and
engineering.
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Biology Example: Therapeutic Discovery Agents

Agentic Al can support:

Target identification from multi-omics data

Disease mechanism reasoning

Drug response prediction

Literature-grounded hypothesis generation

Candidate prioritization before wet-lab validation

1

Literature
Reasoning

Research ( Omics
Planning L Analysis

Testable

Source / inspiration: MEDEA and PandaClaw agentic therapeutic discovery systems.
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