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• Our recent works at the intersection of Gen AI and astrobiology on origins of life

• LifeTracer: Discriminating Abiotic and Biotic Organics in Meteorite and Terrestrial 
Samples (PNAS Nexus, in press)

• AstroAgents v1: A Multi-Agent AI for Hypothesis Generation from Mass 
Spectrometry Data (ICLR, Agentic workshop)

• Future collaborations with Microsoft on expanding hypothesis generation
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Quick overview
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Bennu
Future NASA mission: MARS

Sample return missions: need for tools to detect alien life

OSIRIS-REx

https://science.nasa.gov/mission/osiris-rex/

DAVINCI: Venus
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LifeTracer

PNAS Nexus 2025, In press
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LifeTracer

PNAS Nexus 2025, In press
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Discovered biosignatures by LifeTracer

PNAS Nexus 2025, In press
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AstroAgents v1

Add relevant research papers

Mass Spectrometry Data:

ID M/Z RTs Compound Samples

1 128.17 (68 min, 1.2s)
Naphthalene

Orgueil
Lignite

Instructions:

I have conducted an experiment using GCxGC to
analyze biotic (terrestrial) and abiotic (meteorite)
samples.
I want you to analyze the table and come up
with interesting conclusions and hypotheses.
Note that your hypotheses should be novel and
specific.

AstroAgents

ICLR 2025, Towards Agentic AI for Science: Hypothesis Generation, Comprehension, Quantification, and Validation
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AstroAgents v1

Add relevant research papers

Mass Spectrometry Data:

ID M/Z RTs Compound Samples

1 128.17 (68 min, 1.2s)
Naphthalene

Orgueil
Lignite

Instructions:

I have conducted an experiment using GCxGC to
analyze biotic (terrestrial) and abiotic (meteorite)
samples.
I want you to analyze the table and come up
with interesting conclusions and hypotheses.
Note that your hypotheses should be novel and
specific.

AstroAgents Identifies significant patterns

Highlights unexpected findings

Data Analyst

Discover possible contamination

ICLR 2025, Towards Agentic AI for Science: Hypothesis Generation, Comprehension, Quantification, and Validation



9

Add relevant research papers

Mass Spectrometry Data:

ID M/Z RTs Compound Samples

1 128.17 (68 min, 1.2s)
Naphthalene

Orgueil
Lignite

Instructions:

I have conducted an experiment using GCxGC to
analyze biotic (terrestrial) and abiotic (meteorite)
samples.
I want you to analyze the table and come up
with interesting conclusions and hypotheses.
Note that your hypotheses should be novel and
specific.

AstroAgents Identifies significant patterns

Highlights unexpected findings

Data Analyst

Discover possible contamination

Delegates specific areas within
the input data across a team of
three scientists for in-depth 
exploration and investigation

Planner

AstroAgents v1

ICLR 2025, Towards Agentic AI for Science: Hypothesis Generation, Comprehension, Quantification, and Validation
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Add relevant research papers

Mass Spectrometry Data:

ID M/Z RTs Compound Samples

1 128.17 (68 min, 1.2s)
Naphthalene

Orgueil
Lignite

Instructions:

I have conducted an experiment using GCxGC to
analyze biotic (terrestrial) and abiotic (meteorite)
samples.
I want you to analyze the table and come up
with interesting conclusions and hypotheses.
Note that your hypotheses should be novel and
specific.

AstroAgents Identifies significant patterns

Highlights unexpected findings

Data Analyst

Discover possible contamination

Delegates specific areas within
the input data across a team of
three scientists for in-depth 
exploration and investigation

Planner

Analyze PAH distribution
patterns in meteorites,
focus on IDs 1, 2 ...

Investigate sulfur-containing
and oxygen-containing
compounds (IDs 14, 27, 30, 44)...

Study the distribution patterns
of complex alkylated aromatics 
and their derivatives (IDs 15, 23) ... 

Scientist 1 Scientist 2 Scientist 3

AstroAgents v1

ICLR 2025, Towards Agentic AI for Science: Hypothesis Generation, Comprehension, Quantification, and Validation
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Add relevant research papers

Mass Spectrometry Data:
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Naphthalene

Orgueil
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Instructions:

I have conducted an experiment using GCxGC to
analyze biotic (terrestrial) and abiotic (meteorite)
samples.
I want you to analyze the table and come up
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Note that your hypotheses should be novel and
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exploration and investigation

Planner

Analyze PAH distribution
patterns in meteorites,
focus on IDs 1, 2 ...

Investigate sulfur-containing
and oxygen-containing
compounds (IDs 14, 27, 30, 44)...

Study the distribution patterns
of complex alkylated aromatics 
and their derivatives (IDs 15, 23) ... 

Scientist 1 Scientist 2 Scientist 3

Accumulator Agent

Concatenate hypotheses

Discard repetitive hypotheses

Literature Review
Provides a summary
based on literature
for each hypothesis.

AstroAgents v1

ICLR 2025, Towards Agentic AI for Science: Hypothesis Generation, Comprehension, Quantification, and Validation
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Add relevant research papers

Mass Spectrometry Data:

ID M/Z RTs Compound Samples

1 128.17 (68 min, 1.2s)
Naphthalene

Orgueil
Lignite

Instructions:

I have conducted an experiment using GCxGC to
analyze biotic (terrestrial) and abiotic (meteorite)
samples.
I want you to analyze the table and come up
with interesting conclusions and hypotheses.
Note that your hypotheses should be novel and
specific.

AstroAgents Identifies significant patterns

Highlights unexpected findings

Data Analyst

Discover possible contamination

Delegates specific areas within
the input data across a team of
three scientists for in-depth 
exploration and investigation

Planner

Analyze PAH distribution
patterns in meteorites,
focus on IDs 1, 2 ...

Investigate sulfur-containing
and oxygen-containing
compounds (IDs 14, 27, 30, 44)...

Study the distribution patterns
of complex alkylated aromatics 
and their derivatives (IDs 15, 23) ... 

Scientist 1 Scientist 2 Scientist 3

Accumulator Agent

Concatenate hypotheses

Discard repetitive hypotheses

Literature Review
Provides a summary
based on literature
for each hypothesis.

Critic
Evaluates the generated
hypotheses and suggests
improvements.

Next iteration of hypothesis generation based on critics' feedback

AstroAgents v1

ICLR 2025, Towards Agentic AI for Science: Hypothesis Generation, Comprehension, Quantification, and Validation



Human expert evaluations

• Claude Sonnet 3.5 (48 hypotheses)
• fewer logical errors
• stronger consistency with the literature
• scored higher on clarity

• Gemini 2.0 Flash (101 hypotheses)  
• higher novelty scores 
• but more logical errors

ICLR 2025, Towards Agentic AI for Science: Hypothesis Generation, Comprehension, Quantification, and Validation
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Expanding hypotheses generation for origin of life

Add relevant research papers

Mass Spectrometry Data:

ID M/Z RTs Compound Samples

1 128.17 (68 min, 1.2s)
Naphthalene

Orgueil
Lignite

Instructions:

I have conducted an experiment using GCxGC to
analyze biotic (terrestrial) and abiotic (meteorite)
samples.
I want you to analyze the table and come up
with interesting conclusions and hypotheses.
Note that your hypotheses should be novel and
specific.

AstroAgents

• From single-source to multi-source: Moving beyond just mass spectrometry  
to integrate mission archives, chemical databases, and peer-reviewed literature.

• Instruments included: Bringing in data streams from SHERLOC (Perseverance rover)  
and MOMA (ExoMars rover).

• Comprehensive evidence base: Unifying chemical knowledge, experimental results,  
and planetary data for stronger, AI-driven hypothesis generation.

+

ICLR 2025, Towards Agentic AI for Science: Hypothesis Generation, Comprehension, Quantification, and Validation



Expanding hypotheses generation for origin of life



• Excited about the opportunity to collaborate with the Microsoft Discovery team 
and leverage their tools to advance AstroAgents++.


• Use in-silico simulation to test, rank, and refine hypotheses.


• Fuse multi-modal evidence: Interstellar medium, star & planet formation, 
meteorites, prebiotic chemistry, and early biological activity.


• Wet-lab testing of generated hypotheses.

Expanding hypotheses generation for origin of life



Thank you!

AstroAgentsLifeTracer

A. Stockton

School of Chemistry 
& Biochemistry

Daniel Saeedi A. Aghazadeh

School of ECE School of ECE


