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1,000 Scientists Jam Session: In numbers

Researcher participation and contributions on a voluntary basis.

Total:

2800+ problems

15000+ assessed prompt
responses

Argonne:

720 problems
2500 prompts

LG

NOT e

Argonne &



Literature/Dat

Experiments Coding

Bio

—t— ——

1,000 Scientists Jam Session: Domains

Researcher participation and contributions on a voluntary basis.

Literature search, analysis, survey

Data analysis and forecast, interpolation, extrapolation,
classification (Point Cloud, signal, protein sequences, files, etc.)
Anomaly detection

Signal Analysis

Scientific Visualization

Algorithm design/optimization

Automatic code generation/refactoring

Code translation

Debugging codes (sequential, parallel)

Automatic code performance tuning/optimization
Identifying performance bottlenecks

Automatic tuning of instruments
Experimental Design (including autonomous workflow)
Dark mater experiment design

Understanding mechanisms of Cancer
Understanding radiation effects on human cells
Predictive Genomic Models

Al

Physics

Infra.

Math
A

Domain specific LLMs/Agents (use LLMs
as foundation models)

Hyper parameter exploration for DL
training.

Battery design
Chemical Mechanisms
Physics beyond standard model

Infrastructure modeling and resilience
Natural Disaster assessment

Surrogate model
Mathematical derivations
PDE solving

Convergence proving
Equation validity testing
Derivative analysis
Uncertainty estimation
Inverse problems
Statistical modeling

Argonne &



1,000 Scientists Jam Session: Problem Types

Researcher participation and contributions on a voluntary basis. * Algorithm design/optimization
. Automatic code generation/refactoring
. Code translation

* Batter‘y design ' . Debugging codes (sequential, parallel)
* Chemical Mechanisms . Automatic code performance tuning/optimization
*  Physics beyond standard model «  Identifying performance bottlenecks

. Understanding mechanisms of Cancer
. Understanding radiation effects on human cells

. Literature search, Predictive Genomic Models

analysis, survey

. Surrogate model

. Mathematical derivations

. PDE solving

. Convergence proving

. Equation validity testing

. Derivative analysis

. Uncertainty estimation

. Inverse problems

. Statistical modeling

. Domain specific LLMs/Agents (use LLMs as foundation models)
. Hyper parameter exploration for DL training.

Accelerated
. .pe . Automatic tuning of instruments
SC'E"tlf'C . Experimental Design (including

autonomous workflow)

MethOd . Dark mater experiment design

https://doi.org/10.1038/s41524-
022-00765-z

. Data analysis and forecast, interpolation,
extrapolation, classification (Point Cloud, signal,
protein sequences, files, etc.)

. Anomaly detection

. Signal Analysis

. Scientific Visualization

. Natural Disaster assessment Argon ne o

. Infrastructure modeling and resilience NATIONAL LABGRATORY

.
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1,000 Scientists Jam Session: Model usage

Researcher participation and contributions on a voluntary basis.

Model Count
OpenAl 03-mini 2139
OpenAl 03-mini-high 1390
OpenAl o1-pro 1189
Unclear 380
Claude Sonnet 3.7 255
GPT-40 253
GPT-4.5 145
ChatGPT 126
GPT-4 122
Claude Sonnet 3.7 96
Thinking

OpenAl DeepResearch |70
OpenAl o1-mini-high 51
Deep Research 47
OpenAl o1 30
Claude 3.5 19
Other 8
Free Version 6
Google Flash Thinking |2

0.8
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1,000 Scientists Jam Session: Skill tested

Researcher participation and contributions on a voluntary basis.

(selected by user)

Skill Assessment Frequencies
(Skills with Non-Empty Assessments)

805

analysis

planning 772

conclusions

Skill

review - 583
hypothesis 4 391
0 100 200 300 400 500 600 700 800
Frequency

NATIONAL LABORATORY



Input/Output prompt length distribution (words,
tokens) Input

Prompt Length Distribution (Words)

Tokens

o 20 40 &0 piii]
Length

Proampt Length Distribution (Tokens)

100
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Output

Qutput Length Distribution {Waords)

1000 4

800 1

600 1
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1,000 Scientists Jam Session: skills strength &Lt
(average over the whole corpus)

LLM as a judge to automatically score (1-5) the LLMs responses

Lessons learned:
* Field style experiments are just nascent ifterent skills

3.0

~2.8 —|- :
 We need to understand better what to capture (scoring)
* We need to understand better how to diagnose Al model
- weaknesses based on human-Al model interactions in science
%18 context. N

=

Result robust
against change
the judge model

1.01

os] i

0.0
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Lessons learned Communicated to Riken

Executive summary
1. Designated Points of Contact (POCs) are Mandatory: Each national laboratory must identify Tech Lead, Logistics
Lead, Run-of-Show Lead, Review Lead, and Comms Lead POCs, ensuring clear roles and responsibilities.
2. Consistent Communication is Critical: Weekly sync meetings are mandatory for all POCs. Increase of meeting
frequency as the date of the JAM approaches.
3. Standardized Communication and Storage Tools: All participants must commit to using the agreed-upon
communication (Slack, email) and document storage (Box) methods.
4. Al Lab Model Providers Have Specific Commitments: These include providing a POC, conducting a training webinar,
and ensuring onsite technical support during the Jam.
5. Streamlined Model Access is Recommended: Utilizing IP address-based access for large Al Jams is suggested to
simplify account management.
6. Hosting Labs Hold Significant Logistical Responsibility: They are responsible for all onsite logistics, participant
communication, registration, and disseminating crucial guidance.
7. Legal and Compliance Aspects Must Be Addressed: Timely communication and documentation of IRB requests
(Human Subject Research) and HQ-GC exemption requests are essential.
8. A Common Data Collection Tool is Required: All labs must use the same tool for data collection. Argonne has used a
collection tool during the JAM and identified improvements planned for future iterations.
9. Thorough Corpus Review is Necessary: Each lab needs a designated POC for corpus review, involving technical
expertise and input from legal, security, and other relevant teams, with a two-week review commitment.
10. Quality Control and Timely Distribution of Reviewed Data are Key: The collecting lab is responsible for corpus
quality, and the aggregated, validated corpus must be promptly distributed to participants.



Collection Tools Shared with Riken

Experience

Problem Description

Problem Setup

On average, what is your level of experience with ady d Al sy
the level of experience of the most experienced team member.
1 use them several times a day
| use them several times in a week
| have never used them before or used them infrequently

On average, what is your level of experience with ad\ d ing Al sy
answering for a team, provide the level of experience of the most experienced team member.
| use them several times a doy

| use them several times in 3 week
I have never used them before of used them infrequently

What model did you use?

ChatGPT 03 Mini

Tithe for your experiment *

What is your overall h goal/oby for this exp: ?
Describe the p in a paragraph or more

How would you describe the level of difficulty of the problem?

How realistic (true 10 life) Is the peoblem you will work on today?

1 certify that this problem does not contain any controlled unclassified

persanally identifiable nformation H‘.h]

information , information subject 10

such as ChatGPT 4o, Claude, LLama3, etc? If answering for a team, provide

such as 01, 03, Gemini 2.0, Perplexity-Pro-Reasoning? if

exporn controls

Model
Response

Response
assessment

Prompts

Attachment

L l_|_| I_|_I.

Researcher participation
and contributions on a
voluntary basis.

Prompting

First, think about your prompt

What is the goal of this prompa?

What is the prompt?

Please upload any files files provided in the prompa if any (limit SOMB/Tile)

O URL for larger datasets containing files larger than S0ME. Do not provide both FILES and FILES URL

Run the prompt in Al Interface Website in another tab or window

Please copy and paste the cutpul

What skill(s) did you explore with this prompt?

Introduction o Skills Evaluation Problem Understanding Literature Review Hypothesis Generation Planning/Design

Result Analysis Gther Tasks
Please explore any skills you think are appropriate for this response by clicking on the tabs for the skills you wish to explorne. You
My SCONeS a5 many of a5 few a5 you ke for each response, When you ane finished, you con chck “keep prompling” a5k & new
prompt o "finish” to move onto a new evaluation

| certify to the best of my knoeledge that this problem does not contain any controlled unclassified ||'|‘-.‘::':'|-.1'Z|AF€@F:-' flIEI o

export controls or personally identifiable information (PIl) NATIONAL LABORATORY

Ganerate Conclusions
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Japan Scientist Al Jam Session

Online Tutorial: Nov. 11
225 participants

Dry Run: Nov. 28
50 participants

Al Jam (Tokyo): Dec. 16
124 participants

Al Jam (Kobe): Dec. 18
95 participants

Model providers: OpenAl, Anthropic, Google, AWS, NVIDIA
Q&A through Discord

Collection tool using Chrome browser extension

RIKEN open model platform + MCP server




Post-Jam Survey

PREEEBI DR (¥ —338IR) / Type of organization (Single choice)

134 responses

WHRDE (H—RIR) / Research field (Single choice)
134 responses

@ X/ University

@ 7R / Research institute
@ &% / Company (industry)
@ EMMBA / Medical institution

@ T - BB/ Government /
Public sector

@ RUFTECEA

@ £BT% / Life sciences

® {£% / Chemistry

© 918 / Physics

@ #15 - T% / Materials & Engin...
@ (W - Al/ Computer science & Al
® B0E - §it / Mathematics & St...
® EZ - %%  Medicine & Pharm...
©® TR - IR / Environmenta...

172V

SEMDEALRBADY 17 (MBLREIR) / Task type(s) worked on (Multiple choice)

Literature survey 51 (38.1%)
Hypothesis generation —23 (17.2%)
Experimental design —35 (26.1%)
Analysis of methods 40 (29.9%)
Code generation 81 (60.4%)

Data interpretation
Generating papers/slides
webZ TV r— 3.

~33 (24.6%)
18 (13.4%)

1(0.7%)

1(0.7%)
FIRDI-HEMTE.. . }-1(0.7%)
BYICEZDBON...1(0.7%)
WBEFILOREN1(0.7%)
BAOBEHREE...H1(0.7%)
IDZEMTOEMAN®... 1 (0.7%)
ALRE) D — REIFE-1 (0.7%)
TWELBA, BED...1-1(0.7%)
Day1 - Day2(CZ€h0... k-1 (0.7%)
DazIL—r3arv. . H1(0.7%)
Y—ARA—RKORER-1(0.7%)
PBYIaL—Ya . }1(0.7%)
REXBOER. 2. 0-1(0.7%)
ERAIDINAPRE...H1(0.7%)
T—HER7ZTVD...F1(0.7%)
A—=7>2— K531 (0.7%)
Web 7 7') DERLR-1 (0.7%)
HRAIEERBEAIT...}-1(0.7%)
Nonel—-1 (0.7%)

0 20 40 60 80 100

Argonne &
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Post-Jam Survey

FILFERULAIETIL/ Z7O/05— (MBGEIR) / Al model/provider used (Multiple choice)
134 responses

115 (85.8%)

90 (73.9%)
101 (75.4%)
37 (27.6%)

NVIDLA
MAORHENTE Zh...
EBNTELLETTH..
Day1 - Day2(Cl2gmL...

Mot used any |
Riken

13 (9.7%)
1 (0.7%)
1 (0.7%)
1 {0.7%)
1 {0.7%)
1 {0.7%)

ARy bO TREORMIRR, (S8 /How well-prepared your problem statement was
(5-point)
134 responses

60

46 (34.3%

40 {34.3%)
33 (24 6%)

20

20 (14.9%)

PHREAOSHDPTE (SERE) / Clarity of pre-event communication (5-point)

134 responses

60

40

31 (23.1%)

26 (19.4%)
20

AUZA4Fa—bIU7IOERERE (5ERE) / Satisfaction with the online tutorial (5-point)
134 responses

60

40

20
18 (14.2%)

16 (11.9%)

1 2 3 4

Argonne &
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Post-Jam Survey

FECLyYavOESAOBEE (58H) / Satisfaction with on-site operations (5-point)

134 responses

60

52 (38.8%)

40 43 (32.1%)

20

SEOEBHEROMREMICEDEREEBES IS LEBVETH? /Wil today's Al Jam have an
impact on your research?
134 responses

80
60

40

2 (1.5%) 14 (10.4%)

1 2 3 4 5

AIFEETILPY=ILFIBIEHE TS BOXEZLABER AL > oh? (BBGER) / What was the
biggest problem when using the Al tools? (Multiple choice)

134 responses
Performance of the model 23 (17.2%)
Lack of documentation 24 (17.9%)

Insufficient tutorial material
Duration was too short

45 (33.6%)
84 (47.8%)

Own lack of knowledge 78 (58.2%)
FAOSENTEL. 1 (0.7%)
HEIZ A58V, H1(0.7%)
£V LMY, EE.(0.7%)
EFaUVTH1(0.7%)
Lack of novelty i1 (0.7%)
DEETIO T, EEES 1 (0.7%)
Lack of AP access |1 (0.7%)
Fhov ROk 1(0.7%)
EER-1(0.7%)
BRTEE, OO F1(0.7%)
REXDESBEET...-1(0.7%)
Slow speed for text gen... i1 (0.7%)
AFONRAS— 0. B-1(0.7%)

0 20 40 60 80

Argonne &
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Post-Jam Survey

Al JamD'BNIEEMU F=WTTH ? / If there is another Al Jam, will you participate?
134 responses

80

75 (56%)

80

40 45 (33.6%)

1(0.7%) 2(1.5%) 11 (8.2%)

1 2

Positive feedback

On-site support from Frontier Al companies was very helpful

Being able to compare the latest high-end models was valuable

Being able to use the most expensive model for free allowed me to do much more
| learned many new features and tools that | didn’t know existed

| learned a lot through conversations with other participants

The capability of the latest high-end models exceeded my expectation

ARTAZESE. BEBELTWHIREENTIHN? (BBORR) / What is your largest concern
when using Al for research? (Multiple choice)
134 responses

Misuse / Misinterpretation 81 (60.4%)
Reproducibility

Bias

Explainability

Privacy
BBRORY A0 D8...
Performance of the mo...

Wil

50 (37.3%)
56 (41.8%)
35 (26.1%)
76 (56.7%)

1(0.7%)
1(0.7%)
1(0.7%)
1(0.7%)
1(0.7%)
1(0.7%)
1(0.7%)
1(0.7%)
1(0.7%)

The generated code is...
A

r=2vB&
RERHELESTIIE...
Energy consumption, r... k1 (0.7%)
PR EHEBE D1 (0.7%)

0 20 40 60 80 100

Negative feedback

Duration of the Al Jam was too short to do anything significant

It would have been better to have more guidance than to have a free format
The goal of the event was not clearly announced in advance
Tutorials were too brief to actually try what was shown

| wish more examples were shown during the tutorial
Account setup should have been announced better/earlier

Argonne &

NATIONAL LABORATORY



Use NotebookLM to generate pretty slides

Accelerate Scientific Discovery: An Al-Powered Workflow

MEET YOUR Al RESEARCH TOOLKIT 5-PHASE Al-POWERED RESEARCH WORKFLOW

PHASE 1: PHASE 3: PHASE 5:

BROAD EXPLORATION EXPERIMENTATION DISSEMINATION

& LITERATURE REVIEW & DEVELOPMENT & WRITING

Use Gemini for initial brainstorming Build simulations with Code Use Gemini in a collaborative
and Deep Research for Assist in your IDE; manage files canvas to draft, retine, and
comprehensive literature synthesis.

FOCUSED ANALYSIS &

HYPOTHESIS ANALYSIS & . =
GENERATION INTERPRETATION '

Nowbom.u of det:p analysis oodem cod:':ut:&t

and use Mea Generation to connect results back to

propose novel solutions. sources with NotebookLM.

ne ®

AL LABORATORY



Carbon Natotube 3D Generator
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Modifying Existing Libraries for BioEmu

BFOSAISUICHTBIEEZMADLAIZITVELE. SATSYURBESRURATNENTRR
WERNZ\cH, BOTERIDIONEEUNOTZDOTIN,. TAICKHTDIEREENRT DIHIC
AZES | EWDHHICERTZET S, BRMKLREDFUE,

fBRELT, PATTVROSYFORENS, BURLEEBEEROGT, BRFBESILDOERE.
ML—Z2O0FTEITOICENTEF U,

BioEmu X MSA BioEmu X ESM BioEmu X Boltz2

NATIONAL LABORATORY



¢ Bash(mamba run -n forOpentrons opentrons_simulate
"C:\Users\EliottJacopin\DocumentsCareer\Opentrons\pcr_setup_protocol.py")
L === Starting PCR Setup Protocol ===
Setting up 8 PCR reactions of 58 pL each
® Perfect! The protocol simulates successfully! Here's a complete guide for the Opentrons command-line tools:

Summary: Installation & Usage

1. Environment Setup + Complete

mamba create -n forOpentrons python=3.11 -y

mamba run -n forOpentrons pip install opentrons

2. Available Commands

opentrons_simulate - Simulate protocols without hardware AI can be applied tO Laboratory Automation
= Purpose: Test protocols, verify logic, estimate run time . .

- Doesn't require: Physical robot connection HOWGVGr, the API mUSt be pUbIICIy avallable

- Usage:

mamba run -n forOpentrons opentrons_simulate path/to/protoccol.py

opentrons_execute - Run protocols on real hardware With Claude Ski”, SpECific functionalities and

= Purpose: Execute protocols on connected Opentrons robot

- Reguires: Physical robot connection (USE or network) knOWInge can be eaSin added tO the mOdeI,
- u 3 . . .

mam;:giun -n forOpentrons opentrons_execute path/to/protocol.py enabllng I'apld pl"OtOtyplng fOI’ LA.

3. Common Use Cases However, unlike MCP, it is not possible to tell

Test your protocol (simulation): which response triggered a Skill call.

mamba run -n forOpentrons opentrons_simulate pcr_setup_proteocol.py

Get detailed output (with Llog level):

mamba run -n forOpentrons opentrons_simulate pcr_setup_protocol.py --log-level DEBUG Sharing Ski"S Within RIKEN / among
Check for warnings/errors only: researchers will help accelerate the overall
mamba run -n forOpentrons opentrons_simulate pecr_setup_protocol.py --leg-level WARNING .
progress of science.
Run on real robot (when connected):

mamba run -n forOpentrons opentrons_execute pcr_setup_protocol.py Argonne;

NATIONAL LABORATORY




Toward Co-scientist JAMs



Hypothesis Generation: The Next Frontier

HG is at the beginning of the research workflow

. . e Generate, compare,
It conditions everything else.

rank ideas. Meta analysis
of the generated ideas

e (Generate experiment
recipes

e Literature search,
analysis, survey

e Scientist craft a prompt
with enough details
and directions to
avoid confusion
and guide research

Accelerated
Scientific
Method

https://doi.org/10.1038/s41524-
022-00765-z
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2025 - Co-Scientists Emergence

[USA] Google co-scientisit Toward and Al co-scientist, arXiv:2502.18864
Al co-scientist relies on “self-play” strategies to continuously generates,

reviews, debates, explains its reasoning and improves research
hypotheses toward the research goal.

Multi-agent architecture (Agentic Models):

eAll agents built from Gemini 2.0

eAgents: Generation, Reflection (peer reviewer), Evolution, Proximity
(hypotheses), Meta-review (high level analysis), Ranking (novelty,

Scientist

The scientist interacts
with the system by
specifying a research
goal in natural language.
They can also suggest
their own ideas and
proposals, provide
feedback and reviews,
and interact via a chat
interface to guide the
co-scientist system.

correctness, and testability)

eTournament evolution process for self-improving hypotheses
generation. Feedback from the tournament creates a self-improving chat interface
loop towards novel quality outputs.

eTools: web search and specialized Al models to improve grounding and

guality of generated research hypotheses.

Automated evaluations

Discussvia

Scientist inputs

Research goal

Scientist describes a
research goal along with
preferences, experiment

constraints, and other

attributes.

Add idea
Review idea
Discuss research

Research proposals and
overview

Top-ranked research
hypotheses and proposals
are summarized into a8
research overview and
shared with the scientist.

The Al co-scientist multi-agent system

Research plan
configuration

Ranking agent
tournaments

Research hypotheses
comparison and ranking
with scientific debate in
tournaments. Limitations

and top win-loss patterns
are summarized and
provided as feedback to
other agents. This enables
iterative improvement in
quality of research
hypothesis generation
creating &
self-improving loop.

Generation agent
Literature exploration

C Siruated scientific debate
Reflection agent

Full review with web search

Simulation review
Tournament review
Deep verification

Evolution agent

Inspiration from other ideas

Simplification
Research extension

Proximity agent

Meta-review agent

=

Research overview formulation

Al

Al co-scientist
The Al co-scientist
continuously generates,
reviews, debates, and
improves research
hypotheses and

proposals toward the
research goal provided
by the scientist.

Tool Use

Search

Memory

Others:
® [USA] Rick’s Scientia and Wisteria (not tested yet)

[Japan] Sakana Al Scientist-v2:[ICLR2025 Workshop Experiment] https://github.com/SakanaAl/Al-Scientist-v2

o
e [China] Novix: https://novix.science/ Neuips 2025 Spotlight paper https://github.com/HKUDS/AI-Researcher
e [China] NovelSeek InternAgent: https://github.com/InternScience/InternAgent

Argonne a t
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https://github.com/InternScience/InternAgent

Hypothesis Generation: The Next Frontier

This is not the classic LLM: very sensitive to prompt

. e Generate, compare,
structure and level of details.

rank ideas. Meta analysis
of the generated ideas

e (Generate experiment
recipes

e Literature search,
analysis, survey

e Scientist craft a prompt
with enough details
and directions to
avoid confusion
and guide research

Method

https://doi.org/10.1038/s41524-
022-00765-z
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Early feedback on Al-Researchers

e Tested multiple co-scientist systems.

e Generation can takes hours/days

® The idea generation is extremely sensitive to the prompt. It is critical for the user to state the
problem to solve with as many details, constraints, and priorities as possible. The user should
express all implicit assumptions concerning the scientific background, specific context of the
research, preferred directions, what to prioritize in case of trade-offs, etc.

® |[tisimportant to check the tool understanding and consideration of the submitted problem.

® Once launched, it is important to be able to correct the generation (because the generation can
take hours/days)

e Analysis of proposed hypothesis compared to the prompt by an LLM (Claude) recommends
strengthening the hypothesis: generation is missing key details and validation steps, and priorities
may not be well ranked.

® Generates sophisticated ideas, sometimes combining complex concepts. It is not trivial for a human
to discard some of them without actually testing and comparing them.

® Most of the time produces a high-level recipe to evaluate the proposed ideas, missing de%nnea



Thanks!
Q&As

EAIRA EVAL Methodology
https://arxiv.org/abs/2502.2030
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