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“Building an AI-Native Research Ecosystem” Whitepaper
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https://arxiv.org/abs/2602.17582

Community vision put together in close collaboration with the new DPF Coordinating Panel for 
Software & Computing (CPSC)  

More than 500 people 
from 105 universities 
and 7 national labs 
from the U.S. signed 
the paper (40 U.S. 
states/territories, 
including 16 EPSCoR 
jurisdictions)

https://arxiv.org/abs/2602.17582
https://imfisk.github.io/CPSC/
https://imfisk.github.io/CPSC/


“AI-Native”: From Design to Discovery

Four inter-connected Grand Challenges**:

• Accelerated design informs intelligent 
instrumentation

• Intelligent sensing enables autonomy

• Autonomous operation feeds 
higher-quality data into inference

• From data to discovery closes the loop 
back to design

• Together, these challenges define an 
end-to-end AI-native experimental 
paradigm.

**Plus some cross-cutting themes and emerging opportunities
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The case for collaboration

Fulfilling this ambitious vision requires a 
national-scale collaboration that can:

• Bring together expertise across labs and 
universities, 

• pool computing and data services

• align with emerging national infrastructure

• scale workforce development 

enabling each experiment/project to benefit 
from shared tools, sustained support, and the 
ability to marshal greater collective effort on 
every project.

We proposed a national-scale, multi-institutional collaboration that unites universities, 
laboratories, and industry partners. Benefiting from multiple large funding partners -- DOE (Genesis 
Mission), NSF, and private foundations. 
The successful U.S. LHC operations programs can be used as a model
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Blueprint Meeting

Meeting organized on May 18-19 in 
Washington, DC

~60 in-person participants 

~120 Remote attendees

Strong international participation (CERN, 
INFN, UK)

Wide-ranging discussion of potential 
areas of collaboration 

Indico page: 
https://indico.flatironinstitute.org/event/
4120/

Organizers: P. Elmer, I. Fisk, V. Martinez 
Outschoorn & T.B.

https://indico.flatironinstitute.org/event/4120/
https://indico.flatironinstitute.org/event/4120/


A central focus of the workshop will be discussions on how such a national-scale collaboration could be effectively 
bootstrapped and organized, as well as identifying priorities over the near and medium term. Such a collaboration, including 
both universities and DOE laboratories, has a number of potential benefits and opportunities, including:

● a forum for developing a shared roadmap toward an AI-native research ecosystem
● a platform for enabling larger-scale efforts while integrating expertise and resources from across the community
● clear pathways to scale and transition promising R&D activities towards deployment within experiments
● a structure to develop and provide the services needed for the experiments to fully leverage evolving national 

infrastructure (e.g., AmSC, NAIRR) and large-scale data resources
● a means for fostering both collaboration and healthy competition through the development of shared benchmarks and 

the development and curation of the supporting datasets
● accessible entry points for individual university groups to engage and contribute
● a coherent framework for cross-experiment activities, enabling solutions with impact to deliver benefit to multiple 

experiments
● a clear structure for US engagement with international efforts, including those at CERN, and other national and regional 

collaborations
● a community structure for engagement with industry
● a structure for large-scale workforce development activities leveraging both lab and university expertise

This first workshop will consider the potential impact of these opportunities, identify near-term priorities, and explore ways to 
enable additional initiatives as resources become available. We expect this discussion to continue in subsequent community 
workshops in 2026.

Goals of the workshop



Computing Resource Strategy in the AI era 

What’s changing:
● AI infrastructure ≠ traditional Worldwide LHC Grid 

(WLCG)
● GPUs / accelerators / external facilities dominate
● Facility priorities and access models shifting (HPC, 

cloud, AI centers)

Implications/Key questions:
● Dedicated CPU-based infrastructure won’t scale
● Standard data/network/storage assumptions break
● Need to understand how training, tuning, inference, 

HPC, AI facilities, networks, storage, and data access 
will change HEP computing needs 

Near-term Actions:
● Convene a community workshop and develop a white 

paper on future computing models, AI workflows, 
access to HPC/AI facilities, inference facilities, on-
prem resources

● Pursue common interfaces + allocation strategies, 
shared development resources, and coordinated 
access etc
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Agentic AI

What’s changing:
● Automated agent-driven workflows being explored 

for Analysis, Operations, Coding, Hardware Design…

Implications/key questions:
● Need trusted benchmarks, validation procedures, 

reusable agents, common skills, and AI-ready 
knowledge repositories. 

● Need to understand realistic use cases beyond 
demonstrations

Near-term Actions:
● Build an agentic tutorial repository, curate standard 

agents and skills, 
● Organize tutorials, hackathons around already-

defined problems, 
● Develop benchmarks & validation procedures

8
Agentic workflows should become reusable infrastructure



Open Data & Foundation Models in the AI era
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Open Data
● Open data must evolve for the AI era, with better formats, 

metadata, documentation, provenance, and hosted access.
○ Need machine-readable documentation, integrated 

hardware/software/model-serving environments, workflow 
capture, usage monitoring, and harmonized experiment 
policies.

Foundation Models
● Scale (data + compute) exceeds individual experiments

○ We can collaborate to build shared datasets + benchmarks; 
Physics-aware guardrails/constraints/validation; common 
platforms for models + tools

Near-term Actions:
● Aim for a hosted open dataset on a cloud provider
● Collect/share best practices
● Identify resources for large-scale training
● Develop benchmarks and common software solutions…

Open data must evolve from 
“released” → “AI-ready and 
usable”

Community-scale effort is crucial for foundation models



Workforce: Training AI-native physicists

The challenge:
● We need training to use AI tools effectively while 

retaining physics intuition and responsibility

What we need:
● Best practices (validation, ethics, responsibility)
● AI-integrated curriculum
● Training resources + starter kits
● Lab–university coordination

Near-term Actions:
● Best-practice modules (via IRIS-HEP etc.)
● Starter kit + training sessions
● Access to tools (LLM/agent platforms)
● Build contributor community

10We must train physicists to direct, validate, and trust - but verify - AI.



“Proto-collaboration” Near Term Activities

● Engage with existing funded projects (and emerging funded projects in the rest of FY26) and 
create links between them and to the community

● Identify a set of activities and/or demonstrators doable on the time scale of the next six months

● Begin to create environments to catalyze both working collaborations and connections for 
eventual proposals

○ Slack space created: Join link

○ Channels:

■ #agentic-analysis

■ #workforce-development

■ #marketplace (for skills, MCPs, tools etc)

○ Please engage and start/join discussions!

● Checkpoint and engage the community regarding the proto-collaboration at APS DPF @FNAL in 
July (Computing parallel session)

● Continue discussions w/ international partners regarding collaborative efforts

● Aim for a first “collaboration” meeting in the fall.
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https://join.slack.com/t/clariphyworkspace/shared_invite/zt-3ykafo6le-37Fb5zn0TXQkfSca2AzOlA


Outlook & Conclusions

• Blueprint meeting was an important step to establish goals and foster 
connections across sub-communities
• Plan to organize smaller follow-up workshops to focus on the technical details of 

specific priority areas

• Encourage interested USMCC members to join the “proto-collaboration”
• Effort is explicitly structured to provide low-barrier entry points for university groups 

to contribute meaningfully without duplicating effort

• Lots of opportunities for collaboration across universities and DOE labs
• Could be used to bring people together for future proposals for funding opportunities

• Brainstorm about developing industry connections

• Leverage expertise in the community for the benefit of all

• Start engaging with discussions on Slack and join upcoming meetings
• Join Slack space!
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https://join.slack.com/t/clariphyworkspace/shared_invite/zt-3ykafo6le-37Fb5zn0TXQkfSca2AzOlA
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Additional Material

T. Bose 13



What does it mean to be AI-native ?
End-to-End AI Integration
AI-native systems embed AI methods from facility and detector design to intelligent sensing, data 
acquisition, autonomous operations and calibration, and accelerated analysis for discovery

Rigorous Validation and Interpretability
AI-native requires strict validation, interpretability, and physics-informed constraints for trustworthy 
scientific results.

Organizational and Infrastructure Changes
AI-native research demands shared software, standardized data, reproducibility, and model lifecycle 
management.

Reshaping Scientific Process
The AI-native paradigm reshapes science by fully exploiting modern computational intelligence; less 
time on mechanical steps and more on scientific interpretation (where physicists are needed!)

AI becomes a strategic accelerator of scientific impact, 
opening pathways to new transformative scientific capabilities 14



GC1: Accelerated Experimental Design 
Objective:

• Leverage AI to dramatically shorten and expand the 
design space for experiments, detectors, facilities.

Key elements:

• AI-driven co-design of detectors, accelerators, computing

• Fast exploration of large, high-dimensional parameter 
spaces

• Integration of simulation, optimization, and engineering 
constraints

• Earlier feedback b/w physics goals, design choices

Why it matters:

• Traditional design cycles are slow and serial; 

• AI can enable iterative, data-driven design at a scale 
commensurate with next-generation experiments.

Co-design accelerators and detectors so that ambitious ideas become buildable, higher-impact 
experiments on faster timescales with reduced technical risk and costs
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GC2: Intelligent Sensing & Instrumentation
Objective:

• Move intelligence closer to the detector to enable more 
selective, adaptive, and informative data acquisition.

Key elements:

• AI-enabled sensors, front-end electronics, and readout

• Real-time feature extraction and pattern recognition

• Tight coupling b/w hardware capabilities & inference 
models

• Robust performance under extreme rates and radiation 
environments

Why it matters:

• Future experiments cannot record everything;

• intelligent sensing enables physics-aware data reduction 
without sacrificing discovery potential.

Move intelligence upstream to preserve rare, unexpected, or time-critical signals while operating 
within bandwidth and storage constraints
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GC3: Autonomous Experiments
Objective:

• Enable experiments that can monitor, adapt, and 
optimize themselves with minimal human 
intervention.

Key elements:

• AI-assisted calibration, alignment, and monitoring

• Closed-loop control of experimental conditions

• Detection of anomalies and novel behavior in real time

• Human oversight with AI handling routine 
decision-making

Why it matters:

• Autonomy increases efficiency, resilience, and 
scientific uptime while allowing human expertise to 
focus on interpretation and strategy.

Transform labor-intensive, reactive operations into proactive, resilient, and continuously calibrated 
systems, capturing more high-quality data with less downtime and preserving institutional knowledge 
over decades-long experiment lifetimes.

17



GC4: From Data to Discovery
Objective:

• Transform the full analysis chain into an 
integrated, AI-native inference pipeline.

Key elements:

• End-to-end workflows from raw data to physics 
results

• AI-accelerated reconstruction, simulation, and 
statistical inference

• Models, data, and uncertainties treated as 
co-evolving objects

• Rigorous validation, interpretability, and 
reproducibility

Why it matters:

• Fragmented workflows limit scientific reach; 
AI-native pipelines enable faster, more reliable 
extraction of knowledge from complex data.

Integrate foundation models, fast AI-enabled reconstruction and simulation, and agent-orchestrated 
workflows to compress analysis cycles by orders of magnitude and open new regions of theory 
space to exploration T. Bose 18



National Scale Collaboration?
U.S. Institutions (blue dots = 
universities, red dots = DOE labs) 
that are currently part of large 
national-scale funded projects: 

● U.S. ATLAS Operations (DOE/NSF, 
33 institutions)

● U.S. CMS Operations (DOE/NSF, 44 
institutions)

● DUNE Operations (DOE, 16 
institutions)

● HEP-CCE (DOE, 4 labs)
● IRIS-HEP (NSF, 16 universities)
● A3D3 (NSF, 12 universities)

Additional universities that are 
part of the U.S. ALICE, U.S. 
ATLAS, U.S. CMS and (U.S.) DUNE 
scientific collaborations are 
shown in green. 

Taken together, these overlapping 
experiments and projects tightly 
connect 9 DOE labs and 124 
different universities and 
colleges.



Supporting ecosystem
Interdisciplinary Collaboration

Success requires cooperation among experimental physicists, 
theorists, computer scientists, machine learning experts, industry

Community-Level Coordination

Workshops, shared roadmaps, and platforms enable effective 
coordination and progress.

Global Collaboration

International partnerships are essential due to the worldwide nature 
of particle physics projects.

Workforce Development

Train a new generation fluent in physics, AI, and software​

Incentive Alignment

Recognizing contributions to infrastructure, software, and training 
motivates sustained involvement. Career paths that value software 
and ML contributions​

T. Bose 20



(Some) Topics of discussion at Blueprint meeting

Big-picture talks on (among others) American Science Cloud, TREASURE, Next-
Generation DQM…

  Breakout sessions:

1. Computing Resource Strategy in the age of AI
2. Agentic AI
3. Open Data & Benchmarks
4. Foundation Models
5. Workforce Development

Summary slides next



AmSC/Genesis

● American Science Cloud/Genesis
○ See talks by T. Childers at the workshop 
○ Fermi Data Platform is an Infrastructure Partner
○ U.S. CMS (and U.S. ATLAS) have been invited to become 

“Infrastructure Partners” for the emerging Genesis 
Platform
■ Opportunity to initiate new AI projects on top of existing 

ones

● TREASURE
○ Transform heterogeneous collider data into standardized, 

tokenized, AI-ready representations that enable 
foundation models to learn across experiments, 
detectors, and data-taking eras 
■ Plan to bring together people from Phase 1 + collaborators for a 

potential Phase 2 proposal

● Next-Generation DQM
○ Building a knowledge base of how to apply and combine 

AI/ML models for HEP
■ Framework for cross-experiment activities exists w/ 

hackathons at FNAL/ANL
22

https://indico.global/event/16443/timetable/
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Open Data in the AI era
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What’s changing:
● Open data must evolve for the AI era, with better 

formats, metadata, documentation, provenance, and 
hosted access.

Implications/key questions:
● Need machine-readable documentation, integrated 

hardware/software/model-serving environments, 
workflow capture, usage monitoring, and harmonized 
experiment policies.

Near-term Actions:
● Produce a white paper with a new, larger vision for open 

data [in progress]
● Aim for a hosted open dataset on a cloud provider
● Integrate benchmarks and common software solutions, 
● (and include neutrino, EIC, and small-experiment 

communities)

Open data must evolve from “released” → “AI-ready and usable”



Foundation Models

Why collaborate:
● Scale (data + compute) exceeds individual experiments
● Common needs (encoders, reconstruction, multimodal models)
● Opportunity to influence broader AI

What we can build together:
● Shared datasets + benchmarks
● Physics-aware guardrails/constraints/validation
● Common platforms for models + tools
● Links to existing efforts (e.g., TREASURE)

Near-term Actions:
● Define scopes of interest across sub-communities 
● Collect/share best practices
● Identify resources for large-scale training
● Develop downstream physics and computational benchmarks.

26Community-scale effort is crucial for foundation models
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