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“Building an AI-Native Research Ecosystem” Whitepaper

https://arxiv.org/abs/2602.17582 

https://arxiv.org/abs/2602.17582


Extra meeting links:

This workshop’s Indico: https://indico.flatironinstitute.org/event/4120/

AI-native Ecosystem whitepaper: https://arxiv.org/abs/2602.17582

Slack channel (in IRIS-HEP Workspace): 

#ai-collab-blueprint-may2026

Invite link for IRIS-HEP Workspace:

https://join.slack.com/t/iris-hep/shared_invite/zt-3yajggdtd-~yMOK1LfhkpehXIH_
0h0kg

A google doc for taking notes will be circulated in the Slack channel.

https://indico.flatironinstitute.org/event/4120/
https://arxiv.org/abs/2602.17582
https://join.slack.com/t/iris-hep/shared_invite/zt-3yajggdtd-~yMOK1LfhkpehXIH_0h0kg
https://join.slack.com/t/iris-hep/shared_invite/zt-3yajggdtd-~yMOK1LfhkpehXIH_0h0kg


Also other more targeted community efforts, for example:



Commitment to Joint DOE and NSF Blueprint Activity

● Drive the evolution of R&D efforts to address the software & computing 
challenges of the HL LHC, co-sponsored by:
○ US LHC Ops program
○ S2I2 
○ OSG
○ CCE

5

● Involving the DOE facilities, and 
key personnel at both DOE labs 
and US Universities. 

● Long term sustained set of 
workshops to drive coherence 
across projects and experiments.

Blueprint 
Process

HEP Researchers 
(University, Lab, International)

LHC 
Experiments 
and US LHC 

Ops 
programs

S2I2 
Software 
Institute

     Resource providers, DOE Labs, 
              OSG, HPC Facilities

From “S2I2/DOE mini-workshop on Software/Computing R&D for HL-LHC”, 28-29 Nov 2017



Blueprint workshops

Since 2017, we have carried forward this “blueprint” activity relative to HL-LHC 
Software and Computing R&D through the “Coordinated Ecosystem” workshops 
as well as a number of more targeted topical blueprint workshops.

The basic idea: we want to do more than just information exchange. We aim to 
have at least some actionable outcomes and/or improved organization as a result 
of the blueprint workshop.

Structure: less (and more targeted) presentations and plenty of time for 
discussion. Discussion time is not fully pre-planned and leaves space/time for 
potential ad-hoc parallel discussions. We aim to collect outcomes for a summary 
presentation at the end of the last day.

https://iris-hep.org/blueprint.html


Monday 18 May

Short (<10 minute) presentations.

Very short big picture overview, 
with most of the talk hopefully 
contributing directly to the (AI 
Collaboration) discussion. 

There is a google doc to make 
notes about emerging themes.

At the end of the day we will 
discuss identified themes for 
follow-on discussion.

Workshop Dinner at 19:00 for 
those attending in person.



Tuesday 19 May

Several spaces available for discussions: 
plenary room, side meeting rooms, area 
behind the plenary area and also a space on 
the roof.

Breakfast for in-person participants 
at 8:30.

Three discussion blocks, we can 
break into multiple parallel sessions.

We will have a short discussion of 
the discussion plans at 9:00 and this 
will be summarized also for remote 
participants.

Additional zoom connections will be 
made available as needed.

Breakouts should produce short (1-2 
slide summaries) which we will 
integrate into a single presentation 
for the closeout session at 15:15.



Four Grand Challenges Around the Experimental Lifecycle 

“Building an AI-native Research 
Ecosystem” - Focuses on potential 
system-level change to the research 
ecosystem.

“Building an AI-Native Research 
Ecosystem” - Inclusive of path from 
R&d to r&D to eventual deployment 
include scale-up and infrastructure 
connections. 



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.



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, identifying near-term priorities and exploring means 
to enable additional initiatives as resources become available. We expect that this discussion will continue in subsequent 
community workshops during 2026.
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Discussion



Since the LHC is typically adequately represented in these meetings, we decided 
to do very short summaries of US-ATLAS and US-CMS together now rather than 
have (for example) (a) full 10 minute talk(s) for LHC.



from M. 
Kagan

US ATLAS

Extensive use of ML/AI across many areas with 
transformative impact, including particle ID, 

analysis, reconstruction, simulation, trigger, etc

Jet flavor with transformer 
architecture

Scaling: improvement by scaling 
in dataset & model size

High pT Higgs measurements
GN2X H → bb tagger 

x 7-10 sensitivity improvement
compared to Run 2 result

HH → bbγγ Run 2+ Run 3 (2022-2024)
comparable to full Run 2 comb

20% sensitivity improvement from new 
b-tagging capability

ATL-SOFT-PUB
-2026-002

HIGP-2025-10
HIGP-2024-01

http://cds.cern.ch/record/2953659
http://cds.cern.ch/record/2953659
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-01/


US ATLAS

ATLAS requires state-of-the-art AI/ML methods to reach 
the technical and physics goals for the HL-LHC

Trigger for new topologies, high precision 
Calibrations, anomaly detection for analysis, NSBI, etc

Agentic methods for detector & computing operations, etc
Investments in infrastructure & tools 

Computational resources & methods (Inference as a Service)
Frameworks & models

Many projects in the community & interest
Developments spread across institutes, operations 
programs, HEP-CCE, IRIS-HEP, A3D3 institutes, Genesis 

Need much greater scale to succeed in the future - only 
possible bringing together the broader community!

Fast simulation with generative methods 
FastCalo, FATRAS, etc

Particle tracking with graph networks



U.S. CMS and AI/ML

● Countless applications in trigger, simulation, 
and reconstruction (and physics object 
identification, and analysis)

● Operations: Leveraging LLMs and Agentic AI 
○ Computing operations: assistance, documentation, 

and automation
○ Data Quality Monitoring
○ HEP analysis assistant

● Enabling technology and infrastructure:
○ SuperSONIC enables deployment of ML-inference 

as-a-service on national cyberinfrastructure
○ ML Training Facility 
○ and more…

GEANT

Calo
Diffusion

Generative AI for calorimeter simulation

Auto-encoder 
based online DQM



U.S. CMS and the AI-native ecosystem 

● Lots of new ideas/projects under discussion – several U.S. CMS members 
submitted proposals for Genesis RFA

● Topics of interest well-aligned with the four Grand Challenges & Infrastructure
○ AI-driven detector and ASIC design, materials discovery for calorimetry, multi-objective 

optimization (performance, cost, resilience)...
○ AI in triggers, FPGAs, and on-detector systems, Real-time anomaly detection at 40 

MHz, Low-power edge AI…
○ Agentic AI for computing operations and certification, AI-assisted workflow orchestration 

(incl simulation), Knowledge capture and reuse…
○ Anomaly detection & model-independent searches, Simulation-based inference & EFT 

analysis, AI cartography of LHC search coverage, Representation learning…
○ Science-aware networks and AI-driven resource optimization, Large-scale distributed 

computing automation…
● Strong interest in community-driven approach, facilitation of partnerships, 

better engagement of universities with DOE labs and industry



GC1: Accelerated Experimental Design

Use of differentiable/surrogate simulations, and active learning to co-optimize 
detectors, triggers, beams, and costs, informing design choices for future 

experimental facilities



GC2: Intelligent Sensing and Instrumentation
Moving intelligence upstream with on-detector inference, trigger-less/AI-assisted 
readout, and physics-aware compression to capture rare or unexpected signals 

without overwhelming bandwidth or storage



GC3: Autonomous Experiments

Automating facility operations and calibration with AI-driven monitoring, diagnosis, 
and operational decision support to reduce downtime, shorten calibration cycles, 

and preserve institutional knowledge



GC4: From Data to Discovery
Automatic and optimizable data analysis: build agent-orchestrated, goal-directed 
analysis systems that integrate foundation models, AI-accelerated reconstruction 
and simulation, and uncertainty-aware inference to dramatically reduce analysis 

latency, increase scientific productivity, and expand discovery reach

adapted from this talk

https://indico.cern.ch/event/1604420/contributions/6760798/


Technology, Facilities, Workforce & Community

Development or adaptation of AI technologies for the particle physics setting

Resources to realize the AI vision - includes data access & preparation  

Structured pipeline for workforce development

Community comprising a national-scale, multi-institutional collaboration that unites 
universities, laboratories, and industry partners




