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Jefferson Lab’s Science and Technology Vision

Nuclear Physics at CEBAF Electron-lon Collider Data and Computational Accelerator Science &

Partnership Science, and HPDF Technology

* This talk highlights the NP-ASCR interplay at Jefferson Lab.
Specifically, | would like to discuss how the High Performance
Data Facility (HPDF) can enhance NP use cases and its data

pipelines, and how NP use cases can in turn guide HPDF
evolution.
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HPDF Vision

* HPDF will be a unique “data first facility” that treats
data as a first-class asset and provides capabilities
needed to extract maximum scientific value

BERKELEY LAB
°

°
Je on Lab

* Al-driven science requires production-quality data
services, a capability that does not exist today at the
needed scale

=~ High Performance Data Facility

e HPDF will continuously evolve to be the leading
facility of its kind with a scalable, modular approach
for providing a mix of compute and storage types
tailored for

- Real time computing
- Changing science needs
- Rapid response to industry directions
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HPDF and DOE Facilities

* The DOE ecosystem is unique; its user facilities
provide an opportunity for HPDF services to
participate in all parts of the data lifecycle.

* HPDF is partnering with science programs to co-
develop capabilities

problems where data is processed continuously as it
is collected

- Real time data movement
- Real time data cataloging and curation

* Early successes already demonstrated!

Future ePIC detector at the EIC
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Building on the Streaming Data Processing Demonstration

Secretary Wright's Visit to
Jefferson Lab on August 21
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We successfully showcased real-time data transfer from BNL to JLab using the ESnet-JLab FPGA Accelerated Transport
(EJFAT) Load Balancer and its real-time processing at JLab.
Jgifergon Lab
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We Did It Again: Demonstration for Under Secretary Dario Gil

Dario Gil, Under Secretary for Science and Genesis Mission Director, visited Jefferson Lab on June 12 for the
groundbreaking of the Jefferson Lab Data Center, the future home of the HPDF.

Graham Heyes presented the status and David Lawrence and Markus Diefenthaler demonstrated detector-
plans for HPDF and its connection to the computing co-design based on streaming readout and Al through
Genesis Mission and JLab. streaming data transfer from BNL to JLab and real-time processing.

Dario Gil emphasized the role of closed-loop experimental approaches,
and we highlighted how continuous readout and Al integration can
enable them.
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HPDF and NP

* We aim to build on the streaming data processing demonstration.

* We reviewed streaming computing vision at Jefferson Lab.
 We identified technology gaps: Streaming Orchestration.

* This is needed for both streaming readout-based experiments and HPDF.

* Streaming orchestration refers to workflow and workload management for
streaming data, or in HPDF terms, time sensitive patterns.

* We aim to highlight how HPDF can enhance the NP use case and its data pipelines,
and how the NP use case can in turn guide HPDF evolution. This connects to the
data lifecycle and FAIR principles.

* We defined an NP use case for HPDF that builds on the: Online Calibrations.
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Data Lifecycle and FAIR

Stage 1 & 2: Data Capture
and Initial Processing

Traceability

Assign persistent identifiers (PIDs)
immediately at the instrument level
to enable end-to-end traceabiility.

siage 3: Central Processing
and Enrichment

Stage 4: Storage, Curation,
and Archiving

Findable Metadata
Ensure metadata remains findable and
accessible even if the primary data
becomes unavailable over time.

Stage 5: Dissemination
and Visualization

Al-Ready Data
The final output mast mest
community standards and
il include clear usage licenses
. THE FAIR SUBSTRATE for secondary researchers
Machine-actionable metadata and well-
governed access controls at every stage.
Provenance ‘HE Shared Languages
Apply algorithms to transform Provide data through web
raw signals into science- portals or APIs using formal,

ready products while recording
detailed provenance.
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Online Calibrations and the Data Lifecycle
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HPDF Features that Enhance the Use Case

Autonomous Workflows Using ERSAP+JANA2

Data Lake
|

Heavy-Duty Processing in Conjunction with ASCR

Data Lakehouse

Data Curation and Quality Control

Metadata Catalogue and Multi-Modal Data
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Roadmap: Start Simple, Scale Up

Al-Based Change Driver Analysis
° Leverage Distributed Computing

Demonstration Using Real Data from CDC/NPS
° Demonstrator for Multi-Modal Data

Validation Using Blind Analysis
° Demonstrate Reusability
Leverage Distributed Computing at Jefferson Lab

Enhance Change Detection and Deploy Al-Based Validation (CDC/NPS)
e Establish Data Lifecycle Management and Data Visualization

a Implement Basic Al-Based Change Detection and Calibration Using Toy Data

a Deploy Demonstration on Mini-HPDF

Build Upon S-1 and S-4 Demonstrations
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SPINDLE Team

* Jefferson Lab  HPDF
* CEBAF - llya Baldin
* David Abbott - Amitoj Singh
* DCS

e Laura Biven

* Nathan Brei
_ Electron-lon Data and
e Vardan Gyurjyan Nuclear Physics at Collider Computational
e Torri Jeske Partnership Science, and HPDF
. ] 1 § :,
e David Lawrence W
* Brad Sawatzky
* Fundamental Physics
* Markus Diefenthaler

e Rolf Ent
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We will work on the NP use case of online calibration on
the HPDF testbed to demonstrate how HPDF can enhance
this use case and its data pipelines, and how NP
requirements can help guide the evolution of HPDF.

| This connects well to the ePIC deliverable on streaming
= 1] orchestration and autonomous calibration for ePIC and is
/ complementary to the BNL testbed with its data-focused
«-f%"‘ perspective. We will report updates in the Streaming
Computlng WG meetlngs
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