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Current Roles and Who | Am

Je

Hall C + scientific background

¢ Hall C Collaboration member
e PhDonx>1
e Participation in R-SIDIS and NPS

What | see from the analysis side:

e Finding the right info when you need it can be the biggest time sink
e Reproducibility and provenance are becoming operational requirements

¢ Al will not reach its full potential without structured data and clear
instructions

AmSC / CST responsibilities (near-term)

Matrixed between ENP and CST

AmSC DAP (30%): Engage communities; inventory priority
datasets/workflows; prototype catalog infrastructure

AmSC DET (45%): Foundation model data curation for tracking detectors
CLAS12, sPHENIX, etc.

LDRD (25%): Al/ML readiness of Jefferson Lab’s Nuclear Physics Data

Disclaimer

e Not making commitments on behalf of Hall C
e This is not an “Al talk” (Though Al appears throughout)
¢ Focus: trends and practical implications
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JefferSon Lab

Flow of the Talk

1. Find knowledge 2. Define policy 3. Engineer systems 4. Scale compute 5. Become Al-ready
Docs, tutorials, search FAIR, provenance, Metadata, APls, CVMFS, Rucio, 0SG, Guardrails, MLOps,
patterns identifiers containers performance agents (scoped)

What you should leave with

1) Where to find up-to-date information

2) Outline the role data governance and metadata play in drive better software development.

3) Practical patterns to reduce friction for physicists (reproducible environments, discoverability).

4) A realistic view of modern HEP/NP software direction: parallelism, streaming, and automated workflows.
5) A safe, policy-aligned path to “Al readiness” while minimizing security risk.

6) Concrete steps we can take as a Collaboration on these topics
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Finding Knowledge

Documentation locations, attaining skills, and scientific computing information
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Jefferson Lab

Finding Knowledge @ JLab — Infrastructure & Reality

e Operational reality

Outages, bots, aging software stacks First quarter 2026 Archives by subject
BUdget and Stafﬁng constraints » Messages sorted by: [ thread ] [ author ] [ date

+ More info on this list...

IncreaSIng administrative requirements (MFA, aUd|tS, security

. Starting: FriJan 0 12:14:03 EST 2026

reVIEWS) Ending: Tue Jan 20 18:33:37 EST 2026
Messages: 4

[Jab-scicomp-briefs] CVMFS Repository Access Changes on Jan 20th  Wesley Moore

[Jlab-scicomp-briefs] New version of Geantd available Brad Sawatzky

[Jlab-scicomp-briefs] Scheduled Power Outage — January 20th (Cluster Shutdown at 9:00 AM)  Wesley Moore
[Jlab-scicomp-briefs] Scheduled Power Qutage — January 20th (Cluster Shutdown at 9:00 AM) Weslay Moore

e MFA practical advice
Get a physical token from the Helpdesk

- saves significant time vs. app-based MFA failures

e Why CVMFS & )
Shared, read-only software distribution across sites
(NERSC, OSG, local desktops, ODU, cloud) 0
Enables interoperability and reproducibility across compute
environments
e Platform transitions “II m ﬁ

Major disruption moving from RHEL7 - RHELS e Action item: Subscribe to JLab-scicomp-briefs mailing list
Legacy software often incompatible without rebuilds (critical for outages, upgrades, and policy changes)
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JefferSon Lab

Finding Knowledge Is Hard... And Never Easier!

Hall Specific Information

e The main sources
hallcweb.jlab.org, standard equipment manual, Hall C wiki
Collaboration Meeting Presentations
PI, Mentor, theses, other students
GSPDA tutorials, and events!

e Watch out for outdated information!
Old collab. mtgs. can be misleading.. and very informative!

EXPERIMENTAL HALL C EXPERIMENTAL HALL C

Physics Home

Not all articles in the wiki are up-to-date

Science Highlights Meetings Physics
* Hypernuclear Collaboration Meeting, * Approved 12GeV Experiments, All 12 GeV
° What are the TTree va rlables in hcana - hOW are they February 12-13, 2026 Register * Approved 6GeV Experiments, All 6 GeV
¢ Hall C Winter Meeting, January 26-27, 2026 ¢ Experiment Homepages
Register * Scientific Highlights in Hall C
Ca Icu Iated » Tensor Collaboration Meeting, October 13- * Journal Publications
N 14, 2025 * Experiment Posters
QU |Ck answer: grep Rva FDEf * Joint Hall A/C Summer Meeting (June 17- ¢ Ph.D and Master's & Theses
. 18,2025) Register * Another view of Thesis list
Ve ry ea Sy q uestion to answer fu | Iy » NPS Collaboration Meeting, May 5-6, 2025 » Experiment Schedule
¢ Hypernuclear Collaboration Meeting, May
15-16, 2025 Software and Analysis
¢ Hall C Winter Meeting, Jan 13-14, 2025

¢ Analysis Documentation
¢ C++ Analyzer Class Documentation

Learn Search Engine Optimization! _ Regeuation

Previous meetings
¢ User Working Group meetings

Go to google.com and search: o Cotferens Litions
‘R-SIDIS site: hallcweb.jlab.org/wiki’

¢ Monte Carlo

Documentation
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Jefferson Lab

Finding Knowledge Is Hard... And Never Easier!

Disconnect Between Generations
e Teaching yourself is harder than ever — learn things that will

help you throughout your career and practice them ‘off the
clock’
e Use Primary Resources — not forums or Al to learn

Bash: GNU Bash Manual

e New users know little of Linux and terminal

commands
Little to know experience with bash or csh —
or that there is a difference!

* Younger scientists are using Al chatbots for Git: git-svn Website
everything —filling in knowledge gaps Python-3.9+: Be familiar with best practices
Can make a script in 10 seconds that ‘works’ Statistics: Coursework+

‘Pretty good’ knowledge of Jlab and our Physic5° Coursework+

Containers: Docker Tutorial

Al IS NOT A SUBSTITUE FOR KNOWELDGE CERN ROOT-6.xx+: The Manual and Primer

C++: cppreference.com with the standard you are using
CMake 3.22+: Build system for C++

example (domain knowledge, prompt Slurm: Website

engineering) K /

systems and physics

Have a commercial LLM write a Bash script:
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Jef

Finding Knowledge Is Hard... And Never Easier!

Al IS
e H

NOT A SUBSTITUE FOR KNOWELDGE

ave a commercial LLM write a Bash script:

Bad prompt and minimal knowledge:

.

| have 1000 small text files | need to
combine using bash. Here is what it
looks like:

x Q2 delta x-sec blob

1/27/2026

on Lab

-

If the goal is simply to concatenate ~1000 small text files into one, Bash already gives you very efficient

primitives. The exact command depends on whether you need raw concatenation or some structure/cleanup.

1. Plain concatenation (most common)

If all files are plain text and order doesn’t matter beyond filename sorting:

bash | Copy code
cat *.txt > combined.txt

This concatenates files in lexicographic order as retumed by the shell.

If you want a deterministic numeric order like file1.txt, file2.txt, ..., filel@es.txt :
bash () Copy code

cat $(ls -v *.txt) > combined.txt

( -v enables natural sort.)

.

~
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Finding Knowledge Is Hard... And Never Easi

bash 9 Copy code

Al'lS NOT A SUBSTITUE FOR KNOWELDGE

e Have a commercial LLM write a Bash script:

#!/usr/binfenv bash

Better prompt with clear instructions:
INPUT_DIR=

. : : OUTPUT_DIR=
Goal: Create a bash script that can concatenate all of the files in a single

directory. —
Specifications:

1.) Ensure there is error checking and proper output on the critical i) INPUT DIR-

steps of the scripts 0) OUTPUT_DTR=
2.) Make a help message and CLI usage h) print_help;
3.) Ensrue if there are many small files, that the 1/0 is not overwhelmed oot
for the disk using performance tools like nice

4.) Ensure the input files are space separated, and do not use any

comimas.

Output only the script and ensure there is plenty of comments in the
script to explain what is happening and the proper usage.

Inputs: The directory of files

QOutputs: A new directory with a concatinated file in it. e ef'effl
et -o pipefai

et -0 nounset
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Finding Knowledge Is Hard...

Je on Lab

And Easier than Ever

e All SciComp, MIS, and User Services (sp) found in ServiceNow

Use https://jlab.servicenowservices.com/kb to see ALL
knowledge base articles (and be logged in)

Do not use scicomp.jlab.org User Guide (old))

e Advanced in-depth topics will point to a GitLab pages from KB
articles from scicomp (readthedocs / docusaurus)

Software container basics

GitLab Community Edition docs

‘All Knowledge Bases’ is not all knowledge bases... MIS / Scicomp /
SP (user services) are all separate

jlab.servicenowsernvices.com/missp?id=kb_viewZ

&=

JefferSon Lab

Home 2 All Knowledge Bases

Knowledge Bases Top Rated .

1/26/2026 Eflﬂc_u shar_’e D

c 25 jlab.servicenowservices.com/kb

icenow

~ Welcome to Knowledge
ﬁarch(minimumnharacters) ‘ Q ‘
\' _/ « -

11 Knowledge Bases 692 Articles 12 Q&A
==
-
—

Explore our Knowledge Bases | Ask 3 Question ‘ | Actions v |

& & & &

Communications COVID-19 Information Engage with the Director Facilities
Bes @0 B @1 B @s B: @0

Human Resources Management Information Physical Security / JRIS Property

Systems (MIS)
Bsi @0 B @4 Bz @0 Bs @0
Scientific Computing User Services Documentation User Services Documentation -
Public
Bss ©1 B2z @1 B2 @0
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Data Governance

FAIR, provenance, and why software depends on policy
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FAIR principles

Je on Lab

If we make data + metadata FAIR, we enable automation, reproducibility, and compliant reporting.

-

Findable

Persistent identifiers; rich metadata; indexed catalogs
- “Can | find the right runs/datasets without tribal knowledge?”

~

-

o

Interoperable

Shared vocabularies; machine-readable, linked metadata
- “Can tools connect records across systems?”

J
)

Accessible

Standard protocols (with auth as needed); metadata remains
discoverable
- “Can | retrieve it programmatically—even if data is on tape?”

~

J

.

Reusable

Provenance, licenses, community standards; complete context
- “Can we reproduce and audit results years later?”

/
)

Metadata capture is the foundation of infrastructure

1/26/2026

Sci. Data 3:160018
doi: 10.1038/sdata.2016.18 (2016)
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JefferSon Lab

From Many Islands to Coherent Fabric

Current reality (typical pain points) Target state (what “good” looks like)

* Run information spread across RCDB-like stores, text files, replays, wikis, * One query interface over high-quality metadata (RCDB)

and local notes e Standard identifiers connecting: experiment ¢ runs <> datasets <=
e Users re-invent selection scripts per analysis papers

e Metadata capture varies by hall/test stand * Programmatic access (APIs) for tools and workflows

e Several Custom farm dispatch scripts

e Custom-made calibration capture system (CTP files) Result: automation becomes reliable and shareable

Result: higher operational burden and fragile reproducibility

Example consolidation path (conceptual)

Source systems Consolidation APIs

Consumers
pacdb » JRDB » Search / select metadata » Workflows
pubdb (tagging + linking) Standard protocols Replays
RCDB/CCDB + enrichment Dashboards
wikis Agents
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Towards FAIR Compliance

* InvenioRDM Platform set up for metadata across pacdb, pubdb

Near term (meta)data sources: (RCDB, CCDB, DocDB)

e Invinio RDM - A standard software stack across many institutions and is the

backbone of many metadata and storage catalogs.

e Community moderated features and data storage backends

@ %—b DNS load balancing

Web/app server Webiapp server

Database Datab3se
Slave Masts

Sedrch engine
cluster

Cache
cluster

Message queue
cluster

Storage
cluster

1/26/2026 Worker Worker Worker Worker
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Research Data Repository for Jefferson Lab

N

Recent uploads

Small-x Asymptotics of the Leading-Twist Flavor Singlet Quark TMDs

Gabriel, M.; Adamiak, Daniel, Tawabutr, Yossathorn

In this paper, we investigate the small-$x$ behavior of the flavor-singlet, leading-twist quark Transverse Momentum
Dependent parton distribution functions (TMDs) using the Light-Cone Operator Treatment. This formalism allows u...

Part of PublicationDB
Uploaded on January 27, 2026 | Published in: Physical Review D, 113, 014023, 2026. @ 0 L0

May 2026 (v1) [

A design for noninvasive diagnostics for recirculating CW beams at CEBAF
Kazimi, Reza

In recirculating linear accelerators, beam diagnostics for individual passes can be challenging. In areas where the
multi-pass beams share the same beam pipe, distinguishing beam properties such as position or timing of different...

Part of PublicationDB
Uploaded on January 27, 2026 @0 X0

January 2026 (v2) Conference proceeding @ Metadata-only

TOWARDS CONTINUAL MACHINE LEARNING FOR PARTICLE ACCELERATORS
Rajput, Kishansingh; Schram, Malachi; Lin, Sen; and 2 others

Machine Learning (ML) has become an essential tool in modern scientific and engineering applications, enabling
predictive modeling for complex systems. Many particle accelerator facilities are adopting ML-based solutions to...
Part of PublicationDB

Uploaded on January 27, 2026

1 more versions exist for this record @0 X0

jrdb.jlab.org/
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Containers Matter for Analysis and Data Engineering

What containers buy you

e Pin exact dependency versions (Python/C++/0S libraries)
e Portability across laptops = onsite - cloud/0SG

e Cleaner separation: immutable image + mounted data

e Better provenance: inputs + config - outputs + metadata

A reproducible workflow unit

\_

Inputs

Data + metadata
Config + code tag

\

J

Discussion prompt: what is still missing to make this “fully reproducible” for your analyses?

1/27/2026

»

Common gotchas (be realistic)

e Learning curve: images, registries, permissions, GPUs
e Filesystems and performance tuning matter
* “One more tool” unless we provide good docs + templates

Net: benefits are real, but adoption needs support

Container image

Pinned dependencies
Signed + versioned

\_

Je

on Lab

Run (workflow) Outputs
» swif/slurm » Results + logs
CVMFS/0SG/cloud Provenance record

RN U\l

Hall C Winter Collaboration Meeting 2026
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Je on Lab

Containers Matter for Analysis and Data Engineering

Knowledge Base Article (Stub, SciComp) BA ContainersatJlab  Docs

KBOO15677

. BaCkground Information > #A > Background Information >  Container Adoption
How to use containers at JLab (docker, podman, ? ’

apptainer, singularity) Getting Started v

® L
& Authored by Brad Sawatzky - B2 8moago « @ 28 Views « 7k » PU”, Inspect, and Run Containers C ° n ta I n e r Ad o pt I o n

This is a stub, please find the full documentation at https://pages.jlab.org/scicomp/software/jlab-container-docs/

Interaction with Containers

Volumes and Mounts What Are Containers?
: - . Debugging and Loggin
* Docs contain basic information about 93 9919 Containers provide a modern, lightweight, and reproducible way to
running and Storing containers Building and Tag Containers package software environments. At Jefferson Lab (JLab), containers play
Local Development > a critical role in ensuring consistency across interactive systems, batch

e Contains common stumbling blocks Jjobs, and cloud or Open Science Grid (OSG) resources.
Tips and FAQs >

running containers in HPC environments o _ _
Unlike virtual machines, containers share the host system's kernel,

° Working to provide a JLab base container making them more resource-efficient and faster to start. They provide a
reproducible execution environment critical for both development and

scientific analysis.

This section outlines the key reasons for adopting containers and how

they're supported in the JLab ecosystem.
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Hall C Implications

What changes day-to-day analysis and operations

1/27/2026
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Je on Lab

Existing building blocks (and the gaps that show up)

Analysis-specific software Distribution & execution

e Analyzer / hcana e hallc_replay infrastructure (not as containerized as desired)
* EVIO I/0O and decoding e CVMFS for software distribution to local + cloud/OSG

e Git repositories and release practices e Batch workflows (swif/slurm)

e Calibration & conditions interfaces (CCDB/RCDB-like)

Theme: adoption improves when environments are standardized and
Theme: analysis pipelines depend on stable interfaces and metadata discoverable

Example “small wins” that compound

e A minimal run-metadata schema and validation at DAQ capture time across all 12 GeV experiments
e A container template for replay + analysis with pinned versions and a clean data mount (no user configured symlinks)

e A reproducible analysis workflow: code tag + config + run query + container digest
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Jefferson Lab

Building a Provenance and Meta(data) Platform

Stage 1 Raw to Replay

Replay configuration

Raw data URI RCDB query or selection CCDB snapshot or key set .
versioned

[ | |

L |

Replay container compiled
C plus plus

v

3 Replay provenance
Replay ROOT files bt ©

manifest

. ____—Stage 2 Calibration

Replay ROOT files and Calibration configuration
manifest versioned

Calibration container

compiled tools

Calibration provenance

Calibration artifacts .
manifest
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User or Workflow Replay Container RCDB API CCDB API Raw Data Store Analysis Data Store Diagnostic Plot Store Hydra and MLOps

Run replay with config and URIs

Request run metadata

Run selection and conditions

Request calibration|snapshot

Calibration conptants

ad raw data via URI

Raw data stream

Write ROOT outpuffs via URI

Write replay provenance fpanifest via URI

Writg diagnostic plots via URI

Write pldt metadata and tags via UR!

-
|

Read ROOT joutputs and manifests via URI

Read diagnostic plots and tags via URI

uns metrics artifacts and li

User or Workflow Replay Container RCDB API CCDB API Raw Data Store Analysis Data Store Diagnostic Plot Store Hydra and MLOps

1/27/2026 Hall C Winter Collaboration Meeting 2026




Je on Lab

JANA2 & Event Data Model - Discussion for later

Motivation: higher data rates, richer events, heterogeneous compute (CPU vector units, GPUs), stream capable readout and near-real-time QA.

Compute reality check Framework direction (examples)
e Modern CPUs reward vectorization (e.g., AVX2-like patterns) e JANA2-style modular reconstruction pipelines
e Multithreading can improve throughput — but requires thread-safe e Event Data Models (EDM) described in machine-readable form (schema-

frameworks first)
; e Stream-capable processing (windowed outputs; early termination)

¢ Event-data-models allow for pipelining and cache opt for modern CPUs

Question for Hall C: what would it take to layer existing decoders/analysis

Takeaway: data layout + framework design matter as much as “raw FLOPs”. on a more parallel core?

HitCollection 1 Collection
User Layer

.n Hit
1

v}

HitObject Object Layer

—

'y b I/0
_ HitData  POD Layer ¥ L S5 [Backend
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Q&A

Discussion prompts:
e What metadata would most reduce your analysis overhead?

e Where do you see the biggest reproducibility gaps today?
e Which “common diagnostics” would you standardize first?
e What guardrails would make Al tools acceptable in your workflow?

1/27/2026
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