
ePIC Computing Status Update

Dmitry Kalinkin (University of Kentucky)
for the ePIC collaboration

RHIC/AGS Annual Users’ Meeting
May 20-23 2024

Dmitry Kalinkin (University of Kentucky)
for the ePIC collaboration

RHIC/AGS Annual Users’ Meeting
May 20-23 2024

Dmitry Kalinkin (University of Kentucky)
for the ePIC collaboration

RHIC/AGS Annual Users’ Meeting
May 20-23 2024



Computing for the ePIC detector at EIC

Enabling science at EIC

• Computing is an integral part of operation of a
streaming readout detector, and needs to be con-
sidered as such during the design phase

• Support full set of ePIC detectors with holistic
reconstruction to eliminate the trigger selection
bias

• Rapid turnaround of 2-3 weeks between data-
taking, alignment/calibrations, validation and
physics analyses
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Software and Computing Effort in ePIC

Software and Computing Coordinator – Markus Diefenthaler (JLab)
Deputy Coordinator for Operations – Wouter Deconinck (Manitoba)
Deputy Coordinator for Development – Dmitry Kalinkin (UKY)
Deputy Coordinator for Infrastructure – Torre Wenaus (BNL)

Operations WGs:

• Production
Thomas Britton (JLab), Sakib
Rahman (BNL)

• User Learning
Stephen Kay (York), Holly
Szumila-Vance (FIU)

• Validation

Development WGs:

• Physics and Detector Simula-
tion
Chao Peng (ANL), Sakib
Rahman (BNL)

• Reconstruction
Derek Anderson (ISU), Shujie Li
(LBNL)

• Analysis Tools

Infrastructure WGs:

• Streaming Computing Model
Marco Battaglieri (INFN
Genoa), Taku Gunji (Tokyo),
Jeff Landgraf (BNL)

• Multi-Architecture Computing

• Distributed Computing

Cross-cutting WGs:

• Data and Analysis Preservation
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EIC Software: Statement of principles

Endorsed at
https://eic.github.io/
activities/principles.
html

• agile development
• production-ready
software stack

• meeting near-term
needs of ePIC

• timeline-based
prioritization

• user-centered design
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Simulation framework

Event Generators

Merge backgrounds

Detector Simulation DD4hep/Geant4

Readout Simulation
(Digitization)

Reconstruction

Analysis

JANA2/EICrecon

HepMC3

HepMC3

PODIO/EDM4hep

PODIO/EDM4eic

PODIO/EDM4eic

• Common simulation and reconstruction
geometry is defined with DD4hep

• DDG4 component: interface to Geant4
with first-class PODIO/EDM4hep support

• EICrecon implements ePIC
detector-specific response and digitization
simulation steps
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Reconstruction framework
Geant4

DD4hep
AIDASoft

ACTS
CERN

HepMC3
CERN

PODIO
AIDASoft

EDM4hep
Key4HEP

ROOT
CERN

EICrecon
ePIC

npsim
ePIC

epic (geometry)
ePIC

algorithms interface
ePIC

JANA2
JLab EDM4eic

ePIC

spdlog boost

fmt

Catch2ONNXruntime

HEP-NP stacks

ePIC components

Industry-backed solutions

Data-processing algorithms organized

• EICrecon framework is based on JANA2 (streaming, multithreading, heterogeneous
hardware)

• Modular algorithms for tracking, vertexing, calorimettry, jet reconstruciton, PID
• EDM4eic defines PODIO structures for our data, exchanged immutably between al-
gorithms
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Reconstruction development

Calorimetry

• Ongoing development 𝑒-Finder and Particle Flow
• Track-based cluster splitting

AI/ML workflows for reconstruction and simulation

Reconstrution

Convert to tensorTruth Inference Convert from tensor

Reconstruction… …

EICrecon

Training
weights

Benchmarks

• Example for electron finder in EEEMCal using ONNX
• ePIC Hackathon/Tutorial during Frascati collaboration
meeting with two problems:
– Low-Q2 tagger momentum calibration
– PID in DIRC
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Reconstruction development

Acts tracking and vertexing
• Full chain of track reconstruction (seeding, fitting, ambi-
guity resolution) in EICrecon

• Primary vertexing ready
• Secondary vertexing is under development

– Acts vs KFParticle is evaluated
– ACTS::AdaptiveMultiVertexFinder has initial results

Reconstruction for RICH detectors
• IRT (Inverse Ray Tracing) 1.0 library used in EICrecon only works for single particles
• Development of IRT 2.0 integration is ongoing in a separate development branch
• Goal of providing unified plugin for DRICH and pfRICH
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Streaming simulation and reconstruction
Simulation types to address different
needs

I

Simulations without background

Event 1 Event 2 Event 3 Event 4 Event 5

II

Simulation with background

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

III

Streaming simulation with background

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

(Schematic by Wouter Deconinck)

Event reconstruction has to reassemble
frames back into events

Multi-level event processing topology
implemented in JANA2
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Source Map

Unfold Fold

Map Tap

Source Map

Unfold Fold

Map Tap

Source Map

Unfold Fold

Map Tap

• Source
• JEventSource::GetEvent()

• Map
• JOmniFactory::Process()
• JEventProcessor::Preprocess()
• JEventSource::Preprocess()
• JEventUnfolder::Preprocess()
• JEventFolder::Preprocess()

• Tap
• JEventProcessor::Process()

• Unfold
• JEventUnfolder::Unfold()

• Fold
• JEventFolder::Fold()

Timeslice
Event
Subevent

Parallel Sequential

(Diagram by Nathan Brei)
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Digitization and noise in simulation
Digitization is key to understanding detector response for timing and resolution

Data flow for HGCROC digitization by
Derek Anderson

Example simulated pulse shapes with added noise by Simon
Gardner

Rapid advancements in digitization for various subsystems
• BTOF for AC-LGAD
• Low-Q2 tagger for Timepix4 (potential application of Allpix2 package)
• LFHCAL & BIC CALOROC/HGCROC for (potential application of SimSiPM package)
Strong emphasis on finding commonalities to improve review and reuse of the work.
Supporting analysis and comparisons on test beam measurements is key to validation.
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Simulation geometry validation
A major task of resolving discrepancies between engineering and simulation designs
(in works since past year)
• Setup a conversion routine from DD4hep geometry to STEP CAD files.
• Working together with EIC Project to identify discrepancies. Meeting with
engineers was highly productive.

• Working with DSCs to evaluate issues and implement changes as needed.
Physics and Detector Simulations WG (Chao Peng and Sakib Rahman)

Key achievements and milestones:

• Geometry update and detailed DD4hep implementation for all sub-
detectors - in agreement with geometry database. 

• Simulation to CAD model (step file) conversion. 
• Begin of the evaluation process of simulation and engineering 

designs. 

Major impacts and successes:

• Maintenance of the interface for root geometry to step file 
conversion (an npsim tool). 

• Discussions on the progress of CAD model to simulation 
conversion. 

• Supports on the digitization improvements (simulation of detector 
readout electronics). 

• Background merging revisited; simulation productions with and 
without background will be available in upcoming campaigns. 

ePIC Collaboration Meeting, January 20, 2025. 6

ePIC Simulation geometry converted
to CAD

Project detector CAD design
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ePIC Streaming Computing: Computing Model

https://doi.org/10.
5281/zenodo.14675920

ePIC Software & Computing Report

The ePIC Streaming Computing Model

Version 2, Fall 2024

Marco Battaglieri1, Wouter Deconinck2, Markus
Diefenthaler3, Jin Huang4, Sylvester Joosten5, Dmitry

Kalinkin6, Jeffery Landgraf4, David Lawrence3 and Torre
Wenaus4

for the ePIC Collaboration

1Istituto Nazionale di Fisica Nucleare - Sezione di Genova,
Genova, Liguria, Italy.

2University of Manitoba, Winnipeg, Manitoba, Canada.
3Jefferson Lab, Newport News, VA, USA.

4Brookhaven National Laboratory, Upton, NY, USA.
5Argonne National Laboratory, Lemont, IL, USA.
6University of Kentucky, Lexington, KY, USA.

Abstract

This second version of the ePIC Streaming Computing Model Report
provides a 2024 view of the computing model, updating the October
2023 report with new material including an early estimate of comput-
ing resource requirements; software developments supporting detector
and physics studies, the integration of ML, and a robust production
activity; the evolving plan for infrastructure, dataflows, and workflows
from Echelon 0 to Echelon 1; and a more developed timeline of high-
level milestones. This regularly updated report provides a common
understanding within the ePIC Collaboration on the streaming com-
puting model, and serves as input to ePIC Software & Computing
reviews and to the EIC Resource Review Board. A later version will
be submitted for publication to share our work and plans with the
community. New and substantially rewritten material in Ver-
sion 2 is dark green. The present draft is preliminary and
incomplete and is yet to be circulated in ePIC for review.

1

Version 2 prepared for ECSAC review (November 2024)

• Integrated system between Streaming
Computing (Echelons 1-3) and Streaming DAQ
(Echelon 0)

• Echelon 1 sites at host facilities
– Symmetric access to raw data, full archiving
– Prompt reconstruction for monitoring

• Echelon 2 sites accelerate use cases other than
low-latency streaming workflows
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ePIC Streaming Computing: Computing resource estimates

Initial estimate show that ePIC is a
compute-intensive experiment.
• 𝒪(1𝑀) core-years to process a year of
data
– Motivates attention to leveraging
distributed and opportunistic
resources from the beginning

• 350 PB storage for a year of data
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Validation workflow

ePIC geometry

Base container eic-spack

EICrecon

ePIC stack

eic-shell container

Container pipeline

Simulate

Analyze

Detector benchmark pipeline

Simulate

Analyze

Physics benchmark pipeline

XRootD Artifacts

image_browser

eic/detector_benchmarks: pr/no_detector_build
Passed  Wouter Deconinck created pipeline for commit ee8ac99a   3 hours ago, finished 1 hour ago

For pr/no_detector_build

trigger token   185 jobs  83 minutes 6 seconds, queued for 2,741 seconds

Needs Jobs 185 Tests 0

Group jobs by Stage Job dependencies

calibrate

calib:emcal_barrel_electrons
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bench:zdc_benchmark 2
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deploy_results

Pipeline

EIC / benchmarks / detector_benchmarks / Pipelines / #103280

 2  6  36

 Search or go to…
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Merge requests 6
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Manage
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Code
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Pipelines

Jobs

Pipeline editor
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Artifacts
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Deploy
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Settings

Help
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GitLab CI

(AMD EPYC 7H12 - 256
threads, 512 GB)
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⚠ Plots on this page are automatically generated and are not approved for use in presentations or other documents.
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Simulation Campaigns
VO Name All Project ePIC Facility All ExitCode All Probe All Group By 1d Filters

Core Hours By Facility

01/01 01/08 01/16 01/24 02/01 02/08 02/15 02/22 03/01 03/08 03/16 03/24 04/01 04/08 04/16 04/23 05/01 05/08
0

50 K

100 K

150 K

200 K

SU ITS Clemson-Palmetto MWT2 ATLAS UC IRISHEPCSSLCUCHICAGO JLAB ComputeCanada - Cedar UConn-HPC UChicago UA Little Rock ITS INFNCT1

Pervasive Technology Institute San Diego Supercomputer Center University of Washington Research Computing UNLCPATH UColorado_HEP Michigan HORUS PSU LIGO

UWCMilwaukee RC WISCCPATH Nebraska-CMS NWICG_NDCMS SIUE C CC Rhodes-HPC New Mexico State Discovery Purdue Anvil Wichita State University

Center for Advanced Research Computing SYRACPATH LIGOCWACCE FSU_HNPGRID Emporia State University SPRACE Purdue Geddes Kansas State University

CU C Research Computing University of Alabama UWCLa Crosse CSCPE ODU C Ubuntu WSU C GRID_ce2 Southeast Missouri State University ND_CAML

Information Sciences Institute University of Kansas Georgia Tech South Dakota School of Mines and Technology LSU C Deep Bayou Oral Roberts University AMNH

Sign in

Home Dashboards CPU Payload Jobs View panel This year so far UTC

Search or jump to... cmd+k

• Delivered monthly campaigns since October 2022
• Intuitive path design provides ease of access

Path: /EPIC/RECO/24.09.0/epic_craterlake/DIS/NC/10x100/minQ2=1000/
File name: pythia8NCDIS_10x100_minQ2=1000_beamEffects_xAngle=-0.025_hiDiv_2.1409.eicrecon.tree.edm4eic.root

• Recently rolled out Rucio data management system
• Working with Analysis Coordinators and PWGs to deliver complete set of
simulations covering all (pre-)TDR and Early Science studies

• Training production liasons to reduce bottlenecking
• Mixed background simulations upcoming
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Growing workforce across the timezones
Weekly software news (Indico)

WG News

Physics and Detector Simulations WG
• Start evaluation of simulation vs. engineering designs

－ Creating CAD models converted from ePIC DD4hep geometry.
－ Started with tracking this week (and then PID, calorimetry).

－ Converted models (and views) will be distributed to WGs.

•  Progress in CAD to DD4Hep conversion (see slides from Sam Henry and Tuna Tasali)

Reconstruction Framework and Algorithms WG
• New meeting time: Mondays at 11 am EDT (just after the TIC)!

－ First meeting at new time was on September 16th
• Discussed a proposal for reorganizing the “reco” category of algorithms
• And had follow-up discussion on a proposed data type for track-cluster matching, electron ID, and PF 

－ Will alternate biweekly with Validation WG

ePIC Software & Computing News, September 18, 2024. 4

https://github.com/eic – 200+
members are the “ePIC Devs” Team

You are viewing the README

and pinned repositories as a

member of the Electron-Ion

Collider (EIC) Software

organization.

Get started with tasks that most

eic

US sales tax and exemption: Please update your billing information for verification and add

a sales tax exemption certificate, if applicable. Learn more about this change.
Update billing

Overview Repositories 158 Discussions Projects 3 Packages Teams 14

Electron-Ion Collider (EIC) Software

Electron-Ion Collider (EIC) software, documentation and resources

138 followers https://eic.github.io eic-software-l-owner@lists.bnl.gov

Follow

README.md

This is the GitHub organization for the Electron-Ion Collider (EIC). It

provides various resources for software development and usage,

including repositories and documentation. The organization is

maintained by the EIC detector collaborations. For an overview of

activities, see eic.github.io.

View as: Member

~Helpdesk channel on Mattermost

resolution and quantifying the smeared charge in all neighboring cells to get a single digitized hit position (weighted mean of all smeared hits). I need to 
scan around the neighboring cells (up to next-to-next at least) to get smeared charge in each cell from the gaussian integral within cell dimension, for 
which I need (at least) each cells center position relative to the global xy-cartesian surface.
Is there a method exist that had been done or can be done in eic framework or any reference algorithm to look in to? 
Thank you for you time and consideration!

! 2 replies Follow

Ping 3:17 PM

Is there option to turn off multiple scattering in npsim?

! 1 reply Following

tommy 9:20 PM

Hello experts,
Do anyone know when are parameters in dd4hep::ddsegmentation::segmentation initialized?
It doesn't look like parameters are initialized after registerParameter
But somehow they are initialized when segmentation::cellID or segmentation::position are called?
How does that work?
Thanks for your help. I am not sure how dd4hep work.
Best wishes, Tommy

! 1 reply Follow

Ping 9:37 AM

Can I set the pixel resolution of the tracking detector to 0?

! 2 replies Follow

June 12

1

Write to Helpdesk

Viewing message historyJump to recents

" Start call
Helpdesk#

All questions welcome, no judgement.

3

$ 242 % 3 &
'

( ) Find channel

ePIC# +

Threads

Derek Anderson*

Derek Anderson, Shu…3

Markus Diefenthaler+

Shujie Li*

Torri Jeske,

Wouter Deconinck (he/hi…*

- Software Tutorials

- dRICH

. admin

. SC Coordination

- daq

- det-cerenkov-pid

- det-tof-pid

- dirc

- phys-jets-hf

- SiPM Questions

- pfRICH

. talks-and-speakers-comm

#FAVORITES

#CHANNELS

More unreads

Channels/ Search) 0 View plans @ 1 2 ,

Derek Anderson, Shujie Li, Tyler
Kutz

Recent tutorials:
• Understanding the Simulation Output – Shujie Li

• Analysis and Working with the Simulation Output – Stephen Kay

• Getting Started with a Physics Analysis – Alex Jentsch

• Inclusive Kinematics Reconstruction – Stephen Maple

• ePIC Event Display (TBA) - Dmitry Romanov

Online documentation 

 

 

Landing Page

Welcome to the ePIC Landing Page!

Our mailing list:  eic-projdet-compsw-l@lists.bnl.gov

Subscribe here: https://lists.bnl.gov/mailman/listinfo/eic-projdet-compsw-l



Developing Benchmarks
Benchmarks are scripts that run detector simulations and analyze the resulting data to extract quantities related to the detector performance.

Prerequisites

The following tutorial assumes basic knowledge of shell. It may be practical to use eic-shell for benchmark development, as it is the environment
that will closely match the one during benchmark execution. It also assumes that you are a member of the EIC organization on GitHub and belong
to the “epic-devs” team. You also need to have your local ssh key added to GitHub so that you can push.

Schedule
Setup Download files required for the lesson

00:00 1. Exercise 1: Analysis Scripts and
Snakemake

How does one set up data analysis workflows?

00:20 2. Exercise 2: Setting up your first
benchmark with pipelines

How do we create a new pipeline with GitLab CI?

00:50 3. Exercise 3: Filling out your
benchmark

How do we fill in each stage of the benchmark pipeline?

01:20 4. Exercise 4: Adding a Status Flag How can your benchmark indicate that there were detrimental changes to software
or detector design?

01:40 5. Exercise 5: Making Useful
Figures

How does one make useful benchmark figures?

02:00 6. Archived Exercise 2: Workflow
management with Snakemake

How does one share data analysis workflows?

02:20 Finish

The actual schedule may vary slightly depending on the topics and exercises chosen by the instructor.

Search...

HomeHome Code of ConductCode of Conduct SetupSetup Episodes Episodes Extras Extras LicenseLicense Improve this page Improve this page ✏✏

Licensed under CC-BY 4.0 2018–2024 by The Carpentries
Licensed under CC-BY 4.0 2016–2018 by Software Carpentry
Foundation

Edit on GitHub / Contributing / Source / Cite / Contact

Using The Carpentries style version 9.5.3.

This lesson is in the early stages of development (Alpha version)
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Building our ePIC Software & Computing community

Regular in-person meetings

• ePIC Software & Computing Meeting at CERN
April 22-26, 2024, Indico, 103 registrants

• HSF-India/ePIC Workshop Indian Institute of Technol-
ogy, Bombay, India
May 12-17, 2025, Indico, 48 registrants

Organizing internal
efforts on all fronts:
Development, Simulation,
Streaming/DAQ,
Validation and User
Learing.

Strengthen collaboration
with HEP, specifically
Acts, CERN EP-SFT, HSF,
Key4HEP, Rucio, and with
developers of MCEGs.

RHIC/AGS Users’ Meeting, 2025, Dmitry Kalinkin 17

https://indico.cern.ch/event/1343984/
https://indico.bnl.gov/event/27070/


Summary and Outlook

• ePIC Software effort embraces open development model with aim at sustainability
• Building on top of NP-HEP community’s past experience, we are working together
with it on improving common set of state-of-art tools

• Software development is supported with focus on priorities identified by the
collaboration

• Today, ePIC Software is well-prepared to deliver crucial results needed for finalizing
detector design and validating its fitness for the purposes of the EIC science
program

• Design of the Distributed Computing Model for streaming data is progressing well
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