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ePIC Software and Computing

o ePIC collaboration is structured with numerous working
groups

O https://wiki.bnl.gov/EPIC/index.php?title=Collaboration
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ePIC Software and Computing

o ePIC collaboration is structured with numerous working

groups

O https://wiki.bnl.gov/EPIC/index.php?title=Collaboration
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ePIC Software and Computing

o ePIC collaboration is structured with numerous working
groups

O https://wiki.bnl.gov/EPIC/index.php?title=Collaboration
o Software and Computing is a key pillar though!
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What is our Pipeline?

Real Experiment

a/,ba%
eA ePIC Electronics R Data
Collision Detector and DAQ Production
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What is our Pipeline?

Real Experiment

eA
Collision

—
Electron and Ion beams collide.
Produce some particles.
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What is our Pipeline?

Real Experiment

eA ePIC
Collision Detector

—
Produced particles interact with
the ePIC detector.
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What is our Pipeline?

Real Experiment

eA ePIC Electronics
Collision Detector and DAQ

—
Electronics and Data Acquisition

systems produce and interpret

electrical signals from detectors.
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What is our Pipeline?

Real Experiment

eA ePIC Electronics
Collision Detector and DAQ

—
Reconstruct signals from DAQ
system.

Reconstruction
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What is our Pipeline?

Real Experiment

eA ePIC Electronics R, Data
Collision Detector and DAQ Production

—
Process reconstructed events

into data structure. Apply

calibrations, corrections.

Interpret events at a low level.
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What is our Pipeline?

Real Experiment
Qllb,ati
eA ePIC Electronics | o @ ruction Data g
Collision Detector and DAQ Production

Validation checks of data before
analysis. QA of detector
subsystems.
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What is our Pipeline?

Real Experiment

eA
Collision

ePIC
Detector

Electronics
and DAQ

Reconstruction

g,
o
Data “
Production

Analyse the output data! Pick

your physics channel of interest,
try to find it!
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What is our Pipeline?

Real Experiment

Ql'b'at,'
eA ePIC Electronics | (o = ction Data g
Collision Detector and DAQ Production

Analyse the output data! Pick
your physics channel of interest,
try to find it!

o So what does that look like for a simulation?
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What is our Simulation Pipeline?

Real Experiment

Q/,b,ati
0,

eA ePIC Electronics ) Data
Reconstruction

Collision Detector and DAQ Production

Simulation

Monte Carlo | | Detector simulation, Geant4

generator DD4HEP, digitisation ElCrecon
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What is our Simulation Pipeline?

Simulation

Monte Carlo
generator

—
Input events from MC event

generator, particle guns.

Optionally, add physics

backgrounds
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What is our Simulation Pipeline?

Simulation

Monte Carlo | | Detector simulation, Geant4
generator DD4HEDP, digitisation

—
Geant4 simulations driven by

DD4HEP, output data in the EIC

data model (EDM4hep +

EDM4eic, described in PODIO)

Algorithms to transform the
Geant4 hits to mimic real detector
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What is our Simulation Pipeline?

Simulation

Monte Carlo
generator

Detector simulation, Geant4
DD4HEDP, digitisation

EICrecon

—
Realistic reconstruction
algorithms starting from raw
detector output. Digitisation
included to “look” like real data.
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What is our Simulation Pipeline?

Simulation

Monte Carlo
generator

Detector simulation, Geant4
DD4HEDP, digitisation

EICrecon

Simulation
production

—
Processing of the data using
calibration information,
corrections etc.
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What is our Simulation Pipeline?

Simulation
Monte Carlo | | Detector simulation, Geant4 Bic Simulation
generator DD4HEDP, digitisation Hecon production

User analyses in C++/ROOT or
python/uproot. Facilitated by
using flat, PODIO data model.
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What is our Simulation Pipeline?

Simulation
<
Monte Carlo | | Detector simulation, Geant4 BIC Simula o,
generator DD4HEDP, digitisation Hecon productio

Analysis

QA test, benchmarking etc.
Benchmarks for detectors and
physics are included -
https://eic.github.io/tutorial-
developing-benchmarks/
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What is our Simulation Pipeline?

Simulation
- ey,
Monte Carlo | [ Detector simulation, Geant4; e Simula ‘o, -
generator DD4HEP, digitisation LECOD productio nalysis

QA test, benchmarking etc.
Benchmarks for detectors and
physics are included -
https://eic.github.io/tutorial-
developing-benchmarks/

o What do our inputs and outputs look like?
Stephen JD Kay University of York 14/05/25




Mapping the Simulation Pipeline Inputs

Simulation

Uj

Monte Carlo
generator

Detector simulation, Geant4
DD4HEP, digitisation

EICrecon

g . 2731“
Simulation “@

productio

L

J

Y

HEPMC3 format events
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Mapping the Simulation Pipeline Inputs

Simulation
; gy,
Monte Carlo | | Detector simulation, Geant4 e Simulation
generator DD4HEDP, digitisation recot 1 productio
| A |
: |
HEPMC3 format events

JANAZ2 framework
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Mapping the Simulation Pipeline Inputs

Simulation

Monte Carlo | | Detector simulation, Geant4 EIC
generator DD4HEP, digitisation LECOD

\ It
Y

HEPMC3 format events l
\ JANAZ2 framework

Y
DD4HEP geometry and EIC Data Model: Standardised data
structures that we collectively agree to use to pass information
between simulation, reconstruction and analysis algorithms.
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Mapping the Simulation Pipeline Inputs

Simulation

Monte Carlo | | Detector simulation, Geant4 EIC
generator DD4HEP, digitisation LECOD

\ It
Y

HEPMC3 format events l
\ JANAZ2 framework

Y
DD4HEP geometry and EIC Data Model: Standardised data
structures that we collectively agree to use to pass information
between simulation, reconstruction and analysis algorithms.

o How do the working groups fit in?
Stephen JD Kay

University of York 14/05/25
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Interfacing with Working Groups

Detector simulation, Geant4
DD4HEDP, digitisation

Monte Carlo
generator

Stephen JD Kay University of York



Simulation Campaigns

o With that reproducibility objective in mind, run regular
simulation campaigns
o Objectives:
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Simulation Campaigns

o With that reproducibility objective in mind, run regular
simulation campaigns
o Objectives:
o 1. Continuous deployment of software for detector/physics
simulations
o 2. Regular updates of simulation productions for
detector/physics studies and geometry/algorithm development
o 3. Validation and QA for simulation productions on datasets
that require substantial time/resources

Stephen JD Kay University of York 14/05/25 7/20



Simulation Campaigns

o With that reproducibility objective in mind, run regular
simulation campaigns
o Objectives:
o 1. Continuous deployment of software for detector/physics
simulations
o 2. Regular updates of simulation productions for
detector/physics studies and geometry/algorithm development
o 3. Validation and QA for simulation productions on datasets
that require substantial time/resources

o Train: Major

= [, 7 oo N, central campaign,
Week 3

Week 1: Week 2: fixed schedule

Verification & Targeted
validation development

Week 4

o Charter: Special
‘@ i :i interest runs
o Taxis: Bespoke runs
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Latest Simulation Campaign

o The latest simulation campaigns are -
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o The latest simulation campaigns are -
o 25.04.1

o 25.03.1
o 25.02.0
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Latest Simulation Campaign

o The latest simulation campaigns are -
o 25.04.1
o 25.03.1
o 25.02.0
o We will discuss the naming convention and the file structure
of the campaigns in the next tutorial!
o Details and info on the simulation campaigns are available on
the Production Working Group Website
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Latest Simulation Campaign

©

©

o

The latest simulation campaigns are -

o 25.04.1

o 25.03.1

o 25.02.0
We will discuss the naming convention and the file structure
of the campaigns in the next tutorial!

Details and info on the simulation campaigns are available on
the Production Working Group Website

You can also check the firehose channel on Mattermost to see
the latest files being produced
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What can we study?

o We can use the detector simulation and our software stack to
study many things
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What can we study?

o We can use the detector simulation and our software stack to
study many things

o Broadly, we are generally interested in learning something
about physics or about our detector

Detector .
Physics
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What can we study?

©

o

o

(%)

(%)

o We can use the detector simulation and our software stack to
study many things

o Broadly, we are generally interested in learning something
about physics or about our detector

Detector .
Physics

Resolution
Efficiency
Digitisation
Optimisation

Geometry
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What can we study?

©

o

o

o We can use the detector simulation and our software stack to
study many things

o Broadly, we are generally interested in learning something
about physics or about our detector

Detector .
Physics
Resolution ) )
o o Kinematics
Efficiency
S o Phase space
Digitisation
o o Acceptance
Optimisation ]
o Algorithm performance
Geometry
Q
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Use Cases

o There are numerous use cases we could envisage
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Use Cases

o There are numerous use cases we could envisage

Detector Study Physics Study

Validation
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Use Cases

o There are numerous use cases we could envisage

Detector Study Physics Study

Implement

Validatio
alidation Detector

Implement
Physics

o Don’t necessarily need full simulation chain in each case!
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Use Case: Physics Study
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Use Case: Physics Study

Physics Study

Use
existing
generator

Re-use
simulation

Implement
Generator

Request
Simulation

Monte Carlo
generator

Detector simulation, Geant4
DD4HEDP, digitisation

et,o

ElCrecon
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Use Case: Physics Study

Physics Study

Use
existing
generator

Re-use
simulation

Implement
Generator

Request
Simulation

Monte Carlo
generator

Detector simulation, Geant4
DD4HEDP, digitisation

ElCrecon

Analysis
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Use Case: Physics Study

Physics Study

Use Implement
existing | Generator
generator

Re-use Request
simulation| Simulation

Monte Carlo | [ Detector simulation, Geant4 Simulation %

generator DD4HEP, digitisation Ltz Analysis

o Important - For submission to simulation campaigns, new
generators/studies should follow input preprocessing guidelines
from the production WG
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Use Case: Implement Detector
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Use Case: Implement Detector

Implement Detector

Geometry

Digitisation

Reconstruction

Monte Carlo
generator

Detector simulation, Geant4
DD4HEDP, digitisation

ElCrecon

at,b

Analysis

Stephen JD Kay

University of York

14/05/25
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Use Case: Implement Physics
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Use Case: Implement Physics

Implement Physics

Prototype analysis  Develop enhanced
on existing reconstruction
reconstruction

T iy,
Monte Carlo | | Detector simulation, Geant4 Simulation %

e DD4HEP, digitisation ElCrecon
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Use Case: Validation
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Use Case: Validation

Validation

Compare the output
of physics and
detector studies

Q/,b,
) T T . g
Monte Carlo | | Detector simulation, Geant4 Simulatjon

e DD4HEP, digitisation ElCrecon

Analysis
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Use Case: Detector Study
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Use Case: Detector Study

Detector Study

/N

Use existing Modified geometry
geometry or
modified digitisation

T CTD
Monte Carlo | | Detector simulation, Geant4 Simulation %

generator DDA4HEP, digitisation ElCrecon Analysis
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Collaborative Software

o Principles outlined earlier aren’t standalone
o Interconnected with each other
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I

Stephen JD Kay University of York 14/05/25 16 / 20



Collaborative Software

o Principles outlined earlier aren’t standalone
o Interconnected with each other
o Sustainability, reproducibility and collaborative all connected

Contributing users

I

Git (pull requests, discussion, opening issues)

1
Mattermost, tutorials, helpdesk, FAQs

0
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Collaborative Software

o Principles outlined earlier aren’t standalone
o Interconnected with each other
o Sustainability, reproducibility and collaborative all connected

Contributing users

I

Git (pull requests, discussion, opening issues)

1
Mattermost, tutorials, helpdesk, FAQs

0

Sustainable software effort!
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Collaborative Software

o Principles outlined earlier aren’t standalone
o Interconnected with each other
o Sustainability, reproducibility and collaborative all connected

Contributing users

I

Git (pull requests, discussion, opening issues)

1
Mattermost, tutorials, helpdesk, FAQs

0

Sustainable software effort!

o Where can we access some of the collaborative tools and
material available to us?
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eic-shell: A Common Environment

o eic-shell is a singularity/docker container with a curated
selection of software components
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eic-shell: A Common Environment

o eic-shell is a singularity/docker container with a curated
selection of software components
o It contains a common set of EIC software pre-installed
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eic-shell: A Common Environment

o eic-shell is a singularity/docker container with a curated
selection of software components
o It contains a common set of EIC software pre-installed
ddsim/npsim: The ePIC detector geometry and simulation
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eic-shell: A Common Environment

o eic-shell is a singularity/docker container with a curated
selection of software components
o It contains a common set of EIC software pre-installed
ElCrecon: Our reconstruction toolkit
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eic-shell: A Common Environment

o eic-shell is a singularity/docker container with a curated
selection of software components
o It contains a common set of EIC software pre-installed
Afterburner: A way to quickly apply beam effects to simulated events
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eic-shell: A Common Environment

o eic-shell is a singularity/docker container with a curated
selection of software components
o It contains a common set of EIC software pre-installed
ROOT: A way to open and analyse simulated output
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eic-shell: A Common Environment

o eic-shell is a singularity/docker container with a curated
selection of software components
o It contains a common set of EIC software pre-installed
Common software stack — Reproducible!

Stephen JD Kay University of York 14/05/25
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The Full Software Stock

o Of course, there's a lot more software
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The Full Software Stock

o Of course, there's a lot more software

o Here's the full spider's web

Geant4

DD4hep PODIO

AIDASoft AIDASoft

epic (geometry) i EICrecon
ePIC ePIC

ONNXruntime

HEP-NP stacks'

EDM4hep

Key4HEP

ePIC components

EDM4eic

algorithms interface

Catch2 E

Industry-backed solutions

Image - Dmitry Kalinkin, CHEP 2024
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18 / 20


https://doi.org/10.5281/zenodo.14757734

Extra Resources

o There are a range of additional resources available
Start from https://eic.github.io/
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https://eic.github.io/

Extra Resources

o There are a range of additional resources available

Under get started we have the Iandlng page

Landing Page

Get started |ePIC Tutorials
HEP Software
Vlewer
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https://eic.github.io/documentation/landingpage.html

Extra Resources

o There are a range of additional resources available

Clicking "Get Started"”

B 4 somos o

Get Started

University of


https://eic.github.io/documentation/getstarted.html

Extra Resources

o There are a range of additional resources available
HSF Software Training Centre

Home Contribute About

HSF Training Center

Curriculum Al Tutorials.

Basic
Basic skills for HEP software development.

. The UNIX Shell © GitHub
B Version controlling with git O GitHub

P Programming with python © GitHub

ephen JD Kay University of


https://hsf-training.org/training-center/

Extra Resources

o There are a range of additional resources available

Numerous tutorials, note, different to the next few days!

B A somreD-  Resoucs - Adwes 9+ Oguistion fy-  Polcs @+ Gt St - oo ¢+ C)

ePIC Tutorials

Future tutorials schedule:
Please join the Mattermost Software Tutorials channel for updates/announcements and questions about tutorials.

Note that the tutorials as presented below are not intended to be followed in a strict sequence. New users should start with the “Setting up an
enviornment"” tutorial. Beyond this, we encourage users to pick and choose the tutorials on topics they want to explore.
Current tutorials are summarised in the table below -

Tutorial Difficulty Tags Desaiption Resources
Setting up an envirorment Begimer {setup [nvronment] et strte vith the e7IC softuare environment Viceo 1 Video 2
mulation autpu  Begimer/Advanced  [Analysis] Deta] Leam how to analyze simulation data Videa? (<8 BACY)
detectors Epert {Simulation] Detector) [DDahep]  Development of detector geometry using DD4hep.
Modiying geometry and digiization. Advanced (Geomeuy] [Digiizaion] Lear to customize detector configurations
Understanding simulation outpat  Advanced (simulation] (Dats] Deep dive into simulation data sructure T —
Geting started with Advanced (Physcs Anaysis] Physicsanalysi ntoduction Video (VjNB#2)
Advanced (Reconstruction] [xinematis Leam kinematicsreconstrucion techniques e
Bipert 1 Video 1+ video 2
[ {Benchmarking][Performance] Leam to create performance benchmarks
atons with ddsim and geanté  Advanced {simulation] [Geant4) (ddsim] Run simulations with different framenorks Video 1+ Video 2
Reconstruction ramenork Expert {Framework] DANAZ] (Reconstrction] Working with the JANAZ reconstrucion ramevrk Video 1+ Video 2
Ay bootcarmp Advanced Python) Anslyse (Bootcamp] Python-based analsi techniques
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https://eic.github.io/documentation/tutorials.html

Extra Resources

o There are a range of additional resources available

There is aIso a FAQ a good pIace to get involved!

Frequently Asked Questions page! Please use the Helpdesk on Mattermost for gent correspondence.
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avaiable campaigns. Pick 3 campaign that you want to view in detal. For example: 25.01.1. Here,you will in the autput directories listed in  nested tre structure. The directory

in parti i find they
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https://eic.github.io/documentation/faq.html

Extra Resources

o There are a range of additional resources available

Frequently Asked Questions page! Please use the Helpdesk on Mattermost for rgent correspondence.

D=4

s and comments

of avaible campaigns. Pick a campaign that you want ta view in detail. For example: 25.01.1. Here, you will i the output directories listed in  nested tree structure. The directory.

in parti i find they

But of course, there's one very important resource to mention...

Stephen JD Kay University of York 14/05/25 19 / 20



Mattermost

o Mattermost: useful place to get involved and find things out
o Email from me earlier with an invite link - please join!
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Mattermost

o Mattermost: useful place to get involved and find things out
o Email from me earlier with an invite link - please join!
Got a software problem? Ask in the Helpdesk
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Mattermost

o Mattermost: useful place to get involved and find things out

o Email from me earlier with an invite link - please join!
We also have our own channel for this workshop! I've invited everyone
who joined Mattermost - I'll do another pass after the session today!

HSF-India/ePIC Workshop

If you did not receive an invite link or you aren’t in the HSF-
India/ePIC channel, please let me know!
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Before we move on, any questions?

,
-

stephen.kay@york.ac.uk



Alright then, enough listening to talks for one day.
Time to get to work on some software!



