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Simulations in Experiment and Theory
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Software tutorials
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• Introduction: Emphasizing the interplay of science and software & computing
• Markus Diefenthaler (JLab)

• Software for Detector Design
• Sylvester Joosten (ANL)

• Joe Osborn (ORNL)

• Software for Physics Studies
• Wouter Deconinck (University of Manitoba)

• Kolja Kauder (BNL)

Prepare for Kolja’s tutorial
• Install singularity on your system: https://github.com/ECCE-EIC/Singularity#troubleshooting

• Start the singularity container following the instructions on: 

https://github.com/ECCE-EIC/Singularity#singularity-container-for-ecceeic-fun4all

No preparations needed for the other tutorials.

https://github.com/ECCE-EIC/Singularity
https://github.com/ECCE-EIC/Singularity


Electron-Ion Collider
A new frontier in science



76 participants 74 participants

Gravitational Interactions Strong InteractionsElectroweak Interactions

Further exploration of the Standard Model 
Dark matter searches Electroweak symmetry breaking Deeper understanding of QCD 

Mission of Nuclear Physics 
• discover, explore, and understand 

all forms of nuclear matter

Frontiers in Nuclear Physics 
• One of the enduring mysteries of the universe is the nature of matter—what are its basic constituents and how do they interact to 

form the properties we observe? The largest contribution by far to the mass of the matter we are familiar with comes from protons 
and heavier nuclei.

• Although the fundamental particles that compose nuclear matter—quarks and gluons—are themselves relatively well understood, 
exactly how they interact and combine to form the different types of matter observed in the universe today and during its 
evolution remains largely unknown.

Nuclear Physics 
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Hideki Yukawa (1949) “for his prediction of the existence of mesons on the basis of theoretical work on nuclear forces”
But the quark-gluon origin of the nuclear binding force remains an unknown. 

Robert Hofstadter (1961) “for his pioneering studies of electron scattering in atomic nuclei and for his thereby achieved 
discoveries concerning the structure of the nucleons”
But the 3D quark-gluon structure of nucleons remains an unknown. 

Jerome Friedman, Henry Kendall, Richard Taylor (1990) “for their pioneering investigations concerning deep inelastic 
scattering of electrons on protons and bound neutrons, which have been of essential importance for the development of 
the quark model in particle physics”
But the role of gluons in protons and bound neutrons remains unknown. 

David Gross, David Politzer, Frank Wilczek (2004) “for the discovery of asymptotic freedom in the theory of the strong 
interaction”
But the confinement aspect of the theory remains unknown.

Yoichiro Nambu (2008) “for the discovery of the mechanism of spontaneous broken symmetry in subatomic physics ”
But how dynamical chiral symmetry breaking shapes the mass and structure of quark-gluon systems remains unknown.

Nobel Prizes in Physics and Nuclear Physics / EIC Science
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The dynamical nature of nuclear matter

7

Nuclear Matter Interactions and structures are 
inextricably mixed up

Observed properties such as mass and spin 
emerge out of the complex system

Ultimate goal Understand how matter at its most 
fundamental level is made

To reach goal precisely image quarks and gluons 
and their interactions

QCD’s Dyson-Schwinger Equations
The equations of motion of QCD () QCD’s Dyson–Schwinger equations

an infinite tower of coupled integral equations
tractability =) must implement a symmetry preserving truncation

The most important DSE is QCD’s gap equation =) quark propagator

�1
=

�1
+

ingredients – dressed gluon propagator & dressed quark-gluon vertex

S(p) =
Z(p2)

i/p + M(p2)

S(p) has correct perturbative limit

mass function, M(p2), exhibits
dynamical mass generation

complex conjugate poles
no real mass shell =) confinement

[M. S. Bhagwat et al., Phys. Rev. C 68, 015203 (2003)]

ECT* 3–7 April 2017 3 / 30

DOI 10.1103/PhysRevC.68.015203

Mp = 1000 MeV
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Advances in Nuclear Physics
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Steady advances in all of these areas mean that à

Theory of the strong interaction

Detector technologies Computer technologies

Accelerator technologies

Quantumchromo-
dynamics (QCD)
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EIC: A new frontier in science
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Why an Electron-Ion Collider?
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Understanding of nuclear matter is transformational, 
perhaps in an even more dramatic way than how the understanding of the atomic and 
molecular structure of matter led to new frontiers, new sciences and new technologies.

Right tool

• to precisely image quarks 
and gluons and their 
interactions

• to explore the new QCD 
frontier of strong color 
fields in nuclei

• to understand how matter 
at its most fundamental 
level is made. 



The Electron-Ion Collider: Frontier accelerator facility in the U.S.
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Luminosity / CME / Kinematic coverage 

Spinning Glue: QCD and Spin
!19

XXVI International Workshop on DIS and Related Subjects - DIS2018 
Kobe, Japan, April 16-20, 2018

Background - The EIC Facility Concepts

arXiv:1212.1701

ep

The 12 GeV upgrade of CEBAF at JLab and the COMPASS at CERN will initiate such
studies in predominantly valence quark region. However, these programs will be dramati-
cally extended at the EIC to explore the role of the gluons and sea quarks in determining
the hadron structure and properties. This will resolve crucial questions, such as whether
a substantial “missing” portion of nucleon spin resides in the gluons. By providing high-
energy probes of partons’ transverse momenta, the EIC should also illuminate the role of
their orbital motion contributing to nucleon spin.

The Spin and Flavor Structure of the Nucleon

An intensive and worldwide experimen-
tal program over the past two decades has
shown that the spin of quarks and antiquarks
is only responsible for ⇠ 30% of the pro-
ton spin. Recent RHIC results indicate that
the gluons’ spin contribution in the currently
explored kinematic region is non-zero, but
not yet su�cient to account for the missing
70%. The partons’ total helicity contribu-
tion to the proton spin is very sensitive to
their minimum momentum fraction x acces-
sible by the experiments. With the unique
capability to reach two orders of magnitude

lower in x and to span a wider range of mo-
mentum transferQ than previously achieved,
the EIC would o↵er the most powerful tool
to precisely quantify how the spin of gluons
and that of quarks of various flavors con-
tribute to the protons spin. The EIC would
realize this by colliding longitudinally polar-
ized electrons and nucleons, with both inclu-
sive and semi-inclusive DIS measurements.
In the former, only the scattered electron is
detected, while in the latter, an additional
hadron created in the collisions is to be de-
tected and identified.
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Current polarized DIS data:

CERN DESY JLab SLAC

Current polarized BNL-RHIC pp data:

PHENIX π0 STAR 1-jet
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Figure 1.2: Left: The range in parton momentum fraction x vs. the square of the momentum
transferred by the electron to the proton Q

2 accessible with the EIC in e+p collisions at two
di↵erent center-of-mass energies, compared to existing data. Right: The projected reduction
in the uncertainties of the gluon’s helicity contribution �G vs. the quark helicity contribution
�⌃/2 to the proton spin from the region of parton momentum fractions x > 0.001 that would
be achieved by the EIC for di↵erent center-of-mass energies.

Figure 1.2 (Right) shows the reduction in
uncertainties of the contributions to the nu-
cleon spin from the spin of the gluons, quarks
and antiquarks, evaluated in the x range

from 0.001 to 1.0. This would be achieved by
the EIC in its early operations. In future, the
kinematic range could be further extended
down to x ⇠ 0.0001 reducing significantly
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The 12 GeV upgrade of CEBAF at JLab and the COMPASS at CERN will initiate such
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High
Luminosity

Versatile range of:
• beam energies
• beam polarizations
• beam species (p → U)

World’s first collider of:
• ep: polarized electrons and 

polarized protons/light ions (d, 3He)
• eA: electrons and nuclei

EIC

JLEIC

CEBAF



Detector design
General design considerations



Electron-Proton Scattering
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Ability to change x projects out different con-
figurations where different dynamics dominate

Ability to change Q2 changes the resolution scale

Q2 = 400 GeV2

=> 1/Q = 0.01 fm

(Q2)

13



Mapping position and motion of quarks and gluons
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3D imaging in space and momentum 

longitudinal structure (PDF)
+ transverse  position Information (GPDs)
+ transverse momentum information (TMDs)

order of a few hundred MeV measurement

Study nuclear matter beyond  longitudinal description makes the requirements for IR and detector design 
different from all previous colliders including HERA.
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Particle Identification
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Ion beamline

Scattered electron

Particles associated with struck parton

Photons

Electron beamlineEelectron

Eion

Products of the hard 
electron-quark collision

Transverse and flavor structure measurement of the nucleon and nuclei: 
The particles associated with struck parton must have its species identified 
and measured.  Particle ID much more important than at HERA colliders.
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Final-state particles in the central rapidity
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Ion beamline

Scattered electron

Particles associated with struck parton

PhotonsEion

Products of the hard 
electron-quark collision

Asymmetric collision energies will boost the final state particles in the ion 
beam direction: Detector requirements change as a function of rapidity.

Eelectron
Electron beamline



Final-state particles

2021 CFNS Summer School on the Physics of the Electron-Ion Collider

Ion
 be

am
lin

e

Eion
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electron

Scattered electron

Particles Associated with Initial Ion
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The aim is to get ~100% acceptance
for all final state particles, and measure
them with good resolution.

Experimental challenges: 
• beam elements limit forward 

acceptance
• central Solenoid not effective for 

forward

Central
Detector

Beam Elements

Beam Elements
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Interaction region concept
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Ion beamline

Electron beamline

25 mrad

Solenoid

Dipole (1 of 3)

Dipole (1 of 4)

NOT TO SCALE!

Beam crossing angle creates
room for forward dipoles

Dipoles analyze the forward particles
and create space for detectors in the forward direction
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Interaction region concept
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Possible to get ~100% 
acceptance for the 
whole event

Total acceptance detector (and IR)

19



Scattered lepton and jet in the EIC detector
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Detector concepts for the EIC 
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Anecdote
"Software is the soul of the detector,” Ian Shipsey replied in a poetic way and emphasized the 
importance of great software for great science. He added that we need to work together, on a 
global scale and with other fields, to achieve this goal.

After a presentation on “Breakthroughs in Detector Technology”, Ian Shipsey (Oxford) was asked about the role of software. 

Immediately after my overview
• Sylvester Joosten (ANL) will introduce the ATHENA detector concept.
• Joe Osborn (ORNL) will introduce the ECCE detector concept.



Streaming Readout
Seamless data processing from detector readout to 
analysis



Towards the next-generation research model in Nuclear Physics
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Science & Industry remarkable advances in electronics, 
computing, and software over last decade

evolve & develop Nuclear Physics research model based on 
these advances

Roles of computing Data processing from data acquisition 
(DAQ) to analysis largely shaped by kinds of computing that 
has been available
Example Trigger-based readout systems

Advances in electronics, computing, and software Unique 
opportunity to think about new possibilities and paradigms
Example Streaming readout systems



CODA: Trigger-based readout system

Based upon assumptions in traditional DAQ design
• The data rate from a detector is impossible to capture with an affordable data 

acquisition system without a trigger to reduce event rates. 

• Even if the untriggered data rate could be captured, it would be impossible to 
store. 

• Even if it could be stored the full dataset would represent a data volume that 
would require impractically large computing resources to process.
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Limitation in trigger-based readout systems 
• bias to low-energy particles

• do not deal well with event-pileup

• not an ideal for complex, general-purpose detectors 

With computing advances Assumptions no longer valid 



Alternative readout mode: Streaming
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Traditional trigger-based readout

• data is digitized into buffers
• trigger starts readout
• parts of events are transported to an event builder where they are 

assembled into events
• at each stage the flow of data is controlled by back pressure
• data is organized sequentially by events

Streaming readout

• data is read continuously from all channels
• validation checks at source reject noise and suppress empty channels
• data then flows unimpeded in parallel channels to storage or a local 

compute resource
• data flow is controlled at source
• data is organized in multiple dimensions by channel and time



Streaming Readout: Trigger-less data acquisition 

Definition of Streaming Readout
• Data is digitized at a fixed rate with thresholds and zero suppression applied locally. 
• Data is read out in continuous parallel streams that are encoded with information about when and where the 

data was taken. 
• Event building, filtering, monitoring, and other processing is deferred until the data is at rest in tiered storage. 
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Advantages of Streaming Readout
• simplification of readout (no custom trigger hardware and firmware) 
• trigger-less readout: 

• beneficial for experiments that are limited by event-pileup or overlapping signals from different events
• beam time is expensive so data mining or taking generic datasets shared between experiments is 

becoming popular: loosen triggers to store as much as possible
• opportunity to streamline workflows
• take advantage of other emerging technologies



Streaming Readout and (near) real-time processing

5

Real-Time Processing
Simple feature-building, 
e.g. in FPGAs, required 
to reduce the data rate.*

 1 TB/s 
post zero  

suppression 50 GB/s

*LHCb will move to a triggerless-readout system for LHC Run 3 (2021-2023), and process 5 TB/s 
in real time on the CPU farm.

JINST 8 (2013) P04022

1 MHz

Real-time reconstruction 
for all charged particles 
with pT > 0.5GeV.

F u l l r e a l - t i m e 
reconstruction for all 
particles available to 
select events.

0.7 GB/s (mix of full + partial events)

Data buffered on 
10 PB of disk.

8 GB/s

Real-time calibration 
& alignment.

Heavy use of machine learning: 
V.Gligorov, MW, JINST 8 (2012) P02013.
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Front-End Front End 
data

Front-End Front End 
data

Front-End Front End 
data

Data Processor Analysis 
data

Data Processor 
• assembles the data into events
• outputs data suitable for final analysis 

(Analysis data)

Features
• ideal for AI
• automated calibration in (near) real time
• automated alignment in (near) real time
• reconstruction in (near) real time
• event filtering into analysis streams based 

on full event information
• automated anomaly detection
• responsive detectors (conscious 

experiment)

LH
C

b
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Integration of DAQ, analysis and theory to optimize physics reach
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Research model with seamless data processing from DAQ to data analysis

• blurring of online and offline analysis evolves into near real-time analysis
• not about building the best detector but the best detector that fully supports: 

• streaming readout
• fast algorithms for alignment, calibration, and reconstruction

Front-End Front End 
data

Front-End Front End 
data

Front-End Front End 
data

Data Processor Analysis 
data Theory



Artificial Intelligence
Accelerating simulations



The role of A.I. in simulations
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Lesson learned High-precision QCD measurements require 
high-precision simulations 

Statistical accuracy for precise hypothesis testing
• up to trillion of simulated events required (HL-LHC )
• often computationally intensive, in particular calorimeter 

simulations 

Common alternatives
• fast simulations with computationally efficient 

approximations, e.g., parameterizations or look-up tables
• still insufficient accuracy for high-precision measurements

Promising alternatives 
• fast generative models, e.g., GANs or VAEs
• A.I. driven design, e.g., Bayesian optimization 



Empirically Trained Hadronic Event Regenerator (ETHER)

2021 CFNS Summer School on the Physics of the Electron-Ion Collider 31

Yaohang Li (ODU)

• LDRD project at Jefferson Lab: theorists interpolate across many different experiments, in a way that they could never 
do by stitching all the experiments together

• currently: study GAN as a repository of the behavior of the theory as expressed in Pythia (later real data)
• working well for single beam energy and inclusive single electrons / single electron and pion 
• varying beam energy facing difficulty (variational GAN based event generators) 



AI-optimized Detector Design

2021 CFNS Summer School on the Physics of the Electron-Ion Collider 32

Cristiano Fanelli (MIT, EIC2)
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• automated, highly parallelized, self consistent framework for detector design
• specific application for the dual-RICH of the future EIC has been shown
• statistically significant improvement w.r.t. baseline design found
• tested with O(20) parameters, ways to deal with O(100) parameters, possible to add cost



Advances In Human-Centered A.I.
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Nicholas Polys (VT)

Ɣ

Ɣ

Ɣ

Visualization

• makes debugging 
models and code easier

• key component of 
discovery and 
communication

• better visualization tools 
can help build better 
models and analytic 
capabilities for A.I. / ML

Semantic Interaction



Event classification with ML at CLAS12

2021 CFNS Summer School on the Physics of the Electron-Ion Collider 34

Noëlie Cherrier (CEA)

• build a selector for DVCS events
• uses feature construction to get new discriminative variables
• implementation in generalized additive models (GAMs)
• GAM makes better use of the correlations between the variables than other approaches, out-performs conventional 

approaches on efficiency and purity

Open questions
• fair comparisons of the different methods
• objectively assess interpretability
• how to apply to real data



CLAS12 Tracking with ML

• combinatorics in resolving ghost tracks, noise rejection takes considerable time:
• AI-assisted tracking to speed it up
• evaluate different NN approaches

• track reconstruction is ~5x faster using NN for segment finding
• NN tracking finds tracks missed with conventional tracking, in presence of high background. But also the 

reverse happens. Studying tracking efficiency is underway (currently ~99.5% accuracy).
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Veronique Ziegler (JLAB)

Illustration of Selected Segments from the MLP 
after Training 

RAW HITS

NN INPUT HITS
(i.e. SEGMENTS)

RECONSTRUCTED TRACK 
(CONV.  TRACKING)

7

NN TRACK PREDICTION
(highest prob.)

NN TRACK PREDICTION
(lowest  prob.)
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Wire Number

identify which track 
segments are 
consistent with 
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seeding recons



ML to reconstruct DIS kinematics
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Abdullah Farhat (ODU, EIC2)
Motivation for a Machine Learning Reconstruction

Method Required 
Measurements

Strengths Limitations

Electron ௘ᇲܧ ௘ᇲߠ, Precise Sensitive to QED radiation
Jacques-Blondel ࣢ߜ , ்ܲ,࣢ Resistant to QED 

radiation
Needs precise energy 
measurements

Double-Angle ௘ᇲߠ , ࣢ߛ Does not need precise 
energy measurements

Poor resolution at low ݔ, 
low ܳଶ

The choice of reconstruction method determines 
the size of systematic uncertainties

Bin Events ૛ࡽ ૛ࢂࢋࡳ ࢞ ࢞ RMSE ૛ࡽ RMSE

1 114606 80 – 160 0.0024 –
0.010

NN: 0.0040        EL: 0.0029
JB:  0.0042        DA: 0.0012

NN: 22.705        EL: 14.810
JB:  204.39         DA: 20.753

2 65501 160 – 320 0.0024 –
0.010

NN: 0.0049         EL: 0.0014
JB:  0.0053         DA: 0.0013

NN: 35.068        EL: 29.609
JB:  405.88         DA: 36.397

3 74382 320 – 640 0.01 – 0.05 NN: 0.0053      EL: 0.0226
JB:  0.0086       DA: 0.0063

NN: 60.198        EL: 64.426
JB:  311.52         DA: 82.069

4 47055 640 – 1280 0.01 – 0.05 NN: 0.0046       EL: 0.0061
JB:  0.0103         DA: 0.0047

NN: 96.406       EL: 105.55
JB:  792.58        DA: 151.91

5 60684 1280 – 2560 0.025 –
0.150

NN: 0.0102         EL: 0.0262
JB:  0.0194         DA: 0.0154

NN: 195.70        EL: 216.84
JB:  1012.1         DA: 283.20

6 46242 2560 – 5120 0.05 – 0.25 NN: 0.0154         EL: 0.0333
JB:  0.0303         DA: 0.0249

NN: 410.11        EL: 435.00
JB:  1694.9         DA: 509.29

7 47380 5120 –
10240

0.06 – 0.40 NN: 0.0197       EL: 0.0358
JB:  0.0452        DA: 0.0327

NN: 712.45        EL: 745.37
JB:  3368.6         DA: 831.62

8 28507 10240 –
20480

0.10 – 0.6 NN: 0.0288       EL: 0.0454
JB:  0.0791        DA: 0.0433

NN: 1553.4        EL: 1660.8
JB:  7096.9         DA: 1796.4

• still working on the low kinematic range, 
outperforms conventional methods 
elsewhere

• did consider dividing the network into 
several for the different regions of the 
detector, for now decided to work with a 
single network covering the full detector

• reconstruct kinematic variables x and Q^2 
at collider via ML

• using ZEUS MC at HERA



AI: Multidisciplinary approach 

• interplay between Mathematics, Computer Science, and NP
• computer scientists need problems to solve
• NP problems give insights into research in computer science and mathematics 
• great opportunity for education

• related to in NP (and HEP) need closer connection between experiment and theory

• A.I./ML research
• scientific, systematic approach to applying A.I. / ML approaches to NP problems
• activation functions, network design particular to NP applications
• building efficient networks no more complex than necessary
• NP analysis: 

• want to extract information from all the data and find correlations / common features
• key difference with respect to HEP

• need to trust A.I. / ML and AI
• drive for explainable AI and uncertainty quantification
• human interaction could be applied with great benefit to better understand the 

requirements and dynamics of such criteria in the NP domain
• debatable whether explainable is a useful criterion for a ML model. We don’t have the 

words for theories we haven’t discovered yet
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AI: Data science is about data

• reference datasets for A.I. / ML development in NP
• always an issue to get access to big real datasets

• amount of training data required often unknown
• often two orders more data for simulations / training required than data

• important to cultivate ML development
• but, always difficult to understand from outside the experiment what the data means

• common struggle for analysis preservation
• project by the library community to address open data: Open Science Framework

• question to NP community: Can we as a group figure out what datasets to ask for?
• the data was paid for by the DOE in the first place, after all
• we have to ask, it’s not going to magically just appear on the web
• we need data to make progress

• pose open challenges and run contests
• this has really worked to draw in new young people and new ideas
• give prizes!
• Can we think about benchmark problems?
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Simulation challenges

Identify challenges coming over the next few years? pick our top problems?

• Accelerating simulations
• calorimeter in particular
• but also PID, e.g., Cerenkov detectors

• A.I driven detector design Bayesian optimization for EIC detector R&D
• HPC utilization

• Experimental NP, HEP have few or no payloads appropriate to the LCF/Exascale which are 
accelerator based. 

• ML is the best near term prospect for using them effectively. 
• Can we find the ML payloads? Do they use substantial processing resources?

• ML for event generators
• replace models with ML as we do in detector simulations (e.g., LUND string model)
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Vision for EIC Software 
“The purpose of computing is insight, not numbers.” 

Richard Hamming (1962)



Future Trends in Nuclear Physics Computing
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Martin Savage (INT) “The next decade will be looked back 
upon as a truly astonishing period in Nuclear Physics and 
in our understanding of fundamental aspects of nature. 
This will be made possible by advances in scientific 
computing and in how the Nuclear Physics community 
organizes and collaborates, and how DOE and NSF 
supports this, to take full advantage of these advances.”

Donald Geesaman (ANL, former NSAC Chair) “It will be 
joint progress of theory and experiment that moves us 
forward, not in one side alone”



Computing trends and EIC Computing
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Think out of the box 
• The way analysis is done has been largely shaped by kinds of computing that has been available. 
• Computing begins to grow in very different ways in the future, driven by very different forces than in the past 

(e.g., Exascale Computing Initiative). 
• This is an unique opportunity for Nuclear Physics to think about new possibilities and paradigms that can and 

should arise.

Future compatibility hardware and software
• Exascale Computing Most powerful future computers will likely be very different from the kind of computers 

currently used in Nuclear Physics.
• This requires a modular design with structures robust against likely changes in computing environment so that 

changes in underlying code can be handled without an entire overhaul of the structure. 

User centered design to enhance scientific productivity
• Engage wider community of physicists, whose primary interest is not computing, in software design to:

• understand the user requirements first and foremost
• make design decisions largely based on user requirements. 

EIC rates
• expected data rates similar to next phase LHCb
• not enormous rates creates opportunity for other initiatives



Implications of Exascale Computing
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Petascale-capable systems at the beamline
• unprecedented compute-detector integration, extending work at LHCb
• requires fundamentally new and different algorithms
• computing model with AI at the DAQ and analysis level and a compute-detector 

integration to deliver analysis-ready data from the DAQ system: 
• responsive calibrations in real time
• real-time event reconstruction and filtering
• physics analysis in real time

Preparing for Exascale Computing 
and Beyond

Past efforts in lattice QCD in collaboration with industry have driven development of new computing paradigms that
benefit large scale computation. These capabilities underpin many important scientific challenges, e.g. studying climate
and heat transport over the Earth.

The EIC will be the facility in the era of high precision QCD and the first Nuclear Physics facility in the era of Exascale
Computing. This will affect the interplay of experiment, simulations, and theory profoundly and result in a new
computing paradigm that can be applied to other fields of science and industry.

A similar approach would allow accelerator operations to use real-time simulations 
and artificial intelligence over operational parameters to tune the machine for 
performance. 



Future Trends in Nuclear Physics Computing 

Focus on the Nuclear Physics Software & Computing community

• Identify what is unique about our community

• Discuss how we could strengthen common efforts 

207 participants
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Workshop discussion
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Report Draft (30 pages)

 
FXWXUH 7UHQGV LQ NXFOHDU PK\VLFV CRPSXWLQJ 

MHHWLQJ NRWHV 
7LPHWDEOH 

 
7KLV LV WKH OLYH PHHWLQJ QRWHV GRFXPHQW IRU WKH ​FXWXUH 7UHQGV LQ NXFOHDU PK\VLFV CRPSXWLQJ :RUNVKRS 
KHOG RQ 6HSWHPEHU 29 - OFWREHU 1, 2020. 7KLV ZRUNVKRS, WKH WKLUG RI WKH VHULHV (SUHYLRXV HGLWLRQV ZHUH 
LQ ​2017 ​ DQG ​2016 ​), IRFXVHV RQ WKH NXFOHDU PK\VLFV 6RIWZDUH & CRPSXWLQJ FRPPXQLW\ LWVHOI. GRDOV IRU 
WKH ZRUNVKRS DUH WR LGHQWLI\ ZKDW LV XQLTXH DERXW RXU FRPPXQLW\, ILQG ZD\V WR VWUHQJWKHQ FRPPRQ 
HIIRUWV, DQG FKDUW D SDWK IRU 6RIWZDUH & CRPSXWLQJ LQ NXFOHDU PK\VLFV IRU WKH QH[W WHQ \HDUV.  
 
:H PHHW IRU IRXU KRXUV HDFK GD\ LQ D WLPH ZLQGRZ FKRVHQ WR EH DV LQFOXVLYH DV SRVVLEOH IRU SDUWLFLSDQWV 
DURXQG WKH ZRUOG. 6XEVWDQWLDO GLVFXVVLRQ WLPH LV LQFOXGHG LQ WKH DJHQGD, DQG VHVVLRQ FRQYHQHUV ZLOO 
NHHS VSHDNHUV WR WLPH LQ RUGHU WR SUHVHUYH WKH GLVFXVVLRQ WLPH. 7KLV JRRJOH GRF ZLOO EH XVHG LQ DGYDQFH 
WR JLYH WKH GLVFXVVLRQV VWUXFWXUH DQG IRFXV, DV ZHOO DV GXULQJ WKH ZRUNVKRS LWVHOI WR PRGHUDWH DQG 
UHFRUG WKH GLVFXVVLRQ DQG JDWKHU LQSXW IURP DOO SDUWLFLSDQWV, DQG DIWHU WKH ZRUNVKRS DV WKH EDVLV IRU 
VXPPDUL]LQJ DQG UHSRUW ZULWLQJ. EGLWLQJ LV RQ, DQG DOO SDUWLFLSDQWV DUH HQFRXUDJHG WR FRQWULEXWH LQ DOO 
SKDVHV. 
 
EDFK GD\ KDV D WKHPH. IQ DGYDQFH RI WKH ZRUNVKRS, TXHVWLRQV DQG GLVFXVVLRQ SRLQWV IRU HDFK GD\ ZLOO 
EH JDWKHUHG KHUH WR JXLGH D PRGHUDWHG FRPPRQ GLVFXVVLRQ IROORZLQJ WKH WDONV. A VKRUW GLVFXVVLRQ 
SHULRG ZLOO IROORZ HDFK WDON WR DGGUHVV TXHVWLRQV VSHFLILF WR WKH WDON. 7KH FRQWHQW SUHSDUHG LQ DGYDQFH 
ZLOO EH DXJPHQWHG GXULQJ WKH SUHVHQWDWLRQV DQG GLVFXVVLRQV. 
 
A EULHI V\QRSVLV RI WKH SUHYLRXV GD\ ZLOO EH SDUW RI DQ LQWUR WDON RQ GD\V WZR DQG WKUHH.  
 
7KH ZRUNVKRS ZLOO FRQFOXGH ZLWK D VKRUW VXPPDU\, EXW VXPPDUL]LQJ DQG UHSRUW ZULWLQJ SURSHU ZLOO 
SURFHHG DIWHU WKH ZRUNVKRS. AOO SDUWLFLSDQWV DUH ZHOFRPH DQG HQFRXUDJHG WR MRLQ WKH PHHWLQJ 
RUJDQL]HUV LQ WKLV ZRUN. 7KH RXWFRPH ZLOO EH D ZULWWHQ UHSRUW, ZLWK SUHVHQWDWLRQ DQG GLVFXVVLRQ RI WKH 
UHSRUW LQ WKH VXEVHTXHQW PHHWLQJ RI WKH "6RIWZDUH & CRPSXWLQJ RRXQG 7DEOH" WKDW LV MRLQWO\ RUJDQL]HG Live Notes (26 (!) pages)

https://docs.google.com/document/d/1HT0dQJwZkUGaxGS0bUhZgkz0l2G5QR-4Dm08-hr8DJc/edit?usp=sharing
https://docs.google.com/document/d/1mug_UB31WngFvvlLv8CFRBd4dSdKZR0iROL3m3lFY5Y/edit?usp=sharing


Unique software challenges for Nuclear Physics

Scientific Problem Space
• Focus on non-perturbative QCD phenomena
• MC event generators for spin-dependent measurement, including novel QCD phenomena (e.g., GPDs, TMDs, Wigner functions)
• Analyses considering large number of signal events simultaneously (or multiple times)

• Contrary to separating a few events from a large number of background events
• Example Search of rare events with novel topologies

• Example complexity of multi-dimensional, strongly correlated relationships among data (e.g., GPDs, TMDs, Wigner functions)
• Example high-precision results which require complex analyses to control systematic uncertainties
• Require unique software and computing strategies

• Relatively smaller size of experiments goes along with shorter experimental life cycles and faster changes in scientific goals

Small Group Size
• Collaboration size in average smaller in NP than in HEP
• Tendency for everyone “doing their own thing”

• Larger experiments, individual analyses can be numerous and quite different from another, with a small team on each top.
• Non-unified approach has inhibited progress in the field in the past.
• Transition to experiments with larger data size and more complex analyses
• Old culture cannot effectively address problems of scale of future experiments
• Relatively smaller group size asks for careful planning and design of the software effort: mix of in-house development, adoption of 

outside packages, and the choice of appropriate scale throughout.
• Challenge in finding the right balance. 
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Common scientific software

Common Scientific Software  – The keys to success
• The team is the most important Do not separate development and operations, both ACTS and Rucio benefited from 

experience with developing and operating a worse software package, crucial experience. Developers keen to use 
modern software paradigms, open-source and open-minded, proactively searching out best practice and adopting it.

• The project Clear, well-focused short-term goals are important, grounded in real-world deliverables. Aligned with the 
long-term plan of building something sustainable and designed to be used by outside collaborators.

• The management Accept that the long-view takes longer to deliver the short-term product, manage expectations of 
the collaboration and funders to ensure the team have sufficient time and space to succeed.

Scientific software careers need support
• Recognition, encouragement and reward: need to make software citations a priority
• Career paths of Research Software Engineers (RSE) need to be supported and not only at the labs

NP software - should NP participate in HSF or build its own organization?
• Pros and cons, the balance of opinion favored NP participation in HSF. HSF is a do-ocracy, active participation will 

yield the biggest rewards.
• NP often has small groups developing solutions in-house, work with this reality.
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Community-wide effort
Software Working Group



EIC User Group (EICUG)
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Experiment

Theory

Accelerator

Currently 1298 members from 263 institutions from 35 countries

http://www.eicug.org/


EICUG Software Working Group
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127 members



Online tutorials
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https://www.youtube.com/channel/UCXc9WfDKdlLXoZMGrotkf7w

Recordings from tutorials
• Advanced Fast Simulation Tutorial Fast simulations on the command line and in JupyterLab, singularity 
• Detector Full Simulation Tutorials Geant4 for EIC, how to modify existing detector concepts, and how to integrate a 

new detector into one of the existing detector concepts.
• Jim Pivarski Tutorial: uproot and Awkward Array process and analyze Root files with pure Python libraries
• MCEG Tutorial Herwig, Pythia, Sherpa, Rivet, more to follow

https://www.youtube.com/channel/UCXc9WfDKdlLXoZMGrotkf7w
https://indico.bnl.gov/event/8243/
https://indico.bnl.gov/event/7281/
https://indico.bnl.gov/event/8242/
https://indico.bnl.gov/event/9153/


SWG Priority: Realize our Expression of Interest
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Community Input for Expression of Interest 
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Software Needs
Requirements What software needs for EIC Software 
would you like to highlight now, in a few years, and for the 
completion of the EIC project? 

Meeting Software Needs

Technologies & Techniques What software technologies 
and techniques should be considered for the EIC?

What resources can your group contribute?



Common Projects: Expression of Interest for Software

1 

Expression of Interest (EOI) for Software 
 
Please indicate the name of the contact person for this submission: 
 
Conveners of the Software Working Group:  

● A. Bressan, M. Diefenthaler, and T. Wenaus  
● eicug-software-conveners@eicug.org  

 
Please indicate all institutions collectively involved in this submission of interest: 
 

ANL Argonne National Laboratory 

BNL Brookhaven National Laboratory 

CEA/Irfu IRFU at CEA /Saclay institute 

EIC-India Akal University, Central University of Karnataka, DAV College Chandigarh, 
Goa University, Indian Institute of Technology Bombay, Indian Institute of 
Technology Delhi, Indian Institute of Technology Indore, Indian Institute of 
Technology Patna, Indian Institute of Technology Madras, Malaviya National 
Institute of Technology Jaipur, Panjab University, Ramkrishna Mission 
Residential College Kolkata 

IMP-CAS Institute of Modern Physics - Chinese Academy of Sciences 

INFN Istituto Nazionale di Fisica Nucleare  

JLab Thomas Jefferson National Accelerator Facility 

LANL Los Alamos National Laboratory 

LBNL and 
UC Berkeley 

Lawrence Berkeley National Laboratory and University of California, 
Berkeley 

NCBJ National Centre for Nuclear Research  
 

OhioU Ohio University 

ORNL Oak Ridge National Laboratory 
 

SBU Stony Brook University 

SLAC SLAC National Accelerator Laboratory 

SU Shandong University 

 

2021 CFNS Summer School on the Physics of the Electron-Ion Collider

• Software Tools for Simulations and Reconstruction
• Monte Carlo Event Generators 
• Detector Simulations 
• Reconstruction 
• Validation 

• Middleware and Preservation
• Workflows
• Data and Analysis Preservation

• Interaction with the Software Tools
• Explore User-Centered Design
• Discoverable Software
• Data Model

• Future Technologies
• Artificial Intelligence
• Heterogeneous computing
• New languages and tools
• Collaborative software

29 institutions

https://eic.github.io/activities/eoi.html

https://indico.bnl.gov/event/8552/contributions/43221/
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https://indico.bnl.gov/event/8552/contributions/43221/


Monte Carlo Event Generator
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MCEG
• faithful representation of QCD dynamics
• based on QCD factorization and evolution equations

MCEG algorithm
1. Generate kinematics according to fixed-order matrix elements 

and a PDF. 

2. QCD Evolution via parton shower model (resummation of soft 
gluons and parton-parton scatterings). 

3. Hadronize all outgoing partons including the remnants 
according to a model. 

4. Decay unstable hadrons. 



Building a MCEG community for the EIC

Unique MCEG requirements for EIC Science
• MCEG for polarized ep, ed, and eHe3

• including novel QCD phenomena: GPDs, TMDs
• MCEG for eA
• Merging of QED+QCD effects 
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MCEG community 
• focus of last two decades: LHC

• lesson learned high-precision QCD 
measurements require high-precision MCEGs

• MCEG not about tuning but about physics
• ready to work on ep/eA



Explore User-Centered Design
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• Software and computing are an 
integral part of our research 

• Goal All scientists of all levels worldwide 
should be enabled to participate in EIC 
simulations and analyses actively. 

• User-Centered Design To achieve this goal, 
we must develop simulation and analysis 
software using modern and advanced 
technologies while hiding that complexity. 
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Initial Step: State of Software Survey
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Download Report

The Software Working Group collected information on the community's specific software tools and 
practices during the Yellow Report Initiative. This software census will be essential to better understand 
and quantify software usage throughout the EIC community. 

Survey results summarized by Wouter Deconinck (Manitoba), Markus Diefenthaler (JLab), Rebecca 
Duckett (JLab), Sylvester Joosten (ANL), and Kolja Kauder (BNL).

Survey from February 16 – 23, 2021. Full questions and answers are listed in the appendix. 
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Developing User Stories
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Focus Group Discussions User Stories 

Input to software developers as to which users they are writing software for.  

More detailed user profiles with a (partial) focus on software

• "Important outreach to put a human face on the exciting 
science we work so hard to do!” (John Lajoie)

• Rachel Montgomery (University of Glasgow)
• Vaibhavi Gawas (IIT Madras)
• Prabhakar Palni (Goa University)
• Alex Jentsch (BNL)

Focus Group: Students

Focus Group: Junior Postdocs

Focus Group: Senior Postdocs

Focus Group: Professors

Focus Group: Industry

Project with BNL and JLab Communication Offices and 

User Experience Consultant T. Wiggins
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Extremly valueable

feedback, including many 

suggestions and ideas. 

Focus Group: Staff Scientists

https://www.jlab.org/people/Rachel_Montgomery_EIC_User
https://www.bnl.gov/newsroom/news.php?a=218915
https://www.jlab.org/people/Prabhakar_Palni_EIC_User
https://www.bnl.gov/newsroom/news.php?a=219022
https://indico.jlab.org/event/420/


Software Town Hall

2021 CFNS Summer School on the Physics of the Electron-Ion Collider

EIC Science and Software
All scientists of all levels worldwide should 
be enabled to participate actively in the 
science of the Electron-Ion Collider (EIC). To 
achieve this goal, we need to understand the 
requirements of the community on the data 
analysis software and workflows first and 
foremost.

Software Town Hall
The idea of the event is to allow anyone in 
the EIC community a chance to share past 
experiences or suggest requirements for 
EIC Software in an open environment.

Organizers
W. Deconinck, A. Deshpande, M. 
Diefenthaler, O. Evdokimov, T. Hemmick, D. 
Higinbotham, and K. Kauder. 

Not useful Very useful

Too general Too specific
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Interplay of Science and Software & Computing
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Workshop Summary

https://docs.google.com/document/d/1HT0dQJwZkUGaxGS0bUhZgkz0l2G5QR-4Dm08-hr8DJc/edit?usp=sharing


Summary 

Realize Software EoI
sustainable effort, common projects

Develop EIC Science and experiments
working towards the future of NP

Weekly Meetings

Mailing List

https://indico.bnl.gov/category/301/

eicug-software@eicug.org
Get involved

https://indico.bnl.gov/category/301/
mailto:eicug-software@eicug.org

