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This work being done in the context of the planned

Electron-Ion Collider EIC

mostly by the Argonne EIC group

Polarized ep, eA collider

√s = 35 – 180 GeV
Luminosity = 1034 cm-2s-1

Scientific goals

Study of perturbative & non-perturbative QCD
Tomography (including transverse dimension) of the nucleon, nuclei
Understanding the nucleon spin
Discovery of gluon saturation…

Construction to start in 2025

Community optimistic about prospect of realization



Event generation

Produce the simulation input events

Detector simulation

Particle transport through detectors 

Digitization 

Turn energy deposits in active media into detector hits

Reconstruction of

Event vertex, charged tracks, Particle Flow Objects (PFO)

Perform analysis

Collection of benchmark analyses
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Full simulation and reconstruction chain

Tools

HepSim

GEANT4 DD4Hep

LCSim

LCSim

C++ shells
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Data Models

LCIO

Developed by the ILC community
Good start, but manually coded
Mostly linked to C++, other implementations (e.g. Java, GO) lagging behind
Not backwards compatible

Almost ready 
to

switch over

EICIO

Developed at Argonne by David Blyth 
Requires no manual coding to extend data model
Is fast and space efficient
Can be easily extended to almost any language
Requires only lightweight dependencies
Full EICIO -> Root conversion available



5

HepSim

A database and interface for detector simulations

http://atlaswww.hep.anl.gov/hepsim/
Developed at Argonne by Sergei Chekanov
Used for various projects

LHC, FCC, CLIC, ILC, and now EIC

A documentation and organizational tool

Stores and documents input MC data (from EG)
Stores  input configurations

Geometry, digitization and reconstruction parameters

Stores and documents full detector simulation
Stores tagged containers of the full software tool-chain
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List of colliders
and their center
of mass energies

Information about 
event generator
and sample size

Full detector 
simulations +
reconstructions

Full documentation
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Single source of geometry

Full concept detector 
described in human
readable text file

In future, will include 
handling of conditions
and alignment
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Nuclear Physics Detector Library (NPDet)
Collection of parametrized detectors which can be developed into full concepts



9



10

Example: Reconstruction of F2

Goals

Exercise the whole simulation/digitization/reconstruction/analysis chain
Find bugs/bottle necks…  
Identify areas where improvements are necessary

Starting point

5 GeV electron beam
60 GeV proton beam

√s = 34.64 GeV
SiEIC detector concept

Generator 

Lepto-Ariadne
250,000 events (fully simulated)
Cross section  σ = 414,900 pb
Luminosity = N/σ ~ 0.6 pb-1
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Define bins in x/Q2

Correct for acceptance/migration

Measure σ(x,Q2) and F2
meas(x,Q2)

Calculate F2
A(x,Q2)

Input PDF Set A

Generate DIS events

Digitize/reconstruct events

Identify scattered e-

Reconstruct events kinematics

Input PDF Set B

Generate DIS events

Digitize/reconstruct events

Identify scattered e-

Reconstruct events kinematics

Treated
as 
data
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Electron Method

Results 

works quite well in general
-> In particular for Q2 and at low-x

Poor resolution

at large-x or small-y

(here other methods are better)
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Define bins in the (x,Q2) – plane: MSTW PDF

Bin # Q2 x

Bin # Lower 
bound

Upper 
bound

Lower 
bound

Upper 
bound

0 1.0 1.5 0.002 0.006

1 0.006 0.020

2 0.020 0.060

3 0.060 0.200

4 1.5 3.0 0.002 0.006

5 0.006 0.020

6 0.020 0.060

7 0.060 0.200

8 3.0 8.0 0.006 0.020

9 0.020 0.060

10 0.060 0.200

11 8.0 30.0 0.020 0.060

12 0.060 0.200



14

Correct for FL

-> Small correction < 1%

Repeat analysis with other PDF: CTEQ

Note: depletion of events at low y

-> Reason at the moment unknown

),(
22)(

1

222

1
),( 2

2

2

22

2

2

4

2

2

2 QxF
yy

y

cdxdQ

dxQ

yy
QxF L















15

Correct MSTW results using CTEQ sample

Lines

Input F2(x,Q2)

Points

Reconstructed F2(x,Q2)
Simple bin-by-bin correction

Error bars

Statistical and due to correction

Low – y bins

Problems due to lack of events (CTEQ)
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Conclusions

A flexible, full, and easy-to-use simulation, digitization, and reconstruction
toolchain is available now

Work is still ongoing in

Improving the tracking  (general track finding tool)
Integrating HepSim into containers
Developing an event generator for deuteron scattering
Completing the migration to the new data model (EICIO)

A collection of parametrized detector models have been created
Relative straightforward to add new detector models, like a detector for the LHeC

The whole chain has been exercised by reconstructing the an input F2


