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EpIC
EpIC: an event generator for exclusive reactions
PARTONS provides the cross-section for EpIC [B. Berthou et al., Eur.Phys.J. C78 (2018)]

multiple GPD models that already exist
flexibility for adding new models

Multiple channels: DVCS, TCS, DVMP (pseudoscalar mesons)

Written in C++
XML interface for automated tasks
Open-source [https://pawelsznajder.github.io/epic]
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GPDs

GPDs parametrize the off-forward matrix elements of quark operators at
a light-like separation
D.Müller, D.Robaschik, B.Geyer, F.-M.Dittes, J.Hořejši, Fortsch. Phys. 42, 101 (1994)

X.D.Ji, PRL 78, 610 (1997); PRD 55, 7114 (1997). A.V.Radyushkin, PLB 380, 417 & 385, 333 (1996).
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mFOAM

EpIC uses mini FOAM (mFOAM, a compact version of FOAM) to
generate events randomly
mini FOAM is a general-purpose Monte Carlo event simulator

[Jadach and Sawicki, Comput.Phys.Commun. 177 (2007)]

fully integrated with ROOT
works for dimensions ≤ 20

Kemal Tezgin (BNL) EpIC 30 June 2023 4 / 24



Leptoproduction of a real photon

Differential cross section for the leptoproduction of a real photon
[Belitsky, Mueller, and Kirchner Nucl.Phys.B 629 (2002)]
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EpIC – architecture

KinematicModule RCModule

ProcessModuleRCModule

WriterModule integrated cross-section
event records

kinematics and
experimental conditions
for Born cross-section

validity of kinematics and 
experimental conditions

RC kinematics
experimental conditions

four-momenta four-momenta

radiative function

kinematics and
experimental conditions
for Born cross-section

kinematics and
experimental conditions
for Born cross-section

RC kinematics

experimental conditions
observed kinematics Born cross-section

GeneratorModule
random seed

kinematic ranges

experimental conditions

integrated cross-section
xml input
(scenario) STDOUT

txt, root, ...
output
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EpIC

Input file: model, model parameters, number of events, kinematic
limits, beam and target type, beam helicity, target polarization,
beam and target energy, mFOAM parameters
Output file: 4-vectors of all particles
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EpIC – input
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EpIC – input
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EpIC – output
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EpIC – DVCS

Unpolarized target, Ee = 10 GeV, Ep = 100 GeV (DVCSProcessBMJ12 & GK GPDs)
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0.0001 ≤ xB ≤ 0.6, 0.01 ≤ y ≤ 0.95, 1 ≤ Q2 ≤ 100 GeV2, 0 ≤ |t | ≤ 1 GeV2
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EpIC – performance

Generation of 1M events
DVCSCFFCMILOU3DTables for the parameterisation of CFFs
obtained from the GK GPD model and LO coefficients functions
DVCSProcessBMJ12 for the evaluation of DVCS cross-section
FOAM parameters: nCells = 3000, nSamples = 600,
nBins = 600
Initialisation time ≈ 40 min
Generation time per event ≈ 0.0052 sec at BNL farms
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EIC impact

Use EpIC to generate events at EIC kinematics
Add detector effects
Assess how EIC data will impact the extraction of certain
observables [see, E.C. Aschenauer, S. Fazio, K. Kumericki, and D. Mueller JHEP 09 (2013)]
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EIC impact
5 × 41 GeV

10 × 100 GeV

18 × 275 GeV
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EIC impact

Effect of the θ-cut (θel − θγ > 0) on the y ratios:
5 × 41 GeV

10 × 100 GeV

18 × 275 GeV
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Radiative corrections – collinear approximation

Radiative corrections can have a significant impact on the
interpretation of experimental data
Collinear approximation: Neglect the transverse component of the
4-momenta of the emitted photon
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Radiative Corrections in DIS
Initial and final state radiative corrections [Kripfganz, Möhring, Spiesberger, Z.Phys.C 49 (1991)]
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Radiative Corrections in DIS
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Radiative corrections – collinear approximation

DVCS, 10 × 100 GeV, ϵ = 10−4
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Radiative corrections – collinear approximation

DVCS, 10 × 100 GeV, ϵ = 10−2
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Implementation of DVCS CGC in EpIC

DVCS cross-section has been computed in the CGC framework
Hatta, Xiao, Yuan, PRD 95, no.11, 114026 (2017). Mäntysaari, Roy, Salazar, Schenke PRD 103, no.9, 094026 (2021).

Based on the initial color charge configurations in the
McLerran-Venugopalan model coupled with JIMWLK evolution
The azimuthal angle between the electron and photon has a sensitivity
to the spatial correlations in the gluon distribution of the target

DVCS at small x Mäntysaari, Roy, Salazar, Schenke PRD 103, no.9, 094026 (2021).
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EpIC – DVCS in CGC

Unpolarized target with
√

s = 140 GeV

0.0002 ≤ xB ≤ 0.01, 0.01 ≤ y ≤ 0.85, 1 ≤ Q2 ≤ 10 GeV2, 0.04 ≤ |t | ≤ 0.8 GeV2
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EpIC – DVCS in CGC vs. BH

no cut, luminosity 1 fb-1

θel − θγ > 0
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Summary

EpIC is a Monte Carlo event generator designed for exclusive
reactions, featuring a flexible architecture
Initial and final state of radiative corrections based on the collinear
approximation are implemented
DVCS at small x, based on the CGC framework, has been
implemented.
EpIC is a generic framework that enables easy implementation of
existing modules in PARTONS.
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