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General-purpose event generators

Simulate full collision events
Exclusive hadronic final states
• Hard parton-level scattering
• Multiparton interactions
• Parton showers, NLO matching &
multi-jet merging

• Hadronization, colour
reconnection, rescattering

Electron-ion collisions
• DIS: Q2 ≪ 1 GeV
• Photoproduction: Q2 ≈ 0
• Heavy-ion target

HERWIG 7
• Current version 7.3.0
• DIS with NLO merging
• Photoproduction in progress

PYTHIA 8
• Current version 8.310
• Photoproduction with PS and MPI
• DIS: Dipole shower, Vincia, Dire

SHERPA 2
• Current version 2.2.15 (3.0.0beta1)
• DIS with matching & merging
• Photoproduction at NLO
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Specific purpose

Matrix-element generators
• Madgraph5
• Up to ∼ 4 jets for DIS
• Direct processes in
photoproduction

• Powheg
• Some first studies but currently
not applicable

Other relevant tools
• Cascade
• TMDs

• Sartre
• Exclusive vector mesons

• Beagle
• Nuclear remnants

• EpIC
• Exclusive processes

• eHijing
• Cold nuclear matter
hadronization 3



Event generator validation

Many processes relevant to EIC available in current event generators
⇒ Should be tested against existing data

• HERA: DIS and photoproduction on proton target
Jets, charged-particle production, event shapes, two-particle correlations

• LEP: γγ collisions, DIS on real-photon target
Jets, charged-particle production

• LHC: UPCs with low-virtuality photons on protons and nuclei
Jets, charged-particle production, two-particle correlations

Validation exercise

• Common effort with experimental colleagues to define important observables
• Support from generator developers for run cards and other technicalities
• RIVET analysis crucial for validation of the current generation of MC generators 4



Rivet analysis for HERA data
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Rivet analysis for HERA data

• Slow but steady progress on adding new analysis
• Currently 37 HERA analysis included (out of 510)
• Which of these are the most relevant for EIC?
• Are some important analyses missing? 6



Recent/ongoing projects

Comparison of Pythia, Sherpa and Herwig for jet photoproduction
IH, P. Meinzinger, S. Plätzer, in progress [OPAL_2003_I611415]
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Recent/ongoing projects

Comparison of Pythia, Sherpa and Herwig for jet photoproduction
IH, P. Meinzinger, S. Plätzer, in progress [ZEUS_2001_S4815815]
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Recent/ongoing projects

Tuning PYTHIA photoproduction using HERA & LEP data
J. Butterworth, IH, J.J. Juan Castella, S. Sanjrani M. Wing: in progress
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Recent/ongoing projects

Multi-jet merging in DIS with PYTHIA
IH, J. Laulainen, C.T. Preuss: in progress
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MEPS@NLO with SHERPA
M. Knobbe, D. Reichelt, S. Schumann:
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Recent/ongoing projects

Photon-ion collisions with ANGANTYR in PYTHIA using vector-meson dominance
[ATLAS: PRC 104, 014903 (2021)] IH, M. Uhteim: in progress

G. AAD et al. PHYSICAL REVIEW C 104, 014903 (2021)

FIG. 4. Left: N rec
ch distribution in data, corrected for trigger and reconstruction efficiency and normalized per event (black points), compared

with that in DPMJET-III γ + Pb (dot-dashed green histogram), DPMJET-III γ + p (dotted red histogram), and PYTHIA γ + p (dashed blue
histogram). The bottom panel shows the ratios of the MC distributions to the data distributions. Right: "γ #η distribution in data for N rec

ch ! 10
(black points), normalized per event, and compared with that in DPMJET-III γ + Pb (dot-dashed green histogram), PYTHIA γ + p (dashed
blue histogram), peripheral HIJING Pb+Pb (solid magenta histogram), and DPMJET-III γ + p (dotted red histogram).

of the distribution in data is qualitatively similar to that in
DPMJET-III γ + Pb and Pythia γ + p simulation. However,
the distributions in the simulated photonuclear events de-
crease at smaller "γ #η values, while the distribution in data
rises. At low "γ #η, the shape in data is qualitatively similar
to that in peripheral HIJING Pb+Pb events. This comparison
suggests that the trigger-selected events contain a mixture of
peripheral Pb+Pb events and genuine photonuclear events,
with the latter dominant at "γ #η > 2.5. The possible impact
of residual peripheral Pb+Pb events in the set of selected
events is discussed in Sec. VI.

Figure 5 compares the charged-particle pseudorapidity dis-
tribution, dNch/dη, in data and simulation. The left panel
shows the dNch/dη in data, for charged particles with 0.4 <
pT < 5 GeV, for multiple N rec

ch selections in photonuclear
events. The distributions are corrected for tracking efficiency
on a per-track basis, which ranges from 0.7–0.9 depending on
track η and pT. To compare the relative shapes between N rec

ch
selections, the distributions are each normalized to have an in-
tegral of one. In all cases, the pseudorapidity distributions are
strongly asymmetric, peaking at η = −2.5 (the nucleus-going
direction) and then monotonically decreasing until η = +2.5

FIG. 5. Left: Charged-particle pseudorapidity distribution, dNch/dη, in selected N rec
ch ranges. The distributions are normalized to the same

integral and are shown in arbitrary units. Here, positive and negative η denote the photon-going and nucleus-going directions, respectively.
Right: dNch/dη distribution in data for N rec

ch > 10 (black points), normalized per event, and compared with that in DPMJET-III γ + Pb (dot-
dashed green histogram), PYTHIA γ + p (dashed blue histogram), peripheral HIJING Pb+Pb (solid magenta histogram), and DPMJET-III γ + p
(dotted red histogram) with the same reconstruction-level selection as the data. All distributions have been normalized to have the same value
as DPMJET-III γ + Pb at η = 0.
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MC4EIC workshop https://conference.ippp.dur.ac.uk/event/1292/

• Dates: June 5-7 2024
• Location: Durham (in person meeting!)
• Topics to be covered:
• Status of general purpose event generators for DIS and photoproduction
• Lessons from the LHC
• Non-perturbative modelling
• Tuning/validation with HERA and other data
• Missing RIVET analyses?

• Ion targets
• Specialized tools and interfacing
• Experimental and theory needs
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Summary & Outlook

Summary
• Plenty of recent developments on
general purpose MC generators

• Validation and tuning required
⇒ Data as RIVET analysis
⇒ Input from experimental side

Outlook
• Many things still to improve
• Nuclear target
• Phase-space between DIS and
photoproduction

⇒ See you in Durham!
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