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Overview

" Inclusive Pythia8 simulations ran in campaigns do not include QED radiative effects

* Measured xsec (with radiative effects) is different to Born xsec - corrected either by
calculating and applying post-hoc factors, or by using an event generator which includes
QED radiative effects

* The modelling of these incurs a systematic uncertainty

" The presence of QED ISR can dramatically change event kinematics, leading to
incorrectly reconstructed events
* Different methods of kinematic reconstruction have different sensitivities to QED
radiative effects

" Important to understand these — need to generate, simulate, and reconstruct sample
containing these effects

* Djangoh includes QED radiation via HERACLES




Why no (Fully simulated) Djangoh up to this point?

To get from generated to reconstructed events there are some steps required
Different stages of the process have caused issues at different points in time
Steps:

* Qutput .dat file to EICTree

* EICTree to hepmc

* Hepmc to afterburned hepmc

* Pass afterburned hepmc through npsim and EICrecon

Over time we’ve managed to identify and patch/workaround a multitude of issues. FYI for
those wanting to run Djangoh themselves:

* Use latest Djangoh version 4.6.21

* Use current EIC-smear version >1.1.11
* Threshold for W>3 seems to work

* ... and repair the file afterwards
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Repairing the file

Even with these updates, the simulation will crash after a few events

This crash is due to problems with Djangoh’s handling of the parent-child relationships of
intermediate particles

* Also sometimes have a crash due to unhadronised partons, but this is largely removed
by the W threshold

Barak kindly put together a script to remove all non beam/final state particles (and
unhadronised partons)

* You can find at /gpfs02/eic/baraks/djangoh/djangoh_local/outfiles/filter

| also put together a script to try and keep intermediates by setting the parents of
particles with looping parent-child relations to O

* Found here

* More optimisation needed — currently get some events with very high number of
intermediates which blow up memory usage - will filter these too



https://github.com/eic/InclusiveDjangohSamples/tree/main

Event generation .
Djangoh 4.6.21 used to generate
18x275 GeV? e-p events Channel 1
* ISR/FSR=0ON and OFF
* Q2>1,10,100,1000
* W>3GeV p

" Channel 1: Non Radiative NC

" Channel 6: ISR
" Channel 7: FSR
" Channel 8: “Compton event” Channels 6, 8 Channel 7




Simulation and Reconstruction

" Locally simulated and reconstructed samples in eic-shell version 25.09.0-stable

* Djangoh sample also ran as part of October campaign (see
/volatile/eic/EPIC/RECO/25.10.4/epic_craterlake/DIS/DJANGOH4.6.21-1.0/NC/)

" Calculate reconstructed kinematics manually from ReconstructedParticles branch
" Radiative truth kinematics from InclusiveKinematicsTruth

" Born truth kinematics manually calculated from scattered/beam electron four-vectors (and
radiated photon four-vectors where applicable)

" Radiative events identified by looking for final state photons with either the beam or
scattered electron as its parent

P ID ParentlD PDG Example of an event containing FSR
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Number of radiative events
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Radiated Photon Energy
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" Number of radiative events sharply decreases with energy

* No visible difference between different Q? ranges
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Kinematics reconstruction — non radiative events
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Kinematics reconstruction — All ISR events

Electron/DA methods skew towards larger values for Q2 (and for y in case of e-method
Relative performance of 2 methods improved
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Kinematics reconstruction — All ISR events w/ total E-p, > 32 GeV
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" E-p,cut removes events w/ E, > ~2 GeV — improves electron+DA methods
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Kinematics reconstruction — All ISR events w/ E, > 2 GeV
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Summary

" Got Djangoh working with full simulations — produced and simulated samples to study
* Verified that ISR/FSR events are being simulated and identified correctly

" Conventionally use an E-pz cut to remove events with high energy ISR
* Cut of E-p,<32 GeV reduces events with ISR photons above 2 GeV significantly

" Kinematics not correctly reconstructed for ISR events — degrades resolutions, but
impact limited by E-p, cut

Next Steps

" Perform studies to further limit the impact of ISR/FSR on reconstruction

" Radiative correction factor will have some dependence on DJANGOH settings —
generate+simulate more samples with different settings and compare factor - use to
estimate systematic uncertainty

" Analysers from other groups are encouraged to look at these samples and see how it
iImpacts their analysis

" Look into potential for modern event generators with QED radiative




Backup
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Non-Radiative vs Radiative: Ele method (E-p, cut) (x-Q?)
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