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Motivation = Why HepMU(C3 Fits

Julia is a priori a good programming language candidate for HEP

[t combines high-level expressibility for scientific computational
problems together with high-performance execution, avoiding the
two language problem

One essential aspect is to improve interoperability with existing
C++ libraries in HEP

HepMC3 files are a detacto standard for event generator outputs.

Julia support to read these files would be a valuable addition to the
JuliaHEP toolbox.



Julia wrappers to HepMC3

Similarly to Python, to call C++ from Julia you need to write (better
generate) wrappers for each method you want to offer to Julia

Using the CxxWrap.jl package

The user needs to write a small code (in C++) to wrap each class and method

Generated wrapper statictics

(similar to pybind11 or Boost.Python)

| enums: 2
classes/structs: 35
The package Wraplt developed by | emplates: .
e | others: 35
Philippe Gras makes use of LLVM | class methods: 322
. ; field accessors: 21 getters and 21 setters
libraries to generate the WIdpPpers | global variable accessors: 8 getters and @ setters

global functions: 8

automatically ()



HepMC(C3.jl: Basic Interface

e* All HepMC3 functions maintain
descriptive names - event = GenkEvent()

1% set_units!(event, :GeV, :mm)
make_shared_particle(), set_units!(),

get_particle_properties() providing clear, electron = make_shared_particle(10.0, 0.0, 0.0, 10.0, 11, 1)

° positron = make_shared_particle(-10.0, 0.0, 0.0, 10.0, -11, 1)
Julia-style API, also easy for someone f * |

familiar with HepMC3 to use

photon make_shared_particle(5.0, 5.0, 0.0, sqrt(50), 22, 1)
photon2 = make_shared_particle(-5.0, -5.0, 0.0, sgrt(50), 22, 1)

** Direct C++ object manipulation

vertex = make_shared_vertex()

through shared pointers - Functions return . . ._
connec t_p article_in LVErteX, electron )

Ptr{Nothing} handles for efficient memory connect_particle_in(vertex, positron)
connect_particle_out(vertex, photoni)
management and performance connect_particle_out(vertex, photon2)

attach_vertex_to_event(event, vertex)

¢ A : : z
*%* Sometimes native Julia types require

e_props = get_particle_properties({electron)
extraction - Particle properties accessed p_props = get_particle_properties(positron)

g1_props = get_particle_properties(photon1)
g2 _props = get_particle_properties(photon2)

via get_particle_properties(particle_ptr)

returning named tuples with physics data



Package Structure

ht

CxxWrap
/ T __—|CodecZstd_jl
HepMC3_julia_jli
HepMC3 | ( Planned Release) HepMC3_|lI " Test_|li
Julia C++ C++ \
ps://github com/JuliaHEP/HepMC3jl  libHepMC3Wrap.so libHepMC3.50
exports.jl ... +datatiles

custom C++ bindings)

wrapper library are built using manual C

* The package HepMC3.jl is a Julia package (platform dependent with

“» The binary libraries (platform dependent) for HepMC3 and the custom

implementation and linked with

the HepMC3_jll package binaries from Julia infrastructure (GitHub)



https://github.com/JuliaHEP/HepMC3.jl

HepMC3.jl: Implementation Workilow

*¢* Veto File Creation - Exclude problematic C++ constructs (std::shared_ptr,
std::vector<GenParticlePtr>, complex containers) from auto-generation

*e* Wraplt! Configuration - Auto-generate Julia bindings from HepMC3
headers with vetoed functions excluded (GenEvent, GenParticle, FourVector
classes)

*¢* Custom C++ Implementation - Write dual-type wrapper functions
(particles_size vs particles_size_raw) for shared_ptr/raw pointer
compatibility

*¢* Library Rebuilding - Compile hybrid libHepMC3Wrap.so with automatic
CxxWrap binding generation for new manual C++ functions

** Julia Interface Layer - Create method dispatch routing GenEvent objects
to _raw functions, Ptr{Nothing} to shared_ptr functions

*e* Integration Testing - Validate JetReconstruction.jl pipeline (100 events)
and comprehensive test suite (156 tests passing)

*e* Platform Specification - Verified on x86-64 Linux systems with Ubuntu/

Arch compatibility

Wraplt!
Configuration

l

Selective
Vetoing

l

Custom C++
Implementation

!

CxxWrap
Building

A4

Integration
Testing

!

Platform
Specification




HepMC(C3.jl: Problems Faced & Solutions

Problem 1: Single JLCXX Module Limitation

*¢* Challenge - CxxWrap libraries can only define one jlcxx module per shared library, preventing separate
manual wrapper modules

*e* Wraplt! Limitation - Auto-generated code creates the primary jlexx module, blocking additional manual
module definitions

*¢* Solution Strategy - Let Wraplt! generate the main jlexx module, then inject custom functions via
add_manual_hepmc3_methods()

*¢* Implementation - Add custom C++ wrapper functions to existing module through library source
patching

*¢* Rebuild the library - Now, rebuild the library with the applied patch.

"f#include "HepMC3ASUnits.h™/a #include "HepMC3




HepMC(C3.jl: Problems Faced & Solutions

Problem 2: Dual Pointer Type Compatibility Crisis
*¢* Challenge - JetReconstruction.jl pipeline expected shared_ptr<GenEvent>* input while test suite
used GenEvent.cpp_object (raw GenEvent* pointers)
*¢* Memory Corruption - Type casting mismatches caused crashes (std::bad_alloc), garbage return
values (particles_size() = -1), and segmentation faults
*¢* Incompatible Use Cases - Single function implementations couldn't serve both:

. File reader — Ptr{Nothing} = shared_ptr functions (JetReconstruction path)

- GenEvent objects = .cpp_object = raw pointer functions (test path)
*e* Failed Attempts - Changing input casting broke one pipeline while fixing the other, creating zero-
sum compatibility issue

o Solution Architecture -Dual C++ function implementation




HepMC(C3.jl: basic tree example success

particle(0.0, 0.0, 7000.0, 7000.0, 2212, 1)
particle(0.0, 0.0, -7000.0, 7000. D 1000020040, 2)
particle(0.750, -1.569, 32.191, 32.238, 1, 3)
particle(-3.047, -19.0, -54.629, 57.920, -2, 4)
particle(1.517, -20.68, -20.605, 85.925, -24, 5)
particle(-3.813, 0.113, -1.833, 4.233, 22, 6)
particle(-2.445, 28.816, 6.082, 29.552, 1, 7)
particle(3.962, -49.498, -26.687, 56.373, -2, 8)




H MC?’ QI. function final_state_particles(filename::String; max_events::Int=-1)
I] " ® # Read events using HepMC3 interface

events = read_hepmc_file_with_compression(filename; max_events=max_events)
pseudojet_events = Vector{PseudoJet}[]

for (event_idx, event_ptr) in enumerate(events)
final_state = get_final_state_particles(event_ptr)

final state nput particles = Peudolet(]

for particle in final_state
props = get_particle_properties(particle)

®
part].CleS fOr # Match JetReconstruction's PseudoJet constructor exactly

pseudojet = PseudoJet(
props.momentum.px, # px
props.momentum.py, # py

]et props.momentum.pz, # pz
Drops.momentum.e; # E

cluster_hist_index = particle_1index

)

ReCOnStruCtiOn push!( itnput_particles, pseudojet)

particle_index += 1
end

push!(pseudojet_events, input_particles)
end

@unfo "Total Events: $(length(pseudojet_events))”

return pseudojet_events
end




HepMC3.jl: final state particles for
JetReconstruction

final _state_particles("../JetReconstruction.jl/test/data/events.ppl3TeV.hepmc3.zst")
[ Info: Total Events: 100
100-element Vector{Vector{PseudoJdet}}:

[FEEUdDJet(pK: -0.08566411285824026 py: 0.3298216020339054 pz: 6.8853838721359795 E: 6.895223816597273 cluster_hist
583 py: ©.03878899917323883 pz: 8.904975878305514 E: 8.912725304006052 cluster_hist_index: 2), FEEUdDJEt(px: -0.4597
115.97980884820791 E: 115.98293767797519 cluster _hist index: 3), FEEUdDJet(px: 0.46588035862969945 py: 0.00151496030
998850557 cluster hist index: 4), FEEUdDJEt(pK: 0.719204590528572 py: -0.47075955002462944 pz: 3660.827528496998 E:

FEEUdDJet(px: -0.0006821097818647814 py: 0.054146399499481766 pz: ©.5522791864049732 E: ©0.5722100859724958 cluster_
0613907 py: ©0.8013309000011778 pz: 1.7138467759174723 E: 2.1264803098532985 cluster_hist_index: 7), FEEUdDJEt(pK: -0
7 pz: 0.9806707777668452 E: 1.033141470207449 cluster_hist_index: 8), FEEUdDJet(px: -1.667/5307466998808 py: 0.648411
14514769454 cluster _hist index: 9), FEEUdﬂJEt(px: 0.9651287449444501 py: 0.10128008190572897 pz: -1.0663659589656698

10) .. PEEUdﬂJet(px: -0.8573050052413164 py: ©.1599923585812923 pz: 18.76229579412031 E: 18.806039048076578 cluste
29165000364 py: 0.20542205672316424 pz: 4.936170306752086 E: 4.9595286829038825 cluster_hist_index: 174), PseudoJet(
56256 pz: 2.7154967885625907 E: 2.7371728763847147 cluster_hist_index: 175), FEEUdDJet(pK: -3.528369853631254 py: 1.
53.41367448447833 cluster_hist index: 176), FEEUdﬂJEt(pK: -0.34495179966051526 py: 0.131887/91463461158 pz: 6.4253652
index: 177), FEEUdﬂJet(px: -1.500807650466002 py: ©.7057331775304223 pz: 21.773727052106874 E: 21.836796300309597 cl
2519791838604293 py: 0.018386260872386675 pz: 0.283409163476296 E: ©.2851210352520321 cluster_hist_index: 179), Pseu
540789087 pz: 169.42010265442346 E: 169.84072635672837 cluster_hist_index: 180), FEEUdﬂJEt(px: -0.14141114132818583
2167 E: 3.347717893611302 cluster_hist _index: 181), FEEUdDJet(px: -0.15641442380824677 py: 0.0024466551572296658 pz:
cluster _hist index: 182)]




Conclusions

*s* HepM(C3.jl is in early development and accomodate plans with
comprehensive functionality for high-energy physics event processing

*s* The package can be a very useful addition to the Julia HEP ecosystem
enabling seamless integration with JetReconstruction.jl and physics analysis
workflows

*¢* Julia BinaryBuilder and CxxWrap are powerful tools to streamline
installation and deployment of complex C++ physics libraries like HepMC3

*¢* Dual pointer architecture proved essential for HepMC3 compeatibility -
measured zero performance overhead between shared_ptr and raw pointer
paths
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If you want to try... ( on x86 linux )

1. install Julia version > 1.9

* just download the binary ( hibep e 0] alane org/downloads) and yntar it

e metudein DBl e gl 351 0. 3 /bin directory

2. clone HepMC(C3,jl for the examples (Make sure to also clone and install JetReconstruction.jl)

o P oelone - e e bl eopE e LB D HenMEs ol

cd TlepMEs

3. install locally all the needed packages and dependencies by the examples
e pF o eet e, o el P e Pledit SRR ERRE e Lol e

4. run an example (e.g. Jet Reconstruction event structs )

e Julicl ~-Projcer=1 = Sceamplels e e slc Eec @Ol e MG E L oo e
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https://github.com/JuliaHEP/Geant4.jl.git
https://github.com/JuliaHEP/Geant4.jl.git

