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What is event record

@ Event record contains all physical information on the initial,
intermediate and final state particles in the simulated collision:
particle flavours, momenta, production coordinates, etc.

e A standardised event record is essential for the HEP /particle
physics experiment, theory and phenomenology.
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Expectation from a library for event record

@ The typical task is to pass MC
generated events between
different generators,
reconstruction programs and/or
analysis frameworks.

@ — No universal connector
library existed before 201X!

o Before the HepM(C3-3.0.0 the
closest match was de-facto a
standard HepMC2 [2] and a
beta version of HepMC3.
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What is HepMC3: Definition and application

@ HepMC3 is a library designed to operate with Monte Carlo
event records in High Energy physics (HEP), see Ref. [1].

4

@ The library should be used to store and transfer Monte Carlo
event records between different HEP software and/or disk.

e HEP software in focus: Monte Carlo event generators (e.g.
Pythia8[3], Herwig7 [4], SHERPA [5]), simulation software
(e.g. Geant4 [6], FLUKA [7]), analysis frameworks (ROOT [8],
experiment-specific), plotting tools (e.g. Rivet [9]) etc.

3/ 38 — Recent HepMC3 — Andrii Verbytskyi



People, projects and principles



People and projects
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Code contributors: T. Przedzinski, AV, A. Buckley, W. Pokorski,
M. Ellert, D. Konstantinov, L. Lénnblad, J. Monk, M. Kirsanov,

L. Pickering, H. Schulz, P. Onyisi, A.P. Neuwirth, A. Kabelschacht,
N. Dawe, R. Isemann, P.J. liten, A. Sailer, S. Snyder

Issue reporters: J. Whitehead, J. Holeczek, S.R. Klein,

C.H. Christensen, L.J. Nevay, S. Banerjee, F. Siegert, C. Gutschow,
T. Mombaecher, H. Dembinski, P. Mato Vila, M. Elashri, P. Demin,
P. Sznajder, E. Olatunji Olaiya, N. Hartmann, K. Pedro,

(E. Botmann, J. Chapman and others via e-mails)

Many thanks to the related projects:

e Python C+4++ bindings ‘pybind11‘ [10]
e Python bindings generator ‘binder' [11]
o Decompression libraries interface ‘bxzstr' [12]

Related projects: ‘pyhepmc’ [13] and ‘NuHepMC' [14].
Packaging: M. Ellert, F. Siegert, E. Botmann, A. Bhattacharya, AV.
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Development principles

6/ 38

@ The core library should not have dependencies but C++11 STL.
@ The optional submodules should be kept well separated.
@ Backward compatibility of serialisation formats.

@ API changes are not desirable.

Typically almost no client code updates are needed to
upgrade to the next HepMC3 version.
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Timeline of HepMC3
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Mar 20, 2014: Initial commit by Tomasz Przedzinski — a project together with Witold.
Jul 13, 2014: Andy Buckley joins.

2016: Beta version.

Renaming the namespace from HepMC:: to HepMC3::, Cancellation of the HepMC v 2.07. Port to
Windows. Proper ROOT support.

Mar 2017: 3.0.0

Preparation of the HepMC3 paper. Packaging for Fedora, EPEL and Ubuntu. Development of the ‘search’
library.

Feb 2019: 3.1.0

Python interface and a parallel project ‘pyhepmc’ by Hans Dembinski. Adoption into LCG stack.

Nov 2019: 3.2.0
Adoption by various MCEGS, ATLAS, removal of MCEG interfaces from the HepMC3 codebase. Support
of Protobuf 1/0. Removal of the old CERN JIRA HepMC ticket system. Support of compression 1/0. ...

Oct 2023: 3.2.6
NuHepMC

Oct 2023: 3.2.7
Rivet 4 relies on HepMC3. Drop Python2 support.

April/May 2024: 3.3.07

Future plans

— Recent HepM(C3 — Andrii Verbytskyi



Current status



Current usage

o As of 2024 most widely used collider MCEGs use HepMC3
either as the only event record library or as an alternative to
HepMC.

@ ATLAS completed software stack transition to HepMC3 in
2023. Other LHC experiments use HepMC3 either directly or
indirectly.

e Significant interest in Heavy lon MCEG community ( e.g.
SMASH) and neutrino physics community (NuHepMC).

o (Official) packages exist for Fedora, EPEL, OpenSuse,
ArchLinux, homebrew(Mac OS X), PyPi(Windows,Linux,Mac
OS X). That is the recommended way of installation.
Compilation from sources is possible on multiple platforms.

Support, optimisation, bug fixes
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Example: preparations for 3.3.0
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~ 100 merge requests

Dropped Python2 support and related Cmake scripts

Updated the documentation format to MD

Added ‘deduce_reader’ to python bindings

Updates of the embedded code

Bugfixes

API changes

@ e.g https://gitlab.cern.ch/hepmc/HepMC3/-/merge_requests/342

https://gitlab.
https://gitlab.
https://gitlab.
https://gitlab.
https://gitlab.
https://gitlab.

cern
cern

.ch/hepmc/HepMC3/~/merge_requests/338
.ch/hepmc/HepMC3/-/merge_requests/341
cern.
cern.
cern.
cern.

ch/hepmc/HepMC3/-/merge_requests/318
ch/hepmc/HepMC3/- /merge_requests/315
ch/hepmc/HepMC3/- /merge_requests/297
ch/hepmc/HepMC3/- /merge_requests/340
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https://gitlab.cern.ch/hepmc/HepMC3/-/merge_requests/338
https://gitlab.cern.ch/hepmc/HepMC3/-/merge_requests/341
https://gitlab.cern.ch/hepmc/HepMC3/-/merge_requests/318
https://gitlab.cern.ch/hepmc/HepMC3/-/merge_requests/315
https://gitlab.cern.ch/hepmc/HepMC3/-/merge_requests/297
https://gitlab.cern.ch/hepmc/HepMC3/-/merge_requests/340
https://gitlab.cern.ch/hepmc/HepMC3/-/merge_requests/342

Requirements for HepMC3 3.3.0
Minimal:
@ Modern Linux, OSX, BSD, Solaris or Windows system

@ C++11 compiler (gcc/clang/Intel/Oracle SunPro/PGI/IBM XL)
@ CMake 3.7+

Recommended=Minimal+
@ ROOT6
@ protobuf library and compiler
Full=Recommended+
@ doxygen, latex, graphviz for documentation
@ valgrind, Pythia8, HepMC2 for tests
@ Fortran77 compiler for examples

@ Python3/PyPy modules
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Recent developments in code



The support for the protobuf I/O was gradually added in the 3.2.X
branch.

@ Required by NuHepMC.



Python bindings

The Python bindings were added to HepMC3 in version 3.2.0. As
of 3.3.0 the bindings

@ can be compiled with the CPython 3.6 or with PyPy.

@ cover the whole codebase and have syntax identical to C++
functions.

@ are generated automatically using ‘binder’ [11] and require for
the compilation the ‘pybind11’ [10] header-only library
embedded in the HepMC3 code.

An alternative set of python bindings is provided by the
‘pyhepmc’ [13] project.
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Support of the compressed |/0

The support for the compressed /0 was gradually added in the
3.2.X branch.

@ It is implemented via ‘ReaderGZ/WriterGZ' classes which
wrap the normal readers/writers.

@ The '‘ReaderGZ/WriterGZ' classes compress/decompress the
[/O streams using the ‘bxzstr' [12] header-only library
embedded in the HepMC3 code.

@ The code should be linked to any of ‘zlib*, ‘bz2°, ‘lzma‘ or
‘zstd" libraries.

@ The python bindings can use the standard python libraries for
decompression. WIP.
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1/O utilities

16/ 38

HepMC3::deduce_reader is designed to guess the input format
of the given stream or file. Has a python version.

HepMC3::ReaderMT is designed to read the input file in
multiple streams using multithreading.

HEPEVT_Wrapper__Runtime is designed to be able have
different sizes of HEPEVT block.

ReaderPlugin /WriterPlugin — plugin loading mechanism.
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Ideas for the future



HepMC3 for Heavy lon

@ GenHeavylon is a standard attribute to hold information in
Heavy lon collisions, significantly expanded in comparison to
HepMC2. Close to Lisbon Accord [15], but can be extended
even more to fulfil needs of Heavy lon experiments.

@ Support of Readers for e.g. OSCAR format?

@ Speedup the 1/0 in the default readers.

o Extending Heavy lon event record standard.

1 int Ncoll_hard; / of
int  Npart_proj; of
3 int  Npart_targ;
int  Neoll;
5 int N_Nwounded_collisions;
int  Nwounded_N_collisions;
7 int  Nwounded Nwounded_collisions;
double impact_parameter;
9 double event_plane_angle;
double sigma_inel fiN;
11 double centralitys
double user_cent_estimate;
13 int Nspec_proj_n;
int Nspec_targ_m;
15 int Nepec_proj pi
int Nspec_targ_p;
17 map<int,double> participant_plane_angles;

map<int,double> eccentricities;
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o Add a module with extra attributes, e.g. to hold information
on TMDs, Heavy lon observables, DVCS observables,
polarisation of beams, etc.



@ Recently HDF5 format became popular among the MCEG
developers.

@ Essentially that is LHE events serialised with HDF5.
@ Possible extension for the LHEF in HepMC3.



@ ROOT bulk /O can be an interesting option for
phenomenology.

@ The python bindings can be extended with options for
pandas [16] /0.
@ Support of writing with ‘uproot’ [17] (reading is implemented).



Introduce plugin /O into the interfaces of MCEGs and
tools

@ Some users would prefer their own output formats, i.e. own
way to serialise HepMC::GenEvent.
@ The HepMC3 plugin mechanism can be used:
o The plugin should be compiled by user into a library.
e A MCEG has to be provided with the location of the library.
Similar mechanisms can be implemented into the tools that
consume HepMC, e.g. Rivet.
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Summary

o Collecting feedback from LHC experiments, MCEG authors
and interested individuals.

o If you have a good idea, feature request or bug report, please,
create an issue in https://gitlab.cern.ch/hepmc/HepMC3 or
send a mail to hepmc-devATcern.ch mailing list. We do
answer mails! .

Visit http://hepmc.web.cern.ch/hepmc/
Write an e-mail to hepmc-dev@cern.ch or to any of authors.
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class SomeAnalysis{

public
TChain *fChain; //'pointer to the analyzed TTree or TChain
Int_t event_number ;
Int_t momentum_unit;
TBranch +b_hepmc3_event_event_number;  //!
TBranch *b_hepmc3_event_momentum_unit;  //!
TBranch +b_hepmc3_event_length_unit;  //
TBranch +b_hepmc3_event_particles_;  //!

void Init(TChain *tree) {
if (Itree) return;
fChain = tree
EChain->SetMakeClass (1);
fChain->SetBranchAddress("event_number”, &event_number, &b_hepmc3_event_event_number);
SomeAnalysis(const std::stringk file)
TChain* TempChain= new TChain("hepmc3_tree
TempChain->Add (file.c_str());
Init(TempChain);

};
int main(){
THID H1("H1","Pt of pions or electrons;Events/100MeV;P_{T},GeV",1000,0,100);
SomeAnalysis* A= new SomeAnalysis("inputI04.root");
if (1A->fChain->GetEntries()) return 1;
for (int entry=0; entry<A->fChain->GetEntries(); entry++){
A->fChain->GetEntry (entry);
for (int i=0; i<A->particles_; i++)
if (A->particles_status[i]==14&(std::abs(A->particles_pid[i])==211]|std::abs(A->particles_pid[i]
H1.Fill(std::sqrt(A->particles_momentum m_vi[i]*A->particles_momentum_m_vi[i]+A->particles momentum_m_v2[il*
A->particles_momentun_m_v2[i1) );

¥

delete Aj
H1.Print(
return 0;

@ Reading file in ROOT format without HepMC3.



~N oW e

#include
#include
#include
#include
int main(
{

TH1D

HeplC3

if (ing
while
{

¥
input
H2.Pr:
retur:

"HepMC3/GenEvent .h"
"HepMC3/GenParticle.h"

"HepMC3/ReaderRootTree.h"
<TH1D.h>

)

H2("H2","Pt of pions or electrons;Events/100MeV;P_{T},GeV",1000,0,100);
::ReaderRootTree inputA("inputI04.root");

puth.failed()) return 10002;

( tinputh.failed() )

HepMC3: :GenEvent evt (HepMC3::Units::GEV,HepMC3::Units::MM);

inputh.read_event (evt);

if( inputh.failed() ) {printf("End of file reached. Exit.\n"); break;}

for(auto p: evt.particles() )

if ( std::abs(p->status()) 1 &k (std::abs(p->pdg_id()) == 211]|sts
H2.Fill( p->momentum().perp());

evt.clear();

abs (p->pdg_id ) == 11) )

A.close ()
int ("AL11");
n 0;

Listing 3: Reading file in ROOT format with HepMC3




MC events for ZEUS simulation

One of options for MC simulations in ZEUS was to use ASCII
input very similar to HEPEVT format. The implementation of
format in HepMC3 is listed below.

#include "HepMC3/WriterHEPEVT.h"
2| namespace HepMC3 {
class WriterHEPEVTZEUS : public WriterHEPEVT {
4| public
HnterHEPEVTZEUS(const std::string &filename);
6 void write_hepevt_event_header();
void write_hepevt_particle( int index, bool iflong );
8l b
¥
1} #include "WriterHEPEVIZEUS.h"
#include "HepMC3/HEPEVT Wrapper.h"
3| namespace HepMC3{
WriterHEPEVTZEUS : : WriterHEPEVTZEUS (const std::string &filename):WriterHEPEVT(filename) {}
5| void WriterHEPEVTZEUS::write_hepevt_event_header ()
fprintf(m_file,” E % 12i% 12i% 12i\n",HEPEVT_Wrapper::event_number () ,0,HEPEVT Wrapper::number_entries());}
7 void WriterHEPEVTZEUS::write_hepevt_particle( int index, bool /*iflong+/ ){
fprintf(m_file," 12i% 8i",HEPEVT Wrapper::status(index), HEPEVT Wrapper::id(index));
9 fprintf(m_file," 8i% 8i",HEPEVT Wrapper::first_parent (index),HEPEVT Wrapper::last_parent (index));
fprintf(m_file,"% 8iJ 8i",HEPEVT_Wrapper::first_child(index),HEPEVT Wrapper::last_child(index));
11 fprintf (n_file, "% 19.11E% 19.11E% 19.11E% 19.11E% 19.11E\n",HEPEVT Wrapper::px(index) ,HEPEVT Wrapper::py(index),
HEPEVT Wrapper : pz()ndex) HEPEVT Wrapper : : e (index) ,HEPEVT Wrapper ::m(index));
fprintf(m_file, "%-52s 1EY 19.11E% 19.11EY% 19.11EY% 19.11E\n" L HEPEVT_Wrapper : : x (index) ,HEPEVT Wrapper::y(index),
HEPEVT _Wrapper : z()ndex) HEPEVT _Wrapper : :t (index) ,0.0);
131 ¥
}// namespace HepMC3

Listing 5: Source
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Installation of MC stack, e.g. including Rivet

As any problem, the installation of software has standard solutions

of “enterprise” level. Rivet and many MC tools can be installed
within minutes.

o Install Fedora/CentOS/RHEL/openSUSE
@ Do as root in, e.g. Fedora

1| [root@fedora ~]$ dnf -y install dnf-plugins-core
[root@fedora ~]$ dnf -y copr enable averbyts/HEPrpms
3| [root@fedora ~1$ dnf -y install Rivet

@ Docs at https://github.com/andriish/HEPrpms

Adoption of mainstream Linux tools solves the complexity
almost immediately.
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|/O: ASCII formats

Hopho: Veraton 3.0.0
HopHC £ Asc 13- START_EVENT_LISTING

wo

U GEv
W 1.0000000000000000000000a+00

A 0 GanCrosssaction 2644225516203 2.64422651+03 1

10 Compasiate 11 1] 5 974207670201 5. 593598750 01 188127750401 1.5652¢7250+01 2.821483620408 0 0

£ 0 31pmadeD 0. 007sia1a1
11 & 0 event_scale 91.88128
K0
13 & 0 signal process id 221
0 tigmal procare
15 710 11 0.0000000000000000s+00 0.00000000000000008+00 4599999957 161737a+01 4.6000000000000007+01 5. 1099999999999995a-04
P2 T 11 5.G000000000000000e750 0.0000000000000000e100 4. 2881388assI0assEera1 4 EBBISELILIOSILLIEL 0.0000000006000000er50 !
17 # 3 1 22 0.00000000000000008+00_0.0000000000DO0000S+00 1 1864473489064407, 18644734890643070-01_0.00000000000000008+00 1
7 &5 251%5000000000000000000+00 . 00000000000000004+00 55995303057 141737401 4. 6000000000000007a+01 5. 10385903039090550-04 4
19 P 5 s -11 0.0000000000000000+00 0.00000000000000008+00 3, S999998BSSE71230a+01 4 59999BS5SE71230a+01 0.0000000000000000s+0D 61
© 5 4 22'0.00000000000000008-00 0. 00000000000000008+00. -1 1443287704052650e-00  1.1443287704020508-08 0.00000000000000008<00 1
21 p721
1 Hephc::Version
HePHG X0 Ganrans-START_BVENT_LISTING
3 £00 9.161260401 1.2984400-01 7.8181610-03 221 0 7 10001 10004 0 1 1.00000000000000008400
i1
5
© 264422551000000026+03 2.64322551000000028+03
7 1 11 9.9T4207670-01 5.999099750-01 9. 10B12TTAI01 1.502TINN0N 2.024483020%00 0 0
- 3
9 5 1000111 0.0000000000000080+00 0.0000000000000000+00 4. 89339995761737 4401 4.60000000000GEO7 e +01 5. 10389993899938954-04 4 0 0 -1 0
F 10068 1 010000000000000004:00 ©.C00000onGnudoioevio 4 SemiSEEESEIGioGoRiot 4 SOBISGLIOOIOnSsee1ol 0I00000000000000000100 $1°0°0 130
11 ¢ 10003 22 B h
AR
13 » 10008 -11 a 5.1 s00,20)
F 10005 -i1 B : Hth 2101 3000 170’0 %
15 p 10000 22 - 1 10000
BRI
Eo1z
2 "4 -11 003 11 0.00000000E400 0.0000000DE+00 -4.60000000E<01 4 ,60000000E+01 5.11000000E-04
0.00000000% 100

4 41100 4 12 0.00000000E+00 0.00000000E+00 4.GO0D000OE401 4.60000000E+01 §.110000005-04
o

6 61 -11 115 5 0.00000000E+00 0.0000000DE+0D -4.599999895+01 4.59999989E401 0.00000000E$00
o B B B

10 21 <1133 7 7 0.00000000E+00 0.00000000E+00 -4.59999989E+01 4.59999989E401 0.00000000E400

Listing 9: HepEVT (Fortran era generators) as implemented
HepMC3

absence of unused color flow information in Asciiv3.
30/ 38 — Recent HepMC3 — Andrii Verbytskyi



|/O: LHEF

@ The original Les Houches accord event format (LHEF)
designed for communicating between Matrix element
generators and MCEG.

o It agreed upon in 2001 [18](see updates in Refs. [19][20][21]).

@ The routines to handle LHEF is a precious part of
HepMC3

CLesfoschesivents version=3.0"

eade
Setproccaras

Nadtraph &

VERSION 2.0.0.betad 2013-06-22

ELHEF is basically XML with extra rules.

The Hadeapn o
ntps

Listing 10: First lines of LHEF header

- 21" 0 o 502 00 2060 o o o 0.0000+00 0.0000E+0D
4 §-1 0 0 SOI 0 0.00000000E+0D 0.000000Q0EX00 -.44481443E+02 0.447I06TEE+02 0.48000000E=01 0.0000E+00 0.0000ES00
82 1 2 SOI 0 -.59380665E+02 0.72244533E+02 0.21037840E+03 0.28804239E+03 0.173111465-03 0.0000E+00 0.0000E-00
6 21 3 3 o 0 o.2aTara0aEs02 0.803980002+02 0.0000E+00 0.0000E+00
PoE 3wl o st SE+03 0.48000000E-01 0.0000E+00 0.0000E+00
8 111 2 0 0.59350665E+02 4533E+02 0.37242173E+03 0.38397894E+03 0,33000000E+00 0.0000E+00 0.0000E+0D
sancacnid 116 3 0 20 5.000000005500 0. 00000000500 9 0. 0.0 1000000001 0. B6321681E500 0. 110227208401 0. 0000000045 0. 00060000E+00
10 saMcatiLo 1 6 2 O 0 0.00000000E+00 0.00000000E+00 9 O 0 0.10000000E+01 0.91202678E+00 0.10493312E+01 0.00000000E+00 0.00000000E+00 Ore'
SMCATNLO 1 6 2 O 0 0.000D000OE-00 0.00000DOUE+00 & O O 0.1000GD0OE+01 0.91292678E+00 0.10493312E+01 O.000000QOE-00 0.000ODO0OE+00
12 #aMCathio 1 6 2 O O 0.000000OE+00 0.00000000E#00 8 O O 0.10000000E+01 0.91292678E+00 0.10493312E+01 0.0000000DE+00 0.00000000E+00
14 < 1% 0.50100+02 </uge>
et i 0432858202 </ugt>

37> 0.55234E402 </uge>

Listing 11: First lines of some LHEF event

YAVl 1 /1 / I Nl ol Y

31/38 —'Recent HepMC3 — ArarVerbyEry


https://hepmc.web.cern.ch/hepmc/group__LHEF.html

|/O: ROOT Tree format

ROOT Object growser

GenEvent E hepmc3_event particles.pid
Tiermp
GenRunlInfoPtr m_run_info 3000 - - Enties 12000
GenEventData (POD) vector<GenVertexPtr> m_vertices Mean 75
vector<GenParticlePtr> m_particles £ SidDev 1450
GenVertexPtr m_rootvertex 2500
2000~
GenRunlInfo C
. . 1500
GenRunInfoData (POD) vector<Toollnfo> m_tools £
string> m_weight_names £
1000[-
GenVertex 5001~
enVertexData . £
GenVertexData (POD) GenVertexData m_data L L L L

45 0 50 5

W15« 5
hepme3_event partes pid

At

GenParticle

s N | Figure: HepMC3 ROOT file in

TBrowser.

HepMC3 uses custom streamers + POD types for ROOT 1/0.
HepMC3 ROOT files are readable with standard ROOT, NO

externals needed.
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|/O: code example
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#include "HepMC3/GenEvent.h"
#include "HepMC3/WriterAscii.h"
#include "HepMC3/ReaderAsciiHepMC2.h"
int main()
{
HepMC3::ReaderAsciiHepMC2 inputA("inputI0i.hepmc");
if (inputh.failed()) return 1;
HepMC3::WriterAscii outputA("frominputI0i.hepmc");
if (outputh.failed()) return 2;
while( !inputA.failed() )
{
HepMC3::GenEvent evt (HepMC3::Units::GEV,HepMC3::Units::MM);
inputh.read_event (evt);
if( inputA.failed() ) {printf("End of file reached. Exit.\n"); break;}
outputh.urite_event (evt);
evt.clear ();

b
inputh.close();

outputh.close();
return 0

}

Listing 12: Reading file in HepMC2 format (IO_GenEvent) and
writing in HepMC3 (Asciiv3)

o Note: Works in the same way for all formats in different
combinations.
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The examples in HepMC3 provide a simple event browser
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Figure: Pythia 8.2.40 simulated process ete™ — 777~ with ISR and
w/o hadronisation and decays. The display shows event information (e.g.
run and event number, ..), depicts vertices as ellipses and the particles as
arrows. The information on vertices and particles (ids and flavor) are
given as well. The right panel shows selected distributions of physical
quantities in the event, e.g. transverse momentum.
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Search engine
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The main class to perform selection is HepMC3::SeIector.

Consiselectortin status < std::sake shared<Selacioriragper cuc > () (Consiparticiebis )
Per pt

o at{return p->status );});
ConstSelectorPtr pt = std::make_shared<Sele: 165 5(IC Clerer piacunieir

0.ptO:n;

One can then use the Selector to construct Filter functions that
evaluate on particles, e.g.

Filter is_stable = (sstatus) == 1;
bool stable = is_stable(p);

bool beam = (*status == 4)(p);

Selector contains a few standard Selectors already defined, e.g.

ConstGenParticlePt
(Selector::STATUS == 1) (p);
(Selector::PT > 15.)(p);

(abs (Selector: - RAPIDITY < 2 5)(p);

One can also combined them e.g.

Filter myCuts = (Selector::PT > 15.) && (+abs(Selector::RAPIDITY) < 2.5) || (Selector::PT > 100.);
bool passCuts = myCuts(p);

Advantages of C++11 in action.
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