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Financial Cost
Cost estimate for generation and storage of 
ca. 13B HepMC events.

Total ATLAS annual event generation is a 
factor of 10 larger (similar for CMS).

HL-LHC will require another 5-10x increase
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Environmental Costs
More than just GHG emissions.

E.g. 

Image c/o Circularise                                                          2005 data for production of Si wafer in DE arXiv:2306.02837
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https://www.circularise.com/blogs/what-is-life-cycle-assessment-lca
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://arxiv.org/abs/2306.02837&ved=2ahUKEwjelsTY-r6VAxVdA9sEHTogJ7kQFnoECBgQAQ&usg=AOvVaw3QdNlczGZNVJqivDncpkbc


GHG Emissions

Total emissions/HepMC event = Use phase emissions + embodied emissions for 
hardware + housing infrastructure
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Total emissions/HEPMC event = Use phase emissions + embodied emissions for 
hardware + housing infrastructure
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Total emissions/HEPMC event = Use phase emissions + embodied emissions for 
hardware + housing infrastructure

Benchmark, server only. 
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GHG Emissions
Estimated annual emissions for ATLAS MC event generation: 

    1950 tCO2e (use) + 420 tCO2e (embedded)

Equivalent to >1000 return transatlantic flights*

Similar order of magnitude for CMS

* For single passenger, economy class, average occupancy.
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Open MC Event Generation Data
CMS

>50,000 samples of simulated + 
reconstructed SM and BSM events 
released using various generators 

(√s = 7, 8, 13 TeV).

Newer simulation released as ‘abridged’ 
NanoAODSIM format, stores partial 

event gen information.

Findable on the CERN Open Data Portal 
through high-level metadata.

ATLAS

In addition to simulated + reconstructed 
data, dedicated release of 14B events of 
event generator output at √s =13, 13.6 

TeV.

Dedicated events in industry-standard 
HepMC2 format.

Downloadable using atlasOpenMagic 
tool, and (partially) on CERN Open Data 

Portal
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https://opendata.cern.ch/search?q=CMS%20simulated%20events&f=type%3ADataset%2Bsubtype%3ASimulated&l=list&order=asc&p=1&s=10&sort=bestmatch
https://pypi.org/project/atlasopenmagic/
https://opendata.cern.ch/record/160000
https://opendata.cern.ch/record/160000


Use cases

Comparison between 
experiments

Reuse/Reinterpretation of SM 
measurements

Studying overlaps across signal 
regions 

Designing BSM 
searches

In future: Unfolding for e.g. jet 
reco studies

Machine learning 
studies Training and education
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Future directions
Sharing parton-level LHE events

Strong case for storing LHE info as 
text or HDF5 and sharing as Open 
Data 

150x smaller than HepMC (negligible 
extra cost)

Good fit for HPC/GPU hardware

Upgrade particle-level simulation 
using stored LHE

Allows study of nonperturbative 
modeling

Requires sufficient metadata for 
correct use

HEPData accessibility

Link analyses to datasets, 
whether open or internal

During publication, link datasets 
using unique DOIs or identifiers

Modest extension of HEPData 
interface

Central Analysis Facilities

Near-data” computing is a huge 
boost for analysis

Many existing platforms prove the 
principle

Ideal structures would:

● Use standard workflow 
management tools

● Implement dashboards for 
progress monitoring

● Interact with CERN Open 
Data Portal tools
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Action items
Lorem 3

Centralize LHC MC production

Core team working with generator 
experts and experiments

Common formats
● HL-LHC effective lumi
● Open Data Portal storage

Lorem 1

Improve what we have!

Better LHC Open Data event gen 
materials and tools

Harmonize metadata and CERN Portal 
usage across experiments

Enable phenomenology tools to utilize 
LHC Open Data

Reduce size of HepMC-3

Lorem 2

Adopt new techniques

Engage experiments beyond CMS & 
ATLAS

HEPData dataset linking as community 
standard

Wider LHE or HepMC releases by 
experiments

Central Analysis Facility development

Long-termShort-term Mid-term

Requires mutual work by experiments, laboratories, and computing groups for success! 10



To take home:
Open sharing of event generation can give rise to substantial financial savings and decreased 
environmental impact, without negative physics impact.

There are co-benefits in transparency, reproducibility and equal access.

Ensuring the persistence and expansion of Open Event Generation offerings will require a commitment to 
provide dedicated infrastructure and human resources.  Community uptake can help make the case for 
this!

The largest potential savings would come from establishing shared event generation across the LHC 
experimental - nontrivial. Talks ongoing within LHC Monte Carlo Working Group, e-group sign-up here: 
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=lhc-mcwg
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https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=lhc-mcwg


What will your new 
use case be?

Open Event Generation
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