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GAUDI-LHCb

SW

CMSSW-CMS

Data Storage - Data Processing

- Data management- Workload management

- Event generation - Detector simulation - Event reconstruction

Distributed computing - Middleware

- Resource accounting 

- Monitoring

ATHENA-ATLAS

Open SourceComputing at CERN: The Big Picture
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From the Hit to the Bit: Data Acquisition

100 million channels

40 million pictures a second

Synchronised signals from all detector parts

100 million channels

1+ billion pictures per second

Synchronised signals from all detector parts
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From the Hit to the Bit: Event Filtering

Å L1: 40 million bunch cross per second

Å Fast, simple information

Å Hardware trigger in a few micro seconds

Å L2: 100,000 events per second

Å Fast algorithms in local computer farm 

Å Software trigger in <1 second

Å Which OS for such task?

Å Data Recording: 10,000 events per second
for offline analysis

Å By each experiment!
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Heavy Ion Run 2025: Peak Data Rates

Last month of data 

taking in the year:

LHC runs Pb-Pb 

collisions, which 

produce the largest 

peak rates
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The CERN Data Centre
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CERN DC: an ordinary week in numbers
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Largest scientific data repository 
~70,000 

cartriges

1 EB!
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éAnd an appealing attack target

Å CERN is permanently under cyber attack

Å Computer Security is a pillar of the whole IT 

infrastructure

Å Raising awareness at CERN and at partner institutes

Å Itôs not a matter of ñifò, but ñwhenò!

Å Phishing campaigns, role games, presentations about real 

cases and mitigation measures, é

Å Mandatory ñDual-Factor Authenticationò (2FA) for all 

CERN accounts (IT operators already as of 2022)

Å Continuous ñwhite hatò penetration testing, in 

collaboration with the wider scientific community
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The Worldwide LHC Computing Grid
Å The Worldwide LHC Computing Grid (WLCG) 

is a global collaboration of more than 170 
data centres around the world, in 42 countries 

Å The CERN data centre (Tier-0) distributes the 
LHC data worldwide to the other WLCG sites 
(Tier-1 and Tier-2)

Å WLCG provides global computing resources 
to store, distribute and analyse the LHC data

Å CERN = only 15% of CPU resources

Å Distributed funding

ÅñSociologicalò reasons
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Data Distribution in WLCG

Å Global transfer rates

regularly exceeding

80 GB/s

Å 1+ EB and 1.1B files 

transferred yearly in Run 3

Å Main challenge is to 

have the useful

data close to available

computing resources

=> match storage/compute/network
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Which devices for so much data?

Å The demand for storage keeps increasing

Å The ñAI eraò boosts demand more than ever

Å Manufacturers forced

to try new tricks to

increase bit density

Å Starting from the easy onesé
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Which devices for so much data?

Å And moving to more sophistications:

From Conventional to Shingled Magnetic Recording

Å But this does not come for freeé

14



G. Lo Presti - Italian Teachers Programme2025 - Discovery

HEPiX Spring 2024, Paris
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What about throughput?

Å Most Hard Drives on the market: up to 250 MB/s

Å SMR and HAMR/MAMR do not bring any improvement!

Å A 4 TB drive used to take 4.5h to read/write fully

Å A 30 TB drive takes 1.5 days!

Å Possible solution:

double actuator for the head

Å But thatôs not enough for usé
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Tapes vs Disks/SSDs

Å Tape technology has a larger growth margin

Å A tape has 1 km of magnetic media
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Disk vs Tape Areal Density Scaling

IBM Demo: 

580 TB tape

Upcoming on the 

market: 50 TB tape

CTA Workshop 2024

ñonlyò 30 TB tape

In 2025-2026
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https://indico.cern.ch/event/1353243
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Take-away #1
Å LHC data rates range from the PB/sec at the detector to the GB/sec 

after filtering

Å Scientific data towards Exabyte scale

Å Data centres run on commodity hardware and open-source OSes

Å Hyperscalers are (much) larger

Å They drive the market, including the manufacturers

Å CERN remains the world-largest scientific repository

Å éIs this really ñBig Dataò?
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The power of data: data-driven modeling

Å Neural Networks are well known since the 1960s, but itôs only now 

with very large and easily accessible data sets that they become 

effective!

Å They are all based on simple ñunitsò,

such as the perceptron [Rosenblatt, 1958]

Å The weights wi can be iteratively

estimated (the learning phase)

by imposing the outputs for several

given inputs (backpropagation)

Å We may also have unsupervised learning,

where the learning phase is partly automated
ώ Ὓύ ὼύ
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Diving Deeper: Machine Learning

Å Perceptrons may be connected in multiple layers

Å Software frameworks are readily available to implement

many configurations for Deep Machine Learning
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How Deep?

Å Example: image tagging via convolutional networks

Å Thousands of layers, millions of parameters

Å Facebook: a billion pictures per day goes through such a 

network, which delivers its result within ~2 seconds
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How Deep?

Å Example: natural language generation
Å Use of Generative Pre-trained Transformers

to speed up the training phase

Å Transformers were proposed by Google in 2017

Å Heavily used since then: demonstrator recently published for training purposes

Å 2023: ChatGPT-4o estimated at a trillion parameters!

Å Large Language Models (LLMs) for encapsulating 

domain-specific knowledge

Å Several prototypes at CERN

Å More generally: Foundation models
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https://arxiv.org/pdf/1706.03762.pdf
https://arxiv.org/abs/2408.04619
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New frontiers: Heterogeneous Computing

Å (Deep) Machine Learning is so crucial that industry 

has long invested into hardware acceleration

Å GPUs (Graphical Processing Units),

designed for videogames, now heavily

used for faster matrix computations

Å TPUs (Tensor Processing Units),

developed by Google, are offered

in the Google Cloud Platform
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New frontiers: Heterogeneous Computing

Å A potential game changer: Quantum Computing

Å Quantum Computers can only execute a very limited set of ñprogramsò, 

but with exponential parallelism (on paper)

Å Quantum Machine Learning is being demonstrated

ïalso at CERN ïas one of those programs,

which can be executed by such hardware

Qubits on chip
Circuit board

15 mK

Courtesy M. Grossi
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Hi-Lumi LHC: a computing challenge
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Today Start Hi-Lumi

Presented at Computing for High Energy 

Physics (CHEP), October 2024
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https://indico.cern.ch/event/1338689
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CMS simulated event at HL-LHC
Trigger is expected to run at 64 Tbps
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HL-LHC and Friends
Å High Luminosity LHC is not alone in the current arena of large 

scientific collaborations ïespecially if we look into Astronomy

Å Square Kilometer Array (SKA) ï1 EB/year

Å Einstein Telescope ï100 PB/year

Å Cherenkov Telescope Array (CTA)

Å NASA James Webb Space Telescope

Å ESA Euclid ñ3Dò Telescope

ÅOpportunity for new synergies around ML techniques

Å LIGO/Virgo: automatic GW signal detection

and alerting in extremely low SNR regime
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From the latest Euclid data releaseé

Å 26M galaxies, out of 

1.5B for the entire 

mission

Å ML-based classification!

Å Here you have the

so-called Einstein Rings

identified in this dataset

https://www.esa.int/Science_Exploration/Space_Science/Euclid/Euclid

_opens_data_treasure_trove_offers_glimpse_of_deep_fields
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Happy? Look out for ML trapsé

This was quoted at the

CERN Academic Training on 

Machine Learningé

https://xkcd.com/1838, May 2017
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éAnd GPT Trapsé

Similarly, Transformers may make mistakes 

when brought outside of their ñcomfort 

zoneò.

And worse, they are designed to always

answer: they very rarely say ñI donôt knowò

Some LLMs provide a confidence value

of their answer

Trivial ad-hoc questions are utterly failedé

https://arxiv.org/abs/2406.02061, July 2024
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