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Welcome to é the CERN School of Computing

Alberto Pace, school director
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Few words about CERN and its Research

Alberto Pace, school director
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What is CERN ?
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The Discovery of the Higgs Boson
Ç After first pp collisions in 2009 the LHC and the experiments 

started operation in 2010

Ç In 2012 enough data were collected for the first big 

discovery: the Higgs boson 

Ç Why more than 600'000 computing cores 24h/day for years ?

September 2024Francois Englert and Peter Higgs (Nobel Laureats in physics 2013) 6
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How to Discover a New Particle? 

September 2024J. Mnich, CERN School of Computing 2024, DESY, Germany 7

Example from CMS:

Higgs-Boson Decay

to 4 Leptons (e,µ)
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The (r)evolution of scientific research at CERN

É Why more than 600'000 computing cores 24h/day for years ?

É Because statistics proves that the theoretical model (the existence of the Higgs boson) 

is compatible with the experimental measurementsé with a certain probability ! 

P ( Model | Data )

What is the probability of the theory is true, given the observed data ?
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Planned LHC Schedule
today

LS3: Upgrade HL-LHC and 

Phase II ATLAS&CMS

LS4: Upgrade 

Phase IIb ALICE & LHCb



10

CERN School of Computing

Upgrade to the High-Luminosity LHC is under way

ÅThe HL-LHC will use 

new technologies to 

provide 10 times more 

collisions than the LHC.

ÅIt will give access to 

rare phenomena, 

greater precision and 

discovery potential.

ÅIt will start operating in 

2029 and run until 2041.
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Challenges for the Detectors

É Event pile-up examples:

É in 2018: 20 - 40 pp collisions per bunch crossing

É In 2030: 150 - 200 pp collisions per bunch crossing expected

Need to identify the right vertex at 

which the Higgs was produced
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CERN Projects with computing challenges

É Next Generation Triggers (NextGen, NGT)

É Quantum Technology Initiative (QTI), 

Open Quantum Institute (OQI)

The key objective of the five-year NextGenproject is to get
morephysicsinformationout of the HL-LHCdatato uncoveras-
yet-unseen phenomena by more efficiently selecting
interestingphysicseventswhile rejectingbackgroundnoise

NextGen explores the use of Artificial 
Intelligence, quantum-inspired algorithms, 

and high-performance computing to 
improve theoretical modelling and 

optimize methods and tools in the search 
for ultra-rare events.
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CERNôs Future: The Future Circular Collider (FCC)

É Driven by the European Strategy for Particle Physics
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European Strategy for Particle Physics:
É Statements concerning the FCC:

É An electron-positron Higgs factory is the highest-priority next collider.

É For the longer term, the European particle physics community has the ambition to operate a 

proton-proton collider at the highest achievable energy. 

É CERN is investigating the technical and financial feasibility of a future hadron collider at CERN 

with a centre-of-mass energy of at least 100 TeV and with an electron-positron Higgs and 

electroweak factory as a possible first stage. 

É Comprehensive long-term program maximizing physics opportunities

É Phase 1: FCC-ee as Higgs factory, electroweak & top factory at highest luminosities

É Phase 2: FCC-hh (~100 TeV) at energy frontier, with hadrons and ions options
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FCC: a plan until 2090
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FCC-ee

Based on lessons and techniques from 

past colliders (last 40 years)

É B-factories: KEKB & PEP-II:

É double-ring lepton colliders, 

É high beam currents, 

É top-up injection

É DAFNE: crab waist, double ring

É S-KEKB: low by*, crab waist

É LEP:  high energy, SR effects

É VEPP-4M, LEP: precision E calibration 

É KEKB: e+ source 

É HERA, LEP, RHIC: spin gymnastics 
Marica Biagini

CombiningǘŜŎƘƴƻƭƻƎƛŜǎ ƻŦ ǎŜǾŜǊŀƭ ǊŜŎŜƴǘ ŎƻƭƭƛŘŜǊǎ Ҧ ƘƛƎƘŜǎǘ ƭǳƳƛƴƻǎƛǘƛŜǎ ϧ ŜƴŜǊƎƛŜǎ
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FCC-hh Highest Collision Energies

Key challenges:

É Order of magnitude performance 

increase in both energy & 

luminosity 

É 100 TeV cm collision energy                                   

(vs 14 TeV for LHC)

É 20 ab-1 per experiment collected 

over 25 years of operation 

(vs 3 ab-1 for LHC)

É Similar performance increase as 

from Tevatron to LHC
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CERNôs technological innovations have applications in 

several fields. Examples in the medical sector:

Accelerator technologies 

are applied in cancer 

radiotherapy with protons, 

ions and electrons.

Pixel detector 

technologies are 

used for high resolution 

3D colour X-ray imaging.

© CNAO

© marsbioimaging

Technologies applied

at CERN are also used 

in PET, for medical 

imaging and diagnostics.

© ENVISION / ENLIGHT

CERN produces 

innovative radioisotopes 

for nuclear medicine 

research.



19

CERN School of Computing

Summary

É CERN has a broad scientific programme with the LHC as the flagship 

project. The machine will continue to deliver unprecedented data for the 

next 15 years

É The FCC will open new frontiers in the High Energy Physics research and 

will bring new extreme challenges that will require significant innovations 

and the development of new technologies

É CERN Schools, and in particular the CERN School of Computing, are at 

the forefront of delivering education on the solutions needed for scientific 

computing in large international projects and collaborations
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The CERN School of Computing

Alberto Pace, school director
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?
Detecting particles

(experiments)

Accelerating beams

(accelerators)
Large-scale 

computing (Analysis)

Discovery

The CERN School of 

Computing is here é

CERNôs mission

CERN
uniting people
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A school with a long history

É The school was created in 1970, this is the 47th edition

É We also had 18 editions of Thematic Schools

É The school has visited 25 countries

É all member states (except Bulgaria, Slovak Republic) 

+ Croatia, Cyprus, India, Chile

É 84+ different nationalities

É 4000+ students have followed the school

É In 2025 we have organized 7 schools
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Mandate and mission

É Create a common culture in scientific computing among young scientists 

and engineers involved in particle physics or other sciences, as a 

strategic direction to promote mobility and to facilitate the development 

of large computing-oriented transnational projects. 

É http://cern.ch/csc

É Participants come from worldwide laboratories and universities with 

typically 20 to 30 different nationalities (61 different nationalities in the 

past 10 years). 

É http://cern.ch/csc/alumni

http://cern.ch/csc
http://cern.ch/csc/alumni
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Has something changed, recently ?

É Hard sciences do not change frequently

É Mathematics, Statistics, Chemistry, Physics é laws still applies. Little has changed.

É But computers have never improved so fast in the last decades:

É The explosion of data processing possibilities 

É CPU performance (103 increase) and number of CPUs available (103 increase) 

É New storage possibilities

É From few GB to many PB (106 increase) ïBig Data

É The possibility of collect / transfer / store these data in a distributed environment

É From few Mbit/s to 100s of Gbit/s (105 increase) 
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Has something changed, recently ?

É Imagine having similar gains in other fields of technologiesé

Åé trains would travel at 100ô000 Km/h (103 increase) 
or at the speed of light (105 increase) 
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Bridging science and computing

É The unprecedented technological evolution in computing has profited directly to 

several scientific research projects, in particular in high energy physics

É Computing is today the main strategy for many sciences to boost their 

research productivity

É It is nowadays essential that:

É Scientists master computing technologies as the main tool for their 

research

É Computer Scientists understand the scientific domain of the investigation 

to deliver computing services that meet the needs of the research project
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An additional side effect é

É é knowledge transfer of (CERN) skills and (CERN) know-how in 

computing to academic, national laboratories, research institutes, 

institutional and industrial circles in Member States and other countries 

ÉWith direct or potential applications up to all spheres of the society 

(as exemplified with the Web, and the Grid).
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The CERN Schools of computing
É The Main School

É Two weeks, ~ 60 participants (58 - 82 in last years), 69 participants in 2025

É Multiple topics on scientific computing

É This Main School in Latin America, 69 participants in Santiago, Chile

É The Thematic schools

É Goes more in depth on a particular topic

É Smaller participation, shorter duration (one week), clear goals

É This year, three schools 38, 42, 45 participants. 

É The School on IT services

É The Inverted school

É It is frequent to find among students real experts on specific topics, and the 

cumulated knowledge of the students exceeds the one of lecturers. 

É At the end of each school, we invite students to propose some lectures, and we 

organize an ñinvertedò school. ñWhere students turn into teachersò

É In 2025, the 16th edition had 16 lecturers and hundreds participants
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The School Academic Dimension

É The school é

Éé is not a conference

Éé is not a place for lecturers to present their work, promote their 

projects

ÉDoes not replicate of common training available at home institutes, 

or in member stateôs universities

ÉDoes not delivering ñtechnical trainingò courses

É Focus on persistent knowledge, less notions 

and knowhow

Training

Programme

ÅC++ 

ÅJava

ÅOracle SQL

ÅOracle Forms

ÅPython
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An outreach opportunity

É For the local organizers
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An outreach opportunity

É For CERN
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The school governance

É é is discussed at the School Advisory Committee

É Includes several fulltime university professors from different countries

É Two meetings per year
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The School Advisory Committee
É Chairman: Arnulf Quadt, Georg-August-University of Göttingen  

É Ex-officio members:

É Enrica Porcari, Head of CERN IT department

É Alberto Pace, School Director

É Kristina Gunne, School Administrative Manager

É Andrzej Nowicki, School Technical Manager

É Members:

É Toni Ġĺulac, Faculty of Science Split 

É Veronika Zadin, Tartu University 

É Judith Katzy, Berlin Humboldt University

É Members representing the Local Organizing Committee

É Oxana Smirnova, Lund University

É Felipe Olivares, Instituto Saphir, Santiago Chile

É Members representing the program committee of the thematic school:

É Danilo Piparo, CERN (School heterogeneous computing)

É Sebastian Lopienski, CERN (School on Computing Security)

É Verena Kain, CERN (School on Machine Learning)

É Sebastien Ponce, CERN (School on IT Services)

É Toni Ġĺulac, Faculty of Science Split (School in Latin America) 
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This school in Latin America é
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Welcome to Santiago, and thanks !


