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CERN School of Computing

A school with a long history

The school was created in 1970, 2025 will be the 46th edition

This is the 17t edition of the Thematic School

This is the 2"d edition of the Thematic School on Machine Learning
The school has visited 23 countries

E all member states (except Bulgaria, Slovak Republic)
+ Croatia, Cyprus, India

E 84+ different nationalities
E 3761 students have followed the school
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Mandate and mission

E 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.

E http://cern.ch/csc

E Participants come from worldwide laboratories and universities with
typically 20 to 30 different nationalities (61 different nationalities in the
past 10 years).

E http://cern.ch/csc/alumni
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Bridging science and computing

E The unprecedented technological evolution in computing has profited directly to
several scientific research projects, in particular in high energy physics

E Computing is today the main strategy for many sciences to boost their
research productivity

E Itis nowadays essential that:
E Scientists master computing technologies as the main tool for their research

E 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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Eé knowl edge tr ansf @owinccbmpdikgiamlndng and Kk
academia, national laboratories, research institutes, institutional and
Industrial circles in Member States and other countries

E With 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

The Main School
E Two weeks, ~ 60 participants (58 - 82 in last years)
E Multiple topics on scientific computing
The Thematic schools
E Goes more in depth on a particular topic
E Smaller participation, shorter duration (one week), clear goals
E Last year, two schools 35 + 38 participants
E This school: 40 participants
(New) Regional Schools
E Next year in Santiago, Chile (January 2025)
The Inverted school

E Itis frequent to find among students real experts on specific topics, and
the cumulated knowledge of the students exceeds the one of lecturers.

E At the end of each school, we invite students to propose some lectures,
and we organize anWhenwvestwedeoensts
teacher so

E In 2025, the 16 edition had 16 lecturers and hundreds participants
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The School Academic Dimension
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EThe school &
E€ IS not a conferenceg
E€ I s not a place for
projects
E Does not replicate of common training available at home institutes,
or I n member stateds uni
EDoes not delivering Nntec

E Focus on persistent knowledge, less notions
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An outreach opportunity

E For the local organizers
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The school governance

Ee I s discussed at t hhe School Advi sor
E http://csc.web.cern.ch/advisory-committe

E Includes several fulltime university professors

from different countries
e Currently: Belgium, Estonia, Germany, Croatia, Italy, Norway, Poland, Spain

E Two meetings per year

14
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Arnulf Quadt

Advisory Committee Chair, Programme Committee
Universitat Gottingen

Alberto Pace
School Director, Advisory Committee , Programme Committee

CERN

Enrica Porcari
Advisory Committee, CERN IT Department Head
CERN

Kristina Gunne
School Administrative Manager, Advisory Committee
CERN

Andrzej Nowicki
School Technical Manager, Advisory Committee
CERN

CERN School of Computing

The School Advisory Committee

Sebastian topienski
Advisory Committee

CERN

Verena Kain
Advisory Committee, Programme Committee
CERN

Danilo Piparo
Advisory Committee, Programme Committee
CERN

Toni S¢ulac
Advisory Committee
University of Split, Faculty of Science

Toni S¢ulac
Advisory Committee

University of Split, Faculty of Science

Veronika Zadin
Advisory Committee
University of Tartu Institute of Technology

Judith Katzy

CSC 2024 Local Organising Committee
Deutsches Elektronen-Synchrotron DESY

Oxana Smirnova

CERN
School of Computing

CSC 2025 Local Organising Committee, Programme Committee, Advisory Committee

Lund University
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Alberto Pace, school director
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Welcome to Malmo

CERN School of Computing

Utmarkt
badvattenkvalitet
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Tillfredsstallande
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CSC Organizers

Kristina Gunne Andrzej Nowicki Alberto Pace
Administrator Technical Manager Director

18




19

CERN School of Computing

The school learning process

E Learning process
E Lectures
E Exercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings
E Excursions

E Music events

E Sport programme

Mandatory

Optional

s

ERN &
School of Computing
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CERN School of Computing

Academic Programme

E Theme: AMachine Learningo

E Track 1: A summary of Machine Learning Methods

e Introduction to data analysis, Classical Machine Learning, Introduction
to deep learning, Advanced deep learning

e Toni G| u | Fraacesco Vaselli

E Track 2: Machine Learning in Accelerator Technologies

e Machine Learning for particle accelerators, Bayesian Optimisation,
Reinforcement Learning

e Verena Kein, Michael Schenk

E Track 3: Machine Learning in Data Analysis

E Introduction to Machine Learning for HEP, Anomaly detection and real
time applications, data reconstruction, generative Models, Systematics
in ML

e Sofia Vallecorsa, Francesco Vaselli

s

School of Computing




The School site is on indico

E https://indico.cern.ch/event/1496679/
E Check it regularly for updates

CERN School of Computing

&

Overview
Timetable
Contribution List
Privacy Information
Lecturers
Participants

CSC Team

School guide

Practical Information

i. Terms and Conditions
I Fees and payment
i. Student Grants

Laptop configuration
Things to do in Malmé

Sports and leisure
time

i

CERN School of
ComputingContact

[ Computing.School@cer

CERN
School of Computing
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Thematic CERN School of Computing on Machine Learnin;; 2025

b
y s e

The 17" Thematic CERN School of Computing (tCSC Machine Learning 2025) will take place on June
8-14.

The school will focus on the theme of Machine Learning and Artificial Intelligence applied to Data
Analysis and Accelerator Technology. The programme will offer 22 hours of lectures and hands-on
exercises, as well as student presentation sessions.

This school is organized by CERN in collaboration with the Computer Science Department at Malmé
University. The school will take place in Malmd, Sweden, and be hosted in the Niagara building of the
University in the city center of Malmd. The school is co-financed by Region Skane.

The school is proposed to people working in academia and research institutes, who as part of their jobs
use or want to explore using Machine Learning techniques. The school will cover the basics of Machine
Learning before moving to advance state of the art techniques.

This school is aimed at postgraduate (i.e. minimum of Bachelor degree or equivalent) students,
engineers and scientists with a few years' experience in particle physics, in computing, or in related
fields. We welcome applications from all countries and nationalities.

Important dates 2025
e 24 January, application opens
* March 12, application closes

e March 26, invitations sent to selected students
* April 23, participation fee deadline

Thematic School on Machine Learning

CERN
School / Computing
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School booklet

E Printed version for those who asked for it

E Electronic version (PDF) Linked
from school main page on Indico
E https://indico.cern.ch/event/1407896/

E Contains pictures and short biographies
of all participants

ety Thematic School on Machine Learning

8 - 14 June 2025 N
o)
m mﬁwls"ﬂ Malmd, Sweden @)

Photo: CSC Organisers

Starts 8 Jun 2025, 14:00 Niagara Building
Ends 14 Jun 2025, 11:00 Horsal B2

Go to map
lllllllllll ® micsc2025_booklet.pdf &
AAAAAAAAAA wicki -~
\\\\\\\\\\\\\\ ® poster_a4.pdf

17" Thematic
CERN School of Computing

Machine Learning

A summary of Machine Learning Methods
Machine Learning in Accelerator Technologies
Machine Learning in Data Analysis

https://indico.cern.ch/e/mlCSC-2025

@ m
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CERN

School of Computing

8-14 June 2025

Malmd, Sweden

MALMO b

UNIVERSITET Citae
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The tuition programme

CERN School of Computing

CERN
School of Computing

Sunday 8 June 2025

Monday 9 June 2025

Tuesday 10 June 2025

Wednesday 11 June 2025

Thursday 12 June 2025

Friday 13 June 2025

Saturday 14 June 2025

= I Registration at Hotel

T Welcome and self
presentation

=0 Short walk in Malmd

opening session

Machine learning
methods: L1 Introduction

Machine learning
methods: L2 Statistics
and...

Machine learning
methods: L3 Classical

Machine Learning
methods: ex...

Machine Learning
methods: excercise 2

Malmao: from harbor
industry to startup-city

Machine Leamning in
Accelerator Technologies:
M...

Machine Leamning in
Accelerator Technologies:

Announcements

Machine Leamning
Methods: L4 Introduction
to ...

Machine Leamning
Methods: L5 Advanced
Deep...

Machine leaming in
accelerator...

Machine leaming in
accelerators: Exercise 2

Study time or daily sports

Machine Leaming in
Accelerators: Introduction
Machine Leaming in
Accelerators: Advanced
CO...

Announcements

Machine Leamning
methods: exercise 3

Transport by bus from
Comfort Hotel to Snog...

Destination Snogeholm

Machine learning in Data
Analysis: Introduction ...

Machine learning in Data
Analysis: The data
recons...

Announcements
Group photo

Machine learning in Data
Analys...

Machine learning in Data
Analysis: Exercise 1

Machine learning in Data
Analysis: Exercise 2

Machine learning in
accelerators: Exercise 3

Study time or daily sports

Lightning talks

Machine learning in Data
Analysis: Systematics in
ML

Announcements

Machine learning in Data
Analysis: Exercise 3

Closing ceremony - Alberto
Pace (CERN)

Sports and leisure time

(L Departures
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CERN School of Computing

The school learning process

E Learning process
E Lectures
E EXxercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings
E Excursions

E Music events

E Sport programme

Mandatory

Optional

s
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CERN School of Computing

CERN
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The Sch®lcchlitore® ih “exergides” ur e 1T n Nexe

E The school has an entire computing infrastructure for exercises.
Remotely accessible to the students

E The computing infrastructure is provided by the CERN IT department
and it is identical to what is used in real analysis at CERN
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The school learning process

E Learning process
E Lectures
E Exercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings
E Excursions

E Music events

E Sport programme

Mandatory

Optional
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An exam part of the learning process

E The test statistic is usually a single number whose value ...

m- rm~ MmN M

.. reflects an agreement between the data and the hypothesis.
.. Is equivalent to the mean value of the data sample.
.. must be equal to the most probable value of the distribution in question.

. IS never larger than the difference between values of variances of two
competlng hypotheses.
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An exam part of the learning process

E The test statistic is usually a single number whose value ...
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.. Is equivalent to the mean value of the data sample.
.. must be equal to the most probable value of the distribution in question.
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An exam part of the learning process

E In the process of hypotheses testing, we often define the null and the
alternative hypotheses. The most robust final results are obtained for ...

.. the acceptance of the alternative hypothesis.

.. the acceptance of the ratio of null and alternative hypothesis.
.. the rejection of the null hypothesis.

m m m M

31

.. the rejection of the difference between null and alternative hypothesis.
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An exam part of the learning process

E In the process of hypotheses testing, we often define the null and the
alternative hypotheses. The most robust final results are obtained for ...
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m m m M
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.. the rejection of the difference between null and alternative hypothesis.
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The school learning process

E Learning process
E Lectures
E Exercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings
E Excursions

E Music events

E Sport programme

Mandatory

Optional
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Lunch and Dinners

Ve

E Mix of Students + lecturers
E Tables of 8 - 12 persons
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WhatsApp group

E Unofficial communication channel
E We recommend you to join the group
E Autojoin link:
E https://chat.whatsapp.com/CARRFruQ7cz7iF2derDfpC

41
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CERN School of Computing

School rule #1

E Participate

E Attendance at all lectures and exercises IS
mandatory

E You should attend all meals and coffee breaks

E Taking part in social and sports events is optional
£ You must let us know whether you participate or not
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School rule #2

E Be on time
E Check what the schedule says:

EALecture starts at 9: 000 => You

E Sign the presence sheet beforehand 1 it will be removed at 9:00

EAThe bus |l eaves at 18: 000 => 11t
EIlf youore | ate, we 3 '

https://mwww.youtube.com/watch?v=1dZveoBfiww

Spaceballs, Mel Brooks, 1987

CERN &
School of Computing
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School rule #3

E Wear your badge
E At least until | have learnt all your names !

Jyoti Prakash Biswal Marta Vila Fer handes

CERN

Rutherford Appleton Laboratory, United .-

Kingdom ! e y '
- : Thematic CE :
Thematic CERN School of Computing § : CERN School
Split, Croatia - 11-17 June

~_ 39 Of (:Om ut' Ty
Split, Croatia - 11-17 'Snelng 2023

CERN g 9

School Computing

|

‘. # University of Johannesburg, South Africa

ematic CERN School of Computing 2023
Split, Croatia - 11-17 June

" o 0atia . 74 0';' i = -'« o
KU June ° ; a8 %
s = :‘ Yy & ' @\ CERN
> N 5 S EEN.'Y ) school of Computing
@ ~ B
N :
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CERN School of Computing
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the participants give the most value to the school !

Why ?
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For example, last year main school

E 135 applicants participants, 42 nationalities

E Algeria, Austria, Belgium, Brazil, Canada, China, Croatia, Ecuador,
Egypt, Estonia, Germany, Greece, India, Iran, Italy, Jordan, Lebanon,
Malaysia, Mexico, Morocco, Netherlands, Oman, Pakistan,
Palestinian Territories, Peru, Poland, Romania, Russia, Serbia,
Slovakia, Slovenia, South Africa, Spain, Sri Lanka, Sweden,
Switzerland, Thailand, Turkey, Uganda, Ukraine, United Kingdom,
United States.

E 32 % female participants (43/135)
E 84 institutes !!
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This school numbers

E 66 applications
E 28 applicant nationalities

E Austria, Brazil, China, Eswatini, France, Germany, Greece, India, Iran, Italy, Morocco, Nigeria, Norway,
Pakistan, Poland, Portugal, Romania, Russia, Serbia, Slovenia, Spain, Sweden, Tunisia, Turkiye,
Uganda, Ukraine, United Kingdom, United States

E 43 institutes

E African Institute For Mathematical Sciences, Alfonso X El Sabio University, CERN, Heidelberg University,
Helmholtz-Zentrum Berlin fir Materialien und Energie (HZB), IFIC, University of Valencia, INFN, La
Sapienza University of Rome, LLR - Ecole Polytechnique, Makerere University, Max-Planck-Institute for
Physics, Mines Paris, Mohammed V University, Newcastle University, Paris Saclay Université, Princeton
University, Technical University of Berlin, Telefonica S.A., The University of Manchester, The University
of Oxford, TU Dortmund, UNESP University Sao Paulo, Universidade de Santiago de Compostela
(USC), Universidade Estadual Paulista - UNESP, Universita degli Studi di Torino, Universita di Padova,
Universitat Bern, University Clermont Auvergne, University of Belgrade, University of Bologna, University
of Bonn, University of Copenhagen, University of Delhi, University of Eswatini, University of Hyderabad,
University of Klagenfurt, University of Ljubljana, University of Siegen, University of Surrey, University of
the Punjab Lahore, University of Trieste, University of Warsaw, Vrije Universiteit Brussels
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This school numbers

E 40 participants selected

E 20 applicant nationalities

E Austria, Brazil, China, France, Germany, Greece, India, Iran, Italy, Norway, Poland,
Portugal, Romania, Russia, Serbia, Slovenia, Spain, Sweden, Ukraine, United
Kingdom

E 25 institutes

E CERN, Heidelberg University, Helmholtz-Zentrum Berlin flir Materialien und Energie
(HZB), IFIC, INFN, La Sapienza University of Rome, LLR - Ecole Polytechnique,
Max-Planck-Institute for Physics, Mines Paris, The University of Manchester, The
University of Oxford, TU Dortmund University, Universidade De Santiago de
Compostela, Universita degli Studi di Torino, Universitat Bern, University of
Copenhagen, University Of Delhi, University of Ljubljana, University of Siegen,
University of Surrey, University of Trieste, University of Valencia, University of
Warsaw, University, S&o Paulo, Brasil, Vrije Universiteit Brussels

50
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We have quite some diversity

But where is the value?
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- & h @ansistently demonstrated outstanding academic ability, ranking

among the top 10% of her cohort.

- é was among the top 1/ 2 of the c
- €é Is considered to be among the

experimental physics department at Faculty of Physics of the University
of € (within the top 5% of his c

- e was one of my students i1 n the

Subnuclear Physics" course, where xx ranked among the top 5% of
students &

- e clearl y bel e3%gofthet3000+ studentd tleaf hale

Interacted during my around 35 years of teaching.

| as s
best

| as s
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