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◆ Introduction: survey done by TIARA (2011-2015)

◆ European Union H2020 project ARIES (2017-2021)

=> MOOC on particle accelerator science and engineering

◆ European schools

§ CAS (CERN ACCELERATOR SCHOOL, since 1983)

§ JUAS (JOINT UNIVERSITIES ACCELERATOR SCHOOL, since 1994)

• Universities
• CERN Doctoral Student programme (since 1985)

§ IAS for Linear Colliders (INTERNATIONAL ACCELERATOR SCHOOL, 2006-2016)

§ NPAS (NORDIC PARTICLE ACCELERATOR SCHOOL, 2015-2017)

◆ Conclusion

CONTENTS

+ 1) USPAS (U.S. PARTICLE 
ACCELERATOR SCHOOL, since 1981) 

in USA => http://uspas.fnal.gov

2) JAS (JOINT INTERNATIONAL 
ACCELERATOR SCHOOL, since 1985) 

=> http://uspas.fnal.gov/programs/JAS/index.shtml
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INTRODUCTION: SURVEY DONE BY TIARA (2011-2015)

◆ TIARA = Test Infrastructure and Accelerator Research Area
◆ Homepage: http://www.eu-tiara.eu

◆ Project funded by the European Union 7th framework programme
◆ Made a survey of provision of education and training in accelerator

science in Europe
◆ Survey highlighted the need for more training opportunities

targeting undergraduate-level students

◆ WP5 (Education and training): http://www.eu-tiara.eu/support/index.php?id=39
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ARIES (2017-2021)

◆ This need is now being addressed by the European Union H2020
project ARIES

◆ ARIES = Accelerator Research and Innovation for European
Science and Society

◆ Homepage: https://aries.web.cern.ch

◆ In particular: preparation of a MOOC (Massive Open Online Course)
on particle accelerator science and engineering

◆ WP2 (Training, Communication and Outreach for Accelerator
Science: TCO): http://aries.web.cern.ch/content/wp2
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MOOC on particle accelerator science and engineering

◆ Under preparation => IPAC2018 paper by N. Delerue et al. “A
Massive Open Online Course on Particle Accelerators”:
http://accelconf.web.cern.ch/AccelConf/ipac2018/papers/mopml050.pdf

◆ Subject: Introduction to Accelerator Science and Technology

◆ Target audience: physics and engineering students at the
undergraduate level, but potentially accessible to any interested
person (such as professionals recently hired to work on a topic
related to accelerators)

◆ European countries are part of the EHEA (European Higher
Education Area) to unify the higher education processes across
countries => “Bologna process”

◆ In the EHEA, students are awarded credits called ECTS (European
Credit Transfer System) for successfully attending a course
§ 1 ECTS corresponds to ~ 10 h of teaching (~ 20-30 h of student’s work)
§ 1 year usually corresponds to 60 ECTS
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MOOC on particle accelerator science and engineering

◆ Positioning of this MOOC in the European Accelerator Education
landscape

6

Generally 3 years

Generally 1 
or 2 years

+ the recently 
created NPAS 
(students at 
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MOOC on particle accelerator science and engineering

◆ 4 modules

§ Introductory course => Introduction to accelerators
• What is an accelerator? (1 h)
• Applications of accelerators and the future (1 h)
• Electromagnetism with no pre-requisites (1 h)
• Relativity with no pre-requisites (1 h)

§ Etc.

◆ Timescale: < May 2020 => Current plan: end 2019
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CAS: CERN ACCELERATOR SCHOOL

◆ Homepage: http://cas.web.cern.ch

◆ Takes place in different member states of CERN

◆ Lectures and tutorials spread over a period of 1 to 2 weeks
◆ 4 courses / year

§ 2 kinds: general (2 levels, intro and advanced) and topical
§ Intro every year and advanced every 2 years
§ Intro curriculum is similar to JUAS course 1, but JUAS is ~ 2 times

longer (+ exams)

◆ Between 70 and 120 people per school => > 5000 people trained
◆ Topical: ~ 80% on-job training

◆ Ongoing discussions
§ Introductory course for non-member states
§ Organise a school with young university teachers as students

◆ 1st school devoted to Future Colliders in February 2018 in Zurich
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CAS: CERN ACCELERATOR SCHOOL
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~ 90% 
participation from 

CERN…
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JUAS: JOINT UNIVERSITIES ACCELERATOR SCHOOL
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◆ Homepage: http://www.esi-archamps.eu/Thematic-Schools/Discover-JUAS

§ “JUAS celebrates 20th anniversary” in Grenoble (where it all started) in
2014: https://cds.cern.ch/record/1745045/files/vol54-issue6.pdf (p. 38)

§ 25th edition of JUAS in 2018: https://acceleratingnews.web.cern.ch/article/25th-
edition-joint-universities-accelerator-school

◆ Organised by the European Scientific Institute in partnership with
16 major European Universities and CERN

◆ Takes place from January to March in
Archamps (France, ~ 15 min from CERN)

◆ Comprises 2 five-week courses
§ Course 1: The science of particle accelerators
§ Course 2: The technology and applications of particle accelerators

◆ Each course is concluded by examinations which allow students to
earn ECTS credits attributed by their home university
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JUAS: JOINT UNIVERSITIES ACCELERATOR SCHOOL
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◆ Among the European Student Grant recipients for IPACs
(International Particle Accelerator Conferences): best JUAS student

◆ Target audience: graduate students from Partner Universities +
graduate students from other universities as well as professionals
(depending on availability of places)

◆ Between 30 and 40 people / course, from many countries => > 1000
people trained
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UNIVERSITIES
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◆ “In spite of an increasing large economic and intellectual impact,
only a little fraction of universities in the world offer a formal
graduate education in Accelerator Science and its core
technologies” => Talk from L. Palumbo at JUAS 20th anniversary
(2014): https://espace.cern.ch/juas/SiteAssets/SitePages/20%20years%20of%20JUAS/Palumbo.pdf
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“UNIVERSITIES MEET LABORATORIES”

13

§ 2 workshops organised within EuCARD2 (http://eucard2.web.cern.ch)

• In 2014: https://indico.gsi.de/event/2843/

=> Workshop summary: https://indico.gsi.de/event/2843/picture/33

• In 2016: https://indico.gsi.de/event/4675/



Elias Métral, 15/11/2018, 103rd Plenary ECFA meeting, CERN                                                                   / 17

“UNIVERSITIES MEET LABORATORIES”

13

=> Workshop summary: https://indico.gsi.de/event/2843/picture/33

G. Franchetti (GSI) 
& F. Zimmermann (CERN)

2014
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“UNIVERSITIES MEET LABORATORIES”

13

=> Workshop summary: https://indico.gsi.de/event/2843/picture/33

=> See Appendix for more info about current courses & programmes
in several European universities 

G. Franchetti (GSI) 
& F. Zimmermann (CERN)

2014
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CERN DOCTORAL STUDENT PROGRAMME

14

§ CERN Doctoral Student programme is a very strong component of
accelerator science education in Europe

• Opportunities: http://careers.cern/students

• Access to PhD theses: 
https://cds.cern.ch/collection/CERN%20Doctoral%20Student%20Program

• > ~ 10 PhD theses / year and 10 MSc / year over last 5 years

§ Ex: EPFL has had a great collaboration with the CERN doctoral
programme, graduating 40 PhDs over the past decade
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IAS (INTERNATIONAL ACCELERATOR SCHOOL) for Linear Colliders

15

◆ Homepage: http://www.linearcollider.org/school

◆ 10 editions between 2006 and 2016 (only 2014 missing)

◆ After a decade of running dedicated LC schools, a future colliders
school was created within the CAS in 2018 to cover both linear and
circular future colliders (as seen in slide 9)
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NPAS: NORDIC PARTICLE ACCELERATOR SCHOOL

16

◆ Homepage of NPAP (Nordic Particle Accelerator Project):
https://npap.eu/

◆ NPAS was recently created through a European funding and took
place in August at Lund University (Sweden): 2015, 2016 and 2017

◆ 1st edition of the school in 2015

§ 1-week course
§ 37 students from 9 different countries

◆ MOOC under preparation: https://npap.eu/mooc/
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CONCLUSION

17

◆ If / when decision is taken to build the future collider, everything
should be in place with
§ CAS (since 1983), CERN Doctoral Student programme (since 1985), JUAS

(since 1994), IAS for Linear Colliders (2006-2016), MOOC in preparation
(Release < May 2020) - following projects TIARA & ARIES, to try and attract
more students at universities (where only a little fraction of universities offer a
formal graduate education in Accelerator Science & core technologies => See Appendix)



Elias Métral, 15/11/2018, 103rd Plenary ECFA meeting, CERN                                                                   / 17

CONCLUSION

17

◆ If / when decision is taken to build the future collider, everything
should be in place with
§ CAS (since 1983), CERN Doctoral Student programme (since 1985), JUAS

(since 1994), IAS for Linear Colliders (2006-2016), MOOC in preparation
(Release < May 2020) - following projects TIARA & ARIES, to try and attract
more students at universities (where only a little fraction of universities offer a
formal graduate education in Accelerator Science & core technologies => See Appendix)

§ A CAS course was already devoted to Future Colliders in 2018
(https://cas.web.cern.ch/schools/zurich-2018). Next JAS school on “Hadron Colliders” (Dubna, fall 2019)



Elias Métral, 15/11/2018, 103rd Plenary ECFA meeting, CERN                                                                   / 17

CONCLUSION

17

◆ If / when decision is taken to build the future collider, everything
should be in place with
§ CAS (since 1983), CERN Doctoral Student programme (since 1985), JUAS

(since 1994), IAS for Linear Colliders (2006-2016), MOOC in preparation
(Release < May 2020) - following projects TIARA & ARIES, to try and attract
more students at universities (where only a little fraction of universities offer a
formal graduate education in Accelerator Science & core technologies => See Appendix)

§ A CAS course was already devoted to Future Colliders in 2018
(https://cas.web.cern.ch/schools/zurich-2018). Next JAS school on “Hadron Colliders” (Dubna, fall 2019)

§ The IAS school for Linear Colliders took place between 2006 and 2016
(http://www.linearcollider.org/school)



Elias Métral, 15/11/2018, 103rd Plenary ECFA meeting, CERN                                                                   / 17

CONCLUSION

17

◆ If / when decision is taken to build the future collider, everything
should be in place with
§ CAS (since 1983), CERN Doctoral Student programme (since 1985), JUAS

(since 1994), IAS for Linear Colliders (2006-2016), MOOC in preparation
(Release < May 2020) - following projects TIARA & ARIES, to try and attract
more students at universities (where only a little fraction of universities offer a
formal graduate education in Accelerator Science & core technologies => See Appendix)

§ A CAS course was already devoted to Future Colliders in 2018
(https://cas.web.cern.ch/schools/zurich-2018). Next JAS school on “Hadron Colliders” (Dubna, fall 2019)

§ The IAS school for Linear Colliders took place between 2006 and 2016
(http://www.linearcollider.org/school)

◆ Teachers for colliders are very localized in the few big laboratories
around the world



Elias Métral, 15/11/2018, 103rd Plenary ECFA meeting, CERN                                                                   / 17

CONCLUSION

17

◆ If / when decision is taken to build the future collider, everything
should be in place with
§ CAS (since 1983), CERN Doctoral Student programme (since 1985), JUAS

(since 1994), IAS for Linear Colliders (2006-2016), MOOC in preparation
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§ A CAS course was already devoted to Future Colliders in 2018
(https://cas.web.cern.ch/schools/zurich-2018). Next JAS school on “Hadron Colliders” (Dubna, fall 2019)

§ The IAS school for Linear Colliders took place between 2006 and 2016
(http://www.linearcollider.org/school)

◆ Teachers for colliders are very localized in the few big laboratories
around the world

◆ Publications and dissemination policy also important (EPS-AG, IUPAP WG14,…)

§ JACoW (Joint Accelerator Conferences Website): http://www.jacow.org

§ Journals => Phys. Rev. Accelerators & Beams: https://journals.aps.org/prab/

§ ICFA Beam Dynamics Newsletters (2 issues / year): http://icfa-bd.kek.jp/news.html

https://www.eps.org/members/group.aspx?code=EPS-AG http://iupap.org/working-groups/wg14-accelerator-science/

See also Appendix for some books & software tools
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UNIVERSITIES

§ La Sapienza (Rome, Italy): Mauro Migliorati and Andrea Mostacci
• Master course in Electronic Engineering: Accelerator Physics and

Relativistic Electrodynamics => ~ 2 - 4 students / year
• Given by A. Mostacci: 60 h (1 semester)
• Website: https://www.sbai.uniroma1.it/mostacci-andrea/accelerator-physics-and-relativistic-electrodynamics/2018-2019

• PhD course in Accelerator Physics: Longitudinal and Transverse
Beam Dynamics in Circular Accelerators => ~ 8 - 10 students / year

• Given by M. Migliorati: 32 h
• Website: https://web.infn.it/dottorato-fisica-acceleratori-roma/courses-and-seminars/

A1 / 11
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UNIVERSITIES

§ EPFL (Lausanne, Switzerland): Lenny Rivkin and Tatiana Pieloni

• Master course (students at 3rd - 4th year of Physics or Engineering):
Introduction to Particle Accelerators => ~ 25 - 30 students / year

• Given by Prof. L. Rivkin and T. Pieloni
• 4 h x 14 weeks (1 semester)
• Website: https://moodle.epfl.ch/course/view.php?id=13759

• “TPIVs” at LPAP laboratory at EPFL: 1 day / week devoted to this
project for 1 semester (14 weeks) at EPFL, CERN or PSI => ~ 4 - 6
students / year (https://lpap.epfl.ch/page-48751-en-html/)

A2 / 11
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UNIVERSITIES

§ John Adams Institute (JAI in UK): Phil Burrows
• John Adams Institute: Oxford University, Royal Holloway, Imperial College
• One of two UK national academic centres of excellence in accelerator

science
• 20 faculty, 25 staff, currently 35 PhD students (graduation rate now > 10 /

annum)
• Comprehensive PhD training course: Lectures, tutorials, classes, design

study project
q Types of Particle Accelerators
q Applications of Accelerators
q Live Connection - LHC Control Centre CERN
q Transverse Optics I & II
q Longitudinal Beam Dynamics and Momentum Effects
q RF Cavities (I, II, and III) and RF Cavity Design
q Electron Dynamics, Synchrotron Radiation (I, II), Wigglers & Undulators
q Accelerator Plasma Physics
q Beam Diagnostics and Instrumentation

• PhD projects with CERN, KEK, Diamond, ISIS, industry ...

A3 / 11
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UNIVERSITIES

§ Cockcroft Institute (CI in UK): Hywel Owen and Cartsen Welsch
• The CI is one of the largest research institutes dedicated to accelerator science and

technology; formed in 2005
• The CI consists of 200 researchers drawn from 5 institutes: Manchester, Liverpool,

Lancaster, Strathclyde Universities + UK Accelerator Science and Technology Centre
(part of our research council STFC)

• We have around 70 current PhD students, and about 60 graduated so far. Our students
are based across a number of sites that include the UK, rest of Europe and further
afield

• We offer an integrated teaching system across 3 levels of courses: 32 h Introductory,
50 h Advanced, 40 h Options, plus transferable skills training; we group training into 5
themes: general accelerators, RF, beam dynamics, magnets/IDs, short-wavelength
accelerators (plasma, dielectric etc). We offer 33 modules in total, plus university-
specific additional modules; we have written syllabuses for each module

• Our modules are assessed at 1st-year with 3 assessments that include traditional
question/answer papers and project work; we define specific attainments for PhD
students

• Our teaching is available in a MOOC-style system with video recording of all lectures
• Our course is accredited by our funding body, and accepted by each University partner

as fulfilling the requirements of 1st-year postgraduate teaching and assessment
• We offer an integrated support environment that includes mentoring, personal

development and other support, and we publish guidelines for PhD students and
supervisors

A4 / 11
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UNIVERSITIES
• We offer tailored education specific to each PhD student, and in particular have sub-

programmes that include our industrial PhD scheme and our EU training networks
• We administer one of the largest sets of EU Innovative Training Networks (ITNs) - they

are the largest training networks in accelerator science - and within each network we
offer a tailored programme specific to the subject area of the network. These include
targeted schools and workshops and a comprehensive set of student exchange
secondments between partner laboratories. These ITNs have been recognised as ‘best
in class’ by the EU. They offer a large amount of training that is complementary to their
research-focused activity (tech transfer, IP protection, budget maintenance, outreach
etc.)

• The ITNs that CartsenW has coordinated from U Liverpool (DITANET, oPAC, LA3NET,
OMA and AVA) have now trained close to 100 Fellows in accelerator science. They have
also established a 10-year track record of international Schools (similar to CAS on
areas relevant to the respective ITN with 60-100 participants each time) and Topical
Workshops (half a dozen per ITN with 30-120 participants each, organised all over
Europe) for the world-wide accelerator community. Events also included several
international conferences and Symposia. All presentations from Schools, workshops,
etc. are available via CERN indico and are an excellent educational resource. U
Liverpool (member of JUAS) is offering an undergraduate (final year) module on
accelerator physics, PHYS481, which CartsenW has been teaching since 2009. We also
offer BSc/MPhys projects in accelerator science and a group activity on grant writing
PHYS491 for final year Master students. Our postgraduate students follow the CI
lecture program. We also host a Centre for Doctoral Training on Big Data Science
(www.livdat.org) since last year with currently 24 PhD students; 5 of those are doing
their PhD in accelerator sciences (the others are in Particle Physics, Nuclear Physics or
Astro physics)

A5 / 11
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UNIVERSITIES

§ Universitat Autonoma de Barcelona (UAB in Spain): Caterina
Biscari
• Course since 2014 on Accelerator Physics for undergraduated, at the

4th year of Physics
• Given by Caterina Biscari (with support of some of the accelerator

physicists of ALBA)
• Course completed with hands-on experience at ALBA on Simulation

Codes, Magnetic Measurements and Emittance Measurements

§ RMU (joint Rhein-Main Universities in Germany): Oliver Boine-
Frankenheim
• Trying to merge the existing accelerator-physics related classes at Uni

Frankfurt, Mainz and Darmstadt into a new international masters
degree program “accelerator science”, as part of the newly formed
RMU (joint Rhein-Main Universities) => Coordinated by Oliver Boine-
Frankenheim

A6 / 11
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UNIVERSITIES

§ University of Rostock (Germany): Ursula Van Rienen
• Elective subject for the bachelor’s and master’s course Electrical

Engineering (German taught) Accelerator technology and beam
diagnostics (original title Beschleunigertechnologie und
Strahldiagnose)

• Given by P. Michel, 6 ECTS (1 semester) – recently introduced,
expected number of students: 4 - 6

• Website: https://www.iae.uni-rostock.de/studium-und-lehre/master-studiengaenge/beschleunigertechnologie-und-strahldiagnose/

• No PhD course but typically 3 - 6 PhD studies running in parallel
• Accelerator topics handed out for bachelor theses, seminar talks,

software projects, master theses: in total 4 - 6 students / year

A7 / 11
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UNIVERSITIES

§ Universitat Politecnica de Catalunya (Barcelona, Spain): Yuri
Kubyshin
• In the 2nd semester of this academic year 2018-2019: course "Electron

Beam Applications” of the Bachelor degree program on Industrial
Engineering

• Two one-semester courses of Master level are in preparation and
should start during the next academic year 2019-2020
q "Large Facilities" in the Master program on Physics Engineering.

The topics to be taught include particle accelerators, colliders,
synchrotron radiation facilities and their applications

q "Electron Beam Applications" in the Master of Interdisciplinary
Engineering; it is focused on small and medium-size electron
accelerators and their industrial and medical applications

• During last years at least 2-3 UPC students are selected each year for
internship at the ALBA synchrotron to carry out small-scale projects
proposed by ALBA

A8 / 11
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UNIVERSITIES

§ Karlsruhe Institute of Technology (KIT in Germany): Anke-Suzanne
Müller
• Some info can be found in the KIT presentation at "Universities meet

Laboratories 2016” (https://indico.gsi.de/event/4675/session/9/contribution/21/material/slides/0.pdf)

• Education in accelerator physics and technology at KIT
q Regular level master courses in the faculty of physics, 4 h / semester, with

tutorials, hands-on training and excursion; 6 or 8 ECTS  (typically 10 - 20
students)

q Seminars on accelerator science (varying focus) 2 ECTS (~ 15 students)
q Block courses in the frame work of graduate schools
q Bachelor, master, and doctoral accelerator theses topics offered in

physics and electrical engineering (usually ~ 10 doctoral students)
• Survey of the German Committee for Accelerators (KfB): in its

Brochure (https://www.dropbox.com/s/jhlib3hlpovkxln/kfb-broschuere_1.2.3_2016-03-
03_web.pdf?dl=0), there is a map of Germany with the 'accelerator
landscape’ in Germany and the universities, where accelerator physics
is taught (in bright red)

• KfB also provides a page with Weblinks to the accelerator physics
programs at the German universities that are shown on the map:
https://www.beschleunigerphysik.de/weblinks/

A9 / 11
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UNIVERSITIES

§ University of Oslo (Norway): Erik Adli
• Launching a new graduate level course on Accelerator Physics (for

MSc and PhD students) in Spring 2019
• Responsible: Erik Adli
• Website: https://www.uio.no/studier/emner/matnat/fys/FYS4565/index-eng.html

• Estimation to have ~ 5 - 6 students / year

A10 / 11
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UNIVERSITIES

§ University Paris-Saclay (France): Sophie Kazamias
• University Paris-Saclay partners: Paris Sud University / INSTN / Ecole Normale Supérieure

de Paris Saclay / Institut d’optique graduate School (IOGS) / Ecole Polytechnique / Ecole
Nationale Supérieure des Techniques Avancées (ENSTA)

• Operate together a Master 2 programme on large scale facilities including Accelerators
physics / high power lasers / tokamaks and related technologies

• Responsible: Sophie Kazamias (Professor Upsud) and Guy Bonnaud (engineer CEA)
• ~ 15 - 20 students per year (10 on accelerators)
• First semester program (in English):

q 24 h on relativity and electromagnetism
q 40 h on accelerator physics (taught by a consortium from SOLEIL / LAL / IPN / CEA)
q 84 h of practicals on accelerator or high power laser installations around Paris Saclay

(large support of SOLEIL)
q 27 h on plasma physics
q 27 h on laser physics
q 27 h on laser / matter intercation
q 35 h on numerical methods
q 30 h on project management dedicated to large scale installations
q 27 h on detection
q 40 h on related technologies (vaccuum / cryogenics / superconductors / irradiation)

• Websites
q http://www.master-plasmas-fusion.fr/gi/
q https://www.universite-paris-saclay.fr/fr/education/master/m2-grands-instruments#presentation-m2
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(SOME) BOOKS
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(SOME) BOOKS

§ On-line book: http://www.slac.stanford.edu/~achao/wileybook.html
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(SOME) BEAM PHYSICS SOFTWARE TOOLS

§ https://twiki.cern.ch/twiki/bin/view/ABPComputing/Software
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