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Disclaimer
• I have made an eﬀort to collect information on this

topic, but this will be limited to my own experience
and contacts, and I will certainly have forgotten
something.

• This is the aim of the discussion session afterward,
where I have provided some questions to launch
the discussion and your input is very welcome!

• Please note that some of the training opportunities

discussed in the talk have had to be paused during
the pandemic.

• Thanks to Marco Bomben, Jens Weingarten and
Dave Barney for providing information used in
this talk.
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Definition of a major lab
• Major laboratories such as CERN and DESY are hubs of scientific activity with (usually) a large
population of people from all around the world working on diﬀerent research areas passing
through.

• They have well-established infrastructure for in-person training for instrumentation work.
• I have focused on CERN and DESY at the request of the organisers, but we can also discuss
other major laboratories for comparison in the discussion section.

• DESY:
• 3000 users from around the world use DESY’s infrastructure every year.
• CERN:
• Test beam facilities in the North and East Area. Irradiation facilities.
• It’s not always possible for individual groups to have the facilities to train people to work in

instrumentation, whereas data analysis can be performed on a laptop and good internet access.

• Therefore, major labs can (and do) play a key role here.
• Expertise is always required for training the next generation.
• An important point that was noted in the talk by E. Oliveri in the Gaseous Detectors symposium:
• It’s “[h]ard to preserve knowledge and know-how, people, equipment, infrastructures,..”
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How do major
facilities contribute
to training in
instrumentation?
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Image: CERN and at DESY
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Beam tests
• Beam tests at CERN and DESY (and other facilities) are a great way to get on-the-job training and gain
experience from experts.

• Real-world instrumentation eﬀects such as noise, grounding, shielding, solving problems on-the-fly and
under pressure etc. take place in a very focused way with teams from diﬀerent institutes.

• In addition, preparation for test beams involves other facilities, such as additional clean-room studies, the
irradiation facility and wire-bonding lab.

• I myself benefited from learning from colleagues in this way when I was a PhD student.
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Beam tests at DESY
• Three independent beam lines with electron or

positron particles with selectable momenta from
1–6 GeV/c and a dipole and a solenoid magnet.

• Two EUDET-type pixel telescopes permanently
installed with a resolution of 3 µm. Have a
separate on-call team in case of problems
encountered by the users.

• The transnational access oﬀers travel support for
users from outside Germany which enables
more groups, and especially junior scientists
who may not have access to a large travel
budget to use the DESY test beam facility.

”The DESY II test beam facility” ( https://doi.org/10.1016/j.nima.2018.11.133 )
NIMA, Volume 922, 1 April 2019, Pages 265-28
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Ref: Eva Barbara Holzer at BTTB 2021,
“The CERN PS and SPS Test Beams”

Beam tests at CERN
• Test beam facilities in the North and East Area and irradiation facilities available.
• East area, from the PS:
• Protons from PS slowly extracted at 24 GeV/c towards the East Area
• North area, from the SPS:
• Beam configurations highly versatile, but H2 and H4 and H6 and H8
coupled by common primary target.

• Support: Experimental Area Physicists can help to find the most appropriate

beam line for requirements and identify possibilities for non-standard beams.

• Beam driven radiation facilities:
• HiRadMat
• East Area: CHARM, IRRAD
• North Area: CERF, GIF++
• CLEAR: vesper
• Possible new facility at nTOF
• https://irradiation-facilities.web.cern.ch/
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AIDA

https://aida2020.web.cern.ch/aida2020/

• Advanced European Infrastructures for Detectors at Accelerators
• From the final report:
• The AIDA-2020 project brought together the leading European infrastructures and academic institutions in
detector development for particle physics, regrouping more than 10,000 scientists. 19 countries and
CERN were involved in this programme aligned with the European Strategy for Particle Physics.

• With the upgrade of the Large Hadron Collider (LHC) and its experiments, the community had to
overcome unprecedented challenges, which AIDA-2020 addressed.

• AIDA-2020 advanced detector technologies beyond previous limits by oﬀering well-equipped test
beam and irradiation facilities for testing detector systems under its Transnational Access (TA)
programme.

• Common software tools, microelectronics chips and data acquisition systems were also provided.
• These shared high-quality infrastructures and standards ensured a coherent development by
collegially involving experts across Europe.

• The enhanced coordination within the European detector community leveraged EU and national
resources and contributed to maintaining Europe's leadership in the field.

•
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What special offers
complement the
academic
curriculum?
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https://beamlineforschools.cern/home

Beam lines for schools (BL4S)
• An international competition for high-school students from all
around the world, organised by CERN since 2014.

• Through BL4S, CERN and DESY oﬀer a great opportunity for

students to learn to construct a scientific research proposal. The
winning teams then perform their experiments and learn how to
make new discoveries and apply their knowledge into new
settings.

• In 2020, 198 teams from 47 countries submitted a proposal.
• So far 1312 teams from 91 diﬀerent countries with more than

11,000 students have taken part in seven successful editions.

• This is also an opportunity for instrumentation scientists to
mentor students, which is in itself good training.

Image: CERN

• Putting on my communicator hat, this project is a fantastic way to
build awareness of instrumentation careers in school students
and encourage the next generation of instrumentation scientists
and engineers.
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https://scoollab.web.cern.ch

S’Cool Lab
• A Physics Education Research facility at CERN.
• High school students (aged 16-19) and their teachers are

invited to contribute to physics education research projects
by taking part in hands-on particle physics experiments.

• The S'Cool LAB Cloud Chamber workshops are extremely

popular for high school students visiting CERN, allowing them
to get hands-on, build a particle detector, observe particle
tracks, and learn about particle physics.

•
•
•
•

Cloud Chamber - Build and Observe a Particle Detector
Electron Tube - The Basics of Particle Acceleration
X-Rays - Medical Applications and Pixel Detectors
Positron-Emission-Tomography (PET) - Medical
Applications

• Superconductivity - Resistance is Futile
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https://hssip.web.cern.ch

High School Students Internship Programme
• From the website:
• “In a close collaboration with its member states,

CERN invites high-school students (aged 16-19) to
come to CERN for two weeks, to gain practical
experience in science, technology, and innovation. It
focuses on giving students the chance to discover
STEM in the CERN context and environment,
strengthening their understanding of science, and
developing their skills in a high-tech environment.

• This programme is a unique opportunity for high-school

students to be introduced to CERN, its technologies and
physics, as well as to learn through workshops and by
shadowing, observing, and working with a member of
personnel.”

Image: CERN
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Visits to the experiments
• Visiting the detectors and meeting scientists who have worked
on them can be an inspiring way to encourage students to
consider a career in applied physics and to talk about the
complex work that is involved in constructing these
experiments.

• Since we are now doing virtual visits, it’s actually possible for
visitors to get ‘closer’ to parts of the detector that they
wouldn’t usually see.

• The ‘wow-factor’ can go a long way on non-traditional media
to inspire the next generation and gather support from
governments.

• Would be great to stream more installation work, which would
also be a fantastic training resource for the future.
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Additional training opportunities
• Undergraduate and graduate:
• Summer student programme oﬀered by CERN and DESY.
• CERN oﬀers an internship program, open to any nationality, for up to 6 months
• There is also the technical (TECH) and doctoral (DOCT) student programs at CERN.
• CERN oﬀers graduate engineer (mechanical, electronic, software) programs from Portugal (FCT), Spain
(FTEC) and France (VI) for up to two years

• Postgraduate:
• DESY and CERN both have fellowship programs.
• https://careers.cern/students
• https://summerstudents.desy.de
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(some already discussed, but added for completeness)

• EDIT (https://indico.desy.de/event/22513/)
• Excellence in Detector and Instrumentation Technologies - is a school series under
the auspices of the International Committee for Future Accelerators (ICFA*).

• Aimed at young researchers, in their graduate studies or in their first year as post
docs, seeking to acquire a deeper knowledge on the major aspects of detectors
and instrumentation technologies for particle physics. The school comprises
lectures and four courses with hands-on experiments, including beam tests, on
silicon sensors, silicon systems, calorimetry and gas detectors.

• Last year (2020) the school took place at DESY.
• Students had access to the DESY labs and the test beam line, which
augmented their training.

• The school mimics in a short time several diﬀerent aspects of detector
development.

(ILL, Co-chair)
(ESRF, Co-chair)
(CERN)
Thomas Schneider (EMBL)
(EUROFusion)
(ESA)
(ESO)
(European XFEL)
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• ESI is a biennial event, jointly organised by the Instrumentation Working Group of

pa
ge

to

(ESRF, Co-chair)

ch
»
ar
P
H rom
al
f-d ot
ay e y
pr ou
oj r R
ec e
t se

of
ir
.e
w
w
w

an

dl

in
g

cr

or

is

es

um

,f

.o

ro

rg

m

/e

si

cl

20

21

im
at

e

ch

an

(ESRF)

the EIROforum organisations, which aims to teach the basic principles of
instrumentation to young researchers (PhD students, postdocs) and engineers,
mainly from the EIRO organisations.
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Schools

* (Not the International Crocodilian Farmers Association, as I learned in my searches)
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• BTTB Workshop (https://indico.cern.ch/event/945675/)
• An annual workshop that originated at DESY.
• It aims to cover a wide range of topics related to test

Helmholtz Alliance

PHYSICS AT THE TERASCALE
Deutsches Elektronen-Synchrotron DESY + + + Karlsruher Institut für Technologie - Großforschungsbereich + + + Max-Planck-Institut für Physik München + + + Rheinisch-Westfälische Technische Hochschule
Aachen + + + Humboldt-Universität zu Berlin + + + Rheinische Friedrich-Wilhelms-Universität Bonn + + + Technische Universität Dortmund + + + Technische Universität Dresden + + + Albert-LudwigsUniversität Freiburg + + + Justus-Liebig-Universität Gießen + + + Georg-August-Universität Göttingen + + + Universität Hamburg + + + Ruprecht-Karls-Universität Heidelberg + + + Karlsruher Institut
für Technologie - Universitätsbereich + + + Johannes Gutenberg-Universität Mainz + + + Ludwig-Maximilians-Universität München + + + Universität Regensburg + + + Universität Rostock + + + Universität
Siegen + + + Julius-Maximilians-Universität Würzburg + + + Bergische Universität Wuppertal + + +

beams for detector studies in tracking detectors,
calorimetry and beyond, bringing together both experts
and newcomers from various fields.

13th Workshop on Detector Development
17 -20 March 2020

(School 17-18 March)
DESY Hamburg

Program:
- Axion Detection Techniques and
Low Background Experiments
- Machine Learning for Detectors
- Technologies for future upgrades
- Non-accelerator experiments,
neutrino experiments, small LHC experiments

• Includes hand-on tutorials on various topics, including
soft-skills.

School topic:
Quality Assurance in Detector Assembly

• Can be access by people at all career levels.
Foto: ????
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Workshops

• Terascale Detector Workshop (https://indico.desy.de/event/
24227/)

Registration deadline: 02.03.2020
Workshop fee: 60 Euro
Please register via the workshop page.
For more details and to register see:

www.terascale.de/detws2020

Organizing committee:
Doris Eckstein, Lutz Feld, Tobias Flick,
Erika Garutti, Ulrich Husemann, Hans Krüger,
Lucia Massetti, Frank Meier, Andreas Mussgiller,
Ulrich Parzefall, Felix Sefkow, Frank Simon,
Arno Straessner, Marc Weber
Local organizers:
Birgit Breetzke, Doris Eckstein,
Gabriele Kalhoefer, Andreas Mussgiller

• An annual detector workshop in Germany , that includes
1-day courses on diﬀerent topics every year.

• This year’s workshop took place at DESY.
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What is the vision
for the future?

The Science Gateway at CERN will be an
emblematic education and outreach facility
next to the Globe of Science and Innovation.
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Wish list of the future
• Virtual laboratory experiments.
• This will be discussed this afternoon.
• Would be a great way to provide training to people who cannot easily travel to facilities directly.
• Additional online training opportunities.
• Such as online schools - which have been tested in the last 18 months.
• Remote participation in R&D (beam tests) and operation work can allow additional people to
gain experience without requiring travel.

• Additional hand-on programs such as more table-top instrumentation tools in laboratories.
• For example, characterisation facilities which can be used for education, such as Transient
Current Technique (TCTs).

• Expanding Beam Lines for Schools:
• Perhaps a form of it could be expanded to undergraduates?
• Additional training opportunities for those later on in their careers who would like to gain
experience working in instrumentation.

• Could help to then encourage and support junior scientists to work on these topics too.
• Improving the community view of instrumentation work and valuing these skills in scientists.
• This means retaining experts in this work through job opportunities.

TCT setup at DESY circa 2014
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Discussion points

?

• Are there any training opportunities oﬀered by major laboratories that
haven’t been covered in this talk?

• What do you think are the most useful training opportunities oﬀered?

• Is there a career stage that has been under-served by the current training
options?

• Do you think it is the responsibility of major facilities to oﬀer this training?
• How much training into the data processing and analysis is provided?
Such as reconstruction methods and machine learning for detectors?

• What would you like to see oﬀered in addition in the future?
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Thank you
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Backup
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