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EXECUTIVE SUMMARY OF KEY RECOMMENDATIONS

We propose that the implementation phase of the TIARA project could include, in the area of
promoting accelerator science and technology in Europe, the following schemes:

e An ‘e-learning’ course, ‘Introduction to Accelerator Science and Technology’, primarily
aimed at physics and engineering students at the undergraduate level, but potentially
accessible to any interested person.

e A programme of internships to allow undergraduate students to spend a significant period
of time at their ‘local’, or an international, accelerator laboratory, and thereby gain hands-
on experience of accelerator science and technology.

e A programme of bursary support to enable Master’s-level students to attend established
international and national accelerator schools to which they have been admitted on merit.

e A prestigious European Master’s fellowship scheme to support students admitted on
merit into an existing Master’s training programme.

e A programme of internships to allow enrolled students to perform project work in support
of a Master’s thesis at a national (or international) laboratory, company or medical
facility.

e A programme of bursary support to enable PhD students to attend established
international and national accelerator schools to which they have been admitted on merit.

e A prestigious European PhD fellowship scheme to support students admitted on merit
into an existing PhD training programme.

e Monitoring of the situation with respect to training of medical facility and company
personnel, and provision of appropriate advice to the TIARA governing board regarding
resources for, and provision of, possible future training mechanisms for them beyond
what is already available.

e Support for the existing accelerator schools’ programmes by monitoring training
provision and advising on aspects in which additional provision (eg. enhanced numbers
of places, or additional specialised courses) would be desirable. Where appropriate, funds
should be made available to support such recommended increases in training provision
via the accelerator schools.

e A wwwe-portal for providing a comprehensive source of information on accelerator
opportunities, namely job and internship vacancies, bursaries and fellowships, and
research group and personnel expertise, as well as news on conferences, workshops and
training schools and access to online training materials and resources.

e A programme to allocate resources to support a number of pan-European outreach
activities.



1. INTRODUCTION

During the TIARA Preparatory Phase project we have performed two major surveys across the
TIARA member European nations:

e Provision of education and training in accelerator science [1].
e Market needs for personnel trained in accelerator science and engineering [2].

Based on the results of these surveys here we propose and discuss mechanisms that can be
considered for implementation in the TIARA project. We make a number of recommendations
for promoting accelerator science and technology in Europe. Our recommendations are grouped
in three major areas:

1. Improving the supply of trained personnel (Section 2).
2. Improving the opportunities for, and access to, trained personnel (section 3).
3. Outreach to the wider community (Section 4).

A summary is given in Section 5, and a discussion and conclusions are presented in Section 6.

2. IMPROVING THE SUPPLY OF TRAINED PERSONNEL

2.1 Academic training

There is general agreement that increased provision of training in accelerator science and
technology (and related disciplines) at universities would be beneficial for increasing the
awareness of university students of the field as a serious intellectual discipline, with
commensurate professional opportunities for employment and career development.

2.1.1 Undergraduate-level training

We have concluded that reaching students early in their university careers, i.e. at the
undergraduate level, would be extremely beneficial for increasing the supply of people for entry
to higher-level (Master’s and PhD) dedicated training programmes, and hence for increasing the
supply of trained personnel. However, as it stands, relatively few universities offer any
significant exposure to particle accelerators through their mainstream teaching programmes,
although many advanced physics courses do mention accelerators, at some level, as part of
modules in eg. particle and nuclear physics. It should be borne in mind that aspects of such
training could be provided by engineering or applied mathematics departments, as well as
physics departments.

One example of a dedicated undergraduate programme is the ‘minor option’ on particle
accelerators offered at Oxford University to 3"-year physics undergraduates. This is an optional
course comprising a series of 9 lectures at an introductory level, delivered over 3 weeks. The



course has been running for 5 years, and typically attracts around 5-10 students (out of a cohort
of 180) to the lectures, with a handful each year going on to take the examination.

Such a mode of undergraduate training is also extremely useful for putting interested students in
contact with accelerator-related faculty, and it can result in subsequent attraction of good
students into Master’s or PhD programmes. However, at any given higher-education institution,
there is a significant overhead involved in providing lecture-based and/or laboratory training for
(in all likelihood) relatively small numbers of students, although the market for such a course
globally across European institutes is potentially tens of thousands of students studying physics
and engineering.

2.1.1.1 Proposal for an e-learning course

Proposal 1: we propose an ‘e-learning’ course, ‘Introduction to Accelerator
Science and Technology’, primarily aimed at physics and engineering students
at the undergraduate level, but potentially accessible to any interested person.

Such a course could be offered by institutes that do not currently provide direct training in
accelerator science to undergraduates, thereby opening up a potentially large pool of additional
students. The online materials (lectures, notes, tests, exams etc.) could, in addition, be useful to
those institutes that already provide such training themselves. In principle the course could be
additionally available to any interested person.

There are now many examples of e-learning environments [3] that have been set up by
universities or consortia of universities. One example in accelerator science is ‘VU Beam’ [4],
run by Michigan State University. In order to be successful such courses need to be ‘tailor-
made’, with professionally-filmed lectures that link directly to supporting materials (eg. notes,
tests and exams) that are also provided online. Although there is a significant effort required to
set up such a course, once operational the level of maintenance required is significantly lower,
and, we believe, this could represent a highly cost-effective mechanism for reaching potentially
tens of thousands of students across Europe. Although English is widely used in our field, in
order to be optimally useful across Europe it is possible that such an e-learning course would be
best provided in some countries’ native languages, which would require translation of the
relevant materials.

Issues that would need to be considered prior to setting up the course include:

e Its detailed structure, scope and content. For example, a typical traditional lecture-based
university course in physics might comprise 3 lectures per week over a 10-week
(semester) duration.

e Management and administration: should this be done centrally at the pan-European level,
at the national level, or at the institute level?

e Accreditation: should the course be ‘standalone’ in terms of accreditation, or should
credit be awarded by a single or multiple bodies, eg. via the European Credit Transfer
and Accumulation System (ECTYS) [5]?



e Charges and payment: should charges be made for participation, and, if so, what would
be the mechanism for payment?

e Should the course materials be translated into different national languages? One obvious
possibility would be to ‘trial’ the course in English, and, depending upon its success,
consider translation into other languages in a future step.

We estimate roughly the resources required (a more detailed evaluation would be prudent prior
to implementation):

e 6 person-months of faculty effort for defining and preparing the intellectual content of the
course: lectures, teaching materials, tests, exams.

e 6 person-months of professional media support for setting up the course: recording of
lectures and setting up of interactive www site and database infrastructure.

Additionally, assuming that the course were administered by a single central body:

e 1 person-month per year for IT maintenance: trouble-shooting and data management.

e 4 person-months per year of faculty/staff effort for monitoring the course: tutorials, exam
grading etc. This estimate is based on a simple model comprising a team of 10 people
providing 1 day per week of effort over a 10 week period.

Total resource estimate: 12 person months (course setup) + IT infrastructure (server,
software tools etc.) + 5 person months per annum (centralised course monitoring and
support).

Further resources would clearly be required if the course were translated from English into
additional languages. A minimal option would be to make the English-language source materials
available so that they could be translated ‘unofficially’ by users. If professional language
translation were to be provided we estimate that this could require 3 person-months of translation
effort per country; we do not include this step in this initial recommendation.

We also propose (see Section 4) that it would be a small additional effort, incremental to the
infrastructure that would be set up for the undergraduate e-learning course, to provide a short e-
learning course (one or two classroom lectures) suitable for high-school pupils.

2.1.1.2 Proposal for internships at accelerator laboratories

We have concluded that ‘hands-on’ access to accelerator facilities would be attractive as a means
of stimulating wider interest in accelerator science at the undergraduate level. Such access could
be provided primarily ‘locally’, at national facilities, or, where appropriate, at an international
facility such as CERN. The scheme could be additional to, or independent of, the e-learning
course, and be available to suitable students whether or not they had already benefitted from a



course in accelerator science. In order to benefit fully from this opportunity we expect that
students would typically be in their penultimate or final year of study.

An existing example of this type of internship programme is provided by the CERN Summer
Student Programme [6], although in this case the focus is mainly on particle physics and not on
accelerator science per se. In this particular case, enhancement of the programme to include a
larger component on accelerator science, or possibly even a dedicated accelerator stream, could
therefore be considered.

Proposal 2: we propose a programme of internships to allow undergraduate
students to spend a significant period of time at their ‘local’, or an
international, accelerator laboratory, and thereby gain hands-on experience
of accelerator science and technology.

For example, an internship could support a period of dedicated training of order 1-3 months, to
be undertaken during the summer or other university vacation periods.

Issues that would need to be considered prior to setting up the programme include:

e Management and administration of applications and support for intern positions: should
this be done centrally at the pan-European level, at the national level, or at the laboratory
level?

e Possible enhancement of the CERN Summer Programme to include a greater component
dedicated to accelerator science and technology.

We estimate roughly the resources required:

e 100 intern-months per annum (eg. 50 internships of 2 months duration), at 1500 Euro per
month (partial support for local living expenses and travel): 150,000 Euro per annum.

e 3 person-months per annum for central administration of internship scheme: selection of
applicants and monitoring of placements.

Total resource estimate: 150,000 Euro + 3 person months, per annum.

2.1.2 Master’s-level training

We have concluded that there is a significant demand for Master’s-level training in accelerator
science and technology. The cohort of European Master’s students is currently approximately
350 per annum [1].

A vital component of Master’s-level (and PhD-level, see below) training is already delivered via
international accelerator schools [1], for example the CERN Accelerator School (CAS) [7] and
Joint Universities Accelerator School (JUAS) [8] as well as USPAS [9] in the United States and
some national schools, eg. WILGA [10]. These are typically long-running, well-organised and



highly-respected programmes that, we believe, should be capitalised on and, where appropriate,
be further enhanced and supported by TIARA. National schools offer the advantageous
possibility of local training, in some cases to particular types of trainee (eg. technicians), in the
local language.

There is evidence that there is a demand for further provision of places at both national and
international schools, as well as in specialist subject areas [2]. Some dedicated EU-supported
programmes, for example DITANET and OPAC [11], have supported training at the Master’s
and PhD level in specific areas.

2.1.2.1 Proposal for bursary scheme for attendance at accelerator schools

Proposal 3: we propose a programme of bursary support to enable Master’s-
level students to attend established international and national accelerator
schools to which they have been admitted on merit.

Issues that would need to be considered prior to setting up the programme include:

e Management and administration of applications and award of bursaries: should this be
done centrally at the pan-European level or at the national level?

e Possible need for direct support of existing schools (eg. CAS and JUAS) so as to
accommodate additional numbers of students (see also Section 2.3).

We estimate the resources required:

e 50 bursaries per annum, at 2,000 Euro (partial support for fees, local living expenses and
travel): 100,000 Euro per annum,

e 2 person-months per annum for central administration of bursary scheme: selection of
applicants and award of funds.

Total cost estimate: 100,000 Euro + 2 person-months, per annum.

2.1.2.2 Proposal for a European Master’s fellowship scheme

We note the success of programmes such as DITANET and OPAC [9], which have helped to
enhance the profile of accelerator science and technology, to support input of additional people
into the field, and to support mobility within the EU. We conclude that a similar 2-year (or, in
the case of PhD students, 3-year, see below) fellowship scheme has considerable merits and
would help significantly to increase the profile of the field.

Proposal 4: we propose establishment of a prestigious European Master’s
fellowship scheme to support students admitted on merit into an existing
Master’s training programme.



This could comprise funding for c. 10 students per annum to participate in existing Master’s
training programmes across Europe, ideally with a trans-national mobility requirement between
at least two different European institutions. The scheme would probably be best administered
centrally.

We estimate the resources required:

e 10 fellowships per annum, at 20,000 Euro (partial support for fees, living expenses and
travel).

e 2 person-months per annum for central administration of scholarship scheme: selection of
applicants and award of funds.

Total resource estimate: 200,000 Euro (year 1), 400,000 Euro (year 2 and per annum
thereafter) + 2 person months per annum.

2.1.2.3 Proposal for internships at accelerator laboratories and/or in industry

We believe that an internship programme, such as that described above for undergraduates,
would also be relevant for Master’s students, and would allow them to gain significant hands-on
experience as part of their Master’s training programme, eg. for gathering of data in support of a
Master’s thesis. Such internships could be for a significant period, eg. 6-12 months, to allow for
project work at typically a national, or in relevant cases, an international accelerator facility, or
where applicable, at a company or medical facility.

Proposal 5: we propose a programme of internships to allow enrolled students
to perform project work in support of a Master’s thesis at a national (or
international) laboratory, company or medical facility.

For example, this could comprise funding for c. 50 students per annum to spend 6 months on
project work. A trans-national mobility requirement could be considered. The scheme would
probably be administered centrally.

We estimate the resources required:

e 300 intern-months per annum (eg. 50 internships of 6 months duration), at 1000 Euro per
month (top-up support for local living expenses and travel): 300,000 Euro per annum.

e 3 person-months per annum for central administration of internship scheme: selection of
applicants and monitoring of placements.

Total resource estimate: 300,000 Euro + 3 person months, per annum.

2.1.3 PhD-level training



We have concluded that there is a significant demand for PhD training in accelerator science and
technology. The cohort of European PhD students is currently approximately 200 per annum [3].

We consider that the measures proposed for Master’s students (above) are, with appropriate
modifications, highly relevant for PhD students also.

2.1.3.1 Proposal for bursary scheme for attendance at accelerator schools

Proposal 6: we propose a programme of bursary support to enable PhD
students to attend established international and national accelerator schools to
which they have been admitted on merit.

The same issues as in proposal 3 would need to be considered prior to setting up the programme,
and it could be managed in association with the corresponding Master’s programme:

We estimate the resources required:

e 50 bursaries per annum, at 2,000 Euro (partial support for fees, local living expenses and
travel): 100,000 Euro per annum,

e 2 person-months per annum for central administration of bursary scheme: selection of
applicants and award of funds.

Total cost estimate: 100,000 Euro + 2 person-months, per annum.

2.1.3.2 Proposal for a European PhD fellowship scheme

Proposal 7: we propose establishment of a prestigious European PhD
fellowship scheme to support students admitted on merit into an existing PhD
training programme.

The same issues as in proposal 4 would need to be considered prior to setting up the programme,
and it could be managed in association with the corresponding Master’s programme:

We estimate the resources required:

e 10 fellowships per annum, at 25,000 Euro (partial support for fees, living expenses and
travel).

e 2 person-months per annum for central administration of scholarship scheme: selection of
applicants and award of funds.

Total resource estimate: 250,000 Euro (year 1), 500,000 Euro (year 2), 750,000 Euro (year 3
and per annum thereafter) + 2 person months per annum.
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2.2 Training of medical and company personnel

Some dedicated training in aspects of accelerator science and technology is required for
personnel at relevant medical facilities (eg. hadron therapy and medical isotope production) and
industrial suppliers. Such personnel do participate [1] in existing general training programmes
such as CAS and JUAS, as well as receiving ‘on the job’ training. We found considerable merit
in the idea of a future specialised CAS course on medical accelerators; a first such course is
currently being planned for spring 2015.

Proposal 8: at this time we propose that TIARA should monitor the situation
with respect to training of medical facility and company personnel, and
provide appropriate advice to the TIARA governing board regarding
resources for, and provision of, any future training mechanisms beyond what
Is already available.

2.3 Dedicated training in specialised disciplines

We have found evidence [2] that there is a demand for further provision of specialised training in
areas of identified key skills shortages, such as RF systems, beam dynamics, instrumentation and
control, and vacuum systems. Provision of training in such areas is provided currently via, for
example, CAS specialised courses, one of which is run every year in some particular topic. The
evidence suggests that the demand for such courses, as well as for the non-specialised courses,
exceeds their current frequency and number of available student places. In principle course
places, and frequency, could be expanded, but this would require commensurate resources to
meet the demand.

Proposal 9: we propose that TIARA support the existing accelerator schools’
programmes by monitoring training provision and advising on aspects in
which additional provision (eg. enhanced numbers of places, or additional
specialised courses) would be desirable. Where appropriate we propose that
funds be made available to support such recommended increases in training
provision via the accelerator schools.

We estimate the resources required for such structural support of training programmes:

e 100,000 Euro per annum for enhanced training provision. Based on the example of
current net costs to CERN of running CAS, such an amount could allow the provision of
up to two extra CAS courses, with at least one in a specialised area.

e 1 person-month per annum for administration of the scheme.

Total resource estimate: 100,000 Euro + 1 person-month, per annum.
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2.4 Access to training-scheme information

We recommend that a www-based infrastructure could serve as a portal for information on, and
access to, the above schemes. For example, online application forms could be provided for the
bursary, internship and fellowship schemes that we have proposed. This idea is developed and
discussed further in section 3.

3. IMPROVING OPPORTUNITY ACCESS FOR, AND TO,
TRAINED PERSONNEL

We recommend that opportunity access for, and to, trained personnel would be improved by
providing the following capabilities via a www-portal. In advance it will be necessary to discuss
whether the portal will be generally open access for all community members, and whether, or the
degree to which, some functions should be restricted to institutes, groups or organisations that
are affiliated with TIARA.

3.1 Job, internship and other opportunity advertisements

For job-seekers, a single, ‘comprehensive’ source of links to advertisements of accelerator-
related job and internship opportunities would be a considerable resource. We recognise that a
number of laboratories already partly fulfil this function; the CERN Courier job opportunities
board is a good example. However the coverage of accelerator-related jobs is patchy and, eg. in
the case of CERN Courier, there is naturally a focus on opportunities in the particle-physics
accelerator sector.

We believe that TIARA could significantly improve this opportunity-advertisement function in a
more complete manner. This could be done in a number of ways:

a) by simply pointing to the relevant job/internship vacancy www pages of TIARA partner
(and possibly other) institutes;

b) by allowing partner (and possibly other) institutes to supply job/internship vacancy
information via a simple standardised www form; or

c) by populating the www-portal with regularly-updated information compiled and collated
via an automated ‘Google-like’ search tool. In any of these cases effort will be required to
set up the www infrastructure, and, especially in cases a) and b), update and monitor the
links to the relevant opportunities.

12



User signup capability could be provided for receiving regular email information on job
vacancies and internship opportunities, as well as on the TIARA bursary, internship and
fellowship schemes proposed in section 2. ‘News’ items, as well as notices of schools,
conferences and workshops, could also be provided; a good example of this, specific to linear
colliders, is given by the ‘LC Newsline’ [12].

3.2 Database of expertise (‘professional register’)

For employers, the www-portal could contain a database of links to lists of Master’s and PhD
students and postdocs, and their training backgrounds and topics of research, with a keyword-
search capability, which would be a powerful tool for identifying potential recruits. This concept
could be extended to provide a keyword-search function for R&D topics being pursued by
TIARA partner institutes so as to provide a tool for, for example, companies that are seeking
academic expertise for potential partnership in key areas.

3.3 Professional networking

We recognise that ‘networking’ is an important function in contemporary professional life.
Although such a function could be provided via TIARA, we feel that current existing networking
platforms, such as LinkedIn, ResearchGate, and Google Scholar, provide considerable
capabilities in their respective areas, and we would not recommend providing a networking
function that would largely duplicate what already exists.

3.4 Proposal for a www-portal of accelerator opportunities

We propose a www-portal to implement the ideas outlined in sections 3.1 and 3.2.

Proposal 10: we propose that TIARA set up a www-portal for providing a
comprehensive source of information on accelerator opportunities, namely job
and internship vacancies, bursaries and fellowships, and research group and
personnel expertise, as well as news on conferences, workshops and training
schools and access to online training materials and resources.

We estimate the resources required:

e 6 person-months per year of IT professional effort to set up the www portal.
e 2 person-months per maintain to maintain and enhance the www-portal.

Total resource estimate: 6 person months (setup) + IT infrastructure (server, software tools
etc.) + 2 person months per annum (maintenance and enhancement).

13



An example to illustrate how such a portal could appear is given in Appendix 1.

4. ‘'OUTREACH’ ACTIVITIES

We recognise that communications, dissemination and outreach to the wider community and the
general public are of tremendous value in informing and stimulating interest in accelerator
science and technology. We make a number of recommendations below, which should be
discussed and coordinated across the TIARA consortium before arriving at a final set of pan-
European outreach activities.

Proposal 11: we propose that TIARA allocate resources to support a number
of outreach schemes, including:

e Local, national, and international laboratory access and visits by public and school
groups.

e Summer internship programmes at local laboratories for high school pupils.

e Education packs for teachers and pupils. We note the examples of materials provided by
CERN for particle physics education [13].

e An interactive e-learning-based lecture for pupils. This could be implemented efficiently
by capitalising on the e-learning scheme in Proposal 1, with suitable adaptation of the
materials to provide one or two class-period duration lectures at an elementary level.

e Dedicated local public ‘showcase/classrooms’. One example is the GSI ‘pupils’ lab’ [14],
which allows pupils to spend a day performing experiments and sharing results in a
dedicated classroom.

e Travelling national exhibitions.
e Public lecturer programme, to be delivered by ‘champions’ of accelerator science.

e wwwe-accessible lists of national events: masterclasses, science festivals, public lectures,
laboratory open-days etc.

We recognise that many such activities are already going on, but we have concluded that better
coordination, sharing of good practice and outreach materials, and greater provision and access
could be facilitated by TIARA. There are several possible modes of delivery that would need to
be considered prior to setting up the programme:

a) Centralised management of resources and schemes. For example, bids could be solicited
from across Europe for funds for particular schemes, to be delivered at a European level.

b) Management devolved to the national level. One laboratory or organisation per country
could take responsibility for coordinating activities in that country. This mode would

14



leverage the existing staff and resources and allow direct expansion of ongoing local
activities.

c) Resources allocated directly to individual institutes, or consortia of institutes.

Resource estimate: We estimate that resources at the level of 100,000 Euro per annum per
country would have a huge impact if leveraged with existing personnel and activities.

For example, such an amount could allow employment of a national coordinator, as well as
support for enhanced national outreach programmes. In countries where outreach is already
coordinated by a national agency or laboratory, the added resource would allow significant
expansion of multiple activities, or it could, if appropriate, be used to invest (for example) in a
major exhibit or showcase of lasting value.

We recommend that these ideas be discussed across the TIARA consortium before concrete
mechanisms are implemented.

5. SUMMARY OF PROPOSALS AND REQUIRED RESOURCES

Here we summarise our recommendations. We propose that the implementation phase of the
TIARA project could include, in the area of promoting accelerator science and technology in
Europe, namely education, training, and outreach, the following schemes:

1. An ‘e-learning’ course, ‘Introduction to Accelerator Science and Technology’, primarily
aimed at physics and engineering students at the undergraduate level, but potentially
accessible to any interested person.

2. A programme of internships to allow undergraduate students to spend a significant period
of time at their ‘local’, or an international, accelerator laboratory, and thereby gain hands-
on experience of accelerator science and technology.

3. A programme of bursary support to enable Master’s-level students to attend established
international and national accelerator schools to which they have been admitted on merit.

4. A prestigious European Master’s fellowship scheme to support students admitted on
merit into an existing Master’s training programme.

5. A programme of internships to allow enrolled students to perform project work in support
of a Master’s thesis at a national (or international) laboratory, company or medical
facility.

6. A programme of bursary support to enable PhD students to attend established
international and national accelerator schools to which they have been admitted on merit.

7. A prestigious European PhD fellowship scheme to support students admitted on merit
into an existing PhD training programme.

15



8. Monitoring of the situation with respect to training of medical facility and company
personnel, and provision of appropriate advice to the TIARA governing board regarding
resources for, and provision of, possible future training mechanisms for them beyond
what is already available.

9. Support for the existing accelerator schools’ programmes by monitoring training
provision and advising on aspects in which additional provision (eg. enhanced numbers
of places, or additional specialised courses) would be desirable. Where appropriate, funds
should be made available to support such recommended increases in training provision
via the accelerator schools.

10. A wwwe-portal for providing a comprehensive source of information on accelerator
opportunities, namely job and internship vacancies, bursaries and fellowships, and
research group and personnel expertise, as well as news on conferences, workshops and
training schools and access to online training materials and resources.

11. A programme to allocate resources to support a number of pan-European outreach
activities that are described in Section 4.

Our estimates of the resources required are summarised in Tables 5.1 and 5.2. It should be noted
that these should be considered ‘reasonable estimates’, based on the knowledge and experience
of the working group members. In particular the estimates of staff time for each proposed
scheme assume that the respective activity is ‘standalone’; obvious efficiencies could be made if
a dedicated staff team were to assume responsibility for multiple schemes, thereby reducing the
total staff effort. The details would depend on the TIARA staff model that is eventually
implemented, for example whether there is a centralised pan-European administrative team, or
whether management is devolved to the country or laboratory level. In any case, once the overall
administrative structure has been decided, and it is known which schemes are to be proposed for
implementation, and at what proposed level of support, the overall staff needs can be re-
evaluated and the staff deployment can be optimised. This issue is discussed further in Section 6.
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Table 5.1: Summary of proposals and associated resources.

Proposal Estimate of resources needed Unit cost (Euro) | Number
of units
Undergraduate | 1. ‘e-learning’ course, 12 person months (course setup) +5 | N/A
-level training | ‘Introduction to person months per annum thereafter
Accelerator Science and | (centralised course monitoring and
Technology’. support) + IT infrastructure (server,
software tools etc.).
2. Internships at ‘local’, | 150,000 Euro + 3 person months, per | Intern month 100
or an international, annum. 1,500
accelerator laboratory.
Master’s-level | 3. Bursary support to 100,000 Euro + 2 person months, per | Bursary 50
training attend established annum. 2,000
international and
national accelerator
schools.
4. European Master’s 200,000 Euro (year 1), 400,000 Euro | Fellowship 10
fellowship scheme. (year 2 and per annum thereafter) + 2 | 20,000 Euro
person months per annum.
5. Internships for 300,000 Euro + 3 person months, per | Intern month 300
project work in support | annum. 1,000
of a thesis.
PhD-level 6. Bursary support to 100,000 Euro + 2 person months, per | Bursary 50
training attend established annum. 2,000
international and
national accelerator
schools.
7. European PhD 250,000 Euro (year 1), 500,000 Euro | Fellowship 10
fellowship scheme. (year 2), 750,000 Euro (year 3 and 25,000
per annum thereafter) + 2 person
months per annum.
Structural 9. Enhanced accelerator | 100,000 Euro + 1 person month, per | N/A
support schools provision. annum.
10. www-portal 6 person months (course setup) + 2
person months per annum thereafter
(centralised course monitoring and
support) + IT infrastructure (server,
software tools etc.).
Outreach 11. Qutreach support 1 MEuro per annum Per country 10

100,000




Table 5.2: Summary of resources by year. Year
1 2 3 4
Undergraduates | 1. E-learning Person months | 12 5 5 5
2. Internships Person months | 3 3 3 3
Cash (Euro) 150k 150k 150k 150k
Master’s level 3. Bursaries Person months | 2 2 2 2
Cash (Euro) 100k 100k 100k 100k
4. European master’s Person months | 2 2 2 2
fellowship
Cash (Euro) 200k 400k 400k 400k
5. Internships Person months | 3 3 3 3
Cash (Euro) 300k 300k 300k 300k
PhD level 6. Bursaries Person months | 2 2 2 2
Cash (Euro) 100k 100k 100k 100k
7. European PhD fellowship Person months | 2 2 2 2
Cash (Euro) 250k 500k 750k 750k
Structural 9. Accelerator schools Person months | 1 1 1 1
support
Cash (Euro) 100k 100k 100k 100k
10. www-portal Person months | 6 2 2 2
Outreach 11. Outreach Cash (Euro) M M M M
Total Person months | 33 22 22 22
Cash (Euro) 2.2M 2.65M | 2.9M 2.9M
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6. DISCUSSION AND CONCLUSIONS

Based on the information collected in our surveys on education and training and market needs
for trained personnel, we have formulated a number of proposals for mechanisms that can be
considered for implementation in the TIARA project for promoting accelerator science and
technology in Europe.

In terms of staff effort, in total the resource scale to support these proposals amounts to roughly 3
FTEs in the first year, for setup and implementation, and thereafter a ‘steady-state’ level of
roughly 2 FTEs for maintenance and ongoing support. We believe that some efficiencies may be
possible if there is a dedicated administration team that supports most, or all, of our proposed
activities, but the scale of the required effort is clearly of the order of 2-3 FTEs of administrative
and IT support.

In terms of ‘cash’ resource, support for our full set of proposals amounts to just over 2 MEuro in
year 1, rising to a ‘steady-state’ level of just under 3MEuro from year 3 onwards (Table 5.2); the
increase represents the turn-on of the proposed bursary schemes for Master’s and PhD students.

We have presented the proposals as individual items, so that each can be considered on its merits
in relation to the others, taking account of the implied resources (Table 5.1). We have also
identified ‘unit costs’ where relevant, for example for bursary and fellowship funding, so that a
desired total cost can be derived from the number of units that are chosen for funding. It is now a
matter for discussion within the TIARA consortium as to the choice of schemes, and level of
resource, that could be carried forward to a proposal for the implementation phase of TIARA.

We have considered the issue of prioritisation of our proposals. This is not entirely
straightforward, as different proposals target different communities:

e Proposals 1 and 2 are targeted towards undergraduates in physics, engineering and related
scientific disciplines. Across Europe this is clearly a huge potential community of many
tens of thousands annually.

e Proposals 3, 4 and 5 are targeted towards potential Master’s students in accelerator
science and engineering, which is currently a community of several hundred annually.

e Proposals 6 and 7 are targeted towards potential PhD students in accelerator science and
engineering, which is currently a community of around two hundred annually.

e Proposals 8, 9 and 10 are essentially structural, including monitoring functions, and
provision of structural support to the accelerator community, which amounts to
approximately 5,000 people across Europe [1,2].

e Proposal 11 is for communication, dissemination and outreach targeted towards the
European public.

We consider that, in terms of the size of their respective target audiences, and the potential
‘return’ on investment, Proposals 1 and 10 are clearly of high priority.
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Proposal 1 (the e-learning course) would be designed to reach potentially tens of thousands of
undergraduate-level students across Europe. We believe it could make a significant impact on
training in the scientifically and economically important discipline of accelerator science and
technology, as well as in raising awareness of professional opportunities for students. It would
have the additional benefit of attracting high-quality students into higher-level dedicated training
courses in the discipline. The e-learning course could, in addition, form a vital element of
continuing professional development for people who are already in the field, for example
technicians. It could also be made available to any interested person, and serve as an outreach
vehicle. We also strongly support the idea of extending the e-learning environment to include
some lectures suitable for high-school pupils studying science and engineering; this target
audience is also very substantial.

Proposal 10 (the www-portal) would provide a significantly enhanced information and resource
service for students and professionals in the field. It is aimed at improving access to news,
conferences, workshops, training schemes, training resources, and internship and employment
opportunities, as well as for the identification of expertise (people, facilities, research teams) by
potential employers and users. It is also aimed at providing access to communication,
dissemination and outreach schemes and materials.

However, we also feel strongly that each of proposals 2-9 would be of tremendous benefit to
those embarking upon training, or who are involved in professional activity, in European
accelerator science and engineering. Proposal 11 (support for outreach activities) targets
engagement with the public in general, which we feel is of major importance in bringing
awareness of the broad applications and societal benefits of accelerator science and engineering.
Together with proposals 1 and 10 these form a coherent package of support for the promotion of
the discipline at multiple levels.

In the case of proposals 2-7 there are well-defined cost units (bursaries or fellowships), and the
total cost is in proportion to the number of such bursaries and fellowships that can be supported.
Therefore, in the event that full financial resources were not available, support for a smaller
number of bursaries and fellowships could still form an essential component of the overall
programme. The monitoring function (Proposal 8) and (if appropriate) structural support for an
enhanced programme of accelerator schools (Proposal 9) that augments existing well-running
schemes, as well as enhanced support for outreach (Proposal 10) should also be pursued if
possible.

A possible time-ordered, prioritised implementation plan for our proposals would be: 1) Set up
the e-learning infrastructure, with the target user groups being undergraduates and high-school
pupils, for whom provision of education in accelerator science and engineering is low. 2) Set up
the www-portal for serving the existing community of students and professionals as well as the
training monitoring function. 3) As experience is gained, provide the accelerator school
structural support and implement the schemes for internships, bursaries and fellowships, subject
to availability of funds. 4) Implement a set of the public outreach activities to enhance what is
already being done in this domain.
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APPENDIX 1. example www-portal

We present an example model of the www-portal for serving the accelerator community and
interested other parties. The basic functionality is illustrated below, with example screenshots
following to illustrate the concept.
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Example of the front page (‘News and Conferences’) of the www-portal:
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News & Conferences

Latest news

Frangois Englert and Peter W Higgs have been awarded the
2013 Nobel Prize in Physics "for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental particle, by
the ATLAS and CMS experiments at CERN’s Large Hadron
Collider". The announcement by the ATLAS and CMS
collaborations took place at CERN on 4 July last vear.

As the first long shutdown since the start-up of the LHC
continues, many teams at CERN are already preparing for future
improvements in performance that were foreseen when the
machine restarts after the second long shutdown, in 2019. The
LHCb collaboration, for one. has recently approved the choice
of technology for the upgrade of its Vertex Locator (VELO),
giving the go-ahead for a new pixel detector to replace the
current microstrip device.

)‘ 3:

rator Trajfing, Re’sogn

Accelerator Schools

Upcoming conferences

ERL 2013 (9/09/2013) The 53th ICFA Advanced Beam

Dynamics Workshop on Energy Recovery Linacs, Novosibirsk,

Russia

CYCLOTRONS 2013 (16/09/2013) 20th International
Conference on Cvclotrons and their Applications, Vancouver,
Canada

IBIC 2013 (16/09/2013) International Beam Instrumentation
Conference, Oxford. UK

SRF 2013 (23/09/2013) 16th International Conference on RF
Superconductivity, Paris, France

NA-PAC 2013 (29/09/2013) Pasadena, CA, USA

ICALEPCS 2013 (29/09/2013) 14th International Conference

on Accelerator & Large Experimental Physics Control Systems,

San Francisco, California

Training Programmes

Jobs

Recent conferences

EFEL 2013 35th International Free-Electron Laser
Conference, \em York, USA

COOL 2013 7) International Workshop on Beam
Cooling and Related Topics, Murren, Switzerland

IPAC 2013 7) 4th International Particle Accelerator
Conference, Shanghai, China

a@eatns  coorer € NEVVSLINE — AJAN&@AWY
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Example of the ‘Accelerator Schools’ page of the www-portal:
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A&elerator Tralnlng Re'so ir

News & Conferences

Upcoming accelerator schools

Joint US-CERN-Russia-Japan International Accelerator School

Accelerator Schools

..mnlll\‘ -

Recent accelerator schools

CERN Accelerator School The CEEN

(23/10/2013) Special regional Joint US-CERN-Japan-Russia
International Accelerator School "Introduction to Particle
Accelerators”

Joint Universities Accelerator School (06/01/2014) JUAS holds
intensive training courses for Master and Doctoral students and
modular courses for Professionals (accelerator physicists and
engineers) every vear. Students can pass exams recognized by
European Universities associated with JUAS and allow students
to get up to 20 ECTS (European Credits Transfer Svstem).
JUAS includes 14 partner European Universities. During the 10
weeks of courses, practical work is carrving out in several
CERN Departments, with the possibility for the students to
choose a topic among Magnets, Radio-Frequency, Vacuum, and
Superconductivity. Another practical dav at Bergoz
Instrumentation Company allows the students to put their hands
on the construction of beam diagnostic devices.

United States Particle Accelerator School (20/01/2014) The US
Particle Accelerator School is a national graduate program that

provides graduate-level educational programs in the science of
particle beams and their associated accelerator technologies that
are not otherwise available to the scientific and engineering
communities.

Canadian Synchrotron Summer School (05/2014) In 2014 the
theme of our summer school will be imaging techniques
applicable to life sciences research. The school is intended for
researchers in life sciences who wish to add svnchrotron imaging
techniques to their research skill set.

Accelerator School holds training courses for accelerator
physicists and engineers twice a vear. The courses take place in
conference centres in different member states of CERIN and
consist of a programme of lectures and tutorials spread over a
period of one or two weeks. Participants are welcome from
member states of CERN and other countries world-wide.

WILGA I XI1-th [EEE-SPIE Joint Symposium
on Photonics, Web Engineering. Electronics for Astronomy and
High Energy Physics Experiments

International Accelerator School for Linear Colliders

The focus of the school will be on TeV-scale linear
colliders including the International Linear Collider (ILC), the
Compact Linear Collider (CLIC) and the Muon Collider. The
target students are graduate students, postdoctoral fellows and
junior researchers from around the world. We welcome
applications from physicists who are considering changing their
career from experimental physics to accelerator physics.

The African School of Fundamental Physics and its Applications
The African School of Fundamental Physics and its
Application has been established to build capacity to harvest and
interpret the results of current and future physics experiments
with particle accelerators, and to increase proficiency in related
applications, such as medicine, and technologies, such as IT.

ES}

Training Programmes

Jobs

Charged Particle Optics: Theory and Simulation

Traditional theoretical CPO concepts will be presented,
explored, verified and analyzed by carefully pre-designed
simulation modules using SIMION 8 in an intensive two-week
course.
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Example of the ‘Training Programmes’ page of the www-portal:
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CERN Doctoral Student Programme

Whether vou've already chosen a subject or are still making
vour decision, if your specialism is Applied Physics,
Engineering or Computing, this is an invitation to further
vour knowledge in a truly unique organization. In fact, it’s
an invitation to get involved in world-famous experiments of
unprecedented scale and scope. An invitation to join an
environment like nowhere else on Earth.

Cockcroft Academic Training Programme

A graduate series of lectures is held at the Cockcroft on an
autumn, spring and summer basis. All lectures are given by
leaders in the field and are often internationally respected
physicists and engineers.

A@hnq

CERN
COURIER

—...mmm‘ -
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A%elerator Trajfing, Re'Sogr

News & Conferences Accelerator Schools

John Adams Institute

The JAI provides graduate and undergraduate courses in
Accelerator Physics and related disciplines.

Michigan State University - VUBeam

The Department of Physics and Astronomy at Michigan
State University offers a suite of on-line courses and degree
programs in Beam Physics. Lectures and course material
are delivered over the Internet and are interactive and self
paced. They cover an introduction to Beam Physics as well
as various advanced topics. A combination of VUBeam
courses, courses offered by the US Particle Accelerator
School. courses taken in residence at MSU, transferred
credit. and thesis work. allow to earn a Master's or Ph.D.
Degree in Physics.
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Training Programmes  Jobs

Universita di Roma doctoral fellowship

The University of Rome offers a three-vear doctoral
fellowship in accelerator science, usually starting in
February.

Uppsala Universitet teaching materials

Accelerator Physics lecture series, as well as miscellaneous
slides and useful links.

c NEWSLINE A\
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Example of the ‘Jobs’ page of the www-portal:
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Accelerator Schools

Featured jobs
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Engineer or Applied Physicist (Electronics)
(27/06/2013) Following the success of the first run
of the LHC, CERN's Radio Frequency group is
looking for a dvnamic Engineer or Applied
Physicist to reinforce its Feedbacks and Beam
Control Section (BE-RF-FB).

Postdoctoral Research Associate. BLI11
(04/05/2013) The PDRA post will be based on

Training Programmes

2]

Jobs

Fellowships

PAUL SCHERRER INSTITUT

PSI International Fellowship Programme for
Postdocs (...) The new funding programme PSI-
FELLOW addresses international postdocs and
offers these researchers the opportunity to perform
their innovative scientific project in one of the four
attractive scientific fields tackled at PSI: i) materials
and matters, if) life-sciences. iif) energy and
environment and iv) accelerator technologies.

beamline 111, which is designed and constructed Interns hll) S
—/—‘7 for high resolution and time-resolved powder
CNAQO__ - Los Alamos diffraction using an intense X-ray beam to study the
e Diamond Light  structural properties of polyerystalline materials. 3 Lee Teng Undergraduate Fellowship in Accelerator

Diamond Light

Source

MAX TV

PAUL SCHERRER INSTITUT

SLAS

SWLEIL

SYNCHROTRON

Source

AN
. Lc?sAlamos

NATIONAL LABORATORY

SLAS

Accelerator Ph"<iL< Pulsed Power Postdoc

27/06/2013) The DARHT Physics and Pulsed
Po“ er Group (WX-5) is seeking one or more
qualified candidates for postdoctoral positions
studving all aspects of high current linear induction
accelerators, including beam generation and
transport, beam and pulsed power diagnostics.
beam/target interaction physics and highly reliable
pulsed power and magnet svstems.

Linac Coherent Light Source (LCLS) Director
(04/08/2013) The Linac Coherent Light Source

%
2

Science and Engineering The Lee Teng
Undergraduate Internship in Accelerator Science
and Engineering offers ten-week summer
internships at Fermilab and Argonne for
undergraduate students enrolled in four-vear U.S.
institutions. This program has been developed to
attract undergraduate students into the exciting and
challenging world of particle accelerator physics
and technology.

Jefferson Lab Student Internship Program The
student intern program at Jefferson Lab is intended
to benefit the student through exposure to the
technical and business environment of our facility.
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