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1. Fundamental Science to Innovation, the case of high energy and nuclear physics (HENP)
The scientific programme of particle and nuclear physics institutes aims at novel scientific insight at the knowledge frontier in particle and nuclear physics. To conceive, construct and exploit the instruments required for this goal, scientists, engineers and technicians at CERN and in collaborating institutes have developed new, innovative or extended existing technologies and combinations of such technologies. 

Performances of particle and nuclear physics devices such as accelerators and experimental apparatus have had exponential increases in relevant performance figures over many decades.

They were realised in an environment of constant funding for the scientific community. 

In a number of cases “breaking” technologies and methods have emerged and continue to emerge with considerable interest for other sciences, industry and society. 

However, fundamental science is a long range force towards innovation and sometimes, in the process towards innovation for the market, there is cross-fertilization with other sciences and evolving industrial technologies blurring the desired “clear”, one to one picture of “discovery to market” and diluting the direct relation that we would prefer for more easily making our case in support of fundamental sciences. 

The discussion on the merits of fundamental science is not new. There is a quote
 from Hermann von Helmholtz (1821-1894), who has given his name to the German “Helmholtz Association of National Research Centres”: “Whoever in the pursuit of science, seeks after immediate practical utility may rest assured that he seeks in vain.” (Academic Discourse (Heidelberg 1862)). The most eloquent stand in favour of fundamental and applied research comes from H. Casimir
, theoretical physicist and scientific director Philips, NL, who stated in a speech on the subject: “"I have heard statements that the role of academic research in innovation is slight. It is about the most blatant piece of nonsense it has been my fortune to stumble upon. Certainly, one might speculate idly whether transistors might have been discovered by people who had not been trained in and had not contributed to wave mechanics or the quantum theory of solids. It so happened that the inventors of transistors were versed in and contributed to the quantum theory of solids! . . . .” He describes the process as “science-technology spiral”, noting that there is an increasing time lag between scientific discoveries and technological applications in industry. The time lag changes with the particular field of the research in question. In genomics the time lag is much shorter than in cosmology since the applications are closer to human activities. 

But without Nicolaus Copernicus taking earth out of the centre of the human universe there would be no TV-satellites 400 years later. Sometimes there is no current application of the major scientific results yet at all. An actual example is the discovery of the Standard Model in Particle Physics. However, new technologies are sometimes invented in science or existing technologies amplified through immediate and extensive use to pursue scientific goals. The most striking recent example is the WWW of Tim Berners Lee. This will be described in more detail in the e-science and information utilities part of the paper.

Another argument underlines and amplifies the need to pursue fundamental science, namely the fact that between the invention of a technology and its use in science there is no time lag in science. A good example is the early and abundant use of computers in science. 

Such ample use of a variety of methods and technologies in fundamental science leads to the education of numerous skilled scientists. They are the inventors and technologists of the future. 

Furthermore the international year of physics 2005 reminds us of the “annus mirabilis” of Einstein, the year 1905 and the technologies and methods common then. Incidentally the time lag between the application of relativity in today’s GPS has almost taken a century. More importantly the way, things are done is very different. What used to be often table-top experiments (Uranium fission by O. Hahn et al) and small communities today has grown to sizes of large buildings (LHC experiment, 2000 contributing scientists) in a tightly networked community of order of 10 000 scientists around the world.

The “critical mass” to make the plane of the Wright brothers fly in 1903 was within their own reach and that of industry supplying a simple, suitable engine. The evacuated glass tube with a few electrodes of JJ Thompson for his discovery of the electron was produced in the “then” Cavendish Laboratory. 

To construct and exploit an LHC facility and its four experiments today requires a CERN laboratory, the common effort of 20 Member States, contributions from other countries and thousands of scientists from the many hundred collaborating University institutes, an effort comparable with the development of the Airbus A380 which is the corresponding industrial example of today to be compared to the Wright’s plane.

Therefore investments should be made in fundamental and applied sciences. The scientific communities should be urged to organise their work such that it is novel and relevant on a world scale. Scientific activities of sufficient and “critical mass” size will be more likely to come up with new insights and subsequent novel technologies. Examples of such organisation of scientific work will be elaborated below describing “virtual organisations” or “networks of competence” making use of powerful “e-science infrastructures”.

Finally, the description of active science and it’s spin-offs will not be complete without pointing to the fierce competition and close collaboration in particle physics throughout the world, exercised since many decades.

To substantiate the claims above mostly examples from CERN will be used. The same cases can be made using HENP laboratories in other countries. In any case, all HENP laboratories exchange and share their findings world-wide amongst each other and with the universities involved creating a common “body of knowledge” and technical know-how that embodies the learning and knowledge of the field
 and enables it to progress rapidly.

2. Technology areas and scientific instruments at CERN and in HENP

The distribution of technologies used at CERN is given in figure 2. 
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Fig. 2. Distribution of Technologies listed in the CERN-TT Database (figure from 2002
)

The figure demonstrates the variety and percentage of usage of technologies applied in the current CERN programmes. It should be underlined that CERN, together with its collaborating institutes and industrial suppliers have particular skills in combining wide ranges of technologies in order to develop comprehensive and powerful multi-technological solutions extending well over traditional boundaries of the individual technologies. 

Two pictures from accelerator magnets can demonstrate the progress during the past decades.
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Fig. 3. CERN PS accelerator magnet (1.6T) compared to the LHC superconducting magnet (8.2T) cooled by super fluid Helium 

The CERN accelerators operating or in construction are shown in Figure 4. and some parameters of all major accelerators at CERN are summarised in Table 1. 

Table 1: Some properties of CERN accelerators

	Accelerator
	Year
	cm energy

(GeV)
	cm energy (quark, electron)

(GeV)
	Mode



	PS
	1959-
	7
	~1
	fixed target

	ISR
	1971-1988
	62
	~10
	collider

	SPS
	1976-
	~30
	~5
	fixed target

	SppbarS
	1981-1989
	540-630
	~90
	collider

	LEP
	1989-2001
	
	540-630
	collider

	LHC
	2007-
	14000
	~2000
	collider
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Fig. 4. The present CERN accelerators

The increase of cm-energy available at CERN, the figure of merit for a particle physics accelerator at the energy frontier, increases by more than 3 orders of magnitude over the pat 50 years. This increase is being achieved with a basically constant budget since 1960.

The advance in cost/performance of the combined technologies in accelerators is given in Figure 5, describing the specific diameter in m/GEV centre of mass energy for various colliders at CERN and also their specific cost MCHF (1996 prices) per GEV centre of mass (cm) energy. Both change exponentially. Altogether the available cm energies to particle physics have increased by a factor of 10 about every 10-15 years since the discovery of the electron by JJ Thompson more than 100 years ago.
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Fig. 5. Specific diameter (m) and cost (MCHF in 1996 prices) of colliders at CERN per cm-energy in GeV
, for the ISR (1970), the CERN SppbarS (1981) and the LHC (2007)

We can note in the context that an accelerator with the cm energy of the LHC, realised as fixed target machine in CERN PS technology would have to be in orbit around earth (machine radius about 10 times the radius of earth), demonstrating the progress in this basic HENP-technology.

According to its design goals the LHC will create about a billion collisions per second. This number of events to be studied in the experiments poses formidable challenges in terms of online and offline selectivity. Whereas HENP experiments 50 years ago had hundreds of sensor channels, the LHC experiments channel count exceeds the hundred million operating at much higher rates, the bunch crossing rate of 40 MHz of the LHC collider.

The LHC experiments ALICE, ATLAS, CMS and LHCb are described in detail in their respective web pages. 
 The conception, construction, commissioning and exploitation of these experimental apparatus is performed by international collaborations. Both ATLAS and CMS, the general purpose experiments, have each order of 2000 scientists and engineers participating from about 150 institutes coming from 30-40 different countries. The participation of CERN is typically at the 20% level. 

The collaboration of these institutes is based on Memoranda of Understanding (MoU), obliging each institute to a number of “deliverables”, pieces of hardware, services, software or other as specified by the collaboration in the MoU. The legal representation of these collaborations is done by CERN.

The collaborations form themselves in a lengthy process from first discussions to letters of intent and to proposals. This process is followed and scrutinized by international peer reviews and detailed discussions with funding agencies that finally, after approval by CERN and its Council sign the MoU, offering their best efforts to fulfil the obligations resulting from the MoU.

Throughout their existence the collaborations are followed by tight scientific and resource reviews to guarantee their performance, schedule and compliance with agreed resources.

These collaborations are typically what is meant by “Virtual Organisations” and they are effectively virtual “big science” centres. They have a clear, common and long-term mission. (LHC workshops, Lausanne, 1988, Aachen, 1990, letters of intent 1992, technical proposals 1994, approval 1996, construction and installation until 2006, commissioning and exploitation from 2007 to 2015-2020); 30 years!) They are composed from the collaborators around the world to achieve critical mass in all technological, scientific and resources aspects to be able to deal with all problems posed. Ideas, technologies and R&D results are freely exchanged within the collaborations and beyond. However, they are distributed over many countries and will disappear after having exploited the scientific potential of the LHC.

To guarantee the quality of the work and of the scientific results there are two large general purpose collaborations (ATLAS and CMS) competing for the potentially novel physics insights promised by the LHC.

Amongst the aims of this mode of collaboration is to perform a maximum of work by collaborators at their home institutes. This has led and is leading to significant advances in collaborative communication tools and novel ICT. 

In conclusion both accelerators and experiments demonstrate exponential growth over decades of performance in significant areas of technology. This is an important indication of the innovative capacity of HENP and its technologies.

3. Contributions to the Information Society
, to “e-Science”
 and “Information Utilities”

Particle and Nuclear Physics are entirely “computer-literate” sciences and have been amongst the significant driving forces of what today emerges as Information Society and e-Science and have been acknowledged as early and competent users of novel Information and Communication Technologies (ICT)

Early and intensive use of electronic data collection and processing, file transfer between remote locations, e-mail and ever increasing demands in the community of more bandwidth in the emerging networks were typical for the particle and nuclear physicists. 

The highlight of this implication was the WWW, invented in 1990 by Tim Berners Lee
 and Robert Cailliau at CERN and that is today, 15 years later, known and used by a large fraction of mankind. 

The Web, with the numerous digital publishing initiatives and search engines is proceeding to become the generally accessible and encompassing repository of expressed human knowledge, cultural and other documents. The Web is seen as one of the foundations of the Information Society.

Today CERN and its collaborating institutes advance “grids”, an extension of the capabilities of the Web to using distributed digitally stored information, information sources such as sensors, application programs and computer resources to create derived, synthesised and analysed relevant information from dispersed, heterogeneous digital facilities. 

CERN and its LHC computing project and associated projects occupy a leading position for global applications in this novel field
.

Particle Physics makes the most complete use of electronics, electronics sensors, digital data acquisition, filters and analysis of most sciences, processing Peta Byte of data/sec. Matching the hardware efforts are corresponding application program packages of millions of lines of code, to be used in all collaborating institutes with their heterogeneous equipment. The community invests hundreds of person-years/year in this area since many years. Finally The OO (object oriented), offline data storage for many Peta Bytes of data volumes, the size and commodity concept for the distributed computer centre, its resilient operating and management systems provide a wealth of know-how, applicable in other sciences and industry. 

Particle physics has pioneered or contributed to distributed conception, fabrication, integration and finally, exploitation of highly complex devices, the LHC accelerator         (20% external contributions) and the LHC experiments (80% external contributions).

For the life-cycle and configuration management of these high tech devices an Engineering Data Management System, “Cedar”, was implemented. Here “engineering” stands for the design and manufacturing activity of complex products, also operational and maintenance activities, “data” for drawings, CAD models, technical notes, measurement results, manufacturing and assembly instructions, materials, test results, parameters etc., and their change history, “management” for the activity to direct and control efforts towards a predefined goal and “system” for a complicated piece of support software
.

The function of a scientific library is to make all relevant scientific publications, available data and educational content rapidly available to the scientists and engineers working on state of the art matters, even if not “on-site”. CERN has pioneered “preprints in the in 1954 and started one of the first, large electronic library distribution and access services
. The CERN Document Server (CDS) contains today 650K bibliographic records, 350K full-text documents, 170K publication references. Both versions of a published document are available electronically, the preprint and the peer reviewed, published version. In particular all “Academic Training” lectures since 1968 are recorded together with many other seminars.

The usage statistics notes 125K distinct IP clients, 12K unique visitors, 120K searches and 5K OAI (see below) harvests per month. Only 20% of the usage is from inside CERN. 

CERN adheres to the “Open Archives Initiative”
 that has been set up to create a forum to discuss and solve matters of interoperability between preprint solutions, as a way to promote their global acceptance. CERN has organized most of the international OAI meetings.

Following the demand of its convention to “provide . . research of pure scientific and fundamental character . .” “ . . the results of its experimental and  theoretical work shall be published or otherwise made generally available” CERN has been an early signatory organisation of the “Berlin Declaration “ aimed at “promoting the internet as functional instrument for a global scientific knowledge base” and defining open access as including ”original scientific research results, raw data and metadata, source materials, digital representations of pictorial and graphical materials and scholarly multimedia material”.
Collaborations use VRVS
 communication tools originating from Caltech and Access Grid
 tools for their internal meetings with participants from all over the world. A requirements document has been established describing practice and needs of communication in global scientific endeavours (LCG-RTAG 12 “Collaborative Tools”
). 

Finally the “agenda maker” of CERN contains more than 12K meetings together with the links to corresponding available presentations and documentation.

The described availability of diverse information to the HENP scientists gives a first glimpse to what ICT companies understand as long-term goal: information utilities, information available like hot and cold water in a modern house or like electrical energy from a standard plug provided by the external power grid and all its complexity.

These are the reasons to recognise Particle Physics as the prototype of an e-science (UK) or a science “enhanced by ICT”, “enabled by ICT” or cyber-science (US) propagated in a number of countries today. 
In the words of the then Director of UK Research Councils, Sir John Taylor,            “e-science is about global collaboration in key areas of science and the next generation of (Information Technologies, IT-) infrastructure that will enable it.” 

Particle Physics is also seen as example of wide application of the concept of “virtual organisations”, “virtual laboratories”, and “collaboratories”. Virtual organisations are ad hoc collaborations of scientific groups with dispersed facilities that work temporarily together to obtain a common objective. CERN’s experimental collaborations are typical examples, realising high tech devices
 in international collaborations of 2000 scientists and engineers from more that 150 institutes in more than 35 countries each. They work together until the objectives are achieved and disperse to form new alliances around new objectives.

In consequence, virtual organisations with competent and interested partners from several disciplines, owning complementary facilities and the emerging novel IT infrastructure will allow pursuing interdisciplinary objectives more easily. It is particularly in these areas where novel and innovative solutions can be expected.

This process may, in particular, apply to collaboration between industries and research institutes to develop novel, competitive goods, containing technologies beyond the competence of the industry.

With the above as introduction we can turn now to the real spin-offs from particle physics. The most important “product” from particle physics are well educated, computer literate, mathematics or engineering minded people who have learned to solve problems in a competitive and international environment.

4. Competent People

The fundamental interest of particle physics research, here the preparations and promise of the CERN LHC project, the global collaborations and the ambitious “deliverables” required of each participating institute and physicist are highly attractive to the best young scientists. Educating numerous young scientists in a competitive global science in an environment of multiple, coupled and state of the art technologies is certainly of considerable interest for all countries that support the participation of their university institutes in the LHC endeavour. 

The yearly turnover of new names amongst the >6000 “users”, 2400 CERN Staff and 500 CERN fellows and paid associates exceeds 1000 such persons/year. On average such people have been connected to CERN for ~3 years, they are aged between 25 and 35 years and they have learned to make their place in this highly international and high-tech environment.

A sample study about where PhD students go after CERN from the previous LEP programme (~1980-2001) shows interesting directions, namely 60% go to industry and again most of those have then to do with information and communication technologies (compare with Figure 6 below).
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Fig.6. Next employment after PhD at CERN, case study of the LEP programme, about 1000 PhD students, OPAL findings shown

They turn up in high-tech employments in a variety of industries, in computing, finance, communication electronics, consultancy, etc. A more elaborate description of the process can be found in the reference below
. 

The educational process for such students lies in the combination of an excellent education of the students in their universities coupled to the need to engage within their university team and its contributions in hands-on work inside the very large collaborations, engaged to make their corresponding “deliverable” to operate and function as specified and scheduled by the collaboration. Most of these tasks require detailed and often advanced knowledge of information and communication technologies (ICT).

As these collaborations are open to any capable and interested university institute the requirements are normally quite ambitious and the competition is with the best people and institutes in a global sense. 

As a note of quality and competitiveness of particle and nuclear physics we can mention that about 40% of the Nobel Prices in Physics of the past 50 years have gone to this scientific field

Persons having obtained their PhD in this environment seem to be of considerable interest to the innovative and high-tech industries around the world.

However the subject of how to provide highly skilled people for our society’s needs is not properly understood and merits further studies with the LHC programme. Moreover it would be desirable to launch an Alumni-programme to keep in touch with people coming from particle physics over longer periods and to understand better their later contributions to industry and society.

The following chapters serve as examples of spin-offs and technology transfer.

5. Thin metal Film Coatings

A successful example of the direct TT process (HEP-lab to industry) is the technology of thin metallic film coatings with controlled composition, adhesion and surface quality. One aspect of this has been successfully licensed.

Particle accelerators require an extremely high vacuum in order to operate. Thin metallic-film coatings of non-evaporable "getters" have been developed as local pumping devices for any vacuum vessel geometry where conventional vacuum pumps are unsuitable. The getter material is coated on all internal surfaces of a vacuum chamber and activated passively during standard bake-out procedures. Activation temperatures can be as low as 180oC, which is particularly suitable for aluminium chambers. The coating blocks the out-gassing of the walls, transforming them from a source of gas into a vacuum pump. 

Using the same technique extremely clean, reproducible and smooth niobium surfaces have been created on the copper walls of superconducting accelerating structures, combining the advantageous properties of bulk copper with a thin layer of superconducting niobium. The getter technology has been licensed. 

Several other industrial applications of controlled, clean and smooth coatings of metal films on metallic surfaces of any shape are being investigated. 

Moreover, other ultra high vacuum and cryogenics developments for accelerators and experimental devices have given constant valuable feedback to corresponding industries in Member States and have significantly contributed their global competitiveness.

6. Non-invasive imaging based on x and γ rays and other particles

Non-invasive imaging mainly relies on detecting ionizing radiation from controlled sources. From Charpak’s proportional chamber
 to collaborations such as Crystal Clear, developing crystals such as BGO and LUAP for medical applications, and Medipix, developing solid state detectors for medical imaging, CERN and its collaborating institutes have invested since many years in the subject.

These technologies of several different particle detectors, together with the related electronic read-out, image analysis and corresponding simulation of the particle behaviour in the surrounding matter have found numerous applications in fields as diverse as medical imaging via Positron Emission Tomography (PET) and the security scanning of containers, using X-rays, and of interest in the current security debate.

CERN is participating in the development of high-resolution, full-body combined PET and CT scanners, and in the standardisation of the related medical images. It has licensed various aspects of the scanner and detector technology, including scintillating crystals (such as BGO and LuAP), and of avalanche photodiodes and GEM chambers. 

The EU-FP6 “BioCare” project
, organised by Karolinska Institutet and with CERN as one participating institute and launched in 2004 is the most recent example of a state of the art development of precision medical imaging, using particle physics technologies. The project combines full body, high resolution PET and Computer Tomography scanner development with tracer molecule studies attaching to specific cancers.

Ongoing studies in the community indicate even more interesting combinations, such as high resolution Magnetic Resonance imaging requiring strong magnetic fields and radio frequency systems together with high resolution PET. 

7. Hadron-, γ-Therapy, simulation with GEANT 4

On initiative by CERN, ESTRO, the European Society of Radiation Oncologists, entertains the EU-FP5 Network of Excellence ENLIGHT
, aiming at the initial construction of several Hadron (proton and light ion) accelerators in Europe, based in particular on the successful treatment of > 100 patients at the GSI laboratory. CERN’s input has been the PIMMS
 study and a series of community meetings to bring interested parties together. Two such facilities are being constructed, in Germany, according to a GSI design of the facility and in Italy, according to PIMMS, with details added and modifications worked out by TERA and CNAO. The Austrian facility has just been approved the last days.

Three more facilities in are in various planning stages in Sweden, Austria and France. 

There is also an advanced and operating proton therapy facility at PSI/Switzerland. 

The treatment cost/patient is competitive with other treatments for case where other treatments are possible at all. The market is estimated at one such facility for ~20 Million inhabitants of developed countries.

CERN and collaborating institutes would be partners of choice for such efforts because of the large overlap of technologies used in the facilities.

Finally, the main means of radiation treatment of cancer and applied in a large fraction of all cancer treatments, are the 10-15 MeV linear accelerators producing photon beams. There are in excess of 5000 such devices in service around the world. There is emerging interest in compact high gradient, higher energy technology, 50-60MeV to be realised in a     1-1.5 meter long device, another field of CERN competence.

Essential in the context of radiation treatment is the detailed knowledge of the behaviour of ionising radiation in matter, which can be simulated by particle physics codes such as GEANT 4 and FLUKA, represents hundreds of person-years of development and operating on multiple platforms. Medical applications of these codes or derivatives thereof exist and are in use.

8. Contributions microelectronics and data acquisition

The LHC delivers collisions in the high luminosity areas at a rate of 109/sec which means that the surrounding detector has to make sense out of ~1011 particles/sec, corresponding to a Peta Byte/sec of information flowing into the front end electronics if everything were digitised. A mix of digital and analogue fast deep submicron level electronics deals with this enormous information rate. In subsequent stages the most interesting events are filtered out, digitised and transferred to the offline data storage. The online selectivity and data reduction is at the level of 1: 107 events kept for offline analysis. A further requirement is that this electronics must be radiation hard to very high levels. 

As the electronics was amongst the last items to be ordered in industry to make use of the latest fabrication methods CERN only now turns it interest to the potential for industry of these circuits. To this end the microelectronics group is now collecting the detail designs of the functional groups of this electronics and will be interested in applications.

The very sophisticated data acquisition and event selection scheme is a further candidate of technology of high value for industry. The subject has been treated amply in this conference.

9. Contributions to sustainable energy supply as a further example of the application of the Particle Physics approach

Sustainable energy supply is part of a global debate and quite often particle physicists are involved in the debate because of part of their origin in the nuclear euphoria of the 50th and since their “virtual village”, the particle physics community, is a global community interested in the well being of our planet. 

Particle Physics followed nuclear physics after the creation of the big national and international laboratories such as BNL and CERN. There is still today intense nuclear physics done at CERN, in particular in the highly successful ISOLDE programme and in n-TOF. 

n-TOF has its origin in the interest of a C Rubbia in sustainable energy. He proposed an innovative accelerator driven system nuclear reactor (called “Energy Amplifier”
) with the following characteristics:

criticality achieved by spallation neutrons, generated with a 10 MWatt, ~1GeV proton beam;

breeding of U 233 from Thorium, no production of actinides such as Pu 239;

transmutation of actinides and fission products, burning of Pu.

To elaborate details of the proposal several tests were performed at CERN, validating in particular the idea of the adiabatic resonance crossing by degrading spallation neutrons generated by the CERN PS beam (TARC experiment
).

Further a very novel Monte Carlo programme was elaborated allowing to assess the performance of any nuclear reactor, its radioactive waste production or transmutation without predetermined boundary conditions.

A 1 MW prototype device is in construction in Roma/Italy.

There are many particle physicists who have contributed in one way or another to the awareness of climate problems and its context sustainable energy supply, to mention a few of them, Georges Charpak, Burton Richter and Chris Llewellyn Smith have given numerous talks on the subject containing quite elaborate proposals.

Typical subjects treated are efficient energy use, thermal solar power plants, novel nuclear devices and consultancy in radioactive waste.

Therefore the “competent” people mentioned above are quite often highly competent in nuclear technologies and the CERN network of physics institutes and physicists contains a significant fraction of people interested in sustainable energy supplies.

10. Procurement

CERN procurement of high technology equipment is carried out on the basis of detailed specifications. The firm that has received a contract after successful bidding benefits from all the detailed design information, often based on developments within CERN. Various studies in the past have demonstrated the economic benefits of CERN contracts for industry. This was confirmed by a recent study
 on the impact of procurement activities over the period 1997 to 2001 and describing purchases of more than one billion Euros. 

This study shows that technological learning benefits and innovation benefits occur together; the closer the supplier’s relationship to CERN, the greater the learning and innovation benefits. 

Remarkable among other results is that 38 % of the firms developed new products or services as a direct result of the supplier project; 42 % increased their international exposure, and 44 % indicated significant technological learning...

11. Common Developments with industries

On initiative by a previous Finnish industrial liaison officer development interests of CERN engineers for LHC and new manufacturing ideas of Finnish industries were matched in common “win-win” developments. Examples are the endplates of LHC magnet cryostats realised in sintered metal technology and the transport vehicle (Robo-Trac) for the LHC magnet parts inside the magnet assembly hall. In both cases CERN obtained a solution making full use of competencies of specialised industries and the industries obtained reference of operational devices in new technologies. Both firms have clearly profited from the collaboration in terms of further sales based on the CERN reference (Study to be published, consequences to be assessed afterwards).

12. Conclusions

CERN and Particle and Nuclear Physics have always been suspected to be useful for technology development. In ICT there are decades of good collaboration with industry. The contributions of HENP to the information society and to e-science or cyber-science are numerous and important.

However, the promotion of applications of CERN and HENP technologies to other sciences and in industry is still in its infancy. 

Resources for TT activities will have to be gathered from EU-FP projects, from Member State funding agencies treating CERN as one of their own institutes and from industrial funds. However, as spin-off applications are the interest of other sciences and of industries there is no mechanism to fund or to encourage the transfer. Furthermore the EU framework programmes with their mandate to promote transfer from science to industry are only accessible to CERN since, officially the 6th framework programme. This makes the transfer particularly slow.

In conclusion, CERN’s usefulness as source of novel technologies depends on its world class fundamental research programme to attract young people into its innovative and demanding environment to develop means to solve the latest questions of the universe. 

Its use as source of novel technologies will require close collaboration with institutes in Member States and with technology promotion instances in the Member States.

However, CERN, today, has given itself explicitly the following main objectives: Research, technology development and application, education and training, and international collaboration. CERN will make an effort, together with its collaborating institutes in the Member States to amplify on applications of its technologies.
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