


























when this study was carried out either, wherefore I will have to prove my
results dependable in other ways. According to Holmen (2001:347);

‘Dependability concerns the process of the inquiry and in-
volves, for example, decisions made in relation to the inquiry,
possible methodological shifts, whether the inquirer has been
co-opted, and the extent to which practical matters have influ-
enced the inquiry excessively.’

This method chapter has aimed to show the process through which the study
was shaped, including what decisions were made and what practical matters
were influential, in order for the reader to be able to evaluate the dependabil-
ity of the study.

Confirmability

The audit process touched upon above also plays an important role in corre-
lation to confirmability (Lincoln & Guba, 1985:318). As no peer auditing
took place in this case, how can confirmability be attained? According to
Bryman and Bell (2003:289), confirmability means ‘ensuring that, while
recognizing that complete objectivity is impossible in business research, the
researcher can be shown to have acted in good faith’. In other words, it
should be possible to deduce that the researcher has made her study without
letting personal interests or theoretical concepts influence the result of the
study. One way to do that is through raw data. In this case, all interviews
used in the case description were recorded, and the recordings are still avail-
able for checking, as are transcriptions of interviews.

We have now gone through Lincoln’s and Guba’s (1985) criteria for es-
tablishing trustworthiness; credibility, transferability, dependability and
confirmability. What is important to note, is that trustworthiness is a matter
of concern for the reader of the thesis (Lincoln & Guba, 1985:328). I there-
fore hope that this chapter, together with chapter one and two, has provided
the reader with the background necessary to read and evaluate the case.

Concluding Remarks

This study started out with an idea about what to investigate, and the theo-
retical underpinnings were also to some extent given (as presented in chapter
two). The group of researchers I am working with are all using the IMP ap-
proach, albeit with different foci. Some of the common denominators within
the IMP approach can be said to be the focus on interaction and inter-
organisational aspects, and that has marked my study from the very begin-
ning. According to Silverman (2005:xv), there is no getting away from this
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interplay, because ‘doing qualitative research is always a theoretically driven
undertaking’. Nevertheless, apart from having a theoretical baseline, this
study started out as mostly inductive. More than anything, however, this
study has been empirically driven. Going back to the theory therefore pri-
marily helped in reinforcing the way the world is perceived; through the
specific set of theoretical lenses that the IMP approach provides. But method
can in no way be disconnected from theory, since assumptions and concepts
to some extent decide the interpretations of the object of study (Alvesson &
Skoldberg, 1994:14). For this study, it means that the theoretical underpin-
nings have not steered the study, but rather coloured the looking-glass
through which the empirical world has been perceived and interpreted. As
the data were analysed, going between empirical evidence and theory be-
came more and more important.

Given the theoretical frame of the thesis, and given how the study has
been conducted, what results could then be expected? Or what do I expect to
see in the material? As pointed out in the beginning, we see what we expect
to see, which of course indicates that the case will describe interaction on
different levels, and hopefully also interaction that results in technology and
knowledge development. But also the lack of interaction can be found — if
we are looking for something in particular, the absence of it will also stand
out. The aim of the case is to provide the reader with a rich and complex
image of various kinds of interaction that go on between a research facility
and its context — or science in business interaction.

This chapter has covered the methodological considerations related to the
study. It started out with the ontological and epistemological beliefs under-
pinning the thesis, and then moved on to describing the process of conduct-
ing the study. Going back to the quote opening up the chapter, this has been
a messy process, which has never been neat or rational. In a way it has been
logical, but then following its own logic rather than any logic of linearity.
We will now move on to the second part of the thesis, which consists of
chapter four to ten, and covers the case study.
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PART II

Part II of the thesis consists of the empirical account of the study.
It starts in chapter four with a description of CERN and particle
physics, including all the levels of interaction that take place both
at CERN, and between CERN and others. Chapter five covers the
development of CERN from more political and economic points of
view, including a similar account from the perspective of one of
the member states, Sweden. Chapter six to ten focus mainly on
different aspects of interaction between CERN and industry.
Technology transfer is studied in chapter six, and in chapter seven
the procurement rules, and especially the changes in these, are
studied. Finally, chapter eight to ten deal with the collaboration
between CERN and Swedish industry, where chapter nine and ten
are devoted to two examples of CERN-industry collaboration.
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Chapter 4: CERN and Particle Physics

‘Physics as a whole is always in a state of incomplete coordina-
tion between extraordinarily diverse pieces of its culture: work,
machines, evidence, and argument. That these messy pieces
come together as much as they do reveals the presence, not of a
constricted calculus of rationality, but of an expanded sense of
reason’ (Galison, 1997:xxii).

The aim of this chapter is partly to introduce (one of) the main actor(s) in the
study — CERN — and partly to give a very quick introduction to particle
physics. In the following text, we will start by introducing CERN from an
organisational perspective, and thereafter move on to other particle physics
laboratories. Moving back to CERN again, the big machines, i.e. the accel-
erators and detectors, will be presented, followed by their connection to peo-
ple in the experiments. Finally, we will introduce the physicists, about whom
it has been said that;

‘True, how they do what they do sometimes entails a technical
explanation which, if you are not an expert, can produce an in-
voluntary deep sleep. What physicists do, however, is actually
quite simple. They wonder what the university is really made
of, how it works, what we are doing with it, and where it is go-
ing, if it is going anyplace at all. In short, they do the same
things that we do on starry nights when we look up at the vast-
ness of the universe and feel overwhelmed by it and a part of it
at the same time’ (Zukav, 1979:30).

It is the author’s firm belief that, while an understanding of the actual phys-
ics research carried out at CERN and other physics laboratories around the
world is unattainable for most laymen, a short description of how the re-
search is carried out is not out of place. Let us therefore move on to the main
protagonist of the story; CERN.
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Presentation of CERN

The first time at CERN seems to be a bewildering experience for most. The
sheer size of the place is confusing, and trying to find the right people to get
things done is a challenge. Language can also be a barrier: English and
French are the official languages, but not everyone is happy to speak Eng-
lish. Talking to Swedish technical students at CERN, the comments about

‘On a first visit, CERN gives the impression of a huge industrial
complex. The buildings crowd untidily around the large ma-
chines devoted to the production of high-energy particles.

It is in the restaurants that a visiting scientist discovers the
true flavour of CERN, along with the Swiss cooking. At sur-
rounding tables animated discussions about high-flown theories,
intricate experiments, or the best places for skiing, are going on
in half a dozen languages, with Broken English predominant.
Physicists from many lands, dressed informally for hard work,
forge friendships over their hurried meals.

With experience, one begins to take such things for granted
which may be a pity, because there is nothing quite like CERN
anywhere else on Earth...’

(Professor Egil Lillestol, Norwegian physicist)’®.

‘CERN is an intersection of many things. First and foremost, it
is a scientific organisation. But it is a highly multicultural or-
ganisation, not just because of the nationality of the people, but
also because of the background of the people who come here.
You have physicists, engineers, administrators, and, at the level
of the council, there are politicians. Or civil servants, who obey
politicians. And CERN is trying to function with all of that
taken into account, and has managed to make it a success’
(Oscar Barbalat, interview 2).

their first few days there differ;

8 CERN’s website: http://public.web.cern.ch/public/en/People/UniqueExperience-en.html

“This is the most amazing place I’ve ever been to — there are so
many intelligent people here, and they are so interested in what
they are doing, and they are doing things that ’'m interested in!’

(2012-11-29).

106



‘Nothing works here, it took me ages to get a room, then the
computer didn’t work, and still they expect me to already have
produced loads...’

“This is a huge playground for physicists, it has very little to do
with reality, but I like it.”

Thus, trying to get a coherent picture of CERN is a complicated, if not im-
possible, task. Nevertheless, the following text is an attempt to somewhat
clarify the picture.

What is CERN?

CERN”, the European Organization for Nuclear Research, is the world’s
leading laboratory for experimental particle physics. Its mission is to ‘create
new knowledge on subjects ranging from anti-hydrogen to neutrinos, to the
proton’s inner structure, to the generation of mass and dark matter’ (Lucio
Maiani, former Director-General of CERN). This does not mean a lot to
ordinary people, however. Put on a more basic level, this is where physicists
from all over the world come to ‘explore what matter is made of and what
forces hold it together’ (CERN website, 2004-04-19). CERN’s main purpose
is to provide all these physicists with tools for their research. In particle
physics, this means particle accelerators, which accelerate and crash particles
either together or into fixed targets; and detectors, which function as magni-
fying glasses/cameras studying the particles. A particle collision can be de-
scribed as a car crash — and the detectors are there to take pictures of the
scene after the accident has occurred. Based on these pictures, the physicists
can then figure out what happened during the crash. There are two reasons
for physicists to smash particles into each other: 1) to find out what is inside
them, and 2) to use the energy freed in the collision to create new particles.
Figuring out what happened during the crash thus helps scientists understand
more about what materia is made of and what forces hold it together. The
CERN accelerators and detectors will be more thoroughly described later on,
but first some facts about the laboratory.

%% As mentioned in the prologue, the name CERN can be derived from the council, le Conseil
Européen pour la Recherche Nucléaire, which founded the laboratory. This council does not
exist anymore, so while the name remains, it can no longer be regarded as an acronym.
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History and Organisation

CERN was founded in 1954, as one of Europe’s first joint ventures®. An
often stated view of how CERN was established mentions a number of im-
portant reasons for this event. The first reason for the physics cooperation
was that it was impossible for a single European country to reach the critical
volume of resources, in the form of money and researchers, which was nec-
essary for a research project of CERN’s magnitude. Another reason was that
it was seen as an excellent way to control research within particle physics, or
nuclear physics as it was called - the bombings of Hiroshima and Nagasaki
were still in fresh memory. A third reason for the building of the laboratory
was that prominent researchers could be kept in Europe. Many researchers
had left a Europe devastated by war in favour of the well-equipped laborato-
ries of the USA (Wallerius, 1997). However, Pestre and Krige (1992) contest
this popular image of inevitability on three grounds (Galison & Hevly,
1992:5). They claim that the fact that CERN was the first European joint
venture was crucial; if the space program had been the first international
cooperation project, CERN would not exist today. Second, there were few
strong state organisations for research at the time, which made individual
researchers more autonomous in their pursuits of organising research. Third,
CERN was not founded on a long tradition of interaction between science
and military concerns, which means that individual researchers, as well as
individual member states, could have changed the outcome by their actions
(Galison & Hevly, 1992; Pestre & Krige, 1992). Regardless of how CERN
was established, however, the arguments mentioned above are commonly
used when this process is described.

From the beginning, 12 countries signed the CERN convention, and all
except Yugoslavia, which withdrew in 1961, are still members. Sweden was
one of the founding countries. At present, CERN has 20 member states®', but
the laboratory is open for all countries with enough competence to partici-
pate in the experiments. Being a member state, however, entails special du-
ties and privileges. Each member state makes a contribution to the capital
and operating costs of the CERN programmes, and is also represented in the
Council, which is responsible for all important decisions about the organisa-

5 A more thorough description of the early days of CERN will be given in chapter five.

" The member states are Austria, Belgium, Bulgaria, the Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Italy, the Netherlands, Norway, Poland, Portugal, the
Slovak Republic, Spain, Sweden, Switzerland, United Kingdom. In addition to the member
states, there is a Candidate for Accession, Romania, since December 2008. Being a candi-
date for accession means that the country in question is preparing to become full member.
There are also two associate members in the pre-stage to membership, Israel (since October
2011) and Serbia (from December 2011), and this status is one step further away from actual
membership (CERN website 2012-03-07). On October 5, 2012, an agreement was signed
which will make the Republic of Cyprus an associate member state in the pre-stage to mem-
bership, but the agreement will have to be ratified by the Parliament of Cyprus before it
comes into force (CERN website, 2012-10-24).
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tion and its activities. The financial contribution is made in proportion to
each country’s net national income.

In 2005, after nearly a decade of spending on the latest accelerator (the
LHC), CERN’s budget amounted to about 1.37 billion Swiss francs (CHF),
and Sweden contributed approximately 2.95 % of this sum (CERN Annual
Report 2005). Two years later, with the LHC nearing its completion, the
budget was down to below one billion Swiss francs (CERN Annual Report
2007) and in 2011 the actual spending amounted to 996.4 million Swiss
francs®® (CERN Annual report 2011). Sweden, with its contribution of
around 2.75 % (budgeted for 2012) of the budget is obviously not one of the
largest contributors. The most significant contributors are Germany (20.25
%), France (15.52 %), the UK (13.58 %), and Italy (11.15 %) (figures from
the budget for 2012, CERN website®™).

From the beginning, CERN was a European organisation, and it was
stated that only European countries could become members. In 2008, how-
ever, the council approved the creation of a study group to examine a geo-
graphical and scientific extension of CERN (CERN website, press release)®;
and in 2010 the council decided to approve ‘a legal framework in which all
states shall be eligible for membership of CERN, irrespective of their geo-
graphical location” (CERN Annual Report 2010). In reality, a lot of non-
European countries have both been taking part in the research and contrib-
uted financially for a long time, but as non-member states. Some of the non-
member states® have been awarded a special status as observers®. The ob-
server status gave special privileges to some non-member states, in that it
allowed these non-member states to attend Council meetings and to receive
Council documents. They were not allowed to take part in the decision-
making procedures of CERN, however. With the decision of the geographi-
cal extension of CERN, many of the old state statuses will be phased out
(such as the observer status) and the associate membership will be intro-
duced (CERN Council News, 2010).

62 Approximately 7.1 billion Swedish Kronor (SEK), based on the exchange rate in November
2012.

53 http://press.web.cern.ch/facts-and-figures/factsheet-2012.

5 http://press.web.cern.ch/press-releases/2008/12/cern-council-rings-changes.

8 CERN differentiates between two kinds of non-member states with activities at CERN;
non-member states with co-operation agreements (which includes Algeria, Argentina,
Armenia, Australia, Azerbaijan, Belarus, Bolivia, Brazil, Canada, Chile, China, Colombia,
Croatia, Cyprus, Ecuador, Egypt, Estonia, Georgia, Iceland, Iran, Jordan, Korea, Lithuania,
Malta, Mexico, Montenegro, Morocco, New Zeeland, Pakistan, Peru, Saudi Arabia, Serbia,
Slovenia, South Africa, The Former Yugoslav Republic Of Macedonia (TFYROM), Ukraine,
United Arab Emirates, and Vietnam), and other non-member states with Scientific Contacts
at CERN (China (Taipei), Cuba, Ghana, Ireland, Latvia, Lebanon, Madagascar, Malaysia,
Mozambique, Palestinian Authority, Philippines, Qatar, Rwanda, Singapore, Sri Lanka, Thai-
land, Tunisia, Uzbekistan, Venezuela). (CERN website 2012-03-07)

6 At present the Observer States are India, Japan, Russia, Turkey, and USA; while the or-
ganisations with observer status are the European Commission and UNESCO.
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Nevertheless, a substantial number of the around 10,000 physicists that
come to CERN every year come from non-member states (CERN website,
2012-12-08). The physicists and their funding agencies from both member
and non-member states are responsible for the financing, construction and
operation of the experiments on which they collaborate.

CERN is designed and organised for the very specific needs of its scien-
tific community (CERN website, 2009-05-06). The highest authority is
called the Council, and it has the ultimate responsibility for all decisions;
scientific, technical and administrative. The council consists of two delegates
from each member state, one representing the government and one represent-
ing the scientific community in the country in question. Each country has a
single vote, and most decisions only require simple majority, although una-
nimity is strived for. The Scientific Policy Committee and the Finance Com-
mittee are helping the council in its work. The scientific policy committee is
put in place to ensure the scientific value of proposed experiments etc. It
consists of scientists elected by their colleagues, and their nationality is ig-
nored, which means that scientists from non-member states can also be
elected for this committee. The finance committee, on the other hand, is
‘composed of representatives from national administrations and deals with
all issues relating to financial contributions by the Member States and to the
Organization’s budget and expenditure’ (CERN website, 2012-11-01). The
Director General is the equivalent of a CEO. Appointed by the council, usu-
ally for five years, he manages CERN and is authorised to act in its name.
The Director General is assisted by a directorate and reports directly to
council. In January 2004, the old structure with divisions was replaced by a
structure with seven departments. This also entailed that the number of offi-
cers in the Directorate was reduced.

With the appointment of a new Director-General in 2009, the number of
departments was increased to eight, and the departments were divided into
three sectors; Administration & General Infrastructure, Research & Scien-
tific Computing, and Accelerators & Technology. An overview of the or-
ganisation of CERN can be seen in figure 4.1 below.
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Figure 4.1 An Overview of the Organisation of CERN®’

87 Simplified and adapted from the CERN Annual Report 2011.
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CERN 1n its Context

It goes without saying that CERN is not the only big particle physics labora-
tory in the world; there is a number of, albeit smaller, national laboratories in
Europe. Some of the more famous national laboratories are DESY in Ham-
burg, Saclay outside Paris, and the INFL (Istituto Nazionale di Fisica Nu-
cleare) and the CCLRC (Council for the Central Laboratory of the Research
Councils) run several laboratories in Italy and Great Britain respectively. For
nearly all particle physicists in Europe, however, CERN is pivotal for the
research.

Outside of Europe, the US, Russia and Japan also have large particle
physics laboratories. Both the Russian (JINR) and the Japanese (KEK) facili-
ties were founded in the mid-1950s, at about the same time as CERN. It is
the US, however, that has been the dominant nation within physics research
during most of the twentieth century (which was also used as an argument in
favour of establishing CERN). There are a number of highly reputable labo-
ratories in the US, including Stanford (with SLAC, the Stanford Linear Ac-
celerator as the main facility), Brookhaven National Laboratory, Fermi Na-
tional Accelerator Laboratory (FNAL) — more commonly known as Fermi-
lab, among others. Until the LHC came online, the Tevatron at Fermilab was
the world’s highest-energy particle accelerator, and there were plans for an
even more powerful accelerator:

‘Near Waxahachie in Texas, there is a hole in the ground. Not
just any old hole. This one is almost 23km long and curves in
what would be, if it were extended, a circular loop. It is the site
of what was intended to be the world’s biggest and best particle
accelerator, a machine capable of unlocking some of the fun-
damental secrets of nature itself” (the Economist, 2006).

In the early 1980s, the Americans were becoming concerned about their loss
of dominance within the field of particle physics, and with CERN well on
the way of building the most powerful accelerator so far (the LEP) as well as
planning for an even more powerful accelerator (the LHC), it was felt that
something had to be done. In 1983, it was decided that the Superconducting
Super Collider (SSC) was going to be built in the US. Before this project
was initiated, however, already in the mid-1950s, physicists had started to
talk about ‘the Very Big Accelerator’, the VBA (Kolb & Hoddeson, 1993),
but apart from the CERN project, no international projects had been agreed
on. Against the backdrop of these ideas, and in the midst of the Cold War,
American physicists proposed the SSC, which ‘was to have brought two
beams of accelerated protons to collide at 20 trillion electron volts (TeV) to
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produce the highest energy ever created in in a terrestrial laboratory’®® (Kolb
& Hoddeson, 2000:271). Galison (1992) commented on the project with the
following words;

‘With the introduction of the SSC, teams will include some 500
Ph.D.’s on a single experiment. Since there are somewhat more
than 2000 high-energy physicists in the United States, and at
least two experimental teams planned for the SSC, it does not
take much mathematics to see that a sizable fraction of high-
energy physicists will be working in one experimental site. Big
science is relative not just to what scientists knew before, it is
big relative to all science’ (Galison, 1992:1-2).

The SSC project was cancelled in 1993, however, after nearly 2,000 million
US dollars being spent on construction work; leaving CERN with the most
powerful accelerator-to-be. It is commonly believed that any new accelera-
tor, post LHC, will by necessity be a global affair — no one country can af-
ford it (Johnsson, interview).

Any big particle physics facility is, because of its nature and characteris-
tics, a more or less international affair. According to Abragam et al.
(1987b:33), CERN has, ‘in spite of its European character’, developed into
‘a global laboratory because of the uniqueness of the accelerators’. And the
physicists know each other. Mentioning KEK, SLAC, Fermilab and CERN
in the same sentence, Traweek (1992:105) argues that ‘working together
closely at only a few sites in the world generates a very intimate community
out of a collection of scientists from many nations’. When it comes to
CERN, more than half the world’s particle physicists, or some 10,000 peo-
ple, representing 608 universities and 113 nationalities, come to CERN
every year (CERN website, 2012-11-01). These people are (mostly) funded
by their home institutes. CERN itself employs very few experimental physi-
cists. Most of its employees are providing the infrastructure for the experi-
ments, meaning that they are mainly engineering, technical and administra-
tive staff. Until the mid-80s, the number of CERN staff increased from year
to year, but since then the number of employees has been cut quite substan-
tially — from about 3,500 employees to less than 2500 today® (CERN Annual
reports). This has also had some implications for how CERN functions in
relation to its suppliers, a subject that will be addressed later on in this thesis.

8 A TeV is a teraclectronvolt (i.e. 1,000,000,000,000 eV). An electronvolt is the amount of
energy gained or lost when it is accelerated by the electrical potential of one volt. The eV, or
rather its multiples (keV, MeV, GeV, TeV) are used in particle physics interchangeably as
units of energy and mass. Modern high-energy particle accelerators achieve energies in the
TeV range.

% On the last of December 2011 the number of staff members was 2424 people (CERN An-
nual Report 2011).

113



We will now move on to a description of the big machines at CERN, the
accelerators and the detectors.

CERN’s Big Machines

In order to study tiny particles, some special tools are needed. One sort of
tool is the accelerator, which speeds up the particles to nearly the speed of
light, giving them very high energies, before smashing them into other parti-
cles or fixed targets. The main accelerators at CERN have for a long time
been circular accelerators smashing particles together, but there are also
linear accelerators (which smash particles into fixed targets). The points
where the ‘smashings’ occur are decided beforehand, and around these
points something called experiments are built. An experiment typically con-
sists of several different particle detectors that can detect different kinds of
particles and energy.

Accelerators

When the final decision for the location of CERN was made, it was consid-
ered important that the laboratory could begin to function as soon as possi-
ble. Therefore, the laboratory and a small accelerator were first built. In
1959, a large (28GeV) accelerator was completed. This accelerator ‘com-
pared favourably with anything of its kind in the world. Only the 33 GeV
accelerator in Brookhaven, USA, is in the same class’ (Hadenius, 1972:9).
This accelerator was called the PS (proton-synchrotron). Already in 1963 the
next big accelerator project was presented, a Super Proton Synchrotron
(SPS), which would achieve energies up to 300 GeV. An accelerator of this
magnitude was unprecedented worldwide. This accelerator project went
under the name of CERN II, or super CERN, at the time. It would take until
1976, however, before the SPS was up and running. During this long period,
the project was heavily debated, and the construction, as well as the possible
energies achieved, subject to a number of revisions. Finally, however, ‘on 17
June 1976 the superproton synchrotron accelerated protons to 400 GeV for
the first time’ (Hermann et al., 1990:91). As soon as one accelerator is com-
pleted, however, the physicists are already planning for the next one. A new
accelerator project was presented to the Council in 1980, and, in 1981, a
stripped-down version of that project was approved. The construction of the
Large Electron-positron collider, the LEP was initiated, and in 1989 LEP
started producing results. Eleven years later, LEP was shut down, but by
then the next big project, the Large Hadron Collider (LHC), was since long
approved. Even before LEP was completed, discussions had begun about
the LHC. It took over ten years however, from 1984 to 1994, to get the LHC
planned and approved.

114



Table 4.1 Accelerators at CERN

Accelerator Discussions | Approval | Construc- | First Experi-
begin tions begin | results ments/
(closed detectors”’
down)
Synchro- At the same | Withthe | 1954 1958
cyclotron time as for forma-
(SO) CERN tion of (1990)
CERN
Proton At the same | Withthe | 1954/55 1959
Synchrotron time as for forma-
(PS) CERN tion of
CERN
Intersecting 1960 1965 1967 1971
Storage
Rings (ISR) (1983/84)
Super Proton | 1963 1971 1973 1976
Synchrotron (although
(SPS) discussions
on a similar
accelerator
started
carlier)
Large 1976 1981 1983 1989 ALEPH,
Electron- (studies DELPHI,
Positron begin) OPAL,
collider (2000) L3
(LEP)
Large 1984 1994 1998 - 2010 ALICE,
Hadron 2000 ATLAS,
Collider CMS,
(LHC) LHCb,
(TOTEM,
LHCf)"!

Sources: Infinitely CERN; CERN website (Highlights of the CERN History); CERN
Annual Reports; Hermann et al., 1987, 1990; Krige, 1996.

7 Experiments/detectors have of course existed for all the accelerators, but here only the ones
of LEP and LHC are mentioned, since they are the only ones that appear elsewhere in the
thesis.

"I ALICE, ATLAS, CMS and LHCb are the four major detectors/experiments installed at the
collision points of the LHC, whereas TOTEM and LHCf are smaller experiments positioned
along beam lines.
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While discussions were held concerning the LHC, and later on while the
LHC was planned, the experimental particle physics research at CERN was
focused on the activities around the LEP-accelerator (Large Electron Positron
storage ring), which was closed down permanently in November 2000, for
the benefit of the LHC. The LHC has been built in the same tunnel where
LEP was formerly run, which of course meant substantial savings compared
to a green-field construction of the same magnitude. New shafts have been
dug for the LHC experiments, however. The LHC was completed in 2008,
and it is of unprecedented size and magnitude. The first test runs were initi-
ated in mid-September 2008, but due to a mechanical failure liquid helium
leaked out and caused damage that would take until autumn 2009 to repair
(Brumfiel, 2008; Wallerius, 20094). On the 23™ of November, 2009, at
14:22, the first particles were collided in the LHC (Wallerius, 20094), but at
relatively low energies since no new energy was added within the LHC ring.
After the Christmas break between December 16 and February 28, proton
beams were again introduced in circulation and reached 3,5 TeV on March
19, 2010. On March 30, 2010, the first proton-proton collision at 7 TeV took
place (Dahlin, 2010).

When CERN builds new accelerators, (some of) the old ones are not
thrown out. Instead, they are used as input into the new (and bigger accelera-
tor). In practice this means that the first accelerator, the PS, starts accelerat-
ing particles that are then injected into the SPS, and finally into the
LEP/LHC (see figure 4.2). At this time, the particles have reached nearly the
speed of light. Experimental and theoretical physics research all over the
world has during the last three decades lead to a new theory of microcosmic
phenomena, the Standard Model. This theory describes how the strong force,
the electro-magnetic force and the weak force function (CERN website,
2012-12-07)™. According to this model, there should be a number of parti-
cles that have yet to be discovered. There is also a fourth force anticipated,
and this is where the elusive Higgs boson”* comes in. In order to try to ex-
perimentally prove the existence of these particles, the council decided in
1994 to build a new accelerator, i.e. the LHC (as will be explained later, it
took some convincing for the member states to agree to fund this new ven-
ture).

In the last few months of the LEP accelerator at CERN, however, physi-
cists saw traces of particles that might fit the right pattern, but the evidence
is still inconclusive. There were animated discussions at the time of the LEP
shut-down, because some physicists believed that LEP would be powerful
enough to find the Higgs. In addition, some believed that keeping LEP run-

72 http://public.web.cern.ch/public/en/Science/StandardModel-en.html.

73 Postulated by British physicist Peter Higgs in the 1960s, a solution was suggested where
that the whole of space is permeated by a field or lattice. If a particle moves through and
interacts with this lattice it will appear to acquire mass.
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ning was the only way to discover the Higgs boson in Europe, because by
the time the LHC was running, the Tevatron at Fermilab would already have
discovered the particle. This did not happen, however, and on July 4, 2012, it
was declared through a press statement from CERN that it is likely that the
Higgs boson has indeed been found (CERN website, press release’™).

As already mentioned, the LHC was built in the same tunnel where the
LEP used to be. Previous accelerators that have been built have all been built
in new tunnels, but already when the LEP was built, it was planned so that
an even more powerful accelerator could be housed in the same tunnel. In
figure 4.2 below, the whole accelerator complex, including the PS and the
SPS accelerators, can be seen.

CERN's accelerator complex

CMS

— ‘\
5 N Aren

ALICE

European Organization for Nuclear Research | Organisation européenne pour la recherche nucléaire © CERN 2008

Figure 4.2 The Accelerator System at CERN
Source: CERN Document Server (http://press.web.cern.ch/press/), © CERN.

The LHC ring is situated some 60-100 metres under the surface, straddling
the border between France and Switzerland. The tunnel is 27 kilometres
long. In figure 4.3 a drawing of the LHC accelerator, with its experiments
marked out, can be seen.

"http://press.web.cern.ch/press-releases/2012/07/cern-experiments-observe-particle-
consistent-long-sought-higgs-boson (retrieved 2012-11-01).
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Overall view of the LHC exeriments.

Figure 4.3 LHC and its Experiments
Source: CERN Document Server (http://press.web.cern.ch/press/), © CERN.

When a beam of particles has been produced in an accelerator, it is then
smashed into a fixed target or a similar beam coming from the opposite di-
rection. In both cases, a lot of new particles are produced. In order to count,
trace and characterise these new particles, detectors are used. Several detec-
tors make up an experiment (thus, for instance ATLAS consists of a number
of different detectors).

Experiments/Detectors

‘An HEP experiment, in native terminology, is not just the hu-
man element of large numbers of cooperating physicists. For
this, the native term is “collaboration” [...]. An “experiment”,
however, also includes the detector: it is the detector in con-
Jjunction with the collaboration’ (Knorr-Cetina 1995:125).

As already mentioned, experiments include particle detectors. Each detector,
in turn, consists of many different pieces of equipment. The different pieces
of equipment are specialised on different particle properties, such as charge,
mass and energy. For the LHC, four major experiments have been installed
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(see figure 4.3) plus two smaller ones (see table 4.1). The biggest ones, AT-
LAS and CMS, are 25 metres in diameter, compared to the 10 metres in di-
ameter of the biggest experiments in the LEP. In addition to the big experi-
ments of LHC, a number of smaller projects/experiments run at CERN all
the time. Figure 4.4 shows a drawing of the ATLAS experiment, one of the
LHC experiments.

2! Detector characteristics
Muon Detectors Electromagnetic Calorimeters 5 Width: 44m
= Diameter: 22m
« Weight: 7000t
Solenoid CERN AC - ATLAS V1997

Forward Calorimeters

End Cap Toroid

Barrel Toroid Inner Detector . . .
el foro! Hadronic Calorimeters Shielding

Figure 4.4 The ATLAS Experiment
Source: CERN Document Server (http://press.web.cern.ch/press/), © CERN.

If the detectors constitute ‘fixed points’ or an infrastructure to do experimen-
tal physics research, the scientists then join together in experiment coali-
tions; collaborations.

‘HEP collaborations are organized efforts, but they are unlike
bureaucratic or other organizations in that they are not only spa-
tially localized but also temporarily restricted: they are formed
in order to conduct specific research tasks; after these are com-
pleted, they disband and evolve into new collaborations. Col-
laborations spring up and thrive within the big laboratories such
as CERN or Fermilab, but they are also at least semi-
autonomous units. They are formed from independent physics
institutes located worldwide which join their resources (money,
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manpower, skills and so on) with those of CERN to conduct an
experiment’ (Knorr-Cetina 1995:123-124).

Each experiment at CERN is an organisation in its own right, with its own
board and its own organisational structure. CERN is a part of the experiment
cooperation, so for instance in ATLAS’s case, during the construction phase,
CERN contributed about 14% of the total budget. In comparison, 2% of the
budget came from Sweden and 17% from the US (Akesson, interview 1).
Furthermore, in 1999 the ATLAS experiment involved nearly 2000 re-
searchers from 144 universities and research institutes in 33 countries (ibid.);
numbers that had increased to more than 2900 scientists from 172 institutes
in 37 countries in December 2009 (CERN website, 2011-08-31).

From a technical point of view, the ATLAS experiment is highly com-
plex, with several layers of detectors looking for different things. The areas
of expertise needed include microelectronics, optical data transmission, su-
pra-conducting materials (magnets), carbon fibre structures, software devel-
opment, and also more traditional engineering aspects. So it can easily be
said that the experiment includes a large number of different areas of tech-
nology, and each of these areas contains organisational aspects as well as
financial aspects (Akesson, interview 1). According to Akesson, spokesper-
son for the ATLAS experiment at the time of the interview, experimental
physics is an area where there is a large scientific incentive to do research. In
order to achieve the scientific goals, however, a number of technical issues
have to be solved. This means that all the initial scientific enthusiasm is fo-
cused on the technical goal. So the intensity in solving the technical prob-
lems is the same as in doing the physics research. According to Akesson
(interview 1), if we look at society, there are not that many areas that contain
this aspect: when Kennedy stated that the US should put a man on the moon
within a certain time frame something similar was achieved, but there are
few aspects in society that are driving technological development in the
same way (ibid.). It is important to note, however, that it is impossible to
decide a priori what innovations will come out of this cooperation, but the
potential is probably much greater than if it had been decided beforehand
what areas to focus on (Akesson, interview 1).

Having described the detectors, and also the experiments of which the de-
tectors are part, we will now move on to another ‘part’ of the experiments —
the physicists.
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Physics — More than Machines

‘What wins prizes for the physicist [...] is the equipment. While
the physicists remain clearly distinguished from these machines,
through terms such as collaboration they are also continually
matched with them. A physicist’s identity, expertise, reputation
and social status all pay attention to his or her conjunction with the
equipment’ (Knorr-Cetina 1995:125).

As the quote above clearly states, the machines are an important part of par-
ticle physics, but obviously not the only part. After having presented the big
machines, the accelerators and detectors, we will now introduce some of the
people behind the physics research. Since one of the limitations of this thesis
is to focus on one of CERN’s member states, this presentation will primarily
be limited to physicists in Sweden, wherefore a short introduction of physics
in Sweden will be made.

Experimental physics was a subject that was favoured early on in Swe-
den, and it therefore developed rapidly within the universities in the late
nineteenth century. The fact that Sweden invested in experimental physics
did not go unnoticed outside the country. In a letter to his Swedish colleague
in 1930 Wolfgang Pauli, a professor of theoretical physics in Ziirich, stated
the necessity to build a theoretical physics programme on a par with the dis-
tinguished experimental physics in Sweden (Grandin, 1999:1). A few dec-
ades later, experimental physics still seems to have been held in the same
regard, because ‘in the early 1950s, Swedish nuclear physics had reached a
certain degree of eminence; in Europe Sweden’s accelerator program was
second only to Britain’s’ (Widmalm, 1993:112). It was also acknowledged
early in CERN’s existence, that experimentalists preferably could be re-
cruited from Sweden or Britain, where scientists had experience from big
accelerators (Hermann ef al., 1987). But what is the state of Swedish particle
physics today?

Swedish Particle Physics Today

‘Physicists have to sit alone all nights in some draughty shed in the
far north of Sweden and read instruments. At least mediocre physi-
cists [...] that lack the ease of thought that distinguishes the real
talents, and that takes them to CERN in Switzerland’ > (Axelsson,
1997:50).

75 Translation from Swedish.
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The view of high-energy physics as the only ‘real’ physics seems to be rather
widespread among high-energy physicists, and the quote above from a
Swedish novel reflects this view. On the other hand, some people may argue
that supporting CERN for the benefit of 73 people in Sweden’® is a waste of
taxpayers’ money. However, the only way for Swedish physicists to carry
out the kind of research done at CERN is to be present — at CERN. All uni-
versities in Sweden have some form of physics education, but only five of
them have any extensive research contacts with CERN. These universities
are the Royal Institute of Technology in Stockholm, Lund University,
Stockholm University, Uppsala University, and Chalmers University of
Technology in Gothenburg. The first four are taking part in the ATLAS ex-
periment as well. In addition, there are some people from other universities
in Sweden that go to CERN more or less regularly. Some Swedish research-
ers say, however, that they would welcome more cooperation between dif-
ferent research groups in Sweden, especially groups and people that have
some connection to CERN (interviews).

An example of a department with strong connections to CERN is the par-
ticle physics research division within the physics department at the Royal
Institute of Technology (KTH). In the early 2000s, the division consisted of
sixteen researchers on different levels, and all of these people had some type
of connection to CERN. The contacts varied, both over time and from person
to person. According to professor Carlson (interview), there were three main
types of contacts between CERN and the university division.

The first and most central type of contact was within experimental parti-
cle physics, where researchers participate in projects at CERN. At the time
of the interviews, there were two projects running: one connected to the
LHC and the ATLAS project, and the other one connected to a project ran on
one of the smaller accelerators at CERN. For the people working on the AT-
LAS project, a lot of travelling to CERN was necessary.

In addition to these projects, CERN was used in other ways. In projects
more closely related to astrophysics, the instrumental side of CERN is im-
portant. Equipment can be built at CERN, using their unique workshop abili-
ties to build instruments. These instruments can also be tested at CERN, on
test beams. A third type of activities concerns education. This mainly in-
volves students’ master theses in non-particle physics subjects, for instance
in mechanical engineering and computing. Apart from the particle physics
division, other researchers at KTH also have contacts with CERN, but not of
the same magnitude. Thus, for the researchers in Sweden doing particle
physics research, access to CERN is of vital importance.

" The number of Swedish users, i.e. physicists at different levels, at CERN in November
2010 (CERN website 2011-08-29).
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Physicists at CERN”’

Many of the physicists that were approached in the study came in contact
with CERN already during their undergraduate studies. For a number of
years, there has been a summer student programme at CERN for Swedish
students, and many of the younger physicists first came in contact with
CERN this way. For the older researchers, the initial contact was often estab-
lished during the PhD period. The first impressions of CERN were often
described very positively. One of the most recurring comments concerned
the international ambiance, and the possibility to meet a number of inspiring
people completely enthralled by their work, and with the ability to pass on
some of this fervour. In addition to the daily work at CERN there are always
things going on, such as lectures and workshops.

CERN is a research facility, not an academic institution, which means that
you cannot get your PhD from CERN. Instead, you have to be affiliated with
a university in one of the member countries. This continues after a researcher
has attained his/her PhD; not many physicists are actually employed by
CERN. Instead, you belong to a home institute, and carry out part of your
research at CERN. Typically, a shorter or longer period is spent at CERN
doing experiments, and then the data is analysed at home. For some people
the stay at CERN can be extended over longer periods of time. For the more
senior researchers/professors contacted, CERN had been the basis for most
research done; some of them had several hundred publications stemming
from their research there. One Swedish professor used the following words:

‘The way I see it, if you want to do particle physics research, there
is nowhere to go but to CERN — at least not in Europe. The only
problem with CERN is that it is expensive to live there, unless you
are employed by CERN. It can also be a problem to bring your
family, both financially and socially. Your spouse may not be able
to find work, and taking your children out of school is not always

»78
easy.

We have now come back to where we started out in this chapter — with some
individuals’ own comments about CERN. Though these accounts obviously
only show a fraction of very individual experiences, they can be somewhat
helpful in giving some of the flavour of CERN, and also show some of the

"7 This part of the chapter is partly based on a questionnaire that was sent out to all Swedish
physicists that spent time at CERN in the year 2000. The questionnaire was developed for
another study that resulted in a PhD thesis (Bressan, B., 2004, 4 Study of the Research and
Development Benefits to Society Resulting from an International Research Centre — CERN,
Dept. of Physical Sciences, University of Helsinki). The Swedish survey was not pivotal for
this thesis, however, and was thus never followed up, but the material collected has been used
in descriptive ways.

78 Interview with a Swedish physics professor, author’s translation.
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interaction that goes on. Before we move on to the next chapter, this chapter
will be concluded by a summary discussion.

Concluding Remarks — Interaction on Many Levels

This chapter has introduced the focal unit of study, CERN, and has at-
tempted to briefly explain what goes on there. Already from this short over-
view it becomes apparent that, for CERN to function, interaction at many
different levels, and between very different kind of entities, is necessary. It is
interesting to note, that at the very fundamental level of CERN’s existence, it
is dedicated to studying interaction. The research carried out is focused on
the interaction between the tiniest building blocks of the universe, i.e. the
different particles. In order to carry out the research, however, many other
kinds of interaction is needed; interaction between the accelerator and the
particles, interaction between the outcome of the particle ‘crash’ and the
detectors, interaction between the detectors and the computers storing and
analysing data, and so on, even ‘before’” we get to the people interacting
with the results.

On a different level, we have researchers interacting with machines, as
well as with the data produced, and we have different groups of people inter-
acting with each other. Furthermore, we have interaction on an international
level, between different research groups from various universities in a large
number of countries, and we also have other particle physics laboratories in
other parts of the world. Thus, if we are searching for interaction, we do not
have to go far before we drown in evidence of different kinds of interaction.
It is therefore necessary to limit this study substantially. The focus in this
thesis is, as declared before, the interaction between CERN and industry. In
order to gain an understanding of this interaction, however, it is important to
understand some of the intricacies of all the other interaction that goes on at
CERN, and that takes place between CERN and other entities, something
that this chapter has attempted to provide.

After having read about CERN and its machines, and gotten a glimpse of
some of the people behind the machines, we will now move on to a descrip-
tion of CERN’s development over time. This description will not be of the
laboratory’s scientific achievements, however, but instead of the political
and economic concerns that have gone hand-in-hand with the development.
The reason for this focus is that these concerns have had, and still have, a
substantial impact on the interaction between CERN and industry.

7 Of course we need people in order to produce the results in the first place, but let us leave
that out for now.
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Chapter 5: Justifying CERN

This chapter presents the emergence and development of CERN, with a spe-
cial focus on different arguments that have been used in order to justify
spending money on the organisation. Another way to describe it would be
that the focus is on interaction between scientists and politicians, or between
scientific, political and economic arguments. The story is structured chrono-
logically, and has been divided into five different periods, where different
characteristics are more or less in focus. At the end of the description of each
period, there is also a short description of the events that took place in Swe-
den, events that are related to Sweden’s participation in CERN, during the
same period.

The Creation and Construction of CERN
- Approximately 1949 to 1956

Launching CERN

Even though it is quite easy to find the exact date for when CERN officially
came into being, the process leading up to it took several years. At the end of
1949, there were no less than two different proposals for European collabo-
ration within nuclear physics. In addition, international organisations, one of
which was UNESCO®, played pivotal parts in the discussions leading up to
the creation of the convention. Deciding what countries could join seems to
have been somewhat of a balancing act — on the one hand, the UK was allied
with the USA, on the other hand, Switzerland did not want to risk its neutral-
ity, and demanded that all European countries would (eventually) be able to
join. In May 1952, five countries had signed the initial agreement, the
‘Council of Representatives of European States for Planning an International
Laboratory and Organizing Other Forms of Co-operation in Nuclear Re-
search’, and a first session was held (Pestre, 1987).

The Convention that gave its name to the organisation was signed on July
1, 1953, and ratified by nine countries, among them France and Germany, on
September 29" 1954, which meant that CERN officially came into being

% United Nations’ Educational, Scientific and Cultural Organization.
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(Hermann et al., 1987:64). Some of the important decisions to be made dur-
ing the interim period between the two dates mentioned above were choos-
ing a site, agreeing on the clauses of the convention, and financing of both
the interim and the permanent organisations.

In the discussion about where to locate CERN, there were four different
contenders; Meyrin in Switzerland (outside Geneva), Copenhagen in Den-
mark, Arnhem in the Netherlands, and Longjumeau in France (just outside
Paris). According to Krige (1987:239), the “‘unanimous decision’ in favour of
Geneva was ‘primarily the outcome of hard bargaining’. Even after the sci-
entists and politicians had agreed, however, the choice of location does not
seem to have been made without protests. People in the Geneva area, afraid
of compromising Swiss neutrality, held a referendum on the issue. The refer-
endum results favoured a location of CERN to the Meyrin site outside Ge-
neva (Krige, 1987:242).

One of the main subjects of discussion seems to have been how to finance
the organisation, and how much each country was to contribute. Already the
interim organisation experienced delays and unforeseen increases in costs,
and many of the member-states-to-be were not entirely happy with the situa-
tion. In the end the problems were managed, and CERN was founded. In the
introduction of CERN’s first annual report (1955), the Director-General Pro-
fessor Bakker expresses himself in the following way:

‘In 1951, a number of European scientists and statesmen came to
the conclusion that only by combining the efforts and resources of
their respective countries would it be possible to establish a labora-
tory, for research relating to high energy particles, that would rank
among the foremost in the world and participate, on behalf of the
Europe of tomorrow, in the most advanced work in this field.

When, on 29" September 1954, the Convention for the Estab-
lishment of a European Organization for Nuclear Research came
into operation, the event, though modestly heralded, opened up far-
reaching possibilities.

For the first time, twelve European states had by agreement be-
come members of a nuclear research organization, of a purely fun-
damental and scientific character, whose aim was to extend the
frontiers of knowledge.

Supported by the confidence of the twelve Member States,
guided by the advice of members of our Scientific Policy Commit-
tee, and aided by the goodwill of Switzerland, whose hospitality
we enjoy, we have now passed the early stage of tentative effort
and overcome our first difficulties, and we believe that we are pro-
gressing along the right road’ (First Annual Report of the Euro-
pean Organization for Nuclear Research, 1955:x).
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The quote from the first annual report of CERN gives a short summary of
the foundation of the organisation, including the strong focus on the scien-
tific endeavour and mission to create one of the leading laboratories in the
world.

In the same annual report, the purpose of CERN, as defined in Article II
of the convention, can be found;

‘The Organization shall provide for collaboration among Euro-
pean States in nuclear research of a pure scientific and funda-
mental character, and in research essentially related thereto. The
Organization shall have no concern with work for military re-
quirements and the results of its experimental and theoretical
work shall be published or otherwise made generally available’
(First Annual Report of the European Organization for Nuclear
Research, 1955:3).

The second sentence of this article has had consequences for CERN that still
exist today, especially with regard to patents and other questions of technol-
ogy transfer (a subject that will be discussed in more detail in chapter six).
Before moving on to the next period, a presentation of Swedish particle
physics during this period, and the discussions concerning a possible partici-
pation in CERN, will be made.

Sweden Joins CERN

During the inauguration of an accelerator in Amsterdam in 1949, scientists
from a number of European countries, among them Sweden, discussed the
potential for an international collaboration in nuclear research (Pestre, 1987).
It took a while for the ideas to spread, but

‘in the autumn of 1951 the discussions were intense concerning
a possible Swedish participation in European collaboration in
nuclear research. However, the discussions in Sweden were
held within a strictly limited circle of Atomic Committee mem-
bers. There was no debate whatsoever in, e.g., the daily press’
(Nyberg & Zetterberg, 1977:13) ™.

One of the reasons for the lack of debate, however, was the fact that CERN
was suggested to be financed by special grants and thus would not affect the

8 The Atomic Committee ‘was an advisory committee of experts with the mission to work
out plans and prioritize between alternatives how to develop the nuclear energy in Sweden.
The committee was appointed by the government and its members represented military, in-
dustrial, political and academic interests’ (Fjaestad & Jonter, 2008:5).
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existing research budgets in Sweden. Swedish researchers other than particle
physicists therefore did not stand the risk of losing research money.

Already at the end of 1952 the Atomic Committee recommended the
Swedish government to decide in favour of participating in the more perma-
nent international collaboration. The Committee was of the opinion that
there were two main reasons to participate. They argued that Sweden was in
the frontline of countries with atomic energy research, and because of this
the country had a commitment to help other countries in this area. The other
argument was that being so advanced in this area, Sweden also had great
opportunities to make the most of an international collaboration (Nyberg &
Zetterberg, 1977:19).

It was not only the Atomic Committee and the nuclear scientists that were
positive about the future collaboration. The Prime Minister, Tage Erlander,

‘became fascinated by the vistas in physics which CERN would
open. He was also eager that Sweden, which had preferred her
principle of neutrality and did not join NATO, should now
show its commitment to an important cultural cooperation in
Europe. In the autumn of 1952 he declared his strong support to
Swedish participation, and promised that the financial contribu-
tion to CERN should not encroach on the budgets of other sci-
entific efforts in Sweden’ (Nyberg & Zetterberg, 1977:8).

Sweden signed the convention for the provisional CERN in 1953, and on
July 15 1954, the Swedish ratification of a seven-year convention, implying
relatively large financial obligations, was a fact. According to the Atomic
Committee, there was only one argument against the ratification, the finan-
cial risk, but a number of arguments in favour of joining CERN. Among
these arguments was promoting international goodwill towards Sweden,
facilitating a quick start-up of CERN activities, and the right for Sweden to
vote in the organisation from the very beginning (Nyberg & Zetterberg,
1977:22). There does not seem to have been any real opposition in Sweden
against joining CERN either among politicians or scientists (ibid. p. 25).

Since CERN’s budget was more than nominal even from the beginning,
money played a part in decisions early on. For CERN,

‘it was of vital importance [...] to recruit as competent scien-
tists, technicians and administrators as possible; for the member
states it was important to get as a good a value as possible for
their money, e.g., through engaging domestic scientists for
CERN to the greatest possible extent’ (Nyberg & Zetterberg,
1977:27).
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Of course it was quite uncommon that these two aims coincided. For Swe-
den, ‘in the period 1955-1965, Swedish industry received 1.4 per cent of the
value of all CERN contracts while it contributed around 4.5 per cent of its
budget’ (Widmalm, 1993:132). The figures for research were not any more
uplifting.

Before we continue on to the next period in CERN’s existence, it is im-
portant to point out that the member states, with both their politicians and
their scientists, play a pivotal role in the creation of CERN. Without the ini-
tiative from scientists, however, CERN would not have come into being:

‘It is difficult to describe the enthusiasm with which European
physicists committed themselves to CERN as their common
goal. It can probably be considered as the most successful piece
of international cooperation to date’ (Nyberg & Zetterberg,
1977:7).

Nevertheless, it is important to remember that CERN is partly a political
construct, and it was the international character of the organisation that ulti-
mately convinced the politicians to join it.

New Accelerator = New Organisation?
- Approximately early 1960s — 1971 (1976)

Discussions around CERN 11

The construction of CERN’s laboratory and its first accelerators seems to
have been carried out without any major disturbances. The first main accel-
erator at CERN, the PS, was hardly up and running before the physicists
were planning for an even more powerful one, however. Indications were
coming from both the USA and the Soviet Union that exponentially more
powerful accelerators were being planned and/or built, and as CERN’s
physicists did not care for being left behind in this race, a committee was
appointed to investigate the issue (Hadenius, 1972:9). The result was that in
‘1963 the European Committee for Future Accelerators (ECFA) suggested
building a Super Proton Synchrotron (SPS), which would make possible the
acceleration of protons to 300 GeV’ (Widmalm, 1993:11). By comparison,
the PS was only capable of achieving energies up to 28 GeV.

The construction of a new, much more powerful accelerator would of
course have important financial implications. From the beginning, there was
no connection between the original CERN outside Geneva, or ‘CERN I as it
was called in the discussions, and this new ‘CERN II’. As a matter of fact,
the CERN II committee was even looking for a new location for the project.
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Suggestions came for as many as ten different locations in the different
member states. Even Sweden provided a semi-official offer to locate the new
accelerator in the Lunsen area just south-west of Uppsala®. Intense financial
discussions followed in many of the member states, and when (the original)
CERN provided a solution to place the new accelerator at the old site, and
showed how this could also reduce costs, the discussions concerning the
location was over (Hermann et al., 1990). It took nearly ten years of discus-
sions, however, from the 1963 suggestion, to finally reach a unanimous deci-
sion. By then, the design of the accelerator had been changed on several
occasions as well, and in the end it was a 400 GeV accelerator that was con-
structed.

Sweden Rethinks the Participation

If there were no loud opponents to the idea of Sweden joining CERN, some
years into the project other voices emerged. One of the first (but far from the
last) discussions in Sweden about what physics research to finance emerged
during the 1960s. When the discussions regarding the project called Super
CERN or CERN II arose (Widmalm, 1993:107) — an expansion that would
of course cost a lot of money — the issue was discussed in Sweden at a ‘Con-
ference on Physics’ in November 1966. One of the important questions to be
discussed at this conference was whether Sweden should join the CERN II
project or not (ibid.). If Sweden were to participate, a substantial part of the
governmental money spent on natural science research would be spent on a
rather small number of researchers of the total Swedish research community
(a question that is still alive today, see e.g. chapter four in this thesis). The
special grant for CERN was to be taken away, and CERN was now to be
funded through the same channels as other research in Sweden. On the other
hand, there would be political implications if Sweden were to leave the
CERN community.

In the beginning of the 1970s, the Prime Minister at the time, Olof Palme,
stated that

‘accelerators were of interest only to people in the “narrow sec-
tor dealing with physics and particles and such things”, but if
scientists and politicians in other countries wanted them so
badly, Sweden might lose too much — prestige and good will —
by refusing to comply’ (Widmalm, 1993:122).

82 The particle physicists were very excited about the prospect, but the Swedish industry was
afraid of a drain of competent people from industry to this new laboratory. The Swedish
Government never made an official offer, and, in the end, placing the laboratory in Sweden
was more of a few men’s dream than a viable alternative (Tibell, 2011).
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In the end, Sweden decided to participate in the CERN II project, and thus
remained one of the member countries in the collaboration. Political pres-
sures seem to have been one of the most important considerations for Swe-
den to join CERN II:

‘To the Swedish physics community, the CERN II affair was a
bewildering, almost traumatic, experience. It brought to light an
inability to deal with decisions with financial implications of
the magnitude associated with international high-energy phys-
ics; at the same time, it showed that this particular branch of
physics was in possession of political advantages that gave its
protagonists a cutting edge when circumstances eventually
forced decisions to be made’ (Widmalm, 1993:110).

So far, the discussions that have been highlighted have dealt mainly with
political and research issues. We will now change focus slightly, in order to
study some technological aspects of the laboratory. From the beginning,
CERN was more or less self-sufficient when it came to the technological
side of physics research, i.e. to develop and construct accelerators and detec-
tors. The organisation had enough money to do most things in-house, and,
admittedly, the scale of everything was smaller (Barbalat, interviews). As the
organisation grew, however, and more people were involved and more
money spent, it became more important to in some way justify CERN’s exis-
tence. In the beginning of the 1970s, several studies were made at CERN
that pointed at benefits apart from pure scientific ones. Let us now take a
closer look at some of these studies.

Industrial Benefits and Economic Utility
- Early 1970s — early 1980s

Focus on Industry

CERN has always had a policy with respect to industry, but in the beginning
this policy was quite simple; to try to find the best possible deal with indus-
try for anything that industry could do. When CERN started up there was
little high-tech industry in the technical fields involved. Conventional prod-
ucts could be found, like steel and macro-magnets, but for instance instru-
mentation could not be found anywhere, so it had to be made in-house (Bar-
balat, interview 1). In the first 30 years of CERN’s history, although CERN
tried to get goods from industry, it was necessary to develop things at
CERN; to build prototypes etc. This was of course helped by the procure-
ment rules at the time. Goods could be purchased anywhere, provided it was
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the cheapest product fulfilling the specification. This meant that CERN got
good prices and good competition, and it had the freedom to buy things
from, for instance, the United States® (Barbalat, interview 1). According to
Zilverschoon (1974), there was a pronounced attempt to obtain the equip-
ment needed for as low a cost as possible. There were two rules to follow in
order to achieve this;

‘the first is that we give to industry specifications that are as
precise as possible for the equipment we need, in the hope that
they can make better price calculations with a minimum of un-
knowns, and therefore a minimum risk for them. The other rule
is that we see to it that for each tender there is sufficient compe-
tition” (Zilverschoon, 1974:30).

In short, the way to acquire necessary input from industry as cheaply as pos-
sible was to minimise uncertainties in the design and increase the competi-
tion. The CERN designs, however, were also considered to create other
benefits, one being their usefulness to industry (Zilverschoon, 1974).

There was an early awareness at CERN that the technology developed by
CERN could potentially be useful to industry. The first attempt to show this
was an exhibition that was organised in 1974, the ‘Meeting on Technology
Arising from High-Energy Physics’. It was the first technical exhibition in-
side CERN, and all the firms known to CERN were invited to come and look
at what was done (Barbalat, interviews). According to the proceedings of
this meeting, it was ‘primarily an accounting operation in which CERN dis-
played to its member states some of the techniques which have resulted from
their investment in research on behaviour of elementary particles’ (CERN
Yellow Report 74-9, 1974:v).

At the 1974 meeting there were also ideas aired about CERN’s interaction
with industry. Zilverschoon (1974:32) pointed out, that

‘this collaboration with industry is very important because, after
all, industry actually builds 95% of our equipment. We only
build about 5% ourselves within the Organization. Of course
industry can live without us, but we could not live without
them’.

He continued with the following words,
‘Therefore, to the representatives of the industry, I would say:

“You can look around in this laboratory and think: ‘this is our
work’”” (Zilverschoon, 1974:32).

8 As discussed later on, there are now many more rules concerning purchasing at CERN.
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But it wasn’t just CERN’s dependency on industry that was pointed out;

‘We have been created as an Organization to do research on
high-energy physics. But we have slowly come to realize that
the industry may gain something else from our efforts than just
the immediate orders they get from us. Sometimes a firm has a
contract with CERN from which they do not make any profit;
but in the course of doing the job, it may be that they introduce
a new product that they did not have before’ (Zilverschoon,
1974:32).

In addition to developing new products, Zilverschoon (1974) pointed a num-
ber of other ways to gain benefits from working with CERN; a company
could, for instance, gain experience in doing tests, or have the advantage of
using CERN as a test bed, or simply use CERN as a reference (ibid.). Ideas
about transfer of knowledge from CERN were thus slowly introduced.

When the 1974 meeting on technology arising from high-energy physics
was summed up, the following statement was made;

‘The relationship between science and technology is not as clear
as it used to be. Some people in positions of responsibility in
the two disciplines are saying that science and technology will
perhaps have to go their separate ways more and more in the
years to come. The meeting has shown how much research at
the frontiers of knowledge depends upon and often stimulates
advanced technology. The meeting has also allowed personal
contact between pure research workers and those concerned
with research and development in industry’ (Peter, 1974:167).

This quote touched upon several issues concerning science and technology.
One issue was that the relationship between science and technology was
becoming less clear-cut, and that some people did not like this ‘confusion’.
Another issue was the interdependence between the ‘frontiers of knowledge’
and ‘advanced technology’. In addition, the quote shows that personal con-
tacts had been made between researchers and technicians at CERN on the
one hand, and R&D personnel in industry on the other.

Even before the 1974 Meeting on Technology Arising from High-Energy
Physics, however, a few member states had had industrial exhibitions and
visits of companies at CERN. These visits were arranged by some organisa-
tion within the member state in question, and the aim was twofold. Firstly,
by presenting different companies from the member state at CERN, there
was hope that people at CERN would see what was going on within industry
in that member state. Secondly, it was a way for the member state to get its
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companies interested in what was going on at CERN, in order for them to
participate in tendering procedures etc. later on.

Industrial exhibitions and visits are still a regularly occurring phenome-
non at CERN. Great Britain has been one of the most active countries, with
at least one visit every two years. They also started early with their visits to
CERN (according to statistics from CERN, the first visit was in 1968). More
recently, Germany, France, and Italy, and to some extent Belgium and Hol-
land, have had regular exhibitions at CERN.

The ‘Economic Utility Studies’

After the first industrial exhibitions and visits at CERN, the second step was
a study that was commissioned from Helwig Schmied. The study was pre-
sented in 1975, and it concerned CERN’s economic utility to industry. Like
Zilverschoon (1974) before him, Schmied (1975:v) starts out by acknowl-
edging the importance industry has for CERN;

“The high-energy physics research programme of CERN makes
unusual technical demands on the designers and constructors of
equipment. Since a large part of this equipment is built by in-
dustry, it is clear that CERN receives a steady flow of techno-
logical information and help from this source’.

Schmied (1975) then makes it clear that CERN is to a large extent dependent
on industry for its research equipment, and that it has to adhere to the tech-
nological standards of its suppliers. But, on the other hand, he asks the ques-
tion of whether CERN does not influence industry performance;

‘it is asked whether the financial investments which the Mem-
ber States make in CERN not only support European universi-
ties and produce new results in the field of nuclear particle
physics, but also indirectly bring a technical or economic bene-
fit to the manufacturing industries involved in the CERN con-
tracts and hence to the Member States’ (Schmied, 1975:1).

One of the major results of the study is, according to Schmied (1975), the
fact that CERN is also important for industry:

“The present study has shown that these “pushed” technical de-
mands have also had a surprisingly high beneficial impact on
contracting firms, spreading out through many aspects of the
firms’ activities, and that these effects can be quantitatively as-
sessed by the firms themselves in terms of increased sales and
saved cost figures’ (Schmied, 1975:v).

134



In the Schmied study (1975), economic utility is defined as the sum of in-
creased sales and saved costs. Several factors leading to increased sales™
were studied, as well as several factors leading to cost savings®. The aim of
the study was to look at how CERN affected the creation of added value in
the companies that were awarded contracts. The value of the contract itself
was not taken into account, only the value created afterwards. In addition,
there had to be a clear link between the CERN contract and the subsequent
financial benefits (ibid., pp. 1-2). The interviews, which included a total of
260 companies, and all in all 345 cases, were chosen on the basis that the
contracts might have created utility (ibid., p. 3). In other words, this means
that the cases were not randomly selected, but picked based on the potential
usefulness. The fact that this may influence the study is not commented on,
however.

There were two different groups of firms that seemed to have achieved
much higher utility/sales ratios than the average. One of the groups consisted
of companies located in Scandinavia and the UK, which had had CERN as
the first customer in continental Europe, and, by using CERN as a reference,
had subsequently managed to penetrate this market. The other group was
made up by companies that had made significant technological progress
while working on a CERN contract (Schmied, 1975:vi).

The results showed that the economic utility from the contracts, including
indirect benefits, was about three times higher than the amount of the con-
tract. This figure is referred to at a number of various places in texts about
CERN, written by many different authors, and many years later. In the Pro-
ceedings from the first CERN Workshop on Basic Science and Technology
Transfer (Bourgeois, 1997), for instance, it is stated that;

‘Another benefit is what I would call stimulation of industry.
CERN’s orders often push industry to the limits of its capabili-
ties, and sometimes even a bit beyond. A company which col-
laborates with CERN has to learn new techniques and, by work-
ing with us, frequently ends up improving its own technology.
Surveys of this effect in the 1970s and 80s showed that as a re-
sult of contracts with CERN, additional orders were generated.
There was an amplification factor of 3’ (Bourgeois, 1997:4).

8 Increased sales was measured as the sum of ‘increased volume due to improved quality or
a CERN reference, new products developed within the firm or with other firms in a liaison
initiated by CERN, or a market expansion stimulated by a CERN activity’ (Schmied, 1975:v).
8 Cost savings were defined as ‘production savings by adopting new techniques suggested by
CERN, research and development savings because of development work in CERN, cost sav-
ings on capital investment because of the new techniques, and marketing and promotion
savings by using CERN as a reference’ (Schmied 1975:v).
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The study has been vastly criticised as well, but it was the first of its kind in
Europe, and it showed that there was a multiplying factor in high-tech (Bar-
balat, interview 1). In 1984 a similar study was made at CERN, and the re-
sults were pointing in the same direction (Bianchi-Streit et al., 1984). It has
to be mentioned that the multiplying factor came with a disclaimer; ‘be care-
ful, we are not too sure about the quantification, but the qualitative analysis
is very important’ (Bourgeois, interview), and that the importance of the
study is that there is a benefit to society, not whether that benefit is 3 or 1.5
(ibid.).

In the introduction to the Second Study of Economic Utility (Bianchi-
Streit et al., 1984), it is stated that CERN creates a lot of direct benefits, for
instance increased scientific knowledge, which may lead to increased inno-
vation in the long term. Another direct benefit is CERN’s educational role in
the training of scientists and engineers. All in all,

‘The quantification of the economic value of these direct effects
would be extremely difficult, if not impossible. However,
CERN buys large quantities of high technology equipment and
the firms fulfilling these orders often observe short-term (sev-
eral years) economic advantages as a result of collaboration
with CERN’ (Bianchi-Streit et al., 1984:1).

In the second study, some of the companies participating in the first study
were included, and it was found that the Schmied-study

‘verified that CERN, with its purchases of high technology
equipment, often causes positive changes in the turnover and
the production techniques of its suppliers, and that managers are
prepared to elaborate and communicate quantitative information
related to these effects’ (Bianchi-Streit ez al., 1984:1).

Thus, during the 1970s and the beginning of 1980s, the concept of economic
utility is introduced, and it is hinted that companies can benefit from inter-
acting with CERN. It is not until the latter part of the 1980s, however, that
these arguments become important in order to motivate the member states to
spend money on CERN. In the next section we will look closer at some of
these arguments, and especially the change in argumentation.
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New Arguments for Financing CERN
- Early 1980s — around 1990

Why Finance CERN?

During the 1980s, there was a change. Until the early 1980s there were no
serious problems of financing at CERN, and everything ran quite smoothly.
But when we arrive in the early 80s, two things happen at the same time.
First of all, member states start watching their spending more carefully, and
the budget thus becomes more difficult to obtain. Secondly, CERN is just
embarking on the enormous LEP-project, so the scientific community needs
all the support it can get (Barbalat, interviews). As the experiments grew in
both size and cost, it became more and more important to justify the expen-
ditures to the member states. Justifications were first based on the impor-
tance of the research - for instance, the 1983 detection of W and Z vector
bosons, that awarded CERN physicists the Nobel Prize in 1984, was an-
nounced at a press conference less than two weeks after the results were first
presented to the scientific community. As already mentioned in the prologue,
Krige (1993:153) finds it amazing that CERN’s management decided to
make these findings public, to market them, before the results even made it
to the scientific literature. Because of several member states’ reluctance to
continue to finance CERN, it seemed apparent that other arguments besides
the scientific ones were needed. The member states did not appear satisfied
with funding ‘science for science’s sake’ anymore.

Attempts to create an interest for CERN among the general public can be
seen in several activities. For instance, at the inauguration of LEP in 1989,
CERN arranged a special press day, and both the King of Sweden and the
President of France were there to give speeches (Krige, 1993:153). The
Laboratory has since hosted a number of open days for the general public, as
well as other events, and the celebration of its 50™ anniversary (in 2004) also
included a large number of activities for non-CERN people.

Perhaps the most important argument, however, in convincing the mem-
ber states that CERN is worth funding (apart from the scientific reasons, of
course), is that of its usefulness to industry. According to Barbalat (interview

D),

‘we started playing the argument that CERN is not only inter-
esting scientifically, but it is good for the economy, it is good
for industry, the industry benefits etc. So we did develop, if you
like, this sort of communication policy about the return from
CERN to industry. And this might have been a mistake, because
it has somewhat backfired later on’.
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In 1985, a committee was set up at CERN to look for possibilities to inten-
sify the cooperation with industry (Krige, 1993). It was felt that a lot of the
technology developed at CERN could find other uses in the outside world.
The committee was called the Committee for Relations with Industry,
chaired by Giorgio Brianti, and the aim was to carry out an in-depth study of
the relations between CERN and industry (Abragam et al., 1987a, 1987b).
The committee work led to the setting up of a number of technical boards,
and later to the establishment of the Industry and Technical Liaison Office
(Krige, 1993:154). In charge of setting up this office was Oscar Barbalat,
who had been working at CERN for a very long time and in many positions.

Barbalat describes the setting up of the Industry and Technical Liaison
Office in the following way;

‘In parallel, when I created this office for industry-technology
relations, I wanted to develop the relations. There were of
course some relations with industry through the purchasing of-
fice, but this was not systematic, so I tried to make something
that was fair. I took Norway as a model, because Norway had
an initiative already in the mid-80s to appoint a consulting en-
gineer as a liaison between their industry and CERN. He was
not a civil servant, but someone who was experienced within
industry, and he still had his own consulting firm. And he was
coming to CERN every six weeks to two months, and was here
for two or three days, establishing contacts with engineers, and
of course with administration, to see what was happening here,
and try to match it with Norwegian industry. And he was quite
successful, so this became my model. I thought that if all the
member states could do that, it would be a good thing’ (Barba-
lat, interview 1).

This is how the position of the industry liaison officers, or the ILOs, was
created. The system of ILOs was set up to improve the flow of information
between CERN and the companies from all member states (CERN website).
According to Barbalat (interview 1), this system also backfired somewhat;

‘[It did not backfire] for all countries, but it is not easy, in a
given country, for the administrative body to find a man like
this Norwegian. So the backfiring of the thing was that many
countries found it easier to find a man within the civil service,
so it is not a man who knows the industry, it is man who knows
the administration. And that is completely different. And what
was really backfiring with my plan, which I still feel sorry for,
was that those people, having come out of the administration in
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the member states, or having close ties with the administration,
they started to behave as delegates of the council, and therefore
to meddle inside CERN, and interfere with the normal running
of things — they were trying to influence the selection of firms
from the inside. Not all of them did it, of course, but it is
enough if a few do it” (Barbalat, interview 1).

According to Lillestel (interview), it is very difficult to find the right person
for the ILO position. When the person with whom Barbalat was so im-
pressed got closer to retirement, the Norwegians were looking for a new way
of organising the contacts between CERN and Norwegian industry, and a
study was made by Kleppeste (1996). In Lillestel’s (interview) view the
perfect person should be a top businessman as well as a top engineer — and
such a person would be far too expensive to employ. The solution, according
to Lillestel (interview), would be to find a consultancy firm that was willing
to take this assignment as one of their contracts. In the end, Norway em-
ployed one person to do the job, and the ‘Norwegian model’ did not even
survive in Norway. Since then, Norwegian industry has had a fairly low
presence at CERN (ibid.).

In one article, Altaber and Barbalat (1993) also use the mid-80s as the
turning point. Their reasoning, however, is slightly different:

‘In contrast to earlier times when CERN had no choice but to
carry out itself most of the technological development for its re-
search, the increased level of European industrial technology
means that collaborative developments are possible. In addition,
in the present economic environment, there is a great pressure
to reduce CERN’s manpower. This is more and more forcing
CERN to contract out a significant part of its development and
production needs to industry’ (Altaber & Barbalat, 1993:1).

The authors divide what they call ‘the extensive relationships between
CERN and industry’ (Altaber & Barbalat, 1993:1) into two different con-
texts, based on the time period; procurement contracts and development
contracts. The procurement contracts refer to the situation before the mid-
80s, when CERN had the resources and expertise in-house to develop and
produce prototypes themselves, and the contracts that were given out dealt
with series production. In this case, CERN had all the high-technology
know-how, and the companies just produced according to specifications. The
other case, the common development contracts, refers to the current situa-
tion, where CERN does not have the staff for in-house development, and the
industry has achieved the technological know-how needed to develop the
things that CERN requires (Altaber & Barbalat, 1993).
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At about the same time, another aspect was highlighted by especially
American companies. Big industries started to be interested in CERN, and
they realised that CERN could be a rewarding client. Maybe not so much for
the money they could make, but for the high-tech image they could get. As a
consequence industry also started to criticise the way CERN was doing its
business, specifically for the very detailed specifications (Barbalat, inter-
views). The specifications were actually for something that was already de-
signed in the lab, and industry’s task was just to build it according to the
blueprint. The big companies were not competitive in this area, because big
firms have big overheads, so they complained about small- and medium-
sized companies getting the orders (ibid.). The big firms claimed that CERN
was over-staffed with engineers. These complaints were picked up and for-
warded by especially the German and the British delegations. When people
at CERN started to reflect on this, an internal committee was set up86, fol-
lowed by an external review committee®’. The result was that CERN was
forced to review its policy with respect to industry. The new policy would let
industry do more things than in the past, and CERN was to try to find firms
that were willing to design it all together with CERN staff. The firms then
realised that they were to do it all on their own, and they had to create col-
laboration systems for it. This resulted in all sorts of cases where engineers
from the firms were coming to CERN, working side by side on prototypes
etc. In practice this meant a much greater technical collaboration between
CERN and industry in the late 80s, with common development projects,
joint-ventures and so on (Barbalat, interviews).

Sweden and LEP

Somewhat disconnected from discussions concerning CERN’s usefulness to
industry that has been the main topic of the previous two parts of the chapter,
Sweden was again reconsidering its financial engagements at CERN. In the
beginning of the part of this chapter, LEP was briefly mentioned as a kind of

8 The CERN Committee for Relations with Industry, which started working in October 1985.
It was chaired by Giorgio Brianti, and a preliminary report was published in March 1987.

8 The CERN Review Committee, consisting solely of people that, with one exception, did not
have any connections to CERN, or to particle physics for that matter. The tasks of the Review
Committee were;

- ‘to advise the Council how human and material resources, employment conditions,
structure, operations and future use and development of facilities might be devel-
oped to operate with maximum cost effectiveness and value for money at alternative
levels of funding by present Member States, and to assess their consequences for
the CERN programmes and for services to Member States.

- to assess the possibilities for engaging and enlarging other sources of funds and re-
sources

- to report within one year findings and recommendations to the CERN Council and
hence to the governments of the Member States’ (Abragam, 1989:335).
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turning-point for the magnitude of resources needed for accelerators (and
detectors). When it was time for CERN to construct this accelerator, new
discussions arose in Sweden. In 1981, when a decision was to be made at
NFR, the research council in charge of Sweden’s membership at CERN, it
was decided that Sweden would stay outside the construction of LEP and its
experiments; it was simply deemed to be too expensive. Discussions with
members of the government followed, however, and with the government
guaranteeing the payment, it was decided that Sweden should join the LEP.
At this time, the discussion did not circle around whether to leave CERN or
not, only whether to accept the increased payments that the LEP would incur.
The discussions in Sweden concerning whether or not to participate in and at
CERN have, overall, on the one hand focused on the costs incurred, and
whether they can be justified, and on the other hand on the scientific and
political significance of not participating. The industrial usefulness argu-
ments have also been put forward, but these arguments have mostly been
used more recently in Sweden. We will now see how new demands on CERN
have affected some of its internal organisation, as well as its interaction with
industry.

Higher Demands on Rules and Organisation
- Early 1990s — today

Change in the Procurement Procedures

In the early 90s CERN was trying to convince the member states to approve
of the LHC. In order to do so, a new factor was introduced, which eventually
resulted in CERN staff ‘becoming the victims of their own communications
policy’ (Barbalat, interviews). The new concept was the industrial return,
and the member states wanted to see this industrial return, so they started
looking at statistics. And then they started asking for some sort of fair return
(i.e. that member states get contracts back in proportion to how much money
they pay in). Other European research facilities had this policy, and the
member states wanted a similar system for CERN. In 1993 the council de-
cided that in order to get a more balanced return within the member states, a
balanced return system was to be introduced. The old system was felt to
favour the host states, Switzerland and France, too much.

According to Barbalat, there was an evolution at CERN towards closer
contacts with industry, and there was an increased transfer of technology
with the joint development, but there was also ‘the perversion of the idea of
fair return’ (Barbalat, interview 2). On the other hand it had its benefits, with
the main benefit being the support from the member states (ibid.). Barbalat
(interview 2) claims that ‘if we had not introduced all of that, we would
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probably not have gotten the agreement for the LHC. Several delegates have
told me this. And this would probably have meant the end of the organisa-
tion’ (Barbalat, interview 2).

It is not only how the money is spent on industrial contracts (i.e. what
countries get the contracts) that is used as an argument, however. The sheer
amount of money going back to the member states in the form of industrial
contracts is also commented upon:

‘A very quick word on the budget. Corrected for inflation, our
budget, of approximately 900 MCHF every year, is less than 20
years ago, and whereas until the early 1980s it was shared by 12
Member States, now there are 19. About one-third of this
budget is placed in industrial contracts’ (Bourgeois, 1997:4).

Technology Transfer and Spin-off Effects

Even though the ideas of technology transfer and spin-off effects from
CERN seem to emerge in the late 1980s (see e.g. Altaber & Barbalat, 1993;
Barbalat, 1993, 19945, 1997), they become more and more important to-
wards the end of the 1990s. A new division is introduced in January 2000,
the Education and Technology Transfer (ETT) division. When the divisions
were reorganised in 2005, the Knowledge and Technology Transfer (KTT)
Group became part of the Directorate Services unit. In 2010 there were new
reorganisations, which meant that the group, now renamed to the Knowledge
Transfer (KT) Group, was incorporated into the Finance, Procurement and
Knowledge Transfer department from 2011.

According to CERN’s website®, the member states asked the organisation
to introduce an active technology transfer policy. The specific aim of this
policy is to ‘establish CERN’s technological competence in European indus-
trial and scientific environments, and to demonstrate clear benefits of the
results obtained from the considerable resources made available to particle
physics research’ (CERN website, 2006-01-05). The aim of the KTT group
was to ‘make known and available to third parties under agreed conditions,
technical developments achieved in fulfilling the laboratory’s mission in
fundamental research’ (ibid.). In addition to the focus on technology transfer
and spin-off effects, CERN has adopted a new policy (CERN/FC/5434/RA)
when it comes to intellectual property in general, and specifically to patents.
CERN is now actively trying to find technologies that are suited to be pro-
tected with patent rights. More than one manager has wistfully mentioned
CERN’s greatest spin-off ever, the World Wide Web, and said; ‘if only we
had patented it’ (interviews). The topics of technology transfer and patents
will be more thoroughly dealt with in chapter six, however, wherefore the
subjects were only mentioned briefly here. Before we move on to summaris-

8 CERN’s website, www.cern.ch, 2006-01-05.
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ing and concluding this chapter, we will take one last glimpse at what dis-
cussions were taking place in Sweden.

Sweden with New Second Thoughts (about the Membership)

Despite the increased demands for funding of the LEP, and while the in-
creased costs were a concern, Sweden’s total presence at CERN was never
debated. In the middle of the 1990s, however, Sweden’s membership at
CERN was brought up for discussion. This time it was Sweden’s actual
membership that was questioned. It started with the research proposition
from Sweden’s minister of education, presented in the autumn 1996; con-
cerning 1997 and 1998. The Swedish government wanted to save 150 mil-
lion SEK on natural science research, and one of the suggestions was to
leave CERN. The Swedish minister of education even asked the question of
whether we should spend that kind of money on CERN or on Swedish fami-
lies (Carl Tham in ‘Vetandets vdrld’; a Swedish radio show). A big part of
the particle physics community, especially at CERN, was concerned about
these discussions, because many feared a domino effect. A number of coun-
tries were airing opinions that the research at CERN was costing too much
money, and several countries, among them Norway and England, were wait-
ing for Sweden’s decision (interviews).

Due to the research proposition about savings on natural science, an in-
vestigation about where to spend research grants was initiated (SOU
1997:69).The result of this investigation was clear, and it was recommended
that Sweden should stay at CERN. Leaving CERN would ‘harm Swedish
research in an unacceptable way and be detrimental to our international rela-
tions’ (SOU 1997:69). Therefore, leaving CERN is impossible from a re-
search political perspective (ibid.). The government’s demands for savings
remained in place, however. In 1997 it was decided by the government that
42 million SEK should be saved on European research cooperation, but that
these savings were not to be effectuated until 2000 to give the Swedish re-
search council an opportunity to plan for these savings (Wallerius, 1998).

The outcome of the whole discussion was the same as during previous
discussions, which was that Sweden remained a member, but this national
debate was partly the outcome of, and partly intensified, a discussion at
CERN about what the member countries ‘get back’ from putting money into
CERN. During the early 2000s Germany has renegotiated its membership
fee, and the spring of 2009 saw Austria threatening to leave CERN due to
the on-going world-wide economic crisis (Clery, 2009). The reason Austria
listed for leaving the CERN collaboration was that private research funding
was dwindling, and that the government spending therefore had to be fo-
cused on national research (Wallerius, 2009¢). Once again, the threat of not
only one country leaving CERN, but also the fear of a domino effect, was
avoided when the Austrian minister of science agreed with CERN on con-
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tinuing the country’s membership (Wallerius, 2009¢). Nevertheless, it is
becoming obvious that it is getting harder in the separate countries to moti-
vate the support for an international project. On the other hand, more and
more researchers are coming to the conclusion that the only way to fund
research, and especially Big Science, is through international cooperation
(interviews with physicists).

Summarising the Arguments

From the historical presentation of CERN’s development above, it is clear
that there has been a change over time in the arguments used for justifying
CERN; some of them scientific arguments, others political or industry argu-
ments. Although CERN can be seen as having a number of different coun-
terparts, the overall aim is to keep the member states willing to continue
financing the organisation, and this can also be seen in the arguments in ta-
ble 5.1 below.
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Table 5.1 Characteristics of Different Periods at CERN

Period ‘Problem(s)’ Justification Additional
action(s)
I Creating and | Political issues Joint European
constructing project (control over
CERN nuclear research)
Financial issues Justified with
political arguments
II. New accel- New accelerator Scientific advances
erator — new (financial issues,
organisation? scientific issues) Financial justification
by building it at the

original site

European endeavour

II1. New Ar- Benefits to industry ‘Meeting on
guments for from interacting with | Technology
Financing CERN Arising from
CERN High-Energy
Economic utility Physics’
from high-tech ‘Economic Utility
contracts Studies’
IV. New Argu- | Financial difficul- | Scientific (Noble Industry and
ments for the ties because: prize) Technical Liaison
Financing of 1. Economic Office (ITLO) is
CERN constraints in set up
member states Usefulness to Industrial Liaison
2. Bigger industry Officers (ILO)
experiments are introduced
V. Higher Financial issues Industrial Returns Introduction of
Demands on The rise of the Tech- | ‘fair returns’
Rules and nology Transfer ar- Technology
Organisation gument. Transfer Office

During period I, the scientists from the member states-to-be were heavily
involved in the discussions, and it was interaction between scientists and
politicians that eventually lead to the founding of CERN. Their respective
incentives differed; the scientists wanted to keep some level of nuclear re-
search in Europe, while one of the main objectives of the politicians was to
avoid another war. There were both political and financial issues with the
start-up of CERN, but the main arguments used were almost solely political.
The scientists were of course interested in the science, but they also used
political arguments to get their ideas through. The initial funding of CERN,
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however, was limited to a certain period and infrastructure, so extending the
involvement of the member states required additional arguments.

No later than the first accelerator was up and running, plans for a new ac-
celerator were already being laid out. Period II describes the discussions
around the so-called CERN II, and how the issue was resolved. The new
accelerator was claimed to be needed in order to keep up with American
research, but the problems for realising it were mainly financial. There was
some political haggling going on about the localisation of the new accelera-
tor, but when the idea of placing it together with the original accelerator
were presented, thereby using investments already made, this was the option
chosen. Sweden was one of the member states discussing to opt out of
CERN II, but in the end it was decided that the country would continue to
participate. It has been presented as a political decision; Sweden did not take
part in the EC, but they would stay in the joint research project.

Period III describes the introduction of new justifications for CERN, in
that industry was introduced as a piece in the puzzle. It was ‘proven’ in a
number of ways that industry could benefit from interacting with CERN;
including the two studies of economic utility resulting from high-tech con-
tracts with CERN. This is the period where the first tendencies towards justi-
fying the research organisation by usefulness to industry become clear.

Technological and scientific advances lead to the possibility of building
even larger accelerators. What is here referred to as period IV has been de-
scribed as a period of change (Barbalat, interviews). The experiments, and
thereby the accelerators and detectors, were getting bigger and bigger, thus
requiring more and more resources. At the same time, CERN was experienc-
ing what has been described as economic constraints from the member
states. In this case, justifications were first based on the importance of the
research, for instance, some ground-breaking research was announced at a
press conference less than two weeks after the results were first presented to
the scientific community (this later led to the Nobel Prize) (see e.g. Krige
1993; Bucchi, 1998). In addition to marketing the organisation with scien-
tific arguments, however, the ‘usefulness to industry’ card was played. It is
during this period that the Industry and Technology Liaison Office is set up,
and that the system with Industry Liaison Officers is introduced.

Period V is really just an extension of period IV, in that it presents both
the same problems and similar justifications. In addition to the already-
existing system with ITLO and ILOs, new purchasing procedures are intro-
duced, with the concept of fair return, and the technology transfer concept is
put in focus.
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Concluding Discussion

This chapter has aimed at explaining how CERN has related to, and inter-
acted with, other parties at different stages of its life. First of all, it is impor-
tant to remember that without the scientific results, CERN would not exist
today. The purpose of the organisation is to do HEP research. That purpose
being achieved, however, other arguments can, and have been, used.

As can be seen from the short summary above, a number of arguments for
CERN’s value and usefulness have been used over the years. During the
early years, the scientific and political issues played an important role, and
even if those are still present, there is an obvious tendency towards more and
more financial justifications. According to Krige (1993:154), ‘CERN is now
making a concerted effort to be seen not simply as a scientific and political
success, but also as a stimulus to advanced technological development in
Europe’. It seems fairly clear that the recurring problem, or issue, has to do
with the financing of CERN.

It is interesting to note, that the industrial benefits from interacting with
CERN were highlighted relatively early. From the beginning, it was only the
industrial contracts that were mentioned, while concepts such as technology
transfer and spin-off effects were first seen during the latter part of the
1980s. All the industry arguments are used to reinforce the argument that
CERN is useful to society. Altaber and Barbalat (1993:2) claim that indus-
trial benefits are proof of ‘the magnitude and the unsuspected wealth of the
technology transfer occurring through the procurement contract mechanism’.
This statement, however, can also be seen as part of the justification of
CERN.

In addition to the account given of the arguments used to justify CERN,
this chapter has also presented some of the interaction between CERN and
Sweden; mainly involving Swedish governments and politicians. As has
been seen, money has certainly been an issue when Sweden has discussed
whether or not to continue to take part in the research. More often than not,
however, the decision to stay in CERN has been based on political factors,
although industrial factors have come to play a more important role. In addi-
tion to the ‘big picture’, part of the aim of this chapter has therefore been to
give the perspective of one member state. An aspect that seems important for
the individual country is the possibility for the membership to ‘pay off’ in
one way or another. There are several ways for this to happen, and a few of
them will be discussed in the following chapters. In the next chapter we will
address the question about technology transfer, a subject that has become
increasingly popular at CERN during the last decade.
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Chapter 6: Technology Transfer at CERN

‘CERN - the world’s largest particle physics laboratory
...where the web was born!” (CERN website).

“To further its service to society, CERN has developed an in-
creasingly dynamic technology transfer programme for medical,
industrial and IT applications. The most spectacular example of
this is unquestionably the World Wide Web, invented at CERN
in the 1990s and now an indispensable tool in today’s global
society’ (Introduction by Robert Aymar in Infinitely CERN,
2004).

‘Where the Web Was Born’

One of the first things a person opening CERN’s website will see is the
statement that this is where the Web was created, and for quite some time,
the first quote above was posted on the first page of the website. In addition,
it is an example that pops up in almost any interview with CERN staff;

‘We shouldn’t be too pretentious, but if you take the Web as a
typical example, then, yes, we do make some useful things.
Even if we don’t understand it in the first place...” (Hoffmann,
interview).

With such an example available, it is of course quite understandable that it is
extensively used. It is certainly the most commonly used example of tech-
nology transfer at CERN, and it is the one that shows up in nearly all docu-
ments about technology transfer;

‘The WWW has become part of everyday modern communica-
tions with tens of thousands of servers providing information to
millions of users and could be considered one of the most strik-
ing examples of TT in the past three decades. It is a worldwide
TT that has largely modified the functioning and behaviour both
of modern society and of individuals’ (Bressan & Streit-
Bianchi, 2005:8).
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CERN is thus indirectly said to affect not only individuals’ lives, but also
major changes in society.

It has been stated that it is no surprise that a place like CERN came up
with something like the Web. Computing and data processing is something
CERN has been good at for a long time. During the 1960s and 1970s, CERN
hosted the largest computer centre in Europe. Computers are essential for all
aspects of scientific work; from organising collected data to controlling ac-
celerator and detector systems (Bressan, 2004:7). The scientists at CERN
come from all over the world to conduct the experiments, but then it is more
practical if they are able to perform as much data analysis as possible back at
home. This has led

‘to the development of data networks between CERN and these
institutes with a rapidly increasing capacity to accommodate the
fast-growing traffic. The result is that CERN has become one of
the major hubs of the European scientific data network and it is
in a way retrospectively natural that it was the birthplace of the
World Wide Web’ (Bressan, 2004:8).

Enticing as it is, the development of the Web is not the main topic of this
chapter®, and the Web is not the only example of technology transfer from
CERN. There are a number of areas besides computing where technology
transfer already happens, or could be possible (for examples see e.g. the
CERN website; Bressan & Streit-Bianchi, 2005). This chapter will present
technology transfer at CERN; the ideas behind it, the structure put in place to
enable technology transfer, and some different ways to transfer technology
(see e.g. Barbalat, 1994a, 1994b, 1997; Bressan, 2004). In addition, one of
the ways to transfer technology, i.e. through people (ibid.), will be examined
a bit more closely in this chapter, whereas other vehicles of technology
transfer will be studied in subsequent chapters.

At first glance, the Web may seem like an example of technology transfer
that is not closely connected to high-energy physics, and there are other
similar examples; for instance within medicine, or energy sustainability
(CERN website, 2012-11-19). A wide range of technological areas are in-
volved to create the infrastructure needed for the HEP research. Industry is
thus involved in particle physics. Two concepts that start showing up in
CERN documents from the end of the 1980s and onwards are technology
transfer and spin-off effects™ (see e.g. Altaber & Barbalat, 1993; Autio, Bi-
anchi-Streit & Hameri, 2003; Barbalat, 1990, 1997; Byckling et al., 2000;

8 For those interested in the story of the development of the WWW, there are several books
available; see e.g. Berners-Lee, 1999; Gillies & Cailliau, 2000.

% There does not seem to be any consistency in how the concepts are used, nor does there
seem to exist any consensus concerning the difference between the concepts, wherefore only
the concept ‘technology transfer’ will be used here.
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Hameri, 1996). There are likely to be several reasons for this; one that has
been mentioned is the need for arguments concerning why the member states
should continue spending money on CERN, another reason could be soci-
ety’s increased focus on these matters (see also chapter five for a recapitula-
tion of the subject).

In other parts of the world, it has been argued that ‘it was a change in US
law which led to the surge of interest in the subject [technology transfer]’
(Trott, 2005:313). What the author is referring to is the Bayh-Dole Act of
1980, which transferred the ownership rights of technology invented from
research funded by state agencies to the university in question. This also
meant that the universities were free to exploit their scientific results com-
mercially (U.S. Council on Governmental Relations, 1993). Though the
Bayh-Dole Act most likely does not directly explain the increased interest in
technology transfer at CERN, it may explain some of the increase in the
amount of technology transfer literature, which in turn may account for some
of the interest at CERN.

Without further ado, the subject of technology transfer at CERN will now
be presented.

Technology Transfer at CERN

‘In the next five years, CERN wants to make a point about
technology transfer. We want to show it’ (Hoffmann, inter-
view).

Following the results of the internal committee that was put in place to ana-
lyse the relations between CERN and industry, the Industry and Technology
Liaison Office (ITLO) was formally established in 1988°'. According to
Bressan (2004:12), this can be considered as the beginning of the technology
transfer policy at CERN. In March 1999, the member states, through the
Finance Committee, Scientific Policy Committee and Council, asked that
technology transfer should be promoted at CERN, and that formalised rou-
tines for this transfer should be introduced. This led to the formation of a
new division, the Education and Technology Transfer Division (ETT), in
January 2000. In 2004, the ETT division was discontinued, however, and
from 2005 the Technology Transfer group became part of the Directorate
Services Unit (DSU). From January 2009, the group was renamed the
Knowledge and Technology Transfer Group (KTT). Even more recent

%! The Industry and Technology Liaison Office (ITLO) was to a large extent dependent on its
first Head of Office; Oscar Barbalat. When he retired he was replaced, but eventually the
ITLO was dissolved and its tasks covered by the Technology Transfer group.
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changes have, since the beginning of 2011, placed the group within the Fi-
nance, Procurement and Knowledge Transfer Department under the name of
the Knowledge Transfer (KT) Group (Knowledge Transfer 2011; CERN
Annual Reports 2010 & 2011). This change was partly due to the new IP
management strategy introduced in 2011, which ‘includes the exploitation of
synergies with the Procurement group with the objective of keeping track of
the knowledge transferred to industry’ (Knowledge Transfer 2011:7).

The Technology Transfer Policy

According to CERNs technology transfer policy document (CERN/FC/4126)
there are several reasons to pursue an active technology transfer policy. One
of the reasons is to make CERN technology and expertise available to mem-
ber states, and especially to industry, in order to increase the benefits from
CERN in these countries. Another reason, which is partly connected to the
first one, is to increase the interest for, and usefulness of, CERN’s technolo-
gies by informing member states and their industries (CERN/FC/4126). Ac-
cording to one respondent, the task of making CERN known to companies in
the member states is important, and it has become more pronounced;

‘Quite often I think that [CERN] isn’t well-known enough.
Partly it depends on — and that has been said here as well — that
we haven’t made enough publicity, but before it wasn’t neces-
sary. There was no discussion about it; why should CERN cre-
ate publicity and waste money on that? “Go with the physics,
that’s what you’re supposed to do”. But that has changed a bit,
and now we have to be more concerned about industrial con-
tacts and such, but it is pure political pressure. It comes from
the committee at CERN’ (Fernqvist, interview).

The technical staff is thus involved in making CERN, and hence its inven-
tions, known to industry in Europe. There is an increased pressure to pro-
mote CERN anywhere possible, and also to inform others about existing
industrial contracts and the potential gains industry can make from working
with CERN. For the every-day work at CERN, however, the effects seem to
have been less noticeable;

‘On our level, it hasn’t affected [our work] too much. We con-
tribute some material for publicity, for reports and things like
that. Sometimes we get inquiries if we have had good coopera-
tion, and we give them the examples we have. They are work-
ing on databases and other kinds of publicity. That is probably
the most concrete example’ (Ferngvist, interview).
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It seems to be the case that everyday work between technicians at CERN and
industrial companies has not changed radically over the years. What has
changed, however, is the reporting on this cooperation.

A third reason for an active TT policy is to attract the most suitable indus-
trial partners, which will also help in the pursuit of the fourth reason, i.e. to
keep CERN at the forefront of relevant technologies (CERN/FC/4126). The
reasons given why an active technology transfer policy should be instigated
are thus the benefits to both industry, and thereby to the member states, and
to CERN. It has also been stressed that ‘there will be costs associated with
this policy and that additional resources will have to be made available’
(ibid.).

The aim of the technology transfer policy closely follows the reasons for
having the policy in the first place. The aim is threefold, and it is;

1. To establish ‘CERN'’s technological competences in European indus-
trial and scientific environments’,

2. To maximise ‘the technological and knowledge return to the Member
States’, and

3. To promote ‘CERN'’s image as a Centre of Excellence for technology
development’ (CERN website, 2009-06-02).

The underlying aim of CERN’s technology transfer policy is thus to help in
turning CERN into a centre of excellence for technology development that
will benefit the member states through knowledge and technology transfer
back to their industries. In order for the technology transfer policy to work,
however, supporting processes and structures need to be put in place.

Technology Transfer Processes and Structures

There are several activities that are the responsibility of the Knowledge
Transfer Group; such as technology and market assessment, management of
intellectual property, technology promotion, and technology dissemination
(Bressan & Streit-Bianchi, 2005:6).

To evaluate the potential usefulness of any CERN technology, technology
and market assessments are carried out. The KT group carries out the proce-
dure, but it receives advice from a number of people, including both internal
and external experts (Bressan & Streit-Bianchi, 2005:6). Technologies that
are judged to be of great interest to others, i.e. that are considered to have a
strong dissemination potential, are protected as in industry. The forms of
protection include patents, copyrights, trademarks, design rights or non-
disclosure agreements. There are formal mechanisms for how these tech-
nologies are found (ibid.).

In order for potential recipients of CERN technology to be made aware of
it in the first place, the technologies need to be promoted somehow. Some of
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the promotional activities carried out by CERN are conferences, industrial
fairs and workshops, printed/electronic media and meetings between inven-
tors and industry (Bressan & Streit-Bianchi, 2005:6). In addition, representa-
tives of the member states, including the ILO:s, function as promoters of
CERN technology.

Another of the KT group’s activities consists of disseminating CERN
technology. The KT group mentions different technology transfer opportuni-
ties, and specifically list four different ones; R&D collaborations, service
and consultancy, spin-off companies, and licencing (CERN website, 2012-
11-23)”. Different types of contracts will result in different kinds of tech-
nology transfer. The R&D contracts, or partnership projects, are used in
situations where co-development of technology is needed, and in these cases
both parties contribute with knowledge to solve a particular problem or de-
velop a particular technology. In other cases, CERN may already have the
technological knowledge in-house, and it is disseminated through licenses or
consultancy agreements (Bressan & Streit-Bianchi, 2005). One of the aims
of the R&D collaborations is to ‘generate technological results having a po-
tential for commercial exploitation’ (CERN website, 2012-11-23)", and
companies interested in collaboration projects, especially within CERN’s
areas of technical expertise, are welcome to contact the KT group.

As an essential part of the technology transfer work at CERN, the tech-
nology transfer database was introduced. According to the TT Policy, the
database had two (immediate) aims; ‘to provide a tool for the collection and
subsequent monitoring of technology related information at CERN, and to
allow an initial audit of the potential value of CERN’s technology’
(CERN/FC/4126, Annex I). In the long run, however, the aim was ‘to pro-
vide a mechanism for two-way interaction with Member States on issues of
technology transfer’ (ibid.).

The TT database has since its introduction been renamed the technology
portfolio, and it lists all CERN technologies available for transfer. The in-
formation in the technology portfolio is made public on the Web. It is pre-
sented in such a way that answers to questions as to whom is responsible for
different technologies, and what has been done in specific technologies at
CERN can easily be found. In 2005, the database held information about
approximately 160 different technologies available at CERN (Bressan &
Streit-Bianchi, 2005:7). This number was expected to increase further with
the development of LHC related technologies, however (CERN website). In
2011, the technology portfolio included approximately 70 active technology
transfer cases, spread over more than 20 different fields (Knowledge Trans-
fer 2011). Within the technology portfolio, the different technologies are
divided into three levels of ‘technology readiness’, where level 3 represents

gzhttp://knowledgetransfer.web,cern.ch/technology-transfer/external-partners/opportunities.
93 g7 -
1bid.
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relatively mature technologies which are mainly exploited through licensing.
Technologies that are less developed are more likely to be shared through
R&D collaborations. The more mature the technology, the more it was ex-
ploited through interaction with industry; and it was stated that the overall
exploitation of CERN'’s technology portfolio was about 50% in 2011 (ibid.).

If the technology portfolio is primarily aimed at companies wanting to
find out about CERN technologies, there is also an internal vehicle — the KT
fund — aimed at CERN staff. The KT fund was introduced to support and
develop knowledge transfer activities at CERN, and it will help finance pro-
jects which may result in technical applications that are of interest for indus-
try (CERN website, 2012-11-25)*.

In addition to the different groups and people that are part of the CERN
KT infrastructure, there are also people involved on the member state level.””
The Industry Liaison Officers (ILO’s) are the member states’ representatives
of their national industry and they can play an important role in the CERN-
industry interaction. The position and intended work of the ILO will be pre-
sented in the next chapter, since they interact very closely with the Procure-
ment and Industrial Services group, which handles procurement at CERN.
Before moving on to the issue of Zow knowledge and technologies are trans-
ferred, a few comments will be made on the topic of intellectual property
rights.

Intellectual Property Rights

As mentioned, the technology transfer policy and the technology transfer
group were set up in order to better serve the industries of the member states.
According to an article in the CERN Bulletin;

‘The strengthening of this technology transfer policy will now
allow the Laboratory to better exploit its intellectual property
right while clarifying the relations it maintains with research
and industry in its Member States. Patent applications will
however still be limited to cases with significant market poten-
tial, where European industrialists have to defend their interests
face with globalization of the economy’ (CERN Bulletin, 1999,
No.12).

% http://knowledgetransfer.web.cern.ch/technology-transfer/ip-management/kt-fund.

% There is also an international organisation working with technology transfer; HEPTech, the
high-energy physics technology transfer network. HEPTech is made up of the technology
transfer offices of public research organisations within particle, astro-particle and nuclear
physics; and its aim is to demonstrate ‘the importance and usefulness of high energy physics
to society by providing researches and industry with easy, facilitated access to expert
knowledge and skills, unique capabilities and high-tech technologies that cannot be found
elsewhere’ (www.heptech.org). CERN is a member of HEPTech, but it is beyond the scope of
this thesis to look at this organisation as well.
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In cases where CERN makes agreements with an external party about access
to IPR, these agreements have to be based on two principles. The first one is
called the member state component and states that CERN should ‘maximize
the benefits for companies which have a major presence in the CERN Mem-
ber States, and to spread them evenly’ (CERN/FC/4126:3). In other words,
CERN should try to redistribute intellectual property rights in the same way
as the procurement contracts are handed out (see chapter seven), in order to
achieve a fair return to the member states. The other principle concerns /i-
censing, and reads as follows; ‘CERN shall only enter into a working rela-
tionship with partners who have a good chance of success and have a reputa-
tion for reliability’ (ibid.). This principle thus states that CERN should ana-
lyse and evaluate its licensing partners before going into an agreement with a
specific company.

The standard licensing agreement in non-exclusive, but if non-exclusivity
will seriously reduce the expected benefits, then exclusive rights may be
granted. These exclusive rights should also, if possible, be limited in time
and scope (CERN/FC/4126:3). According to a former leader of the TT
Group, the main point, or the main objective, with patents is to transfer tech-
nology — not to get money back (Rubio, interview). More recently, however,
there have been attempts to establish a viable pricing approach to technology
licenses, albeit with the explicit aim to ‘maximise the dissemination [of
technology] as opposed to maximising the income’ (Eide & Golebiowski,
2006:1).

CERN started taking patents in 1996 (Huuse, 2008), and in October 2008
the total number of patents or patent applications was 229, belonging to 35
different patent families (ibid.). During an interview at the end of 2000, it
was mentioned that the number of patents was 14, and that CERN was not
aspiring to have many patents; ‘we have a small patent portfolio, but we
have made an effort to have firms interested in the portfolio’ (Rubio, inter-
view). At the end of 2011, CERN’s patent portfolio consisted of 262 patents
and patent applications, divided into 41 patent families (Knowledge Transfer
2011). The fact that patents are mentioned as often as they are, despite the
rather small number of patents held, shows that they in some way are con-
sidered an important part of technology transfer. The conflict between pro-
tecting inventions and CERN’s obligation to make discoveries freely avail-
able to its member states is recognised, and therefore a patent application is
only considered when;

- ‘apatent will increase the probability of having the technol-
ogy transferred, and/or

- a patent will significantly enhance the commercial value of
the technology, and/or

- a patent is needed to ensure CERN’s recognition as the
originator of an exceptional invention’ (Huuse, 2008).
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Judging from the rather small number of patent applications overall, these
rules seem to have been applied.

From CERN’s point of view, there are a number of benefits from apply-
ing for patents; and all of these potentially benefit the member states. These
benefits include; increased communication between scientists and industry,
more effective documentation of unused technologies (due to increased mo-
tivation), early identification of the inventors, and help in deciding owner-
ship, and therefore an increase in the possibility of technology transfer
(Bourgeois, 2000:161). The same source states that there is little risk of an
oversized patent portfolio, as very few cases (within high-energy physics)
deserve patenting (Bourgeois, 2000). Now that CERN’s technology transfer
structures and methods have been introduced, a presentation of different
ways to transfer technology, in principle, will be given.

Different Ways to Transfer Technology

A recurring theme in the written material produced at CERN is that there are
different ways to transfer technology. The ways of transfer that always come
up are technology transfer through people, through purchasing (contracts),
and through (R&D) collaboration agreements (see e.g. Barbalat, 1994a,
1994b, 1997, Bressan, 2004; Huuse & Nordahl, 2004). Below, these transfer
paths are described briefly.

TT through People (Training)

A number of researchers have claimed, that one of CERN’s biggest contribu-
tions to both industry and society at large, is the number of young people
that come to CERN and are involved in the research processes for a limited
period of time, after which they leave with their new knowledge (see e.g.
Autio, Bianchi-Streit & Hameri, 2003; Barbalat, 1997; Bressan, 2004;
Hameri, 1996). According to Barbalat (1997:8), ‘an important part of CERN
activities result in training and a very large amount of technology is success-
fully transferred in this way’. The next part of this chapter will mainly be
devoted to technology transfer through people, whereas the purchasing and
the collaboration agreements will be studied more closely in the empirical
chapters to come.

TT through Purchasing

Technology transfer through purchasing has also been called TT through
procurement, or TT through contracts. It concerns the transfer that can take
part through the procurement contracts given to companies in mainly the
member states, and the studies of the economic utility resulting from CERN
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contracts (Schmied, 1975; Bianchi —Streit et al., 1984) that were presented in
chapter five deal partly with this kind of transfer. Studies of other research
organisations, for instance the European Space Agency, have showed similar
results (see e.g. Cohendet, 1998). According to Barbalat (1997:6),

‘CERN procurements of high technology equipment are essen-
tially made on the basis of detailed specifications resulting, in
many cases, from development work carried out in the labora-
tory. The firm which has received the contract following suc-
cessful competitive bidding can benefit from all the detailed de-
sign information and from the assistance of the CERN engi-
neers who have done the development.’

This is a common theme in the presentations of technology transfer from
CERN; the fact that the firm can get help from CERN in producing high-
technology equipment, thereby gaining knowledge (e.g. Lagrange, interview;
Unnervik, interview 1; Barbalat, 1997; Nordberg, 1997). Since CERN’s
procurement rules will be presented in the next chapter, however, technology
transfer through purchasing will be addressed more in chapter seven and
eight.

TT through Collaboration Agreements (Joint Development
Projects)

When CERN needs to purchase something, the usual way to do it is to go
through the purchasing department and a procurement procedure via a con-
tract. In some cases, this is not a valid option, however. According to Hahnle
(1997:32), there are cases ‘where the required product is CERN specific but
where CERN has not yet gained sufficient know-how in-house’, and in these
cases ‘transactions with industry can no longer be based on contracts’. There
are a number of reasons for this, the two most important being that: 1)
CERN does not have the knowledge to produce a detailed technical specifi-
cation that can be used in a tendering process, and 2) even though the prod-
uct may be based on existing (industrial) technologies, the actual product
does not yet exist (ibid.).

Technology transfer through collaboration agreements, also known as
‘joint development projects’ or ‘R&D collaborations’, has existed in an in-
formal way for many years. With some of the suppliers, CERN has had close
relations since the early beginning, and in these relations technical informa-
tion shared and joint efforts have gone far beyond ‘simple procurement’
(Barbalat, 1997:7). With the development of the LEP and the plans for the
LHC, it was recognised that providing all technologies needed would be an
overwhelming task for CERN, and joint development with suppliers was
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thus needed (Barbalat, 1997:7). In addition, the CERN Review Committee
pointed out that technology transfer was most likely to occur in close coop-
eration between CERN and its suppliers (Abragam et al., 1987b). The joint
development concept was therefore accepted by the CERN Finance Commit-
tee in 1988 (Barbalat, 1997:7). According to the person responsible for big
contracts at CERN,

‘we have a number of joint development contracts, where the
transfer of money is not very big. There is an interest from
CERN to develop something, and a company has the same in-
terest. CERN puts in knowledge, whatever knowledge we have
in the field, and the company puts in knowledge, some man-
power, and equipment perhaps. And together there’s a joint de-
velopment to reach a certain goal, and exactly how the intellec-
tual property should be shared, that is agreed in the contract.
But we have a number of those contracts, and there are proc-
esses with a significant amount of technology transfer. From
both sides’ (Unnervik, interview 2).

Examples of these joint development projects will be given in chapter eight
to ten. The next part of the chapter, however, is devoted to technology trans-
fer through people.

Technology Transfer through People

Within research, the transfer through people is often mentioned as ‘the best
way’ to transfer technology. An important reason for this could be that a lot
of times, what is actually meant is transfer of knowledge rather than technol-
ogy itself. This can for instance been seen from the following quote;

‘People should be considered an important ‘product’ of CERN.
Technology transfer through people is a very efficient route for
technology transfer and as such trained people represent an im-
portant return-on-investment to the member countries and soci-
ety in general. People who have been educated and trained at
CERN carry valuable tacit knowledge which they can take with
them and directly apply in industry’ (Bourgeois, 1997:14).

It is further mentioned, that a successful transfer requires more than the
knowledge in question. For a person, it is not enough to have the knowledge;
you also need the capacity to communicate it. In addition, it is important to
‘be able to convince a new working environment of applicability, usefulness
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of the ideas, and give clear direction as to what to do and what not to do,
etc.” (ibid.).

According to the Technology Transfer Policy at CERN, young scientists
constitute a majority of the CERN users. These scientists ‘contribute to the
design, construction and setting up of experiments’, and they therefore ‘be-
come acquainted with all the leading edge technologies incorporated in
modern physics detectors’ (CERN/FC/4126:5). It is claimed that a substan-
tial number of these scientists will not stay in Academia, and going into in-
dustry

‘they will have acquired many of the qualifications that industry
expects for its future high-level staff: experience of team-work,
keeping of tight deadlines and budgets, familiarity with interna-
tional cooperation, wide experience of data processing and ac-
quaintance with a variety of advanced technologies’
(CERN/FC/4126:5).

There have been very few actual studies of technology transfer through peo-
ple at CERN. One exception is Bressan’s (2004) thesis, where she studied
Italian and Finnish physicists that participated in the DELPHI experiment,
what they had learnt from CERN, and how useful this knowledge had been
in their subsequent careers.”® There are a few studies that have been made of
students at CERN however, and we will have a quick look at some of those
studies later on in this chapter.

There are several groups of people at CERN that can transfer technology
in different ways. The first group consists of people that spend some time at
CERN, and then continue elsewhere, such as summer students, technical
students, PhD students and research fellows (Bourgeois, 1997:22). Some of
these people will continue in Academia, whereas others will move on into
industry. A second group consists of the users, or the research scientists, that
spend some time at CERN and some time in their home institutes every year
(ibid.). The third group is made up of the staff in the sub-contracting firms
(ibid.), some of which even spend time at CERN. Finally, a fourth group
consists of former CERN employees who move on to other employers
(ibid.).

Bressan (2004), who in her PhD thesis has studied, among other things,
knowledge transfer from CERN, comes up with similar arguments;

‘Each year hundreds of young people join CERN as students,
fellows, associates or staff members on first employment. After

% In November 2000, the Swedish Natural Science Research Council made a summary con-
cerning Swedish participation in the DELPHI experiment, but the focus was more on summa-
rising the participation, rather than on actual interviews with participating researchers.
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the completion of their thesis, fellowship, or contract, the value
CERN adds by working in an exchange of knowledge enables
them to find their next job in their home country. Many will not
stay in research or even continue to work in physics, but at the
end of their stay at CERN they will have acquired many of the
qualifications expected by industry’ (Bressan, 2004:21).

Even if the people that spend some time at CERN and then move on are
important transferors of technology and knowledge, it is important to put
into perspective how many people spend time at CERN every year. In addi-
tion to the physicists that come to CERN every year (who are employed by
their home institutes), there are also other groups of people listed by CERN
(CERN Factsheet 2012); fellows, paid associates, students and apprentices.
For 2011, the number of people amounted to; 477 fellows, 306 paid associ-
ates, 288 students, and 21 apprentices (ibid.). Since the early 1990’s, the
number of fellows has more than tripled, the number of students more than
doubled, whereas the number of apprentices has remained more or less that
same (cf. Bressan & Streit-Bianchi, 2005:16). During the same time period,
the former category ‘unpaid associates’ (around 600 people in the early
1990’s) has disappeared, and the paid associates have taken their place
(Bressan & Streit-Bianchi, 2005:16; CERN Factsheet 2012).

In addition to adding up to a fairly moderate number of people, the differ-
ent groups mentioned above also stay for different amounts of time. Accord-
ing to one of CERN’s Technical Directors, people will learn different things
depending on how long their stay at CERN is:

‘The ones that only stay for six months, at least they learn to do
something within six months, because we want to get the work
out of them to pay for them. And they have all these people that
talk to them in different languages, they see different things. I
think that they at least understand that Europe is more than one
country. In the short term, they will have understood that at
least’ (Hoffmann, interview).

This statement is most valid for the technical students at CERN, a group that
will be presented shortly. For other groups of people, like the fellows and
associates, who perhaps stay for a few years;

‘I think they gain an intimate knowledge about all the afore-
mentioned things. And we are also quite serious about sticking
to milestones, big projects have to, and maybe we are not as
tough as industry, but not much less. And in a much more com-
plex environment. And you have to learn how to motivate peo-
ple’ (Hoffmann, interview).
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As already mentioned, there are not that many studies of people that have
been to CERN, but below follows description of some of the studies of stu-
dents that have been there.

Students at CERN

CERN is not a university, and therefore cannot award degrees. A large num-
ber of students go there every year, however, both as summer students and
for a longer period of time for a degree project. In addition, doctoral students
of particle physics, as well as other related subjects, spend periods of differ-
ent lengths at CERN. For a long time, CERN has had a special programme
called ‘The Technical Student Programme in Engineering, Computing and
Applied Science’ for students of natural sciences apart from physics:

‘The Technical Student Programme is aimed at undergraduate
students in technical fields, whose universities require or en-
courage them to spend a training period of several months dur-
ing the course of their studies in industry or in a research estab-
lishment, or allow them to carry out a project in such an estab-
lishment. Selected students join a team working at CERN, and
usually spend six to twelve months at the laboratory’ (CERN
website, 2009-07-25)"".

Swedish Technical Students98

For Swedish students, the technical student programme is an opportunity to
go abroad and work, while at the same time finishing a Master’s thesis. For
some of the technical students, this is not the first time the get in contact
with CERN. Some of them have been here before, because

‘each summer, CERN welcomes undergraduates specializing in
physics, computing or engineering as ‘summer students’. A
comprehensive series of lectures and visits complements the
practical experience that they gain by joining in the research
work of the Laboratory’ (CERN website, 2009-07-25).

For several years, Sweden also had a physics summer school at CERN,
bringing some 20-30 Swedish physics students to CERN for a few weeks
every summer (Jansson, interview).

Thttps://ert.cern.ch/browse_www/wd_pds?p_web_site id=1&p web_page id=7052&p no_a
g)gply=&p_show=N.

The study of Swedish Technical Students at CERN was conducted as a small part of the
study presented in this thesis. For a more thorough presentation of the study, see Aberg, 2000.
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Going back to the technical student programme, during some years, this
programme was heavily promoted in Sweden, and special grants of 80,000
SEK were given to students that were accepted”’. The Swedish programme
existed in addition to the CERN programme'®”’, which meant that many more
Swedish students had the opportunity to go to CERN than would otherwise
had been possible.

Since several Swedish students received grants at the end of the 1990s,
there were quite a few Swedish technical students at CERN during this pe-
riod. The students’ general experience of CERN was positive. The advanced
and internationally recognised research, the multi-cultural environment and
the high level of competence of the staff were given as good examples. One
respondent said that ‘the best thing about CERN is that it is such a big and
distinguished research facility, that you feel like you’re part of something
extremely advanced and high-tech’ (Ulvegren, interview).

As an example of technology transfer, however, this study does not show
much. Albeit that the study was made while many of the students were still
finishing their degrees, but going to CERN seems to have inspired an unusu-
ally large number of them to stay within academia. It also has to be ac-
knowledged, that most of the students in this programme received an engi-
neering degree, and that most of them would normally have gone straight out
into industry after finishing. Had it concerned students within particle phys-
ics, the results would instead have been rather remarkable for the large per-
centage of students going out into industry.

% 1t was the former Swedish Natural Science Research Council (NFR) and TTA
Technotransfer AB that granted scholarships to students from various technical fields for
doing their degree projects for their different Master of Science-degrees at one of the five
large European research facilities CERN, ESO, ESRF, EMBL or JET. For the years 1998 and
1999, 33 students received these grants; 22 of these students were financed by NFR (which in
their turn receive financial support from The Knut and Alice Wallenberg Foundation) end
eleven students were financed by TTA.

1% The Swedish grant was not as generous as the CERN one. This was described by some of
the Swedish technical students as an A- and a B-team; if you had money from CERN you were
better off financially, and it was also considered more difficult to get accepted this way.
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Table 6.1 Students’ Occupations at the Time of the Survey

Current CERN ESO JET ESRF | TOTAL
occupation

Finishing degree 6 2 1 9
project

Working in 10 2 1 13
industry

Working on a 4 1 2 7
PhD

Working where 2 1 3
degree project

was made

TOTAL 22 6 3 1 32

In addition to the students already doing a PhD at the time of the study (see
table 6.1), a number of the students finishing their projects, and even a few
working in industry, said that they would start doing a PhD. The inspiration
to continue doing research came from spending time at a big research facil-
ity. All of the students thought that they had gained valuable experience at
CERN. According to the students themselves this could be summarised in
the following words: knowledge of languages, experience abroad, experi-
ence from an international environment, self-confidence, the courage to
question things and an ability to work independently, knowledge about re-
search, the ability to structure problems, an international network and the
ability to communicate and co-operate. Most of the students also believed
that their skills and knowledge were on a good level compared to interna-
tional standards, and all of them would consider working abroad, at least for
some time.

For the technical students working in industry, there were a few factors
that seemed crucial for them gaining employment. The fact that the degree
project had been carried out at a large research facility was not judged to be
of any great importance, but all the employers clearly stated that the fact that
the degree project had been done abroad was very important. It was seen as a
sign of enterprise that the students had gone abroad to do a degree project,
and the importance of international experience through cooperation in an
international environment was stressed: ‘A similar degree project in Sweden
had not been nearly as interesting’. In addition, the possibility to enhance
the language skills was considered important, and in one case it was stressed
that international experience is extremely important in a multinational com-
pany. The opportunity to create an international network was also com-
mented upon.
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Other Studies of Students at CERN

The study described above is just a small one made of a small group of peo-
ple at more or less the same level, however. More extensive studies, besides
Bressan’s (2004) study, have been made. One concerns the students that
have taken part in the DELPHI experiment at CERN’s LEP electron-positron
collider. Camporesi (2000:20) writes that ‘[a]s well as being crucibles of
research, today’s big physics experiments are also factories for students’.
The careers of 669 students were analysed, out of which 338 students ob-
tained a PhD, 89 a Master’s degree, and 242 students obtained different
kinds of national diplomas. In the study they found seven different kinds of
career paths'”', but one of the most interesting findings was that about 50 per
cent of all former students, and almost 42 per cent of the former PhD stu-
dents, could be found in the private sector. This was taken as a major indica-
tion of the value of the physicists to industry, and thus of the value of CERN
to industry. In addition, industry’s interest for physicists had increased:
‘Comparing data collected in 1996 with those in 2000 shows that physics
students have become valuable. With job offers already on the table, they are
having to wrap up their thesis work in a hurry’ (Camporesi, 2000:21).

Short-term Student Activities

So far, most of the mentioned student activities at CERN have been quite
extensive in character, but there are other activities that are more short-term.
There is a number of initiatives concerning summer schools within various
subjects, and different member countries have also had their own activities.
One example is the Norwegian University of Science and Technology
(NTNU) which for four consecutive years'®” has participated in a technology
transfer training week organised by the Knowledge Transfer group at CERN
(CERN website, 2012-04-12). Another example is Swedish physics summer
schools that have been arranged by Swedish universities and CERN in col-
laboration, and which have been aimed at Swedish undergraduate physics
students.

Before this chapter is concluded, some of the arguments concerning
whether CERN should be actively pursuing a technology transfer policy or
not will be presented.

Should CERN Be Focusing on Technology Transfer?

At the Basic Science and Technology Transfer workshop in 1997, it was
stated that; ‘Technology transfer cannot be left to its own devices, it does not

11 The seven career paths were research, teaching, computing and simulation, management,
business, high technology and graduate school.
192 The fourth event took place in between 13 and 17 of February, 2012.
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occur naturally. It has to be organized, in a professional way and it has to be

communicated’ (Bourgeois, 1997:21). Organising and communicating tech-

nology transfer, however, will require time and resources. The question is;

should CERN be using resources on actively pursuing technology transfer?
According to Abragam et al. (1987b:34),

‘the relations between CERN and industry have been exten-
sively discussed over the last few years. Awareness of their im-
portance derives partly from new difficulties associated with
award-of-contract procedures but mainly from the growing
conviction that CERN should strive to collaborate more effec-
tively with European industry.’

In the Abragam study (1987b), two ways of attaining closer cooperation
were identified. The first one mentioned was increased transfer of special-
ised technical know-how from CERN staff to industry, and the second way
was to redistribute more advanced work from CERN teams to industry
(ibid.). In the study in is underlined, however, that ‘the impact of possible
spin-off of an improved industrial policy should not be overestimated’
(Abragam ef al., 1987b:34). The value of contracts that could be considered
‘technically interesting” was ‘marginal in terms of European industry as a
whole’, and the number of firms that could actually benefit was rather small
(ibid.).

Difficulties with Technology Transfer

Despite the fact that CERN is publicly funded, and that the general opinion
seems to be that technology transfer is a good way for the tax payers in the
member states to get their money’s worth, there are also some difficulties
mentioned.

From CERN’s point of view, it has been stressed by many people, and on
numerous occasions, that industry is essential for most activities at the labo-
ratory. In the Proceedings from the first Workshop on Basic Science and
Technology Transfer at CERN,it is stated that ‘CERN’s success has been to
a large extent based on excellent collaboration between our Member States’
(Bourgeois, 1997:4). But even though this collaboration is vital, it also en-
tails difficulties. The first difficulty concerns fairness between the member
states; ‘If a new technology is transferred to and developed in only one or a
few of our Member States then the other countries can justifiably protest
“Just a minute, we also paid for this development™ (ibid.). How CERN
should handle this question about fair distribution of the benefits of techno-
logical innovation between the member states is a problem that has to be
acknowledged.
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The second difficulty concerns the fact that technology transfer is not part
of CERN’s core business;

“The purpose of CERN is not technology transfer. It is basic re-
search. Technology transfer in a basic research environment is
not the same as technology transfer in a technical centre serving
directly small and medium-sized enterprises’ (Bourgeois,
1997:22).

Organising technology transfer in an effective way will therefore be a big
challenge. Furthermore,

‘CERN is a high-energy physics community with a very strong
core culture. And knowledge transfer or external activities are
not part of that culture’ (ibid., p. 23).

It is stated that CERN has a strong ‘research culture’ and that this is likely to
clash with a more ‘business oriented’ culture. CERN wants to do research,
while companies want to make money. Therefore,

‘it is necessary to force CERN to enter into technology transfer.
That is not easy. Because the experience [ have with the CERN
culture is a very ambivalent attitude to transfer of technology.
Because CERN is a science-oriented organization. People put
their focus on their core business which is to produce new phys-
ics basically. Transfer of technology costs money and time’
(Bourgeois, 1997:23).

The third difficulty lies in the ambiguous roles of the politicians of the mem-
ber states, and in the fact that they, on the one hand, want to promote tech-
nology transfer, but, on the other hand, want to save money. This has been
expressed in the following way;

‘the member countries have also a very ambivalent attitude.
[...] my minister is in favour of technology transfer, as a politi-
cian he would like to force CERN to transfer a lot of technology
to the Member States. But, on the other hand, he is very tough
on the budget of CERN. CERN has incurred in the last years
deep cuts in the budget and it will be extremely difficult for the
administration to invest in new areas, such as technology trans-
fer’ (Bourgeois, 1997:24).

Thus, different political aims also tend to clash (and not just cultural differ-
ences).
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The fourth difficulty concerns exclusivity. Companies are interested in
‘another method of technology transfer involving the introduction of an ac-
tive patents policy to exploit the inventions of new processes developed at
CERN’ (Abragam et al., 1987b:39). Abragam et al. (1987b) saw several
problems connected to patents, however. The first one was the CERN con-
vention, stating that results should be made generally available. The second
problem was partly connected to the first one, and dealt with the potential
disappearance of openness between CERN and industry. As it were, compa-
nies could come and go more or less as they please. A third problem con-
cerned the difficulties of identifying patentable ideas at CERN (Abragam et
al., 1987h:39). As already mentioned, however, CERN started to apply for
patents in 1996, because it was judged that the advantages outweigh the dis-
advantages.

Despite all the difficulties, the most common point of view seems to be
that technology transfer is an important endeavour for CERN;

‘The primary role of CERN is to carry out research in particle
physics, but there are secondary benefits. High-energy physics
research at the frontiers of our understanding and technical abil-
ity generates a constant need for new devices and techniques
which frequently turn out to have uses in other fields. These are
spin-offs. One example is the World-Wide Web. [...] Another
example is the various particle detectors [...] which have been
developed at CERN and are now in use in hundreds of hospitals
for medical imaging. These are only two of many other such
technological breakthroughs’ (Bourgeois, 1997:4).

In the quote above, some of the most cited inventions from particle physics
in general, and CERN in particular, are mentioned. CERN’s usefulness to
industry and society is thus stressed.

Concluding Remarks

This chapter has discussed technology transfer at CERN. As chapter five
indicated, technology transfer is a subject which was not much discussed
during the first forty years of CERN’s existence. All the structures and proc-
esses set in place for increasing the possibilities for successful technology
transfer are still fairly new. In some cases the importance even seems
slightly exaggerated; for instance, the mentions of patents abound, but so far
there have not been that many patent applications filed.

One aspect that has not been touched upon yet, but that we will come
back to in part III of the thesis, is the question whether technology transfer is
one-directional, or whether it is an interactive process. The theoretical chap-
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ter introduced different ways to perceive technology transfer, and the differ-
ences in perception will also affect what methods are being used to facilitate
technology transfer. Some of the material in the following empirical chapters
will help to elucidate these discussions further.

The next chapter will introduce CERN’s procurement rules, show how
these have been changed over time, and present some of the effects that they
have on industry. Hopefully the chapter will also help to clarify some of the
aspects only touched upon in the previous chapters and in the current one,
such as the prevalence of the ITLO and the ILOs. In addition, some of the
activities at CERN that could be considered technology transfer activities are
already handled by the procurement services. The reason for this is that pro-
curement is much older than the technology transfer group, and that, histori-
cally, the activities handled by the KT group were carried out within the
procurement group (Rubio, interview). There is an ‘overlap between pur-
chasing and technology transfer and of course we are collaborating, because
purchasing is a form of technology transfer’ (Rubio, interview). This overlap
seems to have been acknowledged, since the Knowledge Transfer Group is
claimed to work closer with the procurement group since 2011 (Knowledge
Transfer 2011). Thus, we will now move on to the chapter about procure-
ment at CERN.
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Chapter 7: Procurement at CERN and the
Effects on (Swedish) Industry

A big part of CERN’s interaction with others consists of different contacts
with industry. This chapter will therefore start dealing more specifically with
CERN-industry interaction. The procurement service at CERN may not be
the very first contact with CERN for all companies, but sooner or later most
of them come in contact with it. In this chapter, the procurement service will
be described. After introducing the procurement service at CERN, this chap-
ter presents some of the changes that the procurement process has under-
gone, as well as some of the effects that these changes have had on industry.
Towards the end of the chapter the situation for the Swedish companies is
presented, including a passage on how to connect CERN and Swedish indus-

try.

The Procurement Service

The procurement service is part of the Procurement and Industrial Services
Group within the Finance and Procurement Department. Thierry Lagrange,
Head of Purchasing at the time of the interview, gives a vivid image of the
purpose and activities of the procurement service;

‘We are in an international organisation doing research, and the
main purpose of this organisation is research. For this research,
scientists need tools, and the tools are in this case quite impor-
tant, because they are accelerators and detectors. And the accel-
erators are built in an industrial way, which involves a lot of
money, a lot of high-tech equipment, a lot of follow-up because
it is long-term equipment etc. So this means that we have a
clash between what the normal scientist would like to have — he
dreams of something and it comes from industry — and the fact
that we have member states looking at tax-payers’ money and
trying to reduce, as much as possible, the use of the taxpayers’
money and to make sure it’s used in the best way possible. It is
two conflicting and contradictory things. So in this setting, the
purchasing service, we have a request from the engineers, but
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which comes in fact from the physicists, because the engineers
are only trying to build what the physicists want, and we are
trying to get what they want in the most efficient, economical
and best legal way’ (Lagrange, interview).

Thus, simply put, the overall purpose of procurement at CERN is to structure
and organise purchasing so that the physicists can realise their research. On
CERN’s website, their mandate is described in the following way;

‘The Procurement and Industrial Services group is responsi-
ble for the procurement of all goods and services for the Or-
ganisation. In close collaboration with the technical staff, it pre-
pares market surveys, invitations to tender and subsequently
negcl)gates orders and contracts’ (CERN website, 2009-06-
24).

After all the necessary documentation has been provided, and bids have been
collected and processed, the contract is then placed. The procurement service
is responsible for placing the order in accordance with the procurement
rules, and it is this group that represents the organisation in its dealings with
industry (CERN website, 2007-07-04)'"*. The whole procurement process
will be presented more thoroughly throughout this chapter, but before that
presentation some comments on early procurement at CERN will be made.

Early Procurement

The procurement procedures at CERN have undergone changes during the
more than fifty years of the organisation’s existence. In the First Annual
Report (1955:51-52) it can be read that

‘It is CERN’s practice to give preference to the most favourable
offers consistent with quality. Consequently suppliers in distant
countries may in certain cases be handicapped in competing
with Swiss contractors, whose delivery costs are relatively low;
— and this is particularly true of building materials, for which
only Swiss or French contractors operating in the immediate
neighbourhood can quote competitive terms. In the same way it
is generally necessary to obtain from local suppliers materials
urgently required for regular use.’

193 http://fp-procurement.web.cern.ch/fp-procurement/mandate/mandate.htm
1% http://fi-purchasing.web.cern.ch/fi-purchasing/Procedures.htm
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This quote points at several aspects that have later been debated at length
within the organisation — some to the extent that the very existence of CERN
has been in jeopardy. The first, and most important point, is that it is freely
admitted that suppliers in the neighbouring countries have an advantage. The
fact that member states were discriminated against geographically was an
important factor that later would have to be compensated for in the procure-
ment rules.

In the interaction with companies, CERN initially functioned as any other
international institution, taking in offers from several companies and buying
from the least expensive supplier (provided, of course, that technical re-
quirements were met). At the Meeting on Technology Arising from High-
Energy Physics in 1974, Zilverschoon (1974:31) pointed out that

‘contrary to what is generally the rule in international organiza-
tions, we do not have a system of what is called “juste retour”
or “fair return”, i.e. if a country contributes 20% of the budget,
it does not insist on getting back 20% of the money. Our rule is
extremely simple: there is no geographical distribution; we have
to accept the lowest offer that meets the technical requirements
and delivery time.’

It was considered a great freedom for CERN to be able to spread orders
throughout the member states with no regard to fair return, and it was be-
lieved that this helped in getting low prices. CERN was not the only part
believed to gain from this arrangement, though, because it was believed to
be advantageous for companies that were temporarily not using all their ca-
pacity, and therefore being able to reduce the fixed costs on their price calcu-
lation (Zilverschoon, 1974:31). This is presented as a win-win scenario;
CERN gets a good price, and the companies get to use all their capacity.
According to Zilverschoon (1974), the fact that CERN did not apply the
principle of fair return was even something that all member states should
appreciate; ‘the Member States, even those who did not get the contract,
ought to be happy because they know that they got good value for their tax-
payers’ money’ (ibid. p. 31).

The procurement system, which by many people at CERN was felt to
function rather well (as can be seen from the quotes above), was beginning
to be seriously questioned sometime during the 1980s (Barbalat, interviews).
It became obvious that it had to be adapted to the demands that arose from
the member states’ politicians wanting to get a ‘fair return on investment’. In
addition, the localisation of CERN, on the border between France and Swit-
zerland, was seen by member countries situated on the outskirts of Europe as
favouring companies from especially France and Switzerland. How could
this problem be dealt with in an efficient way?
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In the beginning of the 1990s, discussions about some sort of system that
‘guaranteed’ a fair return, in the form of contracts to national companies,
were raised.'® The outcome of these discussions, the current CERN Pro-
curement rules, is presented at some length below.

The 1994 Procurement Rules

The new procurement rules were decided on in order to alleviate the prob-
lems of ‘unfair’ distribution of industrial contracts. According to Lagrange
(interview);

‘There comes something new — new since 1994 — and that is
that there is now also a political aspect. Since it is tax payers’
money, and that it is contributions from the member states ac-
cording to the gross national product, the member countries
have requested that there would be an industrial return, to the
different countries, in proportion to that contribution. There are
two things to this return; first, it is a kind of financial return, not
taking into account the technological element, not like ESA,
who puts a weight on the return according to the technological
value they give to it, and second it’s a target. So we don’t have
the obligation to completely satisfy that request. But what we
have as an obligation is to change our purchasing rules and pro-
cedures, which means that, although it is a target, because of the
purchasing rules and procedures, this target is more or less met
—to a quite large extent.’

The discussion concerning fair returns thus led up to a discussion concerning
new procedures that would also take into account how much money each
member state contributed to versus ‘got back’ from CERN. As Lagrange
points out, however, there is no focus on the actual content of the or-
ders/contracts, something that would perhaps be interesting in the light of the
more recent focus on the importance of technology transfer from CERN.
Nevertheless, the procurement rules were changed in accordance with the
wishes of the member states.

195 See also chapter five.
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The official summary of the procurement rules, as decided by the CERN
Council'® in December 1993'"_ reads as follows;

In the interests of the Organization, the general procurement policy

shall have the following goals:

e At least three competitive bids shall be sought for any purchase
exceeding 5000 CHF;

e In principle, invitations to tender shall be limited to firms estab-
lished in the CERN Member States;

e ensure that bids fulfil all the technical, financial and delivery re-
quirements;

e keep overall costs for CERN as low as possible;

e achieve well balanced industrial return coefficients for all Mem-
ber States.

Source: Abstract of the Purchasing Procedures, 1997 (SPL-DI/RP/ck375-

30/4/98).

In addition to the new procurement rules, the mandate of the /ndustrial Liai-
son Officers (ILOs) was approved at the same time. According to the man-
date, ‘Their function is “to ensure contacts and flow of information be-
tween CERN and the national firms” and to “have a major role in the iden-
tification of potential suppliers™ (CERN/DG/DA/94-184). The ILOs are
appointed by their respective member state, and by CERN they ‘are consid-
ered as representatives of their national industry’ (ibid.). It is important that
they remain fairly ‘neutral’, and they can therefore neither be employed by a
firm with a contract with CERN, nor be a CERN staff member. A well-
functioning ILO can be of great help to new firms seeking contacts with
CERN, in that he has knowledge of both people and activities there. The ILO
can also add firms to the list of firms available to the procurement service.
How the procurement rules function in practice, and what role the ILO can
play in this, will be presented in the text below.

19 The CERN Council bears the ultimate responsibility for all important decisions affecting
the organisation and its activities (among other functions it determines CERN’s policy in
scientific, technical and administrative matters, approves the programmes of activities, adopts
the budgets and reviews expenditure). Each member state has two official delegates, one
representing his/her government’s administration, and the other representing the national
scientific interests.

197 The purchasing procedures were decided on in December 1993, and came into effect from
the first of January, 1994 (CERN Purchasing Procedures, 1997).
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Procurement in Practice

When someone at CERN — a group or a person — needs to buy something, it
starts with the technical group (that is, the technical staff at the group in-
volved in the procurement) specifying their technical requirements and time
limits. Thereafter, this group is responsible for the technical performance of
the contract, for checking the completion times etc., but the contractual re-
sponsibilities lie elsewhere. According to information on CERN’s website;
‘Contracts or orders are awarded to suppliers or service providers following
a selective procurement procedure involving Price Enquiries (contracts
below 200,000 CHF) or Invitations to Tender (contracts above 200,000
CHF)’'®. Price enquiries are sent to selected companies; so in order to re-
ceive these a company can either register in the supplier database, contact a
procurement officer, or the ILO of their home country. An invitation to ten-
der is preceded by a market survey that every company interested in the con-
tract must fill in, and the market surveys are attained in much the same way
as the price enquiries. The final list of firms is a motley crew of contacts;
some firms that search the website and contact CERN to let them know that
they are interested are registered in the database, others are already regis-
tered. In addition, the procurement officers know some firms, the people
responsible at the technical department know some firms, the ILOs may add
some firms — and in the end you come up with a list of firms to contact (Un-
nervik, interview 2).

The Procurement Service is responsible for placing the order, or the con-
tract, and for ensuring that matters proceed with the regulations in force.
This group is also the sole representative of the organisation in all dealings
with its suppliers when it comes to contractual changes during the execution
of the order or the contract. There is thus a division between the technical
side on the one hand, and the commercial side on the other hand. The pro-
curement rules help to minimise the tension between the two, but the rules
are sometimes seen as a bit of a problem by the technical personnel, some-
thing that will be addressed in the following chapter. Leaving that issue for
now, however, the procurement procedures will be discussed in more detail.

As hinted above, the order/contract starts with a technical specification.
The difference between orders and contracts is that the former are used for
requirements below 750,000 CHF, while the latter are used for requirements
above 750,000 CHF, or for requirements that are considered especially com-
plex. Apart from the order/contract difference, there is another one to keep in
mind. For requirements below 200,000 CHF something called price enquir-
ies (PE) are used to get information from the companies, whereas invitations
to tender (IT), or calls for tenders, are used for requirements above 200,000
CHF. In addition, market surveys (MS) precede invitations to tender, partly

1% http://procurement.web.cern.ch/how-to-do-business-with-cern (2012-11-25).
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in order to inform firms about upcoming requirements, and partly to inform
CERN about what firms would be interested and able to make an offer. In
addition, it may function as a ‘reality check’ for CERN, in that it may help
bring technical specifications more in line with what the firms are able to do.
Based on the MS, the Procurement Service decides what firms will receive
an IT. The market survey is an important tool for large contracts. The bigger
the requirement, the more information the MS contains. For requirements
exceeding 200,000 CHF, the MS contains a summary of the technical speci-
fication, a list of qualification criteria, and a questionnaire for the firm. No
matter how many orders or contracts a firm has received from CERN, they
still have to fill in this MS for every new requirement. According to Unner-
vik (interview 2), the reason for this is that each requirement is kept sepa-
rately, and it helps the procurement officers immensely to have all the in-
formation in one place. The firms that have been working with CERN knows
this, and although some may consider this unnecessary work, they also know
how to fill in the forms, so it does not take up that much time (Unnervik,
interview 2).

For all requirements below 1,000 CHF, there is no intervention from the
Procurement Service, and the technical department chooses its preferred
supplier. Any order above 1,000 CHF has to be handled in a more formal-
ised way. In some cases, however, it is possible for a technical department to
request the commercial information directly (and thus not go via the Pro-
curement Service), provided that the purchase does not exceed 5,000 CHF.
At least one written offer should be sought, however, either by the technical
department or by the Procurement Service. For requirements between 5,000
CHF and 10,000 CHF, at least three written offers should be received. The
order can be handled either by the Procurement Service or by the technical
department involved.

All contracts above 10,000 CHF are handled by the Procurement Service,
and the higher the amount of money involved, the more restrictions there are
on how the contract is handled. For instance, a contract concerning sums
above 200,000 CHF will start with an invitation to tender, or a call for ten-
der, with has to be announced in an Invitation to Tender document. Then a
market survey is made to localise all companies in the member countries that
could be interested in the contract. This market survey is based on CERN’s
supplier database, but all the member countries’ industry contact people, the
ILOs, are welcome to add companies to the list (both permanently and spe-
cifically for a certain contract). For an overview of the procedures, see figure
7.1 below.
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Service
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Warning to Finance Committee (FC)
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Competitive tendering {6 weeks for \_"""‘"---..K* = 750.000 CHF?
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Up to 15 firms, e BE— Yes No
adjudication by FU /

Up to 10 firms,
adjudication by FC if

only one offer was sought

Figure 7.1 Procedures for Obtaining Offers at CERN
Source: CERN website, Procurement Rules (2009-06-24).
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Depending on how large the requirement is CERN has to invite a certain
amount of firms to tender. For requirements below 200,000 CHF, it is not
necessary with a market survey (MS). CERN can use it if they want, but
normally time is of essence, and if it is not necessary according to the rules,
it is very seldom used (Unnervik, interview 2). In these cases, up to five
firms should be invited to tender. For orders between 200,000 CHF and
750,000 CHF, up to ten firms should be invited to tender, and for contracts
over 750,000 CHF, up to 15 firms should be invited (see also figure 7.1).

The deadline to answer an invitation to tender is at least six weeks, but
this time period can be extended to ten weeks or more. Firms are allowed to
consult CERN until two weeks before the deadline for submission of tenders
if they have questions, but the questions and answers have to be circulated to
all potential bidders so that they can be taken into account in the preparation
of the bids. The firms are invited based on the replies they have given on the
market survey. For some areas, it might even be difficult to find five firms
that are able to deliver, whereas for other areas there is an enormous number
of qualified firms. In these cases,

‘you pick a few firms, from different countries naturally, but
normally firms you know since before. You don’t really want to
waste any invitations, and risk only getting one or two viable
offers back’ (Unnervik, interview 2).

After this selection process, a contract is awarded to one of the bidders. The
procedures concerning the awarding of contracts are described below.

Awarding of Contracts

How, then, is the ‘lucky winner’ selected? The first thing is to single out
technically and financially qualified bidders. To be technically qualified, a
company has to meet the technical requirements stated by CERN, and it is
also important that the order is of reasonable proportion (i.e. it should not be
too large a part of a company’s total turnover). According to the Head of
Purchasing; ‘we don’t want a contract to be too big for a firm, we don’t want
a firm to be dependent on CERN for its survival’ (Lagrange, interview). To
be financially qualified, the bid cannot exceed the lowest bid by more than
20%. A selection among the technically and financially qualified bidders is
based on the following criteria;

‘Where the lowest bid is from a firm offering supplies or ser-
vices originating in poorly balanced Member States, the con-
tract shall be awarded to that firm, provided that the tender
complies with all stipulated requirements.
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Where the lowest bid is from a firm offering supplies or ser-
vices originating in a well balanced Member State, CERN shall
enter into negotiations with the two lowest bidders offering
supplies or services originating in poorly balanced Member
States provided that their bids fall within 20% of that of the
lowest bidder’ (CERN Financial Rules, 2008:39-40).

But what are well balanced and poorly balanced member states? According
to CERN’s definition, a well-balanced member state is one which achieves
‘well balanced industrial return coefficients’. For industrial supplies, this
means that

‘The return coefficient of a Member State for supply contracts
for a given 12 month period starting the 1% of March is the ratio
between that Member State’s percentage share of all purchases
of supplies (excluded purchases funded by non-Member States)
during the preceding four calendar years and that State’s per-
centage contribution to the budget over the same period.

The target for the return coefficient for supplies is defined as
the mean return, based on the current overall budget expendi-
ture on supply purchases in the Member States accessible to
firms in all Member States over the previous four calendar
years. However the value of the target shall never be lower than
0.8’ (CERN Financial Rules, 2008:39).

To decide whether a country well or poorly balanced, it is simply a matter of
studying its return coefficient. If the return coefficient falls below the target
figure, the country is considered poorly balance, but if it is equal to or above
the target, then the country is well balanced (ibid.). In the quote above the
target is set to 0.8, but in reality this target has varied somewhat over the
years (see table 7.2 for an overview). To further complicate the case, how-
ever, the level for a fair rate of return varies with the type of contract. The
return coefficient for industrial services is much lower than the supply return
coefficient (equal to or above 0.4), but there are also many more problems
involved with these contracts for the providing company. In reality, it is eas-
ier to move goods than people. Some of the issues concerning service con-
tracts will be discussed in the examples in chapter eight.

The return ratios are calculated, as mentioned above, on the previous four
calendar years, and the information on balanced status is communicated to
firms at the call-for-tenders stage. This implies that companies from well-
balanced countries can enhance their chances of winning a bid by adding
sub-suppliers from poorly balanced countries. This is a fact because if the
value of goods originating from one or more poorly balanced member state
is above 51% of the total amount of the contract, the bid is treated as coming
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from a poorly balanced member state. The subcontracting to companies in
poorly balanced countries has had an unforeseen positive effect, however.
According to the person in charge of big supply contracts, the subcontracting
has had positive effects in that it

‘has resulted in a big increase in technology transfer. There are
examples where the subcontractor has learnt new things, and
then managed to take over the actual contracting. Technology
transfer between companies because of CERN’ (Unnervik, in-
terview 1).

For the smaller orders the winning bidder can now be decided, but before a
large contract is finally approved it has to be adjudicated, i.e. approved, by
the finance committee. This is a requirement for all contracts above 750,000
CHEF, but also for contracts between 200,000 CHF and 750,000 CHF if only
one offer was sought (CERN Purchasing Procedures, 1997). The reason for
this is of course so that the contract awarded can be considered fair by all
member states.

Until 2008, ‘every contract wad adjudicated on a “lowest compliant bid”
basis’ (CERN Bulletin, 2011), which meant that only the lowest bids, with
consideration taken to the well-balanced/poorly-balanced criteria, had to be
studied technically. This also meant that a technically superior bid was not
taken into account if it was slightly more expensive. According to Brianti
(interview);

‘The problem is that we never got approved by council a set of
rules concerning the technical advantage of one offer compared
to another. [...] In other words, CERN cannot really pay a little
more to get a lot more. If you have two contracts, and one is
few per cent higher in price, but, in fact, a better product techni-
cally, so that the ratio “quality to price” is in favour, you still
cannot get this contract.’

This problem was somewhat ameliorated in 2008 when a new adjudication
method, ‘best value for money’, was introduced, which enables bidders to
offer added value, something that improves the quality offered (and pur-
chased) (CERN Bulletin, 2011). Thus, in addition to the financial criteria, the
quality of the technical offers has to be appraised as well:

‘Firms are encouraged to consider the technical aspects of the
future contract as much as the price in their bid. In CERN’s in-
terests, firms have been enabled to change their approach,
which used to be purely financial, and to integrate qualitative
aspects’ (CERN Bulletin, 2011).
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Following this change, the contract or order is ‘awarded to the firm whose
bid meets the technical, financial and delivery requirements and is either the
lowest; or represents the best value for money’ (CERN website, 2011-09-
16)'”. Thus, ‘CERN's Procurement rules define two adjudication principles;
"lowest compliant" or "best-value-for-money" (for service contracts)’
(CERN website, 2011-09-28)""°, but (so far) it is only the service contracts
that can be adjudicated according to the ‘best value for money’ practice. The
problem for technically superior supply contracts at a slightly higher cost
therefore still remains.

Having gone through the procurement rules and procedures, we will now
turn to how one member state, Sweden, has handled the relations with
CERN when it comes to procurement.

Procurement Rules and Swedish Industry

Already in September 1954, shortly after the Swedish ratification of the
CERN convention, the Atomic Committee

‘decided to send an official letter to the Government, suggesting
the names of Swedish industries which had been found suitable
by the Federation of Swedish Industries as tenderers to CERN.
When the working party of the Committee met in November
that same year, it was revealed that the Swedish General Elec-
tric Co. (ASEA) had pointed out that the details concerning the
terms of delivery for CERN were not in accordance with inter-
national usage, and as a result ASEAs offer concerning a syn-
chro-cyclotron for CERN was not given proper treatment in
CERN’ (Nyberg & Zetterberg, 1977:28).

The quote above can of course be seen as a very early example of one mem-
ber state’s unhappiness with the procurement procedures, but also of an ac-
tive approach towards gaining contracts from CERN.

Historically, Swedish companies have been doing quite poorly when it
comes to industrial contracts at CERN (Hugnell, discussions). This should
not come as a big surprise, however, because Sweden is a small country at
the outskirts of Europe, and Swedish companies have not been very visible
at CERN. For instance, since 1968, Sweden has only held two industrial
exhibitions at CERN'"". Right before the latest of these exhibitions, the so-

19 http://procurement.web.cern.ch/procurement-strategy-and-policy.

"0 http://procurement. web.cern.ch/how-to-do-business-with-cern.

" These industrial exhibitions were held between 10 and 14 of June 1974, with eight Swe-
dish companies participating at the exhibition at CERN; and from 17 to 20 of March 1987,
with 19 participating companies.
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called ‘Sweden week’ in March 1987, the Managing Director of a high-tech
company was asked if he wanted to exhibit the company’s products at
CERN. He felt that the project was not of any interest to his company, but
for him personally it was. He also though that CERN could be of interest to
other high-tech companies, and in February 1988 the so-called INES-project
was started (Industrial Networking in East Sweden) (Mikaelsson, 1993).
This group comprised a number of high-tech companies in the Linkdping
area in Sweden, most of which were spin-off companies from the University
there. The expressed belief was that a group of companies, with different
high-tech competences, would make a greater impression on people at
CERN, and that it would also lower the marketing costs for each company.
The aim of the project was to participate in an exhibition during a ‘Sweden
Day’ at CERN in 1989-90. The interest from some of the companies was not
as big as estimated, however, and some of them dropped out from INES. In
addition, the ‘Sweden Day’ was cancelled, and this pushed INES to its
grave. Although the INES project did not achieve its goals, some of the par-
ticipating companies were later able to gain small contracts at CERN for
some R&D projects (see chapter eight about the FERMI project).

There have been another few attempts in this direction to make Sweden
more visible at CERN, but in general it was not until the 1990s that indus-
trial returns became a popular topic of discussion in Sweden. In table 7.1, the
Swedish share of CERN purchases during the 1980’s and early 90°s can be
seen, as well the Swedish contribution and return coefficient.
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Table 7.1 CERN and Purchases in Sweden — Share,
Contribution, and Return Coefficient

Total
CERN purchases |Swedish |Swedish Return .
purchases |- o coefficient
Year . in member | share contribution
in Sweden states (%) (%) for
) () 12
(MCHF) (MCHF) Sweden
1981 1.4 192 0.72 4.30 0.17
1982 2.0 236 0.85 4.30 0.20
1983 3.6 457 0.78 4.26 0.18
1984 3.0 386 0.76 4.05 0.19
1985 4.6 436 1.06 4.04 0.26
1986 8.0 483 1.66 4.03 0.41
1987 5.0 378 1.33 3.61 0.37
1988 34 331 1.01 3.59 0.28
1989 2.6 237 1.11 343 0.32
1990 5.0 281 1.78 3.49 0.51
1991 12.1 415 291 3.26 0.89
19922 3.0 331 0.90 3.34 0.27

Source: The Swedish Natural Science Research Council, Report on CERN Purchas-
ing.

The new procurement rules, unanimously agreed upon by the Finance Com-
mittee in December 1993, did manage to create a change in the overall trend
already in 1994. Both when it came to supplies contracts and industrial ser-
vices contracts, there was a shift away from the host countries (France and
Switzerland) in favour of the poorly balanced member states (Report on
Purchasing, 1994). This trend was sustained in 1995 (Report on Purchasing,
1995). During 1996, the last year of the transition period since the introduc-
tion of the new purchasing rules, the overall results were considered satisfac-
tory (Report on Purchasing, 1996). For Sweden, there was also a shift to-
wards better industrial returns, especially for supplies (see table 7.2). In the
mid-1990s, Sweden received a number of big industrial supplies contracts,
and a few years later, two important services contracts were signed. Since
then, the results have not been as good, however.

"2 The return coefficient is calculated as ‘the Swedish share of purchases in %’ divided by
‘Swedish member state contributions in %’ (i.e. column 4 divided by column 5).
' The data for 1992 only included the first three quarters of 1992.
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Table 7.2 Swedish Industrial Returns for Supplies and Services

Industrial C it
Commit- return ommit- Industrial
ments for coeffi- ments for Services
Year . . Industrial Swedish ILO
Supplies (in | cient . return coef-
Services . 115
CHF) (target . ficient
remm)114 (1n CHF)
1994 Mr. N. Hellstrom
116 3,483,168 -- 26,200 - Dr J. Kjellman
066 117 (Hell-
1994 | 3,038,397 (0.80) 26,200 0.01 strom/Kjellman)
1995 |4,228311 ?(')sgo) 43,219 0.02 Hellstrom/Kjellman
1.00 Mr J. Gustavsson
1996 |5,489,392 (0.80) 165,541 0.05 Dr A. Hugnell
1997 8,108,144 (1(')4860) 1,138,778 0.29 Gustavsson/Hugnell
1998 4,326,923 ?0689 6) 1,431,112 0.37 Gustavsson/Hugnell
1999 | 3,094,958 ?OSE? 6) 2,996,056 0.89 Gustavsson/Hugnell
2000 | 3,520,766 ?(')3897) 3,734,240 0.98 Gustavsson/Hugnell
2001 4,285,303 ?(')4;7) 4,024,034 0.95 Dr A. Hugnell
2002 | 3,249,732 ?(')3829) 608,221 0.19 Dr A. Hugnell
2003 4,823,551 ?(')3990) 496,458 0.14 Mr J. Holmberg
2004 | 6,467,036 ?(')3972) 647,834 0.15 Mr J. Holmberg
2005 5,704,459 ?(')353) 808,639 0.18 Mr J. Holmberg
2006 |4,369,415 ?(')3904) 814,117 0.16 Mr J. Holmberg

Sources: Reports on Purchasing from CERN from 1994, 1995, 1996, 1997, 1998,
1999, 2000; and CERN’s Website''® (for the years 2001-2006).

"4 The target return coefficient for industrial contracts has changed over the years, and is
%isven within brackets for each year.

The target is > 0.40.
16 From 1994, the new purchasing rules on industrial returns for supply contracts were intro-
duced. The first numbers for 1994 therefore shows all commitments for this year, regardless
of when the contract was signed, whereas the second row for 1994 only shows commitments
for 1994 on orders placed in 1994.
"7 Hardly any service contracts were awarded in 1994 for 1994, so there was no differentia-
tion like in the case for supply contracts.
"8 http://fi-purchasing.web.cern.ch/fi-purchasing/Statisticspurchreport/index.asp
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As can be seen in table 7.2, Sweden has been a poorly balanced country for
most of the time since the introduction of the new purchasing rules. For sup-
ply contracts, Sweden was well balanced during some years in the mid-90s.
An important reason for this was a few big industrial contracts given to,
among others, Fjellman Press AB (see chapter eight). ABB also received a
couple of big orders, moving Sweden into the well balanced group of the
member states. It is interesting to note, however, that since the time when
Sweden was well balanced, the amount of money in the awarded contracts
has not gone down significantly, but the return coefficient has. Thus, Swed-
ish companies have not managed to gain from the increased spending on
supply contracts at CERN during the LHC construction phase. Concerning
the industrial services contracts, it was two fairly important contracts
awarded Kumlins Maleri AB (a painting company) and WM Data AB (an IT
consultancy company) that made Sweden well balanced during a few years
at the end of the 1990s and beginning of the 2000s. The companies in ques-
tion are presented in chapter eight and in appendix II.

Before the introduction to the Swedish companies in the study, some
pages will be devoted to the problem of connecting CERN and Swedish in-
dustry, and the attempts that have been and are made in order to alleviate this
problem.

Connecting CERN and Swedish Industry

Being a small country quite far away from France and Switzerland, it has
been a wide-spread view in Sweden that neither Sweden as a nation, nor
Swedish industry, did benefit from contracts at CERN on a scale correlating
to our annual contributions. In the 1980s, a first attempt at promoting coop-
eration between CERN and Swedish industry was initiated by three govern-
mental organisations; the Foundation for Technical Development (STU)'"?,
the Swedish Trade Council, and the Swedish Natural Science Research
Council (NFR)'®. It started out on a quite modest basis; purchasing lists,
tenders and other documentation from CERN, covering three years, were
gone through, and meetings between technicians from CERN and Swedish
industrialists were set up. In addition, a man was employed as ILO, and he
had an office at CERN for two and a half years (Kleppeste, 1996). In 1987,

"9 The Swedish name for the Foundation for Technical Development was ‘Styrelsen for
teknisk utveckling (STU). It was later renamed Nutek, but on April 1, 2009, Nutek and anoth-
er governmental body were transformed into‘Tillvéxtverket’, or the Swedish Agency for
Economic and Regional Growth.

20 In January 2001, The Natural Research Council (in Swedish ‘Naturvetenskapliga
Forskningsradet’, NFR) joined with the other Swedish Research Councils to create The Swe-
dish Research Council (in Swedish ‘Vetenskapsradet’, VR).

186



however, he returned to his job at the STU, and it was decided that it was a
bit expensive to keep someone at CERN.

Between 1987 and 1991, two men at NFR shared the responsibilities for
industry liaisons with CERN. In 1991, however, Hellstrom, then retired from
the industry, was employed as Swedish ILO by the NFR. In addition to his
work, extra money was spent on projects to promote research-industry coop-
eration, as well as on a man at CERN working on a consultancy basis. This
was only a temporary solution, however, because both men in charge were
retired (Kleppesto, 1996).

The Finnish Example

Finland is, like Sweden, a small country on the outskirts of Europe, and if
anything should have even more difficulties than Sweden in selling to
CERN. When the issue was being discussed in Sweden in the beginning of
the 1990s, however, it turned out that this was not the case. On the contrary,
Finland was doing very well at CERN. Partly based on Finland’s success
with getting industry contracts at CERN, during the mid-90s it was discussed
how Sweden could achieve something similar. Not becoming a member of
CERN until 1991, Finland had already established contacts between CERN
and the Finnish industry. This was achieved through the founding of a com-
pany, Cerntech. The initial aim of Cerntech was to get more funding for
Finnish physics research, but it soon became a way to tend to already exist-
ing relations between Finnish research and Finnish industry. These relations
were initiated through the participation of Finland in one of the LEP experi-
ments, Delphi (Orava, interview). Cerntech had two or three people con-
stantly present at CERN (although in the beginning there was only one per-
son), and by getting to know CERN and its projects, these people had man-
aged to pair Finnish companies off with suitable projects. This was felt to be
vital to the success, because the Finnish companies did not have the means
to go to CERN themselves; unlike people from French, Swiss, and Italian
companies, for instance, who were perceived to spend much more time at
CERN, and thus getting to know people (interviews with technical staff at
CERN). According to Orava (interview), however, there were two main
reasons for Cerntech’s success. The first was that Cerntech was not built for
academic purposes as a technology transfer organisation — it was built from
real activities. Secondly, it was dependent on the person running the com-
pany. For a while they had a very good person in, who knew both the indus-
try and CERN, and this was vital for the success (Orava, interview). When a
Finnish research funding organisation, Fintech, took over the activities of
Cerntech in 1996, it was felt to change the direction of the organisation
somewhat, maybe towards something less successful (ibid.).
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Creation of TTA

When the Swedish situation craved a more permanent solution, advice was
asked from the research community as well, and professor Per Carlson at
The Royal Institute of Technology was one of the people heavily involved.
Carlson had knowledge about the Finnish success, and in his report sug-
gested that Sweden formed a limited company to deal with CERN-industry
liaisons. This company should be owned by public bodies, such as research
councils and universities (Carlson, interview).

However, it was not until the budget year 1995/96 that the Swedish gov-
ernment specifically gave the Swedish Research Council the task of promot-
ing the interaction between Swedish industry and the international research
organisations. An earmarked amount of 1.5 million SEK was put aside for
this very purpose. At approximately the same time, in 1995, TTA Tech-
notransfer AB was founded (and it also received a substantial part of the
earmarked money). It was placed in Uppsala, because Uppsala University
offered the best conditions; the university would pay half a million SEK per
year (for a limited number of years, though). The aim from the beginning
was to aid Swedish organisations, such as industry, universities and univer-
sity-colleges, to attain increased contacts with (big) international research
organisations. These contacts would then stimulate collaboration that would
eventually lead to an increased number of contracts won and increased tech-
nology transfer (77A Annual Report 1995-1996). In the beginning, one per-
son was employed to deal with, primarily, contacts between CERN and
Swedish industry. In 1999, a second person was employed so that the com-
pany would be able to deal with other research organisations as well, specifi-
cally within the Biotech area.

After a few years of running the company, it became clear that the idea of
industry financing up to 50% of TTA’s running costs was a bit too optimis-
tic. Some of the initial owners wanted out as well, and in 2002 it was de-
cided that the employees of TTA would buy the company and run it them-
selves. In 2003, the Swedish Research Council decided to employ someone
on a project basis to deal with CERN-industry relations, instead of using
TTA as a consultancy firm. Despite the lack of interest in financing the
company, the TTA project seems to have been fairly successful. When the
company was at its most active, Sweden rose to number three in the list of
countries getting money back from CERN in the form of industry orders;
only the host countries, France and Switzerland, were doing better. It there-
fore seems a little bit unfortunate not to use the know-how developed within
the company up to 2003. On the other hand, it has been stated that there was
not enough money from the start to make a real difference, like Cerntech
managed, for instance, because that would have required people stationed at
CERN (meeting at the Swedish Research Council, spring 2004).
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Facilitating Connections after TTA

Although TTA does not exist to facilitate connections between CERN and
Swedish industry anymore, there are still individuals and groups in Sweden
that are there to function as facilitators. The Research Council employs the
current Swedish ILO, and they have also had a CERN work group, which
acted as an advisory board in CERN-specific questions. The work group
primarily consisted of physics professors from the main universities in Swe-
den. The mission of the group was to promote interaction (and knowledge
transfer) between CERN and Sweden within both physics and industry (The
Swedish Research Council website, 2006-06-13). From a research perspec-
tive, this group was very well equipped to both assess CERN activities and
how Swedish research can benefit from these, but from an industrial point of
view it was perhaps more difficult. Before we move on to the industry point
of view in the next chapter, however, some concluding remarks will be
made.

Concluding Remarks

This chapter started out with a presentation of the procurement rules and
procedures at CERN, in order to clarify some of the intricacies of doing
business with CERN. A thorough understanding of these rules is vital in
order to understand what kind of interaction is even possible between CERN
and industry. The procurement rules set the framework for CERN-industry
contracts, something that will also become apparent in the following chap-
ters.

The second part of the chapter aimed at giving an overview of how well
Swedish industry has fared in this game. As pointed out, Sweden is a small
country on the outskirts of Europe, and it is also a fairly small contributor to
CERN’s overall budget. It is therefore not surprising that Swedish industry
has mostly been quite anonymous at CERN.

As has been shown, the procurement procedures are, as well as being a
necessity in order to construct new facilities, a political instrument. But de-
spite the fact that many people have claimed that the ‘fair return’ system was
necessary there are also some drawbacks. One of the problems has been
partly alleviated with the introduction of the ‘best value for money’ criterion,
although the problem still remains with the supply contracts, where it is still
impossible for companies to offer a substantially better product at a slightly
higher cost.

Not having the freedom to select the technically best solution, or the pre-
ferred counterpart, are aspects that will be touched upon in the following
chapter, which introduces collaboration between CERN and Swedish indus-
try on a more specific level. Interviews have been made in fifteen Swedish
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companies, and the results from these are presented in chapter eight. The
chapter is initiated, however, with a presentation of CERN-industry collabo-
ration from CERN’s viewpoint.
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Chapter 8: Collaboration between CERN and
(Swedish) Industry

This chapter is devoted to interaction between CERN and industry, with a
main focus on different aspects that the respondents in the Swedish compa-
nies have considered relevant. The chapter aims at describing some of the
more general characteristics of interaction between CERN and Swedish in-
dustry. In order to highlight the interactive aspect of these relations, the be-
ginning of the chapter focuses on the perspective CERN employees have on
interaction with industry, followed by the companies’ view of said interac-
tion.

Collaborating with Industry — CERN’s Point of View

Despite the fact that industry has been involved substantially since the start-
up of CERN, something that was already pointed out early in the 70s, the
concept of R&D collaborations did not become widely used until the mid-
1980s. At that time, the LEP was under construction, a project by far sur-
passing any of the previous accelerator/detector projects. In addition to the
real need for industry, because of the new accelerator project, the council
was keen to increase collaboration with industry in line with the 1987 Re-
view Committee recommendations (Bourgeois, 1997:31). It has also been
mentioned, that at this time industry was ready to take part in the actual de-
velopment: ‘there are now firms in Europe which consider themselves capa-
ble of carrying out the design and development work currently being done at
CERN’ (Abragam et al., 1987b:38).

Even before the LEP accelerator was up and running in 1989 there were
already discussions about the next accelerator project, the LHC. Since most
resources went into the construction of LEP, there were few resources avail-
able for LHC R&D. In addition, many of the supplies needed for LHC were
of an ‘industrial character’, for instance in size, and it was thus deemed ap-
propriate that industry was involved from the beginning (Bourgeois,
1997:31). One of these R&D projects initialised for the LHC will be pre-
sented in the next part of the chapter.

The change of heart from CERN’s point of view did not go without prob-
lems, however. There were (and still are) some difficulties to overcome. The
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first one concerns the differences between CERN’s academic culture and
industry’s business culture. There are several cultural differences that need
to be reconciled: pursuit of knowledge versus short-term profitability; publi-
cation of results and free exchange of ideas versus confidentiality to preserve
competitive advantage; and international cooperation versus concern for
national or company self-interest. In addition, CERN’s financial rules and
the question of intellectual property rights put obstacles in the way (Bour-
geois, 1997:32).

Some of the CERN employees expressed doubts as to whether industry is
able to completely substitute CERN development. One opinion is that many
industries are down-sizing in much the same way as CERN is:

‘They say that the industry has developed so much, so that it
surely can make everything we want today. But that is not true
— industry has become better at their specific areas, but they
have also become more and more specialised, and they concen-
trate their resources more and more effectively. There is no
over-capacity on the engineering level, or the technician level,
in the industry anymore. In addition, there is no will to use the
margins they at least used to have, and let those margins be
used for something that might not be completely focused. To
just let those engineers work with something that they consider
fun, motivating — I think that has disappeared altogether. Today
they are forced to be effective, to produce results, and that
means serial production, that means to work on something di-
rectly aimed at producing profits for the company. And it
doesn’t mean participating in this kind of special projects, that
can eventually be turned into something, but it is not certain,
not guaranteed’ (Fernqvist, interview).

Part of the savings programme at CERN has entailed a substantial decrease
in the number of people employed by CERN. This reduction in staff num-
bers, together with the increase in the size of projects taken on, means that
CERN is more dependent than ever on industry:

‘So now we need more help from industry, and when we do, the
help is not there anymore. So there is more and more of a gap,
where we find fewer and fewer industries that are able to do
what we want to do’ (Fernqvist, interview).

Despite all the difficulties, however, during the last twenty years, there are
more and more stories of successful collaboration between CERN and indus-
try (see e.g. Nordberg, 1997; Héhnle, 1997; Vuola, 2006). The next part of
the chapter introduces an R&D project carried out between CERN and in-
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dustry. This R&D project involved mainly Swedish and Italian industry, but
in the presentation only the views of the Swedish firms and CERN are ac-
counted for.

Collaboration between CERN and Industry — The
FERMI Project

Building a new accelerator like the LHC poses challenges on many levels,
not the least on the technical side. In order for the detectors to work and to
register data, there was a substantial development of technologies and appa-
ratus needed. The LHC is different from the LEP for instance in the fact that
it produces a very harsh radiation environment, and therefore a massive
R&D effort was initiated when the decision about LHC was made. This ge-
neric R&D programme led to 63 proposals, and involved around 2,300 phys-
ics/engineers in over 250 institutes and industries (Goggi, 1998). Among the
technologies developed were; VLSI ASIC'! electronics, high speed comput-
ing and data acquisition, fast data selection and transfer, and fibre-optic
links. In addition, radiation hardness of detector parts and electronics was
developed (ibid.).

The research project called ‘the FERMI project’ had number R&D 16,
and aimed at producing ‘a digital Front-end and Readout Microsystem for
calorimetry at LHC’ (Lofstedt, 1998). In short, it is part of a system in a
detector. According to Lofstedt (interview), spokesman of the FERMI pro-
ject;

‘We initiated this R&D 16 project, Giorgio [Goggi] and I... But
before we suggested anything, we talked to the great experts
within electronics research, and there are really two leading
people in the world [...]. We had long conversations with both
of them, and asked if what we had come up with would be pos-
sible within a few years, or whether it was completely hopeless.
And everybody answered that, yes, it was possible — not right
now, but within three to four years — then the technology would
be there. At the same time, I spoke to CERN management about
this, and they said that [ wouldn’t get a lot of staffing at CERN,
so I immediately contacted industry. We had ABB Hafo, Sicon
and IMC — which at the time was Linkoping’s technology trans-
fer company — on board from day one. And we have always
claimed that that was our strength, because industry has been

121 VLSI ASIC — Very-Large-Scale Integration (VLSI) is the process of creating integrated
circuits by combining a large number of circuits into a single chip; an Application-Specific
Integrated Circuit (ASIC) is an integrated circuit that is customised for a specific use.
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full participants rather that suppliers. This has also meant that
we have been able to benefit from their contacts’ (Lofstedt, in-
terview).

The contacts with industry in the LinkOping area stemmed from a number of
lectures on spin-offs which Lofstedt had been involved in, which in turn
stemmed from the activities that took part in this area during the 1980s (the
INES-project mentioned in chapter 7). According to Rolf Sundblad, Manag-
ing Director of Sicon, an association for spin-off companies from Linképing
University arranged a trip to CERN where presentations were made by a
number of different companies. This resulted in people from CERN coming
to Linkdping, among them Bo Lofstedt and professor Goggi, and they asked
whether Sicon were interested in participating in a project. According to
Sundblad (interview), that was the beginning of the direct contacts. For IMC,
the story is similar, in that the company is also one of the spin-off companies
from the University of Linkdping, and they got involved at the same time as
Sicon (Bodo, interview).

Technological Development

In order for the FERMI project to succeed, the project leaders believed that
industry collaboration was vital. CERN could not do all the development
themselves, because they lacked the resources to do so. On the other hand, a
firm would have no interest in paying for CERN’s development, no matter
how much it would help their technological development. For the Swedish
firms, their participation in the FERMI project was funded more or less 50-
50 by CERN and Nutek'*. According to Bod (interview),

‘when it concerns an R&D project, the design costs a certain
amount, and the production costs a certain amount. But then I
know from experience that when you design something for the
first time, and produce something for the first time, you never
get it right that first time. That’s just how it is in this world.
And to cover the complete cost for this R&D project, Nutek is
involved. Normally Nutek pays half and CERN pays half, and
in the best of all worlds, this covers our costs. But in this case it
isn’t going to cover the costs, I know that already’ (Bodo, inter-
view).

122 Nutek, ‘Verket for Niringslivsutveckling’, ceased to exist on April 1, 2009, but most of its
activities were transferred to the new governmental organisation the Swedish Agency for
Economic and Regional Growth (‘Tillvixtverket’). The aim of the organisation was to pro-
mote and strengthen industrial development as well as sustainable regional development.
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Bodo claims that it has been worth it, however, because they have learnt
things they can now use in other settings, and they have also been able to
increase the overall competence within the company. For IMC, the project is
much more important for technological development than it is financially
important. According to Bodo, working with CERN is not just product de-
velopment, it is technology development. A specific example is something
called flip-chip technology, which at the time was front-line technology
when it came to electronics. For the flip-chip assembly, it was quite difficult
for IMC to find a supplier capable of the assembly, and in the beginning the
company was reluctant to do it themselves. Finding a supplier turned out to
be extremely difficult, however, because the quantities were too small for the
experienced suppliers. Time passed, and in the end IMC did everything
themselves, including the development of the technology (Bodo, interview).

The cooperation between CERN and IMC is commented on in the follow-
ing way by Lofstedt (interview);

‘CERN can probably not be considered to be driving technol-
ogy anymore. We used to be — about fifteen years ago, we were
driving technologies. But today industry has surpassed us. But
we are still a catalyst, and in that case IMC is a good example.
A lot of the technologies they have developed for assembly are
driven by our demands. We did not know how to do it, but we
knew we needed something like it, and with joint brain-
storming we came up with possible solutions. And they have
developed assembly technologies as a direct spin-off from our
work. In these cases we still have an important role to play.’

Thus, the part of the collaboration that involved IMC and CERN is mostly
described in positive terms, but when it comes to Sicon, the picture is not as
rosy. According to Sundblad (interview), there was one crucial factor for the
firm’s collaboration with CERN; ‘Nutek went in with a lot of money, and
that was more or less a prerequisite for our participation. Participating with
our own means was out of the question’.

From one point of view, however, the FERMI project participation has
been very successful for Sicon. It has generated a lot of new knowledge, and
it has contributed to the build-up of knowledge within the company, to the
extent that they would not have been where they are today, had it not been
for CERN (Sundblad, interview). During one point, Sicon had someone
down at CERN every other month, and CERN staff visited the company
regularly as well. According to Sundblad (interview), however, this was to a
large part subsidised by Nutek. Nevertheless, CERN was very important for
Sicon between 1991 and 1996, and at one point they were responsible for
half of the company’s turnover. But it never went further than R&D;
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‘In terms of R&D, we have delivered a lot to CERN, over time
it must be about 10 million SEK, but in terms of products
hardly anything’ (Sundblad, interview).

Having presented some of the views on the collaboration, some comments
made when the project was (nearly) over will be included next.

Wrapping FERMI up

All parties seemed to agree that FERMI was a successful project in that the
end result was a product that was going to work in the CMS detector. Apart
from that, some of the participants seemed a little disappointed. At the end,
the project involved eight universities and firms, but more firms were in-
volved to start with. According to Lofstedt (interview),

‘when we started this R&D project I managed to involve some
Swedish companies, and universities as well, of course. It
started very enthusiastically and nice, but it died out. And now
I’'m mainly working with Swiss and Italian industry. Because
they want to participate, and they are prepared to spend some
“risk money”. Swedish industry said that, “if you want us to
come, you have to pay for the trip”. Then I asked; “would you
say that to Saab if they called you?”. And they said “no, but it’s
not the same thing, you can’t compare it”’ (Lofstedt, interview).

Thus, one of Lostedt’s disappointments was that Swedish industry was not
willing to risk any money on the project, and that they treated CERN differ-
ently from an ‘industry customer’. Similar comments have been made by
other technicians at CERN concerning Swedish industry, that Swedish firms
are unwilling to spend money without the certainty of winning a contract.
Another of Lofstedt’s disappointments was that a spin-off company from
IMC was supposed to compete for the actual production of one of the mod-
ules developed, but this never happened. In addition to that,

‘the only thing that bothers me is that during the last two years
of the R&D 16-project, I was trying to push the industry mem-
bers to form a consortium or something similar, because it was
completely clear, that when we reach the final stage of the de-
velopment phase we have a nice publication, and some nice re-
sults, but that’s it. And the idea I had was to really try to make a
transfer. To say that, “OK, we have had industry with us, now
you companies go together, you take care of it now, and decide
between yourselves how you are going to share the pie, and you
have full IP rights, so go”. But the Swedes couldn’t make their
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minds up. So nothing came out of it. The Italians were hot to
trot, and tried to make something out of it, but they claimed that
nothing happened’ (Lofstedt, interview).

Sundblad’s (interview) view on the events is that from the beginning the
development project worked very well, but after a while, when other parties
were involved, more and more conflicts arose. He partly blames it on politi-
cal aspects, in that some countries take an active part in their industry’s in-
teraction with CERN, something Sweden does not do;

‘we participated during the actual project, but when it was about
to be carried out, it all turned into politics, and then it was ap-
parent that we are too small, and that we don’t have the re-
sources for the political aspects of it all, and we were outma-
noeuvred by a company that came in much later to get the pro-
duction. So it can be said that Sweden was fooled. Sweden paid
a lot in the beginning, and then Italy came in much later and
reaped the benefits of the initial work, and got the production.
There is too much politics in the whole thing. Companies that
have focused solely on delivering to particle physics have a big
budget for politics — some of them spend more money on politi-
cal aspects than our whole turnover’ (Sundblad, interview).

When it comes to IMC, they seemed fairly happy with the project, however.
Within this project, they developed the new construction technique men-
tioned above, something they thought they would be able to use in the future
(Bodo, interview). After this brief presentation of one of the collaboration
projects, more views on CERN-industry collaboration will be presented in
the next part of the chapter.

CERN and Swedish Industry

As already mentioned, experimental physicists are dependent on enormous
machines that in turn have to be assembled from products from industry.
Thus, the physicists need to have contacts with people in different compa-
nies. Most of the physicists interviewed at CERN had some contacts, but
normally they were limited to one, or a few, companies. Depending on
whether an experiment is under construction or not, the need for contacts
with industry will differ. During the development- and construction phases,
companies will in some cases have to be intimately involved in the process.
Several people at CERN mentioned that it was rather difficult to interest
Swedish companies in the development projects that were carried out at
CERN, however. As one researcher put it,
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‘companies from the south of Europe never mention costs the
first thing they do. The first thing a Scandinavian company will
say is “it’s going to be expensive to prepare an offer for this”.
And they are also surprised when we tell them that we will give
maybe fifteen companies the chance to bid: “Why? We are so
good at this™” (Leistam, interview).

Despite this perceived attitude, there are more than a few Swedish compa-
nies that have been awarded contracts at CERN during the years. One of the
aims of this chapter is to describe some of this interaction between CERN
and Swedish industry. In the study, interviews were made at a number of
Swedish companies. Some of these companies, as can be seen from table
8.1, have a long history of interacting with CERN as suppliers and/or part-
ners in different kinds of technological development. Most of these relations
will only be mentioned briefly, but two of them will be discussed more thor-
oughly in the following two chapters. Table 8.1 below contains the Swedish
companies where interviews have been carried out.

198



Table 8.1 Swedish Companies Interviewed

Company Years of Intensity of | Economic Technical | Impor-
contact contacts importance for | Importance | tance for
with the company for the CERN
CERN'? company

ABB Automa- | >15 years High Some impor- Some im- Some

tion tance portance impor-

Products AB tance

Elektrotryck Ca 10 years | Moderate Not significant | Not signifi- | Not sig-

AB cant nificant

Ericsson Net- Ca 5 years | High Not significant | Some im- Some

work Tech- portance impor-

nologies AB tance

Fjellman Press | Less than 5 | High for Important for High Some

AB years some years | some years impor-

tance

Habia Cable Mostly Low, and Not significant | Not signifi- | Not sig-

AB indirect only for a cant nificant
contacts year

Hemi Heating | Ca 10 years | High in the | Important in High Some

AB beginning the beginning impor-

tance

IMC Ca 10 years | Moderate Important for Some im- Not sig-
(since some years portance nificant
1991)

IvpP Only indi- -- -- -- --
rect con-
tacts

Kumlins Ca 6 years | High Limited Not signifi- | Not sig-

Maleri AB/SA cant nificant

Kverner Kam- | >10 years Low No contracts No con- --

fab AB tracts

Precisions- >20 years Low Not significant | Not signifi- | Not sig-

mekanik i cant nificant

Studsvik AB

Sabroe Refrig- | >15 years Variable Limited Not signifi- | Not sig-

eration AB cant nificant

Sandvik AB First con- Moderate Development, Not signifi- | Not sig-
tact 1990 but no contract | cant nificant

Sicon AB Ca 12 years | High 1991- | Important High Not sig-

%6 1991-96 nificant

WM-Data Ca3years | High Limited Not signifi- | Not sig-

cant nificant

Source: Interviews made in the different companies and at CERN.

12 Years of contact with CERN refers to the number of years the company in question had
been in contact with CERN at the time of the interview. Several of these interviews were
made at the end of 1998, which means that the situation is quite likely to be different today.
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In the table above, all the Swedish companies where interviews were made
are listed. In appendix II the companies are described a bit more, together
with the names and positions of the respondents in each company. The inter-
views mainly concerned the relations with CERN. Thirteen of the companies
had had some sort of business relations with CERN, one of these companies
had been trying several times to get a CERN contract but failed, while the
last one had been working with a Swedish researcher, with a product that
was aimed for CERN, but the company itself had no contacts with CERN.
The list of companies in table 8.1 is heterogeneous in most aspects. The
number of years of contacts with CERN varies greatly, as does the intensity
of the contacts. In many ways, the companies’ experience of working with
CERN varies greatly, but there are also similarities. Some of the aspects of
interacting with CERN are discussed in the following pages.

Initiating Contact with CERN

The way in which contact was initiated with CERN differs greatly between
the different companies, as does the knowledge about CERN before the con-
tact was initiated. In this part of the chapter, the start-up of the contacts be-
tween CERN and some of the companies studied will be discussed.'* In
some of the cases, additional actors were involved in the introduction, and
these will also be presented briefly. The companies that were involved in the
FERMI project have already been presented, so no further presentation of
them will be made here.

It differed between the cases who the initiating party was. Some of the
companies interviewed had played the active role in contacting CERN. At
Ericsson, for instance, one of the employees had seen a research article about
CERN and some technological development, and thought that Ericsson
should be able to deliver to CERN (Arvidsson, interview). Kverner Kamfab
had been trying to get a contract at CERN for many years, but, at the time of
the interview, still without any luck (S. Larsson, interview). For Hemi Heat-
ing, the founder of the company was working for an ABB company, and he
was visiting CERN when he got the question about whether they would be
able to supply heating jackets'> for different applications. Kvael (interview)
did not think this would be a problem, since he knew that ABB had about a
thousand suppliers. Back in Sweden again, he realised that the problem did
not have a simple solution, because CERN’s request concerned a completely

124 The fact that some companies have been interacting with CERN for over ten, and some-
times over twenty years, means that the recollections of how contact was initiated are some-
what hazy. I have therefore focused on the companies that were able to give good descriptions
of the initial contacts.

125 A heating jacket is something you put over installations - e.g. pumps, valves, tubes pipes
etc. - that are sensitive to temperature changes, especially when you are working with gas or
liquids.
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new product, something that the suppliers did not know about, so nobody
was prepared to invest in the idea. The result was that Kvael founded his
own company, Hemi Heating (Kvael, interview).

There are also examples of companies that have found out about CERN
through other companies. Sabroe Refrigeration AB first came in contact with
CERN when CERN decided to use superconducting technology with liquid
helium in the LEP accelerator. This was at the end of the 1980s, when the
company won the first contract, which was later followed by four complete
plants for full-scale operation. One of the reasons why Sabroe was able to
deliver what CERN needed was the fact that they had been delivering com-
pressors for liquid helium to Air Liquide, one of CERN’s suppliers of cryo-
genic facilities. When the actual request arrived, the sender was not CERN
itself, but the three companies that were able to produce cryogenic facili-
ties'*’. It was not until the first two installations had been delivered that
Sabroe came in direct contact with CERN (Albert, interview).

A slightly different path was taken by Sandvik. The company participated
in a trade fair, where they handed out samples to interested people (Holm-
berg, interview). A few years later, these samples had found their way to
CERN collaborators, and a Swedish-Finnish research group used their mate-
rial. It was the success of this research group, which managed to build a very
good prototype for a dipole magnet (one of the kinds of magnets that are
used in the LHC accelerator), that made the company interesting as a sup-
plier. It was also these contacts that introduced Sandvik on the supplier list at
CERN (which, in turn, meant that they got other market surveys etc.) (Nik-
karinen, interview).

Individuals sometimes work as the connecting link between CERN and
companies. Precisionsmekanik i Studsvik, used to, as the name indicates, be
situated in the Studsvik area, and they were closely connected to Studsvik
AB, a company that delivers research and consulting within the nuclear in-
dustry. People at Studsvik had been working at CERN, and through these
contacts, Precisionsmekanik came in contact with CERN (Nilsson, inter-
view).

For many of the Swedish companies, efforts made by NFR, and later by
TTA, were an important help in getting contacts with CERN. Both the com-
panies that have been awarded service contracts, WM Data and Kumlins,
mentioned TTA, and especially the efforts of Anders Hugnell, as an impor-
tant factor in getting the contracts (Hanna, interview; M. Larsson, interview).
Another company, Elektrotryck, was contacted by people from NFR, they
were sent papers to fill in, and out of this they won a general agreement with
CERN (Bjorsell, interview). In the case of Habia Cable, the company had
well established contacts with CERN through their Dutch sales representa-

126 These three companies were Air Liquide S.A., Linde Kryotechnik A.G. and Sulzer; how-
ever, Sulzer’s cryo operations have since been bought by Linde.
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tive, but when TTA started its activities, they tried to move the contacts over
to the Swedish organisation. In the end it was decided, however, that it
worked better to handle the contacts through the already established chan-
nels, wherefore the contacts remained with the Dutch representative
(Lindberg, interview).

The last way of initiating contacts that will be mentioned here concerns
the cases where CERN has initiated contacts. In many of these cases, there
have probably been contacts on some level before, e.g. in the way of Swed-
ish representatives making sure that a certain company is listed in the CERN
supplier database. For Fjellman Press, CERN contacted them in the begin-
ning of the 1990s, first with a market survey, and then later on with a call for
tender, for a laboratory press. This first contact later led to the contracts for
three full-scale presses (K. Fjellman, interview). For the Swedish ABB com-
pany interviewed, this was also felt to be the case, but of course both Asea
and BBC had been delivering products to CERN for a long time, so both
actors knew about each other before this actual contract.

It is obvious that there are many ways of getting in contact with CERN,
some of which have been presented here. The wide variety stretches from
companies finding out about CERN and initiating contacts themselves, to
contacts being made through other actors, such as other companies, research
groups or organisations put in place to promote interaction — in Sweden’s
case TTA Technotransfer. In some cases, the company has, for one reason or
another, made it onto CERN’s supplier list, and in these cases it has been
presented as CERN making the first move. We will now move on to looking
at cooperation with CERN.

Cooperating with CERN

After the first contacts, most of the companies interviewed have continued
interacting with CERN. This part of the chapter focuses on a few aspects of
cooperating with CERN. The first aspect concerns the properties of the
product delivered, and especially whether it is custom-specific or standard-
ised. The second aspect deals with the question of whether CERN is differ-
ent from other customers.

Customised vs. Standard Products

Out of the thirteen companies that have had, or have been trying to get, sup-
ply contracts, nine of them have delivered (or have made offers for) cus-
tomer-specific, or mostly customer-specific, products, while three companies
have delivered mostly standard products. In the thirteenth case, it is a mix
between standard and customer-specific. This picture does not completely
correspond with what has actually been delivered from Sweden to CERN,
insofar as a larger percentage of the contracts are for standard products. Most
of the companies delivering standard products, however, are not in direct
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contact with CERN. In these cases, most of the contacts are handled through
agents, like in the case of Habia Cable AB, where their Dutch company han-
dled the contacts with CERN.

The companies seem to deliver to CERN what they deliver to their other
customers; if they are used to customisation, they will do that for CERN as
well and vice versa. In the case of Sabroe, the company’s main product is the
compressor, but the compressor is embedded in a complete unit, containing
things like oil coolers, ventilation systems, steering equipment, pipes and
cables (Albert, interview). To 99 %, the compressors are standardised, be-
cause the company will have to be able to provide spare parts for fifteen to
twenty years. This means, that even if it would be worth the money in the
short term to produce specialised equipment, the cost of producing spare
parts for specialised products, and keeping track of these products, would
eventually make customised adaptations bad business. For CERN, some
small changes have been made, but only in the surrounding system, and
these kinds of adaptations are made for other customers as well. CERN’s
demands when it comes to instrumentation, impenetrability etc. differ from
the ‘bread and butter’ installations in the food industry, but are no more de-
manding that the requirements from the chemical industry (Albert, inter-
view). So even if the company makes some adaptations in the product, simi-
lar adaptations can be made for any customer. The same situation can be
depicted for the products that for example ABB delivers to CERN (Bodin,
interview).

In the case of the customer specific goods, the answers received were al-
most unanimous. It went along the lines of ‘we provide customer specific
solutions for all our customers, so CERN is not a special case’ (e.g. Elek-
trotryck, Fjellman Press, Habia Cable, Hemi Heating, Kverner Kamfab, Pre-
cisionsmekanik). Thus, it seems to be the companies’ modus operandi that
determines the way of working with CERN in this respect.

Is CERN Different from Other Customers?

The instant response to the question of whether CERN is different from
other customers was (in most cases) negative. After thinking about it, how-
ever, the respondents were able to pin-point a number of aspects that they
thought were important when interacting with CERN. Some of the compa-
nies are not normally in contact with the end customer, so the very fact that
they were, and that the end customer had ideas and requests, was different
(e.g. ABB, Sabroe). Other aspects are presented below.

Effects of the Procurement Rules

Some of the differences between CERN and other customers that the suppli-
ers experience can be attributed to the procurement rules. Starting with the
paperwork, it was described in the following way by one of the respondents;
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‘CERN differs from some of Habia’s other customers — they are
fairly formal, starting with Market Surveys asking a number of
questions, and then, if you get accepted, you get to make an of-
fer. But this does not differ from nuclear and military industry’
(Lindberg, interview).

For the companies familiar with public procurement, the procurement proce-
dures came as no big surprise, but for companies used to only dealing with
industry, CERN was considered somewhat rigid. Another aspect of this in-
flexibility had to do with the calls for tender. When you make an offer to
CERN, you have to fulfil the specification, and you cannot make an alterna-
tive offer, or other suggestions. According to Albert (interview), this took
some time to get used to, because, according to him, you normally arrive at
the solution in the discussions with a customer.

Even if big companies at times work with competing suppliers, the big
difference between CERN and an industrial counterpart is that the call for
tender is exactly the same for all the competing companies. In an industrial
setting this is not always the case. In addition, if a supplier asks CERN a
question, the answer becomes public to all potential suppliers (even though
the question is not), which means that it is possible to read between the lines
and figure out where the problems are. According to Albert (interview), this
is a unique way of working. On the other hand, making an offer that is a
little bit more expensive, but a lot better technically, does not score you any
bonus points at CERN (Albert, interview).

The fact that Sweden was a well-balanced country for a few years made
working with CERN a bit more difficult. In one of the interviews, it was
mentioned that Swedish companies therefore had to think about what sub-
contractors they used, because this is also calculated in the final offer. Using
suppliers/subcontractors from a poorly balanced country (making up for at
least 51 % of the value of the contract) can help the company win the con-
tract, or at least to get the chance to win it in the adjudication process (K.
Fjellman, interview). The fact that the USA cancelled its Superconducting
Supercollider in the mid-90s in some ways affects the companies of the
member states today. Some of the non-member states make huge contribu-
tions, and therefore their industries will have to be considered as well (Al-
bert, interview).

Thus, for some companies the process with market surveys, calls for ten-
der etc. seems overly onerous, while others do not consider this to be a prob-
lem. The rule about fair return was also something that many respondents
were aware of, and some even to the point of adjusting for it in their offers.
It has to be pointed out, however, that some of the contracts mentioned in the
interviews were awarded during the time when Sweden was poorly balanced,
or even before this rule was introduced, and were therefore not affected by it.
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We will now continue with different aspects of interacting with a big re-
search organisation.

Interacting with a Research Organisation

For companies not used to working with a research organisation, there are
many things that can be confusing. Some of these aspects were presented in
the previous part and have to do with the procurement procedures, while
others are simply related to CERN being a research organisation. In addition,
the sheer size of CERN tends to be confusing:

‘As in every case, and with all customers, it is people depend-
ent. | think it depends on the person you interact with - how
easy it is to receive information, and what the interest is. But
compared to other customers, it is more complicated to do busi-
ness with CERN. They seem to have a gigantic organisation’
(Nikkarinen, interview).

The size of the organisation has been commented upon during several inter-
views, and CERN has also been compared to a multinational company.
Thus, finding out whom to interact with at CERN can be very difficult.

Another aspect of interacting with CERN has to do with commercial con-
siderations. According to one respondent, CERN sometimes expect ‘non-
commercial behaviour’ from its counterparts (Albert, interview). Something
that people at CERN found strange was the fact that there was a sharp divid-
ing line between the three cryogenics companies'>’ that were involved in a
particular problem. They were asking them why they were not cooperating,
and they also had other ‘non-industrial’ demands (Albert, interview).

The most commonly mentioned aspect, however, had to do with techno-
logical demands and technological developments. As Lindberg puts it,

‘the only question is if Habia can fulfil CERN’s demands all of
the time, but the question is if anybody can do it. They are in
the fore-front of what can possibly be achieved. So it takes a bit
of imagination and a whole lot of energy to solve it. The reason
why Habia bothers to work with CERN is that the products are
“state-of-the-art”, and that the demands are at the fore-front of
what is possible to do’ (Lindberg, interview).

The technical aspects were thus considered the main reason for working with
CERN. Likewise, the respondents at Fjellman Press mentioned CERN’s
importance in developing their own skills and technologies. It was apparent

127 The three cryogenics companies were Air Liquide, Linde and Sulzer. Sulzer has since been
bought by Linde, so there are now only two big cryogenics companies in Europe.
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that CERN had higher demands on the presses than any other customers had,
and this forced the company to make additional contacts (among others, a
professor at Chalmers University of Technology was involved). The com-
pany also had to be more careful with regards to both construction and pro-
duction. The result, however, was that the company became more secure in
what they told their customers regarding the specifications, and it also led to
a better understanding of how to achieve high precision (B. Fjellman, inter-
view). Furthermore,

‘CERN is more open than other customers, and willing to share
their experience and their knowledge. And they have made a
well-developed call for tender, and thought things through, re-
garding what they need’ (B. Fjellman, interview).

It is not always just positive with the technical demands from CERN. Ac-
cording to Albert (interview),

‘the installations delivered to CERN require more engineering
than installations to many other customers, which ties up valu-
able resources. This means that deliveries to CERN are quite
expensive to produce.’

On the other hand, Sabroe can learn from CERN, insofar as CERN is more
open to discuss both technical and commercial aspects in different contexts
(Albert, interview). In addition, CERN is quite consistent and very qualified
as a buyer. They ‘play with open cards’, and it is possible to try new ideas
with CERN, something that can be difficult if you are working with industry
(ibid.). When working with industry, it has happened that Sabroe has made a
detailed proposal to an industrial customer, who then has taken that proposal
to another supplier, which for Sabroe means that all that work was made in
vain. This has never been the case with CERN (Albert, interview).

Albert (interview) stressed that it is important to remember that CERN is
not a commercial company;

‘with some customers, if you have a technical solution that is
unique, then you are pretty sure that it will leak to our competi-
tors. But the competitors’ solutions come to us as well. Cus-
tomers like this tend to get black-listed, and CERN was not
aware of these unwritten rules. That problem has been solved,
however. Another thing with CERN is that it is completely open
— anybody can go and see the facilities, and this includes
Sabroe’s facilities at CERN, to take photos and so on. So in that
way the technical solutions can become common knowledge.
This is part of CERN’s philosophy, however, to develop tech-
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nology in all areas, and in this way CERN contributes to the
general technological development, and not just to physics re-
search. And this is really quite good’ (Albert, interview).

This quote points to the aspect that, even though the openness is not always
beneficial for the specific company, industry in general benefits from it. This
could of course be considered a problem for the individual company, even
though it was not seen in this way by the respondent. The following text,
however, focuses on aspects that have been considered problems by some of
the respondents.

Problems with CERN

The companies that had been working with CERN did not have any major
criticisms of the organisation. Some of them mentioned a few minor difficul-
ties, however. The language can be a bit of a problem, since market surveys,
and later the calls for tender, can arrive in either English or French. Some
companies mentioned this as a problem (e.g. Precisionsmekanik), whereas
others thought that it was less of a problem; ‘you understand the technical
specifications anyway’ (e.g. Kverner Kamfab). In general, the potential lan-
guage problem was stressed more by other respondents, e.g. people at
CERN, than by the respondents in the companies. For the service companies
working at CERN, however, being able to speak French was mentioned as
an important factor.

The other big problem, or rather a big disappointment, was mentioned by
the company that had not yet received a contract from CERN. The respon-
dent started by telling the story about filling in the market survey, and then
continued;

‘I had filled in all of it, but missed to put a cross in one place or
something like that, and we were eliminated because of this.
This is one of the problems with CERN, it is extremely bureau-
cratic, and in this case I felt like they were changing the rules,
because they had received a lot of answers. We have never suc-
ceeded in our offerings to CERN. Our previous head of sales
went down to CERN for one of the presentations made by
Swedish companies, just after we had lost a contract. When he
saw what CERN had actually got he despaired, because it was a
much simpler product than they had originally asked for. Their
specifications tend to be quite complicated, and Swedish com-
panies tend to take these seriously, and we try to achieve every-
thing in the specifications, which means that we have to adapt
accordingly in the quoted price’ (S. Larsson, interview).
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All in all, there were very few problems mentioned. As the quote above
shows, however, the results could have been very different had more compa-
nies without previous contracts at CERN been included.

Industrial Service Contracts

As mentioned in the previous chapter, there is division of contracts into sup-
ply contracts and industrial services. The industrial services only have a
target return of 0.4, which means that the divisions into well and poorly bal-
anced countries does not play as important a role. The duration of these con-
tracts may vary; the standard contract used to run for five years (three plus
one plus one), but for contracts

‘covering new outsourcing of CERN activities of a high techni-
cal level, entailing an extensive training programme to transfer
the knowledge from CERN to the contractors’ personnel and
where there is a significant initial financial investment for the
contractor, the maximum duration of such industrial service [is
recommended to] be extended from five to seven (five plus one
plus one) years’ (CERN document FI-PI-15/cb/2.09.04).

The financial value of the service contracts can vary quite substantially, de-
pending on the extent and the duration of the contract in question.

Of the Swedish companies interviewed for this study, two of them fall
into the service category; Kumlins and WM-Data. Both of these companies
mentioned TTA Technotransfer as an important part in gaining the contracts,
and both companies were helped by the fact that Sweden was a poorly bal-
anced member state when it came to service contracts (Hanna, interview; M.
Larsson, interview).

The difficulty with the service contracts, as opposed to supply contracts,
is that the company has to provide the people that provide the service, and in
this case it means bringing Swedish people to CERN, i.e. to Switzer-
land/France. This also means complying with local regulations concerning
working conditions etc. Kumlins solved this problem by bringing Swedish
painters down for three weeks at a time, with a flight back and the fourth
week off in Sweden. The plan was to try to, over time, have some French
painters working for them as well, but in the end that idea was dropped
(Kumlin’s Local Manager, interview). For WM-Data, the computer consult-
ants, they relocated their staff. The company recommended that only single
people went, because it would be difficult to support a family on one in-
come, seeing that living in the CERN area is quite expensive. It would also
be quite difficult for a spouse to find a job in the area (WM-Data’s Local
Manager, interview).
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For the computer consultants there was one important aspect that was
originally underestimated; the need for the personnel to speak French. It was
believed that English would suffice, but it turned out that French was neces-
sary in order for them to make contacts at work. This problem was partly
helped out by language courses, and partly by an attempt with teams, where
one Swedish person and one Swiss person worked together (WM-Data’s
Local Manager, interview). In the case of the painting company, a French
speaking Swede was employed to handle all the customer contacts at CERN,
and the painters did not necessarily need to speak French (Kumlin’s Local
Manager, interview).

Neither of the companies has gained another contract at CERN, but in
some regards the contracts can be considered successful. For instance, the
painting company used CERN as a reference on their website until they were
bought by another company in 2007; ‘One commission we are especially
proud of is the several years’ commission we had with CERN, the interna-
tional research organisation in Geneva’ (author’s translation)'*®. In the case
of WM Data, some of their staff is still working at CERN, even though the
company has left, and, although perhaps not a success for the company, for
Sweden it means that more Swedish people are present at CERN.

Since these service contracts, CERN has introduced an addition to the ad-
judication process for the supply contracts, the ‘best value for money’ prac-
tice. This practice was introduced in 2008, and the reason for this was to
increase the quality of services CERN receives (CERN Bulletin, 2011)'”.
Having gone through some of the characteristics of CERN-industry con-
tracts, we will now try to give some answers to the question ‘why CERN?’.

Why CERN?

Although it might be a cliché, there are as many reasons for working with
CERN as there are companies doing it. There are a few recurring themes
when the question is asked, however, such as advanced technology and the
reference value. In the case of the service contracts, aspects such as an inter-
esting challenge for the personnel, and a way to keep good consultants were
also mentioned (M. Larsson, interview).

When discussing the technological value of working with CERN, some of
the companies stressed this factor as being the main reason for working with
CERN. In Sicon’s case, for instance, participating in an R&D project with
CERN contributed to a build-up of knowledge within the company, so from
that point of view working with CERN was very good (Sundblad, interview).
According to Sundblad (interview), Sicon would not be where they are to-

128 http://www.kumlins.se, "Ett uppdrag vi ar sérskilt stolta dver ar det flerarsuppdrag vi hade
for den internationella forskningsstationen Cern i Genéve.’
129 See also chapter seven.
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day"” were it not for the FERMI project. Several of the other respondents
mentioned technological factors as a reason for the company to work with
CERN (e.g. Ericsson, Fjellman Press, Habia Cable, IMC).

When it concerns the reference value, a fact that is often stressed at
CERN, many of the respondents made affirmative remarks. Lindberg (inter-
view) said that he does not believe Habia Cable makes a lot of money on
CERN,

‘but it is interesting to push the production to its limits, and to
see what the company is able to do. And if you get an order it is
strategically important, and perhaps a matter of prestige. And
this can be important in other cases — it is a good reference.
CERN normally wants very customer-specific products. CERN
is a demanding customer, but at the same time an interesting
customer’ (Lindberg, interview).

Another comment was that

‘CERN definitely has a reference value, but it depends on what
kind of customer it is, and what they know about CERN. CERN
has high technological requirements, so that is a good reference
value, even if it is not “in-you-face” like a mobile phone, for in-
stance. The good thing about the CERN projects is that they are
not especially confidential. This means that you can use and
show your results in a completely different way than if you are
part of an industrial research project. It is not always possible to
use an industrial customer as a reference the way you can use
CERN’ (Bodo, interview).

For Sandvik, CERN never became important as a reference. If the company
had received the special steel contract they were hoping for, however, it
would have been huge business, and also a great reference (Nikkarinen, in-
terview). Another respondent mentioned that not that many people in Swe-
den know about CERN, so, depending of course on what business you are in,
the value of the CERN reference is rather limited (Bjorsell, interview).

The reasons for ABB and Ericsson to work with CERN will be further
explored in the next part of the chapter, wherefore they are not discussed
here. After the concluding remarks, however, we will continue exploring the
interaction between CERN and Swedish companies; starting with Ericsson
and CERN in chapter nine, followed by ABB and CERN in chapter ten.

130 That is, at the time of the interview.
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Concluding Remarks

This chapter has provided an overview of some aspects that are important for
the interaction between CERN and the companies studied, both from the
view of respondent in the companies and respondents at CERN. In the text
above, a number of companies that have been awarded contracts from CERN
were introduced. Based on the interviews in those fifteen different Swedish
companies, two examples emerged that were considered especially interest-
ing to come back to. In both examples, there seemed to be a certain sub-
stance to the interaction with CERN; a number of people from the company
had been in contact with a number of people at CERN, and this interaction
had also resulted in products. Those two examples of interaction between
CERN and industry will be presented in the following chapters. The descrip-
tions follow more or less the same pattern, with an introduction of the com-
pany to start with, followed by a fairly chronological account for the interac-
tion over time between CERN and the company.

Chapter nine concerns Ericsson Network Technologies and the develop-
ment of optical fibres for LHC detectors, and it is a good example of an
R&D collaboration, where Ericsson started out with an R&D contract for
small quantities. Unlike the FERMI collaboration described in the current
chapter, it is a collaboration restricted to one company, one group at CERN,
and a few physicists in Sweden, even though the product has to fit in a big-
ger setting.

Chapter ten is based on a long-term contract between an ABB company
and CERN, and the products in focus are control systems (used at CERN to
control big cryogenic facilities). The second case is a more mixed example
of long-term collaboration. It has elements of R&D, but these are not the
most important characteristics of the relationship.
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Chapter 9: Ericsson Network Technologies
and CERN

In the previous chapter, a number of Swedish companies that have in one
way or another been interacting with CERN were presented. It is now time
to focus more closely on a couple of these companies. The company that will
be presented in this chapter is a daughter company of Ericsson named Erics-
son Network Technologies.

In a document from CERN, the development Ericsson Network Tech-
nologies has made for CERN is given as an example of successful technol-
ogy transfer (Bressan & Streit-Bianchi, 2005:41). Already in 2000, however,
a number of Ericsson employees made a presentation of the company and its
products at CERN, and the cooperation was well on its way. This chapter
will present the interaction between the two parties, with a focus on the de-
velopment of different optical fibre cables (mainly for LHC detectors).

Introduction

In the construction of the detectors for the LHC accelerator at CERN, a lot of
new suppliers were needed. One of these suppliers is Ericsson Network
Technologies, one of Ericsson’s daughter companies, which is situated in the
forest outside the small town Hudiksvall in northern Sweden. Ericsson Net-
work Technologies provides optical fibre cables for two of the LHC detec-
tors; CMS and ATLAS. Up until mid-2002, they had provided cables for
five different subprojects within the two big detector projects.

Ericsson Network Technologies develops and produces applications and
systems for power utilities- and telecom networks (Medin, 2007; Ericsson
website, 2009-06-28). Although the company name is Ericsson Network
Technologies, it is referred to as Cables & Interconnect within the group"'
(ibid.). The company is organised in two different production segments;
Energy and Telecom (Medin, 2007). The production of optical fibre cable,
which will be the focus of this part of the chapter, belongs to the Telecom
business area (Ericsson website, 2009-06-28).

131 . . . :
31 It is also under Cables & Interconnect it can be found on the Ericsson website,
WWW.ericsson.com.
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Ericsson Network Technologies has its roots in the company Sieverts
Kabelverk that was founded in 1888. The company’s core business was pro-
duction and development of copper cables for telecom and power networks.
Ericsson acquired Sieverts Kabelverk in the 1920s (Ericsson websitecoop-
eration, 2002-06-06). In the late 1960s, Ericsson Cables (renamed Ericsson
Network Technologies in 2002) built a new factory in Hudiksvall. To start
with, only the cable production (of copper and later optical fibre cables) was
moved there, but later on the headquarters were moved as well. When the
factory was built, copper cables were still the main product (Berglund, inter-
view).

Apart from the headquarters in Hudiksvall, the company has two other of-
fices in Sweden, situated in Stockholm and Falun respectively, and business
unit offices, as well as sales offices, in other parts of the world. Around a
thousand people work for Ericsson Network Technologies worldwide, out of
which some eight hundred in Sweden (interviews; Ericsson Network Tech-
nologies’ annual report 2007). Up until early 2009, around five hundred
people worked in Hudiksvall (interviews; annual report 2007), but early that
year one hundred people working there were given notice (Edenholm, 2009).
Today, approximately 300 people work in Hudiksvall (SvD, 2012-11-07).
The Hudiksvall factory takes care of all the production of copper and optical
fibre cables, while the Falun factory handles power cables. In the spring of
2002, these three kinds of cables were each responsible for about one third
of the income (Béckstrom, interview).

Traditionally, other Ericsson companies have been among the most im-
portant customers (and still are in many respects). According to Lena Lars-
son (interview), Ericsson Network Technologies produces a special kind of
cable that is used for AXE-switches just for Ericsson companies. Other cus-
tomers that have been important for a long time are Telia and Banverket, and
with these companies Ericsson Network Technologies also has technology
development projects. According to Bickstrom (interview), Telia has driven
the technological development of Ericsson Network Technologies to what it
is today. Customers that could become more important in the future are pri-
vate telecom companies especially in Europe, but a problem with these is
that ‘they do not know exactly what they want, or what to pay for it’ (ibid.).

Ericsson Network Technologies'*” is a small actor on the fibre cable mar-
ket. Some of the more important competitors are Alcatel, Pirelli, Siemens,
Corning, Drakakabel, Losent, Sumitomo and some other Japanese compa-
nies (interviews at Ericsson). Interesting to mention is, that Corning is also
one of Ericsson’s most important suppliers of optical fibre for the fibre ca-
bles.

132 Ericsson Network Technologies will hereafter be referred to as Ericsson.
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Products and Production

For a long time, copper cables were the only cables produced by Ericsson. In
1978, however, the company produced its first optical fibre cable, and the
first volume deliveries were made during 1985 (Optical Fibre Cables Prod-
uct Information 2000). The following passage will focus on the optical fibre
cables and the production facilities used to make these cables.

Optical Fibre Cables

Whereas copper cables are, simply put, made from a copper thread covered
by plastic sheaths, optical fibre cables are based on acrylic-covered glass
fibres, bundled around a central strength member and then covered with a
plastic tight coating or loose fitting tube. Even though the optical fibre cable
technology is quite young — the first time optical fibres were used in com-
mercial telecommunication networks was in 1977 (Optical Fibre Cables
Product Information 2000) — the optical fibre cable has already gone through
several major developmental stages. For Ericsson, their products have gone
through several such stages, leaving them with a number of designs of dif-
ferent complexity available today.

The optical fibre as such can be used for many different purposes, but the
cable has to be adapted to where it is to be used. There are many external
factors to be taken into consideration. Some of these are crushing forces,
pulling forces, abrasion, corrosion and aging — not to mention resistance
against rodents and gunfire. At Ericsson there is a group responsible for de-
veloping and testing optical fibre. This group is often in contact with cus-
tomers to discuss technical aspects, cable properties, solutions to problems
etc. (L. Larsson, interview).

Some of the differences between copper cables and optical fibre cables
are that the copper cables can be used over long distances without losing
accuracy in signals, which is not the case with optical fibres, but optical fi-
bres instead have the advantage of being able to transfer more data. Another
difference is the possibility to bend the cable; with a copper cable this can be
done much more than with an optical fibre which relies on reflection of light
(interviews at Ericsson).

The optical fibre itself can be said to consist of two materials; glass and
acrylate coating. Ericsson produces some of the optical fibres that the com-
pany needs, and the rest is bought from predominantly one supplier (Arvids-
son, interview). The optical fibres have to be further coated with a secondary
coating and sheathed before they are used as cables. The sheathed cable is
now ready for all kinds of indoor applications, as well as outdoor applica-
tions in ducts and conduits. For some outdoor applications, however, a rein-
forcement of some kind is needed to further protect the cable (Optical Fibre
Cables Product Information 2000). The optic fibre group at Ericsson co-
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operates quite closely with the suppliers. In relation to the fibre production,
they have two main suppliers; a Japanese company provides the glass, and a
Dutch company provides the acrylate. When it comes to the optical fibre that
is purchased, one of the most important fibre suppliers is the American com-
pany Corning. Corning’s main European production is located in Germany.
In addition to these suppliers, Ericsson is also working closely together with
a machine supplier in Finland, where they buy machines that they also fur-
ther develop (Arvidsson, interview).

The Production Facilities

Ericsson has two main production facilities in Hudiksvall, the fibre factory
and the cable factory. The fibre factory was built in the late 1990s, and the
production of fibre was not up to full speed in 2002 (L. Larsson, interview).
Even when reaching full production, however, Ericsson would still have to
depend on outside producers, because different kinds of fibre are needed for
different kinds of cable. When fully operating, the fibre production was es-
timated to provide the cable production with about 50 per cent of the fibre
needed (L. Larsson, interview). Ericsson produces more standardised fibre
qualities themselves, and buys specific fibre qualities from their suppliers.
One of the most important fibre suppliers is, as mentioned above, the Ameri-
can company Corning. In addition to Corning, there is a Dutch supplier of
fibres which is important for the supply of some specific fibre qualities (Ar-
vidsson, interview).

In the cable factory, which is located next to the head office (the fibre fac-
tory is located a few hundred metres further down the road), anything from
small fibre cables to huge sea cables is produced. Apart from the differences
in cable types, there is also a difference between orders for new cables, the
so-called experiment orders, and orders for more standardised, or already
produced, cables. For the experiment orders, adaptations have to be made in
the machines, the right tools have to be found, and fixtures, and all those
things concerning the production facility (L. Larsson, interview).

In the cable factory, there are also test laboratories, both for materials test-
ing and for the testing of finished cables. When first the optical fibre and
then the whole cable is produced, the cable is tested in this test laboratory.
The cables that undergo the most extensive tests are the experimental orders.
These cables are tested in the experimental test lab before they are sent off to
customers. The tests include pulling, bending and testing at different tem-
peratures.
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Ericsson Network Technologies and CERN

CERN has been on the cards for Ericsson for a long time, but in the begin-
ning it was mainly because of personal ties some employees had with people
at CERN. Some attempts were made to become CERN suppliers quite a few
years ago, and Ericsson also got some invitations to tender. During this pe-
riod, however, CERN mainly needed less advanced standard products, like
computer cables, so it never became an interesting prospect (Nygéard-
Skalman, interview). For Arvidsson, Ericsson’s fibre expert who also has a
PhD in physics, CERN has of course always been interesting from a research
point of view (Arvidsson, interview).

For the current relations with CERN, the initiative was taken in 1998.
Neither of the parties contacted the other directly. Instead, one of Ericsson’s
main suppliers of optical fibres, the American company Corning, showed
Arvidsson an article during a technical meeting. The article discussed one of
CERN’s detector projects, CMS, and their need for optical fibre cables.
When Arvidsson saw this article, his immediate reaction was that ‘this suits
us perfectly’ (Arvidsson, interview). With the ribbon cable technique that
Ericsson masters, and with the optical fibre that Corning produces, Arvids-
son believed that they would be able to produce a product that CERN
needed. Because CERN did not just need the optical fibre — they needed the
cables. So shortly after this meeting with Corning, Larsson and another per-
son from the cable group were also involved in the project. Larsson was then
one of the product developers in the fibre cable group; some time later she
became a technical product manager for fibre cables (L. Larsson, interview).

At CERN, a programme on optoelectronics, and the use of optical fibre to
read out data from detectors, was started in 1994. The aim was to find suit-
able products for the LHC-environment, and it concerned very generic
know-how, like ‘can we use optoelectronics in LHC detectors?’. In the end,
all experiments bar the CMS experiment left, so the project then became part
of the CMS group."** To find suitable products within the optical field, close
links were established with a few companies. According to Vasey (inter-
view), you can only handle relations with a few companies during the devel-
opment phase, because it costs both money and efforts, and Ericsson was not
one of the select few in the beginning. So, from CERN’s point of view, it

133 The ATLAS and the CMS experiments have made different choices when it comes to the
technology of data handling, and these choices were driven by the type of data format they
will be using. The CMS experiment is using an analogue data stream, which basically means
that they put very little processing capability in the front-end, inside the detector, and transmit
raw data as it is. The data can then be processed somewhere else. The other experiments have
decided to put more intelligence inside the detector, so then they don’t need the same sort of
technology to read out all the data. The price they have to pay, however, is that they have
buried the intelligence inside the detector, so afterwards they have to live with it. It is two
different philosophies, and they lead to different technologies for the optical part (Vasey,
interview).
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was not until they started publishing some of their results that they had ob-
tained with other companies that they even found out about Ericsson. And
then only because Ericsson contacted them; ‘it was the perfect situation for
us, because it meant that they had an interest from the start, an interest in this
project’ (Vasey, interview).

While Vasey and his colleagues were working on the optoelectronics for
the CMS experiment, the people working on the ATLAS experiments also
needed to develop optical links. As part of this process, a number of work-
shops were held — the first one in Stockholm in late 1997. The purpose of the
first workshop was to invite, and to get a good technical contact, with the
companies that were active within the field of optical communications
(Pierce, interview). Among the companies invited were Honeywell (their
Swedish representative), Mitel Semiconductor, JEC Marconi, a Norwegian
company called AMG, Motorola and Hewlett-Packard:

‘All these big companies, they sent their representatives here.
We had a workshop of maybe 50 people, and then the compa-
nies gave technical presentations, and that kind of grew natu-
rally. So the expressed purpose of this workshop was in fact to
give us these contacts, so it worked quite well’ (Pierce, inter-
view).

At this point, Ericsson was not yet known to CERN as a cable producer.

The first contacts with CERN were based on investigations made by one
of the marketing people at Ericsson, who at the time was responsible for
sales in Switzerland. In the autumn 1998, Arvidsson, together with two more
people from Ericsson, went to CERN, where they met with, among other
people, Francois Vasey. The discussions were instantly fruitful, and a num-
ber of meetings followed, both at CERN and in Hudiksvall:

‘It was then easy for [Ericsson] to say what they could provide,
whereas for the companies that come really at the beginning,
it’s not so easy, because you don’t know exactly what you need
yourself, and in what form you want to have it and so on. So in
the case of Ericsson, they knew what we wanted and were im-
mediately very forthcoming in helping us achieving that, so in a
sense, even though they came late, they immediately reached
the speed of all the others’ (Vasey, interview).

Shortly after the initial contacts, Mark Pierce from KTH was also involved,
but for the ATLAS detector:

‘We wanted to be able to bend this cable around very sharp
turns, and this we could not find anywhere, and our problem
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was that the quantity we were talking about, the total volume
that we would eventually buy, was too small to really be inter-
esting for a normal company. So if you would not have a com-
pany with an upstream interest, it would not work. And Erics-
son had this interest. So we started discussing how to develop
the cable together, and then something also happened; it turns
out that the team working on the ATLAS project, doing the
same thing as I’'m doing for CMS, it turns out that this team had
a strong base in Sweden. And I guess Ericsson was prospecting
all experiments, so they also got in touch with the team in Swe-
den, and then we decided to jointly develop the cable with the
ATLAS team, the CMS team and Ericsson. And that was inter-
esting. It is very unusual in this community to reach this level of
agreement. But it worked, and Ericsson developed the cables
and sent samples to us and to ATLAS’ (Vasey, interview).

Together with Vasey and Pierce, the Ericsson development team tried to
develop a product that could be used by both CMS and ATLAS. In the end,
the two projects used different kinds of fibres, but the geometrical cable
dimensions are the same.

At the ‘Second Workshop on Optical Readout Technologies for ATLAS”,
held in Oxford in the beginning of January 1999, ‘we chose the good com-
panies from a year and a half ago and brought in some newer ones, and rein-
forced the contacts in that respect’ (Pierce, interview). Ericsson took part this
time, and Arvidsson gave a speech. Obviously there were a number of other
companies present at this stage, some of them producing the same type of
products as Ericsson. Ericsson was regarded as one of the more interesting
suppliers, however:

‘It is not as if we had a relationship with Ericsson, we had other
companies, but Ericsson looked the best. We also worked with
another company on this, but basically they never delivered,
and Ericsson did. They were by far the most professional com-
pany’ (McLaren, interview).

Ericsson produced the cables for CERN, but there had to be other compo-
nents attached to the cable; there should be a contact in one end, and a laser
in the other, and all the components had to be compatible. The different pro-
jects had different suppliers of the other two components, but in one case
Sumitomo supplied the contacts, and an Italian company provided the lasers.
In other cases, Sumitomo is one of the main competitors in the optical fibre
field, because the company is a big cable producer. In this case, however,
Sumitomo thus became more of a partner than a competitor (Arvidsson, in-
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terview). This could also be beneficial for future cooperation between Erics-
son and Sumitomo (ibid.).

When the technological development work done with CERN increased, a
CERN project group with its own cost centre and project leader was intro-
duced at Ericsson. Other people (than the project leader) were of course
keeping their old contacts, but it was good to have someone responsible for
new contacts (Larsson, interview).

Initiating Development — CERN’s Requirements

When Ericsson had decided to try to develop new cables for CERN, an in-
tensive range of activities followed to realise the product. What CERN
wanted differed from Ericsson’s standard production in some ways. First of
all, the cables had to be resistant to different kinds of radiation, gamma ra-
diation being one of them. Another issue was that the cables were to be in-
stalled in particle detectors, where the bending of the cables becomes an
important issue. This is, as mentioned earlier, not a problem for a copper
cable, but the amounts of data that need to be handled made a copper cable
solution impossible. Since the detectors are sending and receiving vast
amounts of data, only optical fibres are able to handle this. A third issue was
the diameter of the cable; again, CERN’s requirements differed somewhat
from those of other customers (in that they wanted a smaller diameter). How
did Ericsson go about to develop the cables required and to match the re-
quirements?

Developing the Product

During 1999, several test cables were produced. Normally the time from idea
to product is quite long for Ericsson. Depending on the circumstances, it can
take up to two years to deliver a test product. In this case, the process was
much quicker; from the time that the decisions were made, to the delivery of
two test samples only six months passed. These samples were both tested
extensively at Ericsson and sent to CERN for evaluation (Arvidsson, inter-
view).

The cable that has been produced for CERN can be divided into three
parts, or links (L. Larsson, interview), all consisting of different kinds of
cable. The first link is developed especially for CERN, and it is in the fibre
that the big development was done. CERN demanded that it would be possi-
ble to scale down to a certain diameter around the fibre, and this was some-
thing no other customer had demanded before. In order to achieve this, new
materials had to be tested before the fibre group found an acrylate concept
that would work. This concept has already been used in new applications for
other customers (ibid.). With the second link Ericsson experimented with a
customer-specific solution, but in the end they got equally good results with
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a standard cable. Thus a standard cable is used. Concerning the third link this
is again a customer-specific product, and so far it has not been used for any
other applications. In the third link, the development lies in the construction
of the cable. The cable is designed to fulfil the specific needs of CMS, and
the ribbons are packed very tightly together. This is development on the
edge, both for what Ericsson’s machines can produce and for what the cables
should be able to endure. And all technological development on the edge
increases Ericsson’s knowledge about fibres and cables, which is useful even
if the cable cannot be used for other applications. In addition, advanced
technical requirements also teach the personnel more about their own pro-
duction facilities, which, according to Larsson (interview), is an important
lesson to be learnt in itself.

CERN has taken an active part in the development of this new cable, and
for Arvidsson’s group this has been an interesting experience. Since this
group handles fibre issues and fibre development, they usually have more
contacts with suppliers than with customers. Their work includes a lot of
chemistry and physics issues, something that most customers know little
about. On the other hand, the situation has been reversed for Larsson and the
people she works with. Dealing with cable development and customisations,
this group is more used to customer contacts, but in the CERN case, they
were playing second fiddle to the fibre people (L. Larsson, interview). In this
particular case, Arvidsson and his team had most of the contacts with the
CERN people, and the cable group was involved when judged useful (ibid.).

Solutions to the Requirements

As mentioned above, CERN had a number of specific requirements on the
cables. These concerned, among other things, radiation, bending, and, which
was discovered at a later stage, installation. Concerning the resistance to
radiation, the radiation tests CERN required were new for Ericsson. As
Ericsson did not have the facilities to carry out these tests, they were carried
out by the CERN people themselves (L. Larsson, interview). According to
Vasey (interview), the radiation tests were actually carried out in other re-
search facilities in Great Britain, Belgium and France, because the radiation
has to come from a source that is well calibrated, and this is not the main
focus of the laboratory (and thus such a facility does not exist at CERN). The
analyses were made at CERN, however. Ericsson employees received con-
tinuous updates on the results, and now know a great deal more about how
their products react to radiation. As it were, no new radiation resistant mate-
rials had to be developed, because the ones already used worked well. This
radiation testing is now considered an interesting spin-off effect; if CERN’s
requirements can be handled, then the product should be suitable for nuclear
power plants, for instance (Arvidsson, interview).
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In order to manage the requirements on bending of the cable, Ericsson
developed a new kind of optical fibre cable that tolerates bending better. A
side effect of this change is that the loss of information becomes too big for
long distances, so this new cable cannot be used for such applications. Up to
a couple of hundred meters of cable, however, this is not a problem. At
Ericsson, this cable is seen not only as a new product, which will hopefully
have other interesting uses in the future, but also as another interesting spin-
off effect (Arvidsson, interview). The increased possibility to bend the opti-
cal fibre can be very useful. In many places, such as houses and office build-
ings, a lot of installations need to be made in a small area, and there the new
products could be useful.

As the detectors at CERN (CMS and ATLAS) were being built, other
questions and problems arose about the optical fibre cables, questions that
had to do with the installation. The fact that a huge amount of cables had to
be installed in a limited space and that the cables also had to be bent in spe-
cial ways so as not to lose the signals, made the installations tricky. When
the installations started, and people at CERN realised that questions like

‘the cable is supposed to be laid from here, it has to go through
this area, around the bend here, which is a sharp turn, more than
180 degrees, which makes this radius, and the cable has to be
fastened on the outside of the detector in this way — how do we
solve this?’ (L. Larsson, interview).

became important, contacts with Ericsson intensified (L. Larsson, interview).
Ericsson had a special installation expert working with CERN, and this was
interesting for both parties, although, according to both Larsson and Arvids-
son (interviews), CERN was probably learning more from Ericsson about
installations than the other way around. Ericsson also worked with another
company, Kabelschlepp, to test a kind of shelves to support the cables for
ATLAS, which also had to do with installations.

Cooperating with CERN

By the technical staff at Ericsson, CERN was described as a very interesting
customer. The relationship was described more in terms of technical coop-
eration than buying-selling (interviews at Ericsson). In addition, the techni-
cal cooperation was said to allow for ideas, objections and solutions from
both sides (L. Larsson, interview). According to Arvidsson (interview),

‘this is not big business for us; it is more about the technologi-
cal challenges. We are not losing money, but it is not important
for our turnover. However, it is technically interesting and
could have interesting spin-offs.’
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Another sign of CERN being more technically than economically interesting
in a direct sense is the fact that the account was handled by the technical
staff, and not by the marketing and sales side like ‘normal’ customers.

Decades ago, big telecom companies like Televerket (now Telia) were the
customers driving development, but their technical departments are not as
big as they used to be (Béckstrom, interview). Therefore, technically inter-
esting customers like CERN are more important now (Arvidsson and Béck-
strom, interviews). Another difference between CERN and Telia, for in-
stance, is how the cooperation is carried out: ‘If I describe Telia and Erics-
son as big brother and little brother, then Ericsson and CERN are more like
equal siblings’ (L. Larsson, interview). CERN is felt to be more open to sug-
gestions, which is possibly a result of it being a research organisation rather
than a company.

Apart from the technical differences between CERN and other customers,
there are also other differences. One difference, according to Arvidsson (in-
terview), is that it is obvious that CERN is full of scientists. The cooperation
therefore becomes deeper and more detailed, and it is important to be able to
give concrete answers to detailed questions. Another difference, which can
also be a problem, is that CERN is very big, and that one hand does not
know what the other one is doing. There are groups at CERN dealing with
the same sort of products and problems as Vasey for CMS and Pierce for
ATLAS, but they do not know about each other. According to Vasey (inter-
view), this is

‘a difficulty when we have to deal with companies, because
they always want to know what CERN represents as a global
market. And they are always very frustrated when I tell them
that I don’t have the full picture myself.’

In addition, it gets even more complicated when the companies deal with the
experiments, because the experiments are not run by CERN itself. Vasey
continues;

‘it’s actually one of our main difficulties when we deal with
companies, to make them understand that we are so heterogene-
ous, but still can be interesting to them. Quite a few companies
tend to run away when they see the mess inside. Because in
terms of structure, it is messy’ (Vasey, interview).

On the other hand, large companies can have the same problem, and Erics-

son is a good example. Vasey at one point tried to get several Ericsson com-
panies to come together;
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‘I was very naive, probably, at the time. Once I asked them all
to come together, because for me it was all an Ericsson box, and
it was so complex, and they didn’t know each other, and...
They eventually all came together, but they were definitely not
speaking the same language. So it’s like different companies’'**
(Vasey, interview).

In addition to the initial two CERN projects, with Vasey at CMS and Pierce
at ATLAS, Ericsson also managed to get involved in another three subpro-
jects within ATLAS and CMS (Arvidsson, interview). According to Arvids-
son (interview), he makes the first contacts when the opportunity arises. For
instance, one of Ericsson’s fibre suppliers heard someone at CERN ask for
ribbon cable, and told him that Ericsson in Hudiksvall had it. In other cases,
trips to CERN bring in new business. For the projects running, there are
project meetings several times per year, but a lot of work is handled via e-
mail (Arvidsson, interview).

Why CERN?

Several of the interviews at Ericsson stressed that technical development is
important for long-term survival of the company (Arvidsson, Biackstrom, L.
Larsson; interviews); ‘to find applications outside the normal area, and to
have some leading edge competence, I think that is important for our sur-
vival in the future’ (Arvidsson, interview). It was felt that CERN can con-
tribute to the technical development, by pushing the limits and demanding
new properties of fibres and cables (Arvidsson and Larsson, interviews).
From the CERN point of view, the interaction was commented on in the
following way;

‘And I think this is what I see from all my industrial interac-
tions, we don’t really transfer know-how, in a sense that we
don’t tell them what the trick is to this or that. But our require-
ments are a bit over the edge, and usually they can meet these
requirements by simply anticipating what they would have done
in any case. So they gain maybe one or two years in respect to
the competition. That’s how I would see it, it’s what [ would see
as transfer of something, which is not know-how, but something
else’ (Vasey, interview).

According to Arvidsson (interview), a benefit from working with CERN is
that Ericsson’s supplier relations are tested; CERN is something of a ‘worst

134 An interesting point to make is that this is exactly the way CERN was described in inter-
views, i.e. not as one organisation, but like different organisations.
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case’, and if things work at CERN, they will work everywhere. However,
Ericsson has not found any new suppliers, nor any new customers, by work-
ing with CERN (Arvidsson, interview).

When it comes to the marketing aspects of working with CERN, it was
stated that ‘it’s a good reference, if something happens, if we develop some-
thing, it might be used, perhaps not the product, but the reference’ (Ber-
glund, interview). CERN has been used in Ericsson’s marketing as a refer-
ence customer, where it has been showed that ‘we have been chosen by
CERN’ (Arvidsson, interview). In some cases it has to be explained, how-
ever, what CERN is (ibid.), whereas in other cases it is not necessary. Or, as
Berglund (interview) puts it; ‘There aren’t that many CERNS in the world’.
In different areas of the world, different reference customers are more or less
important, however. For business in Southeast Asia, big contracts in the
same area are the most important references (Berglund, interview), whereas
Telia still seems to be the most important reference customer in many places,
even outside Sweden (Arvidsson, interview). Potential and/or existing cus-
tomers are told about the reference customers, but how important this is, is
not completely clear (L. Larsson, interview).

What becomes clear when talking to technicians at Ericsson is that they
all seem to enjoy working in development projects with CERN. A frequent
comment is that it is fun to work with CERN, and that the cooperation is
quite close in order to solve technical problems. According to Vasey (inter-
view), all the industrial partners he has been working with tend to say the
same things about working with CERN;

‘it’s like salt and pepper on a manufacturing line, which is al-
ways working on volume. The quantities are not very low, so it
makes sense to do some development for us, the money will not
be huge compared to others, but it is spicy, technically speak-
ing, and I think this is what triggers them. It is technically chal-
lenging and interesting, and that’s where they learn, because
they have to push the limits a little bit. And they push their lim-
its for an application that is interesting, for a customer which is
nice, because we are not treating them badly, so they see this as
an opportunity. But they certainly do not come for money rea-
sons’ (Vasey, interview).

Even though Ericsson has had other technological development projects for
a long time with other customers, such as Telia and Banverket, working with
CERN generally seems to be regarded as freer and more innovative (inter-
views at Ericsson).
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Epilogue

As an example of successful technology transfer, the products developed by
Ericsson for CERN, are presented in the following way;

‘Optical links are required to exchange data between the detec-
tor front ends and the control rooms of ATLAS and CMS. The
ribbon concept with single-mode or multimode optical fibres
has been accepted for an installation in the harsh environment.
The ATLAS experiment will use approximately 25,000 digital
optical links based on 50 um-fibre and 850 nm VCSEL emitters
while the CMS experiment will operate with about 150,000 op-
tical links. A novel ribbon cable with eight 12-fibre ribbons has
been designed and tested. The 12-fibre ribbon is of the encapsu-
lated type with a thin outer layer, the ribbon matrix. The pic-
tures show two examples where Ericsson has benefited from the
knowledge acquired from CERN purchases. There are other ex-
amples as well. In work with CERN during the last few years,
ERICSSON has learnt about material properties in general and
for harsh environments in particular’ (Bressan & Streit-
Bianchi, 2005:41).

As can be seen from the quote above, the focus on technical details is appar-
ent, but the pictures referred to show, apart from the structure of two kinds
of cables, different kinds of testing situations.

The Ericsson cable example is one of many examples given in this docu-
ment (Bressan & Streit-Bianchi, 2005) about (successful) technology trans-
fer to industry and society, and it describes quite clearly where the product
fits in at CERN, even though it shows none of the interactive process behind
developing the products. But from both parties’ side, this collaboration is
described as successful. Hopefully, this chapter has provided the reader with
a few more insights into the interactive nature of the collaboration than the
quote above is capable of. Before the discussing and concluding part of the
thesis is presented, the second more extended example of CERN-industry
interaction will be described in the next chapter.
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Chapter 10: ABB Automation Products and
CERN

Like the previous chapter, this chapter focuses on the relationship between
CERN and one specific company, in this case ABB Automation Products.
The LEP accelerator at CERN, which was briefly described in chapter four,
was in need of an enormous cryogenic system to function properly. For a
long time, ABB Automation Products supplied CERN with control systems
to manage the cryogenic systems. It is the long-term contract for these con-
trol systems that will be the main focus of this chapter.

Introduction

ABB Automation Products AB in Visteras was part of ABB’s automation
segment, one of the world-leading producers of automation systems. Their
main task was to ‘deliver quality, save energy, solve environmental prob-
lems, increase profitability, improve work environments...” (ABB website,
2000-01-25). The company developed and produced products that steer,
supervise, control, and protect different types of processes within industry
and in power plants. Since the end of 2004, the ABB company structure has
undergone some major changes in Sweden, but automation products still
exist today. The products constitute a platform for automation solutions pro-
vided by ABB companies all over the world (ABB website 2009-07-21;
interviews at ABB).

ABB was founded in 1988 through a merger between the Swedish com-
pany Asea and the Swiss company BBC Brown Boveri (ABB website, 2011-
09-15). The ABB company described in this chapter stems from ABB Elec-
tronics AB, which was then divided into ABB Industrial Products AB and
ABB Network Systems AB. ABB Industrial Products AB later changed the
name to ABB Automation Products AB, which is the company name that will
be used throughout this presentation.

The automation systems can be divided into two kinds of systems; in-
strumentation and PLC. Instrumentation, run by instrument makers, was
traditionally more highly regarded than PLC, which was run by electricians.
ABB Automation Products has been dealing with both kinds of systems,
although perhaps a bit more with instrumentation. Due to the fact that Auto-
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mation Products’ system came out late on the market it had certain advan-
tages; it was possible to see what other companies were doing and to adapt
the system accordingly, so that the system covered both instrumentation, the
current ‘Distributive Control System’, DCS system, and PLC (which is still
called PLC today) (Bodin, interview 1). The control system that will be de-
scribed more thoroughly in this chapter is a so-called Open Control System
(0CS).

Products and Production

In a paper mill or in a refinery the production is carried out in a never-ending
process. This continuous production needs constant management and super-
vision — it requires a system for industrial automation. The automation sys-
tem supervises the process so that the right quality is achieved, as well as
high productivity and minimal waste of raw materials (ABB Automation
Products’ website, 1999-10-29). Thus, ABB Automation Products develops
and produces control systems for other companies’ industrial processes.

The Automation Control System

If we take a process factory'> as an example, the factory is full of different
production devices (see figure 10.1 for an illustration). Every device has to
be managed, and this is achieved through so-called /O modules; 1/Os (in-
put/output). These modules are there to send and receive signals, so that it is
possible to start up a machine, or turn it off, and to get information from it.
The I/Os do not contain any programmes, so there is no ‘intelligence’. There
are four main types of 1/Os; digital input, digital output, analogue input and
analogue output. If you want to measure the level in a tank, for instance, you
get an analogue measure, whereas an alarm is based on digital signals
(Bodin, interview 2).

If the I/O is like an on/off switch, the controller is where the programme
running your processes can be found. The controllers are mainly PC-based -
and they can even be on laptops. This is the actual ‘tool box’ that is steering
the process, but it has to be adapted to the special process it is meant to con-
trol. Thus, a controller consists of both hardware and software. Different
kinds of engineering tools are used to program the controller. This pro-
gramme then controls the signals in and out, and manages the whole process
according to the indications it is getting (Bodin, interview 2).

The system cannot run by itself, however, which means that people must
be able to affect it. This is done at an operator station (OS). The operator
station also controls the process, but it is done manually. At this station,

1335 This description is of course a generalisation, but fits with many of ABB’s customers.
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pictures of the machines and processes controlled facilitate the operator’s
work. An operator station generally oversees several controllers. In addition
to these modules (I/Os, controllers with engineering tools and operator sta-
tions), field buses (‘smart cables’) and communication systems must be
added for the system to function. Figure 10.1 below shows how these com-
ponents fit together in the system (Bodin, interview 2).
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Figure 10.1 The Structure of the ABB Automation System 136

Source: Jorgen Bodin (interview 2).

The components inside the dotted line are the ones supplied by ABB Auto-
mation Products. At the bottom of the picture an imaginary factory with
different (electrical) machines is drawn. These machines need to be con-
trolled in some way in order to function in the production process. The I/O
modules (input/output) send signals to and receive signals from the ma-
chines. Each machine is controlled by one or more I/O modules. To control
the process in the factory, i.e. to control the different machines, a controller
is installed. This controller contains engineering tools. The operator stations,

136 ABB Automation Products’ components can be found within the dotted line.
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in turn, are managed by people and control one or several controllers (Bodin,
interview 2).

The I/O modules, the controllers and the operator stations are all devel-
oped and produced in Visterds. For the operator stations, however, ABB
Automation Products only develops the software, while the hardware is
bought wherever ABB Automation Products can get a good price, as they use
standard PCs. The engineering tools are produced in Sweden and Germany,
and the communication systems are developed at several ABB sites over the
world, depending on where the competence can be found (Bodin, interview
2). In addition to the modules described quite summarily above, there are
several other modules that can be added.

The Production Facilities

The open control systems that are described above have to fit into a bigger
context. ABB Automation Products is of course connected to other actors in
different ways, because, among other things, they must have both suppliers
and customers. Many of these connections exist within ABB; most of ABB
Automation Products’ customers can be found among other ABB compa-
nies.

ABB Automation Products is one of ABB’s development companies.
They develop and produce, as already mentioned, automation products that
function as a platform for further customised automation systems. The plat-
forms, which consist of several components, are then delivered either to
internal system integrators, for example ABB Chemical SE, or to ABB
Laboratories, that do the actual job of adapting the system to the specific
customer. If the people at the lab need specific knowledge to adapt the sys-
tem, it is the internal integrator that is the specialist within the field who
provides this expertise. These people are the ones who know the final cus-
tomers’ specific industry. As can be seen from figure 10.2, ABB Automation
Products normally does not have any contact with the end customer. As will
be seen later, however, CERN is a special case in this respect.
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Source: Jorgen Bodin (interview 2).

Figure 10.2 gives a very simplified picture of how ABB Automation Prod-
ucts (in the picture called Aut. P) connects to other ABB companies and
customers. The microchip factory used to belong to ABB Automation Prod-
ucts, but this activity was outsourced in July 1999. The microchip production
facility was bought by Flextronics, a company specialised in producing mi-
crochips. The outsourcing was made because it was decided that ABB Auto-
mation Products had to focus on their core activities. Flextronics is a very
big producer of microchips, and something that is considered an advantage,
from ABB Automation Products’ point of view, is that Ericsson is another
very important customer for Flextronics.

ABB Automation Products receives a lot of components from a number of
suppliers. According to several informants in the company, however, they
have no crucially important suppliers. An exception to the rule is Flextron-
ics, because the facilities that they use to produce the microchips demanded
by ABB Automation Products used to be a part of the latter company (as
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depicted in picture 10.2 and discussed above). The production still takes
place in the same building where ABB Automation Products is located.

Another supplier that ABB Automation Products uses is Hewlett-Packard
(HP). This company was mentioned in an early interview, because CERN
demanded that ABB Automation Products would use HP components. These
components are then assembled together with components that are made in-
house. After some testing, some products (i.e. control systems) are delivered
directly to customers, while most of the products are first sold to other ABB
companies for further adding of software. At the customer’s facility, the
control system is installed.

To summarise, ABB Automation Products is a development company
producing open control systems for other industries’ processes. To facilitate
things for the reader, they can be said to produce a tool box. It can be com-
pared to Microsoft’s products; Microsoft delivers a tool box with Word,
Excel and so on. As a Microsoft customer, you get all the programmes, but
you have to put you own data into the Excel sheet, for instance. This service,
i.e. putting company specific data into the equivalent of the Excel sheet, is
the only thing that is customer specific, and this is done by the ABB com-
pany that is delivering the system to the end customer (Bodin, interviews).

ABB Automation Products and CERN

The cooperation between ABB and CERN has been going on for a rather
long time. During this time, both parties have used this cooperation as a
good example of a working relationship. Or as it was presented in one of
ABB’s pamphlets (produced co-operatively between one person from CERN
and one person from ABB Power Automation AG in Switzerland):

‘CERN’s laboratory for particle physics near Geneva, Switzer-
land, is among the most innovative R&D centers in the world.
This approach to research is also reflected in the way it works
with its control system suppliers. ABB’s Advant Open Control
System (OCS), which makes use of object-oriented program-
ming, was chosen to perform one of the most complex automa-
tion tasks ever specified: processing 10,000 signals in order to
keep the temperature of the world’s largest particle accelerating
system close to absolute zero’ (Kuhn & Pellin, 1999).

This is the official picture that both CERN and ABB wanted to give of the
relationship between the two parties. For ABB, CERN is pointed out as a
high-tech customer, i.e. as an organisation with very high quality demands
and which is highly advanced in many ways. For the LHC/IAS group at
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CERN, on the other hand, it is a way to emphasise the significance of inter-
action with industrial companies.

Initiating Cooperation

CERN has, throughout its history, constantly upgraded its particle accelera-
tors in order to always be at the forefront of physics research. This has re-
sulted in an ever-increasing use of liquefied helium, requiring the construc-
tion of standardised on-site liquefaction plants. All these liquefiers, however,
arrived with their own industrial controls equipment. In an attempt to stan-
dardise these controls interfaces at least in the cryogenics systems, in 1985
CERN called for tenders for such equipment in order to include both hard-
ware and software engineering. Asea AG/AB won, as the lowest bidder,
against eight competitors. The contract called for the supply of a complete
pre-configured controls system, with an option permitting the delivery of
additional equipment as seen needed by CERN. The software programming
of the hardware was done in-house by CERN employees, with the training
and some support provided by Asea (Kuhn et al., CERN report).

Developing the Cooperation

Most of the equipment that was initially bought was in regular use until the
LEP shut down at the end of the year 2000. As most of these experiments
were planned to end by the year 2001, no efforts were made to upgrade nei-
ther the software nor the hardware in these installations. There are, however,
always some exceptions to the rule, and these are discussed below.

In 1990, the planning was started for LEP phase 2, which meant the dou-
bling of the particle energies. This also meant that the old conventional cop-
per cavities had to be replaced by super-conducting cavities. To provide for
the enormous increase in the amount of liquefied helium needed, new lique-
faction plants were planned to be installed. In connection to this, integral
controls hardware and software were put out for tender. The contract would
run over at least five years, through 1996, with a CERN option to extend it
another four years, through the year 2000. Finally, CERN would be able to
specify, via ‘Release Orders’, the delivery of whatever goods were required
within this time frame. ABB again won this contract on the basis of being
the lowest acceptable bidder. According to CERN, this form of contract
proved to be very beneficial to the organisation; one of their main problems
was that the helium plants were, due to their size, comparable to prototypes.
The contract allowed them to change and adapt the hard- and software to the
evolution of the project. In addition, the contract made it possible to develop
a relationship between the parties, something that normally is difficult for
CERN because of the procurement rules;
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‘We decided not to base it only on the contract; that is to buy
and then be finished. We decided to have a long-term commit-
ment with ABB. We wanted to develop a partnership, because
the needs of CERN are sometimes peculiar, and we wanted to
be able to have some sort of “web”, to be linked together, so
that if there are problems they will be prepared, because we
know each other, so they will be more prepared to help us, be-
cause they understand us. We have a very good relationship
with ABB, and my opinion is that this is definitely the way to
work with industry — between CERN and industry’ (Rabany, in-
terview).

During the course of the years, ABB Automation Products and CERN have
had regular meetings when installations, problems with installations and new
products have been discussed. A result of these meetings is that CERN be-
came a Beta test partner in 1994. This meant that new ABB products were
tested at CERN before they were released. For ABB, this meant that they got
a reliable and interested test partner, and for CERN it meant that they could
get hold of the latest products, while at the same time being assured of close
follow-up and instant help if there were problems. When CERN became a
Beta test partner, one of the old controllers was replaced — with surprisingly
few problems. This positive experience encouraged CERN to continue test-
ing and installing Beta products (interviews at ABB and CERN).

When it came to actual delivery, most of the products went directly from
ABB Automation Products in Sweden to CERN (as mentioned earlier, the
normal modus operandi would be for a local ABB company to deliver both
the goods and the services). There was also one person at ABB Automation
Products who was responsible for maintenance, and he was called in when
the IAS group at CERN was having problems with the equipment. Some of
the equipment, however, went through ABB Power Automation AG in Swit-
zerland. Here many of the special adaptations were made. As there is no
ABB Automation Products organisation in Switzerland, this ABB production
area was placed in another ABB company. From the beginning, it was not
Power Automation that was responsible, but CERN demanded that a big
company should be responsible for the contract, so it was decided that (at
least) this contract was to be placed within Power Automation. This group
also had most of the daily contacts, and, up to the end of the year 2000, two
people at Power Automation were working with the CERN contract
(Hessler, interview).

Even though many European ABB companies deliver goods to CERN, it
is only ABB Automation Products in Visteras that has had this type of inter-
active relation with CERN. For CERN, this way of acting is used on big
contracts, such as the superconducting magnets, but for ABB it was the only
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contract of this kind, where a confidentiality agreement had been signed and
so on (Hessler, interview).

There have been other attempts on CERN’s part to interact with ABB, but
they have not always been successful. One example of this was when an
employee of CERN went to Vésterds to discuss a low-voltage distribution
plant, and the person at ABB Visterds was extremely fired up by the pros-
pect of making an offer. He was later told by a Swiss ABB company, how-
ever, that they were going to deal with the offer. When the CERN employee
came back to the Swedish ABB employee he was told that the Swiss were
going to handle the offer. Unfortunately, it was the product and the knowl-
edge from ABB in Visteras that was needed, and in the end ABB did not get
the contract. According to CERN employees, this has happened a few times,
but with one ABB person in charge of all ABB contracts with CERN, this
problem was alleviated (Fernqvist, interview).

ABB Control Systems at CERN

Over the last 30 years, CERN has started to use more and more supercon-
ducting materials, for instance magnets, both in the accelerators and in the
big experiments (detectors). For this a lot of liquid helium is needed, and to
produce liquid helium, a whole infrastructure is needed behind it; with com-
pressors, cold-boxes etc. This infrastructure, a helium liquefier plant (CERN
had ten of these plants in 2000), has between 2,500 and 3,000 input-output
points, depending on the complexity of it. And all these input-output points
have to be controlled. That is where the ABB control systems come in. In the
late 80s it was Master units, and since 1994 the Advant series was gradually
introduced (Kuhn, interview).

On the one hand, there are controllers in the field, at the different experi-
ment sites, where there are local control rooms and each point can be con-
trolled independently. On the other hand, there is a central control room at
the Swiss CERN site, where the operator stations are. This equipment, eve-
rything included, is worth about 15 million Swiss francs, out of which soft-
ware constitutes about 9 MCHF and hardware 6 MCHF. This material has to
be extremely reliable, because loss of cryogenics immediately means costs.
If the helium liquefier plant drops out, it is an expensive loss, not only in
beam time, which is the product, but also in material. If for instance the
compressors are lost, then in about ten seconds helium starts leaking, and in
about six to eight hours this means that about 50,000 CHF worth of helium is
gone. This also means that before any test material is introduced in normal
operations, it has to be made sure that it is reliable. According to Kuhn (in-
terview), there have only been four or five incidents where ABB equipment
was blamed for loss of beam time in all the years that LEP was running. At
the end of year 2000, before the LEP was shut down, ABB equipment was
controlling 100 per cent of the superconducting radiofrequency cavities (that
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were used to accelerate the beam) and about 95 per cent of the magnets;
‘Unfortunately it will be different for LHC’ (Kuhn, interview).

No more Cooperation?

The LEP accelerator was, as already mentioned, shut down permanently at
the beginning of November 2000, and the preparations for the LHC intensi-
fied. As it had been planned for a long time that this event would actually
take place, it has all the time been necessary for CERN to upgrade their sys-
tems. At full capacity, eight cryogenics plants, producing at triple the LEP
capacity, are needed for the LHC. This was yet another incentive to Beta test
the control products from ABB. As it turned out, however, ABB lost the
contract for the control systems in the LHC cryogenics plants. ABB was
simply not the lowest technically acceptable bidder (cf. CERN Procurement
Procedures, chapter seven). This was, of course, a big drawback for both
CERN and Automation Products, who had gotten used to and appreciated
working with each other. Throughout the year 2000, as long as the old con-
tract was running, CERN continued to buy ABB control systems’ material,
but then they had to switch suppliers.

Cooperating with CERN

In practical terms, the cooperation between ABB and CERN has been car-
ried out on several levels and in several ways. There have been two meetings
per year between the parties, one in Sweden and one at CERN. In addition to
these recurring meetings, ABB has used on of its CERN contacts, Mr. Kuhn,
as a key-note speaker on one of their summits, i.e. their customer confer-
ences. On the management level, the two meetings per year have been the
times to meet and discuss the cooperation. On other levels, in development
and production, the interaction has been much more intense, however, with
weekly, or sometimes daily, phone calls, faxes and e-mails during certain
periods. Technical personnel from both sides have also met to discuss the
systems or specific aspects of them.

From the CERN perspective, the cooperation with ABB is described in
very positive terms. It took a while for the people from the different organi-
sations to adjust to each other, however;

‘at the beginning, both had a pretty tough life. ABB wants to
sell their stuff and we want to do basic research. And these are
two totally different sets of mind. They want to make money,
and we want to find something exotic. These two are sometimes
like fire and water... It was a learning process between ABB
and CERN, for both sides, and I think that one of the most im-
portant points, because why we got into such a good, close rela-
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tionship, which is unfortunately ending now, is that, on both
sides, there was no big change of people involved.” (Kuhn, in-
terview)

The importance of personal relationships was further stressed;

‘Because they were not only salesmen, but they were also inter-
ested in what we were doing. They took a personal interest in it.
And as soon as you go across this line of becoming emotionally
involved in the other one, then some barriers break down, then a
relationship like this can develop. So it’s a lot of things, but I
would say that the personal factor was very important too’
(Kuhn, interview).

One of the points made over and over again by ABB personnel is that they
do not adapt to customers’ requirements — all products are standardised. In
CERN’s case, however, this is not entirely true. Because of pressure from
CERN, ABB Automation Products decided to add some functions that CERN
wanted to a field bus. This was considered to be a great advantage for ABB
as well, however, because it meant that ABB gear could be used together
with Siemens gear — and Siemens is the market leader on the PLC market,
with approximately 25% of that market (ABB is the market leader on the
DCS market, and the two markets are of a similar size). The function wanted
was described in the following way;

“You have a master unit, which ties to a bus [a cable] and then
you have slaves, and the slaves are controlled by this master.
Only the master can tell the slaves the settings, regularly asks
for data and so on. If you want to ask for data from only one
slave, there are different ways to do it. Either, you are the owner
of the master, and then you have to go with very complicated
software through the master to get this one value. There is a
possibility around it: you can extend the function. Then you can
come with your own master, which is a cheap module more or
less, with which you hang on to the line, and with which you
can get occasional values from each of the slaves. But you can-
not do it on a cyclical basis, and you cannot change any ranges
or settings etc.” (Kuhn, interview).

In practice this means that an ABB I/O can ‘talk to’ a Siemens controller,
and vice versa.
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Why CERN?

From ABB’s point of view, CERN is an interesting customer in many differ-
ent ways. According to the respondents at ABB, the people at CERN are
good at what they do, they are interested in their work, and thus in the con-
trol systems as well. The main advantages of having CERN as a customer
can be summarised in two areas; testing of the product and marketing of the
product.

Between CERN and ABB Automation Products there was a contract re-
sulting in CERN getting more information, and getting information earlier,
than other test partners (Jonsson, interview). This is because they had proved
to be trustworthy, and that no information was released before ABB decided
to release it. It was said to be easier to have CERN, rather than another com-
pany, as a Beta tester. Firstly, CERN has its own lab, where they test the new
products before they are actually installed in production. There is therefore
no risk of interrupting production if ABB’s product would fail to work at
first. Secondly, since CERN is a research organisation instead of a profit-
maximising company, they were felt to have more time to evaluate the prod-
ucts, and also more time to write good reports. Thirdly, the long-term rela-
tionship was considered to be an asset in the testing of a new product;

‘We have a long-term relationship with CERN, so they know
our products. Having CERN as a customer is an advantage in
testing, for instance, where they are fairly thorough in testing
our products, they have continuity and they write good reports,
much better reports than many others, and this is appreciated’
(Bodin, interview 1).

When it came to product performance, the relevant people at ABB Automa-
tion Products were told by people at CERN when the company was not
competitive, and when there were better products on the market (Jonsson,
interview). CERN was considered an important customer, because they
pushed ABB Automation Products to deliver faster, and thereby decreasing
time-to-market for their products; ‘So they are pushing us in both develop-
ment and marketing — they simply let us know when we are not good
enough’ (Bodin, interview 1). One example that was given concerned the
relation to Hewlett-Packard (HP), and how HP products were used by ABB
Automation Products: ‘CERN is also a big HP customer, so they know HP
products. Therefore, they can tell us when HP is releasing a new product,
and they expect us to adapt accordingly’ (Bodin, interview 1). In this spe-
cific case, CERN did not think that ABB Automation Products were quick
enough to integrate HP’s new products. These issues were summed up by a
respondent when he said; ‘CERN has helped us develop a more market-
oriented approach’ (Bodin, interview 1).
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Epilogue and Concluding Remarks

One of the problems facing both companies interacting with CERN and
CERN staff wanting continuity is the procurement rules. This is clear from
the example in this chapter, when a more that fifteen-year-long relationship
ends, not because either of the parties is discontent, but because there is an-
other company with a lower bid. On the other hand, as was pointed out by
the Head of Purchasing at CERN, it is the only way to make the system fair
to all companies in the member states.

This final empirical chapter has presented a collaboration based on a
long-term contract where the company made some adaptations in the product
to better suit the customer. No specific customer adaptations were made,
however, because the adaptations included in the products instead became
the new standard for all customers. This is thus a good example of product
development, which will be discussed further in the following part of the
thesis. There are, however, a few points to be made concerning the relation-
ship between CERN and ABB before moving on to the discussion.

The first point concerns the presentation of the relationship rather than the
content of it. For both parties, marketing of the relationship was of interest,
and there were even joint projects to produce pamphlets etc. ABB used
CERN as a reference and an example of successful interaction with a high-
tech customer, whereas CERN used the relationship as an example of suc-
cessful long-term interaction with industry.

A specific contract was used, which made it possible for CERN to specify
what they needed over time. In addition to being convenient for this kind of
development, this contract also made long-term interaction possible. This
was also commented on from CERN’s perspective; ‘this is definitely the way
to work with industry — between CERN and industry’ (Rabany, interview).
In addition, personal involvement and personal interest are important factors
in a well-functioning relationship (Kuhn, interview), especially since ‘sci-
ence and industry are like fire and water’ (Kuhn), meaning that the cultures
differ considerably.

Apart from the aforementioned reasons, CERN was an important cus-
tomer for two reasons; for the testing of the product, and for the marketing of
the product. As a customer, CERN pushed ABB in several ways. They let
the company know when there were better products on the market, and they
also pushed them to decrease time-to-market for the products (Bodin, inter-
view 1). This also involved the knowledge of other suppliers’ products, like
HP for example. In the next part of the thesis, we will revisit the ABB —
CERN interaction, but first part II of the thesis will be concluded with a
summary, and then part III is introduced.
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Summary of Part II — Recapitulating the
CERN Story

We have now come to the end of the empirical part of the thesis. What you
have just read is an attempt to join different empirical fragments to a coher-
ent story. It is obvious that if other fragments had been used, the outcome
would also have been different. The aim has been to not just tell a story
about a number of companies and their contracts at CERN, but instead take
a closer look at the interaction taking place on different levels. During the
Jjourney, this approach has taken us first to CERN, where we have been in-
troduced to the organisation, their big machines, and some of the people
working there. Having found out about CERN today, we were then faced
with a presentation of the history of CERN, including the perspective of one
of its small member states, namely Sweden. Specific attention was paid to
political and economic arguments used to justify CERN’s existence. Chapter
six introduced a topic that has been promoted heavily at CERN since the late
1990s; i.e. technology transfer. Technology transfer has been a part of
CERN activities since the start, but more recently it has become more for-
malised. In chapter seven CERN'’s procurement rules were presented and a
discussion about how these affect industry was held. In addition, the Swedish
perspective was again given some consideration. Chapter eight continued
this path, in that it introduced collaboration between CERN and (mainly)
Swedish companies. Finally, chapter nine and ten presented two Swedish
companies that have interacted with CERN on a long-term basis. Having
come to the end of our journey in the CERN interaction story, the next part
of the thesis aims at highlighting some of the aspects we have seen. Part II]
therefore contains a discussion of different aspects of CERN'’s interaction
with its counterparts, including how CERN can function as a resource, plus
a final chapter with conclusions and implications.
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PART III

Part III of the thesis consists of two chapters discussing central
themes in the case, i.e. aspects of interaction and CERN as a re-
source. Following these chapters, the thesis is concluded with a
final chapter containing conclusions and implications.
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Chapter 11: Aspects of Interaction

A substantial part of the empirical account focused on CERN-industry inter-
action, with a specific emphasis on Swedish industry. This account will now
be further discussed to show what these examples of interaction consist of.
The chapter aims at providing an insight into the first part of the purpose of
the thesis, i.e. to gain an understanding of how CERN, as a specific type of
research organisation, interacts with industry. The specific companies that
are used as examples are (some of) the companies that were presented in part
IT of the thesis.

In the presentation of IMP research in chapter two, a part of it was de-
voted to the development of the interaction concept. It was pointed out that
interaction between companies develops over long periods of time; that this
interaction is largely based on ‘business as usual’; and that it nearly always
has to do with the survival of the individual company. From an IMP perspec-
tive, it is evident that all actors have unique features. Despite every actor’s
‘uniqueness’, however, it is likely that an international research organisation,
with a completely different purpose than a company, is going to differ from
a company in several dimensions or aspects. This chapter will provide a first
insight into some of the specificities of interaction between CERN and in-
dustry.

In chapter two, some issues concerning interaction were introduced; time,
interdependence, relativity, jointness and subjective interpretation (Ford &
Hékansson, 2006a). Interesting as it would be to analyse a single relationship
based on these issues, here they will be used on a more aggregate level to
study CERN on the one side and industry on the other, with examples given
from different relationships. This choice emanates from the characteristics of
the data collected; because in order to get an overview of the problem area
selected, a number of companies interacting with CERN were included. As
pointed out earlier in the thesis, most companies interacting with CERN do
so in the role of suppliers, since the output from CERN consists of physics
research which is not immediately of use in companies. The outcome of the
interaction between CERN and industry can be useful to industry, however,
which is why we now move to take a closer look at that topic.
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CERN - Industry Interaction

As presented in the case, CERN has always bought goods and services from
industry. Zilverschoon (1974) even states that CERN would not survive
without industry, because as much as 95 % of the products used at CERN
come from industry. Thinking about it, it is quite obvious that CERN needs
industry, as does any research facility, because their main purpose is of
course to do research, not to develop industrial products. And even if they
were developing everything in-house, they would still require raw materials
for their facilities as well as their activities. Some form of interaction with
industry is thus always needed.

The overarching goal of CERN is to further the particle physics research
through new discoveries, and this goal will affect the interaction with all
actors. In order to achieve the scientific goals, however, more ‘industrial-
type’ problems have to be solved, like building the accelerators and detec-
tors, and, not least, to do so with a limited budget. This means that before
CERN starts interacting with anyone, there is already a clash, within CERN
itself, between the wishes for the pursuit of knowledge, and the possibilities
of constructing the instruments and the infrastructure to do so. Taking this a
step further, this clash will also affect the interaction between CERN and
industry, and can perhaps explain some of the contradicting demands made
on companies interacting with CERN. What the physicists want, what they
can afford, and what is industrially feasible may not always coincide. Let us
now start by looking at the time dimension of CERN-industry interaction.

The Time Dimension of CERN — Industry Interaction

As presented in the theory chapter, the time dimension is perhaps the most
important one in business-to-business interaction (Ford & Héakansson,
2006a), and it is through interaction over time that actors can access neces-
sary resources (Snehota, 2004). The reason for time being the most impor-
tant interaction dimension is because it defines interaction as a process of
sequentially related events, and it thus affects all other dimensions of inter-
action (Ford & Hékansson, 2006a). When it comes to CERN-industry inter-
action, the possibility to interact over time is restricted by several factors.
But what are these restrictions, and how do they affect the interaction?

Project Structures

The first restriction on interaction over time has to do with the nature of
CERN’s activities. Every time there is a new accelerator being built, this
entails a massive increase in construction activities at CERN, and these ac-
tivities also lead to an increased need for interaction with industry. When the
accelerator, with its detectors, has been built, however, the ‘construction
projects’ end, and so does the need for a high level of interaction.
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The project structure of the construction of CERN infrastructure means
that a company can interact quite closely with people and groups at CERN,
but for a limited period of time. In a business-to-business setting, this is also
true for a number of companies and situations. For instance, the construction
industry is claimed to work in a project-based manner; including tendering
procedures and standardised supplier offerings (Bengtson, 2003; Dubois &
Gadde, 2002b; Kadefors, 1995). In fact, it has been stated that ‘the construc-
tion industry is characterized by few inter-firm adaptations beyond the scope
of the individual projects, and firms tend to rely on short term market based
exchange’ (Dubois & Gadde, 20025:626) — a situation that resembles the one
at CERN in many ways.

Despite the characteristics of the construction industry, voices have been
raised in favour of the development of close relationships in order to im-
prove performance within the industry (Egan, 1998; Dubois & Gadde,
2002b). It has also been discussed that companies within the construction
industry tend to ‘reuse’ contacts from previous projects, thus creating a rela-
tionship that survives the end of the project (see e.g. Bengtson, Havila &
Aberg, 2001; 2011). This is more likely to happen, however, if the interac-
tion is part of both actors’ day-to-day activities, so that there is a natural
reason to resume contacts. In the CERN case, this is more rarely the case.
First of all, the construction of a new accelerator is quite a rare event, so that
every project tends to be new and unique. Secondly, for a company involved
with CERN, it also tends to be something outside ‘business-as-usual’; either
in terms of quantities, customisation, or some other feature. It was pointed
out by CERN staff that for big companies, the quantities needed by CERN
were too small to make any adjustments interesting from an economic stand-
point. For small companies it could be equally problematic; CERN requires
that the contract is not too important for the company in question (see chap-
ter seven), and adaptations could be too costly for a one-off contract.

Procurement Rules

The second factor restricting CERN-industry interaction over time arises
from the procurement rules. Since most of CERN’s activities are financed by
the European member states, it would be politically impossible to only bene-
fit industry in some of the member states, and ignore the others. This has led
to the development of the procurement rules, which any company interacting
with CERN will have to take into account, and which also limit the interac-
tion possibilities. According to Vasey (interview),

“You must know that it’s possible, doable and affordable, but
you must still survey a wide spectrum of the industry so that
you know that you have competition. It’s tricky. [...] CERN is
different in that respect. I think that if you are in a standard in-
dustry, you will look for competition up to a certain point, but
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after this you will sit together with potential suppliers and you
will start discussing and agreeing on specifications and so on.
But this you cannot do at CERN. It is a very strict procedure’
(Vasey, interview).

As the quote above shows, people at CERN also notice that the procurement
rules put up restraints, but as has been pointed out, there are no easy solu-
tions to this problem. Companies in all member states have to be treated
equally.

Broadly, public procurement can be divided into two types, one standard
product based and the other one being ‘public technology procurement’, or
procurement involving new technologies and innovative products (Aschoff
& Sofka, 2009). According to Edquist and Hommen (2000:5), regular prod-
uct procurement involves things as simple as pens and paper, while

‘Public technology procurement (PTP) occurs when a public
agency places an order for a product or system which does not
exist at the time, but which could (probably) be developed
within a reasonable period. Additional or new technological de-
velopment work is required to fulfil the demands of the buyer’
(Edquist & Hommen, 2000:5).

For the company, the type of procurement is likely to affect its actions vis-a-
vis CERN. It is also clear that the restraints procurement imposes on interac-
tion, and the possibilities to engage in a relationship, will be more noticeable
for technology procurement than standard procurement — although compa-
nies delivering standard products could still benefit from the possibility of
long-term relationships (for instance in adaptation of delivery-, order-, and
payment systems and so on).

For many companies, the procurement rules will have the effect that they
will perhaps make a tender, in order to ‘try CERN out’ as a customer, and to,
if they get the contract, get the reference from having been a supplier to
CERN. But, as pointed out by one respondent, all you have to do to get the
reference is to make a delivery once. Another effect is that many companies
will only deliver standard products at their standard price to CERN — thus
refraining from investing in something that hardly could develop into a rela-
tionship anyhow. For these companies, business with CERN is thus purely
transaction based.

Interaction despite ‘Time Restrictions’

Despite the limitations on long-term relationships, the interactive aspect of
collaborating with industry has been stressed in several of the interviews
made at CERN;
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‘I think that what CERN was in the past — an institution devel-
oping everything by itself — then all the needs we covered right
here, but we are not able to do that in the future. Now we have
switched, we have evolved, towards a situation where the num-
ber of people will decrease with one third, and still we have to
provide accelerators. Larger accelerators, huge accelerators, so
something must be done, and that’s one of the incentives for me
to think; “we have to change something, but what should be
changed?” And buying from industry, just buy from industry —
it seems to me an extreme just to buy. Because when you buy
today, you install it, but as there is no partnership tomorrow
when you will need it, and you will look into the market, you
will realise that everything has changed, because there are not
links that keep you informed... When you know the evolution,
you can resist, you can do things, you can act. If you don’t do
that, I think that to switch from all home-made systems to all
industry-made systems will be a disaster. Or at least not satisfy
CERN’s needs’ (Rabany, interview).

The quote above stresses a number of important issues for CERN. The first
one is that CERN used to produce a lot of the high-end technological solu-
tions in-house. As pointed out in part II of the thesis, this is not possible
anymore; partly because the number of staff has decreased continually, and
partly because the research facilities have gotten bigger and more complex.
Therefore there is an increased dependency on industry. On the other hand, it
is not possible to just buy everything off the shelf, partly because you have
to keep in touch with changes, and partly because what you want is not yet
produced. The time aspect in itself thus necessitates interaction, because
over time products change, and counterparts change, and there is a need to
stay aware of these changes, just as you have to interact to influence a coun-
terpart to produce what is not already produced. Thus, the need to collabo-
rate with industry is acknowledged.

If interaction is important, despite the restrictions, are there any ways to
circumvent the time restrictions; or to ‘create time’? The empirical material
has provided some examples of long-term interaction, one of which will be
presented below.

‘Creating Time’ in a Relationship

One of the relationships described in part 11, i.e. the one between CERN and
ABB, shows how a long-term perspective can be introduced, despite the
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procurement rules, through a blanket contract'”’. The advantages of this kind

of contract seem to be significant; instead of several tendering processes, the
group at CERN and the company can work together over a (predefined) pe-
riod of time, which leads to a greater understanding of each other’s circum-
stances and problems. In the CERN — ABB case presented in chapter ten,
there was an explicit aim to develop a partnership, with long-term commit-
ment, and it was seen to be working impeccably (Rabany, interview).

Thus, with the blanket contract and the system of release orders® in
place, other implications follow. The interaction over time leads to people
within the company and the research facility getting to know each other, and
they will therefore find it easier to contact each other, and thus interact more
intensively. This interaction was further reinforced by the bi-annual meet-
ings between the two counterparts whose aim was to present new products
(from ABB) and to give information about how the products functioned in a
production setting (CERN). These meetings therefore served a different pur-
pose from only discussing current deliveries and problems at hand, in that
they were of a more strategic nature for both parties.

Another result from interaction over time concerns individual bonds be-
tween people. From CERN’s side, there was a big emphasis on the impor-
tance of personal involvement for the development of the relationship, and
the fact that very few key people were changed over the years of the con-
tracts contributed significantly (Kuhn, interview). ABB staff also com-
mented on the personal relationships, and said that the level of personal in-
teraction with the people on the customer side was unusually high (Nystrom,
interview). The personal ties in place resulted in the possibility to ‘pick up
the phone’ even if it just concerned minor questions; something that was
regarded as a great advantage.

On the negative side, there is a very real problem with CERN-industry in-
teraction which is in a way related to time; the risk of losing the contract. In
the case of ABB, this happened after a long relationship that both sides
seemed to be very happy with, where the only fly in the ointment was that
another company managed to underbid ABB. In this case, the contract was
terminated after more than fifteen years of interaction.

All in all, through the use of blanket contracts and release orders interac-
tion over time can be created despite the procurement rules, something that
seems to have great advantages for both CERN and the company winning
the contract. On the other hand, demands on fairness make the extensive use
of these kinds of contracts impossible, because companies in all member
states should have similar possibilities (although everyone is free to bid for

137 A blanket contract is a contract for a fixed period of time (for CERN-ABB contracts nor-
mally 5 years), where terms and conditions are agreed upon, and where there is an agreement
for CERN to spend a predetermined amount of money.

138 CERN uses release orders to order a product from a (blanket) contract where terms and
conditions are already agreed upon.
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blanket contracts). For the service contracts, more long-term interaction has
been made available, however; partly through contracts for longer periods of
time, and partly through the ‘best value for money’ adjudication criterion.

Summing up the Time Dimension

From the reasoning above, it can be seen that there are restrictions on inter-
action between CERN and industry, and that these restrictions affect the time
dimension. The project-type activities affect interaction in that once a project
is over there is less need for interaction between CERN and its project coun-
terparts. This is something that is similar for all project-based activities,
however, such as for instance within the construction industry (see e.g.
Bengtson, 2003; Bengtson & Hékansson, 2007). The procurement rules af-
fect the possibilities for long-term planning on both sides. Just as there are
no guarantees for winning a contract based on previous performance, so it is
impossible for CERN staff to plan for having a specific counterpart in future
development, construction, or project. Despite these problems with planning,
however, there are motivations and efforts to create more long-term interac-
tion, provided it is crucial enough. Having had a look at the time dimension
of interaction, and some of its implications, we will now move on to the next
dimension; interdependence.

The Interdependence Dimension of CERN — Industry Interaction

Interdependencies — such as a built-in adaption for a certain material
(Bengtson, 2003) or the use of a certain amount of electricity to achieve cer-
tain product specificities (Wedin, 2001) — are created in interaction over
time, and many of the most noticeable ones are of a technological kind and
related to the resource dimension (Ford & Héakansson, 2006a). Relying on
public procurement to a certain level means disregarding the existence of
interdependencies, since interaction over time is restricted. Every new invita-
tion to tender is an event set apart from others, but at the same time, there is
already an existing ‘production facility structure’ at CERN, with built-in
dependencies. This also implies that already existing technological depend-
encies may entail relationships that are perhaps not wanted, but nevertheless
necessary for CERN’s ‘production facilities’.

Interdependence in the ‘Production Facilities’

What interdependencies can be found at CERN? To answer that question,
the nature of CERN’s resource structure must first be emphasised. The ‘pro-
duction facilities’ at CERN consist of two main components; the accelerators
and the detectors. While these two components are of course dependent on
each other, the most evident interdependencies can be found within each
component.
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The accelerators are CERN’s main production facility, something that is
clarified in the following statement that;

‘something which is not always obvious to the people who
come to visit CERN is... I tell them that CERN is a factory like
any other factory — it's a factory like BMW producing cars — we
are producing collisions out in the nature, at a very high degree
of precision, and this is our product — collisions of particles.
And if our customers, the physicists, are not happy, then they
complain to our management, and the management complains
to us’ (Kuhn, interview).

Just like in any factory, or any production facility, the machines have to fit
together, and the parts of the machines have to fit together. This naturally
entails a certain path dependency. While each new accelerator adds some-
thing new, a lot of the old is still kept. Apart from the ISR, all the previous
accelerators were reused in the accelerator structure for each new accelera-
tor; albeit that in the case of LEP and LHC it was mostly the tunnel that was
kept (see chapter 4). Krige (1992) also describes the large particle accelera-
tors of the mid-20" century and onwards as facilities aimed at serving a
rather large community:

“The new generation of machines, the machines in the GeV
range [...] in contrast to a university accelerator, these machines
became facilities expected to serve a community of physicists
far wider and more numerous than that located inside the insti-
tution itself” (Krige, 1992:168).

In any production facility, the choices made will affect everything that
comes after. When an accelerator is built, everything of course has to fit
together. For the LHC, an obvious example of this is the superconducting
magnets, that were made by different companies, but that had to be exactly
the same. Choosing cryogenics in the first place also entails interdependen-
cies, as there are very few companies that can supply CERN with the parts
needed.
Just like accelerators, detectors are described as facilities:

‘Like an accelerator, it [a detector] became something of a fix-
ture, intended to supply data to physicists from many institu-
tions. Like an accelerator the detector became a facility’ (Krige,
1992:169).

As Krige (1992) describes, the detector is a machine whose aim is to provide
physicists with data, or register the output of the ‘production facility’, i.e. the
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accelerator. Just like the accelerators have built-in interdependencies, so the
detectors have it, albeit to a lower degree. The lower degree of interdepen-
dency is based on the detector being more of a project limited in time; within
the project, everything is dependent on everything else, but between projects,
less so (Bengtson, Havila & Aberg, 2011). Within a specific detector, how-
ever, the interdependence is likely to be very high. While constructing the
ATLAS detector, for instance, some 1, 800 people from a large number of
universities in some 30 countries were represented'’’, and these people had
to collaborate in building different parts of the detector. Thus, there are ob-
viously interdependencies in the accelerators and detectors, but how big is
the effect on industry working with CERN?

Lack of Interdependence Caused by the Procurement Rules

The revised procurement rules from 1994 introduced requirements on the
number of competitors included in the tendering process, as well as the new
rules of well-balanced versus poorly balanced member states. Regarding the
number of competitors included, the number required increases with the
budget of the contract. One of the ideas behind a pre-defined requirement for
the number of competitors was that an increased number would give more
companies (and therefore — hopefully — more member states) the opportunity
to bid for important, or at least big, contracts. Another aim was to get the
desired product at as low a cost as possible, because increased competition
was considered to give a lower price. Having a wide range of suppliers for
each product was considered an advantage, and the opposite was even con-
sidered a threat to CERN. For instance, within cryogenics, there are cur-
rently only two possible suppliers in Europe (Linde Kryotechnik and Air
Liquide S.A.). This was considered a problem, since it was assumed to make
CERN more vulnerable (Barbalat, interview). The argument was that the
more potential suppliers you have in a specific area, the less dependent you
are on any one of them. According to the same line of argument, the lower
the dependence, the higher the likelihood of receiving the industrial goods
CERN needs at a price that is acceptable. This argument is coherent with the
idea that the industrial actors are interchangeable, and thus to some extent
homogenous. This also means that having many suppliers to choose from is
considered better than being dependent on a small number of suppliers.
Apart from the official view, some problems were found with the (new)
procurement rules. A number of CERN staff members mentioned these ten-
dering procedures as a problem, because it made it impossible to make any
decisions about cooperating with companies (Fernqvist, interview; Leistam,
interview). The technicians knew people in different companies that they had

139 In December 2009, the number of participating physicists had increased to 2,900, repre-
senting more than 172 universities in 37 countries
(http://public.web.cern.ch/public/en/LHC/ATLAS-en.html 2012-08-31).
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been working with for a long time, but as they could not guarantee that the
company would get the contract, this made cooperation very difficult:

“The problem at CERN is that we rarely reuse the same com-
pany; because of our democratic procurement procedures. And
that is also an enormous drawback. We technicians at CERN
would like to, when we get hold of a good company, be able to
go back a year later and say; “now we have this thing, come and
make it”, but we can’t. [...] it is very frustrating when you find
a good company to have to initiate a new tendering procedure,
where this company, which you like, might lose the contract’
(Leistam, inter view).

The concepts of ‘fair return’, and well balanced versus poorly balanced
member states, were also seen as a problem. Many of the technicians inter-
viewed had been working at CERN for a long time, and they were used to
dealing with the same companies. Most of these companies, however, were
situated in the well balanced countries, which put them at a disadvantage in
the tendering process. On the other hand, had these procurement rules not
been introduced, it could have meant that several of the member states had
left CERN — and this at a time when the organisation was facing one of its
biggest investments ever (the new procurement rules were introduced when
CERN was preparing for the decisions regarding the LHC) (Barbalat, inter-
views; Johnsson, interview).

Under the heading of the time dimension of interaction, the project struc-
ture of CERN constructions was discussed. It was mentioned that working
with CERN has different disadvantages for small companies compared to
big companies. The disadvantages for the small companies partly relate to
measures to avoid interdependencies. It was stated in chapter seven that for a
company to win a contract, it is important that the order is not too large a
part of the company’s total turnover. Furthermore, it was stated that the rea-
soning behind this is that CERN does not want any company to be dependent
on the contract/s for its survival (Lagrange, interview). This policy can be
considered a conscious decision not to incur any important interdependen-
cies between CERN and industry; at least from the business point of view.

Summing up the Interdependence Dimension

Despite the fact that CERN’s production structure is full of dependencies,
there seems to be few (recognised) interdependencies between CERN and
industry. Furthermore, the procurement rules tend to work against the emer-
gence of interdependencies. CERN seems to have a slightly ambiguous atti-
tude towards relationships with industry. On the one hand, it is not allowed
to favour any specific company when contracts are awarded, but, on the
other hand, examples of successful interaction are used when CERN’s value
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to society is pointed out, like in the 2005 publication CERN Technology
Transfers to Industry and Society (Bressan & Streit-Bianchi, 2005), where
specific companies are pointed out as successful recipients of technology
transfer. The technology transfer aspect of CERN will be further addressed
in the following chapter.

Having discussed the interdependence dimension of CERN-industry in-
teraction — and come to the conclusion that it exists, although it is sometimes
neglected, and from a CERN policy perspective not even desirable — we will
now move on to the relativity dimension of CERN-industry interaction.

The Relativity Dimension of CERN — Industry Interaction

The relativity dimension has to do with actors’ propensity to relate in differ-
ent ways to different counterparts, thereby combining their resources differ-
ently with each counterpart. Again, the procurement rules are set in place to
downplay relativity — companies are supposed to be treated the same, and to
have the same possibilities. For instance, the call for tenders is exactly the
same for all competing companies, something that is not always the case for
industrial settings (Albert, interview). Another, and perhaps less positive
effect of treating all counterparts the same, is that it leads to inflexibility in
the tendering process — the product in question is decided beforehand, and it
is impossible to make suggestions for improvements etc. in order to change
that specific contract. Suppliers are encouraged to hand in suggestions for
changes and improvements, but they will be treated separately from the ac-
tual contract being processed (see e.g. Vuola, 2006 for examples of this).
Companies are thus not rewarded for offering a technically superior solution
at a slightly higher price'*’, so there is little incentive to make improvements
in the design, unless, of course, this can be made at the same price.

In the case of the development contracts, there is more room for interac-
tion between CERN and industry. One respondent involved in development
for one of the LHC detectors admitted that

‘we established very close links with a few companies, but only
few, because [...] during the development phase you can only
handle a few companies, because it costs some money, it costs
some effort’ (Vasey, interview).

Just like it is impossible for an individual to have a large number of close

relationships, it is also impossible for a company or an organisation, because
of resource constraints. With a small number of counterparts, and involve-

140 Which is the case for service contracts, where the ‘best value for money’ criterion was
introduced in 2008.
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ment over time, counterparts will (be allowed to) develop specific character-
istics, and they will become ‘special’ for the party they are interacting with.

‘Organisational Relativity’

It is impossible to see any company, or CERN, as a homogenous entity or
organisation. Relativity is thus a dimension that not only influences two
organisations’ interaction with each other, but each organisation consists of
multiple actors, who in turn relate differently to different counterparts. A
vivid image of how the multinational company Ericsson can be perceived
was given by a respondent:

‘But we think Ericsson, which is a big company, there are a lot
of other branches apart from Ericsson cables, and so, yes, we
have established contacts with people making connectors, and
also with people making lasers. And, you know, I was very na-
ive, probably, at the time, once I asked them all to come to-
gether, because for me it was all an Ericsson box, and it was so
complex, and they didn’t know each other and... They eventu-
ally all came together, but they were definitely not speaking the
same language. So it’s like different companies’ (Vasey, inter-
view).

In the attempts to getting more parties involved in a development project, but
also in attempt to, perhaps, rationalise the contacts with a certain company,
Ericsson employees were invited together. As can be seen from the quote
above, this attempt was not entirely successful. A similar image is often held
by companies coming to CERN, in that they see CERN as one counterpart,
and think that it should be possible to get an overview of the total needs of
CERN within a certain area:

‘It is always a difficulty we have when we deal with companies,
because they always want to know what CERN represents as a
global market. And not what my group and I represent. And
they are always very frustrated when I tell them that I don’t
have the full picture myself. In the case of the LHC experi-
ments, I know the groups that work in this area, but these peo-
ple are always very disappointed when they cannot have one
contact person for CERN. And it becomes even more compli-
cated in the case of the experiments, because the experiments
are not run by CERN at all, but this people don’t understand,
because for them it’s on CERN ground, it must be managed by
CERN. But that is certainly not the case. So for them it’s very
hard to understand the situation, and it’s very frustrating, be-
cause they think that they come to CERN, and that they will see
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the whole requirement, and they end up talking to me, which is
only a small fraction. [...] So it is actually one of our main dif-
ficulties when we deal with companies, to make them under-
stand that we are so heterogeneous, but still can be interesting to
them. Quite a few companies tend to run away when they see
the mess inside. Because in terms of structure it is messy’
(Vasey, interview).

This ‘messy structure’, and the uncertainty about whom to contact, has been
mentioned especially by companies that have had few or no contracts at
CERN. It seems like once people within a company get to know the organi-
sation — when they have figured out how CERN works, and gotten to know
some people or groups there — they have an advantage when it comes to
working with it, something which of course makes sense in many ways.
Relativity is thus an important dimension, not just in terms of how different
companies relate to CERN, and are related to in turn; but also in terms of
how different groups within CERN relate to each other and to companies.

Summing up the Relativity Dimension

The restrictions imposed on interaction between CERN and industry does
hinder some of the potential benefits of interaction, but on the other hand, it
makes some things simpler. The first issue of relativity is negated, in that the
problems of determining the level of interaction in a particular setting are
avoided. Very few decisions regarding what interaction is appropriate have
to be made, because they are all handled through the procurement rules.

On the other hand, CERN is not the same organisation for the ‘painting
company’ as it is for a more ‘high-tech’ supplier. In some cases, ‘market
competition’ based on price may work out beautifully, but in other cases
(long-term) interaction is needed. There may thus be a necessity to relate in
different ways to different counterparts, something that is only partly solved
with the development contracts. Furthermore, the heterogeneity within a
large organisation such as CERN means that dealing with one group at
CERN differs from dealing with another group, something that is neglected
by the standardised rules.

If the relativity dimension of interaction relates to different values of re-
sources, depending on who is using them and with whom, then jointness
links interacting actors together. In the next part of the chapter we will take a
closer look at the jointness dimension.

The Jointness Dimension of CERN — Industry Interaction

The jointness dimension could also be seen as a network dimension, in that it
always takes interaction between two or more companies as its starting
point. In practical terms, this has several implications; for instance that the
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outcome of one actor’s actions is affected by others, and that the outcome of
one interaction is always affected by other interactions.

Contrary to many of the other interaction issues, jointness seems to be
something that CERN takes into consideration when addressing its counter-
parts. As stated by Ford and Hakansson (2006a:13), ‘the interactions of any
two companies together will be affected by their respective interactions with
third parties’, and this particular characteristic has been used by CERN. One
example provided concerns the cryogenics industry, where technicians at
CERN showed signs of what was referred to as ‘non-commercial behaviour’
(Albert, interview), when they were expecting companies within the same
field to cooperate over a design problem. In this particular case, CERN cre-
ated interaction between companies that saw themselves as competitors in
order to solve specific problems. The same expectations occurred in the
CERN — ABB case, when CERN more or less demanded of ABB to add
functions that would make their solution compatible with a Siemens solu-
tion, as well as making ABB adapt to new HP solutions.

The effects of jointness sought by CERN were very specific, however,
and only take into account known interdependencies, like between perceived
competitors (cryogenics; ABB — Siemens). Therefore, the jointness insti-
gated by CERN only exists on a very superficial level. There are no guaran-
tees for interaction continuing past the aforementioned interaction episodes,
although some of the effects will be built into the companies’ resource con-
stellations (like the adaptations in the ABB control systems for instance).

Another effect of jointness is that a certain company’s specific product
designs will ‘leak’ to competitors, because CERN is an open place. This was
considered to be a disadvantage, but it can also become an advantage; other
companies’ solutions are available in a similar fashion — and different tech-
nical solutions become common knowledge (Albert, interview).

Two manifestations of jointness are mutuality, where common aims are
explicitly followed, and reciprocity, which refers to cooperation in activities
that are traditionally viewed as individual (Ford & Hakansson, 2006a:14).
Based on these concepts, the development contracts between CERN and
industry can be seen as resulting in a high degree of jointness, where the
contract in itself promotes interaction in favour of finding the solution to a
joint problem, or where the actual aim of the contract is joint technological
development. The problem, however, is that once a solution is found (or the
idea discarded) there is no natural continuation in the interaction, so that the
jointness may exist only temporarily. The standard contracts, on the other
hand, entail a much lesser degree of jointness between the interacting parties
even during the execution of the contract.

Summing up the Jointness Dimension

The jointness dimension of CERN — industry interaction shows some curious
characteristics. On the one hand, jointness between actors has more or less
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been forced in a few cases, in that companies which perceive themselves as
competitors are asked to cooperate. On the other hand, this jointness is lim-
ited in time, and is thus unlikely to develop other than superficially, as there
are few incentives to continue interacting once the aim of the cooperation is
achieved. The same goes for all contracts at CERN; some encourage the
development of jointness more than others, but all are limited in time. It is
interesting to note, however, that jointness seems to be encouraged when the
products of a specific company are important for CERN’s core activities,
such as in the cryogenics example.

The final dimension of interaction that is analysed is called subjective in-
terpretation, and it will be discussed in the next part of the chapter, followed
by a summary of all interaction dimensions and how they can be used in
describing CERN — industry interaction.

The Subjective Interpretation Dimension of CERN — Industry
Interaction

Subjective interpretation implies that every actor will act on its own interpre-
tation of the surrounding world, and that this interpretation develops partly
in interaction with others and partly through generally accepted concepts
describing the world (Ford & Hékansson, 2006a). There are at least two
parts to this dimension of interaction:

On the one hand, there are a number of almost taken-for granted concepts
that are present in many interviews made at CERN, like public procurement,
fair return, technology transfer, etc., that shape the ‘CERN view’ of the in-
teraction. The same concepts are, albeit to a slightly lesser extent, used by
the companies interacting with CERN, but in those circumstances they rep-
resent a different view of the interaction, or the interaction possibilities. For
many people at CERN, these concepts represent a number of possibilities, or
opportunities, for the companies interacting with CERN: The fair return
should have opened up the possibilities for more companies to deliver to
CERN, especially with regards to a more balanced geographical distribution
(as delivery costs were not included in the bids). The increased focus on
technology transfer should have made it possible for companies to gain
knowledge from CERN. Many of the companies in this study, however, saw
at least the public procurement and fair return as something more of a hin-
drance than a facilitator. Technology transfer was at CERN considered to be
a valuable contribution to society, whereas companies interacting with
CERN tended to estimate the benefits to be much lower.

On the other hand, there are the interpretations that are formed in interac-
tion, which not only differ from organisation to organisation, and from com-
pany to company, but also from individual to individual, and, in the case of
this study, from respondent to respondent. This is coherent with Ford and
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Hékansson’s (2006a:15) statement that there is likely to be a variation in the
subjective interpretation of different actors.

One characteristic of subjective interpretation had to do with differences
in geographical location. Some respondents even indicated that the kind of
interaction CERN could have with a company depended on where that com-
pany came from. To begin with, and not surprisingly, there was a general
feeling that companies situated in countries close to CERN (and particularly
in Switzerland and France) were more likely to visit CERN, and also to
show an interest in CERN activities. When Swedish companies were con-
cerned, it was claimed that Swedes, and Swedish companies, were difficult
to get to invest in the relationship before there was any guarantee of getting a
contract (Lofstedt, interview). Another point that was made concerning
Swedish companies was that they may have an exaggerated opinion of their
own knowledge and competencies (Leistam, interview). From the perspec-
tive of the Swedish companies, it was suggested, however, that companies
from other countries have ‘political budgets’ that Swedish companies just
cannot match, and that this would explain some of the unwillingness to in-
vest in CERN without any guarantees of getting a contract'*' (Sundblad,
interview).

Summing Up the Subjective Interpretation Dimension

The issue of subjective interpretation is perhaps the one that makes the least
difference between company-company interaction and CERN-company in-
teraction. What is interesting to point out is the difference between the bene-
fits from CERN to industry, as conveyed by CERN, by organisations for the
promotion of science, and by physicists; and the potential benefits as per-
ceived (and experienced) by industry. In the next chapter, there will be more
room for developing these ideas when the technology transfer from CERN is
discussed.

Discussing CERN — Industry Interaction

Having gone through the five issues of interaction (Ford & Hékansson,
2006a) one by one, it is now time to summarise the findings. It is obvious
that some of the specificities of CERN differ from those of a company in
several dimensions or aspects (even though all companies also have unique
features). There are some aspects that are often pointed out when it comes to
differences between CERN and industry. The first aspect concerns the pur-
suit of knowledge versus short-term profitability. The overarching goal of
CERN is of course to further the particle physics research through new dis-
coveries. In order to do so, however, more ‘industrial’ problems have to be

141 This way of reasoning comes close to some of the literature on lobbying, see ¢.g. Andersen
& Eliassen, 1996; and Woll, 2006.
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solved, like building the accelerators and detectors, and, not least, to do so
with a limited budget.

The second aspect deals with the differences in handling knowledge. 1t is
often stated that ‘science’ stands for publication of results and free exchange
of ideas, whereas ‘industry’ keeps to confidentiality in order to preserve
competitive advantage. It is true that CERN tends toward openness, and it
was also pointed out by respondents that it was difficult to keep all trade
secrets when delivering to CERN (Albert, interview; Senn, interview). On
the other hand, it works both ways; it is difficult to keep company secrets,
but it is also possible to learn from competitors. In addition, it has been
pointed out that CERN showed willingness and an ability to provide time
and resources to help companies with technical problems, and the possibility
to try new ideas with them.

A third aspect, which relates quite closely to the previous two, can be
called international cooperation versus national or company self-interest
(Bourgeois, 1997). Not only is CERN considered to be driven by the science
interest of spreading knowledge, but its role as an international research or-
ganisation also forces international cooperation. It would be politically im-
possible to only benefit some of the member states, and ignore the others,
whereas a national research organisation could focus solely on domestic
procurement. In table 11.1 below, all these aspects relating to the character-
istics of scientific knowledge (and the handling of it), to the organisation
structure (with the financing from the member states etc.), and to the speci-
ficities with the accelerators, detectors, and physics experiments are grouped
together under the heading ‘research structure’. This ‘research structure’ in
some ways restrict interaction between CERN and industry; something that
has been discussed in this chapter and is also outlined in table 11.1.

The procurement rules are yet another aspect that restricts CERN-industry
interaction. Throughout this chapter, the procurement rules have been a re-
curring theme in the restrictions on interaction; from restrictions in time, to
restrictions in relativity and jointness, to the disregard for interdependence,
and so on. The effects on the procurement rules on the interaction issues are
all briefly accounted for in table 11.1, which summarises some of the main
aspects of the interaction issues; both the theoretical starting points and the
analytical outcomes. After table 11.1 below, this chapter is concluded with
some final remarks.
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Table 11.1 CERN — Industry Interaction

Interaction Starting Characteris- Restrictions on interaction
issue point for tic(s) and (in the CERN case)
the issue'** | consequences | Research Pro- further
of the issue Structure | curement aspects
rules
“The most ‘defines the Project Few possibilities
Time basic issue | nature of structure, possibili- | for more
in interaction as a | uncertainty | ties for long-term
interaction’ | process in between long-term | planning
(somewhat | which sequen- projects planning
a prerequi- | tial events are
site) related to each
other’'*’
Basis in the | ‘Provides an Inter- Disre- Attempts to
Interde- | surround- important link | depend- garded by | avoid in-
pendence | ing struc- between tech- ences exist | procure- | terdepend-
ture nological and within and | ment ence
economic di- between rules (dependen-
mensions in the | accelera- cies
total struc- tors and considered
ture”'* detectors negative,
e.g.
cryogenics)
Concerned | 1) Resources ‘Organisa- | Procure- | Knowledge
Relativity | with conse- | are employed tional ment about
quences of | differently in relativity’ rules CERN an
interde- interaction with | similar stipulate important
pendencies | different between that all resource =
(and inter- | counterparts CERN and | counter- relativity in
action) 2) The value of | large com- | parts interaction
a resource panies. should be | based on
differs The treated whom at
depending on specific equally CERN the
employment research - little company
3) What is structure variation | interacts
‘appropriate’ not signifi- | in inter- with
interaction cant for action
therefore this issue.
varies'*’

142 From Ford & Hékansson (2006a:7)
'3 From Ford & Hékansson (2006a:7)
144 From Ford & Hakansson (2006a:10)
145 From Ford & Hékansson (2006a:12)
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Table 11.1 (Cont.) CERN — Industry Interaction

Interaction | Starting Characteris- Restrictions on interaction
issue point for the | tic(s) and (in the CERN case)
issue'* consequences | Research Pro- further
of the issue Structure | curement aspects
rules
The interac- 1) A company’s | Coopera- Time Jointness
tion between | developmentis | tion limits on | more
Joint- two or more affected by between contracts | common
ness actors interaction, and | perceived also limit | when com-
not just in line competi- the joint- | pany’s core
with own tors ness. activities
intentions sometimes | Different | are relevant
2) Any two asked for kinds of for
companies’ contracts | CERN’s
interaction is affect core activi-
affected by jointness | ties (i.e. the
their interaction differ- more
with others'"’ ently crucial the
activity is
for both
parties, the
more joint-
ness will
appear)
Perspective Actions are Geo- Procure- | Subj, int.
Subjec- | of the single | based on graphical ment also
tive in- | actor individual differences | rules affected by
terpreta- interpretations | affect resultin | science &
tion of the actions of | subjective | differing | public
others and of interpreta- | subj.int. | policy
the surrounding | tion between | metaphors
world'** CERN (not just
and com- | from
panies business)

Sources: Ford & Hékansson (2006a); analysis of the case.

146 From Ford & Hékansson (2006a:7)
147 From Ford & Hakansson (2006a:13)
148 From Ford & Hakansson (2006a:15)
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Concluding Remarks

This chapter has aimed at showing different aspects of interaction between
CERN and industry. It is clear that ‘science-industry interaction’ differs from
business-to-business interaction, or interaction based on ‘business as usual’.
One of the biggest differences arises from the use of the procurement rules,
in that these affect the possibilities for long-term relationships. Neither
CERN nor a company can actively choose to pursue a relationship, since a
lower bidder has priority (unless the company in question comes from a
poorly balanced country, but even then the bid has to be low enough). A
trade-off therefore has to be made between the value of the relation and the
importance of a profitable bid, something that successful bidders seem to
take into account: comments like ‘we don’t earn a lot from CERN contracts,
but it is valuable to us in other ways’ are quite common among the compa-
nies that have had more than one or a few contracts with CERN.

An important factor for CERN’s survival is that the member states con-
tinue to find the organisation useful, and therefore continue financing it. The
struggle for usefulness results in a contradiction, however. The market-like
structures that exist, with the procurement rules etc., are necessary to create
‘fairness’ in order to make sure the member states continue to participate. If
the system is not seen to be fair, and all companies in the member states not
equally likely to gain contracts, some countries may leave the organisation.
Threats to that effect have, as has been shown in particularly chapter five,
emerged at different times throughout the life of CERN. On the other hand,
usefulness to society at large is also an important aspect in order for the
member states to continue to participate and this is, as this chapter has
shown, reduced by limiting the potential interaction between CERN and
industry. There is of course no simple solution to this contradiction.

For the individual company, there are different ways of handling interac-
tion with CERN, an interaction that is restricted by the procurement rules.
The first, and most obvious, way of handling the procurement rules, is for a
company to only deliver standard products, and to refuse to make adapta-
tions. In this case, the result would be the market-based transactions the sys-
tem is set up for. The second way of handling the system is through so-called
blanket contracts, which are contracts that stipulate an amount of money and
a time-period, but not exactly what is going to be delivered. This type of
contract can last for several years, which of course may result in long-term
interaction which has an effect on both counterparts. The third way of han-
dling the system is by developing knowledge and contacts over time through
getting several contracts. This way of working creates a form of relationship
similar to relationships described in IMP literature, because the knowledge
gained will make it easier for the single company to gain a new contract,
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thereby, in a way, turning the tendering system into somewhat of an advan-
tage. It would be interesting to study further how these different ‘strategies’
are applied by companies interacting with CERN.

As the chapter has shown, concerning almost all issues in interaction,
there is a difference between the interaction between two companies and the
interaction between CERN and a company. Interaction between companies
is definitely neither easy nor straightforward, but at least it involves two
actors with a similar raison-d’étre. A research organisation such as CERN
has been founded for a completely different reason, and this is naturally re-
flected in and through its interaction with others. On the other hand, public
procurement is used both within the construction industry and for large pub-
lic projects, which means that some of the specificities with CERN-industry
interaction are also found elsewhere.

In the next chapter, the focus will be on how, given all the obvious re-
strictions on CERN-company interaction, CERN may still function as a re-
source for industry. Chapter twelve thus has a more explicit resource focus.
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Chapter 12: CERN as a Resource

In the previous chapter, the interaction between CERN and some of its busi-
ness counterparts was outlined, where the focus was on what actors interact
and how they interact. This chapter is devoted to interaction on a resource
level, where CERN is analysed in its capacity as a (potential) resource. As
mentioned in chapter two, the resource dimension of IMP is often used for
technical aspects of interaction, such as technical development. This is no
exception, but some additional aspects related to CERN as a resource will
also be discussed. The aim of the chapter is to gain an understanding of
how CERN, the specific research organisation studied, can become a re-
source for industry, thereby addressing the second part of the purpose of the
thesis.

In chapter two, it was stated that this chapter would discuss how CERN
can be perceived as a resource for its business counterparts and under what
circumstances it happens. Throughout the empirical part of the thesis, plenty
of examples concerning CERN’s usefulness to industry, put forward by dif-
ferent parties, have been given. In this chapter, these empirical accounts will
be drawn together and discussed. The theoretical tools used to aid this pur-
suit are concepts related to resource interaction in general, and specifically to
technical development and technology transfer.

What kind of resource could CERN be? In the theoretical chapter, four
types of resources were mentioned'*’, alongside with the activities they were
related to. Based on this classification, two types of resources are relevant
for characterising CERN; CERN can be seen either as a (production) facility,
which is involved in interaction concerning producing/using; or a (business)
unit, which partakes in interaction concerning cooperation. A production
facility is classified as a physical resource (Hakansson & Waluszewski,
200256:38), and would here primarily relate to CERN 1in its capacity as a
technical resource; whereas a business unit is defined as a social resource
(ibid.), which would relate more to the intangible characteristics of CERN as
a resource. The fact that CERN can be considered a facility was touched
upon already in the previous chapter, and this chapter will give further ex-
amples of what that may entail. CERN characterised as a (business) unit,

149 The four resource types are products, production facilities, business units and business
relationships (see e.g. Hakansson & Waluszewski, 20025).
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which cooperates with other business units, can for instance be seen in the
reference value of CERN, which will also be discussed in this chapter.

This chapter has been divided into five parts, which are empirically de-
rived. Each part aims at shedding light upon different aspects of CERN as a
resource. These parts are the following: CERN as a training facility, CERN
as a reference, CERN as a test partner, CERN as a source of technology
transfer, and CERN as a source of technical development. For reasons re-
lated to the discussion laid out, the presentation order in this chapter has
been changed compared to the theory chapter in that the issue of technology
transfer will be addressed before that of technical development. The chapter
ends with some concluding remarks.

CERN as a Training Facility

An important aspect of CERN is the number of people passing through the
facility every year. Although not the primary focus of this study'>’, some of
these people — many of which are young undergraduate students, post-
graduate students and post docs who have recently finished their studies —
will pursue a career in industry. Thus, as a training facility CERN can be an
important resource for industry. This characteristic of CERN could specify it
as a production facility, where the ‘products’ delivered are people with spe-
cific skill sets.

In many texts that analyse technology transfer from CERN, ‘technology
transfer through people’ is referred to as the most important, or the best way
to transfer technology from CERN (see e.g. Barbalat, 19944, 1997; Bressan,
2004). It has also been claimed that ‘[p]Jeople who have been educated and
trained at CERN carry valuable tacit knowledge which they can take with
them and directly apply in industry’ (Bourgeois, 1997:14). The knowledge
these people are considered to have acquired includes ‘experience of team-
work, keeping of tight deadlines and budgets, familiarity with international
cooperation, wide experience of data processing and acquaintance with a
variety of advanced technologies’ (CERN/FC/4126:5). These advantages
have been highlighted again more recently (Knowledge Transfer 2011), and
many researchers also highlight the importance of the mobility of people for
technology transfer (see e.g. Baughn & Osborne, 1989; Corolleur et al.,
2004; Kim, 1997; Leonard-Barton, 1995).

In a study of Swedish technical students (presented in chapter six) it was
found, when asking the employees of these former students, that the experi-
ence at CERN was an important contributing factor to them having been

150 A study that focussed more specifically on knowledge transfer through people is Bressan’s
(2004) PhD thesis; A4 study of the research and development benefits to society resulting from
an international research centre — CERN.
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employed in the first place. What was mentioned as an important factor was
the international experience gained from working at CERN, however, and
not the actual research being done there. This is indicative of the list of skills
acquired at CERN (above); it mentions a number of useful skills, most of
which could have been gained from any big international organisation. In
this case it is thus not specifically CERN that is important for industry, de-
spite the fact that people undoubtedly are able to gain important knowledge
there.

In addition to the people working at CERN and then leaving for industry,
there are also physicists that spend time at CERN and then go back to their
home institutes (or to another university or research facility)"'. In a study of
German researchers (Edler et al., 2011), it was found that temporary interna-
tional mobility of scientists resulted in more knowledge and technology
transfer to industry both home and abroad, and that the likelihood of transfer
was positively related to the length of the stay abroad (ibid.). CERN as a
research facility can thus also benefit industry through interaction between
physicists and companies. Having discussed how CERN can be a resource
for industry through the people that spend time there, we will now move on
to the next aspect of CERN as a resource, which is the use of CERN as a
reference.

CERN as a Reference

References, and reference customers, are used extensively by many compa-
nies (see e.g. Jalkala & Salminen, 2010; Salminen & Mdller, 2004), and it is
quite common to have the reference customers listed in a prominent place on
the company websites. In the empirical material CERN features as a refer-
ence in two different ways; first in its capacity as a reference customer to
show potential customers, ‘we have been chosen by CERN’ (Ericsson); and
secondly as a reference facility where potential customers could be taken.'**

When used in the ‘traditional’ way as a reference — i.e. as a widely recog-
nised name on the website, or in printed material, often with nice pictures —
CERN can be described as a social resource that is used by its counterparts
when they interact with others. When used as a reference facility CERN in a
way becomes a hybrid, in that both physical and social aspects are acknowl-
edged. The views on the value of CERN as a reference, however, varied
between the companies included in the study.

15! For example Bressan’s (2004) study concerns the physicists at CERN, and how they trans-
fer knowledge.

152 The concepts used here are quite similar to Jalkala’s and Salminen’s (2010) concepts
‘reference lists’ and ‘reference visits’.
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In their study, Jalkala and Salminen (2010) found four ways in which cus-
tomer references were used in interaction with others;

they were used to ‘(1) gain status-transfer effects from reputable
customers, (2) signal passing a selection process, (3) concretize
and demonstrate complex solutions, and (4) provide indirect
evidence of experience, previous performance, technological
functionality, and delivered customer value’ (Jalkala & Salmi-
nen, 2010: 975).

Points (1) and (2) can be sorted under what is here called ‘reference cus-
tomer’, whereas point (3) carries similarities with the ‘reference facility’,
and point (4) are included in both.

Reference Customer

Something often stated in interviews with personnel at CERN was that it is
advantageous for companies to interact with the organisation, because it
gives them an excellent reference. Several CERN respondents were con-
vinced that if a company could produce a viable solution for CERN, which
involves a (very) high-tech environment, then this would be useful in con-
nection to other customers. This conviction of CERN’s value as a reference
customer was not reflected to the same extent in the company interviews,
however. The (Swedish) companies in the study that had perhaps used
CERN the most as a reference were Ericsson and ABB.

For Ericsson, CERN has been used as a reference in marketing material,
such as pamphlets etc. In some cases it had to be explained what CERN was,
but most customers, at least in Europe, knew about CERN. In other parts of
the world, however, local references were far more important; but it was
stated that, although potential as well as existing customers were told about
reference customers, it was not entirely clear how important is was to use
reference customers. ABB had also used CERN in their brochures, and some
of these were even pieces co-authored by ABB staff and CERN staff, ex-
plaining how ABB control systems were used in the CERN environment.'>®

A third company that commented especially on the reference value of
CERN was Habia Cable, where it was said that ‘if you get an order it is stra-
tegically important, and perhaps a matter of prestige. And this can be impor-
tant in other cases — it is a good reference’ (Lindberg, Habia Cable, inter-
view).

'3 The same goes for Linde Kryotechnik, a company which has delivered cryoplants to
CERN for a long time. In a number of articles (see e.g. Asakura et al., 2000; Barranco-Luque
et al., 1996; Chromec et al., 1994, 1992; Erdt et al., 1994), co-authored by CERN- and Linde
employees, Linde’s cryoplants at CERN are described.
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Another aspect of reference customers relates to the importance of finding
the first reference customer (Gomez-Arias & Montermoso, 2007). It has
been argued that this is a crucial strategic decision for start-up companies,
and perhaps especially for high technology products (ibid.). This study has
given the example of one such company, Hemi Heating, where CERN was
pivotal for the start-up of the company. For Hemi Heating, CERN was ‘not
simply an immediate source of revenue, but also a source a learning, a tech-
nology test bench and a powerful promotional tool’ (Gomez-Arias & Mon-
termoso, 2007:982) in the initial stages — all characteristics of a suitable first
reference customer. When the company grew, however, the importance of
CERN was reduced, which is an aspect that would be interesting to look
further into.

Most of the companies in the study commented on the reference value of
CERN, but not all of them rated it very highly, something that we will come
back to after the description of CERN as a reference facility.

Reference Facility

A fact that was pointed out as an advantage by some companies is CERN’s
openness in comparison to most industrial customers, and the possibility to
use CERN more freely as a reference, in that the company can show exactly
what their product does and how it functions in the CERN environment
(Bodo, IMC, interview). A few companies even use CERN as a reference
site, in that they take potential customers there. This is consistent with find-
ings in another study, where it was pointed out that ‘visits to reference cus-
tomers’ sites were used to demonstrate how the technology works in a real-
life setting’ (Jalkala & Salminen, 2010:979). One of the companies that used
CERN as a reference facility was Linde Kryotechnik; where the company
could take potential customers to CERN to show them the cooling facilities
at the experiment sites of the LEP and how the systems functioned ‘in ac-
tion’ (Senn, Linde Kryotechnik, interview).

The openness of CERN was considered to be somewhat of a problem by
other respondents, however, in that competitors could find out about your
product, and thus copy it:

‘Another thing with CERN is that it is completely open — any-
body can go and see the facilities, and this includes Sabroe’s fa-
cilities at CERN, to take photos and so on. So in that way the
technical solutions can become common knowledge’ (Albert,
Sabroe Refrigeration, interview).

This leakage of knowledge concerning technical solutions could become a
problem for some companies, but, on the other hand, it was also acknowl-

edged that;
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“This is part of CERN’s philosophy, however, to develop tech-
nology in all areas, and in this way CERN contributes to the
general technical development, and not just to physics research.
And this is really quite good’ (Albert, Sabroe Refrigeration, in-
terview).

Thus, by being an open facility, CERN can contribute to technical develop-
ment in areas that are not necessarily closely connected to physics research,
and where CERN may not even have an active (self-)interest in developing
the technologies.

How Important is the Reference?

It has been pointed out that in order to use CERN as a reference you only
have to deliver to CERN once. For the reference, all that matters is that you
deliver; not how much, for how long, or even how well you do it:

‘[The company] observed that they had to lower their price
quite drastically to participate, but once they had made that de-
livery, they could write about it in their references, and then that
was enough. A lot of suppliers want the CERN reference, and
this isn’t just in Sweden but all over the continent; they want to
be able to say that they have been suppliers for CERN. Because
it is a feather in their cap — but this feather is appreciated very
differently in different countries’ (Fernqvist, interview).

Some respondents were not convinced about the value of CERN as a refer-
ence either. It was stated that it depended very much on the character of the
industry and how closely located to CERN the company was. One respon-
dent even claimed that ‘CERN always brags about being such an important
reference customer, but nobody cares about what a bunch of weird physicists
do far away in Switzerland’. This comment came from a person in a rather
small Swedish company, where the majority of the customers had never
heard of CERN. Despite these criticisms, most of the companies in the study
acknowledged that CERN played a certain role as a reference, but not all
respondents were certain it actually influenced their business.

The next aspect of CERN as a resource concerns the use of CERN as a
test partner for testing new products before they are marketed and sold to
other customers.
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CERN as a Test Partner

One of the benefits of interacting with CERN which was mentioned by some
respondents, both at CERN and in the companies, was the use of the research
facility as a test partner. For Ericsson (chapter nine) and ABB (chapter ten)
alike, CERN served as an important means to test products that were later
sold to other customers. In terms of resources, CERN thus functioned as a
facility that, in interaction with the suppliers’ products, helped improve said
products; for the benefit of other actors.

In ABB’s case, it was useful to Beta test control systems in an environ-
ment which consisted of ‘live’ production, without risking the loss of pro-
duction in the process industry. The reason for this possibility was that
CERN had its own test lab, where products were tested before they were put
into production. CERN was described as a reliable and interested test part-
ner, which was also good at analysing results and writing good reports.

One of the characteristics of the CERN-Ericsson interaction was that the
relationship was described more in terms of technical cooperation than buy-
ing/selling (these were the actual words used by the respondents). For Erics-
son, the use of CERN as a test partner meant that they got different charac-
teristics of their cables tested, such as the ability to withstand radiation. This
was considered to be an important factor, which would be useful in the mar-
keting and sales towards other customers.

This capacity of CERN, to function as a test partner, comes very close to
von Hippel’s (1988) description of a lead user. According to von Hippel
(1988), lead users show both of the following characteristics;

‘1. Lead users face needs that will be general in a marketplace,
but they face them months or years before the bulk of that mar-
ketplace encounters them, and

2. Lead users are positioned to benefit significantly by obtaining
a solution to those needs’ (von Hippel, 1988:107).

In the CERN case, both these characteristics are displayed in some of the
relationships, or for some of the products, but not for all. Respondents at
CERN have given voice to the first lead user aspect, when the claim that
they are ‘pushing industry’ to develop something slightly more advanced
than what they normally do, or that they are ‘forecasting’ what can be pro-
duced in a few years’ time (Vasey, interview). When it comes to the second
aspect of lead users, and for high-tech development, CERN is not only in a
position to benefit from a specific solution; they need that solution for their
infrastructure to work. Several of the respondents claimed that when a new
research facility is planned, the technology planned for lies beyond what is
possible to construct at that point in time (e.g. Vasey, Akesson; interviews).
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In the capacity as a test partner, CERN is yet again used as a technical re-
source. For ABB, it is CERN as a facility that is interesting; a production
facility that can be used for live testing without risking millions and millions
of any currency were the ABB installation to fail. For Ericsson, the produc-
tion characteristic is not equally important; however, it is the special condi-
tions of the production facility, with the high level of radiation, which makes
CERN an interesting test partner. Another aspect that made CERN an inter-
esting test partner was the documentation; not only were the products tested
in an interesting environment, but these tests were properly documented as
well.

Having gone through three of the ways in which CERN can function as a
resource for industry, it is now time to move on to the more technical aspects
of CERN as a resource. To some extent, of course, the technical dimension
is present in all aspects of CERN as a resource, but in the following two
aspects it is much more pronounced. The first one deals with CERN as a
source of technology transfer, something that was discussed extensively in
the empirical chapters.

CERN as a Source of Technology Transfer

‘By bringing together the creativity of so many scientists from
different nationalities, backgrounds and technical fields of re-
search, CERN has been and continues to be a source of knowl-
edge creation and knowledge transfer’ (Bressan & Streit-
Bianchi, 2005:3).

As mentioned in the empirical chapters, technology transfer is a recurring
argument for why CERN should be funded, and it has been used both by
CERN staff and by physicists outside of CERN. But perhaps there is need
for a clarification of what is meant by technology transfer? This part of the
chapter focuses on the concept of technology transfer; how it is described in
theory and by people at CERN, and what can be deduced from the empirical
study at hand.

CERN is a research laboratory whose primary aim is to do basic research.
According to Sahal,

‘advances in technical know-how generally depend on accumu-
lation of hands-on experience in the design and production ac-
tivities. Thus, the relevance of technical learning is often
bounded by a particular system of doing. It is context depend-
ent. Unlike pure scientific knowledge, which is freely available
to all, technical know-how is largely product and plant specific.
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Its transmission from one field to the other is inherently uncer-
tain and problematic’ (Sahal, 1982:138-139).

The quote indicates both that technical knowledge is context specific, and
that transfer of this knowledge can be problematic. At the same time, ‘pure
scientific knowledge’ is claimed to be freely available to all. This would
imply that there is a difference between the scientific research done at
CERN, i.e. the ‘pure scientific knowledge’ produced, and the facilities that
produce the scientific knowledge, i.e. the accelerators and detectors (and
other infrastructure). In the previous chapter it was stated that CERN’s ac-
celerators and detectors can be seen as its ‘production facilities’, in that they
produce particle collisions and data concerning these collisions for CERN’s
customers, the physicists (Kuhn, interview). If we translate Sahal’s statement
into CERN’s circumstances, it can be said that the technical knowledge con-
cerning accelerators and detectors is as context specific as any industrial
technical knowledge, and in this case there is little difference between
CERN and industry. So how can this context specific technical knowledge
be of use to industry — either through transfer or by other means?

It is often stated that ‘science’ stands for publication of results and free
exchange of ideas, whereas ‘industry’ keeps to confidentiality in order to
preserve competitive advantage. It is true that CERN tends toward openness,
which was its aim from the very beginning as stated in the convention (see
chapter five). It was also pointed out by respondents that it was difficult to
keep all trade secrets when delivering to CERN (Albert, interview; Senn,
interview). On the other hand, it works both ways; it is difficult to keep
company secrets, but it is also possible to learn from competitors. In addi-
tion, it has been pointed out that CERN shows willingness and ability to
provide time and resources to help companies with technical problems, and
the possibility to try new ideas with them (Albert, interview). Thus, interac-
tion between CERN and industry does not seem to be a ‘monogamous’ af-
fair, which may hurt the individual company, but at the same time it may
benefit other actors. Does this interaction result in technology transfer, how-
ever?

Recapturing some of the ideas behind technology transfer that were dis-
cussed in the theory chapter, a differentiation was made between what was
called ‘traditional’ technology transfer and ‘interactive’ technology transfer.
The former defined the technology in advance, and saw the technology as an
existing product that can be moved from one setting to another; whereas the
latter saw technology as something that is developed in interaction, and that
can only be defined afterwards. Based on the theoretical assumptions, we
therefore end up with two very different outcomes of technology transfer;
one that is intentional, planned beforehand and goal-oriented, and one that
is a result of a process, with unintended consequences. By starting out with
CERN’s technology transfer intentions, and the structures in place to help
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this endeavour, followed by an account for how technology transfer issues
have been experienced from the companies’ perspective, technology transfer
at CERN will now be discussed.

Technology Transfer Intentions

If we look at the technology transfer intentions at CERN, there are structures
and people put in place to facilitate technology transfer. For instance, the
Knowledge Transfer (KT) group™ was organised so that CERN would have
a specific group in charge of technology transfer. Prior to 2000, most CERN-
industry contacts went through the Procurement Services, whose main task
obviously is not directly related to technology transfer. The KT group is
responsible for activities concerning assessment, management, promotion,
and dissemination of technology; and in performing these activities their role
is quite clear. The other side of this coin, however, is that a problem with
this structure is that it is not directly related to the most common CERN-
industry interaction; which still takes place either through the procurement
services or directly with technical CERN staff. By creating a technology
transfer structure apart from everyday activities, the structure becomes very
clear, but it also loses some of the hands-on knowledge. This problem has
probably been acknowledged by CERN, as the new IP management strategy,
put in place in 2011, aims at cooperation with the Procurement group to
identify technology transfer to industry (Knowledge Transfer 2011; see also
chapter six of this thesis).

Another characteristic of the technology transfer intentions has to do with
the funding of CERN. Since the money to fund CERN comes from the
member states (although, in reality, more and more funding is also acquired
from other participating nations), the member states also have opinions about
how CERN is run. On the one hand, politicians want as much technology
transfer as possible, because this means that their tax payers get return on
their invested tax money. On the other hand, the politicians imposed budget
cuts on CERN, in the middle of the construction of CERN’s hitherto largest
project (the LHC), and this by necessity reduced the amount of money that
could be spent on active technology transfer measures. Furthermore, as was
also hinted at in the previous chapter, the procurement rules affect the inter-
action between CERN and industry, which in turn affects the transfer possi-
bilities.

As chapter six has already shown, there are conscious efforts and struc-
tures put in place to maximise knowledge and technology transfer from
CERN to industry, but there is limited evidence as to whether these efforts

134 See chapter six for an overview of the changes in names and organisation structure of
CERN’s knowledge and technology transfer endeavour.
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are successful. Below follows an analysis of the outcome of CERN-industry
interaction, with the focus on (potential) technology transfer.

Technology Transfer in Practice

In most articles written about CERN and technology transfer, technology is
said to be transferred in three different ways; through people, contracts and
collaboration (see chapter six and onwards). Despite being singled out as the
most important vehicle of technology transfer in several studies'”’, transfer
through people has not been the main topic of study in this thesis. Instead,
the focus has been on different contracts awarded to, as well as collaboration
with, companies.

The previous part of the text described the technology transfer intentions
at CERN, and some of the structures put in place to facilitate transfer. If we
look at technology transfer from the companies’ perspective, however, we
get a slightly different picture. Let us first recapitulate what interaction with
companies was described in the empirical part of the thesis. All fifteen com-
panies described had different ways of working with CERN, and they all
differed concerning how involved they were, how many resources were used
etc. to uphold the interaction.

None of the examples of CERN-industry interaction presented in the em-
pirical part showed any ‘traditional’ technology transfer going on. The first
criterion for technology transfer, that the technology was known and defined
beforehand, did not occur, nor was there a plan or intention for technology
transfer to take place. In addition, none of the respondents in the companies
studied mentioned the interaction in terms of technology transfer. Table 12.1
below presents an overview of the fifteen companies in the study, where the
type of contract; the intensity and duration of interaction; the level of tech-
nology/knowledge transfer taking place; and the type of technol-
ogy/knowledge involved are outlined. In very few cases the interaction can
be described as ‘relevant’ in terms of technology transfer or technical devel-
opment.

155 See e.g. Bressan (2004).
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Table 12.1 CERN — Company Interaction and Technology Transfer

Company Type of Level of ‘Transfer’ Type of
exchange interaction of technology/
(contract) technology/ | knowledge
knowledge
ABB Automation | Blanket Long-term, Some Market and
Products AB contract partly high product product
intensity development | knowledge
Elektrotryck AB Blanket Low intensity No transfer -
contract
Ericsson Network | R&D High intensity | Technology Knowledge &
Technologies AB | contract development | development
new products
Fjellman Press Three con- Short-term, No transfer Some product
AB tracts, two high intensity knowledge
major ones
Habia Cable AB Standard Little No transfer -
procurement | interaction
Hemi Heating AB | Standard Long-term, Some Product
procurement | partly high product knowledge
intensity development
IMC R&D High intensity, | Technology Knowledge &
contract relatively and product development
short-term development | of new
technologies
P No direct No interaction | No transfer ---
exchange
Kumlins Maleri Service Medium term, | No transfer -
AB/SA contract high intensity
Kverner Kamfab | Only Little No transfer ---
AB tendering interaction
Preci- Standard Short-term, No transfer ---
sionsmekanik i procurement | low intensity
Studsvik AB
Sabroe Refrigera- | Standard Medium term, | No transfer Some product
tion AB procurement | medium knowledge
intensity
Sandvik AB Tendering Short-term, No transfer ---
and product low intensity
tests
Sicon AB R&D Medium term, | Some Some product
contract medium technology & production
intensity development | development
WM-Data Service Medium term, | Personal Language
contract high intensity (staff) devel- | skills,
opment, but international
little com- experience
pany benefit

Source: Interviews (see especially chapter 8).
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As can be seen in table 12.1 on the previous page, out of the fifteen compa-
nies involved in the study, only a small number of them thought that they
gained any technical knowledge concerning their products, and in only five
cases was there any technology- or product development going on. In this
case it also has to be highlighted, that the fifteen companies were selected
based on their interaction with CERN; i.e. they were cherry-picked based on
previous contacts with CERN. The companies selected were thus the ones
that were considered to have had the most extensive previous interaction
with CERN, and despite this only a limited amount of previous interaction
was found. These findings seem to be in accordance with the Abragam re-
port (Abragam et al., 1987b), were it is stated that only a very limited num-
ber of companies has the possibility of gaining technical knowledge from
CERN.

Even in the two cases were the respondents clearly stated that the CERN
contract had helped in their technical development (IMC and Ericsson), one
of them even used by CERN as an example of successful technology transfer
(Ericsson), there is no (what could be considered) ‘traditional’ technology
transfer. In both cases it is the company that develops a product, but in inter-
action with CERN, and CERN is the buyer. The interaction between CERN
and Ericsson is based on a development contract, where Ericsson develops
different cable types based on specifications from CERN. These cables are
then tested at CERN, and during the testing Ericsson employees learn more
about the products they partly already have, and partly develop for CERN.
So are we looking at technology transfer?

Is Technology Transferred?

One of the respondents, when asked what companies can gain from interact-
ing with CERN, gave the following answer;

‘I think this is what I see from all my industrial interactions, we
don’t really transfer know-how, in a sense that we don’t tell
them what the trick is to this or that. But our requirements are a
bit over the edge, and usually they can meet these requirements
by simply anticipating what they would have done in any case.
So they gain maybe one or two years in respect to the competi-
tion’ (Vasey, interview).

As can be seen from the quote, this person did not want to describe the inter-
action as transfer (of know-how), but rather as a way to speed up company
development, or to somehow nudge the company in the right direction. Other
counterparts will have an effect on the company as well, but CERN will
provide a small impetus for the company to move in a certain direction and
to perhaps try something slightly different. Again one of CERN’s capacities,
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in this case the capacity to come with requirements that are ahead of what is
currently on offer, comes very close to von Hippel’s (1988) description of a
lead user.

Based on von Hippel’s (1976, 1986, 1988; Urban & von Hippel, 1988) re-
search, it seems clear that both producers and users benefit from the lead
user relationship; the producers get a nudge in the right direction, or even
completely new ideas, whereas the user gets the product needed earlier than
would otherwise be the case. In the data of this thesis, there are examples
where this was the case, perhaps especially for IMC with the development of
new chip technology, but also partly for Sicon. In the case of IMC, CERN
functions as a lead user in that they have more advanced demands than other
customers, and they also help out in the development phase, but the devel-
opment seems to be based more on joint trial-and-error than technology
transfer from CERN to IMC. The experiences of Sicon are similar to the
ones of IMC.

From table 12.1, it can be deduced that not many of the companies stud-
ied would consider their interaction with CERN as mainly providing tech-
nology transfer from CERN. In the cases where the benefits were considered
to be substantial, the actual benefit was always something else. In most
cases, the interaction with CERN provided some form of knowledge about
the company’s (existing) product(s) rather than any transfer of technology
from CERN. This is no attempt to belittle the outcomes of the interaction
between CERN and industry, however, but rather to be more precise about
what these outcomes tend to be. There is no doubt that the combination of
science and industry can lead to positive benefits. For instance, it has been
stated that interaction between different types of actors can create new
knowledge through the combination of different kinds of knowledge
(Héakansson, 1987).

Through interacting with CERN, knowledge about how a product can be
used in slightly different settings than tried before, or knowledge about
product properties not previously recognised, can be gained; and this knowl-
edge is important for the companies in question. This also relates back to the
discussion concerning technical development, where it was stated that de-
velopment often consists of, among other things, ‘using the old in a new
setting’, and ‘combining and re-combining pieces of (‘old’) knowledge’
(Héakansson ef al., 1993; Hakansson & Waluszewski, 2007). Thus, perhaps it
would be more rewarding to study interaction between CERN not as an ex-
ample of ‘technology transfer from science to industry’, but as a source of
technical development?

Technology Transfer vs. Technical Development

In a substantial part of the empirical material presented in the thesis, there is
a focus on technology transfer. This analysis chapter also partly focuses on
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technology transfer. An important point to make is that ‘interactive’ technol-
ogy transfer (as presented in chapter two) has a lot in common with technical
development from an IMP perspective. It can therefore be questioned
whether it is relevant at all to discuss technology transfer within the IMP
approach, because from an interactive perspective, all successful technology
transfer includes aspects of technical development.

An overarching question is thus whether it is useful to talk about technol-
ogy transfer at all if an interactive perspective is applied. If we accept the
theories concerning interaction as the base for science’s usefulness to indus-
try, then we have to revisit the concept of technology transfer. The concept
of technology transfer builds on the notion that technology, or technical
knowledge, can somehow be bundled up, packaged and moved. Provided
that technical knowledge is not ‘transferred’ but shared in interaction, then
the very concept of technology transfer becomes less useful. When interact-
ing, the knowledge shared will be developed and adapted to the new situa-
tion, and both parties will contribute to this development. This also means
that it becomes unnecessary to distinguish between technology transfer and
technical development — because there will be no transfer without develop-
ment. How does this relate to the empirical story? For instance, Ericsson is
used by CERN as an example of successful technology transfer, but it is
probably better to say that it is a case of technical development. The same
goes for all the companies that were part of the study, in that there are no
examples of ‘traditional’ technology transfer.

Apart from this study, there are a number of examples of technology
transfer taking place in interaction. Krige (2000) states, that in the two cases
that are the most popular examples of technology transfer used at CERN,
ultra-high-vacuum and superconducting magnets, industry had already
solved problems that were critical for the success of the technology, and, if
anything, technology transfer then went in the opposite direction'* (see also
Price (1963, 1986) for similar arguments).

Technology transfer, as a concept, contains the inherent meaning of some-
thing being moved (transferred) from one place to another. Nevertheless, one
description of what was considered to be successful technology transfer
highlights the give-and-take of a development process (Lofstedt, interview).
It was described as technology transfer, however, but in both directions,
from CERN to industry and from industry to CERN:

‘We had developed a prototype, but the company involved told
us that “this profile will cost a lot to produce, we could do it
slightly differently for a song”. They changed the whole system

156 Tt is probably too simplistic to say, however, that in this case technology transfer went
purely in the opposite direction, from industry to science — just as the more common view of
technology transfer from science to industry is too simplistic.
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for assembly, and reduced the production cost to a fraction of
the original cost. That’s where I see the big advantage of work-
ing with industry. We can develop an idea, but we have no ex-
perience with production methods, existing machinery, or the
tolerances needed to be able to use automated machinery — and
there we need help from industry. In exchange we contributed
with knowledge about programmable electronics; how to pro-
gram it, where to buy it from and how to handle it — something
that the company knew very little about’ (L6fstedt, interview).

If CERN is not the source of technology transfer it has been made out to be,
and if the examples of successful ‘technology transfer’ would gain more by
being described as examples of technical development; then perhaps we
should take a closer look at how we can describe interaction between CERN
and industry in terms of technical development? The process described in the
quote above (Lofstedt, interview) shows how different kinds of resources,
including knowledge about production methods and facilities as well as
knowledge about product features, can be combined through interaction and
result in technical development. This leads us to the final aspect of CERN as
aresource, i.e. CERN as a source of technical development.

CERN as a Source of Technical Development

If we consider the possibilities of CERN being a technical resource for in-
dustry, we first have to dwell upon potential benefits for industry. Technical
development is an important aspect for companies, and CERN has often
been named a source of high-tech inventions. Could CERN thereby be con-
sidered a source of technical development? Throughout the history of
CERN, as the empirical story has aimed to show, there has been constant
technical development in order to carry out more and more advanced physics
research. In the theoretical chapter, a number of characteristics of technical
development were presented, many of which are relevant when it comes to
CERN, even though it is often referred to as a ‘special’ case. But where
does this development actually come from?

The first characteristic of technical development concerns the level of
novelty of the so-called new technology; where it has been claimed that new
technology often consists of pieces of knowledge and partial solutions from
different places, contexts and eras, thus making it highly complex (Hékans-
son et al., 1993:9). For CERN, the technology used builds on previous solu-
tions, but at the same time there are many references to the novelty of the
technology in use. Particle physics research is generally being considered
front-end research, and this rubs off on the machines as well. A popular ar-
gument at CERN is that technology needed there is at the forefront of what
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is technically possible to achieve, and that this pushes industry further than
what would otherwise be the case. If this is the case, CERN would function
as the igniting spark in the development process, by asking for increasingly
advanced technology. Is that a correct picture?

It is true that the complexity of accelerators and detectors at CERN is
very high. There are many different technical areas needed for an accelerator
complex to work, and from many of those areas the input needed is at the
forefront of what can be produced (Lofstedt, interview; Akesson, interview
2). This means that technology development can occur in a wide variety of
areas. Of course there are facilities with a similar level of complexity in in-
dustry, but it is not a run-of-the-mill facility. That being said, according to
Abragam et al. (1987b), only a small amount of the contracts from CERN
are technically interesting to industry, and the value of these contracts is
nominal compared to the overall value of European industrial contracts. In
the empirical evidence presented, it is more often than not a case of ‘improv-
ing the old’ rather than ‘inventing the revolutionary’. In addition, CERN
tries as far as possible to make do with what can be bought off the shelf:

‘we spend a lot of time testing existing products, trying to un-
derstand why they meet or don’t exactly meet our requirements,
but we try to avoid customising as much as possible. [...] This
is an attempt to minimise the cost. And it is the same thing for
all other components that we purchase; we try to test as much as
we can of what already exists’ (Vasey, interview).

This quote contradicts a previous quote from Rabany (interview), when he
claimed that it is absolutely necessary for CERN to have relationships (see
chapter 11); but it also depends on the kind of product in question. While
Rabany is talking about cryogenic systems vital for the functioning of the
accelerators, Vasey is describing optic cables that, while of great importance
to the detector, once developed can be produced by a number of different
companies. It is thus crucial to differentiate between requirements, and dif-
ferent relationships, instead of answering the question with a simple ‘yes’ or
‘no’.

The second characteristic of technical development is that the existing re-
source structures will always inflict boundaries on what is feasible for a new
technology to work (Hékansson et al., 1993:11). For the people in charge of
the cryogenic facilities, not interacting with the suppliers, and thus not being
aware of developments in the field, would lead to a disaster when parts of
the accelerator structure have to be updated or changed (Rabany, interview).
Thus, in cases where a technology is crucial for the functioning of a facility,
there is a need for interaction with the supplier. This also implies, that for
technical change to be successful, there is a need for stability in the relation-
ship; as stability and change are each other’s prerequisite (Hakansson et al.,
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1993:11). For the cryogenics group at CERN, keeping up the interaction
with the suppliers, thereby creating some form of stability in the relation-
ships, will facilitate changes that perhaps have to be made to the prod-
uct/technology. Keeping in contact with the suppliers also has the potential
benefits of being able to influence change; or at the very least gradually
adapt, before the change has become more dramatic. Of course, this kind of
interaction is only feasible in cases where it is important enough; for CERN,
cryogenics would be such an example, whereas for instance optic cables are
not equally important.

The third characteristic of technical development is that there are many
solutions developed that are never tried, or are tried but fail (Hakansson et
al., 1993). Technical development can thus be seen as a process where some
ideas become viable, whereas others are forgotten. An example from the
empirical material of such a solution is the Sandvik special steel, which was
first developed for one purpose, then ‘discovered’ by CERN people at a
trade fair. Tests on the material were promising, but the contract eventually
went to a Japanese company, and the particular product was never developed
into more than prototypes. However, such ‘old’ solutions may become to-
morrow’s ‘new’ solutions when used in another context. Regardless of
whether this solution will be used or not, the source of technical develop-
ment in this case would be industry rather than CERN.

A fourth characteristic of technical development is that any solution is
connected to, as well as dependent on, other solutions. Furthermore, social
and/or political processes affect technical development within the focal
company, as do indirect relationships (Hékansson et al., 1993:12). There is
thus some level of interdependency between the technical development in
one company, the development made by its counterparts, and social and/or
political processes affecting the interacting companies. The idea of CERN as
a source of technical development, or a source of knowledge creation, where
companies can gain (knowledge about) the new technology seems to contra-
dict this fourth development characteristic. While the former is based on the
notion that technical development takes place inside one organisation and
then can be transferred; the latter relies on the notion that interaction is the
source of development rather than any single actor.

The fifth characteristic is that the success (or failure) of a new technology
has little to do with the solution itself, and a lot to do with how it connects to
existing solutions. A good example of this could be the FERMI project de-
scribed in chapter eight, where two accelerator projects initially were in-
volved in the R&D project, but only one of them decided to go for the solu-
tion developed, while the other went for what was called a more ‘conven-
tional” solution. There was nothing wrong with the solution as such, but the
choice of solution would affect a much larger part of the detector. In general,
a less radical innovation may be more likely to succeed, because the sur-
rounding structures do not have to be changed as much. In the FERMI case,
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where the detectors were constructed ‘from scratch’, it is quite likely that the
existing structures to a large extent were made up of the participants’ exist-
ing knowledge of how to construct detectors; many of the scientists involved
had earlier been involved in the LEP detectors. In this case, when there were
no pre-existing physical structures for the detectors, it is perhaps easier to go
with the more ‘revolutionary’ solution than in a case where a lot of invest-
ments have been made in an existing structure; but it is still not evident, as
the example shows. One development group went with the new solution,
whereas the other group chose an older one. Again, this is a case of technical
development taking place in interaction between a (fairly large) number of
actors rather than emanating from a single source, or a single actor.

Before concluding the chapter, let us first summarise what has been said
in this part. Many of the references to particle physics as always dealing with
the latest technology, or even the technology of the future, seem to be only
partially true. When taking a closer look at the technology at CERN, it is
clear that even when a new accelerator is being built (which can be seen as a
new project), there are pre-existing structures that have to be taken into con-
sideration. Moreover, it is not always the most cutting-edge technology that
is chosen, nor is it true that CERN is always the instigator or source of the
new technology. Perhaps it is the need for science to be ‘revolutionary’ (see
e.g. Waluszewski, 2009) that also rubs off on the way technology is depicted
at CERN; since the science is ground-breaking, it is inferred that the tech-
nology shows the same characteristics. In addition, the technical develop-
ment that does take place seems more often than not emanate from interac-
tion between science and industry, or different companies, than have CERN
as its birthplace. Of course there are also examples of the opposite being
true, like the World Wide Web (although a great deal of that development
took place elsewhere, see e.g. Berners-Lee, 1999; Gillies & Cailliau, 2000)
or some of the medical equipment developed from particle accelerators con-
structed for physics research (Knowledge Transfer 2011).

Having gone through the aspects of CERN as a resource for industry that
were found in the study, only the concluding remarks remain.

Concluding Remarks

This chapter has aimed at showing in what way CERN can be considered to
be — or be used as — a resource for industry. The different topics touched
upon include; CERN as a training facility, CERN as a reference, CERN as a
test partner, CERN as a source of technology transfer, and CERN as a
source of technical development. Some of these topics are quite straightfor-
ward, whereas others need a bit more pondering on.

If we start with CERN as a training facility, there is nothing surprising
about a research organisation having an impact on education. What is inter-
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esting, however, is that it is not the educational aspects that are highlighted
the most; at least not when it comes to the potential of a high-level physics
education. Stressed are instead the skills that are potentially interesting for
industry and can be acquired at CERN. As a training facility, CERN can thus
have an indirect value as a resource for industry, in that potential employees
can get their training there.

Considering CERN as a reference, it was found that CERN can become a
reference in two ways; either as a reference customer which is used in the
contacts with potential customers, or as a reference facility, where potential
customers can be taken to see the product ‘in action’. There were different
opinions about the reference value of CERN, however.

Moving on to the aspect of CERN as a test partner, it is actually the fact
that CERN is not another company that made it interesting for several of
CERN’s suppliers. As a research facility, there was less risk of testing a pro-
totype there, since there was no risk of interrupting live production. In addi-
tion, the environment itself, and the fact that CERN was good at producing
reports, made it an excellent test partner. CERN can also be described as a
lead user (von Hippel, 1988) for some of its suppliers, as they sometimes
demand what will be sought after by others a few years later, and thus are
able to nudge the suppliers in the right direction (both technically and idea-
wise).

The fourth aspect of CERN as a resource was referred to as CERN as a
source of technology transfer. This part showed that the technology transfer
concept uses very simplified pictures of what goes on between CERN and
industry; to the point where they are too simplified to still be correct. Instead
it was shown, that perhaps it is more useful to talk about the fifth aspect,
CERN as a source of technical development. CERN can be technically im-
portant for industry, but it has to be shown in what way, and under what
circumstances this happens. And it is hardly CERN which, on its own, is the
source of technical development that can be useful for industry — for a tech-
nology to be useful for industry, industry has to be an active part in the de-
velopment.

In addition to these aspects of CERN as a resource, there may very well
be others, not touched upon in the study. Just like any interaction, there may
be as many reasons for a company to interact with CERN as there are com-
panies interacting with CERN. What this chapter has shown, however, are
the most commonly used arguments for interacting with CERN; some of
which were given by the respondents in the various companies, while others
were given by CERN staff, or in CERN documents. It is now time to draw
all pieces together in some final conclusions, a task which will be carried out
in the next, and final, chapter.
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Chapter 13: CERN in Business Interaction —
Conclusions and Implications

The final chapter focuses on condensing the message of the thesis and on
discussing it: What conclusions can be drawn from the study, and what are
the implications of these conclusions? It was stated in the introduction that
the aim of the thesis was twofold, i.e. gain an understanding of how CERN,
as a specific type of research organisation, interacts with industry, and gain
an understanding of how CERN, the specific research organisation studied,
can become a resource for industry. It was also stated that the first part of
the purpose focuses on the interaction between CERN and industry, whereas
the second part of the purpose focuses on the resource aspects of CERN, or,
more specifically, how CERN can be useful for its business counterparts.
Following this structure, the previous two chapters focused on one of these
issues per chapter.

The thesis started out with a discussion about the usefulness of science to
society, and specifically about the connection between science, technology,
and industry. It was acknowledged that the view of the connections between
science and industry is often based on an over-simplified view of the world
(see e.g. Cohen et al., 2002; Edquist & Hommen, 1999). The thesis has in-
stead argued for an interactive view on the relationship between science and
industry; where science is of course important for industry, but in a more
complex way than a linear description can appreciate (Autio et al., 2004;
Meyer-Kramer & Schmoch, 1998; Waluszewski, 2009). There now seems to
be a broad consensus among researchers that

‘both public research and industry product and process devel-
opment progress through complex, intertwined processes, with
public research sometimes driving industry R&D, but also pro-
viding knowledge that abets the progress of projects initiated
due to information, needs and opportunities that originate from
buyers, the firm’s own manufacturing operations, and other
sources’ (Cohen et al., 2002:22).

In other words, technical advances within industry may be helped by basic

research, and may therefore be dependent on ‘science’; but the same ad-
vances may also arise from customers’ demand (e.g. von Hippel, 1988) or a
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company’s suppliers (e.g. Johnsen & Ford, 2007; Schiele, 2006) — and indus-
try solutions can even influence and direct basic research (Cohen et al.,
2002; Krige, 2000).

In order to answer the question of how CERN can be useful for industry,
we first have to gain an understanding of what CERN is, i.e. what restraints
and possibilities there are for the interaction between a highly specialised
research organisation and industry. We have seen that there are (at least) two
sides to what constitutes CERN — on the one hand, there are people working
at CERN, both with making CERN function (technical staff, managers, ad-
ministration etc.) and with doing research (physicists etc.); and on the other
hand, there are member states who finance and support the endeavour. With
the ambition to explain how CERN can be useful to industry, these actors
and their context have been presented.

The other aspect which has to be analysed when looking at CERN’s use-
fulness for industry has to do with the actual interaction between CERN and
different companies. During the course of the study, two issues have been
highlighted with regards to the interaction; public procurement and technol-
ogy transfer. After having discussed some of the CERN context specificities,
these two issues, and the question of how they affect the interaction between
CERN and industry will be addressed. Each issue discussed closes with a
few remarks on the contributions of the study. The chapter will end with a
discussion on what the findings imply; leading to some final remarks on the
limitations of the study.

The Scene Revisited: The Characteristics of the CERN
Context

A substantial part of both the introduction and the empirical part of the thesis
focused on describing CERN and its context. As an international research
organisation, many of the activities carried out by CERN in respect to other
actors stem from a need for resources. For the organisation to continue to
exist, it is in constant need of political and financial support from its member
states. In order to gain this support, the member states have to be convinced
about CERN’s usefulness; whether it consists of first-class research, educa-
tion, technology transfer, or something else.

In the early days of CERN, it was mostly scientific and political argu-
ments that were used in order to gain necessary resources. These arguments
have been repeated to the extent that they now can be considered a ‘black
box’"*". The arguments that were black-boxed in the first place — that CERN

157 According to Latour (1987:121), ‘two things are needed in order to build a black box: first
it is necessary to enrol others so that so that they believe it, buy it and disseminate it across
time and space; second, it is necessary to control them so that what the borrow and spread
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was necessary both for keeping scientists in Europe and for maintaining
European peace'™® — have since been contested, however, perhaps especially
by Pestre and Krige (1992)"*°. Nevertheless, arguments for CERN’s useful-
ness are used in a routine fashion, but opening the black box of arguments
may be crucial for a continued support for CERN. It has been pointed out
that several member states have either renegotiated their fees or threatened to
withdraw their membership altogether; the argument being that the money
could be better spent nationally. Thus, in order to gain the financial re-
sources needed, CERN has to show an ability to provide some form of return
on investment in addition to the scientific results.

The fact that CERN is mainly financed by its member states obviously af-
fects how CERN interacts with its counterparts. The member states require
value for their money; but the benefits can be either for the individual coun-
try or for (the best of) the research organisation, which causes contradictions.
Another way to describe this situation is as a balancing act, between on the
one hand ‘usefulness to society’, and on the other hand ‘usefulness to the
individual country’.

As all member states pay for CERN, they can therefore expect to get
benefits from their investments. On the other hand, for a company to invest
in a certain product, or technology, it is important that they can protect it in
one way or another. In connection to CERN, this is a problem on two levels;
1) politically, because for the politicians, their own country is the most im-
portant, but in order to reap the benefits from CERN, all member states have
to be considered (i.e. benefits locally versus benefits universally), and 2) in
the companies, because CERN is available to all, which means that everyone
can benefit, but it is therefore open to all, which complicates the protection
of products and/or technologies. This also links to the discussion about
whether CERN should apply for patents or not; whether knowledge should
be freely available to all, or whether it should be protected in order to make
it a financially viable technical resource for one or a small number of com-
panies. There are no simple solutions to this dilemma.

Concerning the patenting of public research, it has been found that, at
least for universities,

‘Patents are meaningful for a university insofar that the univer-
sity is interested in commercial development of a new finding in

remains more or less the same.” The activities performed at CERN and by promoters of
CERN, in order for the support to continue, could easily be compared to the ANT concept of
enrolment, which implies getting actors to believe and invest in an idea, in order to defend
and spread it (see e.g. Callon 1986; Latour 1987).

138 See also the discussion in chapter five of this thesis.

159 1t is the inevitability of the rise of CERN that is the most heavily contested in ‘Some
thoughts on the Early History of CERN’ (Pestre & Krige (1992) in Galison & Hevly (eds.),
Big Science: The Growth of Large-Scale Research).
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collaboration with the private sector. That is, patenting itself
could be a driving force behind university-industry interactions’
(Ponomariov, 2008).

In order to protect valuable technologies for companies in the member states,
and also to increase interaction with industry within fields that are of vital
importance for CERN, protection through patenting may be the way for-
ward. In addition, some researchers have found that patents can function as a
means of gaining both private and public funding (Azagra-Caro et al., 2003).
If CERN can benefit from even modest licence fees, and at the same time
show its member states that they are protecting vital technical knowledge;
then this may become a win-win situation. At the moment however, with the
limited number of patents held, the importance of the patents is likely to be
very limited.

What can be learnt from the specific context of CERN-industry interac-
tion? First of all, the study constitutes a contribution to the on-going debate
about the relationship between science and business that exists within the
IMP field (see e.g. Hakansson & Waluszewski, 2007; Ingemansson, 2010;
Linné, 2012; Shih, 2009; Wagrell & Waluszewski, 2009; Waluszewski,
2009). Within this setting, the study expands on the ideas of science’s use-
fulness to industry. It contributes by providing an in-depth study of one re-
search organisation and its dealings with industry, where respondents from
‘both sides’ are heard. The focus of some of the aforementioned studies lies
on a specific invention/machine and how it interacts with different contexts
(Ingemansson, 2010); on how a specific national (and political) setting af-
fects the possibilities of using a scientific invention (Linné, 2012); or on how
the context hinders the use of a medically superior method connected to a
specific invention (Wagrell & Waluszewski, 2009). Thus, all these studies
take as their stepping stone an invention, or a machine, that functions well in
the scientific context, but when it travels to other contexts problems arise.
All of these studies are therefore also excellent examples of the problems
with technology transfer, although that is not their main aim. This study con-
tributes with a slightly different focus, where the context plays an important
role, but where no specific invention is being followed. Instead, the focus is
on the interaction between different actors, and how this interaction affects
the resource dimension. In addition, this study contributes with a different
‘science context’; instead of biotechnology, high-energy physics is stud-
ied'®. It therefore alleviated the problem mentioned in the introductory

10 Elzinga (2004:298) states that biotechnology is one of the scientific fields that are most
likely to result in commercial profits, but the author also gives microelectronics and advanced
industrial materials as examples; two areas of great importance in the construction of accel-
erators and detectors.
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chapter; that ‘science’ is often used as a generic term. In this thesis, ‘science’
has been contextualised as high-energy physics.

We will now move on to the second area addressed in this chapter, which
deals with public procurement and its effects.

Public Procurement — A Necessary Evil or a Source of
Innovation?

A substantial part of the thesis has focused on CERN’s procurement rules
and the effects of these rules on CERN-industry interaction. The discussion
in chapter eleven underlined that the procurement rules restrict the interac-
tion, but it also pointed out that the rules are there for a reason; to create an
acceptable system for all member states. To summarise, some of the effects
that were found were the following: The procurement rules affect the possi-
bilities for planning for both CERN and companies, and also discount differ-
ences between companies. For CERN, it means that a previously reliable
supplier cannot be chosen to be reused, as it is decided through the procure-
ment process. For the specific company the same restrictions apply, which
means that there is little incentive for making adaptations for CERN.

A centralization of the purchasing function is, at least to some extent,
necessary if public procurement rules and regulations are used. These rules
and regulations are put in place to create a fairness concerning the spending
of ‘public money’. In chapter eleven, the concepts of ‘regular product pro-
curement’ and ‘public technology procurement’ were introduced (Edquist &
Hommen, 2000). When applied to CERN-industry interaction, the regular
product procurement is used for off-the-shelf products like standard cables
(Habia Cable), printed circuit boards (Elektrotryck), or painting (Kumlins);
whereas public technology procurement is used for special cables (Ericsson)
or control systems (ABB). This is also reflected in the stories told by the
company representatives; where CERN is described very differently depend-
ing on what product or service the company is supplying. Depending on the
context of the individual company, the reactions on CERN’s procurement
rules differ widely. In one case, the company was used to public procure-
ment, and therefore did not see this as a problem at all. Instead, they would
point to the benefits of working with CERN which gave them the advantage
of learning more about their product. In another case, the company represen-
tative was almost despairing about the rigidity of the procurement rules, and
also claimed that depending on how thoroughly you adhered to the technical
specifications, you could come up with solutions of varying complexity,
which was then reflected in the price of the product.

Throughout the thesis, the message is that the procurement rules are set in
place to create and maintain fairness vis-a-vis the member states. That being
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said, and as seen from the analysis, the procurement rules restrict long-term
interaction, which in turn restricts the possibilities of joint technical devel-
opment. In some of the literature on public procurement, however, it is stated
that, apart from creating a fair system, there are other objectives behind pub-
lic procurement. It has been claimed that ‘Public procurement follows multi-
ple objectives with promoting innovation being potentially one of them’
(Aschoff & Sofka, 2009:1235), and the effect of public procurement on in-
novation seems to be a current topic (see e.g. Brammer & Walker, 2011;
Caloghirou et al., 2001; Edler & Georghiou, 2007; L66f & Brostrom, 2008).

When it comes to innovation policy, public procurement is mentioned as
one among several instruments: ‘Public procurement has been revitalized as
an innovation policy instrument on both European and national levels’
(Aschoff & Sofka, 2009:1235). The justification for this seems to lie in the
fact that (government) demand acts as ‘a major potential source of innova-
tion’ (Edler & Georghiou, 2007:949), and that state procurement has resulted
in innovation in more areas than R&D subsidies (Edler & Georghiou, 2007;
Geroski, 1990). One of the arguments in favour of public procurement as an
innovation policy instrument is that ‘the government specifies a desired out-
put and leaves it to the creativity of private businesses to achieve this result
with the most effective and efficient technologies’ (Aschoff & Sofka,
2009:1236) rather than using public funds in specific grants etc.

Before finishing this part of the chapter, I would like to discuss some of
the statements above; namely that public procurement can be beneficial for
innovation, and that it can be used as an innovation policy instrument. Ex-
panding on this argument, it seems like the reasoning behind it is that, rather
than investing government money in projects that are supposed to stimulate
innovation, it is more beneficial to create real demand through public pro-
curement. Although I can understand the reasoning behind that statement,
after having completed this study I still believe that public procurement as
such has severe limitations when it comes to technical development. In addi-
tion to the claims about public procurement’s possible benefits to innovation,
it has also been stated that ‘Not only demand as such, but also the interaction
between demand and supply has crucial implications for innovation dynam-
ics’ (Edler & Georghiou, 2007:949). This study shows that public procure-
ment can indeed result in innovation — but it is more despite public procure-
ment than anything else. The different aims of public procurement tend to be
contradictory, and not being able to choose or maintain a preferred supplier
will quite likely end in less innovation, not more. One aspect from the case
regarding the problems with not being able to choose you supplier was high-
lighted by several people at CERN, when they stated that it was difficult to
motivate companies to develop something for them and then bid for the con-
tract, when there was no guarantee of the company winning the bid and thus
regaining the money invested. The insecurity of winning a future contract
therefore resulted in fewer adaptations and also less product development.
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What lessons can be learnt from the public procurement discussion? I be-
lieve that the study contributes to the understanding of the limitations that
public procurement in general and the CERN procurement rules in particu-
lar, put on interaction. Based on previous IMP studies'®’, it can be concluded
that interaction in the form of long-term relationships can create essential
advantages and benefits for industry. The understanding of the implications
of restricting interaction, but also the understanding of the reasons why these
rules are put into place, and the dilemmas that follow are all important con-
tributions.

Technology Transfer — An Argument for Survival or
Contribution to Industry?

As noted already in the beginning of the thesis, over the years CERN has
experienced a more restricted budget from its member states, at the same
time as the experiments have increased in size and therefore in cost (Barba-
lat, interviews). It has been shown, that in the beginning of this century the
message communicated from CERN (in, among other forums, the annual
reports) changed to include aspects of knowledge and technology transfer to
industry in addition to the scientific content (Andersen & Aberg, 2012).
CERN is not the only research organisation conveying this message:

“To build political support for their institutions, university lead-
ers frequently cite the role of technology transfer in stimulating
local economic development. Facing tighter budgets, these ad-
ministrators often promise to deliver more “bang for the buck”
in technology transfer’ (Siegel et al., 2003:27-28).

The concept of technology transfer becomes more and more prevalent in
material from CERN from the beginning of the 21* century (which is also
when the first official technology transfer structures are introduced). This
thesis has shown that, starting with the utility studies in the 1970s (Schmied,
1975) and 1980s (Bianchi-Streit et al., 1984), technology transfer issues
were introduced early and grew rapidly after the turn of the century.

One aspect of technology transfer that was introduced in the theory chap-
ter and then revisited in chapter twelve has to do with the difference between
technology transfer and technical development. It has been argued that to
successfully transfer a technology, i.e. to successfully implement it in a new
setting, some form of adaptation to the new setting is required, which, in
turn, implies some form of development. In addition, for the technology to

16! See www.impgroup.org for articles, dissertations, books, and references.
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be transferred successfully, a certain amount of teaching and learning is
likely to be involved in the process. In addition, it has been claimed that
‘most studies tracking the impact of public research institutions on growth
have treated these institutions more or less as a black box’ and that there is
‘relatively little research on how public sector institutions function as learn-
ing environments for industrial companies’ (Autio et al., 2004:107). There-
fore, in order to take a closer look at the technology transfer argument, we
will start by taking a detour to the concept of learning.

Hakansson, Havila and Pedersen (1999) discuss company learning within
business relationships, and they claim that within the relationship two sets of
factors influencing learning can be found. The first one involves how the
interacting parties fit together, including interest, preparation both to teach
and learn, and to what extent their competencies are complementary
(Hakansson, Havila & Pedersen, 1999:444). It is clear that there are several
factors that differentiate CERN from a company (see also chapter eleven).
Does this affect how well the different actors fit together? From this perspec-
tive, interacting with CERN may actually be easier (as well as more reward-
ing) than interacting with another company. At least when it comes to prod-
ucts within the ‘technology procurement’ segment, there is a great incentive
for people at CERN to take an active part in the interaction; and thus be both
interested and willing to teach and/or learn. From the study it can be deduced
that the competencies of CERN staff tend to be complementary rather than
similar; and in the cases where they are somewhat overlapping, or at least
adjoining, there is great potential for learning. One good example of joint
learning has been related earlier, where CERN technicians knew what they
wanted, and had technical expertise that exceeded that of the company, but
where the company could contribute with commercial knowledge, including
how to produce the artefact in question at a much lower price. There are
many examples like this, including CERNs ability to document how differ-
ent products work in the CERN setting; thus giving companies the opportu-
nity to learn more about their own products.

The second set of factors relates to the type of relationship, and especially
to what is exchanged between the actors (Hakansson, Havila & Pedersen,
1999:444). CERN interacts with a wide range of companies, and a wide
range of products are exchanged, so the learning possibilities of course vary
widely. For CERN and industry alike, what can be a standard product with-
out significant strategic value for one part may be crucial within the other
party’s resource collection. One example of this could be ABB’s control
system — a standard product for ABB, but a specific product of great impor-
tance to CERN. Specific features within CERN’s resource collection, how-
ever, and especially the test facility, made CERN important to ABB.

In addition to the two sets of factors mentioned above, the authors discuss
a third set of factors which involves the context of the relationship (Hakans-
son, Havila & Pedersen, 1999:445). The relationship context is defined as
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‘the set of directly connected business relationships’ (ibid.), and it is unique
for each relationship. It is claimed that the more connections a relationship
has, the higher are the chances of relationship learning; the reason being that
there are more places where learning can occur (Hékansson, Havila &
Pedersen, 1999:445). One example of the importance of relationship context
can be found within the cryogenics field; where CERN more or less de-
manded cooperation between companies active within this area. It was re-
ferred to (by one respondent) as ‘un-business-like behaviour’, but he also
confessed that it increased the likelihood of learning for all parties involved.

Moving from the learning process, it is not far-fetched to also say some-
thing about what is learnt, or about the knowledge that is shared. Within the
technology transfer literature, there is a debate about whether it is meaning-
ful to make a distinction between the ‘technology’ and the ‘knowledge about
the technology’ (see e.g. Bozeman, 2000). Bozeman (2000:629) claims that
‘the physical entity cannot be put to use’ without relevant knowledge about
it. If we look at transfer from an IMP perspective, this also implies that

‘the use of knowledge in a business setting, always demands a
certain knowledge production because anything new must be re-
lated to the existing resource combinations. And this relating
implies that new knowledge must be created to use any new
knowledge The fact that knowledge must be made specific to be
embedded into resource combinations means that using new
knowledge is interwoven with the creation of new knowledge’
(Hékansson & Waluszewski, 2007:148).

Thus, in order to use a new resource, knowledge about how to use this re-
source in a new setting needs to be developed, and this knowledge is context
specific. Therefore, according to this line of reasoning, the simple transfer of
technologies is impossible, something that was also discussed in chapter
twelve.

When it comes to technology transfer, this study contributes to the discus-
sion concerning technology transfer, and especially to how this discussion
relates to the IMP approach. It was stated in chapter twelve that, from an
IMP perspective, the concept of technology transfer may be redundant. If a
technology is properly transferred there will have to be interaction, and be-
cause of this interaction the technology exchanged is likely to encapsulate
new features; which in fact implies technical development. It would then be
difficult to differentiate between the concepts of technology transfer and
technical development. That being said, it is still important to be able to re-
late to the concept of technology transfer, and I believe that there is still
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much work to be done concerning the notion of ‘interactive technology
transfer’'%,

Concluding Discussion

The main findings of the thesis have now been presented, which deal mainly
with interaction between CERN and specific counterparts. Before our jour-
ney ends, however, 1 will reconnect to one of the issues in the first chapter,
namely the usefulness of science to society. The wider context of CERN-
company relationships has been discussed indirectly by Krige (2000). The
author states that

‘the mutual exchange of technical knowledge and new ideas be-
tween the laboratory and the firm has a wider economic impact
when the knowledge involved and its products are developed
within a pre-existing industry whose market extends beyond
high-energy physics laboratories’ (Krige, 2000:12).

According to this quote, CERN will be more useful to society when the
technology in question has been developed within a company that does not
have CERN, and/or other HEP laboratories, as its main customer/s. The in-
teraction thus increases the societal value of technical development, espe-
cially when products are developed in industry, and improved through use in
science. This of course makes sense, because first of all, the ‘high-energy
physics market’ is limited to a handful big laboratories worldwide; and sec-
ondly, it also relates back to other researchers’ findings about overlapping
knowledge areas’ (Hakansson, 1989; Hékansson & Waluszewski, 2007) or
weak ties’ (Granovetter, 1973, 1983) relevance for knowledge development.
This also means that it would be interesting, albeit difficult, to look at indi-
rect effects of CERN-industry interaction; for instance interaction between
companies where one of the actors is interacting with CERN.

There are certainly many aspects of CERN-industry interaction that have
not been covered in this thesis. One of these aspects concerns individual
scientists’ or engineers’ interaction with specific companies. Individual sci-
entists’ propensity to engage in interaction with industry has been studied by
a number of researchers (see e.g. Bozeman & Gaughan, 2007; Debackere &
Veugelers, 2005; Ponomariov, 2008), and a few researchers have even stud-
ied informal contacts between scientists and industry (see e.g. Ponomariov &
Boardman, 2008). What these studies have in common, however, is that they
do not address the situation when interaction is restricted. Of course there is
interaction between CERN individuals and different companies’ personnel

162 See also Autio ef al. (2004).
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(something that was specifically mentioned by ABB staff), but to what ex-
tent is there informal interaction between CERN and industry?

Ponomariov and Boardman (2008:331) state that ‘involvement in infor-
mal interaction is associated with higher probability of undertaking collabo-
rative research with industry as well as with a higher allocation of research
time to collaborative research with industry’. They therefore draw the con-
clusion that ‘informal interaction between university and industry scientists
has impacts beyond serving as channels to transfer and exchange informa-
tion, but can result in tangible outcomes such as collaborative research’ (Po-
nomariov & Boardman, 2008:311-312). So far, informal interaction between
CERN and industry is an area that has not been sufficiently studied, although
some of the interviews at CERN point at the problem with insufficient re-
sources both at CERN and in industry. CERN’s reduction in staff numbers,
as well as increased focus on short-term goals and reduced slack in industry
may have reduced the possibilities for informal interaction leading to col-
laboration.

One of the aspects of differences between science and industry resides in
the people within the different organisations. It has been stated that ‘aca-
demic and industrial researchers belong to distinctly different social systems,
and, linked to this, to different organisational cultures’ (Meyer-Kramer &
Schmoch, 1998:839). Nevertheless, joint interests may help alleviate these
institutional differences, which would also explain the growth in science-
industry interaction (Meyer-Kramer & Schmoch, 1998:839). This effect
could potentially counteract the effect that reduction in resources may have
had on informal interaction between CERN and industry.

Another aspect that would be interesting to pursue further concerns policy
aspects of science-industry interaction. There is a lot of research available on
science-industry interaction, although most of the literature seems to focus
on research within (national) universities and their relations to companies
within the same country (predominantly the USA). What is acknowledged,
however, is the need for models depicting two-way interaction (Meyer-
Kramer & Schmoch, 1998); or in some cases, depending on the number of
actors included in the analysis, a multi-way concept (ibid.). A viable ‘multi-
way concept’ to analyse links between public research, policy agencies and
industry would be an IMP network analysis. Throughout the thesis it has
been implied that the interaction between science and policy is an important
one, but as it has not been the main focus of the study, this line of enquiry
has not been followed to a sufficient degree. In the future, however, it would
be interesting to develop that part of the study more, and thus study the sci-
ence — policy — industry network in the CERN setting.

In addition, there is a strong international (business) aspect to the mate-
rial, in that the organisation answers to its member states, and interacts with
companies - not only from the member states — but from all over the world.
This study has not focused on the international aspect, and there is much
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more research to be done about this issue. This also includes the aspect of
culture, where there is a plethora of aspects still to uncover.

Some Final Thoughts

The main aspect throughout the whole thesis has been interaction. The theo-
retical lenses through which the empirical material was viewed thus focused
on interaction between specific counterparts in long-term relationships. One
of the main underpinnings of the study therefore concerned (long-term) rela-
tionships; and some disheartening first results pointed towards the existence
of very few relationships between CERN and industry. Hence, what happens
when these relationships are discouraged? Are there still relationships being
formed, or does exchange purely take place through market-like transac-
tions? If anything, this study has shown that there is a wide variety of ways
through which exchange takes place; depending on the importance of the
exchange to the actors involved, and on the complexity of the exchange — for
instance whether it involves a technology that is widely known or still in its
infancy — and on a number of other aspects. As been stated elsewhere in the
thesis, the public procurement situation at CERN does not differ widely from
other public procurement situations, wherefore a more extensive comparison
would be interesting to make.

One final question before the end: What is so specific about CERN? The
empirical part of the thesis has presented CERN at length, and there is no
doubt that CERN is unique in many ways. Or as many physicists would say;
‘there is only one CERN’. On the other hand, the way CERN interacts with
other actors shows many similarities with interaction between companies.
All actors are unique in their own way, but they also share characteristics
with others. Within the specific setting of CERN-industry interaction, more
general aspects, such as public procurement and technology transfer can, and
have been, studied.

While we are still focusing on the general relevance of the study, another
clarification could be made. A substantial part of the data collection took
place during one of the busiest periods in CERN history — when the final
data collection in LEP took place, with the following discussions concerning
whether or not to close it down (some promising results concerning the
Higgs boson were found already in 2000). At the same time, the LHC con-
structions were well on their way, and the procurement for the LHC was
intense. This of course affects the science-industry interaction at the time,
and, in turn, the data [ was able to obtain. This could be both a strength and a
limitation. On the one hand, I have been able to partake in all the activities
preceding the construction of the largest particle accelerator to date, but, on
the other hand, the situation before and during the construction phase differs
from a maintenance phase. Keeping that in mind, however, I have been very
fortunate to conduct the study at this particular time, because I believe that it
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has given me the possibility to study characteristics of interaction that would
have been black-boxed during other periods.

So, this is it. | hope that the aspects of science in business interaction this
study has contributed with have caught your interest. The insights of the
study only represent a small fraction of what can be studied, which means
that, fortunately, there is still much work to be done.
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Appendices

APPENDIX I: Lists of Informants and Respondents

Important Informants (meetings, e-mail correspondance etc.)

Name Workplace Information on: Time of Meet-
ing(s) etc.
Bressan, Beatrice | CERN CERN; CERN — 2000 — 2004
Industry relations
Gidefeldt, Lars The Swedish Re- Sweden — CERN Autumn 2001,
search Council relations; research spring 2004
and (re-
search)politics
Gustavsson, John | The Swedish Natu- | Sweden — CERN 1999 — 2001
ral Science Re- relations; research
search Council, and (re-
retired search)politics

Hellstréom, Nils

The Swedish Natu-
ral Science Re-
search Council,
retired

Sweden — CERN
relations; political
and industrial

Autumn 1999,
spring 2004

Hugnell, Anders | TTA Sweden — CERN Summer 1998 —
Technotransfer AB | relations; mainly spring 2004
industrial
Nordberg, CERN CERN; CERN — March 1999 —
Markus Industry relations
Streit-Bianchi, CERN CERN; CERN — 1999 — 2001
Marilena Industry relations
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Interviews: Respondents at CERN

Name Division, Group Position; Area of Date of Inter-
etc. expertise view
Angerth, Bo Retired Former Head of 1999-03-11
Personnel
Autin, Bruno Accelerators and 1999-03-08
Beams
Barbalat, Oscar Retired Former Head of 1999-03-10,
ITLO 1999-03-15
Benvenuti, Vacuum technolo- Group Leader, (also | 1999-07-05
Christoforo gy, superconducting | on the Technology
cavities. Advisory Board)
Bourgeois, Industry and Tech- | Head of ITLO 1999-03-09
Frangois nology Liaison
Office
Brianti, Giorgio Retired Former Technical 1999-03-09
Director (1980-89)
Clement, Michel SL Division, EA Section leader, 1999-03-19
group, Engineering and
Installation (EA
group)
Danielsson, Hans | EP Division, AT- Detector develop- 1999-07-06
LAS ment (ATLAS &
CMS)
Ducimetiere, SL Division, SL & | Electrical Engineer 1999-07-09
Laurent LHC Fast Pulsed
Magnets, Beam
Transfer Group
Fernqvist, Gunnar | SL Division Group leader 1999-03-23
Foster, David IT Division 1999-03-08
Goddard, Brennan | MS Group (mag- Deputy Leader 1999-07-09
nets)
Goggi, Giorgio Experimental Phys- | Division Leader 1999-03-12
ics (EP) Division
Grafstrom, Per EA group, SL Divi- | Group leader EA 1999-03-19
sion group
Gregorio, Dante SPL Division Procurement Officer | 1999-03-09
Hameri, Ari- Helsinki Institute of | Program Director 1999-03-15
Pekka Technology (pro-
fessor)
Hoffmann, Hans ATLAS Technical Co- 1999-03-09
ordinator of ATLAS

(Technical Director
from mid-1999)
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Name Division, Group Position; Area of Date of Inter-
etc. expertise view
Jansson, Urban SL Division Division and Safety | 1999-03-30
Officer
Jensen, Fredrik CME Group, EP Optical fibres and 1999-03-22
Division links for CMS
Jirdén, Lennart SPL Division Head of Logistics & | 1999-03-10,
Stores 1999-07-01
Kotamaki, Miikka | CMS 1999-06-30
Kuhn, Hans-Karl | LHC-IAS Group 2000-10-20
Lagrange, Thierry | SPL Division Head of Purchasing | 1999-03-08
Leistam, Lars ALICE (experi- Engineering and 1999-07-07
ment) integration co-
ordinator
Lindroos, Mats PS Division Physicist 1999-06-29
Lobmeier, Ivo SPL Division Procurement Officer | 1999-07-08
Lofstedt, Bo CME Group, EP Head of CMS elec- 1999-03-09
Division tronics
McLaren, Robert | Data Acquisition Section Leader 1999-03-11
Section, ECP Divi-
sion
Moller, Mats IT Division 1999-06-30
Neil, Kenneth Surface and materi- | Deputy Group 1999-03-24
als technology Leader
Olsfors, Jan SL Division Electrical Engineer 1999-06-30
Perin, Romeo SPL Division Head of SPL Divi- 1999-03-12
sion
Perini, Diego Supraconducting 1999-07-02,
magnets 1999-07-06
Pettersson, Thom- | EST Division, In- Group Leader 1999-03-22
as formation Systems
Support (ISS)
Group
Rabany, Michel LHC-IAS group 1999-07-06
Rubio, Juan Anto- | ETT Division Head of ETT Divi- 2000-11-14
nio sion
Sgobba, Stefano EST Division Materials Engineer 1999-06-30,
1999-07-09
Unnervik, Anders | SPL Division Vice Deputy of 1999-03-08
Purchasing (interview 1),
1999-03-08
(interview 2)
Vasey, Francois LHC experiments Optical fibre cables | 2000-12-13
Vlogaert, Jos LHC Division LHC magnets 1999-07-07
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Name Division, Group Position; Area of Date of Inter-
etc. expertise view
Weilhammer, ATLAS, LHCD, Silicon sensor tech- | 1999-03-29
Peter Spokesman of De- | nology expert, tech-
tector Development | nical development
Programme
Wenninger, Horst | Directorate Technical Director 1999-03-23
Widegren, David | EST Division, In- Systems Engineer 1999-03-10
formation Systems
Support (ISS)
Group
Wilhelmsson, ST Division, Cool- | Group Leader 1999-03-16
Mats ing & Ventilation
Group
Williams, Lloyd LHC Division Project Engineer 1999-07-07
R.
Akesson, Torsten | ATLAS Deputy Spokesper- 1999-03-05,
son 2000-12-01
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Interviews: Company Respondents

Company Name Position, Area of | Date of Inter-
expertise view
ABB Automation Bodin, Jorgen Business Devel- 1998-09-08,
Products AB opment, Product 2000-03-10
Sales
ABB Automation Jonsson, Kjell Controller Prod- 2000-03-10
Products AB ucts
ABB Automation Nystrom, Kent Field Buses (links | 2000-03-10
Products AB between control-
lers and I/Os)
ABB Automation Tam, Wa Project Leader 2000-03-10
Products AB (Operator Stations;
link between oper-
ator stations and
controllers)
ABB Automation de Waal, Mikael Controller Prod- 2000-03-10
Products AB ucts
ABB Enertech SA Hessler, Michel Key Account 2000-04-05
Manager CERN
Air Liquide SA Camus, Jean- Sales Manager 2000-12-06
Michel
Elektrotryck AB Bjorsell, Anders | Managing Director | 1998-09-11
Ericsson Network Arvidsson, Bertil | Manager & Expert | 2002-04-05
Technologies AB Fiber Technology,
Business Segment
Networks
Ericsson Network Berglund, Tomas | Area Sales Man- 2002-04-05
Technologies AB ager
Ericsson Network Béckstrom, Product Develop- | 2002-04-05
Technologies AB Hékan ment, Fiber Tech-
nology
Ericsson Network Larsson, Lena Product Develop- | 2002-04-05
Technologies AB ment, Optical
Cables
Ericsson Network Nygard-Skalman, | General Manager, | 2002-04-05
Technologies AB Karin Marketing and
Sales
Fjellman Press AB Fjellman, Bo Head Engineer 1998-10-19
Fjellman Press AB Fjellman, Kristi- | Head of Finance 1998-10-19
na
Habia Cable AB Lindberg, Micael General Sales 1998-09-21
Manager Scandi-
navia
Hemi Heating AB Kvael, Henry Managing Director | 1998-10-14
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Company Name Position, Area of | Date of Inter-
expertise view
IMC AB (Industrial Bodo, Peter Project Manager 1998-10-22
Microelectronics Microsystems
Center) group
IVP AB (Integrated Wasell, Bjorn Managing Director | 1998-10-22
Vision Products)
Kumlins Mdleri AB Hanna, Linda Local Manager, 1999-03-10
(Kumlins Peinture France
S4)
Kvaerner Kamfab AB | Larsson, Sven 1998-10-16
Linde Kryotechnik Clausen, Jiirgen Sales and Projects | 2001-02-26
AG J.
Linde Kryotechnik Senn, Armin-E. Manager, Sales 2001-02-26
AG and Projects
Precisionsmekanik i | Nilsson, Dan Managing Director | 1998-10-13
Studsvik AB
Sabroe Refrigeration | Albert, Ludvig Specialist, Cus- 1998-10-15
AB tomer advisor
Sandvik AB Holmberg, Hékan 1998-10-09
Sandvik AB Nikkarinen, Ex. Sales Manager | 1998-10-09
Lennart (Marketing Man-
ager, EcoCat AB)
Sicon AB Sundblad, Rolf Managing Director | 1998-10-07
WEKA AG Holdener, Frido- | Managing Director | 2000-12-05
lin
WM-Data AB Larsson, Mattias | Local Manager 1999-03-17
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Interviews: Other Respondents

Name Workplace Position Date of Inter-
view
Bengtsson, Uppsala University Professor of Comput- | 2003-06-03
Ewert erized Image Analysis
and head of the Cen-
tre for Image Analysis
Lars Royal School of Tech- | Master student, tech- | 1999-03-18
Bjorkman nology (KTH), Sweden | nical student at CERN | (interview
(NFR grant) made at CERN)
Carlson, Per Royal School of Tech- | Professor, physics 2000-06-29
nology (KTH), Sweden
Clément, Royal School of Tech- | PhD student 2000-06-29
Christophe nology (KTH), Sweden
Ekeldf, Tord | Uppsala University Professor, HEP 1999-02-25
Eklund, Lars | Uppsala University PhD student (AIM 1999-03-04
programme) (interview
made at CERN)
Jansson, An- Stockholm University | PhD student 1999-07-05
dreas and CERN (PS Divi- (interview
sion) made at CERN)
Johnsson, Swedish Ministry of Delegate at CERN 2004-05-10
Mats Education
Kullander, Uppsala University Professor, HEP 1999-02-18
Sven
Lillestol, Egil | Bergen University Professor 1999-04-16
(interview
made in Nor-
way)
Lund-Jensen, | Royal School of Tech- | Associate professor 2000-06-29,
Bengt nology (KTH), Sweden 2000-08-23
Olof Nyqvist | Royal School of Tech- | Master student, tech- | 1999-03-22
nology (KTH), Sweden | nical student at CERN | (interview
(NFR grant) made at CERN)
Orava, Risto Cerntech (the Finnish (former) Managing 1999-03-16
equivalent of TTA Director (interview
Technotransfer AB) made at CERN)
Pearce, Mark | Royal School of Tech- | PhD, researcher 1999-04-21
nology (KTH), Sweden | Experimental Particle
Physics
Tegenfeldt, Uppsala University PhD student 1999-07-08
Fredrik (interview
made at CERN)
Ulvegren, Uppsala Universi- Technical student 2000-10-17
Carina ty/CERN (interview
made at CERN)
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APPENDIX II: A Short Presentation of the Swedish
Companies in the Study

Company Name | Type of Company Type of Prod- | Respondent(s)
uct/Service
Sold to CERN
ABB Automa- Part of the multination- | Control ~ Sys- | Jérgen Bodin, Busi-
tion Products al company ABB; tems ness Development,
AB focusing on control Product Sales
systems for the process Michel Hessler,
industry (for a more ABB Enertech SA,
detailed description, Key Account Manag-
see chapter 10). er CERN
Kjell Jonsson, Prod-
uct Development
(Controllers)
Kent Nystrom, Ser-
vice Manager
Wa Tam, Project
Manager (operator
stations)
Mikael de Waal,
Controller (Products)
Elektrotryck AB | Producer of printed Printed Circuit | Anders Bjorsell,
circuit boards. The Boards Managing Director
company ceased to
exist in 2005.
Ericsson Part of the multination- | Optical Fibres | Dr. Carl Bertil
Network al company Ericsson; Arvidsson, Manager
Technologies focusing on ‘two of the & Expert Fibre Tech-
AB most important com- nology, Business
ponents in modern Segment Networks

communication net-
works, cable and net-
work materials repre-
sent a substantial part
of a network's total
investment.”'®® (For a
more detailed descrip-
tion, see chapter 9).

Tomas Berglund,
Area Sales Manager
Hikan Béckstrom,
Technical Manager
Lena Larsson, Prod-
uct Development
Optical Cables
Karin Nygard-
Skalman, General
Manager Marketing
and Sales

193 Bricsson’s website:
http://www.ericsson.com/products/hp/Cables_and Interconnect Products pa.shtml
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Company Name

Type of Company

Type of Prod-
uct/Service
Sold to CERN

Respondent(s)

Fjellman Press
AB

Hydraulic Presses. The
company had ca 60
employees at the time
of the interview.

Hydraulic
Presses

Bo Fjellman, (Tech-
nical) Project Manag-
er

Christina Fjellman,
Financial Manager

Habia Cable AB

‘Habia Cable develops,
manufactures and mar-
kets custom designed
cables and cable sys-
tems for demanding
industrial applica-
tions’'* The company
is present in over 25
countries worldwide,
with almost 90 per cent
of sales outside of
Sweden, and had ca
370 employees in
2006.

Cables

Micael Lindberg,
General Sales Man-
ager Scandinavia

Hemi Heating
AB

‘Hemi Heating produc-
es and develops surface
heating systems, focus-
ing on quality and high
service level. We offer
a wide range of heating
products for various
manufacturing indus-
tries.”' Had less than
20 employees at the
time of the interview.

Heating Jackets

Henry Kvael, Man-
aging Director

IMC (Industrial
Microelectronics
Center) AB

The aim of the compa-
ny was to work with
market oriented, ap-
plied research and
development within the
microelectronics area —
a link between univer-
sity and industry. The
company had ca 80
employees at the time
of the interview.

Microelectronic
prototypes (for
the FERMI
project) in the
R&D phase of
the CMS detec-
tor

Dr. Peter Bodo,
Project Manager,
Microsystems Group

164 Habia Cable’s website: http://www.habia.se/sitepage.asp?showid=6&w=1&lv=1&lang=1
15 Hemi Heating’s website: http://www.hemiheating.se/
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Company Name | Type of Company Type of Prod- | Respondent(s)
uct/Service
Sold to CERN
IVP (Integrated | The product idea was | Cameras for the | Bjorn Wasell, Man-
Vision Products) | to combine image accelerator aging Director

AB

sensors with processors
on ICs. Today the
company ‘provides
industrial vision cam-
eras for factory auto-
mation’'®® The compa-
ny had 16 employees at
the time of the inter-
view.

tunnel (deliv-
ered through a
Uppsala Uni-
versity depart-
ment, not di-
rectly to

CERN)

Kumlins Maleri
AB (Kumlins
Peinture SA)

A painting company
with over 1300 em-
ployees in Sweden.
Kumlins Peinture SA
was a small branch
office in France deal-
ing with the CERN
contract. They had 6-8
painters working at
CERN at any given
time, and one local
manager.

Maintenance
work at CERN

(painting)

Linda Hanna, Ma-
nager of Kumlins
Peinture AB

Kvaerner
Kamfab AB

The company produces
parts for heavy ma-
chinery within, among
other things, the pulp
and paper industry.

No products
sold

Sven Larsson, Tech-
nical Manager

Precisionsmeka
nik i Studsvik
AB

The company designed
and constructed metal
parts (metal work and
welding). At the time
of the interview they
had ca 20 employees.

Custom-made
metal parts

Dan Nilsson, Man-
aging Director

166 SICK IVP’s website: http://www.sickivp.se/sickivp/en.html
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Company Name | Type of Company Type of Prod- | Respondent(s)
uct/Service
Sold to CERN

Sabroe Refrig- | ‘Sabroe is an interna- | Screw Com- Ludvig Albert,

eration AB tional group, develop- | pressors (for Technical Expert,
ing, manufacturing and | cooling plants | Manager
selling refrigeration in the accelera-
and air treatment plants | tor)
for comfort cooling
and the industrial re-
frigeration market”'®’

The total group had
nearly 4500 employees
at the time of the inter-
view.

Sandvik AB ‘Sandvik is a high- Stainless steel | Hakan Holmberg,
technology, engineer- | with specific Technical Manager
ing group with ad- properties Lennart
vanced products and a Nikkarinen, Market-
world-leading position ing Manager at
within selected areas. EcoCat, ex. Sales
Worldwide business Manager at Sandvik
activities are conducted AB
through representation
in 130 countries’'®®

Sicon AB At the time of the in- Integrated Rolf Sundblad,
terview the company | Circuits Managing Director
designed (and pro-
duced) integrated cir-
cuits, and had ca 25
employees.

WM-Data AB IT Services. The com- | IT-support at Mattias Larsson,
pany is a big consul- CERN Local Manager (WM-
tancy company, which Data France)
had ca 8-10 consultants
present at CERN dur-
ing the period of their
service contract.

Source: Interviews made in the different companies and at CERN, company docu-

ments and websites.

Y7 1997 Report and Accounts Sabroe Refrigeration A/S

168 Sandvik’s website:
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Appendix Illa: Interview Guide — Example of Questions for
Company Respondents

Background information about the company

History

Industry (industry structure — no. of companies, size etc.)

No. of employees, turnover

Type of activity/production, where is the production localised?
Customers (no., size, important ones etc.)

Suppliers (no., size, important ones etc.)

Research and development (importance, where?, who? Etc.)

Background information about the respondent
Your background

Current position in the company

What is your role towards CERN?

How would you describe CERN?

Relationship with CERN

What did you know about CERN before you got the first contract? What
were the initial contacts?

For how long has your company been working with CERN? How many
contracts have you won?

What have you delivered to CERN? (Standard/custom-made
goods/services?)

How much have you delivered to CERN? (As percentage of your turnover?)
What is the direct importance of CERN for this company? (How does the
importance manifest itself?)

Have some people been more important than others for the cooperation?
Here at the company? At CERN?

In what ways have these people been important?

Do you have any long-term contacts with people at CERN?

Has the cooperation with CERN led to the development of any new products
(services)? (Products you would not have developed otherwise? More ad-
vanced technology?)

Has your production system been affected in any way because of your con-
tacts with CERN? (Improvements? Complications? Have you made any
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specific investments because of CERN? Something you wouldn’t normally
do for a customer?)

How is the product quality-controlled?

Any new ideas because of you cooperation with CERN?

Has you cooperation affected your relation with existing customers?

Has you cooperation affected your relation with existing suppliers?

Have you received any new customers because of your cooperation with
CERN?

Have you received any new suppliers because of your cooperation with
CERN?

Has the cooperation with CERN led to contacts with other companies?
Within your industry? In other industries?

Do you know of any competitors concerning your cooperation with CERN?

What is your experience of CERN as a collaboration partner?

Has your cooperation with CERN changed in any way during the time you
have been working together?

What parts of your company are involved in the cooperation? Which ones
are the most important?

How many people from your company are involved in the collaboration with
CERN?

How many people at CERN are you in contact with?

How does the collaboration with CERN function in practice? How often are
you in contact with each other? How are these contacts carried out?

How formalised is the collaboration with CERN? Is there any informal col-
laboration?

Which party is the most active in the collaboration?

Do you adapt any of your administration to CERN requirements? Does
CERN have any specific requirements?

Are there any requirements on technical documentation?

Within what areas have you been collaborating?

Have you in any way collaborated with CERN regarding R&D? If yes, how
are the costs distributed?

What do you think decides whether you get a contract from CERN or not?
Why did you choose to collaborate with CERN?

How durable is your collaboration with CERN (compared to that with other

customers)?
How big are the contracts (compared to those from other customers)?
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Have you had any problems with the collaboration with CERN? How were
these solved? Have these solutions been helpful in the collaboration with
other contacts/parties?

What would you describe as the most critical events during the period you
have collaborated with CERN? (First contact, first contract, fulfilling the
contract, renewing contacts...)

What are your expectations on future collaboration with CERN?

Do you have any collaboration with the Swedish research groups doing re-
search at CERN? If yes, in what ways? How important are these contacts?
Have you received any support from the (Swedish) state to (be able to) col-
laborate with CERN? If yes, what kind of support?

Final questions
Is there anybody else here at the company that I should talk to?
Who would you recommend me to talk to at CERN?
Is there anything you would like to add?
Concerning your own work?
Concerning the collaboration with CERN?
Can I contact you again with further questions?

THANK YOU!
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Appendix IIIb: Interview Guide — Example of questions for
a second company interview, in this case ABB (less about
CERN, more about the specific company)

Information about the Respondent

What is you role here at ABB?

For how long have you been working here? Within the company? In this
position? Which product/s do you work with?

Former education? Company training?

What contacts do you normally have with other companies (customers, sup-
pliers, other ABB companies, others)?

Information about the Company

What are the activities here at ABB Automation Products in Visteras? What
is produced?

How are you linked to other ABB-companies?

How are you connected to the ABB group?

The Visteras Production

What is produced — what are the products? How many different kinds of
products?

Are different components used for different products?

How many components are needed for the different products?

How often do you introduce new products?

How would you describe your product development?

Could you describe the machines you use for your production? Different
machines for different products/customers?

Suppliers

What components are bought? From where (which companies)?

Number of suppliers? Who delivers what?

Standard products? Do any of your suppliers make adaptations in the prod-
ucts they sell to you? If yes, how? And why?

To what extent can you influecnce your suppliers? Is this important (whether
you can or you can’t)?

How much do you know about your suppliers (production, other customers,
adaptations etc.)?

Customers

What kind of customers do you have?

What kind of products do the (different) customers buy?
What kind of customer contacts do you have (personally)?
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Do you sell standard products or do you make any adaptations for your cus-

tomers?

Are you able to affect your customers’ demands (or even their production)?

If yes, how?

Other ABB-companies: what connections exist? Do they develop your prod-
ucts further? How?

Do you have any customers within the ABB group?

Other Actors

What actors are important to you: 1) from a production perspective? 2) From
a sales perspective?

Who are your competitors? Within what areas? With regards to CERN?

Miscellaneous

Has your way of working changed during the time you’ve been with the
company? If yes, in what ways? Within the company? Towards suppliers?
Towards customers?

CERN

Is CERN a special customer in any way? If yes, how?

Have you (personally) had any contacts with CERN in their role as cus-
tomer? In any other way?

Do your contacts with CERN affect any other relations? If yes, how?

Final questions
Is there anybody else here at the company that I should talk to?
Who would you recommend me to talk to at CERN?
Is there anything you would like to add?
Concerning your own work?
Concerning the collaboration with CERN?
Can I contact you again with further questions?
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Appendix Illc: Interview Guide — Example of Questions for
CERN Respondents

Background information about the respondent
Your background (nationality, education, other jobs, history at CERN)
How long have you been working at CERN?
Why did you start to work here?
What did you do before you came here?
Current position (where at CERN, what does it entail etc.)
What is your position here at CERN?
Within what division, section and so on?
What does your work contain/imply (in terms of tasks, con-
tacts with researchers and industry etc.)?

Interaction with Industry
How do CERNSs contacts with industry generally work? (in what way does
CERN use industry?)
Your industry contacts (history of contacts, what kind, extent of contacts)
Do you have any industry contacts because of your work at
CERN?
If yes; what contacts, how often etc.?
A specific example of working with industry (incl. history, technical specifi-
cations, working arrangements, extent of contacts, milestones/critical inci-
dents, outcome)
Procurement procedures? (Effects on contacts with industry? Effects on what
you want to buy?)
Problems with industry contacts? (Examples?)
Any experience with Swedish companies? (which ones, examples of interac-
tion etc.)
Cultural differences between CERN and industry?
Cultural differences between companies from different nationalities?
Do you think that the contacts are affected by the home country of the com-
pany in question, i.e. is the contact dependent upon what country the com-
pany is located in?

Technology Transfer

What kind of company can benefit from working with CERN? (size, charac-
teristics, industry?) - i.e. what is needed from the companies?

What can CERN contribute to the companies, i.e. what do the companies get
out of interacting with CERN? (What are the potential benefits? Under
what circumstances?)

What can a company learn from (working with) CERN?
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Is there any transfer of knowledge between CERN and the companies? In
what way? What kind of knowledge? How can it be transferred?

Examples of technology transfer? (Your personal experiences? What hap-

pened? How? Etc.)

What can CERN contribute to the companies, i.e. what do the companies get
out of interacting with CERN?

Could there be any negative consequences for the company from interacting
with CERN? Why/why not?

Why CERN?

In your opinion, what is the incentive for a company to work with CERN?

(Why would a company choose to work with CERN?)

What is the difference between working with CERN and working with a

company?

If a company wants to deliver to CERN, what are the difficulties?

Are there any drawbacks to working with CERN?

Could you give an example of successful cooperation between CERN and
one or several companies?

Example of unsuccessful cooperation?

CERN and Sweden

Do you know any Swedish companies that have contacts with CERN?
Do you know any Swedish people (besides the ones working here) that have
contacts with CERN?

CERN Projects

Have you ever been involved in one of CERNSs projects?

If yes, which one/ones?

Would you like to tell me a little about the project/projects?
Were any companies involved in the project(s)? Which one(s)?
Were any Swedish companies involved?

Why were the Swedish companies involved/not involved?

Questions for e.g. Technical Staff

Do you have any contacts with the research groups (physicists)? (How?
When? Content of interaction? Etc.)

Do you have any contacts with Swedish physicists?

Do the physicists affect your contacts with industry in any way?

Miscellaneous
How would you describe CERN? (What does ‘your’ CERN look like?)
Is CERN one organisation (in any practical sense)?
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Can a company see CERN as one entity, or is it really like do-
ing business with different organisations?
What is essential for CERN, for its ‘survival’?
Is CERN dependent on any companies? If yes, which one(s)?
Are there any companies (that you know of) that are dependent on CERN for
their survival?

Final questions
Who else do you recommend that I talk to?
Is there anything you would like to add?
Concerning your work at CERN?
Concerning relations between CERN and industry?
Can I contact you again with further questions?

THANK YOU!
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Appendix IIId: Interview Questions for Technical Students

Background

What university do you study at? Which programme?

How did you find out about the ‘Technical Student’ programme?
Why did you apply?

In your opinion, how is the selection carried out for the programme?

At CERN

Where are you working here at CERN?

What are your tasks? Are they relevant in connection to your educa-
tion/future degree?

What is the most important thing you have learnt at CERN; i.e. what knowl-
edge are you taking with you when you leave?

Have you had any industry contacts during your time at CERN?

Have you had any contacts with Swedish researchers/research groups?

Summing up

Is there anything in particular you would like to mention about you stay and
work here at CERN?

Do you have any recommendations or suggestions for future technical stu-
dents?

Is there anything you would like to add?

THANK YOU!

317



Appendix IV: The Technical Student Survey

1: Description of the Survey

For a number of years, the former Swedish Natural Science Research Coun-
cil'® (NFR) and TTA Technotransfer AB granted scholarships to students
from various technical fields for doing their degree projects for their differ-
ent Master of Science-degrees'” at one of the five large European research
facilities CERN, ESO, ESRF, EMBL or JET. A number of students took this
opportunity to get experience abroad while doing their degree projects. For
the years 1998 and 1999, 33 Swedish students received these grants.

In the beginning of 2000, a questionnaire was sent out to these 33 stu-
dents. All in all, 32 students and former students answered the questionnaire
(all of them have had some sort of grant to do their degree projects at the
facilities). In addition, some of the employers of former students have an-
swered another questionnaire. The purpose of the study was partly to put
together some of the experience of the students doing grant-financed degree
projects at the research facilities mentioned and partly to start mapping out
where these people were in the year 2000. Unfortunately, there has been no
follow-up on this initial survey.

The result of the study is presented in chapter six, and it is based on two
different questionnaires (see below)'”'. The first questionnaire was sent to all
students that were given grants from either NFR or TTA Technotransfer AB,
and that had at least started their degree projects. All 33 respondents replied,
although one person declined to answer the survey. The results in this study
are thus based on 32 answers. In four cases the questionnaire was answered
by mail, while the answers in the remaining cases were collected via e-mail.

The second questionnaire was sent to employers that have employed any of
the 32 students. Out of 32 students and former students, only 13 were work-
ing in industry at the time. These 13 people were asked if they would allow
that their employers were sent a questionnaire (see appendix ii). In those
cases the respondent permitted this, the employer was contacted via e-mail.
All six employers I was allowed to contact answered the survey.

The aim of this survey was to capture a small part of the research com-
munity at the student level. Summer students and technical students are quite

19 Since January 2001, the Swedish Natural Science Research Council, or Naturvetenskapliga
forskningsrddet (NFR), is a part of the Swedish Research Council.

0 In Sweden, there is a special degree in various engineering-related subjects, called
”civilingenjor”. This title cannot be translated into civil engineer, instead these students get a
Master of Science. The Swedish programme is, however, more extensive than an ordinary
master’s degree.

7! Please note that the original surveys were both written in Swedish, and that the appendices
only are translations of the original surveys.
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a large proportion of the Swedish people going to CERN every year, and it
therefore seemed appropriate to find out about their experiences.

2: Questions to Degree Project Workers at CERN and
Other European Research Institutes

NAME:

THE DEGREE PROJECT

At which university/college did you take your exam?

Which programme did you study?

What was your reason for doing your degree project abroad?

What was the reaction of others on your decision to do the degree pro-
ject abroad?

What is your opinion of the organisation where you did your degree
project? Comments?

In which division/group etc. did you do your degree project?

How did the supervision work?

What is the biggest difference between doing the degree project in Swe-
den compared to doing it abroad?

(Are there other demands on the student; language-wise, culturally, re-
garding the supervision, socially etc.? Was there anything you felt was
missing?)

Have you ever regretted choosing to do your project degree at
CERN/ESO/JET/ESRF? (If yes, please explain why.)

Would you recommend other people to apply for a similar scholarship?

PRESENT OCCUPATION

Present address and email, if available:
What do you do today?

Did the degree project affect your choice of work place?
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3.

What did you learn while doing the degree project that you think might
be useful while working in the future?

How do you rank your knowledge and expertise compared to an interna-
tional level?

Would you consider working abroad? Why/why not?

Additional comments/addendum:

Questions to employers who have employed people who

did their degree project at CERN/ESO/JET/ESRF
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How many employees does your company/department have?
How many people on an average do you recruit every year?

How many applicants did you get for the position that XXX now
has?

Was the fact that XXX had done his/her degree project at
CERN/ESO/JET/ESRF something that you took into account when
he/she was employed?

If yes, would you please summarily describe your line of reasoning?

Do you believe that the experience XXX got from
CERN/ESO/JET/ESREF is of any importance in his/her work?

If you were to employ a person today, has the importance of having
done a degree project at CERN/ESO/JET/ESRF changed? Please de-
scribe your line of reasoning. (Would it be more or less of impor-
tance, would it be more or less positive etc.?)
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