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Preface 
 
It is an honour to present to you the ‘Strategic Plan Nikhef 2007-2012’. In this plan you will 
read about the world’s largest scientific instrument, CERN’s Large Hadron Collider (LHC), 
which will soon start smashing protons and protons head-on with an unprecedented 
energy of 14 TeV unveiling hitherto unexplored territory. Exciting research questions the 
LHC is likely to elucidate upon include: 

• Do elementary particles obtain their mass via the Higgs mechanism? 
• Why do we live in a matter dominated universe i.e. what happened with all the antimatter? 
• Are there extra hidden spatial dimensions in addition to the well-known three spatial 

dimensions? 
• Can we reproduce and study a state of our infant universe: the quark-gluon plasma? 
• What is the true nature of the 96% of our universe for which we only have a name: dark 

matter and dark energy? 
These are questions Nikhef scientists have the privilege to address the coming decade 
capitalizing on more than ten years of designing, building and commissioning sub-systems 
for three large LHC experiments: ATLAS, LHCb and ALICE. 
 
In recent years a new field of research has emerged with the objective to answer the same 
and complementary questions by studying the particles and radiation which continuously 
bombards the earth. Namely: 

• What is the nature of dark matter and dark energy? 
• What is the origin of the highest-energy cosmic rays? 
• Can gravitational waves be detected, and what do they tell us? 

Nikhef embarked upon this line of research, coined astroparticle physics, in 2000 by 
starting the ANTARES project, a neutrino telescope at the bottom of the Mediterranean 
Sea. Following the success of ANTARES, Nikhef joined in 2005 the Pierre Auger large area 
cosmic-ray Observatory (AUGER) and in 2007 the VIRGO gravitational wave 
interferometer. With ANTARES, AUGER and VIRGO all about to enter the era of data 
taking, Nikhef scientists are well positioned to make an impact in this new and exciting 
field of astroparticle physics. 
 
Nikhef’s field of research is a technology enabled discipline. In the past this has repeatedly 
led to surprising spin-offs. The World Wide Web developed by the particle physics 
community has e.g. led to a thriving internet exchange (AMS-IX) activity at Nikhef. The 
coming years Nikhef faces, together with NCF (National Computing Facilities) and NBIC 
(Netherlands Bio-Informatics Centre), the challenge to set-up a national grid compute 
facility serving not only the 
LHC community, but also 
many other research 
disciplines and industries. 
Another novelty for Nikhef 
is a production line being 
setup right now by an 
industrial partner at the 
Nikhef premises as a particle 
detector R&D spin-off. 
 
Clearly, particle - and 
astroparticle physics face an 
extremely interesting immediate future. With all six of its experimental research activities 
going online soon, Nikhef will be at the heart of the action. Beyond doubt, this is thanks to 
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Nikhef’s most important asset: the people working at Nikhef. Their concerted effort made 
Nikhef that unique laboratory I am proud of and happy to work at! 
 
Thanks to all of you! 
 
Frank Linde 
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1.1.Mission 
Throughout the 20th century immense progress 
has been made in unravelling and 
understanding the structure of elementary 
particles and fields: from the chemical elements 
to three families of quarks and leptons; from 
the classical theory of electromagnetism to 
relativistic quantum field theories culminating 
in the Standard Model of the electromagnetic-, 
weak-, and strong interactions. At the end of 
the 20th century this Standard Model not only 
very successfully described a plethora of high-
precision data from particle physics 
experiments all around the world, but also gave 
a quantitative description of the evolution of 
our own universe starting from a minute 
fraction of a second after the Big Bang until 
today, about 13.7 billion years later. Linking 
apparently completely unrelated observations 
like e.g. the abundance of the natural elements 
in our universe as observed by astronomers to 
the number of light neutrino species as 
measured in particle accelerator experiments, 
bringing together the sciences of the infinitely 
large (astronomy) and the infinitesimally small 
(particle physics), as illustrated in Fig. 1. The 
only critical ingredient of the Standard Model 
lacking experimental verification appeared to 
be the observation of the Higgs particle 
hypothesized to exist in order to explain the 
origin of the masses of all the particles in the 
Standard Model. Not surprisingly, the Higgs 
particle has become the holy grail of particle 
physics. 
Experiments, observations and theoretical 

speculations in recent years, however, have 
revealed a universe far stranger and more 
wonderful than predicted by the Standard 
Model. A universe filled with dark matter and 
dark energy, where ordinary matter (quarks and 
leptons) constitutes only a tiny fraction. A 
universe in which neutrinos oscillate, i.e. change 
flavour. A universe in which theorists, in their 
attempts to reconcile the theory of gravitation 
with the principles of quantum mechanics, 
predict the existence of curled up extra spatial 
dimensions invisible in our everyday world. 
 
Nikhef intends to confront the aforementioned 
challenges by means of an experimental 
program carried out in large international 
collaborations along two complementary lines 
of approach: 
 
- Accelerator-based particle physics: 

Experiments studying particle interactions in 
a controlled environment at the world’s 
leading particle accelerator laboratories and 
in particular at CERN. These activities will 
comprise about 70% of the Nikhef research 
budget. 
 
The key research issues for the upcoming 
ATLAS, LHCb and ALICE experiments at 
the CERN Large Hadron Collider (LHC) in 
which Nikhef participates are: the origin of 
mass (Higgs particle), matter-antimatter 
asymmetries (CP-violation in the B-system), 
the early universe (quark-gluon plasma), new 
particles and phenomena (e.g. dark matter 
candidates, magnetic monopoles or extra spatial 
dimensions) and last but not least: the 
observation of the really unexpected! 
 

- Astroparticle physics: 
Experiments studying particles (notably 
neutrinos and cosmic rays) and wave 
phenomena (gravitational waves) 
originating from the universe at carefully 
selected observatories all around world. 
These activities will comprise about 30% of 
the Nikhef research budget. 
 
The central research theme of the 
experiments Nikhef participates in (the 
ANTARES neutrino telescope, the Pierre 
Auger large area cosmic ray observatory, 
and the VIRGO gravitational wave antenna) 
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is: What is the origin of high-energy cosmic 
rays? Possible discoveries include the first 
direct observation of gravitational waves 
with VIRGO, the  indirect discovery of a 
dark matter candidate via the detection of 
monochromatic neutrinos originating from 
a (massive) point source in the universe or 
the discovery of a magnetic monopole by 
ANTARES. 

 
Table 1 shows the link between the key 
research questions and the experiments Nikhef 
participates in. The widths of the experimental 
activities are a measure of each activity at 
Nikhef i.e. ATLAS is the largest and VIRGO the 
smallest. Dream discovery scenarios for Nikhef 
include the (almost) simultaneous discovery of 
e.g. a dark matter candidate particle or a 
magnetic monopole by one of our LHC 
experiments and by one of our astroparticle 
physics experiments. 

 

 
This document presents in Chapter 2 the 
scientific research programmes -including 
theory- Nikhef plans to pursue in the coming 
decades. Chapter 3 deals with the technical 
skills and infrastructure needed to maintain and 
expand Nikhef’s strong track record in 
designing and building state-of-the-art 
experiments. Chapter 4 deals with Nikhef’s 
vision on and activities in the important areas of 
education and outreach. In Chapter 5 the funds 
required to realize this strategic plan are 
discussed as well as how Nikhef foresees to 
acquire these funds. An analysis of the 
strengths, weaknesses, opportunities and threats 
(SWOT), the (inter)national environment Nikhef 
operates in, and an organization diagram can be 
found in the appendices A, B, and C, 
respectively. This chapter concludes with a brief 
overview of the scientific considerations that 
have led to Nikhef’s research strategy. 
 
 The mission of Nikhef is to study the 

interactions and structure of elementary 
particles and fields and to coordinate and lead 
all Dutch activities in this area.  
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1.2.Research Focus 
 
Overview 
Particle physics sketches a magnificent 
perspective on the elementary constituents of 
matter and their interactions. At the smallest 
length scales investigated a rich spectrum of 
phenomena is observed. This includes strong, 
weak and electromagnetic interactions 
(collectively referred to as the Standard Model), 
each with their own intermediary particles: 
gluons, W- and Z-bosons and photons. Further 
ingredients of the theory include: the existence 
of three families of quarks with and leptons 
without colour charges, condensation of quark 
pairs in the vacuum, and confinement of 
quarks and gluons in the proton and other 
hadrons. Moreover, the strength of the 
included gauge interactions depends on the 
momentum transfer, transitions between 
quarks and neutrinos belonging to different 
families are possible, and asymmetries in the 
interactions of matter and anti-matter occur. 
Measurements at the largest length scales show 
this Standard Model to be incomplete. 
Anisotropies in the cosmic microwave 
background radiation, catalogues of 
supernovae, large galaxy red-shift surveys and 
collisions between galaxy clusters indicate the 
Universe to consist of 4% ordinary matter, 22% 
dark matter and 74% dark energy. Nevertheless, 
these and other astrophysical data yield a 
remarkable quantitative understanding of the 
evolution of the Universe from the Big Bang to 
its present state 13.7 billion years later. 
 
The Large Hadron Collider (LHC) currently 
nearing completion at the CERN laboratory 
will provide first direct information on particle 
physics at the next distance or energy scale by a 
study of proton-proton collisions at 14 TeV 
centre-of-mass energy. This will revolutionize 
our understanding of matter, forces and space. 
The discovery of the Higgs particle, assumed to 
be responsible for all Standard Model particle 
masses, will have tremendous implications, as 
this mechanism of dynamical mass generation 
implies new forms of matter, with potentially 
important implications for cosmology. The 
observation of extra spatial dimensions will 
have profound influence on attempts to 
reconcile gravity with quantum mechanics. The 

observation of new particles not predicted by 
the Standard Model could elucidate the nature 
of dark matter in the Universe. Physics beyond 
the Standard Model could furthermore manifest 
itself in precision measurements of CP-violation 
effects in heavy quark interactions at the LHC. 
Finally, heavy ion collisions in LHC will yield 
detailed measurements on a state of matter 
assumed to have filled the Universe directly 
after the Big Bang: a plasma of free quarks and 
gluons at extremely high temperatures. 
 
Next to advances in the important field of 
accelerator-based experiments there is a 
worldwide and growing interest for studies at 
the interface of particle physics and 
astrophysics, combined into the field of 
astroparticle physics. New experimental 
directions emerge which make use of particle-
physics techniques and instrumentation. 
Examples include, the ANTARES neutrino 
telescope, the Pierre Auger high energy cosmic ray 
observatory and the VIRGO gravitational wave 
antenna, each of which started operation 
recently. With such detectors hitherto 
unexplored phenomena in the Universe can be 
studied, and we get access to particles with 
energies beyond those available with 
accelerators. 
 
In particle and astroparticle physics theoretical 
developments are indispensable for both the 
formulation of research questions and the 
analysis and interpretation of experimental data. 
The Standard Model has become the solid basis 
for the whole field. Theoretical work on 
unification of the interactions, supersymmetry 
and gravity provides input for the search for 
physics beyond the Standard Model. These 
efforts address important problems in their own 
right and have a large impact on cosmology. 
 
Particle physics 
The backbone of particle physics in the 
Netherlands lies in accelerator-based 
experiments. The main focus hereof is the 
exploration of the high-energy frontier with the 
ATLAS, ALICE and LHCb experiments 
exploiting the LHC at CERN. The Nikhef 
collaboration, comprising the Nikhef research 
institute and four university groups in 
Amsterdam, Nijmegen and Utrecht, coordinates 
and oversees this Dutch participation. At 
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present, Dutch participation in accelerator 
projects beyond the LHC, like the future linear 
e+e− collider and neutrino facilities, is marginal 
and entirely limited to R&D. 
 
The Large Hadron Collider (LHC) 
During the past decade, Nikhef has made 
significant investments in the construction of 
the ATLAS, LHCb and ALICE detectors. 
Within a year’s time these experiments will go 
online to record and analyze LHC’s proton-
proton collisions. This will reveal a physics 
bonanza for many years to come. The 
highlights hereof are listed below. 
 

• Physics at the TeV scale: ATLAS 
Whereas the electromagnetic and the strong 
interactions are mediated by massless 
gauge bosons (photons and gluons, 
respectively), the weak interactions are 
mediated by the massive W+, W− and Z0 
gauge bosons. These non-zero masses are 
an indication of broken gauge symmetries. 
In the Standard Model this is explained by 
the interaction of the W- and Z-bosons with 
a condensate of scalar fields. The theory 
then predicts the existence of a massive 
neutral spin-0 particle, the Higgs boson. 
Thus far this particle -- of which the mass is 
not predicted by theory -- has not turned up 
in any experiment. The proof of its existence 
is necessary to complete the experimental 
confirmation of the Standard Model, and 
thereby elucidate the origin of symmetry 
breaking and mass generation for weakly 
interacting particles. The search for the 
Higgs boson is the most important single 
research topic in the field of particle physics 
in the coming years and is the cornerstone 
of the ATLAS programme. 
 
If the Higgs boson is not discovered at the 
LHC, the origin of symmetry breaking 
should be sought for beyond the Standard 
Model. Strong arguments in favour of the 
incompleteness of the Standard Model are: 
it does not contain a candidate particle to 
explain the apparently large amounts of 
dark matter in the Universe; it does not 
incorporate gravity; it introduces 25 
apparently arbitrary parameters (like 
coupling constants and particle masses), the 
values of which can not be explained within 

the Standard Model. A plethora of theories 
beyond the Standard Model have been 
proposed. Their predictions range from the 
existence of new particles (e.g. 
supersymmetric particles or new heavy 
gauge bosons) to the occurrence of new 
interactions or the existence of extra spatial 
dimensions. Any discovery of physics 
beyond the Standard Model is likely to 
revolutionize our understanding of nature. 
ATLAS is well positioned to study the 
validity of the various phenomena that have 
been proposed and in particular ATLAS will 
either observe supersymmetric particles or, if 
not, refute the theory of supersymmetry. 
 

• Physics with b-quarks: LHCb 
In the daily world it is taken for granted that 
processes can proceed equally well when 
mirror imaged, i.e. by interchanging left and 
right. In weak interactions, however, this is 
not the case. Indeed, the W-bosons couple 
only to left-handed spinning particles, and 
not to their right-handed spinning mirror 
imaged counterparts. This phenomenon is 
known as parity violation. In addition to 
parity violation there is a more subtle effect, 
known as CP-violation. This effect 
distinguishes between matter and anti-
matter, and is widely believed to be at the 
root of the asymmetry in the abundance of 
matter over anti-matter observed in the 
Universe. A small amount of CP-violation is 
present in the Standard Model of particle 
physics, but it is an open question as to 
whether it suffices to explain the observed 
imbalance between baryons and anti-
baryons in the Universe. As a result studies 
of CP-violation can provide a window on 
physics beyond the Standard Model. This is 
the focus of the LHCb programme. B-
mesons, and hence b-quarks, are copiously 
produced in LHC’s proton-proton collisions. 
Through online selection of B-mesons LHCb 
will be able to study CP-violating effects in 
the b-quark sector, thereby confirming the 
Standard Model or discovering signatures of 
physics beyond the Standard Model. 
 

• Relativistic heavy-ion physics: ALICE 
The theory of strong interactions provides a 
very good description of small-scale 
phenomena in collision experiments in high-
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energy physics. Phenomena at large 
distances, most notably the confinement of 
quarks and gluons inside hadrons are 
difficult to treat. Analytical and numerical 
approaches to such non-perturbative 
problems, in particular to the 
thermodynamics of quarks and gluons at 
finite temperature and density, indicate that 
at high temperature a new phase of matter 
can exist, in which quarks and gluons are 
no longer confined inside hadrons, like the 
proton. This phase is called the quark-gluon 
plasma. Cosmologists conjecture that all 
strongly interacting matter went through 
such a phase in the very early Universe, a 
fraction of a second after the Big Bang. With 
the colliding beams of heavy ions, instead of 
protons, in the LHC, the ALICE experiment 
plans to study the details of the quark-
gluon plasma. 

 
Accelerator projects beyond the LHC 
Within the context of the process leading to the 
European strategy for particle physics an 
inventory of (future) accelerator-based research 
infrastructures was made. Out of many 
opportunities in the coming decade, Nikhef 
participation will almost certainly be limited to 
the most promising one i.e. the TeV-scale linear 
e+e− collider to precisely map the high-energy 
frontier. 
 

• The linear e+e− collider 
The LHC provides the tantalising 
possibility of finding new particles and 
phenomena; as such it is the instrument of 
choice for exploring a new domain of 
physics. To chart in detail the high energy 
domain, irrespective of the initial findings 
of LHC operation, another type of 
accelerator is required. Indeed, the precise 
details of the Higgs sector or 
supersymmetric particles can best be 
measured with an e+e− collider, as the 
interactions of point-like particles like the 
electron and positron are known very 
precisely. Also, in these leptonic collisions 
there is no uncertainty in the initial state, as 
opposed to the LHC case where protons 
with a complex internal structure collide.  

 
 

 
Fig. 2. ILC proposal of the Reference Design Report 
(2007). 
 
Evidently, a linear e+e− collider should provide 
sufficiently high centre-of-mass energy and 
luminosity to produce these new particles with 
a detectable rate. The global International 
Linear Collider (ILC) community has recently 
published a Reference Design Report for a 0.5 
TeV centre-of-mass energy linear e+e− collider 
based on technology originally championed by 
the DESY laboratory near Hamburg. A less 
mature alternative technology (Compact 
LInear Collider, CLIC), advocated by the 
CERN laboratory, could deliver e+e− collisions 
at several TeV centre-of-mass energy. Nikhef is 
working on the CLIC alignment scheme and 
Nikhef has been asked to collaborate with a 
Dutch industrial partner on precision 
mechanics for CLIC. By the end of this decade, 
a technology decision will be made, taking into 
account the outcome of the ongoing CLIC 
feasibility study, the forthcoming Engineering 
Design Report for the ILC, and the first LHC 
results illuminating the TeV landscape. In 
parallel with these e+e− collider studies, a 
worldwide e+e− detector R&D programme is 
proceeding. The Time Projection Chamber 
(TPC) constitutes a crucial component of such a 
detector. Nikhef has put forward promising, 
silicon pixel-based, readout for the TPC which 
is now pursued within the context of the EU 
funded EUDET project. Nikhef expects to 
submit an e+e− funding proposal early in the 
next decennium, once the world-wide 
negotiations on the location and cost-sharing of 
the Linear Collider (ILC or CLIC) are hopefully 
well underway. 
 

Astroparticle physics 
A new interdisciplinary research domain is 
emerging at the interface of physics and 
astronomy. This field of research, which is 
known as astroparticle physics, is addressing a 
number of issues that may revolutionize our 
scientific view of the Universe. These issues 



 

 12 

include questions on the nature of dark matter 
and dark energy, the origin of ultra-high 
energy cosmic rays, the large-scale structure of 
the Universe, and the existence and exploration 
of gravitational waves. 
  
Since 2004 a new astroparticle physics research 
community is emerging in the Netherlands, in 
which four research institutes (ASTRON, KVI, 
Nikhef and SRON) and six university groups 
(in Amsterdam, Groningen, Leiden, Nijmegen 
and Utrecht) participate. In 2005 the Committee 
for Astroparticle Physics in the Netherlands (CAN) 
has prepared a long-range plan proposing to 
focus research in this new field on the study of 
the origin of ultra-high energy cosmic rays in a 
multi-messenger approach [2]. In practice this 
means that neutrinos, radio signals and 
gravitational waves are used to study the 
unknown origin of cosmic rays. This 
programme has the potential to make several 
ground-breaking discoveries that include the 
observation of dark matter relics, the 
identification of cosmic ray point sources and 
the detection of gravitational waves. 

• Deep-sea neutrino detection: ANTARES and 
KM3NeT 
Neutrinos abound in the Universe. In 
addition to the expected background of 
low-energy cosmic neutrinos, intermediate 
and high-energy neutrinos are produced 
abundantly in stars and in large numbers in 
supernovae. It has been proposed – but 
never verified - that neutrinos are produced 
in high-energy jets associated with active 
galactic nuclei, and that they may result 
from the annihilation of particles thought to 
be the constituents of dark matter in the 
Universe. Such neutrinos can thus provide 
new information about the Universe. 
 
The quest for high-energy neutrinos and 
their origin has led to a worldwide effort to 
develop neutrino telescopes, such as the 
ANTARES project in the Mediterranean Sea 
that started to collect data in March 2006 
with its first fully equipped detector line. 
Following this success, an European funded 
design study for a kilometre sized neutrino 
telescope, KM3NeT, that will surpass the 
sensitive volume of ANTARES by a factor 
of 20 has been initiated. The KM3NeT 
project is part of the ESFRI authorized 

prestigious European roadmap for research 
infrastructures [3]. 

• Radio detection of cosmic rays: Pierre-Auger 
and LOFAR 
The information that is presently available 
on high-energy cosmic rays is largely limited 
to observation of electrons and muons in 
extensive air showers reaching the surface of 
the Earth. Given the unknown origin of 
cosmic rays and the poorly understood 
acceleration mechanisms leading to ultra-
high energy cosmic rays, additional 
measurements need to be carried out. The 
nature of the particle showers must be 
studied and reliable measurements of ultra-
high energy cosmic rays are required. 
 
The Netherlands is in a unique position to 
contribute to both questions. The LOFAR 
radio synthesis telescope under construction 
in Drenthe offers the opportunity to carry 
out radio observations of extensive showers 
occurring in the Earth’s atmosphere or in the 
rim of the Moon. Once the LOFAR telescope 
comes on line, it will be possible to study 
radio signals of cosmic rays with energies up 
to 1018 eV in the Earth’s atmosphere and far 
beyond 1021 eV if they hit the surface of the 
Moon. 
 
The Netherlands can also contribute to the 
study of the highest energy cosmic rays, 
through the Pierre Auger collaboration, 
which is building an observatory in 
Argentina to measure cosmic rays. An 
important issue is the existence of cosmic 
rays with energies in excess of 5×1019 eV. If 
such cosmic rays are observed, there must 
either be a very nearby (at cosmic scales) 
source, or our basic understanding of the 
relevant physics is wrong. By extending the 
detector with radio stations e.g. of the 
LOFAR type, the Dutch astroparticle physics 
community will contribute a novel technique 
which is complementary to the presently 
used air- fluorescence detectors. 

• Gravitational-wave detection: VIRGO and 
LISA 
Gravitation plays a central role in the 
evolution of the Universe. It is well 
described by general relativity, but it is 
unclear how general relativity acts at the 
quantum level, and hence its immediate 
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impact on models of the early Universe is 
uncertain as well. One of the predictions of 
general relativity -so far confirmed only 
indirectly- is the existence of gravitational 
waves. Hence, the question emerges 
whether we can actually observe 
gravitational waves, and, if so, whether 
their observation can be exploited to 
address open questions in astroparticle 
physics. 
 
In line with the strategic plan for 
astroparticle physics in the Netherlands, 
Nikhef has taken the initiative to form a 
research group in the area of gravitational-
wave detection. This group has been invited 
to participate in the VIRGO collaboration, 
and is preparing participation -together 
with the Dutch institute for space research 
SRON- in the LISA gravitational-wave 
mission. VIRGO is in the commissioning 
phase, first results are expected in the 
coming five years. The LISA space mission 
is foreseen for the end of the next decade. 

 
Theoretical physics 
Theoretical particle physics deals with the 
conceptual underpinnings of particle and 
astroparticle physics in the broadest sense, on 
the one hand exploring new concepts and ideas 
related to the elementary constituents of matter 
and force, and on the other hand, inspiring 
experimental verifications of these ideas thus 
enabling the detailed comparison between 
theoretical concepts and real measurements. 
Central themes in present-day research are the 
physics of the Standard Model and what lies 
beyond, unification of gravity and quantum 
mechanics, and the origin and evolution of the 
Universe. This research is covered by two FOM 
programmes. 
 
The community, two research institutes (KVI 
and Nikhef) and six university groups (in 
Amsterdam, Groningen, Leiden, Nijmegen and 
Utrecht), has set up the FOM network Theoretical 
High Energy Physics. In 2006 this network 
prepared a strategic plan [1] with three central 
research themes: 

1. Phenomenology; 
2. Theoretical cosmology; 
3. String theory and quantum gravity. 

These themes are chosen for their scientific 

promises as well as their interconnected ideas 
and goals, and are in line with current and 
foreseen research ambitions in the international 
arena. By its nature, phenomenologists and 
experimenters have usually a mutually fruitful 
cooperation. Theoretical cosmologists are well 
acquainted with the experimental astroparticle 
physics community. String theorists encourage 
LHC experimentalists to speculate about 
revolutionary discoveries: e.g. the existence of 
extra dimensions or the observation of mini 
black holes. 
 

• Phenomenology 
Phenomenology is the interface between 
theoretical and experimental physics. From 
the confrontation of theoretical ideas with 
data a bi-directional dynamics emerges: 
intriguing data can inspire theoretical 
innovations while compelling ideas can 
stimulate new experiments. For example, the 
comparison of precise data from the LEP 
experiments at the CERN laboratory with 
higher-order calculations within the 
Standard Model, narrowed the allowed 
range of the top-quark and Higgs-boson 
mass - the top quark was soon after 
discovered at the Tevatron in the predicted 
mass range. 
 
In the next decade opportunities in 
phenomenology are particularly exciting, 
because the LHC is about to come online, 
accessing a new, unexplored energy regime. 
A host of tantalizing analyses (identification 
of the Higgs particle, searches for new 
particles and/or phenomena like the 
formation of a quark-gluon plasma or the 
existence of extra dimensions) crucially 
depend on precise determinations of signal 
and background rates for a large variety of 
observables explored in the LHC 
experiments. Physics beyond the Standard 
Model could also manifest itself indirectly at 
low-energy experiments, through virtual 
contributions, such as minute CP-violating 
effects as predicted by supersymmetric 
models. In both areas, the Netherlands is 
able to continue the strong track record set 
already in the past with LEP and Tevatron 
related phenomenology. 
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• Theoretical cosmology 
Cosmology aims to describe the temporal 
and spatial evolution of the Universe from 
its origin, the Big Bang, to the large-scale 
structures as we observe them now. Based 
on experimental data and intellectual 
ingenuity, cosmologists have put forward 
revolutionary concepts such as the existence 
of dark matter, dark energy and inflation (an 
epoch of highly accelerated expansion in the 
early Universe). The focal point of 
theoretical cosmology in the Netherlands is 
to develop cosmological models that 
include inflation, and that are supported by 
particle physics and well motivated within 
supergravity and string theory. 
Comparisons with data like the cosmic 
microwave background and eventually the 
detection of primordial gravitational waves 
with the LISA laser interferometer in space, 
will restrict inflationary scenarios. These 
models can be narrowed down further 
through the study of relic particles and 
cosmic defects, which in turn are 
constrained by the limits set by 
observations of ultra-high energy cosmic 
rays and neutrinos with the Pierre Auger 
and ANTARES observatories, respectively. 
Because of several recent strategic 
appointments, because of historical 
strengths in phenomenology, string theory 
and quantum gravity, and because of close 
ties with experimentalists, Dutch 
cosmologists can make a real impact in this 
field. 
 

• String theory and quantum gravity 
About two decades ago string theory 
emerged as a candidate for a unified 
description of all the forces. Since then it has 
developed into a broad framework that 
connects a wealth of topics ranging from 
high-energy physics to cosmology, from 
condensed matter to quantum gravity. 
String theory distinguishes four promising 
directions for future research that are 
strongly cross linked: the foundations of 
string theory, quantum gravity and black 
holes, string phenomenology, and string 
cosmology. String theory suggests exciting 
possibilities, such as the discovery of ‘large’ 
extra dimensions and the production and 
subsequent evaporation of mini black holes 

in forthcoming proton-proton interactions at 
the LHC. String theory also has promising 
connections to cosmology. Ill-understood 
cosmological phenomena such as inflation, 
dark matter, dark energy and trans-
Planckian effects in the cosmic microwave 
background spectrum can be naturally 
addressed, and possibly clarified from a 
string-theory perspective. 
 
String theory and quantum gravity are 
worldwide the hottest research direction in 
theoretical physics. In spite of being 
represented by a relatively small number of 
theorists in this global setting, the 
Netherlands has a disproportionately large 
impact e.g. in black-hole physics, 
holography, string phenomenology, 
topological strings and non-pertubative 
approaches to quantum gravity. 
 

Summary & (new) FOM programme directions 
Recently, roadmaps or strategy papers, with 
Nikhef involvement, have been published by 
the European particle [5] and astroparticle 
physics communities [6]. They sketch a wealth 
of exciting research opportunities some of which 
extend well beyond 2020. Most of these research 
opportunities surpass the timescale of the FOM 
Strategic Plan 2004-2010 and the official 
timescale of the present Strategic Plan Nikhef 
2007-2012. In the preceding sections we 
highlighted the experimental projects Nikhef is 
already enrolled in: the ATLAS, LHCb and 
ALICE experiments at the LHC and the 
astroparticle physics experiments 
ANTARES/KM3NeT, Pierre Auger/LOFAR 
and VIRGO/LISA. We also emphasized the 
importance of having an in-house theory 
department. The following approved FOM 
programmes support these research activities at 
Nikhef (end dates in parentheses; also see 
Figure): 
   

• ANTARES: A cosmic neutrino observatory 
(2007); 

• Theoretical subatomic physics (2007); 
• String theory and quantum gravity (2009); 
• ALICE (CERN): Quark-gluon plasma 

(2013); 
• Study of charge-parity violation with the 

LHCb experiment at CERN (2014); 
• Exploration of new phenomena at the highest 
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energy frontier with D0 and ATLAS 
(2015). 

 
The ATLAS, LHCb, and ALICE programs 
allow to exploit (manpower and running costs) 
LHC data taking until about 2015. The only, 
relatively minor, additional investment for 
these programmes will be a possible upgrade of 
the innermost detector layers of LHCb and/or 
ATLAS in view of radiation damage. 
Depending on the physics harvest, the LHC 
might undergo a luminosity or energy upgrade 
in 2015. In that case, a request for a substantial 
extension of the ATLAS programme will be 
submitted. 
 
If the Netherlands wants to maintain an 
important role in the new and exciting field of 
astroparticle physics, new FOM programmes in 
this area are mandatory. The first priority is to 
maintain a strong Dutch presence in the 
ANTARES/KM3NeT neutrino observatory. 
The next priority is a participation in the Pierre 
Auger large area cosmic ray observatory in 
particular in view of its synergy with the large 
Dutch LOFAR project. Therefore we recently 
submitted a FOM programme proposal titled: 
The origin of cosmic rays which, if approved, 
allows us to continue our participation in 
ANTARES and Pierre Auger. We also 
submitted a so-called NWO-groot proposal for 
KM3NeT investment funds. Depending on the 
developments and the political climate we 
might submit eventually a FOM programme on 
gravitational waves to consolidate our role in 
VIRGO and LISA. 
 
The theoretical physics community is in dire 
need of new FOM programme funding. They 
submitted a FOM proposal titled: From CMB to 
LHC: theoretical particle physics at the new frontier. 
This deserves top priority, both because 
theoretical particle physics in the Netherlands 
has a long tradition and an excellent reputation 
(e.g. 1999 Nobel prize for Veltman and ‘t Hooft) 
and because a FOM theory programme 
provides good value for money: the expensive 
permanent staff is largely paid for by 
universities while the FOM programme money 
pays for PhD students, postdocs and travel. No 
technical support is required. 
 
On a longer time scale there is a world-wide 

consensus that the next global accelerator 
project will be a linear e+e− collider with a 
centre-of-mass energy of about a TeV. Nikhef 
intends to submit a FOM programme to exploit 
this facility as soon as the realisation of this 
facility appears plausible. 
 
Finally, it must be stressed that the desired 
Dutch involvement sketched above is not 
limited by a lack of high-quality (European) 
project proposals, but by available funds. E.g.: 
 

• Nikhef does not participate in any of the 
low-background experiments at deep-
underground laboratories aimed at the 
observation of e.g. neutrinoless double bèta 
decay or the direct detection of dark matter; 

• Nikhef does not participate in any of the 
experiments studying the low-energy solar 
neutrino flux and thereby regretfully missed 
the most important recent particle physics 
discovery: the phenomena of neutrino 
oscillations, the indirect proof of the non-
zero masses of the neutrino’s; 

• Nikhef does not foresee to pursue any 
experimental activity at dedicated, low-
energy and high-luminosity, e+e− colliders 
like φ-, tau/charm- and B-factories; 

• Despite a minor contribution to the Muon 
Ionization Cooling Experiment (MICE), 
Nikhef does not expect to embark on the 
study of CP-violation in the leptonic sector 
with long baseline experiments at high-
intensity neutrino beams. 

 
Instead, in the field of accelerator-based 
experiments, Nikhef decided to focus activities 
in the immediate future on the LHC and in the 
longer run on the future e+e− linear collider. In 
the field of astroparticle physics Nikhef decided 
to study the origin of ultra-high energy cosmic 
rays in a multi-messenger approach using 
neutrino’s (ANTARES and KM3NeT), radio 
signals (Pierre Auger and LOFAR), and 
gravitational waves (VIRGO and LISA). Budget 
wise we foresee accelerator-based activities to 
comprise 70% and astroparticle physics to 
comprise 30% of Nikhef’s research activities.  
 
References 
1. Theoretical Particle Physics, Focusnotitie, 

December 2006. 



 

 16 

http://www.fom.nl/live/overfom/netwer
ken/wetenschappelijke_netwerken/hth_ne
twerk.pag 

2. Strategic Plan for Astroparticle Physics in 
the Netherlands, September 2005. 
http://www.astroparticlephysics.nl/paper
s/APP-4.0.pdf 

3. European roadmap for research 
infrastructures, 2006. 
ftp://ftp.cordis.europa.eu/pub/esfri/docs
/esfri-roadmap-report-26092006_en.pdf 

4. Roadmap for Construction of Nucl. Phys. 
Research Infrastructures in Europe, 2005. 
http://www.nupecc.org/pub/NuPECC_R
oadmap.pdf 

5. The European strategy for particle physics, 
July 2006. 
http://council-
strategygroup.web.cern.ch/council-
strategygroup/Strategy_Brochure.pdf 

6. Astroparticle Physics in Europe, A 
Roadmap, January 2007. 
http://ptweb.desy.de/appec/Roadmap-
Phase1.pdf  



 

 17 

2. Physics Programmes  
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2.1.Accelerator-based Particle 
Physics at the LHC 
 
The Large Hadron Collider (LHC) is currently 
under construction in a 27-kilometer ring, 
formerly used to house the LEP collider, buried 
deep below the countryside on the outskirts of 
Geneva, Switzerland. When its operation 
begins in 2008, the LHC will become the world 
most powerful particle accelerator, after 
commissioning at the nominal energy of 7 TeV. 
High-energy protons in two counter-rotating 
beams will be smashed together in a search for 
signatures of supersymmetry, dark matter and 
the origins of mass. 

 
Fig 1. The accelerator chain of LHC , with a Linear 
Accelerator for protons or ions, the Proton 
Synchroton (PS) and the Super Proton Synchroton 
(SPS). 
More specifically, the physics questions are: 

• Is the popular Higgs mechanism for 
generating elementary particle masses in the 
Standard Model indeed working? How 
many Higgs bosons are there, and what are 
their masses? 

• Will the more precise measurements of the 
masses of produced particles continue to be 
mutually consistent within the Standard 
Model? 

• Do particles have supersymmetric 
("SUSY") partners? 

• Why are there apparent violations of the 
symmetry between matter and antimatter? 

• Are there extra dimensions, as predicted by 
various models inspired by string theory, 
and can we "see" them? 

• What is the nature of dark matter and dark 
energy? 

• Why is gravity so many orders of 
magnitude weaker than the other three 
fundamental forces? 

 
The LHC beams are made up of bunches 
containing billions of protons. Traveling just 
below the speed of light they will be injected, 
accelerated, and kept circulating for hours, 
guided by thousands of powerful 
superconducting magnets. When the collider is 
first commissioned, it will be operated with 
fewer bunches, to give a bunch crossing interval 
of 75 ns. The number of bunches will later be 
increased to give a final bunch crossing interval 
of 25 ns. 
 
For most of the ring, the beams travel in two 
separate vacuum pipes, but at four points they 
collide in the hearts of the main experiments, 
known by their acronyms: ALICE, ATLAS, 
CMS, and LHCb. The experiment detectors will 
watch carefully as the energy of colliding 
protons transforms fleetingly into a plethora of 
exotic particles. The experiments are located 
underground, in large caverns excavated at the 
LHC's intersection points.  The detectors could 
see up to 600 million collision events per second, 
with the experiments scouring the data for signs 
of extremely rare events such as the creation of 
the much-sought Higgs boson. 
 
The LHC can also be used to collide heavy ions 
such as lead (Pb) with a collision energy of 1,150 
TeV. Although the LHC physics program is 
mainly based on proton-proton collisions, 
running periods of about one month per year 
with heavy-ion collisions are included in the 
programme.  
 
The size of the LHC constitutes an exceptional 
engineering challenge with unique safety issues. 
While running, the total energy stored in the 
magnets is 9.4 GJ, and per beam, 360 MJ. Loss of 
only 10% of the beam is sufficient to quench a 
superconducting magnet, while the beam dump 
must absorb an energy equivalent to a typical 
air-dropped bomb.  
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.  
Fig. 2. LHC dipole  magnet installation. 
 
On March 27, 2007, there was an incident 
during a pressure test involving one of the 
LHC's inner triplet magnet assemblies 
provided by Fermilab and KEK. No people 
were injured, but a cryogenic magnet support 
broke. Analysis revealed that its design, made 
as thin as possible for better insulation, was not 
strong enough to withstand the forces 
generated by a sudden shutdown. Repairing 
the broken magnet and reinforcing the eight 
identical copies used by LHC caused a 
postponement of the planned November 26, 
2007 startup date to early 2008. A revised 
schedule is expected soon. 
 
A luminosity upgrade of the LHC, called the 
Super LHC, has been proposed, to be made 
after ten years of LHC operation. The optimal 
path for the LHC luminosity upgrade includes 
an increase in the beam current (i.e., the 
number of protons in the beams) and the 
modification of the two high luminosity 
interaction regions, ATLAS and CMS.   
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2.1.1.Physics at the TeV scale: 
ATLAS 

 
Introduction 
The formulation and experimental 
consolidation of the Standard Model of particle 
physics is one of the major scientific 
achievements of the past 30 years. The 
Standard Model unites electromagnetism and 
weak nuclear interactions, like those in β-decay, 
in a consistent quantum field theory. 
Furthermore, it contains a quantum theory of 
strong nuclear interactions, and a model of the 
properties and interactions of quarks (the 
constituents of protons and neutrons) and 
leptons (like the electron and the neutrino), 
organized in three families. 
 
Central to the Standard Model is the Higgs 
mechanism: interactions of the electroweak 
gauge bosons with a scalar field with a non-
zero value in the vacuum spontaneously break 
the underlying symmetry, and give mass to the 
W and Z bosons. In parallel, Yukawa couplings 
of the Higgs field give mass to the fermions. 
Experimental data from LEP are consistent 
with a relatively light Higgs boson, in the 114-
200 GeV range, but further experimental details 
are lacking. Clearly, confirming the Higgs 
mechanism by finding the Higgs boson and 
studying its properties is important and, in a 
certain sense, the completion of the Standard 
Model. 
 
Nevertheless, the Standard Model is not a 
complete and definitive theory of all 
interactions of fundamental particles, and 
leaves a number of questions unanswered. We 
need to understand more about the deep origin 
of symmetry breaking (including the possibility 
of a more complicated Higgs sector), the gauge 
structure of forces, the family structure of 
quarks and leptons and the underlying 
symmetries, and quantum gravity. As potential 
answers to these questions, theoretical models 
have emerged: Grand Unified Theories (to 
extend Maxwell’s unification to all gauge 
interactions), supersymmetry (to complete the 
set of mathematically allowed symmetries of 
space-time), large-scale extra dimensions, and 
dynamical frameworks for electroweak 
symmetry breaking, such as technicolour and 

little-Higgs models. Furthermore, recent 
dramatic advances in cosmology have led to a 
new and surprising picture of our universe, in 
which the majority of its energy is contained in 
dark matter and dark energy. It is the task of 
particle physics to explain this dark matter and 
dark energy in terms of fundamental fields. 
 
There are both theoretical and experimental 
reasons to assume that first answers to these 
questions can be found in experiments at an 
energy scale of the order of one TeV (1012 eV). 
The energy scale of electroweak symmetry 
breaking is a few hundred GeV, and the Higgs 
boson is not expected to be more massive than 
that. Higgs production and decay is well 
calculable in the Standard Model, and if no 
Higgs boson is observed, the Standard Model at 
this energy scale will have been proven to be 
invalid. A puzzle in the Standard Model is the 
stability of the Higgs boson mass against 
radiative corrections: either incredible fine-
tuning or unknown processes that protect the 
Higgs boson mass, are needed. Various models 
of such “new physics” exist, predicting 
observable effects at the TeV scale. Large extra 
dimensions may exist, or new particles from 
extended symmetries as present in Grand 
Unified Theories. Especially interesting is 
supersymmetry, which postulates the existence 
of bosonic partners of the Standard Model 
fermions, and fermionic partners of the 
Standard Model gauge bosons. These partners 
protect the Higgs mass, but only if they are not 
heavier than a few TeV. 
 
The existence of dark matter in the universe is 
now well established, and viable models predict 
that this dark matter consists of particles of a 
mass in the range 50 GeV – 1 TeV, interacting 
with cross sections that are typically identical to 
weak cross sections in the Standard Model. The 
lightest stable supersymmetric particle is a 
prime candidate for dark matter, but also other 
candidates may be detected at the TeV scale. 
 
The Large Hadron Collider (LHC) is a proton-
proton collider at a centre-of-mass energy of 14 
TeV, currently under construction at CERN, 
Geneva. The ATLAS collaboration is 
constructing a general-purpose detector for 
LHC, with excellent capabilities to study the 
physics questions mentioned above. At the LHC 



 

 21 

we will be able to directly produce new 
particles, if they exist, and study them. This is 
essential in the unravelling of nature’s riddles, 
and for the interpretation of results of 
complementary facilities like high precision 
experiments at lower energy, or astroparticle 
physics experiments.  
 
Programme: past 5-10 years  
Nikhef is one of the founding members of the 
ATLAS collaboration. We have performed R&D 
for the muon detection system, and constructed 
all 96 precision muon chambers of the largest 
type in the central part (barrel), transported 
them to CERN, tested and installed them. 
During 2007, their performance will be tested 
with muons from cosmic rays. For read-out of 
the muon system, we have designed and 
produced electronics; we are also involved in 
alignment and monitoring. For the ATLAS 
inner detector, we have assembled at Nikhef 
one complete section of the silicon strip 
detector, which involved production of a part 
of the detector modules, significant precision 
mechanical work on the carbon-fibre carrier 
discs, mounting of services and detector 
modules, and testing under ATLAS-like 
conditions. The detector is now installed in 
ATLAS, and being commissioned. We play a 
significant role in track reconstruction software 
(calibration, pattern recognition and track 
fitting) for the inner detector and the muon 
system, in computing operations, software 
validation, and physics analysis. We have 
provided technical assistance to the pixel 
detector construction, and we have designed 
and produced magnetic field sensors. 
 
Nikhef joined the D0 experiment at the 
Tevatron and Fermilab in 1998. Participation in 
D0 has been valuable for our knowledge on 
Monte Carlo generators, advanced analysis 
techniques, reconstruction software, b-quark 
tagging techniques, top-quark physics, and 
Grid computing. 
 
Programme: future 
The main emphasis in the period 2007-2012 will 
be on the full exploitation of the LHC physics 
potential, which includes establishing reliable 
operation and data taking, followed by data 
analysis. In parallel, we look ahead to possible 
upgrades of some of the elements of ATLAS, 

and perform R&D with the aim to be able to 
make a detector that can handle the upgrade 
requirements. Our activities in D0 will be scaled 
down. 
 
LHC physics exploitation 
The LHC is scheduled to provide first collisions 
at 14 TeV in the middle of 2008, and to run to at 
least 2015. The luminosity will steadily increase 
to a maximum of 2 x 1033 cm-2s-1 for the first 
three years, in which ATLAS expects to collect 
30 fb-1 of data. Subsequently, LHC is expected to 
be able to provide a luminosity of 1034 cm-2s-1 for 
three more years, and in this `high luminosity’ 
phase ATLAS will collect 300 fb-1 of data more. 
Besides physics analysis, LHC exploitation also 
includes detector calibration, optimization, and 
maintenance.  
 
Already in the first three years, a very 
significant physics potential is present. This 
includes sensitivity to the Standard Model 
Higgs boson over its full allowed mass range, 
and large opportunities for searches for new 
physics. The initial challenge will be to get the 
detector and trigger/DAQ system operational, 
as well as the processing of large quantities of 
data on the Grid. The detector will need to be 
calibrated and aligned, and the reconstruction of 
objects like tracks, jets, leptons, etc. understood 
and optimized. Apart from samples of W and Z 
bosons, the Nikhef group has pioneered the use 
of top-quark pair-production events for such 
studies. Our analysis focuses on Higgs searches 
and searches for new physics, in two 
complementary ways. 
 
Firstly, muon detection is likely to be relatively 
fast understood, and provides a way to look for 
Higgs bosons in channels like H? ZZ? 4µ, or 2µ 
and two other objects, or to search inclusively 
for new physics in µ+jets+ETmiss final states, as 
predicted by supersymmetry. We will select 
large samples of Z? µµ events on the way for 
detector performance studies. 
 
Secondly, topologies like those in top-quark 
pair-production events are not only useful for 
calibration, but provide a way to study tt+jets 
final states as a road to search for Higgs bosons 
in the ttH(? bb) final state. Furthermore, such 
topologies are also similar to those in 
supersymmetry searches, for example in the 
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search for stop squarks. On the way, we expect 
to perform interesting top quark physics. 
 
The choice of these topics follows our hardware 
contributions (muons from the muon 
chambers, tracks, vertices and b-tags in top-pair 
events from the silicon strip detector), but we 
will also need to understand jets, electrons, 
tau’s, and missing transverse energy. 
Significant effort will be spent on minimizing 
the reliance on simulation, and extract as much 
as possible from the data. The top-quark 
physics results (mass, cross sections, 
production and decay dynamics, resonances) 
are virtually guaranteed, a Higgs discovery is 
expected, and we may be able to see new 
physics. In the latter cases, we will measure the 
properties of the discovered particles. 
There are many more models for new physics 
than supersymmetry, and we will ensure that 
the searches for new physics are as generic and 
efficient as possible. Finding the Higgs boson 
will be a major success for the Standard Model, 
finding new physics beyond the Standard 
Model will revolutionize particle physics. 
 
The ATLAS detector is designed to collect 300 
fb-1 of luminosity, but the performance of the 
inner layer (B-layer) of the current pixel 
detector will be compromised earlier by 
radiation damage caused by particles from the 
interaction point. Therefore, this layer will need 
to be replaced around 2012. For the data 
analysis at high luminosity, the overlap of 
typically 20 events per bunch crossing poses 
challenges to the event reconstruction. 
Nevertheless, with 300 fb-1 ATLAS will be able 
to do first measurements of Higgs boson 
couplings, and extend the discovery potential 
for new physics.  
 
The LHC is expected to continue to run  well 
beyond 2015. Since longer running with the 
same luminosity will not significantly improve 
results, CERN is studying how to upgrade the 
LHC luminosity by a factor 10, to 1035 cm-2s-1; 
this is known as the Super LHC (SLHC). 
The physics motivation for SLHC, with 3000 fb-

1, lies mainly in measurements that are 
statistically limited at the nominal LHC. These 
include Higgs couplings to gauge bosons and 
fermions, Higgs self-couplings, and rare Higgs, 
top- and b-quark decays. If no Higgs boson 

exists, WW scattering at high energy must be 
measured, this is also statistically limited at the 
nominal LHC. Furthermore, a tenfold 
luminosity increase provides a new physics 
discovery potential that is typically 30% larger 
than at the nominal LHC. The consequences of 
SLHC for ATLAS are severe: a tenfold increase 
in the luminosity will demand changes in the 
layout of the experiment. The current inner 
detector must be replaced after 300 fb-1 in any 
case, but for SLHC it must be replaced 
completely by a detector that is more radiation 
hard, and finer segmented. Other subdetectors 
and the trigger must be upgraded too. A 
decision on SLHC will not be taken until first 
results from the nominal LHC are available. 
 
R&D for a detector upgrade 
Upgrades for ATLAS fall in two categories: 
relative small subdetector upgrades such as the 
pixel B-layer upgrade mentioned earlier, and 
large scale projects to prepare ATLAS for a 
higher luminosity accelerator, to be operational 
beyond 2015. Although no decision on the 
SLHC has been taken, the challenges for a 
detector at the SLHC are so large that R&D has 
to be started now in order to be ready by 2015. 
At Nikhef we are focusing on technology for a 
new inner detector for ATLAS at the SLHC, but 
we also want to contribute to the smaller scale 
pixel B-layer upgrade earlier, possibly with that 
same technology. We envisage the following 
projects: 

• GOSSIP: a gas gain grid on a slimmed CMOS 
pixel detector, further explained in the R&D 
chapter of this document. This detector 
could be an accurate, thin, low-power and 
radiation-hard tracking detector; 

• R&D for a pixel detector upgrade. In 
particular, new readout chips need to be 
designed; 

• Evaporative cooling of the ATLAS inner 
detector with CO2, rather than with carbon-
fluor compounds. This promises a cooling 
system with less material, more stable, 
colder, and environmentally neutral; 

• Design of rigid, light and modular support 
structures for a new inner detector, and after 
a positive decision on construction: 
production of modules; 

• We will further investigate what parts of the 
muon chamber readout electronics, and the 
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trigger/DAQ system will need to be 
upgraded. 

There is a good synergy between the R&D we 
envisage for a detector upgrade and work 
already done at Nikhef for the LHCb 
experiment, as well as R&D for a detector for a 
linear collider. 
 

Beyond (S)LHC 
Beyond the LHC, physics at the TeV scale can 
be achieved at other facilities that are now on 
the drawing board: linear colliders, or a muon 
collider. Of these facilities, the plans for a linear 
electron-positron collider (ILC) at an energy of 
0.5 to 1 TeV are most advanced. Where the 
LHC is a discovery machine, the ILC can 
perform precision measurements of 
fundamental parameters, and may be able to 
shed more light on the interpretation of LHC 
discoveries. A further discussion can be found 
in the introductory chapter of this document. 
 
International position and ambition 
ATLAS is a collaboration of 161 institutes from 
35 countries. Nikhef has the ambition to take a 
leading role in ATLAS data taking and analysis 
and in R&D for an upgrade. This ambition is 
reflected in the following facts. At the SARA 
computing centre, we have established a full-
scale Tier-1 data analysis centre. We take active 
leadership roles in ATLAS: Nikhef physicists 
are (or have been) top-quark physics group 
convener, combined muon performance group 
convener, computing operations coordinator, 
software validation coordinator, detector 
upgrade coordinator for SLHC, member of the 
publications committee, and editors of physics 
performance notes. We foresee to keep playing 
such roles in the future. The technical expertise 
of Nikhef is widely recognized in ATLAS, as 
proven by our work on muon chambers, the 
silicon strip detector, the pixel detector, and the 
data acquisition system. 
 
Knowledge Transfer and Partnerships 
Within the Netherlands we collaborate with the 
Radboud Universiteit Nijmegen on data 
acquisition electronics for the muon chambers, 
and on a beam telescope made with GOSSIP 
cells. With the Technical University in Twente 
we have good contacts with the MESA+ 
institute in wafer processing technology for 
GOSSIP. 

 
Outside ATLAS, the CMS collaboration is also 
showing interest in the development of GOSSIP 
as a gaseous vertex detector and we will seek 
collaboration with PSI in Villigen, Switzerland. 
Within ATLAS, there is also interest from the 
University of Bonn to cooperate. It is likely that 
activities on front-end electronics for future 
pixel detectors will require collaboration with 
CMS. 
 
For the development of CO2 cooling we will 
seek partnerships with industry, and we 
collaborate with the Nikhef LHCb group, which 
has gained significant know-how on CO2 
cooling. 
 
Outreach and education are important elements 
of the ATLAS experiment. Thousands of visits to 
the ATLAS pit are made each year, by the 
general public as well as by school classes. A 
programme of learning particle physics by 
analyzing ATLAS events is being developed for 
high school and university students. Several 
movies have been made, as well as material for 
science museum exhibitions.  
 
New Investments  
New investments are related to the activities for 
a detector upgrade. In the R&D phase these 
investments are modest; they are included in the 
detector R&D chapter of this document or they 
are funded from the running budget. If we are 
going to produce detector components for an 
ATLAS upgrade at Nikhef, an “NWO-groot” 
investment grant will be requested. We note that 
in this case, also the FOM ATLAS programme 
must be extended. We are considering to apply 
for an “NWO middelgroot” grant to strengthen 
our technical infrastructure. 
 
Personnel  
ATLAS data analysis will be performed by 
physicists: PhD-students, postdocs and staff. 
They will be funded from the programme 
exploitation budget as well as from further 
project-oriented funding sources, such as FOM 
projectruimte, NWO grants and EU 
programmes (FP7/Marie Curie). In order to get 
the detector operational, help from the 
computing, electronics, and mechanical 
workshop departments is required. It is 
expected that every year, the LHC accelerator 
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shuts down in the winter for about four 
months. During these months, detector 
maintenance and repair must be performed; we 
expect to need four technicians for this purpose 
during four months, every year. 
 
The R&D activities for a detector upgrade will 
be guided by 6 staff physicists (part-time). In 
the period 2007-2009, when the emphasis will 
be on design and prototyping, we expect to 
need 4 FTE electronics engineers (DAQ and 
chip designers), 2 FTE designers, and 4 FTE 
technicians (cooling, pixel). If the upgrade is 
approved and detector production will be 
performed at Nikhef from 2010 onwards, we 
expect to need 1 FTE electronics engineer, 3 
FTE designers, and 7 FTE technicians. 
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Figure 1: Nikhef technicians working on the ATLAS 
pixel detector. 

Figure 2: Significance of a Higgs boson discovery in 
ATLAS as a function of the Higgs boson mass, for 30 
fb-1 of data, in various search channels. 
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2.1.2.Physics with b-quarks: LHCb 
 
Introduction 
A complementary way to look for 
manifestations of physics beyond the 
Standard Model is to exploit the quantum 
nature of elementary particle physics. 
Particles that are (far) too massive to be 
directly produced can manifest themselves in 
quantum loops occurring in lower energy 
processes. A well known example of such an 
effect is the prediction of the mass of the 
heavy top quark (in 1987 from the 
observation of B0-mixing in the Argus 
experiment as well as from precision 
measurements of the Z particle decay at 
LEP). 
Due to the suppressed strength of the 
Standard Model coupling between quarks of 
the second and third generation, b-quarks 
decay relatively slow, and so-called virtual 
contributions from new particles can play a 
relatively large role. For example the decay 
rate of a B meson into two muons is strongly 
suppressed in the standard model, but can be 
amplified due to the contribution of 
supersymmetric Higgs particles. 
Due to the fact that quantum interference of 
several processes can occur in B decays the 
complex nature of coupling constants can be 
studied. The BaBar and Belle experiments 
have observed that the coupling constants of 
the weak force between quarks indeed have 
complex values; i.e. the interaction involves 
an irreducible complex phase. The presence 
of such a complex coupling constant is 
required in the early universe in order to 
explain the observed asymmetry between 
matter and antimatter in the universe. 
Although such an asymmetry is established 
in the Standard Model, its effect falls many 
orders of magnitude short to explain the 
observed asymmetry: the current Standard 
Model description of the weak interaction 
does not allow for enough asymmetry 
between quarks and antiquarks. Using B-
meson decays as a laboratory, additional new 
complex interactions can be searched for.  In 
addition, these new physics contributions 
can interfere quantummechanically with the 
Standard model processes such that the 
nature of these new phenomena can be 

studied. As a result, models motivated by 
Supersymmetry and Grand Unification 
involve new particles which can have 
observable effects in various B decays. In 
particular the coupling between the third 
generation b-quark and the second 
generation s-quark is a prominent place 
where these models predict observable 
effects. For instance, the existence of 
supersymmetric partners of quarks can 
modify the phase of the mixing diagram of 
the Bs quark. 
The Nikhef group will focus in particular on 
this topic. 
 
Programme: past 5-10 years 
Nikhef is one of the founding members of the 
LHCb collaboration. From the beginning the 
Nikhef group has played a leading role in the 
LHCb collaboration focusing in on the 
construction of detectors that measure 
charged particles: the Outer Tracker detector 
and the Velo detector. 
 
The Outer tracker (OT) detector consists of 12 
double layer planes of straw tubes with a 
detection surface of 28 m2  in each plain. 
The detector has been tested to provide 
measurements of the charged particle impact 
position with a resolution of 200 µm per hit. 
All detector planes have been installed in the 
experimental hall and the electronics 
installation and commissioning is currently 
in progress. 
 
The Vertex Locator (Velo) measures the 
particle tracks in the region surrounding the 
interaction point. It serves to accurately 
measure the flight length of the B mesons 
before they decay. The detector consists of 21 
plains of silicon strip detectors arranged in 
an r-f  geometry. The Nikhef contributions 
comprise the Vertex Tank including  a 
precise detector retraction system, a CO2 

cooling system, and vacuum technology. 
This Vertex Tank has been installed and the 
operation under vacuum as well as the 
positioning mechanism have been 
commissioned. The cooling system is being 
finalized in order to be available for physics 
at the fall of 2007. 
 
These hardware preparations are reflected in 
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a software effort as Nikhef has contributed to 
the charged particle track reconstruction, 
both in pattern recognition and in track-
fitting.  
 
In addition to these construction and 
preparation efforts the Nikhef group has 
participated in the exploratory experiments 
HERA-B and BaBar. HERA-B provided the 
experience in the operation of a forward 
spectrometer in a harsh radiation 
background environment. The experience 
gained at BaBar is part of the preparations for 
the analysis of LHCb data. 
 
Programme: future 
Motivated by the experience gained at BaBar, 
the preparation for the analysis of LHCb data 
is predominantly aimed at the study of the 
transition between the heavy b-quarks and 
the s-quark. 
 
In this respect, LHCb has an advantage 
compared to BaBar: it has access to decays of 
the so-called Bs meson, a bound state of a b- 
and s-quark. 
 
The planned research is focused on four 
ways to search for physics beyond the 
Standard Model. 
 
Firstly, we will determine the phase of the 
quantum mechanical amplitude that is 
responsible for the rapid oscillation of a Bs 

meson into its anti-particle (and vice-versa) 
by measuring the time-dependent CP-
asymmetry of the decay Bs ?  J/?  f . This 
asymmetry is a sensitive probe of the 
interference between the known Standard 
Model contributions and additional, as yet 
unknown amplitudes. 
 
Secondly, we plan to measure the CP 
asymmetry between Bs mesons into final 
states Ds+-K-+. This measurement allows for a 
theoretically clean method to extract the 
value of the currently least known CP phase 
parameter in the Standard Model: the CKM 
angle gamma. Due to the fact that the Bs and 
anti-Bs mesons are predicted to decay with 
amplitudes of comparable size to the Ds K 
final states, a sizeable interference effect is 

expected leading to a precise determination 
of the CP violation. 
 
Thirdly, we aim to observe the rare decay of 
a Bs meson to two muons. This decay, where 
the b-quark annihilates an anti s-quark, is 
almost forbidden in the SM, but in various 
scenarios for 'physics beyond the SM' it can 
be enhanced by several orders of magnitude. 
In case super-symmetry plays a role, this 
decay can be mediated by the super-
symmetric (SUSY) partner of the Higgs-
boson, and as a result the rate for this decay 
can be used to determine  the ratio of the 
vacuum expectation values of the SUSY 
Higgs and the SM Higgs.  
 
Finally, we will consider the transition of a b-
quark into an s-quark, with the emission of 
two leptons. In this case, the angular 
distribution of the two leptons is a sensitive 
observable to the interference effects between 
the various intermediate particles 
contributing to this decay. 
 
The prominence of the Nikhef group in the 
above topics can be recognized from the 
contributions of the group to the 're-
optimization' TDR document. In addition, 
Nikhef provides a member of the LHCb 
'physics planning group', and a convener of 
the 'propertime and mixing' physics group. 
 
In practice, all our planned analyses at LHCb 
rely heavily on the reconstruction of charged 
particle tracks from the decay of the heavy 
meson. This is the reason why the group has 
been heavily involved in the design and 
construction of the tracking detectors of the 
LHCb experiment, and in the development of 
the software needed to reconstruct these 
particle tracks. As a result of this effort the 
group is currently well positioned to perform 
the planned measurements. 
 
International Position and Ambition 
The indirect search for  new field quanta 
occurring in loop processes in B-decays is 
carried out in several places in the world. 
The B-factory experiments Babar (US) and 
Belle (Japan) have observed CP-violation in 
Bd-decays and are nearing completion at the 
time the LHCb starts operation. In addition 
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to a much higher B-hadron production rate 
LHCb offers the possibility to study all 
hadrons containing a b-quark in comparison 
to just the B_d meson for the B- factories. 
 
The LHCb collaboration consists of 44 
institutes  from 13 countries . The Nikhef 
group has a large responsibility in the 
detector construction with project leadership 
of the Outer Tracker detector and deputy 
project leadership of the Vertex Locator 
detector.  In addition, the group has the 
ambition to play a leading role in the 
exploitation phase. In preparation for the 
data taking and analysis phase of the  
experiment we provide the deputy 
coordinator for the trigger project, we 
coordinate one of the physics working 
groups and the track reconstruction task.   
 
Our ambition is to observe physics effects 
beyond the Standard Model, which we think 
can be observed in particular in the transition 
of the b-quark to the s-quark. 
 
Knowledge Transfer 
A novel cooling technique, based on the use 
of binary phase CO2 has been applied to keep 
the silicon sensors at a temperature below 
00C .This technology was developed at 
Nikhef in cooperation with the National 
Aerospace Laboratory NLR, and is presented 
in several international technology 
conferences. 

 
The development of a thin aluminium 
corrugated RF-foil of 0.3 mm thickness to 
separate the VELO detector volume from the 
beam vacuum has initiated a PhD research 
project in cooperation with Twente 
University on the topic of superplastic 
deformation of lightweight metallic 
materials.  
 
New Investments 
The LHCb experiment is designed to operate 
with a maximal luminosity of 5 x 1032 cm-2 s-1. 
An upgrade of the experiment is foreseen for 
the period after 2014.  
Participation of the Nikhef group to the 
upgraded LHCb experiment would require 
an extension of the FOM LHCb programme, 
otherwise ending in 2014. We are considering 
to participate in the LHCb  upgrade and to 
apply for corresponding funding requests. 
 
Personnel 
The exploitation of the LHCb experiment will 
de performed by physicists. PhD students, 
post-docs and staff physicists will ensure 
successful operation of the detector and will 
analyse the collected data. We foresee a 
stable level of scientific manpower , which 
currently includes 12 (partly part-time) staff 
physicists, 4 post-docs and 11 graduate 
students. Funding for temporary scientific 
staff is both on a structural (FOM and VU) as 
well as on a project  basis. 

Bs

g~

b

b

s

s t

t

Bs

W W

Bs

Bs

b

s

s

b

x

x

b~

b~

s~

s~
g~

Bs? Bs? Dsp
Bs? Bs? J/? f

b W s

t

K*

K*

b s

µ

µ

µ

µ

x
s~b~

g~

B0? K*µ µ

d

d
B0

B0 t
W

Bs

Bs
b

b

s

s

µ

µ
µ

µ

x

s~

b~

g~

Bs? µ µ

SM:

New
Physics:

? B=2 ? B=1 ? B=1

Bs

g~

b

b

s

s t

t

Bs

W W

Bs

Bs

b

s

s

b

x

x

b~

b~

s~

s~
g~

Bs? Bs? Dsp
Bs? Bs? J/? f

Bs

g~

b

b

s

s t

t

Bs

W W

Bs

Bs

b

s

s

b

x

x

b~

b~

s~

s~
g~

Bs? Bs? Dsp
Bs? Bs? J/? f

b W s

t

K*

K*

b s

µ

µ

µ

µ

x
s~b~

g~

B0? K*µ µ

d

d
B0

B0
b W s

t

K*

K*

b s

µ

µ

µ

µ

x
s~b~

g~

B0? K*µ µ

d

d
B0

B0 t
W

Bs

Bs
b

b

s

s

µ

µ
µ

µ

x

s~

b~

g~

Bs? µ µ

t
W

Bs

Bs
b

b

s

s

µ

µ
µ

µ

x

s~

b~

g~

Bs? µ µ

SM:

New
Physics:

? B=2 ? B=1 ? B=1

 
Fig 1. Feynman diagrams relevant for three strategies to look for new physics. See text for explanation
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Fig. 3. Example of the decay time distribution of Bs->J/? f  decays in the hypothetical case 
that there is a contribution of physics beyond the standard model. The decay rate can be 
decomposed in CP-odd and CP-even components with opposite amplitudes. In case only 
Standard Model processes are present, the amplitude of the CP violating oscillations is 
close to zero. 

Fig. 2. A Monte Carlo simulated B decay event in the LHCb detector. The blue lines indicate the 
trajectories of the charged particles as they travel from the vertex detector on the left, through 
the magnetic field into the three planes of the Outer Tracker detector. 
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Fig. 4. Example of the decay time distribution for Bs->Ds
-K+ events for the 

hypothetical case that the CP angle gamma=60 degrees. The amplitude and phase 
of the oscillations is related to the amount of CP violation present in the decay 
process. 
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2.1.3.Relativistic Heavy-Ion Physics: 
ALICE 
 
Introduction 
The theory of strong color forces, quantum 
chromodynamics (QCD), provides a very good 
description of small-scale phenomena in 
collision experiments in high-energy physics. 
Phenomena at large distances, most notably the 
confinement of quarks in hadrons and the 
spontaneous breaking of chiral symmetry, 
which set QCD apart from other interactions, 
are more difficult to treat. The theory in its 
numerical formulation has also been applied to 
such non-perturbative problems, in particular 
to thermodynamic systems of quarks and 
gluons under extreme conditions of 
temperature and/or density. At high 
temperatures a new phase of matter is expected 
to exist, in which quarks and gluons are no 
longer confined inside hadrons such as the 
proton. This new phase is known as the quark-
gluon plasma (QGP). Cosmologists believe that 
all strongly interacting matter went through 
such a phase in the very early universe, a 
fraction of a second after the start of its 
expansion (the Big Bang).  
The experimental studies of these extremely 
dense and hot systems seek evidence for the 
QGP phase and are performed in collisions of 
heavy atomic nuclei accelerated to very high 
energies. In these collisions the colliding matter 
is heated to temperatures that should allow the 
creation of the QGP. However, the volume and 
lifetime of the early QGP phase has to be large 
enough compared to the interaction time scales 
to reach local thermal equilibrium and provide 
observable signals distinguishable from those 
originating from the later, cooler hadronic 
phase.  
Pioneering experiments with heavy ions have 
been performed since 1986 at accelerators at 
CERN, Geneva, and BNL near New York, 
where first interesting hints for this new state 
of matter were found. The subsequent 
experiments at much higher beam energy at the 
Relativistic Heavy Ion Collider (RHIC) at BNL 
have yielded truly spectacular results showing 
qualitatively new collective behaviour. Still, 
some of the more interesting observables are 
limited in statistical significance. The Large 
Hadron Collider (LHC), scheduled to start 

operations in 2008 will deliver heavy-ion beams 
of unprecedented energy. The higher beam 
energy will result in much more copious 
particle production, and the larger number of 
particles will make all measurements 
statistically more robust. In addition, it will 
lead to a much higher initial energy density 
and temperature of the system, and to 
significantly larger volume and lifetime, which 
will further enhance all observables relying on 
the thermodynamic nature of the system. 
Heavy-ion collisions at the LHC will provide 
the ultimate laboratory to study the quark-
gluon plasma. 
The ALICE experiment at the LHC is a versatile 
detector for heavy-ion reactions allowing to 
study all relevant observables. While it is 
equipped to measure rare penetrating probes 
such as high-momentum hadrons, heavy 
quarks, jets and high energy photons, its 
particular strength lies in the combination of 
these special probes with excellent 
measurement capabilities of low momentum 
particles, which define the thermodynamic 
environment of the system. 
 
Programme: past 5-10 years 
Nikhef has contributed to the ALICE 
experiment since the beginning. We have 
played a leading role in the design and 
construction of the Silicon Strip Detector (SSD), 
which as part of the Inner Tracking System 
(ITS) is extremely important for charged 
particle tracking, in particular for high 
momentum particles, and for the reconstruction 
of strange and charmed hadrons. Nikhef 
together with the UU is responsible for the 
Endcap- and FrontEnd-Readout-electronics and 
the overall mechanical and electronic system 
integration and tests. The construction of the 
SSD was finished in late 2006 and the detector 
has been shipped to CERN for installation. 
 
The group has also contributed significantly to 
major achievements in the STAR experiment at 
RHIC and to the earlier fixed target 
experiments NA49, NA57 and WA98 at CERN.  
Elliptic flow measurements at RHIC have 
shown that the matter produced in the 
reactions studied is equilibrated in a very early 
phase, which makes the production of the 
quark-gluon plasma more likely.  
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In view of the importance of elliptic flow as an 
observable for the collective properties 
(equation of state) of the matter produced we 
have furthermore started to prepare such 
analyses in the ALICE experiment. The relevant 
algorithms have been implemented in the 
ALICE analysis framework, and simulations 
related to the sensitivity of the measurements 
and to necessary corrections are being 
performed. 
 
Programme: future 
We will finish the ongoing analysis projects 
within the STAR experiment, and the 
corresponding activities will be phased out in 
order to concentrate fully on the exploitation of 
the physics potential of the ALICE detector by 
measurements of reactions of proton and 
heavy-ion beams. In the near future this will 
naturally require members of the group to 
participate in finishing the installation of the 
SSD and in the commissioning of the detector. 
The group will also be involved in servicing of 
the SSD together with the other collaborating 
institutes. Particular attention will be paid to 
the performance of the detector and its 
electronics in a radiation environment, in order 
to spot radiation damage as early as possible. 
For the physics analysis we have chosen to 
concentrate on correlations of particles with the 
orientation of the global asymmetry of 
individual reactions (the reaction plane). Such 
correlation studies are the basis of elliptic flow 
measurements, which have proven in the RHIC 
experiments to be of extreme interest. Pair-wise 
particle correlations are, however, also a very 
sensitive tool to study jet structures and their 
modification in heavy-ion collisions. This 
strategy allows us to obtain crucial information 
on two of the major observables established in 
heavy-ion physics: elliptic flow and jet 
quenching. In the analysis measurements of 
charmed hadrons will also be included.  
These choices follow logically from our 
experience in current heavy-ion experiments 
like STAR. This previous experience will give 
us a good starting position for physics analysis 
in the ALICE collaboration.  
 
In the initial phase of the experiment we will 
contribute to alignment studies of the Inner 
Tracking System to ensure an optimal 
performance of the charged particle tracking. 

The first data from p +p reactions will be used 
to study jet-like correlations, which can also 
mimic the collective behaviour of elliptic flow, 
and will have to be corrected for in 
measurements of heavy-ion reactions. These 
data will also serve as a reference for jet 
properties, in particular the softer part of the jet 
fragmentation, and for charm production, 
although the latter may require higher statistics 
than obtained from the first measurement. 
From the first heavy-ion collisions at the LHC 
we should be able to provide an early 
measurement of elliptic flow, which will 
already provide first hints on the equation of 
state of the matter produced. These data should 
also be sufficient to obtain a first result on di-jet 
suppression via correlation analysis as a 
measure of jet quenching. 
We will continuously refine the analysis, and 
with increasing statistics from additional beam 
time we should obtain more and more 
differential elliptic flow results using identified 
hadrons. These results should constrain 
theoretical calculations, thus establishing the 
properties of the produced matter. Also more 
detailed analyses of jet quenching and charm 
production will become available. Advanced 
analyses, like correlations of charmed hadrons 
or di-jets with the reaction plane will be 
performed at a later stage. The analysis strategy 
is useful for the period until 2012 and beyond, 
because it is open for new discoveries. This is 
important, as in heavy-ion physics theory 
moves together with experiment and the 
complicated nature of the systems studied does 
not allow very narrow predictions at present.    
 
The uncertainty related to the latter is in part 
also a reason why upgrade plans within the 
ALICE experiment are not very concrete at the 
moment. We may be involved in a minor 
enhancement of the SSD electronics, if sensitive 
parts prove to suffer too much from radiation. 
Other upgrade projects have to await the first 
physics results.  
  
(Inter)national position and ambition 
The Dutch activity in heavy-ion physics is 
relatively small, but appropriate for a small 
country as the Netherlands. We have been able 
to achieve a significant visibility both in the 
STAR and the ALICE collaborations. 
The heavy-ion effort is a collaboration of the 
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Nikhef institute with the physics department of 
a Dutch university (Utrecht). The joint groups 
participate in teaching programmes at the 
Master’s level and also at the PhD level within 
the National Research School of Subatomic 
Physics. 
STAR is a collaboration of 51 institutions from 
21 countries, ALICE counts 86 institutes from 
29 countries. The contributions to the analysis 
in the STAR experiment and the timely 
delivery of one of the crucial detectors for 
ALICE demonstrate our achievements. We 
intend to ensure and strengthen our position in 
the exploitation phase of the ALICE 
experiment. In particular we intend to take the 
leadership in the elliptic-flow analysis within 
ALICE, and play a significant role in analysis 
related to jet quenching and heavy-flavour 
production. 
Members of our group have been (or are 
currently) convenors of physics working 
groups in STAR, and members of the 
management board, the editorial board and the 
conference committee of ALICE. We will 
continue these efforts. 
People from our group have recently been 
granted a Vidi and a Veni grant from NWO. 
Another Vidi application for a project within 
heavy-ion physics has been submitted by a 
researcher at LBNL, USA, who intends to join 
our group later this year. 
 
Knowledge Transfer , industrial partnership 
For the development of the Silicon Strip 
Detector we have been working in close 
collaboration with industrial partners (MIPOT 
in Italy and SRTIIM in the Ukraine). 
 
New Investments 
The first heavy-ion collisions in LHC are now 
foreseen not before the end of 2008, therefore 
the physics potential of the ALICE experiment 
will extend beyond the lifetime of the current 
FOM programme. We envisage to request for a 
prolongation of this programme by several 
years.  
 
Personnel 
The programme currently consists of 6.5 FTE 
permanent staff scientist, 2 FTE postdocs, 10 
PhD students and 4 technicians stationed in 
roughly equal portions at Nikhef and at the 
UU. The positions are funded from the FOM 

programme, the Nikhef institute, and the UU  
physics department, but also from incidental 
funds like the FOM projectruimte or recently 
acquired Vidi and Veni grants. We envisage a 
continuation on a similar scale. 
 
 

 
Fig 1. One of the first cosmic ray events recorded 
and reconstructed in two sectors of the ALICE time 
projection chamber in may 2006. 

 
Fig 2. Simulated Lead-Lead event in ALICE.. 
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2.2.Astroparticle Physics 
 
Introduction 
A new interdisciplinary research domain is 
emerging at the interface of physics, astronomy 
and cosmology. This field of research, which is 
known as astroparticle physics, is addressing a 
number of issues that may revolutionize our 
scientific view of the universe.  As an 
illustration the anisotropies observed in the 
cosmic microwave background radiation (Nobel 
Prize 2006) can be mentioned. These 
measurements have led to the astonishing 
implication that ordinary matter accounts for 
only 4% of the energy content of the universe, 
while 22% consists of an entirely unknown 
form of matter referred to as dark matter, and 
74% appears in an equally mystifying form of 
energy called dark energy. In fact, these 
implications are strongly supported by and 
fully consistent with various other observations 
such as those obtained from red-shifts of Type-
Ia supernovae, galaxy dynamics, and collisions 
between galaxy clusters (see Fig. 1). 
 

 
Fig. 1. On this photograph of the Bullet Cluster 
(obtained by the Hubble Space Telescope) two other 
images of the same part of the sky are superimposed. 
The red images represent results of the Chandra X-
ray satellite (showing the location of ionized gas 
clouds), while the blue images are the result of a 
gravitational lensing study revealing the location of 
non-visible gravitationally interacting matter, i.e. 
tentative dark matter concentrations. 
 
The general objectives of astroparticle physics 
can be summarized by listing the basic research 

questions addressed by this interdisciplinary 
field:  

• What is the nature of dark matter and dark 
energy? 

• What is the origin of ultra-high energy 
cosmic rays? 

• How did the large-scale structures of the 
universe evolve? 

• Can gravitational waves be detected, and 
what do they tell us? 

To investigate these questions novel 
experimental techniques are needed which 
typically combine techniques developed in 
particle physics and astronomy. Examples 
include the development of neutrino and 
gamma-ray telescopes, high-energy cosmic ray 
observatories, satellite-based cosmic 
microwave observatories and gravitational 
wave detectors. With such detectors hitherto 
unexplored phenomena in the universe can be 
studied, which – in some cases – give access to 
energy domains well beyond those being 
probed by man-made particle accelerators. 
 
Programme: past 5-10 years 
First steps towards establishing astroparticle 
physics as a new research field in the 
Netherlands were taken in the year 2001 with 
the dual approval of a FOM programme and an 
NWO investment request for the development 
of a prototype high-energy neutrino telescope 
in the Mediterranean Sea.  These efforts have 
resulted – within the framework of the 
European ANTARES collaboration, in which 6 
countries participate – in the largest presently 
operational neutrino observatory in the 
Northern Hemisphere.  
 
Nationally, astroparticle physics is emerging as 
a distinct research community since about 2004. 
In that year Nikhef physicists have taken the 
initiative to organize a series of national 
symposia at which ambitions and plans for 
astroparticle-physics research in the 
Netherlands were discussed. This development 
was further reinforced by the establishment – 
later that same year – of the Committee for 
Astroparticle Physics in the Netherlands (CAN), in 
which four research institutes (ASTRON, KVI, 
Nikhef and SRON) and six university groups 
(based in Amsterdam, Groningen, Leiden, 
Nijmegen and Utrecht) participate. In 2005 this 
committee published a Strategic Plan for 
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Astroparticle Physics in the Netherlands [2], which 
was well received by the research community 
(see Fig. 2). In this plan it was proposed to 
focus the research in astroparticle physics in the 
Netherlands on the study of the origin of ultra-
high energy cosmic rays in a multi-messenger 
approach. In practice this means that neutrino 
telescopes, air shower arrays and gravitational 
wave detectors need to be developed and used 
to study the unknown origin of cosmic rays. 
This programme has the potential to make 
several ground-breaking discoveries that 
include the observation of dark matter relics, 
the identification of cosmic ray point sources 
and the first direct detection of gravitational 
waves. 
 

 
Fig. 2. Cover of the Strategic Plan for Astroparticle 
Physics in the Netherlands, which was published by 
the Committee for Astroparticle Physics in the 
Netherlands (CAN) in 2005. 
 
As a consequence of the ambitions outlined in 
the Strategic Plan [2], initial contacts have been 
established between several Dutch scientists 
and the Pierre Auger observatory (‘AUGER’) 
near Malargüe in Argentina, and the European 
gravitational wave observatory VIRGO near 
Pisa in Italy. It is the intention of Nikhef to 
participate (together with several university 
groups) in the scientific exploitation and 
further development of both observatories. 
Together with the ongoing activities in 
ANTARES, Nikhef will thus be involved in 
three world-class astroparticle physics 
observatories (ANTARES, AUGER and 

VIRGO). As observations at each one of these 
facilities have recently started, while – at the 
same time – plans for future extensions are 
being developed, substantial progress is 
anticipated in this field. This will include a 
harvest of novel scientific results. 
 
Future programme 
Given the strategic choices made in recent years 
by the astroparticle physics community in the 
Netherlands, the future research plans can be 
outlined very clearly. In each of the three major 
observational areas (neutrino telescopes, air 
shower arrays and gravitational wave 
detectors) a recently built observatory will be 
exploited, while – at the same time - further 
development and engineering work will be 
carried out for future observatories in each of 
these areas. These future observatories (such as 
for instance the km3-sized neutrino telescope 
KM3NeT) will expand the possibilities of each 
cosmological messenger substantially. The 
various plans are discussed in more detail in 
the three subsections appearing at the end of 
this section. 
 
 
International position and ambition 
In 2006 a network between European funding 
agencies supporting astroparticle physics 
research has been established. This network, 
called ASPERA, receives support as an ERA-
NET activity in the EU framework-6 
programme. The Netherlands is well 
represented in ASPERA by providing one of 
the four Work Package coordinators (G. van 
der Steenhoven) and a member of the 
governing board (F. Linde). Moreover, an EU-
supported programme manager for 
astroparticle physics has been hired, who is 
based at Nikhef 
 
One of the ASPERA activities is the preparation 
of a roadmap for astroparticle physics research 
in Europe. A first version of this roadmap has 
been published [6]. Many exciting research 
opportunities are listed in this document. It is 
noteworthy that the few projects selected by the 
Dutch astroparticle physics community (which 
are described in more detail below) all figure 
prominently in this European roadmap 
document.  
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The Netherlands is also represented in the 
steering committee of the Astroparticle Physics 
European Collaboration (ApPEC) committee (H. 
Chang and F. Linde). It is the intention of 
Nikhef to play an active role in furthering 
astroparticle physics research at the European 
level as well. This is of particular importance 
for the realisation of large European 
infrastructure projects such as KM3NeT. 
 
 
Knowledge transfer, industrial partnerships 
Very sophisticated scientific instruments need 
to be developed for the new observatories that 
will be built in Europe for future research in 
astroparticle physics. To address the 
technological challenges associated with such 
instruments, a close interdisciplinary 
collaboration between science and industry is 
required. The Netherlands has an excellent 
opportunity to become a major force in the 
construction of such European facilities, given 
the strong position of the high-tech instrumen-
tation industry. For this purpose partnerships 
between leading Dutch scientific and industrial 
parties need to be created. In this way many 
opportunities are generated for Dutch 
industries in the construction of new large-scale 
scientific instruments for astroparticle physics 
research in the EU (valued at 1.6 billion Euros).  
 
With these ideas in mind a consortium has been 
formed in 2006 between the various scientific 
stakeholders in astroparticle physics and seven 
industrial partners1. Within this consortium, or 
individual partners thereof, various forms of 
collaboration will be pursued with or without 
additional support from FOM, NWO or the 
Ministry of Economic Affairs. 

                                                   
1 Photonis-DEP image intensifiers (Roden), Hi-Light Opto-
electronics (Tolbert), Twentsche Kabelfabriek (Haaksbergen), 
Leiden Cryogenics (Leiden), Baas Group (Waddinxveen), 
Hopling Technologies (Almere) and PTC-RMS 
(Heerenveen). 

 
 
Fig. 3. Schematic overview of possible applications 
of development work carried out in each one of the 
sectors (neutrinos, radio waves and gravitational 
waves) of astroparticle physics research in the 
Netherlands. The leading scientific research 
question is shown in the centre of the figure, while 
the effect of outreach projects such as HiSPARC is 
described in the top of the figure. 
 
Astroparticle physics research will also provide 
an enduring contribution to all stages of the 
education of scientists and engineers in the 
Netherlands. This is probably best illustrated 
by the prize-winning Hi-SPARC outreach 
project, which enables high-school students to 
build their own cosmic air shower array. This 
project is discussed in more detail elsewhere in 
this report.   
 
By combining science, industry and education, 
astroparticle physics research represents a 
lasting investment in the Dutch knowledge 
economy. The figure (above) gives an overview 
of all valorization aspects of astroparticle 
physics with all its potential economic and 
social spin offs. 
 
 
New programmes and investments 
If the Netherlands wants to maintain an 
important role in the new and exciting field of 
astroparticle physics, new FOM-programmes 
need to be prepared.  Such programmatic 
funding is essential to support PhD students, to 
cover travel and small material expenses and 
yearly contributions to the operational costs of 
the observatory.  Within the astroparticle 
physics ambitions, the first priority is to 
maintain the leadership position of the 
Netherlands in the field of deep-sea neutrino 
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observatories, i.e. within the ANTARES and 
KM3NeT projects. The next priority is the 
realization of a substantial participation in the 
AUGER large area cosmic ray observatory, in 
particular in view of its synergy with the large 
Dutch LOFAR radio synthesis telescope. As a 
third project, Nikhef intends to realize a visible 
involvement in the VIRGO gravitational wave 
observatory, which is later possibly 
supplemented with contributions to the LISA 
space-based gravitational wave observatory. 
Apart from programmatic support, which is 
needed for the scientific exploitation of each of 
these projects, dedicated investment subsidies 
are needed for prototyping, development and 
construction of the KM3NeT neutrino 
observatory, and the construction of radio 
antennae at AUGER. A so-called NWO-groot 
investment proposal  for setting up a 
production line to build KM3NeT detector lines 
in the Netherlands was submitted in 2007. 
 
 
Personnel 
Near the end of 2006 the equivalent of 26 fte 
scientific and engineering staff were active in 
the field of  astroparticle physics research at 
Nikhef and the partner universities in 
Amsterdam, Nijmegen and Utrecht. It is 
foreseen that the total effort in this field will 
increase substantially, in particular due to large 
R&D activities such as those required by the 
KM3NeT project. The engineering support is 
available at the Nikhef workshops, while some 
additional scientists (in particular PhD students 
and postdocs) will be hired as well. It will also 
be actively pursued to prepare and submit 
specific grant proposals (for individual 
scientists) as offered by NWO, FOM and the EU 
framework programmes. 
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2.2.1. Deep-sea neutrino telescopes: 
ANTARES and KM3NeT 
Neutrinos are believed to be produced in huge 
quantities in the universe. Apart from a 
background of low-energy neutrinos produced 
in stars, intermediate and high-energy 
neutrinos are expected to be produced 
abundantly in violent explosions of stars such 
as supernovae. Moreover, it is likely that 
neutrinos are produced in high-energy jets 
associated with active galactic nuclei, and they 
may result from the annihilation and decay of 
dark matter particles. The observation of such 
neutrinos can provide new information about 
dark matter. 

 
The quest for high-energy neutrinos and their 
cosmic origin has resulted in a worldwide 
effort to develop neutrino telescopes, such as 
the ANTARES project in the Mediterranean 
Sea. The ANTARES detector, which will be 
completed in early 2008, combines a 
moderately large detection volume with good 
directional resolution. The detection principle 
is based on the (rare) interaction of neutrinos 
with matter in the Earth, which leads to the 
production of charged muons. When these 
relativistic muons pass through sea water 
Cherenkov light is emitted. The Cherenkov 
light is observed with a large number of very 
sensitive photomultipliers (PMTs) attached to 
cables anchored to the sea bottom. The neutrino 
track can be reconstructed from the time 
differences between the various 
photomultiplier hits. 
 
Following the successful deployment of several 
prototype detector lines, the ANTARES 
collaboration started to collect data in March 
2006 with its first fully equipped detector line. 
By early 2007 five detector lines were installed 
and by early 2008 the remaining seven detector 
lines will be deployed, thus completing the first 
deep-sea neutrino observatory in the 
Mediterranean Sea. The scientific exploitation 
of ANTARES is one of the main objectives of 
the astroparticle physics group at Nikhef in the 
coming six years. 
 

 
Fig. 4. A downwards going muon event observed 
with the 5-line ANTARES neutrino telescope. The 
colour coding of the various photomultiplier tubes 
that have been hit is such that early (later) times 
correspond to the red (blue) part of the spectrum. 
The short line segments connect the local Cherenkov 
cone and the reconstructed muon track (light blue).  
 
Nikhef has developed the readout system and 
on-shore data-acquisition system for 
ANTARES using the novel All-Data-To-Shore 
concept. This idea has increased the science 
potential of the neutrino detector significantly, 
as use can be made of a very flexible software 
trigger system. 
 

 
Fig. 5. Prototype of an optical module for the 
KM3NeT neutrino telescope. The optical module 
contains up to 36 standard 3” photomultiplier 
tubes. Only the upper half of the optical module is 
shown here. 
 
Because of the success of the All-Data-To-Shore 
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concept, Nikhef has been invited to lead the 
information technology work package of the 
KM3NeT project, a European funded design 
study for a kilometre-cubed sized neutrino 
telescope that will surpass the sensitive volume 
of ANTARES by a factor of 20 or more.  
Moreover, various innovative design changes 
have been proposed for KM3NeT such as the 
multi-PMT concept depicted in Fig. 5. 
According to this proposal, a single optical 
module will consist of only one glass sphere 
(instead of  three in the case of ANTARES) 
housing up to 36 small PMTs which are 
readout by means of modulated laser signal 
based on photonic techniques. This idea has 
many advantages as it represents substantial 
cost savings as compared to the ANTARES 
design, while the total efficiency of the optical 
module (as measured by the integrated cathode 
area and the quantum efficiency of the PMT) is 
substantially better.  Such innovations are 
essential in order to make the necessary cost 
reductions for KM3NeT as compared to the 
ANTARES design. 
 
An artist impression of a preliminary design of 
the KM3NeT configuration is shown in Fig. 6. 
In this design a cylindrical configuration for the 
position of the detector lines has been chosen. 
Such a configuration has the advantage that it 
combines a large lever arm for very high-
energy tracks and the required small spacing 
for low-energy tracks. Initial simulations – 
carried out in Erlangen – have shown that such 
a cylindrical configuration yields the largest 
effective neutrino area for the same number of 
photomultiplier tubes. 
 
It is important to note that KM3NeT, once built, 
will be the largest neutrino telescope in the 
world with a view of the galactic centre. 
Moreover, the proposed flexible design will 
enable many additional studies such as 
searches for magnetic monopoles, neutrinos 
emitted by Gamma Ray Bursts and the 
existence of strangelets. These examples 
illustrate the enormous discovery potential of 
KM3NeT, which is also reflected by the listing 
of the KM3NeT project on the prestigious 
European roadmap for research infrastructures 
published by ESFRI [3].   
 

 
Fig. 6. Possible configuration of the (many 
hundreds) of detector lines of the KM3NeT neutrino 
telescope that will be built in the Mediterranean Sea. 
The drawing is not to scale, but reflects the 
cylindrical configuration of the detector line. As 
explained in the text such a configuration has many 
advantages, including the fact that each line can 
more easily be deployed as such an open structure is 
more easily approached by submarine vehicles. 
 
Within the Netherlands Nikhef is collaborating 
with groups from the University of 
Amsterdam, Utrecht University and the KVI at 
Groningen University in the design and 
prototyping of KM3NeT. Moreover, contacts 
have been established with the Netherlands 
Institute for Sea Research (NIOZ) both in view 
of their expertise in deep-sea technology and 
because of possible applications of KM3NeT for 
oceanographic and deep-sea geochemistry 
research. Nikhef is also collaborating with the 
COBRA group of the University of Eindhoven 
and several companies in order to further 
develop advanced photonic techniques for the 
readout of KM3NeT.  As KM3NeT is a 
European project, Nikhef is also actively 
involved in seeking European funding. In 2007, 
for instance, a framework-7 proposal was 
submitted for a so-called preparatory phase 
study for KM3NeT. 
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Apart from the aforementioned scientific 
exploitation of ANTARES, Nikhef intends to 
play a leading role in the construction of 
KM3NeT. Initiated by the design innovations 
mentioned above, the Dutch contribution will 
consist of three parts: 

• The (co-) construction of a prototype 
detector line, in which many of the new 
design concepts are tested. This 
prototype line can be deployed in 
France as an extension of the ANTARES 
telescope. 

• The development of a full assembly line 
at Nikhef that will be used to construct, 
assemble and test many KM3NeT 
detector lines. 

• The actual building of detector lines in 
Amsterdam. Nikhef is expected to be 
one of the four or five construction sites 
of KM3NeT. 

 
The complete technical design of the KM3NeT 
neutrino telescope is expected to be available in 
2009. The decision process will be initiated in 
2008, in the framework of the aforementioned 
FP7 preparatory phase study. All of this is 
expected to result in a final decision in 2010. In 
that same year the construction of the neutrino 
telescope can start, which is expected to be 
completed in 2014.  
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2.2.2.Large air-shower arrays: 
AUGER and LOFAR 
Most of the information that is presently 
available on ultra high-energy cosmic rays has 
been obtained from the observation of muons 
in large air-shower arrays. Given the unknown 
origin of cosmic rays and the poorly 
understood acceleration mechanisms leading to 
ultra-high energy cosmic rays, additional 
measurements need to be performed. Such 
measurements may resolve inconsistencies 
among presently available data, and possibly 
provide evidence for Big Bang relics. Moreover, 
alternative probes are needed to study the 
development of air showers in the atmosphere, 
which is expected to yield information on the 
composition of cosmic rays. 
 
The Netherlands is contributing to the study of 
the highest energy cosmic rays, through the 
Netherlands' Ultra-high energy Cosmic ray 
Collaboration (NUCC). In 2005 NUCC has joined 
the Pierre Auger collaboration, which is 
building an observatory in Argentina to 
measure cosmic rays. An important issue is the 
existence of cosmic rays with energies in excess 
of 5×1019 eV. If such cosmic rays are observed, 
there must either be a very nearby (for cosmic 
scales) source, or our basic understanding of 
the relevant physics is wrong. Moreover, the 
observation of ultra high-energy cosmic rays 
could lead to the discovery of cosmic-ray point 
sources in the universe. 
 

 
Fig. 7. Illustration of the operational principle of the 
Pierre Auger observatory. The water tanks in the 
field are used to record Cherenkov signals from 
muons produced in an air shower, while the 
telescopes are used to observe the fluorescence light. 
 
The Pierre Auger observatory is located on a 

vast plain known as the Pampa Amarilla in 
western Argentina. It is a hybrid detector, 
employing two independent methods to detect 
and study high-energy cosmic rays. One 
technique detects high-energy particles through 
their emission of Cherenkov light in water. The 
other technique tracks the development of air 
showers by observing ultraviolet light emitted 
high in the Earth's atmosphere. As the latter 
technique is only available for about 10% of the 
time, it has been proposed to extend the 
detector with radio stations, which are not 
dependent on moonless nights for their 
operation. Given the radio-astronomy expertise 
available in the Netherlands, the Dutch team 
has been asked to coordinate the development 
of radio antennae for AUGER. These radio 
stations will provide complementary 
information about the location of air showers in 
the atmosphere (see Fig. 8). 
 

 
 
Fig.8. First prototype of a radio antenna for the 
observation of radio signals emitted by cosmic rays 
at AUGER. The design of this antenna has been 
derived from those used by the LOFAR radio 
synthesis telescope, which is under construction in 
the East of the Netherlands. 
 
For the design and development of the radio 
antennae a close collaboration with the new 
radio synthesis telescope LOFAR, which is 
under construction in the Eastern part of the 
Netherlands, has been established.  This has the 
added advantage that the energy calibration of 
radio signals obtained at AUGER can be used 
at LOFAR, once the latter telescope comes on 



 

 42 

line. In this way it will be possible to observe 
cosmic rays at LOFAR as well with energies up 
to 1018 eV in the Earths atmosphere.  
 
Nikhef (in collaboration with the other Dutch 
partners in AUGER) intends to play a leading 
role in the study of high-energy cosmic rays. 
The Dutch contribution will consist of the 
following parts: 

• The scientific exploitation of AUGER; 
• The development of radio antennae as a 

future upgrade of AUGER; 
• The observation of cosmic rays with 

LOFAR. 
The latter studies may include a search for 
cosmic rays with energies beyond 1021 eV that 
may result in radio emission after such cosmic 
rays hit the surface of the Moon (Askarian 
effect). 
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2.2.3. Gravitational-wave detectors: 
VIRGO and LISA 
General relativity predicts the existence of 
gravitational waves. These waves are radiated 
by objects whose motion involves acceleration, 
provided that the motion is not perfectly 
spherically symmetric. When observed, science 
can move a step closer to solving many open 
questions in astroparticle physics. 
 
Nikhef is in the process of forming a research 
group in the area of gravitational-wave 
detection that has been invited to participate in 
the VIRGO collaboration.  

 
Fig. 9. Lay-out of the laser interferometer of the 
VIRGO gravitational wave observatory near Pisa in 
Italy. After many reflections in each one of the two 
arms, the laser light is brought to interfere in the 
detector depicted in the lower part of the figure. The 
input-mode cleaner is shown in the left part of the 
figure. 
 
The VIRGO detector is a Michelson laser 
interferometer consisting of two orthogonal 
three kilometres long arms. Multiple reflections 
between mirrors located at the extremities of 
each arm extend the effective optical length up 
to 120 kilometres. The interferometer is located 
near Pisa in Italy. The frequency range of 
VIRGO extends from 10 to 6,000 Hz. This range 
in combination with its very high sensitivity 
should allow detection of gravitational 
radiation produced by supernovae and the 
coalescence of binary star systems in the Milky 
Way and nearby galaxies. As the 
commissioning of the VIRGO observatory has 
been started in 2006, many science runs are 
foreseen in the period 2007 – 2012. Apart from 
analysing data collected by VIRGO, the Nikhef 
group intends to contribute to technical 
improvements of the instrument itself, more in 

particular the operations and improvements of 
the so-called input-mode cleaner (see Fig. 9).  
 
The Nikhef group is also aiming to participate – 
together with the Dutch institute for space 
research SRON – in the LISA gravitational-
wave mission. LISA is a laser interferometer in 
space with an extremely long arm length of 
5×106 km. The frequency domain of LISA 
extends down to 10-4 Hz, and hence allows 
observing the coalescence of massive black 
holes and mergers of white dwarf stars. The 
LISA space mission is expected to be launched 
in 2017. 
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2.3.Theoretical Physics 
 
Overview 
Theoretical particle physics can look forward to 
exciting developments in the coming years. The 
data from the LHC experiments, the 
increasingly accurate cosmological 
observations and the astrophysical data will 
lead to deeper understanding of Nature at the 
smallest and largest scales, of elementary 
particles and their interactions, and the 
structure of the cosmos.  The research 
ambitions of the Nikhef theory group for this 
period are fully aligned with these 
opportunities. The programme is partly built 
on existing strengths, but also involves striking 
out into new directions, forging new links 
between fields and new collaborations with 
other theory groups in the Netherlands. In 
particular, the theory groups at the VU and the 
RU, which are members of the Nikhef 
collaboration since Jan.1, 2006 are an integral 
part of the strategy outlined below. At the same 
time, members of the group will remain active 
on the international scene through 
collaborations, convenerships, etc.  
 
The general research aim of the theory group 
remains: to investigate the conceptual 
foundations of Nature at its smallest distances 
as well as at cosmological scales, and in the 
broadest sense, exploring new ideas and 
developing new methods for this exploration. 
Being part of a particle physics laboratory 
generates additional benefits for theorists and 
experimenters alike. Theorists can add 
perspective to particular experimental analyses, 
as well as to their embedding within a larger 
conceptual framework. On the other hand, 
experimenters generate interesting challenges 
to existing theoretical frameworks through 
their analyses.  
At Nikhef, such a two-way interaction has in 
the past grown naturally through informal 
contacts. To further foster contacts, the theory 
group has recently begun new initiatives. 
Members of the group now give twice a year a 
series of Academic Lectures on topics relevant 
for the Nikhef experimental program, intended 
both for students and staff. To date the topics 
have been Standard Model (Laenen), Grand 
Unification and Supersymmetry (Schellekens) 

and the Higgs system (Veltman). Furthermore, 
the group organizes monthly Theory Meetings 
at Nikhef, at which theorists from the various 
universities meet to discuss and collaborate, 
thereby also providing an easy avenue for 
interaction of experimental groups with a 
wider theoretical community in the 
Netherlands. 
 
Proposed FOM programme 
A large part of the groups’ new research 
ambitions for the period 2007-2013 has now 
been combined into a coherent proposal for a 
FOM programme entitled “From CMB to LHC: 
theoretical particle physics at the new frontier”. 
The proposal involves also a substantial 
number of theorists at Dutch universities. It is 
the first time that this part of the Dutch 
theoretical particle physics community has 
formed a collaboration to focus on a central 
question, albeit from various perspectives. The 
proposal includes mechanisms to ensure 
interaction and coherence of efforts. Laenen, as 
intended programme leader, will coordinate its 
running. The programme asks for postdoc 
positions to support this research effort. In 
addition, a number of Ph.D. projects have been 
defined in which senior staff from more than 
one institution is involved. Joining a more 
coherent and wider community of theoretical 
particle physicists should attract high-quality 
candidates for postdoc and Ph.D. positions, and 
makes this a highly competitive international 
program.  
 
The central question in this proposal is which 
particle physics model will consistently 
describe the current and in particular 
upcoming data from colliders and cosmological 
observations. This central question will be 
examined from three connected perspectives.  
 
The first perspective is the precision 
comparison of high-quality collider data with 
precise theoretical predictions, requiring 
inclusion of higher order quantum corrections. 
Such comparisons will allow accurate 
determination of theoretical parameters, and 
enable a detailed study of the electroweak 
symmetry breaking (EWSB) mechanism, as 
well as a search for and interpretation of signals 
of new particles and interactions beyond those 
in the Standard Model. The scientific challenges 
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here are the construction of optimal 
observables, that allow to study EWSB and are 
sensitive to the presence of new physics. A very 
important tool to achieve this is the renowned 
computer algebra program FORM . 
Vermaseren has started an extensive 
collaborative project to implant FORM as the 
computer algebra engine into the GRACE 
package. This package aims to fully automatize 
one-loop calculations for many LHC processes, 
particularly those involving more than four 
external legs, and with various masses. 
Another important tool is the development of 
more accurate Monte Carlo techniques, that 
combine the full next-to-leading corrections 
with parton shower algorithms. Laenen has 
been involved in including the single-top 
production process into this MC@NLO 
framework, and will also include new physics 
processes. 
 
The second perspective is the violation of 
discrete symmetries such as C, P and T. In 
particular the origin of CP violation is an 
outstanding question in particle physics, and 
has implications for studies at colliders, both at 
high and low energy, and for the cosmological 
asymmetry between matter and anti-matter. 
Members of the Nikhef theory group are 
currently not directly involved in this 
perspective, the fact that this research is part of 
the newly proposed programme is an 
important benefit to the LHCb programme at 
Nikhef. 
 
The third perspective is the role of fundamental 
scalar fields. No fundamental scalar particle 
has to date been observed, but they occur of 
course in the Standard Model (the Higgs 
boson) and in many extensions, for example 
gauge unification and supersymmetry. Such 
scalar fields have also important cosmological 
consequences. They are expected to be 
responsible for inflation, to provide seeds for 
structure formation, as well as to contribute to 
the baryon asymmetry of the universe. The 
scientific challenges formulated in the proposal 
range from the phenomenology of scalars at the 
LHC,  via development of scenarios for early-
universe symmetry-breaking transitions and of 
models for cosmic inflation, to finding 
alternatives for the Brout-Englert-Higgs 
mechanism. Van Holten will in particular focus 

on the generalization of models he developed 
earlier in the context of  supersymmetric gauge 
unification. He will study how they impact 
both high-scale symmetry breaking as well as 
the neutrino spectrum, relevant to CP violation 
and baryogenesis or leptogenesis in the early 
universe. 
 
These three perspectives on the central 
question combine existing strengths in  
Dutch theoretical particle physics, and allow it 
to remain at the international forefront. The 
Nikhef theory group will play a key role in this 
endeavour.  
Approval of this FOM programme is  of great 
importance for the pursuit of this roadmap.  
 
Ongoing research 
In addition to the national research proposal, 
the plans of the theory group also include 
research built on the various individual 
interests in the group.  
 
It is very important to maintain in the Nikhef 
theory group a wide view on developments in 
theoretical particle physics. The fields of string 
theory and quantum gravity keep developing 
rapidly, and often in unexpected directions. 
String theory and its methods may be relevant 
to cosmology, but also to heavy ion collisions. 
Research at Nikhef by Schellekens in the 
coming years in this area will continue to 
explore the multitude of solutions (also known 
as the landscape) that string theory predicts. In 
particular, some features of the superpotential 
in the various standard-model-like models 
among these solutions may be calculable. 
 
In the first part of the period discussed here, 
fundamental, non-perturbative aspects of the 
lattice formulation of quantum 
chromodynamics will remain an important part 
of research in the theory group through the 
work of Koch, who will retire in 2009. In 
particular his work focuses on the behavior of 
quark correlators embedded in a heat bath, 
below and above the critical temperature for a 
phase transition of strongly interaction matter. 
 
Other research interests, not covered by the 
proposed FOM programme , but nevertheless 
active and important topics of research are 
development and application of resummation 
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techniques in QCD,  gravitational waves, and 
high order radiative corrections in the Standard 
Model. 
 
Other developments 
Although already frequent, it is foreseen that 
the interactions of the theory group with the 
Nikhef experimental groups will increase even 
further. In particular top quark physics is of 
special interest for both the ATLAS group and 
the theory group, as is the physics of the quark-
gluon plasma and of the color-glass condensate 
of the ALICE group. There is also much 
common interest with the Nikhef astroparticle 
physics program, in particular regarding its 
neutrino and gravitational wave components. 
The relevance of the proposed FOM 
programme to LHCb was discussed above.  
 
The theory group can look forward to adding a 
new staff member in the near future.  
 
Through the special chairs held by group 
members at various Dutch universities,  
students there have been made more aware of 
research and thesis opportunities at Nikhef. 
The theory group now hosts typically about 5 
or 6 master students. These students often 
continue as Ph.D. students in theory, but many 
times also in the Nikhef experimental groups. 
 
As before, the group will actively push for 
financial support beyond the structural funding 
in order to increase the number of postdoc and 
Ph.D. positions. 
 
Summarizing, the Nikhef theory group has 
formulated ambitious goals for the upcoming 
period, intended to maximize the mutual 
benefit of being embedded in an experimental 
particle physics laboratory,  and to keep it at 
the forefront in the international search for new 
understanding of Nature at its smallest and 
largest scales. 
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2.4.Detector R&D 
 
Introduction 
The context of the programme is both the 
preparation for a new generation of 
experiments at the Internation Linear Collider 
(ILC) as well as intrinsic detector R&D with 
foreseen applications only on a long term basis. 
 
The experimental conditions at the ILC are very 
clean as compared to hadron colliders, 
permitting a much more detailed 
understanding of the interactions and the 
possibly new physics. This however presents 
much larger challenges to the detectors than 
those at the earlier e+e- colliders LEP and SLC. 
E.g. the precise understanding of the nature of 
the Higgs boson requires an accurate and 
unambiguous measurement of its decay 
branching fractions. This can be done by 
identifying the different decay particles of the 
Higgs boson recoiling against a pair of muons 
from the accompanying Z decay. Very precise 
3D pixel vertex detectors will allow the tagging 
of b and c quarks in these Higgs decays with 
high efficiency and purity. The vertex 
information needs to be complemented by a 
momentum measurement for charged particles 
an order of magnitude more precise than 
achieved before, using tracking detectors 
surrounding the vertex detector and by highly 
granular calorimeters for a precise and 
complete reconstruction of the jets originating 
from particles decaying. The aim is to obtain a 
two-jet invariant-mass resolution comparable 
to the natural widths of the W and Z bosons. 
 
One of the candidate detector concepts has a 
large gaseous detector (Time Projection 
Chamber (TPC)) for tracking the charged 
particles that are produced in the e+e- 
interactions. Nikhef has proposed and is 
working on the development of a revolutionary 
system for the detection and readout of the 
primary ionization clusters in such a TPC, 
which is based on pixelized CMOS circuits, 
initially developed for X-ray imaging 
applications or readout of Silicon pixel sensors 
in vertex detectors. 
 
Programme: past 5-10 years 
The Nikhef Detector R&D group proposed the 

development of a `digital’ TPC, where gas 
multiplication is done via MPGD (Micro 
Pattern Gas Detector) systems like Micromegas 
and GEM and where the charges are collected 
on CMOS pixel readout chips. A first candidate 
chip was the Medipix2 chip developed for X-
ray imaging applications. Nikhef participates in 
the international Medipix collaboration based 
at CERN, that developed this high spatial and 
high contrast resolving CMOS chip working in 
single photon counting mode, since 2000. A 
commercial grade version has now been 
achieved. 
 
A ``proof-of-principle’’ gaseous detector with a 
Medipix2 pixel chip as active anode and a 
Micromegas as gas multiplier was successfully 
employed and minimum ionizing particles 
detected in 2004. In collaboration with the 
group of Prof. J. Schmitz of MESA+/University 
of Twente, Micromegas structures were 
produced via wafer post-processing techniques 
on top of `dummy’ anode wafers in 2005-06 
and for the first time on active pixel circuits in 
2007. 
In 2006, within the EU funded EUDET 
collaboration for ILC detector R&D, a modified 
version of the Medipix2 chip, called TimePix, 
was developed that allowed in addition to the 
2-dimensional pixel coordinate readout to 
measure also the arrival time of the detected 
charges, thus providing the third coordinate of 
the hit reconstruction in the TPC. 
 
Such a pixelized readout can also be used with 
thin (~1 mm thickness) gas layers (GOSSIP) to 
be applied as vertex detector modules at the 
extreme radiation levels of the luminosity 
upgraded SuperLHC. It was shown in 2006 that 
good detection efficiency can be reached from 
such thin detectors. New deep-submicron (130 
nm) electronic circuits are being developed for 
the fast readout. 
 
A somewhat separate R&D activity is the so-
called RasClic alignment system, for alignment 
of machine elements at a future linear collider 
(ILC or CLIC) over distances of 100 m with a 
precision of order 1 µm. A full scale test system 
installed at CERN has shown that such a device 
can also be used as a high-precision 
seismometer. 
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 Programme: future 
In the next 2-3 years the group will be mainly 
involved with the further development of large 
X-ray sensitive detector areas and the 
development of robust gaseous charged 
particle detector systems that are read out via a 
pixelised CMOS ASIC as active anode. 
 
The first research goal is being pursued within 
the RELAXD project, a collaboration between 
Nikhef, PANalytical (NL), Canberra (B) and 
IMEC (B). The aim is to construct these large 
area detectors from smaller assemblies of quad-
sensor units, tiled together without dead 
spaces. The latter requirement is fulfilled 
through an adaptation of the somewhat larger 
pixel pitch in the sensor to that of the readout 
chip and the replacement of the conventional 
guard ring structure at the edge of the touching 
sides of the sensors by a passivation through 
doping. Further developments are in the 
domain of through-wafer via etching (after first 
thinning the wafer), high-density interconnect 
and 3D packaging. It is expected that first 
prototype modules and high-speed (5 Gb/s) 
readout can be produced and tested in 2008. 
 
The techniques developed in the RELAXD 
project are also of great importance for their 
application in the second research line. 
 
The primary difficulty in the combination of a 
high-electric field area just above the surface of 
a CMOS ASIC is the non-zero probability of an 
electric discharge (“spark”) or a large charge 
deposition from a heavy ionizing particle at the 
input of the pixel circuitry, that can damage all 
or part of the chip. This could be a possible 
show-stopper. A large effort is put in 
developing a sufficiently robust protection 
system. A first solution being considered 
consists of depositing a thin , highly resistive 
layer on top of the CMOS chip, that should 
reduce the impact of the discharge like in 
resistive parallel plate detectors. In addition, 
the Micromegas-like grid structure could also 
be made of  (or covered by) highly resistive 
material. A third possibility being envisaged is 
to construct a double grid structure, such that 
the high-field region is contained in between 
the two metal layers, with a modest electric 
field just above the chip. 
 

Using He-Isobutane gas mixtures, lifetimes of 
the TimePix chip in excess of 40 days   
have been reached. This warrants the 
possibility of making beam tests, to study in 
detail the drift and track reconstruction 
properties of detectors consisting of one or a 
few chips and with different configurations of 
the discharge protection and the gas 
multiplication grids. 
 
Within the EUDET project the milestones up to 
the end of 2009 consist of providing a 
monitoring system within the large TPC 
prototype under construction, or a smaller 
dedicated TPC, based on the CMOS pixelized 
active anode, including fast readout. The size of 
the active surface could range between a few 
cm2 (4-8 chips) and ~ 20x20 cm2 (~ 200 chips). 
 
For GOSSIP (the thin gas gap version of this 
technology for LHC applications) several new 
versions of its active anode pixel chip in 130 nm 
technology are planned for the next few years. 
A version that includes a 700 MHz clock on 
every pixel has just been produced and will be 
extensively tested in the coming year. If 
successful the implementation of this 
functionality on a full reticle scale, based on 
Medipix3 designs will be envisaged. This 
clearly needs a larger collaboration due to the 
large production costs of such full scale 
submits. In parallel detailed studies concerning 
cooling, mechanical suspension and data 
processing architecture will be undertaken in 
order to proof that GOSSIP would be a viable 
solution for a future, radiation hard upgrade of 
the ATLAS vertex detector and tracker. 
 
In the longer term, 3D electronics circuits are 
the future. This can be at the level of new 
sensor technologies, away from the present 
planar structures, and/or in the form of a 3D 
add-on to current active pixel sensors like 
MAPS. Key technologies for 3D integrated 
circuits are: bonding between layers, wafer 
thinning, through wafer via formation and 
metallization, high precision alignment. Several 
of these are being explored already within the 
RELAXD project. 
 
It is our firm ambition to be an active partner in 
these developments, acquiring more expertise 
in deep-submicron chip design, post-processing 
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and sensor development (both solid state and 
gas). This will be done in collaboration with 
already existing partners, in particle physics 
and X-ray physics (e.g. at SLHC, ILC, XFEL), 
possibly in space research (e.g. ESA, SRON), 
with technical universities (e.g. MESA+) and 
with industrial partnerships (e.g. PANalytical).  
    
 (Inter)national position and ambition 
In the ``European Strategy for Particle 
Physics’’, approved by the CERN Council in  
2006, the ILC  is positioned as being 
fundamental to complement the results of the 
LHC with precision measurements. Design and 
technical preparation for the machine (and the 
detectors) should be ready for a possible 
construction decision around 2010, when first 
LHC results have indicated the optimal energy 
window for the new e+e- collider. 
 
With its tradition and expertise in development 
and construction of (large) particle detectors, 
Nikhef is well placed. At present, the Nikhef 
R&D group participates in the EUDET and 
LCTPC collaborations for the readout of a large 
volume TPC as main tracker for the ILC. After 
the successful ``proof-of-principle’’ tests of 
pixel readout of gaseous detectors, several 
other groups (in Europe and elsewhere) are 
pursuing these developments. At present this 
still means exploring the parameter space of 
this technology on small systems. But the goal 
in the next few years is to prove the long-term  
reliability of this technique. A possible show-
stopper is the sensitivity to discharges (or very 
large signal charges) that can damage the 
readout chips, especially when used together 
with Micromegas like gas multiplication 
structures.  We are investigating several 
possibilities to overcome this problem. Once 
solved, we are convinced this technology will 
find large acceptance in the particle physics 
community and possibly elsewhere.   
 
It is our ambition to keep this leading role in 
the development and application of the 
pixelized readout of gaseous detectors, both at 
the ILC and as possible (vertex) detector 
upgrades for the ATLAS experiment. Nikhef 
physicists are member of the coordinating body 
of the EUDET project and of the LCTPC 
collaboration, member of the organizing 
committee WWSOC of the world wide study of 

Physics and Detectors for the ILC and deputy 
spokes-person and coordinator of the Medipix 
collaboration and RELAXD project . 
 
Knowledge Transfer , industrial partnership 
Nikhef has a long-standing expertise in the 
development of radiation detectors, necessary 
to carry out research at the scientific frontier. 
This expertise is to be maintained and exploited 
for scientific purposes and is part of the 
contribution of particle physics to technological 
innovation. However the cost of prototyping, 
even for R&D purposes, can become 
prohibitive when one needs to use the newest  
semiconductor processing technologies.  To 
continue R&D at the technological frontier, 
collaborations have been set up with several 
universities in the Netherlands, with the KVI in 
Groningen and with specialized micro-
electronics institutions like IMEC in Belgium. 
The strong generic detector R&D activity at 
Nikhef has been successful in acquiring 
substantial external support, such as the Eureka 
project RELAXD for technology transfer of 
Nikhef’s Medipix technology to Dutch industry 
(Panalytical).  Several other smaller scale 
industrial partnerships/contacts exist with e.g. 
INCAA, Engineering Spirit, FEI, DEP, 
Fraunhofer institute. 
  
New Investments 
At present a proposal for the upgrade of the 
facilities at the corridor ``Silicon Alley’’ is being 
discussed. It consists of refurbishing the 
existing cleanroom areas and purchase of new 
infrastructure for probing, bonding, dicing, 
SEM, shear tester and semiconductor 
characterization equipment 
Most of the investment money in the R&D 
phase of detector development will go in 
CMOS chip design and test productions via 
‘multi project wafer’ submits. With the new 130 
nm (and later 90 nm) CMOS technology these 
test runs have become quite costly, typically 42 
k$ for a test circuit surface of 2x3 mm2. It is 
estimated that 2-3 such test runs per year and 
per project would be needed. An engineering 
run of a few 8” wafers or a subsequent 
production run of ~50 wafers would cost ~ 600 
k$ and clearly needs to be funded within a 
larger (experiment) collaboration (e.g. ATLAS 
detector upgrade) or larger R&D collaborations 
like e.g. Medipix3 or a future follow-up of 
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EUDET. 
 
In the present roadmap for the ILC and its 
detectors it is foreseen that by 2010 two 
detector Engineering Design Reports (EDRs) 
are produced by two collaborations, which will 
complement the EDR for the accelerator. This 
would then also be the time to start a FOM 
physics programme for the ILC and to request 
an investment grant “NWO groot”, which is 
obviously beyond the scope of detector R&D 
alone. 
 
Personnel 
It is our ambition that the detector R&D group 
would consist of some 10-15 academic staff: 
research and instrumentation 
physicists/engineers, postdocs and PhD 
students. Currently the group consists of 5 
research physicists (~ 3.5 fte), 2 postdocs, 2 
PhDs and several undergraduate students. 
There are two open PhD positions. Three out of 
the five senior staff will retire in the coming 3 
years. It is very important that these positions 
will be refilled in time. 
For technical support, at least two (fte) well 
experienced chip designers should be available 
for this group, in addition to ~ 2 fte general 
purpose electronic engineers. For mechanics 
design and construction , ~ 1 fte designer and 
1.5 fte technician are needed. Finally, 1 fte is 
needed for computing support in areas like 
DAQ, slow controls, Medipix/Timepix 
software and controls (Xilinx). 
These numbers need very likely to be increased 
after 2010, when a new FOM programme for 
the ILC is expected to start. 
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2.5.Physics Data Processing: Grid 
Computing 
 
Introduction 
The Physics Data Processing programme 
encompasses a wide range of activities directly 
or indirectly related to enabling analysis of the 
physics data acquired in the experiments on 
which Nikhef collaborates.  The research done 
in this programme is primarily driven by the 
explosion in data volumes over the last few 
decades.  Part of the programme involves work 
with colleagues from other branches of science, 
who are typically several years behind HEP on 
the data explosion curve; the payoff in 
knowledge transfer to these communities is 
large compared to the associated investment. 
 
This programme was instantiated around the 
turn of the century at Nikhef, in order to 
capitalize on significant local interest and 
expertise in the underlying computing 
problems. 
 
Programme: past 5-10 years 
Starting with a 100-processor cluster serving as 
a remote Monte-Carlo farm for the D0 
experiment (FNAL), our group was one of the 
five core partners in the European DataGrid 
(EDG) 5th framework programme project; this 
project served as the incubator for the grid 
techniques, policies, software, and 
collaboration for the LHC Computing Grid 
(LCG). 
 
During EDG we chose to concentrate our 
participation along the following lines: 
 

• Management of large-scale computing 
fabrics 

• Operation of large-scale grid computing 
facilities 

• Organization and management of grid user 
communities, along with the associated 
authentication and authorization problems 

• Research into techniques for solving 
computing problems with large data 
components. 

 
These research lines emerged naturally as a 
result of our ambition to construct and operate 
a Tier-1 LHC computing facility. 

 
Our participation as one of the five EDG core 
partners translated naturally into hosting one 
of the five core sites on the project’s testbed. 
The EDG project successfully demonstrated 
many of the necessary components of a 
working production grid infrastructure, 
serving as a proof of principle for the LHC 
Grid. 
Our experience and that of our colleagues at 
the national high-performance computing 
center SARA, has deepened in the past years. 
Now SARA will house one of the ten Tier-1 
centers for the LHC Computing Grid, as of this 
writing the largest operational grid in the 
world.    
 
Nikhef also plays a leading role in the Dutch 
national e-Science project “VL-e” (Virtual 
Laboratory for e-Science”).  Software engineers 
at Nikhef produced the first “Proof-of-
Concept” release of the VL-e software stack in 
2005, and users from Dutch hospitals are 
sharing the Nikhef computer facilities with the 
high-energy physicists.  Furthermore our 
colleagues in the social sciences have recently 
begun archiving e.g. scanned images from the 
pages of ancient bibles on our grid storage 
systems.  
 
Programme: future 
The correct course of the project for the 
medium term, as in the past, emerges rather 
naturally from an analysis of the group’s 
strengths, current computing trends, and the 
position of Amsterdam as an LHC Tier-1 
center.  The specific activities for this medium 
term are essentially the same as the present 
ones. 
 
The first main activity is research and software 
development in authentication, authorization, 
and grid community forming.  This is a “niche” 
area in which relatively few groups are active 
worldwide, due to the high level of expertise 
necessary to make an impact.  On the other 
hand, due to the nature of grid computing, 
authentication and authorization play a rather 
central role. Nikhef is unique in this sense, 
having established an international reputation 
in this area very early on in the development of 
grids.  The authorization and credential 
mapping software LCAS/LCMAPS developed 
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at Nikhef is an international standard package 
used in many grid projects, and in the area of 
grid policy, Nikhef staff have chaired the 
International Grid Trust Federation and the 
EUGrid Policy Management Authority.  This 
activity has the further advantage of being 
accepted as mainstream computer science, 
offering channels for publication and access to 
students. 
 
The second main activity is in the area of 
“operations”.  This arises naturally from 
Nikhef’s leading role in the Netherlands Tier-1 
for the LHC experiments; part of that entails 
operation of a large computer facility in a grid 
context.  Operations at this scale is full of 
challenging engineering problems, as well as 
opportunities to contribute to the international 
research-grid software stack (as we currently 
do with our “dynamic scheduler” information 
provider). 
 
The final activity is collaboration with grid 
users.  The first obvious candidates are our 
local Nikhef colleagues, assisting them with 
making effective use of the LHC computing 
grid.  The more important candidates are 
scientists from other disciplines. With a 
relatively small investment (1-2 FTE), we reap 
an enormous payoff in this area. Current trends 
in science funding reward multidisciplinary 
activity, of which this is an excellent example. 
Furthermore, collaboration with colleagues 
from other disciplines is in most cases a win-
win proposition: the time and effort needed for 
them to achieve a working solution to their 
problems is significantly reduced, and they in 
turn are interested in computing infrastructures 
compatible with what Nikhef wants for the 
Tier-1 --- and it is much easier to get funding 
for a multidisciplinary science center, than it is 
for a HEP-specific “computer cluster”. 
 
We expect in this medium term that the effort 
in the “security arm” will remain more or less 
constant at the current 2-3 FTE; operations will 
need to expand from the current 2.5 FTE to 
about 6; and the external collaboration should 
expand slightly (largely subsidized via project 
funding) to 2 FTE (currently about 0.5 FTE). 
 
(Inter)national position and ambition 
The international position now is excellent; it 

would be very difficult to improve it.  
Amsterdam is one of the ten LHC Tier-1 centers 
in the world, and for ATLAS it is the largest in 
Europe.  Nikhef is also represented in the 
Management Board and Overview Board for 
the LHC Computing Grid Project, one of the 
Open Grid Foundation Area Directors is Nikhef 
staff, and we are internationally recognized as 
leaders in the grid security area.  Maintaining 
this position is contingent on two main factors : 
firstly, key people that have been funded by 
external projects need to be converted to 
permanent contracts in order to retain the 
intellectual capital developed over the past six 
years, and travel budgets need to be 
maintained at the current levels --- to be 
effective in this game, one unfortunately has to 
attend many meetings. 
 
Knowledge Transfer , industrial partnership 
This has already been described above; specific 
examples of research partners with whom we 
work are DANS (archiving and analysis tools 
for researchers in the humanities), the Max-
Planck Institute for Psycho-Linguistics in 
Nijmegen, and the Academic Medical Center in 
Amsterdam.  There is also significant industrial 
partnership planned and funded with Philips 
Research over the next four years.  
 
New partners, both academic and industrial, 
are constantly being approached. 
 
New Investments 
In the short term, we are involved with the 
proposal for the third installment of the 
European Framework project “EGEE” 
(Enabling Grids for E-sciencE).  In the longer 
term, the BIG GRID infrastructure project will 
terminate in 2011; there are definite plans to 
submit a follow-on proposal. 
 
Personnel 
At the moment about 8 FTE are working in the 
project, spread over about ten people. As 
mentioned above, this needs to expand to 
approximately 14 FTE in about two years time.  
A large fraction (more than 50%) has been 
funded via our participation in EU framework 
projects (EDG, EGEE) and Dutch BSIK projects 
(VL-e).  Much of the expansion can be absorbed 
in the short and medium term via the BIG 
GRID project.  The presence of this external 
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funding cannot, however, avoid an increase in 
permanent staff associated with the project, as 
this move is needed in order to retain key 
people on staff as explained above. 
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3. Technical Skills and 
Infrastructure   

Introduction 
State-of-the-art accelerator and detector 
technology is of crucial importance for our 
participation in international collaborations, 
preparing new experiments or upgrades of 
existing experiments. For each new endeavour 
the technologies are only defined after a highly 
competitive international selection process. In 
many cases scientific discoveries follow 
technological breakthroughs: subatomic 
physics is typically a technology enabled science. 
A typical example is the discovery of the W- 
and Z-bosons, the mediators of the weak 
interaction, which only became feasible after 
the development of stochastic cooling by Simon 
van der Meer. In here, technology refers not 
only to the ‘standard’ disciplines like 
mechanics and electronics, but includes 
computing as well, as best illustrated by the 
development of the world wide web at CERN 
in the past and the recent development of the 
grid compute technology in anticipation of the 
large data volumes (20 PB/year) and high CPU 
requirements needed for the analysis of the 
measurements at CERN’s Large Hadron 
Collider. 

Partners in technology 
The experiments Nikhef is engaged in are 
without exception large and international. 
Nikhef scientists, engineers and technicians 
collaborate not only with the personnel at the 
large international accelerator centres but also 
with colleagues from institutes and 
universities, in Europe and in the U.S., with 
which we form partners in collaborations. On a 
national level, Nikhef has, in particular in the 
field of astroparticle physics, contacts with 
institutes like KVI (Groningen), ASTRON 
(Dwingelo), SRON (Utrecht), NIOZ (Texel) and 
with the optical data transmission group of the 
TUE (Eindhoven). In the field of grid 
computing, Nikhef collaborates with SARA 
(Amsterdam), RC-Groningen (Groningen) and 
academic research groups. On micro-
electronics Nikhef has a close collaboration 
with CERN and the MESA+ institute of the 

University of Twente (Enschede). Because of its 
geographical location Nikhef and AMOLF 
make use of each other’s infrastructure for 
specialised infrastructure like spark erosion 
and 3D metrology. 
 
Regarding industrial partners, Nikhef 
collaborates e.g. with PANalytical (Almelo) on 
X-ray detection instrumentation and with 
IMEC (Leuven, Belgium) on silicon processing 
technologies. In addition Nikhef has contacts 
with many national industrial suppliers for the 
efficient procurement of sub-detector 
components. In the field of grid computing, 
Nikhef has contacts with many industrial 
partners, as a consequence of our contributions 
to projects like VL-e, EGEE and BIG GRID. And 
last but not least: as the largest co-housing 
location of the Amsterdam Internet Exchange 
(Ams-IX) Nikhef deals with more than a 
hundred industrial 
clients.

 
Fig 1. The ATLAS collaboration presented an award 
for outstanding supplier performance to the  firm 
Schelde Exotech in 2003 for manufacturing large 
vacuum vessels for the cryostats of the ATLAS end-
cap toroids.  

Technical Departments 
In general, Nikhef has highly motivated and 
experienced technical personnel, working in an 
outstanding local technical infrastructure. This 
attracts many apprentices and applicants for 
vacancies, also stimulated by a PhD track for 
technical personnel (1 achieved; 2 in progress; 
≥1 in the pipeline). We have been able to 
temporarily increase the number of technical 
positions to deal with the high workload for the 
LHC experiments and plan to continue this 
policy if needed. Up to now, technicians 
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employed on a temporary contract have easily 
found employment in industries or at other 
institutes as skilled technicians. However, 
hiring of experienced personnel is difficult in 
periods of strong economic growth for the 
computing, electronic and R&D department. As 
a consequence of few permanent appointments 
in the past 10-15 years due to funding 
reductions the age profile of the technical 
personnel is unbalanced. Insufficient funding 
risks the size of the Nikhef technical 
departments to become sub-critical.  
 
We plan to strengthen the know-how in 
Nikhef’s technical departments through 
industrial partnerships in the areas of pixel 
detectors, optical communication, grid 
computing and possibly CO2–based cooling 
applications. Maintaining and upgrading the 
excellent clean room facilities will give us good 
opportunities to participate in the forefront of 
technological developments in the future. The 
technical departments are the place where 
expertise is developed and maintained. This 
knowledge must be preserved and extended 
with new techniques by keeping up with 
professional literature, intensifying collegial 
contacts within and outside FOM, by visiting 
expositions and companies and by exploiting 
other national and international contacts. 

3.1.Facilities 
 
Nikhef has a number of facilities (laboratories, 
clean rooms, special equipment) to support its 
scientific mission. For decades, the excellent 
infrastructure has enabled us to build detectors, 
from small to very large size. Having 
production lines for quality detectors will 
remain important in the future. This section 
describes the ambitions and planning with 
respect to maintaining and upgrading our 
facilities.  
 
Clean rooms 
Detector R&D makes use of technically 
advanced methods like custom chip-design, 
wafer-scale processing, die-bonding, wire-
bonding, flip-chip bonding, 3D 
interconnections, integrated detector micro-
systems, super-light materials, and CO2 cooling 
technologies. To stay at the forefront of these 
technologies, it is the aim of Nikhef to upgrade 
the facilities for all chip- and wafer-
(post)processing. The upgrade includes a 
refurbishment of the “Silicon Alley” area and 
re-installing one of the smaller clean rooms to 
its original class 1.000 status. In Silicon Alley 
most of our detector R&D for LHC detector 
upgrades, for ILC detectors and for 
contributions to astroparticle physics 
experiments will be concentrated. In total, 
Nikhef has seven clean rooms with a total of 
740 m2 floor space. 
 
Since CMOS electronics wafers will be 
produced in large semiconductor foundries, 
and high-resistivity sensor wafers will be 
obtained from specialized detector companies, 
the Nikhef investments will be concentrated in 
wafer post-processing and die-processing, as 
well as on wafer-inspection and die inspection, 
quality assessment, fault analysis, and small to 
medium-volume detector-module production.  
The accompanying table lists the equipment 
that is planned to be purchased to meet these 
ambitions. The estimated investment is 500 k€. 
Specialized technologies like photo-
lithography, chemical processing and ion-
implantation  Nikhef can access, if specifically 
required, through contacts at MESA+ (Twente), 
Dimes at the University of Delft, and IMEC 
(Leuven, Belgium).  
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Scanning Electron 
Microscope 
Dicing Saw 
Grinder/Polisher 
Wire Bonder 
(refurbished) 
Plasma Cleaner 
Shear tester 
(refurbished) 

Cutter, 6"manual, 3 
wavelengths 
Wafer Inspection 
Station (Microscope) 
Wafer Dicer 
Wafer Mounter 
Wafer Prober 
(refurbished) 
 

Table 1. Foreseen investments for 2007-2008. 
 
The large 170 m2, class 10.000 cleanroom, 
constructed inside the big assembly hall, will be 
reserved for large detector construction tasks, 
in line with the ambitions to engage in other 
upgrade activities for the LHC detectors, most 
likely for the ATLAS Inner Tracker. 
 
Computing / housing 
Nikhef has currently (located on the first floor) 
about 300 m2 of floor space housing the 
Amsterdam Internet Exchange customers (~ 
200 racks) and, adjacent to it, about 100 m2 for 
housing its own computing, storage and 
networking equipment, including grid 
resources. 
In preparation of both the expected continuing 
growth of the AMS-IX customer base and the 
investments in grid resources as part of the BIG 
GRID funded LHC Tier1, Nikhef plans to 
expand its computer housing facilities. The first 
phase, projected to cover the growth in the 
period 2007-2010, encompasses a new space of 
150 m2, to be constructed at the expense of 
about a third of the current library area on the 
second floor. It will contain Nikhef ‘s own 
infrastructure and the Tier-1 resources, which 
will be moved from the first floor to allow for 
the growth of AMS-IX housing. The expansion 
includes also a thorough upgrade of the facility 
to meet the current commercial standards with 
regard to security and reliability. The total 
estimated cost is 2 M€. 
   
Former accelerator and experimental buildings 
From its past activities with the MEA/AmPS  
accelerator Nikhef has inherited a complex of 
buildings with a total amount of floor space of 
10.000 m2.  
 
Half of the building area is leased to a UK 
based datacenter/colocation company 

(TeleCityRedbus), which has chosen this 
location specifically because of the nearby 
Internet Exchange facilities at Nikhef and 
SARA. This lease contract covers a period until 
2015. About 1.500 m2 is leased to Aquasense, a 
consultancy company on water quality, ecology 
and environmental issues. This lease contract 
runs until end 2008, after which Nikhef will 
search for new lessees. The gross total value of 
both lease contracts is more than 600 k€ per 
year. 
 
The largest experimental hall, called the Emin 
hall, is foreseen to house the assembly station 
for the ‘KM3NeT’ strings. The hall can easily be 
blocked from daylight, which makes it very 
suitable as a test station for the photomultiplier 
tubes on the strings.  
The remainder of the buildings, especially the 
large class 10.000 clean room (270 m2 divided 
over 4 separate rooms), which has been used 
for the assembly of the LHCb Outer Tracker 
straw tubes, will be available for lease to 
external parties. 
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3.2.Electronics Technology 
After the start of the LHC experiments the 
demand for sophisticated electronics will 
continue, in parallel to the support that must be 
given to existing products for the LHC and 
astroparticle physics experiments. Programmes 
like KM3NET, Pierre Auger, HiSPARC and 
R&D programmes like GOSSIP require the 
development and production of new 
electronics. Moreover, plans for upgrades for 
the LHC experiments and for experiments at 
ILC are being made. The technology choices 
made there will have influence on the required 
expertise and thus on required training and on 
the strategic choices of deployment of 
personnel. The choices which expertise to 
maintain and how these should be effectuated, 
will become even more urgent than today 
because of the reduction of personnel from 25 
to 20 FTE’s. It will be essential to maintain a 
critical mass of personnel. 
  
In electronics technology we see a shift from 
making prototypes to the use of more elaborate 
simulation and verification computer 
programmes.  However, it will remain 
important to keep the expertise to understand 
and interpret the simulations made. More use 
will be made of EDA (Electronic Design 
Automation) for Printed Circuit Board design, 
Very Large Scale Integration design and VHDL 
(Very high speed integrated circuits Hardware 
Description Language). 
 
In the field of data-transmission, the 
transmission rates are increasing rapidly and 
the development of opto-electronics has 
diffused the boundary between optical and 
electronic data-processing. A further trend is 
the ongoing integration of functions at the 
board level with accompanying requirements 
for higher speeds and greater data-density with 
on the other hand the requirement for lower 
power dissipation. 
 
Stringent boundary conditions concerning ESD 
(Electrostatic Discharge)-safety, radiation 
tolerance, vacuum qualities and high 
underwater pressure tolerance are more and 
more required. 

3.3.Mechanical Engineering 
Department 
In general in the mechanical engineering 
department we expect to encounter the 
following technologies more and more often: 
multiCAD (multimedia solutions for computer-
aided design), product lifecycle management 
(PLM), rapid manufacturing (RM) and 
computerized numerical control (CNC), 
automation of design work and computer 
aided manufacturing (CAM) and simulation 
and computer aided engineering (CAE). 
 
Already noticeable now but certainly a trend in 
the future is the fact that simulation of the 
behaviour of systems will become possible at 
the conceptual stage of the design. It is a big 
advantage that advancing insights can be 
acquired at the beginning of the design route, 
when the costs involved are still low. Another 
trend is the automation of routine tasks at the 
construction stage. In particular CNC-work 
preparation and automatic production of 
construction drawings will shorten the time 
from design to production, and will also reduce 
the number of errors and improve the overall 
quality.  Beside CNC, which is still not at the 
end of its possibilities, also RM will show a 
strong rise. CNC will never disappear entirely 
but RM will take over more and more tasks, 
especially for prototype production. 3D-prints 
as a special case of RM will improve the 
communication over the design between 
designers and physicists. 
  
An engineering department should not only 
provide a ready (turnkey) product but must 
also deliver complete documentation for third 
parties to realise the eventual product. The 
department has to fulfil different roles in 
different collaborations, varying from leading 
the design to just making production drawings. 
This requires flexibility in the choice of design 
tools as CAD- and CAE-packages. In 
geographically more spread-out collaborations 
it is essential to maintain version management, 
data-integrity control, engineering databases 
(with the necessary authorisations), quality 
assurance and strict decision structures.  As a 
result PLM-systems and multiCAD 
environments will rapidly become common 
practice, also at Nikhef. 
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3.4.Mechanical Workshop 
Besides exploiting the existing expertise in the 
field of computer-aided production and special 
connection techniques, we expect that in the 
mechanical workshop it will be necessary to 
obtain further skills and adapt to other working 
methods.  
 
Projects in the mechanical engineering 
department frequently demand the 
construction of special equipment in the 
mechanical workshop, necessary for 
manufacturing, testing and measuring objects, 
especially since designs have the tendency to 
become more and more conceptual. These 
special tools are mostly designed in the 
workshop itself. From the technicians, a critical 
input for the improvement and modification of 
designs is expected. 
  
Digital exchange of technical documents by 
means of CAM-techniques enables production 
machines to read in designs directly. This is 
already done both at our own workshop as 
well as at external firms. Therefore outsourcing 
of the production at a high-quality level will 
become viable. Production "in-house" will be 
done mainly when prototypes are concerned. 
Larger serial production, after the development 
of the prototype, will be outsourced if the 
quality requirements and financial boundary 
conditions can be met. To expand this working 
method, however, thorough evaluations are 
necessary. 
  
Participation in international collaborations 
requires setting high quality criteria; the 
required mechanical precision should be 
checked with sophisticated 3-D measuring 
devices. Also for large external serial 
production, extensive quality control and the 
use of component databases becomes more 
important, e.g. for tracing production 
problems. 
  
Because of the trend of miniaturization of 
mechanical components as a consequence of 
the development of detectors of very high 
resolution, and the further miniaturization of 
associated electronics, it becomes essential to 
work in dust-free surroundings. The 
expectation is that the use of clean rooms will 

increase further.  Also the quantity of wire 
bonding work is expected to increase. The 
recent planned investments for micro-electronic 
equipment (see facilities section) will offer new 
possibilities. 
 
Two-phase CO2 refrigeration offers a solution 
for the demand for low-mass detector designs.  
Orbital welding is a technique well suited for 
connecting small diameters pipes used for CO2 
refrigeration and therefore will replace other 
welding methods.  
 
There is an increasing demand for light and 
rigid constructions by experiments which 
simultaneously require a high position and 
excellent time resolution. Therefore the 
application of composites and plastics will 
increase.  
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3.5.Computer Technology 
Department 

 
The Computer Technology Department (CT) is 
responsible for the Information and Computing 
Technology (ICT) infrastructure at Nikhef and 
contributes with technical manpower to the 
scientific programmes. Beside these tasks the 
CT has taken responsibility for the daily 
operational support of the AMS-IX housing 
facility at Nikhef. 
 
System and network management. 
The CT system administration policy is based 
on centrally managed desktop computer and 
server systems. In our view this is the only 
acceptable policy to manage about 400 
desktops and dozens of server systems with 
limited resources (5 FTE’s). We will continue 
this policy in the coming years, and give more 
attention to features like automatic update 
procedures, server virtualization and 
redundant hardware for server systems to 
achieve a stable and easy-to-manage 
infrastructure. We will continue to focus on 
Open Source Linux based services and we will 
limit the Microsoft services to the minimal level 
required to support the Microsoft desktop 
systems. Data volumes are increasing every 
year. One of the major challenges in the near 
future for system administrators is to manage 
these large data volumes in terms of backup 
services, data migration and disaster recovery. 
We will continue the discussion how to offer 
ICT services either by ourselves or by 
outsourcing these services to other parties, like 
SARA (as we did for the backup service and 
some of the file services). Our internet service 
provider SURFnet has proven in the past to be 
able to offer enough high-quality bandwidth to 
the internet (currently 10 Gbps); we expect 
SURFnet to continue this service against 
affordable prices in the coming years as well. 
 
Instrumentation projects. 
CT effort to support the data-acquisition and 
control systems of the LHC experiments and 
the astroparticle physics experiments is 
currently 4 FTE’s. We estimate that this 
manpower will be sufficient until 2011 to 
support the operation of the LHC experiments 
(notably ATLAS and LHCb) and ANTARES 

and the design phase of KM3net. 
 
Grid computing. 
Grid computing has become a major ICT 
activity at Nikhef. In the coming years Nikhef 
and SARA will deploy and operate the Tier-1 
centre for the LHC computing grid. The CT 
department provides manpower (6 FTE’s) to 
the various grid projects managed under the 
responsibility of the Physics Data Processing 
group.  Currently the grid computing and 
network infrastructure is under development. 
We expect once we move into the production 
phase, this infrastructure to be managed more 
or less in the same way as we manage other 
central ICT services today.  Research and 
development of grid middleware, security 
software and scaling and validation of grid 
resources is a challenging task, which is 
directed by the members of the PDP group and 
partly financed by external sources. This R&D 
activity, to be continued in the coming years, 
makes it attractive for young IT professionals to 
work in the CT and PDP groups at Nikhef.  
 
AMS-IX housing services. 
We will continue to offer housing services for 
the customers of the Amsterdam Internet 
Exchange. To be able to stay an attractive 
housing site for our customers we have to 
upgrade our services to a higher level. This 
implies investing more in the infrastructure 
(like power monitoring, access control, fire 
suppression, etc) and in manpower for 
operations during office hours and standby 
services outside office hours. We expect a 
modest but continuous grow from our 
customers in the demand for rack space. 
Because our current floor space is almost fully 
occupied, we are studying how to extend our 
floor space (see section 3.1 on facilities). 
Supplying AMS-IX housing services at Nikhef 
is a combined effort of the CT group (2 FTE’s), 
technical facilities and the financial 
department. We may consider changing the 
organizational structure, for instance by 
defining a dedicated unit to be responsible for 
the AMS-IX housing services. 
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4.  Education, Outreach and 
Valorisation 

 
The research activities of Nikhef need to be 
shown, explained and conveyed to a variety of 
groups in Dutch society and in Europe at large. 
This is important for various reasons. 
 
§ There is a deep-rooted interest in 

developments at the forefront of science 
among many people in society. As one of 
the major institutions for fundamental 
research in the Netherlands Nikhef has the 
duty to inform and entertain the interested 
general public.  

§ In order to ensure a sufficiently large influx 
of new physics students, the fascination of 
frontier research needs to be shared with 
young girls and boys at all levels of 
education. 

§ Strategic decisions regarding the funding of 
future research programs are made by 
policy makers at the funding agencies and 
fellow scientists in different fields of 
physics. These professionals need to be 
informed about the successes of research 
conducted at Nikhef and our future 
ambitions. 

§ Advanced technological solutions 
developed by Nikhef engineers can 
sometimes be used for other applications 
than the particle detectors for which they 
were originally designed. Potential partners 
for such valorisation projects need to be 
identified and Nikhef personnel needs to be 
made aware of such opportunities. 

 
In this section each of the aforementioned 
public relation activities is discussed in some 
detail, with emphasis on those activities that 
require more attention in the coming years. It is 
noticed that Nikhef collaborates with 
essentially all of its partners, both nationally 
and internationally, to achieve the goals listed 
above. These collaborations are not explicitly 
mentioned below. 
 
Outreach 
The general public is informed about progress 
made in particle and astroparticle research at 
Nikhef in various ways. The yearly Open Days 

attract well over 1000 people, who are enjoying 
a large number of exhibits, demonstrations and 
animations. Nikhef is continuously improving 
its exhibits using both prototypes of particle 
detectors used in real experiments and 
dedicated demonstration experiments. An 
example of the former type is a spark chamber, 
which makes the observation of cosmic rays a 
reality for everybody. A new larger spark 
chamber is under development in collaboration 
with the Amsterdam Science Museum ‘Nemo’. 
Most importantly, however, it is the 
enthusiasm of many young graduate students 
in individual contacts with the general public 
that makes the Open Days at Nikhef a yearly 
success. 
 
Moreover, the Nikhef science communication 
office is issuing frequent press releases to 
approach the Dutch national news papers. This 
has resulted in various articles for the general 
public, including interviews of leading Nikhef 
scientists. These activities will continue in the 
coming years because of the anticipated 
discoveries at the LHC and the various 
astroparticle physics experiments. 
 
The general public is also addressed in radio 
and TV programs, or even theater plays, 
whenever an opportunity is available. The 
Nikhef science communication office plays a 
pro-active role in scouting such opportunities 
and bringing the media in contact with the 
relevant scientists or engineers. As an example 
of such an opportunity the movie Angels and 
Demons (after the best-selling novel of Dan 
Brown) can be mentioned. In view of the 
upcoming release of this movie, Nikhef staff 
members are addressing in their public lectures 
the science (and science fiction) that the 
audience will be exposed to in the cinema. Such 
links to well-known media events are always 
very much appreciated. 
 
The Nikhef science communication  office is 
also involved in various international outreach 
activities. Frequent contacts with the CERN 
science communication office exist, and Nikhef 
is partner in many European outreach activities 
including those organized in the emerging field 
of astroparticle physics. 
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Education 
Interest in science and technology starts at a 
very young age. It is also becoming 
increasingly clear that this interest should be 
stimulated and maintained in order to improve 
science literacy in society and to ensure that 
students make well-informed choices during 
their years at school and university. With these 
ideas in mind, Nikhef scientists are 
participating and -in several cases are 
initiating- activities to promote science among 
the various age groups. The most prominent 
activities are listed below: 
 
§ At the 'Techniek Toernooi' young children 

in the age bracket from 8 to 12 are asked to 
make simple constructions ("spaghetti 
bridge") or carry out simple experiments 
("water rocket") that illuminate simple laws 
of nature. This national tournament is 
attracting an increasingly large number of 
teams, which has resulted in a waiting list. 
These tournaments are organized on behalf 
of the Dutch Physical Society (NNV) in 
collaboration with many research 
institutions. At present Nikhef is providing 
the chair of the organizing committee (dr. E. 
de Wolf). 

§ The 'EurekaCup' is a similary competitive 
tournament, this time aimed at children of 
12 to 15 years old. The tournament – also 
initiated by the Dutch Physical Society – is 
organized at (and by) different universities 
or research institutes every year. The first 
‘EurekaCup’ event was hosted by Nikhef in 
Amsterdam in 2005. In the future Nikhef 
will organize junior master classes for this 
age group, as students in the Netherlands 
have to make a decision for continuing (or 
not) their science education at the relatively 
early age of 14. 

§ Every year Nikhef is organizing a few 
Master Classes for high-school students 
(age group 16 – 18) who are interested in 
science and technology. On top of that 
several senior staff members are teaching 
on an ad-hoc basis at schools, or students 
are invited to spend a day at the institute 
Master Classes are also given to foreign 
students. In the coming years technical 
students (from polytechnic schools) and 

teachers-to-be will be invited for special 
Master Classes as well. 

§ In their final high-school year Dutch 
students have to carry out a dedicated 
science project. For this purpose several 
projects have been developed, including 
one aimed at measuring the muon life time. 
Most attention has been attracted by the 
HiSparc project. In this project each 
participating school is building a set of 
scintillators that is installed at the school's 
roof with the purpose of measuring high-
energy cosmic rays. As many schools 
throughout the Netherlands are 
participating in the project, a true network 
has been established enabling (through 
coincidence detection) the observation of 
very high-energy cosmic rays. This project 
engages students in all aspects of a true 
research project: building, planning, data 
acquisition, calibration, analysis and 
reporting. The success of the project has led 
to the formation of a European Network 
(EuroCosmics) of physics teachers and 
scientists who are using similar systems. 
The network is chaired by a Nikhef staff 
member (prof. B. van Eijk). In 2007 
EuroCosmics has submitted a proposal for 
support to the European FP7 program. 

§ Nikhef is also involved in education at the 
bachelors and master levels. Many staff 
members have (special) appointments at 
one of the Dutch universities where they 
are involved in lecturing and/or laboratory 
courses. A special master course in particle 
and astroparticle physics, serving students 
from most Dutch universities, is largely 
hosted by Nikhef. Within the framework of 
this course, Nikhef is also supporting 
participation of the master students to the 
CERN summer student program. 

§ All PhD students at Nikhef receive 
academic training through the Research 
School in Subatomic Physics ('OSAF'). This 
school is organizing – in collaboration with 
the Belgian and German partners in OSAF – 
a yearly two-week summer school and sets 
of so-called topical lectures each covering 3 
days. Additional dedicated summer schools 
exist for PhD students in theoretical physics 
(every year) and astroparticle physics 
(every 3 years). Presently it is also actively 
pursued to involve PhD students from the 
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technical universities in the Netherlands (at 
Delft, Eindhoven and Twente) in the CERN 
technical student program. This would enable 
Dutch students in technical physics (and 
related subjects) to profit from the 
advanced technological environment at 
CERN. 

 
Apart from all the specific activities mentioned 
above, Nikhef staff members are involved in 
many related educational activities organized 
throughout the Netherlands. Examples include 
the preparation of educational material for the 
new physics high-school curriculum (known 
under the acronym ‘NiNa’), participation in 
Science Café’s in various university towns, and 
excursions to CERN for undergraduate physics 
students.  
 
Strategic support 
Science funding in the Netherlands is based on 
peer review. Proposals for future research 
programs or investments are being assessed by 
fellow physicists in the Netherlands. Moreover, 
general policy decisions are taken by the 
boards of funding agencies and high-level civil 
servants. Hence, it is very important to inform 
our colleagues at the universities, and the 
various board members on a frequent basis 
about the progress made at Nikhef. The 
following activities are organized to achieve 
this goal: 
 
§ Every couple of years members of the board 

of Nikhef, FOM or NWO (and sometimes 
University representatives) are invited for 
dedicated visits to CERN. These visits are 
always highly appreciated.  

§ Given the importance of CERN for 
European science, a visit of the Dutch 
minister of Education, Culture and Science 
to Geneva is organized every time a new 
minister has been appointed in the 
Netherlands. The recently appointed new 
minister Plasterk has already been invited 
for a high-level visit.  

§ Europe is playing an increasingly important 
role in setting the agenda for the 
construction of large scale research 
facilities, such as those needed in particle 
and astroparticle research. This has also led 
to the formation of networks between 
funding agencies. By hosting such networks 

at Nikhef all Dutch stakeholders are 
brought together, while informing our 
European colleagues at the same time. Such 
a National Day was recently organized for 
the Astroparticle Physics ERA-NET,  
known as “ASPERA”. 

§ Fellow scientists in the Netherlands are 
informed about research activities at Nikhef 
by publishing semi-popular articles in the 
journal of the Dutch Physical Society 
(Nederlands Tijdschrift voor Natuurkunde) and 
other popular media. 

§ In order to promote the new science results 
that are anticipated in the coming years the 
Nikhef science communication office will 
take a pro-active role in organizing series of 
invited talks of staff members at the various 
physics departments throughout the 
Netherlands.  

§ Nikhef staff members are also encouraged 
to serve at national committees, boards and 
review panel to establish necessary contacts 
with other scientists. As an example, the 
recent election of a Nikhef staff member 
(prof. G. van der Steenhoven) as new 
chairman of the Dutch Physical Society can 
be mentioned. 

§ As the annual report is another important 
means of communication with fellow 
scientists and the various agencies, it has 
recently been decided to change the format 
of Nikhef’s annual report such as to make it 
more accessible to all potential readers. As a 
result the annual report has changed quite 
dramatically, now including feature articles 
written at a semi-popular level, short 
reports from the various experiments, and 
many more pictures. The change has been 
positively received. 

 
Valorisation 
The technology needed to realize subatomic 
physics experiments has led to numerous 
applications: CRT-based TV, medical 
diagnostic tools, (X-ray, MRI, CT, PET, SPECT), 
medical treatment procedures (X-ray, hadron 
therapy, radioactive isotopes), smoke detectors, 
synchrotron facilities, the concept of distributed 
sensor networks, the world-wide web, grid 
computing etc. For that reason new 
applications of more recently developed 
techniques are to be expected. Nikhef is 
organizing yearly meetings with potentially 
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interested commercial partners to stimulate 
further applications. It is also encouraged to 
submit joint proposals with industrial partners, 
using the various frameworks available to 
stimulate the development of commercial 
applications (through FOM Industrial 
Partnership Programs, other dedicated 
instruments provided by Senter-Novem or the 
so-called SmartMix programme of the 
ministries of Education and Economic affairs). 
While these initiatives have already led to first 
successes, as were described in the first part of 
these evaluation reports, more joint projects of 
this kind are foreseen in the future. Moreover, 
first contacts with large companies such as 
Royal Dutch Shell have recently been initiated 
to explore possible fields of joint interest with 
their research activities. 
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5. Finances 2007-2012 and 
beyond 

 
Funding perspective – ‘secured’ 
The funding of Nikhef’s joint research program 
originates from five distinct sources. The first 
source is the ‘base’ funding for the FOM-
institute; this base funding is the sum of the 
program budgets and the mission budget. The 
second source is the FOM program funding for 
the three university groups (RU, UU, VU), that 
are part of Nikhef. (For historical reasons the 
FOM-funds for the fourth university group 
(UvA) are included in the institute’s budget.) 
The third source is project funding, acquired by 
the institute, from either FOM or third parties 
(such as the EU, NWO or the Ministry of 
Economic Affairs). The fourth source is the 
income the institute generates from the lease of 
the former accelerator buildings and from 
housing a large part of the Amsterdam Internet 
Exchange. The last source is the personnel and 
material budget provided by the four 
university partners. This source is not further 
discussed in this section and not included in 
the budget tables discussed below. 
  
The top half of Table 1 shows the current 
perspective of the funding sources (labeled 
with Roman numbers), which are ‘secured’. 
These figures are indexed regularly to account 
for inflation. As none of the source IV income is 
really guaranteed it does not appear in the 
upper half of the table. 
 
As can be concluded from this part of the table 
Nikhef’s program and mission funding 
(sources I and II) will drop from the current 
12.6 M€ to 11.5 M€ in 2012. The mission budget, 
which includes a temporary compensation to 
alleviate the consequences of FOM’s most 
recent (2004) Strategic Plan, accounts for most 
of this decrease (9.4 M€ to 8.7 M€), the 
remainder being due to the loss of program 
funding for Theory (2007). In the years after 
2012 the guaranteed funding level will further 
decrease: program funding for the LHC 
experiments ALICE, LHCb and ATLAS will 
have ceased after 2015, so that the funding will 
drop to 8.7 M€ (mission budget only) if no new 
program funding is acquired. 

 
By definition the project funding (source III) is 
temporary and it is therefore evident that the 
presently secured budgets will decrease in the 
near future, from 2,4 M€ in 2007 to 0,2 M€ in 
2012.   
 
Funding perspective – ‘projected’ 
Without acquiring new programs and projects 
Nikhef’s funding will drop by 20% or more, 
which will jeopardize essentially all temporary 
positions at Nikhef resulting in a sharp decline 
of the scientific output. To prevent this, the 
bottom half of the table indicates the plans, 
expectations and ambitions of Nikhef regarding 
new funding, divided over the four funding 
sources. 
 
Program funding (I and II) 
 
Accelerator based experiments 
Program funding for the three LHC 
experiments, both through the FOM-institute 
(source I) and FOM support for the university 
groups (source II) is secured until 2013 – 2015. 
We foresee to continue our ATLAS 
involvement at least at the same level after that, 
which would require FOM program funding of 
about 1.3 M€ annually as of 2016. 
Depending on the international developments 
we hope to be able to join a new (linear) 
accelerator based experiment in the first half of 
the next decennium, with an effort comparable 
to our current ATLAS effort. 
It should be noted that funding a program of 
this size (13 M€: a 10 year program of 1,3 M€ 
per year)  would imply the allocation of FOM’s 
full free program budget for one year; a 
problem inherent to ‘big science’ funding. 
 
Astroparticle physics 
We aim to increase our activities in 
astroparticle physics gradually, by acquiring 
program funding for three research lines, 
which are experimentally independent but 
scientifically closely connected (see Sect. 2.1). In 
order of priority and size the research lines 
involve as cosmic probes: neutrinos, cosmic 
rays and gravitational waves. (Depending on 
scientific developments this priority might be 
adjusted.) For the short term our astroparticle 
physics activities will aim at the scientific 
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exploitation of the ANTARES and Auger 
observatories, the former to be followed up by 
KM3NeT as the European cosmic neutrino 
observatory in the first half of the next decade. 
Around 2010 a moderate, but long running 
program focused on the discovery and use of 
gravitational waves (VIRGO/LISA) will be set-
up.  
 
Theory, IPP, enabling activities 
Nikhef considers a theory program as an 
integral part of its mission, and we therefore 
project a continuation of this program line. 
Until now Nikhef has not proposed any activity 
in the Industrial Partnership Program (IPP) 
funding scheme, despite many Nikhef activities 
with heavy industrial involvement (in 
particular grid research and detector R&D), 
many of which are already funded from 
external sources. Nikhef therefore aims for a 
moderately sized IPP in the coming years. 
Recently, ideas for an IPP around the computer 
program FORM, developed in the Theory 
department, are being explored. Other ideas 
may stem from the numerous industrial 
contacts described in the previous chapter 
‘Education, outreach and valorisation’. 
 
Project funding (III) 
In recent years the institute has been extremely 
successful in obtaining project funding (totaling 
about 2 million euro per year), especially from 
sources outside FOM. We do not consider these 

successful years to be representative for the 
future and therefore aim at a somewhat lower 
amount in our projection: 1.5 M€ of project 
funding per year, which is already considerably 
above earlier ambitions of 1 M€ per year. 
European projects are expected to be a major 
part of this funding source. 
 
Net income from lease and housing activities 
(IV) 
The institute generates a considerable turnover 
with building lease activities and internet 
exchange (AMS-IX) housing activities. After 
deduction of costs (including depreciation on 
investments and upgrades) we expect –based 
on our experience in recent years- to be able to 
generate a net income of about 700 k€ from 
these activities. These activities however are 
subject to market conditions, involving risks 
and can therefore not be taken for granted. 
Lease turnover is dependent on the continued 
activity of the tenants. This seems reasonably 
secure until 2015, but discontinuities can never 
be excluded. The turnover from the AMS-IX 
housing activity has shown a steady growth, 
but although market perspectives for computer 
housing are still quite favorable, also in this 
case there is no guarantee beyond a horizon of 
about 5 years, as the internet infrastructure 
world may undergo significant changes. 
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Fig 1. Projected relative budgets for present and future programs.
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running budgets 2007 2008 2009 2010 2011 2012 2013 2014 2015 2020 2025 
            
I. FOM-institute 12,570    11,526     

Program budgets 2,032 1,744 1,719 1,720 1,721 1,721 1,720 1,568 922 0 0 
Atlas 940 935 922 922 922 922 922 922 922    
Alice 156 154 152 152 152 152 152   

LHCb 659 655 645 646 647 647 646 646   
Theory 277            

    
Mission budget 9,394 9,146 9,107 8,887 8,680 8,680 8,680 8,680 8,680 8,6808,680 
mission budget 9,189 8,796 8,677 8,677 8,680 8,680 8,680 8,680 8,680 8,6808,680 

temporary compensation 205 350 430 210         
            

II. FOM-university groups 1,144 1,135 1,124 1,125 1,125 1,125 1,125 697 327  
Atlas 331 327 327 327 327 327 327 327 327    
Alice 436 433 427 428 428 428 428    

LHCb 377 375 370 370 370 370 370 370      
            

III. Acquired projects 2,357 1,785 1,298 581 306 169 0 0   
            

NIKHEF - secured 14,92713,81013,24812,31311,83211,69511,52510,945 9,929 8,6808,680 
            

            
            

I+II. FOM: new programs           
accelerator based experiments 0 0 0 0 0 200 400 1,000 2,100 2,850 0 

Atlas -phase II                750 1,350 PM 
new accelerator based experiment      200 400 1,000 1,350 1,500 PM 

astroparticle physics 0 450 500 850 875 875 875 875 875 1,150   
neutrino detection (KM3NeT)  300 350 500 500 500 500 500 500 600 PM 

cosmic rays (Pierre Auger)  150 150 250 250 250 250 250 250 300 PM 
gravitational waves (VIRGO/LISA)    100 125 125 125 125 125 250 PM 

Theory and IPP 0 100 375 425 425 425 425 425 425 425 PM 
Theory   225 225 225 225 225 225 225 225 PM 

industrial partnership program  100 150 200 200 200 200 200 200 200 PM 
           

I. FOM: increase mission budget 1,000 1,000 1,000 1,000 1,000 900 900 800 1,0001,000 
           

III. Projects to be acquired  200 500 1000 1500 1500 1500 1500 1500 1500 1500 
            

IV. Housing&lease(net income) 700 700 700 700 700 700 700 700 700 700 700 
  

NIKHEF - projected 15,62716,26016,32316,28816,33216,39516,32516,34516,32916,305 PM 
 
Table 1. Funding Perspectives. 
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Investments 
Table 2 shows our plans and ambitions with 
regard to investment budgets, which 
naturally follow the research ambitions 
described above. From experience we know 
that Nikhef typically spends on average 
about 2 million euro per year on investments. 
For investments two main sources are 
available, labeled ‘FOM-M’ (‘medium scale 
investments’) and ‘NWO-groot’ (‘large scale 
investments’). 
 
From ‘FOM-M’ Nikhef can draw a more or 
less granted amount of 708 k€ per year. This 
investment budget is dedicated to the 
technical infrastructure of the institute and 
small scale contributions to physics 
experiments. A tentative division of this 
budget for future years is presented in the 
table. 
 

For large investments FOM can submit (upon 
suggestions from Nikhef scientists) a 
proposal in the ‘NWO-groot’ framework. A 
proposal for a sizeable contribution to the 
KM3NeT detector will be submitted in 2007, 
with a total requested amount of almost 9 M€ 
(to be spent in the period 2008-2015). In the 
first half of the next decade an investment 
proposal for either an ATLAS detector 
upgrade or a linear collider detector 
contribution is foreseen. 
Furthermore we intend to submit later in 
2007 a proposal for a special NWO-subsidy 
(labeled ‘International Collaboration’) aimed 
at an extension of the Pierre Auger 
Observatory. 
 
Finally the table shows the investments 
(totaling about 4 M€), that are expected to 
take place at Nikhef in the framework of our 
Tier-1 ambitions (of which the larger part 
will be housed at SARA). Funding for these 
investments has been secured by the BigGrid 
project, but a decision on the actual planning 
of expenditures still needs to be made. 
 

Table 2. Investments. 

investments 2007 2008 2009 2010 2011 2012 2013 2014 2015 2020 2025
            
FOM-M 815 708 708 708 708 708 708 708 708 708 708

LHCb 462                
Alice 107       

technical infrastructure 170 170 198 198 198 198 198 198 198 198 198
detector R&D 76 474 200 150 100 100 100 100 100 100 100

APP  64 310 160 110 110 210 310 210 110 110
LHC- detector upgrades/ILC     200 300 300 200 100 200 300 300

     
NWO  950 900 2,110 1,850 1,850 1,000 1,500 1,390 0 0

International collab.: Pierre Auger  250 500 250              
NWO-G:KM3NeT  700 900 2,110 1,850 1,850 500 500 390   

NWO-G:Atlas upgrade/ILC detector           500 1,000 1,000 PM PM
            
NWO: BIG GRID (granted)            

Tier-1 @ NIKHEF (to be planned) 400 1,200 1,500 900       
            
Investments: granted 739          
Investments: projected 476 2,858 3,108 3,718 2,558 2,558 1,708 2,208 2,098 PM PM
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Mission budget increase 
 
As the evaluation and strategy are centered 
around Nikhef’s mission we conclude this 
section with a plea for an increase of our 
mission budget, which without any change 
will drop to 8.7 M€. The mission budget is 
intended to finance the (majority of the) 
permanent positions (both scientific and 
support personnel) and the infrastructure 
costs and is Nikhef’s most important 
funding. It is the backbone for the institute’s 
scientific and technical excellence. 
 
The institute strategy in the next decade is 
clearly to embark on the new and exciting 
field of astroparticle physics, while 
maintaining a strong position in accelerator 
based experiments. Fig. 1 shows graphically 
this transition. Over the years the effort in 
astroparticle physics should increase from 
the current 10% to 30% around 2020. As 
accelerator based research will continue to 
require the majority (60% level) of all efforts 
at Nikhef, an increase of the mission budget 
is required to realize these ambitions. 
 
Enabling activities, including theory, detector 
R&D, grid research, are currently mainly 
supporting our accelerator based ambitions 
and obligations. In the future they will also 
serve our astroparticle physics programmes.   
  
The current mission budget is mainly 
committed to the accelerator (LHC) based 
research. An increase of the mission budget 
in the coming decade will allow Nikhef to 
really develop astroparticle physics as a 
mature research programme. It will be used 
to build up and secure new scientific and 
technical knowledge and expertise, so that 
Nikhef will be able to expand its current 
excellent –but relatively modest- position in 
the international field of astroparticle physics 
and join new initiatives in this field. 
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6. Appendices 
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a. SWOT Analysis 
 
Based on reports of RECFA and the Scientific 
Advisory Committee and on discussions 
with the Nikhef scientific staff a self-analysis 
of strengths, weaknesses, opportunities and 
threats (SWOT) has been made. The main 
conclusions of this analysis are listed below. 
 

Strengths: 
• Highly motivated and experienced 

technical personnel and outstanding 
local technical infrastructure; 

• Proven initiative and leadership in 
large and challenging international 
projects in a competitive and high-
tech, internationally oriented, 
research arena; 

• Collaborations with groups at 
renowned international accelerator 
centres like CERN and DESY and 
physics laboratories like LNF, CEA, 
and CPPM; 

• The way Dutch activities are 
organized with the Nikhef laboratory 
as a focal-point, well connected to 
universities, and with an university 
faculty member often in a 
coordinating role; 

• Nikhef's strong position in the 
strategic scientific developments in 
the field. It makes Nikhef an 
attractive partner in new large-scale 
research initiatives. 

 
 Weaknesses: 
• Knowledge of accelerator physics and 

technology is vanishing; 
• Number of female members of the 

scientific staff is still low; 
• The average PhD duration takes 

longer than is acceptable. 
• Nikhef activities lead to a fairly 

limited number of applications 
and/or commercial products; 

• Interactions with other areas of the 
physics community are rather scarce;  

• Relations with technical universities 
are not fully exploited. 

 

Opportunities: 
• The expansion of activities in 

astroparticle physics with the 
corresponding development of new 
and challenging technologies 
provides various exciting 
opportunities to Nikhef’s technical 
departments. 

• Developments at the Amsterdam 
Science Park open new possibilities to 
cooperate with those parts of the 
Science Department of the UVA that 
were previously housed elsewhere. 

• Opportunities for researchers at 
Nikhef to further develop grid 
computing and to commission a 
national grid facility in the context of 
the BIG GRID project. 

 
Threats: 
• Technical failure of the LHC project 

(i.e. of the accelerator proper), which 
would decimate the scientific output 
of Nikhef and invalidate the need to 
continue to invest (upgrade!) in the 
three LHC experiments Nikhef is 
involved in; 

• The preparation time plus lifetime of 
present and future experiments is 
much longer than those in other 
fields, which is thus also longer than 
the funding cycle in other physics 
research areas; 

• Insufficient funding; risking the sizes 
of the Nikhef technical departments 
to become sub-critical. This would 
jeopardize the international 
appreciation of Nikhef as an attractive 
partner in future endeavours in the 
fields of particle and astroparticle 
physics as well as the opportunities 
for Nikhef to initiate industrial 
partnership programmes. 
Consequences: 

o Short term: 
A further reduction of 
Nikhef’s ‘Mission budget’; less 
FOM programme activity i.e. 
fewer (and smaller) Nikhef 
programmes; 

o Medium term: 
No funds for the exploitation 
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and  realisation of (new) 
astroparticle physics 
experiments at a national or 
international level (notably 
KM3NeT); 

o Long term: 
No funds for or no Dutch 
participation in future 
experiments based at new 
accelerators such as a e+e− 
linear collider. 

 
In order to mitigate possible risks associated 
with the various weaknesses and threats 
several actions have been undertaken, which 
are presented, where appropriate, in the 
corresponding sections of this document. 
Similarly, the strategic choices described in 
the various sections of this document are 
based on the strengths and opportunities 
listed here. 
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b.  National and 
international Context  

Nikhef is the National Institute for Subatomic 
Physics, in which the Foundation for 
Fundamental Research on Matter (FOM), the 
Universiteit van Amsterdam (UvA), the Vrije 
Universiteit Amsterdam (VU), the Radboud 
Universiteit Nijmegen (RU) and the 
Universiteit Utrecht (UU) participate. Nikhef 
coordinates and supports all activities in 
experimental subatomic physics in the 
Netherlands. The Nikhef collaboration 
agreement, i.e. a joint venture between a 
national funding agency and several 
universities, is frequently regarded as 
exemplary. 
 
Particle- and astroparticle physics projects fall 
in the realm of ‘big science’. As such they 
require long-term planning, international 
collaboration, and significant investments. 
Nikhef scientists actively participate in the 
relevant (inter)national committees, contribute 
or lead (inter)national roadmap initiatives, and 
are very well informed about (inter)national 
funding opportunities. Nikhef draws its 
funding from many diverse sources. Structural 
funding is provided by FOM, the participating 
universities (UvA, VU, RU and UU), and lease 
activities (notably the Amsterdam internet 
exchange, AMS-IX). The Ministry of Education, 
Culture and Science (OCW) is responsible for 
the annual Dutch CERN contribution. 
Incidental (project) funding is acquired through 
(inter)national open competition calls: e.g. by 
FOM, the Netherlands Organisation for 
Scientific Research (NWO), the Ministry of 
Economic Affairs (EZ), and the European 
Union (EU). Below, the relation between 
Nikhef and the aforementioned bodies will be 
described with special attention, if applicable, 
to funding opportunities. Education, outreach 
and knowledge transfer will be discussed only 
marginally  in this particular section; Nikhef 
considers these activities so important that 
separate chapters have been devoted to them.   
 
FOM 
FOM, Nikhef’s main funding agency, published 
its strategic plan termed ‘Strategisch Plan 
FOM/GBN (2004-2010)’ in 2004. The main 

FOM priorities are: nanosciences, life sciences, 
and nuclear fusion as well as the so-called 
Industrial Partnership Programs. Presently, 
subatomic physics as such is not among the 
main priorities and consequently the structural 
contribution of FOM to the Nikhef budget 
declines. Nevertheless, FOM very clearly states 
the importance of the CERN experimental 
programme (ATLAS, LHCb and ALICE), FOM 
recognizes the potential of the relatively new 
field of astroparticle physics (in particular 
ANTARES), FOM values (and supports!) 
projects that catch the imagination of the young 
generation highly (e.g. HiSPARC), and FOM 
considers its institutes important assets because 
they guarantee research activities with 
adequate ‘focus’ and ‘mass’ supported by 
excellent technical facilities.   
Nikhef vigorously pursues to fund its projects 
using the various open competition based calls 
offered by FOM and other agencies. In 
particular the call for new FOM programmes 
has been used to submit funding requests for a 
theory programme and an astroparticle physics 
programme. Nikhef is also negotiating with a 
large Dutch industrial partner about the 
possibility of an Industrial Partnership 
Program around the computer algebra program 
FORM developed at Nikhef.   
  
NWO 
NWO, the mother organization of FOM, 
published its strategic plan ‘Wetenschap 
gewaardeerd! NWO-strategie 2007-2010’ in 
2006. In this plan NWO requests a substantial 
budget increase. If awarded,  it will allow the 
continuation of subsidy programmes for young 
talent, notably the successful Ven-Vidi-Vici 
programme (at present seven young scientists 
at Nikhef are funded though this programme).   
Another important NWO programme is the bi-
annual call for ‘NWO-groot’ grants, which, if 
approved, typically provide 2-10 M€ of 
investment money. In the past Nikhef acquired 
e.g. detector construction funds for the LEP, 
LHC and ANTARES experiments through the 
NWO-groot programme. Recently, Nikhef did 
submit a NWO-groot proposal to obtain 
KM3NeT detector R&D and construction funds. 
A future Dutch participation in the upgrade of 
the ATLAS inner detector will also require 
NWO-groot investment money.       
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OCW and EZ   
The Dutch government stimulates joint 
ventures between knowledge institutes (like 
Nikhef) and industrial parties with substantial 
subsidies, largely provided by gains on natural 
gas sales. Two activities at Nikhef already 
secured substantial grants from these 
stimulation programmes: 

• The company PANalytical and Nikhef 
collaborate on the development of 
analytical X-ray instrumentation. In 2006 
PANalytical launched the PIXcel detector, 
the first commercially available X-ray 
detector based on the Medipix silicon pixel 
detector technology! 

• Nikhef’s strong record in grid computing 
activities culminated in 2006 in the approval 
of the BIG GRID project, a 29 M€ grant to 
build a Dutch e-Science infrastructure for a 
variety of sciences, including a Tier-1 
facility for the LHC experiments. 

In another recent call, the SmartMix 
programme, Nikhef failed to get approval for a 
proposal of several research institutes, 
universities and industries, to jointly develop 
instrumentation for various astroparticle 
physics observatories. Nikhef certainly intends 
to submit new proposals whenever the 
occasion arises in the future.   
 
Dutch universities 
Naturally, the four universities participating in 
Nikhef play a prominent role in the research 
activities. Each university partner focuses on 
one or two Nikhef programmes, and often 
these programmes are led by a university 
professor. Most of the 60 PhD students of the 
research school for subatomic physics 
(coordinated by Nikhef) receive their PhD 
degree from one of the four partner 
universities. Via professors by special 
appointment and other affiliations, Nikhef 
scientists not only teach at the four partner 
universities, but at all nine Dutch universities 
(six regular and three technical) with a physics 
department. These teaching activities provide a 
constant influx of master and PhD students. Via 
Nikhef, most master students specializing in 
particle or astroparticle physics get the 
opportunity to spend 1-2 months as a summer 
student at CERN. Additional university 
funding (notably personnel positions) is 

expected to become available within the context 
of the so-called ‘Sectorplan Natuurkunde’ 
aimed at a structural increase of the number of 
physics students in the Netherlands and a 
boost for selected research areas. Nikhef’s 
astroparticle physics activities are likely to 
benefit hereof.  
 
Dutch research institutes 
In the field of astroparticle physics, Nikhef has 
initiated in 2004 a national network led by the 
‘Commissie voor de Astrodeeltjesfysica in 
Nederland’ (CAN). In this network, apart from 
Nikhef, the three institutes KVI (Kernfysisch 
Versneller Instituut), ASTRON (Netherlands 
Foundation for Research in Astronomy), and 
SRON (Netherlands Institute for Space 
Research) participate as well as the six 
universities RU, RUG (Groningen), UL 
(Leiden), UU, UvA, and VU. Even though the 
primary goal of CAN is to exchange scientific 
ideas and to agree upon a national roadmap for 
astroparticle physics, the technical departments 
of the participating institutes started to 
collaborate more closely as well. Recently, 
Nikhef in addition established contacts with 
NIOZ (Royal Netherlands Institute for Sea 
Research) in view of the future KM3NeT deep 
sea neutrino telescope. These recent inter-
institutionary contacts complement the well 
established contacts between the three FOM 
institutes, AMOLF (FOM-Institute for Atomic 
and Molecular Physics), Rijnhuizen (FOM-
Institute for Plasma Physics Rijnhuizen) and 
Nikhef. 
 

 
Fig. 1. CERN council meeting in December 2006. 
 
CERN 
The Netherlands was a founding member of 
CERN and since the beginning Dutch 



 

 74 

physicists are very well connected to CERN. 
The Dutch input to the bi-annual CERN 
Council meetings with deciding power is 
prepared by the ‘CERN Contact Committee’ 
(CCC) of the Royal Netherlands Academy of 
Arts and Sciences. All Dutch funding agencies 
(OCW, NWO and FOM), the Dutch CERN 
Council members, and two selected Dutch 
CERN staff physicists are represented in the 
CCC as well as the top echelon of Nikhef, i.e. 
the program leaders of the CERN experiments, 
the leaders of the four university groups 
participating in Nikhef, and the Nikhef 
director. Occasionally, a delegation of the CCC 
meets the research director of OCW for 
consultation; this e.g. happened in relation to 
the CERN Council initiated process 
culminating into the very important and 
unanimously agreed document upon “The 
European strategy for particle physics”. With 
three Dutch members in the CERN Council 
Strategy Group, the Netherlands, and thereby 
Nikhef, contributed significantly to this 
process.  
 
ECFA & ApPEC 
ECFA (European Committee for Future 
Accelerators) was set up in 1963 to deal with 
the long-range planning of the (high-energy) 
accelerator facilities in Europe. Another major 
(and rewarding) activity of ECFA is the regular 
(once every seven years) evaluation of particle 
physics in its (20+2) member states. ApPEC 
(Astroparticle Physics European Coordination) 
was established in 2001 to promote 
astroparticle physics in Europe. FOM was one 
of the five founding members. Both ECFA and 
ApPEC publish roadmaps. With the gradually 
increasing importance of EU funding 
programmes, both ECFA and ApPEC started to 
encourage and, where needed, prioritize these 
requests. Via ECFA (with four representatives 
from the Netherlands) and ApPEC (with two 
representatives from the Netherlands) Nikhef is 
well informed about emerging funding 
opportunities.        
 
EU 
With many different programmes, the EU is 
becoming an important source of funding. 
Through its many contacts at CERN, ECFA, 
and ApPEC, Nikhef has become a regular 
partner in EU funding proposals. As a result a 

substantial number of EU-funded projects (FP6) 
run already at Nikhef: KM3NeT (2006-2009), 
EGEE-II (2006-2008), ASPERA (2006-2009), and 
EUDET (2006-2009). In addition, several Nikhef 
post-doctoral fellows have been funded by the 
EU. Furthermore, KM3NeT is one of the 35 
prestigious projects listed in the ‘European 
Roadmap for Research Infrastructures’ 
published by ESFRI (European Strategy Forum 
on Research Infrastructures) in 2006. Nikhef 
has every intention to continue to attract EU 
funding. As a start, Nikhef e.g. already 
submitted six SIRG (Starting Independent 
Researchers Grants) proposals to the ERC 
(European Research Council), Nikhef joined an 
FP7/design study proposal on third generation 
gravitational wave detectors, Nikhef 
participates in an FP7/preparatory phase 
proposal on KM3NeT, Nikhef is a member of 
an FP7/Marie Curie network on detector R&D, 
and Nikhef will be part of EGEE-III, the 
successor of EGEE-II. 
 
Industry 
Nikhef’s technical departments maintain 
networks with their suppliers and regularly 
organize informative meetings at Nikhef. 
Dutch Scientific, an association of 
manufacturers of scientific equipment in the 
Netherlands, occasionally visits Nikhef to 
brainstorm about future endeavors in the field 
of (astro)particle physics. The collaboration 
with PANalytical has led to the decision to start 
an assembly line at Nikhef using refurbished 
wafer probing and characterization facilities in 
the Nikhef cleanrooms. Nikhef’s grid 
computing activities led to many contacts with 
industrial parties (computer hardware 
suppliers and grid computing service users). 
Nikhef has numerous clients using its AMS-IX 
internet exchange housing facilities. Together 
with a commercial partner, Nikhef is actively 
looking into possibilities to market its in-house 
developed RASNIK alignment and CO2-based 
refrigeration technology.  
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c. Nikhef Organization 

Note: At the top FOM-UB has to be, ZEUS and 
HERMES have to go, compared to the 
organigram of the self-evaluation report. 
 


