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The Higgs – a portal to New Physics?
With the discovery of the Higgs particle, subatomic physics enters a new era. This is because, despite 
the spectacular success of the Standard Model in describing –quantitatively and qualitatively– a 
wealth of experimental data, a number of unsolved and fascinating questions become urgent. For 
example, the Standard Model does not incorporate Gravity and the sheer existence of the Higgs 
vacuum field is not understood in the context of cosmology. Furthermore, the Standard Model fails 
to describe dark matter and hence must be extended to include new particles. The Higgs particle is 
one of the most promising keys to unlock the elementary particle physics –New Physics– beyond the 
Standard Model.

Precision Higgs physics 
The LHC data accumulated to date –only 1% of the ex-
pected integrated data sample by 2035, and at a beam 
energy only half of the design– has allowed us to dis-
cover a new particle with quantum numbers (spin and 
parity) and couplings to a number of other Standard 
Model particles. These match, within the modest 
measurement precision, the Standard Model prediction 
for the Higgs. Future high statistics data samples at 
the LHC, and possibly at a future electron-positron 
linear collider, will yield high-precision determinations 
of many properties of the Higgs. Are the couplings of 
the Higgs to the Standard Model particles according to 
their predictions? Is the Higgs an elementary particle? 
Are there more Higgs particles as e.g. predicted by 
supersymmetry or other extensions of the Standard 
Model? Are the quantum corrections to the Higgs parti-
cle in accordance to the predictions? Even the slightest deviation will immediately indicate new and 
exciting phenomena beyond the Standard Model and probe New Physics.

Higgs potential
The dynamics of the electroweak symmetry-breaking that generates particle masses in the 
Standard Model is formed by the so-called Mexican hat shape of the Higgs potential. The shape of 
this potential is accessible through the Higgs self coupling, which means that experimentally the 
Higgs self-coupling can be accessed by observing Higgs pair-production (i.e. events with a H*→HH 
vertex). This is an extremely rare process and will require the full anticipated LHC dataset to be 
investigated, i.e. a 100 times more than accumulated today.

Higgs connection to dark matter
If dark matter, as is widely believed, consists of weakly-interacting massive-particles, they could be 
produced at the LHC. They may show up in couplings to the Higgs particle, due to their sizeable 
mass. The experimental signature would be that of a Higgs accompanied by an invisible dark-matter 
particle or via the decay of the Higgs to a pair of invisible dark-matter particles. Complementary 
to direct dark-matter searches, these processes provide another promising possibility to search for 
dark-matter signatures. In fact, it may well be that the dominant coupling of dark-matter to our 
world is via Higgs particles.

Is our Universe stable? 
Finally, it is very intriguing that the specific observed Higgs mass of 126 GeV lies at the edge of the 
so-called vacuum stability boundary.  It means that, according to current understanding, we may 
either live in a Universe where the electroweak vacuum is stable, or a Universe where this vacuum 
is meta-stable, leading to a finite lifetime of the Universe. Further precision measurements, notably 
of the mass of the Higgs (as well as of the mass of the top quark) at the LHC and possibly at a future 
electron-positron linear collider are needed to shed further light on the nature of the destiny of 
our Universe.
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Preamble
Subatomic physics aspires to elucidate the interactions and structure of elementary particles and fields 
at the smallest distance scale and the highest attainable energy. With the start of CERN’s Large Hadron 
Collider (LHC) accelerator-based particle physics entered an exhilarating and extremely productive period 
of research, with the discovery of the Higgs particle as the undisputed highlight to date. In the comple-
mentary field of astroparticle physics, several major research infrastructures reached or will soon reach 
sensitivity levels commensurate with predictions following from theoretical speculation or observational 
astronomy. These research infrastructures should shed (at least partial) light on issues such as the origin of 
cosmic rays, the neutrino mass hierarchy, the enigmatic dark matter and gravitational waves. At the same 
time, the adjacent fields of astronomy and cosmology continue to make impressive progress in connecting 
particle physics to the early Universe, for example by constraining neutrino masses and dark matter densi-
ties by means of precise measurements of the cosmic microwave background. 

The 2012 discovery of the Higgs particle by the ATLAS and CMS collaborations, working at the LHC, is 
a monumental breakthrough. In the coming years we will learn if this particle is indeed the hitherto 
missing link in the Standard Model, predicted exactly 50 years ago by Brout, Englert and Higgs to describe 
fundamental interactions in terms of symmetries and to accommodate elementary particle masses, or 
if this particle points the way to an even more fundamental theory underpinning the Standard Model. 
Favoured, but by no means the only, candidates for such “New Physics” are supersymmetric theories, in 
which every known fermion (½ integer spin particle) is paired with a boson (integer spin particle) and 
vice-versa. Supersymmetric theories not only allow for a natural explanation for a light Higgs mass and the 
unification of the electroweak and the strong force, but also provide a natural candidate for dark matter in 
the lightest electrically neutral supersymmetric particle. This particle is supposed to interact only via the 
weak force and is therefore expected to have a very long lifetime. This matches exactly the characteristics 
required for a dark-matter candidate. If Nature is indeed supersymmetric, the re-start of the LHC in 2015 
at almost twice the centre-of-mass energy hitherto achieved, has the potential to discover the first super-
symmetric signatures for masses well into the TeV range. Also direct dark-matter searches, probing a large 
part of the allowed dark-matter parameter space predicted by supersymmetric theories, are scheduled to 
start in 2015. Similarly several (upgraded and new) large observatories measuring high-energy neutrinos, 
photons and cosmic rays will enter operation well before the end of this decade. These permit access to 
particle interactions at energy ranges far beyond those explored to date. The recent first observation of 
extra-terrestrial neutrinos in the PeV (1015 eV) energy range is an immense breakthrough and will almost 
certainly open a new window on our Universe: neutrino astrophysics. In principle, these observatories also 
allow for indirect dark-matter, and hence New Physics, searches using the distinct signature of dark-matter 
pair-annihilation. Complementary searches for New Physics will be pursued by searching for extremely 
rare (that is highly suppressed or even forbidden in the Standard Model) phenomena and by comparing 
measurements and predictions of known phenomena with extreme precision. In both cases radiative 
corrections due to New Physics modify the Standard Model prediction and may unambiguously establish 
physics beyond the Standard Model.

One force of Nature, gravity, has essentially defied traditional experiments in subatomic physics due to its 
extreme weakness compared to the other forces of Nature. This is changing with searches for the direct 
detection of a gravitational wave impinging on Earth. The flagship project in Europe, in this key line of as-
troparticle physics research, is the Virgo laser-interferometer near Pisa. In 2016–2017, the Advanced Virgo 
project will reach a sensitivity that will allow for the detection of several tens of gravitational-wave signals 
annually. Provided Einstein’s theory of General Relativity and the estimates of populations of potential 
astronomical sources (notably binaries) are correct, it is very likely that 100 years after Einstein’s prediction, 
gravitational waves will actually be measured directly1. This opens another new window on our Universe 
and next generation projects, like the underground cryogenic Einstein Telescope and the LISA laser-inter-
ferometer in space, are already on the drawing board.

1 As opposed to the indirect observations of gravitational waves using the spin-down of the Hulse-Taylor binary system and, once confirmed, 
the imprint left by primordial gravitational waves in the epoch of inflation on the cosmic microwave background.
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Clearly the discoveries already made and likely to be made in this decade will determine the future of sub-
atomic physics at large and Dutch subatomic physics in particular. Will the main thrust in accelerator-based 
particle physics be on the highest energy proton-proton colliders to further uncover a new spectrum of 
particle masses? Or will the focus switch to low-energy precision experiments and/or precision experi-
ments at electron-positron colliders or even muon colliders to indirectly probe the effects of New Physics 
through radiative corrections? Or will dedicated experiments using intense neutrino beams shed new 
light on for example the matter-antimatter asymmetry in our Universe? Regarding astroparticle physics, 
most pioneering experiments will be succeeded by observatories allowing for more detailed studies of 
high-energy phenomena in our Universe using: photons; cosmic rays; gravitational waves; and neutrinos. 
This will almost certainly lead to closer collaboration between subatomic physicists and astronomers. 

Irrespective of the detailed discoveries, it can safely be stated that this (2010–2020) decade will be 
seen as a turning point in subatomic physics.

Accelerator-based particle physics
The European strategy for particle physics was first formulated in 2006 [1]. To take into account the recent 
LHC results and notably the discovery of the Higgs particle, this strategy was updated in 2013 [2]. 

“The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s 
properties with the highest possible precision for testing the validity of the Standard Model and to 
search for further new physics at the energy frontier. The LHC is in a unique position to pursue this 
programme. Europe’s top priority should be the exploitation of the full potential of the LHC, including the 
high-luminosity upgrade of the machine and detectors with a view to collecting ten times more data than in 
the initial design, by around 2030. This upgrade programme will also provide further exciting opportunities 
for the study of flavour physics and the quark-gluon plasma.”  
 European strategy for particle physics – 2013

Dutch priorities in accelerator-based particle physics are fully aligned with this strategy. The LHC is our 
top priority for the immediate future. In 2013 FOM approved our proposal “LHC Physics – the Dutch par-
ticipation” to continue our research with the ATLAS, LHCb and ALICE experiments until at least 2022 i.e. 
the end of LHC Run 3. Meanwhile we submitted an investment funding request to the National Road Map 
Large-scale Research Infrastructure [3] titled “Dutch contributions to the detector upgrades of the Large Hadron 
Collider experiments at CERN” to allow for us to take on commitments in the upgrades of our LHC experi-
ments, in view of the expected luminosity increase, as well as to keep our LHC Tier-1 grid computing and 
storage facility aligned with the needs of the LHC experiments. If approved, we will remain at the forefront 
of LHC activities for many years to come. 

The discovery of the Higgs particle also gave a major boost to the world-wide electron-positron linear 
collider community: with the mass of the Higgs particle firmly established, already a modest 250 GeV 
centre-of-mass energy allows for high-precision determinations of the Higgs’ mass, spin, parity and many 
of the couplings of the Higgs to other Standard Model particles.

“There is a strong scientific case for an electron-positron collider, complementary to the LHC, that can 
study the properties of the Higgs boson and other particles with unprecedented precision and whose 
energy can be upgraded. The Technical Design Report of the International Linear Collider (ILC) has been 
completed, with large European participation. The initiative from the Japanese particle physics com-
munity to host the ILC in Japan is most welcome, and European groups are eager to participate. Europe 
looks forward to a proposal from Japan to discuss a possible participation.”  
 European strategy for particle physics – 2013
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Thus far, we have limited our ILC involvement to detector R&D for the large central tracker of the ILD 
experiment. As soon as the Japanese government officially decides to host the ILC project, Nikhef plans 
to step up its ILC participation. In anticipation, already in 2010 a number of Nikhef staff physicists signed 
The International Large Detector (ILD) Letter of Intent [4]. Realistically the Japanese government will make its 
decision in the period 2016–2018, once first results of LHC data taking at 13-14 TeV are available. In particu-
lar the discovery –or non-discovery– of new, possibly supersymmetric particles in the TeV mass range will 
have a profound impact on any future world-wide accelerator project. The actual construction of the ILC 
in Japan could start shortly after a positive decision and is expected to last about 10 years. The accelerator 
technology is mature and is, in fact, used for the XFEL free electron laser, currently being built at DESY, 
Hamburg. The ILC site was already selected in 2013 (the Northern, Kitakami, site with good Shinkansen 
connections to Tokyo).

Throughout the history leading to the establishment of the Standard Model as well as in searches for New 
Physics at high energy, high-precision measurements at low energy have played an important and often 
complimentary role. The Netherlands, and in particular the University of Groningen, have a long-standing 
and well-established presence in this field. With the University of Groningen about to join the Nikhef con-
sortium, the opportunity arises to further exploit and develop these low-energy high-precision activities 
in a nationally coordinated effort aligned with the European strategy for particle physics. 

“Experiments studying quark flavour physics, investigating dipole moments, searching for charged-lep-
ton flavour violation and performing other precision measurements at lower energies, such as those 
with neutrons, muons and antiprotons, may give access to higher energy scales than direct particle 
production or put fundamental symmetries to the test. They can be based in national laboratories, with 
a moderate cost and smaller collaborations. Experiments in Europe with unique reach should be supported, 
as well as participation in experiments in other regions of the world.”  
 European strategy for particle physics – 2013

An area lacking Dutch presence, but nevertheless important is the field of accelerator-based neutrino 
physics. The 1998 discovery of oscillations of atmospheric neutrinos by the Super-Kamiokande experiment 
in Japan, is the first and hitherto only firm proof that the Standard Model is incomplete as far as the 
properties of Standard Model particles are concerned. Neutrino oscillations also solved the long-standing 
solar neutrino puzzle. Subsequent determinations of neutrino mixing angles have shown long-baseline 
neutrino oscillation experiments using intense man-made neutrino beams as a viable approach to study, 
in detail, the neutrino mixing matrix. This neutrino mixing matrix (coined PMNS for Pontecorvo-Maki-
Nakagawa-Sakata) is the lepton sector analogy of the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix 
in the quark sector. The CP-violating phase in the latter falls quantitatively many orders of magnitude 
short in explaining the matter asymmetry. CP-violation in the lepton sector has the potential to be large 
enough to explain matter dominance in our Universe. 

“Rapid progress in neutrino oscillation physics, with significant European involvement, has established 
a strong scientific case for a long-baseline neutrino programme exploring CP violation and the mass 
hierarchy in the neutrino sector. CERN should develop a neutrino programme to pave the way for a sub-
stantial European role in future long-baseline experiments. Europe should explore the possibility of major 
participation in leading long-baseline neutrino projects in the US and Japan.”  
 European strategy for particle physics – 2013

Other open questions in the neutrino sector are the absolute neutrino masses and whether the neutrino 
and the antineutrino are different particles (i.e. Dirac type like all other Standard Model fermions) or are 
actually the same particle (Majorana type). These issues are the focus of a range of often modest scale 
dedicated experiments, which are in the realm of astroparticle physics. 
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For the coming years, our top priority is to continue with our LHC experiments. Once the elec-
tron-positron (or muon) collider landscape clarifies (i.e. hosting decisions are taken), we plan to step 
up our efforts in this area at the expense of our LHC related activities. Strengthening of the Dutch 
presence in low-energy precision experiments will be explored. At this moment it is too early to 
speculate about a sizeable Dutch involvement in neutrino experiments. All this as stipulated in the 
“Nikhef Strategic Plan 2011-2016” [5]. 

Astroparticle physics
Although a relative new research field, astroparticle physics has firmly established itself.  This has two 
reasons: firstly the excellent and often complementary (and already proven) discovery potential; and 
secondly the strong desire (and need) to decouple part of the research from the delays and risks inherent 
to huge accelerator projects such as the LHC project. ApPEC (Astroparticle Physics European Consortium) 
published its first roadmap titled “Astroparticle Physics – the European strategy” in 2008 [6]. Which was 
followed in 2011 by a first attempt towards a (calendar-wise) prioritized roadmap, the “European Strategy 
for Astroparticle Physics” [7]. Within The Netherlands, astroparticle physics took off when we co-founded 
ANTARES, a 0.04 km3 neutrino telescope deployed in the Mediterranean Sea, in 2001. ANTARES is now part 
of the larger KM3NeT project which aims to instrument about 5 km3 in the Mediterranean Sea. In 2005 the 
Dutch astroparticle physics community launched a long-range plan (“Strategic Plan for Astroparticle Physics 
in the Netherlands”) focused on the study of the origin of ultra-high energy cosmic-rays using a multi-mes-
senger approach [8]. We joined the 3000 km2 large Auger cosmic-ray observatory in Argentina in 2005 
and subsequently the Virgo laser-interferometer for the detection of gravitational waves in 2007. In 2012 
several Dutch astronomers joined CTA, the future worldwide high-energy g-ray observatory. With this we 
achieved the ambitions laid down in our original strategic plan: studying the high-energy Universe using 
multiple probes: neutrinos, cosmic rays, gravitational waves and photons. Meanwhile some of us grasped 
the opportunity offered in 2010 to join XENON, the world’s leading direct dark-matter search experiment. 
This has made Dutch astroparticle physics within a decade a mature and very thriving enterprise, as 
witnessed in the recent update of our initial strategic plan: “Strategic Plan for Astroparticle Physics in the 
Netherlands 2014–2024” [9].

For the immediate future, discovery-wise the results of the Advanced Virgo and of XENON1T projects are 
eagerly awaited. By 2017 the direct detection of gravitational waves is expected to be achieved. If so, this 
will open research in new directions for decades to come and experiments like the Earth-based Einstein 
Telescope and the LISA space mission are already in preparation. Such experiments would allow for 
example for a direct determination of the Hubble constant independent of the systematic-uncertainties 
caused by the so-called cosmic-distance ladder. Even more spectacular would be the identification and 
study of gravitational waves emitted immediately after the Big Bang (primordial gravitational-waves). 
This would provide an almost direct view of the beginnings of our Universe: the epoch of inflation (see 
footnote 1 on page 3). Gravitational waves also make it possible to study the strong-field dynamics of 
General Relativity and test the theory in the most extreme regimes, where even effects of quantum 
gravitation may become manifest. 

XENON1T is the successor of the very successful XENON10 and XENON100 direct dark-matter search 
experiments. For many years these experiments held the best limits on the mass and interaction strength 
of hypothetical dark-matter particles. In 2015, XENON1T will come online with almost two orders of 
magnitude better sensitivity than any other direct dark-matter search experiment. If dark matter has a 
supersymmetric origin, XENON1T has an excellent chance to discover it by 2017. The technique can even 
be scaled up by one more order of magnitude (XENONnT) before the irreducible background from solar 
neutrinos becomes unmanageable. Within Europe, the DARWIN consortium is already working towards 
the realisation of a next generation direct dark-matter search experiment by 2020, based on the XENON 
concept with a multi (10)-ton noble liquid (xenon and argon) fiducial mass.
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The science case of KM3NeT received a major boost from the recent discovery of very-high energy (PeV-
scale) neutrinos of cosmic origin by the IceCube (1 km3) neutrino telescope situated deep in the Antarctic 
ice. A large-volume detector in the Northern hemisphere, like KM3NeT, is ideal to confirm this signal and to 
study it in detail. The KM3NeT collaboration will, by the end of 2015, have completed the construction of a 
first phase of the detector, thereby demonstrating the viability and cost effectiveness of the selected tech-
nology: the multi-PMT optical module with string mechanics, designed mostly in the Netherlands. Once 
achieved the challenge will be to collect, in the present harsh economic environment, the additionally 
required investment funds for the next phase (coined KM3NeT-phase 1.5): 60 M€ for a 1–2 km3 instrument-
ed volume, which will be sufficient to study the high-energy cosmic neutrinos discovered by IceCube in 
detail. Success will rely on the availability of regional European funds in notably Italy, France and Greece. If 
so, KM3NeT could start to compete with IceCube in the second half of this decade. The KM3NeT detection 
technology could also be employed to determine the neutrino mass hierarchy in a cost-effective way by 
studying atmospheric neutrinos with a more densely instrumented detection volume, if (additional) fund-
ing could be found. Such a setup can also be used to search for dark-matter-pair annihilation and is being 
proposed for an experiment to measure CP violation using the FERMILAB neutrino beam. 

In the coming years, the Auger experiment will be upgraded to determine the composition of cosmic rays 
(protons or heavier nuclei?) up to the highest observable energies (1021 eV). This should lead to the identifi-
cation of point sources of ultra-high-energy cosmic rays and will elucidate the nature of the observed end-
point of the energy spectrum (the GZK effect, the ultimate energy of cosmic accelerators, or something 
entirely unexpected). In addition, hadronic interactions at centre-of-mass energies up to a few 100 TeV (far 
beyond that of the LHC, but with less statistics and detail) will be probed to search for New Physics. Within 
The Netherlands, the Auger activities focus on novel techniques for the composition measurement. These 
include a new analysis to determine the composition of all events ever measured by the surface detector 
and contributions to the imminent upgrade of the surface detectors to significantly improve the surface 
detector’s composition measurement capabilities. The other Dutch focus is on using radio detection of 
cosmic rays for composition measurements. A recent milestone in this field was the cosmic-ray compo-
sition measurement, albeit at lower energies, using the data of the LOFAR radio telescope. This demon-
strated that the radio-detection technology can compete in accuracy with the traditional techniques to 
measure energy, direction and composition of high-energy cosmic rays. As a result, the radio-detection 
technology is likely to become the baseline technology for a future next generation (order 30,000 km2) 
ground-based cosmic-ray observatory. 

For the years to come, our top priority is to fully exploit the multi-messenger approach according to 
the “Strategic Plan for Astroparticle Physics in the Netherlands 2014–2024” [9], with  immediate dis-
covery potential of our gravitational-wave (Advanced Virgo) direct dark-matter search (XENON1T), 
neutrino (KM3NeT) and cosmic ray (Auger) programs. However, we have to face funding restrictions; 
the continuation of some of these activities may rely on funding from other sources than purely from 
subatomic physics. For example by the astronomy community or from the European community.  
Compared to the “Nikhef Strategic Plan 2011-2016” [5] this is a setback.

Theoretical subatomic physics
Theoretical subatomic physics deals with the conceptual underpinnings of particle - and astroparticle 
physics in the broadest sense. On the one hand it explores new concepts and ideas related to the ele-
mentary constituents of matter and force, and on the other hand, it inspires experimental verifications of 
these ideas thus enabling the detailed comparison between theoretical concepts and real measurements 
(Phenomenology). Central themes in present-day research are the physics of the Standard Model and what 
lies beyond, unification of gravity and quantum mechanics (String theory), and the origin and evolution of 
the Universe (Cosmology). On its own, Dutch theoretical subatomic physics has (since long) an outstanding 
record. The numerous ERC advanced grants, Spinoza prizes and the in 2012 awarded prestigious NWO-
Gravitation subsidy to the Delta-Institute for Theoretical Physics are clear evidence of this In collaboration 
with experimental subatomic particle physicists, Dutch theoretical subatomic physicists have also always 
played a pivotal role in providing the next level in accuracy of Standard Model descriptions for numerous 
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processes, often implemented as Monte Carlo event generators. In this the world-leading computer alge-
bra program FORM plays a crucial role. 

The strategy regarding theoretical subatomic physics is simple: continue excellence. Despite sub-
stantial external funding, the threatening lack of FOM-programme funding, most notably, for the 
activities interfacing theory and experiment, is a growing concern. 

Particle detection technology
Subatomic physics experiments require high-resolution state-of-the-art detector technologies to measure 
for example the direction, the energy, the time and the identity of many different particle types. For some 
applications, notably in accelerator-based particle physics, the employed technologies must withstand 
severe radiation loads and for the upgraded LHC experiments data-transfer rates in the multi Gigabit/sec-
ond range are needed across each of the thousands of optical links. In astroparticle physics the rareness 
of events requires often characteristics beyond the imaginable: for Advanced Virgo length changes of less 
than the diameter of a proton over 3 km must be recorded; for XENON1T the natural radioactivity must be 
pushed below 1 count per ton per year; for KM3NeT a few cubic kilometres of the Mediterranean deep-sea 
must be instrumented in a maintenance-free manner; and for cosmic-rays minute radio signals must be 
disentangled from human induced background signals. The Dutch community has repeatedly proved to 
be able to match these requirements. For each activity we participate in, we contribute novel ideas and 
we take charge of building major sub-detector systems. This is only possible thanks to the combination 
of a vibrant and creative in-house detector R&D group and an excellent technical infrastructure in a 
broad sense, i.e., equipment (milling, 3D-metrology, semi-conductor characterization, etc.) and personnel 
(mechanics, electronics and informatics engineers and technicians) alike. Proof of the creativity of one 
of our R&D physicists was the recently awarded prestigious ERC advanced grant for the development of 
a revolutionary photon detection concept. With the University of Groningen and in this respect notably 
KVI–CART (KVI – Center for Advanced Radiation Technology) joining the Nikhef consortium, the technical 
infrastructure, again in a broad sense, will be further strengthened. The challenges specific to the PANDA 
and NUSTAR experiments at the future FAIR (Facility for Antiproton and Ion Research) complex in Germany 
will further push particle detection technology in The Netherlands. 

The strategy regarding particle detection technology is to maintain our position and to expand 
where possible the transfer of innovative concepts developed originally for our own use to industry, 
in particular the medical industry and to possibly embark on accelerator technology (see the section 
on “Opportunities” below).

Information technology
Information technology is an integral part of experiments in subatomic physics. Historically, the 
Netherlands has long acquired a prominent position in this field. This is clearly demonstrated by the 
NWO-BIG subsidy awarded in 2006 (28.8 M€ covering the 2006-2012 period) for the “BiG Grid - the Dutch 
e-Science infrastructure” project. One of the goals reached by this project was to create –in a joint effort 
between Nikhef and SURFsara– national grid compute facilities —including NL/Tier-1, one of the (at 
present) twelve worldwide so-called Tier-1 computing sites for the LHC experiments. This infrastructure 
not only serves the LHC experiments, but also for example numerous astroparticle physics experiments, 
life science communities, humanities and even some industries. By the end of the project (2012) the infra-
structure amounted to 6.4 PB disk storage, 6.6 PB tape storage and 27,000 Ksi2k CPU power. Innovative IT 
services, such as the HPC Cloud, a Hadoop cluster and the Beehub storage solution have also been devel-
oped. As of 2013 the BiG Grid infrastructure is fully integrated in the national e-infrastructure coordinated 
by SURF through its subsidiaries, in particular SURFsara. 

The strategy of the Physics Data Processing group at Nikhef has recently been updated to build further 
upon historical strengths and deal with upcoming challenges. For the coming years, the focus will be on 
scaling R&D and on scalable multi-domain security. Scaling R&D not only deals with computing challenges 
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generated by a steep increase in a particular parameter of a problem, but also with the new challenge re-
sulting from a recent change in the character of Moore’s Law: computer processors are, instead of getting 
faster, becoming “wider”, i.e. they process more and more information in parallel. Most (and not only in 
subatomic physics) scientific code does not yet exploit this increased parallel processing power. Scalable 
multi-domain security is an important area of interest not only for subatomic physics, but for any collabo-
ration spanning a large number of collaborators or institutes (such as most ESFRI projects).

The information technology strategy is to consolidate and expand the presently available infrastruc-
ture and knowledge base, to the benefit of the different user communities. The Dutch LHC community 
already requested 6.0 M€ for the 2014–2021 period in the context of the “National Road Map for 
Large-scale Research Infrastructure”. Together with ASTRON, we are also exploring the possibilities of 
a FOM “Industrial Partnership Programme” with a large industrial partner. Also funding opportunities 
within Horizon2020 for the highly relevant scalable multi-domain security activities will be pursued. 

Opportunities
Over the past decades accelerator physics expertise has continuously declined in the Netherlands. Now 
with Nikhef and the University of Groningen joining forces an opportunity arises to reverse this trend. The 
interest in Dutch industry in the procurement of the ultra-precise CLIC RF-acceleration structures provides 
an extra incentive. Also, and independently of the above, accelerator experts at CERN have recently vol-
unteered to assist in bringing accelerator physics technology back to the Dutch university curriculum. The 
coming years it should become clear if a revival of Dutch accelerator R&D is viable or not.

Recently the Netherlands has decided to give room to hadron therapy treatment facilities. Consortia cen-
tred at Groningen, Maastricht, Delft-Leiden and Amsterdam are striving towards the realisation of actual 
treatment centres. Opportunities for our detector R&D physicists to contribute exist, most notably in the 
area of diagnostic equipment. In this context a large proposal, led by a physicist from Groningen, was 
submitted to “STW-perspectief” 2. 

Societal relevance
Industry
Subatomic physics is, a-priori, a 100% curiosity driven research endeavour. In the past its findings have 
repeatedly resulted in (revolutionary) changes in our society 3. However, often at time scales surpassing 
the typical horizon of most shareholder-owned companies (a decade, at most). It is therefore not surpris-
ing that industry is not interested in collaboration with us directly on our primary interests:  such as the 
detailed studies of the recently discovered Higgs particle, the measurement of the neutrino mass or the 
quest for dark matter. Nevertheless, industry and the subatomic physics community do find common 
ground in cutting-edge technology. On the one hand we as a community rely heavily on (high-tech) 
industries for the fabrication of numerous detector components in areas of mechanics, electronics and 
computing hardware alike. Vice-versa, industries benefit from our innovative solutions to drastically 
improve (or test!) their product range or to even launch entirely new products. Examples of the latter 
are the internet exchange AMS-IX, started jointly at Nikhef and SURFsara in the early 1990s and now 
a flourishing market; several non-invasive medical technologies rooted in particle physics such as PET 
(pioneered in Groningen) and hadron therapy; sensor systems such as the RASNIK alignment concept 
marketed for civil engineering for example tunnels and bridges by Sensiflex B.V. (Nikhef startup) and the 
large seismic sensor network now in development for oil exploration by Innoseis B.V. (startup with  Nikhef 
involvement); high-rate imaging detectors already commercialized for Röntgen diffraction diagnostic 
equipment by PANalytical B.V. and primarily for detection systems at Free Electron Lasers (FELs) through-
out the world by ASI B.V. (Nikhef startup); the emerging IT services such as the HPC Cloud and Hadoop 
pioneered by the BiG Grid project and, on a different level, the services soon to be provided by NOZAP 
B.V. (startup with  Nikhef involvement). The Dutch “topsectorenbeleid” aims to further stimulate such 
2 Recently rejected, but the consortium is actively pursuing alternatives.
3 The 1991 invention at CERN of the World Wide Web is the most celebrated example hereof. www.nikhef.nl was the third website in the world; 

the second website in Europe and the first website in The Netherlands.
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innovations and our community is exploring various other options to contribute and benefit from the 
increased focus on industrial collaboration in The Netherlands. Promising future opportunities are being 
explored in several areas such as: Nikhef’s CO

2
-based cooling concept; particle acceleration technology; 

and medical diagnostic equipment.  

Outreach
The curiosity driven nature of our research is also a blessing in disguise: our research attracts a huge 
interest from the public at all levels. Youngsters flock to performances in the NEMO Science museum and 
watch Klokhuis TV-shows about our research. High-school students come in masses to Nikhef for a tour 
and even travel to CERN and/or are engaged in cosmic-ray research at their own high-school within the 
context of the HiSPARC project. High-school teachers follow internships at Nikhef or go for a 1–2 week 
experience to CERN for the CERN-teachers-programme. The general public attends the numerous science 
café lectures, HOVO classes, Universiteit van Nederland performances, etc. given by our researchers. As a 
result, the typical person on the street at least has heard about CERN’s Large Hadron Collider project now-
adays and has some (faint) knowledge about the Higgs particle. This is very different from how particle 
physics was perceived, say, a decade ago.

Talent
Every year we attract numerous (national and international) Master and PhD students and our researchers 
teach at all Dutch universities with a physics curriculum. Our field is able to retain the best talents for 
tenure positions in The Netherlands and abroad. In addition,  excellently trained PhD (and MSc) graduates 
are drivers in many Dutch high-tech industries such as Shell, ASML, TNO and Philips as well as in other 
knowledge-based companies such as KPMG, ABN and Elsevier and elsewhere for example in journalism. 

For the future we continue scouting opportunities to transfer particle physics technology to industry: 
in particular in view of medical applications (proton therapy) and related to the concept of Big data. 
This year we will set up a CERN business office in collaboration with Venturelab, the start-up incuba-
tor of the University of Amsterdam, housed adjacent to the Nikhef premises in Amsterdam Science 
Park. Regarding education and outreach, we will continue to build upon our past track record.

FOM programme funding
Presently (2014) the running FOM programmes with a subatomic physics label are (in parenthesis the year 
the programme is foreseen to end):

 ◆ Physics with b-quarks: LHCb (2014); 
 ◆ Physics at the TeV scale: ATLAS (2015); 
 ◆ A string theoretic approach to cosmology and quantum matter (2015); 
 ◆ Gravitational physics – the dynamics of spacetime (2015); 
 ◆ The missing universe: what is the subatomic constituent of dark matter? (2018);
 ◆ LHC Physics – the Dutch participation (2021);
 ◆ Quantum gravity and the search for quantum spacetime (2018).

It should be noted that the “LHC Physics – the Dutch participation” is actually the continuation of the three 
separate, ATLAS (2015), LHCb (2014) and ALICE (2013), programmes which for historical reasons had differ-
ent ending dates. Given the FOM budget constraints imposed notably on Nikhef, it will be difficult to se-
cure substantial additional programme funding. Of high priority for the immediate future are the funding 
(i.e. notably PhD and postdoc positions) for theoretical activities in the areas of the Standard Model and 
beyond the Standard Model physics targeted at the LHC experiments (phenomenology) and cosmology 
as well as the prolongation of the gravitational wave programme with Advanced Virgo. The latter notably 
in view of the imminent first direct detection of a gravitational wave.
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Conclusions
Past progress in subatomic physics has led to a profound understanding in terms of the Standard Model 
of our Universe, including a quantitative description of the Universe’s evolution since its birth 13.7 billion 
years ago. Despite these tremendous successes, with the discovery of the Higgs particle in 2012 as a 
prime example, a number of open issues remain. Notably: the abundance of matter in the Universe; the 
direct observation of gravitational waves; the mystery of dark matter (and energy); a quantum theory of gravity 
and; the true nature of neutrinos. The Dutch experimental subatomic physics program is focussed on the 
exploitation of CERN’s Large Hadron Collider project and well selected state-of-the-art low-energy preci-
sion and astroparticle physics experiments. Theoretical subatomic physics in The Netherlands continues 
its outstanding track record, propelled by excellent cosmological and phenomenological research, the 
world-class computer algebra program FORM, and a renowned string theory community. 

The Dutch subatomic physics community is well-positioned to address the main challenges in this 
research field and to contribute, likely already in this decade, to ground-breaking discoveries that will 
truly change our understanding of the Universe.
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Milestones
The important milestones and decision points relevant for the Dutch subatomic physics community are:

Date Milestone/Decision

2015 Re-start of the Large Hadron Collider at 13–14 TeV

Completion of phase-1 of the KM3NeT neutrino telescope (0.3 km3 effective volume)

Completion of the Advanced Virgo upgrade and commissioning start (Run 2)

Completion of XENON1T construction and commissioning start

2016 Start of the XENON1T direct dark matter search experiment

Start of the Advanced Virgo direct gravitational-wave detection experiment 

First LHC results on supersymmetry searches at 13–14 TeV

Funding decision on KM3NeT phase-1.5 (1–2 km3 effective volume)

2017 First results on the direct detection of a gravitational wave with Advanced Virgo

First results on the direct dark matter search with XENON1T

Completion of the upgrade of the Auger surface detector array

LoI for a large-area radio detector cosmic-ray (addition to Auger?) 

Japanese decision to host the ILC?

2018 100 fb–1 collected at the LHC. Updates on Higgs, supersymmetry, QGP, New Physics, etc.

LoI for a next generation direct dark matter experiment (XENONnT?)

Start of LHC long shutdown 2

2019 Completion of LHC Phase-1 experiment upgrades 

LoI for a gravitational-wave observatory (Einstein Telescope?) 

2020 Re-start of the Large Hadron Collider at 13–14 TeV and at higher luminosity (Run 3)

Completion of phase-1.5 of the KM3NeT neutrino telescope (1–2 km3 effective volume)

2022 300 fb–1 collected at the LHC. Updates on Higgs, supersymmetry, QGP, New Physics, etc.

Start of LHC long shutdown 3




