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CERN the European Laboratory for Particle Physics pro-
vides the infrastructure and in particular operates accelera-
tors for a large variety of physics experiments. About 13000 
scientific users are registered at CERN. These scientists 
come not only from the 22 CERN member states but from a 
total of more than 100 countries to conduct experiments at 
CERN or meet their colleagues for discussion.
The scientific strategy of CERN has three pillars:

•	 Full exploitation of the Large Hadron Collider (LHC) 
including the upgrades and the High Luminosity LHC

•	 A scientific diversity program exploiting the accelera-
tor complex at CERN and the knowledge available at 
CERN

•	 Studies for future accelerator facilities and experi-
ments

The LHC is the flagship project of CERN. The accelerator 
with a circumference of 27 km accelerates protons and lead 
ions to unprecedented energies and allows the exploration 
of physics in a new energy regime. At present the machine 
is operating at a centre of mass energy for protons of 13 
TeV. An increase to 14 TeV is foreseen in a few years. At 
the collision points several experiments collect data: 2 very 
large multipurpose experiments (ATLAS and CMS), an 
experiment dedicated to study the heavy quarks b and c 
(LHCb), an experiment focusing on the operation with heavy 
ions (ALICE), and a few smaller experiments (TOTEM, 
LHCf, MoEDAL). The physics studies performed within the 
experimental collaborations are very broad. They cover the 
study of particles and processes described by the Standard 
Model of Particle Physics (SM), the search for new particles, 

and precision measurements looking for deviations from the 
predictions of the SM that hence would point to a new theory 
of particle physics, the physics of the quark gluon plasma 
accessible through the collisions of lead ions, and of course 
the detailed study of the Higgs Boson discovered in 2012 by 
the LHC experiments ATLAS and CMS.

The scientific diversity program uses the infrastructure at 
CERN and the available accelerators covering a very large 
energy range (see fig. 1). Several of these accelerators are 
needed to fill the LHC with protons and lead ions, but all 
serve also for a specific scientific program. For example, 
the PS and SPS beams are used for fixed target experi-
ments. These experiments use the primary proton beam or 
derived secondary beams of various particle types, which 
are then directed onto a target. The high energy reactions 
within the target are recorded by the experimental set-ups 
downstream of the target. Five particle physics fixed target 
experiments are presently operating at CERN: NA58, NA61, 
NA62, NA63, NA64 (NA stands for North Area, the location 
of these experiments). The range of energies probed by 
these experiments is between 1 GeV and a few 100 GeV. 
The physics program covers hadron spectroscopy, the study 
of the strong interaction, studies of quark gluon plasma, the 
search for very rare decays of the Kaon, electromagnetic 
processes in strong crystalline fields, the search for dark 
photons, and much more.

A large community of nuclear physicists from all around the 
world use the ISOLDE facility at CERN. In this facility radio-
active isotopes are produced and made available to several 
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experimental stations. Every year about 50 experiments in 
the fields of nuclear and atomic physics, nuclear astrophys-
ics, material science and life science are selected and car-
ried out. Using a large variety of target materials (e.g. U, Ta, 
Zr, Y, Ti, Si,…) and different ion sources (surface, plasma, 
laser) about 1000 isotopes of 75 chemical elements have 
been produced and made available for experiments. A new 
system for post-acceleration of these radioactive isotopes is 
being gradually commissioned and as of 2018 post-acceler-
ation of up to 10 MeV per nucleon will be possible. New type 
of measurements will then become possible.

For the measurement of neutron cross-sections CERN op-
erates a spallation source called nTOF. In two experimental 
areas, 20 m and 185 m from the target, neutrons with a very 
large energy range from 25 meV to 1 GeV are available for 
experiments. The wide energy range and the very high flux, 
in the closer experimental area up to 105/cm2/pulse, enables 
the measurement of very small sample sizes and short lived 
isotopes.

CERN is the only place worldwide were scientists can per-
form experiments with anti-protons and anti-Hydrogen at-
oms. This facility is called Antiproton Decelerator (AD) after 
the decelerator which slows down anti-protons produced by 
a beam from the PS machine to 5.3 MeV. This energy is low 
enough to allow the study of anti-protons and the production 
of anti-Hydrogen by bringing the anti-protons together with 
positrons. However, to increase the capture rate for exper-
iments and to allow experiments to work in parallel, CERN 
is presently commissioning an additional small decelerator 
called ELENA, which will reduce the energy of the anti-pro-
tons to as low as 100 keV. Six experiments are operating or 
being set up to perform measurements using the anti-pro-
tons. Physics goals are tests of the CPT invariance and the 
test of the weak equivalence principle by measuring the be-
haviour of anti-Hydrogen in the earth gravitational field. The 
experiments AEgIS, ALPHA, ASACUSA, ATRAP, BASE, 
and GBAR perform measurements of the magnetic moment 
of the anti-proton and spectroscopy of anti-Hydrogen and of 
exotic atoms, such a anti-protonic Helium - a Helium atom 
with one electron exchanged by an anti-proton. Several of 
the experiments will soon start to measure the influence of 
gravitation on anti-Hydrogen.

The CLOUD experiment at CERN is a very large climate 
chamber connected to the PS accelerator. The chamber al-
lows to precisely simulate the conditions in the atmosphere 
and to study in the laboratory the influence of natural and 
human made aerosols on cloud formation. The cosmic radi-
ation, another factor for cloud formation, is simulated by the 
beam from the PS. The measurements performed by our 
colleagues from climate research has helped to reduce the 
uncertainties and the tuning of global climate models.

The two non-accelerator experiments CAST and OSQAR 
use prototype magnets of the main LHC dipole magnets to 

search for axions and chameleons, hypothetical particles 
predicted as possible dark matter particles or solutions to 
the strong CP problem. In theory these particles would cou-
ple to photons in the strong magnetic field. The set-up of 
CAST allows to follow the trajectory of the sun and searches 
for particles emitted by the sun, while OSQAR uses a laser 
light and performs a “light shining through the wall” experi-
ment. Here the axions, if existing, would be produced by the 
photons from the laser, travel through the wall, and couple 
back to photons in the second part of the experiment.

In recent years CERN has created the Neutrino Platform, a 
framework supporting the European neutrino physics com-
munity to prepare accelerator based neutrino experiments 
at CERN for experiments in Japan and the US. Several pro-
jects have already been conducted or are ongoing, e.g. the 
refurbishment of the ICARUS detector and the construction 
of BabyMIND, which is a component for a neutrino detector 
at JPARC (Japan). In the north area of CERN an extension 
to the existing hall was built, in which the construction of two 
very large liquid Argon TPC prototypes for the DUNE ex-
periment in the US are progressing. The tests with charged 
beams will start in 2018. CERN scientists are participat-
ing in the ICARUS experiment, which is part of the short 
baseline multi detector program at Fermilab (USA) to probe 
unexplained anomalies in neutrino experiments, and in the 
long base line experiment DUNE. DUNE an experiment to 
be constructed in the Sanford Underground Facility (USA) 
will receive first neutrino beams from Fermilab in 2026. The 
main physics goals of DUNE are the determination of the 
mass hierarchy of neutrinos and the measurement of a pos-
sible CP violation in the neutrino sector.

Concerning future experiments and facilities at CERN, three 
studies are conducted: 

•	 A study of an electron-positron collider (CLIC) starting 
at a centre of mass energy of 380 GeV for precision 
Higgs and Top physics and with the potential to go to 
a collision energy of up to 3 TeV.

•	 A study of a proton-proton collider achieving a centre 
of mass energy of 100 TeV (FCC). For such a ma-
chine the development of a new magnet technology 
and a new tunnel with a circumference of approxi-
mately 100 km is needed. The same tunnel could in a 
first stage host an electron-positron collider.

For both, CLIC and the FCC, the studies include also 
geological studies for the location in the Geneva area.
•	 A study of future experiments using the existing ac-

celerator complex. The study is called “Beyond col-
lider” and is conducted to identify experiments for the 
future scientific diversity program.

All three studies will conclude in time for the next update 
of the European strategy for particle physics, which is fore-
seen for 2020. With these studies as input and with the re-
sults from the LHC experiments and from other experiments 
worldwide the future directions of the physics program of 
CERN will be decided.


