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Overview of the experiments belonging to PILLAR 1.b. included in RM24 

15 Appendix 

15.1 Experiments 

15.1.1 Experiments with Swiss contributions at particle accelerators (energy and intensity frontiers)

ATLAS: (A Toroidal LHC ApparatuS) is the largest general-purpose particle detector at the LHC. The ATLAS Detector is 46 metres long, 25 
metres in diameter, and weighs about 7,000 tonnes. The ATLAS Collaboration consists of approximately 5,000 members and about 3,000 
scientific authors from 183 institutions in 38 countries. 
https://atlas.cern

Beam EDM: The Beam EDM (Electric Dipole Moment) Experiment will measure the neutron EDM using a pulsed cold neutron beam. The 
experiment is intended to be conducted at the future European Spallation Source. 
https://www.lhep.unibe.ch/research/neutron_and_precision

CMS: (Compact Muon Solenoid) is one of two large general-purpose particle physics detectors at the LHC. The CMS Detector is 21 metres 
long, 15 metres in diameter, and weighs about 14,000 tonnes. The CMS Collaboration is formed by more than 4,000 people from 206 
institutes in 47 countries. 
https://cms.cern

CREMA: (Charge Radius Experiments with Muonic Atoms) is an international collaboration aiming at high-accuracy measurements of the 
Lamb shift in muonic atoms, to be conducted using laser spectroscopy. 
https://www.psi.ch/en/muonic-atoms

FASER: (ForwArd Search ExpeRiment at the LHC) is a small experiment 480 metres downstream of the ATLAS Detector at the CERN LHC. 
FASER is designed to capture decays of exotic particles produced in the very forward region, which are outside of the ATLAS Detector’s 
acceptance. FASERnu, a FASER sub-detector, is designed to detect collider neutrinos for the first time and to study their properties. The 
experiment will take data during Run 3 of the LHC. 
https://faser.web.cern.ch

GBAR: (Gravitational Behaviour of Antimatter at Rest) is an experiment that measures the gravitational free-fall acceleration of anti-
matter. It operates in the Antiproton Decelerator Hall at CERN, using antiprotons slowed down by the ELENA facility. GBAR first combines 
the antiprotons with two antielectrons, to form antihydrogen ions with a positive charge. Using laser-cooling techniques, these ions are 
brought to micro-Kelvin temperatures before they are stripped of their additional antielectron, transforming them into antihydrogen 
atoms. These antihydrogen atoms are then allowed to fall from a height of 20 centimetres, and their annihilation at the end of the fall 
is recorded. GBAR was approved in May 2012 and received its first beam of antiprotons in 2018. 
https://gbar.web.cern.ch/public

LHCb: (Large Hadron Collider beauty) is a specialised b-physics experiment at the LHC which was primarily designed to measure the 
parameters of CP violation in decays of bottom (beauty) and charm hadrons. Its evolving physics scope has turned LHCb into a mul-
ti-purpose experiment uniquely sensitive to the forward region of LHC collisions, studying not only proton-proton interactions, but also 
collisions from heavy-ion runs and from a dedicated fixed-target programme. The detector is a forward spectrometer with a length of 
about 20 metres. It has a polar angular coverage from 10 to 300 milliradians in the horizontal plane and 250 milliradians in the vertical 
plane. The LHCb Collaboration is composed of approximately 1,500 people from 87 institutes, representing 17 countries.
https://lhcb-public.web.cern.ch

MEG: (Mu to E Gamma) was an experiment located at PSI dedicated to measuring the rate at which a muon decays into an electron and 
a photon; this decay mode is heavily suppressed in the SM by lepton-flavour conservation, but is enhanced in many BSM models. MEG 
took data from 2008 until 2013, and in doing so established the world’s best limit on the decay µ → eγ. In order to increase the sensi-
tivity reach by an order of magnitude, a total upgrade involving substantial changes to the experiment has been performed; this new 
experiment is known as MEG II. 
https://meg.web.psi.ch
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Mu3e: the Mu3e Experiment at PSI is designed to search for the lepton-flavour-violating decay of a positive muon converting into two 
positrons and one electron, which violates lepton-flavour conservation. Since this decay is extremely suppressed in the SM, to the order 
of O(1050), any measurement of this decay would be a clear sign of new physics. In order to reach its ultimate sensitivity, the Mu3e Ex-
periment will observe more than 1016 muon decays. This enormous number of muons will be reached by using the world’s most intense 
muon beam, located at PSI, which delivers 109 muon-decays/s to the Mu3e detector.
https://www.psi.ch/en/mu3e

mu-Mass: (MUoniuM lASer Spectroscopy) is an experiment at PSI which is pushing the frontier of muonium spectroscopy, with the aim of 
measuring the 1S-2S transition frequency of muonium, an exotic atom consisting of a positive antimuon and an electron. The mu-Mass 
Experiment plans to measure this transition at an unprecedented precision of 10 kHz, a 1,000-fold improvement over previous measure-
ments. This will allow for the best determination of the muon mass at the level of one part per billion. 
https://www.psi.ch/en/ltp/mu-mass

muX: The muX Experiment measures the charge radii of highly radioactive elements, in addition to measuring atomic parity violation 
signals in the 2S-1S transition of muonic atoms.
(https://www.psi.ch/en/ltp/mux)

NA64: (North Area 64) is a fixed-target experiment using the 100 GeV electron beam of the CERN SPS fired at a fixed target, where the 
target is located in the CERN experimental North Area. The primary goal of NA64 is to search for light, dark bosons that are coupled to 
photons. The experiment started to take data in 2016, and will resume operation with an upgraded detector after the end of LS2 in 2021.
https://na64.web.cern.ch

nEDM/n2EDM: (search for the Neutron Electric Dipole Moment) was designed to measure the electric dipole moment of the neutron with 
unprecedented precision. It used the ultracold neutron source at PSI, which supplies neutrons at a comparatively slow speed. The collab-
oration recently published the most sensitive measurement of the neutron EDM to date based on data collected during 2015 and 2016.
https://www.psi.ch/en/nedm

piHe: (PIonic HElium) was an experiment at PSI that used laser spectroscopy and exotic atoms: starting from Helium atoms, one electron 
was replaced by a pion. This combination enabled high-precision measurements of the mass and other properties of the pion.
https://www.psi.ch/en/ltp/experiments

SHiP: (Search for Hidden Particles) is a proposed general-purpose experiment to be installed in a beam dump facility at the CERN SPS. 
The primary objective of SHiP is to search for hidden particles, as predicted by models of hidden sectors, which are capable of accom-
modating dark matter, neutrino oscillations, and the origin of the full baryon asymmetry in the Universe. The present detector design 
incorporates two complementary apparatuses which are capable of searching for hidden particles through both visible decays and scat-
tering signatures involving recoiling electrons or nuclei. Moreover, the facility is ideally suited to study the interactions of tau neutrinos.
https://ship.web.cern.ch

15.1.2 Experiments with Swiss contributions in neutrino physics

DUNE: (Deep Underground Neutrino Experiment) is a leading-edge, international experiment for neutrino science and proton decay 
studies supported by the Long-Baseline Neutrino Facility (LBNF). DUNE will consist of two neutrino detectors positioned in the path of 
an intense neutrino beam. One detector will be located close to the source of the beam, at the Fermi National Accelerator Laboratory 
in Illinois, USA. A second detector will be deep underground, and 1300 km away from the source, at the Sanford Underground Research 
Laboratory in South Dakota. Two prototype far detectors are at CERN; the first started taking data in September 2018 and the second is 
under construction. 
https://www.dunescience.org

GERDA: (GERmanium Detector Array) was an experiment searching for neutrinoless double-beta decay (0νββ) in 76Ge  at the underground 
Laboratori Nazionali del Gran Sasso (LNGS) in Italy. Evidence of such decays would prove that neutrinos and antineutrinos are identical 
particles. The observation of 0νββ, a lepton-number-conservation-violating process, is beyond the Standard Model of particle physics. 
Such an observation could reveal the nature of neutrinos and give hints on both the neutrino absolute mass scale and ordering.
https://www.mpi-hd.mpg.de/gerda
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Table 1: A summary of Swiss involvement in approved accelerator-based 
particle physics experiments. Research groups in all institutes are also 
active in detector research and development, which often extend to 
applications in other scientific fields and industry.

Institution Main involvements
Uni Basel Experiments at PSI: MUSE
Uni Bern Experiments at CERN: ATLAS and FASER

Experiments at PSI: n2EDM
Detector R&D: Tracking detectors, data acquisition

Uni Genève Experiments at CERN: ATLAS and FASER
Experiments at PSI: Mu3e
Detector R&D: Tracking detectors, trigger and data 
acquisition

Uni Zürich Experiments at CERN: CMS and LHCb
Experiments at PSI: Mu3e
Detector R&D: Tracking detectors, trigger

EPFL Experiments at CERN: LHCb
Detector R&D: Tracking detectors, trigger

ETH Zürich Experiments at CERN: CMS, NA64, GBAR, BASE
Experiments at PSI: Mu3e, n2EDM, CREMA, mu-Mass, 
muX, piHe
Detector R&D: Calorimetry, tracking detectors

PSI Experiments at CERN: CMS
Experiments at PSI: Mu3e, MEG II, n2EDM, CREMA, 
mu-Mass, muX, piHe
Detector R&D: Tracking detectors

Figure 5: The timeline of the various representative ongoing approved projects where Swiss researchers are involved, at CERN and PSI. This timeline 
demonstrates activities in recent years, starting in 2016, and extending to 2028, one year after the HL-LHC project will have started.

2016 2018 2020 2022 2024 2026 2028

CERN LHC experiments

ATLAS, CMS, LHCb Run 2 13 TeV LS2 Run 3 13/14 TeV LS3 HL-LHC

Other CERN experiments

NA64 Data-taking Upgrade Data-taking

FASER Construction Data-taking

PSI experiments

Mu3e Construction Data-taking

n2EDM Construction Data-taking

constitute a crucial test of the SM and can uncover new 
phenomena. Swiss scientists are specifically engaged in 
the study of the top quark, the heaviest of the elementary 
particles and a natural probe of new physics. Production 
of SM processes with top quarks also represent some of 
the most significant background sources to searches for 
new physics. These Swiss groups have concentrated on 
improving the understanding of the top-quark production 
and decay mechanisms, as well as establishing the pro-
duction of rare processes involving top quarks.

Direct searches for BSM physics have a high priority in the 
present Swiss landscape, with strong involvement by all 
Swiss LHC groups. This search programme is broad, cov-
ering and pushing beyond the existing landscape, while 
several centres of expertise guarantee that the Swiss con-
tributions are of high importance and impact.  Searches 
performed by Swiss physicists include ‘classical’ signa-
tures, such as Supersymmetry (SUSY) or heavy resonanc-
es produced by new hypothetical particles. Given that 
there has been no sign of new phenomena so far, various 
theoretical models for new physics have been exclud-
ed, at least in their simplest formulations. Experimental 
search strategies are now being refined in order to test the 
scenarios that are still viable, where such remaining pos-
sibilities are typically characterised by a higher degree of 
complexity. The searches performed by Swiss physicists 
also extend into more unconventional signatures, includ-
ing rare and forbidden decays from flavour physics phe-

nomena, originating from more exotic yet theoretically 
viable and interesting models. This approach is a logical 
consequence in the increase of the LHC’s integrated lumi-
nosity and the confidence that has been gained while op-
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Figure 14: A display of an event as recorded by the CMS detector from 
an inclusive search for highly boosted Higgs bosons decaying to 
bottom quark-antiquark pairs (Image: CMS Collaboration/CERN)

6 Major successes (2017–2020)

6.1 Energy frontier of particle physics

 
With the discovery of the Higgs boson in 2012, the SM is now 
complete. Present activities are concentrated on measuring 
the parameters of the SM particles with high precision, as 
well as on searching for BSM physics to answer the many 
questions that the SM leaves unanswered. The ATLAS and 
CMS Experiments have recently observed Higgs decay chan-
nels that were not previously accessible due to their small 
production rates, and have provided measurements of oth-
er SM properties with unprecedented precision. They have 
searched for BSM theories and models, often significantly 
constraining them by setting limits on the masses of asso-
ciated new particles; in this route, they have also revealed 
interesting and challenging directions for further searches. 
The LHCb Experiment has established itself as the front-run-
ner in heavy flavour physics. Recently, it has discovered CP 
violation in charm decays, as well as in baryon decays. It 
has intensified studies into the so-called flavour anomalies 
and improved our knowledge of various rare decays, both of 
which have strong implications on BSM physics. 
All three experiments have explored, with Swiss contribu-
tions, dark sector particles in regions complementary to the 
exquisite exclusions by the NA64 Experiment. The newly 
approved FASER Experiment will complement such search-
es in a unique way and its construction is successfully pro-
ceeding on a fast track. For a future SHiP Experiment, many 
detailed technical studies have shown an unprecedented 
DS sensitivity. Swiss groups are responsible for various 
state-of-the-art tracking detectors used by the LHC experi-
ments, which perform excellently and play a pivotal role in 
almost all analyses. They are equally engaged in the design 
and construction of upgraded detectors for the HL-LHC, as 
well as new detectors for other future experiments. 
At PSI, Swiss groups lead experiments with muons and ul-
tracold neutrons. The nEDM Experiment has pushed the lim-
it on the neutron electric dipole moment. The MEG Collabo-
ration has improved the limit on the lepton flavour violating 
decay of the muon to positron and photon, the best limit on 
any rare decay to date. Both are also pursuing DS searches 
and setting new limits. Precision spectroscopy of exotic at-
oms is undergoing a renaissance, with many activities and 
landmark results, probing SM parameters and searching for 
BSM physics. 
Exciting results come from high-intensity muon beam phys-
ics: The MICE Experiment at RAL successfully demonstrated 
muon ionisation cooling with medium-energy muons, and 
the muCool Experiment at PSI demonstrated phase space 
compression for slow muons. In view of the HIMB project 

at PSI, aiming at two orders of magnitude higher muon in-
tensities, a new configuration of the high-power production 
target was established.

 
6.1.1 High energy: LHC experiments

The ATLAS, CMS, and LHCb Experiments have achieved 
major advances in the understanding of the SM and the 
exploration of BSM phenomena. The collaborations have 
produced a large number of peer-reviewed and well-cited 
publications, which can be found in their respective pub-
lication list pages.8, 9, 10

In recent years, the highest priority in particle physics has 
been to measure the Higgs boson production and decay 
modes. Swiss physicists have helped to re-establish these 
at a higher centre-of-mass energy by determining precise-
ly the Higgs boson cross-section and mass using H → γγ, 
and observing for the first time the H → τ  and H → bb ̅de- 
cays (Fig. 14), as well as t H production, thereby defini-
tively establishing the coupling of the Higgs boson to fer-
mions. With the larger statistics available, Swiss physi-
cists have measured the differential production of H → γγ, 
allowing for precise comparisons with both SM and BSM 
predictions. 

Beyond the exploration of Higgs boson properties, many 
other previously poorly constrained SM properties, in 
particular those related to the top quark, are now being 
measured with unprecedented precision. During Run 2 of 
the LHC, new rare interactions such as the production of a 
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Higgs boson in association with a top-quark pair, t H and 
the production of four top quarks, t t , were established. 
One of the main uncertainties in these measurements aris-
es from the modelling of the production of a pair of top 
quarks in association with jets, a process that also con-
stitutes a common background in many BSM searches. 
Swiss scientists have played a leading role in improving 
the understanding of t  production associated with jets. 
Identifying top-quark events has crucially pushed for-
ward the development of algorithms for the identification 
of b-jets, as well as new reconstruction techniques, such 
as algorithms which can select boosted topologies. Swiss 
scientists have also led developments in these directions.

The higher centre-of-mass energy and the steady increase 
in luminosity in Run 2 is being fully exploited by a large 
repertoire of well-motivated BSM searches. On the SUSY 
side, this includes a plethora of searches targeting vari-
ous production modes and final states, as well as explor-
ing novel methodologies and powerful discriminating 
variables. These are complemented by searches for DM 
candidates and their mediator(s), as motivated by several 
exotic theoretical models. Open questions on the origin 
of neutrino masses and the matter-antimatter asymmetry 
are being studied by searches for heavy neutral leptons 
(HNLs) in prompt and displaced leptonic decays of W 
bosons. Recently, two ERC grants were awarded to young 
researchers associated with Swiss institutes for pursuing 
innovative searches within the LHC physics programme.

The LHCb Experiment has recently achieved a historic 
milestone in flavour physics: the discovery of CP viola-
tion in charm decays. This ultra-precise measurement 
represents a major breakthrough in flavour physics and 
opens up a new laboratory to study CP violation. For this, 
Prof. Tatsuya Nakada from EPFL was awarded the 2019 
Enrico Fermi Prize.

While the energy frontier cannot be significantly increased 
in the near future, our knowledge of particle physics is 
constantly being challenged through precise measure-
ments of very rare decays of heavy mesons. A well-known 
example and one of the ‘standard candles’ for such ap-
proaches is the very rare B0

s → μ+μ− decay. The LHCb Ex-
periment has provided the most precise measurements 
of this process, including the first measurement of its life-
time. Recently a first LHC-wide combination of B0

s → µ+µ− 
measurements by the three collaborations (ATLAS, CMS, 
and LHCb) was performed, featuring a Swiss-led contri-
bution from CMS.

Success in these physics pursuits would not have been 
possible without excellently operating detectors, a com-
mon success across all of the LHC experiments. More 
than 95% of the millions of channels the detectors are 

made of were operational at any given point in time dur-
ing the LHC Run 2 data-taking period. This can be con-
sidered to be a major achievement for the Swiss groups 
when accounting for the fact that the number of chan-
nels in each experiment is dominated by the tracking 
detectors, whose design, construction, and operation 
were led by teams within Switzer land. Our understand-
ing of the detectors has also been improved to the point 
of excellence, a fact that has led to novelties in trigger-
ing, reconstruction, and data analysis techniques. These 
efforts constitute the continuous focus of Swiss physi-
cists and are documented in Chapter 5. These develop-
ments are staged and exploited in major measurements 
and searches as described above. The success of Swiss 
groups in detector R&D is remarkable, and has also been 
recognised with grants (including from the ERC) awarded
in this direction. Looking to the future, Swiss groups 
are currently participating in HL-LHC detector upgrades 
and trigger & data acquisition projects that have been ap-
proved, and are steadily proceeding towards completion 
with significant efforts from all Swiss institutes.

On the computing side, all of the LHC experiments are 
in the process of developing the infrastructure to be able 
to exploit available resources, transparently and inter-
changeably, in an optimal way. One example of this pro-
cess is the ongoing effort to transfer CPU-based recon-
struction algorithms to equivalent parallelised versions 
that can be run on GPUs.

In support of open science, the LHC collaborations have 
unanimously endorsed a new open data policy for the re-
lease of scientific data collected by the LHC experiments. 
These data will allow scientific research related to parti-
cle physics to be more reproducible, accessible, and col-
laborative. Further information is provided in Chapter 10.

6.1.2 High energy: Other experiments at CERN

In the search for DS and possible DM candidates, NA64 
has set the most stringent limit for light thermal DM be-
low 0.1 GeV.11, 12 It has also reported results that exclude 
part of the parameter space suggested by the so-called X17 
anomaly. New experimental constraints have also been 
set on the mixing strength of photons with dark photons, 
as well as axion-like particles (ALPs), closing the gap in 
the ALP parameter space between previous fixed target 
and collider experiments.

In an effort to extend the pursuit of BSM phenomena be-
yond what can be done with the main LHC experiments, 
and in order to cover unexplored regions of parameter 
space which cannot be accessed by NA64, the FASER Ex-
periment was proposed; a significant recent achievement 
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Figure 15: The FASER detector being installed in its final location (TI12 tunnel) (Image: FASER Collaboration/CERN)

was the approval of FASER by the CERN Research Board. 
The experiment has been primarily funded by the USA’s 
Heising and Simons-Heising foundations and SNSF sup-
ports it with project funding. An ERC grant was recently 
awarded to a senior researcher associated with a Swiss 
institute. The construction of the experiment is progress-
ing speedily (Fig. 15) and the experiment will collect data 
during Run 3 of the LHC.

The SHiP Experiment has attracted a large amount of at-
tention in the particle physics community. Swiss groups 
have worked on SHiP from the experimental, phenom-
enological, and theoretical point of view. They have 
demonstrated that in addition to improving upon present 
and near-future constraints on hidden sector searches, the 
SHiP Experiment would enable precision measurements 
that can differentiate between different models. For in-
stance, it is expected that if SHiP observes an HNL signal, 
it is possible to test the compatibility of these particles 
with different leptogenesis mechanisms. 

6.1.3 Experiments with low-energy beams

Low-energy experiments have achieved major results 
with high-sensitivity searches for BSM physics as well as 
in high-precision measurements of SM benchmarks and 
fundamental constants. Three ERC grants were recently 
(2016-2018) granted to scientists in Swiss institutes: one 
in neutron Electric Dipole Moment (EDM) searches using 
a neutron beam and two in exotic atom laser spectroscopy 
with muons. This reflects the considerable progress and 
impact that these approaches have made over several years.

The nEDM Collaboration at PSI released in 2020 the most 
stringent limit on the permanent electric dipole moment 
of the neutron, dn < 1.8 × 10−26 ecm (90% C.L.),13 which 
has a direct impact on theories explaining the matter-an-
timatter asymmetry of the Universe. The nEDM data were 
also analysed for an oscillating neutron electric dipole 
moment, which could be induced by coupling of ultra-
light ALPs to gluons. Assuming that these ALPs would 
constitute the DM in the Universe, first laboratory limits 
on ALP-gluon coupling for ultralight ALP masses were 
established.

The MEG Collaboration at PSI has established the 
world-leading limit on the lepton flavour violating decay
µ+ → e+γ, which is the most stringent upper limit on any 
branching ratio in physics, B(µ+ → e+γ) < 4.2 × 10–13.14 
From their dataset, MEG has recently provided the most 
strin gent limits on hypothetical light, neutral particles X 
in the mass range between 20 and 40 MeV/c2 for lifetimes 
of less than 40 ps and decaying to two photons µ+ → e+X, 
X → γγ.

After their successful measurements of the 2S-2P Lamb 
shift in muonic hydrogen and muonic deuterium (2010-
16), the CREMA Collaboration at PSI has recently meas-
ured the 2S-2P Lamb shift in the muonic helium isotopes 
3 and 4. Besides the extraction of benchmark charge ra-
dii in light and calculable systems, sensitive tests of QED 
and independent determinations of the Rydberg constant 
have become possible. To this aim, the mu-Mass Collab-
oration has demonstrated the creation of a muonium 2S 
metastable beam. The piHe Collaboration has succeeded 
in a first-ever laser spectroscopy of a pionic atom, further 
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Recommendation 3a: CHIPP strongly supports the present 
and future exploitation of the High-Intensity Accelerator 
(HIPA) accelerator complex at PSI. CHIPP recommends that 
a portfolio of dedicated experiments at the low-energy/ 
high-intensity frontier should be pursued and strongly sup-
port the envisioned High-Intensity Muon Beam (HIMB) pro-
gramme at PSI.
Recommendation 3b: CHIPP strongly supports the present 
and future exploitation of the CERN accelerator complex be-
yond the large LHC experiments, in experiments that search 
for new physics using novel approaches. It encourages the 
attempts to establish a high-power beam dump facility at 
CERN or elsewhere. CHIPP recommends that Switzerland 
engage in these diverse experiments.

Finding 4: Neutrinos continue to provide intriguing puzzles 
to the Standard Model. The elucidation of their nature 
(Dirac or Majorana) and properties (violation of charge 
conjugation parity symmetry, mass hierarchy) continue to 
be a vibrant sector of particle physics. Progress in neutrino 
physics depends largely on the next-generation long-base-
line programmes as envisioned in the USA (DUNE) and 
Japan (Hyper-K). Other facilities and experiments such as 
LEGEND, searching for neutrinoless double-beta decays, 
are necessary to test the nature of neutrinos.

Recommendation 4a: CHIPP recommends that Switzerland 
strongly support the long-baseline neutrino programmes in 
both Japan and the USA in order to maximise the scientific
reach.
Recommendation 4b: Experiments targeting the detection 
of neutrinoless double-beta decays continue to be vital to 
explore the nature of neutrinos. CHIPP recommends a con-
tinuous and adequate support to such experiments.

Finding 5: Dark matter is one of the biggest open questions in 
particle physics and beyond. Astronomical observations 
reveal its large abundance in the Universe and underline 
its pivotal role in cosmic structure formation. The eluci-
dation of the particle nature of dark matter continues to be 
one of the most important quests in contemporary particle 
and astroparticle physics. As experimental results begin 
to stress the paradigm for the Weakly Interacting Massive 
Particles (WIMPs) interpretation, alternative scenarios for 
dark matter (axions, an entire dark sector, etc.) come in-
creasingly into focus. Direct dark matter detection exper-
iments (such as DARWIN and DAMIC), searches for dark 
matter production at accelerators (in particular at the LHC), 
as well as indirect searches for dark matter via astrophysi-
cal observations continue to be the multi-prong approach 
that needs to be pursued in order to solve this puzzle.

Recommendation 5: CHIPP recommends the direct search 
for dark matter as an effort that needs to be upheld. In 
addition, complementary approaches targeting dark mat-
ter scenarios outside of the WIMP paradigm and indirect 
detection via multi-messenger astronomical observations 
are encouraged and should complement the future search 
portfolio.

Finding 6: Astroparticle physics in Switzerland provides 
a diverse portfolio of experimental efforts, both ground-
based and in space. Often, these facilities are of interest to 
researchers both in particle and astroparticle physics, as 
well as astrophysics and astronomy. A prime example is 
the Cherenkov Telescope Array (CTA), a scientific instru-
ment that enables the pursuit of astronomical, as well as 
astroparticle physics research. The CTA science commu-
nity in Switzerland is growing at the interface of CHIPP 
and CHAPS. Future big science endeavours, including re-
search into the detection of gravitational waves, either in 
their own right or as part of a multi-messenger science 
programme using future ground-based or space-based fa-
cilities, will further excite scientific interest in both re-
search communities and tie them closer together scientif-
ically. To expedite this process, a CHIPP-CHAPS working 
group was recently established to explore common inter-
est in both communities concerning future gravitational 
waves research. It is expected that significant investments 
are needed in this future research domain. While both 
CHIPP and CHAPS communities have strong scientific 
focal points that are otherwise very distinct, they share 
some similarities in their mode of operation, such as being 
dependent on large-scale instrumentation, which often 
takes decades to build in the context of large international 
organisations. CHIPP and CHAPS receive major instru-
mentation and operations support from the SNSF FLARE 
funding instrument for ground-based research activities. 
As project cost and duration tend to rise, an understand-
ing in priorities of research instrumentation across both 
communities needs to be fostered. Both communities may 
also face challenges from dealing with large data volumes 
and hence, could profit from a closer collaboration.

Recommendation 6: CHIPP recommends a further strength-
ening of ties with the CHAPS community, both scientifically 
and technically. As an instrument of common interest for 
both communities, Switzerland should secure access to CTA 
at a level that is appropriate for the size of the Swiss re-
searcher community interested in CTA. Both CHIPP and CHAPS 
should explore common interests in and develop a common 
strategy towards future gravitational waves experiments.
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3 Executive summary, findings and recommendations

Here we present the major findings and recommendations 
which summarise the detailed analysis presented in the 
following chapters. Particle and astroparticle physics are 
both embedded in an international context, and the Swiss 
Institute of Particle Physics (CHIPP) endorses the find-
ings of the European Particle Physics Strategy Update5 
by CERN issued in 2020, the findings of the Astroparticle 
Physics European Consortium (APPEC) Roadmap4 issued 
in 2018, and the Nuclear Physics European Collaboration 
Committee (NuPECC) Long Range Plan 2017 ‘Perspectives 
for Nuclear Physics’.3 We will provide further guidance 
on the implementation of the major findings and recom-
mendations of those roadmaps in the Swiss context and 
provide additional findings and recommendations specif-
ic to the CHIPP community.

Finding 1: The European particle physics community con-
siders an electron-positron Higgs factory as the highest 
priority, together with the ambition to operate a pro-
ton-proton collider at the high-energy frontier of about 
or exceeding a centre-of-mass energy of 100 TeV. CHIPP 
points out that these ambitious goals will be best achieved 
through the Future Circular Collider (FCC) programme; an 
electron-positron Higgs factory (FCC-ee) as a first stage, 
followed by a hadron collider (FCC-hh) around 2045, 
would secure the future of high-energy particle physics 
with CERN as a world-leading laboratory well beyond the 
2080s. One key ingredient in this ambitious programme is 
the development of suitable high-field magnets for FCC-
hh that define the critical path.

Recommendation 1a: CHIPP recommends that Switzerland 
strongly support CERN as the world-leading laboratory in par-
ticle physics. CHIPP’s research portfolio is well aligned with 
CERN’s such that CHIPP will continue to benefit greatly from 
and lend strong support to CERN for the foreseeable future.
Recommendation 1b: CHIPP recommends the development 
of a national strategy towards the participation in CERN’s 
programme for an FCC, starting with FCC-ee, which encom-
passes detector development, theoretical research, and 
data analysis and simulation. CHIPP supports CERN’s goal 
to incorporate sustainability considerations into the design 
of future colliders.
Recommendation 1c: CHIPP recommends that Switzerland 
maintain involvement in accelerator physics development, 
especially towards the FCC projects. In particular, CHIPP rec-
ommends the continuation of the successful Swiss Acceler-
ator Research and Technology (CHART) programme, it being 
an excellent example of close collaboration between CERN, 
a national laboratory, national institutes, and universities.

Recommendation 1d: CHIPP recommends that Switzerland 
maintain strong involvement in detector research and dev-
elopment, which is essential for the future of particle physics
and which fosters synergies with other scientific fields.

Finding 2: In anticipation of the FCC, the Large Hadron 
Collider (LHC) continues to be the flagship project at the 
high-energy frontier until the end of its scheduled life-
time in the mid-to-late 2030s. The LHC, with its future 
high-luminosity running phase (HL-LHC), will provide a 
plethora of new data which will allow for measurements 
of the properties of the Higgs boson, provide increased 
precision measurements of Standard Model (SM) param-
eters, and enable both further exploration of the flavour 
sector as well as searches for physics beyond the Standard 
Model (BSM). The long term support to operate the LHC 
detectors and eventually provide performance and lon-
gevity upgrades remains crucial during this period. Fur-
thermore, the large volume of collected data will create 
challenges for computing in the Worldwide LHC Comput-
ing Grid (WLCG) paradigm.

Recommendation 2a: CHIPP strongly supports the experi-
mental HL-LHC programme and recommends that Switzer-
land continue to secure the operation and upgrades of the 
ATLAS, CMS, and LHCb detectors, to ensure full exploitation 
of the investments so far.
Recommendation 2b: For the full HL-LHC exploitation to be 
feasible, further computing infrastructure is required, possi-
bly in collaboration with other fields facing similar comput-
ing challenges with highly performant computing and data 
handling strategies. CHIPP recommends that Switzerland 
engage in providing the necessary resources.

Finding 3: The quest for new physics, through either di-
rect searches or indirect searches via precision mea-
surements of SM particles including the Higgs boson, is 
complemented by and shared with a diverse set of exper-
imental activities at the low-energy/high-intensity fron-
tier. These activities are supported by the use of dedi-
cated accelerators, either at the national laboratory (Paul 
Scherrer Institute, PSI) or elsewhere, or by running in 
parallel with existing high-energy accelerators. These ex-
perimental efforts are avenues towards exploring intrigu-
ing BSM scenarios, and are therefore extremely important 
for CHIPP’s multi-prong approach towards searching for 
BSM physics and putting the Standard Model to the test. 

9Swiss Academies Reports, Vol. 16, No. 6, 2021

3 Executive summary, findings and recommendations

Here we present the major findings and recommendations 
which summarise the detailed analysis presented in the 
following chapters. Particle and astroparticle physics are 
both embedded in an international context, and the Swiss 
Institute of Particle Physics (CHIPP) endorses the find-
ings of the European Particle Physics Strategy Update5 
by CERN issued in 2020, the findings of the Astroparticle 
Physics European Consortium (APPEC) Roadmap4 issued 
in 2018, and the Nuclear Physics European Collaboration 
Committee (NuPECC) Long Range Plan 2017 ‘Perspectives 
for Nuclear Physics’.3 We will provide further guidance 
on the implementation of the major findings and recom-
mendations of those roadmaps in the Swiss context and 
provide additional findings and recommendations specif-
ic to the CHIPP community.

Finding 1: The European particle physics community con-
siders an electron-positron Higgs factory as the highest 
priority, together with the ambition to operate a pro-
ton-proton collider at the high-energy frontier of about 
or exceeding a centre-of-mass energy of 100 TeV. CHIPP 
points out that these ambitious goals will be best achieved 
through the Future Circular Collider (FCC) programme; an 
electron-positron Higgs factory (FCC-ee) as a first stage, 
followed by a hadron collider (FCC-hh) around 2045, 
would secure the future of high-energy particle physics 
with CERN as a world-leading laboratory well beyond the 
2080s. One key ingredient in this ambitious programme is 
the development of suitable high-field magnets for FCC-
hh that define the critical path.

Recommendation 1a: CHIPP recommends that Switzerland 
strongly support CERN as the world-leading laboratory in par-
ticle physics. CHIPP’s research portfolio is well aligned with 
CERN’s such that CHIPP will continue to benefit greatly from 
and lend strong support to CERN for the foreseeable future.
Recommendation 1b: CHIPP recommends the development 
of a national strategy towards the participation in CERN’s 
programme for an FCC, starting with FCC-ee, which encom-
passes detector development, theoretical research, and 
data analysis and simulation. CHIPP supports CERN’s goal 
to incorporate sustainability considerations into the design 
of future colliders.
Recommendation 1c: CHIPP recommends that Switzerland 
maintain involvement in accelerator physics development, 
especially towards the FCC projects. In particular, CHIPP rec-
ommends the continuation of the successful Swiss Acceler-
ator Research and Technology (CHART) programme, it being 
an excellent example of close collaboration between CERN, 
a national laboratory, national institutes, and universities.

Recommendation 1d: CHIPP recommends that Switzerland 
maintain strong involvement in detector research and dev-
elopment, which is essential for the future of particle physics
and which fosters synergies with other scientific fields.

Finding 2: In anticipation of the FCC, the Large Hadron 
Collider (LHC) continues to be the flagship project at the 
high-energy frontier until the end of its scheduled life-
time in the mid-to-late 2030s. The LHC, with its future 
high-luminosity running phase (HL-LHC), will provide a 
plethora of new data which will allow for measurements 
of the properties of the Higgs boson, provide increased 
precision measurements of Standard Model (SM) param-
eters, and enable both further exploration of the flavour 
sector as well as searches for physics beyond the Standard 
Model (BSM). The long term support to operate the LHC 
detectors and eventually provide performance and lon-
gevity upgrades remains crucial during this period. Fur-
thermore, the large volume of collected data will create 
challenges for computing in the Worldwide LHC Comput-
ing Grid (WLCG) paradigm.

Recommendation 2a: CHIPP strongly supports the experi-
mental HL-LHC programme and recommends that Switzer-
land continue to secure the operation and upgrades of the 
ATLAS, CMS, and LHCb detectors, to ensure full exploitation 
of the investments so far.
Recommendation 2b: For the full HL-LHC exploitation to be 
feasible, further computing infrastructure is required, possi-
bly in collaboration with other fields facing similar comput-
ing challenges with highly performant computing and data 
handling strategies. CHIPP recommends that Switzerland 
engage in providing the necessary resources.

Finding 3: The quest for new physics, through either di-
rect searches or indirect searches via precision mea-
surements of SM particles including the Higgs boson, is 
complemented by and shared with a diverse set of exper-
imental activities at the low-energy/high-intensity fron-
tier. These activities are supported by the use of dedi-
cated accelerators, either at the national laboratory (Paul 
Scherrer Institute, PSI) or elsewhere, or by running in 
parallel with existing high-energy accelerators. These ex-
perimental efforts are avenues towards exploring intrigu-
ing BSM scenarios, and are therefore extremely important 
for CHIPP’s multi-prong approach towards searching for 
BSM physics and putting the Standard Model to the test. 
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