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Pillar 2 and Pillar 3 of CHIPP
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fundamental interactions. This common objective is pur-
sued along different research lines, which span a wide 
range of topics from computing precise predictions for 
processes under experimental investigation to develop-
ing new models and new principles. Research groups in 
all institutes are also active in detector research and de-
velopment, which often extend to applications in other 
scientific fields and industry.

Figure 1: Map with the institutions involved in particle and astroparticle physics in Switzerland in 2024. Board members in 
experiment and theory are shown in red, postdocs and senior scientists in blue, and Phd students in green. Source: CHIPP

Source: CHIPP Membership
Database, October 2024
Source: CHIPP Membership

CERN: 16 

Total scientific personnel:
488 + 16 
Board (Prof.) • Dr. • PhD St.
73 • 209 + 16 • 206
(admin. and techn. staff not included) 

PSI: 58
Exp.: 3 • 28 • 13
Theo.: 3 • 4 • 7 ETHZ: 109

Exp.: 9 • 32 • 44
Theo.: 4 • 11 • 9 

UZH: 97 
Exp.: 8 • 26 • 22
Theo.: 6 • 17 • 18 

UNIBAS: 8

Theo.: 2 • 3 • 3

EPFL: 48 
Exp.: 6 • 17 • 14
Theo.: 1 • 3 • 2 

UNIBE: 67 
Exp.: 6 • 12 • 14
Theo.: 11 • 11 • 13 

UNIGE: 101
Exp.: 10 • 37 • 42
Theo.: 4 • 5 • 3ß

Swiss Particle Physics Landscape 2024
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The focus of CHIPP Pillar 2 focuses on 
neutrino physics. 

• Measurement of PMNS matrix parameters
• CP violation
• Majorana/Dirac
• Mass ordering .

Pillar 3 relates to astroparticle physics, 
including searches for and measurements 
of particles from space. 

• CR: ground/space based
• Multi-messenger physics (gamma, X-ray, 

DM, neutrinos, gravitational waves)
• Dark Matter (DM) searches.



Neutrino and astroparticle experiments in CH
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Neutrino physics in Switzerland
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● Coordinated program, focusing on few experiments and involvements:
○ HK and DUNE
○ LEGEND
○ IceCube

● Well balanced plan that takes advantage of the extraordinary experience
and capability of Swiss groups.

● Great impact and visibility for Swiss particle physics.

More neutrino-related 
involvement at collider 
facilities, astroparticle facilities 
and theory
(see dedicated talks)

EPFL

Pillar 2 presentation (Prof. Weber, UniBe)
Pillar 3 presentation (Prof Baudis, UZH)

Unige: 
T2K, Hyper K (Sanchez) 
IceCube, CTA (Montaruli, della Volpe)
DAMPE, HERD (Tykhonov, Wu)
 AMS-02, Polar, PAN, eXTP (Wu)
Einstein Telescope (Schramm, Fragkos 
(astro), Maggiore (theory))

ETH:
T2K, Hyper K (Sgalaberna, Rubbia)
CTA, MAGIC, FACT (Biland)

UniZ: 
Gerda, Legend (Baudis)
XENONnT (Baudis), Tesseract (Penning) 
Darwin, XLZD, Qrocodile (Baudis, 
Penning)
CTA (Saha, Serra)
DAMIC-M, OSCURA (Kilminster)
LIGO/LISA (Jetzter)

Bern:
DUNE, MicroBooNE, SBN (Weber)
CTA (Falanga through ISSI)

EPFL: 
DAMPE, HERD (C. Perrina)
CTA (Kneib, Charbon, Nironov)

https://indico.cern.ch/event/1348471/contributions/5676061/
https://indico.cern.ch/event/1348471/contributions/5676068/attachments/2813650/4915072/baudis_recfa_astroparticle.pdf


Neutrino Physics | Pillar 2
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Pillar 2 CHIPP priorities:
• “The Precise measurement of the neutrino oscillation 

probability at long-baseline accelerator-based 
experiments is the highest priority task of the 
neutrino pillar in Switzerland.”

• The search for 0𝜈ββ is also recommended
• Success of extraterrestrial neutrinos continued: 

IceCube à IceCube Gen2
• Novel technologies developed at PSI (strong support 

from CERN Neutrino Platform)
• All experimental progress provides input for UNIBAS 

theoretical efforts.
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T2K is a currently running long-baseline 
experiment in Japan:

• Strong contributions from UniGe, ETH, and UNIBE.
• UniGe and ETH fully committed to the future 

The Japanese Neutrino Program
T2K (running) and Hyper-K (future)

ToF Commissioning 

T2K Leadership Positions: 

Prof. F. Sanchez Nieto (UniGe): 
Previously two-times spokesperson, ND280 magnet convener

Stefania Bordoni (UniGe):
ToF detector convener, previously Scintillation detector convener.

Davide Sgalaberna (ETH):
Near detector physics convener

sFGD commissioning
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Hyper Kamiokande is a future long baseline 
experiment:

• Measurement of ϴ13 and δcp.
• Strong commitment from UniGe and ETH
• Flagship CHIPP experiment!

Hyper K Leadership Positions: 

Federico Sanchez (UniGe), ND280 convener  

Davide Sgalaberna (ETHZ) far detector 
electronics assembly project

Umut Kose (ETHZ) far detector electronics 
assembly project technical coordinator and 
HV/LV convener

Adamo Gendotti (ETHZ), far detector 
electronics mechanics convener  

D. Bordoni, WCTE safety responsible

The Japanese program: T2K and Hyper-K

1
1

• Intense νμ anti-νμ neutrino beam from J-PARC to the Near Detector (ND280) 
and the Far Detector (Super-K and Hyper-K)

• Search for νe appearance 
→ Measurement of the last mixing angle θ13 and CP violation phase δCP.

• Precise measurement of νμ disappearance → Measurement of θ23 and Δm2
23

Long baseline in Japan – Hyper-K

Smooth transition from T2K to Hyper-K, that will inherit the ND280 detector and the 
neutrino beam that will gradually increase the intensity

2020: we were exploring possible contributions to the 
          electronics of the Hyper-K water-Cherenkov far detector

2023: designed the far detector electronics and, now, moving to the mass
          production of the underwater mechanics and HV and HV modules

12

The Japanese Neutrino Program
T2K (running) and Hyper-K (future)



SBND:
• Short Baseline Neutrino facility at Fermilab
• Strong implication from UniBe

• UV-laser calibration system
• Cosmic Ray Tagger for MicroBooNE and SBND. 
• Led the MicroBooNE physics program

(M. Weber, 2014–2022)  à LArTPC expertise and > 50 
publications, including on sterile neutrino. 

SBN  Leadership Positions: 

M. Weber, Physics coordinator MicroBooNE (until 
2022) UV-laser manager 

R. Diurba, MicroBooNE detector systematics 
convener 

I. Kreslo, CRT manager (until 2023) 

The U.S. Neutrino Program
SBN (running) and DUNE (future)

Short Baseline program at Fermilab

University of Bern built UV-laser calibration system 
and Cosmic Ray Tagger for MicroBooNE and SBND. 

Led the MicroBooNE physics program
(M. Weber, 2014–2022) resulting in reconstruction for 
LArTPC and >50 publications, including sterile 
neutrino.

Papers on neutrino interactions (inclusive numu).

Physics exploitation phase,
hardware resources transitioning to DUNE.

7

2015–2021data taking: 2024–
(filled 5.3.2024)

2021–

SBND cosmic ray tagger plane

Short Baseline program at Fermilab

University of Bern built UV-laser calibration system 
and Cosmic Ray Tagger for MicroBooNE and SBND. 

Led the MicroBooNE physics program
(M. Weber, 2014–2022) resulting in reconstruction for 
LArTPC and >50 publications, including sterile 
neutrino.

Papers on neutrino interactions (inclusive numu).

Physics exploitation phase,
hardware resources transitioning to DUNE.
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2015–2021data taking: 2024–
(filled 5.3.2024)

2021–

SBND cosmic ray tagger plane
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DUNE:
• Long Baseline Neutrino: Fermilab à South Dakota (~1000 km)
• CHIPP flagship together with Hyper-K (equal priority)
• Swiss Innovation (UniBe):

• ArgonCube chosen as the DUNE Near Detector (ND)
• R&D and Prototyping finalized in Bern (2023)
• Pre-production module tests in Bern (2024)
• Beam tests with neutrinos at Fermilab 
• Production 2025 - 2027

DUNE  Leadership Positions: 

Kreslo: DUNE ND-LAr detector systems lead 

M. Weber, DUNE ND-LAr consortium lead 
(spokesperson equivalent) and DUNE 
Executive Board member 

S. Parsa, DUNE ND first physics analyses 
convener, and ND-LAr HV convener 

S. Bosco, DUNE ND-LAr module structure 
engineering lead 

R. Diurba, ProtoDUNE hadron analysis 
convener 

L. Meier, DUNE ND-LAr full-size demonstrator 
facility lead 

The U.S. Neutrino Program
SBN (running) and DUNE (future)
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Long baseline in the U.S. – DUNE

Near Detector
• Near Detector design completed
• CH leading the core component of the ND (ND-LAr)
• 50% scope is CH
• Near site facilities 100% designed

νμ

νμ & νe

Far Detector
• Excavation complete
• ProtoDUNE tests at CERN 
• First detector “wire planes” at SURF

(capability to move them underground)
• CH delivers cryogenic equipment

Critical Swiss role in  global strategy
Direct Confederation funding 13



Timeline for neutrino physics in CH

9

ongoing LEGEND-200 experiment. Involved in the con-
struction and operation of the calibration systems, the 
production and characterisation of enriched germanium 
diodes, and in the development and production of the 
wavelength shifting system for the liquid-argon active 
veto. It is now also a leader in its physics exploitation. 
UZH is also leading the efforts towards the tonne-scale 
project LEGEND-1000, currently in the advanced design 
phase. Its unique sensitivity, achieved by increasing the 
mass of the germanium detector array to at least 1000 kg, 
with a total run time of around one decade, will make it 
among the world-leading experiments in the search for 
0νββ  decay in any isotope.

The multi-messenger astrophysics community in Swit-
zerland is active across the borders of the astronomy and 
particle physics communities. UNIGE is involved in the 
IceCube Experiment and leads the multi-messenger astro-
physical neutrino analysis.

The timeline of the major neutrino projects is shown in 
Fig. 10.

Figure 10: The timeline of major neutrino projects with strong Swiss engagement. The intensity of a given colour indicates the project phase, 
differentiating between construction (light colour) and exploitation of the machine (dark colour). Dashed boxes indicate prospective projects that 

are not yet approved for construction.

2021 2023 2025 2027 2029 2031 2033 2035

Neutrino oscillation projects

T2K ND upgrade Construction Exploitation

Hyper-K Construction Exploitation

Hyper-K ND upgrade Construction Exploitation

SBN Exploitation

DUNE Phase-I+ND Construction Exploitation

Dune Phase-II Construction Exploitation

Neutrino projects

LEGEND-200 Exploitation

LEGEND-1000 Construction Exploitation

IceCube/Gen-2 Exploitation Exploitation and Construction

22 CHIPP Community Roadmap 2024. Update of Swiss Particle Physics Community Needs forResearch Infrastructures 2029–2032 and beyond.

Strong neutrino physics
through IceCube and Legend.

Pillar 2 presentation 
(Prof. Weber, UniBe)

https://indico.cern.ch/event/1348471/contributions/5676061/


Astroparticle Physics | Pillar 3

10Red: Flagship projects on SWISS Roadmap
Green: Overlap with Astrophysics Community

Image credit Prof. Baudis

CHIPP Recommends:

Rec 6:  IceCube has a strong neutrino 
oscillation scientific case. Upgrades not 
planned for CH institutes, but physics yes.

Rec 8: Become full member of CTAO.

Rec 7/9: Call for collaboration between 
particle physics, cosmology, and astronomers 
(CHAPS).  Both CHIPP and CHAPS interested in 
the Einstein telescope.

Rec 10: Continue leadership in large and small 
DM experiments, and establish leadership for 
future experiments, such as DARWIN/XLZD. 

Taken from CHIPP 2024 Roadmap

https://scnat.ch/en/uuid/i/9f52822e-4235-5e6b-9340-63fc4993e21f-CHIPP_Community_Roadmap_2024


Space Based Experiments
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Cosmic-Ray Physics: DAMPE (running) and HERD (future)

Direct (calorimetric) detection of TeV-PeV Galactic 
Cosmic Rays in Space:

• Understand their origin à holy grail in astroparticle physics
• Direct measurements of cosmic ray spectra at PeV regime
• Calorimetric experiments à only quick solution for PeV  CRs.
• Unique DM channels.

Prof. Andrii Tykhonov
Prof. Xin Wu

Chiara Perrina –
SNSF Starting Grant

Highlights from DAMPE:
• AI for PeV CR analysis…
• Hadronic x-section measurements
 (bridge between space à 
accelerators)
• CR (p+He) spectral measurement 

reaching 0.5 PeV! (bridge between 
space à ground).
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Cosmic-Ray Physics: DAMPE (running) and HERD (future)

Direct (calorimetric) detection of TeV-PeV Galactic 
Cosmic Rays in Space:

• Understand their origin à holy grail in astroparticle physics
• Direct measurements of cosmic ray spectra at PeV regime
• Calorimetric experiments à only quick solution for PeV  CRs.
• Unique DM channels.

Prof. Andrii Tykhonov
Prof. Xin Wu

Chiara Perrina –
SNSF Starting Grant

Highlights from DAMPE:
• AI for PeV CR analysis…
• Hadronic x-section measurements
 (bridge between space à 
accelerators)
• CR (p+He) spectral measurement 

reaching 0.5 PeV! (bridge between 
space à ground).

Questions to  Andrii Tykhonov in 
the panel discussion at 16:00.



Ground Based Experiments
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The Cherenkov Telescope Array Observatory

Financed configuration:
• North à 4 Large-Sized Telescopes (LSTs) of 23 m diameter + 9 Middle-Sized 

telescopes of 12 m diameter; 
• South à 2 LSTs + 37 Small-Sized Telescopes
• Headquarter in Bologna, Science Data Management Centre in DESY Zeuthen
• 4 off-site data centres of which one at CSCS, Lugano

CTAO Science:
• Study of Cosmic accelerators
• Dark Matter searches (WIMPs, 

axions)
• Hubble constant, cosmological 

magnetic fields
• Lorentz invariance

CTAO ERIC approved by the European 
Community on Jan 7, 2025 (press article)

https://www.ctao.org/news/the-ctao-joins-the-eric-forum/


14

The CTAO-CH collaboration contribution: 

Ground Based Experiments
The Cherenkov Telescope Array Observatory 

CTAO  Leadership Positions: 

Prof. Montaruli (UniGe) lead of CTAO-CH and in 
the council of the ERIC and in the LST steering 
board.

Prof. della Volpe (UniGe) Member in the CTAO 
executive board.

MA Vitalii Sliusar (UniGe) is the software control 
lead.

Mykhailo Dalchenko (UniGe) leads the 
CalibPipe

Matthieu Heller (UniGe) leads the Work 
Package on Adv Camera and in executive board

calibration of the array, the quality pipeline, bulk archive, 
array control, data handler, CNN data analysis of images, 
system engineering, data analysis.



Dark Matter Experiments
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University of Zurich (UZH)

LXe experiments:
• XENONnT (Baudis, co-founder/
previously co-spokesperson)
• LZ (Penning)
• XLZD/DARWIN (Baudis/Penning)

Low mass DM via quasiparticle sensing:
• Tesseract (Penning)
• QROCODILE (Baudis, Penning)

Low mass DM via ionisation:
• DAMIC-M, OSCURA (Kilminster)

Main aim: Identify the nature of dark matter, via the search for scatters of 
galactic dark matter particles in LXe detectors operated deep underground

Two phase TPCs

Vast expertise in Liquid Xenon TPCs, low background PMT/SiPM 
development, physics analyses, cryogenic detectors… 



Dark Matter Experiments
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Ongoing at University of Zurich (UZH)

“Neutrino fog rolling into sight” | 
First ever detection of 8B neutrinos 
with XENONnT. 

Tests of full length XLZD TPC
arXiv:2105.13829 

Tesseract brought @ UZH by 
Penning. Fully funded low 
mass DM experiment!

Estimated start 2028.
Qrocodile. Low mass DM 
detection via complementary 
method to Tesseract. First 
publication 2412.16279! 

https://arxiv.org/abs/2105.13829
https://arxiv.org/abs/2412.16279


Gravitational Waves

Switzerland: significant player in the field of GW.

Gravitational waves in Switzerland
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๏Switzerland: significant player in the field of GW science 

๏  Major player in LISA:  front-end electronics, data center and science (+ LISA Pathfinder, launched in 2015) 

๏CH one of the early proponents: Giardini + Jetzer 2003 

๏Contributions: Bonvin, Caprini, Maggiore, Riotto (UniGe), Jetzer, Mayer, Soares-Santos (UZH), Giardini 
(ETHZ); roles as board members, leaders of science working groups, etc 

๏ LISA has recently been adopted (25.01.2024), looking forward to start of the mission 

๏ Joined LIGO collaboration in 2017: key results in waveform modelling and multi-messenger cosmology 

๏Contributions from Jetzer and Soares-Santos, roles up to LIGO Programme Advisory Committee 

๏So far, Swiss participation primarily via astronomy (CHAPs) and theory communities; now changing, the 
experimental side of the Swiss particle physics community (CHIPP) is getting involved 

๏  All Swiss communities are coming together for the Einstein Telescope: joined in 2019 as one of the 
original signatories of the ET letter of intent

Einstein Telescope:
• Communities come together for ET (CHIPP + 

CHAPS + theory)
• UniGe: Maggiore, Riotto, Schramm. 

LISA (+LISA pathfinder launched in 2015):
• One of the early proponents: Giardini + Jetzter 

2003
• UniGe: Bonvin, Caprini, Maggiore, Riotto 
• UZH: Jetzter, Mayer, Soares-Santos 
• ETHz: Giardini

LIGO: CH joined in 2017
• UZH: Jetzter 

Einstein Telescope Leadership Positions: 

Anastasios Fragos: task leader in ET Oraganisation (ETO) for 
computing models and requirements

Michele Maggiore: Founder and Chair of the Observational 
Science Board (OSB), ET executive board member, science 
case leader for ET ESFRI proposal 

Antonio Riotto: OSB Division Chair for Population Studies

Steven Schramm: Division Chair of ET E-infrastructure board 
(EIB) for Multimessenger Alert Infrastructure 

See M. Maggiore et al, 1912.02622 for detailed 
view of ET Science Case. 
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Timeline for 
astroparticle
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Figure 13: Foreseen schedule of astroparticle experiments of interest for scientists in Switzerland. Dashed boxes indicate 
prospective projects that are not yet approved for construction.

2018 2020 2022 2024 2026 2028 2030

Ground-based experiments

CTAO Construction

Operation

LVK/ET LVK Operation and Upgrade

ET Design ET Construction

XENONnT Construction Operation

DARWIN/XLZD Design Construction

DAMIC-M Design Construction Operation

MAGIC Operation

Space-based experiments

DAMPE Operation

AMS-02 Operation

HERD Construction Operation

POLAR-2  Construction Operation

NUSES/EUSO Construction Operation

27Swiss Academies Reports, Vol. 19, No. 9, 2024
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Thank you for your contribution to the slides!

F. Sanchez, S. Bordoni, A. Tykhonov, L. Baudis, 
B. Penning, C. Perrina, M. Weber. 


