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COSMIC RAYS – THE PIERRE AUGER /TELESCOPE ARRAY OBSERVATORIES ULB/VUB

Sept, 12, 2025

Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS – CURRENT PROJECTS

Ultra-High-Energy Cosmic Rays

- Particles (p, nuclei) with E>1018 eV

- Pierre Auger and TA have a large accumulated exposure 
with >20 years of operation

- Fluorescence and water Cherenkov (PA)
    /scintillator particle detectors (TA). 

- Recently added at Auger:                                          
Radio and scintillator components -> AugerPrime.

- Auger MOU assures operation till at least 2035

Belgian groups:

- Auger: I. Maris (ULB), S. Buitink (VUB)
- TA:  P. Tinyakov (ULB) 

Figure credits: Pierre Auger Collaboration / 
Telescope Array collaboration
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Ultra-High-Energy Cosmic Rays

- Precise measurement of the spectral features with 
discovery of a new feature above 1019 eV.

- Establishment of the presence of intermediate-mass 
nuclei at the highest energies.

- Test of hadronic interaction models at 𝑠 > 14 TeV and 

measurement of the p-air cross-section
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The UHECR sky is anisotropic

- The dipole structure (>7σ above 1018 eV) gives evidence of 
an extra-galactic origin

- Hints (>3σ) for intermediate scales: Centaurus A, Starburst 
Galaxies, Perseus Pieces Cluster, TA hotspot
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Multimessenger astrophysics

- Continuous search for ultra-high energy 
neutrinos and photons with limits excluding 
several theoretical models

- Constrains on the lifetime and mass of super-
heavy dark matter

- Providing infrastructure and a test environment for:
FAST, IceCube-Gen2, GCOS, GRAND, SWGO, PEPS



| 11

COSMIC RAYS – THE PIERRE AUGER OBSERVATORY – ULB/VUB-IIHE 
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Probing the high-energy universe--  KD de Vries 
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HIGH-ENERGY COSMIC MESSENGERS – CURRENT PROJECTS

Belgian leadership/responsibilities:

Ioana Maris (ULB): 
- Publication Committee Chair Pierre Auger 

collaboration.
- Task leader: Auger as test environment.
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COSMIC RAYS – GCOS – ULB-IIHE 
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Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS – FUTURE PROJECTS

Belgian contributions and responsibilities: 
Ioana Maris member of the GCOS core group.

Figures from and more information at: https://arxiv.org/abs/2502.05657 
(GCOS white paper)

https://arxiv.org/abs/2502.05657
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HIGH-ENERGY COSMIC MESSENGERS – FUTURE PROJECTS

Probing Extreme PeVatron Sources (PEPS) ; Project PI: Ioana Maris (ULB-IIHE)
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Probing Extreme PeVatron Sources (PEPS)

Prototype stations:
- Components build and tested in Brussels.
- First 2 prototype layered Water Cherenkov 

Detectors installed at Auger, 3 under 
construction.

Envisioned array: 55 stations/km2.

- Phase 1: 110 stations
- Phase 2: 550 stations

Timeline since funding – 2-2.5 yr. Completion 
phase 1 aimed at for 2027-2028.

Total hardware cost < 10 M€
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COSMIC RAYS – PRECISION PHYSICS USING RADIO: LOFAR AND SKA – VUB-IIHE

Sept, 12, 2025

Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS – CURRENT PROJECTS

Cosmic-ray trigger 
from particle 
detectors (LORA)

LOFAR CR detection project PI: Stijn Buitink (VUB-IIHE)
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Phys. Rev. D 103, 102006 (2021)
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COSMIC RAYS – RADIO: SKA-LOW CORE CONSTRUCTION STARTED – VUB-IIHE
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(VUB)

HIGH-ENERGY COSMIC MESSENGERS – CURRENT PROJECTS

- Extremely detailed mass-
composition studies in the 
galactic-extragalacitic transition 
region.

- Precision tests of hadronic 
interaction models.
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NEUTRINOS – RNO-G (VUB/ULB-IIHE - UGENT) AND RET (VUB/ULB-IIHE) 
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Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS

RNO-G

RET-N

- Currently under construction: 
8/35 stations taking data

- Completion in coming 2-3 years

- RET-CR pathfinder operated in 
2023-2024

- RET-N first station installation 
foreseen ~2028

- Completion 2030-2035
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NEUTRINOS – RNO-G AND RET VUB/ULB-IIHE - UGENT

Sept, 12, 2025

Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS

Belgian groups RNO-G:

VUB-IIHE: 
N. van Eijndhoven – project PI 
K.D. de Vries
ULB-IIHE: S. Toscano, J.A. Aguilar
Ugent: J. Stachurska

https://geo-summit.org/summit-station

Belgian groups RET:

VUB-IIHE: 
K.D. de Vries – project PI 
N. Van Eijndhoven
ULB-IIHE: S. Toscano 
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NEUTRINOS – RNO-G VUB/ULB-IIHE - UGENT
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HIGH-ENERGY COSMIC MESSENGERS

J. Stoffels (VUB-IIHE), TAUP 2025

NEUTRINOS – RNO-G VUB/ULB-IIHE - UGENT

Drilled 7 1 4 >4 >6 …

Installed 7 1 0 >8 >6 …

Total 7 8 8 >16 >22 …
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NEUTRINOS – RNO-G – BELGIAN INVOLVEMENT
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Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS

Hardware efforts at the IIHE (ULB-VUB):    Commisioning and deployment (ULB-VUB):
Radiant board testing and development
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HIGH-ENERGY COSMIC MESSENGERS

Detector calibration (VUB/ULB-IIHE)
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NEUTRINOS – RNO-G – BELGIAN INVOLVEMENT
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Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS

Cosmic-Ray analysis and simulations: Focus on Cosmic-ray in-ice signals
FAERIE simulation framework developed at VUB-IIHE

RNO-G In-ice Cosmic-Ray analysis working group lead by S. Toscano (ULB-IIHE)
  

Data analysis ongoing: first signals expected soon
→ 

Proof of concept of the detector and method!!
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NEUTRINOS – THE RADAR ECHO TELESCOPE (RET) – VUB/ULB-IIHE
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HIGH-ENERGY COSMIC MESSENGERS – PATHFINDERS



| 29

NEUTRINOS – THE RADAR ECHO TELESCOPE (RET) – VUB/ULB-IIHE

Sept, 12, 2025

Probing the high-energy universe--  KD de Vries 
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HIGH-ENERGY COSMIC MESSENGERS – PATHFINDERS

Phys. Rev. Lett. 124, 091101 (2020) ; arXiv: 1910.12830
Details on the method: Phys. Rev. D 100, 072003 (2019) ; arXiv:1810,09914
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HIGH-ENERGY COSMIC MESSENGERS – PATHFINDERS

RET preliminary
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NEUTRINOS – GRAND – VUB-IIHE
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Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS – PATHFINDERS

Project PI: K. Kotera (10% VUB-IIHE)
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BELGIAN LEADERSHIP AND RESPONSIBILITIES
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Probing the high-energy universe--  KD de Vries 
(VUB)

HIGH-ENERGY COSMIC MESSENGERS

Pierre Auger observatory: 
- Publication Committee Chair Pierre Auger collaboration. (Ioana Maris, ULB-IIHE)
- Task leader: Auger as test environment. (Ioana Maris, ULB-IIHE)
GCOS: 
- Core group member (Ioana Maris, ULB-IIHE) 
PEPS: 
- Project PI (Ioana Maris, ULB-IIHE)
LOFAR/SKA Cosmic-Ray detection: 
- Project PI (S. Buitink, VUB-IIHE) 
RNO-G: 
- Project PI (N. van Eijndhoven, VUB-IIHE)
- Deep CR search working group lead (S. Toscano, ULB-IIHE)
RET: 
- Project PI (K.D. de Vries, VUB-IIHE)
GRAND: 
- Project PI (K. Kotera, 10% VUB-IIHE)
APPEC:
- FWO/FNRS representative (K.D. de Vries, VUB-IIHE / G. Bruno, UCLouvain)
- SAC member (I. Maris, VUB-IIHE)
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