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HIGH-ENERGY COSMIC MESSENGERS
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HIGH-ENERGY COSMIC MESSENGERS
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HIGH-ENERGY COSMIC MESSENGERS
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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.

Coihueco .

- Auger MOU assures operation till at least 2035

Belgian groups:

.....................

) ?:ge; ':II:': Mall‘(IS (ULEQ' STl (VUB) Figure credits: Pierre Auger Collaboration /
- : P. Tinyakov (ULB) Telescope Array collaboration

KD de Vries
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HIGH-ENERGY COSMIC MESSENGERS - CURRENT PROJECTS

Ultra-High-Energy Cosmic Rays

- Precise measurement of the spectral features with
discovery of a new feature above 101°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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HIGH-ENERGY COSMIC MESSENGERS - CURRENT PROJECTS

60°

_300 e

The UHECR sky is anisotropic

—60°

- The dipole structure (>70 above 108 eV) gives evidence of = ————
an extra-galactic origin Flux [km=2 sr~% yr~1]

0,43506

- Hints (>30) for intermediate scales: Centaurus A, Starburst
Galaxies, Perseus Pieces Cluster, TA hotspot
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HIGH-ENERGY COSMIC MESSENGERS - CURRENT PROJECTS

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

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

Probing the high-energy universe-- KD de Vries
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Total Exposure (km? sr yr)

HIGH-ENERGY COSMIC MESSENGERS - FUTURE PROJECTS

COSMIC RAYS - GCOS - ULB-IIHE

Figures from and more information at: https://arxiv.org/abs/2502.05657

(GCOS white paper)
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Belgian contributions and responsibilities:
Ioana Maris member of the GCOS core group.
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HIGH-ENERGY COSMIC MESSENGERS - FUTURE PROJECTS

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

10 km? detector to measure gamma-rays between 1 PeV and 50 PeV
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HIGH-ENERGY COSMIC MESSENGERS - FUTURE PROJECTS

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/km?2.

- Phase 1: 110 stations

i { - Phase 2: 550 stations
‘>’m~.~_ Timeline since funding - 2-2.5 yr. Completion
L phase 1 aimed at for 2027-2028.

e “=  Total hardware cost < 10 M€

(2024)
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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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HIGH-ENERGY COSMIC MESSENGERS — CURRENT PROJECTS
| COSMIC RAYS — PRECISION PHYSICS USING RADIO: LOFAR AND SKA - VUB-IIHE_

COSMIC RAYS - PRECISION PHYSICS USING RADIO:
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HIGH-ENERGY COSMIC MESSENGERS - CURRENT PROJECTS

COSMIC RAYS - RADIO: SKA-LOW CORE CONSTRUCTION STARTED - VUB-IIHE
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core region: ~60.000 antennas within 1 km?2
clustered in stations of 256 antennas
SKALA4 LPDA antennas 50-350 MHz

Stijn Buitink ICRC2025 Geneva
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HIGH-ENERGY COSMIC MESSENGERS - CURRENT PROJECTS

COSMIC RAYS - RADIO: SKA-LOW CORE CONSTRUCTION STARTED - VUB-IIHE

0 m‘; ; 8-station prototype array installed
e at Murchison Widefield Array
[
s0{ ©9®@® & » o ! ) )
@ g9 Design: Univ. of Manchester
Deployment: Curtin Univ.
250 DAQ: CSIRO
J. Bray et al., NIMPA 973, id. 164168 (2020)
0
=250
e Construction of scintillator array now fully funded:
FWO Belgium, NOVA Netherlands + in-kind contributions KIT (Karlsruhe, Germany)
=750 3rd generation design developed at KIT and Radboud Nijmegen
| ] ‘.
.. - 1.0
-1000 o ~ 2 <_.l.'“_. 2 Same power cables & RFoF
v . . v . - - SiPM DL L AL ’ 0.8 o
-750 -500 -250 0 250 500 750 [m] Scintillator s % links as antennas
plate 3 . o .
. - |fos  Very strict regulations on radio
* Antenna station RFoF =

link | Fiberto
GPF

- S

quietness
On-board SiPM voltage
ol | control to correct for

A5 T - temperature fluctuations

Particle detectors dense array (~100 units) 04

Particle detectors satellite (~18 units, optional) Wavelength

48V DC
Power /signal 53

first light at KIT muon tower
Stijn Buitink ICRC2025 Geneva
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HIGH-ENERGY COSMIC MESSENGERS - CURRENT PROJECTS

COSMIC RAYS - RADIO: SKA-LOW CORE CONSTRUCTION STARTED - VUB-IIHE
The SKA Particle detector array

s W = 8-station prototype array installed
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FWO Belgium, NOVA Netherlands + in-kind contributions KIT (Karlsruhe, Germany)
=750 3rd generation design developed at KIT and Radboud Nijmegen
| ] ‘.
[ r94
.° 0 F AT Zoles & RFoF
70 -s00  -250 0 250 500 70 [m] Scinttator e a inks as antennas
plate . . .
. os  Very strict regulations on radio
* Antenna station R [Fbarto quietness
= Particle detectors dense array (~100 units) CPE ., 04 On-board SiPM voltage

48V DC § 8 e KOO Y .
Power /signal detection efficiency | | temperature fluctuations
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HIGH-ENERGY COSMIC MESSENGERS - CURRENT PROJECTS

COSMIC RAYS - RADIO: SKA-LOW CORE CONSTRUCTION STARTED - VUB-IIHE
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Extremely detailed mass-
composition studies in the

galactic-extragalacitic transition

region.

Precision tests of hadronic
interaction models.
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HIGH-ENERGY COSMIC MESSENGERS

NEUTRINOS - RNO-G (VUB/ULB-IIHE - UGENT) AND RET (VUB/ULB-IIHE)

Diffuse Flux, 1:1:1 Flavor Ratio

22 RNO-G
| : ][]_5 [ | = POEMMAND (5 years)
e Meutring Obseratony - Gneeniond GRANL 200k
= w= BEACOMN 1k
== samms PLUED (3 flights, 100 davs)
— o RNO-C
mmsmmme RET-M 100 x 100 kKWW Preliminary
o wm JopCube-Cen2 UHE

- Currently under construction:
8/35 stations taking data
- Completion in coming 2-3 years

'I[]—Fl_

MNow
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MNear term

105 A

RADAR ECHO TELESCOPE X

- RET-CR pathfinder operated in
2023-2024

- RET-N first station installation
foreseen ~2028 Cosmaogeic: UHIECR oonsiriats, van Viet et a

- Completion 2030-2035 10-10 Cosmogenic: UHECR + pure proton, Muzio et a

Astrophysical: MMA constraints, clusters, TDEs
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HIGH-ENERGY COSMIC MESSENGERS
| NEUTRINOS - RNO-G AND RET VUB/ULB-IIHE - UGENT_

NEUTRINOS - RNO-G AND RET VUB/ULB-IITHE - UGENT

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

: o
RADAR ECHO TELESCOPE X 77/ Belaian groups RET;

Surface stations

receivers
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VUB-IIHE:

K.D. de Vries - project PI
N. Van Eijndhoven
ULB-IIHE: S. Toscano
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HIGH-ENERGY COSMIC MESSENGERS
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HIGH-ENERGY COSMIC MESSENGERS
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HIGH-ENERGY COSMIC MESSENGERS
NEUTRINOS - RNO-G - BELGIAN INVOLVEMENT

Hardware efforts at the IIHE (ULB-VUB): Commisioning and deployment (ULB-VUB):
Radiant board testing and development —

Broken comms. connection

Major maintenance (replaced electronics in 6/7 stations)

4 |
m  Deployed .
241w SBCon
23 [ Digitizer on
B Taking science data
] .

of o

2021-06 2022-06 2023-06

Station
& N

2024-06 wzozs-os

Winter tests with wind power Digitiser failure
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HIGH-ENERGY COSMIC MESSENGERS

Detector calibration (VUB/ULB-IIHE) Thermal and Galactic noise
Phased array
- Absolute calibration of signal 3020 | e
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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)
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Data analvsis ongoingq: first signals expected soon

9
Proof of concept of the detector and method!!
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NEUTRINOS - THE RADAR ECHO TELESCOPE (RET) - VUB/ULB-IIHE

RADAR ECHO TELESCOPE X 7/
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Cosmogenic: UHECR constraints, van Vet ¢t al
e Cosmogenic: UHECR + pure praton, Muzio et al
Astrophysical: MMA constraints, clusters, TDEs
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NEUTRINOS - THE RADAR ECHO TELESCOPE (RET) - VUB/ULB-IIHE

RADAR ECHO TELESCOPE X 7/
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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

Surface stations

N
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NEUTRINOS - GRAND - VUB-IIHE

Project PI: K. Kotera (10% VUB-IIHE)

VRIJE
UNIVERSITEIT
BRUSSEL

G& Giant Radio Array for Neutrino Detection
| " Cosmic ray

% A staged approach with self-standing pathfinders

\ Setup ‘ Goals

‘ Budget

GRANDProtos

2023

2028 203x

Pure and efficient
autonomous radio detection
of very inclined air-showers
Cosmic rays 101618 gy

* Galactic/extragalactic transition
* Muon puzzle

*Radio transients

* GRANDProto300: 300 antennas
over 200 km?

* GRAND@Auger: 10 antennas for
cross-calibration

* GRAND@Nangay: 4 antennas for
trigger testing

2 M€

100 antennas produced
Funded by China

+ ANR-DFG NUTRIG

(France- Germany)
+ Radboud University

1st GRAND sub-array

sdiscovery of EeV neutrinos for
optimistic fluxes
eradio transients (FRBs!)

* 2 detectors of 5-10k antennas
each in each hemisphere:
GRAND-North (China) and
GRAND-South (Argentina?)

*Hybrid design possible
(phased/standalone)

13 M€ 1500€/unit
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% GRANDProto300 & other prototypes: experimental setup

Deployment of 13 detection units (DUs) Deployed Feb 2023
Z-am in Gansu (China), 65 in 2025 and 289 later

\

Amplifier
(LNA)

Y-arm

Deployment of 10 DUs on the Auger site in
Malarglie, Argentina (cross-calibration)

X-arm

Communication
antenna (Wi-Fi)

Pole—

Front-end-board
housing

GPS amenna/

50-200MHz

analog filtering,
Electronics:
500MSPS sampling
FPGA+CPU

Bullet WiFi data
transfert

Solar panel

Foundation box
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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:

\
N\

\,

\

A

{\\\‘\

AN\

\\
—_

PIERRE
AUGER

OBSERVATORY

- Project PI (K.D. de Vries, VUB-IIHE) '\:: &
GRAND. RADAR ECHO TELESCOPE N //
- 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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