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Status of the Pierre Auger Radio Detector
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The Radio Detector of the Pierre Auger Observatory
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Key science questions
•What are the sources and acceleration 
mechanisms of ultra-high-energy 
cosmic rays (UHECRs)? 

•Do we understand particle acceleration 
and physics at energies well beyond 
the LHC (Large Hadron Collider) scale? 

•What is the fraction of protons, 
photons, and neutrinos in cosmic rays 
at the highest energies? 

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
http://particle.astro.ru.nl/pub/epjconf-uhecr18-06005.pdf
http://particle.astro.ru.nl/pub/jrh-rd-arena18.pdf
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The Radio Detector of the Pierre Auger Observatory
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•dual polarized radio antenna  
(30-80 MHz) on each SD station 

•1661 positions over 3000 km2  

•mass sensitivity for inclined air 
showers  
radio: e/m  
WCD: muons  

•complementary to SSD/WCD

Tim Huege <tim.huege@kit.edu>4

As part of AugerPrime: Auger Radio Detector

Mount a dual-
polarized radio
antenna (30-80 
MHz) on each SD 
station
1660 radio
antennas over
3000 km2

Mass sensitivity
for inclined air
showers:

radio: em
WCD: muons

Beautifully
complementary
to WCD/SSD

UHECR2022

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
http://particle.astro.ru.nl/pub/epjconf-uhecr18-06005.pdf
http://particle.astro.ru.nl/pub/jrh-rd-arena18.pdf
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Expected number of cosmic rays in 10 years

Tim Huege <tim.huege@kit.edu>9

Expected event statistics in 10 years

Integral 
spectrum
from
folding
flux with
aperture
Expect
~4000 
events
beyond
1019 eV

UHECR2022

• integral spectrum 
from folding flux 
with aperture  

•expect ~4000 cosmic 
rays above 1019 eV 

T. Huege, UHECR symposium 2022

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
https://indico.gssi.it/event/396/contributions/1329/attachments/685/1062/Friday-Huege.pdf
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Expected mass composition sensitivity

Tim Huege <tim.huege@kit.edu>13

Expected mass composition sensitivity

UHECR2022

see also proof of principle study with
AERA, PoS(ARENA2022)
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T. Huege, UHECR symposium 2022

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
http://particle.astro.ru.nl/pub/jrh-rd-arena18.pdf
https://indico.gssi.it/event/396/contributions/1329/attachments/685/1062/Friday-Huege.pdf
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Precision measurement of muon number

Tim Huege <tim.huege@kit.edu>14

Prediction for number measurements

Very high-statistics
measurements of muon
number with WCD+RD at 
highest energies
Especially measurement
of the variation of the
muon number with will be
very powerful

UHECR2022

•very precise 
measurement of 
muon number with 
WCD & RD at 
highest energies  

•especially 
measurement of the 
variation of the 
muon number will be 
very powerful

T. Huege, UHECR symposium 2022

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
https://indico.gssi.it/event/396/contributions/1329/attachments/685/1062/Friday-Huege.pdf
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Serious logistics effort to get all components to the Observatory
• solar panels - 2000 units
• antenna arms - 6800 parts
• ropes (6 km) and tensioners for the mast
• Al tubes for frame - 13600 parts
• Al plates and antenna foot - 8500 parts
• small parts, u-bolts, nuts, screws, … ~400000 pieces
• housings for digitizers - 2000
• pigtail cables for the LNA - 4000
• housings for LNAs and bottom loads - 12000 parts
• glass fiber antenna masts - 1700
• ferrites - 8500
•mounting brackets for solar panels - 3400 pieces
• L-ground bracket inside the dome - 1700 pieces
• bottom load PCBs - 2000 pieces
• LNAs - 2000 units
• signal cables from LNA to digitizer - 10200 cables
• digital cable from digitizers to UUB - 1700 cables
• fixtures to assemble ferrites - 24 units
• digitizers - 2000 units

—> 6 sea containers, 75 m3 each & several (~5-10) air freight cargos

Pierre Auger Observatory – Radio Detector

PRR electrical components

Production Readiness Review – Radio Detector
Electrical components

Roy Bakker, Peter Dolron, Tomas Fodran, Ugo Giaccari, Jörg R. Hörandel, Tim Huege, Roel
Jordans, Julian Rautenberg, Sjoerd Timmer — January 21, 2022

1 RD PRR

Objective of the Production Readiness Review (PRR) is, according to the Project Management
Plan:

6.4 Production Readiness Reviews
Subsequent to the Critical Design Review and before fabrication of components is started, a
Production Readiness Review is held (at the production site if practical). The review covers work
procedures, the quality plan, tooling readiness, packaging, shipping and production schedule.

Al arms of antenna

glass fiber 
antenna mast

ropes and tensioners

Al tubes of frame

Al plates of frame

LNA housing

bottom load housing

Figure 1: Schematic view of an RD station.
The main components are identified.

The PRR for the RD has been split in two parts:
1 – mechanical parts and 2 – electrical components.
The PRR for the mechanical parts has been suc-
cessfully completed in spring 2021 and most of the
mechanical parts have been delivered to the Ob-
servatory already. The remaining mechanical parts
are in production and will be shipped to the Ob-
servatory in April 2022.

The figure illustrates the set-up of an upgraded sta-
tion of the Pierre Auger Surface Detector.

In particular, already in Malargüe are:
– the antenna arms (the circular structures),
– ropes and tensioners for the mast,
– the AL tubes of the frame,
– the Al plates, including the antenna foot,
– various small parts, like u-bolts, nuts, etc,
– the housing of the digitizers (inside the dome),
– pigtail cables for the LNAs.

Currently in production are:
– the housings of the LNA and the bottom
load,
– the glass fiber antenna mast,
– the mounting brackets for the solar pan-
els,
– the L-ground bracket inside the dome.

v0.1 – January 21, 2022 1

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
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Deployment in field ongoing

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
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Tim Huege <tim.huege@kit.edu>17

Galactic background measured calibrator

UHECR2022

T. Fodran, ICRC 2022 T. Fodran, ARENA 2022

Calibration with Galactic signal

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
https://pos.sissa.it/395/270/pdf
https://indico.cern.ch/event/826366/contributions/4886475/attachments/2458090/4214515/ARENA2022-T-Fodran.pdf
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A measured air shower

energy ~8 EeV 
zenith angle ~71°
11 RD with signal above threshold

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
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Measured air showers
sky map distribution of shower cores

https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl
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Status of the Pierre Auger Radio Detector

• strong NL contribution to Pierre Auger Observatory
• significant enhancement of performance of Observatory
• deployment in field ongoing
• expect to be completed in early 2024
• stay tuned for first results
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https://indico.nikhef.nl/event/4256/timetable/#20230620.detailed
http://particle.astro.ru.nl

