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The ongoing AugerPrime upgrade of the Pierre Auger Observatory will yield sensitivity and

precision for measuring ultra-high energy (UHE) cosmic rays that are signiőcantly improved

over the baseline design. A key part is the installation of the Radio Detector (RD), consisting

of loop antennas mounted on top of each of the 1660 water-Cherenkov detectors (WCD). These

antennas, with polarizations both parallel and perpendicular to Earth’s magnetic őeld, are sensitive

to inclined air showers and will also improve the sky coverage and exposure of the observatory.

Of special interest is the great sensitivity to the electromagnetic component of air showers,

yielding new information for the reconstruction of the primary mass, energy and arrival direction.

Complementing traditional particle detectors like the WCD, the combination of both yields new

opportunities to detect rare primary particles, e.g. UHE photons and neutrinos with a large

identiőcation probability.

Here we present the status and future prospects of the RD. With mass production and deployment

ongoing, we show air shower statistics and reconstructions of the already installed detector stations.

We detail the layout and integration of the RD, demonstrating the potential of the observatory

including radio measurements and RD triggering, especially to detect air showers with weak

particle footprints. We show that the new trigger enables the measurement of events for which

traditional particle detectors are less sensitive.
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1. Introduction

The Pierre Auger Observatory is the largest detector for measuring ultra-high energy cosmic

rays (UHECR). The observatory consists of 4 ŕuorescence telescope sites (FD) and 1660 water-

Cherenkov detectors (WCDs) covering an area of≈ 3 000 km2. While most of the WCDs are ordered

in a triangular grid with 1.5 km spacing, a smaller area with 61 WCDs has a spacing of 750 m and

433 m. This area has a large overlap with the Auger Engineering Radio Array (AERA) [1], which

consists of 150 radio antennas covering an area of 17 km2. The combination of all detectors makes

the Pierre Auger Observatory the most sensitive detector for detecting UHECR and other rare and

presumed particles like ultra-high energy neutrinos and photons.

In order to further increase the trigger efficiency, mass sensitivity and exposure of the observa-

tory, the AugerPrime Upgrade [2] is ongoing. Based on the success of AERA [3], a main component

is the Radio Detector (RD) [4]. Each WCD will be complemented by a radio antenna mounted on

top which is sensitive to the electromagnetic (EM) component of the air shower. Especially, air

showers with high zenith angles can then be detected, where the WCD is less sensitive to. This will

increase the aperture of the observatory by ≈ 25% and signiőcantly increase the mass sensitive sky

coverage [5].

2. Status of the Radio Detector

The design of the detector is a further developed antenna, originally designed for LOPES and

used by AERA and Tunka-Rex [6], featuring two loop antennas with polarizations both parallel

and perpendicular to Earth’s magnetic őeld. The antenna can be seen in Fig. 1. The antenna

arms, in combination with the loops, make the detector sensitive to electric őelds in all directions,

including the vertical component. This is particularly important as the antenna is designed to

measure inclined air showers. Due to the large geometric distance with a lot of traversed mass from

the shower maximum to the shower core on the ground, the electromagnetic (EM) component is

already absorbed in the atmosphere, and only the muons reach the detectors, spread over a larger

area. This renders the WCD less sensitive to inclined air showers. However, the RD still captures

the radio emission produced at the shower maximum, making it a valuable addition to the WCD.

Due to the great sensitivity to the EM component, an energy resolution better than 10 % is expected.

Since the radio footprints of inclined air showers can spread over large areas [7ś9], the plan is

to equip all WCDs with an antenna on top. With the array fully equipped, we expect more than 3 000

eventsabove 10 EeV within 10 years. The deployment is currently being carried out in two steps.

Initially, the antenna is mounted together with the pre-ampliőer, and the digitizer is installed at a

later stage due to its delayed production date. As of 2023/07/12, 197 antennas have been deployed

at a rate of approximately 8 additional antennas per working day. Among them, 38 have a digitizer

installed (two central stations at the same location and three rings of stations around them). The

area covered by these stations is approximately 70 km2, making the RD currently four times larger

than AERA and the largest cosmic-ray radio detector worldwide. The digitizers for the remaining

array will be delivered later in larger batches and each can be installed within minutes. Therefore,

it is estimated that the deployment will be completed in early 2024.
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of the WCD reconstruction (see Tab. 1). We then simulate the detector response with the Pierre

Auger analysis framework, Offline [12]. The comparison of the measured and simulated signals is

shown in Fig. 4, where each point represents the mean of one detector station. The distance to the

gray dashed line serves as an evaluation of how well our detector is described in the simulations.

Deviations from the line can result from biases in the shower reconstruction where especially the

core position has a major effect, statistical uncertainties, and uncertainties in the detector descrip-

tion. It is also notable that these factors can compensate each other. Nonetheless, the plot gives

the impression that an accurate detector description is given. The simulated signals are in good

agreement with the measured signals. Larger deviations seem to be grouped event wise, which

indicates biases in the shower reconstruction and simulation settings. Small improvements to the

detector description are in progress to further improve the result.

Table 1: Air shower geometries used for Fig. 4.

Energy [EeV] Zenith angle [◦] Marker in plot

1.34 ± 0.37 70.7 ± 0.4 Downward triangle

2.62 ± 0.56 78.5 ± 0.2 Squares

4.90 ± 0.78 75.6 ± 0.2 Pentagons

8.21 ± 0.97 71.6 ± 0.2 Right triangles

1.88 ± 0.55 82.9 ± 0.6 Circles

6. Development of an RD trigger

One of the goals of the AugerPrime Upgrade is to increase sensitivity to UHE neutral particles,

which would directly pinpoint their respective sources. The detection of such induced air showers

would be a major achievement and could help solve puzzles like the unknown source of UHE

particles. Here, the RD could play a key role in measuring and precisely reconstructing these

events. In particular, UHE photons produce nearly pure EM showers, but neutrinos could also

result in such showers. In the case of an inclined neutral air shower, the EM particles are absorbed

in the atmosphere before reaching the ground, and only a few muons can reach particle detectors

on the surface. Nonetheless, the radio signal remains strong as it is not absorbed and can travel

hundreds of kilometers through the air. Hence, detection and accurate reconstruction are still

possible. These circumstances come with the downside that one measures in the regime, where

WCDs or other particle detectors in general are less sensitive to trigger neutral air showers. A

stand-alone solution using radio detectors is needed.

Since there are no existing triggers that fulőll the requirements, a new trigger is under develop-

ment that solely relies on the radio signal measured by the stations. The trigger őts into the general

scheme of the Pierre Auger Observatory’s triggering system [13], which will be brieŕy outlined

here. First, the stations individually send out low-level triggers to the central triggering system

when a speciőc threshold for the radio signal is reached (additional vetoing mechanisms, such as

checking for air shower-like structures, are also used). Afterwards, the central triggering system

decides, based on 3-fold coincidence of stations and fulőlling various other physics conditions,

whether to save the data from the stations as an event.
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