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Abstract. The Pierre Auger observatory is presently being upgraded to enlarge its detec-
tion capabilities for ultra-high-energy cosmic rays. Part of this upgrade is a radio detector
array, aimed to cover a surface area of 3000 km2 to measure the properties of the highest-
energy cosmic rays. The plans for this radio upgrade are outlined.

1 Introduction

The Pierre Auger Observatory, located in western Argentina, is the world’s largest cosmic-ray obser-
vatory [1]. The objectives of the Observatory are to probe the origin and characteristics of cosmic rays
above 1017 eV, the most energetic particles observed in nature, and to study their interactions. The
Auger design features an array of 1600 water-Cherenkovdetector stations with 1500 m spacing spread
over 3000 km2 and overlooked by 24 air fluorescence telescopes. In addition, three high-elevation
fluorescence telescopes overlook a 23.5 km2, 61-detector infilled array with 750 m spacing. Radio
emission from extensive air showers is measured with the Auger Engineering Radio Array (AERA),
comprising more than 150 radio detector stations, covering an area of about 17 km2 [2], colocated
with the infill array.

Recent scientific highlights from the Observatory include the observation of a dipole in the arrival
direction of cosmic rays with energies exceeding 8 · 1018 eV [3]. A dipole has been measured with
an amplitude of 6.5% with a significance of more than 5.2 σ. Another highlight is the follow-up of a
gravitational wave event (GW170817), looking for high-energy neutrinos with the Auger observatory
[4, 5]. No neutrinos directionally coincident with the source were detected within ±500 s around
the merger time. The non-detection is consistent with model predictions of short GRBs observed at
large off-axis angles. Core tasks of the observatory are to measure the energy spectrum and mass
composition of cosmic rays at the highest energies (e.g. [6]).

At present, the Pierre Auger collaboration is working on an upgrade of the Observatory (Auger
Prime). The physics case of the upgrade is outlined in [7]. The key science questions to be addressed
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Photo-disintegration scenario. If one assumes that the sources accelerate nuclei to a maximum energy above 
the energy threshold for photo-disintegration on photons of the cosmic microwave background (CMB), the 
light elements could then be fragments of heavier nuclei that disintegrated during propagation. In this sce-
nario (see e.g.6,7) the suppression of the all-particle flux originates mainly from energy loss processes (photo-
disintegration of nuclei). Lighter elements appear at energies shifted by the ratio of the daughter to the parent 
mass numbers. Again, the protons at the ankle energy are naturally linked to the particles at the highest 
energy of the spectrum, and are of extragalactic origin. The heaviest elements need to be in the mass range 
between nitrogen and silicon to describe the PAO data, and it is assumed that almost no light elements are 
accelerated in the sources. 
Neither the maximum-rigidity scenario nor the photo-disintegration scenario provide an explanation of the 
ankle. An extra component, possibly of Galactic origin, is required to generate the ankle in these models. 
Proton-dominance model.8,9 This well-known model, also often referred to as the dip model, provides a 
natural explanation of the ankle as the imprint of e+e- pair production. In this model the all-particle flux 
consists mainly of extragalactic protons at all energies higher than 1018 eV. The suppression of the spectrum 
at the highest energies is attributed solely to photo-pion production. The best fit of this model to the PAO 
flux is only marginally compatible with the PAO data within the systematic uncertainties. A source cutoff 
energy just below 1020 eV would improve the description of the spectrum data. Such a low source cutoff 
energy would also imply that part of the observed suppression of the all-particle flux would be related to the 
details of the upper end of source spectra. And, of course, new particle physics would be needed to describe 
the Xmax data with a proton-dominated flux. 
Representative examples of descriptions of the latest PAO flux measurements within the maximum-rigidity 
and photo-disintegration models are shown in Fig. 2. A numerical fit was made to optimize the description of 
the all-particle flux and the Xmax distributions in the different energy intervals.10 For sake of simplicity we 
have assumed homogeneously distributed sources, injecting identical power-law spectra of energy-indepen-
dent mass composition. The index of the injection power law, the maximum energy of the particles injected 
by the sources, and the source composition were free parameters. Even after accounting for the systematic 
uncertainties, it is difficult to obtain a satisfactory description of the flux and composition data of the PAO 
with these approximations. The best description is obtained for a hard source spectrum dN/dE ~E-1 and a low 
cutoff energy of Ecut ~ 1018.7 eV for protons at the source. The cutoff energies of the other primaries are taken 
to scale in proportion to their charge. This parameter set corresponds to a good approximation to a “maxi-
mum-rigidity scenario.” A somewhat better description of the PAO data, in particular the Xmax fluctuations at 
high energy, can be obtained if an additional light component is assumed to appear in a limited energy range. 
 

 
Figure 2:Examples of fluxes of different mass groups (as indicated) for describing the PAO spectrum and 
composition data.10 Two scenarios are shown: particles being accelerated up to a maximum rigidity (left) 

and particles undergoing photodisintegration during propagation (right). 
 
To overcome the present limitations and to distinguish between the two scenarios, precise measurements of 
CRs (in particular their mass composition) are required at the highest energies (E>4*1019 eV). This is the 
goal of the PAO upgrade and this proposal, employing complementary techniques. Thus, the PAO upgrade 
and the proposed new project will ideally complement each other, resulting in UHECR measurements of 
unprecedented precision. 
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Figure 1. Examples of fluxes of different mass groups (as indicated) for describing the Auger spectrum and
composition data [7]. Two scenarios are shown: particles being accelerated up to a maximum rigidity (left) and
particles undergoing photo-disintegration during propagation (right).

are: 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 are the fractions of protons, photons, and neutrinos in cosmic rays at the highest
energies?

A key to understand the origin of the highest-energy cosmic rays is to precisely measure the
elemental composition up to the highest energies (1020 eV and above). Two baseline scenarios are
illustrated in Fig. (1), showing the expected energy spectra for elemental groups. The left-hand side
illustrates expectations for a scenario in which cosmic rays are accelerated up to a maximum rigidity.
The elemental groups exhibit fall-offs at energies proportional to their elemental charge Z. The right-
hand side shows an expectation for particles undergoing photo-disintegration during propagation. In
this scenario a significant fraction of light particles (protons) is expected even at the highest energies,
this is the main difference to the maximum rigidity scenario, in which heavier particles (large Z) are
expected at the highest energies.

To achieve these objectives, a layer of scintillators is installed above the water-
Cherenkovdetectors, the observation time of the fluorescence detectors is being increased, and un-
derground muon detectors are being installed in a part of the Surface Detector array. In addition, radio
antennas will be added to each Surface Detector station as described below.

2 Radio detection of (horizontal) air showers

The radio emission from extensive air showers [8–10] is investigated at the Auger observatory with
AERA [11]. Radio emission is detected in the frequency range from 30 to 80 MHz [12]. The antenna
response is calibrated with a reference source in-situ at the observatory in the field [13]. Timing
calibration is performed with a reference transmitter and using radio pulses emitted from commercial
airplanes [14]. A resolution of better than 2 ns has been achieved.

Measurements of the polarization of the radio signals allows one to have a closer look at the
emission processes of the radiation in the extensive air showers [15]. The majority of the emission
in the atmosphere is found to be due to the interaction of the shower with the geomagnetic field
(transverse separation of charges, geomagnetic effect) [16]. Of the order of 15% of the radiation is
due to the longitudinal separation of charges (Askaryan effect) [17].

The measurement of the radio footprint of an air shower yields a precise determination of the
shower energy [18, 19]. A cosmic ray with an energy of 1 EeV delivers about 15.8 MeV of energy to
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Figure 1. Examples of fluxes of different mass groups (as indicated) for describing the Auger spectrum and
composition data [7]. Two scenarios are shown: particles being accelerated up to a maximum rigidity (left) and
particles undergoing photo-disintegration during propagation (right).

are: 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 are the fractions of protons, photons, and neutrinos in cosmic rays at the highest
energies?

A key to understand the origin of the highest-energy cosmic rays is to precisely measure the
elemental composition up to the highest energies (1020 eV and above). Two baseline scenarios are
illustrated in Fig. (1), showing the expected energy spectra for elemental groups. The left-hand side
illustrates expectations for a scenario in which cosmic rays are accelerated up to a maximum rigidity.
The elemental groups exhibit fall-offs at energies proportional to their elemental charge Z. The right-
hand side shows an expectation for particles undergoing photo-disintegration during propagation. In
this scenario a significant fraction of light particles (protons) is expected even at the highest energies,
this is the main difference to the maximum rigidity scenario, in which heavier particles (large Z) are
expected at the highest energies.

To achieve these objectives, a layer of scintillators is installed above the water-
Cherenkovdetectors, the observation time of the fluorescence detectors is being increased, and un-
derground muon detectors are being installed in a part of the Surface Detector array. In addition, radio
antennas will be added to each Surface Detector station as described below.

2 Radio detection of (horizontal) air showers

The radio emission from extensive air showers [8–10] is investigated at the Auger observatory with
AERA [11]. Radio emission is detected in the frequency range from 30 to 80 MHz [12]. The antenna
response is calibrated with a reference source in-situ at the observatory in the field [13]. Timing
calibration is performed with a reference transmitter and using radio pulses emitted from commercial
airplanes [14]. A resolution of better than 2 ns has been achieved.

Measurements of the polarization of the radio signals allows one to have a closer look at the
emission processes of the radiation in the extensive air showers [15]. The majority of the emission
in the atmosphere is found to be due to the interaction of the shower with the geomagnetic field
(transverse separation of charges, geomagnetic effect) [16]. Of the order of 15% of the radiation is
due to the longitudinal separation of charges (Askaryan effect) [17].

The measurement of the radio footprint of an air shower yields a precise determination of the
shower energy [18, 19]. A cosmic ray with an energy of 1 EeV delivers about 15.8 MeV of energy to
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Figure 2. Left: Furthest axial distance at which a radio signal above noise background has been detected with
AERA as a function of the air-shower zenith angle. Right: Conceptional illustration of an upgraded station
of the Surface Detector array of the Pierre Auger observatory, comprised of (from bottom to top) a water-
Cherenkovdetector, a layer of scintillators (Surface Scintillator Detector), and a radio antenna (Radio Detector).

the ground in the frequency range from 30 to 80 MHz. The radio emission measured on the ground
E30−80 MHz can be used to establish an absolute calibration of the energy scale ECR, using the universal
formula

E30−80 MHz =
[
15.8 ± 0.7(stat) ± 6.7(syst)

]
MeV ×

(
sinα

ECR

1018 eV
BEarth

0.24 G

)2
, (1)

knowing the magnetic field BEarth at the location of the detector and the angle α between the direction
of the Earth magnetic field and the direction of the air shower.

AERA has also been used to measure radio emission from air showers with zenith angles between
60◦ and 84◦ ("horizontal air showers") [20, 21]. The size of the radio footprint of an air shower has
been measured at large zenith angles. The distance from the shower axis to the furthest radio detector
(in the shower plane, perpendicular to the shower axis) is depicted in Fig. (2) (left) as a function of the
zenith angle of the air shower. In the figure also the expected number of radio stations (on the standard
Auger 1500 m grid) with a signal above threshold is indicated together with an estimate of the size of
the footprint on the ground. As can be seen, for horizontal air showers (i.e. large zenith angles) the
footprints reach sizes exceeding tens of km2 and dozens of stations will have a signal above threshold.
This is a very important result since it confirms experimentally that the radio emission from horizontal
air showers can be measured with radio antennas on the standard Auger 1500 m grid.

3 The Auger radio upgrade

We plan to install a radio antenna on each of the 1661 stations of the Surface Detector array of
the observatory, forming a 3000 km2 radio array, the largest radio array for cosmic-ray detection in
the world. An artists impression of the planned set-up is given in Fig. (2) (right). It shows (from
bottom to top) the water-Cherenkovdetector with a layer of scintillators on top (Surface Scintillator
Detector) and a radio antenna (Radio Detector). The concept of radio antennas on top of the Surface
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Figure 3. Estimated performance of the Radio Detector. Preliminary results; The detector resolution of the
Radio Detector is not yet included. Left: radiation energy (i.e. the electromagnetic energy of the shower) as a
function of the shower energy. Right: electromagnetic energy in a shower as measured by the Radio Detector as
a function of the muon content in a shower as measured by the water-Cherenkovdetector.

Detector stations has been studied earlier at the Auger observatory on smaller scales [22]. With the
combination of water-Cherenkovdetector and Surface Scintillator Detector the electron-to-muon ratio
(e/µ) is measured for vertical showers. In a similar way the combination of water-Cherenkovdetector
and Radio Detector will be used to measure the e/µ ratio for horizontal air showers. In turn, the e/µ
ratio will be used to derive the particle type of the incoming cosmic ray up to the highest energies.
This is the main goal of the Auger upgrade, to measure the particle type of each incoming cosmic
ray. The radio upgrade will increase the aperture of the observatory for mass-sensitive investigations,
allowing e/µ separation for showers with a broad zenith angle range, from zenith with the Surface
Scintillator Detector to the horizon with the Radio Detector.

There is an important difference related to the mass measurement of cosmic rays at AERA (for
vertical showers) and the radio upgrade (for horizontal air showers). For vertical showers we use
a geometrical method, correlating the size of the footprint on the ground to the distance from the
observer to the shower maximum. From this quantity, the depth of the shower maximum Xmax is
derived, which in turn is dependent on the logarithm of the number of nucleons A of the incoming
cosmic ray Xmax ∝ ln A [2]. For horizontal showers we aim to apply a different method: We will
use a combination of radio antennas and the water-Cherenkovdetectors to measure the e/µ ratio in air
showers to determine ln A.

Increasing the mass sensitivity of the observatory is crucial to understanding the origin of cos-
mic rays, e.g. a good mass sensitivity is needed to distinguish between the baseline scenarios illus-
trated in Fig. (1). Precise mass (and charge Z) information will also allow the construction of more
meaningful sky maps using intervals of rigidity E/Z in place of energy E (as done so far). Isolat-
ing particles with a small (or no) charge such as protons, neutrinos, and gamma rays is important
to conduct astronomy with such particles at energies exceeding EeV energies. This will give direct
hints to the cosmic-ray sources. Finally, the Radio Detector will provide a clean measurement of
the electromagnetic (e/m) component of the air showers. This is of interest to study shower physics
in the atmopshere. In particular, in the densly populated part of the Surface Detector array [7], we
will have water-Cherenkovdetectors and Surface Scintillator Detectors with a 750 m spacing, under-
ground muon detectors (AMIGA) and also radio antennas. We will have a clean measurement of
the e/m component from the Radio Detector and a clean measurement of the muons with AMIGA.
This will allow to cross check the unfolding of the e/µ ratio with the Surface Scintillator Detector-
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Figure 3. Estimated performance of the Radio Detector. Preliminary results; The detector resolution of the
Radio Detector is not yet included. Left: radiation energy (i.e. the electromagnetic energy of the shower) as a
function of the shower energy. Right: electromagnetic energy in a shower as measured by the Radio Detector as
a function of the muon content in a shower as measured by the water-Cherenkovdetector.
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detection of HAS: human-made radio noise sources are often at the horizon21. The existing communication 
system of the SD station will be used to control the hardware parameters of the new RDs and to transmit the 
radio data to the central data acquisition system of the PAO, where the radio data are merged with the data 
from the other PAO components and put to long-term storage for the analysis. The data acquisition system 
will be adapted to accommodate the new RDs in collaboration with the PAO staff. 
We aim for <5 W power required for the additional electronics. If the capacity of the existing SD systems is 
not sufficient, we will replace the existing solar panel of the SD station with a (now available) more efficient 
version, providing sufficient electrical energy. 

 
Figure 12: Block diagram of the electronics of an upgraded SD station of the PAO. The (proposed, new) 

radio antenna (left) is read out via an analogue filter amplifier and ADC into the existing electronics of the 
station (right). An interface to extensions (like the proposed RDs) is already foreseen in the electronics. 

 
*Sub project #3: Deployment of the radio detectors – PI, PD 1+2, PhD students 1+2, engineer + external.  
The PI has coordinated the deployment of 125 RDs for AERA and is experienced to work in the harsh envi-
ronment of the Pampas and he is aware of the logistic and climatic issues which can influence a deployment 
schedule. The proposed design of the new RDs is much simpler as compared to the existing AERA stations. 
No fence and concrete pedestals for the antenna mast are needed and the electrical cabling is much simpler. 
Based on the AERA experience and the much simpler design, we expect to deploy ~10-20 RDs per day. The 
deployment will be conducted in close collaboration with the staff at the PAO and with colleagues of the 
Auger Collaboration who will support us for this huge effort. As it has been successfully done for AERA, the 
components will be shipped in sea containers to the PAO and the RDs will be pre-assembled and tested at the 
main campus of the PAO, followed by the actual deployment of RDs in the field. 
First, 61 RDs in the region of the 750 m grid will be deployed. This first 
array will be used to prove the concept of the proposed design. After 
successful first measurements and verification of the concept, the next 
739 stations will be deployed in the field. In parallel, we aim to raise the 
funds for the additional 861 stations (to fully equip all 1600 SD stations 
on the 1500-m grid) within the Netherlands and in collaboration with our 
international partners in the PAO. Including shipment and deployment 
~935 k€ will be needed. Since the physics potential of the new radio 
array is very large and fully in-line with the physics objectives of the 
PAO upgrade, we are optimistic to find further financial support. 
 
*Sub project #4: Optimization of radio reconstruction for horizontal air showers – PhD student 1, PD 1. 
HASs have been already measured with AERA,47,48 as discussed above. The measurements reveal a large 
radio footprint of HAS, signals up to 5 km from the shower axis have been detected with up to 80 RDs 
exhibiting a measurable signal above the noise level. The measurements indicate that the footprint of the 
EASs covers several (tens) km2. These measurements also reveal that HAS are well measured with RDs on a 
1500 m grid. These measurements are supported by theoretical considerations and simulations, which also 
predict a large radio footprint for HAS.55,56 
The method to derive the shower energy from the radio measurements as described above has been adapted 
for HAS48. The resulting CR energy derived from the radio measurements is depicted in Fig. 14, left as a 
function of the energy, reconstructed with the SD. A good correlation of the two parameters is found. The 
relative difference between the two parameters in this first analysis exhibits an almost Gaussian distribution 
with a σ of ~48%. 
Recent AERA measurements for vertical EASs42,43 indicate that the e/m component is measured with an 
accuracy of 17% for EASs with 5 and more RDs with a measurable signal. In the future we will determine 
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Figure 13: The PI installing 
hardware for AERA in the field. 

Figure 4. Schematic view of
the envisaged read out for the
radio antennas. The radio
antenna (here illustrated as
"SALLA") is read out through
a filter amplifier and an ADC.
The front end board has an
interface to the existing
electronics (UUB) at each
Surface Detector station.

water-Cherenkovdetector combination, based on measured showers. Last but not least, the Radio
Detector will provide an independent mass and energy scale to cross check the Surface Scintillator
Detector-water-Cherenkovdetector results.

In a first analysis the physics potential of the radio upgrade has been studied using
CORSIKA[23]/CoREAS[24] simulations. 192 showers have been simulated with energies from 4
to 40 EeV and zenith angles between 60◦ to 80◦. Half of the showers were induced by protons, the
other half by iron nuclei. A full water-Cherenkovdetector simulation and reconstruction has been
included in the analysis, but only a simplified treatment of the radio signals was available. The nor-
malized radiation energy has been calculated as described in [25]. The radiation energy has been
"smeared out" in order to mimic reconstruction uncertainties. Preliminary results are illustrated in
Fig. (3). The left-hand panel depicts the detected radiation energy as a function of the shower energy.
A clear correlation can be seen and only a small dependence on the mass of the incoming cosmic rays
(represented in the figure through the extrema protons and iron nuclei). The mass-sensitivity is illus-
trated on the right-hand side. The size of the e/m component (as measured with the Radio Detector)
is plotted as a function of the muon number (as obtained with the water-Cherenkovdetector). A clear
separation between showers induced by protons and iron nuclei is visible. Please note: the flattening
at the top-right is due to a technical flaw in the simulations, only showers up to a certain (too low)
energy have been simulated. This is work in progress. We are working on more precise simulation
studies in order to quantify various properties of the radio upgrade such as mass resolution, energy
resolution, effective aperture as a function of energy, etc.

At present we are working on the details of the technical implementation of the radio upgrade.
The Radio Detector will be fully integrated in the Surface Detector stations, they will form one unit,
being comprised of water-Cherenkovdetector, Surface Scintillator Detector, and Radio Detector. The
different detectors will share the infrastructure such as solar power, battery, communications system,
GPS timing, and an integrated data acquisition system. The envisaged system is schematically shown
in Fig. (4).

We aim to use a short aperiodic loaded loop antenna (SALLA) to detect the radio emission from
air showers in the frequency range 30 to 80 MHz. The antenna response has been characterized in
field measurements [12] and about 60 of such antennas are already used at the Tunka site to measure
air showers [26]. The water-Cherenkovdetector will issue a trigger signal when an air shower has been
detected. The data from the radio antenna will be passed to the read-out electronics of the Surface
Scintillator Detector/water-Cherenkovdetector system (UUB) and will be transmitted together with
all data from the station to the central data acquisition of the Auger observatory.

A schematic view of the radio front-end board is depicted in Fig. (5). We foresee two polarization
directions of the antenna, oriented orthogonal to each other (see also Fig. (6)). The signals of the two
analogue channels will be pre-amplified in a Low-Noise Amplifier (LNA) at the antenna. The signals
are transmitted through shielded coaxial cables to the filter amplifier on the front-end board. They
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Figure 5. Block diagram of the front end board for the Radio Detectors (draft – work in progress).

SALLA 98

SALLA 91

Figure 6. Left: Lateral distribution function of the radio emission from an air shower as measured with AERA
and two prototype antennas (indicated as "SALLA"). Right: a prototype Radio Detector station (front, right)
at a Surface Detector station of the Pierre Auger observatory with a scintillator module on top of a water-
Cherenkovdetector.

will be digitized with a sampling frequency of 200 Msps. A FPGA controls the data flow and the
communication with the existing electronics of each Surface Detector station (UUB).

To test the performance of the SALLA antennas we have installed three prototype stations inside
the AERA field at the Auger observatory. Such a prototype station is shown in Fig. (6) (right); An
AERA station with SALLA antenna is situated next to a water-Cherenkovdetector with Surface Scin-
tillator Detector module on top. The first air showers have been measured in coincidence with the
prototype stations. As an example, the lateral density distribution of the radio signal for a measured
air shower is presented in Fig. (6) (left). The signals from the SALLA antennas are compared to the
"regular" AERA stations. The signals measured with the SALLA antennas are slightly bigger, due to
a preliminary calibration used for the SALLA antennas.

Our timeline for the installation of the radio upgrade at the Auger observatory is as follows.
We are presently working on the details of the technical implementation. We aim to conclude this
throughout the year 2019. We envisage to start the mass production of the detector components in the
second half of 2019 and are looking forward to deploying the detectors in the field in 2020.



7

EPJ Web of Conferences 216, 01010 (2019) https://doi.org/10.1051/epjconf/201921601010
ARENA 2018

UUB 
interface

PSU 3v3 
LTM8031 

FPGA 
 

Lattice EPC5 
or 

Altera MAX10 

PSU 
1v2 or 1V1 
Switched 

(if needed) 

PSU 1v8 
LDO 

LP3961 
24V in

VCCIO VCCINT

LNA ADC 12-bit
200MSPSInput filter

LNA ADC 12-bit
200MSPSInput filter

LVDS

 

ADC power

Bias-T

Bias-T

Control/data

AD9613

Power filter

PSU 
+ 

Current limit 
+ 

Bias enable 

LVDS 

Antena with built-in LNA

200MHz 
clock 

oscillator 
Si540B 

LVDS

config
flash

Debug 
SPI interface

Debug 
JTAG

Gain?

Gain?

Gain?

Gain?

Figure 5. Block diagram of the front end board for the Radio Detectors (draft – work in progress).

SALLA 98

SALLA 91

Figure 6. Left: Lateral distribution function of the radio emission from an air shower as measured with AERA
and two prototype antennas (indicated as "SALLA"). Right: a prototype Radio Detector station (front, right)
at a Surface Detector station of the Pierre Auger observatory with a scintillator module on top of a water-
Cherenkovdetector.

will be digitized with a sampling frequency of 200 Msps. A FPGA controls the data flow and the
communication with the existing electronics of each Surface Detector station (UUB).

To test the performance of the SALLA antennas we have installed three prototype stations inside
the AERA field at the Auger observatory. Such a prototype station is shown in Fig. (6) (right); An
AERA station with SALLA antenna is situated next to a water-Cherenkovdetector with Surface Scin-
tillator Detector module on top. The first air showers have been measured in coincidence with the
prototype stations. As an example, the lateral density distribution of the radio signal for a measured
air shower is presented in Fig. (6) (left). The signals from the SALLA antennas are compared to the
"regular" AERA stations. The signals measured with the SALLA antennas are slightly bigger, due to
a preliminary calibration used for the SALLA antennas.

Our timeline for the installation of the radio upgrade at the Auger observatory is as follows.
We are presently working on the details of the technical implementation. We aim to conclude this
throughout the year 2019. We envisage to start the mass production of the detector components in the
second half of 2019 and are looking forward to deploying the detectors in the field in 2020.
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