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A new radio interferometric technique was recently developed that takes into account time lags

caused by the three-dimensional dependency of the refractive index in the atmosphere. It enables

us to track the extensive air shower while it propagates through the atmosphere. Using this

technique, properties of the air shower can be estimated, like the depth of maximum and the

axis of propagation. In order to apply this method, strict constraints on the time-synchronisation

between radio antennas in an array must be satisfied. In this contribution, we show that the Auger

Engineering Radio Array can meet these timing criteria by operating a time reference beacon. We

will show how this enables us to reconstruct air shower properties using the radio interferometric

technique.
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of points in the atmosphere, their location and intensity (both indicated by size and colour of the

marker) are given in the middle panel of Figure 3 and are used to fit a straight line which is the

reconstructed shower axis. This reconstructed axis deviates 0.3 ◦ from the direction reconstructed

with the surface detector (SD), which is in the compatible with the estimated uncertainty of the

SD-reconstruction.

Along this axis, we evaluate the intensity of the summed waveform in small steps of slant depth

(2 g cm−2) and obtain the slant depth of the maximum. We repeat the same procedure on a

set of simulated air showers, with fixed geometry but with varying depths of shower maximum.

We add measured background to the simulated signals from air showers and apply the detector

response and standard air shower reconstruction [10, 11]. From this set of simulations, the relation

between the maximum intensity and the depth of shower maximum is found. As expected, to first

order, this is given by a linear relationship [1], so a first order polynomial is fitted to obtain the

conversion. The result of this is shown in the bottom panel of Figure 3. Within uncertainties, the

interferometry reconstruction intercepts the conversion line at the same location as the verification

method, illustrating the agreement between both methods.

4. Conclusion

In this contribution we showed how interferometry can be used in the reconstruction of air

shower properties on an air shower observed by the Auger Engineering Radio Array. Agreement

is found with other reconstruction methods for both the direction of the shower axis and the

depth of shower maximum. Only one, particularly well-measured, event was analysed here, but

similar results were found on a larger events set. The study of these will be part of an upcoming

publication. The uncertainty obtained on Xmax for the example is estimated from the scatter around

the conversion line and is about 25 g cm2, which is larger than what is typically expected from [1].

It is not fully understood what drives this uncertainty, but one reason might be the rather irregular

structure of AERA; small changes in the footprint might result in different antennas present in

the event. Studying the performance of the method on different event geometries will be part of a

future analysis. The interferometry-based reconstruction is especially suitable for reconstructing the

properties of inclined air showers. The radio detector [14] of AugerPrime [15], which is currently

being deployed, and future observatories like GRAND[16] and GCOS[17] are designed to observe

inclined air showers. Other methods of obtaining Xmax, based upon the fluorescence light or the

radio fluence, do not favour inclined geometries. However, it is of crucial importance to achieve

similar, or better, synchronisation as in AERA for these very large arrays, which still is an unsolved

challenge. If interferometry can be successfully implemented for AugerPrime, this will give us a

unique opportunity to measure the electromagnetic energy, number of muons reaching the ground,

and the depth of shower maximum of inclined air showers.
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