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LOFAR is a new digital radio interferometer that is being build in The Netherlands. By sampling
the radio waves with fast ADCs it can digitally store the whole waveform information and analyze
transient events like air showers after they have been recorded. To demonstrate its ability to mea-
sure air showers we are building LOPES (a LOFAR Prototype Station) at the site of an existing air
shower array (KASCADE-Grande). The first phase consisting of 10 antennas is already running. It
has demonstrated how digital interference suppression and beamforming can overcome the problem
of radio interference and pick out air shower events.
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1. Introduction

Air shower arrays measure only the part of an air shower that reaches ground level. Very
useful information for the determination of primary particle energy and type can be ob-
tained by observing the air shower as it evolves. So far this is only done by observing
optical emission like Cherenkov or fluorescence light. This requires clear and moonless
nights and thus limits the available duty cycle to about 10%.

Measuring radio emission from air showers might be an alternative method for such
observations, providing a better efficiency. Recent theoretical studies show that the strength
of the radio signal depends primarily on the total number of particles during the air shower
evolution.1,2 A new generation of digital radio telescopes like LOFAR3 could also provide
additional detection area for high energy cosmic rays.

2. LOFAR and LOPES

LOFAR is a new attempt to revitalize astrophysical research at 10− 200 MHz with the
means of modern information technology. LOPES is a “LOFAR Prototype Station” tai-
lored for the detection of air showers. The basic idea is to build an array of simple, quasi-
omnidirectional dipole antennas in which the received waves are digitized and sent to a
central computer. A new feature of this design is the possibility to store the entire data
stream for a certain period of time. If one detects a transient phenomenon like an air shower
one can then retrospectively form a beam in the desired direction. This combines the advan-
tages of a low-gain antenna (large field of view) and a high-gain antenna (high sensitivity
and background suppression). LOPES is set up at the site of KASCADE-Grande.4,5 The
data from a well tested air shower experiment allows us to calibrate the radio data with
other air shower parameters, and it provides us with starting points for the air shower re-
construction, simplifying the development process. The outline of the LOPES hardware
can be seen in Fig. 1 a).6 It operates in the frequency range of 40 to 80 MHz, using short
dipole antennas and samples the radio frequency signal after minimal analog treatment
without the use of a local oscillator.

Radio interference can be roughly grouped into two types: (approximately) continuous
narrow band transmissions and short time pulses. The narrow band interference can be
filtered out in frequency space, short time pulses can be identified and suppressed during
the beamforming process. The first step of the analysis is to Fourier transform the data into
frequency space. Here, narrow band interference shows as spikes in the spectrum and can
be flagged. To form a beam into the direction of the air shower, as given by KASCADE-
Grande, the data for each antenna has to be shifted in time. To achieve sub-pixel shifts, this
is done by applying a phase gradient in frequency space. After that the data is transformed
back into the time domain. Pulses that are not correlated with the air shower can then be
identified by their arrival times. The detectors of the KASCADE-array emit radio pulses
that are correlated with the air shower. However, the emission from the detectors is not
coherent and thus can be reduced in the beamforming process. In Fig. 1 b) the electric field
of all antennas after filtering and time shifting is shown for an example event. At−1.85 µs
a coherent pulse from the direction of the air shower can be seen (all the lines lie on top
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Fig. 1. a) Outline of the LOPES signal path, from the antenna to the data acquisition PC. b) The electric field of
the LOPES antennas (in different colors) after filtering of narrow band interference and time shifting, as needed
to form a beam into the direction of the air shower given by KASCADE-Grande. The short pulse at −1.85 µs is
coherent (all the lines lie on top of each other), while the later pulses (noise from the particle detectors) are not.

of each other). The region of −1.8 µs to −1.5 µs is filled by the noise from the particle
detectors. In the last step the electric field data of all antennas is added together and then
squared. This enhances the coherent pulse from the air shower, and reduces the noise from
the particle detectors.

3. Outlook and Acknowledgements

The first phase of LOPES consisting of 10 antennas is running and taking scientific data.
The second stage of LOPES with 20 more antennas is currently being set up at the KASCA-
DE-Grande site.

LOPES is supported by the German Federal Ministry of Education and Research, under
grant No. 05 CS1ERA/1 (Verbundforschung Astroteilchenphysik).
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