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1. Abstract and main goals

Aims of this proposal are the study and the detection of the highest energy cosmic rays (E; 10'8 eV)
by observing and measuring the electromagnetic radiation emitted in the microwave band between a few
GHz and 20 GHz. The most likely hypothesis is that this radiation is due to the Bremsstrahlung emission
by low energy electrons (few eV) interacting with the molecules of the atmosphere. In this hypothesis
we expect the radiation to be non-polarized and isotropically emitted, as for the emission of fluorescence
light from excited nitrogen molecules. The detection of isotropic radiation in the microwave frequency
band would allow, similarly to what happens for the fluorescence telescopes, the direct observation of the
longitudinal development of the extensive air showers, a key measurement for establishing the chemical
composition and the energy spectrum of the highest energy primary cosmic rays. But, unlike the fluo-
rescence technique, available only during the dark and moonless nights, the microwave technique would
provide a nearly 100% duty cycle. Moreover the absorption in the atmosphere is negligible in this fre-
quency range. A confirmation of the reported evidence would have a significant impact on high-energy
cosmic ray physics by delivering to the scientific community a low-cost and high duty-cycle measurement
technique, with comparable or even better performance compared to the fluorescence telescopes.

This proposal aims to the construction of a prototype telescope for the observation of microwave
radiation emitted along the path of cosmic rays through the atmosphere. The operating schedule can be
summarized in three steps:

e Phase 1: Simulation and studies of the physical process and estimate of expected signals.

e Phase 2: Construction and optimization of a prototype telescope consisting of a parabolic dish with
a matrix of microwave antennas placed at its focal surface.

e Phase 3: Data acquisition and analysis of the observed signal.

2. Research Sectors according to the ERC scheme
PE Physical Sciences and Engineering

e PE9 Universe sciences: astro-physics/chemistry/biology; solar system; stellar, galactic and extra-
galactic astronomy, planetary systems, cosmology; space science, instrumentation

e PE9_10 High energy and particles astronomy: X-rays, cosmic rays, gamma rays, neutrinos
e PE9_17 Instrumentation: telescopes, detectors and techniques

e PE2 Fundamental constituents of matter: particle, nuclear, plasma, atomic, molecular, gas, and
optical physics

e PE2_2 Particle physics

3. Current Status of the project

The progress since the beginning of the project (July 2011) can be summarized as in the following:

- Study of the design of the optical system
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Figure 1. Response of a 10 cm feed at 4Ghz as a function of the angle to the optical axis, for a parabolic
dish with focal distance and rim angle of 2 m. The feed is placed at 10 (top panel), 20 (middle panel)
and 30 cm (bottom panel) from the focal point of the dish in the direction perpendicular to the optical
axis.

The student edition of the simulation code GRASP9 (available at hitp://www.ticra.com/free-
downloads/grasp9-se/) has been used to derive the expected response of a feed placed at the focal
plane of a parabolic dish of given curvature. Fig. 1 shows the signal amplitude at 4 Ghz as a
function of the angle between the direction along the feed and the optical axis, assuming a dish
with focal distance and rim radius of 2m. The top, middle and bottom panels refers to the case of
a feed placed at 10, 20, and 30 cm from the dish focal point in the direction perpendicular to the
optical axis. Simulations support a design based on an array of feeds at the focal surface to observe
the longitudinal profile of an extensive air shower propagating through the atmosphere. As shown
in the figure, each feed would in fact provide the image of a segment of the longitudinal profile,
giving overall a complete reconstruction of both geometry and particle number evolution.

- Participation to AMY
An important contribution to this project comes from the participation to the experiment AMY
approved and funded independently by INFN. It aims to derive an absolute calibration of the
physical process of microwave emission and to measure the spectrum of the emitted radiation in the



frequency range between 2 and 25 GHz. This experiment is performed at the Beam Test Facility
(BTF) of the Laboratori Nazionali di Frascati. The first measurement campaign has been carried
out between November 21st and December 4th 2011, using electron beams of 500 MeV on fixed
target. Data are being analyzed. The outcome of this experiment will be relevant to the knowledge
of the physical process and to the consequent optimization of the telescope design.

- Electronics for Data Acquisition.

A study of the appropriate design for the DAQ electronics has been started. We will adopt use fast
analog-to-digital converters with high sampling frequency (100 MHz) and large dynamical range
(14 bit) combined with power detectors to enhance the signals which are expected to be very weak.
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