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Concept for an imaging Cerenkov detector to look for direct radiation from cosmic ray iron nuclei

The development of a test detector to attempt to observe the direct Cerenkov (DC) radiation from iron nuclei in cosmic rays before they interact in the upper atmosphere is the central topic of this note. This radiation has been predicted, with detectable brightness from the passage of a high energy nucleus through the upper atmosphere, ( see Kieda, Swordy and Wakely Astro. Phys. 15, 2001, 287). The basic experimental problem is that the large angular scale required to observe the development of the subsequent air shower deeper in the atmosphere is in conflict with the high angular resolution required for separating the DC light from the rest of the shower.

[image: image1]The fundamental idea here to address that conflict is to provide an optical system which has effectively two magnifications onto the same focal plane – but the photons belonging to the two magnifications are separated in time. This is shown below:
Figure 1: schematic of telescope

In the telescope shown in Figure 1 there are two focusing optics. The fresnel lens has a relatively short focal length of around 1m, and this focuses directly onto the detector platform. The primary optics consist of an array of spherical glass mirrors of focal length 4m, these focus through a secondary flat onto the same detector. The difference in magnification between these two systems is ~x4. The light falling on the primary (shown as blue lines in the figure) arrives about 20ns (6m / c) later than the fresnel light. (shown as red lines). This enables the detector to be triggered by the far brighter pulse from an air-shower. With these dimensions, and assuming 10% quantum efficiency at the detector and 80% reflectivity at mirrors, there should be around 40 photoelectrons from the DC light collected by the primary and about  600 photoelectrons from a 100TeV primary energy air shower, in the fresnel pulse.

Detector
Clearly of great importance for this type of instrument is the detector. A good possibility seems to be the Hamamatsu H8500 flat tube with 8x8 pixels. This gives about 0.08 degrees per pixel in high magnification mode – which is close to the required value for separating DC from the shower light. The overall detector here has 1600 pixels, these have a risetime spec of 0.8ns which should allow for separation of the two `pictures’ from the primary and fresnel.  The cost of these tubes is ~$4000 per piece – meaning this camera costs ~$100k in PMTs alone.

Aperture
The effective collecting aperture of this device for cosmic rays is ~300m^2 sr in high magnification mode and ~4580m^2 sr in low magnification mode. This means approximately 6 Fe nuclei per hour should be detectable above 100TeV in energy in the high magnification mode. The low magnification – or trigger mode – will probably run at 100-1000 times this rate with a simple threshold discriminator at 100TeV. This means 10-100Hz depending on thresholds.
Arrangement
A potential practical arrangement of mirrors is shown in Figure 2, which is `birds-eye’ view of the detector. This shows an array of 1m spherical facets which form the primary mirror and the fresnel lens size. The flat mirror could be an assembly of pieces if needed.

Simulation
A simple simulation has been made which calculates the optics in this arrangement, some of these results are attached.
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Figure 2


Birds-eye view











