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Abstract: 
The deliverable here is the trigger system for the Compact High Energy Camera (CHEC) designed for the dual-mirror Small Size Telescopes (SSTs) of the Cherenkov Telescope Array (CTA). CHEC has 2048 pixels of size 6 × 6 mm2, arranged in 32 modules with 8 × 8 pixels each. The signals from the pixels are first amplified and shaped, then passed to ASICs which form a module trigger by combining the signals from the pixels, as well as digitizing the data at a rate of 1 Gs/s. The required pre-amplifiers and shapers have been designed, constructed, tested and mounted behind 64-pixel multi-anode photomultipliers (MAPMs). The digitization and triggering circuitry, based around the TARGET 5 ASIC, has been designed, constructed and tested. These sensors and TARGET modules have been mounted in a prototype camera, CHEC-M. The TARGET modules pass trigger signals to a backplane, which combines the signals to form a camera trigger. If a valid trigger is generated, readout occurs through the camera’s data acquisition (DAQ) boards.

CHEC-M has been extensively tested and calibrated in the Laboratory and tested on one of the prototype SSTs, the Gamma-ray Cherenkov Telescope (GCT), on the Meudon site of the Paris Observatory. Despite the extremely difficult conditions on this site (the night sky background is orders of magnitude above that at the CTA southern site in Paranal, Chile, where the cameras will be deployed), CHEC-M was able to operate stably, record the Cherenkov signals generated by cosmic-ray induced air showers. This demonstrated the viability of the CHEC module and camera trigger systems, as well as that of the camera readout and control hardware and software, the DAQ and the design of the complete GCT. The trigger threshold achieved with CHEC-M is larger than desirable due to noise induced in the trigger section of the TARGET 5 chips by the sampling process. 

A further camera, using silicon photomulitpliers (SiPMs) rather than MAPMs is under construction. This will use the same electronics chain as CHEC-M, with modifications of the front-end amplifiers and shapers resulting from the different SIPM signals. It will also use a new TARGET chipset, which has been designed to solve the trigger noise problems observed in CHEC-M. Laboratory tests indicate that trigger thresholds below one photoelectron are now achievable, easily satisfying CTA requirements. Modules incorporating these chips have been designed and constructed. An improved backplane has been built and tested. These subsystems will be incorporated in an SiPM-based prototype camera and tested on the GCT prototype in 2017. Tests on the second SST design, ASTRI, are also foreseen on the prototype at the Serra La Nave observatory on Mount Etna in Sicily.
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