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This document describes a set of coherent technological solutions in the view of the definition of a future electronic system to readout data on TPCs for various nuclear physic experiments.
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3. General concept and overview

3.1. System Overview
3.2. Physics requirements

The physics goals identified for the ACTAR active target and the 2p-TPC detectors determine the characteristics of these instruments and, in particular, the performances required from the electronics.

· Dynamic range. It is the ratio between the largest and smallest charges detectable in the gas volume. From the specific energy loss for different particles in the processes of interest, one can see that a factor 1000 is required. In most cases, the largest ratios occur between beam or beam-like particles and light recoils, with the former concentrated on a path in the central zone of the detector. In this case, results can be achieved by designing an advanced amplification technology; in addition, the slow-control versatility of GET should be capable of producing different gains on different areas of the segmented plane and for various events, with a lower gain in correspondence of the projection of the beam tracks. For particles differing significantly in charge, outside the beam path, GET should have an intrinsic dynamic range of a few hundreds.

· Triggers and counting rates for accepted events. To achieve the physics goals of the TPCs for which GET is built, a goal of a rate of 1 kHz for accepted events is set. GET should have a multi-level triggering system which will be capable of selecting the events of interest by taking into account coincidence signals from external detectors, the pad multiplicity and the hit pattern. In addition, an internal trigger possibility should be implemented: in some experiments all the particles will be stopped in the gas volume, thus requiring this novel feature.

· Multiple tracks. Recording more than two tracks, preserving the three-dimensional information, implies collecting the timing signals directly from each point of the projected tracks in an independent way. This forces the choice pads (as opposed to strips) for the segmented plane, and requires that GET is capable of handling the information coming from a large number of channels (from 10000 up to 30000 channels depending on the final size of the detectors).

· Timing resolution. The timing resolution determines the spatial resolution in the direction parallel to the electron drift, via the value of the drift velocity. It should be such, to match the spatial resolution in the other two directions. For a drift velocity of about 5 cm/μs, the required timing resolution is 20 ns. The GET electronics should sample the evolution of the charge collected on the pads at a rate sufficient to achieve this resolution, thus up to 100 MHz. To cope with different conditions of operation (different gases, pressures and drift fields, that determine a large range of drift velocities), the sample rate can be adjusted between 1 MHz and 100 MHz.

· Decay detection: minimum half-life. Nuclei showing an interesting decay pattern are often those close to the driplines, with very short half-lives. The decay takes place very shortly after an implantation, thus it is important that the dead time of the acquisition system be as short as possible. The GET electronics should explicitly take this aspect into account, operating in an almost “continuous” acquisition mode between an implantation event and the subsequent decay.

· Portability. The TPC detectors will work at various facilities in conjunction with several different ancillary detectors (charged-particle, spectrometers...). The GET electronics should reach a high level of portability and integration with several types of ancillary detectors through the incorporation of a time-stamping event building.

3.3. Performances

3.4. Trigger policies

The data bandwidth of GET stands to be considerably larger than what is available today in most nuclear physics installations. This will result in a significant stress on existing infrastructures and the undersized physicist groups that have to handle/analyse the corresponding volumes of data. The main goal here is to reduce the number of accidentals or introduce cuts in the phase space that will reduce the number of unwanted events. Events to be discriminated against will arise from the non-interacting beam, particles from the entrance/exit windows, radioactivity introduced by the beam in the active volume and reactions which have high cross-sections (example elastic scattering). To date the number of accidentals is difficult to estimate in a given experiments. Tests in this domain will be performed.
To reduce the data before reaching the data collection stage a numerically based trigger which is founded on different levels is requested. Given that experiments with an active target are relatively nouvelle, reinforces the need to have a numerically based trigger thus giving the capabilities to modify and evolve. We consider that a 4 level trigger will suffice.

· Level 0 trigger will be external derived from spectrometers, beam trackers etc.

· Level 1 will be draw from pad multiplicity and the hit time structure.

· Level 2 will be drawn from a rapid FPGA calculation/comparison extracted from the event pattern (a common vertex, consecutive pad pattern…). The latter trigger is time-bound by the data collection rates.

· Level 3 is taken once the event has reached PC-Farm where elaborate additional conditions can be introduced. 

The physics related to 2 (or more) proton radioactivity has particular demands on the management of the trigger. Namely, the need to recognize, very rapidly, the possible decay and allow the system to have practically no dead time in the intervening waiting time. Solutions is to be elaborated where the analogical memory in the ASIC with corresponding trigger function.
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