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Proposed activity

	Name of activity (working title)
	Synergy Program for Front-end electronics Data acquisition and Control (SPFDC) for Nuclear Physics Experiments

	Type of proposed activity
	JRA 

	Duration of activity
	 4 years 

	Participants
	CEA Saclay, CNRS/IN2P3, GANIL FRANCE Pollacco
STFC Daresbury and Rutherford Labs, England Lazarus
Gesellschaft für Schwerionenforschung mbH (GSI), Darmstadt, Germany Simon
INFN, Italy Gadea
Kernfysisch Versneller Instituut (KVI),                    University of Groningen, Groningen, The Netherlands Wörtche
University of Huelva, Spain Martel
Institutions above will  place sub-contracts with other institutions.  Industrial partners will be called to collaborate in the project.

 


Short description and goals of the proposed activity

	Goals 
SPFDC is an innovative project with potential for a high impact on the new generation of nuclear physics facilities (FAIR/NUSTAR, SPIRAL2, EURISOL, ALPI…) and existing European facilities. The next generation of instrumentation, which features active channel count in the range of 102-105, requires new approaches for readout, control, setup and start-up procedures. SPFDG will undertake R&D to develop the concepts needed in next generation of Front End Electronics, FEE,  Data AcQuisition,  DAQ and Controls including:

· modular, generic and portable FEE design,

· scalability of DAQ and Controls covering both small-scale and large-scale experiments 
· automated calibration controls, optimization controls and stabilisation controls
· future-proof (a system designed to avoid obsolescence for as long as possible)
· adaptive intelligent system control
The deliverables are hardware and software for a demonstrator, which exploits modularity and portability to perform gamma, neutron or charged particle detection using scintillators, solid-state devices or gas based detectors. Energy, time, position and pulse-shape fast data capture will be performed simultaneously. The system design is constrained by the typical nuclear-physics experimental environment: FEE restricted access due to radiation , high resolution and dynamic ranges, compact, low mass budget, often operating in high vacuum, cost efficiency and a user-friendly system. 

Key technologies for the hardware are the use of ASICs with FPGAs/DSPs for readout and initial processing and data transmission to event building and analysis software through optical links. For gamma-neutron separation, particle identification and timing the corresponding figures-of-merit will be identified and implemented in the online data analysis. The implementation details will evolve during the project, but one can conceive of a possible system based on a common generic motherboard equipped with powerful FPGAs providing the interfaces to selective-readout, time stamping and controls. Modularity and portability would come from a daughterboard/interface card arrangement for mounting or connecting appropriate ASICs, associated ADCs and parameter control. Interface cards will be developed to match various instrumentation requirements (detector type, rates etc.).  One important area of research will be in the options for high rate readout (Gbit Ethernet, 10G Ethernet, PCI-Express) and IP (Intellectual Property) developed within this JRA will be distributed for wider use. Essential system elements are a large bandwidth through-put, built-in self-testing, redundancy and fail-safe behaviour as well as computer controlled setup. 
Key developments on the software side will be the investigation and the development of controls techniques based on centralised information provided by appropriate probes and digitized detector signals/pulses. The latter implies that the correlation between signal characteristics and detector settings is applied in the controls. Because access to raw data is mandatory the first layer of system controls will be implemented on the signal-analysing processors or processors closely coupled to them. The requested procedure – calibration, optimization, monitoring, stabilisation – will determine the correlation and the handling of the individual controls processes by means of the controls system. For particle identification and timing the corresponding figures-of-merit will be identified and implemented in the online data analysis. A controls loop, which will comprise the variation of all relevant controls parameters and subsequent optimization e.g. based on an implementation of expert systems, will enable an efficient use of the complex detector systems by non-specialist experimentator.

In summary:  the project is to study and develop system structures which address the present and future requirements in FEE, DAC and Control through existing up-to-the-minute technologies. Essential is the scalability, which will allow experiments in small and large European laboratories to benefit from common, rich and evaluative resources. SGDFC will in addition provide a benchmark for framework of tools and standards which would apply to many experiments.

Fields of Application: Potential beneficiaries include small (microprobe, PIXI …) moderate (SPIRAL2- GASPARD & FAZIA & PARIS,  FAIR-HYDE, LEGNARO-TRACE, spectrometer focal plane detectors … ) and large-scale projects (FAIR/EXL, FAIR/R3B, EURISOL/GRAPA …). There is potential industrial interest in applications from this program in the nuclear physics instrumentation industry, energy industry, security and nuclear medicine research. Hence, this is a program with strong European and cross-field elements.  
The system design advancements  in this JRA are essential for the successful exploitation of enhanced detector designs for new facilities proposed in other JRAs. Therefore this JRA is complementary to several others.
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