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Integral Detector Support System

Dedicated to the AGATA demonstrator or other similar applications

I.Kojouharov, J. Gerl

This document describes the idea, major functions and applications of the Integral Detector Support System (IDSS) which is dedicated to the AGATA Demonstrator (AD).

1. AGATA Detector and Demonstrator


The AGATA detector consists of three hexagonal encapsulated 36-fold segmented Germanium crystals. The crystals are commissioned in a common cryostat. All the preamplifiers are with cold FET. The detector should have embedded High Voltage supply, temperature sensors and emergency shut-off features. The Dewar vessel would have to contain 3 l LN2. The full AGATA array will consist of 180 germanium crystals.

The AGATA Demonstrator is comprised of five detectors assembled in a ring like structure. The experiments are to be done by the AD should demonstrate the feasibility of gamma-ray tracking and its advantage as a method for improving the efficiency and peak-to-total ratio of the spectrometer. Possible host laboratories are GANIL, GSI, JYFL, Köln and LNL, therefore frequent relocation of the array from one site to another is anticipated.

All the signals coming from the segment and core preamplifiers will be processed in so-called digitizer boxes and pre-processing will be performed in order to calculate the energy, time and the position of the interaction. Thus the data output will be considerably reduced and this will reduce the data flow to DAQ enabling the detectors to operate at very high count rate. 

2. Integral Detector Support System


- The idea of IDSS is to integrate all the “life supporting” features of the AD in one system. It would integrate the Autofill System, HV-control, Preamplifier Power Supply and Monitoring and Control System which steers the temperature monitoring in the digitizers, UPS – monitoring and handling power blackout etc.

The Autofill System would be the most complicated part of IDSS and has to have highest possible reliability. The triple detector cryostat will have a 3 l dewar vessel and the holding time will be few hours. Therefore frequent filling and stringent monitoring of the detector temperature and the amount of LN2 in the dewar vessel is required. Any crash of the Autofill System will not be tolerable since the time for reaction is limited. The Autofill System has to monitor the status of the buffer tanks and to steer their filling through the pipeline. Should a misfiling be encountered the system has to take action  to protect the detector and to shut it off if the situation shows no improvement. Therefore direct connection to the HV-System is required. The Autofill System would have to steer the database for the detector positions and in a suitable way to supply this information to the HV-System.

The HV-System of the triple detector cryostat is based on ISEG HV-modules, one per each crystal. The modules are controlled by analogue voltage input and analogue voltage and current monitor outputs. Therefore a 1 DAC and 2 ADC per each ISEG-module is required; they have to be implemented on a single board digitally controlled by IDSS. The shut-off feature can be easily implemented even having no separate pin of the ISEG-module dedicated to that. The available components enables use of extremely small and efficient elements thus a rather compact implementation is feasible.

The Preamplifier Power Supply System needs to be integrated into IDSS since it will be the only way to provide common ground for the HV-bias and power supply of the preamplifiers. The common ground is important for preserving the good noise performance of the detectors. “Soft start” of each channel would ensure failure-free operation in the initial phase of setting up the detector. Voltage and current protection is important feature protecting the detector electronics.

The Monitoring and Control System is foreseen for temperature monitoring and control of the digitizer, any other temperature monitoring and possible control and handling of power blackouts. Principally UPS could support the system some certain time during long blackouts; however the behaviour of the system has to be predetermined in order to use the power available in the most efficient way. That would mean monitoring the UPS battery capacity still available and acting within a certain sequence of procedures, e.g. backup of the parameters and consequent controlled shut off of the digitizers in order to save energy for the detectors and the Autofill. Before shutting the detectors off a filling procedure has to be implemented in order to ensure sufficient hold time until power supply is resumed. Any other monitoring and control features could be incorporated in the IDSS too.

3. IDSS specification
a) General:




- Power:  220V / 50 Hz


- Size: 2-3 19” crates (without cryogenic assembly)


- Weight: < 2-3 x 20 kg


- Main Control Unit: PC104, PC104+ or similar, CAN or PROFI bus


   card/compatibility is required


- Ethernet: wireless


- Features and status monitoring – via browser, no Internet or telnet control.

b) Autofill System Domain:


- Number of channels: in groups of 4, minimum 8 - 


  4 for the left side and 4 for the right side


- In/out control – CAN or PROFIBUS


- Temperature readout of the exhaust – Pt100


- Temperature readout of the Cryostat – Pt100


- Cryogenic hardware based on LN2 valves ASCO ¼”, 24 VAC


- Control of the LN2 valve of the terminal – variable voltage (up to 220 VAC)


- Terminal LN2 distributor based on ASCO ½”, 24 VAC



- Dewar LN2 readout – current 0-20 mA (similar to QUANTUM QCG 295)



- Tank LN2 readout – current 0-20 mA (QUANTUM QCG 295) 



- Tank pressure readout – current 0-20 mA (WIKA S-10/S-11)



- Tank operational pressure – 2 bar



- Tank volume – 300 l.



- Filling line: RILSAN tube + ARMAFLEX isolation, GSI – Bayonets 

   (Phase-separator tip optionally *)



- Three-step protection (warning “warm”, forced fill “hot” and shut-off)

- Flat panel** + e-mail + SMS warning, pager optional.

- Autonomous operation (no Ethernet connection needed)

- Status Monitor including Computer status (if Net-connection available)

c) HV-System Domain: 


- Number of channels: in groups of 4, minimum 8 - 


   4 for the left side and 4 for the right side


- Ramp-up / Ramp-down minimal step – 1 V


- Voltage Monitor – 1V resolution (if ISEG spec.)


- Current Monitor – 1 nA resolution (if ISEG spec.)


- Emergency shut-off (independent of Autofill)


- Voltage, current and noise properties – ISEG specified


- Data exchange standard - USB2


- Cryostats Board size and pinout – to be supplied by Detector Design Group  


d) Preamplifier Power Supply System:



- Power - +12 V - 6 A




    - 12 V - 4 A



- Noise – less than 2 mV pp



- Each detector separate soft start (only hardware)



- Current/Voltage protection (shut off all the voltages per channel).



- Status monitor


e) Temperature and UPS monitoring:



- In/out control – CAN or PROFI bus controller (option)



- Number of temperature channels: in groups of 8, Pt100 (option)



- Number of output channels 8 (Relay 220 V/10A) and 8 (data) (option)



- Reaction sequence – user defined (programmable) (option)



- UPS monitoring



- In case of power blackout – reaction sequence default / user defined



- Other monitors – group of 8 channels – 2 voltage monitors (option)



   0-10 V, 2 current monitors 0-20 mA, 4 bit monitors 0/1 (option)



- Reaction sequence – user defined (option)

*) Phase-separator tip improves the filling process and leads to better filling of the Dewar.

 Additionally the acoustic noise during the filling is considerably lower, thus it preserves the noise characteristics of the detector. However use of it requires water-free LN2, which may complicate the tank filling cryogenic hardware. 

**) Flat panels can be used to indicate different states of the Autofill in the experiment control room and it may improve the reliability of the system.

It is foreseen to mount IDSS Units to the AD frame, thus reducing considerably the number of cables and hoses. The system will be built in a modular way; therefore extension to the full AGATA array would not pose any problems. The system would be a good solution also for small set-ups with limited number of detectors. The system will be designed in a way to meet as broad as possible the variety of conditions of all potential AD sites.

