Progress report from July 2008 until June 2009 for ACC, TRD and TRD-GAS + UG Electronics,

Th. Siedenburg, July 1st 2009

1. ACC
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The Anti Coincidence Counter (ACC) surrounds the cylinder sidewalls of the AMS tracking chamber inside the vacuum case to detect unwanted particles that enter or leave the tracker volume and induce signals close to the main particle track such that it could be misidentified as an anti-particle trajectory.

Figure 1 shows the ACC consisting of sixteen curved scintillator panels of 1m length, instrumented with wavelength shifting fibers to collect the light and guide it to a connector from where a clear fiber cable guides it to the photomultiplier sensors.
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The panel production at RWTH Aachen included milling slots, gluing fibers and light-tight wrapping. After flight acceptance tests the ACC system with light guides and photomultiplier boxes was shipped to CERN in September 2007 for the AMS pre-integration test. 

Figure 2 shows the installation of the inner support cylinder with the full ACC system in place on the flight spare vacuum case.
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The ACC data recorded until June 2008 prove full system functionality and a high detection efficiency, as shown in figure 3, where just one in 65000 particles showed a signal below the indicated threshold.
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In July 2008 the ACC panels were inspected after deintegration from the flight spare vacuum case and a few small light leaks were observed at the exit of the light guides from the panel. 

As a precaution an extra layer of light tight wrapping was applied in that area as shown in figure 4. Figure 5 shows all ACC panels ready for flight integration.
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In April 2009 the ACC photomultiplier boxes and optical fibers were temporarily mounted, as shown in figure 6, to install the supports for the optical connectors and fibers on the flight vacuum case in preparation for the ACC flight integration later that year.
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2.  TRD
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The Transition Radiation Detector (TRD) is mounted on top of AMS as shown in figure 7. It is designed to distinguish between light and heavy particles of equal charge and momentum like positrons and protons, which give the same signal in the tracking chamber, but need to be separated in search for signals from dark matter annihilation in the cosmic anti-particle spectra.

The TRD consists of 5248 straw tubes of 6mm diameter, each equipped with an anode wire to[image: image12.png]e Vi NV
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 collect the charge signal of a traversing particle, ionizing the Xenon/CO2 counting gas. Sixteen straws are arranged in a module and mounted in 20 layers, each with a fiber fleece radiator of 20mm to produce the transition radiation, which is then efficiently absorbed by the Xenon component of the gas[image: image13.png]TRD GAS System
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The modules were built, space qualified and mounted in a carbon fiber support structure (octagon) at RWTH Aachen. 
After installation of the gas piping with electronically controlled gas distribution manifolds and the TRD front-end readout electronics with its HV supply and signal cables, TRD functionality was verified and it was shipped to CERN for AMS pre-integration. Together with the upper TOF it was mounted on the flight spare vacuum case and recorded cosmic particle tracks for six months together with the other AMS sub-detectors.

The recorded data revealed a faulty component in one of the front-end electronics boards located in layers 19/20 for straws 97-112. It was successfully replaced in July 2008, and the signal occupancy in figure 9 now shows a homogeneous response.

In preparation for the AMS flight integration, support brackets for the GPS antenna, the Star-Tracker baffle and the zenith radiator loop heat pipes were installed on the TRD. In June 2009 the fixation spokes for the zenith radiator were installed on the TRD upper plate pictured in figure 10, and all thermocouple temperature sensors for the ESTEC thermo-vacuum test were installed on the TRD. 

Since October 2007 the TRD gas-tightness has been measured five times and until June 2009 no change has been observed - it is still gas-tight to the diffusion level, so that the TRD could be operated for 24 years from the stored gas supply.
3. TRD-GAS


The TRD-GAS system is designed to store, mix and circulate the gas supply for at least three years of TRD operation on the ISS. It consists of a supply and mixing system (Box-S) and a circulation system (Box-C). The gas distribution manifolds are mounted on the TRD octagon. A schematic view is given in figure 11.

TRD-GAS operation foresees a weekly resupply of 2 liters of CO2 and 0.5 liters of Xenon to refill the gas losses due to diffusion through the straw tube walls.


Box-S was welded and space qualified at ARDE Inc. and cabled at MIT while Box-C was welded at CERN and cabled at RWTH Aachen. TRD-GAS functionality tests were performed at RWTH Aachen before shipment to CERN together with the TRD. As part of the AMS-02 pre-integration phase, Box-S and –C were briefly installed on the AMS support structure to verify integration procedures and to fit-check the dedicated MLI blankets. Later the TRD-GAS system was connected to the TRD to supply it with a gas mixture in a closed-loop system. The recorded data verified full functionality of the TRD-GAS system for mixture injection, venting and circulation through the TRD. 

A function test of all TRD-GAS components was repeated in June 2009 when the complete set of flight electronics  were available

In February 2009 the CO2 supply vessel was filled with 5 kg of high purity CO2, and the Xenon vessel was filled with 20kg of high purity Xenon in June 2009. The remaining Xenon will be used to flush the TRD with a Xenon/CO2 mixture already at CERN and to keep it like this until the launch for an immediate TRD startup on the ISS.
Gastightness of the supply vessels was verified in April 2009 at the  RWTH Aachen thermo-vacuum facility, shown on figure 13. 

The vessel filling system, shown schematically in figure 14, will also be available at NASA Kennedy Space Center to allow filling up the Xenon vessel to its full capacity of 49 kg.



UG-Crate

The TRD-GAS system is controlled by electronics situated in the UG-Crate, which is designed, built and space qualified by G&A Engineering in coordination with INFN Univ. of Rome-I.
To reduce the risk of failure during operation in space, a partial redesign was initiated in February 2007, resulting in changes of component choice and layout of UGPD power supply. The redesigned UG-Crate holds four types of boards, with two of each kind installed in the backplane for redundancy: 
- 1 x UGBP 
Backplane
- 2 x UGBS    
Box-S Control
- 2 x UGBC
Box-C Control
- 2 x UGFV  
Gas-Manifold Control
- 2 x UGSCM
Interface to AMS CAN-bus and Crate-Control  (built at CSIST)

Board design and layout were revised and approved and successfully tested with a full set of QM2 qualification boards. After acceptance tests the UG flight crate was delivered to CERN end of 2008. Function tests at CERN revealed a damaged component in the UGPD power supply, which was replaced at CSIST in April 2009. In May 2009 the complete UG flight electronics were mounted on the electronics radiator jig, as shown in figure 15, and tested successfully in June 2009. 
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