Progress report from April 2007 until June 2008 for ACC, TRD and TRD-GAS + UG Electronics,
Th. Siedenburg, June 11th 2008

1. ACC

The Anti Coincidence Counter (ACC) surrounds the cylinder sidewalls of the AMS tracking chamber in​side the magnet 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.

The ACC consists 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. Figure 1 shows a finished panel from spring 2007. All panels were then tested, space qualified and characterized for their performance. In parallel the clear fiber cables and photomultiplier boxes were built – also at RWTH Aachen. Each panel connected to its photo​multipliers was then tested again, before the complete system was shipped to CERN in September 2007.
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[image: image6.emf]At CERN the AMS-02 pre-integration phase began with the installation of the ACC into the magnet vacuum case (VC), end of September 2007. 
Figure 2 shows the ACC pre-integration in progress, with all clear fiber cables and two photomultiplier boxes installed on the upper VC flange and seven of sixteen panels in place. After installation of the inner support cylinder, the functionality of each panel was verified before pre-integration of the tracking chamber. 
In February 2008 the ACC photomultiplier boxes were connected to their readout electronics and the ACC has been in operation until June 2008 proving full system functionality and a high detection efficiency, as shown in figure 3, where no particle signal was observed below the indicated thresholds.

2.  TRD

The Transition Radiation Detector (TRD) is mounted on top of AMS and 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 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.
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The modules were built, space qualified and mounted in a carbon fiber support structure (octagon) at RWTH Aachen. In summer of 2007 the octagon integration was completed with the installation of the gas piping with electronically controlled gas distribution mani​folds and the TRD frontend readout electronics with its HV supply and signal cables, as shown in fig. 4 for one octagon wall. Before shipment to CERN end of October 2007, the TRD was connected to gas and readout electronics, to verify full functionality.
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At CERN, the Upper Time-Of-Flight counter (UTOF) was mounted below the TRD, and in November 2007 this package was installed on top of AMS as part of the AMS-02 pre-integration phase as shown in figure 5. The TRD was connected to its flight readout electronics and a gas supply panel and has been operational from December 2007 until June 2008 as an AMS-02 subdetector. 
Figure 6 shows a mapping of the signal response for all TRD straw tubes, extracted from a subpart of the data recorded with AMS-02 at CERN in spring 2008. The display demonstrates the homogeneous detector response as expected for cosmic ray muons traversing the TRD, and it helped to identify a faulty component in one of the frontend electronics boards located in layers 19/20 in module column +7, which will be replaced before the TRD flight integration.
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). 

Welding of Box-S and space qualification was finished at ARDE Inc. in summer 2007. Cabling and instrumentation with heaters and thermostats was performed at MIT as shown in figure 7, before shipment to RWTH Aachen in September 2007. There it was connected to its control electronics to verify component functionality and to test gas mixing procedures. Welding of Box-C was done at CERN in summer 2007 before shipment to RWTH Aachen in September 2007, where the cabling was partially finished before Box-S and –C were shipped to CERN together with the TRD end of October 2007. As part of the AMS-02 pre-integration phase, Box-S and –C were installed on the AMS support structure in November 2007, as shown in figure 8. After successful verification of the integration procedure and a fit-check of the dedicated MLI blankets, the TRD-GAS system was deinstalled and used to verify functionality of the final version of the control electronics at CERN in March 2008. In May 2008 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. 
In summer 2007 Box-C has been equipped with gasgain monitor tubes, as shown in figure 9. They provide an independent measurement of the signal amplification of the TRD counting gas mixture when absorbing gamma rays of radioactive decays. At MIT the monitor tubes were loaded with a small dose of Fe55 isotopes. A complete space qualified redesign of the multi-channel-analyzer readout electronics (MCA) is in progress at MIT since spring 2007, and a first sample board was sent to CERN for testing in February 2008.

It is planned to perform the flight installation of the TRD-GAS system on the USS in late 2008 with the Box-S supply vessels already filled with 20kg of Xenon and 5kg of CO2 ready for the space shuttle launch. A bottle containing 25kg of Xenon has been ordered, with delivery at CERN announced for June 2008.
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 power supply. The redesigned UG-Crate holds four types of boards, with two of each kind installed 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 in August 2007, and a full set of QM2 qualification boards was ready for testing in January 2008. After successful space qualification at the Italian SERMS facility and function testing at CERN early March, a full set of flight boards and one flight spare board of each kind were built. Acceptance tests for the flight UG-Crate were performed in early May 2008, and it will be shipped to CERN in June 2008. Figure 10 shows the QM2 UG-Crate and the QM-UGPD power supply during EMC tests at SERMS.
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