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Introduction

Design for the Triple GEM detector was completed at the beginning of the Spring Semester of 2004, and fabrication is almost complete.  The set-up and design of this detector are based on preliminary tests of the Single GEM.  Mistakes were corrected, a simpler assembly was devised and modifications were made to allow for shielded BNC cables for data acquisition.  The Triple GEM will also use new, individual voltage supplies, which will allow for better control of the electric fields within the drift gaps.
Triple GEM Design and Assembly


The Inventor 7.0 software was used to generate the drawings for the Triple GEM.  This program has the capabilities to create individual part drawings with dimensions, for use in the Machine Shop.  It can also generate 3-Dimensional images of the final assembly.  One of these such images is provided below.  This is an exploded diagram, shows each individual piece, of the detector.  All of the materials chosen have negligible out-gassing, so that the drift volume is not contaminated.  

This detector was built from the base up.  The bottom plate is made from aluminum.  The induction plate is made from a single sided, copper plated, G10 PC board.  The copper was milled away, except where the signal will be picked up.  The succession of circular spacers is made of PeeK.  Each spacer is made from two compressed rings, one inside of the other.  This allows the GEM foil and High voltage rings to sit down inside the spacer.  It makes assemble easier, and helps align the active areas of the foils more accurately.  The high voltage rings are made from machined brass. 
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Each GEM foil has voltage applied to it on the top and bottom.  The brass rings allow us to apply H.V. without soldering directly to the foil itself.  This is a necessity, because we found with the Single GEM that the solder points on each foil can lead to sparking within the detector.  The tabs on the brass rings are fastened to high voltage posts, made from G10.  These posts allow for sturdy secure attachment to the High Voltage feed wires.  The entire assembly is held in position by four mounting posts, which are also made from G10.  The square top plate is made from PeeK, as well.  This plate holds the drift plane and also has a slightly smaller, brass High Voltage ring which supplies voltage to top of the detector.  As of right now, the drift plane is made from a thin Mylar foil.  Mylar, however does not have zero out-gassing (See appendix 1 for details).  This could pose a problem in the future.  The detector is held together with nylon screws of varying type.  The four larges screws fit into the mounting posts, and provide compression for the detector.  This keeps the assembly stable and also helps with gas tightness.  A picture of what the final assembly will look like is included below.  The shop drawings for the entire detector are included in Appendix 2.  The gas flow system is not pictured in either 
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  of the assembly drawings.  It will utilize capillaries of varying diameter which will allow gas to flow in the bottom of the drift volume and out through the top.  They gas flow has yet to be completed.

Concerns


Gas tightness is one of the main concerns for the Single and Triple GEMs.  Preliminary testing of the Single GEM shows a massive gain improvement when the GEM is totally enclosed in the Argon-CO2 environment.  Because of this, it is imperative that the Triple GEM be gas tight.  Modifications will have to be made to the prototype in order to improve its gas tightness.  Noise is also a big concern for these GEM detectors, and every precaution is being taken in order to limit the noise.  Shielded cables are being used, and the H.V. test box has been shielded with aluminum foil, in order to isolate the GEM and its circuitry.  It also remains to be seen if the capacitance between the copper on the induction plane and the aluminum base plate will affect the signal.  If so, a hole must be drilled in the base plate, below the active area, to improve signal gain.

Conclusion

The Triple GEM will soon be operational, with a design that has much improved from the Single GEM.  It has yet to be tested, but some of the Triple GEM's shortcomings have already been identified.  However, the assembly is simple enough that any modifications can be made easily and the GEM research will be able to continue smoothly into the summer and fall of 2004.     

Appendix 1:

Materials Purchased 
Spring Semester 2004
Materials

Nylon Screws 


MSCdirect.com


Description: 8-32 Socket head cap screws 1” in length.


Vendor: MSC Industrial Supply Co. 


Price (per 100): $4.26

Nylon Screws 


MSCdirect.com


Description: 4-40 Socket head cap screws 1” in length.


Vendor: MSC Industrial Supply Co. 


Price (per 100): $4.51
Nylon Screws 


MSCdirect.com


Description: 2-56 Binding head machine screws 1/4” in length.


Vendor: MSC Industrial Supply Co. 


Price (per 100): $6.56

Kimwipes


MSCdirect.com


Description: 200 (per box) 4.5" x 8.4" wipes


Vendor: MSC Industrial Supply Co. 


Price (30 boxes): $91.80

Aluminized Mylar Foil


Samples Donated


Description: %TML 0.13 and %CVCM 0.01



(http://outgassing.nasa.gov/.)

Appendix 2:

Triple GEM Shop Drawings


































