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Overview:

During the Fall 2009 semester I worked on the Gas Electron Multiplier (GEM) project in Dr. Hohlmann’s High Energy Physics (HEP) group.  My research consisted mainly of determining various aspects of the GEM’s operation and helping to construct and test our own 10x10 GEM detector here at Florida Tech.  I also took the 3 week Machine Shop Certification Class so that I would be able to do research-related work in the machine shop.
GEM Operation:
I worked with Amilkar and Michael on trying to get an understanding of how a GEM detector would operate under regular operating conditions.  One of the first things we did was to measure the voltage coming out of our high-voltage (HV) box and calculate the electric field that would be created in the detector using such a voltage.  The optimum operating electric field between the GEM foils is 3.5 kV/cm2 and 2 kV/cm2 according to CERN.  We checked that the field strengths we calculated matched what had been determined to be the optimum operating voltage for a GEM by researchers at CERN.  The voltages and their corresponding electric field strength are shown below in the Appendix in Tables 1-3.  Graph 1 in the Appendix shows a plot of all voltages versus the input current.  As far as we could tell, our HV box worked and would give us the required fields when finally connected to our detector.  We also calculated/checked the numbers for the separation that would be needed between the foils in order to match the CERN electric field strengths.
GEM Construction and Testing:
Another thing we worked on this semester was revamping the box that we test the GEM foils in.  It was in need of several things.  First, the existing co-axial cable connections needed to be removed and replaced by banana plugs so that we could use alligator clips in testing the GEM foils instead of the previous system we had been using.  Second, the box needed to have several holes (including the ones from the existing co-axial cables) sealed and then checked for air-tightness.  Third, thirteen new holes needed to be drilled and the banana plugs needed to be inserted, tightened, and checked for air-tightness.  Fourth, we had to find some sort of seal for the top of the box, where the lid and base fit into each other, so that the box would be able to maintain a steady pressure while we tested the GEM foils.
Thankfully, our clean room is much cleaner this semester than it has been in the past, although it is still not quite as clean as it should be for the construction of GEM detectors.  One thing that had to be done (and which myself and Dr. Hohlmann personally worked on) was to measure the absorption of radiation by the thin Mylar foil and drift cathode in the clean room so that we would have a basis on which to examine the properties of our detector and how it responded to a test radiation source.  In order to do this we took the Gem detector apart and used a radiation source (Fe 55) as well as a Geiger counter.  We measured the absorption of the Mylar and drift cathode to be approximately 50%.  After we had measured the absorption, we wanted to measure the total raw current output which the GEM would generate when operating under normal conditions.  This involved soldering together the middle sections of the 130-pin Panasonic connector and then soldering the connected sections to a co-axial cable so that the current could be measured.  I myself did the soldering and succeeded in keeping the ground ends separated from the middle connected sections.  We used the current to verify that in fact the detector would generate a current (and hence a signal) when fully constructed.  The next thing that I worked on was constructing the full GEM detector with Amilkar in the clean room.  We first made sure that the foils were undamaged and then we placed them in the detector, separating each by the distance specified (3mm between each foil) using the spacers supplied with the detector housing.  Then we soldered the GEM foil sections to their respective connections in the detector itself.  We did so extremely carefully and cautiously because the foils were exposed and any solder that got on them would completely ruin their usability.  After we had all the foils and the drift cathode in place and soldered, we re-assembled the detector housing.  We filled it with our N2 mixture and checked for leaks.  After we were satisfied that it would hold pressure, we filled it with our ArCO2 mixture and ran a test to make sure that there would be no problems with the HV box and the detector.  We placed the radiation source on the top of the detector and connected the soldered co-axial cable to an oscilloscope to see if we could detect any pulses from the ionizing radiation.  The results were inconclusive.
Michael was finally able to find a sealant material (neoprene) that would work for sealing the box.  He was responsible for that aspect of the box.  The box is mostly air-tight now, except for several leaks at the joining of the corners of the box.

Future Research Plans:
We have a GEM detector built, but for some reason it is not acting like we expected it would, so we will have to research and find out why it is not behaving normally.  Also, we still need to fix the seal for the lid of the box and ensure that it is air-tight; we have thought of using one sheet of neoprene and cutting out the center so that there would be one single piece and hence no joints that have a possibility of leaking.  That is what seems to be the best option.

In conclusion, this semester I contributed to determining the operating conditions of the 10x10 GEM detector, I helped to assemble and test our first fully-assembled 10x10 GEM, as well as helping to get our test box in condition to test more GEM foils, and receiving my Machine Shop Certification Card.
Appendix

Table 1

	 Power Supply (V)
	GEM 1 (kV)
	GEM 2 (kV)
	GEM 3 (kV)
	DC (kV)

	
	+
	-
	+
	-
	+
	-
	 

	0.9
	-0.296
	-0.329
	-0.194
	-0.225
	-0.085
	-0.114
	-0.325

	1.5
	-0.501
	-0.556
	-0.328
	-0.381
	-0.143
	-0.194
	-0.552

	2
	-0.679
	-0.754
	-0.445
	-0.517
	-0.195
	-0.264
	-0.752

	3
	-0.996
	-1.106
	-0.653
	-0.758
	-0.286
	-0.387
	-1.104

	4
	-1.323
	-1.470
	-0.868
	-1.007
	-0.380
	-0.515
	-1.470

	5
	-1.651
	-1.835
	-1.083
	-1.258
	-0.475
	-0.642
	-1.833

	6
	-1.951
	-2.169
	-1.286
	-1.493
	-0.565
	-0.765
	-2.187

	7
	-2.255
	-2.504
	-1.477
	-1.715
	-0.649
	-0.880
	-2.514

	8
	-2.579
	-2.870
	-1.692
	-1.970
	-0.748
	-1.013
	-2.892

	9
	-2.885
	-3.202
	-1.895
	-2.201
	-0.928
	-1.260
	-3.236

	10
	-3.205
	-3.568
	-2.101
	-2.442
	-0.928
	-1.260
	-3.593


Table 2 (All GEM and DC voltages are in kV)

	Power Supply (V)
	GEM1+
	GEM2-
	GEM2+
	GEM3-
	DC
	GEM1-
	GEM3+

	0.9
	-0.296
	-0.225
	-0.194
	-0.114
	-0.325
	-0.329
	-0.085

	1.5
	-0.501
	-0.381
	-0.328
	-0.194
	-0.552
	-0.556
	-0.143

	2
	-0.679
	-0.517
	-0.445
	-0.264
	-0.752
	-0.754
	-0.195

	3
	-0.996
	-0.758
	-0.653
	-0.387
	-1.104
	-1.106
	-0.286

	4
	-1.323
	-1.007
	-0.868
	-0.515
	-1.470
	-1.470
	-0.380

	5
	-1.651
	-1.258
	-1.083
	-0.642
	-1.833
	-1.835
	-0.475

	6
	-1.951
	-1.493
	-1.286
	-0.765
	-2.187
	-2.169
	-0.565

	7
	-2.255
	-1.715
	-1.477
	-0.880
	-2.514
	-2.504
	-0.649

	8
	-2.579
	-1.970
	-1.692
	-1.013
	-2.892
	-2.870
	-0.748

	9
	-2.885
	-2.201
	-1.895
	-1.260
	-3.236
	-3.202
	-0.928

	10
	-3.205
	-2.442
	-2.101
	-1.260
	-3.593
	-3.568
	-0.928


Table 3 (ET1, ET2, ED, and EI are all in kV/cm2.)
	Power Supply (V)
	ET1
	ET2
	ED
	EI

	0.9
	0.355
	0.400
	0.010
	0.425

	1.5
	0.600
	0.670
	0.010
	0.715

	2
	0.810
	0.905
	0.005
	0.975

	3
	1.190
	1.330
	0.005
	1.430

	4
	1.580
	1.765
	0.000
	1.900

	5
	1.965
	2.205
	0.005
	2.375

	6
	2.290
	2.605
	0.045
	2.825

	7
	2.700
	2.985
	0.025
	3.245

	8
	3.045
	3.395
	0.055
	3.740

	9
	3.420
	3.175
	0.085
	4.640

	10
	3.815
	4.205
	0.063
	4.640


Graph 1
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