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Introduction
This report will summarize my involvement this semester on the development of gas electron multiplier (GEM) detectors at Florida Tech. Major progress was made in the construction and completion of a sealed Plexiglas box used for the testing of GEM foils. In addition, we were finally able to obtain a signal from a GEM detector at Florida Tech. This happened on March 23 using a new power supply and a 10 cm by 10 cm detector from CERN. Currently, our efforts are primarily focused on the testing of a 10 cm by 10 cm GEM detector using honeycomb spacers to regulate the necessary space between the foils and between the drift cathode and the top foil.
Plexiglas Box
Entering the semester our goal was to create an air-tight seal for the lid of the Plexiglas box. Early attempts at cutting strips of soft neoprene rubber for this purpose proved inadequate as the corner regions where the strips met allowed for significant leakage. The solution was to cut a square-shaped seal, slightly smaller than the inside lip of the lid. The elasticity of the neoprene created a snug fit and an acceptable seal.

To test the box for leaks we initially placed a large C-clamp at each of the corners of the box and ran Nitrogen through the gas input near one of the corners. For several days we had to seal new leaks near the corners of the box with epoxy. Once all of the leaks in the box were detected and fixed, it was determined that more clamps would be necessary to create an air-tight seal with the lid. Using a total of 8 clamps (two on each side) this problem was eradicated.

The next task was to replace the bulky clamps with latches similar to those utilized at CERN. A total of 16 latches were installed on the box. This required using a hand held drill to create holes in the side of the box and the lid. An issue that arose was the difficulty in drilling these holes at precisely the distance which would create enough pressure to seal the lid given the compressibility of the neoprene seal. Unfortunately not all of the latches provided enough tension initially, but they were adapted and as long as a low flow rate is maintained, the box is now adequately sealed and suitable for testing GEM foils under Nitrogen.
10 cm x 10 cm GEM Detector
In order to distribute the necessary voltages to each GEM foil, the power supply is connected to a high voltage board which uses soldered wires to connect to each of the individual foils. Before and after connecting the High Voltage circuit board, we ran many tests to ensure the current was at acceptable levels. The results of tests conducted throughout the semester are given in Appendix A. After the HV board was connected to the corresponding high voltage pads on the detector, Kapton foil was used to cover exposed areas of the wire as well as the HV pads, and then the entire HV board was enclosed in a neoprene envelope for precautionary measures.
In order to ensure that the conditions inside the detector are suitable it is necessary to set a flow rate so that the chamber achieves 5 volume exchanges over a 3 hour time period. Given the inside volume of the detector is approximately 320 cm3 a flow rate of at least 9 ml/min is required to meet this condition.
After flushing the detector with CO2 in order to perform a high voltage test, the chamber was put under an ArCO2 70/30 gas mixture. Our set up (Figure-1, shown below) includes a gas supply, power supply, high voltage board, 10 cm x 10 cm GEM detector, preamp, oscilloscope, and meters to read the dew point and oxygen levels of the gas leaving the detector. When applying power to the detector, voltage is increased in 0.5 kV increments. At 3.5 kV, a few pulses from cosmic ray muons became visible on our oscilloscope. By increasing the voltage to 4.3 kV a regular stream of pulses, similar to what we expect to see, is present. Furthermore, placing a 55Fe source on top of the detector led to an increased pulse rate, exactly as expected. Experimental count rates for our detector are provided in Appendix-B.
           Figure-1. GEM Detector Set Up in HEP Lab A at Florida Tech
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Initially, the amount of noise on the oscilloscope was extremely high. By grounding the output connector of the HV supply to the NIN bin a significant amount of noise was eliminated. Other steps taken to reduce noise included wrapping the preamp and HV cable from the power supply in aluminum foil, and connecting a grounding wire from the HV board to the base of the GEM detector. As an interesting note, we discovered by chance that by turning off the lights in the lab, virtually all noise disappears, leaving a very clean signal.
A problem which developed with the detector is an inexplicable increase in count rate as well as detection of a signal far below the voltage at which a signal should become visible (pulses began to show at about 2 kV). In addition, pulses were observed while the detector was flushed with CO2​, which should not occur. As sparking between the foils is audible and produces a distinct signal, this was not a likely cause for this problem. It also seemed very unlikely that the signals were all the results of very high energy cosmic rays. The explanation that seemed to be acceptable was that this unexpected behavior was the result of discharge within the system.
The collected data is saved in an Excel spreadsheet as minimum pulse height values; future work will be to analyze the data collected from the detector.

Honeycomb Detector
In an effort to improve the construction of GEM detectors, we are exploring the possibility of using honeycomb spacers between GEM foils. These spacers would eliminate the need for the delicate stretching and framing process that the foils undergo to ensure that they are taut and lay flat in order to create a uniform electric field between foils.
Our set up included spacers at the bottom of the detector to allow for gas circulation between the unframed foils, and then 2 mm thick honeycomb spacers between the foils. Due to the limited length of the screws on the inside detector which hold the foils and spacers in place, it was necessary to create a 2 mm gap using spacers between the top GEM foil and the drift cathode instead of the typical 3 mm distance for the drift region. We were forced to use spacers instead of a honeycomb structure because of our limited number of 2 mm thick honeycombs. Our concern with this set up was that the top unframed foil would shift as the flow of gas was started and that it may not remain flat, not allowing for the desired electric field.
To account for the modified distance between the top foil and the drift cathode it was necessary to add a 2.2 MΩ resistor to the HV board. The results of the HV test for the modified HV are shown in Appendix C. When a HV test was conducted with the honeycomb detector, sparking occurred by 3.5 kV, which is below the voltage needed for our use of the detector. It was determined that this problem was probably the result of the lack of a honeycomb spacer in the drift region. To fix this problem the original screws inside the detector were replaced by longer nylon screws which would allow for a 3 mm gap between the top GEM foil and the drift cathode, and thus enable the use of another honeycomb spacer. The additional resistor was removed from the HV board.
  Figure-2. Honeycomb spacer and unframed GEM foils

  on base of detector
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The next step will be to put the chamber under gas and to run another high voltage test, seeing if the sparking issue is now resolved. If so, it will be possible to test the effectiveness of the honeycomb detector and to compare the results with those of the original 10 cm x 10 cm detector with framed GEM foils and conventional round spacers on the interior screws. If the honeycomb spacers have little effect on the pulse rate, we will have found an easier and less tedious process for building our detectors.
Conclusion
Current efforts are being focused on obtaining signal from the honeycomb detector in order to determine the feasibility of this new construction process for GEM detectors. The completion of the Plexiglas box for testing foils was an important accomplishment and finally obtaining a signal on a detector built by our group at Florida Tech was also very significant. The data obtained from these detectors will be analyzed, and then the next step will be to build larger detectors at Florida Tech.
Appendix A. High Voltage Tests of the First HV board
	Voltage (kV)
	#1 - I (μA)
	#2 – I (μA)
	#3 – I (μA)
	#4 – I (μA)
	#5 – I (μA)

	0.5
	91.20
	86.40
	91.20
	86.20
	91

	1.0
	182.80
	173.25
	182.80
	173.25
	182

	1.5
	274.45
	260.15
	274.50
	260.10
	274

	2.0
	366.10
	347.15
	366.15
	347.05
	366.95

	2.5
	457.80
	434.05
	457.80
	433.95
	457.65

	3.0
	549.30
	520.90
	549.40
	520.70
	549.10

	3.5
	640.95
	607.70
	640.90
	607.45
	640.55

	4.0
	732.30
	694.55
	732.30
	694.15
	732.10

	4.5
	-
	-
	-
	780.45
	822.80


Test #1 – Feb 1: Without filter

Test #2 – Feb 10: With filter

Test #3 – Mar 3: Without filter

Test #4 – Mar 11: With filter – Connected to the GEM detector
Test #5 – Mar 11: Without filter – Connected to the GEM detector
Note: The filter is comprised of a 150 kΩ resistor, a 2.2 nF capacitor, and another 150 kΩ resistor. The purpose of the filter is to reduce electrical noise from the power supply to the HV board.
Appendix B. Pulse Rate for the First GEM Detector
	#1 - Time (min)
	#1 - Count
	# 2 - Count
	#3 - Count
	#4 - Count
	#5 - Count

	1
	114
	40
	24
	142
	102

	2
	194
	70
	46
	360*
	172

	3
	-
	107
	77
	447
	244

	4
	-
	130
	100
	593
	357

	5
	-
	154
	124
	752
	467

	6
	495
	176
	148
	896
	609

	7
	-
	197
	172
	
	652

	8
	644
	
	202
	
	851

	9
	-
	
	225
	
	946

	10
	757
	
	249
	
	

	12
	875
	
	
	
	

	14
	990
	
	
	
	

	14.25
	1000
	
	
	
	

	
	
	
	
	
	

	Rate: 
	70.2 min-1
	28.1 min-1
	24.9 min-1
	149.3 min-1
	105.1 min-1


* Measurement was made at 2.5 min
Trial #1: Mar 29 – 4.3 kV applied – Trigger at -400 mV

Trial #2: Mar 30 – 4.3 kV applied – Trigger at -400 mV

Trial #3: Mar 31 – 4.2 kV applied – Trigger at -400 mV

Trial #4: Apr 22 – 4.2 kV applied – Trigger at -400 mV

Trial #5: Apr 23 – 4.3 kV applied – Trigger at -400 mV
Note: As discussed in the report, the rate, which should theoretically be about 50 min-1 (~ 1 cm-2 

min-1), was very high during some of our tests.
Appendix C. High Voltage Tests of the Second HV board (Honeycomb Detector)
	Voltage (kV)
	#1 - I (μA)
	#2 – I (μA)
	#3 – I (μA)
	#4 - I (μA)

	0.5
	96.95
	97.2
	97.25
	91.45

	1.0
	194.05
	194.75
	194.85
	183.10

	1.5
	291.20
	292.3
	292.40
	274.80

	2.0
	388.35
	389.9
	390.00
	366.60

	2.5
	485.70
	487.7
	487.70
	458.20

	3.0
	582.90
	585.7
	585.45
	550.00

	3.5
	680.20
	683.1*
	683.10
	641.85

	4.0
	777.55
	
	*
	733.70

	4.5
	816.80
	
	
	


* Sparking occurred at this voltage

No filter used
Test #1 – Apr 13: Alt. resistance and drift region spacing (see Honeycomb Detector in report)
Test #2 – Apr 16: GEM Detector - Trigger at -500 mV – Alt. resistance and drift region spacing
Test #3 – Apr 20: GEM Detector - Trigger at -500 mV – Alt. resistance and drift region spacing
Test #4 – Apr 27: Normal resistance and drift region spacing
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