Semester Report
I. Abstract
This report will focus on the process of assembly and the procedure of plateauing scintilator paddles.  It is the authors’ desire to inform the reader of the general process of plateauing the paddles so that the reader will be able to use these (or other) scintilator paddles at their highest efficiency and performance.  The results the authors obtained are contained in this report, as well as several warnings of various problems that were encountered when performing these procedures.
The purpose of the procedure known as plateauing is to determine the most efficient and accurate range in which the Photo Multiplier Tubes (PMT) and scintillator paddles work.  The main idea behind plateauing is to record the count rate at various voltages and find a region where the count rate levels off; hence forming a plateau.  This plateau represents the region in which the PMT/paddle combination is the most efficient.
II. Main Report
a. Design and Assembly of Scintillator Paddles
For this report, two sets of scintillators were used, QuarkNet paddles and Muon Tomography Station (MTS) paddles.  The MTS is comprised of four scintillators arranged in a box-like geometric pattern.  The QuarkNet paddles are simply two scintillators attached to PVC pipes for ease of movement.  The QuarkNet paddles are rectangular 31 x 26 cm scintillators, and the MTS paddles are rectangular 61 x 45.5 cm scintillators and are of a higher quality than the QuarkNet scintillators.  The Photo Multiplier Tubes (PMT) used are the same for both paddle types; various options for attaching the PMT to the scintillator were discussed and the chosen option was to cut a circular groove in the scintillator paddle itself.  A circular “bit” was machined with which to cut the groove.  This was accomplished by cutting a ring of optical sandpaper and attaching that to the circular “bit” and then used in conjunction with a drill press to cut out the groove to fit the PMT into.
While wearing gloves the scintillator is very carefully unwrapped from its shipping paper.  The scintillator is then laid out on woven white cloth which is measured and pre-cut before wrapping.  The cloth is wrapped around the scintillator material and black electrical tape is used to attack the cloth.  A small section of the white material is cut out with a craft razor to make space for the PMT to attach to the scintillator.
*Note* The tape is attached to the cloth.  It is NOT attached to the scintillator material.
The white cloth-wrapped scintillator is then used to measure out the black plastic covering for the outside layer.  The plastic is attached in the same way as the cloth.  Several pieces of black plastic material are used to ensure that the entire outside is covered with the black plastic and then a small section is cut out to allow the PMT to be attached directly to the scintillator.  After securing the black plastic to the scintillator all the seams, corners, and other possible light entrances are covered with black electrical tape.  Electrical tape is used because it does not conduct electricity, it has a strong adhesive, and it seals well.
After this process is completed, optical grease is applied to the PMT, and the PMT is attached to the scintillator using the circular groove.  To make sure that it is flush and aligned, one person holds the PMT while one or more people hold the scintillator and another person uses electrical tape to affix the PMT to the scintillator.  Tape is placed on the sides of the PMT and then run around the scintillator to pull the PMT tight against the scintillator.  Tape is then wrapped around the PMT several times and run at a diagonal to the scintillator.  This is done four times to give a good cross-bracing for the PMT.  Tape is then wrapped around the PMT and the tape going to the scintillator in order to tighten and secure the PMT even more.  Tape is then used to cover any areas that may allow light to enter the scintillator paddle around the PMT.  A final look at the finished scintillator paddle is done to inspect it for any areas that might allow light to enter, in which case more tape is applied to cover the hole or seam.
After the scintillator paddle is completed, it is set on its respective supporting structure and aligned.  Clear packing tape is then used to secure the finished scintillator paddle in place.  A band of tape is wrapped twice around the assembly nearer to the PMT and cut; a different band of tape is used nearer the bottom.  The same procedure is applied to the sides.  The packing tape is then wrapped 3-4 times around the PMT and its supports to hold it in place.  Small holes are then cut in the tape at the points where holes are present in the supports so that zip ties can be used to further secure and hold the PMT in place.  This entire procedure is repeated for each scintillator paddle.
b. Procedure
The first thing that needs to be done is to make sure the QuarkNet Digital Acquisition DAQ card will communicate with the computer being used.  After plugging the card into the computer – via USB for the new card- run HyperTerminal to start connecting the card.  When the program is brought up, a window will pop up that asks for a name for the project; type in an easy name to find again later, and click “OK”.  In the next window, “Connect To”, click on the “Connect Using” tab and select the COM port where the USB is connected, and then hit “OK”.
*Note* The COM port will change depending on the computer.  If the program is not responding when ran, try a different COM port.
In the COMX properties window, where x is the COM port selected, change Bits per second to 115200, and change Flow Control to Xon / X off.  All other settings should be unchanged.
If the card has been set up correctly, the program will respond when the card is plugged into that same USB port.  To test whether the card did connect, type HE and hit enter.  This should bring up a list of commands for the card.  If it did not, unplug and replug in the USB connector.  If the card still does not respond, follow the Note listed above.
After the card is set up, use the TH command to set the desired thresholds for your cards.
*Note*  Make sure to measure the threshold across each port after setting the TH levels on the card.  The card and program will not correspond correctly, and the set TH level will unlikely be the same as what is passing through the card.  Adjust the set TH levels correctly to achieve the desired settings when you measure across the card.
For this next part, use the command “WC 00 0F” .   This sets the card to read any single hits on any channel.  Make sure the scintillator being measured is connected to the correct port and all gain settings on the gain box are set to 0.
After setting everything up, the first measurements taken should be to plateau the counter.  To set up for this, slowly increase the gain on the voltage gain box until a reasonable starting count rate appears.
*Note* The starting rate is chosen by the person taking measurements.  For smaller scintillators, the rate is just above when the card first starts getting hits.  For larger paddles, the starting point could be anywhere upwards of 5 counts per second.
Record that voltage via voltmeter and use that as a starting point for the run.  Clear the counter on the card and start a timer, then record the number of counts after a predetermined amount of time (three minute runs were used for the purposes of this report.).
After the run is complete, increase the voltage by a small increment (anywhere from 2-10 mV depending on how close the voltage on the gain box is getting to the desired voltage level) and repeat the process.  As the data is being gathered, graph the voltage on the gain box versus the rate of counts per second.
In order to find the plateau, look for a place in the graph where the slope flattens out a little before climbing again.  That flat section is the plateau.  This plateau represents the voltage region where the PMT is the most efficient and accurate.  Sometimes the graph will not appear to level out or pause in its ascent;  if this is the case, calculate the theoretical flux rate and find the voltage at which the flux rate is equivalent to (or at least as close as possible to) the theoretical rate.  The equation for the theoretical flux rate is approximately 1 count per cm2 of material per minute.
Repeat this procedure for each scintillator paddle.
After finding the plateaus for each paddle individually, find the plateau for combinations of paddles.  This is first done for sets of two paddles.  To do this, set the DAQ card to count coincidences between the two paddles to be plateaued, – use the command “WC 00 1F” - then set one paddle at its plateau voltage found in the single plateau graphs.
Turn the amplitude voltage on the other paddle down and then up until a reasonable count rate appears - same as before.  Use this as the starting point for the run.
Increase the voltage in small increments for the counter being plateaued, just like when plateauing the individual paddles.  Repeat the same procedure used for plateauing the single paddles from this point on.  Then repeat the above steps varying the OTHER paddle (i.e. the one previously held constant).
Repeat this procedure for each combination of two paddles.
After plateauing the combinations of two paddles, if the plateau regions on the coincidence graphs did not reach the desired levels, as found in the equation earlier, use coincidence plateauing again with the new plateau values in order to find a more accurate plateau region – this is unlikely to be a problem with larger paddles.   
*Note* The plateaus for each paddle should not change by a large amount after being plateaued in combination with another paddle.
After all the plateauing has been completed, set up the scintillator paddles for coincidence readings.  For each combination of paddles, do a moderate length run – 15 minute runs for this paper – and have the card count the number of coincidences in this time period.  Make sure to get the rate for each of these setups, counts per second.
For this paper, a second set of plateaus were run with a higher threshold level than the first set.  The process is exactly the same after setting the correct threshold in HyperTerminal.
c. Problems
· In the beginning, the computer would not read the card.  This was remedied by downloading the patch for the DAQ card being used.  The correct settings for the card were found later by trial and error; however, a bit of research later discovered a site that also gave these settings.  This helped prove the settings being used for the card were correct.  This also brings up the problem that most computers will have a different COM setting for the card.  Because of this, each computer must go through some trial before these experiments can be run.
· When setting the threshold voltages for the plateauing, it was discovered that the values set in HyperTerminal were not the actual values passing through the card.  A short test was run to see how the numbers in HyperTerminal related to the actual threshold across the card.  This data is presented in the Data and Calculations section of the report – Refer to Table 1 and Graph 1.
· During the single plateauing of the paddles for this report, a light leak was found in paddle 1/ 4 when it was turned on for the horizontal measurements; however, due to the position of this leak, it had no affect on the previous vertical plateau, and after covering up the leak, measurements continued as normal.
d. Data and Calculations
The first bit of data pertains to the threshold values of the program and measured threshold values of the card.  As mentioned in the problems section of the report, these two values are not equal to one another.  This causes two things to occur.  The first is that one must derive what value to set the program at to get the desired threshold across the card.  The second being that the lowest threshold value setting for the program corresponds to a higher measured threshold value.  This means that there is a limit to how low the threshold settings for the scintillators can be – for this paper those values are about 35 mV.
The data for the card used in this paper is presented below.



Graph 1: Threshold Graph
The table below shows what values to set into HyperTerminal to achieve the desired threshold of 35 mV, with the card for the above graph of course.


                                                         Table 1: Settings for HT to get 35mV on this card
With the thresholds set, data collection for the scintillators can begin.  The first to be discussed here is the 35mV runs for the MTS scintillators.  Before starting the runs, a theoretical flux was calculated to show about where the plateau for the graphs should appear.  To do this, simply take the measured area of the scintillators paddles.  For every 1 square centimeter of material, one should get 1 count rate per minute.
*Note* This number only works for when the paddles are arranged horizontally.
 For the MT paddles, the theoretical flux is about 2776 counts per minute, so for a three minute run, the plateau should be around 8328 counts, or 46.3 counts per second.  This not only helps identify the plateau region, but it gives a good idea where the starting points for plateauing should be.  With a number this high, a starting point of 2+ counts per second is reasonable depending on how defined a graph is needed to see the plateau region.
The following two pages contain the data and graphs for the 35 mV setting.  The first page contains graphs for the Top and Bottom scintillator paddles of the MTS setup.  The second page contains graphs for the side scintillators, 1/4 and 2/3. The data for these four graphs can be found in the tables of Appendix A.  The horizontal plateaus for the side panels and the data for those are found in Appendix B.
*Note* The voltage in the tables has an error of ±1%.
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These graphs show that the plateau region for each MTS scintillator is about the expected -value of 46.3 Hz except for the top scintillator, whose plateau value is about ~51.5 Hz according to the single plateaus.  The plateau voltage for each of the paddles is as follows: Top, 0.670mV; Bottom, 0.547 mV; 1/4 Side, 0.685 mV; 2/3 side, 0.706 mV.  All four scintillator graphs can be seen in the graph below.  Take note that this is with the side paddles arranged vertically.
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With the MTS single paddles plateau voltages, finding the coincidence plateaus comes next.  As mentioned in the procedure section, this is done by using two scintillators.  Set up the HyperTerminal program to read coincidences across two paddles, and set one of the two paddles to its plateau voltage found during the single plateaus.  For the MTS paddles, the top paddles was the control value – set at 0.670V-, and when it came time to plateau that paddle, the bottom panel was used at the control – set at 0.547 V.  The graphs for these can be seen on the next two pages.  The data tables are found in Appendix C.

Graph 7: Bottom Coincidence Plateau w/ Top set at 0.670 V




              Graph 8: Side 2/3 Coincidence Plateau w/ Top set at 0.670 V
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Graph 10: Top Coincidence Plateau w/ Bottom set at 0.547 V

The plateaus for these graphs are far larger than with the single plateau graphs.  This allows the plateau voltages to be identified much easier.  The coincidence plateau voltages found in these graphs confirm the plateau voltages found using the single plateau method.
After finding all the plateau voltages for each MTS paddles and confirming those values with the coincidence plateauing, the voltage box was set so that each paddle was at their corresponding plateau voltages.  Several coincidence runs were taken between various combinations of the paddles as well as one run using all four paddles.  These were carried out with a 15 minute time instead of the 3 minute time of the plateauing process.  The table of these runs can be seen below.


Table 2: Counts and Rate for 35 mV MTS setup with plateau voltages
The first thing one should notice is that the Sum of Counts does not equal the amount of counts found when all four paddles were run. ***We are not sure why the Sum of Counts does not equal the total for All 4 Paddles, it is something that we will investigate and report on in our following revision***
The QuarkNet scintillators, 1 and 3, were plateaued next.  These two were plateaued at the 35mV threshold settings for both single and coincidence plateauing.  Unlike the MTS scintillators, the coincidence plateauing was carried out twice to see if using a higher set value –for the control counter- would influence the plateau voltage, and as the graphs on the below and on the next page will show, this is the case  until the set value gets close to its plateau.  While upping the voltage did change the Rates for the coincidence of paddle #3, it did not actually change where the plateau was.  This data will show that the plateau for scintillator 1 to be at 0.603 V and scintillator 3 at 0.561 V. 
*Note* The single plateau for paddle #3 was taken; however, it was lost somewhere along the line.


Graph 11:  QuarkNet Scintillator 1 at 35 mV single plateau


Graph 12: Scintillator 3 w/ 1 at 0.555 V coincidence plateau



Graph 13: Scintillator 3 w/ 1 set at 0.603 V coincidence plateau



Graph 14: Scintillator 1 w/ 3 set at 0.561 V coincidence plateau



Graph 15: Scintillator 1 w/ 3 set at 0.584 V coincidence plateau
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III. Conclusion
This report details the assembly process of the new scintillator paddles which were built for the Muon Tomography Station, as well as the procedure of plateauing them for optimizing efficiency.  The results of the plateauing process were reported on for both the QuarkNet and MTS paddles.  Hardware and software problems were encountered and resolved, the steps taken to resolve them are reported on above.  Overall, the authors hope that this report will function as a guide to help the behavior and procedure of assembling and plateauing scintillator paddles be better understood and allow anyone to assemble and plateau their own paddles with ease.
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Counts


Coincidence Rate for Top - Bottom Paddles
0.61800000000000122	0.62200000000000122	0.63700000000000134	0.64400000000000135	0.65800000000000158	0.68500000000000005	0.70600000000000063	0.73100000000000065	0.74500000000000122	0.76200000000000134	0.78700000000000003	0.8	3.7166666666666668	4.5	8.3777777777777782	10.066666666666691	12.533333333333333	12.694444444444446	13.027777777777768	12.472222222222241	13.116666666666672	12.877777777777778	13.194444444444446	13.144444444444444	0	0	0	0	Voltage (V)

Counts


Muon Rate for Paddle #1
0.48100000000000032	0.49500000000000038	0.50800000000000001	0.52	0.53	0.53500000000000003	0.54300000000000004	0.54600000000000004	0.54900000000000004	0.55100000000000005	0.55500000000000005	0.56499999999999995	0.56999999999999995	0.58000000000000052	0.58900000000000052	0.59500000000000053	0.15555555555555556	0.7388888888888917	1.1333333333333333	3.7055555555555602	5.5555555555555296	7.3666666666666663	8.7333333333333183	9.1333333333333329	10.472222222222261	10.988888888888889	11.983333333333334	13.888888888888889	14.477777777777778	18.594444444444445	19.477777777777707	22.377777777777776	Voltage (V)

Rate (Hz)


Coincidence Rate for Paddle #3 with Paddle #1
0.50800000000000001	0.51500000000000001	0.52500000000000002	0.53	0.53700000000000003	0.54300000000000004	0.54800000000000004	0.55500000000000005	0.56100000000000005	0.56499999999999995	0.56999999999999995	0.57700000000000062	0.58499999999999996	0.59199999999999997	2.0888888888888877	3.0055555555555555	4.6055555555555241	5.5	6.8555555555555241	7.7777777777777777	8.5166666666666728	8.6777777777777683	9.0166666666666728	9.2166666666666668	9.2111111111110393	9.5	9.0666666666667126	9.2333333333333183	0	0	0	Voltage (V)

Rate (Hz)


Coincidence Rate for Paddle #3 with Paddle #1
0.53500000000000003	0.54500000000000004	0.55500000000000005	0.56499999999999995	0.57500000000000062	0.58499999999999996	7.6555555555555248	9.7111111111110429	10.705555555555556	10.71666666666667	10.84444444444445	10.572222222222226	Voltage (V)

Rate (Hz)


Coincidence Rate for Paddle #1 with Paddle #3
0.50800000000000001	0.51900000000000002	0.53300000000000003	0.54300000000000004	0.55300000000000005	0.56299999999999994	0.57299999999999995	0.58299999999999996	0.59299999999999997	0.60300000000000065	0.61300000000000165	0.62300000000000211	0.63300000000000234	0.64300000000000235	0.6530000000000028	0.66300000000000281	1.6055555555555561	2.4499999999999997	4.9388888888888891	6.9055555555555381	8.8277777777777739	9.7666666666666728	10.405555555555576	10.872222222222266	10.477777777777778	10.377777777777778	10.633333333333333	10.405555555555576	10.755555555555556	10.4	10.927777777777768	10.6	Voltage (V)

Rates (Hz)


Coincidence Rate for Paddle #1 with Paddle #3
0.52900000000000003	0.54700000000000004	0.55500000000000005	0.56599999999999995	0.57500000000000062	0.58599999999999997	0.59599999999999997	0.60500000000000065	0.6160000000000021	0.62500000000000222	3.9444444444444438	7.5388888888888888	8.8000000000000007	10.122222222222222	10.444444444444446	10.09444444444445	10.911111111111072	10.861111111111111	11.077777777777778	10.916666666666705	Voltage (V)

Rate (Hz)


1/4 Side Paddle - Oriented Flat
0.65900000000000281	0.66900000000000281	0.67400000000000282	0.67900000000000282	0.68100000000000005	0.68300000000000005	0.68400000000000005	0.68899999999999995	0.69399999999999995	0.69899999999999995	35.838888888888889	42.05	45.744444444444269	47.655555555555559	48.511111111111106	49.06111111111111	48.766666666666424	50.483333333333334	52.43333333333333	53.722222222222356	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Voltage (V)

Rate (Hz)


2/3 Side Paddle - Oriented Flat
0.67000000000000282	0.67900000000000282	0.68500000000000005	0.69199999999999995	0.69499999999999995	0.69899999999999995	0.70300000000000062	0.70500000000000063	0.70800000000000063	0.71200000000000063	0.71900000000000064	0.73100000000000065	0.7410000000000021	0.75700000000000234	25.127777777777776	31.933333333333177	36.083333333333336	40.25	42.538888888888913	44.43333333333333	46.327777777777776	47.005555555555553	48.544444444444217	48.955555555555556	51.377777777777744	55.066666666666386	57.655555555555559	65.233333333333249	0	Voltage (V)

Rate (Hz)


Real Values vs. Set Values
Channel 0	y0 = 0.9695x - 3.4536
10	20	30	40	50	60	70	80	6.2	16	25.8	35.200000000000003	44.9	54.7	64.400000000000006	74.2	Channel 1	y1 = 0.9692x + 18.2
10	20	30	40	50	60	70	80	27.8	37.6	47.5	56.9	66.599999999999994	76.3	86	95.8	Channel 2	y2 = 0.9714x + 34.011
10	20	30	40	50	60	70	80	43.9	53.6	63.2	72.5	82.3	92.2	102.1	112	Channel 3	y3 = 0.9749x + 31.918
10	20	30	40	50	60	70	80	41.6	51.5	61.3	70.8	80.599999999999994	90.4	100.1	110	Set Threshold Values (mV)

Actual Measured Threshold Values (mV)
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				Effective Threshold		HyperTerminal Threshold Setting

		Channel 0		35 mV		39.6 mV

		Channel 1		35 mV		17.3 mV

		Channel 2		35 mV		1.0 mV

		Channel 3		35 mV		3.2 mV






image2.emf
Total Count Rate

Top & 1,4

7319 

± 86

8.132 

± 0.475

Top & 2,3

3722 

± 61

4.146 

± 0.339

Top & Bottom

11239 

± 106

12.488 

± 0.589

1,4 & Bottom

3740 

± 61

4.156 

± 0.340

2,3 & Bottom

7319 

± 86

8.132 

± 0.475

1,4 & 2,3

2078 

± 46

2.309 

± 0.253

Sum of Counts

35417 

± 189

39.352 

± 1.048

All 4 Paddles

31068 

± 176

34.520 

± 0.979
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				Total Count		Rate

		Top & 1,4		7319 ± 86		8.132 ± 0.475

		Top & 2,3		3722 ± 61		4.146 ± 0.339

		Top & Bottom		11239 ± 106		12.488 ± 0.589

		1,4 & Bottom		3740 ± 61		4.156 ± 0.340

		2,3 & Bottom		7319 ± 86		8.132 ± 0.475

		1,4 & 2,3		2078 ± 46		2.309 ± 0.253



		Sum of Counts		35417 ± 189		39.352 ± 1.048

		All 4 Paddles		31068 ± 176		34.520 ± 0.979






image3.emf
Voltage (V) Count (3 min)

Rate (s

-1

)

0.595 1814 ± 43 10.078 ± 0.237

0.6 1956 ± 44 10.867 ± 0.246

0.605 2072 ± 46 11.511 ± 0.253

0.61 2319 ± 48 12.883 ± 0.268

0.615 2575 ± 51 14.306 ± 0.282

0.617 2568 ± 51 14.267 ± 0.282

0.62 2757 ± 53 15.317 ± 0.292

0.623 2904 ± 54 16.133 ± 0.299

0.625 3009 ± 55 16.717 ± 0.305

0.628 3198 ± 57 17.767 ± 0.314

0.631 3393 ± 58 18.850 ± 0.324

0.635 3596 ± 60 19.978 ± 0.333

0.67 4660 ± 68 25.889 ± 0.379

0.675 4762 ± 69 26.456 ± 0.383

0.68 5028 ± 71 27.933 ± 0.394

0.683 5097 ± 71 28.317 ± 0.397

0.685 5079 ± 71 28.217 ± 0.396

0.688 5156 ± 72 28.644 ± 0.399

0.69 5278 ± 73 29.322 ± 0.404

0.695 5574 ± 75 30.967 ± 0.415
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.595		1814 ± 43		10.078 ± 0.237

		0.6		1956 ± 44		10.867 ± 0.246

		0.605		2072 ± 46		11.511 ± 0.253

		0.61		2319 ± 48		12.883 ± 0.268

		0.615		2575 ± 51		14.306 ± 0.282

		0.617		2568 ± 51		14.267 ± 0.282

		0.62		2757 ± 53		15.317 ± 0.292

		0.623		2904 ± 54		16.133 ± 0.299

		0.625		3009 ± 55		16.717 ± 0.305

		0.628		3198 ± 57		17.767 ± 0.314

		0.631		3393 ± 58		18.850 ± 0.324

		0.635		3596 ± 60		19.978 ± 0.333

		0.67		4660 ± 68		25.889 ± 0.379

		0.675		4762 ± 69		26.456 ± 0.383

		0.68		5028 ± 71		27.933 ± 0.394

		0.683		5097 ± 71		28.317 ± 0.397

		0.685		5079 ± 71		28.217 ± 0.396

		0.688		5156 ± 72		28.644 ± 0.399

		0.69		5278 ± 73		29.322 ± 0.404

		0.695		5574 ± 75		30.967 ± 0.415
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Voltage (V)Count (3 min)

Rate (s

-1

)

0.545 221 ± 15 1.228 ± 0.083

0.556 292 ± 17 1.622 ± 0.095

0.565 384 ± 20 2.133 ± 0.109

0.575 587 ± 24 3.261 ± 0.135

0.585 903 ± 30 5.017 ± 0.167

0.59 1078 ± 33 5.989 ± 0.182

0.595 1472 ± 38 8.178 ± 0.213

0.601 1701 ± 41 9.450 ± 0.229

0.607 2247 ± 47 12.483 ± 0.263

0.615 2963 ± 54 16.461 ± 0.302

0.62 3732 ± 61 20.733 ± 0.339

0.628 4651 ± 68 25.839 ± 0.379

0.63 5660 ± 75 31.444 ± 0.418

0.634 6368 ± 80 35.378 ± 0.443

0.638 7093 ± 84 39.406 ± 0.468

0.642 7490 ± 87 41.611 ± 0.481

0.647 8098 ± 90 44.989 ± 0.500

0.658 8804 ± 94 48.911 ± 0.521

0.665 9290 ± 96 51.611 ± 0.535

0.672 9476 ± 97 52.644 ± 0.541

0.679 10219 ± 101 56.772 ± 0.562

0.685 10416 ± 102 57.867 ± 0.567

0.692 10717 ± 104 59.539 ± 0.575

0.694 10880 ± 104 60.444 ± 0.579

0.7 11550 ± 107 64.167 ± 0.597

0.706 12848 ± 113 71.378 ± 0.630
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.545		221 ± 15		1.228 ± 0.083

		0.556		292 ± 17		1.622 ± 0.095

		0.565		384 ± 20		2.133 ± 0.109

		0.575		587 ± 24		3.261 ± 0.135

		0.585		903 ± 30		5.017 ± 0.167

		0.59		1078 ± 33		5.989 ± 0.182

		0.595		1472 ± 38		8.178 ± 0.213

		0.601		1701 ± 41		9.450 ± 0.229

		0.607		2247 ± 47		12.483 ± 0.263

		0.615		2963 ± 54		16.461 ± 0.302

		0.62		3732 ± 61		20.733 ± 0.339

		0.628		4651 ± 68		25.839 ± 0.379

		0.63		5660 ± 75		31.444 ± 0.418

		0.634		6368 ± 80		35.378 ± 0.443

		0.638		7093 ± 84		39.406 ± 0.468

		0.642		7490 ± 87		41.611 ± 0.481

		0.647		8098 ± 90		44.989 ± 0.500

		0.658		8804 ± 94		48.911 ± 0.521

		0.665		9290 ± 96		51.611 ± 0.535

		0.672		9476 ± 97		52.644 ± 0.541

		0.679		10219 ± 101		56.772 ± 0.562

		0.685		10416 ± 102		57.867 ± 0.567

		0.692		10717 ± 104		59.539 ± 0.575

		0.694		10880 ± 104		60.444 ± 0.579

		0.7		11550 ± 107		64.167 ± 0.597

		0.706		12848 ± 113		71.378 ± 0.630
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.62 1781 ± 42 9.894 ± 0.234

0.625 2098 ± 46 11.656 ± 0.254

0.63 2338 ± 48 12.989 ± 0.269

0.635 2614 ± 51 14.522 ± 0.284

0.64 2797 ± 53 15.539 ± 0.294

0.644 2994 ± 55 16.633 ± 0.304

0.647 3112 ± 56 17.289 ± 0.310

0.649 3122 ± 56 17.344 ± 0.310

0.655 3505 ± 59 19.472 ± 0.329

0.66 3817 ± 62 21.206 ± 0.343

0.665 4028 ± 63 22.378 ± 0.353

0.69 4742 ± 69 26.344 ± 0.383

0.7 4927 ± 70 27.372 ± 0.390

0.703 5096 ± 71 28.311 ± 0.397

0.706 5138 ± 72 28.544 ± 0.398

0.71 5236 ± 72 29.089 ± 0.402

0.715 5498 ± 74 30.544 ± 0.412

0.72 5690 ± 75 31.611 ± 0.419
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.62		1781 ± 42		9.894 ± 0.234

		0.625		2098 ± 46		11.656 ± 0.254

		0.63		2338 ± 48		12.989 ± 0.269

		0.635		2614 ± 51		14.522 ± 0.284

		0.64		2797 ± 53		15.539 ± 0.294

		0.644		2994 ± 55		16.633 ± 0.304

		0.647		3112 ± 56		17.289 ± 0.310

		0.649		3122 ± 56		17.344 ± 0.310

		0.655		3505 ± 59		19.472 ± 0.329

		0.66		3817 ± 62		21.206 ± 0.343

		0.665		4028 ± 63		22.378 ± 0.353

		0.69		4742 ± 69		26.344 ± 0.383

		0.7		4927 ± 70		27.372 ± 0.390

		0.703		5096 ± 71		28.311 ± 0.397

		0.706		5138 ± 72		28.544 ± 0.398

		0.71		5236 ± 72		29.089 ± 0.402

		0.715		5498 ± 74		30.544 ± 0.412

		0.72		5690 ± 75		31.611 ± 0.419
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.517 5355 ± 73 29.750 ± 0.407

0.52 5825 ± 76 32.361 ± 0.424 

0.526 6694 ± 82 37.189 ± 0.455

0.531 7462 ± 86 41.456 ± 0.480

0.535 8078 ± 90 44.878 ± 0.499

0.538 8278 ± 91 45.989 ± 0.505

0.541 8446 ± 92 46.922 ± 0.511

0.545 8648 ± 93 48.044 ± 0.517

0.547 8672 ± 93 48.178 ± 0.517

0.551 8943 ± 95 49.683 ± 0.525

0.557 9662 ± 98 53.678 ± 0.546

0.566 10562 ± 103 58.678 ± 0.571
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.517		5355 ± 73		29.750 ± 0.407

		0.52		5825 ± 76		32.361 ± 0.424 

		0.526		6694 ± 82		37.189 ± 0.455

		0.531		7462 ± 86		41.456 ± 0.480

		0.535		8078 ± 90		44.878 ± 0.499

		0.538		8278 ± 91		45.989 ± 0.505

		0.541		8446 ± 92		46.922 ± 0.511

		0.545		8648 ± 93		48.044 ± 0.517

		0.547		8672 ± 93		48.178 ± 0.517

		0.551		8943 ± 95		49.683 ± 0.525

		0.557		9662 ± 98		53.678 ± 0.546

		0.566		10562 ± 103		58.678 ± 0.571
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.659 6451 ± 80 35.839 ± 0.446

0.669 7569 ± 87 42.050 ± 0.483

0.674 8234 ± 91 45.744 ± 0.504

0.679 8578 ± 93 47.656 ± 0.515

0.681 8732 ± 93 48.511 ± 0.519

0.683 8831 ± 94 49.061 ± 0.522

0.684 8778 ± 94 48.767 ± 0.521

0.689 9087 ± 95 50.483 ± 0.530

0.694 9438 ± 97 52.433 ± 0.540

0.699 9670 ± 98 53.722 ± 0.546


Microsoft_Office_Excel_Worksheet7.xlsx
Sheet1

		Voltage (V)		Count (3 min)		Rate (s-1)

		0.659		6451 ± 80		35.839 ± 0.446

		0.669		7569 ± 87		42.050 ± 0.483

		0.674		8234 ± 91		45.744 ± 0.504

		0.679		8578 ± 93		47.656 ± 0.515

		0.681		8732 ± 93		48.511 ± 0.519

		0.683		8831 ± 94		49.061 ± 0.522

		0.684		8778 ± 94		48.767 ± 0.521

		0.689		9087 ± 95		50.483 ± 0.530

		0.694		9438 ± 97		52.433 ± 0.540

		0.699		9670 ± 98		53.722 ± 0.546
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.67 4523 ± 67 25.128 ± 0.140

0.679 5748 ± 75 31.933 ± 0.177

0.685 6495 ± 81 36.083 ± 0.200

0.692 7245 ± 85 40.250 ± 0.224

0.695 7657 ± 88 42.539 ± 0.236

0.699 7998 ± 89 44.433 ± 0.247

0.703 8339 ± 91 46.328 ± 0.257

0.705 8461 ± 92 47.006 ± 0.261

0.708 8738 ± 93 48.544 ± 0.270

0.712 8812 ± 94 48.956 ± 0.272

0.719 9248 ± 96 51.378 ± 0.285

0.731 9912 ± 100 55.067 ± 0.306

0.741 10378 ± 102 57.656 ± 0.320

0.757 11742 ± 108 65.233 ± 0.362
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.67		4523 ± 67		25.128 ± 0.140

		0.679		5748 ± 75		31.933 ± 0.177

		0.685		6495 ± 81		36.083 ± 0.200

		0.692		7245 ± 85		40.250 ± 0.224

		0.695		7657 ± 88		42.539 ± 0.236

		0.699		7998 ± 89		44.433 ± 0.247

		0.703		8339 ± 91		46.328 ± 0.257

		0.705		8461 ± 92		47.006 ± 0.261

		0.708		8738 ± 93		48.544 ± 0.270

		0.712		8812 ± 94		48.956 ± 0.272

		0.719		9248 ± 96		51.378 ± 0.285

		0.731		9912 ± 100		55.067 ± 0.306

		0.741		10378 ± 102		57.656 ± 0.320

		0.757		11742 ± 108		65.233 ± 0.362
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.618 669 ± 26 3.717 ± 0.144

0.622 810 ± 28 4.500 ± 0.158

0.637 1508 ± 39 8.378 ± 0.216

0.644 1812 ± 43 10.067 ± 0.236

0.658 2256 ± 47 12.533 ± 0.264

0.685 2285 ± 48 12.694 ± 0.266

0.706 2345 ± 48 13.028 ± 0.269

0.731 2245 ± 47 12.472 ± 0.263

0.745 2361 ± 49 13.117 ± 0.270

0.762 2318 ± 48 12.878 ± 0.267

0.787 2375 ± 49 13.194 ± 0.271

0.8 2366 ± 49 13.144 ± 0.270
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.618		669 ± 26		3.717 ± 0.144

		0.622		810 ± 28		4.500 ± 0.158

		0.637		1508 ± 39		8.378 ± 0.216

		0.644		1812 ± 43		10.067 ± 0.236

		0.658		2256 ± 47		12.533 ± 0.264

		0.685		2285 ± 48		12.694 ± 0.266

		0.706		2345 ± 48		13.028 ± 0.269

		0.731		2245 ± 47		12.472 ± 0.263

		0.745		2361 ± 49		13.117 ± 0.270

		0.762		2318 ± 48		12.878 ± 0.267

		0.787		2375 ± 49		13.194 ± 0.271

		0.8		2366 ± 49		13.144 ± 0.270
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.524 126 ± 11 0.700 ± 0.062

0.538 207 ± 14 1.150 ± 0.080

0.552 275 ± 17 1.528 ± 0.092

0.561 377 ± 19 2.094 ± 0.108

0.581 541 ± 23 3.006 ± 0.129

0.588 692 ± 26 3.844 ± 0.146

0.598 855 ± 29 4.750 ± 0.162

0.612 959 ± 31 5.328 ± 0.172

0.626 1188 ± 34 6.600 ± 0.191

0.647 1293 ± 36 7.183 ± 0.200

0.657 1448 ± 38 8.044 ± 0.211

0.674 1457 ± 38 8.094 ± 0.212

0.687 1464 ± 38 8.133 ± 0.213

0.697 1572 ± 40 8.733 ± 0.220

0.706 1496 ± 39 8.311 ± 0.215

0.745 1574 ± 40 8.744 ± 0.220

0.769 1638 ± 40 9.100 ± 0.225

0.78 1608 ± 40 8.933 ± 0.223
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.524		126 ± 11		0.700 ± 0.062

		0.538		207 ± 14		1.150 ± 0.080

		0.552		275 ± 17		1.528 ± 0.092

		0.561		377 ± 19		2.094 ± 0.108

		0.581		541 ± 23		3.006 ± 0.129

		0.588		692 ± 26		3.844 ± 0.146

		0.598		855 ± 29		4.750 ± 0.162

		0.612		959 ± 31		5.328 ± 0.172

		0.626		1188 ± 34		6.600 ± 0.191

		0.647		1293 ± 36		7.183 ± 0.200

		0.657		1448 ± 38		8.044 ± 0.211

		0.674		1457 ± 38		8.094 ± 0.212

		0.687		1464 ± 38		8.133 ± 0.213

		0.697		1572 ± 40		8.733 ± 0.220

		0.706		1496 ± 39		8.311 ± 0.215

		0.745		1574 ± 40		8.744 ± 0.220

		0.769		1638 ± 40		9.100 ± 0.225

		0.78		1608 ± 40		8.933 ± 0.223
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.65 474 ± 22 2.689 ± 0.122

0.663 573 ± 24 3.183 ± 0.133

0.676 720 ± 27 4.000 ± 0.149

0.689 743 ± 27 4.128 ± 0.151

0.694 737 ± 27 4.094 ± 0.151

0.699 758 ± 28 4.211 ± 0.153

0.704 733 ± 27 4.072 ± 0.150

0.709 765 ± 28 4.250 ± 0.154

0.714 784 ± 28 4.356 ± 0.156

0.719 818 ± 29 4.544 ± 0.159

0.724 815 ± 29 4.528 ± 0.159

0.729 822 ± 29 4.567 ± 0.159

0.734 778 ± 28 4.322 ± 0.155

0.739 814 ± 29 4.522 ± 0.159

0.744 750 ± 27 4.167 ± 0.152
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.65		474 ± 22		2.689 ± 0.122

		0.663		573 ± 24		3.183 ± 0.133

		0.676		720 ± 27		4.000 ± 0.149

		0.689		743 ± 27		4.128 ± 0.151

		0.694		737 ± 27		4.094 ± 0.151

		0.699		758 ± 28		4.211 ± 0.153

		0.704		733 ± 27		4.072 ± 0.150

		0.709		765 ± 28		4.250 ± 0.154

		0.714		784 ± 28		4.356 ± 0.156

		0.719		818 ± 29		4.544 ± 0.159

		0.724		815 ± 29		4.528 ± 0.159

		0.729		822 ± 29		4.567 ± 0.159

		0.734		778 ± 28		4.322 ± 0.155

		0.739		814 ± 29		4.522 ± 0.159

		0.744		750 ± 27		4.167 ± 0.152






image12.wmf
Voltage (V)

Count (3 min)

Rate (s

-1

)

0.522

1378 ± 37

7.656 ± 0.206

0.527

1748 ± 42

9.711 ± 0.232

0.532

2004 ± 45

11.133 ± 0.249

0.537

2165 ± 47

12.028 ± 0.258

0.542

2162 ± 46

12.011 ± 0.258

0.547

2290 ± 48

12.722 ± 0.266

0.552

2154 ± 46

11.967 ± 0.258

0.557

2262 ± 48

12.567 ± 0.264

0.562

2301 ± 48

12.783 ± 0.266

0.567

2320 ± 48

12.889 ± 0.268

0.572

2311 ± 48

12.839 ± 0.267

0.577

2332 ± 48

12.956 ± 0.268

0.582

2245 ± 47

12.472 ± 0.263

0.587

2336 ± 48

12.978 ± 0.269
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.522		1378 ± 37		7.656 ± 0.206

		0.527		1748 ± 42		9.711 ± 0.232

		0.532		2004 ± 45		11.133 ± 0.249

		0.537		2165 ± 47		12.028 ± 0.258

		0.542		2162 ± 46		12.011 ± 0.258

		0.547		2290 ± 48		12.722 ± 0.266

		0.552		2154 ± 46		11.967 ± 0.258

		0.557		2262 ± 48		12.567 ± 0.264

		0.562		2301 ± 48		12.783 ± 0.266

		0.567		2320 ± 48		12.889 ± 0.268

		0.572		2311 ± 48		12.839 ± 0.267

		0.577		2332 ± 48		12.956 ± 0.268

		0.582		2245 ± 47		12.472 ± 0.263

		0.587		2336 ± 48		12.978 ± 0.269
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image13.emf
Voltage (V) Count (3 min)

Rate (s

-1

)

0.529 710 ± 27 3.944 ± 0.148

0.547 1357 ± 37 7.539 ± 0.205

0.555 1584 ± 40 8.800 ± 0.221

0.566 1822 ± 43 10.122 ± 0.237

0.575 1880 ± 43 10.444 ± 0.241

0.586 1817 ± 43 10.094 ± 0.237

0.596 1964 ± 44 10.911 ± 0.246

0.605 1955 ± 44 10.861 ± 0.246

0.616 1994 ± 45 11.078 ± 0.248

0.625 1965 ± 44 10.917 ± 0.246
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.529		710 ± 27		3.944 ± 0.148

		0.547		1357 ± 37		7.539 ± 0.205

		0.555		1584 ± 40		8.800 ± 0.221

		0.566		1822 ± 43		10.122 ± 0.237

		0.575		1880 ± 43		10.444 ± 0.241

		0.586		1817 ± 43		10.094 ± 0.237

		0.596		1964 ± 44		10.911 ± 0.246

		0.605		1955 ± 44		10.861 ± 0.246

		0.616		1994 ± 45		11.078 ± 0.248

		0.625		1965 ± 44		10.917 ± 0.246
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.506 406 ± 20 2.256 ± 0.112

0.535 1378 ± 37 7.656 ± 0.206

0.545 1748 ± 42 9.711 ± 0.232

0.555 1927 ± 44 10.706 ± 0.244

0.565 1929 ± 44 10.717 ± 0.244

0.575 1952 ± 44 10.844 ± 0.245

0.585 1903 ± 44 10.572 ± 0.242
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.506		406 ± 20		2.256 ± 0.112

		0.535		1378 ± 37		7.656 ± 0.206

		0.545		1748 ± 42		9.711 ± 0.232

		0.555		1927 ± 44		10.706 ± 0.244

		0.565		1929 ± 44		10.717 ± 0.244

		0.575		1952 ± 44		10.844 ± 0.245

		0.585		1903 ± 44		10.572 ± 0.242
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.508 289 ± 17 1.606 ± 0.094

0.519 441 ± 21 2.450 ± 0.117

0.533 889 ± 30 4.939 ± 0.166

0.543 1243 ± 35 6.906 ± 0.196

0.553 1589 ± 40 8.828 ± 0.221

0.563 1758 ± 42 9.767 ± 0.233

0.573 1873 ± 43 10.406 ± 0.240

0.583 1957 ± 44 10.872 ± 0.246

0.593 1886 ± 43 10.478 ± 0.241

0.603 1868 ± 43 10.378 ± 0.240

0.613 1914 ± 44 10.633 ± 0.243

0.623 1873 ± 43 10.406 ± 0.240

0.633 1936 ± 44 10.756 ± 0.244

0.643 1872 ± 43 10.400 ± 0.240

0.653 1967 ± 44 10.928 ± 0.246

0.663 1908 ± 44 10.600 ± 0.243


Microsoft_Office_Excel_Worksheet15.xlsx
Sheet1

		Voltage (V)		Count (3 min)		Rate (s-1)

		0.508		289 ± 17		1.606 ± 0.094

		0.519		441 ± 21		2.450 ± 0.117

		0.533		889 ± 30		4.939 ± 0.166

		0.543		1243 ± 35		6.906 ± 0.196

		0.553		1589 ± 40		8.828 ± 0.221

		0.563		1758 ± 42		9.767 ± 0.233

		0.573		1873 ± 43		10.406 ± 0.240

		0.583		1957 ± 44		10.872 ± 0.246

		0.593		1886 ± 43		10.478 ± 0.241

		0.603		1868 ± 43		10.378 ± 0.240

		0.613		1914 ± 44		10.633 ± 0.243

		0.623		1873 ± 43		10.406 ± 0.240

		0.633		1936 ± 44		10.756 ± 0.244

		0.643		1872 ± 43		10.400 ± 0.240

		0.653		1967 ± 44		10.928 ± 0.246

		0.663		1908 ± 44		10.600 ± 0.243
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.508 376 ± 19 2.089 ± 0.108

0.515 541 ± 23 3.006 ± 0.129

0.525 829 ± 29 4.606 ± 0.160

0.53 990 ± 31 5.500 ± 0.175

0.537 1234 ± 35 6.856 ± 0.195

0.543 1400 ± 37 7.778 ± 0.208

0.548 1533 ± 39 8.517 ± 0.218

0.555 1562 ± 40 8.678 ± 0.220

0.561 1623 ± 40 9.017 ± 0.224

0.565 1659 ± 41 9.217 ± 0.226

0.57 1658 ± 41 9.211 ± 0.226

0.577 1710 ± 41 9.500 ± 0.230

0.585 1632 ± 40 9.067 ± 0.224

0.592 1662 ± 41 9.233 ± 0.226


Microsoft_Office_Excel_Worksheet16.xlsx
Sheet1

		Voltage (V)		Count (3 min)		Rate (s-1)

		0.508		376 ± 19		2.089 ± 0.108

		0.515		541 ± 23		3.006 ± 0.129

		0.525		829 ± 29		4.606 ± 0.160

		0.53		990 ± 31		5.500 ± 0.175

		0.537		1234 ± 35		6.856 ± 0.195

		0.543		1400 ± 37		7.778 ± 0.208

		0.548		1533 ± 39		8.517 ± 0.218

		0.555		1562 ± 40		8.678 ± 0.220

		0.561		1623 ± 40		9.017 ± 0.224

		0.565		1659 ± 41		9.217 ± 0.226

		0.57		1658 ± 41		9.211 ± 0.226

		0.577		1710 ± 41		9.500 ± 0.230

		0.585		1632 ± 40		9.067 ± 0.224

		0.592		1662 ± 41		9.233 ± 0.226
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Voltage (V) Count (3 min)

Rate (s

-1

)

0.481 28 ± 5 0.156 ± 0.029

0.495 133 ± 12 0.739 ± 0.064

0.508 204 ± 14 1.133 ± 0.079

0.52 667 ± 26 3.706 ± 0.143

0.53 1000 ± 32 5.556 ± 0.176

0.535 1326 ± 36 7.367 ± 0.202

0.543 1572 ± 40 8.733 ± 0.220

0.546 1644 ± 41 9.133 ± 0.225

0.549 1885 ± 43 10.472 ± 0.241

0.551 1978 ± 44 10.989 ± 0.247

0.555 2157 ± 46 11.983 ± 0.258

0.565 2500 ± 50 13.889 ± 0.278

0.57 2606 ± 51 14.478 ± 0.284

0.58 3347 ± 58 18.594 ± 0.321

0.589 3506 ± 59 19.478 ± 0.329

0.595 4028 ± 63 22.378 ± 0.353
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		Voltage (V)		Count (3 min)		Rate (s-1)

		0.481		28 ± 5		0.156 ± 0.029

		0.495		133 ± 12		0.739 ± 0.064

		0.508		204 ± 14		1.133 ± 0.079

		0.52		667 ± 26		3.706 ± 0.143

		0.53		1000 ± 32		5.556 ± 0.176

		0.535		1326 ± 36		7.367 ± 0.202

		0.543		1572 ± 40		8.733 ± 0.220

		0.546		1644 ± 41		9.133 ± 0.225

		0.549		1885 ± 43		10.472 ± 0.241

		0.551		1978 ± 44		10.989 ± 0.247

		0.555		2157 ± 46		11.983 ± 0.258

		0.565		2500 ± 50		13.889 ± 0.278

		0.57		2606 ± 51		14.478 ± 0.284

		0.58		3347 ± 58		18.594 ± 0.321

		0.589		3506 ± 59		19.478 ± 0.329

		0.595		4028 ± 63		22.378 ± 0.353
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Effective Threshold HyperTerminal Threshold Setting

Channel 0 35 mV 39.6 mV

Channel 1 35 mV 17.3 mV

Channel 2 35 mV 1.0 mV

Channel 3 35 mV 3.2 mV


