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Overview:


This project was performed from 23 June through 18 July 2003.  The purpose was to study cosmic rays and their detection, in order to involve high school students enrolled in Science of the Physical World, members of the Science Club, and other interested students in cosmic ray research.  

Introduction:

Cosmic rays are high-energy [109 eV [Gev] to over 1020 eV] charged particles with half-lives of 106 seconds or longer.  They travel at relativistic speeds and originate in outer space in stars and other events such as supernovas.  They may be protons, a few electrons, and/or the nuclei of helium, carbon, or oxygen.  These primary particles interact with other particles either in outer space or in our atmosphere.  These interactions produce a cascade of secondary particles of pions, mesons, muons, neutrinos, electrons, photons, and the nuclei of lithium, beryllium, and boron, as a secondary shower
.  These in turn may interact with other particles producing tertiary showers.  Muons are the most numerous particles that reach the surface of the Earth, with a mean energy level at sea level of ( 4GeV.
  Other particles that may reach Earth’s surface are photons, electrons, positrons,
 and neutrinos.

When a cosmic ray, such as a proton, collides with a nucleus in our atmosphere, some of the energy of the proton is transferred to the other nucleus.  This interaction can cause a variety of high-energy particles to be produced.  These particles are classified as either hard [particles that will penetrate large amount of material, these are mostly muons] and soft [particles that will be attenuated by material these are mostly electrons].  The particles in the soft component of a cosmic ray have lower energies and interact more readily with other nucleons.

A general overview of the process by which these cosmic rays were studied is that when a particle entered the scintillator, the particle excited a scintillator molecule; in losing the energy gained from the particle, the molecule emitted a photon that bounced to the end of the scintillator; the photon then passed through the light guide to the photomultiplier.  Approximately 2 to 3 % 
 of the photons produced reached the photomultiplier.  When the photon reached the first dynode of the photomultiplier, an electron was emitted by the dynode because of the photoelectric effect.  When the electron struck the second dynode, the second dynode gave off more electrons, this process continued down the line of dynodes.  At the end of the photomultiplier, the electrons became a signal that was sent to the Analog Digital Converter [ADC] and then to the computer. 

Scintillator counters are made from aromatic plastic compounds doped with fluors that are excited by the muons.  When a muon strikes a molecule in the scintillator, the muon imparts some of its energy to the molecule.  The addition of this energy, excites the

molecule.  The molecule in returning to a lower energy state, releases some of the energy in the form of a photon.  A “typical particle yields about 1 photon per 100 eV of energy deposit.”
.  If the photons in the scintillator are emitted above the critical angle
, they will remain in the counter, bouncing back and forth.  Some of these photons will reach the end of the scintillator where it is attached to a light guide.  This light guide funnels the photons to the photomultiplier. 

 When a photon strikes the first photo cathode in the photomultiplier, an electron is released due to the photoelectron effect.  This electron interacts with the second dynode, a metal plate, producing more electrons.  The final number of electrons produced by one electron emitted from the photo cathode is approximately 2n, where n is the number of dynodes [Thomas]. 

The signal from the anode [negative terminal, where the electrons are collected] of the photomultiplier is sent to the Analog Digital Converter, ADC, where the signal is digitized then sent to the computer.  The signal from the dynode, positive terminal with respect to the ground since more electrons leave than enter, goes to the discriminator.  The discriminator output is sent to the Coincidence and the Time Digital Converter, TDC.  The TDC is where the time signal is digitized, and its output is then sent to the computer.  The Coincidence requires a signal from a combination of one to four counters, e.g. the requirement could be that both counters 1 and 6 send a signal to the Coincidence within the same time period.
  The ADC will send a signal to the computer if the Coincidence condition is satisfied.  The output of the Coincidence is then sent to the qvt terminal, the TDC start, and the ADC gate.  

If two scintillators placed directly above each other, a cosmic ray would deposit energy in both scintillators at nearly the same time.  [Note: the time it takes a photon to travel thru two one-half centimeter thick counters is approximately 0.5 nanoseconds].  The signal generated by a photon is counted only if the two signals arrive at the timing gate at the same time.  Of course, the joint signals arise from one or more charged particles passing through the counters, arising from a common “event” and therefore in close time coincidence.  However, other mechanisms such as accidental overlap must still be considered.

Specific Procedures:


The counters, light guides and photomultipliers were wrapped in black plastic to exclude any outside sources of light. 

The cable lengths are not measured in centimeters or meters, but in nanoseconds.  The electrical signals travel down the cables as waves.  The index of refraction for the cable is 1.6.  Using the equation v = c/n where v is the velocity in the medium, c is the speed of light, c and n is the index of refraction, the time for the signal to travel 18.75 centimeter is 1 nanosecond.

A pulse generator and an oscilloscope are used to measure the cables.  The signal from the pulse generator and the cable are connected by a T connector to the same channel of the oscilloscope.
  The signal from the pulse generator is divided between the oscilloscope and the cable being measured.  The signal sent to the cable traveled the length of the cable, and then was reflected back to the oscilloscope.  The wave in a shielded cable acts like a wave on a string tied at one end and is reflected back in the opposite direction, inverted, while an open cable reflects the wave in the same direction, erect.  An open cable was used.  If the free end of the cable was shorted by using a paper clip, the signal was inverted.  In some cases, to be sure of the measurement, the two methods were compared.

The x-axis of the grid on the oscilloscope screen is time.  The units of this scale can be adjusted to be from 2 to 50 nanoseconds.  The length of the cable is the difference in time from the first signal from the pulse generator, to the second signal, reflected, divided by two [The reflected signal traveled the length of the cable twice].  With very short cables, having signal time of one to about three nanoseconds, it is often easier to measure the length of the cable with a tape measure.  With longer cables, the oscilloscope provides a faster and more accurate measurement. 

Originally there were ten counters: two small ones, S1 and S2 made by David E Kraus, Kari van Brunt, and Debbie Gremmelsbacher; two made by Lenka Raska, LA and LB; and six large counters L1 – L6.  S1 and S2 were modified to be used as portable counters for schools [Gremmelsbacher], leaving eight for these investigations. 

To analyze a counter using the qvt [charge, voltage, and time] portion of the dtake
 electronic module and software, three measurements had to be taken:

1. The pedestal energy peak, this is the constant “trickle” of charge which the ADC always adds to each channel or bin as a calibration.  It is used as the base line to which other measurement must be referred.

2. One photoelectron [PE] energy peak.

3. The cosmic ray [CR] peak.  

4. A histogram was created by the qvt program with the x–axis being the channel or bin numbers
.  Each bin was equal to 0.25 x 10-12 Coulombs of charge. 

Each of the remaining counters [eight counters: LA; LB; and L1 - L6] was individually analyzed.  Counters, L1 – L6, were stacked so that their scintillators were directly above each other
.  Counters LA and LB were moveable. 

The first dtake option used the qvt software to study a counter; its anode cable was inserted into the q channel on the qvt module.  The dynode went to discriminator using a 20 mV threshold.  Usually the pedestal data were taken first.  This involved triggering on another counter, and taking a very short run, one to five seconds.  The information was displayed as a histogram on the computer screen.  Secondly, the PE was found.  There are two methods to find the PE.  The first used the external trigger on the qvt module and triggering on the counter being studied through the Discriminator and Coincidence circuit.  The second method used the internal trigger on the qvt and all triggers off on the Coincidence circuit.  To find the CR, the counter being studied and one or more of the other counter triggers were in the on position, i.e. elements of the coincidence trigger.  This method took longer, 5 –30 minutes to collect enough data. 

The pedestal and the PE peak were frequently close to each other.  To gain better separation, the determinations of the pedestal and PE peak were run using a higher voltage.  A lower voltage was used for the CR peak, because it was frequently chopped off on the very right hand side of the scale.  The time used to measure the Pedestal and PE peak was small since only singles were measured, while a longer period was needed to collect enough cosmic rays.  The pedestal was quite sharp; this PE peak was well defined, but not sharp, and the CR curve was broader.  

Attenuators were added to the ADC signal to decrease the signal, making it in the range of 500 bins for the “CR” signal.  It was decided that the best voltages available were: 2000 V for counters LA, L2, L4, and L6; 1900 V for L1, L3, and L5; and 1800 for LB.  The expected CR rate and PE peak were calculated for 2000 V.  The actual voltages used were determined from the expected PE peak and expected CR peak.
 


The second option for the dtake software was to analyze all of the counters, event by event, during one run rather than studying them individually.  Counter 3 was connected to the ADC, but not to the TDC.  All the other counters were had both ADC and TDC information.  Counters LA, L1, and L6 were put into the coincidence, Runs were taken triggered on LA, L1, L6 and LB, L1, and L6.  Both of these runs had no attenuation.

Several problems were encountered, i.e. one of them being that it was difficult to distinguish between the pedestal and PE peak.  Another was that for some of the counters the PE or CR curve was chopped.  This might have been due to an improper setting in the software.

Problems Encountered: 


While studying the overlap and coincidence rates between counters LB and L1, the singles rate for LB was very high.  On 25 June, the singles rate for B was taken in a variety of positions rotating it perpendicular to L1 and rotating it so that each large side faced the window.  It was discovered that LB had a light leak.
  This was resolved by taping the outer black plastic wrapping more thoroughly.  Later, while studying all of the counters during one run, an additional light leak was found in L5 [Godwin].


On 9 July counter L2 was giving problems.  It was discovered that the signal, going to the discriminator, was missing an inverter.  It is unknown when the inverter was removed, making earlier results uncertain.  The inverter was inserted in the anode circuitry eliminating the problem.  


Some of the early low voltage results might have had the lower end of the pedestal truncated, making the PE – pedestals too high.  [JT]

 
The runs taken on the 23rd and 24th of June were not considered as reliable because of the lack of the familiarity of the equipment.  

a few inconsistencies were noted.  When L1 was tested at 1900 Volts, the three results taken on 7 July are inconsistent with the rest of the data at 1900 V.  The reason for the inconsistencies is inconclusive.  L1 results were better at 1900 V than 2000 V where there was a ten-fold difference in one of the three readings.  L2 was tested only twice and at 2000 V, however the results are in good agreement.  L4 also showed consistent results at 2000 V.  L5 was tested once at 1800 V and once at 1900 V.  More testing is needed for L2, L3, L4, and L5 before any definite conclusions can be made. 

Conclusions:

The thrust of the investigation was to verify the performance of the eight counters in order that they can be used for further investigations of cosmic rays.  S1 and S2 were excluded.  When making the ADC plots, L3 was not used since there were only seven working inputs on the TDC.  It was not possible to connect eight counters to the TDC; it was decided to not study counter L3. 


Counters LB and L1 were studied using various overlapping distances.  The coincidence rates are linear
.  This agrees with the results obtained during the summer of 2002 by Lenka Raska.  The first run was done at 2100 V for both counters and an overlap of 45 cm, which was complete overlap of LB on L1.  The singles count rates and the coincidence count rates were both very large.  The subsequent runs were done at 1800 V.  As can be seen from Table 4 in Appendix D when the accidental rate was subtracted from the coincidence rate the coincidence rate was slightly larger than the coincidence rate with an over lap of 45 cm
.  Also

 The counters were tested at various voltages.  Some of the voltages were determined to be too low to give adequate counts.  When the data were organized by counter, voltage, and count,
 the single counts versus voltage show the dramatic effect a photomultiplier began to functions as a multiplier.  This can be seen in the statistical analysis of the singles counts
, and the graph Singles Counts by Counter Versus Voltage by Date”
.  Both of these show an exponential relationship of the counts to the voltage.  The correlation found in the statistical analysis showed relatively high correlation.  The adjusted R square for LA was 0.89; for B was 0.85; for L1was 0.88; and for L6 was 0.88.  This analysis was not done for L2, L4, or L5 because there was insufficient number of observations.   


The pedestal, PE, and CR peaks for various combinations of counters are shown in Appendix D Table 3.  There is variation in the PE and CR’s depending upon which counters were selected.  The number of counts depends upon where the energy is deposited.  The farther away from the photomultiplier the energy is deposited, the lower the count rate.  When the energy is deposited closer to the   photomultiplier the count rate increases.  This affects the expected number for both the  PE and CR  peaks.
 In Appendix F, the first two graphs are the ADC graphs.  The dark vertical lines were added to the graphs to indicate where the PE or CE is expected.  When there are two dark vertical lines, it shows the range of expected values.  The lstack graphs were made using L1, L2, L4, L5, and L6.  The expected values would be for energy deposited in the middle of the counters, Table 4 contains information for both the middle and the extremes, near and far from the photomultiplier. 

The voltages were determined by the pulse heights, so that the cosmic ray signal would be about in the middle of the ADC range (to the extent possible, since there was not a full free range of selection)
.  The voltages selected were: 

	Counter
	Selection
	Voltage

	LA
	HV
	2000 V

	LB
	-200 V
	 1800 V

	L1
	-100 V
	1900 V

	L2
	HV
	2000 V

	L3
	-100 V
	1900 V

	L4
	HV
	2000 V

	L5
	-100
	1900 V

	L6
	HV
	2000 V


Once the results from the qvt program were known, the dtake program was used.  This program allowed for as many as seven of the eight counters to be in coincidence during one run.  

In collaboration with Mark Godwin
, several runs were taken using the dtake program.  The counters were arranged so that the photomultipliers of L1, L3, and L5 were at one end of the stack and the photomultipliers of L2, L4, and L6 were at the other end of the stack
.  When the ADC plots, obtained by using the dtake software from a run of counters L1, L3, and L5 were combined with the same run of L2, L3, and L4, two distinct groupings were noticed.  Photons produced closer in the end of the scintillator closest to the photomultiplier tube had a greater chance of reaching the photomultiplier, therefore being counted than did ones produced at the end of the scintillator farthest from the photomultiplier
.  Continued study of counter L1 gave PE/CR ratios of 14.8, 11.3, and 25.5, when triggered on LA, L1, and L6.  LA was placed in the middle of the stack of counters.  LA gave a PE/CR ratio of 120 when triggering on LA, L1, and L6
.  [Godwin]

The lstack graphs
, show the results from two runs using L1, L2, L3, L4, L5, and L6.  These runs are discriminated by the use of dotted and solid lines.  The graphs showing data from the odd numbered stack are shown in solid lines and the even numbered stack are shown in dotted lines.  The variation between the two plots is because the photons closer to the photomultiplier have a greater chance of arriving at the photomultiplier than do the photons produced at the far end of a scintillator.  The photomultipliers of the odd numbered scintillators are at the opposite end from the photomultipliers of the even numbered scintillators. 

This phenomenon is clearly shown in the graphs on the ADC Plots.  These are made by taking two runs under the same conditions, and then transferring the run data to Kaon, and using Physics Analysis Workstation [PAW] to overlay the two plots and analyze them.  The results of the ADC plots compared with the expected PE and CR are comparable.
  The dark lines on the two graphs are where the expected rates would be.  As the ADC plots show, it makes a difference where in the scintillator the energy is deposited.  When energy is deposited closer to the photomultiplier tube, the likely hood of the photon reaching the PMT is greater than when it is deposited farther away from the PMT.

Since there is agreement of the ADC plots and the qvt data, the counters may be used for further studies of cosmic rays.  

Future Plans:  

I would like to engage students in learning about and participating in cosmic ray research as an after school activity.  I also would like to encourage another teacher, Jason Potter,  to help in recruiting and working with the students.  My first contacts will be through the Southeast Science Club, advised by Wanda Britt.  I will encourage my Science of the Physical World students to participate, by allowing them to substitute participation in the research for their projects due each quarter.  I would also like to extend the participation to the students of Jennifer Thomas, who teaches in a nearby district. 

The plan is to give the students background information on cosmic rays such as:

1. Background information about cosmic rays:

2. Primary Cosmic Rays - what are they?

3. Where do they originate?

4. How do Primary Cosmic Rays interact?

5. What particles are formed that form the secondary showers?

6. What are the components of our detection equipment, i.e. counters?

a. Scintillator

b. Light guide (complete internal reflection) General discussion for those who are not familiar with trigonometry.  Use of Snell’s Law for those who have the math background.  

c. Photo multiplier

7. What is the photoelectric effect?

8. What does a diode do?

9. What particles from the secondary showers are we able to detect using scintillation detectors?

10. How does our equipment work?

I would like to familiarize themselves with oscilloscopes using a stimulation model found on the Web.  With an actual oscilloscope, this would allow them to measure the length of the cables in nanoseconds.  Then we would begin actual experimentation.  If I can find a supply of dry ice, I would like to begin with the use of cloud chambers, first using known sources of radiation, and then to discover if we could find tracks of unknown origin. 


The next step would be having them use the counters.  Finding single counter rates for both scintillators individually and then having them find the coincidences rates.  We have a courtyard, which would give easy access to electrical power for outside observations.  This would allow us to look at secondary cosmic ray showers and the delta rays produced by the cosmic rays traveling through the roofing materials.  We also could compare rates on the first floor with the rates on the second floor. 

Another possibility is to have the students assemble and test their own counters.  If the equipment became available, it would be interesting to have them work with the dtake program, especially the qvt program and evaluate the scintillators that they made.

The final goal is to become part of a larger network, connected to a common computer in order to study the very high [1020eV] cosmic rays.  This would also require them to become familiar with the programs used with the Geo Positioning Satellite.  
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Appendix B

Constants and Basic Ideas:

1. The speed of light, c = 3 x 108 m/s

2. Charge in each bin = 0.25 x 10-12 C [ADC or qvt]

3. Energy lost traveling through scintillator = 2 MeV/g/cm2 [This depends mildly on the type of material and the momentum of the particle.]

4. Charge on 1 electron = -1.6 x 10-19 C

5. Time gate is open ((t) = 40 ns [This is determined by the width of the signal.  The discriminator output is 20 ns.  (2 x 20 ns = 40 ns)]

6. Research is like climbing a mountain.  The view from the top and bottom give beautiful views, but there is a lot of hard work and opportunity to get lost in, the middle.  [Julia Thompson]

Appendix C

Calculations:

1. v = c / n: where v is the velocity in the medium, c is the speed of light and n is the index of refraction.

2. Charge per 1 PE = (PE bin– pedestal bin) x (0.25 x 10-12 C / bin)

3. Charge for CR = (CR bin – pedestal bin) x (0.25 x 10-12 C / bin)

4. PE = PE bin – pedestal bin 

5. CR = CR bin – pedestal bin

6. Ratio of PE/CR  = bins/ CR 

      Bins / PE
 

7. Gain = number of electrons out of the photomultiplier / 1 electron converted from 1 photon.

8. Gain = (PE – pedestal) bin x (0.25 x 10-12 C / bin) x (1 e- / 1.6 x 10-19 C) / 1e- converted

9. Determination of expected rate:

a. Rn = 180 CR/m2 x (area of scintillatorn) in m2 

b. (t = 40 ns = 40 x 10-9 s

c. Rate (R) = counts / second

d. Expected Accidental rate = R1 x R2 x ((t)

e. For more than two counters EAR = 
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10.  Efficiency of Geometric Light Collection of the Large scintillators                      (~ 45 cm x ~90 cm x ~1 cm) 
a. In a scintillator approximately 1 cm thick 2 MeV are deposited per particle

b. One photon is produced per 100 eV
 deposited in the scintillator.

c. 2 x 106 eV x 1 photon / 100 eV = 2 x104 photons produced from 1 cosmic ray (particle)

d. 2 x 104 photons x 0.03 geometric efficiency
 x (reflection efficiency inside the scintillator)

e. Reflection efficiency in y and z planes is ~ (.99) n [where n is the number of bounces in the y and z planes of the scintillator, the assumption is that the photon is emitted in the middle of the counter.  Bouncing in the narrow direction, a photon travels ~ 2 widths in the z direction for very bounce.  It must travel ~ 45 cm to reach the light guide.  The critical angle is ~ 45o.  

(~ 45cm/ 2 Widths / width/ bounce ~ 22 bounces]  The light that remains is  ~ (1-.01) 22 ~ (1-22(.01)) ~ 0.78

f. Efficiency ~ 0.03 x 0.78 ~ 2 %

g. (0.02) x 2 x 104 photons = 400 photons reaching the photocathode.

11. Efficiency of Geometric Light Collection of the small scintillators (~15 cm x 30 cm)

a. In a scintillator approximately 1 cm thick 2 MeV are deposited per particle.

b. One photon is produced per 100 eV.

c. The small scintillators are about 0.5 cm thick.

d. (0.5) x 2 x 106 V x 1 photon / 100 eV = 1 x104 photons produced from 1 cosmic ray (particle) 

e. Geometric light collection: Assume the ones that move away from the light guide never reach it ~ 0.5 and the ones whose angle are less than the critical angle are lost ~ 0.5 since the critical angle is ~ 45o.  These are the main factors (there is some attenuation and the losses due to the matching of the light guide to the scintillator and the photomultiplier is ~ 0.3.  All of these together [0.5 x 0.5 x 0.7] are ~0.18.

f. Reflection efficiency in y and z planes is ~ (.99) n [where n is the number of bounces in the y and z planes of the scintillator, the assumption is that the photon is emitted in the middle of the counter and must travel 15 cm to reach the light guide. ~ 15cm/ 1 cm/ bounces ~ 15 bounces] 

g. ~ (1-.01) 8 ~ (1-15(.01)) ~ 0.85  

h. Efficiency ~ 0.18 x 0.85 ~ 0.15 %

i. (0.15) x 1 x 104 photons = 1500 photons reaching the photocathode.

12. Efficiency of Photomultiplier in converting photons to electrons between 5% and 25 %

a. Assuming the best quantum efficiency of 25 %, the large counters, approximately 50 to 100 electrons are available to be multiplied in the photomultiplier.

b. Assuming the best quantum efficiency of 25 %, the small counters, approximately 400 electrons are available to be multiplied in the photomultiplier.

13. Light collected  

a. ( Light collected in x z planes

b. ( light collected in x y and z y planes

c. Range for first integral is 0 to 2( 

d. Range for the second integral is –1 to +1

e. Light collected = 
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Appendix D

DATA

Table 1 Singles Counts ordered by Counter, Voltage, and Date

	
	 
	 
	 
	 
	Expected 

	
	Date
	Counter
	Voltage
	counts/s
	Count

	1
	25-Jun-03
	L1
	0
	0
	76

	2
	25-Jun-03
	L1
	1600
	5
	76

	3
	25-Jun-03
	L1
	1700
	32
	76

	4
	25-Jun-03
	L1
	1800
	95
	76

	5
	2-Jul-03
	L1
	1800
	481
	76

	6
	25-Jun-03
	L1
	1900
	247
	76

	7
	7-Jul-03
	L1
	1900
	96
	76

	8
	7-Jul-03
	L1
	1900
	88
	76

	9
	7-Jul-03
	L1
	1900
	93
	76

	10
	10-Jul-03
	L1
	1900
	334
	76

	11
	10-Jul-03
	L1
	1900
	565
	76

	12
	11-Jul-03
	L1
	1900
	684
	76

	13
	11-Jul-03
	L1
	1900
	753
	76

	14
	11-Jul-03
	L1
	1900
	473
	76

	15
	11-Jul-03
	L1
	1900
	661
	76

	16
	11-Jul-03
	L1
	1900
	601
	76

	17
	11-Jul-03
	L1
	1900
	560
	76

	18
	11-Jul-03
	L1
	1900
	536
	76

	19
	11-Jul-03
	L1
	1900
	519
	76

	20
	11-Jul-03
	L1
	1900
	489
	76

	21
	11-Jul-03
	L1
	1900
	446
	76

	22
	11-Jul-03
	L1
	1900
	427
	76

	23
	11-Jul-03
	L1
	1900
	395
	76

	24
	25-Jun-03
	L1
	2000
	3409
	76

	25
	25-Jun-03
	L1
	2000
	9014
	76

	26
	7-Jul-03
	L1
	2100
	17812
	76

	27
	7-Jul-03
	L1
	2100
	17812
	76

	28
	7-Jul-03
	L1
	2100
	17538
	76

	29
	11-Jul-03
	L2
	2000
	3164
	76

	30
	11-Jul-03
	L2
	2000
	3419
	76

	31
	2-Jul-03
	L4
	1800
	29
	76

	32
	11-Jul-03
	L4
	2000
	663
	76

	33
	11-Jul-03
	L4
	2000
	643
	76

	34
	11-Jul-03
	L4
	2000
	646
	76

	35
	11-Jul-03
	L4
	2000
	636
	76

	36
	11-Jul-03
	L4
	2000
	628
	76

	37
	2-Jul-03
	L5
	1800
	303
	76

	38
	11-Jul-03
	L5
	1900
	10743
	76


Table 1 Singles Counts ordered by Counter, Voltage, and Date
	
	Date
	Counter
	Voltage
	Count/10s
	Count/s

	39
	2-Jul-03
	L6
	1900
	596
	76

	40
	7-Jul-03
	L6
	1900
	572
	76

	41
	7-Jul-03
	L6
	1900
	572
	76

	42
	7-Jul-03
	L6
	1900
	583
	76

	43
	10-Jul-03
	L6
	2000
	1480
	76

	44
	10-Jul-03
	L6
	2000
	1592
	76

	45
	11-Jul-03
	L6
	2000
	1439
	76

	46
	7-Jul-03
	L6
	2100
	1877
	76

	47
	7-Jul-03
	L6
	2100
	1842
	76

	48
	7-Jul-03
	L6
	2100
	1817
	76

	49
	7-Jul-03
	L6
	2100
	1850
	76

	50
	24-Jun-03
	LA
	1500
	1
	9

	51
	24-Jun-03
	LA
	1600
	14
	9

	52
	24-Jun-03
	LA
	1700
	30
	9

	53
	24-Jun-03
	LA
	1800
	52
	9

	54
	2-Jul-03
	LA
	1800
	12
	9

	55
	24-Jun-03
	LA
	1900
	108
	9

	56
	24-Jun-03
	LA
	1900
	90
	9

	57
	24-Jun-03
	LA
	2000
	412
	9

	58
	10-Jul-03
	LA
	2000
	371
	9

	59
	10-Jul-03
	LA
	2000
	331
	9

	60
	11-Jul-03
	LA
	2000
	286
	9

	61
	11-Jul-03
	LA
	2000
	273
	9

	62
	11-Jul-03
	LA
	2000
	289
	9

	63
	24-Jun-03
	LA
	2200
	987
	9

	64
	25-Jun-03
	LB
	1500
	0
	18

	65
	25-Jun-03
	LB
	1600
	0
	18

	66
	25-Jun-03
	LB
	1700
	19
	18

	67
	25-Jun-03
	LB
	1800
	91
	18

	68
	10-Jul-03
	LB
	1800
	277
	18

	69
	10-Jul-03
	LB
	1800
	109
	18

	70
	11-Jul-03
	LB
	1800
	110
	18

	71
	25-Jun-03
	LB
	1900
	877
	18

	72
	2-Jul-03
	LB
	1900
	711
	18

	73
	25-Jun-03
	LB
	2000
	303
	18


Table 2 Coincidences

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Observed
	Observed
	 

	 
	 
	 
	 
	Also 
	 
	 
	 
	 
	 
	 
	 
	 
	Bins/(PE-PED)
	Bins/(CR-PED)
	 

	 
	 
	 
	 
	Triggered 
	Evaluation
	 
	qvt
	 
	 
	 
	 
	 
	Including
	Including  
	 

	No.
	 
	Date
	Counter
	On
	Voltage
	Atten
	Pedestal
	PE peak
	PE -PED
	CR peak
	CR-PED
	Gain
	Attenuation
	Attenuation
	PE / CR

	1
	 
	03-Jul-03
	L1
	L6
	2100
	1
	21
	45
	24
	397
	376
	3.8E+07
	24
	376
	16

	2
	 
	07-Jul-03
	L1
	?
	2100
	1
	19
	42
	23
	289
	270
	3.6E+07
	23
	270
	12

	3
	 
	03-Jul-03
	L2
	 
	2100
	5
	41.5
	45.5
	4
	221
	179.5
	3.1E+07
	20
	897.5
	45

	4
	 
	07-Jul-03
	L3
	LB, L1, L6
	2000
	1
	22
	76
	54
	463
	441
	8.4E+07
	54
	441
	8

	5
	 
	08-Jul-03
	L3
	L3, L6
	2000
	5
	40
	50
	10
	256
	216
	7.8E+07
	50
	1080
	22

	6
	 
	08-Jul-03
	L3
	L1, L6, LB, L3
	2000
	5
	40
	50
	10
	105
	65
	7.8E+07
	50
	325
	7

	7
	 
	08-Jul-03
	L3
	L1, L6, LA, L4
	2000
	5
	40
	50
	10
	256
	325
	7.8E+07
	50
	1080
	22

	8
	 
	10-Jul-03
	L4
	LA, L4
	2000
	1
	22
	44
	22
	68
	46
	3.4E+07
	22
	46
	2

	9
	 
	18-Jul-03
	L4
	L1, L4, L6
	2000
	1
	16
	38
	22
	82
	66
	3.4E+07
	22
	66
	3

	10
	 
	18-Jul-03
	L4
	L1, L4, L6
	2000
	5
	35
	39
	4
	48
	13
	3.1E+07
	20
	65
	3

	11
	 
	10-Jul-03
	L4
	LA, L1
	2100
	1
	22
	62
	40
	94
	72
	6.3E+07
	40
	72
	2

	12
	 
	18-Jul-03
	L5
	 L1, L6
	1900
	1
	31
	47
	16
	159
	128
	2.5E+07
	16
	128
	8

	13
	 
	18-Jul-03
	L5
	L1, L6
	1900
	1
	32
	47
	15
	160
	128
	2.3E+07
	15
	128
	9

	14
	 
	08-Jul-03
	L5
	L1, L6
	2000
	5
	40
	49
	9
	189
	149
	7.0E+07
	45
	745
	17

	15
	 
	08-Jul-03
	L5
	L1
	2000
	5
	40
	49
	9
	189
	149
	7.0E+07
	45
	745
	17

	16
	 
	08-Jul-03
	L6
	L1, L6
	2000
	5
	40
	50
	10
	110
	70
	7.8E+07
	50
	350
	7

	17
	 
	24-Jun-03
	LA
	S1
	2200
	1
	41
	51
	10
	890
	849
	1.6E+07
	10
	849
	85

	18
	 
	25-Jun-03
	LA
	L6
	2200
	1
	40
	50
	10
	986
	946
	1.6E+07
	10
	946
	95

	19
	 
	08-Jul-03
	LA
	All others?
	2200
	1
	41
	51
	10
	446
	405
	1.6E+07
	10
	405
	41

	20
	 
	24-Jun-03
	LB
	L1
	2100
	5
	39
	53
	14
	494
	455
	1.1E+08
	70
	2275
	33

	21
	 
	24-Jun-03
	LB
	?
	2100
	5
	41
	53
	12
	465
	424
	9.4E+07
	60
	2120
	35

	22
	 
	25-Jun-03
	LB
	LB, L1
	2100
	5
	39
	57
	18
	494
	455
	1.4E+08
	90
	2275
	25

	23
	 
	25-Jun-03
	LB
	L1
	2100
	5
	40
	57
	17
	447
	407
	1.3E+08
	85
	2035
	24


Table 2 Coincidences Con’t.

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Expected 
	Expected 
	 
	 

	 
	 
	 
	 
	 
	 
	2000 V
	 
	Expected
	Expected
	PE+ ADC PED
	CR+ ADC PED
	 
	 

	 
	 
	 
	Difference in 
	Expected 
	Expected
	Minus
	Final
	Bins/(PE-PED)
	Bins/(CR-PED)
	Of ~10 at
	Of ~ 10 at
	Also 
	 

	 
	 
	 
	Voltage from 
	Bins/PE 
	Bins/CR peak
	Final 
	Voltage 
	At final 
	At final 
	Final
	Final
	Triggered 
	PE/CR

	No
	Date
	 
	2000 V
	At 2000 V
	At 2000 V
	Voltage
	Used
	Voltage
	Voltage
	Voltage 
	Voltage 
	On
	 

	1
	03-Jul-03
	L1
	-100
	12
	188
	100
	1900
	6
	94
	16
	104
	L6
	16

	2
	07-Jul-03
	L1
	-100
	11.5
	135
	100
	1900
	6
	68
	16
	78
	?
	12

	3
	03-Jul-03
	L2
	-100
	10
	448.75
	0
	2000
	10
	449
	20
	459
	 
	45

	4
	07-Jul-03
	L3
	0
	54
	441
	100
	1900
	27
	221
	37
	231
	LB, L1, L6
	8

	5
	08-Jul-03
	L3
	0
	50
	1080
	100
	1900
	25
	540
	35
	550
	L3, L6
	22

	6
	08-Jul-03
	L3
	0
	50
	325
	100
	1900
	25
	163
	35
	173
	L1, L6, LB, L3
	7

	7
	08-Jul-03
	L3
	0
	50
	1080
	100
	1900
	25
	540
	35
	550
	L1, L6, LA, L4
	22

	8
	10-Jul-03
	L4
	0
	22
	46
	0
	2000
	22
	46
	32
	56
	LA, L4
	2

	9
	18-Jul-03
	L4
	0
	22
	66
	0
	2000
	22
	66
	32
	76
	L1, L4, L6
	3

	10
	18-Jul-03
	L4
	0
	20
	65
	0
	2000
	20
	65
	30
	75
	L1, L4, L6
	3

	11
	10-Jul-03
	L4
	-100
	20
	36
	0
	2000
	20
	36
	30
	46
	LA, L1
	2

	12
	18-Jul-03
	L5
	100
	32
	256
	100
	1900
	16
	128
	26
	138
	 L1, L6
	8

	13
	18-Jul-03
	L5
	100
	30
	256
	100
	1900
	15
	128
	25
	138
	 
	9

	14
	08-Jul-03
	L5
	0
	45
	745
	100
	1900
	23
	373
	33
	383
	L1, L6
	17

	15
	08-Jul-03
	L5
	0
	40
	745
	100
	1900
	20
	373
	30
	383
	L1
	19

	16
	08-Jul-03
	L6
	0
	50
	350
	0
	2000
	50
	350
	60
	360
	L1, L6
	7

	17
	24-Jun-03
	LA
	-200
	2.5
	212.25
	0
	2000
	3
	212
	13
	222
	S1
	85

	18
	25-Jun-03
	LA
	-200
	2.5
	236.5
	0
	2000
	3
	237
	13
	247
	L6
	95

	19
	08-Jul-03
	LA
	-200
	2.5
	101.25
	0
	2000
	3
	101
	13
	111
	?
	41

	20
	24-Jun-03
	LB
	-100
	35
	1137.5
	200
	1800
	9
	284
	19
	294
	L1
	33

	21
	24-Jun-03
	LB
	-100
	30
	1060
	200
	1800
	8
	265
	18
	275
	?
	35

	22
	25-Jun-03
	LB
	-100
	45
	2275
	200
	1800
	11
	569
	21
	579
	LB, L1
	51

	23
	26-Jun-03
	LB
	-100
	42.5
	2035
	200
	1800
	11
	509
	21
	519
	L1
	48


Table 3 The Expected PE and CR Measurements for the ADC plots
	 
	 
	 
	 
	 
	 
	 
	Expected 
	Expected 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	PE+ ADC PED
	CR+ ADC PED
	 
	 
	 
	 

	 
	 
	 
	Final
	 
	 
	 
	Of ~10 at
	Of ~ 10 at
	 
	 
	Also 
	 

	 
	 
	 
	Used
	Expected
	Expected
	 
	Final
	Final
	Where PE
	 
	Triggered 
	 

	No.
	Date
	Counter
	Voltage 
	Bins/(PE-PED)
	Bins/(CR-PED)
	PE/CR
	Voltage 
	Voltage 
	Measured
	Counter
	On
	 

	1
	3-Jul-03
	L1
	1900
	6
	94
	16
	16
	104
	Middle
	L1
	L6
	LA near PMT of odd numbered counters

	2
	7-Jul-03
	L1
	1900
	6
	68
	12
	16
	78
	?
	L1
	?
	 

	3
	3-Jul-03
	L2
	2000
	10
	449
	45
	20
	459
	?
	L2
	?
	 

	4
	7-Jul-03
	L3
	1900
	27
	221
	8
	37
	231
	Far
	L3
	LB, L1, L6
	 

	5
	8-Jul-03
	L3
	1900
	25
	540
	22
	35
	550
	Middle
	L3
	L6
	 

	6
	8-Jul-03
	L3
	1900
	25
	163
	7
	35
	173
	Far
	L3
	L1, L6, LB
	 

	7
	8-Jul-03
	L3
	1900
	25
	540
	22
	35
	550
	Near
	L3
	L1, L6, LA, L4
	LA near PMT of odd numbered counters

	8
	10-Jul-03
	L4
	2000
	22
	46
	2
	32
	56
	Far
	L4
	LA
	LA near PMT of odd numbered counters

	9
	18-Jul-03
	L4
	2000
	22
	66
	3
	32
	76
	Middle
	L4
	L1, L6
	 

	10
	18-Jul-03
	L4
	2000
	20
	65
	3
	30
	75
	Middle
	L4
	L1, L6
	 

	11
	10-Jul-03
	L4
	2000
	20
	36
	2
	30
	46
	Far
	L4
	LA, L1
	 

	12
	18-Jul-03
	L5
	1900
	16
	128
	8
	26
	138
	Middle
	L5
	L1, L6
	 

	13
	18-Jul-03
	L5
	1900
	15
	128
	9
	25
	138
	?
	L5
	?
	 

	14
	8-Jul-03
	L5
	1900
	23
	373
	17
	33
	383
	Middle
	L5
	L1, L6
	 

	15
	8-Jul-03
	L5
	1900
	20
	373
	19
	30
	383
	Near
	L5
	L1
	 

	16
	8-Jul-03
	L6
	2000
	50
	350
	7
	60
	360
	Middle
	L6
	L1
	 

	17
	24-Jun-03
	LA
	2000
	3
	212
	85
	13
	222
	?
	LA
	S1
	LA near PMT of odd numbered counters

	18
	25-Jun-03
	LA
	2000
	3
	237
	95
	13
	247
	?
	LA
	L6
	LA near PMT of odd numbered counters

	19
	8-Jul-03
	LA
	2000
	3
	101
	41
	13
	111
	?
	LA
	?
	LA near PMT of odd numbered counters

	20
	24-Jun-03
	LB
	1800
	9
	284
	33
	19
	294
	?
	LB
	L1
	LB near PMT of even numbered counters

	21
	24-Jun-03
	LB
	1800
	8
	265
	35
	18
	275
	Centered
	LB
	?
	LB near PMT of even numbered counters

	22
	25-Jun-03
	LB
	1800
	11
	569
	51
	21
	579
	Centered
	LB
	LB, L1
	LB near PMT of even numbered counters

	23
	25-Jun-03
	LB
	1801
	11
	509
	48
	21
	519
	Centered
	LB
	L1
	LB near PMT of even numbered counters


Table 4 Overlap

Study for LB and L1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	1800 V
	 
	 
	1800 V
	 
	 
	 
	 
	 
	 
	Average 
	 
	 
	 
	

	Overlap
	
	
	
	Average 
	L1 Singles 
	Coincidence counts / s for
	Coincidence Rates/s
	Expected 
	Expected 
	Accidental 
	

	In cm
	LB Singles Counts/s
	For LB
	Counts/s
	LB and L1
	For LB and L1
	Rate LB/s
	Rate L1/s
	Rate/s
	

	45
	434.2
	237.9
	247.5
	307
	104.8
	5.5
	6.4
	6
	4.5
	5.1
	6.8
	5.7
	8
	71
	1.28E-03
	

	24
	175
	 
	 
	175
	95.2
	2.9
	2.8
	2.7
	 
	 
	 
	2.8
	8
	71
	6.66E-04
	

	10
	98
	 
	 
	98
	97.6
	1.5
	1.7
	1.1
	 
	 
	 
	1.4
	8
	71
	3.83E-04
	

	5
	99.5
	 
	 
	99.5
	405.7
	0.8
	0.8
	0.5
	 
	 
	 
	0.7
	8
	71
	1.61E-03
	

	0
	94.4
	 
	 
	94.4
	132.4
	0.5
	0.3
	0.3
	 
	 
	 
	0.4
	8
	71
	5.00E-04
	

	-150
	268.1
	107
	168.8
	181
	125.6
	0.1
	0
	0
	 
	 
	 
	0.0
	8
	71
	9.11E-04
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	2100 V
	 
	 
	2100 V
	 
	 
	 
	 
	 
	 
	Average 
	 
	 
	 
	Coincidence

	Overlap
	 
	 
	 
	Average 
	L1 Singles 
	Coincidence counts / s for
	Coincidence Rates/s
	Expected 
	Expected 
	Accidental 
	Minus

	In cm
	LB Singles Counts/s
	For LB
	Counts/s
	LB and L1
	For LB and L1
	Rate LB/s
	Rate L1/s
	Rate/s
	Accidentals

	0
	5924
	 
	 
	5923.6
	44005
	178
	204
	163
	158
	202
	 
	18.1
	8
	71
	10.43
	7.7


Table 5 Unreliable or Irreproducible Data

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Observed
	Observed
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Bins/(PE-PED)
	Bins/(CR-PED)
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Including 
	Including 
	 

	 
	 
	Counter
	Voltage
	Attend
	Pedestal
	PE peak
	PE - PED
	CR peak
	CR - PED
	Gain
	Attenuation
	Attenuation
	PE/CR

	1
	08-Jul-03
	L4
	2000
	5
	40
	45
	5
	207
	167
	7.8E+06
	25
	835
	33.4

	2
	08-Jul-03
	L5
	2000
	5
	40
	49
	9
	189
	149
	1.4E+07
	45
	745
	16.6

	3
	07-Jul-03
	L6
	2100
	1
	22
	24
	2
	115
	93
	3.1E+06
	2
	93
	46.5


	 
	 
	 
	 
	 
	 
	 
	 
	 
	Expected
	Expected
	 

	 
	 
	 
	 
	 
	 
	Expected
	Expected
	 
	PE + ADC PED
	CR + ADC PED
	 

	 
	 
	Difference in
	Expected
	Expected
	Final 
	Bins (PE - PED)
	Bins (CR - PED)
	 
	Of ~10 at
	Of ~10 at
	 

	 
	 
	Voltage from
	Bins/PE
	CR peak
	Voltage
	Including
	Including
	 
	Determined
	Determined
	 

	 
	 
	2000 V
	At 2000 V
	At 2000 V
	Used
	Attenuation
	Attenuation
	PE/CR
	Voltage
	Voltage
	PE/CR

	1
	L4
	0
	25
	835
	2000
	25
	835
	835
	35
	2000
	57.1

	2
	L5
	0
	45
	745
	2000
	45
	745
	745
	55
	2000
	36.4

	3
	L6
	-100
	1
	46.5
	2000
	1
	46.5
	46.5
	11
	2000
	181.8


Appendix E
Statistical Analysis of Data

	SUMMARY OUTPUT:  COUNTER L A

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.949066596
	
	
	
	
	
	
	

	R Square
	0.900727404
	
	
	
	
	
	
	

	Adjusted R Square
	0.892454687
	
	
	
	
	
	
	

	Standard Error
	0.631518907
	
	
	
	
	
	
	

	Observations
	14
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	43.42281308
	43.42281
	108.8793
	2.2575E-07
	
	
	

	Residual
	12
	4.785793552
	0.398816
	
	
	
	
	

	Total
	13
	48.20860663
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-13.88589479
	1.769380291
	-7.84789
	4.57E-06
	-17.7410432
	-10.0307
	-17.741
	-10.03074638

	X Variable 1
	0.009746148
	0.000934029
	10.43452
	2.26E-07
	0.007711074
	0.011781
	0.007711
	0.011781223
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	SUMMARY OUTPUT:  COUNTER LB

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.9313527
	
	
	
	
	
	
	

	R Square
	0.867417851
	
	
	
	
	
	
	

	Adjusted R Square
	0.850845082
	
	
	
	
	
	
	

	Standard Error
	1.289877634
	
	
	
	
	
	
	

	Observations
	10
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	87.08238455
	87.08238
	52.33995
	8.93798E-05
	
	
	

	Residual
	8
	13.31027448
	1.663784
	
	
	
	
	

	Total
	9
	100.392659
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-33.7998666
	5.202111218
	-6.49734
	0.000189
	-45.79596433
	-21.8038
	-45.796
	-21.8038

	X Variable 1
	0.021078375
	0.002913537
	7.234635
	8.94E-05
	0.014359743
	0.027797
	0.01436
	0.027797
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	SUMMARY OUTPUT:   COUNTER L 1

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.941955986
	
	
	
	
	
	
	

	R Square
	0.88728108
	
	
	
	
	
	
	

	Adjusted R Square
	0.882945737
	
	
	
	
	
	
	

	Standard Error
	0.749190889
	
	
	
	
	
	
	

	Observations
	28
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	114.8742596
	114.8743
	204.6623
	7.76705E-14
	
	
	

	Residual
	26
	14.59346168
	0.561287
	
	
	
	
	

	Total
	27
	129.4677213
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-24.2588477
	2.122311168
	-11.4304
	1.22E-11
	-28.62132364
	-19.8964
	-28.6213
	-19.8964

	X Variable 1
	0.016034733
	0.001120838
	14.30602
	7.77E-14
	0.013730816
	0.018339
	0.013731
	0.018339
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	SUMMARY OUTPUT:   COUNTER L 6

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.946788011
	
	
	
	
	
	
	

	R Square
	0.896407538
	
	
	
	
	
	
	

	Adjusted R Square
	0.884897265
	
	
	
	
	
	
	

	Standard Error
	0.18545275
	
	
	
	
	
	
	

	Observations
	11
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	2.678467693
	2.678468
	77.87891
	1.00239E-05
	
	
	

	Residual
	9
	0.309534503
	0.034393
	
	
	
	
	

	Total
	10
	2.988002196
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-4.528631502
	1.312540567
	-3.45028
	0.007272
	-7.497806811
	-1.55946
	-7.49781
	-1.55946

	X Variable 1
	0.005786264
	0.000655674
	8.824903
	1E-05
	0.004303024
	0.00727
	0.004303
	0.00727



[image: image7.wmf]Counter L 6

0

1

2

3

4

5

6

7

8

9

1850

1900

1950

2000

2050

2100

2150

 Volts

LN Counts per second

Y

Predicted Y


Appendix F

Graphs

lstack ADC Plots - PE Peaks
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lstack ADC Plots – CR Peaks
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Singles Counts by Counter versus Voltage and by Date
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Typical qvt Plots
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Appendix G

Glossary of Terms

Accelerators
A device used to produce high-energy high-speed beams of charged particles.

ADC  

Analog Digital Converter

Attenuation 

Radio logically; it is the reduction of the intensity of radiation upon passage through a medium.  The attenuation is caused by absorption and scattering. 

Anode  

The positive terminal

Baryon

A hadron made from a basic structure of three quarks.  The proton and neutron are both baryons. 

Bremsstrahlung

X-rays emitted when a charged particle (such as an electron) is decelerated by passing through matter.  The word bremsstrahlung is German for “braking radiation”.

Cerenkov Radiation

A charged particle emits Cerenkov radiation (light) in a cone around its direction of travel when it travels through any medium faster than the speed of light through that medium. 

Coincidence 

The occurrence of events that happen at the same time. 

CR 

Cosmic Rays

Doped 

A substance added in trace amount to another material. 

Dynode

An electrode, in an electron tube, that functions to produce secondary emissions of electrons.

eV (electron volt)

The basic unit of energy used in high energy physics.  It is the energy gained by one electron when it moves through a potential difference of one volt.  By definition, an eV is equivalent to 1.6 x 10-19 joules. 

Excitation 

The addition of energy to a system, transferring it from its ground state to an excited state.  Excitation of a nucleus, an atom, or a molecule can result from absorption of photons or from inelastic collisions with other particles. 

Fluors

Materials, which give of the kind of luminescence in which the emanation of light continues only as long as the excitation lasts and in which the emission of radiation follows the excitation almost instantaneously. 

GeV (Giga Electron Volt)

Unit of energy equal to that acquired by a particle with one electronic charge passing through a potential difference of one billion volts.  1 GeV = 109 eV

Hadron

Any particle made of quarks and gluons, i.e. a meson or a baryon

High Energy Physics

A branch of science that tries to understand the interactions of the fundamental particles, such as electrons, photons, neutrons, and protons (and many others that can be created).  Cosmic rays have higher energies than can be produced in accelerators. 

Lepton

A fundamental matter particle that does not participate in strong interactions.  The charge leptons are the electrons (e) the muons ((), the tau ((), and their antiparticles.

Meson 

A hadron with the basic structure of one quark and one antiquark.

Momentum
The mass times the velocity of an object.  This definition is modified for any particle moving close to the speed of sound. 

Muon

The second lepton (in order of increasing mass) with an electric charge of –1. 

MeV (Mega Electron Volt)
1 MeV = 1 x 106 eV

Nucleon

A proton, neutron, and other particles formed as a result of bombardment of a nucleus with high-energy particles.

Nucleus

A collection of protons and neutrons that form the core of an atom.

Particle


In “particle physics”, a subatomic object with definite mass and charge. 

PE

Photoelectron

Photon

The carrier particle of the electromagnetic interactions.  Depending on its frequency (and therefore energy) photons can have different names such as visible light, X-rays, and gamma rays.  They are uncharged particles without mass that carry energy. 

PM

A Photomultiplier

Relativistic 


Traveling at a significant fraction of the speed of light. 

Shower Electrons can create photons by interaction with a medium.  In a similar way, photons can create electrons and their antiparticles, positrons, by interacting with a medium.  So, imagine a very high-energy electron impinging on some material.  The electron can set photons into motion and these photons can, in turn set electrons and positrons into motion and this process can continue to repeat.  One high-energy electron can set thousands of particles into motion.  The particle creation process only stops when the energy runs out. 

Steradian

The unit for a solid angle, i.e. three-dimensional angle.

Tau
The third charged lepton (in order of increasing mass), with electric charge of one. 

TDC
Time Digital Converter

TeV  (Tetra Electron Volt)
1 x 1012 eV
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Figure 3: Arrangement of the six large counters.
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Figure 4 The Configurations of the End of a photomultiplier (PM)
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Figure 5   Arrows with solid lines represent cables.  Arrows with dotted lines are comments








Coincidence actually has input for 4 cables only.
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Figure 6 Wiring Diagram of dynodes.  All anodes go directly to the ADC.  From the discriminator all signals go to the TDC.  Variable size pulses enter the discriminator.  The discriminator output standardizes the signal, ~ -0.5V, square, and adjustable ~ 20 ns wide. 
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Figure 8 Showing the 3-dimensional internal reflection of light from a proton originating in the center of the scintillator.  Not to scale.  See Figure 2 for further information. 





Figure 7 Connections for timing of cables. 
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Figure 9:  Side view of the arrangement of the six large counters with LA.
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Figure 10: Top view of  the stack with LA’s scintillator centered over the scintillators of the stack.
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� � TIME \@ "M/d/yyyy h:mm am/pm" �8/6/2003 4:48 PM�


� See Appendix A Figure 1


�Particle Physics Booklet; July 2000; Springer ( p. 180)


� See Appendix G Glossary for technical terms


� see Appendix C Calculations


� Particle Physics Booklet; July 2000; Springer (p. 205) 


� See Appendix C Calculations  


See Appendix A Figure 2


� See Appendix A Figures 3, 4, 5, and 6


� See Appendix A Figure 7


� The dtake program was written by Elizabeth Weber in the summer of 2001.  It uses Fortran and Physics Analysis Workstation [PAW]


� See Appendix C


� See Appendix A Figure 3


6 See Appendix D Table 4


� See Appendix F Graphs 1 and 2


� See Appendix D Table 1


� See Appendix F: Graphs  overlap graph page 38


� See Appendix D Data: Table 4


� See Appendix D:  Table 2


� Analysis performed by Thomas W. Langford see Appendix E Statistical Analysis


� Graph prepared by Julia Thompson see Appendix F Graphs p 33


� Appendix D Graphs:  Table 4 


� Julia Thompson in a private communication.


� For further studies using dtake see ‘Godwin, Mark, PhD  Cosmic Ray study 2003


� See Appendix A Figure 3


� see graphs in Appendix E.


� See Table 1 Figures 9 and 10


� See Appendix F pages 32 and 33


� Appendix D, Table 4 and Appendix F the first two graphs


� Particle Physics Booklet; July 2000; Springer; pp. 270-271


� Op. Cit. p. 205


� Thomas


� see Appendix A Figure 8


� Definitions from � HYPERLINK "http://www2.slac.stanford.edu/vvc/glossary.html" ��http://www2.slac.stanford.edu/vvc/glossary.html�; Webster’s Ninth Collegiate Dictionary; and Glossary of Chemical Terms by Hampel & Hawley; Van Nostrand Reinhold Company, New York  (1976)
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LA

		SUMMARY OUTPUT:  COUNTER L A

		Regression Statistics

		Multiple R		0.9490665959

		R Square		0.9007274035

		Adjusted R Square		0.8924546872

		Standard Error		0.6315189066

		Observations		14

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		43.4228130755		43.4228130755		108.8792801495		0.0000002258

		Residual		12		4.7857935522		0.3988161293

		Total		13		48.2086066276

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-13.8858947915		1.7693802913		-7.8478859855		0.000004574		-17.7410432049		-10.0307463781		-17.7410432049		-10.0307463781

		X Variable 1		0.0097461481		0.0009340291		10.434523475		0.0000002258		0.0077110737		0.0117812226		0.0077110737		0.0117812226

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		0.7333274212		-1.0900023652

		2		1.7079422354		0.9523173018

		3		2.6825570496		0.7052173117

		4		3.6571718638		0.2979106311

		5		3.6571718638		-1.1557359121

		6		4.631786678		0.0475629062

		7		4.631786678		-0.1297572509

		8		5.6064014922		0.4148645462

		9		5.6064014922		0.3098544773

		10		5.6064014922		0.1948101278

		11		5.6064014922		0.0506387199

		12		5.6064014922		0.003070303

		13		5.6064014922		0.0607169981

		14		7.5556311205		-0.6614677951





LB

		SUMMARY OUTPUT:  COUNTER L B

		Regression Statistics

		Multiple R		0.9313526995

		R Square		0.867417851

		Adjusted R Square		0.8508450823

		Standard Error		1.2898776339

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		87.0823845499		87.0823845499		52.3399481585		0.0000893798

		Residual		8		13.3102744827		1.6637843103

		Total		9		100.3926590326

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-33.7998665896		5.2021112185		-6.4973364025		0.0001886329		-45.7959643288		-21.8037688504		-45.7959643288		-21.8037688504

		X Variable 1		0.0210783747		0.0029135366		7.2346353162		0.0000893798		0.0143597429		0.0277970065		0.0143597429		0.0277970065

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-2.1823045267		-1.218892855

		2		-0.0744670558		-0.8418236761

		3		2.0333704151		0.9004864548

		4		4.1412078859		0.3685521153

		5		4.1412078859		1.4817260009

		6		4.1412078859		0.5473839082

		7		4.1412078859		0.5601811578

		8		6.2490453568		0.5276896598

		9		6.2490453568		0.3169235908

		10		8.3568828276		-2.6422263564
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L6

		SUMMARY OUTPUT:   COUNTER L 6

		Regression Statistics

		Multiple R		0.9467880112

		R Square		0.8964075382

		Adjusted R Square		0.8848972647

		Standard Error		0.1854527503

		Observations		11

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.6784676929		2.6784676929		77.8789084222		0.0000100239

		Residual		9		0.3095345033		0.0343927226

		Total		10		2.9880021962

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-4.528631502		1.3125405672		-3.4502792638		0.0072715066		-7.4978068105		-1.5594561935		-7.4978068105		-1.5594561935

		X Variable 1		0.0057862636		0.0006556745		8.8249027429		0.0000100239		0.0043030237		0.0072695034		0.0043030237		0.0072695034

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		6.4652692908		-0.075196423

		2		6.4652692908		-0.1170048075

		3		6.4652692908		-0.1168298447

		4		6.4652692908		-0.0970821044

		5		7.0438956483		0.2559017185

		6		7.0438956483		0.3287250821

		7		7.0438956483		0.2275995588

		8		7.6225220058		-0.0849321525

		9		7.6225220058		-0.103914789

		10		7.6225220058		-0.1174148437

		11		7.6225220058		-0.0998513945
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L1

		SUMMARY OUTPUT:   COUNTER L 1

		Regression Statistics

		Multiple R		0.9419559864

		R Square		0.8872810803

		Adjusted R Square		0.8829457372

		Standard Error		0.7491908887

		Observations		28

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		114.8742595735		114.8742595735		204.6622531685		0

		Residual		26		14.5934616798		0.5612869877

		Total		27		129.4677212532

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-24.2588476972		2.1223111675		-11.430391579		0		-28.6213236386		-19.8963717558		-28.6213236386		-19.8963717558

		X Variable 1		0.0160347327		0.001120838		14.3060215703		0		0.0137308156		0.0183386497		0.0137308156		0.0183386497

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-0.2067487144		0.2067487144

		2		1.3967245511		0.192510654

		3		3.0001978167		0.4529593039

		4		4.6036710822		-0.052957082

		5		4.6036710822		1.5721961879

		6		6.2071443477		-0.6973512347

		7		6.2071443477		-1.64071499

		8		6.2071443477		-1.7264042401

		9		6.2071443477		-1.6745448545

		10		6.2071443477		-0.3951055543

		11		6.2071443477		0.129150269

		12		6.2071443477		0.3213981943

		13		6.2071443477		0.4165223943

		14		6.2071443477		-0.0476262156

		15		6.2071443477		0.287063247

		16		6.2071443477		0.1914505868

		17		6.2071443477		0.1200778951

		18		6.2071443477		0.0766166094

		19		6.2071443477		0.0441813337

		20		6.2071443477		-0.0145773802

		21		6.2071443477		-0.1066012056

		22		6.2071443477		-0.1510631575

		23		6.2071443477		-0.2285117794

		24		7.8106176132		0.3235801259

		25		7.8106176132		1.2958999491

		26		9.4140908787		0.3735367877

		27		9.4140908787		0.3735367877

		28		9.4140908787		0.3580286537
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9313526995

		R Square		0.867417851

		Adjusted R Square		0.8508450823

		Standard Error		1.2898776339

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		87.0823845499		87.0823845499		52.3399481585		0.0000893798

		Residual		8		13.3102744827		1.6637843103

		Total		9		100.3926590326

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-33.7998665896		5.2021112185		-6.4973364025		0.0001886329		-45.7959643288		-21.8037688504		-45.7959643288		-21.8037688504

		X Variable 1		0.0210783747		0.0029135366		7.2346353162		0.0000893798		0.0143597429		0.0277970065		0.0143597429		0.0277970065

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-2.1823045267		-1.218892855

		2		-0.0744670558		-0.8418236761

		3		2.0333704151		0.9004864548

		4		4.1412078859		0.3685521153

		5		4.1412078859		1.4817260009

		6		4.1412078859		0.5473839082

		7		4.1412078859		0.5601811578

		8		6.2490453568		0.5276896598

		9		6.2490453568		0.3169235908

		10		8.3568828276		-2.6422263564





Sheet1

												Expected

				Date		Counter		Voltage		counts/s		Count

		1		25-Jun-03		L1		1500		0		76						1500		0

		2		25-Jun-03		L1		1600		5		76						1600		1.5892352051

		3		25-Jun-03		L1		1700		32		76						1700		3.4531571206

		4		25-Jun-03		L1		1800		95		76						1800		4.5507140002

		5		2-Jul-03		L1		1800		481		76						1800		6.1758672701

		6		25-Jun-03		L1		1900		247		18						1900		5.509793113

		7		7-Jul-03		L1		1900		96		76						1900		4.5664293577

		8		7-Jul-03		L1		1900		88		76						1900		4.4807401076

		9		7-Jul-03		L1		1900		93		76						1900		4.5325994932

		10		10-Jul-03		L1		1900		334		76						1900		5.8120387934

		11		10-Jul-03		L1		1900		565		76						1900		6.3362946167

		12		11-Jul-03		L1		1900		684		76						1900		6.528542542

		13		11-Jul-03		L1		1900		753		76						1900		6.623666742

		14		11-Jul-03		L1		1900		473		76						1900		6.1595181321

		15		11-Jul-03		L1		1900		661		76						1900		6.4942075947

		16		11-Jul-03		L1		1900		601		76						1900		6.3985949345

		17		11-Jul-03		L1		1900		560		76						1900		6.3272222428

		18		11-Jul-03		L1		1900		536		76						1900		6.2837609571

		19		11-Jul-03		L1		1900		519		76						1900		6.2513256814

		20		11-Jul-03		L1		1900		489		76						1900		6.1925669675

		21		11-Jul-03		L1		1900		446		76						1900		6.1005431421

		22		11-Jul-03		L1		1900		427		76						1900		6.0560811902

		23		11-Jul-03		L1		1900		395		76						1900		5.9786325683

		24		25-Jun-03		L1		2000		3409		18						2000		8.1341977392

		25		25-Jun-03		L1		2000		9014		18						2000		9.1065175623

		26		7-Jul-03		L1		2100		17812		76						2100		9.7876276664

		27		7-Jul-03		L1		2100		17812		76						2100		9.7876276664

		28		7-Jul-03		L1		2100		17538		76						2100		9.7721195324

		29		11-Jul-03		L2		2000		3164		76

		30		11-Jul-03		L2		2000		3419		76

		31		2-Jul-03		L4		1800		29		76						1800		3.3499040873

		32		11-Jul-03		L4		2000		663		76						2000		6.4961714899

		33		11-Jul-03		L4		2000		643		76						2000		6.4658336339

		34		11-Jul-03		L4		2000		646		76						2000		6.4709542906

		35		11-Jul-03		L4		2000		636		76						2000		6.4556701502

		36		11-Jul-03		L4		2000		628		76						2000		6.4430177594

		37		2-Jul-03		L5		1800		303		76

		38		11-Jul-03		L5		1900		10743		76

		39		2-Jul-03		L6		1900		596		76						1900		6.3900728678

		40		7-Jul-03		L6		1900		572		76						1900		6.3482644832

		41		7-Jul-03		L6		1900		572		76						1900		6.3484394461

		42		7-Jul-03		L6		1900		583		76						1900		6.3681871864

		43		10-Jul-03		L6		2000		1480		76						2000		7.2997973668

		44		10-Jul-03		L6		2000		1592		76						2000		7.3726207304

		45		11-Jul-03		L6		2000		1439		76						2000		7.271495207

		46		7-Jul-03		L6		2100		1877		76						2100		7.5375898533

		47		7-Jul-03		L6		2100		1842		76						2100		7.5186072168

		48		7-Jul-03		L6		2100		1817		76						2100		7.5051071621

		49		7-Jul-03		L6		2100		1850		76						2100		7.5226706113

		50		24-Jun-03		LA		1500		1		117						1500		-0.3566749439

		51		24-Jun-03		LA		1600		14		117						1600		2.6602595373

		52		24-Jun-03		LA		1700		30		117						1700		3.3877743613

		53		24-Jun-03		LA		1800		52		117						1800		3.9550824949

		54		2-Jul-03		LA		1800		12		117						1800		2.5014359517

		55		24-Jun-03		LA		1900		108		117						1900		4.6793495842

		56		24-Jun-03		LA		1900		90		117						1900		4.5020294271

		57		24-Jun-03		LA		2000		412		117						2000		6.0212660383

		58		10-Jul-03		LA		2000		371		117						2000		5.9162559695

		59		10-Jul-03		LA		2000		331		117						2000		5.80121162

		60		11-Jul-03		LA		2000		286		117						2000		5.6570402121

		61		11-Jul-03		LA		2000		273		117						2000		5.6094717952

		62		11-Jul-03		LA		2000		289		117						2000		5.6671184903

		63		24-Jun-03		LA		2200		987		117						2200		6.8941633255

		64		25-Jun-03		LB		1500		0		18						1500		-3.4011973817

		65		25-Jun-03		LB		1600		0		18						1600		-0.9162907319

		66		25-Jun-03		LB		1700		19		18						1700		2.9338568698

		67		25-Jun-03		LB		1800		91		18						1800		4.5097600012

		68		10-Jul-03		LB		1800		277		18						1800		5.6229338868

		69		10-Jul-03		LB		1800		109		18						1800		4.6885917941

		70		11-Jul-03		LB		1800		110		18						1800		4.7013890437

		71		25-Jun-03		LB		1900		877		18						1900		6.7767350165

		72		2-Jul-03		LB		1900		711		18						1900		6.5659689475

		73		25-Jun-03		LB		2000		303		18						2000		5.7146564712

		74		23-Jun-03		S1		1800		12

		75		23-Jun-03		S2		1800		1962
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		SUMMARY OUTPUT:  COUNTER L A

		Regression Statistics

		Multiple R		0.9490665959

		R Square		0.9007274035

		Adjusted R Square		0.8924546872

		Standard Error		0.6315189066

		Observations		14

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		43.4228130755		43.4228130755		108.8792801495		0.0000002258

		Residual		12		4.7857935522		0.3988161293

		Total		13		48.2086066276

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-13.8858947915		1.7693802913		-7.8478859855		0.000004574		-17.7410432049		-10.0307463781		-17.7410432049		-10.0307463781

		X Variable 1		0.0097461481		0.0009340291		10.434523475		0.0000002258		0.0077110737		0.0117812226		0.0077110737		0.0117812226

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		0.7333274212		-1.0900023652

		2		1.7079422354		0.9523173018

		3		2.6825570496		0.7052173117

		4		3.6571718638		0.2979106311

		5		3.6571718638		-1.1557359121

		6		4.631786678		0.0475629062

		7		4.631786678		-0.1297572509

		8		5.6064014922		0.4148645462

		9		5.6064014922		0.3098544773

		10		5.6064014922		0.1948101278

		11		5.6064014922		0.0506387199

		12		5.6064014922		0.003070303

		13		5.6064014922		0.0607169981

		14		7.5556311205		-0.6614677951





LB

		SUMMARY OUTPUT:  COUNTER L B

		Regression Statistics

		Multiple R		0.9313526995

		R Square		0.867417851

		Adjusted R Square		0.8508450823

		Standard Error		1.2898776339

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		87.0823845499		87.0823845499		52.3399481585		0.0000893798

		Residual		8		13.3102744827		1.6637843103

		Total		9		100.3926590326

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-33.7998665896		5.2021112185		-6.4973364025		0.0001886329		-45.7959643288		-21.8037688504		-45.7959643288		-21.8037688504

		X Variable 1		0.0210783747		0.0029135366		7.2346353162		0.0000893798		0.0143597429		0.0277970065		0.0143597429		0.0277970065

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-2.1823045267		-1.218892855

		2		-0.0744670558		-0.8418236761

		3		2.0333704151		0.9004864548

		4		4.1412078859		0.3685521153

		5		4.1412078859		1.4817260009

		6		4.1412078859		0.5473839082

		7		4.1412078859		0.5601811578

		8		6.2490453568		0.5276896598

		9		6.2490453568		0.3169235908

		10		8.3568828276		-2.6422263564
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		SUMMARY OUTPUT:   COUNTER L 6

		Regression Statistics

		Multiple R		0.9467880112

		R Square		0.8964075382

		Adjusted R Square		0.8848972647

		Standard Error		0.1854527503

		Observations		11

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.6784676929		2.6784676929		77.8789084222		0.0000100239

		Residual		9		0.3095345033		0.0343927226

		Total		10		2.9880021962

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-4.528631502		1.3125405672		-3.4502792638		0.0072715066		-7.4978068105		-1.5594561935		-7.4978068105		-1.5594561935

		X Variable 1		0.0057862636		0.0006556745		8.8249027429		0.0000100239		0.0043030237		0.0072695034		0.0043030237		0.0072695034

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		6.4652692908		-0.075196423

		2		6.4652692908		-0.1170048075

		3		6.4652692908		-0.1168298447

		4		6.4652692908		-0.0970821044

		5		7.0438956483		0.2559017185

		6		7.0438956483		0.3287250821

		7		7.0438956483		0.2275995588

		8		7.6225220058		-0.0849321525

		9		7.6225220058		-0.103914789

		10		7.6225220058		-0.1174148437

		11		7.6225220058		-0.0998513945
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L1

		SUMMARY OUTPUT:   COUNTER L 1

		Regression Statistics

		Multiple R		0.9419559864

		R Square		0.8872810803

		Adjusted R Square		0.8829457372

		Standard Error		0.7491908887

		Observations		28

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		114.8742595735		114.8742595735		204.6622531685		0

		Residual		26		14.5934616798		0.5612869877

		Total		27		129.4677212532

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-24.2588476972		2.1223111675		-11.430391579		0		-28.6213236386		-19.8963717558		-28.6213236386		-19.8963717558

		X Variable 1		0.0160347327		0.001120838		14.3060215703		0		0.0137308156		0.0183386497		0.0137308156		0.0183386497

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-0.2067487144		0.2067487144

		2		1.3967245511		0.192510654

		3		3.0001978167		0.4529593039

		4		4.6036710822		-0.052957082

		5		4.6036710822		1.5721961879

		6		6.2071443477		-0.6973512347

		7		6.2071443477		-1.64071499

		8		6.2071443477		-1.7264042401

		9		6.2071443477		-1.6745448545

		10		6.2071443477		-0.3951055543

		11		6.2071443477		0.129150269

		12		6.2071443477		0.3213981943

		13		6.2071443477		0.4165223943

		14		6.2071443477		-0.0476262156

		15		6.2071443477		0.287063247

		16		6.2071443477		0.1914505868

		17		6.2071443477		0.1200778951

		18		6.2071443477		0.0766166094

		19		6.2071443477		0.0441813337

		20		6.2071443477		-0.0145773802

		21		6.2071443477		-0.1066012056

		22		6.2071443477		-0.1510631575

		23		6.2071443477		-0.2285117794

		24		7.8106176132		0.3235801259

		25		7.8106176132		1.2958999491

		26		9.4140908787		0.3735367877

		27		9.4140908787		0.3735367877

		28		9.4140908787		0.3580286537
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9313526995

		R Square		0.867417851

		Adjusted R Square		0.8508450823

		Standard Error		1.2898776339

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		87.0823845499		87.0823845499		52.3399481585		0.0000893798

		Residual		8		13.3102744827		1.6637843103

		Total		9		100.3926590326

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-33.7998665896		5.2021112185		-6.4973364025		0.0001886329		-45.7959643288		-21.8037688504		-45.7959643288		-21.8037688504

		X Variable 1		0.0210783747		0.0029135366		7.2346353162		0.0000893798		0.0143597429		0.0277970065		0.0143597429		0.0277970065

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-2.1823045267		-1.218892855

		2		-0.0744670558		-0.8418236761

		3		2.0333704151		0.9004864548

		4		4.1412078859		0.3685521153

		5		4.1412078859		1.4817260009

		6		4.1412078859		0.5473839082

		7		4.1412078859		0.5601811578

		8		6.2490453568		0.5276896598

		9		6.2490453568		0.3169235908

		10		8.3568828276		-2.6422263564





Sheet1

												Expected

				Date		Counter		Voltage		counts/s		Count

		1		25-Jun-03		L1		1500		0		76						1500		0

		2		25-Jun-03		L1		1600		5		76						1600		1.5892352051

		3		25-Jun-03		L1		1700		32		76						1700		3.4531571206

		4		25-Jun-03		L1		1800		95		76						1800		4.5507140002

		5		2-Jul-03		L1		1800		481		76						1800		6.1758672701

		6		25-Jun-03		L1		1900		247		18						1900		5.509793113

		7		7-Jul-03		L1		1900		96		76						1900		4.5664293577

		8		7-Jul-03		L1		1900		88		76						1900		4.4807401076

		9		7-Jul-03		L1		1900		93		76						1900		4.5325994932

		10		10-Jul-03		L1		1900		334		76						1900		5.8120387934

		11		10-Jul-03		L1		1900		565		76						1900		6.3362946167

		12		11-Jul-03		L1		1900		684		76						1900		6.528542542

		13		11-Jul-03		L1		1900		753		76						1900		6.623666742

		14		11-Jul-03		L1		1900		473		76						1900		6.1595181321

		15		11-Jul-03		L1		1900		661		76						1900		6.4942075947

		16		11-Jul-03		L1		1900		601		76						1900		6.3985949345

		17		11-Jul-03		L1		1900		560		76						1900		6.3272222428

		18		11-Jul-03		L1		1900		536		76						1900		6.2837609571

		19		11-Jul-03		L1		1900		519		76						1900		6.2513256814

		20		11-Jul-03		L1		1900		489		76						1900		6.1925669675

		21		11-Jul-03		L1		1900		446		76						1900		6.1005431421

		22		11-Jul-03		L1		1900		427		76						1900		6.0560811902

		23		11-Jul-03		L1		1900		395		76						1900		5.9786325683

		24		25-Jun-03		L1		2000		3409		18						2000		8.1341977392

		25		25-Jun-03		L1		2000		9014		18						2000		9.1065175623

		26		7-Jul-03		L1		2100		17812		76						2100		9.7876276664

		27		7-Jul-03		L1		2100		17812		76						2100		9.7876276664

		28		7-Jul-03		L1		2100		17538		76						2100		9.7721195324

		29		11-Jul-03		L2		2000		3164		76

		30		11-Jul-03		L2		2000		3419		76

		31		2-Jul-03		L4		1800		29		76						1800		3.3499040873

		32		11-Jul-03		L4		2000		663		76						2000		6.4961714899

		33		11-Jul-03		L4		2000		643		76						2000		6.4658336339

		34		11-Jul-03		L4		2000		646		76						2000		6.4709542906

		35		11-Jul-03		L4		2000		636		76						2000		6.4556701502

		36		11-Jul-03		L4		2000		628		76						2000		6.4430177594

		37		2-Jul-03		L5		1800		303		76

		38		11-Jul-03		L5		1900		10743		76

		39		2-Jul-03		L6		1900		596		76						1900		6.3900728678

		40		7-Jul-03		L6		1900		572		76						1900		6.3482644832

		41		7-Jul-03		L6		1900		572		76						1900		6.3484394461

		42		7-Jul-03		L6		1900		583		76						1900		6.3681871864

		43		10-Jul-03		L6		2000		1480		76						2000		7.2997973668

		44		10-Jul-03		L6		2000		1592		76						2000		7.3726207304

		45		11-Jul-03		L6		2000		1439		76						2000		7.271495207

		46		7-Jul-03		L6		2100		1877		76						2100		7.5375898533

		47		7-Jul-03		L6		2100		1842		76						2100		7.5186072168

		48		7-Jul-03		L6		2100		1817		76						2100		7.5051071621

		49		7-Jul-03		L6		2100		1850		76						2100		7.5226706113

		50		24-Jun-03		LA		1500		1		117						1500		-0.3566749439

		51		24-Jun-03		LA		1600		14		117						1600		2.6602595373

		52		24-Jun-03		LA		1700		30		117						1700		3.3877743613

		53		24-Jun-03		LA		1800		52		117						1800		3.9550824949

		54		2-Jul-03		LA		1800		12		117						1800		2.5014359517

		55		24-Jun-03		LA		1900		108		117						1900		4.6793495842

		56		24-Jun-03		LA		1900		90		117						1900		4.5020294271

		57		24-Jun-03		LA		2000		412		117						2000		6.0212660383

		58		10-Jul-03		LA		2000		371		117						2000		5.9162559695

		59		10-Jul-03		LA		2000		331		117						2000		5.80121162

		60		11-Jul-03		LA		2000		286		117						2000		5.6570402121

		61		11-Jul-03		LA		2000		273		117						2000		5.6094717952

		62		11-Jul-03		LA		2000		289		117						2000		5.6671184903

		63		24-Jun-03		LA		2200		987		117						2200		6.8941633255

		64		25-Jun-03		LB		1500		0		18						1500		-3.4011973817

		65		25-Jun-03		LB		1600		0		18						1600		-0.9162907319

		66		25-Jun-03		LB		1700		19		18						1700		2.9338568698

		67		25-Jun-03		LB		1800		91		18						1800		4.5097600012

		68		10-Jul-03		LB		1800		277		18						1800		5.6229338868

		69		10-Jul-03		LB		1800		109		18						1800		4.6885917941

		70		11-Jul-03		LB		1800		110		18						1800		4.7013890437

		71		25-Jun-03		LB		1900		877		18						1900		6.7767350165

		72		2-Jul-03		LB		1900		711		18						1900		6.5659689475

		73		25-Jun-03		LB		2000		303		18						2000		5.7146564712

		74		23-Jun-03		S1		1800		12

		75		23-Jun-03		S2		1800		1962
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LA

		SUMMARY OUTPUT:  COUNTER L A

		Regression Statistics

		Multiple R		0.9490665959

		R Square		0.9007274035

		Adjusted R Square		0.8924546872

		Standard Error		0.6315189066

		Observations		14

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		43.4228130755		43.4228130755		108.8792801495		0.0000002258

		Residual		12		4.7857935522		0.3988161293

		Total		13		48.2086066276

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-13.8858947915		1.7693802913		-7.8478859855		0.000004574		-17.7410432049		-10.0307463781		-17.7410432049		-10.0307463781

		X Variable 1		0.0097461481		0.0009340291		10.434523475		0.0000002258		0.0077110737		0.0117812226		0.0077110737		0.0117812226

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		0.7333274212		-1.0900023652

		2		1.7079422354		0.9523173018

		3		2.6825570496		0.7052173117

		4		3.6571718638		0.2979106311

		5		3.6571718638		-1.1557359121

		6		4.631786678		0.0475629062

		7		4.631786678		-0.1297572509

		8		5.6064014922		0.4148645462

		9		5.6064014922		0.3098544773

		10		5.6064014922		0.1948101278

		11		5.6064014922		0.0506387199

		12		5.6064014922		0.003070303

		13		5.6064014922		0.0607169981

		14		7.5556311205		-0.6614677951
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		SUMMARY OUTPUT:  COUNTER L B

		Regression Statistics

		Multiple R		0.9313526995

		R Square		0.867417851

		Adjusted R Square		0.8508450823

		Standard Error		1.2898776339

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		87.0823845499		87.0823845499		52.3399481585		0.0000893798

		Residual		8		13.3102744827		1.6637843103

		Total		9		100.3926590326

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-33.7998665896		5.2021112185		-6.4973364025		0.0001886329		-45.7959643288		-21.8037688504		-45.7959643288		-21.8037688504

		X Variable 1		0.0210783747		0.0029135366		7.2346353162		0.0000893798		0.0143597429		0.0277970065		0.0143597429		0.0277970065

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-2.1823045267		-1.218892855

		2		-0.0744670558		-0.8418236761

		3		2.0333704151		0.9004864548

		4		4.1412078859		0.3685521153

		5		4.1412078859		1.4817260009

		6		4.1412078859		0.5473839082

		7		4.1412078859		0.5601811578

		8		6.2490453568		0.5276896598

		9		6.2490453568		0.3169235908

		10		8.3568828276		-2.6422263564
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		SUMMARY OUTPUT:   COUNTER L 6

		Regression Statistics

		Multiple R		0.9467880112

		R Square		0.8964075382

		Adjusted R Square		0.8848972647

		Standard Error		0.1854527503

		Observations		11

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.6784676929		2.6784676929		77.8789084222		0.0000100239

		Residual		9		0.3095345033		0.0343927226

		Total		10		2.9880021962

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-4.528631502		1.3125405672		-3.4502792638		0.0072715066		-7.4978068105		-1.5594561935		-7.4978068105		-1.5594561935

		X Variable 1		0.0057862636		0.0006556745		8.8249027429		0.0000100239		0.0043030237		0.0072695034		0.0043030237		0.0072695034

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		6.4652692908		-0.075196423

		2		6.4652692908		-0.1170048075

		3		6.4652692908		-0.1168298447

		4		6.4652692908		-0.0970821044

		5		7.0438956483		0.2559017185

		6		7.0438956483		0.3287250821

		7		7.0438956483		0.2275995588

		8		7.6225220058		-0.0849321525

		9		7.6225220058		-0.103914789

		10		7.6225220058		-0.1174148437

		11		7.6225220058		-0.0998513945
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L1

		SUMMARY OUTPUT:   COUNTER L 1

		Regression Statistics

		Multiple R		0.9419559864

		R Square		0.8872810803

		Adjusted R Square		0.8829457372

		Standard Error		0.7491908887

		Observations		28

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		114.8742595735		114.8742595735		204.6622531685		0

		Residual		26		14.5934616798		0.5612869877

		Total		27		129.4677212532

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-24.2588476972		2.1223111675		-11.430391579		0		-28.6213236386		-19.8963717558		-28.6213236386		-19.8963717558

		X Variable 1		0.0160347327		0.001120838		14.3060215703		0		0.0137308156		0.0183386497		0.0137308156		0.0183386497

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-0.2067487144		0.2067487144

		2		1.3967245511		0.192510654

		3		3.0001978167		0.4529593039

		4		4.6036710822		-0.052957082

		5		4.6036710822		1.5721961879

		6		6.2071443477		-0.6973512347

		7		6.2071443477		-1.64071499

		8		6.2071443477		-1.7264042401

		9		6.2071443477		-1.6745448545

		10		6.2071443477		-0.3951055543

		11		6.2071443477		0.129150269

		12		6.2071443477		0.3213981943

		13		6.2071443477		0.4165223943

		14		6.2071443477		-0.0476262156

		15		6.2071443477		0.287063247

		16		6.2071443477		0.1914505868

		17		6.2071443477		0.1200778951

		18		6.2071443477		0.0766166094

		19		6.2071443477		0.0441813337

		20		6.2071443477		-0.0145773802

		21		6.2071443477		-0.1066012056

		22		6.2071443477		-0.1510631575

		23		6.2071443477		-0.2285117794

		24		7.8106176132		0.3235801259

		25		7.8106176132		1.2958999491

		26		9.4140908787		0.3735367877

		27		9.4140908787		0.3735367877

		28		9.4140908787		0.3580286537





Sheet13

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9313526995

		R Square		0.867417851

		Adjusted R Square		0.8508450823

		Standard Error		1.2898776339

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		87.0823845499		87.0823845499		52.3399481585		0.0000893798

		Residual		8		13.3102744827		1.6637843103

		Total		9		100.3926590326

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-33.7998665896		5.2021112185		-6.4973364025		0.0001886329		-45.7959643288		-21.8037688504		-45.7959643288		-21.8037688504

		X Variable 1		0.0210783747		0.0029135366		7.2346353162		0.0000893798		0.0143597429		0.0277970065		0.0143597429		0.0277970065

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-2.1823045267		-1.218892855

		2		-0.0744670558		-0.8418236761

		3		2.0333704151		0.9004864548

		4		4.1412078859		0.3685521153

		5		4.1412078859		1.4817260009

		6		4.1412078859		0.5473839082

		7		4.1412078859		0.5601811578

		8		6.2490453568		0.5276896598

		9		6.2490453568		0.3169235908

		10		8.3568828276		-2.6422263564
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												Expected

				Date		Counter		Voltage		counts/s		Count

		1		25-Jun-03		L1		1500		0		76						1500		0

		2		25-Jun-03		L1		1600		5		76						1600		1.5892352051

		3		25-Jun-03		L1		1700		32		76						1700		3.4531571206

		4		25-Jun-03		L1		1800		95		76						1800		4.5507140002

		5		2-Jul-03		L1		1800		481		76						1800		6.1758672701

		6		25-Jun-03		L1		1900		247		18						1900		5.509793113

		7		7-Jul-03		L1		1900		96		76						1900		4.5664293577

		8		7-Jul-03		L1		1900		88		76						1900		4.4807401076

		9		7-Jul-03		L1		1900		93		76						1900		4.5325994932

		10		10-Jul-03		L1		1900		334		76						1900		5.8120387934

		11		10-Jul-03		L1		1900		565		76						1900		6.3362946167

		12		11-Jul-03		L1		1900		684		76						1900		6.528542542

		13		11-Jul-03		L1		1900		753		76						1900		6.623666742

		14		11-Jul-03		L1		1900		473		76						1900		6.1595181321

		15		11-Jul-03		L1		1900		661		76						1900		6.4942075947

		16		11-Jul-03		L1		1900		601		76						1900		6.3985949345

		17		11-Jul-03		L1		1900		560		76						1900		6.3272222428

		18		11-Jul-03		L1		1900		536		76						1900		6.2837609571

		19		11-Jul-03		L1		1900		519		76						1900		6.2513256814

		20		11-Jul-03		L1		1900		489		76						1900		6.1925669675

		21		11-Jul-03		L1		1900		446		76						1900		6.1005431421

		22		11-Jul-03		L1		1900		427		76						1900		6.0560811902

		23		11-Jul-03		L1		1900		395		76						1900		5.9786325683

		24		25-Jun-03		L1		2000		3409		18						2000		8.1341977392

		25		25-Jun-03		L1		2000		9014		18						2000		9.1065175623

		26		7-Jul-03		L1		2100		17812		76						2100		9.7876276664

		27		7-Jul-03		L1		2100		17812		76						2100		9.7876276664

		28		7-Jul-03		L1		2100		17538		76						2100		9.7721195324

		29		11-Jul-03		L2		2000		3164		76

		30		11-Jul-03		L2		2000		3419		76

		31		2-Jul-03		L4		1800		29		76						1800		3.3499040873

		32		11-Jul-03		L4		2000		663		76						2000		6.4961714899

		33		11-Jul-03		L4		2000		643		76						2000		6.4658336339

		34		11-Jul-03		L4		2000		646		76						2000		6.4709542906

		35		11-Jul-03		L4		2000		636		76						2000		6.4556701502

		36		11-Jul-03		L4		2000		628		76						2000		6.4430177594

		37		2-Jul-03		L5		1800		303		76

		38		11-Jul-03		L5		1900		10743		76

		39		2-Jul-03		L6		1900		596		76						1900		6.3900728678

		40		7-Jul-03		L6		1900		572		76						1900		6.3482644832

		41		7-Jul-03		L6		1900		572		76						1900		6.3484394461

		42		7-Jul-03		L6		1900		583		76						1900		6.3681871864

		43		10-Jul-03		L6		2000		1480		76						2000		7.2997973668

		44		10-Jul-03		L6		2000		1592		76						2000		7.3726207304

		45		11-Jul-03		L6		2000		1439		76						2000		7.271495207

		46		7-Jul-03		L6		2100		1877		76						2100		7.5375898533

		47		7-Jul-03		L6		2100		1842		76						2100		7.5186072168

		48		7-Jul-03		L6		2100		1817		76						2100		7.5051071621

		49		7-Jul-03		L6		2100		1850		76						2100		7.5226706113

		50		24-Jun-03		LA		1500		1		117						1500		-0.3566749439

		51		24-Jun-03		LA		1600		14		117						1600		2.6602595373

		52		24-Jun-03		LA		1700		30		117						1700		3.3877743613

		53		24-Jun-03		LA		1800		52		117						1800		3.9550824949

		54		2-Jul-03		LA		1800		12		117						1800		2.5014359517

		55		24-Jun-03		LA		1900		108		117						1900		4.6793495842

		56		24-Jun-03		LA		1900		90		117						1900		4.5020294271

		57		24-Jun-03		LA		2000		412		117						2000		6.0212660383

		58		10-Jul-03		LA		2000		371		117						2000		5.9162559695

		59		10-Jul-03		LA		2000		331		117						2000		5.80121162

		60		11-Jul-03		LA		2000		286		117						2000		5.6570402121

		61		11-Jul-03		LA		2000		273		117						2000		5.6094717952

		62		11-Jul-03		LA		2000		289		117						2000		5.6671184903

		63		24-Jun-03		LA		2200		987		117						2200		6.8941633255

		64		25-Jun-03		LB		1500		0		18						1500		-3.4011973817

		65		25-Jun-03		LB		1600		0		18						1600		-0.9162907319

		66		25-Jun-03		LB		1700		19		18						1700		2.9338568698

		67		25-Jun-03		LB		1800		91		18						1800		4.5097600012

		68		10-Jul-03		LB		1800		277		18						1800		5.6229338868

		69		10-Jul-03		LB		1800		109		18						1800		4.6885917941

		70		11-Jul-03		LB		1800		110		18						1800		4.7013890437

		71		25-Jun-03		LB		1900		877		18						1900		6.7767350165

		72		2-Jul-03		LB		1900		711		18						1900		6.5659689475

		73		25-Jun-03		LB		2000		303		18						2000		5.7146564712

		74		23-Jun-03		S1		1800		12

		75		23-Jun-03		S2		1800		1962
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		SUMMARY OUTPUT:  COUNTER L A

		Regression Statistics

		Multiple R		0.9490665959

		R Square		0.9007274035

		Adjusted R Square		0.8924546872

		Standard Error		0.6315189066

		Observations		14

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		43.4228130755		43.4228130755		108.8792801495		0.0000002258

		Residual		12		4.7857935522		0.3988161293

		Total		13		48.2086066276

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-13.8858947915		1.7693802913		-7.8478859855		0.000004574		-17.7410432049		-10.0307463781		-17.7410432049		-10.0307463781

		X Variable 1		0.0097461481		0.0009340291		10.434523475		0.0000002258		0.0077110737		0.0117812226		0.0077110737		0.0117812226

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		0.7333274212		-1.0900023652

		2		1.7079422354		0.9523173018

		3		2.6825570496		0.7052173117

		4		3.6571718638		0.2979106311

		5		3.6571718638		-1.1557359121

		6		4.631786678		0.0475629062

		7		4.631786678		-0.1297572509

		8		5.6064014922		0.4148645462

		9		5.6064014922		0.3098544773

		10		5.6064014922		0.1948101278

		11		5.6064014922		0.0506387199

		12		5.6064014922		0.003070303

		13		5.6064014922		0.0607169981

		14		7.5556311205		-0.6614677951
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		SUMMARY OUTPUT:  COUNTER L B

		Regression Statistics

		Multiple R		0.9313526995

		R Square		0.867417851

		Adjusted R Square		0.8508450823

		Standard Error		1.2898776339

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		87.0823845499		87.0823845499		52.3399481585		0.0000893798

		Residual		8		13.3102744827		1.6637843103

		Total		9		100.3926590326

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-33.7998665896		5.2021112185		-6.4973364025		0.0001886329		-45.7959643288		-21.8037688504		-45.7959643288		-21.8037688504

		X Variable 1		0.0210783747		0.0029135366		7.2346353162		0.0000893798		0.0143597429		0.0277970065		0.0143597429		0.0277970065

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-2.1823045267		-1.218892855

		2		-0.0744670558		-0.8418236761

		3		2.0333704151		0.9004864548

		4		4.1412078859		0.3685521153

		5		4.1412078859		1.4817260009

		6		4.1412078859		0.5473839082

		7		4.1412078859		0.5601811578

		8		6.2490453568		0.5276896598

		9		6.2490453568		0.3169235908

		10		8.3568828276		-2.6422263564
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		SUMMARY OUTPUT:   COUNTER L 6

		Regression Statistics

		Multiple R		0.9467880112

		R Square		0.8964075382

		Adjusted R Square		0.8848972647

		Standard Error		0.1854527503

		Observations		11

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.6784676929		2.6784676929		77.8789084222		0.0000100239

		Residual		9		0.3095345033		0.0343927226

		Total		10		2.9880021962

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-4.528631502		1.3125405672		-3.4502792638		0.0072715066		-7.4978068105		-1.5594561935		-7.4978068105		-1.5594561935

		X Variable 1		0.0057862636		0.0006556745		8.8249027429		0.0000100239		0.0043030237		0.0072695034		0.0043030237		0.0072695034

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		6.4652692908		-0.075196423

		2		6.4652692908		-0.1170048075

		3		6.4652692908		-0.1168298447

		4		6.4652692908		-0.0970821044

		5		7.0438956483		0.2559017185

		6		7.0438956483		0.3287250821

		7		7.0438956483		0.2275995588

		8		7.6225220058		-0.0849321525

		9		7.6225220058		-0.103914789

		10		7.6225220058		-0.1174148437

		11		7.6225220058		-0.0998513945
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L1

		SUMMARY OUTPUT:   COUNTER L 1

		Regression Statistics

		Multiple R		0.9419559864

		R Square		0.8872810803

		Adjusted R Square		0.8829457372

		Standard Error		0.7491908887

		Observations		28

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		114.8742595735		114.8742595735		204.6622531685		0

		Residual		26		14.5934616798		0.5612869877

		Total		27		129.4677212532

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-24.2588476972		2.1223111675		-11.430391579		0		-28.6213236386		-19.8963717558		-28.6213236386		-19.8963717558

		X Variable 1		0.0160347327		0.001120838		14.3060215703		0		0.0137308156		0.0183386497		0.0137308156		0.0183386497

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-0.2067487144		0.2067487144

		2		1.3967245511		0.192510654

		3		3.0001978167		0.4529593039

		4		4.6036710822		-0.052957082

		5		4.6036710822		1.5721961879

		6		6.2071443477		-0.6973512347

		7		6.2071443477		-1.64071499

		8		6.2071443477		-1.7264042401

		9		6.2071443477		-1.6745448545

		10		6.2071443477		-0.3951055543

		11		6.2071443477		0.129150269

		12		6.2071443477		0.3213981943

		13		6.2071443477		0.4165223943

		14		6.2071443477		-0.0476262156

		15		6.2071443477		0.287063247

		16		6.2071443477		0.1914505868

		17		6.2071443477		0.1200778951

		18		6.2071443477		0.0766166094

		19		6.2071443477		0.0441813337

		20		6.2071443477		-0.0145773802

		21		6.2071443477		-0.1066012056

		22		6.2071443477		-0.1510631575

		23		6.2071443477		-0.2285117794

		24		7.8106176132		0.3235801259

		25		7.8106176132		1.2958999491

		26		9.4140908787		0.3735367877

		27		9.4140908787		0.3735367877

		28		9.4140908787		0.3580286537





Sheet13

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9313526995

		R Square		0.867417851

		Adjusted R Square		0.8508450823

		Standard Error		1.2898776339

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		87.0823845499		87.0823845499		52.3399481585		0.0000893798

		Residual		8		13.3102744827		1.6637843103

		Total		9		100.3926590326

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-33.7998665896		5.2021112185		-6.4973364025		0.0001886329		-45.7959643288		-21.8037688504		-45.7959643288		-21.8037688504

		X Variable 1		0.0210783747		0.0029135366		7.2346353162		0.0000893798		0.0143597429		0.0277970065		0.0143597429		0.0277970065

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-2.1823045267		-1.218892855

		2		-0.0744670558		-0.8418236761

		3		2.0333704151		0.9004864548

		4		4.1412078859		0.3685521153

		5		4.1412078859		1.4817260009

		6		4.1412078859		0.5473839082

		7		4.1412078859		0.5601811578

		8		6.2490453568		0.5276896598

		9		6.2490453568		0.3169235908

		10		8.3568828276		-2.6422263564





Sheet1

												Expected

				Date		Counter		Voltage		counts/s		Count

		1		25-Jun-03		L1		1500		0		76						1500		0

		2		25-Jun-03		L1		1600		5		76						1600		1.5892352051

		3		25-Jun-03		L1		1700		32		76						1700		3.4531571206

		4		25-Jun-03		L1		1800		95		76						1800		4.5507140002

		5		2-Jul-03		L1		1800		481		76						1800		6.1758672701

		6		25-Jun-03		L1		1900		247		18						1900		5.509793113

		7		7-Jul-03		L1		1900		96		76						1900		4.5664293577

		8		7-Jul-03		L1		1900		88		76						1900		4.4807401076

		9		7-Jul-03		L1		1900		93		76						1900		4.5325994932

		10		10-Jul-03		L1		1900		334		76						1900		5.8120387934

		11		10-Jul-03		L1		1900		565		76						1900		6.3362946167

		12		11-Jul-03		L1		1900		684		76						1900		6.528542542

		13		11-Jul-03		L1		1900		753		76						1900		6.623666742

		14		11-Jul-03		L1		1900		473		76						1900		6.1595181321

		15		11-Jul-03		L1		1900		661		76						1900		6.4942075947

		16		11-Jul-03		L1		1900		601		76						1900		6.3985949345

		17		11-Jul-03		L1		1900		560		76						1900		6.3272222428

		18		11-Jul-03		L1		1900		536		76						1900		6.2837609571

		19		11-Jul-03		L1		1900		519		76						1900		6.2513256814

		20		11-Jul-03		L1		1900		489		76						1900		6.1925669675

		21		11-Jul-03		L1		1900		446		76						1900		6.1005431421

		22		11-Jul-03		L1		1900		427		76						1900		6.0560811902

		23		11-Jul-03		L1		1900		395		76						1900		5.9786325683

		24		25-Jun-03		L1		2000		3409		18						2000		8.1341977392

		25		25-Jun-03		L1		2000		9014		18						2000		9.1065175623

		26		7-Jul-03		L1		2100		17812		76						2100		9.7876276664

		27		7-Jul-03		L1		2100		17812		76						2100		9.7876276664

		28		7-Jul-03		L1		2100		17538		76						2100		9.7721195324

		29		11-Jul-03		L2		2000		3164		76

		30		11-Jul-03		L2		2000		3419		76

		31		2-Jul-03		L4		1800		29		76						1800		3.3499040873

		32		11-Jul-03		L4		2000		663		76						2000		6.4961714899

		33		11-Jul-03		L4		2000		643		76						2000		6.4658336339

		34		11-Jul-03		L4		2000		646		76						2000		6.4709542906

		35		11-Jul-03		L4		2000		636		76						2000		6.4556701502

		36		11-Jul-03		L4		2000		628		76						2000		6.4430177594

		37		2-Jul-03		L5		1800		303		76

		38		11-Jul-03		L5		1900		10743		76

		39		2-Jul-03		L6		1900		596		76						1900		6.3900728678

		40		7-Jul-03		L6		1900		572		76						1900		6.3482644832

		41		7-Jul-03		L6		1900		572		76						1900		6.3484394461

		42		7-Jul-03		L6		1900		583		76						1900		6.3681871864

		43		10-Jul-03		L6		2000		1480		76						2000		7.2997973668

		44		10-Jul-03		L6		2000		1592		76						2000		7.3726207304

		45		11-Jul-03		L6		2000		1439		76						2000		7.271495207

		46		7-Jul-03		L6		2100		1877		76						2100		7.5375898533

		47		7-Jul-03		L6		2100		1842		76						2100		7.5186072168

		48		7-Jul-03		L6		2100		1817		76						2100		7.5051071621

		49		7-Jul-03		L6		2100		1850		76						2100		7.5226706113

		50		24-Jun-03		LA		1500		1		117						1500		-0.3566749439

		51		24-Jun-03		LA		1600		14		117						1600		2.6602595373

		52		24-Jun-03		LA		1700		30		117						1700		3.3877743613

		53		24-Jun-03		LA		1800		52		117						1800		3.9550824949

		54		2-Jul-03		LA		1800		12		117						1800		2.5014359517

		55		24-Jun-03		LA		1900		108		117						1900		4.6793495842

		56		24-Jun-03		LA		1900		90		117						1900		4.5020294271

		57		24-Jun-03		LA		2000		412		117						2000		6.0212660383

		58		10-Jul-03		LA		2000		371		117						2000		5.9162559695

		59		10-Jul-03		LA		2000		331		117						2000		5.80121162

		60		11-Jul-03		LA		2000		286		117						2000		5.6570402121

		61		11-Jul-03		LA		2000		273		117						2000		5.6094717952

		62		11-Jul-03		LA		2000		289		117						2000		5.6671184903

		63		24-Jun-03		LA		2200		987		117						2200		6.8941633255

		64		25-Jun-03		LB		1500		0		18						1500		-3.4011973817

		65		25-Jun-03		LB		1600		0		18						1600		-0.9162907319

		66		25-Jun-03		LB		1700		19		18						1700		2.9338568698

		67		25-Jun-03		LB		1800		91		18						1800		4.5097600012

		68		10-Jul-03		LB		1800		277		18						1800		5.6229338868

		69		10-Jul-03		LB		1800		109		18						1800		4.6885917941

		70		11-Jul-03		LB		1800		110		18						1800		4.7013890437

		71		25-Jun-03		LB		1900		877		18						1900		6.7767350165

		72		2-Jul-03		LB		1900		711		18						1900		6.5659689475

		73		25-Jun-03		LB		2000		303		18						2000		5.7146564712

		74		23-Jun-03		S1		1800		12

		75		23-Jun-03		S2		1800		1962
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