Introduction
Particle accelerators use time-of-flight (TOF) detectors to distinguish between lighter and heavier particles of the same momentum. Current state of the art HEP TOF detectors have a timing resolution of ~100 psec. A higher-precision TOF detector would allow more accurate measurement of the particles’ energy in a detector such as CDF at the Fermilab Tevatron. Argonne National Laboratory has been collaborating with the University of Chicago to create a large area TOF detector with a timing resolution of 1 psec [1, 2].  The purpose of this project was to characterize the gain and response uniformity of the Burle Planacon microchannel plate photomultiplier tube (MCPPMT) and to begin the development of a laser test stand. 
The MCPPMT is a 48 mm by 48 mm square. The 64 pixels are arranged in an 8x8 grid with a spacing of 6 mm center-to-center. This tube is designed to have a high response uniformity. Currently, ANL and U.of C have been working with Photinics in the development of modifications and improvements to the MCPPMT which are aimed at psec timing [3]. Gain mapping on the MCPPMT is done to fully understand the physical properties of the tube. 
The laser test stand being developed is specifically aimed at testing the timing resolution of photomultiplier tubes. It will use a Hamamatsu C8898 psec light pulsar and two MCPPMTs. The light beam from the laser will be split, one beam will be illuminating a fixed MCPPMT, while the other will be illuminating a MCPPMT on an XYZ-stager. By varying the Z position of one of the MCPPMT relative to the second, the time when the light pulse strikes each tube will be different. 
Materials and Methods

The equipment used in the laser test stand included a laptop, a CAMAC crate, and a NIM crate. The laptop communicated with the CAMAC crate through a WIENER CC-USB controller. A time-to-digital converter (TDC), an analog-to-digital converter (ADC), and a delay-gate generator were all mounted in the CAMAC crate. A constant-fraction discriminator (CFD) and an octal discriminator were mounted in the NIM crate. There were two different TDCs used, a LeCroy 2228a and a Phillips 7186. The ADC used was a LeCroy 2249a. The delay-gate generator used was a LeCroy 2323a. The CFD was an Ortec 9307, used in conjunction with an Ortec 9308 preamplifier. The octal discriminator used was a LeCroy 620BL. An LED, built by Gary Drake, was used along with a Thorn/EMI 9902KB PMT to test the equipment. 
The first step in this project was to create a program to allow the computer to communicate with the CC-USB. The program needed to create a start trigger pulse for the TDC and the LED. It also needed to create a gate for the ADC. The trigger for the TDC and the start of the gate needed to be delayed by a certain amount of time. The start pulse for the LED went into the LeCroy 2323a gate generator. The ttl output then went to the LED. A separate gate generator was used because the CC-USB does not have a ttl output. The program also had to read the data received by the CC-USB from the TDC and the ADC, and then save it to a file on the laptop. 

The next step was to test the intrinsic timing resolution, the jitter, of each piece of equipment. The LeCroy TDC was used in the initial tests. The CC-USB was programmed to create a start and stop pulse that was put directly into the TDC. The stop pulse was put into the LeCroy discriminator.  This output was used to gate the TDC. In the third run, the stop pulse was put into the LeCroy gate generator. The NIM output from the gate generator was the stop pulse for the TDC. Each run had 500 events and were put into the histogramming program ROOT for analysis. The TDC was set to a 50 psec bin size. The Phillips TDC was later used to test the timing resolution of the CC-USB. The Ortec discriminator has yet to be tested. 
The final step was to test the equipment using an LED and an old, reliable PMT, the Thorn/EMI 9902KB. The basic setup can be seen in Figure 1. In these runs the CC-USB provided a start pulse that fired the LED. The output of the PMT went into a preamp that also split the signal to the ADC and to the LeCroy discriminator. The discriminator sent a stop pulse to the TDC. The timing data and the pulse heights were saved in a file on the computer. A histogram was made from the data. 
The gain mapping of the MCPPMT consisted of shining a small amount of light on each pixel. The gain and the number of photoelectrons used were then calculated from information found in a histogram of the output. The process for doing this started with mounting the MCPPMT in a dark box along with a Hamamatsu R580 single anode photomultiplier tube for reference, a graded neutral density filter wheel mounted on an externally-controlled stepper motor, a blue LED, and an XY-stager to position the light coming through the fiber optic cable connecting everything. The MCPPMT was connected to a high voltage of 2300 V and the R580 was connected to a separate high voltage of 1215 V. The data acquisition system used to record the analog signals was a RABBIT electronics crate. This system took the analog signals produced by the photoelectrons and converted them into a digital signal (ADC counts). 
To create a gain map of the MCPPMT, the center of one pixel was found. This was done by setting the stager at some vertical position then taking data at several points 1 mm apart horizontally. Using a macro for ROOT written by Robert G. Wagner, the mean value of the gain at each position was plotted against its horizontal position, for each pixel. The graph with the highest values was fitted with a Gaussian curve and the mean value was assumed to be the horizontal center of one pixel. This process was repeated by setting the horizontal position to the calculated center and varying the vertical position. 
The next step was to set the approximate number of photoelectrons that would be used. The stager was set to the center of one pixel. The light used to illuminate the pixel was varied by rotating the filter wheel. The number of photoelectrons was calculated and then graphed against the stepper motor position using another macro in ROOT. 
For the gain mapping, the filter wheel was set to approximately 10 photoelectrons. Data was taken at the center of each pixel and a pedestal run was done with the LED off. Then a histogram of the data minus the pedestal from each pixel was made. Because of restrictions in the travel of the XY-stager, only eight of the 64 total pixels in the MCPPMT could be measured at one time. The gain and the number of photoelectrons used were then calculated from information found in a histogram of the output. 
The output data from the gain mapping test was in ADC counts. After the data was collected it was pedestal corrected, using the following equation.
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Where NADCtot is the mean value of the total signal, NADCped is the mean value of the pedestal, and NADCsig is the actual value of the signal. 
Since a Gaussian distribution is used to obtain these numbers, the standard deviation must also be taken into account.
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Where σADCtot is the standard deviation of the total signal, σADCped is the standard deviation of the pedestal, and σADCsig is the standard deviation of the actual signal. 

The number of photoelectrons, Npe, could then be found using equations 1 and 2.
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[3]
The gain, G’ (in ADC counts), was then given by
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Because of the RABBIT crate electronics internal gain conversion of 1.144 fC / ADC count, one photoelectron produces 
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fC at the anode. This corresponds to 140 ADC counts. The calculated gain of each pixel is given by equation 5.
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Results
When measuring the jitter of the equipment in the laser test stand, the LeCroy TDC was used first. The TDC was set to a 50 psec bin size. For the test of the CC-USB, the stop pulse was delayed 2 ns. Figure 2 is a histogram of the jitter measurements for the CC-USB. Figure 3 is a histogram of the jitter measurements for the LeCroy 620BL. Figure 4 is a histogram of the jitter measurements for the LeCroy 2323a. In each of the runs the TDC timer was stopped in one of three bins. The histograms were fitted with a Gaussian curve and had sigma values of 0.3308, 0.3401, and 0.4175 respectively.  This gives a timing resolution of 16.52 psec, 17.00 psec, and 20.875 psec respectively. When the CC-USB’s jitter was tested with the Phillips TDC a bin size of 25 psec was used. Figure 5 is a histogram of the jitter measurement using the Phillips TDC and the CC-USB. The results from the system in Figure 1 can be seen in Figure 6 and Figure 7. The total timing resolution for the system was ~200 psec. 
The MCPPMT was mapped in section because of the limitations of the XY-stager. Each pixel was labeled by the row and column that it was in; the numbering system can be seen in Figure 8. The first quadrant was rows five to eight and columns five to eight. The results of the horizontal and vertical centering scans can be seen in Figures 9 and 10 respectively. The center of the pixel in row six and column seven is at X=13.63 and Y=11.93. The number of photoelectrons was found by taking data at several filter wheel settings. The results of this can be found in Figure 11. The filter wheel was set to position 500 to allow for approximately 10 photoelectrons. The final gain map for quadrant 1 can be found in Figure 12. The other quadrants were not mapped because of time restraints. 
Discussion and Conclusions
When testing the intrinsic timing resolution of the CC-USB, the Phillips TDC was a more accurate measurement because of the smaller bin size. The intrinsic timing resolution of the CC-USB was found to be 25 psec. This value agrees with the manufacture’s specifications. Since the test found only a small amount of jitter caused by the electronic equipment, the majority of the jitter was believed to have come from the LED and the R580. The total jitter of the system was found to be 200 psec. 
In order to get a better timing resolution, a Hamamatsu C8898 picosecond laser pulsar will be used in place of the LED. According to the manufacture, it has an intrinsic jitter of 10 psec. Using both the laser and the MCPPMT should eliminate most of the jitter and allow for a much smaller timing resolution. 

The gain mapping of the MCPPMT was not completed because of technical problems and time constrictions. It was found that the filter wheel motor was not accurate, it did not return to the same position at the end of each run. Since the position of the filter wheel was unknown, the gain mapping is not repeatable and the results may be inaccurate. The stepper motor and the circuit that controls it are currently being tested and repaired. Another problem with the gain mapping was the accuracy of the equations used. Currently the anode of the MCPPMT is being compared to the reference tube. This will eliminate some of the error created by the variances in the LED. The results that were obtained are preliminary and should be repeated when the problems with the system have been fixed. 
Acknowledgements
This research was done at Argonne National Laboratory as part of the Summer Undergraduate Laboratory Internship (SULI). I would like to thank my mentor Karen Byrum. I would also like to thank Bob Wagner, Gary Drake, the psec timing group and the electronics group. 
References
[1]
T. Credo, H. Frisch, H. Sanders, F. Tang, K. Byrum, and G. Drake, “Developing large-area psec timing: the MCP return-path problem and a proposed solution,” [Online paper], 20 July 2006, [2006 Dec 14], Available at http://hep.uchicago.edu/cdf/frisch/instrumentation/anode.pdf
[2]
T. Credo, H. Frisch, H. Sanders, F. Tang, K. Byrum, and G. Drake, “The development of large-area, picosecond resolution, time-of-flight detectors,” [Online paper], 15 Dec 2005, [2006 Dec 14], Available at http://hep.uchicago.edu/~frisch/adr.pdf
[3] 
G. Drake, “Current detector R&D and directions in particle physics,” [Online PowerPoint document] July 2006, [2006 Aug 18], Available at
http://www.hep.anl.gov/byrum/tmp/060721_aps_det.ppt 
[4] 
P. Hink, “Discovering the future sales meeting 2005,” presented at the Pico-Sec Timing Hardware Workshop. Chicago, IL, 2005. Available at http://hep.uchicago.edu/workshops/2005-picosecond/.

[5] 
G. Drake, T.F. Droege, C.A. Nelson Jr., S.L. Segler, W. Stuermer, K.J. Turner, and S. Kuhlmann, “CDF front end electronics: the RABBIT system,” in The Collider Detector at Fermilab, Amsterdam: North-Holland Physics Publishing, 1988, pp. 235-48.

[6] 
R. G. Wagner, “Plan for testing the Hamamatsu H8500 multianode phototube for TrICE use,” unpublished, 2005.
[7]
M. Morang, “Gain Mapping and Response Uniformity Testing of the Hamamatsu R8900 Multianode Photomultiplier Tube and the Burle Planacon Microchannel Plate Photomultiplier Tube for the Picosecond Timing Project,” unpublished, 2006.

Tables and Figures
[image: image7.jpg]CC-UsSB

IN

LeCroy 2323a Gate Generator

Delay set in program

CHA
Start
TTL

LED trigger

LeCroy 2228a TDC
Start

””” Stop

1

2
3

Delay set in program

Ortec 9306 Pre Amp
PMT

IN

ouT
ouT

LeCroy 630BL Discriminator

IN

ouT

i 4
Clear

Non-terminated end

LeCroy 2249a ADC
Gate

1

2

o

4
Clear





Figure 1: This is the basic setup for the laser test stand equipment.
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Figure 2: Histogram of jitter measurement using the LeCroy TDC and the CC-USB.
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Figure 3: Histogram of jitter measurement using the LeCroy TDC and the LeCroy 620BL.
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Figure 4: Histogram of the jitter measurement using the LeCroy TDC and the LeCroy 2323a gate generator.
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Figure 5: Histogram of the jitter measurement using the Phillips TDC and the CC-USB.
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Figure 6: Histogram of TDC data using the system in Figure 1.
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Figure 7: Histogram of ADC data using the system in Figure 1.
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Figure 8: This shows the pixel number system. It is viewed from the front of the MCPPMT with the high voltage cable at the top right. 
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Figure 9: Horizontal centering scan.
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Figure 10: Vertical centering scan.
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Figure 11: Stepper position vs. number of photoelectrons 
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Figure 12: Gain map for quadrant 1.
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