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ABSTRACT

Analysis of Consistency in Channel Pedestal Readings for the Track Imaging Cerenkov Experiment (TrICE) Camera as a Function of Temperature and Time. ANA CHACHIAN (Florida International University, FL 33199) KAREN BYRUM (Argonne National Laboratory, Argonne, IL 60439)
Track Imaging Cerenkov Experiment (TrICE) is a telescope prototype on site at Argonne National Laboratory. Its camera is composed of an array of 16 high definition multi-anode photomultiplier tubes (MAPMTs) that give an angular pixel spacing (0.08deg) better than most existing Cerenkov shower detecting telescopes (~0.15deg).  The TrICE telescope is a testbed for the development of a next-generation gamma-ray telescope.  TrICE has been observing cosmic rays since earlier this year. The stability of the TrICE camera performance was analyzed through the study of background noise pedestals recorded by its channels to determine if these are constant under the background sky.  The method involved generating histograms that compared the pedestal signals for each channel over different days, times, and temperatures, using a C++ interfaced with Root macro. The results of this analysis concluded that the pedestal means were constant over a variety of conditions and are therefore reliable to reproduce accurate Cerenkov signals. The result of this analysis is the first step in understanding the data taken by the camera. Further steps to this end include research of each channel’s gain as a function of these pedestal fluctuations.

INTRODUCTION
Track Imaging Cerenkov Experiment (TrICE) is an on-site Cerenkov prototype telescope designed to use multi-anode photomultiplier tubes (MAPMTs) to achieve a high angular resolution for measuring cosmic ray composition at TeV-PeV energies. The TrICE camera is composed of an array of 16 Hamamatsu R8900 16 channel multi-anode photomultiplier tubes.  Each tube achieves an angular width per pixel of .086 degrees with a 1.5 degree wide field of view [1]. TrICE records MAPMTs signals using two VME (VERSAmodule Eurocard computer architecture) crates of modules designed for the digitization of MAPMTs signals and the buffering of data. The digitization of the MAPMTs signals is performed using 53MHz QIE electronics. The triggering of TrICE occurs when a signal over a minimum energy threshold is imaged through the Fresnel lens mounted directly above the camera. A magnified image of the direct Cerenkov [2] light shower collected with eight spherical mirrors arranged on a square perimeter around the base of the telescope is recorded 20ns after the trigger.


Eight time slices of ADC (analog to digital converter) data is recorded for each trigger (an “event”).  A macro called "PlotEvents.C", is used to display a graphic "picture" of the Cerenkov shower. The image displayed is generally oval shaped, as there is higher possibility that the shower cone arrives in an angle, characteristic of a Cerenkov shower, with more energetic hits in its center.

Studying variations in the pedestal fluctuations as a function of temperature and time is essential for all further data analysis.  Determining that pedestal contributions are constant under the background sky is the first step to understanding the actual Cerenkov data. Pedestal readings are "signals" corresponding to background or electronics "noise", which must be subtracted from the actual data readings. 

Methods
A C++ interfaced with Root macro was developed to enable comparison between data files from different events. The macro calculates the average of the mean ADC for all 8 time slices in one event and plots the average for each channel. A study comparing the ADC variation within time slices shows that it is possible to average the mean ADC for all time slices since they are well within one another’s standard deviation [3]. 

Different pedestal run files are compared by plotting the averaged mean ADC values per channel superposed in order to analyze the variation fluctuation of channel readings for different events, at different dates, times and temperatures.  
Several groups of files, with five files from different dates and weather conditions were plotted and compared and the results are shown below.
Results


When files from different days and weather conditions are plotted (see Fig 1 on Tables and Figures), the plots show a small but consistent fluctuation between them, differing from one file to another by no more than 3 ADC counts. The average for all files is 106 (+/-1) ADC counts.
A few “hot” channels (Fig 1-4) appear in the plots, but they only come up on random days; they are not a constant occurrence. 
On Fig 2, the average ADC mean for the event plotted on February 16th 2007 (black dots) is an average of 5 counts lower than other events for the same date in the other plots. This event was recorded while the high voltage (HV) was off. In order to verify if the lower ADC counts were related to the absence of HV, all events on that day recorded while the HV was off were plotted (Fig 4) and in fact, all were about 5 ADC counts lower than the events recorded while the HV was on. 
Channel 140 detected no counts on any events from February 23rd 2007.
Conclusion

The plots indicate that there is a fluctuation of ADC counts throughout the channels for different events, at different days; however, the variations are consistent and minor. The hot channels are only a one-time appearance, not a constant problem, therefore, not of concern. The plots also show that the channels detect a lower ADC count when the HV is off, requiring that a decision must be made on taking pedestal data either with HV on or off. Overall, the channel pedestal readings have been demonstrated reliable for proceeding with Cerenkov light data analysis.
An implementation to this project would be to adjust the channels’ gain characterization as a function of pedestal fluctuation.
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TABLES AND FIGURES
For visualization, the plots are color coded as follows, for Figures 1, 2 and 3.
	 
	Date
	Temperature (°F)
	Humidity

	red ®
	2/18/2007
	19.9
	27% to 75%

	navy (n)
	3/11/2007
	39
	70%

	green (g)
	3/20/2007
	46
	47%

	yellow (y)
	2/23/2007
	27
	70%

	black (b)
	2/16/2007
	-2
	70%
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Fig 1: Standard plot: red (21h16m25s); navy (21h07m53s); green (05h03m25s); yellow (00h26m28s); black (02h16m05s)
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Fig 2: black dots represent pedestal recorded while high voltage is turned off
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Fig 3: “Hot” channel 252 on pedestal reading from March 20th 2007
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Fig 4: The black, red and green are plots of files recorded while HV was turned off, on February 16th 2007. The yellow and navy plots are both from February 23rd 2007, HV on, also showing “hot” channel 72
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