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ABSTRACT

Study of Pedestal Fluctuations of Channels in the Track Imaging Cherenkov Experiment Prototype Camera.  EMILY GOSPODARCZYK (Sauk Valley Community College, Dixon, IL 61021) KAREN BYRUM (Argonne National Laboratory, Argonne, IL 60439).

The Track Imaging Cherenkov Experiment (TrICE) is a prototype telescope on-site at Argonne National Laboratory.  It is designed to measure the composition of cosmic rays through the detection of direct Cherenkov radiation.  TrICE is exploring the capabilities of a camera composed of a 4×4 array of 16-channel Hamamatsu R8900 multianode photomultiplier tubes (MaPMTs) and their corresponding electronics.  The higher angular resolution explored in the TrICE prototype telescope can be applied to the next generation of high energy gamma-ray telescopes. The objective of the research was to study TrICE pedestal data and look for pedestal fluctuations in each channel over the time structure of an event.  Data was recorded at a rate of 53MHz (or 19ns sampling).  Each event contained a snapshot of eight 19ns time slices of PMT signals. By programming in C++ interfaced with the ROOT graphics language, a macro was written that calculates the mean ADC counts for each time slice for each channel.  The code created a plot of the mean ADC counts for all time slices, each represented by a different marker and superimposed.  The result of running the code on individual pedestal files illustrated that the pedestal remained relatively consistent between time slices.  A further examination compared the Gaussian means of each time slice for channel one.  The results proved that the Gaussian means for all the time slices fell within a small range and within the standard deviation.  Subsequent steps should involve analyzing multiple pedestal files and looking for variations in pedestal as a function of time and temperature.
INTRODUCTION

The Track Imaging Cherenkov Experiment (TrICE) is a prototype telescope on-site at Argonne National Laboratory.  TrICE is designed to measure the composition of cosmic rays through the detection of direct Cherenkov radiation while exploring new technologies that increase angular resolution in Cherenkov radiation detection [1].  It is testing the capabilities of a camera composed of a 4×4 array of 16-channel Hamamatsu R8900 multianode photomultiplier tubes (MaPMTs) and its corresponding electronics [2, 3].  The research and development being completed at TrICE can be applied to upgrades in existing gamma-ray telescopes and to the design of the next generation of high energy gamma-ray telescopes [3].  

 TrICE and other imaging atmospheric Cherenkov telescopes do not directly detect cosmic rays.  Instead the track of Cherenkov light produced by the incoming particles is detected.  There are two components of Cherenkov emission.  First, direct Cherenkov light is emitted by the primary cosmic particle before its first interaction [4].  The second component, the extensive air shower refers to the Cherenkov light produced by the cascading particles formed by the cosmic ray interactions in the atmosphere [4]. 
 
The direct component’s signal allows the primary cosmic ray to be properly characterized [1, 3].  Therefore, the goal of TrICE is to explore the feasibility of separating the direct Cherenkov from the extensive air shower by increasing the angular resolution of the camera [2].  In this way the direct Cherenkov signal can be studied.  The components’ signals are separated with a trigger that is initiated by the extensive air shower arriving before the direct light [1, 2, 3].  The trigger requires at least two adjacent PMTs to receive a signal over a set energy threshold [1, 5].  The data acquisition (DAQ) system records the PMT signals every 19 ns [5].   The data buffer is designed such that 8 consecutive time slices are readout by the DAQ [5].  The cosmic ray Cherenkov light is usually found in the third time slice, though some of the signal seeps into the second and fourth time slices [5].   The eight time slices constitute one event.  


Electronics and the light from the background sky produce “noise,” contributing unwanted signal to the cosmic ray signal.  This background must be properly identified so that it may be subtracted from the raw signal, allowing the actual Cherenkov signal to be distinguished [5].  Pedestal runs are completed so that the background “noise” can be determined.  The procedure for obtaining the pedestal signal is the same as when data is normally taken except the trigger is no longer initiated by a signal above the energy threshold [5].  Instead, the signal is activated by a pulse generator [5].  About 500 events are taken every second [5].  The actual pedestal signal should remain consistent for each time slice.  The objective of the research was to look for pedestal fluctuations in each channel over the varying time slices. 
MATERIALS AND METHODS

The process of analyzing pedestal readings was completed by programming in C++ interfaced with the ROOT graphics language.  The following analysis displays the data and results from a March 20, 2007 pedestal file.
There was an initial code to start the pedestal analysis.  The code generated 16 histograms, one for each PMT, in which the ADC (analog to digital converter) counts for a single time slice were displayed.  The code extracted the means from these histograms and produced a bar graph of the mean ADC values plotted for each PMT. 
The initial code plotted the electronics pedestal plus the night sky background (nsb) and tried to fit a Gaussian to both the pedestal mean and the nsb.  The histograms contained the electronic pedestal combined with the signal from the background night sky.  Therefore, the means of the histograms were distorted by the trailing effect of the background sky.  The code’s bar graph of the mean ADC values for each PMT contained these inaccurate means.   


In order to generate valid pedestals (and remove the nsb in the Gaussian fit), the ADC data range was set to exclude the trailing background sky signal and then fit with a Gaussian.  Even though the background sky is a component of the unwanted signal, the shape of the histogram containing the electronic pedestal plus background sky can not be fit accurately with a Gaussian.  A Gaussian and an exponential fit may produce an accurate mean [5], but instead of adding the exponential fit, the range was just altered.  The code was further modified so that it plotted the values for each channel instead of each PMT.  The Gaussian mean ADC counts were extracted from these histograms and plotted against the channel number in the bar graph as displayed in Figure 1.  The graph reflects accurate pedestal readings.
Next, the ADC count for each time slice was plotted independently to verify consistency among the eight time slices.  The mean ADC counts versus the pixel number were plotted with every time slice represented by a different color and marker style as displayed in Figure 2.  Visually, the time slices for each channel appear to lie relatively close to each other.  The ADC counts can vary from channel to channel because that variation will be taken into account with normalization software.  Therefore such inconsistencies can be currently disregarded.  
In order to confirm that the eight time slices all lie within a small range and within the standard deviation, a closer examination was completed on channel one.  The plot in Figure 3 displays the ADC counts for each time slice in individual histograms.  All the histograms contain the data for channel one.  The Gaussian means and sigma were extracted from Figure 3 for a clear comparison in Figure 4.    
The final task was to create a plot (Figure 5) with the average of all the time slices plotted against the channel number.  
RESULTS

The ADC counts of all eight time slices within each channel remained relatively consistent.  The varying marker styles appear to be over laid in Figure 2.  The closer comparison in Figure 4 confirmed this consistency.  The greatest difference in the Gaussian means was 0.3 counts which is well within the standard deviation.  The channels are likely to be within a similar range as channel one since channel one appears to be a standard channel as represented in Figure 2.    
The average of the time slices displayed in Figure 5 for each channel established a pedestal value under the time and temperature conditions of March 20, 2007. 
DISCUSSION AND CONCLUSION
When TrICE detects Cherenkov radiation, the signal contains the Cherenkov signal as well as the pedestal signal.  The pedestal values, as found in Figure 5 can be subtracted from the raw signal in the TrICE data file from the night of March 20, 2007 resulting in the actual Cherenkov light signal.  The averaged pedestal value will be used to normalize all the data that was collected on that night.  The same code can be used to determine the average pedestal signal from any TrICE data file.

Now that the pedestal is calculated for each channel, an analysis that loops over multiple pedestal files should be completed.  When looping over multiple files, variations in pedestal as a function of time and temperature should be observed. 
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Figure 1. ADC counts for each channel.
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Figure 2. ADC counts for each time slice represented by different colors for channels 1-64
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[image: image1]
Figure 3. ADC counts for each time slice in channel one.
	Time

Slice
	Gaussian

Mean
	Sigma

	1
	105.9
	2.792

	2
	105.9
	2.807

	3
	105.9
	2.753

	4
	106.0
	2.77

	5
	106.1
	2.662

	6
	105.8
	2.86

	7
	106.1
	2.855

	8
	106.1
	2.81


Figure 4. Gaussian means and standard deviations from Figure 3.
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Figure 5. Average ADC count of all time slices for each channel
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