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ABSTRACT

This paper deals with noise studies conducted during the electronics upgrade to the CDF calorimeter. These studies entailed a mixture of software and hardware applications. A computer program was written to help pinpoint channels with correlated noise. Upon further investigation, the nature of the noise was determined, with modifications being made in situ to reduce the level of noise within the electronics.

INTRODUCTION

At Fermilab, home of the world’s highest energy accelerator, the Tevatron, there are two major experiments. The first is D0 and the other is CDF,  located in the B0 interaction region. It is the latter with which this paper is concerned. In high-energy physics, the accurate measurement of particle energies is very important for event reconstruction. Thus, by measuring particle and jet energies precisely, calorimetry has played a crucial role in the physics CDF has produced. The discovery of the top quark and the precision measurement of the W mass are but a few of the many successful measurements resulting from the excellent behavior of the CDF detector. 

Extensive modifications to the CDF detector were necessary for Run II due to the expected high luminosity of the Tevatron accelerator and the shorter bunch spacing. In the upgrade of the calorimeter, new end-plug calorimeters were built to replace the old gas calorimeters, as they would not have been able to handle the high rates expected in Run II. The existing scintillator-based calorimeters in the central and end-wall regions were kept with only their electronics replaced. Shorter bunch spacing, as low as 132 ns, is expected in Run II. It is this fact that has primarily led to the upgrade of the calorimeter electronics because it was necessary to increase data transfer rates. This was accomplished by adding a Level 1 trigger pipeline, a buffer of ~42 clock cycles, creating an essentially “deadtimeless” trigger.  With the buffer, events from the calorimeter can be accepted before the Level 1 decision has been made for previous events, as they are stored in a FIFO and then either rejected, or moved on to Level 2 processing as appropriate. 

PROJECT: NOISE

On joining the team working on the electronics upgrade to the CDF calorimeter, my project this summer was to write programs to be used in noise studies for the calorimeter electronics. These programs would essentially be used to pinpoint sets of channels containing correlated noise. The nature of the noise could then be determined upon further investigation. Noise can take several forms, but it can be generally thought of as the RMS deviation from the mean signal. Noise can affect the clarity of the signal, so it is desirable to reduce noise levels in order to achieve a large signal to noise ratio. This allows for more accurate measurements to be made. In electronics certain types of noise can be found by studying pedestal values. 

In order to write and then utilize these programs, I had to obtain an initial understanding of both the C and C++ programming languages and PAW, a graphics package commonly used in high energy physics. To do so, I read introductory books on the languages and studied example programs written by other members of the calorimeter upgrade group so I could better acquaint myself with various styles of programming, with some programming tricks, and with the indispensable jargon. This helped tremendously in completing my task within the allotted time. The goal of the program was to read in vector files that contain pedestal values and output them in a different format, which could then be easily read by a plotting macro written in PAW. The initial format of the vector file is: [see Appendix A]

Event #   Admem #   Channel #   {Cap ID   Range   Pedestal Value}- repeated 3 times    

The output format is: [see Appendix B]

Admem #   Event #   Pedestal Values 0……………up to……19 depending on type of calorimeter  

The PAW macro reads in the output of my program, which contains channel-by-channel pedestal information and then plots various channels against one another. From these plots, channels containing correlated noise could be found. Correlated noise is common mode noise, noise of the same type or from the same source. Plots of two channels with noise that is correlated have points arranged along a line of angle ~45 degrees [see Appendix C], while those of two channels with noise that is not correlated have their points arranged in a circular fashion [see Appendix D]. After pinpointing the channels with correlated noise, further study was needed to determine the nature of the noise and to rectify the problem if possible. To identify the nature of the noise, I used an oscilloscope to measure the period of the rogue oscillations and their respective frequencies. 

PROJECT: ELECTRONICS MAINTENANCE 

In addition to my noise studies, which entailed both software and hardware work, I also participated in some maintenance work being performed on the calorimeter. The installation work had already been completed prior to my arrival so maintenance was necessary. This work mainly involved the ADC Memory or ADMEM boards and its components called CAFÉ cards. The ADMEMs digitize the calorimeter phototube signals and store the digitized data during Level 1 and Level 2 trigger processing. 
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The ADMEM boards receive analog information (current pulses from the phototube) and digitize them, store the result in a FIFO (pipeline buffer) and move the data that is accepted by the Level 1 trigger into one of four Level 2 buffers (see Figure 1). These ADMEMs also perform sums of the signals of the PMT’s from neighboring calorimeter towers before they are sent to the Level 1 trigger. 

On the front-end analog portion of the ADMEM boards there are removable modules (CAFÉ cards). Each CAFÉ card receives the current pulses from one of the calorimeter PMTs. The signal is received by a current buffer, which terminates the line in 50 (. Located on the CAFÉ card is the QIE chip, an auto ranging device that integrates the current and provides a limited range (analog) output. This extends the dynamic range of the FADC.  The integration is performed on one of four capacitors and the voltage on the capacitor is then compared with eight binary voltage levels. The output of the QIE chip is a three bit exponent that identifies which one of the eight scales the current pulse falls in, a two bit capacitor ID identifying which one of the four internal capacitors was used, and an analog voltage output which is used in a ten bit Flash ADC. The Flash RAM contains a look-up table used to linearize the data output of the QIE chip (see Figure 2). This look-up table contains offsets and slopes, subtraction of pedestals, and also contains calibration constants for the chip.
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Checking of trigger outputs, loading Et (transverse energy) look-up tables, checking pedestal values and calibrating the QIE chips were some of the things done to ensure proper functioning of the calorimeter electronics. The maintenance work also included the calibration of the calorimeter electronics, not to be confused with the calibration of the calorimeter itself, and general troubleshooting of problems that may arise day-to-day, such as blown fuses on the ADMEMs and CAFÉ cards. 

DISCUSSION

After generating plots for the noise study, I observed that the end-wall calorimeter had the most noise-related problems as compared with the end-plug and central calorimeters. The noise measured was found to have many different sources. PMT signal cables were seen to act as antennas, picking up virtually any external noise within its range such as noise from welding and walkie-talkies. Noise can be generated by an EMF induced in a closed loop circuit. This loop can be formed between a signal carrying wire and its return, or between power and its return (see Figures 3 & 4). Thus, the greater the induced EMF produced by the loop, the greater the subsequent noise. Rerouting cables and ground connections to avoid large loops in the circuit and shielding of the wires could reduce this noise. 
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Figure 4
For example, it was seen that if the ground was connected through the front panel of the crates that house the ADMEMs and transition boards, the noise was significantly higher than expected.  Plug-in outlets and the power supplies for the crates, which operate at 60 Hz and 400 Hz respectively, were some of the other possible noise sources I looked for, but no significant contribution was found from these. There was noise, however, discovered at frequencies between 210 -240 kHz, which is the range of frequencies at which the DAQ (Data Acquisition System) communicates with the ADMEMs. 
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Figure 5: Cosmic ray signal from a phototube in which the channel contained little noise.

Along with the noise problems, we discovered that various channels were not getting signals from the PMTs (see Figures 5 & 6). Further investigation found shorts in the transition boards. The shorts were due to faulty construction. During construction the ground of a transition board is soldered to the board. Yet occasionally during the soldering process the insulation melts enough to make contact with the signal, thereby shorting out the circuit.
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Figure 6: Noise from a channel in which there is no signal. 

CONCLUSION

In conclusion, I measured and categorized the noise in the calorimeter electronics, with the end wall containing the greatest amount and the plug the least. Several different sources were discovered along with their respective causes. Work currently is underway to implement the changes needed to reduce the noise from the respective sources. These changes should be completed in time for the commissioning run of the CDF detector. The program I wrote is now one of the tools available to study noise in the future.
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APPENDIX A

    0    16    0          0 0  184   1 0  179   2 0  184   3 0  187

    0    16    1          0 0  193   1 0  191   2 0  193   3 0  193

    0    16    2          0 0  182   1 0  181   2 0  180   3 0  186

    0    16    3          0 0  227   1 0  232   2 0  232   3 0  232

    0    16    4          0 0  207   1 0  208   2 0  205   3 0  207

    0    16    5          0 0  173   1 0  171   2 0  172   3 0  172

    0    16    6          0 0  191   1 0  187   2 0  190   3 0  187

    0    16    7          0 0  203   1 0  203   2 0  201   3 0  202

    0    16    8          0 0  187   1 0  185   2 0  181   3 0  184

    0    16    9          0 0  190   1 0  185   2 0  188   3 0  188

    0    16   10          0 0  180   1 0  183   2 0  184   3 0  184

    0    16   11          0 0  191   1 0  188   2 0  186   3 0  189

    0    16   12          0 0  179   1 0  175   2 0  179   3 0  175

    0    16   13          0 0  205   1 0  206   2 0  206   3 0  212

    0    16   14          0 0  192   1 0  190   2 0  190   3 0  193

    0    16   15          0 0  196   1 0  190   2 0  198   3 0  193

    0    16   16          0 0  183   1 0  186   2 0  183   3 0  182

    0    16   17          0 0  197   1 0  201   2 0  199   3 0  202

    0    16   18          0 0  181   1 0  180   2 0  179   3 0  181

    0    16   19          0 0  212   1 0  211   2 0  218   3 0  215

    0    17    0          0 0  188   1 0  186   2 0  188   3 0  188

    0    17    1          0 0  207   1 0  210   2 0  206   3 0  208

    0    17    2          0 0  185   1 0  178   2 0  184   3 0  182

    0    17    3          0 0  210   1 0  209   2 0  209   3 0  209

    0    17    4          0 0  195   1 0  201   2 0  200   3 0  202

    0    17    5          0 0  221   1 0  229   2 0  221   3 0  224

    0    17    6          0 0  196   1 0  196   2 0  192   3 0  197

    0    17    7          0 0  206   1 0  212   2 0  209   3 0  207

    0    17    8          0 0  212   1 0  205   2 0  214   3 0  208

    0    17    9          0 0  182   1 0  180   2 0  187   3 0  185

APPENDIX B

  16    0 177 195 151 186 178 195 175 177 186 174 180 187

  16    1 178 192 153 184 178 200 176 177 186 181 175 185

  16    2 186 200 160 197 188 201 184 183 196 173 179 194

  16    3 188 196 156 190 183 199 180 181 192 182 181 192

  16    4 185 195 156 195 184 198 177 182 192 183 175 183

  16    5 183 193 155 190 183 203 178 179 191 175 178 190

  16    6 178 195 153 189 180 202 176 181 190 182 175 192

  16    7 180 193 149 188 181 197 170 183 187 180 172 188

  16    8 181 191 154 193 184 196 180 185 187 182 177 184

  16    9 182 191 152 188 178 196 171 178 184 172 183 189

  16   10 188 199 160 197 186 197 181 185 197 187 185 192

  16   11 184 196 161 192 184 201 176 184 196 186 177 191

  16   12 183 200 157 193 183 196 175 181 189 182 182 191

  16   13 185 194 157 188 184 202 177 181 194 177 178 190

  16   14 194 203 169 201 189 203 184 195 202 186 189 197

  16   15 177 186 152 183 175 198 174 174 191 175 173 183

  16   16 185 198 158 195 186 200 183 186 193 182 179 194

  16   17 181 193 155 190 182 200 177 178 188 182 179 187

  16   18 182 194 153 185 182 196 182 180 187 180 175 184

  16   19 179 195 154 190 182 201 176 180 187 182 175 188

  16   20 179 192 151 187 183 192 174 176 180 177 181 184

  16   21 181 190 156 191 185 200 177 180 187 179 177 192

  16   22 181 190 158 190 184 202 177 179 191 177 176 188

  16   23 178 189 151 190 178 200 178 183 189 177 175 183

  16   24 183 196 157 187 182 197 179 180 188 181 177 187

  16   25 181 192 156 190 185 204 170 180 192 180 178 189

  16   26 181 192 148 185 179 197 175 176 187 179 177 185

  16   27 194 202 167 206 196 204 188 193 200 185 192 201

  16   28 183 192 154 188 183 202 177 173 190 179 175 188

  16   29 184 195 157 189 185 199 172 172 188 178 174 183

APPENDIX C
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APPENDIX D
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