Max BrownGold

May 3, 2006

Independent Study

Calibration of Sensors for CMS at LHC/CERN


This semester we took part in calibrations of 2 primary types of sensors for the ME +-1/2/3 layers of the Large Hadron Colider (LHC) in the CMS endcap.  These 2 sensors are denoted as R and PX.  We also analyzed much of the data from the calibrations as well as placing the analyzed data into both more human and software readable formats.  
The radial(R) sensors that were calibrated consisted of the subtypes R2, R3, and R2 Tower.  All three of the subtypes were calibrated in a similarly by placing the sensor itself into a stationary position at the foot of a movable I-beam.  The metal cable of the sensor was then attached to beam and the beam was set into motion by the computer.  Each subtype differs in its calibration only by where the cable is attached to the beam.  Using LabView software the beam was moved in intervals of .05 inches over a distance of approximately 5.5 inches.  At each interval a voltage measurement is taken from the output of the sensor.  Each sensor is calibrated in 5 trials and the data is later analyzed.  
The first step of the analysis is to throw out the beginning and end points of the data.  This is done to remove the initial y=0 line that appears on the graphs before any tension is applied to the sensor.  The endpoints are deleted to remove the y=RefVolt that appears toward the end of the trial.  During analysis of each trial the sensor voltage at each interval is compared to the reference voltage which stays constant at a value of 11.35 Volts.  This relationship is the “Ratio” and it is used in later plots.   We next created a plot of “Sensor Response” vs. “Distance”.  This relationship is linear and this plot can be used to predict the quality of the trial.  Next, a plot of Ratio vs. Distance is created, this relationship is also linear.  Throughout the trial period many R sensors were calibrated and analyzed.  After the completion of the R-calibration, we began work on the proximity sensors.  
The proximity (PX) sensors were calibrated in a slightly different fashion than the R-sensors.  While the R sensors had small cables that were pulled to output a voltage, proximity sensors have to be pushed.  This was accomplished using the same I-beam mechanism that was used during previous calibrations.  The sensors were mounted on the workbench and the beam was made to move forward in increments of .005 inches slowly compressing the plungers on the PX sensors as to cause a sensor response.  The beam was moved over a total distance of approximately .6 inches.  During the calibration of the PX sensors we found one sensor to be defective.  The readout from this sensor was dropping out during some intervals.  The sensor was sent in for repair and was received and recalibrated.  After the calibration of all sixty sensors we began analysis of the PX data.
Analysis of the PX data is very similar to that of the R-sensors, except where the R-sensors are one sensor per unit, a PX sensor has two individual sensors denoted inner, and outer.  Each sensor in a PX unit is analyzed separately.  All PX sensors have been completely analyzed by the end of the semester.  I also believe that another graph should be added to the analysis comparing the values of the two sensors.  

As the final step to the analysis, the data is put into excel spreadsheets and comma separated files, the later to be used for further analysis and the former for easy readability.  These files are created by taking values out of the master data file and placing them into a new file using a script written for the purpose. Overall the research done this semester was a success, we were able to complete the physical calibration by the previously determined time and it was possible to complete a large amount of the data analysis.  

