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Time of flight measurements with resolutions in the pico-second regime can play an important role in High Energy Physics, Medical Imaging and other fields.  The current timing resolution in state of the art high energy physics experiments like CDF at Fermi National Laboratory is approximately 100 psec.   This translates into identifying particle species (i.e. measuring the mass) for particles with momentum up to ~4 GeV.   A timing precision of 1 psec would extend the ability to measuring a particle’s mass for particles with momentum up to 20-25 GeV.  The TOF detectors proposed in this project will use micro channel plate (MCP) photomultiplier tubes (PMTs) with custom equal time anodes.  
The objectives of this research are to characterize and measure the timing properties of a 10 micron MCP with a custom equal time anode attached to the micro channel plate.  We expect the results to show that the 10 micron equal time anode performs with a better timing resolution than the 25 micron MCP without the equal time anode.  Previously, tests were completed on the 25 micron MCP without the equal time anode.  The results showed that it had a timing resolution of 27 picoseconds. 


This project performs two sets of measurements.  The first measurement is a characterization of the pixels to determine the variation in gain and linearity response from pixel to pixel.  The characterization was performed using an LED (light emitting diode), a reference phototube, a graded filter wheel, and an x-y stager in a dark box.  The MCP to be tested is located on a designated mount.  The reference tube is a single anode Hamamatsu R580 PMT.  Each PMT is attached to a separate high voltage supply.  A blue LED emits a pulse of light through fiber optic cables; this pulse is controlled with an external circuit.  These fibers shine through a density filter wheel which is connected to a stepper motor so as to alter the intensity of the light as needed.   Emerging from the other side of the density filter is a second fiber which is attached to an x-y stager positioning device.  This fiber butts up against the face of the MCP, and the x-y stager allows the fiber to scan the face of the MCP.   

The MCP signal cables are connected to a data acquisition system using RABBIT electronics.  It receives analog signals from the phototubes and converts those signals to digital ADC counts.  By the end of my appointment at Argonne this summer, I aim to complete the characterization and report the results in a gain map. 

The second portion of my project will be completing timing measurements on a new 10 micron port tube which should arrive within a few weeks.  These measurements will be completed in the laser lab using the Argonne laser test stand and in collaboration with another student.  The goal with this measurement is to determine the timing resolution using a varying number of photoelectrons at various supply voltages.
