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1.  Introduction

The electromagnetic hybrid calorimeter (HYCAL) constructed for the Primakoff Experiment (TJNAF E00-014) currently consists of a 116 x 116 cm2 array of detectors (See Figure 1).  The outer layer contains TF-1 lead glass Cherenkov modules, while the inner area (70 x 70 cm2) contains lead tungstate (PbWO4) scintillating crystals.  In the center, there is a 4 x 4 cm2 hole which allows the photon beam to pass through.  The lead glass modules are 3.84 x 3.84 x 45 cm3 and the PbWO4 are 2.05 x 2.05 x 18 cm3.  Each module is attached to a photomultiplier whose outputs are sent through two stages of linear fan-in, which add the output of strips of 5 or 6 detectors in length.  Prior to use in the actual Primakoff Experiment it is important that the HYCAL be used to measure well established physics values.  This test focuses on using HYCAL to measure the lifetime of a muon ().  This value has been firmly established, with the most recent experimental measurement having been made in 1985.  The measurement was performed at the Saclay linear accelerator using a pulsed beam to stop positive pions during 3 s beam burst of the Linac.  The result obtained was 2.197078 + 0.000073 s [1], which, when added to the Particle Data Group’s values, makes the world average 2.19703 + 0.004 s [2].  
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2.  Muon Source 
For the purpose of this experiment the muon source came from cosmic rays created in the atmosphere that travel near the speed of light to the ground.  Although the particles have a short lifetime and have to travel a significant distance to arrive at the detector, most do not decay until near the earth’s surface due to the effects of time dilation.  When they do decay they decay into an electron neutrino, a muon neutrino and an electron (See Figure 2).  The HYCAL has the ability to detect but the muon itself and its decay electron.
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3.  Trigger

In order to make this measurement a cleaver trigger had to be developed.  This is because the time to digital converter (TDC) is a common stop apparatus, meaning it is continually recording data until it is read out.  In addition, the TDC can only store 32 s worth of timing information.  Therefore, when a trigger occurs the TDC reads back the last 32 s of inputs.  This meant that a method had to be developed in order to trigger on the decay electron. To make this trigger any incoming signals were used to create a 32 s gate; if this gate was in coincidence with another signal, a trigger was sent to the trigger supervisor, causing the data to be read.  These signals were created by summing the output of all the lead tungstate crystals in HYCAL and discriminating on any that were above 80 mV.

4.  Data Analysis

The setup was allowed to run for approximately 24 hours in total.  A program was created using Root Analysis Software to analyze the data.  In order to eliminate invalid events caused by background noise, events with more than two timing measurements in them were discarded.  This ensured that only events in which the muon was stopped in the detector, such as the one in Figure 3, were recorded.  For the remaining events, a difference was taken between the two timing measurements.  The results were plotted in a histogram and an exponential fit was applied (See Figure 4).  The mean lifetime is then defined as –1 / m, where m is the slope of the exponential.  The value returned for the slope was 0.48 which indicates an average lifetime of ~2.1 s.
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5.  Error Analysis

To determine the error on this fit a unique method was used.  The Root fit returns an error on the slope of about 2%; however, upon inspection of the histogram, this error seemed unreasonably low.  Since the slope of an exponential should be constant over the entire range a higher estimate was made by creating another Root program.  To do this the plot was fit to an exponential over 6 bin (3 s) intervals.  The fit was performed between 0 and 15 s moving the start point of the fit by 1 bin each time.  The results for the lifetime were histogramed and fit to a Gaussian whose sigma was used as the error.  When this analysis was performed an error of 0.7 s was found.

6.  Conclusion

The new HYCAL constructed for the Primakoff Experiment at Jefferson Lab, is a one of a kind machine.  Therefore, prior to use in an actual experiment it is important to verify it’s functionality by measuring known physical values.  The value measured here is the mean lifetime of the muon particle.  A measurement of 2.1 + 0.7 is in good agreement with the current world average.  This simple measurement is of great importance as it is actually the first physics measurement ever made with this unique detector.  It adds much to the confidence that HYCAL will be successful in the measurement of the mean lifetime of the o particle.
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Figure 1


The HYCAL apparatus consists of a 116 x 116 cm2 array of detectors.  This photo shows the inside of the apparatus prior to connecting it to the data acquisition system.  The outer layer contains TF-1 lead glass Cherenkov modules while the inner area (70 x 70 cm2) contains lead tungstate (PbWO4) scintillating crystals.  The density of the crystals allow for detection of particles such as the muon and its decay electron.
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Figure 2


Feynman diagram of a muon decay [3].  When high energy particles, such as protons, collide with the Earth’s atmosphere they create a shower of other particles.  Most of these decay before reaching the surface, but occasionally a muon (m) particle will survive.   The HYCAL is able to detect both the muon and the decay electron.





�


Figure 3


Events were defined as two signals which occurred within 32 ms of each other.  This amount of time was chosen because when the TDC is read out it gives timing information for the past 32 ms.  The figure above shows one event where an incoming muon which gets stopped in the lead tungstate and decays. (Plotted by Raphael Demirchya.)










































































Figure 4


Histogram of time difference between a muon stop and decay.  


The lifetime measured from the fit is ~2.1 + 0.7 s.
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