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Abstract


The main focus of this project is to upgrade and test aging scintillators of types CMX and CSP, which detect muons at collider detectors such as the Collider Detector Facility (CDF) at Fermilab, by using wave-length shifting fibers.  The CMX is still in the process of being upgraded and tested, but the CSP has been upgraded and is more effective in detecting muons.  

1 Introduction

Muons are subatomic particles, which can be produced in the course of collisions of energetic subatomic particles and are also present in cosmic rays.  Muons can and do travel through just about any and everything.  Therefore, muons are usually the last particles detected in a detector.  Our detector is called the Collider Detector Facility, or CDF for short.

CDF is the big project, and our project is a small piece of the puzzle at CDF.   CDF depends on the Tevatron. The Tevatron, which is the biggest particle accelerator in the world, accelerates protons and antiprotons clockwise and counterclockwise to high energies. The protons and antiprotons are smashed together inside the CDF detector to produce a shower of particles, which can be detected by the detector.  These showers of particles include muons.  Thus, there is a need for muon detectors.


The muon detectors used at CDF are CMX, CSP, and BSU.  We will upgrade some of the CSP and the CMX, but the BSU is all brand new.  In the work described here, we will focus our attention on the CSP and the CMX (often referred to as the “mini skirt” because of its shape).

2 Theory

The scintillating chemicals used to dope the plastic muon detectors release photons when energized by a high-energy muon passing through the detector.  Some of these photons are transmitted to the Photomultiplier Tube (PMT) where they generate photoelectrons at the cathode.  The electrical signal is then amplified by the PMT.  Over time the passage of the photons to the PMT decreases due to loss of transparency of the plastic of which the muon detector is made.  By glueing a ribbon made out of wave-length shifting (wls) fibers to the side of the detector and directing the light absorbed by it to the PMT, we can increase the output signal of the PMT to its original state.

3 Experimental Details


Figure 1.  This drawing shows the setup used for several tests done on the CSP and CMX.

We usually run several different tests on each counter, and Figure 1 shows the setup used for several tests done on the CSP and CMX.  The first test we do is to find out if there are any light leaks in the scintillator by using a picoammeter to measure the dark current.  Dark current is the electric current caused by background noise.  If there are any light leaks there will be large dark currents in our system.  The four other tests are known as the pedestal, calibration, attenuation, and plateau tests.  

The pedestal refers to background noise produced by the experimental setup, and by recording the magnitude of the pedestal we can subtract it from measurements to find the results we wish to obtain, without any effects from the background noise.  Having found out the background noise, we then proceed to calibrate our system.

Since each PMT will have different characteristics, there will be a need to calibrate each one separately.  Unlike the CSP and BSU, the CMX has two Photo Multiplier Tubes.  A constant “k”, which is related to the charge produced when a single photon hits the PMT, was derived by pulsing a Light Emitting Diode (LED).  The DAQ computer controls a pulser, which causes the LED to flash so that the PMT puts out a signal, which goes to an oscilloscope and an analog to digital converter (ADC).  Calibration is done by flashing the LED at very low intensity so that it delivers one photoelectron to the PMT.  The corresponding signal is recorded by the ADC, and knowing that it corresponds to one photoelectron, gives us a calibration of the ADC measurement.

The measurement of the attenuation test is a longer process.  We detected naturally occurring muons in the cosmic ray flux at various locations on the counter.  To do this we placed two trigger detectors, one above and one below, to signal when muons hit the muon detector and to define where this happens.  When and only when both trigger detectors are hit will the signal produced from the PMT be analyzed.  For each separate test the trigger detectors were located at 20cm, 100cm, 200cm, and 300cm from the end, so as to measure the counter response as a function of distance from the PMT.  This gives a measure of the so-called “attenuation” of the light as a function of distance. One thousand readings were taken for each distance, and a plot of the number of photoelectrons generated at the PMT cathode by the passage of a muon, as a function of distance was generated.    

The efficiency of the counters as a function of high voltages was measured by the plateau test.  Voltage was set at 1800V and increased by 50V until the voltage PMT was 98% or higher efficient.  The efficiency is the percentage of muons passing through the counter, which is “seen” by the counter.

4 Results
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Figure 2.  Plot of the number of photoelectrons vs. the distance from the end of a CSP.

Figure 2 shows a plot of NPE (number of photoelectrons) vs. Distance from the end of a CSP for the light guide only and the fiber and light guide.  The plot for the light guide only is identified by squares, and the plot for the fiber and light guide is identified by triangles.  From Figure 2 we see that the total number of photoelectrons is increased because what we were getting before adding the fiber was from the light guide only and what we are getting now is from the fiber and light guide.

5 Discussion

Uncertainty in our results, could have come from the location of the Trigger Detectors and from statistics depending on the amount of data taken.  We were fairly precise in our location of the Trigger Detectors, and we collected a sufficient amount of data to render statistical uncertainty small.  Our expectation was that we could increase the number of photoelectrons detected by the CSP or CMX by adding wave-length shifting fibers, and our results bore out our expectation.

6 Conclusion

We have upgraded CSP detectors and are in the process of upgrading CMX detectors.  The CSP detectors seem to be more efficient in detecting muons.  When muons pass through the CSP of the upgraded muon detectors, more photoelectrons are detected because of the wave-length shifting fibers, and their ability to detect muons is back to an original state or better.
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				Distance		Amplitude		#PE		Amplitude		#PE		Amplitude		#PE		Amplitude		#PE

				20		22.2		6.4		35.4		5.3		64.0		11.7		57.6		11.7

				40		22.8		7.2		33.2		6.0		69.6		12.4		56.0		13.2

				60		34.1		7.3		33.5		6.6		66.6		13.9		67.6		13.9

				80		32.1		7.4		34.1		7.1		63.0		14.2		66.2		14.5

				100		30.7		7.7		36.7		7.5		66.0		14.4		67.4		15.2

				120		30.0		7.5		42.6		8.2		72.4		15.8		72.6		15.7

				140		32.5		8.3		44.5		8.9		78.8		17.2		77.0		17.2

				160		32.9		8.8		48.6		10.9		85.6		18.4		81.5		19.7

				180		36.4		9.3		74.8		11.7		90.4		20.4		111.2		21.0

				200		34.5		8.8		89.0		14.4		141.0		22.7		123.5		23.2

				220		39.8		10.2		142.0		15.8		167.5		27.1		181.8		26.0

				240		39.9		10.4		170.0		20.5		200.5		31.5		209.9		30.9

				260		42.5		10.1		221.0		27.8		237.5		39.2		263.5		37.9

				280		42.1		11.4		325.0		35.8		350.0		45.7		367.1		47.2

				300		45.1		12.6		388.0		43.2		431.0		54.5		433.1		55.8
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