- 1 -Validation of the Time of Flight Detector of CLEO IITiana FlukerDepartment of MathematicsWayne State University, Detroit, Michigan 48202AbstractThis note describes the details of the time of flight detector of CLEO II. The time of flightsystem helps us find the flight time of a charged particle. We perform data quality checks onthe system to verify its accuracy. We also measure the efficiencies and the resolutions as afunction of momentum, scintillators, and z position. Afterwards, we are able to conclude thatthe time of flight detector works relatively well for the parameters that we check, but theremay be a need for further investigation.IntroductionThe time of flight system is used to measure the flight time of a charged particle traveling adistance. With it, we can calculate the speed of a charged particle because speed is distancedivided by time. Once we have the speed of a charged particle, we can use it to identify theparticle. Different particles at the same momentum have different speeds because their massesdiffer. For example, lets look at the calculation of beta (b), the fraction of the speed of light,given by Equation 1.

()12 2 4 2 c p c m p + = 21 because a proton�s mass is approximately 1 Gev/c2.The time of flight system is important because it helps us distinguish between variouscharged particles, which include electrons, muons, pions, kaons, and protons. This system isimportant in the identification of pions and kaons because it can help us identify them at aslightly higher momentum than the dE/dX system, which is based on the energy loss of acharged particle. However, we should note that the time of flight system would perform this taskwell only until approximately 1 Gev/c. At high momenta, all particles will travel close to thespeed of light. This means that we cannot use their speeds to identify the particle.The purpose of this note is to discuss the details of the time of flight system that I becamefamiliar with this summer. We select data samples that allow us to check the accuracy of thetime of flight system, and we perform data quality checks to make sure the time of flight

- 2 -calculation is robust. Specifically, we measure efficiencies and resolutions as a function ofseveral parameters (momentum, scintillators, and z position). However, before I describe thesechecks, I will describe the geometry of the time of flight system for CLEO II in some detail.GeometryThe coordinate system for the CLEO II detector is defined by the x, y, and z-axis. Thepositive x-axis points south to the outside of the ring. The positive y-axis points up. Thepositive z-axis points west, which is in the positron direction. [1]The time of flight detector for CLEO II consists of separate barrel and endcap detectors,which conform to the cylindrical geometry of the detector. The barrel, the central part of thedetector, consists of 64 scintillators. Each of these counters is 2.794 meters in length,approximately 9 centimeters in depth, and 4.76 centimeters wide. [2] They are configured as acylinder that is parallel to the beam axis. The inner radius of the cylinder is 0.968 meters. Thisprovides coverage in q from 34.7� to 145.3�. At the east and west ends of each scintillator, thereare light pipes that terminate with photomultiplier tubes (PMT�s).The endcap is the part of the detector that closes off the east and west ends of the CLEO IIdetector. There are 28 counters on each endcap that connect directly to the photomultipliertubes. The width of the inner radius of these counters is approximately 6 centimeters, while thewidth of the outer radius is approximately 19.73 centimeters.OperationWe perform our analysis on the barrel of the detector, so the following information willdescribe how the time of flight system works in that region. First, we begin with an electron andpositron collision along the beam axis of the CLEO II detector. During this collision, somecharged particles are created. These particles can hit one of the counters of the barrel if theyhave a high enough momentum. Each of the counters consists of a material that will emit a smallamount of light when they are hit by a charged particle, so the scintillator will light up at thepoint of interaction. Photons are created, and they travel the length of the scintillator in the eastand west direction. This light is eventually registered in the photomultiplier tubes, whichmeasure the elapsed time from the collision of the electron and positron until the light reachesthe photomultiplier tubes. However, this is not the time that we really want. Our real concern isthe flight time of the particle from the collision to the position where it hits a scintillator.Therefore, we must correct for the elapsed time of light traveling in the scintillator. Figure 1shows an example.Time of Flight CalculationLet t1 represent the time from the collision to the counter. TEAST is the time registered in the eastPMT. TEAST=t1+teast, where teast is the time of the light travel in the scintillator. We can get teast ifwe know the z position from the tracking system and the measured speed of light in a scintillator

- 3 -(0.16 m/ns). A similar equation is used to get TWEST. Therefore, the barrel gives us 2measurements for the time of flight.Now, we can solve for t1.t1 = TEAST - teastt1=TWEST - twest Once t1 for both the east and west sides of the detector is found, their average can be taken toget a better flight time of the charged particle. If the detector is operating correctly, t1 for the eastand t1 for the west should have approximately the same value. Also, note that we havesuppressed travel time in the light pipe for simplicity.Figure 1. Geometry used in the time of flight calculation.A first look at Time of FlightOur goal is to test the accuracy of several parts of the time of flight calculation, so our firsttask involves calculating beta for the time of flight system. We accomplish this assignmentthrough creating Fortran code that calculates the beta for kaons, pions, and protons. When wecompare the results of our calculation to the real time of flight information attained from D0data, we discover that the time of flight system performed well for calculating beta on average,as shown in Figure 2. However, due to the background in the D0 sample, we decide to use acleaner sample for testing time of flight accuracy. For a detailed description of D0 selection, seeAppendix I.Bhabha EventsWe use bhabha events to check the quality of the time of flight system. A bhabha event isan elastic scatter, in which the electron and positron only change direction upon collision. Thismeans that new particles are not created.Bhabha events provide us with nice data to work with because they are simple events. Abhabha event only has two tracks that result from the electron and positron collision. Also, it is twest teast

TWEST

TEAST t1

- 4 -easy to identify one of these events and there are a lot of them. Since electrons (positively andnegatively charged) move very close to the speed of light, the flight time of electrons are easy tocalculate without using a lot of information from the tracking system. On the other hand, thereare a couple of disadvantages that we need to note about bhabha events. We really want to usethe time of flight system for kaon and pion separation, but bhabha events give us only electronsand positrons. Also, bhabha events do not allow us to look at events at low momenta. Thismeans that, in addition to looking at bhabhas, we also have to look at particles that have lowermomenta. This can be accomplished with radiative bhabhas. We look at these because aradiative bhabha will have one electron that will release a photon. When this happens, theelectron that loses the photon will have a lower momentum

Error: Your printer driver needs to be configured for printing to a PostScript Language Level 1 printer.

Windows and Unix

Select “Language Level 1” in the PostScript options section of the Acrobat print dialog.

Macintosh

In the Chooser, select your printer driver.

Then select your printer and click the Setup button.

Follow any on-screen dialogs that may appear.