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Abstract

This paper discusses the function and importance of Transition Radiation Detectors (TRDs) and presents the results of an analysis conducted on the TRDs utilized in the Fermiab E799 experiment. The analysis focuses on the differentiation between pions and electrons in the TRDs by observing the Ke3 decay mode of the kaon. There are a number of variables that affect the TRD pion/electron differentiation to varying degrees. These results may be generalized for TRDs in other experiments if one considers the specific design of these systems.     
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Chapter 1

INTRODUCTION

A striking asymmetry exists in our universe. It manifests itself in the appearance that our universe consists almost entirely of matter. There is yet to be observed a large astronomical body that consists entirely of antimatter, which is produced only in minute quantities in high-energy particle interactions. 

Why does this disparity between matter and antimatter exist?

It has been proposed, originally by A. D. Sakarov, that the matter-antimatter asymmetry observed arose from a CP violating interaction (Chap. 2) active at the early stages of the formation of the universe. In order to be able to better understand CP violation experiments such as Fermilab’s “Kaons at the Tevatron” (KTeV) experiment (Chap 2) are conducted, which like all high-energy particle physics experiments require positive identification of the particles produced in the high-energy reactions. There are a number of detectors used in these experiments one of which is known as a transition radiation detector (TRD). TRDs enable differentiation between hadrons and leptons at high energies. In the case of KTeV, TRDs are used to distinguish electrons from pions. The ability of the TRDs to identify particles is extremely important not only to KTeV, but to physics as a whole.

This paper presents the results of an analysis performed on the TRDs used in the KTeV experiment which sought to determine the cause or causes of the peak observed at low probabilities in the pion probability distribution graph. In so doing we hope to enhance the differentiation between pions and electrons in the TRDs and develop a better understanding of these devices.   
Chapter 2

Theory

2.1 CP Violation

CP violation is one of the great mysteries of science. Charge conjugation (C) is a quantum mechanical operator responsible for changing a particle into its anti-particle and vice versa. Parity, or space inversion (P), applies a parity transformation (i.e. changes the sign of a polar vector.) CP is said to be conserved when the product of charge conjugation and parity are invariant. CP violation was first observed in1964 with the discovery of the 2( decay mode of the long-lived neutral kaon (KL) by Christensen,  Cronin, Fitch and Turlay. CP violation may be thought of as the result of an asymmetry in the rate of particle-antiparticle transitions and is characterized by the parameter epsilon (~0.0023). 

Scientists are currently on a quest to gain a better understanding of CP violation and hope, in doing so, to gain a better understanding of the universe we inhabit. One experiment that seeks to unravel the mystery of CP violation is being conducted at the Fermi National Accelerator Laboratory by a collaboration of institutions. “Kaons at the Tevatron (KTeV)” seeks to understand CP violation, in part, by studying a large variety of rare decay modes of the KL. One of its main purposes is to measure the quantity epsilon prime divided by epsilon (e’/e), which, if non-zero, would signal direct CP violation (CP violation in the decay of the neutral kaon has been parameterized by e'/e.) 

2.2 Transition Radiation Detectors 

The Importance of Transition Radiation Detectors to Particle Physics

An essential aspect of KTeV, and most high-energy physics experiments for that matter, is the identification of hadrons (such as pions) and leptons (such as electrons and the ever-elusive neutrino.) Transition Radiation Detectors (TRDs) are just one of the many detectors utilized in this and similar experiments where particle identification is necessary. TRDs enable particle identification at highly relativistic energies. 

There are many decay modes of the kaon that are being studied at KTeV. Some modes of interest include 
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The background to these decays include 
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The separation of the signal searched for from background requires the distinction between pions and electrons. One of the detectors used to accomplish this is a cesium-iodide calorimeter, which measures the energy deposited by particles as they pass through it. (A comprehensive list of KTeV detectors and their function may be found in chapter 3.) However due to the small ratio of the branching ratios of (0 ( ( ( to that of (( e-+ (, better distinction between pions and electrons is necessary. 

Br((0 ( ( ()/Br((( e-+ () << O[10e-9]

This is where the physics of transition radiation and TRDs become a vital factor. 

2.3 Transition Radiation

TRDs, as the name suggests, measure transition radiation. Transition radiation is radiation in the X-ray region that is produced when charged ultra relativistic particles traverse a boundary (interface) between two media with different electrical properties, i.e. different dielectric constants. 
Due to the much smaller mass of the electron as compared to other particles, for any given energy, the electron will have a probability to emit transition radiation that is greater than that of the more massive particles such as the pion. 

As a high-energy (high Lorentz gamma) electron passes through the polypropylene fiber blanket of the TRDs it traverses many of the aforementioned interfaces and produces transition radiation. A more massive particle such as a pion, despite having the same energy as the electron, has a much lower Lorentz factor and hence does not generate transition radiation. 

The energy deposited by the X-ray photons produced as a result of transition radiation and ionization losses due to the passage of the charged particles through the gas in the TRD chambers is picked up by cathode electrodes running perpendicular to the wires in the chamber.  

Chapter 3

Kaons at the Tevatron

(KteV)

3.1 Overview
The KTeV experiment, based at Fermi National Accelerator Laboratory, is a collaborative effort of a number of institutions. The participating institutions are:

Elmhurst College 

Fermi National Accelerator Laboratory

Osaka University, Japan

Rice University

Rutgers University

University of Arizona

University of California, Los Angeles

University of California, San Diego

University of Chicago

University of Colorado, Boulder

University of Sao Paulo, Brazil

University of Virginia, Charlottesville

University of Wisconsin, Madison

The research carried out includes the study of fundamental symmetries, rare decay processes, weak interactions, and polarization phenomena. One goal of the KTeV experiments is to better understand CP violation by studying the rare decay modes of the neutral kaon. 

3.2 KTeV Detectors

KTeV [image: image2.png]


Detectors (3D) – E799 Configuration
The following are some of the KTeV detectors and their functions: 

Drift Chambers: Charged particles, such as pions, passing through a drift chamber leave an electronic pulse. The positions of the pulses among different chambers are used to reconstruct the path of the particle. 

Analysis Magnet: The deflection of charged particle tracks in the magnet gives the particle's momentum. 
TRDs: The Transition Radiation Detectors help distinguish between electrons and charged pions.

CsI: The cesium-iodide calorimeter is used to measure the energy deposited by various kinds of particles, and is the only means by which photon energies are measured in KTeV. 

Muon Filter: If a particle makes it to the muon veto, it is probably a muon, and not a charged pion.
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KTeV Detectors – E799 Configuration

KTeV Decay Region
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This photo is looking upstream, in the Kaon decay region. The vacuum vessel is the large, red object on the right. If the decay region

     were filled with air, the interactions of the Kaons within it would overwhelm the spontaneous decays we are trying to measure.
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KTeV Experimental Hall

This photo is looking upstream. The analysis magnet is the large red block in the center. The decay region ends at the opening in the                                                            wall.
KTeV CsI Calorimeter
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This photo shows the upstream face of the CsI electromagnetic calorimeter. The calorimeter consists of 3100 crystals, each 50 cm (27

 radiation lengths) long. The inner crystals have a cross-section of 2.5 cm by 2.5 cm while the outer crystals are 5.0 x 5.0 cm. 80% of the

   crystals are actually pairs of 25 cm long crystals which have been glued together to form a single unit. The remaining 20% are single

  crystals. There are two 15 cm by 15 cm holes at the vertical midplane of the detector to allow the two neutral beams to pass through.

KTeV Digital Photomultiplier Base (DPMT), with PMT
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The photomultiplier tube (right) is used to measure the amount of light emitted by the CsI crystals when struck by a high energy particle.

    The light is converted to a tiny electrical pulse, which is amplified several thousand times by the tube. The digital board on the left

   (DPMT) turns the size of the pulse into numbers, which are read out to our computers. The number can then be related back to the

                                          energy of the particle that hit the calorimeter. 

                 There are 3100 independent CsI crystals in the calorimeter, each with a photomultiplier and DPMT.
Chapter 4

Transition Radiation Detector Analysis

To analyze the TRD performance the Ke3 decay mode of the KL was studied. This chapter describes the cuts made on the data in selecting Ke3 events and presents the hypotheses generated as the cause for the observed shape of the pion probability distribution.

4.1 Searching for Ke3’s : Reconstructing the Event

The following are some of the restrictions (cuts) were implemented in the selection of the decay mode KL → (( e-+ ( (Ke3), which has a branching ratio of  (38.78 ± 0.27) %.

Detector Cuts:

[1] 
Require two tracks in the drift chambers.

[2] 
Require two deposits of energy in the calorimeter that are consistent with the energy originating from a pion and an electron or their respective antiparticles.

Kinematic Cuts:

[1]
EOP (energy in CsI/momentum in spectrometer) of the higher energy track    (electron) > 0.9 and lower energy track (pion) < 0.9

[2]

Reconstructed mass of identified particles < mass of KL
Considering all two-track decay modes of the KL, the largest backgrounds in 

this analysis is the one with the highest branching ratios; namely KL( + - 0 
4.2 Tested Hypotheses for the observed Pion Probability Distribution

The following is a list of some of the tested hypotheses:

[1] 
Track intersection in TRDs

[2] 
ROAD (The gain-normalized sum of the ADC readings of energy deposits in            

        
neighboring cells of the CsI to the cell through which the pion track passed.)

Each of these hypotheses was tested with the intent of observing their effect on the pion probability distribution. 

Chapter 5

Hypothesis Testing

This chapter presents the analysis and results of the tests of each hypothesis listed in the previous chapter. 

5.1 Track Intersection within the TRDs

Hypothesis: 
The peak in the pion probability distribution graph at low probability is due to the intersection of the charged particle tracks.
Observations: The wires in the TRDs run vertically. Track crossing (in the x-view) within the TRD region indicates that both the pion and electron track hit the same TRD wire. 

The requirement that there be no crossing of tracks in the x-view of the TRDs resulted in a diminishing of the peak at low pion probability. However the effect of this action was not significant enough to suggest that track crossing in the TRDs was the main cause of contamination. 

5.2 ROAD

Hypothesis: 
The peak in the pion probability distribution graph at low probability is due to the energy deposits in CsI cells adjacent to that which the pion track passed.  

Observations: ROAD is the gain-normalized sum of the ADC readings of energy deposits in neighboring cells of the CsI to the cell through which the pion track passed. Due to the wide gate of the TRDs, there may be contamination of readings from nearby buckets. 

It was observed that decreasing the value of ROAD resulted in a significant diminishing of the peak at low probability in the pion distribution. The value of ROAD had the largest effect on the apparent contamination of all the variables tested. 

Chapter 6 

SUMMARY

The analysis was successful in determining some of the causes of the apparent contamination of the pion sample characterized by the peak at low probabilities in the graph of the pion distribution. Much more analysis is necessary to determine all of the causes, and in so doing, determine the requirements that would significantly diminish or totally eliminate the contamination.
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