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Introduction
As part of the Department of Energy’s strategic goals, Fermilab's mission is to advance the understanding of the fundamental nature of matter and energy. Fermilab's world-class scientific research facility allows qualified researchers from around the world to conduct fundamental research at the frontiers of high-energy physics and related disciplines. Fermilab supports researchers of all categories including students from all around the world, professors, and anyone who has the zeal to understand the nature of matter and energy. I was given the opportunity to participate in the SIST program, which is a summer internship program for minorities in the United States. I had the opportunity to learn as well as contribute to the International Linear Collider project.
The International Linear Collider (ILC),  is a proposed new electron-positron Collider. It would allow physicists to explore energy regions beyond the reach of today's electron-positron accelerators.
In the ILC's design shown  in Figure  1.1, two facing linear accelerators, each 20 kilometers long, hurl beams of electrons and positrons toward each other at nearly the speed of light. Each beam contains ten billion electrons or positrons compressed to a minuscule three-nanometer thickness. As the particles speed down the Collider, superconducting accelerating cavities give them more and more energy. They meet in an intense crossfire of collisions at 2 interaction points  (the crosses in Fig 1.1) 

[image: image9.png]Electrons Positrons

Undulator

5-GeV 5-GeV

Linac

Main Linac Main Linac




Fig 1.1 Overview of the International Linear Collider
Particle detectors will be built at the two interaction points where the tracks of particles emerge as a result of the electron – positron collision. Different detector designs are considered in order to maximize functionality (the physics measurements of interest) and cost, and different simulations where conducted. 
As a computer science major, I was involved in two projects. The first one was the implementation of the existing muon reconstruction code, making it independent of all detector designs. The second project was expansion of the code from the central region of the detector, the barrel, to the forward-backward regions  , the end-caps. 





The Physics of Interest
As earlier stated, the International Linear Collider is a proposed new electron-positron Collider that would allow physicists to explore energy regions beyond the reach of today's electron-positron accelerators. At these energies, researchers anticipate significant discoveries that will lead to a radically new understanding of what the universe is made of and how it works. The nature of the ILC's electron-positron collisions would give it the capability to answer compelling questions from the identity of dark matter to the existence of extra dimensions. 
                                                   The Data
As already stated there are presently different ILC Detector designs and different   detector simulations are being conducted in order to
· optimize full detector designs for physics performance 

· optimize the designs of subsystems and subdetectors

· compare proposed detector technologies with each other 

· compare, test, and debug reconstruction and analysis algorithms and other software

· understand the effects of backgrounds on detector performance

· establish a software infrastructure for the actual detector experiment(s)

This is an International project in which are involved the U.S, Europe and Asia.

There are four main detector concepts for the ILC.  Each of the detector designs have an outline document.
· The Silicon Detector (SiD) (American origin) 

· Silicon tracker, 5T field

· Large Detector Concept (LDC) (European origin) 

· TPC (+Silicon IT), 4T field

· GLD (Asian origin) 

· TPC (+Large Silicon IT), 3T field

· fourth concept (Fermilab Design

· TPC (+Silicon Strips)
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Fig 1.2  Silicon Detector Design
The software that I implemented had been primarily designed for the Silicon Detector Design concept ( SiD), which has its origin in the United States, and was applied on data generated for that design at SLAC. The SiD concept incorporates Silicon calorimetry and Silicon tracking in a Linear Collider detector design which attempts to optimize physics performance while realistically constraining costs.                                                    

The Detector Components
The SiD design as been chosen as a typical design. As shown in the figure 1.2 above, there are two beampipes lying horizontally towards the center of the detector. The electron and positron beams travel through each of the beampipes, and collide with double the energy at the center. All detector designs have 5 main constituents, the subdetectors.
1) The Vertex Subdetector:

The vertex detector is composed of a central barrel system with five layers and forward systems composed of four disks. The vertex detector tries to find the points where particles originate.

2) The Tracker:

The tracker is composed of five cylindrical barrels with five disk-shaped endplanes. The tracker tries to measure the particles' trajectories. Each charged particle that travels through the tracker leaves a track. 
3) The Electromagnetic Calorimeter: 
A calorimeter is a device used for calorimetry, the science of measuring the heat of chemical reactions or physical changes. This calorimeter is designed to stop/detect electrons or particles with electromagnetic interactions.
4) The Hadronic Calorimeter: 
This calorimeter is just like the EM calorimeter, but it tries to stop/detect hadrons or particles with hadronic interactions.

5) The Muon Detector: 

Muons tend to go through the entire detector without stopping, leaving only a trail of small hits as it goes. The Muon detector is there to make sure that those trails are Muons.


Simulation Reconstruction
My main contribution has been in the implementation of the muon reconstruction package where I have added flexibility toward different detector concepts and implemented the package to deal with the particles in the forward-backward direction.
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Fig 1.3 Transversal View of Silicon Detector with a Muon Particle
Software Development:
           The software development has been carried in the framework of the  been carried in the framework of the US reconstruction package. The tools installed and used are described below:
· Object Oriented Programming with Java. – Platform Independent
· Netbeans: Open Source IDE; source code and GUI Editor; Support for applications like COBRA, JSP’s, Servlets
· JAS3: Open source Data Analysis tool; Plotting 1d, 2d, and 3d Histograms; Built in Editor and Compiler and the Single event display WIRED
· SLAC (Stanford Linear Accelerator Center) package for Simulation Reconstruction
All the programs previously written for the purpose of the silicon Detector have been written solely in java programming language. Apart from being an object oriented programming language, this language is platform independent, making it easy to move code back and forth between machines. All these java programs are contained in SLAC package, and most of the programs have been debugged and their use has been optimized. The existing files for the reconstruction of the events and their descriptions are as follows:

BarrelCalSegmentFinder: Originally by Caroline Milstene. Purpose is to monitor activities in both the Electromagnetic Calorimeter and the Hadronic Calorimeter. 

MuonCalSegmentFinder: Originally by Caroline Milstene. Purpose is to monitor activities in the Muon Detector.

Trackstepper: Originally by Caroline Milstene. To do the actual stepping in each Subdetector, layer by layer, in the calorimeter and the Materials in between. It includes the magnetic field and the loss of energy by ionization.
MuonReco: This file starts and drives the process of the event reconstruction. It calls all the other classes involved in the process. 
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Fig 1.4 Original Software Interface for Simulation Reconstruction

As shown in the figure above, the LCDMuonDriver is the package driver. It specifies the input file, which contains the particles to be reconstructed and then calls MuonReco with specific conditions requiring a given number of hits in each calorimeter subdetectors. MuonReco calls Barrel and MuonCalSegmentFinder, which in turn, call the TrackStepper to provide the stepping information. On completion of the execution of these files, MuonReco calls MuonCandidate, which creates a muon particle. Finally MuonReco calls MuonList, which adds the found Muon Particles to a list and records the number of muons detected. 




The Existing Package

The existing package was dealing only with the tracks in the central part of the detector , the barrel, and was implemented only for a given setup.  One of the tasks we had was to make the programs detector independent. Some of the files were written specifically for individual detectors, so we had to create a process where these files can be used regardless of the detector design. The process had also to be extended to the forward and backward regions, the Endcaps.


Progress so Far!!!!
With much help from my supervisor, I have succeeded in creating new java files that take care of some of the limitations listed above. I have created the following classes for the first project.
· SampleXmlClass:  Reads Information directly from XML file that contains information about the Detector geometry, making the files detector independent. 

· StepConditions: ProvidesTrackstepper with the conditions in order to carry out the Stepping e.g Magnetic field, loss of energy by ionization.
        In the process of including those classes to the package, I also implemented the existing classes in order to work with the new classes. For the second project the class below has been created.
· EndCapCalSegmentFinder: Extension of the Package in the Forward - Backward Region, Endcaps Region. Purpose is to monitor the events in the Endcaps. This class is presently in the process of debugging and testing.
· The other classes involved in the whole process have also been modified to accommodate both the Barrel and the EndCaps. It is also in the process of debugging and testing.
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Fig. 1.5 Updated Software Infrastructure for Simulation Reconstruction

Main Challenges Encountered:
· Installing the software: While this might not seem like a challenge, we had difficulties installing the software packages for the entire process. The SLAC software is in continuous evolution as well as the tools on which it relies, therefore certain details which have been instrumented are not listed. With the changing software, we spent some time dealing with compatibility issues. To fix this problem, we provided documentation on how the software should be installed in order to complement original documentation, and prevent installation problems.
· Understanding some underlying physics behind the process: As a computer science major, in order to get the big picture, I had to understand some underlying particle physics, which enabled me to make any real contribution to the whole process. I’m glad I had to go through this process; it just showed me that I could have some interest in other fields other than mine. 
· Complexity of some of the existing java software, and xml files: Even though most of the work experience I have had in the past involved computer programming, a lot of the files in the SLAC package were written by highly experienced java programmers, and I had to push to learn above the level of college level java programming. 

Future Work
· Debugging Testing and fine tuning of the software for the reconstruction of events in the Endcaps.
· Applying the software to different detector geometry in order to compare their performances against different channels of physics e.g dark matter, Higgs discovery.
Conclusion

Further documentation on the Silicon Detector and the international linear Collider project can be found on 
https://confluence.slac.stanford.edu/display/ilc/Home
Working here at Fermilab is an opportunity that provides one with enormous skill and experience. My programming skills have not only improved, but also my general way of thinking. It has provided me with tools for problem handling and solving.
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Appendix A! - Documentation of StepConditons Class on the SLAC Library
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Fig. 1.6 Documentation of StepConditons Class on the SLAC Library

Appendix B - Snapshot of XML File containing information about Detector geometry
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Fig 1.7 Snapshot of XML File containing information about Detector geometry
Appendix C – Documentation of software installation

Documentation for the installation of Netbeans and Maven.

1. To download Netbeans 5.0, visit http://www.netbeans.org/products/ide and  download Netbeans 5.0. Run the file, and install it on your computer

NOTE: You have to have Java 1.5 installed on your computer. If you don’t have it, you can download it at http://java.sun.com/j2se/1.5.0/download.jsp and follow the installation instructions. 

2. Be sure to set the path to JAVA_HOME.. In windows, go to control panel, on the classic view, click on Systems, and in the window, click on the Advanced Tab.  Click on  the Environment variables Button, and under system variables, check for JAVA_HOME. If its not there, click on New and under variable name type JAVA_HOME, under path, type the home directory of your jdk, (e.g. c:\program files\java\jdk1.5.0_01\bin), click on OK and restart your computer for the changes to take effect. 

3. To download maven 1.0.2, visit the website 

             http://www.apache.org/dyn/closer.cgi/maven/binaries/maven-1.0.2.exe
      Take note of the maven home directory.

4. To integrate maven with Netbeans, you need to download mavenide 1.0. it can be found at http://mevenide.codehaus.org/mevenide-netbeans-project/index.html . Download the 1.0 release, and unzip the file. Also note the folder that it was unzipped to. 

5. Launch Netbeans. On the toolbar, click on tools, and go to updates center. Click on the INSTALL MANUALLY DOWNLOADED MODULES (.NBM FILES). Click on next, click on the add button, and navigate to the mavenide 1.0 folder. Select all the .nbm files in the folder, and click ok. Check all the boxes for the plug-ins, and finish the installation. 

6. To set the Maven Home page in Netbeans, Click on tools in the toolbar,  then options, and click on options, and click on the Miscellaneous tab. Click on Advanced, on the list click on Maven. Set the Maven home directory to your maven home directory (e.g c:/program files/Apache software Foundation/Maven 1.0.2).

7. To update Netbeans, Click on tools on the toolbar, then update center, check all the boxes and add all the updates. Install the updates and restart the IDE. 

8. If for anything, CVS is missing from your Netbeans, click on tools, and then module manager. Ensure that the checkbox, Versioning is checked. That should fix the problem. 
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