	ABSTRACT
	ACKNOWLEDGMENTS
	CONTRIBUTORS AND FUNDING SOURCES
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	INTRODUCTION
	Motivation For Dark Matter Searches
	Potential Dark Matter Candidates
	Search Methods

	SuperCDMS Direct Detection Experiments
	The Experiment at Soudan
	Soudan Calibration Sources

	Simulating Data Collection with Calibration Sources to Study Detector Interactions and Inform Experiment Analyses
	Overview of the Thesis

	CDMS SOUDAN EXPERIMENT DESCRIPTION
	Terminology and Particles
	Apparatus
	Shielding and Associated Backgrounds
	Apparatus Hardware
	Caveats and Summary of Backgrounds

	iZIP Detectors

	Calibration with Ba-133 and Cf-252
	Energy Losses in the Apparatus

	DETECTOR PHYSICS
	Energy Deposition In the Crystal
	Electron and Nuclear Recoils, Charge Liberation and Lattice Vibrations, and the Lindhard Model and Yields
	Single- and Multiple-Interaction Events and Associated Yields
	Energy Losses in Detector Hits

	Motion of Charges and Phonons in the Detector Crystal
	Motion of Electrons, Holes, and Phonons in a Lattice
	Effects of the Voltage Bias on Charge Motion and Phonon Creation
	Recombination Phonons and the Total Expected Phonon Energy
	Energy Losses in the Crystal

	Reading out Energies from the Detectors
	Charge Collection and Readout
	Phonon Collection and Readout
	Energy Losses in Collected Energy Measurement

	Final Detector Output and Summary of Important Mismeasurements and Mitigation Methods

	EVENT RECONSTRUCTION AND ANALYSIS
	Event Reconstruction
	Pulse Reconstruction With the Optimal Filter
	Constructing Pulse Templates and Characterizing Noise
	Optimal Filter Implementation

	Outputs and Measured Yields

	Calibration Sources
	Calibrating Energy Measurements with Photons from Ba-133
	Comparing ER and NR Events With Photons and Neutrons From Cf-252

	Identifying Events of Interest
	Event Selection Criteria
	Well-Measured Events and Fiducial Volumes


	PHYSICS OF CALIBRATION SOURCES
	Physics of Ba-133 Decays
	Physics of Cf-252 Decay
	Alpha decay
	Spontaneous Fission
	Evolution of a Cf-252 source and Summary

	Soudan Calibration Sources
	Experimental Configuration
	Results


	SIMULATION INFRASTRUCTURE AND VALIDATION PLAN
	Simulation Overview and Goals
	SourceSim: Modeling Particles Traversing the Apparatus and Depositing Energy
	DetectorSim: Modeling Energy Propagation and Readout in the Detector
	The Detector Monte Carlo
	DAQSim: Pulse Scaling and Noise Addition

	Reconstruction: Processing Simulated Data Like Real Data
	Samples Used In This Thesis

	SOURCESIM RESULTS: VALIDATING SIMULATIONS OF CALIBRATION SOURCES AND DETECTOR ENERGY DEPOSITIONS
	Behavior of Simulated Ba-133
	Primary Particle Energies Released in Decays
	Particle Energies Incident on and Deposited in the Detector

	Behavior of Simulated Cf-252
	Decay Modes in the Simulation
	Alpha Decay Implementation
	Spontaneous Fission Implementation

	Cf-252 Simulation Caveats
	Particle Energies: Out of the Source Capsule and Incident on the Detector
	Energies Deposited in the Detector

	Looking Ahead: Cf-252 Energy Depositions and Associated Yields
	Overall Features
	Recoil Type Distributions
	Normal ERs and NRs
	Multi-NRs
	Quasielastics, Neutron Captures, and Inelastics
	Mixed-Incident Events


	Takeaways

	DETECTORSIM RESULTS
	Introductory Information
	Overview of Terms, Methods, and Samples
	Expected Features of Efficiency Distributions

	DMC Results for Bulk Samples
	Idealized ER Samples: 356 keV Peak
	Identifying Detector Regions Where Single-Hit Events are Well-Measured: SimFiducial
	Studying Causes of Poor Energy Measurements
	Results and Primary Contributions to Energy Resolution in Well-Measured Events

	Idealized ER Sample: 1-400 keV Energy Range
	Idealized NR Sample and Comparisons to ER Sample: 1-400 keV Energy Range

	DMC Results for Calibration Samples
	Ba-133 Sample Results: Comparing Idealized ERs and Recoils Caused by Photons
	Cf-252 Sample Results: Comparing Idealized NRs and Recoils Caused by Neutrons

	DMC Collection Efficiency Summary
	DAQSim Results

	RECONSTRUCTION RESULTS
	Identifying Well-Measured Reconstructed Events: LT Fiducial
	Results From Idealized ER and NR Samples
	Resolution Effects
	Measured Yields

	Results From Ba-133 and Cf-252 Samples
	Ba-133 Results
	Cf-252 Results

	Summary
	Mismeasured Events
	Summary of the Contributions to the Energy Resolution


	COMPARING DATA FROM REAL AND SIMULATED CALIBRATION SOURCES
	Qualitative Comparisons
	Ba-133 Photon Source
	Cf-252 Neutron Source

	Identifying and Accounting For Mean and RMS Differences in the Yield
	Means, RMSs, and Resolutions
	Study of Cf-252 Nuclear Recoil Band Differences

	Summary of Comparisons Between Real and Simulated Events

	CONCLUSIONS
	REFERENCES
	APPENDIX MOTION OF ELECTRONS AND HOLES IN IZIP5S
	APPENDIX CF-252 SIMULATION DETAILS
	Shortcomings and Caveats
	Particle Emission Timescales
	Missing Fission Fragments
	Evolution of the Source
	Potential Contaminants

	Non-Fission-Neutron Spectra

	APPENDIX DMC SHORTCOMINGS AND SHORTCUTS
	Expected Phonon Efficiencies Vs. Simulated Phonon Efficiencies
	"MaxBounces" Cuts Off Phonon Energies
	"MaxLuke" Limits Phonon Statistics and Resolutions

	APPENDIX ADDITIONAL RESULTS FROM CHAPTERS 8 AND 9
	Uniform-Field Sample
	Ba-133 Details
	Cf-252 Details


