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Abstract. We are developing a device for measuring the heat capacity of candidate absorber materials for gamma-ray
microcalorimeters with the goal of finding materials with low heat capacity and high stopping power to improve detector
efficiency. To date, only Sn has been effective as an absorber, and speculation is that other materials suffer from
anomalously high heat capacities at low temperatures. The key component of the measurement device isa 17 mm x 17
mm low heat capacity silicon platform suspended by Kevlar fibers designed for accepting 1 g to 2 g samples, and whose
heat capacity can be characterized prior to attaching a sample. The platform has a thin film Pd/Au heater deposited
directly on the silicon, and a semiconducting thermometer bonded to the surface. The heat capacity is determined from
C=Gr, where G is the in-situ measured conductance and 7 is the measured temperature decay time from a step change in
applied heat. For a platform without samples, decay periods on the order of 0.3 to 0.05 seconds were measured. With
samples, decay periods of several seconds are projected, allowing good resolution of the heat capacities. Several
thermometers were tested in an effort to find one with the optimum characteristics for measuring platform temperatures.
These included a commercial thick-film Ruthenium-oxide surface-mount resistor, a germanium NTD, and a zirconium

oxy-nitride thin-film thermometer.
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INTRODUCTION

For decades, High-Purity Germanium detectors
(HpGe) have been the state of the art in gamma-ray
energy resolution, and have therefore been the choice
of spectroscopists for assaying complex plutonium-
bearing materials. Recently, microcalorimeters based
on superconducting transition-edge sensors (TES)
have demonstrated an order of magnitude resolutions
improvement over HPGe'?, and efforts are now
underway to mature this technology into a practical
laboratory instrument for nuclear safeguards and
nuclear materials analysis’.

In comparison to HPGe, microcalorimeters have
substantially lower count rates, partly due to the small
size of an individual microcalorimeter (~1 mm x 1
mm), and to low absorption efficiencies, roughly
20 %. The former is being addressed by developing
large, multiplexed arrays®, while the latter requires
improvement in absorbers.

A good microcalorimetric absorber requires a low
heat capacity, since the fundamental thermal
fluctuation noise scales as VC. High atomic number Z
is required for a high absorption coefficient. And
since the absorption mechanism involves the ejection
of an electron from an atom, the material must be able
to efficiently and reproducibly convert this energy into
phonons. This rules out insulators, which trap free
charges whose energy goes undetected by the TES.

These properties steer absorber candidates toward
high-Z superconductors, since they have low heat
capacities well below the transition temperature. To
date, only Sn has demonstrated high energy resolution
in a microcalorimeter, despite the fact that other
materials such as Ta, Mo, Re, and Pb theoretically
offer comparable or better combinations of low heat
capacity and high Z’. The reasons for the
underperformance of these other absorbers are not
fully understood. Typically, these absorbers display
longer decay periods than expected, which can be due
to extended quasiparticle relaxation times or to higher
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than anticipated heat capacities. The latter is certainly
plausible since it is not unusual for materials at typical
microcalorimetric operating temperatures of 100 mK
to exhibit anomalous heat capacities due to, for
example, small amounts of impurities.

Because of the importance of the absorber’s heat
capacity, we are developing a method for measuring
low heat capacity samples. Results of measurements
of candidate absorber materials will hopefully provide
insight into the resolution degradation mechanism. In
addition this device can be used for pre-screening
materials or for developing processing methods such
as vacuum annealing. Heat capacities of other
materials used in the construction of microcalorimters,
such as the patternable epoxy SU8 or Stycast 1266,
can also be measured.

HEAT CAPACITY PLATFORM

The general concept for the device is to have a
thermally isolated sample platform with a pre-mounted
heater and thermometer. This allows measurement of
the addendum heat capacity prior to the attachment of
the sample. The platform is designed to measure heat
capacities of a few nJ/K, which is equivalent to a few
grams of superconducting Sn at 100 mK. Thermal
masses on this order will have an easily measurable
thermal time constant on the order of seconds. The
platform is designed for measurements over the
temperature range 100 mK to 500 mK.

The heat capacity platform consists of a heater and
thermometer on one face of a 17 mm x 17 mm silicon
chip. On the opposing face, an array of lmm square
gold pads provide a method for attaching samples such
as tin with a low-melting-point solder. Low-melting-
point solders generally superconduct and therefore
contribute negligibly to the addendum heat capacity.
Mechanical suspension is accomplished by means of
four sets of Kevlar fiber strands, each threaded through
DRIE-etched holes in the corners of the platform with
the other ends tied to a copper frame. This frame is in
turn attached to a copper base. This base allows side
by side mounting of two such platforms. The
platforms are covered with a copper shield to reject
background parasitic radiation. The entire assembly
clamps to the 50 mK stage of a standard adiabatic
demagnetization refrigerator. The experimental
package is shown in Figure 1.

The heater is a thin-film Pd-Au alloy strip
deposited directly onto the silicon with a nominal
resistance of 300 Q. Electrical contact is made by spot
welding pure niobium wire to contact pads at the ends
of the heater strip. Thermometers, described below,
are typically small chips with leads already attached
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by the vendor. The chips are bonded to the platform,
and the leads are soldered to contact pads on the
platform. Nb spot-welded leads are also used for final
electrical contact to these pads.

The thermal conductance from the platform to the
bath is primarily through the niobium leads. The
Kevlar contribution was shown to be negligible by
calculation and validated by varying the amount of
Kevlar fiber and measuring no change in the
conductance. As such, the niobium leads are thermally
terminated on large copper blocks located off the
platform to provide a reservoir of large heat capacity at
the bath temperature. These blocks also serve as
electrical terminals to connect to cryostat leads from
room temperature. The final thermal conductance is of
the right magnitude such that the thermal time constant
with a 1g -2 g tin sample is on the order of seconds.

FIGURE 1. Photo of two platforms mounted on the copper
base (left) along with the copper shield (right).

THERMOMETRY

We decided to use resistance thermometry for
simplicity of implementation. In an effort to find the
optimum combination of high-temperature sensitivity,
low heat capacity, good thermal contact to the
substrate, and a manageable resistance, we tested three
thermometers- a commercial ruthenium-oxide (RuO)
thick film surface mount resistorﬁ, a germanium NTD’,
and a commercial zirconium oxy-nitride thermometer®.
Unfortunately, each thermometer lacked at least one of
the desired attributes.

The particular RuO thermometer that we tested,
despite the small size of a 402 package (1 mm x 0.5
mm x 0.4 mm) had an anomalously high heat capacity
at low temperatures, equivalent to roughly a 2 g
sample of superconducting tin at 100 mK. This heat
capacity is attributed to the binder used in the RuO
film itself’. At 100 mK, the temperature sensitivity



dR/dT of 12.7 Q/mK was significantly lower than the
266 Q/mK value of commercial RuO thermometers,
while the resistance of 4 kQ2 was roughly 20% of the
commercial sensor.

The germanium NTD had a high dR/dT at 100 mK,
as expected. However, the large resistance, greater
than 600 kQ at 100 mK was problematic for bridge
measurements, because parasitic cable capacitance and
capacitance in EMI filters become significant circuit
contributions, even at the low frequencies (10 Hz -
20 Hz) of typical thermometry bridges. As a result,
our experimental setup could not accurately measure
such large resistances. At the kilohertz frequencies
required for bare platform heat capacity measurements
(see below), the parasitic capacitances are significant
enough that the measurement produces an apparent
positive temperature coefficient instead of the actual
negative temperature coefficient. In principle, there is
a temperature response, so the NTD could still be used
for thermometry, but in practice this scheme is very
sensitive to microphonics.

The zirconium oxy-nitride thermometer had a
manageable resistance at 100 mK of 10 kQ, and a
good temperature sensitivity of 200 Q/mK. However,
this thermometer had very poor thermal contact to its
own substrate. The thermal conductance, determined
from the electrical resistance as a function of bridge
excitation power compared to resistance as a function
of platform heater drive, had a power-law temperature
dependence with an exponent of roughly 4.5,
suggesting electron-phonon coupling as the thermal
impedance to the substrate. In contrast, for both the
NTD and RuO thermometers, the measured change in
resistance due to  bridge excitation power was
identical to that from heater power, indicating that the
thermometer to silicon platform thermal conductance
was significantly higher than that for platform to the
bath. Despite this, a sensitivity comparison to the RuO
sensor for identical self-heating temperature rises
showed that the zirconium oxy-nitride sensor was
superior because of its higher dR/dT.

PLATFORM CHARACTERIZATION

The heat capacity of the platform was characterized
by use of the same methods that will be used to
measure the heat capacity of absorber samples. The
time constant Tt of the exponential decay of
temperature after the application of a heat pulse was
measured, and in combination with a measurement of
the conductance G gives the heat capacity through C=
Gt. The conductance G was determined from the
temperature rise due to a small measured amount of

324

power. Typical results are plotted in Figure 2. The
temperature dependence obeys a power law, T", with n
roughly 2.6. This is close to published values'® for
pure Nb of 2.7. The strong temperature dependence
has the disadvantage that at the lowest temperatures,
the thermometry excitation must be lowered to avoid
platform self heating. A more insidious problem is
that at the lowest temperatures the platform is highly
susceptible to heating from parasitic electrical signals
coupling into the system.
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FIGURE 2. Typical conductance vs. temperature for a
platform, demonstrating power-law behavior of the

conductance.

A typical temperature decay in response to a heat
pulse is shown in Figure 3. A lock-in amplifier was
used to measure the voltage across the thermometer in
response to a current excitation provided by the
amplifier’s internal reference source in series with a 10
MQ resistor. Drive frequencies were necessarily high,
in the kilohertz range, because decay periods for an
unloaded platform were as short as 50 msec. The plot
is composed of an average of several hundred decays.
The linearity of the decay on a semi-log plot indicate
that all components on the platform are isothermal.

Figure 4 shows the heat capacity of a typical
unloaded platform with a zirconium oxy-nitride
thermometer. An estimate of the heat capacity of the
platform is also shown, which includes contributions
from the silicon platform, bond pads, heater,
thermometer with leads, and solder for thermometry
leads. The heat capacity of a tiny amount of epoxy
used to attach the thermometer is not included. The
agreement is sufficient, considering uncertainties in
the
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FIGURE 3. Typical decay curve in response to a step
change in heat. The curve consists of an average of several
hundred decays.
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FIGURE 4. Bare platform heat capacity with a zirconium
oxy-nitride thermometer.

estimated quantities, and in particular, the neglect of
the epoxy, which typically has a large heat capacity
near 100 mK. The heat capacity discrepancy is
equivalent to a reasonable quantity of about 1 mg of a
typical epoxy.

Also included in the figure is a Debye model
estimation for the heat capacity of 1.5 g of pure tin.
At 100 mK, the addendum heat capacity is only 25 %
of the expected tin heat capacity, so any uncertainties
in the addendum correction will produce no significant
error in the measurement.
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SUMMARY AND FUTURE WORK

The work to date suggests we have an acceptable
platform for measuring the heat capacity of absorber
samples, having  demonstrated very  good
isothermalization, low addendum heat capacity, and
projected decay times that are easily measured.
Although the thermometers tested to date are less than
ideal, they are sufficient to obtain heat capacity data.
In particular, the zirconium oxy-nitride thermometer
has a sufficiently low heat capacity, high dR/dT, and
an easy-to-measure resistance at low temperatures to
be able to perform these measurements despite the
poor internal thermal contact. We are planning to
initially measure presumably well-behaved samples
such as high purity copper and tin to validate our
technique. Subsequently, we plan to measure absorber
materials that have shown anomalous behavior, such
as tantalum, in addition to construction materials such
as SUS8 and Stycast 1266.

ACKNOWLEDGMENTS

We gratefully acknowledge the support of the U.S.
Department of Energy through the Office of
Nonproliferation Research and Development.

We acknowledge Star Cryoelectronics
spotwelding the Nb leads to the platform.

for

REFERENCES

1. M. F. Cunningham, J. N. Ullom, T. Miyazaki, S. E.
Labov, J. Clarke, T. M. Lanting, A. T. Lee, P. L.
Richards, J. Yoon, and H. Spieler, Appl. Phys. Lett. 81,
159 2002;

2. B.L.Zink, J. N. Ullom, J. A. Beall, K. D. Irwin, W. B.
Doriese, W. D. Duncan, L. Ferreira, G. C. Hilton, R. D.
Horansky, C. D. Reintsema, and L. R. Vale, Appl. Phys.
Lett. 89, 124101 2006.

3. See for example M. Rabin, et. al., IEEE Nuc. Sci.
Symposium Conference Record, (2006).

4. See, for example, W.B. Doriese, et. al., Appl. Phys. Lett.,
90, 193608 (2007).

5. M. L. van den Berg, et. al.,Proc. SPIR 4140, 2000.

6. Rohm Semiconductor P/N RHM10.0KLCT-ND.

7. Provided by Jeff Beeman, formerly of Haller-Beeman

Associates.

Trade name “Cernox”, from Lakeshore Cryotronics.

9. Vaden West, Lakeshore Cryotronics, Private

Communication.

See, for example, Pobell, “Matter and Methods at Low

Temperatures,” Springer (2007).

o

10.



	Welcome Screen
	Title Page
	Proceedings
	ISBN/Copyright Information
	Preface
	Committees
	List of Participants
	Photographs
	Contents
	SESSION A: TUTORIAL
	Low Temperature Detectors: Principles and Applications

	SESSION B: SCIENCE WITH LARGE CRYOGENIC DETECTOR ARRAYS
	Scientific Applications and Promise of Cryogenic Detector Arrays

	SESSION C: TES DETECTORS-I
	Optimizing Transition-edge Sensor Design for High Count-rate Applications
	Proximity Effect in TES Structures
	Dependence of Excess Noise on the Partial Derivatives of Resistance in Superconducting Transition Edge Sensors
	Characterization of Thermal Cross-talk in a Gamma-ray Microcalorimeter Array
	New Analysis Method for I-V and Complex Impedance Data of Transition-Edge Senors
	Low Thermal Conductance Transition Edge Sensor (TES) for SPICA
	Ultrasensitive TES Bolometers for Space Based FIR Astronomy
	Analytical and Numerical Treatment of Percolation Noise in Transition Edge Sensors
	Ultrasensitive Transition-edge Sensors (TESs) for Far-IR/Submm Space-borne Spectroscopy
	Large Arrays of TES X-ray Microcalorimeters for Dark Baryon Search
	The GISMO 2 Millimeter Camera

	SESSION D: DETECTORS FOR PHOTON SCIENCES
	Photon Science at Modern Light Sources
	Characterization of Terahertz Single-photon-sensitive Bolometric Detectors Using a Pulsed Microwave Technique
	NbN Superconducting Nanowire Photon Counters: Magnetoconductivity and Other Detector Properties
	Parallel Configuration for Fast Superconducting Strip Line Detectors with Very Large Area in Time-of-Flight Mass Spectrometry
	A Fast, Ultrasensitive and Scalable Detection Platform Based on Superconducting Resonators for Fundamental Condensed-matter and Astronomical Measurements

	SESSION E: SILICON THERMISTOR DETECTORS AND NOVEL DETECTORS
	The Astro-H Soft X-ray Spectrometer (SXS)
	Physics Based Calibration of the Herschel/SPIRE Bolometers
	Precise Lamb Shift Measurements in Hydrogen-like Heavy Ions—Status and Perspectives
	Heat Capacity of Neutron Transmutation Doped Ge Type 18
	Is There a Universal Equation for Fitting Semiconductor Thermistor Resistivity?
	Planar Technology for NDT-Ge X-ray Microcalorimeters: Absorber Fabrication
	Development of Cryogenic Analog Amplifiers Based on GaAs-JFET Technology for High Impedance Array Sensors
	Development of High-sensitivity Bolometers at CEA: Preparing the PACS Successors
	A Numerical Simulation of the Pulse Sequence Reconstruction in AC Biased TESs with a Beta Source
	A Measurement of Electron and Hole Drift Velocities in a Germanium (<100>) CDMS Detector, at a Temperature of 31 milliKelvin

	SESSION F: MICROWAVE KINETIC INDUCTANCE DETECTORS
	Microwave Kinetic Inductance Detectors: The First Decade
	Antenna Coupled Kinetic Inductance Arrays for Space and Ground-based Imaging Arrays
	Two-level System Noise Reduction for Microwave Kinetic Inductance Detectors
	Frequency and Quality Factor of NbTiN/Au Bilayer Superconducting Resonators
	Optimisation of Lumped Element Kinetic Inductance Detectors for Use in Ground-based mm and Sub-mm Arrays
	Long Quasiparticle Lifetime in Aluminum Microwave Kinetic Inductance Detectors Using Coaxial Stray Light Filters
	Measurement of Loss in Superconducting Microstrip at Millimeter-Wave Frequencies
	Quasiparticle Trapping in Microwave Kinetic Inductance Strip Detectors
	Microwave Kinetic Inductance Detector (MKID) Camera Testing for Submillimeter Astronomy
	The MKID Camera
	Sensitivity Optimization of Millimeter/Submillimeter MKID Camera Pixel Device Design

	SESSION G: TES DETECTORS-II
	Inductive Method for Measuring the Local Transition Temperature of Thin Tungsten Films
	Impedance Measurement of a Gamma-ray TES Calorimeter with a Bulk Sn Absorber
	Impedance Measurement and Excess-noise Behavior of a Ti/Au Bilayer TES Calorimeter
	Simulation of a TES Structure Using a Radiation Absorber Self-a djusting the Operation Temperature
	Optical Properties of Argonne/KICP TES Bolometers for CMB Polarimetry
	Development of a Transition Edge Sensor Gamma-ray Microcalorimeter with an Epoxy Coupled Bulk Lead Absorber
	Characterizing and Modeling the Noise and Complex Impedance of Feedhorn-Coupled TES Polarimeters
	Phase Separation in Tungsten Transition Edge Sensors
	Coplanar Grid Cryogenic Germanium Detectors for Dark Matter Search
	Surface Electron Rejection from Ge Detector with Interleaved Charge and Phonon Channels

	SESSION H: MULTIPLEXING FOR DETECTOR ARRAYS
	Shannon Limits for Low-temperature Detector Readout
	Electronics for a Next-generation SQUID-based Time-domain Multiplexing System
	A Frequency Domain Multiplexed Receiver for the South Pole Telescope
	Progress on Frequency-Domain Multiplexing Development for High Count Rate X-Ray Microcalorimeters
	Readout for Large Arrays of Microwave Kinetic Inductance Detectors Using a Fast Fourier Transform Spectrometer
	Tuning of Kilopixel Transition Edge Sensor Bolometer Arrays with a Digital Frequency Multiplexed Readout System
	Multiplexing of Hot-Electron Nanobolometers Using Microwave SQUIDs
	Baseband Feedback for Frequency-Domain-Multiplexed Readout of TES X-ray Detectors

	SESSION I: SIGNAL READOUT TECHNIQUES AND DETECTOR ABSORBERS
	Cryogenic Low Noise Amplifier with GaAs JFETs
	The Front-End System for MARE in Milano
	Real-Time Data Processing for X-ray Spectroscopy
	Development of a Digital Signal Processing System for the X-ray Microcalorimeter Onboard ASTRO-H
	SuperCDMS Detector Readout Cryogenic Hardware
	Development of Cryogenic Readout Electronics Using Fully-Depleted-Silicon-on-Insulator CMOS Process for Future Space Borne Far-Infrared Image Sensors
	The Cryogenic Digital Readout Module with GaAs JFET ICs
	High Rate Pulse Processing Algorithms for Microcalorimeters
	Thermalisation in Metals on a Subpicosecond Time Scale
	Scanning Pulsed Laser Imaging of Current-Biased MgB2 Detector
	A Wavelet-based Optimal Filtering Method for Adaptive Detection: Application to Metallic Magnetic Calorimeters
	Space-and-Surface Charge Neutralization of Cryogenic Ge Detectors Using Infrared LEDs
	Quantum Efficiency for Electron-Hole Pair Generation by Infrared Irradiation in Germanium Cryogenic Detectors
	Boundary Engineering for SINIS Bolometers with Integrated Tunnel Junction Coolers
	Device for Measuring Heat Capacities of Microcalorimeter Absorber Materials
	Materials Characterization and Integration for Background Limited Far-Infrared Bolometric Detector Arrays
	Far IR Transmission Characteristics of Silicon Nitride Films Using Fourier Transform Spectroscopy
	Thermal Modeling of Absorber-Coupled TES Polarimeter

	SESSION J: PUBLIC EVENING LECTURE
	The Low Temperature Universe

	SESSION K: TES FABRICATION AND MATERIALS
	High-efficiency Photon-Number Resolving Detectors Based on Hafnium Transition-edge Sensors
	Ion Beam Analysis of Iridium-Based TES for Microcalorimeter Detectors
	Design and Fabrication of Argonne/KICP Detectors for CMB Polarization
	Further Optimization of the APEX-SZ TES Bolometer Array
	Microfabrication and Device Parameter Testing of the Focal Plane Arrays for the Spider and BICEP2/Keck CMB Polarimeters
	Fabrication of an Antenna-Coupled Bolometer for Cosmic Microwave Background Polarimetry
	Progress toward Corrugated Feed Horn Arrays in Silicon

	SESSION L: SUPERCONDUCTING TUNNEL JUNCTION DETECTORS
	Current Status of Nonequilibrium Superconducting Detectors for Photons and Molecules
	Towards an Imaging Soft X-ray Spectrometer Based on Superconducting Tunnel Junction Detectors
	Superconducting THz Camera with GaAs-JFET Cryogenic Readout Electronics
	Once More on the Position Resolution of DROIDs
	First Results on the Imaging Capabilities of a DROID Array in the UV/Visible
	Origin of Subgap Current in an SIS Junction
	Soft X-ray Spectrometer Using 100-Pixel STJ Detectors for Synchrotron Radiation
	Cross-Sectional TEM Analysis of Fault and Slip Structures Produced during Etching Processes for Large-scale Superconducting-Tunnel-Junction Array Detectors

	SESSION M: X-RAY SPECTROSCOPY
	Application of Low-temperature Detectors to High-resolution X-ray Spectroscopy
	New Science Case for the Micro-X High Energy Resolution Microcalorimeter X-ray Imaging Rocket
	Experimental Results and Modeling of Low-Heat-Capacity TES Microcalorimeters for Soft-X-ray Spectroscopy
	The Detector and Readout Systems of the Micro-X High Resolution Microcalorimeter X-ray Imaging Rocket
	Development of a TES Based Cryo-Anticoincidence for a Large Array of Microcalorimeters
	Performance Test of Ti/Au Bilayer TES Microcalorimeter in Combination with Continuous ADR
	Laboratory Astrophysics, QED, and Other Measurements Using the EBIT Calorimeter Spectrometer at LLNL
	Optimal Filtering, Record Length, and Count Rate in Transition-Edge-Sensor Microcalorimeters
	High-Resolution X-ray Spectroscopy with the EBIT Calorimeter Spectrometer
	Model on DROID Response with Imperfect Trapping Tested on Experimental Results
	How to Determine Experimentally the Fano Factor in DROIDs
	Quasiparticle Self-recombination in Double STJs Strip X-ray Detectors

	SESSION N: CMB PHYSICS EXPERIMENTS
	Antenna-coupled TES Arrays for the BICEP-2/Keck and SPIDER Polarimeters
	SPT-SZ: A Sunyaev-Zel'dovich Survey for Galaxy Clusters
	Optical Properties of Feedhorn-coupled TES Polarimeters for CMB Polarimetry
	Spectroscopic Active Galaxies and Cluster Explorer
	Optical Design of Argonne/KICP Detectors for CMB Polarization
	Planar Orthomode Transducers for Feedhorn-coupled TES Polarimeters
	The Atacama B-Mode Search: CMB Polarimetry with Transition-Edge-Sensor Bolometers
	Measurements of Bolometer Uniformity for Feedhorn Coupled TES Polarimeters
	Sinuous-Antenna Coupled TES Bolometers for Cosmic Microwave Background Polarimetry
	Superconducting Planar Devices for Cosmology
	SPTpol: An Experiment for CMB Polarization
	Feedhorn-Coupled TES Polarimeters for Next-generation CMB Instruments

	SESSION O: SQUIDS AND SQUID READOUT TECHNIQUES
	The Microstrip SQUID Amplifier: Searching for the Axion
	A Double Flux Locked Loop Scheme for SQUID Readout of TES Detector Arrays Using the FDM Technique
	Progress towards Large Locally Linearized SQUID Arrays
	Multiplexing Readout of TES Microcalorimeters Based on Analog Baseband Feedback
	SiGe Integrated Circuit/SQUID Hybrid Cryogenic Multiplexer for Superconducting Bolometer Array
	Performance of an X-ray Single Pixel TES Microcalorimeter under DC and AC Biasing
	Transition Measurements of a Micron-sized Transition-edge Hot-electron Microbolometer
	Design of the Millimeter-Wavelength Superconducting Bolometer Camera GISMO

	SESSION P: NEUTRINO EXPERIMENTSŠI
	Contributions of Low Temperature Detectors to Neutrino Physics
	Detector Development for the MARE Neutrino Experiment
	A Ton-Scale Bolometric Detector for the Search for Neutrinoless Double Beta Decay
	Status of the MARE Experiment in Milan

	SESSION Q: MAGNETIC CALORIMETERS DETECTORS
	Metallic Magnetic Calorimeters
	Performance of High-resolution, Microfabricated, X-ray Magnetic Calorimeters
	Metallic Magnetic Calorimeters for Gamma-ray Spectrometry
	Metallic Magnetic Calorimeters for Beta Spectrometry
	Microfabrication of High-resolution X-ray Magnetic Calorimeters
	Microcalorimeter Magnetic Sensor Geometries Using Superconducting Elements
	Development of Position-sensitive Magnetic Calorimeter X-ray Detectors
	Metallic Magnetic Calorimeters for High Precision QED Test at GSI/FAIR
	Low Temperature Metallic Magnetic Calorimeters for Neutrino Mass Direct Measurements

	SESSION R: DARK MATTER EXPERIMENTS
	Dark Matter: Direct Detection
	The Cryogenic Dark Matter Search (CDMS) Experiment: Results, Status, and Perspective
	Dark Matter Searches with the Experiment EDELWEISS-II
	Status of the CRESST Dark Matter Search
	Full Interdigitized Detectors for the EDELWEISS-II Dark Matter Search
	Field Dependence of Electron Velocity in High-purity Germanium at Cryogenic Temperatures
	Bulk and Surface Charge Collection: CDMS Detector Performance and Design Implications
	Contact-Free Germanium Ionization and Phonon Detectors
	Composite CaW04 Detectors for the CRESST-II Experiment
	SuperCDMS Detector Fabrication Advances
	Characterization of SuperCDMS 1-Inch Ge Detectors
	Status of the XENON100 Dark Matter Search Experiment at LNGS

	SESSION S: CRYOGENIC TECHNIQUES AND NEUTRINO EXPERIMENTS-II
	Development of Adiabatic Demagnetization Refrigerator for X-ray Mirocalorimeter Experiments
	Prototype Thermal Design for a 256 Pixel Transition Edge Sensor Bolometer Array with Additional on-Chip Cooling
	The Low-temperature Energy Calibration System for the CUORE Bolometer Array
	A Low Temperature Thermal Conductivity Database
	Low Temperature Thermal Conductivity of Candidate Materials for the Supports of CUORE
	Sensitivity and Systematics of Calorimetric Neutrino Mass Experiments
	Progress on the CUORE Cryogenic System

	SESSION T: TES DETECTORS-III
	Large-absorber TES X-ray Microcalorimeters and the Micro-X Detector Array
	Cryogenic Hard X-ray Imaging Spectrometer for the International X-ray Observatory
	Extended Focal-plane Array Development for the International X-ray Observatory
	Issues in Energy Calibration, Nonlinearity, and Signal Processing for Gamma-ray Microcalorimeter Detectors
	Development of an Energy Dispersive Spectrometer for a Transmission Electron Microscope Utilizing a TES Microcalorimeter Array
	Fabrication of Multilayered Absorption Structure for High Quantum Efficiency Photon Detectors

	SESSION U: SECURITY AND NON-POLIFERATION APPLICATIONS
	National and International Security Applications of Cryogenic Detectors—Mostly Nuclear Safeguards
	Anomalous Thermal Behavior in Microcalorimeter Gamma-ray Detectors
	Two-Body Models for Analyzing Complex Impedance
	Cryogenic Microcalorimeter System for Ultrahigh Resolution Alpha-particle Spectrometry

	SESSION V: NOVEL CRYOGENIC DETECTORS
	Status of Tests of Cryogenic Scintillators with a 2.8 K Optical Cryostat
	Neutron Spectroscopy with 6LiF Bolometers

	SESSION W: FUTURE LOW TEMPERATURE DETECTORS
	The X-ray Microcalorimeter Spectrometer for the International X-ray Observatory
	Future Perspectives for the Application of Low Temperature Detectors in Heavy Ion Physics
	Cryogenic Sensors on ESA's Cosmic Vision Mission Studies
	Fast Response and High Quantum Efficiency Ti-Based TES Optical Detector and Its Application to Quantum Information
	Future Developments in Low Temperature Detectors for CMB and Submm Astronomy

	SESSION X: CLOSING CONFERENCE SUMMARY
	Recent Progress with Low Temperature Particle Detectors


	Author Index
	Help
	Search
	Exit

	copyright1: 


