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Abstract. Low-temperature physics and astronomy have traditionally focused on developing exquisitely sensitive single-pixel
detectors. While this has yielded considerable results, these technologies almost uniformly suffer from an inability to scale to
large array sizes. In order to circumvent this barrier, frequency-multiplexing techniques have recently emerged as a suitable
solution. Here we present a detailed description of a measurement platform based on frequency-multiplexed superconducting
resonators along with the results from two distinct measurements that leverage this nascent technology to achieve multiple-
device readout. The first application discussed is a seven-pixel array sensor of the permittivity of liquid helium suitable
for quantum hydrodynamic experiments. The second implementation described is a prototype 16-channel mm-wavelength
detector optimized for ground-based astronomical detection at the 30 meter Institute for Millimeter-Wave Radio Astronomy
(IRAM) telescope in Pico Veleta, Spain.
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In the century since Heike Kamerlingh Onnes first
liquified helium, low-temperature refrigeration has
proven to be an indispensable tool for experimental
physicists. However, cryogenic systems have tradition-
ally suffered from relatively complex operation and
low cooling-power. The first of these obstacles has
been steadily ameliorated through computer automation
and the advent of new cryogenic techniques such as
adiabatic-demagnetization and cryogen-free refrigera-
tion. However, the limited cooling power, ranging from
nW to mW depending on system size, remains a major
hurdle. This obstacle is manifest when scaling from the
single-pixel device sizes characteristic of fundamental
measurements to large arrays sizes typical of room-
temperature electronics. The high wire-counts necessary
for reading out many devices at low-frequencies present
a limiting thermal pipeline, easily overwhelming the
cooling-power of a cryogenic system. To address this
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issue, frequency-multiplexing of multiple devices on
a single wire has been widely recognized as a conve-
nient solution[1]. Employing this technique, we have
developed a cryogenic detection platform based upon
superconducting resonators continuously monitored
with frequency-multiplexing electronics. Development
was followed by testing on two measurement systems: a
fast and sensitive array sensor of the permittivity of liq-
uid helium and a prototype 16-channel mm-wavelength
detector designed for ground-based astronomical detec-
tion at the 30 meter Institute for Millimeter-Wave Radio
Astronomy (IRAM) telescope in Pico Veleta, Spain.

SUPERCONDUCTING RESONATORS

Due to their lithographically-controllable resonance fre-
quencies, intrinsically high quality-factors, and versatil-
ity, superconducting microwave resonators are an ideal
foundation for a scalable detection platform. The nec-
essary measurement electronics for these devices are
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widely available due to the mature cellular phone in-
dustry and, more recently, the advent of the field pro-
grammable gate array (FPGA). These electronics can
easily be integrated with a planar geometry transmis-
sion line to which the resonators can be inductively or
capacitively coupled. Multiple geometries are realizable
with single-layer lithography, with microstrip or copla-
nar waveguide (CPW) being the most common designs.

One property of superconducting resonators typically
considered a disadvantage is the sensitivity of the device
to the surrounding dielectric medium. This usually pro-
vides a loss-mechanism for the resonator and results in
a decreased quality factor. However, this property can be
exploited as well. For example, by measuring a series
of half-wavelength CPW resonators covered with a va-
riety of dielectrics, the high-frequency, low-temperature
and low-energy properties of common insulating materi-
als have recently been reported[2]. In a similar manner,
we have recently demonstrated the ability of frequency-
multiplexed CPW superconducting resonators to sensi-
tively detect changes in the permittivity of surrounding
helium at low temperatures (1.8 to 8.8 K)[3].

Another useful feature of superconducting resonators
is their sensitivity to the complex surface-impedance.
This reactance is due to the dissipation-less acceleration
of the cooper-pairs in the presence of an electromagnetic
field. As this process is lossless, the energy is merely
stored by the charge carriers and not transferred to the
lattice as is typical in a normal metal. With this stored
energy it is possible to associate a kinetic inductance.
This impedance is naturally sensitive to the density of
cooper-pairs and gives rise to their well-established util-
ity as photon detectors, commonly referred to as kinetic-
inductance devices[4, 5]. Briefly, a photon absorbed by
the resonator with an energy greater than 2∆ will result
in a decrease in cooper-pair density and an increase in
quasi-particle density. The resulting change in the ki-
netic inductance leads to a detectable shift in the res-
onance frequency. As part of an international collabo-
ration called the Néel IRAM KIDs Array (NIKA), we
are currently investigating the practicality of a giant-
array, mm-wavelength detector for ground-based astron-
omy which exploits this effect.

FREQUENCY-MULTIPLEXED
READOUT ELECTRONICS

State-of-the-art thin films provide the ability to engi-
neer extremely high quality-factor resonators, in some
cases exceeding a million, resulting in very sharp res-
onance peaks. The maxima of this peak, the resonance
frequency, is lithographically controllable with standard
optical techniques. This results in the ability to reliably

pack a large number of resonances in a limited band-
width. However, as it is often difficult to achieve elec-
tron temperatures below Te ∼ 100 mK in a standard dilu-
tion system, it is desirable for the resonance frequencies
to substantially exceed f = kBTe/(2π h̵) ∼ 2 GHz to limit
noise due to thermal excitation. Thus, in order to achieve
simultaneous readout of a large number of resonators, it
is necessary to synthesize and detect an equal number
of continuous waves at high-frequencies within a band-
width of order 100 MHz.

While the appropriate waveform could in principle
be achieved by generating each tone from an individual
high-frequency synthesizer, this very quickly becomes
prohibitively expensive. An alternative is to generate the
tones with the appropriate spacing at low-frequencies us-
ing digital electronics. These can then be shifted to the
desired frequency band with a single high-frequency car-
rier and a mixer. This up-converted waveform then drives
a transmission line to which the resonators are coupled.
After interacting with the resonators, the amplitude and
phase of the individual high-frequency sinusoids will be
modified depending on the time-dependent state of the
individual resonators. The signal is then suitably ampli-
fied and subsequently down-converted. Finally, the low-
frequency signals can be digitally mixed and low-pass
filtered to separate the individual tones. This is illustrated
for two measurement frequencies in Fig. 1.

Frequency

ωLOω1

A
m

p
li
tu

d
e

ω2

ωLO-ω2
ωLO-ω1

ωLO+ω1
ωLO+ω2

Down-converting IQ mixer

ωLO

ω1

A
m

p
li
tu

d
e

ω2

ωLO-ω2
ωLO-ω1

ωLO+ω1

Up-converting IQ mixer
After mixer

Before mixer

ωLO

ωLO+ω2

FIGURE 1. Illustation of up-conversion and down-
conversion of two frequencies using IQ mixers and a carrier
frequency at ωLO. Notice that at the down-converting mixer, the
upper-sideband signals have been reduced due to interaction
with the superconducting resonators.

A circuit schematic of the readout electronics is shown
in Fig. 2. In-phase (I) and quadrature (Q) copies of the
low-frequency waves are generated digitally by a FPGA
custom programmed using VHDL. These signals drive
two DACs which, after passing through reconstruction
filters, feed the the I and Q ports of an IQ mixers. A
high-frequency source followed by a splitter generates
two copies of the carrier. One copy of the carrier feeds
the local-oscillator (LO) port of the up-converting IQ
mixer. At the radio-frequency (RF) port of the mixer,
the desired high frequency tones appear at frequencies
above the carrier wave. By using an IQ mixer, spurious
signals such as the lower sideband and the carrier wave
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are substantially suppressed with respect to the upper-
sideband frequencies.
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FIGURE 2. Readout electronics. A) High-frequency source,
B) Splitter, C) Up-converting IQ mixer, D) Low-pass filter,
E) DC Block, F) Circulator, G) High-frequency amplifier, H)
50 Ω, i) Down-converting IQ mixer, J) Low-frequency, high-
power amplifier, K) Optional pulse source.

Inside the cryostat, a series of 50 Ω cryogenic at-
tenuators are used to restrict thermal noise from the
room-temperature electronics. At the lowest-temperature
stages, NbTi superconducting coaxial cable is utilized
to provide adequate thermal isolation. A band-pass filter
and circulator before the first stage amplifier can be used
to limit the effects of back-action noise on the resonators.

After amplification by a 65 K noise-temperature am-
plifier, the signal is fed to the RF port of the down-
converting IQ mixer. The second copy of the carrier
drives the LO port. For under-coupled resonators, the Q
port can be terminated with a 50 Ω resistance. However,
for strongly over-coupled resonators, it can be advanta-
geous to use a 90○ hybrid driven by the I and Q signals
to suppress the lower-sideband signal. In either case, the
waveform is then gained with a high-power amplifier be-
fore passing to an anti-aliasing filter and the ADC, which
is connected to the FPGA. The phase and amplitude of
the individual tones, which directly depend on the state
of the corresponding resonators, can then be calculated
with a specified level of filtering and read out.

QUANTUM HYDRODYNAMICS

Superconducting resonators are highly sensitive to their
electromagnetic environment. Exploiting this feature, we
have measured the response of quarter-wave NbN CPW
resonators directly immersed in a helium bath as a func-
tion of temperature. As can be seen in Fig. 3, the reso-
nance frequency is temperature dependent due to both a
change in the internal kinetic inductance and a change in
the external permittivity of the surrounding helium bath.

At temperatures significantly below Tc, the quasi-
particle population is highly suppressed and the kinetic
inductance is nearly constant. At these energies, the res-
onance frequency shift is predominantly due to changes
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FIGURE 3. (A) Measured change in the resonant frequency
of a superconducting resonator with temperature. The dashed
line is the expected change due to the temperature-dependent
kinetic inductance. (B) Measured change below 4.2 K (dashed
box in (A)). Notice the lambda transition is clearly visible at
2.17 K.

in the surrounding dielectric medium. In this regime a
resonator serves as a fast and sensitive probe of the lo-
cal liquid-helium temperature. For example, a heat pulse
can be applied to the helium bath by an in-situ heating
resistor. This can subsequently be sensed by an array of
resonant detectors in real-time. A measurement of this is
displayed in Fig. 4. Here, a 70 Ω resistor was placed 3 cm
from an array of resonators immersed in a helium bath at
1.8 K. Three heat pulses were then applied for varying
duration and intensity while measuring the seven indi-
vidual resonator states.

FIGURE 4. Measurement of resonators immersed in liquid
helium. The resonator quality factors varied from 5×104 (low-
quality resonator) to 105 (high-quality resonator). Three heat
pulses were applied to a 70 Ω thin-film resistor situated 3 cm
from the array. The initial 8 volt, ∼5 second pulse was followed
by a 15 second relaxation. This is subsequently followed by a
8 volt, ∼2.5 second pulse and a 12 volt, ∼2.5 second pulse.

As the electronics for this measurement were still un-
optimized, the noise level was unfortunately high, result-
ing in the need to reduce the measurement bandwidth to
∼100 Hz. As a future direction, we plan to implement
a low-noise amplifier in the helium-bath and digital av-
eraging of the resultant signal by the FPGA. This will
significantly reduce the noise and allow for significantly
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increased measurement bandwidth, potentially resulting
in the ability to perform time-of-flight measurements of
second sound in superfluid helium and vortex detection
in the turbulent flow regime.

NIKA

NIKA is an international collaboration focused on devel-
oping a prototype detector for the 30-meter IRAM tele-
scope. This prototype uses an optical cryostat custom de-
signed by Alain Benoit to mate with the telescope. The
system is fitted with two coaxial cables and the necessary
electronics to perform transmission measurements.

An example of a typical measurement with 13 chan-
nels is shown in Fig. 5. Initially, the resonators are cal-
ibrated with a 300 K black body placed in front of the
lens. After calibration, the stop is removed and an x-y
scan is initiated with a chopped circular image on the fo-
cal plane. The image alternates between 70 K and 300 K
black bodies and the scan proceeds in steps, with each
position being held for 20 seconds. During the raster
scan, pixels can become partially or fully illuminated.
While lit, the resonance will shift at the chopping fre-
quency, with the depth of modulation dependent upon the
incident power on the resonator and its quality factor. A
close-in image of this behavior is shown in Fig. 6.

FIGURE 5. Response of 13 channels measured simultane-
ously. Four channels were placed off resonance to serve as
controls. The response was taken while raster scanning an im-
age over the detector, with the greatest response seen when the
image is directly over a pixel.

For the measurement shown in Fig. 5, four off-
resonance channels to serve as control signals. As is clear
from these channels, our system currently exhibits spu-
rious low-frequency noise which we expect to be able
to eliminate in the near future. This is most likely due
to synchronization issues with the high-frequency source
and the FPGA or round-off error in the generation of
the measurement waves. While we are working to reduce
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FIGURE 6. Inset from Figure 5. Response of a single res-
onator to a 1 Hz chopped image. The image was translated
every 20 seconds.

all noise-sources in the measurement chain, our current
noise level is near that set by atmospheric fluctuations.
Further, our current record of 16 channels simultaneous
measured is limited by the resonator frequency spacing
which presents no fundamental limit. We plan on scaling
to a 32 and 64 pixel arrays in the near future, with larger
arrays envisioned.

CONCLUSION

Frequency-multiplexed superconducting resonators
promise to be a revolution in low-temperature detection.
While astronomical applications have served as a test
bed and motivator for rapid early development, it is
clear that numerous areas of cryogenic measurement
can benefit. Material characterization studies, medical
imaging, and fundamental physical measurements can
all be enriched by the increased resolution and statistics
achievable with a giant-array frequency-multiplexed
resonator platform.

This work was partially supported by the
Nanosciences Foundation of Grenoble.

REFERENCES

1. J. A. B. Mates, G. C. Hilton, K. D. Irwin, L. R. Vale, and
K. W. Lehnert, Applied Physics Letters 92, 023514 (2008).

2. A. D. O’Connell, M. Ansmann, R. C. Bialczak,
M. Hofheinz, N. Katz, E. Lucero, C. McKenney, M. Neeley,
H. Wang, E. M. Weig, A. N. Cleland, and J. M. Martinis,
Appl. Phys. Lett. 92, 112903 (2008).

3. G. J. Grabovskij, L. J. Swenson, O. Buisson, C. Hoffmann,
A. Monfardini, and J.-C. Villégier, Applied Physics Letters
93, 134102 (2008).

4. B. A. Mazin, Microwave kinetic inductance detectors, PhD
dissertation, California Institute of Technology, (2004).

5. P. K. Day, H. G. LeDuc, B. A. Mazin, A. Vayonakis, and
J. Zmuidzinas, Nature 425, 817 (2003).

87


	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


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 36.00 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     84
     TR
     1
     0
     5
     249
    
     0
     10.0000
            
                
         Both
         4
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     36.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     4
     3
     4
      

   1
  

 HistoryList_V1
 qi2base



	copyright1: 


