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The Influence of Small Impurities of 4He on the3He Melting Curve Thermometer
Behavior

V. Maidanov, A. Ganshin, V. Grigor’ev, A. Penzev, E. Rudavskii, A. Rybalko, Ye. Syrnikov

Laboratory for Quantum Fluids and Solids, B. Verkin Institute for Low Temperature Physics and
Engineering, National Academy of Sciences of Ukraine 47 Lenin ave, Kharkov 61103, Ukraine

The melting curve of3He containing a small4He impurity was measured in the temperature
range20 − 600 mK. It is found that the coordinates of the minimum of the melting curve are
shifted and the slope of the melting curve at low temperatures is changed. The hysteresis between
melting and crystallization curves appears. The data obtained agree with a calculation that takes
into account the change in the coordinates of the minimum due to the entropy of mixing of the
3He - 4He solution. The results of the experiment are used to estimate the error of the melting
curve thermometry using3He with 4He impurity up to 2 %.

25EP1

A computer-based pulsed NMR thermometer

E. M. Hoskinson, A. Hobeika, R. E. Packard

Department of Physics, University of California, Berkeley, California, 94720, USA

A mK or sub-mK pulsed Pt-NMR thermometer with a novel, easily implemented, computer-
based control system has been developed. Timing, excitation, and signal acquisition are ac-
complished with a single standard National Instruments Data Acquisition (DAQ) board in a PC
computer and a minimum of external analog circuitry. User interface, control of the DAQ board,
signal processing, and a graphical display is implemented in the LABVIEW software system.
The result is a flexible and robust alternative to NMR thermometer control. This work is sup-
ported by NSF and NASA.

25EP2
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25EP3 SRD1000: A superconductive reference device for thermometry below 1 K

W.A. Boscha, A. Chinchureb, J. Flokstrac, G.E. de Grootb, M.J. de Grootd, E. van Heumenb,
R. Jochemsenb, F. Mathua, A. Peruzzid, D. Veldhuisc

aHightech Development Leiden, P.O. Box 691, 2300 AR Leiden, The Netherlands
bKamerlingh Onnes Laboratorium, Universiteit Leiden, P.O. Box 9504, 2300 RA Leiden,
The Netherlands
cUniversiteit Twente, Technische Natuurkunde, P.O. Box 217, 7500 AE Enschede, The Netherlands
dNMi van Swinden Laboratorium, P.O. Box 654, 2600 AR Delft, The Netherlands

A Superconductive Reference Device (SRD1000), providing 10 reference points in the tempera-
ture range 10 mK - 1 K with dedicated measurement electronics, has been developed to provide
direct traceability to the new Provisional Low Temperature Scale (PLTS-2000). We report on the
reproducibility and the accuracy of the transition temperatures of samples of IrxRh100-x alloys
(with transition temperatures between 20 and 100 mK) and some single crystals (Cd, Zn, AuIn2,
AuAl2 and W).

25EP4 EU Dissemination of the Provisional Ultra-low Temperature Scale, PLTS-2000

R. Rusby and many othersa, R. Jochemsenb

aEU consortium, coordinated by CBTLM, National Physical Laboratory, Teddington TW11 0LW, UK
bKamerlingh Onnes Laboratorium, Universiteit Leiden, P.O. Box 9504, 2300 RA Leiden,
The Netherlands

PLTS-2000 covers the temperature range from 1 K to 0.9 mK, and is defined by an equation for
the melting pressure of3He (JLTP 126, 633-642, 2002). We report on the development, within
the EU project ’ULT Dissemination’, of several primary and secondary thermometers and fixed
points with associated instrumentation, to disseminate the scale to users. Principal are a current-
sensing noise thermometer (CSNT), a Coulomb blockade thermometer, an industrial-type CMN
and a second-sound acoustic thermometer and a superconductive reference device SRD-1000.
Several partners have set up3He melting-pressure thermometers to realise the scale, and will
check this using PtNMR, CMN and noise thermometers. Other devices in the project are RuO2

sensors and a self-contained3He melting pressure thermometer.

25EP5 Coulomb blockade thermometry in the milli-Kelvin temperature range in high
magnetic fields

J. P. Pekolaa, J. K. Suoknuutia, J. P. Kauppinenb, M. Weissc, P. v. d. Lindenc, A. G. M. Jansenc

aDepartment of Physics, University of Jyväskyl̈a, P. O. Box 35, 40351 Jyväskyl̈a, Finland
bNanoway Ltd.,Ylisẗonm̈aentie 26, 40500 Jyväskyl̈a, Finland
cGrenoble High Magnetic Field Laboratory, Max-Planck Institut für Festk̈orperforschung, and Centre
National de la Recherche Scientifique, BP 166, F-38042 Grenoble Cedex 9, France

We have investigated the usability of a Coulomb blockade thermometer (CBT) in high magnetic
fields up to 27 T at temperatures around 50 mK. The experiments performed extend previous
investigation both to lower temperatures and to higher magnetic fields. We show that CBTs
provide an easy way of magnetic field independent thermometry in an up to now problematic
temperature range.
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High resolution Coulomb blockade primary thermometry in the mK temperature
range

F. Gaya, H. Godfrina, M. Meschkea, R. E. Rappa,b, J. P. Pekolaa,c, J. P. Kauppinend

aCentre de Recherches sur les Très Basses Températures, CNRS, BP 166, 38042 Grenoble, France
bInstituto de Fisica, Universidade Federal do Rio de Janeiro 21954, Brazil
cDepartment of Physics, University of Jyväskyl̈a, P. O. Box 35, 40351 Jyväskyl̈a, Finland
dNanoway Ltd.,Ylisẗonm̈aentie 26, 40500 Jyväskyl̈a, Finland

We present high resolution measurements using Coulomb blockade thermometers (CBT) in a
temperature range from 4 K down to 20 mK. The purpose of the described experimental series is
to extend the accessible temperature range of the CBT sensors for low temperatures, where the
electron-phonon coupling gets weaker and affects the performance of the CBT. The results allow
us to determine the absolute accuracy of the device and generate a valuable input for the design
of further improved sensors.

25EP6

Construction of an Ultra-Low Temperature STM with a Bottom Loading
Mechanism

T. Matsui, H. Kambara, I. Ueda, T. Shishido, Hiroshi Fukuyama

Department of Physics, University of Tokyo, 7-3-1 Hongo Bunkyo-ku, Tokyo 113-0033, Japan

An STM that works with an atomic resolution at ultra-low temperatures (T> 50 mK) in high
magnetic fields (B≤ 6 T) has been constructed and tested. An STM head is made of non-
magnetic silver based alloys, and is attached to the mixing chamber of a dilution refrigerator
(DR). Clean sample surfaces are prepared either by cleavage or by repeated cycles of Ar ion
sputtering and annealing in an ultra-high vacuum chamber. The resultant surfaces can be eval-
uated by low energy electron diffraction in the same chamber. A bottom loading mechanism
enables us to change the samples and STM tips quickly without warming the DR above 2 K
and to cool it back to the base temperature within 3 hours. We demonstrate atomically resolved
imaging and tunneling spectroscopy capabilities of this new instrument.

25EP7

Improved laser scanning microscope for low-temperature probing of local resistive
and microwave properties in superconducting structures

Alexander P. Zhuravela, Dmitriy V. Abraimovb, Alexey V. Ustinovb, Steven M. Anlagec

aB.Verkin Institute for Low Temperature Physics, Ukrainian Acad. of Sci., 61164 Kharkov, Ukraine
bPhysics Institute III, University of Erlangen-Nuremberg, D-91058 Erlangen, Germany
cCenter for Superconductivity Research, University of Maryland, College Park, MD 20742-4111, USA

We present a new design of Low-Temperature Laser Scanning Microscope (LTLSM) for probing
the spatial inhomogeneities of dc and ac current flow in superconducting structures. This far-field
LTLSM apparatus is a substantial improvement over similar microscopes utilized by other groups
and us earlier. The performance of the LTLSM is evaluated and sample results on imaging the
distribution of optical, resistive and microwave 2-D patterns in real superconducting devices are
presented.

25EP8
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25EP9 Development of Interdigital Capacitor as Solid4He Height Detector

Josiah Fay, Wei Jian, Michael Gershenson, Haruo Kojima

Serin Physics Laboratory, Rutgers University, Piscataway, NJ 08854 USA

A compact interdigital capacitor is developed as a level detector of solid4He. The capacitor
consists of 38 interlaced 50µm wide and 3.8 mm long gold films separated by 50µm and
deposited onto a flat 5×5 mm2 sapphire substrate. The background capacitance is 6.5 pF. The
capacitance change is 1.3×10−3 pF/mm of solid4He height change. A height change of 20µm
is detectable. Observations at 1.2 K in a 6.7×8.7×9.1 mm3 cell show over pressures (measured
with a low temperature strain gauge) up to 25 mbar prior to nucleation of solid. The solid height
may be controlled by varying heat applied to a pressure bomb cooled to 77 K.

25EP10 He-3 cryostats for SPM application near 300 mK

Z. Zhao, M. Jirmanus, E. Bobb

Janis Research Company, 2 Jewel Drive, Wilmington, MA 01887, USA

Various types of He-3 cryostats have been developed for Scanning Probe Microscopy application
in UHV environment. These systems provide base temperatures between 280 mK to 340 mK with
holding time of 24 to 60 hours. Different application features are available for different systems,
such as that samples can be top-loaded in a UHV sample tube by a sample probe with the He-3
insert be fixed; the He-3 insert can be moved up and down by a linear motion manipulator and the
samples can be ”bottom” loaded directly onto the sample holder located in UHV space; with the
high field superconducting magnet installed, the sample may either share the UHV space with
the dewar, or has its own UHV space; ESR modulation coils installed for versatile application of
the system, etc. Design and performance details will be discussed.

25EP11 Distributed τ2 Effect in Relaxation Calorimetry

H. Tsujii, B. Andraka, Y. Takano, K. Muttalib

Department of Physics, University of Florida, PO Box 118440, Gainesville, FL 32611-8440, USA

In relaxation calorimetry at low temperatures, the so-called “distributedτ2 effect” influences the
time evolution of temperature, if the thermal conductance of the sample is small. This effect
appears as a fast initial relaxation of the temperature that cannot be described by an exponential.
If calorimetry data displaying such a feature are analyzed by conventional methods, systematic
errors are introduced in the measured heat capacity. Drawing examples from our experimental
data of a magnetic insulator sample in high magnetic fields, we show how these errors can be
eliminated by a data-analysis method recently proposed by Takano and Muttalib.
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High-Q Vibrating Wire for the Study of Quantum Vortex in Superfluid 3He

Yuka Hayashi, Hisashi Nakagawa, Hideo Yano, Osamu Ishikawa, Tohru Hata

Graduate School of Science, Osaka City University, Sumiyoshi-ku, Osaka 558-8585, Japan

To investigate quantum vortices in superfluid3He we have fabricated a vibrating wire from single
crystal silicon with impurities less than10−6. The wire of 100µm wide and 60µm thick is
controlled in a goal post shape of 2 mm square which is similar to a silicon vibrating wire studied
by Grenoble group. We have investigated the characteristics of the vibrating wire in vacuum at
4.2 K in a magnetic field of 50 mT. The obtained quality factor (Q) is 1.2×105 at the resonant
frequency of 8.7 kHz. This Q value is much higher than conventional Nb-Ti vibrating wires and
four times higher than the previous silicon vibrating wire. The high-Q and shape-controllable
vibrating wire of a single crystal silicon has the advantage for the creation and detection of the
quantum vortex in superfluid helium.

25EP12

X-ray diffraction measurement at 0.20K

Shumsun Naher Bagum, H Suzuki, M Mizuno, Y Xue, H Fujishita

Department of Physics, Kanazawa University, Kakuma-machi, Kanazawa, 920-1192, Japan

We have developed an x-ray diffraction measurement system for powder samples below 1K.
We use a dilution refrigerator of Oxford Instr. Kelvinox VT, which was modified for the x-ray
measurement, mounted on a specially designed goniometer, provided by Rigaku Co. The x-
ray beam was reduced approximately 1/15, after passing through the windows of the dilution
refrigerator. The windows are consist of 4 walls of Be 2mm thick, 2 Al film 10µm thick and 2
aluminized mylar walls. The lowest temperature of the x-ray measurement was about 0.20K. For
checking the temperature difference between the specimen and the thermometer (RuO2) which
attached to the mixing chamber of our measurement system, we have studied the temperature
dependence of the Jahn-Teller distortion of TmVO4 with Tc=2.15K.

25EP13

High field ESR measurements of quantum spin system under high pressure

Masayoshi Saruhashia, Toshihiro Sakuraia, Hitoshi Ohtab, Susumu Okubob, Yuji Inagakia,
Yoshiya Uwatokoc

aThe Graduate School of Science and Technology, Kobe University, 1-1 Rokkodai, Kobe, 657-8501,
Japan
bMolecular Photoscience Research Center, Kobe University,1-1 Rokkodai, Kobe, 657-8501, Japan,
cThe Institute for Solid State Physics, Tokyo University, 5-1-5 Kashiwanoha, Kashiwa, 277-8581, Japan

We developed a new high field ESR system under pressure and at low temperature. A clamped-
type pressure cell with sapphire pistons is used to transmit the electromagnetic wave. We have
also studied different quantum spin systems by ESR measurements using the pressure cell. We
would like to make a presentation about the calibration of pressure by ruby and the result of the
measurements of quantum spin systems under pressure.

25EP14
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25EP15 A Self-contained3He Melting Curve Thermometer for Dissemination of the New
Provisional Low Temperature Scale

Dm. Shvartsa, A. Adamsb, C.P. Lushera, B.P. Cowana, P. Noonanb, J. Saundersa,
V.A. Mikheevb

aDepartment of Physics, Royal Holloway University of London, Egham, Surrey, TW20 0EX, UK
bOxford Instruments Superconductivity, Old Station Way, Eynsham,Witney, Oxon, OX29 4TL, UK

We report progress in the development of a self-contained3He Melting Curve Thermometer, de-
signed to be both easy to construct and simple to operate. It is based on a cylindrical pressure
gauge, with good linearity of pressure versus inverse capacitance making calibration straightfor-
ward. The gas handling system is compact and in principle automatic. The readout electronics is
based on a tunnel diode oscillator circuit, since one of the capacitance plates of the gauge is nec-
essarily grounded. We present preliminary data on the performance of the thermometer, which
will allow convenient dissemination the new provisional low temperature scale PLTS-2000.

25EP16 Mesurement of Thermal Properties for Modelling and Optimization of Large
Mass Bolometer

Marisa Pedretti

Universita’ dell’Insubria, Via Valleggio 11, I-22100, Como, Italy. On behalf of CUORE collaboration

In this paper we describe our mesurements about the main thermal parameters of our bolomet-
ric detectors, operated in the underground Gran Sasso Laboratory to search for rare events. We
measured (1) the specific heats of the main detector materials (TeO2 crystal and Neutron Trans-
mutation Doped Ge termistor) down to few tens of mK, (2) the electron-phonon decoupling in
the thermistors and (3) the contact parameters (Kapitza resistence). We found that the thermal
decoupling of our thermistors can be well described by the hot-electron model. These mesure-
ments allow us to model our detectors. In order to compair the different detector performances
we have introduced a parameter (factor of merit) that describes conveniently the signal-to-noise
ratio, and that can be reproduced by the model.

25EP17 Optimization of 320g Ionization-Heat Cryogenic Detectors for the Dark Matter
Search

Xavier- François Navick, Xavier- François Navick, Collaboration Edelweiss

CEA, Centre d’Etudes de Saclay, bat. 534, 91191 Gif sur Yvette cedex, France

EDELWEISS is a WIMP direct detection experiment using 320g ionization-heat cryogenic Ge
detectors operated in the very low-background environment of the Frejus Underground Labora-
tory (French Alps). EDELWEISS has presently the best sensitivity for all WIMPs with a mass
greater than 70 GeV. For these ionization- heat Ge detectors, the rejection of incomplete charge
collection events represents the main challenge. Several developments are pursued in order to
improve this rejection, both actively and passively. New results on the rejection power of our
detectors will be presented. In addition, the energy distribution of WIMP interactions is peaked
at low energies. Therefore, the detectors design had been studied to reduce the energy threshold.
The improvement of the detectors responses will be described.
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Transition Edge X-ray Sensors for Industrial Applications

K. Tanakaa, T. Morookaa, S. Nakayamaa, K. Chinonea, R. Fujimotob, Y. Takeib, T. Oshimab,
N. Iyomotob, K. Mitsudab, Y. Ishisakic, U. Moritac, N. Yamasakic, T. Ohashic, M. Koyanagid

aSeiko Instruments Inc., Chiba 270-2222, Japan
bThe Institute of Space and Astronautical Science , Kanagawa 229-8510, Japan
cTokyo Metropolitan University, Tokyo 192-0397, Japan
dNational Institute of Advanced Industrial Science and Technology, Ibaraki 305-8568, Japan

We present the performance of Transition Edge Sensors (TES) using Au/ Ti bilayer (operating
temperature 103mK) with fast decay time for industrial applications. The energy resolution
was 12.6eV at 5.9keV (designed value 6eV) and the decay time 147us, yielding the count rate
1.1kcps (count per sec.). We found that the energy resolution was limited by excess noise and
thermalization noise. The relation between these noises and TES parameters will be discussed.

25EP18

Direct gas density measurements in the collider cryogenic vacuum chambers

Rodion V. Dostovalov, Vadim V. Anashin, Alexandr A. Krasnov, Oleg B. Malyshev,
Vladimir P. Nazmov, Eugene E. Pyata, Timur V. Shaftan

Budker Institute of Nuclear Physics, 630090 Novosibirsk, Russia

A principle difficulty arises at pressure measurement in the collider cryogenic vacuum chamber,
because the usual gauges situated in the warm part of vacuum chamber don’t give real value of
the gas density in the cold part. It is caused by that mean speed of the molecules desorbed under
irradiation by synchrotron radiation (SR) from the vacuum chamber walls is unknown. A new
method of direct measurement of residual gas density in cryogenic vacuum chambers in presence
of SR is presented. The method bases on using a photomultiplier tube for the detection of the
SR-stimulated gas luminescence, which is proportional to the gas density and SR intensity. The
design of the experimental setup and results of the measurements of gas densities (H2, CO2, CO,
N2, Ar, O2) by this method are submitted.

25EP19

Technical developments for solid-state NMR quantum computers

Atsushi Gotoa, Tadashi Shimizua, Kenjiro Hashia, Hideaki Kitazawaa, Shinobu Ohkib,
Sachie Eguchib

aNanomaterials Laboratory, National Institute for Materials Science, Tsukuba, Ibaraki, 305-0003, Japan
bCREST, Japan Science and Technology Corporation, Kawaguchi, Saitama, 332-0012, Japan

We discuss practical methods to implement an NMR quantum computer in solids. There are
two main issues known for the implementation. One is how to initialize qubits effectively. We
show that aqubit initializercan be utilized for this purpose, where the combination of an optical
pumping and a polarization transfer methods is utilized. The scheme is useful because it enables
us to separate the initialization scheme from the computation scheme. The other issue is how
to provide an practical inter-qubit coupling for a controlled-NOT (CNOT) gate. We propose to
use a switchable CNOT gate realized by magnon-mediated inter-nuclear couplings in a quan-
tum electron spin chain placed in a magnetic field gradient and low temperatures. This scheme
provides us with a decoupling-free quantum computer.

25EP20
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25EP21 Multiplex readout of high energy resolution γ-ray calorimeters.

Toshiyuki Miyazaki, J.N. Ullom, M.F. Cunningham, S.E. Labov

Lawrence Livermore National Laboratory, 7000 East Avenue, Livermore, CA, 94551, U.S.A.

Large arrays of microcalorimeters will be required in the coming decade for materials analysis
and astronomy. To realize arrays of over 1000 pixels, it is essential to multiplex signals. We
demonstrate the multiplexed readout ofγ-ray calorimeters. The devices are Mo-Cu transition
edge sensors with bulk Sn absorbers of area 1mm×1mm. To read out multiple sensors with single
SQUID, we biased the devices with an AC current instead of a DC current as used previously.
We demonstrate that the resolving power of the sensors is over 1000 at 60keV and is undegraded
by a two pixel multiplexed measurement.
This work was performed under the auspices of the U. S. Department of Energy by the University
of California, Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48.

25EP22 Infrared Spectroscopy under Extreme Conditions

Shin-ichi Kimuraa, Tatsuhiko Nishia, Toshiharu Takahashib, Toko Hironoc, Yuka Ikemotoc,
Taro Moriwakic, Hiroaki Kimurac

aGraduate School of Science and Technology, Kobe University, Kobe 657-8501, Japan
bResearch Reactor Institute, Kyoto University, Osaka 590-0494, Japan
cSPring-8/JASRI, Mikazuki, Hyogo 679-5198, Japan

We constructed a magneto-optical spectroscopy apparatus in the infrared region using syn-
chrotron radiation at SPring-8. In the apparatus, an infrared microspectroscopy (∼ 20µm) is
combined with low temperatures (≥ 3.5 K) and high magnetic fields (≤ 14 T). The purpose is
to investigate the electronic structure under extreme conditions of tiny materials such as organic
conductors and of small region and its spatial imaging. After installation of a high pressure cell,
optical measurements under multiple-extreme conditions will be available. The specification and
recent results are presented.

25EP23 Passive Magnetic Shielding for the Submillimeter and Far Infrared Experiment

Koji Kamiyaa, Brent Warnera, Michael DiPirroa, Takenori Numazawab

aNASA Goddard Space Flight Center, Greenbelt, Maryland 20771, USA
bNational Institute for Materials Science, 3-13 Sakura, Tsukuba 305-0003, Japan

Goddard Space Flight Center is developing the Submillimeter and Far Infrared Experiment
(SAFIRE). SAFIRE will use SQUIDs as amplifiers for detectors, which must be shielded from
the magnet cooling system, an Adiabatic Demagnetization Refrigerator (ADR). This requires the
field at the detector package to be at or below the10−7 tesla level while the detectors are operat-
ing. However, the ADR produces a central field in the magnet while the detectors are operating
of 0.1 tesla. In order to meet the requirements, we tested passive magnetic shielding using fer-
romagnetic and superconducting material. We have taken the paramagnetic salt pill effect into
account in the calculation as well as the nonlinear property of ferromagnetic material. We discuss
laboratory tests of the passive shielding and simulations.
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Electron Spin Resonance Measurements at Ultralow Temperatures

Takuo Sakona, Keiichi Koyamab, Hiroyuki Nojiric, Takayuki Asanod, Yoshitami Ajirod,
Mitsuhiro Motokawab

aFaculty of Engineering and Resource Sciences, Akita University, Akita 010-8502, Japan
bInstitute for Materials Research, Tohoku University, Sendai 980-8577, Japan
cDep. of Physics, Faculty of Science, Okayama University, Okayama 700-8530, Japan
dDep. of Physics, Graduated School of Science, Kyushuu University, 812-8581, Japan

An electron spin resonance (ESR) measurement system for use at ultralow temperatures using
a 3He-4He dilution refrigerator has been developed down to 160 mK. As the first experiment,
the ESR was measured on a quantum spin chain Cu benzoate, in which a field-induced gap was
recently found. The evaluation of a new ESR mode, so called breather mode, was found at the
lowest temperatures. In the present work, we observed a smaller gap inH‖b by suppressing of
the thermal excitation.

25EP24

Low Temperature Measurement System based on a Closed-Cycle Refrigerator

Mitsuyuki Tsujia, Shuichi Kawamataa, Takekazu Ishidaa, Satoru Okayasub, Kiichi Hojoub

aDepartment of Physics and Electronics, Osaka Prefecture University, Sakai, Osaka 599-8531, Japan
bJapan Atomic Energy Research Institute, Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan

We have built a new torque magnetometer with a 4-K closed cycle refrigerator. The temperature
of a top-loading space can be lowered down to 1.5 K by pumping out liquefied helium. The torque
sensor consists of the four piezoresistors on a silicon cantilever. We measure an off-balance signal
of the bridge with a resolution of 1 nV. Using a couple of the two coaxial permanent magnet can
vary the magnetic field continuously up to 10 kG. We describe a software for the temperature
control, the field control, and the motion control by LabVIEW. The temperature control consists
of the two-independent PID loops with a typical stability of±0.01 K. We have demonstrated the
torque measurement of a high-Tc superconductor successfully. The present system can be used
for the versatile purposes in the low-temperature laboratory.

25EP25

Conductive oxide cantilever for cryogenic nano-potentiometry

Tsutomu Hiroya, Katsuhiko Inagaki, Satoshi Tanda, Taku Tsuneta, Kazuhiko Yamaya

Department of Applied Physics, Hokkaido University, Sapporo 060-8628 Japan

Nanoscale electrical transport properties have been attracted because of new phenomena such as
ballistic transport, quantized resistance, and Coulomb blockade. For measurement of nanoscale
resistance, we have been developing a cryogenic atomic force microscope that can operate at 1.8
K. To use it as an electrode, we coated the cantilever with conductive oxides of TiO and indium
tin oxide (ITO) . We verified that TiO and ITO thin films remain conductive even at 4.2 K. Also
we measured I-V characteristic of the tip-sample contact with a standard sample of NbSe2 single
crystal, and found that the conductive coats were not lost under large stresses due to the tip-
sample contact. Moreover, we succeeded to obtain a room temperature nano-potentiometry of a
gold thin film with the ITO coated cantilever. In conclusion, the TiO and ITO coated cantilevers
are applicable to cryogenic nano-potentiometry.

25EP26
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25EP27 New Technique for Measuring Thermal Conductivity at Low Temperatures

Andreas Fleischmann, Hsin-Yi Hao, Christian Enss

Kirchhoff-Institut f̈ur Physik, Universiẗat Heidelberg, 69120 Heidelberg, Germany

The measurement of the thermal conductivity of samples with small thermal conductance has
always been an ongoing challenge, as the acceptable value of the parasitic power dissipation
during the measurement decreases with decreasing thermal conductance. This problem is par-
ticularly important in measurements at very low temperatures, because the thermal conductivity
of most systems becomes very low. For example, this fact prevented until now, beside other
reasons, the measurement of the thermal conductivity of glasses at temperatures below10 mK.
We present a new technique for thermal conductivity investigations, which allows for a contact-
free measurement and makes use of thermometers with very low parasitic power dissipation. We
show first results for the thermal conductivity of glasses obtained with this method at very low
temperatures.

25EP28 Modeling of Quantum Random Number Generator on Magnetic Flux Qubits

Viktor O. Ledenyova, Oleg P. Ledenyovb, Dimitri O. Ledenyovc

aDepartment of Physics, University of Toronto, Toronto, Ontario, Canada
bNational Scientific Center Kharkov Institute of Physics and Technology, Kharkov, Ukraine
cDepartment of Electrical and Computer Engineering, James Cook University, Queensland, Australia,
www.eng.jcu.edu.au/dimitri

The qubit is represented as a magnetic flux quantumn ∗ f0, (n=0, 1) in small superconducting
ring with hole dimensionD = lambda, lambda-magnetic field penetration depth, f0-magnetic
flux quantum. Lattice of 32x32 holes in superconducting film, with thicknessd > lambda
and lattice parameterr > lambda, is quantum 1024 dimensions space. Full number of quantum
vectors is equal to21024. Magnetic flux may be generated by picking up coil,N ∗f0 (N < 1024-
random number). The random flux quantums may be monitored by 1024 SQUID sensors on the
ground surface of ground plate.

25EP29 Calorimeter for a Top-Loading Dilution Refrigerator in High Magnetic Fields

H. Tsujii, B. Andraka, Y. Takano

Department of Physics, University of Florida, PO Box 118440, Gainesville, FL 32611-8440, USA

We have developed a calorimeter for a top-loading dilution refrigerator to achieve a fast turn-
around time in specific-heat measurements at temperatures down to 60 mK. The special features
of this calorimeter are compatibility with high magnetic fields, stability at temperatures above
the normal operating range of dilution refrigerators, and the small amount of sample required
for measurements. The calorimeter has been successfully used to measure the specific heat of
milligram samples at temperatures between 60 mK and 3 K and in magnetic fields up to 18 T.
The sample can be cooled from room temperature to the lowest temperature in just five hours. As
an example, we will present the results of an experiment on pure copper at temperatures below 1
K in a 18 T field.
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A Simple Sample-Inverting Cryostat for Hall Resistance Measurements

Sakiko Miyagawa, Satoru Noguchi

Graduate School of Engineering, Osaka Prefecture University, Sakai 599-8531, Japan

A simple sample-inverting cryostat for Hall resistance measurements is introduced to a supercon-
ducting magnet system up to 17 T with temperature variable insert from 1.5 to 300 K (Oxford
Inst.). Elliptical sample stage surrounding electric wires in 100 turns, which can be rotated to
a horizontal axis, is turned upwards or downwards by switching the current to the 100-turn coil
under a magnetic field. The direction of the stage, which is monitored by a Hall sensor on the
stage, is controlled by the minimum current from 100 mA at 0.1 T to 1 mA at 15 T. By using the
cryostat, Hall resistance is easily and precisely measured by alternating current as well as mag-
netic field with no mechanical gear or motor. Examples of the Hall resistance on intermetallic
compounds such as CeSi are present.

25EP30

Novel Apparatus for Pulsed Field Experiments: Piezoelectrically Driven Rotator
and Micro-Cantilever

Eiji Ohmichi, Toshihito Osada

Institute for Solid State Physics, University of Tokyo, Kashiwa 277-8581, Japan

Pulsed field experiments are inevitably subject to experimental constraint such as limited space
or large noise. It has been strongly desired, however, that various types of measurements can be
performed in pulsed magnetic fields as in steady magnetic fields. From this point of view, we
present here novel apparatus for pulsed field experiments, piezoelectrically driven rotator1 and
micro-cantilever2. The former is useful in fine adjustment of sample position in narrow space,
while the latter is a high-sensitive torquemeter applicable to samples of 1µg. Performance in
pulsed magnetic fields is demonstrated.

1E. Ohmichiet al. Rev. Sci. Instrum.721914 (2001).
2E. Ohmichi and T. Osada (submitted).

25EP31

Real-space observation of surface 2DEG under magnetic field by STM

Masanori Ono, Nahoko Matsuura, Toyoaki Eguchi, Takayuki Suzuki, Yukio Hasegawaa

Institute for Solid State Physics, University of Tokyo, Kashiwa-no-ha, Kashiwa, Chiba 277-8581, Japan

We have investigated various properties of Au(111) and Cu(111) surface states, which is by
nature two-dimensional electron gas system, using scanning tunneling microscopy (STM) under
ultrahigh vacuum(< 1×10−8Pa), high magnetic field(< 11T ) and low temperature(> 0.3K).
Electron standing waves (ESW) are observed on these surfaces along the step edges and around
the defects like a ripple spreading over water. We found that monolayer Pd films formed on these
surfaces also showed similar ESW pattern with a longer periodicity, indicative of reduced elec-
tron density in the surface state. It demonstrates a capability of electron density modification in
the surface 2DEG. We also observed that single atom Pd impurities on the Au(111) surface pro-
duce ESW which changes its contrast with magnetic field. The contrast change can be explained
by a variation of scattering phase shift with magnetic field.

25EP32

11



Session 25EP Sunday, August 25

25EP33 A New Type of Zinc Heat Switch by Diffusion Bonding

Taro Tajima, Ruichi Masutomi, Akira Yamaguchi, Hidehiko Ishimoto

The Institute for Solid State Physics, The Univ. of Tokyo, Kashiwanoha, Kashiwa, Chiba, 277-8581,
Japan

A superconducting heat switch is one of the most important elements in the nuclear demag-
netization refrigerator. Aluminum and zinc have been used more often especially at ultra low
temperatures. A new type of zinc heat switch has been prepared by a diffusion bonding with
copper. The details of the fabrication and its performance are described.

25EP34 Fundamental Physics Research aboard the International Space Station

Mark C. Leea, Ulf E. Israelssonb

aNational Aeronautics and Space Administration, Code UG, Washington D.C., USA
bJet Propulsion Laboratory, 4800 Oak Grove Drive, Pasadena, CA 91109, USA

NASA’s research plans aboard the International Space Station (ISS) are discussed. A double
instrument 2K low temperature microgravity physics facility is under development. Each in-
strument is capable of accomplishing multiple investigations. The first launch will take place
in the 2005 to 2006 time frame, studying non-equilibrium phenomena near the superfluid 4He
transition and measuring scaling parameters near the 3He critical point. The second launch will
investigate boundary effects near the superfluid 4He transition and perform a red-shift test of
Einstein’s theory of general relativity. Follow-on flights will occur at 22-month intervals. A laser
cooled atomic fountain clock is also under development for the ISS. It will serve as a pathfinder
experiment for future experiments on laser-cooled atoms in space.

25EP35 Bipolar Photogenerated Terahertz Radiation in Biased Photoconductive Switches

P. I. Lin, C. W. Luo, K. H. Wu, J. Y. Juang, T. M. Uen, Y. S. Gou

Department of Electrophysics, National Chiao Tung University, 1001 Ta Hsueh Road, Hsinchu 30050,
Taiwan, R.O.C.

We study the output scales of photogenerated terahertz (THz) radiation in semi-insulating GaAs
using free-space electro-optic sampling (FSEOS) technique for the characterization of freely
propagating far-field electromagnetic radiation. The spectrally integrated THz output from biased
photoconductive switches are measured for several antenna gap spacings, applied bias fields
and optical excitation fluences. Nearly symmetrical terahertz waveforms are observed. The
waveforms and frequency spectrum(0.1-3THz) of the emitted radiation displayed essentially no
dependence on the excitation fluence and strength of biased fields. However, it does slightly
depend on the antenna gap spacing. Mechanisms based on the dynamics of these photoexcited
carriers are discussed.
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Low Frequency Losses and Flux-Creep in HTSC

Hector Castro, Alexander Gerber, Alexander Milner

School of Physics and Astronomy, Tel Aviv University, 69978 Tel Aviv, ISRAEL

We study AC field losses in a BSCCO cylinder at field frequencies from 0.05 to 250 Hz, and
temperatures between 65 K and 90 K. we find one local maximum and evidence for at least
another peak. This structure of losses at low frequencies is reported here for the first time. Flux
creep is found to be at the origin of this behavior. Measurements of flux relaxation present
different regimes characterized by corresponding time constants. Our model explains why the
maxima of dissipation are centered at angular frequencies proportional to the inverse of each
relaxation constant.

25EP37

A Sample Abstract for the 23rd Low Temperature Physics Conference

James S. Wellknowna, David Unknowna, François B. Geniusb

aFaculty of Refrigeration, Pacific State University, 543 12 Lowertown, Nut Island 35791, Antarctica
bInstitute of Low Temperature, Northern Acad. of Sci., P.O. Box 193, 1234 Uppertown, Solid Rep.

The entire abstract, from the top of the title text to the bottom of the last footnote1, must be no
longer than six centimeters when typeset using LTabs.sty with 10 point Computer Modern font.
This sample shows the maximum allowed length for the abstract. The text at the bottom of this
page is not, of course, part of the abstract itself but is used by the organizers.
If the abstract is too long, a frame is automatically drawn to indicate the area inside which the
text must fit. Uncomment\MakeFrametrue in the document preamble if you want to see the
frame anyway.

1You may use footnotes if you really need them. But remember there’s not much space.
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