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Dynamics of Vortex Lattice Formation in a Rotating Bose-Einstein Condensate

Makoto Tsubotaa, Kenichi Kasamatsua, Masahito Uedab

aDepartment of Physics, Osaka City University, Osaka 558-8585, Japan
bDepartment of Physics, Tokyo Institute of Technology, Tokyo 152-8551, Japan

We study the dynamics of vortex lattice formation of a rotating trapped Bose-Einstein conden-
sate by numerically solving the two-dimensional Gross-Pitaevskii equation with a dissipative
term. The condensate trapped in a quadratic potential forms a triangle lattice of quantized vor-
tices, following the damped elliptic oscillation of the condensate and the excitation of surface
waves, which is consistent with the experimental results. A fast rotating condensate confined
in a quadratic-plus-quartic potential generates a ”giant” vortex absorbing all phase defects into
a single density hole, where a quasi-one-dimensional circular superflow is realized. Exciting
animation movie of these dynamical processes is shown.

21AP2

Structure of vortex lattices in rotating two-component Bose-Einstein condensates

Kenichi Kasamatsua, Makoto Tsubotaa, Masahito Uedab

aDepartment of Physics, Osaka City University, Osaka 558-8585, Japan
bDepartment of Physics, Tokyo Institute of Technology, Tokyo 152-8551, Japan

We investigate theoretically the structure of vortex lattices in rotating two-component Bose-
Einstein condensates. The stationary solutions of the coupled Gross-Pitaevskii equations with
a rotating term show various nontrivial patterns of vortex lattices, depending on the intra and
interspecies interaction strengthg11, g22 andg12. For

√
g11g22 > g12 the vortices in each con-

densate form a vortex lattice, and one lattice is displaced to the other to reduce the overlap of the
condensates. While for

√
g11g22 < g12 when the phase separation of the condensate occurs, the

vortex lattices are destroyed, the vortices of each condensate entering the other. The dynamics of
formation of these structure is studied.
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21AP4 Revealing Superfluid–Mott-Insulator Transition in an Optical Lattice

Boris Svistunova, Vladimir Kashurnikovb, Nikolay Prokof’evc

aRussian Research Center “Kurchatov Institute”, 123182 Moscow, Russia
bMoscow State Engineering Physics Institute, 115409 Moscow, Russia
cDepartment of Physics, University of Massachusetts, Amherst, MA 01003, USA

We study (by an exact numerical scheme) the single-particle density matrix of∼ 103 ultracold
atoms in an optical lattice with a parabolic confining potential. Our simulation is directly relevant
to the interpretation and further development of the recent pioneering experiment by Greiner
et al. [Nature415, 39 (2002)]. We show that restructuring of the spatial distribution of the
superfluid component when a domain of Mott-insulator phase appears in the system, results in a
fine structure of the particle momentum distribution. This feature may be used to locate the point
of the superfluid–Mott-insulator transition.

21AP5 Bose-Fermi mixed condensates of atomic gas with Boson-Fermion quasi-bound
state

Hiroyuki Yabu, Yasutoshi Takayama, Toru Suzuki

Department of Physics, Tokyo Metropolitan University, Hachioji Tokyo 192-0397, Japan

The Boson-Fermion (B-F) mixed condensates of atomic gas are very interesting topics in Bose-
Einstein condensation (BEC) physics. In case that the Boson-Fermion interaction is attractive,
Boson-Fermion pairs can make quasi-bound states (BF composite fermions), and it causes new
phases in the condensate gas. In this paper, we study the possibility of B-F bound states with
estimating their bound states using the finite temperature/density Schwinger-Dyson equation for
Boson-Fermion pairs. We also make clear the phase structure of the low-temperature B-F mixed
condensates with quasi-bound states BF under the equilibrium:B + F ↔ BF . Critical condi-
tions are obtained especially for the BEC and the BF composite fermion degenerate phases.

21AP6 Peierls Instability of the Quasi-One-Dimensional Bose-Fermi Mixed Gas

Takahiko Miyakawa, Hiroyuki Yabu, Toru Suzuki

Department of Physics, Tokyo Metropolitan University, 1-1 Minami-Ohsawa, Hachioji, Tokyo 192-0397,
Japan

The mixture of quantum degenerate bose and fermi gases in a highly anisotropic potential at zero
temperature is studied. It is found that a giant Kohn anomaly occurs on the Bogoliubov phonon
spectrum around wavevectork = 2kF (kF is the Fermi wavevector) and the system undergoes
the instability which is the analogue of Peierls instability in quasi-one-dimensional conductors.
It is proven that the state of bose condensates atk = 0, 2kF with a fermion density wave is stable
and has lower energy than the spatially homogeneous bose condensed state coexisting with a
normal fermi gas.
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Two-boson pairing in 2D boson systems.

Dmitri V. Efremov, Maxim Yu. Kagan

Kapitza Institute for Physical Problems, Kosygina str 2, Moscow 117334, Russia
Max-Planck-Institut f̈ur Physik Komplexer Systeme, Nöthnitzer Str. 38, 01187 Dresden, Germany

We consider a possibility of two-boson pairing in a dilute 2D Bose-gas on a lattice with strong
hard-core repulsionU and a Van der Waals attraction tailV . We show that the phase diagram
for the Bose-gas of one sort structureless bosons consists of two regions. ForV < 2t, t being a
hopping amplitude, the phase diagram contains the region of the usual one-particle Bose-Einstein
condensation. But forV > 2t the total phase separation on Mott-Hubbard Bose-solid and dilute
Bose gas takes place. However already for Bose-gas consisting of two sorts of structurless bosons
described by the two band Hubbard model thes-wave pairing of the two bosons of different sorts
〈b1b2〉 6= 0 is possible. We discuss the obtained results with respect to recent experiments on 2D
Bose condensation of hydrogen and excitons in semiconductors.

21AP8

Equation of state from hydrodynamic modes in dense trapped ultracold gases

Xavier Leyronas, Roland Combescot

Laboratoire de Physique Statistique, Ecole Normale Supérieure, 24 rue Lhomond, 75231 Paris Cedex 05,
France

Hydrodynamic modes for ultracold gases of any density are considered. By writing the equa-
tions for the mode frequencies in a convenient way, we show that it is possible to determine the
equation of state of the dense gas from the knowledge of the hydrodynamic frequencies. As
an example, we investigate the case of two equal fermionic populations in different hyperfine
states with attractive interactions. We also study the limit of the collapse where the interparticle
distance is comparable to the scattering length.

21AP10

Production of Cold Metastable Helium Atoms in a Cryostat

Manabu Haraguchi, Yoshiyuki Shibayama, Kazuhiro Kikuchi, Hiroyuki Sasada,
Keiya Shirahama

Department of Physics, Keio University, 223-8522 Yokohama, Japan

Metastable helium (He∗) is an attractive atomic species for studies of quantum effects such as
Bose condensation. For laser trapping He∗, it is crucial to have an intense source of cold atoms.
In most experiments, the He∗ atoms were produced by a DC discharge in a gas cooled with
liquid nitrogen. This method subsequently requires a large-scale Zeeman slower for loading a
magneto-optical trap (MOT).
Aiming at constructing a compact MOT without Zeeman slower, we have produced cold He∗

atoms in a simple He cryostat. The He∗ atoms are generated by a RF discharge in a vapor above
a liquid He bath, which is cooled to 1.2K by pumping. The He∗ temperature and density are
estimated to be 30 K and 1011 atoms/cc, respectively, from laser spectroscopy of 23S1-23P2,1

transition. Improvements are underway to produce lower velocity atoms.

21AP11
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21AP12 Quantum Phase separation dynamics in BEC mixtures

S. T. Chui

Bartol Research Institute, University of Delaware, Newark, DE 19716, USA

We dicsuss our recent work on phase separation dynamics in mixtures of Bose-Einstein conden-
sates. We show that the coupledtwo componentone dimensional Gross-Pitaevskii equations can
be solved by the inverse scattering method. This opens the door for the investigation of different
excitations for thetwo componentsystem. We illustrate our results by constructing exactex-
tendedperiodic solutions of this equation. We call these type solutions “striatons”, in analogy to
solitions which arelocalizedsolutions. Our solution suggests that the experimentally observed
long-lived metastable intrinsic straition structure is a new kind of excitation of the two compo-
nent Bose-Einstein condensates. We can find these solutions only in some region of parameter
space. Numerical solution confirms our speculation that not all solutions are metastable.

21AP13 Statistical Mechanics of the Gas-liquid Condensation in the Atrractive Bose Gas

Shun-ichiro Koh

Kochi University, Akebono-cho, 2-5-1, Kochi, 780, Japan

The instability of the Bose gas with the attractive interaction has been known for a long time.
However, its orthodox treatment on the basis of the statistical mechanics still remains in an unde-
veloped state. Recently, a compact form of its grand partition function including the coherence
due to the Bose statistics correctly is obtained in the case of the contact attractive interaction, by
summing terms of the perturbation expansion up to an infinite order. As a result, a singularity
causing the gas-liquid condensation (Yang-Lee’s zero) is extracted analytically1. This paper de-
velops this analysis more closely, discussing its relationship with the BEC, the repulsive core of
particles and implications on the atomic gas experiments.

1S.Koh, Phys.Rev.B64, 134529(2001), ibd65, 019901(E)(2002)

21AP14 BCS-BEC Crossover in a Trapped Gas of Fermi Atoms with a Feshbach
Resonance

Yoji Ohashia, Allan Griffinb

aDepartment of Physics, University of Tsukuba, Tsukuba, Ibaraki 305, Japan
bDepartment of Physics, University of Toronto, Toronto, Ontario, Canada M5S 1A7

We present a theoretical study of the BCS-BEC (Bose-Einstein condensation) crossover in a
trapped gas of cold Fermi atoms with a Feshbach resonance. We show by including the effect of
superfluid fluctuations that two kinds of stable Bosons appear in the strong coupling regime, i.e.,
(1) stable molecules caused by the Feshbach resonance and (2) preformed Cooper-pairs in which
the pairing interaction is mediated by Feshbach quasi-molecules. The phase transition is shown
to change continuously from the BCS-type to BEC of these two kinds of Bosons as the Feshbach
resonance becomes stronger. In the BEC limit, we findTc = 0.218TF (uniform system) and
Tc = 0.518TF (trapped gas in an isotropic harmonic potential).
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Two-dimensional boson-fermion mixtures in harmonic traps

B. Tanatar, E. Erdemir

Department of Physics, Bilkent University, 06533 Ankara, Turkey

Trapped boson-fermion (BF) mixtures are gaining attention because of the advances in sym-
phatetic cooling techniques. Various combinations of interaction strengths among the species in
BF mixtures offer the possibility of a rich phase diagram. The goal of this paper is to study the
ground-state static properties of a 2D mixture of a Bose condensate and a spin-polarized Fermi
gas atT = 0. One of the motivations for investigating a (BF) mixture in 2D is the recent success-
ful creation of low dimensional condensates. Second, the fermion density dependence of the total
energy functional is quite different in 2D than its counterpart in 3D. We employ the variational
method to explore various phases in 2D (BF) mixtures and calculate respective density profiles
of the components. We find a host of overlapping and segragated phases similar to the situation
in 3D.

21AP15

Breathing mode collective excitation of a Bose-Einstein Condensate in a
low-dimensional trap

Takashi Kimura

Advanced Research Institute for Science and Engineering, Waseda University, 3-4-1 Ohkubo, Shinjuku
169-8555, Japan

Using a sum-rule method and a time-dependent variational method, we study the breathing mode
collective-excitation frequency of a trapped Bose-Einstein condensate. We show that the result
for the three-dimensional trap applies also that to the ideal two- or one-dimensional trap, where
the axial or radial degree of freedom is completely neglected. In the case of a realistic two-
or one-dimensional trap, we obtain the lowest order correction for the collective-excitation fre-
quency due to the finiteness of the trap frequency in the tightly trapped direction. We also show
numerical results for the collective-excitation frequencies using parameters relevant to recent
experiments.

21AP16

Numerical Analysis of Transition Temperature in Bose-Einstein Condensation

Shoichi Sakamotoa, Hideki Matsumotob, Shigeto Ichinoa

aDepartment of Applied Physics, Seikei University, Musashino, Tokyo 180-8633, Japan
bInstitute of Physics, University of Tsukuba, Ibaraki 305-8571, Japan

We numerically investigate Bose-Einstein condensation (BEC) of finite number atoms in a mean
field approximation. For the Bose gas interacting with a weak repulsive potential and trapped
in an external parabolic potential, BEC occurs at finite temperature in one-, two-, and three-
dimensional systems. The BEC state is identified by the non-vanishing thermal average of a
boson field. Since the normal state can exist even at lower temperature, we compare free energies
between the BEC state and the normal state and define the transition temperature as a crossing
point of free energies. Relations among the transition temperature, the total number of atoms,
and the repulsive coupling constant are provided and dimensional dependences of the relations
are discussed.

21AP17
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21AP18 Simulations of Dynamics for Wavepackets made by Two-Component
Bose-Einstein Condensates in Alkali-Atom Gases

Kensuke Doi, Yuhei Natsume

Graduate School of Science and Technology, Chiba University, Inage-ku, Chiba 263-8522

In relation with experimental report JILA, in which Bose condensates of87Rb for different
hyperfine statesΨ1=|F=1,m=-1〉 andΨ2=|F=2,m=1〉 can be confined under various conditions
in harmonic traps. We calculate [1] the behavior ofΨ1 andΨ2 for the following two cases. (a)At
the initial state, both states are fixed in the identical trap: With increasing time, we obtain the
shell structure forΨ1 with strong repulsion, whileΨ2 with weak repulsion occupies the center.
(b) We give relative sags to both states in center of the trap: As a result,Ψ1 andΨ2 show the
phase-separation indicating the vibrational behavior. For (a) and (b), the agreements between the
simulations and experiments are well. [1] K.Doi and Y.Natsume, J.Phys.Soc.Jpn70 (2001),167

21AP19 Collective Spin Dynamics in a Dilute Bose Gas

Tetsuro Nikunia, James E. Williamsb, Charles W. Clarkb

aDepartment of Physics, Tokyo University of Science, Shinjuku-ku, Tokyo 162-8601, Japan
bElectron and Optical Physics Division, National Institute of Science and Technology, Gaithersburg,
Maryland 20899-8410, USA

We present a finite temperature kinetic theory for a dilute, trapped Bose-condensed gas of two-
level atoms. This spin-1/2 system exhibits interesting collective spin dynamics. AboveTc, the
exchange mean field gives rise to spin-wave collective modes, which have been observed in
recent JILA experiments. In the opposite limit ofT = 0, interesting effects have also been
observed in the spin-1/2 condensate at JILA, such as spin “untwisting” and vortex spin textures.
We give a unified theoretical description which interporates thses two situations, and discuss
possible new physics that occurs belowTc where the spins of the condensate and thermal atoms
interact through mean field and collisions.

21AP20 Collective Ferromagnetic States of Degenerate Atomic Fermi Gas with Two
Components in Trapping Potential

Takaaki Sogo, Hiroyuki Yabu

Department of Physics, Tokyo Metropolitan University, 1-1 Minami-Ohsawa, Hachioji, Tokyo 192-0397,
Japan

Particle distributions of the ground state are studied for a trapped degenerate Fermi gas of atoms
with two-components (spin up and down) in terms of the Thomas-Fermi approximation. A spin
asymmetric ground state is shown to appear for systems with a strong repulsive interaction or
with large particle numbers. A condition for a realization of the spin asymmetric state is obtained.
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RPA Study of Collective Excitations in the Bose-Fermi Mixted Condensate of
Alkali-Metal Gases

Takaaki Sogo, Takahiko Miyakawa, Toru Suzuki, Hiroyuki Yabu

Department of Physics, Tokyo Metropolitan University, 1-1 Minami-Ohsawa Hachioji, Tokyo 192-0397,
Japan

We perform RPA (Random Phase Approximation) study of collective excitations in the bose-
fermi mixed degenerate gas of Alkali-metal atoms atT = 0. We investigate strength distributions
for different combinations of bose and fermi multipole (L) operators withL = 0, 1, 2, 3. Transi-
tion densities and dynamical structure factors are calculated for collective excitations. Compari-
son with the sum rule prediction for the collective frequency is given. Time dependent behavior
of the system after an external impulse is studied.

21AP21

Universality of the ground states of rotating bosonic atoms in magnetic traps

O. K. Vorova, M.S. Husseinb, P Van Isackera

aGrand Accelerateur National d’Ions Lourds, BP 5027, F-14076, Caen, Cedex 5, France
bInstituto de Fisica, Universidade de Sao Paulo CP 66318, 05315-970, Sao Paulo, SP, Brasil

Trapped bosonic atoms with manipulated interaction strength near the sign flip of the scatter-
ing length are considered. Analytic solutions for the rotating ground states are obtained within
algebraic approach1. It is shown that the form of the ground states at any angular momentum
is universal, and it do not depend on the details of the interaction. The ground states are either
“collective rotations” or “condensed vortex states”, depending on the sign of the ’modified Born
scattering length’. Application of the techniques to fermion system (quantum Hall effect) are
discussed.

1To be subm. to PRL; Phys.Rev A65, 035603 (2002); Phys.Rev. A65 n5 (in press); Ann.Phys.(2002)in press.

21AP23

Oscillatory Transient Studies in the Convection of Supercritical3He

Horst Meyer, Andrei Kogan

Department of Physics, Duke University, Durham, NC 27708-0305, U.S.A.

We discuss the observed transient pattern of the temperature difference∆T (t) observed across a
very compressible3He fluid layer in a Rayleigh-B́enard cell after starting the vertical heat flow
q. The experiments are carried out along the critical isochore over a range5 × 10−4 < ε < 0.2
whereε = (T − Tc)/Tc with Tc= 3.318 K. Forq > qons (“convection onset”), the transient
∆T (t) shows an overshoot before decaying non-exponentially to the steady-state value∆T . It
becomes larger with increasingq until unusual damped oscillations in∆T (t) appear, their rate
increasing withq. At high values ofq and forε <0.01, oscillations are no longer observed. The
∆T (t) pattern are compared with 2D simulations by Onuki et al. and by Amiroudine and Zappoli
showing oscillations. There is fair agreement inside the (ε, q) range where damped oscillations
are observed, but the simulations do not reproduce the experiments outside.

21AP24
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21AP25 Finite-size effects on the thermal conductivity of4He near Tλ

Michael Töpler, Volker Dohm

Institut für Theoretische Physik, Technische Hochschule Aachen, D-52056 Aachen, Germany

We present the results of a renormalization-group calculation of the thermal conductivity of con-
fined4He in cylindrical geometry above and atTλ within model F with Dirichlet boundary con-
ditions for the order parameter. We assume a heat flow parallel to the boundaries which implies
Neumann boundary conditions for the entropy density. No adjustable parameters other than those
known from bulk theory are used. Our theoretical results are compared with experimental data
by Kahn and Ahlers.

21AP26 Nonuniversal critical Casimir force in confined 4He near the superfluid transition

X.S. Chena,b,c, V. Dohmb

aInstitute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100080, China
bInstitut für Theoretische Physik, RWTH Aachen, 52056 Aachen, Germany
cInstitut für Festk̈orperforschung, Forschungszentrum Jülich, 52425 J̈ulich, Germany

We present the result of a renormalization-group calculation of the effect of a van der Waals type
interaction on the free energy of confined4He near the superfluid transition. We consider a4He
film of thicknessL and assume Dirichlet boundary conditions for the order parameter. In the
regionL ≥ ξ (correlation length) we find that the van der Waals interaction causes a leading
nonuniversal contribution∼ ξ2L−6 to the critical temperature dependence of the Casimir force
aboveTλ that dominates the universal scaling contribution∼ e−L/ξ predicted by earlier theories.

21AP27 Anomalous Temperature Dependence of the Casimir Attraction between Thin
Metallic Films.

Oleg I. Lyubimov, Vyacheslav N. Dubrava, Valery A. Yampol’skii

Institute for Radiophysics and Electronics NASU, 12 Acad. Proskura Str., Kharkov 61085, Ukraine

A general expression for the Casimir force between a metallic film and an ideal bulk conductor is
obtained for the conditions where the thicknessd of the film is much less than the characteristic
skin depthδ and the spacinga between the conductors. This expression consists of two terms.
One of them,Fq, is related to the quantum fluctuations of the electromagnetic field and the
second one,Fth, describes the attraction caused by the thermal fluctuations. The thermal force
is shown to growth with the temperatureT . The quantum force is defined by the conductivity of
the film, and, therefore decreases with the increase ofT . These sequences lead to the anomalous
nonmonotonous temperature dependence of Casimir force for some range of the parameters of
the problem.
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Vortex Loop Fluctuations in Casimir Thinning of Helium Films

Gary A. Williams

Department of Physics and Astronomy, University of California, Los Angeles, CA 90095 USA

A vortex-loop renormalization theory is used to calculate the Casimir forces that lead to the
thinning of4He films near the superfluid transition point. For periodic boundary conditions the
force is a maximum when the loop size becomes comparable to the film thickness. The results
for T < Tc match well with a 2-loopε-expansion by Dietrich and Krech valid for T> Tc.
Although the periodic boundary conditions are not directly applicable to the experiments, the
results suggest a revised interpretation of the existing data.
Work supported by the National Science Foundation, DMR-0131111

21AP28

Geometry of Fluctuating Vortex Loops at Superfluid Phase Transitions

Gary A. Williams

Department of Physics and Astronomy, University of California, Los Angeles, CA 90095 USA

The geometrical properties of thermally-excited vortex loops near a superfluid phase transition
are deduced from an analytic vortex-renormalization theory. The fractal Hausdorff dimensional-
ity of the loops is DH = 2.5, and the corresponding ’anomalous’ dimensionality exponent isη =
-0.5. This shows that their geometry falls midway between being strictly planar loops (DH = 2.0)
and wound-up balls of string (DH = 3.0). As the temperature is increased towards Tc the density
distribution of loops of average diametera crosses over from exponential to algebraic decay in
the loop diameter. Just at Tc the distribution falls off algebraically asa−λ, whereλ = D+1 = 4.0,
which is in exact agreement with a cosmic-string prediction of Vilenkin and Vachaspati.
Work supported by the National Science Foundation, DMR-0131111

21AP29

Test of Yang-Yang Anomaly in3He near its Liquid-Vapor Critical Point

Fang Zhong, Martin Barmatz, Inseob Hahn

Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, 91109 USA

The Yang-Yang thermodynamic relation established a direct connection between the singularity
in the heat capacity at constant volume,CV , and the temperature dependence of the second
derivatives in the chemical potential(d2µ/dT 2)σ and the pressure(d2P/dT 2)σ in the two-phase
region of a liquid-vapor critical point. The lattice gas model and all currently-in-use equations-
of-state assume that the entire singularity inCV is taken up in(d2P/dT 2)σ. A recent analysis by
M. E. Fisheret al. suggests that(d2µ/dT 2)σ and(d2P/dT 2)σ contribute almost equally to the
CV singularity. Kostrowicka Wyczalkowskaet al. demonstrated that impurities can complicate
the analysis of these measurements. We have performed high precisionCV measurements in the
two-phase region with 1ppm pure3He to determine the bounds on the size of these singularities.
The results of these measurements will be presented.

21AP30
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21AP31 New propagating mode near the superfluid transition in4He

D. A. Sergatskova, A. V. Babkina, R. A. M. Leeb, S. T. P. Boyda, R. V. Duncana

aUniversity of New Mexico, Albuquerque, NM 87131-1156 USA
bCalifornia Institute of Technology, Pasadena, CA 91125 USA

We have observed a genuinely new temperature-entropy wave that propagates opposite to the
direction of a steady heat flux~Q when the helium column is heated from above. Counter in-
tuitively this new mode, which resembles second sound, propagates on the normal fluid side of
the transition, but it exists only when the column of helium is heated from above. Such a new
mode had been predicted to exist on the self-organized heat transport state forQ less than about
100 nW/cm2. We confirm that this mode exists in this regime, however we also observe that it
propagates even when the helium is held off from the self-organized heat transport state. This
work has been supported by the Fundamental Physics Discipline of the Microgravity Science
Office of NASA.

21AP32 Thermal conductivity measurements on4He in aerogels near theλ-line

Norbert Mulders

Department of Physics and Astronomy, University of Delaware, Newark, DE 19716, USA

The static critical properties, such as the superfluid density and the heat capacity, of 4He near the
?-line are modified considerable when the fluid is adsorbed in an aerogel. Very little is known
of the dynamic critical behavior as for example shown in the thermal conductivity. Attempts
to measure the thermal conductivity have in the past been thwarted by the appearance of super-
fluid thermal shorts below the bulk transition temperature but above the Tc in the aerogel. By
growing the aerogel in a glass capillary array, this problem has been eliminated, and an apparent
divergence of the thermal conductivity is observed which coincides with Tc

21AP33 Low Density Thin Films of 4He in Vycor

Alex D. Corwina, Jizhong Heb, John D. Reppya

aThe Laboratory for Atomic and Solid State Physics and the Cornell Center for Materials Research,
Cornell University, Clark Hall, Ithaca, New York 14853 USA
bIBM Storage Technology Division, 5600 Cottle Rd, San Jose, CA 95193

4He in vycor glass is a unique systems that allows us to observe the low density 3D behavior of
a superfluid. As the density is lowered, behavior approaching that of an ideal bose condensate
is seen. To measure properties at the lowest densities, it is necessary to cool the system to the
lowest temperatures. A current experiment is running and has been designed to allow cooling of
the vycor system down to one mill-kelvin, and thus allow a measurement of very low densities.
We will present data from this experiment.
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Phase Separation Study Near the Tricritical Point in 3He-4He Mixtures

Al Nasha, Melora Larsona, John Panekb, Norbert Muldersc

aJet Propulsion Laboratory, California Institute of Technology, Pasadena CA 91109
bGoddard Space Flight Center, Greenbelt, MD 20771
cUniversity of Delaware, Newark, DE 19716

Our understanding of critical phenomena can be uniquely tested at the tricritical point in the
helium-3/helium-4 phase diagram. The associated critical exponents are (exact) integer frac-
tions with logarithmic corrections to this critical behavior because D=3 is the marginal spatial
dimension for tricriticality. All of the phase boundaries should appear linear in the temperature
concentration plane, with extremely weak logarithmic corrections. We report on our study of the
phase separation performed using inter-digital capacitor sensors on the top and bottom of our cell
to measure the phase separation by probing the local concentration.

21AP34

Non-linear second sound in3He –4He mixtures near the tricritical point

Vladimir Dotsenkoa, Ashutosh Tiwaria, Masoud Mohazzaba, Norbert Muldersa, Alfred Nashb,
Melora Larsonb, Ben Vollmayr-Leec

aDepartment of Physics and Astronomy, University of Delaware, Newark, DE 19716, USA
bJet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA
cDepartment of Physics, Bucknell University, Lewisburg, PA 17837, USA

The tricritical point in the phase diagram of3He –4He mixtures offers unique opportunities to
test our understanding of critical phenomena. Because D = 3 is the marginal spatial dimension
for tricriticality, associated critical exponents are exact integer fractions. In addition, one expects
to find logarithmic corrections. We present results for the superfluid density, obtained from time-
of-flight non-linear second sound measurements near the tricritical point and along the phase
separation curve.

21AP35

Heat Capacity of Mixtures of 3He-4He Confined to Coupled 1µm boxes.

Mark O. Kimball, Francis M. Gasparini

University at Buffalo, SUNY

We have measured the heat capacity of helium mixtures confined to lithographically created
cylindrical boxes whose height, 1.08µm, equals their diameter. The specific heat at constant
concentrationx, Cpx, is renormalized due to the3He impurity. Thus, in order to observe critical
behavior, a conversion must be made to a specific heat at constantφ=µ3-µ4, Cpφ. The confined
system’s specific heat, near it’s maximum, has values which rise abovethe bulk system’s specific
heat at the same temperature. This is unexpected and is true for both Cpx and Cpφ. This en-
hancement, not observed with pure4He, becomes more dramatic asx and the correlation length
increase. The shift of the maximum withx is much larger for the boxes than for 2D confined
mixtures. These observations might be related to a “band structure” effect associated with the
18.5 nm channels which connect the cylinders.

21AP36
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21AP37 Theromodynamic and magnetic properties of the confined neutral Fermi systems

Dmitrii A. Tayurskiia, Ajaz R. Minnullinb

aDepartment of Physics, Kanazawa University, Kakuma-machi, Kanazawa, 920-1192, Japan
bPhysics Department, Kazan State University, Kremlevskaya str., 18, Kazan, 420008, Russia

In the present work we continue our study of the influence of the restricted geometry on properties
of a neutral Fermi system (JETP Lett., 7

¯
2, 616 (2000)). The examples of such systems are liquid

or gaseous3He in porous substances, in aerogels etc. It is shown that taking into account the
existence of a pore size distribution leads to the smoothing of magnetic susceptibility oscillations.
The heat capacity and magnetic suscpetibility of liquid3He ”puddles” in3He-4He thin films are
considered.

21AP38 Torsion Oscillator Study of 3-Dimencial Superfluidity of 4He Thin Films in
10µm Porous Glass

Nikolay P. Mikhin∗, Vitaly E. Syvokon∗, Toshiaki Obata, Minoru Kubota

Institute for Solid State Physics, University of Tokyo, Kashiwanoha, 5-1-5, Kashiwa, Chiba 277-8581,
Japan

The superfluid density of thin helium films (superfluid transition temperature 0.1 K< TC < 0.88
K) condensed on 10µm porous glasses was studied. In spite of 2-dimential linear behavior of
TC-film thickness relation, the 3-dimensional coherence length is found to be beyond the pore
size over the whole superfluid temperature range. We discuss the 3-dimensional nature of the
superfluidity of the system.
∗The permanent address: B.Verkin Institut for Low Temperature Physics& Engineering, 47
Lenin Ave., Kharkov 61103, Ukraine

21AP39 Tosional Oscillator Experiment for superfluid 4He on porous glass
under the rotation with the speed up to 2.0 rev./s

Toshiaki Obata, Nikolay P. Mikhin∗, Minoru Kubota

The Institute for Solid State Physics, University of Tokyo.

3D features of the4He film on a porous glass is studied with Torsional Oscillator technique under
rotation up to 2.0 rev./s. We compare the results with the previously reported double peak energy
dissipation.
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Superfluidity of Disordered Bose Systems: Numerical Analysis of the
Gross-Pitaevskii Equation with a Random Potential

Michikazu Kobayashi, Makoto Tsubota, Takeshi Iida

Faculty of Science, Osaka City University, Sugimoto 3-3-138, Sumiyoshi-ku, Osaka 558-8585, JAPAN

We study the two-dimensional superfluidity of disordered Bose systems by analyzing the Gross-
Pitaevskii equation(GPE) with a random potential. First, we obtain the ground state of the GPE
and calculate its superfluid density by the linear response theory. We show their remarkable
dependence on the potential amplitude, the healing length and the density. Secondly, we apply
the velocity field to these ground states, and observe the breaking of superfluidity due to vortex
pairs excited above a critical velocity.

21AP41

Bose-Einstein Condensation and Superfluidity of Dirty Bose Gas

Michikazu Kobayashi, Makoto Tsubota

Faculty of Science, Osaka City UniversitySugimoto 3-3-138, Sumiyoshi-ku, Osaka 558-8585, JAPAN

We develop the dilute Bose gas model with random potential in order to understand the Bose
system in random media such as4He in porous glass. Using the random potential taking ac-
count of the pore size dependence, we can compare quantitatively the calculated specific heat
with the experimental results, without free parameters. The agreement is excellent at low tem-
peratures, which justifies our model. The relation between Bose condensation and superfluidity
is discussed. Our model can predict some unobserved phenomena in this system.

21AP42

Dynamics of the collapse of a Bose–Einstein condensate

M. Binoy Sobnack, Feodor V. Kusmartsev

Department of Physics, Loughborough University, Loughborough, Leicestershire LE11 3TU, United
Kingdom

We investigate the dynamical stability of a Bose–Einstein condensate in a non–isotropic har-
monic magnetic trap and present the conditions for the collapse of the system. We show that the
condensate may exhibit a variety of exciting phenomena. The system has two modes of viobra-
tion, transverse and longitudinal. If the mean–field interaction between the atoms is attractive
and if the energy of the system is negative the condensate droplet collapses. When the collapse
takes there is an interesting interplay between the modes of vibration.

21AP43
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