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Lattice dynamics and heat capacity of 2D helium and rare gases solids
on graphite and metallic substrates

Tatiana N. Antsygina, Konstantin A. Chishko, Igor I. Poltavsky, Marina I. Poltavskaya

B.Verkin Institute for Low Temperature Physics and Eng., 47 Lenin Ave., 61103 Kharkov, UKRAINE

An analytical approach is developed to describe the lattice dynamics of two-dimensional closely
packed atomic monolayers adsorbed on substrates of different kinds. Phonon spectra of a per-
fect triangular lattice and a triangular lattice with a uniform distortion along one of the closely
packed directions in the monolyer are found in explicit form without using the long-wave ap-
proximation. Heat capacity temperature dependences are calculated for both commensurate and
incommensurate structures. The obtained theoretical results are used to interpret and discuss in
detail available experimental data on the 2D lattice excitation spectra and the specific heat of rare
gas monolayers with emphasis on3He and4He monolayers on graphite and metal substrates.

22AP1

NMR of Hydrogen Adsorbed on Carbon Nanotubes

Insuk Yu, Jong Jin Lee, SangGap Lee

School of Physics, Seoul National University, Seoul 151-747, Korea

Hydrogen gas is introduced to multi-wall carbon nanotubes and the hydrogen adsorption is stud-
ied by using1H nuclear magnetic resonance(NMR). The resonance spectrum, peak position shift,
signal intensity, and the spin-spin and spin-lattice relaxation times are measured as the functions
of hydrogen gas pressure and temperature. The peak position shift is inversely proportional to
temperature and resulted from the super-paramagnetic Fe catalysts remained in the nanotubes.
Due to the distribution of Fe impurities the relaxation behavior becomes non-single exponential
type. The spin-lattice relaxation time increases and the spin-spin relaxation time decreases as
temperature is decreased. The observed spectrum and time-dependent signal intensity indicate
that the hydrogen adsorbed on carbon nanotubes is H2, i.e. the molecular hydrogen. We will
discuss about dynamic properties of the adsorbed molecules.

22AP2
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22AP3 Theoretical NMR line shapes for orientational ordering study

Kiho Kim

Department of Physics, University of South Alabama, Mobile, AL 36688, U.S.A.

A peculiar NMR lineshape was reported for orientational ordering study of submonolayer films
of H2 molecules adsorbed on hexagonal boron nitride. This low-temperature (below 200 mK)
NMR line shape was seen for relatively high ortho concentration [x[H2]≤0.74] and was inter-
preted a signature of the hindered rotor state. Recent computer simulations of the NMR line
shapes for hydrogen, however, indicate that the peculiar NMR lineshape could be formed due to
the combination of three different NMR line structures, and suggest that there might existed well-
defined clusters in two dimensions with three different order parameters which dominated the ori-
entational ordering. In addition to the hindered rotor lineshape, the order-parameter-dependent
quadrupolar glass NMR lineshape will be discussed.

22AP4 Diffusive Motions in HD Films Physisorbed on Graphite

H. Wiecherta, B. Leinb̈ocka, M. Bienfaitb, M. Johnsonc

aInstitut für Physik, Johannes Gutenberg-Universität, D-55099 Mainz, Germany
bCRMC2, Facult́e des Sciences de Luminy, F-13288 Marseille Cedex 9, France
cInstitut Laue-Langevin, F-38042 Grenoble Cedex 9, France

High-resolution quasielastic neutron scattering was used to study diffusive motions in two-
dimensional (2D) liquid and solid phases of deuterium hydride (HD) submonolayers adsorbed on
graphite. Several interesting phenomena were observed: In the commensurate(

√
3×√3)R30o

(C) phase and in the incommensurate (IC) solid phase molecular mobility already starts to wake
up about 8 K below the melting temperature and can be described by a 2D hexagonal jump
model. For the first time it could be unambiguously clarified that the novel reentrant fluid (RF)
phase at the C-IC transition has the character of a viscous fluid and that particle motion in this
phase is a complex process (kink diffusion of domain-walls).

22AP5 Quartz Microbalance Study of Superfluid Helium Thin Films Absorbed on a
Hydrogen Pre-plated Golde surface

Shalva Ben-Ezraa, William I. Glabersonb

aPhysics and Engineering Research Institute, Ruppin Institute for Higher Education, Emek Hefer 40250,
Israel.
bThe Racah Institute of Physics,The Hebrew University of Jerusalem, Jerusalem 91904, Israel

We have developed highly sensitive torsional oscillator technique for probing the effect of the
substrate character on the Kosterlitz-Thouless transition in thin helium films. We have measured
the vortex diffusivity in thin superfluid helium films adsorbed on a hydrogen pre-plated gold
substrate at temperatures from 1.4 K to 2.0K. We study the finite amplitude and frequency effects
for substrate velocity up to 9 cm/sec and in frequency range from 3.3MHz to 36MHz of single
quartz crystal microbalance.
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Amplitude and Frequency Effects on the Kosterlitz-Thouless Transition in Thin
Helium Films

Shalva Ben-Ezraa, William I. Glabersonb

aPhysics and Engineering Research Institute, Ruppin Institute for Higher Education, Emek Hefer 40250,
Israel.
bThe Racah Institute of Physics,The Hebrew University of Jerusalem, Jerusalem 91904, Israel

We have developed a technique for probing the Kosterlitz-Thouless transition in thin helium
films in which a single quartz crystal microbalance is excited at six different harmonic frequen-
cies. We operate a single quartz crystal microbalance at two different harmonic frequencies
simultaneously in frequency range from 3.3 MHz to 36 MHz. We observe previously unreported
non-linear behavior in superfluid dissipation associated with finite amplitudes, at the various fre-
quencies. In addition we measure the shifts and broadenings of the transition associated with the
predicted finite frequency effects.

22AP6

Thermodynamic properties of 3He in thin 3He–4He films

R. H. Anderson, M. D. Miller

Department of Physics, Washington State University, Pullman, WA 99164-2814, USA

We examine the thermodynamic properties of the quasi two-dimensional system,3He adsorbed in
thin 4He superfluid films. In this note, we ignore the effects3He–3He interactions and consider
the system as a gas of independent quasi-particles. The3He atoms are characterized by their
hydrodynamic effective mass and a discrete single-particle spectrum that models the effects of
the substrate. We calculate the magnetization steps, certain fixed points in the phase diagram, the
equation of state and the specific heat. We show how the magnetization steps at finite-temperature
evolve from the zero-temperature limit. We show that there exist points in the phase diagram
through which all isotherms pass. We point out that the pressure has a negative temperature
derivative at coverages near the endpoints of the magnetization steps. We show that the specific
heat has a broad Schottky-like maximum at low coverages.

22AP8

Study of dynamical properties of superfluid3He film flow by interdigited
capacitors

Masamichi Saitoha,b, Hiroki Ikegamib, Kazuhide Mukudab, Kimitoshi Konob

aInstitute for Solid State Physics, University of Tokyo, 5-1-5 Kashiwanoha Kashiwa, 277-8581 Japan
bLow Temp. Phys. Lab. RIKEN, 2-1 Hirosawa Wako-shi, 351-0198 Japan

We have developed a new technique to study film flow of adsorbed superfluid3He film. By this
technique utilizing interdigitated capacitors, flow and thickness of the film can be controlled. We
measured superfluid critical temperatures of filmT f

c for various thicknesses(0.2-7.5µm). The
result agrees with the theoretical criterion that2dc ≈ πξ(T f

c ), wheredc is the film thickness and
ξ(T ) is the temperature-dependent coherence length of superfluid3He.

22AP9
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22AP10 Torsion pendulum studies of thin3He slabs

J M. Parpiaa, G W Morleyb, A Caseyb, J Nýekib, B Cowanb, J Saundersb

aLASSP, Clark Hall, Cornell University, Ithaca, NY 14853-2501, USA
bDepartment of Physics, Royal Holloway University of London, Egham, Surrey,TW20 0EX, U.K

A high precision torsional oscillator has been developed for the detection of two dimensional
superfluidity in3He films of thickness comparable to the superfluid coherence length, 70 nm at
T = 0. The mass loading from such a film can be detected with a 0.1% resolution. The oscillator
is fabricated from coin-silver alloy, and the working surfaces are two highly polished coin silver
discs, that are diffusion welded together using a copper gasket. Measurements on normal films
show an unexpected de-coupling from the surface with decreasing temperature, below 60mK.
The frequency shift and dissipation data can be interpreted using a phenomenological interfacial
friction model. Progress on studies of the superfluid transition and superfluid density of such3He
slabs will be discussed.

22AP11 Specific Heat Measurements of Two-dimensional3He on 4He Films

H. Akimoto, R.B. Hallock

Department of Physics, University of Massachusetts, Amherst, MA 01003 USA

We report heat capacity measurements of two-dimensional liquid3He on superfluid4He films.
Our group previously measured the coverage dependence (0.02-1.65 bulk-density3He layers) of
the heat capacity of3He on 4.33 bulk-density layers of4He over the temperature range 90< T
< 160 mK.[1,2] We have improved the refrigerator and installed melting curve thermometry for
measurements at lower temperatures. We will report new results as they are available for lower
temperatures and different4He coverages. Analysis yields a determination of the hydrodynamic
mass and the Landau parameterFS

1 , and, by comparision with NMR measurements[3],FA
0 is

also determined. [1] P.C. Ho and R.B. Hallock, Phys. Rev. Lett.87, 135301 (2001). [2] H.
Akimoto, P.C. Ho and R.B. Hallock, Bull. Am. Phys. Soc.47, 1016 (2002). [3] R.H. Higley,
D.T. Sprague, and R.B. Hallock, Phy. Rev. Lett.63, 2570 (1989).

22AP12 Exact Diagonalization for the Vibronic Levels of Dynamic Yahn-Teller Systems
–Eg Orbitals with eg modes in Trigonal Fields–

Hisatsugu Yamasaki, Yuhei Natsume

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

We calculate electronic states of degenerateEg orbitals ofd-leves coupled with vibrational modes
of eg. This is the typical Longuet-Higgins system of dynamic Jahn-Teller effects(DYTE). Fur-
ther, the effect of the trigonal fields on some low-lying levels has also discussed. Here, we per-
form the exact diagonalization without approximations used in previous work, to discuss clearly
DYTE.
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Simulated Avalanches in the Draining of Superfluid Helium From Nuclepore

Adrienne Wootters, Robert B. Hallock

Laboratory for Low Temperature Physics, University of Massachusetts, Amherst, MA, 01003, U.S.A.

One observes avalanches in the pore draining of superfluid4He from Nuclepore within a narrow
range of chemical potential. The avalanches involve pores distributed across the entire sample
and they are enabled by the superfluid film. The statistics of the avalanches depend on whether
the superfluid film has limited or unimpeded access to flow pathways from the substrate during
draining. We have simulated the avalanches in Nuclepore and when third sound perturbations
are a factor during the draining of the pores, we find simulated avalanche statistics similar to the
experimentally observed statistics we see when flow from the substrate is limited. When third
sound is not included in our simulated draining, we see statistics similar to those we observe
when flow from the substrate is unimpeded.

22AP12

The possible origin of the unusual peak observed in the spin-diffusion coefficient
of 3He films

Paulo F. Farinas

CCET, Universidade S̃ao Francisco, Itatiba, SP 13251-900, Brazil

We show a theoretical result that yields the existence of a peak in the spin diffusion coefficient as
a function of density (Ds(n)) in a dilute two dimensional Fermi liquid. We argue that may be an
explanation for the unusually peakedDs(n) observed in3He films by Sheldon and Hallock [PRL
85, 1468 (2000)]. We are able to fit the up and downturns in the experimental data using a hard
disk radius consistent with older measuraments of the spin susceptibility. It is found that if no
other scatterinc process besides diffusional scattering is theoretically included, the peak inDs(n)
becomes a divergence for a given value ofn. Further implications of these results are discussed
together with possible mechaninsms that may be responsible for the observed saturation ofDs(n)
for intermediate densities.

22AP13

Helium Molecules Within Carbon Nanotubes

Leandra Vranjěs, Željko Antunovíc, Srécko Kili ć

Faculty of Natural Sciences, University of Split, 21000 Split, Croatia

The ground state properties of3He and 4He dimers and trimers in infinite carbon nanotubes
are studied. The ground state eigen-functions of one helium atom in tubes of different radii are
obtained numerically and then fitted by analytic expressions. Total wave function is assumed
to be a product of Jastrow-Feenberg pair correlation and one particle functions. After extensive
Monte Carlo calculation in two successive stages, VMC (simple variational Monte Carlo) and
DMC (diffusion Monte Carlo) it is found that binding depends on the radius and has maximum
for a certain tube width. We expect to show that the physical difference between fermions and
bosons will disappear inside narrow enough tubes.

22AP14
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22AP15 The Adsorption of 4He on Single Wall, Closed-end Carbon Nanotube Bundles

Oscar E. Vilches, Tate Wilson

Department of Physics, Box 351560, U. of Washington, Seattle, WA 98195-1560, USA

Volumetric adsorption isotherm measurements of4He deposited on single wall, closed-end car-
bon nanotube bundles performed over an extended range of temperatures above 2.5K will be
reported. We have probed the very high binding energy sites in the initial stages of adsorption,
the graphite-like adsorption at completion of a monolayer, and the multilayer regime up to four
layers. We wil compare these results to those obtained previousy on H2 and D2 adsorbed on the
same nanotubes by isotherms and elastic neutron scattering, and will present preliminary heat
capacity measurements of4He above 1.5K at a few selected coverages.

22AP16 Competitive Adsorption of 4He and H2 on Single-wall Carbon Nanotubes

Yung Ho Kahng, Robert B. Hallock

Laboratory for Low Temperature Physics, University of Massachusetts, Amherst, MA, 01003, U.S.A.

We have used a temperature-programmed desorption (TPD) technique to observe that H2 binds
preferentially vs.4He on single-wall carbon nanotube bundles. Pure4He TPD work has previ-
ously indicated the existence of strong binding sites associated with the nanotube bundles. There
are two different strong binding locations on the close-ended tube bundles: outer-groove sites and
interstitial channels. Whether H2 preferential binding occurs in the interstitial channels or on the
outer grooves has not yet been unambiguously determined. Complementary measurements are
underway, and the results of these will be described.

22AP17 Specific Heat of4He Film Adsorbed on Three-Dimensional Pores

Ryo Todaa, Tomoya Yamadaa, Junko Taniguchib, Taku Matsushitaa, Nobuo Wadaa

aDepartment of Physics, Nagoya University, Nagoya 464-8602, Japan
bInstitute for Solid State Physics, University of Tokyo, Kashiwa 277-8581, Japan

We have measured specific heats of4He and3He films adsorbed on a new mesoporous material
with the pore diameter 27̊A called HMM-2 which has an ordered 3D network. The substrate
is organic-inorganic hybrid material made of C2H4 and Si2O3, and has cages connected in hcp
structure (a = 55.4 Å, c = 88.6 Å). When adsorptions are above one layer, specific heats below
about 0.3 K are qualitatively different between3He and4He. It indicates that the Bose fluid
of the 4He films appears at the second layer. We found that the temperature dependence of the
4He specific heat has a peak at the density where Bose fluid appears. Above 0.1 K, the peak
temperature linearly increases as the density of the4He films increases.
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Superfluidity of 4He Film Adsorbed on 47Å Pores

Yoji Yamato, Hiroki Ikegami, Tomohisa Okuno, Junko Taniguchi, Nobuo Wada

Institute of Physics, Basic Science, Graduate School of Arts and Sciences, University of Tokyo,
Komaba 3-8-1, Meguro-ku, Tokyo, 153-8902, Japan

The superfluid of4He films adsorbed on uniform straight pores 47Å in diameter has been studied
using a torsional oscillator in order to investigate the nature of the superfluid transition of the
film formed in several nanometer pores. The results show that the film in the pore is certainly
superfluid above 1.5 layers. The temperature dependence of the superfluid density below the
superfluid transition temperature is not so sharp compared with that expected by the Kosterlitz-
Thouless transition. This behavior is similar to the results with porous glass with 50Å diameter
pores and qualitatively explained by the strong confinement of the vortex pairs.

22AP18

Few Helium Atoms in Quasi Two-Dimensional Space

Srécko Kili ć, Leandra Vranjěs

Faculty of Natural Sciences, University of Split, 21000 Split, Croatia

Two, three and four3He and4He atoms in quasi two-dimensional space above graphite and ce-
sium surfaces and in ”harmonic” potential perpendicular to the surface have been studied. Using
some previously examined variational wave functions and Diffusion Monte Carlo procedure it
has been shown that all molecules: dimers, trimers and tetramers, are bound stronger than in pure
two- and thee-dimensional space. The enhancement of binding with respect to unrestricted space
is more pronounced on cesium than on graphite. Furthermore, for3He on all studied surfaces
there is indication that the configuration of a dimer and a ”free” particle is more stable than the
trimer.

22AP19

Superfluid transition of 4He films adsorbed in one-dimensional MCM-41 ceramic

Han-Ching Chu, Gary A. Williams

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

An initial study of the superfluid transition of a4He film adsorbed in 40̊A diameter cylindrical
pores of MCM-41 ceramic has been carried out using a torsion oscillator technique. A very
broad transition is observed, as expected from the theory of Machta and Guyer for the Kosterlitz-
Thouless transition in cylindrical pores when the vortex core size is a substantial fraction of the
pore diameter.

22AP20

7



Session 22AP Thursday, August 22

22AP21 Striped - Honeycomb Transition of Domain Wall Structure of 3He Submonolayer
Solid Film on Graphite

Masashi Morishitaa, Takeo Takagib

aInstitute of Physics, University of Tsukuba, Tsukuba, Ibaraki 305-8571, Japan
bDepartment of Applied Physics, Fukui University, Fukui 910-8507, Japan

The adsorption energy of3He submonolayer solid on a graphite substrate are calculated by the
path integral Monte Carlo simulation for some adsorption structures. The results show that struc-
tural transition between the striped domain wall and the honeycomb one occurs around 6.8 nm−2.
This structural phase transition can explain qualitatively the observed sudden jump of the ex-
change frequency at this density.

22AP22 Nuclear Spin-Spin Relaxation in3He-Ne Films

Neil S. Sullivana, Charles Parksa, Piotr Stachiowakb

aDepartment of Physics, University of Florida, Gainesville, FL. 32611.
bInstitute for Low temperature and Structure Research, University of Wroclaw, Poland.

NMR measurements of the nuclear spin-spin relaxation times are reported for commensurate
monolayers of3He and3He-Ne films on BN for temperatures0.1 <T< 3.5 K. The results are
analyzed in terms of particle-particle exchange motions of the adsorbed3He atoms. The effective
exchange rates were observed to change significantly on replacing a fraction of the helium atoms
with relatively immobile neon atoms. This is understood if there is a significant 3-particle term in
the exchange Hamiltonian that is of opposite sign to that of the 2-spin exchange term. Values of
the vacancy formation energy for the monolayer coverage and the atom-vacancy exchange rate
are also obtained from the experimental observations.

22AP23 The Magnetic Groundstate Phase Diagram of a Multiple-spin Exchange Model on
the Triangular Lattice

Kenn Kuboa, Tsutomu Momoib

aDepartment of Physics, Aoyama Gakuin University, Setagaya, Tokyo, 157-8572 Japan
bInstitute of Physics, University of Tsukuba, Tsukuba, Ibaraki, 305-8571 Japan

We investigated the groundstate of a multiple-spin exchange model, which is considered to de-
scribe the magnetism of the solid3He adsorbed on the graphite, under the external magnetic
field. The model contains the conventional Heisenberg exchange terms as well as four-spin ex-
change terms. We found numerous groundstate phases with very large spatial structures with up
to 144 sublattices by using the mean field approximation. We found novel groundstate phases
with 6- and 12-sublattice non-coplanar spin structures when the Heisenberg term is antiferromag-
netic. The 6-sublattice phase replaces the 120◦ phase with decrease of the Heisenberg exchange
coupling through a second order transition.
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NMR Measurements of Monolayer3He Absorbed on ZYX Graphite

S. Murakawaa, Y. Niimia, Y. Matsumotoa, K. Honkuraa, C. Bäueleab, H. Kambaraa,
Hiroshi Fukuyamaa

aDepartment of Physics, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
bCNRS-CRTBT, 25 Ave. des Martyrs,38042 Grenoble, France

So far, theoretically predicted 2D superfluidity in monolayer3He has not been observed exper-
imentally. This is because the temperature range in previous searches was limited above 1 mK
due to localized3He atoms trapped in heterogeneities of Grafoil substrate or because the single
crystalline size (≈10 nm) of Grafoil is shorter than the expected superfluid coherence length
(≥ 100 nm). To overcome these problems, we have constructed a high performance nuclear
demagnetization refrigerator which can cool the monolayer samples below 200 mK and charac-
terized the ZYX grade exfoliated graphite which has at least ten times longer crystalline size than
Grafoil. NMR measurements are now under going to search for the possible 2D and quasi 2D
superfluidity in3He films.

22AP24

Heat Capacities of Two-Dimensional Solid3He in Magnetic Fields

Y. Matsumotoa, S. Murakawaa, K. Honkuraa, C. Bäuerlea,b, H. Kambaraa, Hiroshi Fukuyamaa

aDepartment of Physics, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
bCNRS-CRTBT, 25 Ave. des Martyrs, 38042 Grenoble, France

The “quantum spin liquid (QSL)” state is suggested as the ground state of the low density second-
layer solid3He adsorbed on a graphite surface from a previous heat capacity measurement in
zero magnetic field which shows a double peak structure. It is theoretically suggested that, with
increasing magnetic field, the QSL phase changes into a long-range ordered phase called the
“uuud phase” above a certain threshold field, which is a measure of the spin gap of the QSL
phase, accompanied by a finite temperature phase transition. We report latest results of ongoing
heat capacity measurements of 2D3He at temperatures below 200µK in magnetic fields below
1 T.

22AP25

Heat capacity investigation of two dimensional isotopic fluid helium mixtures

F Ziouzia, J Nýeki, B Cowan, J Saunders

Department of Physics, Royal Holloway University of London, Egham, Surrey, TW20 0EX,U.K.

The properties of a helium fluid mixture, adsorbed as the second atomic layer on the surface of
graphite plated by a monolayer of4He, have been investigated in the temperature range 2 - 80
mK. By using a small tracer of3He (0.1 nm−2) and progressively increasing the4He coverage,
we find strong support for the theoretically predicted sequence of phases for the second layer
4He film; a self bound liquid and a significant coverage range over which a fluid uniformly
covers the surface. We then added3He, up to a coverage 1 nm−2, to this uniform fluid. We
initially observe an anomalous temperature dependence of the heat capacity, which we attribute
to virtually complete isotopic phase separation within the layer, giving rise to the formation of
two dimensional3He fluid nanoclusters. Above 0.5 nm−2, the3He appears to go into a surface
state, forming a uniform 2D Fermi fluid floating on the4He film.

22AP27
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22AP28 Thermodynamic evidence for two dimensional3He tunnelling excitations

F Ziouzia, H Patel, J Nýeki, B Cowan, J Saunders

Department of Physics, Royal Holloway University of London, Egham, Surrey,TW20 0EX,U.K

The heat capacity of the second layer solid of4He adsorbed on graphite has been measured
after doping with3He atoms, in the temperature range 2-80 mK. Heat capacity isotherms show
a distinct maximum over the range of coverages for which the second layer commensurate solid
is expected to be stable. In this region the heat capacity exhibits a broad maximum near 50
mK, at a value close tokB per 3He atom. At higher temperatures the heat capacity decreases
slowly, while at lower temperatures it tends to zero faster than linearly. Our interpretation is
that the excitations are tunnelling3He quasiparticles in the host 2D crystalline4He matrix, with
bandwidth and effective mass determined by the sum of all possible cyclic permutations causing
a 3He atom to hop. The low temperature behaviour indicates a breakdown of the Fermi liquid
arising either from interactions between the excitations or localisation.

22AP29 Very low frequency SQUID NMR measurements of two dimensional solid3He
films

A Casey, R Schanen, C Lusher, B Cowan, J Saunders

Department of Physics, Royal Holloway University of London, Egham, Surrey,TW20 0EX,U.K

Pulsed NMR measurements at low kHz frequencies have been performed on3 He films adsorbed
on an exfoliated graphite sample of area 2m2. The spectrometer is constructed using a DC
SQUID amplifier, with additional positive feedback, and bandwidth 3.4 MHz. The input circuit
is a superconducting flux transformer, and so is intrinsically broadband. NMR measurements of
the magnetization of the3He have been made as a function of magnetic field down to 0.1mT,
and to temperatures below 1mK. In addition the thermalization of the graphite substrate can be
confirmed by observing the13C signal. 3He films provide model systems for frustrated two
dimensional magnetism, and we report on the use of low frequency SQUID NMR to investigate
the magnetic ground state.

22AP30 Droplets of mixtures of 3He-4He at finite vorticity

S. T. Chuia, Hualin Shib

aBartol Research Institute, University of Delaware, Newark, DE19716, USA
bInstitute of Theoretical Physics, Academica Sinica, Beijing, China

We study the properties of3He-4He mixture droplets using a phenomenological density func-
tional. The structure of liquid drop with and without vortices is investigated using Monte Carlo
simulations.
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Path Integral Calculation of Superfluid 4He Vortex Core Structure

Takeo Takagi

Department of Applied Physics, Fukui University, Bunkyo 3, Fukui 910-8507, Japan

A structure of a superfluid4He vortex core is studied with a path integral Monte Carlo method.
The distribution of superfluid and normal fluid densities around the vortex core is obtained. The
total particle density decreases in the vortex core region. The radius of the core is nearly equal to
particle diameter. The vortex core is filled with normal fluid in the temperature regionT ' Tλ.
In low temperature region, the normal fluid component of a vortex core decreases remarkably.
Consequently the number of particle density of a vortex core region becomes extremely small.

22AP31

Self-Organization of Thermal Turbulence in Cryogenic Helium Gas

Joseph J. Niemela

Department of Physics and Cryogenic Helium Turbulence Laboratory, University of Oregon, Eugene,
Oregon 97403 USA

The use of cryogenic helium gas has made possible the study of fully developed turbulence in the
laboratory. Here, an experimental study of highly nonlinear thermal convection, using helium gas
near 5K, is reported. Small scale fluctuations within the turbulent flow organize themselves into a
self-sustaining large-scale motion and its features,including the irregular reversal of its direction,
are discussed. By analyzing various probability density functions, a rough correspondence can
be made to self-organized criticality. The existence of this coherent, fluctuating large-scale cir-
culation has many implications for turbulence models and for the interpretation of experimental
measurements. These will be discussed in light of recent controversies concerning the asymptotic
“ultimate” regime of turbulent convection.

22AP32

Experimental Study of the Decay of Quantized Vorticity at mK Temperatures in
He II

Hamish A. Nichol, Phillip C. Hendry, Peter V.E. McClintock

School of Physics, University of Lancaster, Bailrigg, Lancs LA1 4YB, UK

Recent studies of turbulence in He II have shown unexpected analogies to classical fluids. How-
ever, unlike classical fluids, superfluid4He is well described by a two fluid model; a viscous
normal component mutually coexisting with an inviscid superfluid component (with quantised
circulation). For temperatures T¡¡1K, the density of the normal fluid component is negligible: so
how does the turbulence decay when there are no viscous effects? To answer this question, the
free decay of quantised vorticity is being studied in a cell containing high pressure, isotopically
pure4He, at mK temperatures. Preliminary results showed that we can create and detect the de-
cay of vorticity, and suggested a temperature independent decay mechanism below 70mK. The
results of recent, more detailed, experiments will be reported and discussed.

22AP33
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22AP34 Stochastic Motion of Vortex Filament. Inverse Kolmogorov Cascade.

Sergey K. Nemirovskii, Mikhail V. Nedoboiko

Institute of Thermophysics, 630090, Novosibirsk, RUSSIA

Using the renorm-group methods we study stochastic dynamics of a vortex filament undergoing
random agitation with the power-like spectrum. In particular we calculate an effective viscosity,
which describes exchange with the energy between smooth (large-scale) distortions of the vortex
filaments and the small-scale ones. The effective viscosity is shown to be negative, that implies
that energy transfers from small scales (appeared e.g. due to reconnection) to the large ones.
The latter means that the inverse Kolmogorov cascade is realized in the system. On that ground
we conclude that the real stationary entanglement occurs due to reconnections of the lines and
interaction with boundaries but not due to nonlinear Kelvin waves dynamics

22AP35 Quantised vortex line visualisation in superfluid helium using low temperature
optics

James R.T. Seddon, Michael S. Thurlow, Matthew J. Lees, Peter G.J. Lucas

Department of Physics and Astronomy, University of Manchester, Manchester, M13 9PL, UK.

The possibilty of visualising quantised vortex lines in liquid helium by light diffraction from
the regular array of surface depressions above each line has been considered by Hall. Berry and
Hajnal in contrast examine the caustics from an individual vortex in a classical fluid. We combine
both analyses to investigate the situation where parallel light normally incident on the surface of
rotating superfluid helium penetrates the liquid and is then reflected back from a silvered lower
boundary. A cooled CCD camera with suitable low temperature optics above the surface is
designed to capture the pattern caused by the array of surface depressions. We show that an array
of caustics will be created that can be viewed either directly, or by focussing onto the CCD a
virtual image caused by the refraction of the caustic rays.

22AP36 Periodic convection patterns in liquid 4He close to onset.

Matthew J. Lees, Michael S. Thurlow, James R.T. Seddon, Peter G. J. Lucas

Department of Physics and Astronomy, University of Manchester, Manchester, M13 9PL, UK

High resolution images of convective flow patterns in a vertical axis cylindrical layer of normal
liquid helium of diameter 18.25 mm and height 0.56 mm have been obtained near the Prandtl
number minimum of 0.5 at 2.6 K. The primary stationary pattern close to the convection threshold
is a robust state of straight parallel rolls signalling that the boundary conditions are close to
ideal. A periodic response exists at slightly higher Rayleigh numbers in which dislocations
climb periodically along the roll axes through the skew-varicose mechanism. Correlated with
this regime are periodic oscillations of amplitude 100µK and period of the same order as the
horizontal thermal diffusion time. The dynamics of the periodically varying pattern and of more
chaotic patterns at higher Rayleigh numbers are revealed using time-lapse movie sequences of
the images.
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Diffusion of an Inhomogeneous Vortex Tangle

Makoto Tsubotaa, Tsunehiko Arakia, W.F. Vinenb

aDepartment of Physics, Osaka City University, Osaka 558-8585, Japan
bSchool of Physics and Astronomy, University of Birmingham, Birmingham B15 2TT, UK

The diffusion of an inhomogeneous vortex tangle is studied numerically by the vortex filament
model. The initial inhomogeneous tangle is prepared under an applied flow, and switching it off
allows the tangle diffuse freely. Comparison with the solution of the inhomogeneous Vinen’s
equation taking account of the diffusion term shows the extremely small diffusion constant of
the tangle. The results are discussed in relation to the recent experiments on grid turbulence in
superfluid helium.

22AP37

Competition between Rotation and Turbulence in Superfluid

Tsunehiko Arakia, Makoto Tsubotaa, Carlo F. Barenghib

aDepartment of Physics, Osaka City University, Sumiyoshi-Ku, Osaka 558-8585, Japan
bDepartment of Mathematics, University of Newcastle, Newcastle upon Tyne, NE1 7RU, UK

Two types of vortex states have been much studied in superfluid4He. The first is the vortex array
in a rotating container. The second is the vortex tangle in turbulent flow. An experiment attempt
to combine these two states by rotating a counterflow was attempted years ago. The data suggest
the existence of different flow regimes separated by instabilities, but a theoretical interpretation
is still missing. We present work in which we use the vortex filament model to numerically
investigate rotating counterflow. We show evidence of a new state of polarized turbulence.

22AP38

Quantum Turbulence in He II Induced by Second Sound Shock Pulses

David K. Hiltona, Steven W. Van Sciverb

National High Magnetic Field Laboratory, Florida State University, Tallahassee, FL 32310, U.S.A.
aDepartment of Physics, College of Arts and Sciences, Florida State University, Tallahassee, FL, U.S.A.
bMechanical Engineering Department, FAMU-FSU College of Engineering, Tallahassee, FL, U.S.A.

Direct measurements are presented of quantum turbulence in He II induced by second sound
shock (SSS) pulses in a wide channel. Through the use of a leaky capacitor model (LCM), a
growth and decay characterization of the quantum turbulence is extracted from the measure-
ments. Also taken is an explicit energy account of the quantum turbulence as well as of the
SSS pulses that induced the turbulence. A critical energy flux density is proposed for the onset
of Gorter-Mellink thermal diffusion with respect to a quantum turbulence background. Tentative
decay exponent results indicate that the induced quantum turbulence decays in a comparable way
to that induced by a towed grid in a channel.

22AP39
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22AP40 Mapping the Development of Quantum Turbulence in Superfluid3He-B

D.I. Bradley, S.N. Fisher, A.M. Gúenault, M.R. Lowe, G.R. Pickett, A. Rahm

Department of Physics, Lancaster University, Lancaster, LA1 4YB, UK.

We have investigated the evolution of a localized region of quantum turbulence in the B phase
of superfluid3He at temperatures down to∼0.1Tc. We detect the turbulence from the reflection
by the associated flow field of incoming quasiparticles by Andreev processes. The turbulence
is generated by a vibrating wire resonator which produces vorticity together with a directed
quasiparticle beam whenever the wire velocity exceeds the critical velocity for pair breaking. By
using an array of detector wires we are able to monitor the development of the turbulence both
in space and time. The turbulence propagates preferentially along the the quasiparticle beam
direction and falls off exponentially with distance with a characteristic length of≈ 2 mm. We
also observe that the initial turbulent ‘front’ generated by the source wire propagates at a speed
of a few mm s−1.

22AP41 Nonlinear vortex-line formation in rotating superfluid 3He-B

A. P. Finne, R. Blaauwgeers, V. B. Eltsov, N. Kopnin, M. Krusius, L. Skrbek

Low Temperature Laboratory, Helsinki University of Technology, Box 2200, FIN-02015 HUT, Finland

Vortex formation in rotating3He-B occurs in discrete events with well-defined critical counter-
flow velocity. Usually, a small number of initial loops is produced per event. They evolve to form
a stable cluster of rectilinear vortices in the center of the sample. Below 0.6 Tc the behaviour is
observed to change. Here some events can produce a very large number of vortices, such that
the final state may approach the equilibrium configuration independently of the initial process by
which the first vortex loops were formed. Below 0.5 Tc all instability events behave in this way.
We present measurements on the number of vortex lines created per instability event and their
flight time to reach stationary confiquration as rectilinear vortex lines in the vortex cluster. The
results are compared to a dynamic model of vortex loop expansion.

22AP42 Penetration of Quantized Vortices in Rotating3He-B Through an Orifice

R. Blaauwgeersa, V.B. Eltsova, A.P. Finnea, N.B. Kopnina, M. Krusiusa, L. Skrbekb

aLow Temperature Laboratory, Helsinki University of Technology, FIN-02015 HUT, Finland
bLow Temperature Laboratory, Inst of Physics ACSR and Charles Univ, 180 00 Prague, Czech Republic

We present NMR measurements on the flow of vortices across an orifice separating the sample
into a volume with vortex-free counterflow and one with the equilibrium number of vortex lines
created under rotation. Vortices are observed to leak through the orifice in isolated bursts which
occur repeatedly as a function of the rotation velocityΩ. Above 0.6Tc the first event occurs
at a well-defined critical velocityΩc which is independent of rotation direction and rotational
acceleration. This process can be understood as Feynman depinning of vortices from the rim of
the orifice. Below0.6Tc a second mechanism sets in abruptly. It is of stochastic nature, depends
on the noise in the rotation drive, displays a much reducedΩc, and results in a greatly increased
final number of vortex lines from one event of leakage.

14



Session 22AP Thursday, August 22

SQUID NMR Studies of Dipole Field in Ferromagnetic3He films

Jinshan Zhang, Yuan Gu, K.S. White, B.R. Fink, C.M. Gould, H.M. Bozler

University of Southern California, Dept. of Physics and Astronomy, Los Angeles, CA 90089-0484, USA

We use SQUID NMR to observe the magnetization of3He films with densities between 20 to
24 atoms/nm2 in the zero field limit. Ferromagnetism in these nearly 2D Heisenberg exchange
systems is stabilized by weak anisotropies. In the ferromagnetic phase, the NMR line becomes
very broad and shifts to lower frequencies, consistent with a large dipolar field opposing a per-
pendicular applied field. Grafoil can be modeled by a Gaussian distribution of platelet angles
centered on the normal to the grafoil plus a randomly distributed set of platelets. Using the spin
dynamics of a 2D polarized sheet with reasonable assumptions for the distributions of platelet
angles, we show that the magnetization, frequency shift and lineshape form a consistent picture
of a highly polarized sheet.
Supported by the NSF DMR-9973255.

22AP43

QCM Studies of 4He Films Adsorbed on Grafoil

Toshihito Ogura, Nariko Hosomi, Mitsunori Hieda, Masaru Suzuki

The University of Electro-Communications, 1-5-1 Chofugaoka, Chofu, Tokyo 182-8585, Japan

We applied the quartz-crystal microbalance (QCM) technique to study the slippage of superfluid
and nonsuperfluid4He films adsorbed on graphite at MHz-frequency range. The grafoil substrate
was prepared by pasting a piece of grafoil uniformly on Ag electrodes, so that the effective
surface area of the substrate was much larger than that of Ag electrodes. We found that the
observed slippage of superfluid and nonsuperfluid4He films shows a rather different behavior
compared with that of the torsional oscillator technique.

22AP44

Thermal gravity-driven convection of the near-critical low temperature fluids in
enclosures

V. I. Polezhaev, E. B. Soboleva

The Institute for Problems in Mechanics of the Russian Academy of Sciences, Moscow, Russia

Near-critical fluids possess abnormal physical properties that leads to specific heat transfer and
interesting hydrodynamic effects. Classical problems concerning heat transfer and convection in
square cavity with side and bottom heating are solved. Numerical simulation is performed using
the novel 2D code on the basis of the full Navier-Stokes equations and Van-der-Waals form of the
thermodynamic state equation. We have found the calibration forms relating criteria of similarity
of near-critical fluid and perfect gas and compared these two media. The results of the simulation
of the Rayleigh-B́enard convection (with bottom heating) are compared with experimental data
on heat transport in helium above its critical temperature. The requirements for the choice of the
heat sources in ground-based experiments are discussed.

22AP45
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22AP46 4He Confined to 1µm boxes, 0D Crossover, Surface and Edge Effects.

Mark O. Kimball, Francis M. Gasparini

University at Buffalo, SUNY

We report measurements of the specific heat of4He confined to 1µm3 cylindrical boxes patterned
in SiO2. This system crosses from a 3D behavior to a 0D behavior near the critical temperature.
This has a marked effect on the specific heat as seen by a pronounced rounding of the maximum
and a shift to a temperature much lower than the transition of the bulk system. We plot the data
according to correlation-length scaling theory and compare this to a planar system with the same
smallest spatial length. Compared to our previous studies of planar systems, the 0D cell has 3×
the surface to volume ratio as well as∼750× as much edge length. We examine the regions
where surface and edge effect contributions can be separated. We find that the data do not reach
the expected value for the surface region. There is also evidence for a region where the term
associated with edge contributions dominates.
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