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Introduction to this ASI

This Advanced Study Institute addressed the current experimental and theoretical
knowledge of the dynamical properties of unconventional magnetic systems including
low-dimensional and mesoscopic magnetism, unconventional ground state, quantum
magnets and soft matter.

The main pedagogical approach in this fourteenth biannual school at Geilo,
Norway since 1971, was to obtain basic understanding of co-operative phenomena,
fluctuations and excitations in the wide range unconventional magnetic systems now
being fabricated or envisioned. The main features of antiferromagnetic spin chains
were reviewed and basic questions regarding the nature of ground states, excitations,
gaps, and modes were discussed. Various effective spin models for integer and half
integer spins were treated and confronted with neutron- and synchrotron X-ray
scattering results on a wide range of materials like CsCuCl3, CuGeO3 and
CuBenzonate.

The principles involved in quantum critical phenomena using illustrative examples
in quantum spin systems were reviewed. Ising models in transverse fields, quantum
critical points in metals and quantum magnetism near metal-insulator transitions were
treated. Different relaxation- and transport phenomena like spin diffusion and
conductivity were described, both theoretically and experimentally. The possibility of
novel quantum phenomena in mesoscopic spin systems on the nanometer scale was
reviewed. Examples given for such systems were molecular magnets, nano-particles
like ferritin, magnetic quantum dots, and extended systems containing domain walls,
and nanowires. Various theoretical ingredients were treated in relation to macroscopic
quantum coherence and recent measurements were discussed. A broad review was
also given of a wide range of magnetic quantum structures like quantum wells and
heterostructures fabricated from magnetic semiconductors. Various sophisticated
experiments like femtosecond-resolved Faraday rotation and spatio-temporal spin
microscopy showed impressive agreement with theoretical models.

The magnetic properties of rare earth superlattices were discussed, and magnetic
multilayer structures showing giant magnetoresi stance and magnetic tunneling were
reported having crucial importance for future digital information storage and
recording read head devices. Various aspects of the magnetic properties of lamellar
copper oxides, which are the parent materials of high temperature superconductors,
were also reviewed and new observations of giant isotope shifts of Tc in
Lai.xCaxMnO4 reported.

Aging and dynamical properties in spin glasses and fine magnetic particles systems
were demonstrated by experimental studies covering ten orders of magnitude in time
scale. For magnetic multiparticles systems, the use of braid theory was shown to be
useful to classify various dynamic modes. It seems possible that braid theory could
provide a new approach for characterizing complex processes using symbolic
dynamics.

The lectures presented at this Advanced Study Institute will be published by
Kluwer Academic Publishers (editors A.T. Skjeltorp and D. Sherrington, scheduled
for fall 1997).
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R. Cowley

University of Oxford, UK

Abstracts for Geilo Meeting April 1997

1. Magnetic Properties of Rare Earth Supertattices

Some rare earth superlattices show long range coherence of the magnetic structures
even when one component of the superlattice is non-magnetic. For example,
superlattices of Dy, Ho, Y and Gd with the non-magnetic materials Y and Lu have
coherent magnetic structures when the Y or Lu blocks are as thick as 60 atomic
layers. In the case of the helical incommensurate structures they are coherent both
in the turn angle and in the chirality. Similiar results have been observed when
both materials are light rare earths such as in Nd/Pr superlattices. In contrast
superlattices containing one light and one heavy rare earth, such as Ho/Pr
superlattices, do not show coherence and each individual block orders
independently. When there are two different magnetic materials coherence is
preserved if both materials wish to order in a similiar way as in Ho/Dy
superlattices, but the behaviour is more complex if there is competition. For
example, the basal plane ordering of Ho/Er superlattices is coherent across many
blocks while the longitudinal ordering is not. These results suggest that coherence is
associated with the development of a superlattice band structure and the implications
of this type of theory for other magnetic superlattices will be discussed.

2. Magnetic Fields and low Dimensional Antifenvmagnets

The application of a uniform field to 3 dimensional antiferromagnets gives rise to a
phase transition to a spin-flop phase and the properties of this transition are now
well understood. In 1 and 2 dimensional systems the behaviour is different and the
properties are far less well understood either theoretically or experimentally. Since
the d=2 n=3 model has a magnetic phase transition only at T=0, it is to be
expected that the multicritical point between the uniaxial, spin-flop and
paramagnetic phases is at T=0. Experiments however suggest that the multicritical
point is at non-zero temperature. Alternative explanations for this discrepancy will
be put forward. The situation is even more complicated for 1-d systems. If the
chains have alternating exchange interactions so that the chain is dimerised then
there is a spin-flop transition similiar to that of the 3-d antiferromagnet. If,
however, the chain has identical exchange interactions then the application of a field
results in an incommensurate phase with a wavevector which steadily varies from
the antiferromagnetic wavevector to the ferromagnetic wavevector when the
magnetic structure is a fully aligned ferromagnet. In a spin-Peierls material the
behaviour depends on the details of the interactions. These theoretical predictions
have not yet been subjected to detailed experimental test, but the available
experimental results will be described and compared with the theories .
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Quantum Dynamics in Mesoscopic Magnetism

Daniel Loss

Department of Physics and Astronomy, University of Basel
Klingelbergstr. 82,4056 Basel, Switzerland

The possibility of novel quantum phenomena in magnetic systems on the nanometer
scale has attracted much recent interest both theoretically and experimentally. In the
first part of my lectures I review theoretical results in single domain magnetism of
superparamagnetic type and discuss recent measurements on antiferromagnetic grains
(ferritin) and their interpretation in terms of macroscopic quantum coherence [1,2]. The
role of excess spins (through which the sublattice-magnetization reversal is monitored)
is emphasized and shown to be important for achieving good agreement with
observations.

Spin parity effects in single particles are then discussed. The main part of the lectures
will be devoted to non-uniform magnets and specifically to the quantum propagation of
domain walls (solitons) [3].

In a semiclassical analysis based on coherent spin-state path-integrals an effective
model for the domain wall dynamics is derived which includes the effects of dissipation
and quantum spin phases (Berry phases). In the presence of a Peierls potential (e.g. due
to the discrete lattice) the soliton center can tunnel coherently between the lattice sites
and form a Bloch band. Integer and half-integer spins have different energy dispersions
resulting from interference between soliton states of opposite chirality—the internal
rotation sense of the soliton. These effects occur in ferro- and antiferromagnets due to
the presence of a topological spin phase. For antiferromagnetic chains, this spin phase
occurs in addition to the Pontryagin index.

I will discuss experimental consequences of this Bloch band structure and show that -
in analogy to Bloch oscillations of crystal electrons— static magnetic fields induce large
oscillations in the sample magnetization. Explicit estimates are given for systems such
as iron garnets and in particular SrRuO3 which appears to be a very promising candidate
for the observation of these effects. I will also discuss the extreme quantum limit of
spin-1/2 chains in the Ising regime, and show that, quite remarkably, the semiclassical
analysis is valid even in this regime. In particular, for antiferromagnetic Ising chains the
low-energy excitations are solitons (Villain modes) which have recently been observed
in neutron scattering experiments on CsCoCl3.1 show that the prediction of chirality
effects could be tested via the measurement of the off-diagonal components of the
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dynamical structure factor. The concept of chirality is shown to be of universal character
in a variety of magnetic systems, a notable example being the motion of a hole in a 2D
antiferromagnetic background. A common thread in the discussion of quantum
dynamics in magnets is provided by the spin Berry phases and their associated
interference effects that can lead to surprising spin parity effects.

References:

1. D.Awschalom et al., Phys. Rev. Lett. 68 (1992) 3092; E: 71 (1993) 4279;
S. Gider et al., Science 272, April 19, 1996,424.

2. D. Loss, D. DiVincenzo, and G. Grinstein. Phys. Rev. Lett. 69 (1992) 3232.

3. H.-B. Braun and D. Loss. Phys. Rev. B 53 (1996) 3237;
Int. J. Mod. Phys. B 10 (1996) 219.
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Neutron scattering studies of non-metallic low-dimensional quan-
tum antiferromagnets

Collin Broholm
Department of Physics and Astronomy, John Hopkins University

I review experiments which probe cooperative phenomena in non-metallic
quantum antiferromagnets. Emphasis is placed on systems which because of
reduced dimensionality, weak connectivity or frustration have strong mag-
netic fluctuations even when the thermal energy is far less than the domi-
nant exchange constant T « J/ks- In the first part of the talk I describe
the origin of and basic properties of interacting quantum spins in organic
magnets and transition metal oxides. Then I describe the experimental
techniques which are used to study these systems paying special attention
to inelastic magnetic neutron scattering and to the properties of conven-
tional J>Jeel antiferromagnets as probed by these techniques. In the second
part of the talk I discuss recent experimental results for S=l/2 and S=l
linear chain antiferromagnets first at T=0 and in zero magnetic field, then
at finite temperatures and in a magnetic field. I also discuss results from
more complicated one dimensional spin systems such as zig-zag chains, al-
ternating spin chains and spin-ladders. The last part of the talk deals with
quantum antiferromagnetism in two and perhaps three dimensions. Em-
phasis will be on describing recent scattering experiments in triangular and
kagome lattice antiferromagnets and in the insulating parent compounds of
high Tc superconductors.
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Experiments on quantum critical points

Gabriel Aeppli
NEC Research Institute Inc., Princeton, New Jersey

1. Quantum fluctuations from an externally imposed field in an insulating magnet.

The simplest means to introduce quantum fluctuations into a classical system is to impose a
transverse field on an Ising magnet.
I describe how this is done experimentally and show that the results are essentially perfectly
accounted for by theory in the clean limit and much less so in the disordered, spin glass
regime.

2. Quantum critical points in metals.

Chemical doping to change the carrier concentration and application of pressure or magnetic
field to a metal are the most common means of achieving a quantum critical point. I review
recent experiments on quantum critical points achieved in this way.

3. Quantum magnetism near metal-insulator transitions.

The archetypical quantum critical point remains that at which a metal-insulator transition
occurs. I review recent work on different types of metal-insulator transitions in 1-, 2- and 3-
dimensions and their implications for magnetic fluctuations.
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Quasi-one-dimensional antiferromagnets

Ian Affleck
University of British Columbia, Vancouver, Canada

Physical properties of Haldane gap antiferromagnets will be reviewed using primarily a
simple phenomenological approach based on the quantum Ginsburg-Landau model.
Impurities can be incorporated into the model, using a simple picture of S=l/2 chain
end excitations. The model will be tested against numerical simulations. Experiments
to be discussed using this framework include: susceptibility, high field magnetization,
neutron scattering, electron spin resonance and nuclear magnetic resonance. The effects
of weak inter-chain coupling and impurities will also be discussed.
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Quantum critical phenomena in spin systems

Subir Sachdev

Department of Physics, Yale University
P.O. Box 208120, New Haven, CT 06520-8120, USA

My lectures will cover general concepts in the theory of quantum critical phenomena
using illustrative examples in quantum spin systems. The emphasis will be on the finite
temperature dynamic properties of systems in the vicinity of a quantum critical point. A
tentative outline for the lectures is as follows:

1. Solvable models in one dimension:

Exact, finite temperature crossovers near quantum critical points in the XX chain and
the quantum Ising chain will be described in some detail. This offers a convenient
way of introducing physical ideas which have a much wider domain of applicability.

2. Quantum non-linear sigma models in one and two dimensions:

Various exact and approximate results for these quantum field theories will be
obtained, and applied to spin chains with an energy gap, and to two-dimensional
quantum antiferromagnets.

3. Systems with a macroscopic magnetic moment:

Quantum fluctuations in systems with a quantized or a unquantized average moment
will be distinguished and described. Critical properties of the phase transition
between quantized-unquantized phases will be obtained. Experimental applications
to ferromagnetic quantum Hall states and quantum ferro-/antiferro-magnets will be
noted.
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'Spin Coherence and Imaging in Magnetic Quantum Structures"

Dr. David D. Awschalom
Department of Physics University of California

Santa Barbara, CA 93106 USA

Quantum wells and heterostructures fabricated from magnetic semiconductors form a
unique nexus between the worlds of semiconductor quantum structures and low
dimensional magnetism. By tailoring electronic wavefunctions through the use of
different quantum geometries, one may systematically manipulate the spin interactions
between charge carriers and localized magnetic ions. This enables one to "spin
engineer" new physical phenomena which are not easily accessible in conventional
semiconductor or magnetic nanostructures. Here we present a comprehensive
investigation of electronic spin-scattering and dynamic magnetization processes in new
digital magnetic heterostructures using both steady-state and ultrafast magneto-optical
spectroscopies.

A relatively unexplored area in this context is the study of coherent processes that
involve the electronic spin degrees of freedom in nanoscale and mesoscopic structures.
In order to develop a deeper understanding of electronic spin coherence in restricted
geometries and the physics of quantum-confined spin systems, it is necessary as a first
step to investigate model magnetic quantum systems in which spin-spin interactions are
well-understood and easy to control. We have developed in recent years a class of such
"spin-engineered" systems by incorporating local moments into semiconductor quantum
structures. Spin-spin interactions between extended electronic states and the local
moments are tailored through the quantum confining potential, resulting in magnetically
tunable spin-dependent potentials. The fabrication of quantum structures with high
optical quality has thus far allowed us to probe static and dynamic spin interactions
using magneto-optical spectroscopy while recent advances in the fabrication of doped
magnetic heterostructures has opened up new avenues for studying spin transport in
mesoscopic and quantum systems. We provide an overview of low-temperature studies
of spin coherence and transport in these structures through spatio-temporally resolved
spectroscopies, and describe results that help disentangle the interactive spin dynamics
of electrons, holes, and magnetic moments in quantum-confined geometries.

Femtosecond light pulses are used to coherently populate superpositions of
exciton/carrier spin states and then monitor correlations between these states in the time
domain through pump-probe techniques. In the Faraday geometry, the coherence is
dominated by exciton-exciton correlations with decoherence times of the order of a few
picoseconds. However, in transverse magnetic fields, both the fast spin relaxation of the
holes (<2ps), and the field-tunable terahertz precession of the conduction electron spins
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are directly observed, elucidating the nature and timescale of both electron and hole
spin- lattice relaxation as a function of dimensionality and magnetic order. In addition,
the large exchange fields of the localized holes is observed to coherently rotate the net
magnetization of the embedded Mn moments away from the applied field, and this
ensemble subsequently 'rings' at microwave frequencies for hundreds of picoseconds,
long after the carriers have recombined, undergoing free-induction decay. This initial
coherent rotation, akin to a 'tipping pulse' in NMR, enables an all-optical technique for
time domain paramagnetic spin resonance measurements of magnetic ions in
submonolayer quantum geometries within high fields.

In complementary studies of spin transport, spatio-temporal information about spin-
dependent carrier diffusion and the role of disorder is obtained using new femtosecond-
resolved near-field scanning optical microscopy. Here, spatial modulations at
mesoscopic length scales are introduced using focused ion beam patterning. Spatio-
temporally resolved microscopy then yields a direct picture of spin transport with a
spatial resolution of ~100nm and a temporal resolution of -100 fs. Polarization-resolved
photoluminescence (PL) images in an external magnetic field at T=5K reveal a spin-
dependent energy landscape, due to locally depressed Zeeman splittings in the
implanted regions, that drives the diffusion of optically pumped excitons. Marked
differences between carrier and spin behavior are observed by sharp contrasts in
intensity and polarization profiles, showing that excitonic diffusion has a minimal effect
on the local magnetic interactions which contribute to Zeeman-split states. Time-
resolved measurements suggest that exciton diffusion is driven by a spatially varying
energy profile and acquires a spin-dependent component in the presence of a magnetic
field. The data also demonstrate fundamental limitations on the measurement of
polarized PL from semiconductors in the near-field regime.
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Abstract for the NATO Advanced Study Institute on
"Dynamical Properties of Unconventional Magnetic Systems "

Geilo, Norway, April 2-12, 1997

Spin-dependent Transport in Transition Metal Magnetic Multilayers:
Giant Magnetoresistance and Magnetic Tunneling

S.S.P. Parkin

IBM Research Division, Almaden Research Center, 650 Harry Road, San Jose,
Ca 95120-6099, U.S.A.
[e-mail: parkin@almaden.ibm.com; FAX: 408-927-2395 or-2510; Phone: 408-927-2390]

Metallic multilayers comprised of alternating ferromagnetic and non-ferromagnetic
spacer layers, each a few atomic layers thick, display fascinating properties. These properties
arise from quantum confinement of electrons in spin-dependent potential wells provided by the
ferromagnet/spacer layer boundaries. An important observation is that layers of 3d transition
metal ferromagnets are indirectly magnetically exchange coupled via spacer layers comprised
of almost any of the non-ferromagnetic 3d, 4d and 5d transition metals. The magnetic
coupling oscillates between ferromagnetic and antiferromagnetic coupling with thickness of the
spacer layer and its strength varies systematically with the spacer d-band filling. The period of
the coupling is related to the detailed electronic structure of the spacer metal and can, for
example, be tuned by varying the composition of the spacer layer, or by varying its
crystallographic orientation. Recent studies on sputter-deposited epitaxial multilayers will be
discussed.

The resistance of metallic multilayered structures depends on the magnetic arrangement
of the magnetic moments of the individual magnetic layers, leading to oscillations in resistance
in zero field with spacer layer thickness and large variations in resistance with magnetic field.
This latter phenomenon has been called "Giant Magnetoresistance (GMR)". GMR has
captured much attention since GMR multilayers display much larger magnetoresistance (MR)
than any simple metal or alloy at room temperature. Changes in resistance exceeding 100%
are found in sputter-deposited Co(Fe)/Cu single crystalline multilayers with even larger effects
at lower temperatures (-220% at 4.2 K).

The origin of GMR derives from spin-dependent scattering of the conduction carriers
within the magnetic layers or at the boundaries of the magnetic layers. Experiments show
convincingly the predominance of spin-dependent scattering at the ferromagnet/spacer layer
interfaces. For example, subtle modifications of the interfaces, by insertion of sub-monolayer
equivalents of additional magnetic material, can give rise to drastic changes in
magnetoresistance. These changes depend on the magnetic and electronic character of the
modifed interface, so that the magnetoresistance itself becomes a valuable probe of the
interface. This work will be reviewed and recent work on exploring the influence of interfaces
on the magneto-transport properties of single crystalline magnetic multilayers and wedged
sandwich structures will be discussed.

There is an almost insatiable appetite for information and the means to store
information in digital form. Most digital information is stored in the form of tiny magnetized
regions or "bits" within thin magnetic layers on disks (or tapes). The size of the magnetic bit



determines the information storage capacity of magnetic disk drives. In recent years
technological advances have enabled enormous increases in volumetric storage capacity. Since
1990 the storage capacity of disk drives has increased at a 60% annual compound growth rate.
Today the magnetic recording industry rivals that of the semiconductor industry in size. This
expansion has been driven by a rapid evolution of the underlying science and technology of the
materials and processes incorporated into magnetic disk drives. Magnetoresistance is a useful
property for detecting magnetic fields and is used to read the state of magnetic bits in advanced
magnetic disk drives. Naively, the larger the magnitude of the magnetoresistance, for the
relevant magnetic field strength, the more useful is the material. By suitably engineering the
interfaces of metal multilayer structures large changes in resistance at very low magnetic fields
can be obtained. Such materials will form the basis of next generation magnetic recording read
heads.

In the past year or so there have been some significant developments in work on
magnetic tunnel junctions. These devices consist of sandwiches of two ferromagnetic layers
separated by thin insulating layers. The tunneling current across the sandwich depends on the
magnetic arrangement of the magnetic moments of the magnetic layers and is higher when the
magnetic moments are aligned parallel one another, thus giving rise to a magnetic-tunneling
effect. In small magnetic fields these devices display room temperature magnetoresistance
values which are even larger than those exhibited by GMR structures. Both these devices and
GMR elements form excellent candidates for advanced non-volatile magnetic memory storage
cells to replace conventional capacitive storage cells in DRAM memory chips. Both GMR and
magneto-tunneling derive from spin-polarized electron scattering at the interfaces in magnetic
multilayers. Related phenomena of non-equilibrium electron spin injection and filtering have
been used to devise novel spin-polarized electronic devices such as the "spin transistor".
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Lightscattering from spin waves in thin films and layered magnetic structures.

P. Grunberg, Forschungszentrum Julich GmbH- IFF, 52425 Julich, Germany

During the last decade magnetic thin films and layered structures have become of
increased interest. This is due to the discovery of interlayer exchange coupling and to a
new magnetoresistance effect, called giant magnetoresistance (GMR), because of its
large strength. This will be treated in other contrubutions to this workshop (S.S.P.
Parkin). Here some research on the spindynamics of such systems will be reviewed.

Essentially there are three methods to detect spinwaves, namely inelastic neutron
scattering, microwave absorption and inelastic light scattering (LS). The sensitivity of
neutron scattering usually is to small for the detection of spinwaves in thin films. This
is where MA and LS come in. The main difference between these two methods is the
accessible wave vector range. Apart from situations where the wavevectors q of the
detected spinwaves are determined by the sample geometry (for example standing
modes in thin films) MA probes only modes with q=0. For LS the available wavevector
range is small but finite (q=105-106 cm'1). This has an important effect on the types of
modes seen by the two methods. For example the modes seen by MA are independent
of dipolar dynamic coupling. The effect of dipolar coupling on the modes seen by LS
will be discussed in more detail. The mathematical procedure will also be indicated but
more emphasis will be given on a physical picture and a qualitative understanding. With
this in mind the effect of interlayer exchange coupling (IEC) will be discussed and it
will be shown how the strength of IEC can be extracted from the frequencies of the
measured coupled modes.

References:

1. "Light Scattering form Spin Waves in Thin Films and Layered Magnetic Structures"
by P. Gruenberg: Light Scattering in Solids V (1989)303, ed. by M. Cardona and G.
Guentherodt, publ. by Springer

2. "Light Scattering form Spin Waves in Thin Films and Layered Systems" by S.
Demokritov and E. Tsymbal, J.Phys.: Condens. Matter 6 (1994) 7145

3. "Spin Waves in Exchange- Coupled Epitaxial Double Layers" by J. Barnas and P.
Gruenberg, Jour. Magn. Magn. Mat. 82(1989)186

4."Magnetostatic Spin Wave Modes of a Ferromagnetic Multilayer" by P. Gruenberg and
K. Mika, Phys.Rev.B27(1983)2955

5. "Brillouin Scattering of Light by Spin Waves in Thin Ferromagnetic Films", by P.
Griinberg, M.G. Cottam, W. Vach, C. Mayr, J.Appl. Phys.53(1982)2078
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Spin density waves and proximity effects

in thin epitaxial Cr films and magnetic multilayers:

synchrotron and neutron scattering studies

Hartmut Zabel

Experimentalphysik/Festkoerperphysik

Ruhr-Universitftt Bochum

D 44780 Bochum, FRG

The magnetism of ultrathin Cr films has recently become the focus of interest because of its

mediating role in exchange coupled superlattices and GMR materials [1-5]. While the

incommensurate spin density wave (SDW) structure and the Neel transition is well

established for bulk Cr [6], the question arises of how these properties are altered due to

reduced dimensionality and/or proximity to ferromagnetic layers [7]. The concomitant

charge density waves (CDW) and strain waves (SW) can be investigated by synchrotron

radiation [8], from which follow the propagation direction and the incommensurability of

the SDWs. Complementary neutron scattering yields, in addition, the polarization of the

SDWs [9]. We have carried out extensive synchrotron and neutron scattering studies to

unravel the SDWs in epitaxially grown thin Cr(001) films, including surface and interface

effects [1,2]. These studies show that unlike bulk Cr, in thin Cr(001) films of less than 300

nm the SDWs are almost entirely longitudinal with a single SDW wave vector Q

propagating in the out-of-plane direction. A thin ferromagnetic Fe cap layer of only 2-3 nm

thickness causes a complete re-orientation of Q from longitudinal out-of-plane to transverse

in-plane. This astounding re-orientational transition can be understood in terms of

frustration effects at the Fe/Cr interface, whenever the strong antiferromagnetic interaction

between Fe and Cr across the interface is frustrated in the presence of monatomic steps and

kinks. In ultrathin Cr(001) layers sandwiched between Fe(001) layers a second re-

orientation takes place to a single Q, out-of-plane transverse SDW with the Cr spins now

lying in the plane. This Q-state mediates the strong biquadratic exchange coupling between

the Fe layers as observed in Fe/Cr superlattices [4]. Spin twisting in the Cr layers induces

non-collinear spin structures in the adjacent Fe layers. Thus, uncovering the spin structure



of thin Cr layers is of utmost importance for a fundamental understanding of exchange

coupling in superlattices with Cr spacer layers.

The first lecture will focus on the basics of x-ray and polarized neutron reflectivity from

magnetic multilayers. The second lecture will provide information on the magnetism of Cr

and how it can be revealed by synchrotron and neutron scattering. The third lecture will

concentrate on the SDWs and proximity effects in thin epitaxial Cr layers and how the

biquadratic coupling in Fe/Cr superlattices is mediated by proximity spin spirals in the Cr

layers.
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(1992).
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Polarised Neutron Measurements of Spin Density Excitations in Chromium

by R. Pynn, R.T. Azuah, W.G. Stirling and J. Kulde

Below its Neel temperature, Chromium exhibits an electronic ground state that includes
a plane-polarised spin density wave (SDW), whose wavevector is directed along one of
the cube edges of the crystal lattice and is incommensurate with that lattice. Collective
excitations with wavevectors close to the SDW wavevector have been studied by
neutron scattering for more than two decades, but are still poorly understood.
Extremely steep spin waves have been observed, originating from the SDW satellites.
At low energies, there appears to be an additional excitation with an energy of about 4
meV, centred on the commensurate wavevector (1,0,0). This excititation is unaffected
by an applied magnetic field and disappears as the Neel temperature is approached from
below. Above 4 meV, there are indications that the low-energy commensurate
excitation splits into two distinct branches with the same group velocity as (1,0,0)
longitudinal phonons.

We have carried out a series of studies using polarised neutrons that have allowed us to
separate neutron scattering of vibrational and magnetic origin. By applying a strong
magnetic field to the sample we have been able to align the spins of the plane-polarised
SDW and study spin fluctuations in different crystallographic directions. Even though
the applied field strongly polarises the static SDW, we find that the low-energy (E < 8
meV) magnetic fluctuations close to the SDW wavevector are almost isotropic in spin
space. The wavevector dependence of the low-energy spin fluctuations changes with
temperature. Just below the Neel temperature the fluctuations peak at the
commensurate (1,0,0) wavevector, even though there is no ordered SDW state with this
wavevector. As temperature is decreased, these commensurate fluctuations decrease in
amplitude, leaving only fluctuations at the positions of the SDW satellite wavevectors.
In addition to the isotropic component of the spin fluctuations at the (1,0,0) wavevector,
there is some evidence for a "soft mode" associated with spin fluctuations parallel to the
ordered SDW moment.
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Low Dimensional Quantum Magnetism in the Copper Oxides

Ora Entin-Wohlman and Amnon Aharony
School of Physics and Astronomy, Tel Aviv University, Israel

The magnetism of lamellar copper oxides, which are the parent mate-
rials of high temperature superconductors, is dominated by the spin 1/2
Cu+2 ions on the CuC>2 planes. These planes have Cu ions on the vertices
and O ions on the bonds of a square lattice, and their magnetic behavior at
high temperature is described well by the planar quantum Heisenberg an-
tiferromagnetic (AFM) model, which has long range order only at T=0. In
fact they have three dimensional AFM order due to weak spin anisotropies
and interplane couplings. Starting from a Hubbard model with spin orbit
and Coulomb exchange couplings, we derive an effective magnetic Hamil-
tonian which contains these anisotropies and couplings. An analysis of the
zero point quantum spin wave energies generates additional four-fold sym-
metry terms and delicate higher order interplane interactions, which help
select a ground state among states which would otherwise be degenerate due
to frustration. Having generated the full effective magnetic Hamiltonian,
the results are used to identify the magnetic structures and competitions
among them, leading to phase diagrams in parameter space. These are also
used to discuss the critical phenomena which occur near various possible
transitions. Specific attention will be devoted to the structures of tetrago-
nal Sr2CuO2Cl2, Nd2CuC>4 and P^CuO^ In the former, frustration among
layers is lifted by pseudodipolar interactions and by quantum zero point en-
ergies. In the latter two, the rare earth also participates in the magnetism.
We shall then discuss orthorhombic La2CuO4, where the Dzyaloshinskii-
Moriya antisymmetric anisotropic interactions exhibit an interesting hidden
symmetry.

Finally, we shall give full analysis of Sr2Cu3C>4Cl2, which contains CU3O4
planes with an extra Cu ion in the center of every second Cu plaquette. Each
of the two types of Cu ions reaches AFM order separately, and the system
also exhibits an interesting ferromagnetic moment. A theory in which the
intersublattice coupling is described by pseudodipolar interactions allows
us to deduce various coupling constants. Similarities in the relative Cu-O-
Cu geometries enable us to relate these coupling constants to the nearest



and next nearest neighbor interactions in many chain, ladder and lamellar
cuprates. These have consequences concerning the magnetic behavior of
the latter systems: competing nearest and next nearest neighbor couplings
explain the spin gap observed in the chains, and the new pseudodipolar
interactions remove frustration in the interladder coupling. If time allows,
we shall also discuss the effects of doping on some of these systems. Doping
sometimes gives rise to a spin glass state, and sometimes enhances the AFM
correlations and reduces the effective magnetic gaps.
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Magnetic Multiparticle Systems and Symbolic Dynamics

A.T. Skjeltorp1'2, S. Clausen1, and G. Helgesen1

'institute for Energy Technology, N-2007 Kjeller, Norway

department of Physics, University of Oslo,
POB 1048 Blindern, N-0316 Oslo, Norway

Abstract

The aim of this review is to describe some aspects of the dynamic properties of
magnetic multiparticle systems in the micrometer range. These particles include
monodisperse magnetic microspheres, and magnetic holes, i.e. nonmagnetic particles
dispersed in ferrofluids.

The complementary use of analogue simulations and computer simulations to explore
the dynamic properties is demonstrated.

The ability to describe the complex dynamics of magnetic holes in quantitative
symbolic dynamic terms using the notion of knot- and braid theory will be discussed. In
particular, statistical analysis of braid word occurrences, entropy, diffusion, memory
effects and correlations for the complex dynamics is illustrated.
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Aging in mesomagnets

Per Nordblad,

Uppsala University, Department of Technology,

Angstrom Laboratory, Box 534, S-751 21 Uppsala, Sweden

The experimental procedures that originally revealed the existence of aging in spin
glasses and the methods that have been developed to explore the phenomenon are
described. The crucial clues earned from adopting some concepts from renormalisation
group arguments and droplet models: domain growth, chaos of the underlying 'phase'
and the overlap length; to effectively design these methods are discussed. The derived
empirical picture of the aging phenomenon in spin glasses is depicted. The existence of
a corresponding aging behaviour in other disordered and frustrated magnetic systems,
e.g. concentrated fine magnetic particle systems and the ferromagnetic phase of re-
entrant spin glasses, is evidenced and compared to the original. Some links between a
pure empiricism and possible theoretical models are critically tried.
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R.J. Elliott

Magnetic Coupling in Rare Earth Multilayer Systems

Abstract

Although of less practical interest than layer structures of magnetic tran-
sition metals, the rare earths display interesting features which allow a more
detailed theoretical investigation of the magnetic coupling. Magnetic order-
ing in the heavier rare earths shows sinusoidal variation of the moments which
is believed to reflect fermi surface nesting which results in an effective one-
dimensional system. The RKKY interaction in one-dimension is well known
to be anomalous. Experiments on multilayers show that in certain circum-
stances the memory of magnetic order can be carried across non-magnetic
layers in a manner which reflects the electronic susceptibility and hence the
fermi surface properties of that material. The dependence of this coupling
on that structure and on the boundary conditions has been investigated the-
oretically. In addition it is known from resistivity and other measurements
that magnetic ordering in the sinusoidal structures results in destruction of
the fermi surface by super-zone boundaries. This in turn is known to effect
the RKKY interaction.

The theoretical discussion of interlayer coupling in such rare earth sys-
tems, including these effects, is summarised in the paper.
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Obsrevation of Jahn-Teller Polarons in Lai.xCaxMnO3

K.A. Muller, Guo-meng Zhao and H. Keller, Univ. of Zurich, Switzerland

Abstract. Jahn-Teller polarons were proposed in 1983 by H6ck, Nikisch and

Thomas [1]. This kind of solid state quasiparticles will be introduced first. Then their

occurrence is demonstrated in Lao.gCao.2Mn03, a perovskite oxide undergoing a

semiconductor-metal/ferromagnetic phase transition near 200 K, with a ..colossal"

magnet or esi stance effect [2]. The demonstration is done macroscopically by the observed giant

oxygen (16O -> 8O) isotope effect on Tc of = 21 K [3] and microscopically by the oxygen

isotope induced change in the electron paramagnetic resonance intensity of this compound [4].

Next by changing the oxygenmass from Oto 0, the occurrence of a crossover from the

ferromagnetic/metallic to an insulating ground state in (Lao.sNdo.s)o.67Cao 33MnO3 will be

described and commented on. [5],

References:

[1] K.H. Hock. H. Nickisch and H. Thomas. Helv. Phys Acta 56. 237 (1983)
[2] H.Y. Hwang, S-W. Cheong, P.G. Radelli, M. Marezio, and B. Batlogg, Pys. Rev. Lett.
75, 914 (1995)
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Jahu-Tcller Polarons and Folaron Condensation in La2-xSr1 C11O4+6

K.A. Muller, Guo-meng Zhao, M B Hunt.and H. Keller Univ. of Zurich, Switzerland

Abstract The occurrence and condensation of JT- polarons in the

superconducting copperoxide L&2-xSrx Q1O4+5 is inferred indirectly from the oxygen isotope

effect observed in the London penetration depth for the underdoped x= 0.105 and the

optimally doped x=0.1 SO case, where the ratio of polarons to Fermi ions differs [1].

Reference:

[1] Guo-meng Zhao, M.B. Hunt. H. Keller and K.A. Muller, Nature 385, 236 (1997)
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NUCLEATION THEORY OF MAGNETIZATION SWITCHING IN
NANOSCALE FERROMAGNETS

Per Arne Rikvold and Mark A. Novotny

Florida State University
Tallahassee, FL 32306, USA

Highly anisotropic, single-domain ferromagnetic particles are currently considered for
applications in ultra-high density magnetic recording media. Since such particles do not
have internal domain walls in equilibrium, traditional wall-motion descriptions of the
switching dynamics are inadequate. Recent observations of individual particles by
methods such as Magnetic Force Microscopy (MFM) also indicate that the dynamics is
not well described by the Neel-Brown theory of uniform magnetization rotation. Here we
describe an approach in which it is emphasized that a ferromagnetic particle in an
unfavorable field is in fact a metastable system, like a supersaturated solution or vapor.
The switching is accomplished through the nucleation and subsequent growth of
localized droplets, inside which the magnetization has its equilibrium value. We
summarize relevant results of nucleation theory and present data from Monte Carlo
simulations of kinetic Ising models of single-domain ferromagnets. The nucleation and
growth processes are modified by a variety of boundary conditions, magnetostatic
interactions, and impurities. We emphasize the effects of the particle size on the
switching dynamics and present qualitative and quantitative comparisons between our
results and experiments. These results include the often observed maximum in the
switching field as a function of grain size, as well as recent observation of a maximum of
the coercivity versus coverage in magnetic sesquilayers.
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Double gap and solitonic excitations in the spin-Peierls chain

CuGeO3

M. Am*, L. P. Regnault and Th. Jolicoeur.

Laboratoire Leon Brillouin (CEA-CNRS) CE-Saclay. 91191 Gif/Yvette Cedex FRANCE.

We have studied magnetic excitations in the spin-Peierls phase of CuGeO3, by inelastic

neutron scattering. There is a dispersive mode which is gapped throughout the Brillouin

zone. This mode is separated by an unexpected second gap of w 2 meV, from a continuum

of magnetic excitations. The first gap (or 'triplet gap') and its associated dispersive mode

are due to the breaking of a singlet dimer into a delocalized triplet. We propose that the

second gap (or 'solitonic gap') and the continuum correspond to dissociation of that triplet

into two unbound spin-1/2 solitons that are separated by a dimerized region of arbitrary

length. Using a solitonic approach we can elaborate an explanation which accounts for two

gaps. A dimerized system has an obvious excitation which consists of breaking a dimer bond

into a triplet at a cost of a certain magnetoelastic energy. The triplet will be delocalized

along the chain generating eigenstates of definite momentum. However there is another

possible excitation in this system because the triplet can absorb a second amount of energy

corresponding to a second gap and thus dissociate into two S=l/2 traveling solitons that

generate the continuum. This has some analogies to the well known two-spinon continuum of

the uniform (undimerized) Heisenberg S=l/2 AF chain (HAFC) that has been investigated

extensively in KCuFa.

On the figure, three energy scans at Q=(O,1,QC) with Qc={0.5, 0.48, 0.46} are shown,

the temperature is T=2.6 K. They are vertically shifted apart for clarity. The horizontal

graduation is common to all scans; the left vertical axis is for Q=(0,l,0.5) scan only. Each

horizontal arrow indicate the zero intensity level for the scan above it. In the insert a general

view of the first scan displaying the five elements described in the text. Now labelling a dimer

in its singlet state by • —•, the triplet state by ft and a spin 1/2 on a copper site by f, we can



represent the peak of the magnon-like mode as a traveling triplet • — • •—• ff- • —• •—•,

then after the 'solitonic gap' the continuum would correspond to delocalized spins 1/2 such

as» — • ! • — • • — • ! • — •.

* Email : ain@cea.fr. See also M. Am et a/., Phys. Rev. Lett. 78, 1560 (1997).
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AC and DC magnetic studies of substituted Mn-porphyrins

M. Baianda*, K. Griesar**, Z. Tomkowicz***,
W. Haase**, T. Wasiutynski*, K. Falk**

•Institute of Nuclear Physics, Radzikowskiego 152, 31-342 Krakow, Poland
**Institut fur Physikalische Chemie, Technische Hochschule Darmstadt,

Petersenstr. 20,64287 Darmstadt, Germany
•••Institute of Physics of the Jagellonian University, Reymonta 4,

30-059 Krak6w, Poland

In the area of novel, molecule-based magnets the manganoporphyrin family
[MnTPP][TCNE] [solvent] (TPP-tetraphenjioporphyrin, TCNE- tetracyanethylene)
represents an important and interesting class [1]. These materials have an alternating
chain structure with (S = 2) Mnm porphyrin cations (donors) bound to (s = 1/2) TCNE
(acceptors) anions. It was found that at high temperatures they represent ferrimagnetic
chains with strong AFM intracham coupling between donor and acceptor spins. From
the other side it can be expected mat small structure modifications (different solvent or
some substitutions at the periphery of the porphyrin rings) may cause a remarkable
change of interactions and so, of bulk magnetic properties.

The Mn[(R)4TPP][TCNE] 2 toluene has been substituted with : R = (OCi2H2s)
(1), R = F (2) and R = CN (3). Details of the synthesis, structural analysis and some
results of the magnetic susceptibility data for the first compound have been reported in
[2]. From the minimum of high temperature DC susceptibility the intracham coupling
constant has been determined to be equal to 174 K and the transition to the 3D
magnetic ordered phase at 21 K was recorded.

The low temperature AC susceptibility and DC magnetization measurements for
all three samples have been performed by means of a universal 7225 Lake Shore
instrument Bom the in-phase (%') and the out-of-phase (%u) components of AC
susceptibility were measured for various frequencies and amplitudes of the driving field
Isothermal and isofield DC magnetization studies have been carried out for ZFC and
FC samples.

It was found that the onset of a 3D long-range magnetic order observed via the
maximum of the in-phase % susceptibility took place at T = 21 K, 18.5 K and 13 K
for R = OQ2H25, F and CN, respectively. Remarkable differences in tile % peak shapes
for subsequent samples was noticed. High values of %~(T) components (equal to about
20 % of the % peak value) reveal the presence of net magnetic moments and so of
ferromagnetic interactions between the chains [3]. The external magnetic field
suppresses the maxima, in the largest scale for the first sample. The %' peaks shift to
higher temperatures with increasing frequency and that shift is an indication of a spin-
glass state of investigated compounds. The temperature shift with frequency index,
defined as 1 = (AT,/ Tf)/ A In f, for the first sample (R = (OCnHu)) equals to 0.02
what is an upper limit for the traditional insulating spin glasses. Applying an external
magnetic field of about 200 Oe clearly shows the reentrant spin-glass character of that



compound. The x" peak appears to have two contributions: the first, lower temperature
peak - with extremely strong frequency dependence is for glass freezing at T f, while the
second one, with no frequency dependence, is a Curie point Tc .
Magnetic AC susceptibility for the sample with R = F (No.(2)) shows up a rounded
maximum where x = 0.067 which is a typical value for a ferro-glass (or cluster-glass)
[4]. The last sample with R = CN has a temperature shift x = 0.094, also of the ferro-
glass type. The high x values observed for all the samples point to the finite length of
ferromagnetic interactions.
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Fig. 1 (a) AC x (points + full line) and x" (points) susceptibilities for
[MnF4TPP][TCNE] 2 toluene at frequencies of 5, 40,110, 320 and 1000 Hz.
(b) Magnetic hysteresis loop at 4.4S K for the same sample.

Shapes of magnetization hysteresis loops measured at T = 4.3 K are of a similar type
characteristic for uniaxial anisotropy for sample (1) and (2) with the smeared
metamagnetic transition seen in the initial branch. Fig lb gives a hysteresis loop at 4.4S
K for the sample with R = F. The sample with R = CN has a hysteresis of a Rayleigh
type. The coercive field equals S kOe, 3.8 kOe and 2 kOe for subsequent samples.
For all three materials glassy behaviour is seen in the irreversibiHty of thermo-magnetic
process with the field dependent bifurcation point.

References:
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Neutron scattering as a probe of Actinide alloy magnetism

M.J. Bull and K.A. McEwen
Department of Physics, Birkbeck College, Malet Street, London WC1E 7HX, UK

Neutron scattering is a unique probe for the investigation of the spin dynamics
and structures of materials at a microscopic level through the interaction of the

neutron spin with the local magnetic environment, and is particularly suited for the
study of magnetism in metallic samples which cannot be easily examined using
other techniques. Additionally, the time-of-flight technique employed at pulsed
spallation sources enables large areas of (K,e) space to be simultaneously surveyed
providing a comprehensive overview of excitations and diffraction features in the
sample. The flexibility of this technique is illustrated with examples from recent
experiments on several heavy fermion alloy systems.

In the pseudo-binary alloy series UxY1.xPd3.the evolution of localised crystalline
electric field (CEF) states as the uranium concentration is reduced and

hybridisation of localised 5f electrons with conduction band states is increased can
be related to trends in the bulk properties as the non-Fermi liquid material
U0.2Y0.sPd3 is approached. This latter material exhibits a linearly increasing
resistivity at low temperature [ I ], a power law dependence of the low-T
susceptibility [2] and a logarithmic specific heat dependence at low-T with high
electron effective mass (y = 480 mJmol'K2). In contrast, the bulk properties of
Uo.45Yo.55Pd3 are dominated by CEF effects and through the formation of long-range
magnetic order [3,4,5]. The ordering temperature decreases with uranium content,
evolving into a "spin-glass" type response below Uo.37Yo.63Pd3, and is driven to zero
in the region of Uo.2Y0.sPd3. It is increasingly believed that the close proximity of
U0.2Y0.8Pd3 to a TN = 0 quantum critical point is responsible for the anomalous
behaviour of the bulk properties described above, although the exact mechanism by
which this occurs is not at all clear [6,7]. The increase in hybridisation with
decreasing uranium content results from a tuning of the Fermi level [8] produced by
the substitution of U4+ ions by Y3* ions, removing electrons from the system and
lowering the Fermi level towards the localised CEF levels (Figure la & Ib). Similar
experiments have been made on the related UxSci-xPd3 series.

UPd3 and UPt3 represent two of the furthest extremes of behaviour amongst
intermetallic uranium compounds. The former has localised 5f electrons and

exhibits antiferroquadrupolar order at low temperature [9], whereas the latter is a
heavy fermion superconductor in which the 5f electrons are itinerant.
Intermultiplet spectroscopy primarily yields information on the strength of the
Coulomb and spin-orbit interactions for atomic electrons, but can also serve as a
sensitive test of heavy fermion behaviour [10]. Intermultiplet levels are generally
found at energies greater than 100 meV above the ground state
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Figure 1 The effect of increasing
hybridisation with decreasing uranium
content can be seen from a comparison
of the intensities and linewidths of the
excitations of two members of the
UxYi-xPd3 series: (a) UcusYo.ssPds and
(b) U0.2Y0.8Pd3. The solid lines
represent the phonon scattering, (c)
The intermultiplet structure factor for
the UPd3 3HA -* SF2 transition
compared to theoretical predictions in
both LS- and jj-coupling schemes.

(excepting Sm and Eu
compounds) and are thus well
suited to make use of the high
epithermal neutron flux
available at a spallation neutron
source. A comparison of the
intermultiplet spectra of UPt.3
and UPd3 highlights the
difference in magnetic response
of the 5f electrons in the two
materials [11]. For UPd3, the
3H4 —» 3Fz transition is observed
at 395 meV, confirming the
localised 5P state of the
uranium ions, whilst only a
small trace of this excitation
remains for UPt3 indicating that
the 5f electrons in this material
are of a predominantly itinerant
nature. As an example of the

large (K,E) space sampled in one measurement, it has been possible to extract the K-
dependence of the intermultiplet structure factor in UPd3 from one low temperature
measurement and compare it with theoretical calculations (Figure lc). We find that
there is good agreement, although the K-dependence is weaker than predicted.
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Morphology, chemical and magnetic properties of Fe/Cr/Fe(001)

triplelayers grown on Ag(001)/Fe/GaAs(001)

D.E. Biirgler, CM. Schmidt, and H.-J. Giintherodt

Institttt fur Physik, Universitat Basel, Klingelbergstrasse 82, CH-4056 Basel. Switzerland

Abstract

We report on a study of the morphology and chemical properties of epitax-

ial Fe/Cr/Fe(001) triplelayers grown on Ag(OOl) substrates, which are de-

posited on Fe-precovered GaAs(OOl). We characterize each of the layers in-

situ by scanning tunneling microscopy (STM), low energy electron diffraction

(LEED), X-ray photoemission spectroscopy (XPS), and some of them with

depth profiling to obtain information about the geometrical and chemical

surface structure. We find that the surface morphology is improved by in-

creasing either the deposition temperature or the temperature of a successive

post-annealing cycle. During the deposition at temperatures at and above

room temperature, however, an atomic exchange process is activated that re-

sults in Ag atoms (< 1 ML) "floating" on the surface of the growing Fe or C'r

films. We propose and confirm a growth procedure that yields clean. Ag-free

surfaces with a morphology superior to the one of films deposited at high

temperature (520 K). Magneto-optical Kerr effect (MOKE) measurements of

triplelayers with wedge-shaped Cr spacer layers indicate the importance of

the interface quality for the observation of the short-period oscillations in the

magnetic interlayer coupling.
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RC11O2.66 delafossites : A dilute S=l/2 kagome-Iike lattice
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In the RC11O2.66 compounds d (R=La ou Y), the Cu ions are located at

the vertices of a triangular lattice; the O ions form a superstructure of hexagonal

symmetry H ( \ 3 x V3). The interest of this compound consists in the following

two points : the geometry of the C11O2 plans allows the study of a lattice different

from the one in the HTc superconductors; the copper valence corresponds to 2/3

magnetic ions (Cu^+) and 1/3 non-magnetic (Cu-*+) on average; this introduces a

unique factor of dilution in this kind of lattice.

We performed the theoritical study of the magnetic properties of this lattice

in both the insulating phase and the metallic phase. In the insulating phase, the

magnetic Cu2 + ions interact through a superexchange mechanism provided by the

oxygen atoms, the superstructure of O ions involving an interaction lattice

topologically equivalent to a Kagome lattice. Within this framework, we attibute

the absence of order observed experimentally down to the lowest temperature to this

topology^. The effect of longe range interactions and quantum fluctuations are also

discussed. In the metallic phase, the phase diagram calculated in the RPA

approximation show the existence of two instabilities, one related to the charge, the

other one to the spin.

1 R.J. Cava, H.W. Zandbergen, A.P. Ramirez, H. Takagi, C.T. Chen, J.J.
Krajewski, W.F. Peck. Jr.,J.V. Waszczuk, G. Meigs, R.S. Roth, and L.F.
Schneemeyer, J. Solid State Chem. 104. 437 (1993).
2 M.D. Nuflez-Regueiro, C. Lacroix and B. Canals, Phys. Rev. B, R736 (1996).
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Reduction of long-range antiferromagnetic order
by hole doping

F. Carvalho Dias*f, I.R. Pimentel", L.M. Martelo*, R. Orbach"

* Department of Physics, University of Lisbon, Portugal
** Department of Physics, University of California at Riverside, USA
f e-mail: fdias@alfl.cii.fc.ul.pt

The discovery of superconductivity in the layered copper oxides has stimulated
the study of the magnetism in these materials, both because of its intrinsic interest
and its possible role in the mechanism for high-Tc superconductivity.

The undoped parent compounds are antiferromagnetic (AF) insulators. Ex-
perimentally, the long-range AF order is rapidly destroyed when dopant holes
are introduced. Upon further doping the system becomes superconducting, while
short-range AF fluctuations still persist.

It is widely believed that the CuO2 planes are responsible for the supercon-
ductivity. In the undoped materials, they are well described by the isotropic
spin-1/2 Heisenberg model on a square lattice. Doping introduces holes, which
are the charge carriers, in the magnetic lattice of copper spins. The simplest
model that seems to contain the physics of the high-Tc materials is the t-J model,
which describes holes moving in a Heisenberg spin system.

We study the doping dependence of the staggered magnetization of a two
dimensional antiferromagnet in the t-J model, for small hole concentration at
T=0 K. In this system the holes are strongly coupled to the antiferromagnetic
spin array and, as a consequence, the motion of holes generates spin fluctuations,
either by absorption or emission of magnons. We use the Schwinger boson repre-
sentation and calculate the renormalization of the magnetization induced by the
hole-magnon interaction. The spin-wave Green's functions are calculated in the
self-consistent Born approximation.

It is shown that the staggered magnetization of a two dimensional antiferro-
magnet is strongly reduced as a function of hole doping, due to the hole-magnon
interaction generated by hole motion. Hole motion introduces additional spin
fluctuations which lead to the destruction of the long-range AF order. This effect
is mainly due to the decay of spin waves into particle-hole excitations, which
arises from the imaginary part of the spin wave self-energies generated by the
hole-magnon interaction. We find that both the coherent and incoherent motion
of holes lead to a decrease of the magnetization. Our results give a vanishing
of the staggered magnetization for a very small hole concentration, nc ~ 0.01,
which is in reasonable agreement with experimental data for the doped copper
oxide superconductors.
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Spin Dynamics of a S=l/2 Antiferromagnetic Heisenberg Ladder:
*H NMR in Cu2(C6H12N2)2Cl4

G.Chaboussant, M.-H. Julicn, Y. Fagot-Revurat, M. Horvatid, C. Berthicr, and L. P. LeVy
Grenoble High Magnetic Field Laboratory, CNRS and MPI-FKF, BP 166, 38042 Grenoble Cedex 09, France

We have studied the low-energy dynamical properties of the spin-1/2 two-leg ladder material
Cu2(CsHijNa)jCli by lE Nuclear Magnetic Resonance (NMR). Both exchange constants and spin-
triplet gap A « 10.5K have been determined previously from susceptibility and high-field magne-
tization measurements. The nuclear spin-lattice relaxation rate 7? has been measured below and
above the critical field Hti = 7.5T = A. In the "gapped" regime (T < J?«i - S), the evolution
of 1/Ti is governed by the longitudinal correlator SMt(q,un)- Close and above Ha, 1/Ti is pro-
gressively dominated by staggered processes which contribute to Sj.(q,wn). It is shown a relaxation
rate which diverges at low temperature with a power law dependence (1/Ti oc T~"). Experimental
values of a are agreement with quantum phase transition theory predictions.

The crossover from one to two dimensions in S = 1/2
Heisenberg antiferromagnets (HAF) was recently pre-
dicted not to be smooth in the sense that an even number
of S = 1/2 HAF chains coupled by any exchange J±. pos-
sess a non-magnetic (5 = 0) ground state, with a gap to
5 = 1 excitations, while an odd number of such chains
behave essentially as a single chain [1,2]. A number of
experiments [2,3] have now convincingly born out this
remarkable conjecture, also reminiscent of the distinc-
tion between integer (disordered) and half-integer (quasi-
ordered) quantum spin chains [4]. There remain however
several unresolved issues raised by experiments. For in-
stance, susceptibility and spin-lattice relaxation measure-
ments seem to indicate different values of the spin gap in
ladder materials [3,5], and in some Haldane chains as well
[6,7]. Another point of interest are the dynamical prop-
erties of such antiferromagnets in the presence of a large
magnetic field. In fact, if static properties like suscepti-
bility or magnetization may not give a clear idea of what
is the microscopic Hamiltonian [8], low-frequency dynam-
ical properties as revealed by nuclear magnetic relaxation
can, in principle, discriminate between these systems if
the magnetic field H is larger than the gap energy A [9].
A finite magnetic field lifts the S=l states degeneracy
and a field-induced second order phase transition occurs
at Hd = A/gnB where the lowest branch of the triplet
crosses the ground state. At the critical field Hci, the
system experiences a T = 0 quantum phase transition
defined by universal critical exponents [10,11].

In contrast with other ladder materials, the organo-
metallic CujtCsHiaNjJjCU [12] is the unique represen-
tative of S= l /2 antiferromagnetic Heisenberg ladders
with relatively small exchange constants (J± ~ 13.2K,
J|| ~ 2.5K, A ~ 10.5 ± 0.3K) and enables experimental
studies in the "magnetic" phase (ff/fB-ff > A) [13].

NMR experiments have been performed with the mag-
netic field direction along the b axis (perpendicular to the
ladder direction) of a set of five small single crystals (typ-
ically 100-200fig each). We used a conventionnal pulse
spin-echo sequence in the range 180 —410MHz. The spec-

tra exhibits relatively well defined lines corresponding tc
the various proton sites.
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FIG. 1. lH spin-lattice nuclear relaxation rate l/7\
as a function of T for different magnetic field. Below
Hei, low temperature l/7\ goes as exp(—A.///T) where
A,// ss A-gpBH- Above Eci, l/7i diverges at low temper-
atures with a field dependent exponent a.

The temperature evolution of 1/Ti at fixed magnetic
fields is shown in Fig. 1. The nuclear spin-lattice re-
laxation is expressed in terms of the magnetic structure
factor components [14]

(1)

where )Faa(q)\3 are hyperfine form factors of dipolar ori-
gin [15] and a = z,± represents the longitudinal and

1



transverse components, respectively.
The structure factor Saa(q,wn) is related to the

Fourier transform at u>n of the two-spin correlation func-
tions < S,t+(q^t)S,t-(—q,0) > which is given in terms
of matrix algebra by

(2)x 6{Ek+tt. -

where | k,<r) represents a one-magnon state with a —
0, ±1 and energy E%ta. The one-magnon dispersion spec-
trum in the strong coupling regime J± > J\\ is given by
perturbation theory, Ek,o — Jx + J\\ cos(Jb) +
and is minimum at k = x [13].

In the gapped phase T <. Hc\ — H, only excitations
near k = ir with small momentum transfer q contribute
significantly to the relaxation [16]. In such limit, the
low-T limit is dominated by "uniform" (q « 0) transi-
tions within the lowest Zeeman branch a = — 1 (intra-
branch transitions, AMs = 0). These matrix elements
contribute only to the longitudinal correlator Slt(q,wn)
with a low-T Boltzmann factor exp( -A«/ / / r ) . This
regime is characterized by a fall-off of all correlators and
all thermodynamical quantities. Fig. 1 shows that 1/Ti
is linearly reduced by magnetic field. In this regime, re-
laxation is driven by Stx(q w 0,wn) with a linearly re-
duced effective gap A , / / = A — g/*BH.

In the magnetic phase H > Hc\ the ground state be-
comes magnetic, gapless and populated by excitations.
At T=0, the number of excitations n in the ground state
is directly related to the chemical potential ft = g^B^ —
A in a free Fermions picture [17,11] and "staggered" pro-
cesses dominates the region ksT w \H — A| relaxation.
In this situation, one would expect a relaxation enhance-
ment related to the non-zero magnetization (M oc n) of
the electronic system. At low temperatures 1/Tx turns
upward in contrast with the gapped phase (see Fig. 1).
The low temperature divergence is already visible be-
low 2-3K very close to Hci and becomes more prononced
at higher fields, extending to higher temperatures. This
persistence of the divergent behavior might be specific of
ladders [9] and could not originates from the onset of 3D
ordering [19]. At H = 7.6 T w Hcl, a ss 0.5: this is in
good agreement with theoretical predictions based on im-
penetrable Bosons (i.e free Fermions) Tx ~ \/T (T -> 0)
[18]. This region refers to the "Luttinger liquid" regime.

In conclusion, we have demonstrated in the spin-1/2
two-leg Heisenberg ladder Cu^CsHuNg^CU the possi-
bility to study dynamical properties through a quantum
phase transition induced by magnetic field. The tran-
sition from a "gapped" regime to a "Luttinger" regime
has been identified by proton NMR. More, these low-
temperature regimes are dominated by different contri-
butions of the correlation functions.
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Macroscopic quantum coherence in mesoscopic antiferromagnets:
Importance of uncompensated moments

Alain Chiolero
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Abstract

Small antiferromagnetic particles have recently been considered as a new type of
systems likely to exhibit macroscopic quantum coherence (MQC), whereby the mag-
netization (in ferromagnets) or the Neel vector (in antiferromagnets) can tunnel
between energy minima. Experimental evidence [1, 2, 3] has been reported for
ferritin, a macromolecule used by living organisms to store iron.

We consider here the more general case of MQC in ferrimagnets by studying a
model for a mesoscopic antiferromagnet with an uncompensated magnetic moment.
Through semi-classical calculations we show that even a small moment has a drastic
effect on MQC. In particular, there is a rapid crossover to a regime where the MQC
tunnel splitting is equal to that obtained for a ferromagnet, even though the system
is still an antiferromagnet for all other aspects. We calculate this tunnel splitting via
instanton methods and compare it with numerical evaluations. As an application
we re-examine the experimental evidence for MQC in ferritin and show that even
though the uncompensated moment of ferritin is small it greatly modifies the MQC
behavior. The excess spin allows us to extract values for experimental parameters
without making any assumption about the classical attempt frequency, in contrast
to previous fits.

Chemists have recently [4] been able to synthesize and characterize molecular
magnets, clusters containing about 5-15 tightly coupled magnetic atoms, surround-
ed by ligands. We also discuss the implications of our results for MQC in such small
systems.
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Complex dynamics of magnetic holes
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We use notions from braid theory to describe the complex dynamics of magnetic holes'
in a rotating magnetic field2. In our experiment non-magnetic microspheres are placed
in a thin layer of ferrofluid. A rotating magnetic field sets the spheres in motion. The
spheres behave like magnetic holes and interact with one another according to simple,
but non-linear equations. The main idea behind our approach is that one particle
moving in a plane can be represented as a curve in a three dimensional space-time, and
so several moving particles produce a set of braided curves3. The space-time diagrams
of the magnetic holes reveal a rich topological structure that would not be readily
apparent in a motion picture. Once a sequence of motions has been converted into a
braid, it can be further examined to obtain numbers characterising the structure and
complexity of the braid. Periodic modes of motion and more complicated dynamical
behaviour have been studied using this approach.

'A.T. Skjeltorp, Phys. Rev. Lett. 51, 2306 (1983).
2G. Helgesen, P. Pieranski and A.T. Skjeltorp, Phys. Rev. Lett. 64, 1425 (1990) and
G. Helgesen, P. Pieranski and A.T. Skjeltorp, Phys. Rev. A42, 7271 (1990).

3P. Pieranski, S. Clausen, G. Helgesen and A.T. Skjeltorp, Phys. Rev. Lett. 77, 1620
(1996).
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Quantum fluctuations in the one-dimensional S=l/2 Heisenberg
antiferromagnet Cs2CuCl4 in an applied field

R. Coldea1. D.A. Tennant1'2, R.A. Cowley1, D.F. McMorrow3, B. Dorner4 and
Z. Tylczynski5
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The magnetic structure and excitations in the quasi one-dimensional spin-1/2
Heisenberg antiferromagnet Cs2CuCl4 have been measured by neutron
scattering. The zero-field structure is incommensurate because of the
frustration induced by the small interchain coupling and the ordering is
cycloidal. The excitations are well described by a spin-wave model with the
exchange along the chains J=0.64 meV and an interchain coupling J'/J=0.17. A
field applied in the plane of spin rotation is in direct competition with the
existing order and at a critical field BC=1.66T the coupling between chains is
broken and a transition to a phase with no long-range order occurs. In this
phase the excitations are inconsistent with a conventional spin-flop ordering
along the chains, but in good agreement with calculations on quantum chains
which predict a short-range incommensurate order.
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Integer versus half-integer quasi-lD Heisenberg antiferromagnets - a
comparison in the 3D ordered phase.
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After Eome initial controversy, the Haldane state has been established as the ground-state
of quasi-ID Heisenberg antiferromagnetic (AF) chains with integer spin for a certain
range of interchain exchange and anisotropy constants (called "Haldane phase"). The
S=l system CsNiCls, which undergoes a phase transition into the 3D long-range ordered
state because of a larger interchain exchange, displays unusual features in its excitation
spectrum, which are only explained by remaining Haldane correlations in the 3D ordered
state. One of these features is the degenerate triplet excitation at the ID AF zone center,
which is split by the magnetic field [1-3].
We present inelastic neutron experiments on CsNiCla and CsMnls, the S=5/2 counterpart
of CsNiCU- CsMnl3 is isomorphic to CsNiCU in any respect except for the spin value
of the magnetic ions. The compounds show entirely different magnetic field dependence
of the excitations. In case of CsMnI3, the energies and polarisations are well explained
by linear spin-wave theory, with the same parameters as have been recently used to ex-
plain the magnon dispersion at zero field [4]. In contrast, the spin-wave approach fails
to describe the observations on CsNiCls. However, at least good qualitative agreement
is obtained with the description by Affleck et al. [1], who take into account remaining
Haldane correlations in the 3D ordered phase. We conclude that Haldane correlations are
still present in the 3D ordered phase of CsNiCb. Hence even in their 3D ordered phases,
the behaviour of quasi-one dimensional spin systems is characterized by the quantum
ground state of the isolated integer or half-integer spin chain.

[1] I. Affleck and G.F. Wellman Phys.Rcv.B 46 8934 (1992).
[2] M. Enderle, K. Kakurai, M. Steiner and H. Weinfurter J.Magn.Magn.Mater,, 104-107
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In and off-chain substitution effects

in the spin-Peierls compound CuGeC>3
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CuGeC>3 is the first inorganic compound revealing a spin-Peierls transition at Tsp= 14K.

In Raman spectra polarized along the chains 5 additional modes were observed in the dime-

rized phase. There is an ID gap induced mode at 30 cm-1and a 3D two-magnon density of

states induced signal with a cutt-off at 227 cm"1. Besides, a Fano resonant phonon at 105

cm"1 and 2 phonons at 370 and 820 cm"1 appear due to the lowering of the symmetry in the

dimerized phase. Above Tsp a broad continuum between 100 and 500 cm"1 is visible which

is attributed to frustration induced exchange scattering of spinon excitations along the ID

Heisenberg chain. Below Tsp the intensity of this continuum is exponentially suppressed

and transferred into the 3D two-magnon density of states.

In and off-chain substitution easily quenches the spin-Peierls state. We therefore investigated

single crystals of Cui_xZnxGe03 and CuGex-sSixOa. A suppression of the ID gap-induced

mode as well as a constant intensity of the spinon continuum are observed. In Si-substituted

samples showing no spin -Peierls transition at all an overall reduction of the continuum in-

tensity is observed. Besides the two-magnon density of states as well as the spin-Peierls

induced phonon at 370 cm"1 gradually extend to higher T up to 60 K. These effects are

attributed to localy enhanced spin-spin correlations near impurities and a dimensional cros-

sover at Tcross which is shifted to higher T in substituted samples.

Acknowledgement: This work was supported by DFG, through SFB 341 arid by BMBF

13N6586/8.
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FIG. 1. a) Scattering intensity for CuGeO3 at T=40, 12 and 5K.
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Dynamic Domains in Strongly Driven Ferromagnets
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The spatiotemporal structure formation problem is investigated in the region far above the trans-
verse ferromagnetic resonance instability. The investigations are based on the dissipative Landau-
Lifshitz equation and have been performed for several models which take external fields, isotropic
exchange fields, anisotropy fields and dipolar fields into consideration . As a comon feature, the
numerical simulations for these models exhibit stationary domain structure in the rotating frame.
Employing analytical methods, characteristic elements of this structures can be explained. Dynam-
ical domains have also been found experimentally in film materials and the problems in relating
experiment and theory are discussed.



NO9900044

A Magnetic Gel

J.O. Fossum1* andB-M. Heegaard1,
M.B. Kirkedelen2, J. Samseth2 and A. Skjeltorp2

Physics Department, NTNU, The Norwegian University of Science and
Technology, Gl0shaugen, N-7O34 Trondheim, Norway

2Physics Department, IFE, Institute for Energy Technology, P.O. Box 40,
N-2007 Kjeller, Norway

* fossumj@phys.ntnu.no

Preliminary results from investigations of a new magnetic gel are reported.
We have made mixtures of waterbased ion-stabilized cobolt-ferrite ferrofluids, and the
synthetic clay Laponite RD, in water.

Moderate quantites of commercial Laponite mixed in water is known to form a
transparent thixotropic clay gel. It has has been suggested that this thixotropy is
fundamentally connected to a socalled "card house structure", since the clay particles in
this case are disc shaped platelets with negatively charged surfaces screened by sodium
ions and positively charged platelet edges, thus possibly encouraging percolating edge
to face "connections".

The Laponite RD discs used in the present experiments all have a diameter of
about 25 nm and are about 1 nm thick.The present nm sized ferrofluid particles on the
other hand, are believed to be approximately spherical.

We have made several mixtures of Laponite RD and a ferrofluid. We have thus
produced a new type of magnetic gel ("Ferrogel") which we so far have studied by
means of Small-Angle-Neutron-Scattering (SANS)

Our preliminary SANS data suggest that these ferrogels are macroscopically
magnetic when the mixing and the gelation is performed in an externally applied
magnetic field. Furthermore, a concentration dependent magnetization decay towards
zero is observed macroscopically.

The SANS data from the same samples, may suggest structural anisotropy
connected to clay platelet orientation and stacking, resulting from interactions between
the magnetic ferrofluid particles and the nonmagnetic clay platelet discs.

All our experimental results are preliminary and further more detailed
experiments are ongoing.
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SPIN DYNAMICS IN PURE AND ZN-DOPED CuGeO3 BY uSR:

FROM SPIN-PEIERLS TO SPIN-GLASS TRANSITIONS
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Zero and longitudinal muon spin relaxation has been used to characterize the

spin dynamics of local magnetic moments in the quasi-one-dimensional S=l/2 cuprates

CuGeC>3 and Cuo.96Zno.o4GeC>3. Frozen moments are not observed in CuGeC>3, only a

slowing down of the fluctuating rate of Cu moments was seen below 14 K. Magnetic

measurements in the slightly doped sample confirm the suppression of the spin-singlet

transition, and the appearance of hysteresis between the zero-field-cooled and field-

cooled branches of the magnetic susceptibility below T=4.5K, both absent in the pure

compound. The depolarization of muons gives evidence of the appearance of randomly

frozen Cu moments in the doped compound below Tg=4.5 K. The dynamic relaxation

rate Xj is appreciably higher around Tg than below 4 K, and the correlation time ic of

the magnetic fluctuations of 3d Cu moments in Cuo.96Zno.04Ge03 is estimated to be

Tc=10-8sat5 K.
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J. S. Gardner, M. D. Lumsden, N. P. Raju and B. D. Gaulin
Department of Physics and Astronomy,

McMaster University,
Hamilton, Ontario

Canada.

Introduction

The oxide pyrochlore family, with chemical composition A2B2O7, crystallises into a face centred

cubic structure with eight formula units per conventional unit cell [1], The metal atoms A and B form

two infinite chains of corner sharing tetrahedra and if either the A or B atoms is magnetic with an

antiferromagnetic nearest neighbour interaction, then there is a high degree of frustration within the

lattice.

In the last 10 years there has been several studied on the pyrochlore systems [1-3], attempting to

describe their physical properties and explaining their unusual behaviour. One such characteristic of

many of the magnetically frustrated pyrochlores is that they show a classic spin-glass behaviour in the

history dependence of the magnetic susceptibility. This is unexpected however, since it is generally

assumed, that a spin glass is a result of chemical disorder and all diffraction studies to date on the

pyrochlore systems have found them to be ordered (at least to below the 1% level) [3].

Neutron studies were carried out on the high resolution powder diffractometer, of the NRU

reactor at Chalk River Laboratories, with an incident neutron wavelength of 2.37'A and 4A. The

eighty degree detector bank was moved between two positions in order to obtain data from 3° to 115°

in two theta. D. c. susceptibility measurements were carried out between 2K and room temperature in

a high field Quantum Design SQUID magnetometer.

Here we will report our findings of studies of polycrystalline Tb2Ti207 and Y2Mo2O7 at

temperatures down to 2.5K in order to investigate the build-up of magnetic correlations in these

magnetically frustrated systems. In these two compounds, where either the A or B-site is magnetic,

several distinct differences have been seen.

Results and Discussion

The magnetic susceptibility of Tb2Ti207 follows the Curie-Wiess law with a calculated effective

magnetic moment of 9.4 \LB (cf. 9.6 \iB for the free moment). The paramagnetic Curie temperature,



also calculated from the high temperature fit, was found to be -2.2K.

Y2Mo2O7 shows a typical spin-glass-like cusp in it's susceptibility, with a spin freezing temperature

Tf of 25K: No cusp or magnetic history dependence was observed in the Tb2Ti207 sample down to

2K.

The static spin correlations observed in Tb2Ti2O7 are very liquid-like down to the lowest

temperatures studied. Broad bumps at Q ~ 1.1A "l and 3 A" l are observed in neutron diffraction patterns

below 100K. This is evidence of short range correlations in Tb2Ti207 although magnetic susceptibility

results are paramagnetic-like. No observation of short range correlations have been seen in similar

neutron experiments on Y2Mo2O7.

Figure 1 shows the results of subtracting high temperature diffraction data of Tb2Ti207 (100K)

from 50,15 and 2.5K data sets plotted against the wave-vector, Q. The inset is the d.c. susceptibility of

Tb2Ti207.
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Figure 1. The diffuse scattering from Tb2Ti207 at 2,15 and 50 K. The inset shows its susceptibility
which is very Currie-Wiess like.
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Muon Spin Relaxation and Non-linear Magnetization in the Geometrically
Frustrated Pyrochlore Antiferromagnet Y2MO2O7: Evidence for a Spin Glass

Transition

Michel Gingras

Department of Physics
University of Waterloo,

Waterloo, Ontario, Canada

Some frustrated pyrochlore antiferromagnets, such as Y2MO2O7, which consist of a
three-dimensional lattice of corner-sharing tetrahedra, show a spin-freezing transition and
magnetic irreversibilities below a temperature Tf similar to what is observed in randomly
frustrated spin glasses. Muon spin relaxation (fi.SR) and non-linear magnetic
susceptibility measurements on Y2Mo2O7 indicate that this system undergoes a phase
transition to a spin glass state below Tf = 22K. The muon spin relaxation rate exhibits a
sharp cusp at Tf indicating there is a dramatic slowing down of the Mo44 moment
fluctuations upon approaching Tf from above. Below Tf the spin relaxation rate decreases
slowly, and the moments appear almost static below 2 K. The results from DC nonlinear
magnetization measurements provide strong evidence that there is an underlying
thermodynamic phase transition at Tf which is well characterized by critical exponents
y~ 2.8, p = 0.75 and 8 = 4.7, and which obey scaling. These values are typical of those
found in random spin glasses, despite the fact that the level of random disorder in
Y2MO2O7 is immeasurably small.
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Low Temperature Magnetometry Using 100 nm Thick Micromechanical Cantilevers

J.G.E. Harris, D.D. Awschalom,Department of Physics, University of California Santa
Barbara, USA
K.D. Maranowski, A.C. Gossard, Department of Electrical and Computer Engineering,
University of California Santa Barbara, USA

We present the results of magnetization measurements taken at low temperatures
using microfabricated cantilever magnetometers. Cantilevers are fabricated from MBE
grown GaAs/AlAs heterostructures and are < 100 nm thick with aspect ratios of greater
than 1500:1. The fabrication uses a process which allows samples to be mounted on
either surface of the cantilever. The cantilever's displacement is measured
interferometricaly, giving displacement sensitivities greater than 10~2 A/Hz1/2 . This
sensitivity, combined with spring constants < 10"4 N/m allows one to observe the thermal
excitation spectrum of the cantilever over a range of temperatures. The sample
magnetization can be measured either by the static deflection of the cantilever, or by the
shift in the cantilever resonant frequency. Experiments on crystalline and powder samples
as well as integrated thin films will be presented.
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Magnetic and structural measurements of substrate-matched erbium
films

G. Helgesen1, M.J. Conover2, and D. Gibbs3

1 Institute for Energy Technology, N-2007 Kjeller, Norway
2 Department of Physics, University of Illinois at Urbana-Champaign, IL 61801, USA
3 Brookhaven National Laboratory, Upton, NY 11973, USA

Abstract

The results of x-ray resonant magnetic scattering studies and magnetisation
measurements of thin erbium films (thickness > 1000 A) grown epitaxially on (60%-
40%) Lu-Y alloy substrates are presented. These substrates were lattice-matched to the
<a-axis lattice constant of bulk erbium at room temperature in order to reduce the
epitaxial strain at the film/substrate interfaces. Detailed measurements of the temperature
dependence of the c- and a-axis lattice constants, magnetic wave vectors, and the
magnetisation of the films will be presented and compared to thin films deposited on pure
Lu and pure Y substrates.

The qualitative features of the magnetic phase behaviour of these thin films mirror
those of thick, bulk samples of Er, including the existence of lock-in transitions to
commensurate wave vectors. The magnetic phase transitions exhibit marked hysteresis
and the magnetic structures are characterised by limited correlation lengths. The low
temperature phase of erbium with magnetic wave vector 5/21 is suppressed in these
films. The magnetic behaviour seems to be more dominated by the clamping to the
substrate than by the lattice mismatch at the film/substrate interface.
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Spin Structure in Magnetic Multilayers with
Rough Interfaces*

P.C.W. Holdsworth

Laboratoire de Physique Theorique ENSLAPP, URA 14-36 du CNRS, Ecole Nor-

male Superieure de Lyon, 69634 Lyon, France.

Abstract

We show that spatial fluctuations of the interplane exchange coupling may produce

a random large scale spin structure coexisting with orthogonally ordered magneti-

zations of ferromagnetic films . Despite the existence of long range order, spatial

magnetic fluctuations are large because of nonperturbative effects. An estimate of

the biquadratic coupling between magnetic films, associated with the structure, is

presented. The results obtained are applicable for any randomly coupled systems

with continuous symmetry.

•E.F. Shender and P.C.W. Holdsworth, Phys. Rev. Lett. 76, 2584, 1996.
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Classical ground state and spin waves
in dipolar antiferromagnets on a triangular lattice

M. Hummel, C. Pich and F. Schwabl,
Institut fur Theoretische Physik,

Physik Department der Technischen Universitdt Milnchen

According to the theorem of Mermin and Wagner no long range order can exist in
one- and two-dimensional Heisenberg-systems with isotropic nearest neighbor interaction
for T > 0 [1]. For the two-dimensional ferromagnet it was shown by Maleev [2] that
the dipole-dipole interaction (DDI) modifies the long wavelength limit of the spin wave
frequency from a quadratic to a square root wave vector dependence, so that long range
order can exist. For the two-dimensional antiferromagnet on a square and honeycomb
lattice it was recently shown by Pich and Schwabl [3] that the dipolar energy lifts the
degeneration of the ground state. Therefore a gap in the spin wave spectrum occurs and
long range order can exist.

In this work, we focus on a frustrated antiferromagnet. We calculate the classical
ground state of a two-dimensional antiferromagnet on a triangular lattice in the frame-
work of linear spin wave theory for a Heisenberg-model with nearest-neighbor exchange
and dipole-dipole-interaction. We find that the additional dipolar interaction changes the
classical isotrppic 120°-ground state qualitatively, namely it modifies the angles between
the spins.

The magnon spectrum of the system is investigated. We show that one Goldstone-
mode remains in the spectrum, whereas the other two modes have a finite energy at
the zone-center in contrast to the isotropic case. We discuss the effect of the dipolar
interaction on the spin reduction AS, i.e. on the long range ordering and the energy
shift AE from their classical values.
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MUON-SPIN-RELAXATION AS A PROBE OF UNCONVENTIONAL

MAGNETIC SYSTEMS
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United Kingdom

A particulary sensitive method to study magnetic systems is Muon Spin Rotation/Relaxation

(/zSR). A spin-polarized positive muon is implanted in the sample of interest and after a short

time the muon decays into two neutrinos and a positron which is preferentially emmited in

the direction of the muon spin. Hence, by detection of the decay positron with appropriately

placed counters, the time-evolution of the muon can be monitored. Because the muon has

spin 1/2 it will precess about the internal magnetic field at the muon site. An ensemble of

such events make it possible to draw conclusions about the strength of local magnetic fields

and any associated dynamics.

We report /zSR measurements on unconventional magnetic systems. These include an antifer-

romagnetically doped system (La2_ISrxNi04) which exhibits unusual hole ordering at certain

doping levels, an organic Spin-Peierls system, organic ferromagnets and Ruddleson-Popper

materials which exhibit collosal magnetoresistance.
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Dynamics of the antiferromagnetic random exchange Ising
system FexZni.xF2 near the percolation threshold

K. Jonason, C. Djurberg and P. Nordblad
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Box 534, S-751 21 Uppsala, Sweden

D. P. Belanger

Physics Department, University of California Santa Cruz

California 95064

A para to antiferromagnetic transition at a finite temperature, 7V, occurs in diluted 3d

antiferromagnets with a concentration of magnetic ions larger than the percolation

threshold xp. For the tetragonal rutile Ising system FexZni-xF2 the percolation threshold

is xp=025 [1]. The system has been intensively investigated in high magnetic fields to

study the random field problem [2] but also zero field random exchange Ising properties

have been studied [2]. The peculiar spin glass like dynamics at percolation concentration

was discovered with ac-susceptibility measurements and the system was suggested to be

a 3d Ising spin glass [3] with a finite spin glass temperature, Tg.

A single crystal of Feo.25Zno.75F2 was cut into the form of a parallelepiped of size

1.75x1.9x3.6 mm3 with its longest axis aligned with the crystalline c-axis. The dynamic

properties of the sample where studied by means of low field time dependent zero field

cooled (ZFC) magnetisation measurements, utilising a non commercial SQUID-

magnetometer, and by ac-susceptibility measurements in a Lake Shore 7225 ac-

susceptometer.

The low field dynamic susceptibility is plotted vs. temperature at different

observation times in Fig. 1. The short time data are measured by ac-susceptibility

measurements in an ac-field of 3 Oe at 15, 125, 103 and 104 Hz, the observation time is

given by t~\la>, where 0)is the angular frequency. The data on longer times are obtained

from measurements of the relaxation of the ZFC magnetisation, probing field h =3 Oe.
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Fig. 1. Temperature dependence of the ac-susceptibility at different observation times in
zero dc field. The inset shows a fit to the Arrhenius law.

As is seen in Fig. 1, there is a strongly frequency dependent maximum in the ac-

susceptibility. The position of the maximum in £(r,0 can be used to define a spin

freezing temperature, Tf, at the corresponding observation time, which also defines the

maximum relaxation time, Umax, of the system at that temperature. The slowing down of

the relaxation times of the system with temperature obeys an Arrhenius law:

log — \xTfX . (1)

The inset shows the fit which yields log t vs. Tf^, i.e. pure Arrhenius behaviour, with

To=lO"14 s and x=l. There is no indication of a critical behaviour and a spin glass phase

transition is neither anticipated at a finite nor at zero temperature implying that

Feo.25Zno.75F2 can not be a 3d Ising spin glass.

Also, there are no indications of an equilibrium Almeida-Thouless line in the H-T

plane and the field dependence of the equilibrium susceptibility behaves non critically.

However, an ageing behaviour, a common feature of frustrated disordered magnetic

systems, is observed at low temperatures.
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Normal Modes and Vortex Dynamics in the Easy-Axis

Two-Dimensional Ferromagnets
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Abstract

We study magnon modes, localized on topological solitons (skyrmions) in two-

dimensional weakly uniaxially anisotropic easy-axis ferromagnets with large

spin. Within a semiclassical approach we investigate bound magnon states,

solving a coupled set of linearized Landau-Lifshitz equations for magnetiza-

tion vector. Localized modes exist in a frequency range, determined by the

strength of anisotropy. Internal degrees of freedom of skyrmions are closely

connected with external ones (translational motion of soliton) due to interfer-

ence between soliton and magnons. We derive equation of motion for skyrmion

and find an exact solution for distortion of spins due to the conformal invari-

ance of Belavin-Polyakov vortices. Skyrmions in isotropic ferromagnet neither

can move nor interact with each other, nevertheless interaction occurs in the

easy-axis case. We calculate the momentum of individual moving vortex and

get the momentum balance equation with Magnus-type force for the system

of straight parallel vortices. It may be possible to observe resonances on the

characteristic frequences of internal motion and vortex central peak in inelas-

tic neutron scattering experiments for quasi-two-dimensional ferromagnetic

materials.

PACS numbers: 75.10.Hk, 75.60.Ch
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Temperature induced micelle to vesicle transition as studied by neutron
and X-ray small angle scattering.
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l)- Moscow Institute of Physics and Technology, Dolgoprudniy, Russia
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Usually, to induce the membrane reassembly from detergent-solubilized molecules
one has to subject the system under study to profound and irreversible changes coupled
with the detergent removal or with abrupt decrease in its concentration through dilution of
the incubation medium with a large volume of the detergent-free buffer. All that brings
about a considerable disturbance of the chemical equilibrium in the system, a distortion of
the kinetics of the assembly process, and eventually results in failure to resolve its distinct
stages for more detailed study.

The novelty of a technical approach is to use for experimental studies a model
system that enable one to reproduce with reliability and convenience various stages of the
membrane self-assembly and to study the intermediates formed with a minimal disturbance
under conditions close to the equilibrium. The approach is based on the phenomenon of
the temperature-induced micelle to vesicle transition (TIMVT).

The most remarkable feature of the model system is its ability to change over
repeatedly from the micellar state to the vesicular one (and in the opposite direction)
merely through temperature variations while retaining unchanged the ratio of components
in the incubation mixture and their concentrations. At any point the transition can be
arrested to take measurements under the steady-state isothermal conditions.

One of the most powerful techniques for the investigation of micellar and vesicular
systems is small angle scattering. A ternary system consists of
dimyristoylphosphatidylcholine C36H72NO8P (DMPC), sodium cholate C24H39O5Na
(ChNa) and D2O have been used for the study of particle forms and sizes during the
TIMVT by small-angle neutron scattering at the small-angle neutron spectrometer YuMO
at fast pulse reactor IBR-2, Dubna Russia. The experimental measurements were carried
out at temperatures 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 60°C using time-of-flight
small angle spectrometer in Dubna and small angle neutron spectrometer in Budapest with
position sensitive detector. The obtained results on different instruments are in good
coexistence. The strict reversibility of structural transitions has been observed under
cooling and heating of the system. Scattering curves at Fig. 1 demonstrate the
transformation rodlike micelles at T=20°C to vesicles at T=50°C.

The complementary study of TIMVT have been carried out at synchrotron source
DCI, LURE France. Small angle camera D22 have been used for the measurement of
DMPC/ChNa/water/sucrose system. The better compare with neutron spectrometers



- &>-

resolution give us possibility to determine the size and form of ellipsoidal vesicles which
form during the micelle to vesicle transition.

It was shown recently717 that supramolecular formations in pure phospholipid and
phospholipid / detergent systems in liquid phase (La phase) have a tendency to be oriented
by magnetic fields about 1-2 Tesla. Capability of phospholipids for orientation in magnetic
field can be attributed to the diamagnetic anisotropy Ax of hydrocarbon chains.

Ax = 0.96 10"8 erg sm*3 G"2 was measured for DMPC bilayers.
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Fig. 1. 15 mM DMPC / 6 mM ChNa / D2O system.
Guinier approximation for rodlike micelles (R=29.2 A) at T=20° C
and Guinier approximation for vesicles (h=31.5 A) at T=50° C
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Bioph. J. 1984,45,589-592



nil
NO9900055

Glassy behaviour of nanocrystalline Y-Fe2O3 in SiO2-matrix

Th. Knoblauch and M. Enderle

FR 10.3 Technische Physik. Universitft des Saarlandes, Geb. 38,3.OG, D-66123 Saarbrtlcken, Germany

With increasing concentration, the magnetic properties of small ferrimagnetic
one-domain particles in SiO2-matrix are expected to be influenced by magnetic
interactions between the small particles. Small isolated particles are
superparamagnetic at high temperatures and become blocked at low
temperatures, the blocking temperature depending on size and anisotropy of the
particles. At sufficiently high concentration of the magnetic particles we expect
glassy behaviour due to the magnetic dipole-dipole interaction between the
particles.
In samples of 6 wt. % y-Fe2O3 and 10 wt.% e-FeaOs in SiO2-matrix,
respectively, we observe a splitting of zero-field cooled and field-cooled
magnetization curves already at 150K. In addition, we find a shift of the field-
cooled hysteresis loop with respect to the zero-field-cooled hysteresis when
cooling down from 200K in a magnetic field of 4000 Oe. This shift amounts 62
Oe at 1 OK and 12Oe at 50K in the 6wt.% y-Fe2O3 sample and 127 Oe at 10K in
the 10 wt.% E-Fe2O3 sample. The effect of a shifted field-cooled hysteresis was
first seen in metallic spin-glasses like CuMn and referred to anisotropic
(Dzyaloshinsky-Moriya) exchange resulting from higher order terms of the
RKKY interaction [1]. It is also known from ferromagnetic particles with an
antiferromagnetic oxide shell (e.g. Co/CoO), where it results from the so-called
exchange anisotropy interaction between the ferromagnetic metal and the
antiferromagnetic oxide [2]. Neither of these explanations applies to our case.
We discuss our observations with respect to the dipole-dipole interactions
between the ferrimagnetic particles.

[1] W. H. Meiklejohn and C.P. Bean, Phys. Rev. 105,904 (1957).
[2] S.M. Goldberg, P.M. Levy, A. Fert, Phys. Rev. B 33,276 (1986).
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Universit&t des Saarlandes e-mail: thomknob@rz.uni-sb.de,
66123 Saarbriicken enderle@rz.uni-sb.de
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Bloch. Oscillations of Magnetic Solitons

Jordan KyriaJddis1* and Daniel Loss*
Department of Physics and Astronomy,

University of Basel, Klingelbergstrasse 82,
CE-4056 Basel, Switzerland

Bloch oscillations may occur when a constant force is applied to a particle in a periodic
potential. It is a glorious example of the counter-intuitive nature of quantum mechanics. Not
only does the particle oscillate with the application of a static and homogenous force, but the
amplitude of the oscillation is inversely proportional to the magnitude of the force, so that an
infinitesimal force, e.g., yields an infinite amplitude. If the particle has a charge, then the force
may be provided by an electric field, and the oscillation can be detected by the radiation emitted
by the osdllating (charged) particle. This has been recently accomplished with charge carriers
in semiconductor superlattices. Even more recently, the effect was observed with ultracold
atoms placed in an accelerating, spatially periodic optical potential Here we show that this
quintessentially quantum effect also occurs in purely magnetic systems, i.e., in the quantum
dynamics of magnetic solitons. We illustrate this by looking at anisotropic spin-1/2 chains and
give explicit results for the quasi-one-dimensional ferromagnetic salt C0CI2 - 2H2O.

The completely anisotropic spin-1/2 chain

with ferromagnetic couplings is our starting point. We work in the Ising regime and so put
Jz 2> Jx, Jy The lowest energy excitations are domain walls (we use the terms "domain walls"
and "magnetic solitons9 interchangeably). At sufficiently low temperature, the density of solitons
is low enough to neglect soliton-soliton interactions. The one-soliton approximation is valid in
this regime and we can project the full Hamiltoaian down to this subspace, drop constant terms,
and obtain

v ~ ( - 2 ) + bfn.v ~ (r + T

Tn translates the soliton n lattice sites, m is the soliton position operator, and b =
This Hamiltonian is essentially equivalent to a tight-biding model of electrons on a lattice in
the presence of an external field. The same effective model can be derived starting from an
antiferromagnet in an inhomogeneous (linearly increasing) external field. Also, a very similar
effective Hamiltonian can be obtained in a ferromagnet with Jx = Jy and an external field along
both the x and z axes (in this case hoping is by only one lattice site).

In zero external field, the eigenstates of the above Hamiltonian are soliton Bloch states
and there exists a soliton band structure. Seouclassically, the effect of the field is to drive the
soliton through the band. In real spare, the position of the soliton oscillates in time: x(t) =
const. + (AB/2) cosuiBt with the Bloch.amplitude AB = a{Jy — Jx)/b and the Bloch frequency
u>B — 26/ft, where a is the lattice constant. In a fully quantum treatment, we can calculate the
expectation value of the position operator m in an arbitrary state. With [^(0)) = Em

y
^E-mail: Ia5s@abacln.n1ubas.ch.



and \Em) an eigenstate of ifsoi, we have

m

which exhibits the same time periodic behavior as the semiclassical treatment for appropriately
chosen expansion coefficients Cm.

These oscillations should emit detectable magnetic dipole radiation, in analogy to electrons.
However, because they are magnetic excitations, they can also be detected by inelastic neutron
scattering at finite temperature. The dynamic structure factor S[u) is given by

This result is only for one rhatti In a sample with iV chains, and for nncorrelated solitons, there
is one such contribution to S(u>) for each soliton. Thus, for a BLoch amplitude on the order of
a lattice constant, the signal can become enormous.

For some numerical estimates, we turn to the spin-1/2 Ising ferromagnet CoCl2 - 2H2O. This
salt consists of ferromagnetic chains with antiferromagnetic interchain couplings, and has a 3D
ordering temperature of 17K. Below this temperature and in a small external field, half the
chains are polarized along the field, and half opposite the field. As the field is increased, there
are transitions to a 3D ferri- and finally a ferromagnetic state with all chains polarized along the
field (the chains themselves always exhibit ferromagnetic order, whatever the external field). If
we neglect the interchain couplings, a moderate field of 0.8 IT produces a Bloch amplitude of one
lattice constant, and a Bloch frequency ((j£/2ir) of lSOGHz. The interchain couplings can be
treated in a mean field approximation- The field experienced by a specific chain is then the sum
of the external field as well as an internal field- In this case, Bloch oscillations of amplitude one
lattice constant can be produced in all three phases. In the 3D antiferromagnetic phase, a 2.8T
external field is required, in the ferrimagnetic phase, a 3.6T field, and 5.2T in the ferromagnetic
phase. This material is a good candidate for observing Bloch oscillations of magnetic solitons.

Block Oscillations in C0CI2 - 2H2O
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Dynamic correlation function oftheantiferromagnetic 5 = 1/2
xx z chain in an applied field studied by exact diagonalization

Kim Lefmann, Solid State Physics and Chemistry Department, Ris0
National Laboratory, DK-4000 Roskilde, Denmark
Christian Rischel, Laboratoire d'Optique Appliquee, ENSTA - Bat-
terie de l'Yvette, F-91761 Palaiseau, France

The one-dimensional spin chains have attracted large theoretical and experimen-
tal interest because they offer unique opportunities to study quantum mechanical
effects in simple magnetic systems. We have studied the T = 0 dynamic correla-
tion function, S(q,u>)} of the nearest neighbour antiferromagnetic 5 = 1/2 chain by
finite-size analysis of exact diagonalization results for chains of lengths up to N = 24
(for the isotropic case N = 28). The chains studied all have periodic boundary con-
ditions, and they differ in anisotropy from Ising-like over Heisenberg to x-y-like. The
study has been carried out both in zero fields and for applied fields, with the field
direction coinciding with the anisotropy direction.

For the isotropic Heisenberg case we found a continuum of excitations with con-
siderable spectral weight. The lower boundary of these excitations coincides with
previous analytical and numerical work1'2. However, the predicted upper continuum
boundary2 is not visible in applied fields. The most spectacular analytical predic-
tion, a field induced displacement of the soft mode in S"(q,u>), was confirmed by
our results3.

For large and small Ising anisotropies an energy gap in the excitation continuum
is seen. For the pure x-y system the expected features of constant spectral weight
of the excitations were confirmed by our results. For small x-y-like anisotropies,
feutures similar to the ones from the Heisenberg system are found. The latter
results are in partial agreement with recent neutron scattering results of the almost
isotropic model material Copper Benzoate4.

1 J. des Cloizeaux and J.J. Pearson, Phys. Rev. 128, 2131 (1962)
2 G.M. Miiller et al., Phys. Rev. B 24, 1429 (1981)
3 K. Lefmann and C. Rischel, Phys. Rev. B 54, 6340 (1996)
4 D.C. Dender et al., Personal communication (1997)
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The introduction of oxygen impurity into molecular cryocrystals leads to
the appearance of large anomalies of thermo dynamical properties of these
solids. As a result, O2 impurities are frequently employed as a probe of the
properties of atomic and molecular cryocrystals. A number of studies was
devoted to specific heat, thermal expansion and EPR anomalies which are
due to oxygen impurities.

It was shown in this paper that the magnetic susceptibility of molecular
cryocrystals doped with oxygen is very sensitive both to structural properties
of solids and to the peculiarities of oxygen as a magnetic system.

The Hamiltonian of the exchange-coupled pair of the oxygen molecules can
be written in the form

H = H1-hHH2 (1)

nx=D £(Stnt)
2 + - £ JijSiSj, 7i2 = -HB9 £ hSt,

i ^ ij i

where D is the spin-figure constant, S is the spin operator (S = 1), J;; is the
exchange parameter, n is the unit vector directed along the molecular axis,
H is the magnetic field, h is the unit vector along the magnetic field, JIB is
the Bohr magneton and g is a splitting factor.

An analogous Hamiltonian is well-known for usual magnetic systems. A
spesific feature of the system under consideration is that Eq.(l) containes a
new physical parameter, viz., the angle between the axis of oxygen molecules.
The angle is different for different matreces. For the case of fluorine matrix,
the angle 6 is close to zero (collinear cluster), for the case of nitrogen matrix,
9 = arccos(l/3).
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The magnetic susceptibility of a dilute solution can be represented as a sum
of contributions of single oxygen molecules Xs, pairs Xp, e t c - :

(Ns, Np... are numbers of singles, pairs, etc.)
An average or powder susceptibility at T = 0 is given by expressions

xP ( » i ) = 2X ( ) x j ^ ;

/ j / \ / 1-2J/D, 6 = 0;
Xp \D / " Xs X \ 1 - J/(2Z?), 0 = TT/2.

As one can see in the case of the range J/D ;> 1 the magnetic susceptibility
of pair clusters is strongly suppresed.

Let us discuss what characteristics of the system could be extracted from
the data on the magnetic susceptibility obtained in this paper. The proper-
ties of the magnetic system of the solid solution under study are determined
by the parameters: D, D/J, and concentration of pairs Np (the latter can
significantly deviate from the purely random value Np ~ 6Nc2, where c is the
molar concentration of the impurity). Considering D a s a known quantity the
magnitude of D/J and Np may be found by analysing the deviation (reported
herein) of susceptibility of solid solution from the Curie law.

In this case the temperature dependence of the susceptibility gives an in-
formation about the parameter D/J and allows one to answer the question
about presence of temperature changes in the number of the pairs.
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The origins of the phase transitions observed in UPd3 at To= 7.8K, ^=6.7*: and T2=4.5K
have been an outstanding problem for many years. The transitions show up in the bulk
properties of UPdv e.g. thermal expansion [1], and magnetic susceptibility [2]. The
transitions are characterised by the appearance of very weak superlattice reflections
with a wavevector Q=(l / 2,0,0). Polarised neutron diffraction experiments [3] showed
that the scattering between To and T2 arises from a commensurate structural modulation
at T,, whilst the transition at T2 involves both structural and magnetic components. In an
external applied magnetic field, the intensity of the superlartice reflections increases
rapidly below To. For reflections with /=odd, the intensity continues to rise with
decreasing temperature; for reflections with /= even, the intensity reduces to little
above background level below T2.

We propose that the transitions at To and T[ are the first examples of quadrupolar
transitions in a material with the dhcp crystal structure. Since neutrons do not couple
directly to the quadrupole moments, the superlattice reflections arise from the
modulated ionic displacements which accompany the quadrupolar modes. In
collaboration with M B Walker and C Kappler at the University of Toronto, we made a
group theory analysis of our results from which the order parameter of the quadrupolar
phase was deduced [4,5]. The transition is to a triple-q antiferroquadrupolar phase,
which involves a combination of quadrupole moments of the type Q2 2, Qa and

Qu on the uranium ions at the quasi-cubic sites.

We have studied the low lying crystal field excitations and their temperature
dependence [6]. The dispersion curve in the basal plane exhibits four well defined
excitations between 0.7 and 2.6 meV, which are particularly well pronounced at the K-
point. The intensities of the two middle modes vary rapidly with changing wave
vector. All modes exhibit a pronounced temperature dependence reflecting the
behaviour of the superlattice peaks.

Small dilutions of the palladium ions with platinum have a major effect on the physical
properties. As little as 5% Pt in UPd3 wipes out all of the above described transitions.
The excitations become immediately less well localised; however they exhibit a much
stronger dispersion.
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Antiferroquadrupolar structure ofUPd3

The charge densities of the uranium ions at the quasi-cubic sites in UPd3 in the ordered phase. The
periodicity of the structure is twice that of the lattice, analogous to an antiferromagnet. The Qxi_yi

contribution to the order parameter means that the charge distribution of alternate ions is ellipsoidal.
Furthermore the Qa contribution means that the charge distribution is tilted about an axis indicated by
the appropriate arrow.

Collaborations with K N Clausen, J Kulda, J L Martinez (neutron experiments), M
Ellerby, M de Podesta, S Zochowski (bulk measurements), M B Walker, C Kappler
(theory) and D Fort & Y J Bi (crystal growing) are gratefully acknowledged.

[1] S W Zochowski and K A McEwen, Physics B 199&200 (1994) 416
[2] K A McEwen, M Ellerby, M de Podesta, J.Mag.Mag.Mater. 140-144 (1995)1411
[3] U Steigenberger, K A McEwen, J L Martinez, J.Mag.Mag.Mater. 108 (1992)163
[4] M B Walker, C Kappler, K A McEwen, U Steigenberger, K N Clausen,

J.Phys.Condensed Matter 6 (1994) 7365
[5] K A McEwen, U Steigenberger, K N Clausen, Y J Bi, M B Walker, C Kappler,

Physica B 213&214 (1995) 128
[61 K A McEwen, U Steigenberger, J L Martinez, Physica B 186&188 (1993) 670
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One of the fundamental problems for magnetism is the self-
organization of spins that produces different magnetic structures in a
material. Usually the explanation is based on theoretical grounds well-
determined for small systems, e.g. for a hydrogen molecule.
To simplify the problem, a hydrogen molecular ion has been used as an
alternative to a hydrogen molecule for the calculation of Coulomb, exchange,
and overlapping integrals. The energy of a hydrogen molecular ion written in
atomic units is

Eg,u = Eu + lfR + (Eaa ± Eah) / (1 ± S) (1)

Here the symbol g corresponds to a gerade state, the symbol u does to an
ungerade state, En is the energy of a hydrogen atom, R is the distance
between a and b hydrogen atoms. For the ground state

Eaa = -j (Is2
a/rb) dv = -1/R + e-2R(l+l/R) (2)

E a b = - j (Is2
a/rb) dv = -1/R + e-2R(l+l/R) (3)

S = J l s a - l s b dv = e-R(l+R+R2/3) (4)

where Is orbital is equal to
la=(lNn) e-r <5)

and r is the distance between an electron and an atom.
An additional point to emphasize is that the spin interaction is equivalent to
the potential energy

Uab = -2Jab*Sa-Sb (6)
where

J a b = (Eg-£u)/2 (7)
S a , Si) are the vector-spins of the atoms forming a molecule.

These expressions are usually generalized to systems of interacting
spins

E = -2LijJij-Si-Sj (8)
The corresponding equations of motion take the form

i /dt = 2LjJij-(SjxSj) (9)



Consider a chain of N spins that are connected by interaction (4).
Usually it is assumed that

Jjj = J = const, j = i-l, i+1 (10)

However, such an approach excludes from the very beginning dynamic
influence of an atomic system on a spin one. Another way of looking at it is to
consider the exchange integral as a function of a distance between atoms, Rjj,
taking into account spin interaction not only between first neighbours but
between second ones

Jij=J(Rij) = var, j=i±2,i±l (11)
In that case
(h/2)dSi/dt = Ji,i-2#(SixSi_2) + Ji,i-r(SixSi_i) +Ji,i+r(SixSj+1) + J^i-^'tSiX

S i+2) (12)

The classical equtions of motion for the spin and atomic systems are
integrated numerically by the Nordsieck method to the fifth order of
accuracy. The method is equivalent to a reformulation of the Adams method,
but has the advantage of higher stability with minimum degradation fo
accuracy. All the calculations are made on PC/PENTIUM-120 computer. The
results obtained are shown in the following figures.

a
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l i i i l l i i l i l l i i i
-«so 6 & BO—*s$v\ \ *L i » 4 v

Fig. 1. Formation of spin waves in an interacting spin-ion system: initial configuration (up),
after some relaxation (down). Symbols a and b denote plane xz and xy respectively.

Fig.2. Evolution history of a spin distribution function (spin projection on plane zy at
different times.
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We study the low-energy properties of a classical Heisenberg antiferromagnet on various
geometrically frustrated lattices, including, in particular, the pyrochlore lattice. These
systems are of interest because they have many ground states which are not related by
simple symmetry operations, and because they have many soft excitation modes. This
has some striking experimental consequences; for example, no kind of ordering takes place
near the Curie-Weiss temperature[1]. Such systems have recently been studied in further
detail in inelastic neutron scattering[2] and muon-spin resonance[3] experiments, and they
have been found to display unusual fluctuations at low temperatures.

The question we consider is how the ground state manifold is explored at small but
finite temperatures. We discuss the nature of the ground state manifold, showing that
there are no energy barriers dividing different portions of it. We demonstrate that thermal
fluctuations do not select an ordered state in the pyrochlore system, in contrast to the well-
known selection of a coplanar state for the Kagome antiferromagnet[4]. We find, however,
that an antiferromagnetic XY-magnet on the pyrochlore lattice does exhibit such order by
disorder.

The basic unit of the 3-d pyrochlore lattice is a tetrahedron. Like in the 2-d Kagome
lattice, which consists of triangles, these units are combined so that they share sites rather
than bonds. The spins reside on the vertices of the units. In the model we consider, a
classical Heisenberg antiferromagnet, a spin S, interacts equally, and only, with its nearest
neighbours Sj, so that the Hamiltonian reads H = JJ2S,; • Sj = J(J2^tot 2 ~ NqS2),

SJo/ being the sum of all q spins in unit n. The groundstate condition is therefore that all
units have zero total spin.

The groundstate degeneracy can be found by counting the number of degrees of freedom,
D, for each unit, and subtracting from it the number of independent contraints, C, imposed
by the condition that each unit has total spin zero. The way the degeneracy arises in the
two lattices differs fundamentally. For a generic groundstate on the pyrochlore lattice,
D — C = 1, so that it has a macroscopic number of degrees of freedom. By contrast, on
the kagome lattice, a generic groundstate has D = C, and it is only when the constraints
in different units become linearly dependent, as is the case for a coplanar state, that the
degeneracy can become macroscopic.

This is in stark contrast to a conventional, unfrustrated antiferromagnet: the only
degrees of freedom in its groundstate are overall rotations of all spins together, and the
dimension of the groundstate manifold does not increase with system size.

We have found an explicit construction of the set of all these groundstatesfor open
boundary conditions, which can be used to build up any possible groundstate layer by



layer. Before this, constructions had only been known for special submanifolds[5]. The
construction can also be extended to demonstrate that there are no energy barriers sepa-
rating different ground states. Also, it can be seen that correlations between spins are not
propagated efficiently over long distances. This explains the liquid-like structure factor
observed in neutron diffraction experiments, which yielded correlation lengths of roughly
only one lattice constant.

Now, the question arises whether, in the absence of (internal) energy barriers, thermal
fluctuations do not in effect introduce free energy barriers, favouring groundstates with a
soft excitation spectrum. Since such states are more ordered than a generic groundstate,
this phenomenon as known as order by disorder.

We have considered the general case of n-component classical spins on a lattice con-
sisting of corner-sharing units of q spins. We find that collinear order for XY-spins on
the pyrochlore lattice (q = 4, n = 2) occurs. We have also been able to demonstrate this
effect by numerical simulation (see figure below). A similar result has been obtained by
Bramwell, Gingras and Reimers [6], who studied an anisotropic pyrochlore lattice antifer-
romagnet with local planar single ion anisotropy. For Heisenberg spins on the Kagome
lattice (q = 3, n = 3), we 'predict' the selection of a coplanar state, which has in fact been
known to occur for a long time[4].

Additionally, there are three marginal cases, where the answer depends on a delicate
balance between two numerical coefficients. These are Heisenberg spins on the pyrochlore
lattice, four-component spins on the Kagome lattice, and XY spins on the less physical
lattice with q = 6. Numercial simulations on the Kagome[7] and the pyrochlore lattice
have shown that order by disorder is in fact absent.

For all other values of q and n, order by disorder does not occur.
XY Heisenberg

1,

-5 -4 -3 - 2 - 1 0 1 -5 -4 -3 -2 - 1
Collinearity of spins on pyrochlore lattice vs. logw(T/J).
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near the Quantum Critical Point
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La1_ISrxCu02.5 is composed of coupled cuprate ladders, and admits hole doping with-

out structural alteration. It is thus a candidate novel superconductor, although to date
superconductivity has not been found. Here we study the undoped, parent state to eluci-
date the interplay between spin liquid and antiferromagnetic (AF) ground states in systems
with potential for superconductivity.

Static susceptibility, NMR and /xSR measurements may be understood if the ground
state is AF, but located very close to the quantum critical point of the transition to a spin
liquid. In this regime we demonstrate the existence of both spin waves and a low-lying but
massive amplitude mode which is absent in a conventional AF. The susceptibility has the
form x{T) = Xo + oT2, with xo small for a system near criticality. We deduce from the
Neel temperature the interladder coupling, the small ordered moment and the gap in the
amplitude mode for LaCuO2.5.

We consider the dynamical properties of such an AF, focussing on novel features accessi-
ble to experiment. We compute the dynamic structure factor for comparison with possible
inelastic neutron scattering measurements, and consider also the intensity for Raman light
scattering. We conclude that the properties distinguishing near-critical from conventional
AFs may be expected to be observable in the single-crystal samples of LaCuO2.5 n o w be-
coming available.
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ABSTRACT

The synthesis of a new fullerene ferromagnet - cobaltocene-doped 3-amino-phenil-

methano-fullerene (C6iHPh(3)NH2 ) - is reported exhibiting a transition to a spin-ordered state

below 20 K, the highest reported to date for a ferromagnet with only p electrons in a unfilled

shell. In this compound, the cobaltocene ( CP2C0) transfers one electron to the fullerene

derivative C6iHPh(3)NH2 such that CP2C0 remains in a close shell configuration, while the the

fullerene has the unpaired electron. AC susceptibility and ESR measurements will be presented,

together with optical absorption and infrared spectroscopy characterising both the magnetic state

and the charge-transfer properties of the material.

H

C6iHPh(3)NH2
Cp2Co
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Specific heat of a dipolar quasi - I d magnet KEr(MoOJ2 was studied in the
temperature range 100 mK - 6 K in magnetic fields up to 1T. A - like anomaly due
TO the onset of long - range order was observed at 0.95 K. Numerical evaluation
of magnetic entropy confirms that KEr(MoO4)2 can be considered as a system with
effective spin 1/2. The magnetic specific heat behaviour for temperatures 2 K to
4 K and fields up to 0.55 T is quantitatively very similar to that found in known
soliton bearing systems with dominant exchange coupling.
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There has recently been a great revival of interest in the doped lanthanum manganites

La1](XxMnO3 because of the giant mangetoresistance they exhibit [1]. Simple yet open questions

concerning the ferromagnetism include the appropriateness of a local moment model to explain

the dynamics, the strength of exchange constants and if there is any memory of the parent

antiferromagnetism. We have used inelastic neutron scattering at the pulsed neutron source

ISIS to measure the spin wave dispersion relation throughout the Brillouin zone of

La07Pb03MnO3. Magnons with energies as high as 95 meV have been directly observed and an

unexpectedly simple Heisenberg Hamiltonian with solely a nearest neighbour coupling

accounts for the entire dispersion relation. The calculated Tc overestimates the measured value

by only 15%. Raising the temperature yields unusual broadening of the high frequency spin

waves. In the two-dimensional layered analogue La2.2xSr1+2xMnjO7 we have observed

antiferromagnetic short-range correlations for x=0.4, and will discuss the transport properties

of the layered materials in the light of the spin structure as determined from neutron

diffraction.

[1] see e.g. S.Jin et ah, Science 264 (1994) 413, A. Asamitsu et ah, Nature 373 (1995) 407.
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CSN1F3 is a well-known quasi one-dimensional spin system with a strong fero-

magnetic exchange along the chain and a weak interchain interaction. Recently it

has been proved by neutron scattering experiments [1] that for temperatures below

the Neel temperature (T < Tpj = 2.67K) an antiferomagnetic spin orientation is

established due to the competition between the antiferromagnetic exchange and the

dipole-dipole interaction.

The magnetic phase diagram of the quasi one-dimensional spinchain system

CsNiF3 below the Neel temperature is determined for fields applied in the hexagonal

plane. From linear spin-wave theory we obtain the instability line of the paramag-

netic phase as a function of the strength and the direction of the field. The system

undergoes a transition to a commensurate or an incommensurate phase depending

on the direction of the magnetic field. In the commensurate phase the characteriz-

ing wave vector is locked to values describing a two-sublattice structure, whereas in

the incommensurate phase the wave vector changes continuously between the corre-

sponding two-sublattice wave vectors. This is a staircase-like behavior.

[1] M. Baehr, M. Winkelmann, P. Vorderwisch, M. Steiner C. Pich, F. Schwabl,

Phys. Rev. B 54, 12932 (1996)



NO9900067

Magnetic and specific heat studies on the pyrochlore
Y2(MOxTii.x)2O7 spin-glasses

N. P. Raju and J. E. Greedan
Brockhouse Institute for Materials Research

McMaster University
Hamilton

Ontario L8S 4M1
Canada

Pyrochlore compound Y2MO2O7 with fee structure shows spin-glass

behavior below about 22 K without having a disorder within the detectable limits

of X-ray and neutron diffraction techniques. This is an interesting situation as it

is believed that disorder and magnetic frustration are the two necessary

ingredients for a material to become spin-glass. Magnetic frustration in Y2Mo2O7

arises due to the nearest neighbor anfrferromagnetic interactions between Mo4*

ions which form a network of corner sharing tetrahedra.

Magnetic Mo4* ions are substituted with non-magnetic Ti4+ ions at different

concentration levels and studied trjeir behavior to understand the role played by

the disorder. Magnetic susceptibility and heat capacity results will be discussed.

The reduction of the spin-glass transition temperature with the composition x

shows that for x < 0.35 there is no spin-glass transition. A percolation limit

calculated for the Mo sublattice indicates that second nearest neighbor

interactions are insignificant compared with the nearest neighbor interactions.
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Poster abstract

Copper (II) deuteroformate tetradeuterate is a good realization of a
S = \ 2D Heisenberg anti-ferromagnet on a square lattice1, which is
interesting both due to its connection to the high-Tc cuprates and to the
challenge this system still constitutes from a theoretical point of view.

The intra-planar coupling constant J ~ 7 meV in CFTD is an order
of magnitude weaker than in the high-Tc cuprates, which makes the full
dynamical spectrum accessible by neutron scattering. At the Neel tem-
perature TN = 16.4 K weak inter-planar interactions cause 3D long range
order above which the 2D behaviour very rapidly becomes dominant and
both the static and the dynamic critical scattering can be compared to
the theoretical predictions.

Using the RITA spectrometer at DR3, Ris0 we have been able to
extend the investigation of the static correlation function S(k) from 37 K2

to 55 K. The temperature dependence of the correlation length £ and the
amplitude S(k = 0) is in accordance with theory3. Since higher values
of J/T can be reached, a detailed line-shape analysis is performed in the
search for a cross-over between the low temperature renormalized classical
region and the quantum critical behaviour predicted by theory at higher
temperatures4.

The dynamical properties of the system remains an unsettled question
from a theoretical point of view, where only scaling hypothises have been
suggested for most of the properties. Thus experimental information on
the form of the dynamic correlation function S(k, u>) may contribute to
the understanding of the dynamics.

The anisotropy introduced by an external field breaks the Heisenberg
symmetry and a cross-over to a different spin model behaviour should
occur. This has been observed as an increase of TAT upon application of
a magnetic field perpendicular to the 2D planes. Measurements of the
static and dynamic line-shapes in magnetic fields have been planed.

1 A. Harrison, S. J. Clarke et al. J. Mag. Mag. Matt. 104-107, 557, 1992
2 S. Clarke, A. Harrison et al. J. Phys. Chem. 4, L71, 1992
3 S. Chakravarty, B. I. Halperin et al. Phys. Rev. B 39(4), 2344, 1989
4 A. V. Chubukov, S. Sachdev et al. Phys. Rev. B 49(17), 11919, May 1994
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We consider a single domain wall in a magnetic bubble garnet film. Such a system is a good
example of the spatially extended system exhibiting deterministic chaos.The equations of motion
of the wall under the influence of the ac field have been derived by J.Slonczewski from the
Landau - Lifshitz equation with Gilbert damping included. As a result, the dynamics of a wall is
described by a pair of nonlinear partial differential equations:

q = yA [2ccM sin 2\|/ - (2A/M) \\i a - (rc/2) Hsy cosvj/ ] + ay , (1)

y = y Hz + (2yA/MA) q^ + (a/A) q , (2)

with Hz = H cos cot,

where all symbols have standard meaning as in [1], in particular Hsy is the Hubert's model of the
stray fields coming from magnetic poles on the surface of the film. Equations of motion (1,2)
were solved numerically by means of a full implicit scheme for N = 52 numerical points located
uniformly across the film thickness. Force-free boundary conditions and initial conditions of the
form q(z,0) =0, v|/(z,0) = vj/s(z), (where VJ/S(Z) is the static distribution resulting from the solution of
(1) and (2) with time derivatives equal zero) were used.

Material parameters were taken as in most of our earlier works [1]: A = 0.81 10"7erg/cm ,
4rcM = 140 Gauss, y = 1.75 107 s^Oe'1, A = 2.9 10 '6 cm , a = 0.156, film thickness h = 1.4
lO^cm.

For the control of the type of wall motion we construct spatio-temporal diagrams, which code
numerical solutions of equations of motion (1,2) into sequences of +1 an -1 [2]. For these
diagrams Poincare sections of a phase trajectory of the wall in a chosen phase sub-space, power
spectrum density, pattern entropy and correlation function were calculated. Also the correlation
function was calculated using the following definition:

c(t) = Snanbn+T (3)

where a,, and bn were sampled time signals (consisting of+1 and -1 and obtained in the process
of construction of spatio-temporal diagram for the numerical solutions of eq.land 2) taken for
two grid points of the wall and T is the time shift between both signals [1].

As results from our calculations three different types of wall motion occurs: periodic,
quasiperiodic and chaotic. The ranges of these types of motion depend on the values of control
parameters: amplitude of the drive field H and the frequency of the drive field co. They were
defined with the help of the above described quantifiers of the type of motion.



An interesting result concerns the dynamics of the internal parts of the wall. We found that
the dynamics of the wall is not homogeneous in the whole wall i.e. for all numerical points i = 1,
...,N. This can be seen in the behavior of the correlation function calculated for the signal a,, -
coming from upper film surface (i = 2), and signals bn - coming from other points in the wall (i
= 13, i = 26 - middle of the film, i = 40, i = 45 and i = 50 - bottom film surface). In Fig.l the
maximal value Cmax of correlation function c(x) for the signals coming from different points in
the wall at x = 0 is shown. As we see the correlation function is greatest for the upper and the
bottom film surface (i =2 and i = 50), while it decreases near the middle of the film (i = 26 and
40). This shows that the dynamics of'our spatially extended nonlinear dynamical system is very
complex and that the spatial correlations are not monotonic functions of the distance in the wall.
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Fig.l. Maximal correlation function Cmax for different points in the wall i (i = 2 - upper film
surface, i = 50 lower film surface).
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Abstract

Materials producing strain in the presence of an external magnetic field are

known as magnetostrictive materials. A new type of such materials with curious

features has been developed by introducing fine magnetite particles into chemically

cross-linked polymer network. We have studied the deformation and magnetic

relaxation effect of these magnetic field sensitive polymer gels.

In nonuniform magnetic field with medium strength a fairly high deformation

can occur. The change in the physical dimensions can reach 50 % of the initial

dimensions. This large deformation has two individual features: the nonhomogeneity

and discontinuity. The nonhomogeneity is caused by the simple fact that the driving

force (the magnetic field density) varies from point to point in space. Therefore,

every single parts of the gel deform in different degree. The discontinuity (abrupt

shape change) of deformation is due to the nonlinearity of the magnetic interaction.

However, due to the relaxation of magnetisation the agitation has an upper speed-

limit. In statistical ensemble of identical and isolated small magnetic particles the

mechanism of relaxation and the magnitude of the relaxation time strongly depend on

the average size. If the nanomagnets are small enough the magnetic relaxation is fast

and follows an exponential law. In case when the size of small magnets exceeds a

critical value the rotation of the magnetic moments takes place together with rotation

of the whole particles. In such a system the relaxation time is determined by the

polymer elasticity since the nano-sized magnets are attached to the elastic polymer

network. Moreover, the magnetic relaxation does not follow an exponential law.
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Design of Magnetically Active Basic Elements of Molecular Digital and

Postdigital Computers Based on Quantum Mechanical Investigation of

Fullerenes, Photoactive Supermolecules and Supramolecules
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Quantum mechanical investigations of the stability of empty fullerene C20+2n (n= 0, 2, 3, ..., 16)

molecule isomers with the highest symmetry and the corresponding endohedral fullerene cages with

twenty eight encapsulated atoms: even valence - Be, C, O, Mg, Si, S, Zn, Ge, Se, Cd, Sn, Te, Hg, Pb

and odd valence - H, N, F, Al, P, Cl, Ga, As, Br, In, Sb, Tl, Bi were performed using the point set

group theory in the framework of semiempirical M0PAC-PM3 and Hartree-Fock (HF) methods

Some of these small fullerene molecules possess open shell ground states therefore they are possible

magnetically active materials.

The quantum mechanical investigations of fullerene C24, C26, C28 molecule conformers are

performed in the framework of point set group theory and semiempirical PM3 configuration

interaction, MNDO, AMI and ab initio SCF/UHF methods. The main criterion of stability of

calculated fullerene molecules we state the lowest total energy of various isomers and conformers

that appears due to the Jahn-Teller distortion. The most stable occurs C24 D6 symmetry

conformation with term ]A{ and open shell C26 D3h symmetry conformation with term iA[ therefore

it should be magnetically active.

The stability and geometry of magnetically active clathrates C60 + CS2 were investigated by using

PM3 and ab initio SCF/RHF methods. It were found two stationary points of these derivatives

during geometry optimization procedure. The system consisting from two C60 molecules and three

CS2 solvent molecules was investigated for the understanding of orthorhombic packing of above

mentioned clathrates.



The quantum chemical calculations and investigations of the stability of twenty eight photoactive

charge transfer supramolecules constructed from disc-like pentayne (pentakis(phenyle thynyl)phenyl)

molecules with radicals R = -OC5H11, -CH3, -CF3, -CN and seven organic electron acceptor

molecules: TNF, TeNF, TCNQ, TN9(CN)2F, TCNB, TeClBQ, TeFTCNQ were performed using the

M0PAC-PM3 method. All supramolecules have relatively small energetic gap, i. e. they are good

electron donors and good electron acceptors at the same time. Therefore these supramolecules

should be molecular photodiodes. Energies of formation are largest for supramolecules constructed

from disc-like pentayne with -CH3 radical and TeNF or TN9(CN)2F molecules - 2.16 and 2.20

kcal/mol respectively. It was found that: a) all investigated supramolecules: disc-like pentayne

molecules::electron acceptor molecules are stable, possess dipole moments and are potential

molecular photodiodes; b) the order of decreasing stability of the above mentioned supramolecules

with various radicals is: -CH3 > -OC5H11 > -CF3 > -CN; c) the order of decreasing stability of the

supramolecules with various electron acceptor molecules is: TeN9(CN)2F > TeNF > TNF >

TeFTCNQ > TCNQ > TCNB > TeClBQ. Due to the partial charge transfer some of above

mentioned supramolecules should be magnetically active.

Molecular implementation (MI) of magnetically active two, three, four variable logic functions,

summators of neuromolecular networks, cells of quantum cellular automata, devices of electronically

genome regulation were designed based on results of quantum chemical calculations of electron

donor, electron insulator, electron acceptor and fullerene molecules. Complete set of sixteen Mis of

two variable logic functions (for example: OR, AND, Implication, Equivalence, Difference, etc.) was

designed and also proposed using Mis of two variable molecular logic function initial basic sets:

{OR, AND, Negation} or {NOR} and, or {NAND}. We have described in more detail the designed

Mis of: a) two variable logic functions OR, NOR, AND, NAND (two sets: one designed from planar

molecules and another - from fullerene molecules), Converse Unitary Negation-1, Converse Unitary

Negation-0, Unitary Negation-1, Unitary Negation-0, "0" and " 1 " Matrix Constants; b) three variable

logic functions AND, NAND, OR, NOR analogs; c) four variable logic functions OR, NOR, AND,

NAND analogs, d) molecular cell that simulates one of Life figures, e) summator of neuromolecular

network that simulates sigmoidal behaviour of artificial neurone. This was done based on quantum

chemical investigations of organic photo-induced electron donor molecules: a) carbazole, 3,6-

dibromcarbazole, TeMePhDA, PhDA; b) electron acceptor molecules: TCNQ, TCNB, TeClBQ,

small empty and endohedral fullerene molecules: C60, C28, C28H4, C24H2, C20, C20H6, A@C60,

A=Be, Zn, Cd and c) electron insulator molecules.
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TEMPERATURE DEPENDENCE OF RESISTIVITY
AND MAGNETORESISTANCE IN Fe-Al ALLOYS
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Intermetallic compounds of iron with 28 : 50 at.% aluminium have been using
due to interesting magnetic and/or mechanical properties important for applications
as sensors or engineering materials. However, their properties are strongly
influenced by structure state, which depends on history of heat and mechanical
treatment.

We have investigate dependence of electrical and magnetic properties of some
Fe-Al compounds with 28 at.% Al on heat and mechanical treatment. Local
structure changes and hyperfine field parameters have been studied using
Mossbauer spectroscopy.

The main results obtained can be summarized as follows.
• Both electrical and magnetic properties are very sensitive to structure changes.

Severe mechanical deformation induces transition from mictomagnetic to
ferromagnetic state.

• Additional alloying, e.g. by chromium, causes subtle changes in comparison
with those induced by mechanical treatment.
For explanation of temperature dependences of resistivity and magnetization a

new structure model was proposed, where local atomic arrangements with
enhanced magnetic moments inside DO3 matrix appear. This two "phase" model is
in agreement with mictomagnetic behaviour of the materials and allows to explain
high magnetoresistance as well.
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Magnetic Ordering and Transport Properties of

Pro.5Sro.5Mn03 Thin Films

P. Wagner, V. Metlushko, D. Mazilu, L. Trappeniers, S. Vanacken, A. Vantomme,
V. V. Moshchalkov, and Y. Bruynseraede

Laboratorium voor Vaste-Srtoffysica ea Magnetisme, Katholieke UnLversiteit Leuven,
Celestijnenlaan 200 D, 3001 Leuven, Belgium

Thin, <>axis oriented films of the magnetic perovskite Pro.sSro.sMnC^ were prepared
by dc-magnetron_sputtering, structurally characterized by x-ray diffraction, and their
physical properties-investigated by magnetization and electrical transport measure-
ments. Ferromagnetic ordering appears in zero-field at 263 K, followed by a second
transition into an antiferromagnetic state at 160 K. The zero-field resistivity has a
semiconducting behaviour above the Curie- and below the Neel temperature and is
analyzed in the framework of Mott's variable range hopping concept. Quasi-metallic
behaviour is observed within the ferromagnetic state, whose temperature range can
be extended by applying an external magnetic field. The negative-magnetoresistance
effect increases systematically with decreasing temperature and reaches a value of
700 % at 1.5 K in a field of 12 T. fn the ferro- and antiferromagnetic phases, the
field induced resistivity decrease scales with the Brillouin function, suggesting the
existence of magnetically polarized regions with a total magnetic moment which is
reduced upon, entering the antiferromagnetic state.

Furthermore, we-will report on the type and density of charge carriers obtained from
Hall effect measurements in the three different magnetic phases of Pro.sSro.sMnOs .
The field dependence of the Hall resistivity has two contributions of opposite sign:
one is related to skew-scattering and dominates in low magnetic fields; the other one
is due to the Lorentz-force contribution which prevails at higher fields. This second
contribution corresponds to a temperature-independent carrier density in_the order
of 0.8 holes per chemical unit cell. The skew-scattering contribution is related to the
susceptibility of the-material and is maximum at the transition temperature from the
ferro- to the antiferromagnetic state.
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Interchain Coupling Induced Dimerization on Frustrated ID Heisenberg
Chains
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In copper germanate the interchain coupling is known to be only one order of magnitude
smaller than the nearest neighbor (n.n.) superexchange within the copper oxide chains. The
ground state of the ID Heisenberg chain with next nearest neighbor (n.n.n.) induced frustra-
tion is known to be a singlet dimerized state for the n.n.n. exchange being half the n.n. in-
teraction. In one dimension the critical temperature of the ordering is at 0 degree Kelvin.
The interaction of fluctuating dimers on neighboring chains can shift the critical temperature
to finite values. We study the effect by phenomenologically describing the dimerized order
of the chains by a mean field parameter. An approximate mapping on the Ising problem
indicates the existence of a second order phase transition at finite temperatures. Simulating
the propper integral equation of the order parameter by the Monte Carlo method permits the
evaluation of the transition temperature.
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DYNAMIC PHASE TRANSITION IN A KINETIC ISING MODEL

S. W. Sides, R. A. Ramos, P. A. Rikvold, and M. A. Novotny

Florida State University, Tallahassee, FL 32306, USA

The order parameter for the "dynamic phase transition" (DPT) in the nearest-

neighbor kinetic Ising model in an oscillating external field is the period-averaged

magnetization, Q=^.§m(t)dt. Mean-field studies show1 and Monte Carlo (MC)

work suggests,2 3 the appearance of a DPT from Q ^ 0 to Q = 0. To quantify our

description of the DPT we use analysis techniques of thermal critical phenomena,

including finite-size scaling, and find a divergent length scale associated with the

transition. The effects of nucleation on metastable decay are ignored in Refs. 1-3. In

particular, decay in a static field proceeds through nucleation and growth of droplets

of the the stable phase.4 5 Validity of this droplet picture in an oscillating field is

shown by comparison of MC data to numerical calculations based on Avrami's law.
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COMPUTER SIMULATION OF MAGNETIZATION REVERSAL IN

Fe SESQUILAYERS ON W(110)

M. Kolesik, M. A. Novotny, and P. A. Rikvold

Florida State University, Tallahassee, FL 32306, USA

Iron sesquilayers grown at room temperature on W(110) consist of second-layer

patches on a nearly ideal monolayer film and exhibit a pronounced coercivity maxi-

mum near a coverage of 1.5 monolayers.6 On lattices which faithfully reproduce the

morphology of the real films, a kinetic Ising model7 is utilized to simulate the motion

of a domain wall separating the stable and metastable phases. Simulations reveal

that the domain-wall motion is dominated by the second-layer islands, which act as

pinning centers. The domain walls overcome these obstacles by thermally activated

nucleation events, and the coercivity can be identified with the field at which the ac-

tivation occurs on the experimental timescale. In spite of the simplicity of the model,

our calculations provide results in semiquantitative agreement with experiments.
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Phase Diagram of the S = | Frustrated Coupled Ladder System

B. Normand, K. Penc, M. Albrecht and F. Mila

Theoretische Physik, ETH-H6nggerberg, CH-8093 Zurich, Switzerland.

We present a theoretical study of the magnetic phase diagram of the frustrated coupled
ladder structure realized recently in several materials. This system displays a nondegenerate
spin-gap state in the dimer limit and an infinitely degenerate spin-gap state in the regime of
weakly-coupled zig-zag chains. Between these we demonstrate the existence of gapless, mag-
netically ordered regions whose order is antiferromagnetic close to the honeycomb lattice
limit, and incommensurate along the chains when all three magnetic interactions compete.
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