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1 Editorial

This Psi-k Newsletter we start with a letter by Mike Finnis and Jiirgen Hafner on ”Publish-
ing in European Journals”. In the TMR2 and ESF sections we have two reports on recent
workshops, both containing also abstracts of the presented talks and posters. Several confer-
ence/school/workshop announcements can be found in the TMR2, ESF, and General Work-
shop/Conference Announcements sections. All information on the available postdoctoral and
Ph. D. positions is in the General Job Announcements section. The reports on the collab-
orative visits are in the ESF section. There we also give this year’s budget for collaborative
visits and encourage all who are eligible to apply for funding. As always abstracts of newly
submitted papers are placed in the usual Abstracts section. The Newsletter is finished with
the scientific highlight of the month by L. Benco, T. Demuth, and J. Hafner (University of
Vienna), F. Hutachka ( Total Raffinage Distribution, France), and H. Toulhoat (IFP, France) on
Ab initio simulation of proton dynamics in zeolites”. Please see the table of contents for
further details.

The Networks have a home page on World Wide Web (WWW). Its Uniform Resource Locator
(URL) is:

http://psi-k.dl.ac.uk/

The above contains information on the Psi-k 2001 workshops and hands-on courses. In these

pages you can also find information on how to apply for funding to make collaborative visits.

Please submit all material for the next newsletters to the email address below.

The following email addresses, which remain in operation, are repeated for your convenience,

and are the easiest way to contact us.

function
psik-coord@daresbury.ac.uk messages to the coordinators, editor & newsletter
psik-management@daresbury.ac.uk messages to the NMB of all Networks

psik-network@daresbury.ac.uk messages to the whole ¥;, community

Dzidka Szotek and Walter Temmerman

e-mail: psik-coord@dl.ac.uk



2 General News

2.1 Publishing in European Journals

In our last proposals to the EU Commission and to the European Science Foundation for creating
the U;-TMR Networks and the ¥U,-ESF Research Programme we were proud enough to claim
that in our field Europe is producing some of the best research in the world. On the other hand
we continue to send the best of our work to American Journals such as Physical Review Letters,
Physical Review, Journal of Chemical Physics, etc. Europhysics Letters or the Letters sections
of the Journal of Physics or of the new European Journal of Physics are sometimes considered
as a second stop, if the authors are unlucky with referees the first time around. In the meantime

priority may be lost.

Should we not become more self-confident in the publication of our results, and contribute in the
process to the survival of European scientific journals? As a former member of the Executive
Board of the Journal of Physics: Condensed Matter and as a Co-Editor of Europhysics Letters
we have been empowered to decide rapidly on the publication of Letters for those Journals
sent directly to us. A letter communicated by us with a recommendation to publish will be
accepted immediately and if the authors supply a TeX source code (including any variant -
LaTeX, AMS-TeX, REV-TeX, etc.) it will be published on the Web in the next available issue,
which usually means within days. One concern of authors is that if they publish their work in
European journals it will not be read by Americans. To counter this, if authors of the articles we
communicate send a list of e-mail addresses of people working in the field (especially Americans)
the publishers will send these readers an e-mail alert when the article is published on the Web.
All Letters in JPCM (along with other IOP journals) are available free on the Web as part of
Physics Expresss Letters, which again adds to their visibility. We invite the ¥; community to
take advantage of this opportunity. Of course we are vitally interested in maintaining a very

high standard - in the interest of our journals as well as in the interest of the community.

Mike Finnis

former member of Executive Board, Journal of Physics: Condensed Matter

Jiirgen Hafner

Co-Editor, Europhysics Letters



3 News from the TMR1 Network

”Interface Magnetism”

3.1 Reports on Visits to Conferences/Workshops

Report on a Conference Participation:
TMS Annual Meeting, New Orleans
February 11-15, 2001

The 2001 Annual Meeting and Exhibition of the Minerals, Metals and Materials Society (TMS)
took place in New Orleans, February 11-15, 2001. This Society awards annually among oth-
ers the Hume-Rothery prize and organizes with this a symposium on ”Electronic Structure
and Alloy Properties”. This year’s prize winner was Prof. B.L. Gyorffy of the Uni-
versity of Bristol, UK. Previous prize winner include such distinguished personalities as A.G.
Khachaturyan, R. Kikuci, D.G. Pettifor, J.W. Cahn, J.C. Phillips, A.J. Guinier, D. Turnbull,
R.E. Watson, H. Ehrenreich, A.R. Miedema, T.B. Massalski, K.A. Gschneidner, Jr, J. Friedel.

This year’s Hume-Rothery symposium was organised by Tony Gonis and Patrice Turchi (LLNL).
The scientific scope of the symposium reflected the many scientific interests of the award winner.
In his Hume-Rothery award lecture Balazs Gyorffy reported on the progress made in the descrip-
tion of the quasiparticle spectra of superconducting random alloys. In particular, he stressed
the cases of exotic pairings such as d- and p-wave superconductivity. The topic of superconduc-
tivity featured also in the invited talks by Dzidka Szotek (Daresbury Laboratory, UK) and Adri
Lodders (Amsterdam). The invited talk by Ole Andersen (MPI Stuttgart) reviewed the develop-
ment of muffin-tin orbitals accurate to arbitrary order and also the methodologies to construct
low energy Hamiltonians into which many-body effects, beyond LSD, could be incorporated.
Magnetism featured prominently at this meeting with the invited talks by Josef Kudrnovsky
Prague) on the calculation of the interlayer exchange coupling in magnetic multilayers, Hubert
Ebert (Munich) on the relativistic calculation of the magnetic linear response function, and Julie
Staunton (Warwick, UK) who discussed the effects on the magnetic anisotropy of magnetic an-
nealing transition. Aspects of the electronic properties of alloys were addressed in the invited
talks by J.S. Faulkner (Boca Raton, FL), A.V. Ruban (Copenhagen), I. Abrikosov (Uppsala),
P.A. Korzhavyi (Uppsala), C. Wolverton (Dearborn, MI), Jack Kirkaldy (Hamilton, Ontario).
There were also invited talks on angle resolved photoemission spectroscopies of magnetic sys-
tems by Paul Strange (Keele, UK) and Walter Temmerman (Daresbury Laboratory, UK). Three
invited talks covered the physics of actinides, and Pu in particular, by F.E. Gibbs (Golden,
CO), M.E. Manley (Los Alamos), and Walter Temmerman (Daresbury Laboratory, UK). All in
all, this symposium gave a good cross-section of the phenomena of strongly interacting electron

systems where Balazs Gyorffy’s contributions featured very prominently.

Finally, we would like to acknowledge partial funding by TMR1- and TMR2 Networks which
made our visit to the 2001 TMS Annual Meeting possible.

Walter Temmerman and Dzidka Szotek



4 News from the Research Training Network (RTN)

COMPUTATIONAL MAGNETOELECTRONICS

4.1 Workshop Announcements

4.1.1 EGSCM PRAGUE’01

European Graduate School on Condensed Matter (EGSCM)
”Physics of Magnetic Multilayers - Theory and Experiment”

We remind you that the web-site of the European Graduate School on Condensed Matter
(EGSCM) in Prague on the subject 'Physics of Magnetic Multilayers - Theory and Experiment’

is available and continuously updated at the address:
http://195.113.32.128/EGSCM_Prague .htm \\

The organizers

V. Sechovsky, V. Drchal, J. Kudrnovsky, and 1. Turek



5 News from the TMR2 Network

’Electronic Structure calculations of materials properties and
processes for industry and basic science’

5.1 Workshop/Conference Announcements

5.1.1 Workshop on Physics of f-Electron Systems

The Physics of f~-Electron Systems

Daresbury Laboratory, Tower Seminar Room
6-8 April 2001

Programme:
e Friday April 6th.
10:00-13:30 Coffee and Buffet Lunch in Science Center
13:30-14:20 B. Johansson
14:20-15:10 P. Wachter The physics of the actinide tellurides up to AmTe
15:10-15:40 Coffee
15:40-16:30 P. Oppeneer Theoretical results on the Pu monochalcogenides

and on intermetallic U compounds
16:30-17:20 L. Petit SIC-LSD theory of Actinide Pnictides and Chalcogenides
17:20-18:10 R. Ahuja Structural properties of Am under Pressure: Theory
19:30-Closing Time Daresbury Ring of Bells Pub

e Saturday April 7th.

9:00- 9:50 A. Georges Dynamical Mean Field Theory

9.50-10:20 Coffee

10:20-11:10 J. Laegsgaard DMF'T description of CeP

11:10-12:00 B. Gyorffy

12:00-13:00 Buffet Lunch

13:00-13:50 P. Wachter Recent developments in the § phase of Pu metal



13:50-14:40 G. Kotliar DMFT of Plutonium

14:40-15:30 T. Gouder Pu thin films

15:30-16:00 Coffee

16:00-16:50 G. Lander X-ray Magnetic Scattering from f-electron materials
16:50-17:40 P. Soderlind GGA+OP theory for f-electron metals

17:40-18:30 M. Brooks Ezchange enhanced spin-orbit interaction and screened

exchange interactions

19:30- Closing Time Conference Dinner at Daresbury Cantina
e Sunday April 8th.

9:00- 9:50 V. Antonov The electronic structure and magneto-optical Kerr effect
of Tm monochalcogenides

9:50-10:20 Coffee

10:20-11:10 Z. Henkie Nonmagnetic Kondo like behaviour in Actinides: Atomic
disorder versus band structure tuning effect

11:10-12:00 M. Biasini Positron annihilation experiments in f-electron systems

12:00-12:50 U. Lundin Using perturbation theory from the atomic limit in
electronic structure calculations

12:50 End of meeting (Lunch available at Cantina)
e Satellite Meeting: Sunday April 8th.

14:00-17:00 Informal Discussions on the Dynamical Mean Field

Approach to f-electron systems



5.2 Reports on Workshops/Conferences

5.2.1 Report on Noncollinear Magnetism Workshop

WORKSHOP
"NONCOLLINEAR MAGNETISM”

Universitat Wien, March 8-10, 2001

The workshop has been organized and supported by:

EUROPEAN SCIENCE FOUNDATION - RESEARCH PROGRAMME
“ELECTRONIC STRUCTURE CALCULATIONS FOR ELUCIDATING
THE COMPLEX ATOMISTIC BEHAVIOUR OF SOLIDS AND SURFACES”
(STRUC-T},)

TMR NETWORK
"ELECTRONIC STRUCTURE CALCULATIONS OF MATERIALS
PROPERTIES AND PROCESSES FOR INDUSTRY AND BASIC SCIENCES”

RESEARCH CENTER AND SCIENCE COLLEGE
"COMPUTATIONAL MATERIALS SCIENCE”
(AUSTRIAN SCIENCE FUNDS)

INSTITUTE FOR MATERIALS PHYSICS, UNIVERSITAT WIEN
Local organization:

J. Hafner , R. Lorenz, D. Spisik, T.Branis

The workshop ”Noncollinear magnetism” assembled about thirty scientists form the Eu-
ropean ¥V, Community, from the US and from Japan working in the field of complex non-
collinear magnetic structures of materials. The presentations ranged from basic aspects
of density functional theory applied to noncollinear magnetism and its implementation at
various degrees of sophistication into the main electronic structures codes to applications
ranging from spin-spiral states in y-Fe and the noncollinear ground-sate in the complex
a-phase of Mn over noncollinear or canted magnetic structures in systems as different as
invar-alloys, disordered colossal-magnetosresistance manganites and liquid oxygen to the
ab-initio calculation of spin-waves. The abstracts of all contributions are listed below.

10



Programme and Abstracts

FUNDAMENTALS

Thursday 13:30

Density Functional Theory of Magnetic Systems Revisited

Helmut Eschrig! and Warren Pickett?
L IFW Dresden, P.O.B. 27 00 16, D-01171 Dresden, Germany
2 Department of Physics, University of California, Davis, CA 95616

Abstract

The first Hohenberg-Kohn (HK) theorem of density functional theory states the existence
of a unique map

n(r) — v(r) mod (constant).!

According to the second HK theorem, the ground state energy and density are obtained as
the solution to a variational principle:

E[v — p] = min, {F[n] + [ n(v — p)d®r},?

with g the chemical potential. Although the variational principle has been put on a basis
later on independent of (1) due to Levy and Lieb, the uniqueness of the map (1) remains
an important prerequisite for the correctness of the application of Euler’s equation to (2):
0F/on = —(v — p), namely the uniqueness of the functional derivative. It is commonly
assumed that the theorems readily apply to the more general case of spin dependent po-
tentials, that is of external magnetic fields coupling to the spin only (as a non-relativistic
approximation). The simple case of an atom in an eigenstate of S, is a trivial counterex-
ample, however: its ground state itself and hence its ground state density does not change
under an external homogeneous field B=B,e, as long as the Zeeman energy does not lead
to crossing of the discrete atomic energy levels. In this contribution we construct a more
revealing generalization of the HK theorem, obtain explicitly the conditions that allow half
metallicity, and demonstrate some unexpected consequences.

14:10

Symmetry principle of the stability of complex magnetic

structures

L.M. Sandratskii
Institut fiir Festkorperphysik, Technische Universitdt,
D-64289 Darmstadt, Germany

11



Abstract

I use the notion of symmetry constraint in the density functional theory to introduce the
symmetry principle of the stability of regular features of magnetic structures. Development
of the symmetry approach is illustrated by the examples of the noncollinear one-sublattice
ferromagnetism of U3X4 [1], noncollienar two-sublattice ferromagnetism of UFe4Alg [2], non-
collinear induced magnetism in UXj3 [3], helical magnetic structure in UPtGe [4], magnetism
of atomically disordered Fe [5].

1. L. M. Sandratskii and J. Kiibler, PRL 75, 946 (1995)

2. L. M. Sandratskii and J. Kiibler, PR B 60, R6961 (1999)

3. S. Demuynck, L. M. Sandratskii, S. Cottenier, J. Meersschaut and M. Rots, J. Phys.:
Condens. Matter, 12 (2000) 4629

4. L. M. Sandratskii and G. Lander, PR B 63, April (2001)

5. L. M. Sandratskii (to be published)

14:50

Non-collinear ab-initio calculations with the FLAPW method

G. Bihlmayer, Ph. Kurz, F. Forster and S. Bliigel
Institut fiir Festkérperforschung, Forschungszentrum Jiilich,
D-52425 Jilich, Germany

Abstract

We present a detailed account of the implementation of a formalism that allows to cal-
culate non-collinear magnetic structures in the FLEUR code, a program based on the full-
potential linearised augmented planewave (FLAPW) method. This formalism relies on a vec-
tor spin-density description with a (locally) collinear magnetic exchange-field in the vicinity of
the atoms. This approximation of the collinear exchange-field will be discussed in detail. At
present three approaches to deal with non-collinear magnetism are implemented: (i) arbitrary
commensurate spin-structures by employing a (intra-atomic non-collinear) constraint-field,
(ii) incommensurate spin-spirals and (iii) the relaxation of the spin directions. Technical
aspects, like the parallelisation of the code as well as several recent results of calculations,
e.g. of fec-Fe, Mn(100) and (111) monolayers are presented. Apart from commensurate spin
structures we also discuss the calculation of materials with incommensurate spin spirals.
We show explicitly how to explore the magnetic phase diagrams by relaxation of the spin
directions and calculations with constrained spin directions. Special emphasis will be put
on a systematic approach to the investigation of the magnetic ground-state of a system by

combining model Hamiltonians with ab-initio calculations.

12



Fully unconstrained noncollinear magnetism within

the projector augmented wave method

D. Hobbs, G. Kresse, and J. Hafner
Institut fiir Materialphysik and Center for Computational
Material Science, Sensengasse 8, A-1090 Wien, Austria

Abstract

Spin-polarized calculations in solids have generally been confined to a global quantiza-
tion axis to simplify both the theoretical model and its implementation in self-consistent
codes. This approximation is justified as many materials exhibit a collinear magnetic order.
However, in recent years much interest has been directed towards noncollinear magnetism
in which the magnetization density is a continuous vector variable of position. In this pa-
per we develop the all-electron projector augmented wave (PAW) method for noncollinear
magnetic structures, based on a generalized local-spin-density theory. The method allows
both the atomic and magnetic structures to relax simultaneously and self-consistently. The
algorithms have been implemented within a powerful package called VASP (Vienna ab-initio
simulation package), which has been used successfully for a large variety of different systems
such as crystalline and amorphous semiconductors, simple liquids and transition metals. The
approach has been used to study small clusters of Fe and Cr and triangular antiferromagnetic
monolayers. Some of the clusters show noncollinear magnetic arrangements. For triangular
Cr layers (both unsupported and grown on Cu(111) substrates, the ground state is non-
collinear, it shows a /3 x /3 periodicity with +120° angles between magnetic moments on
neighbouring sites. Mn monolayers on the other hand have a collinear ground state with
antiferromagnetically coupled rows of parallel moments.

This work has been supported by the TMR Network ”Electronic Structure (¥y).

Ab-initio treatment of noncollinear spin structures
within the atomic-sphere approximation and beyond,

and application to spin waves

C. Ederer, O. Grotheer, and M. Fahnle
Maz-Planck-Institut fir Metallforschung
Heisenbergstr. 1, D-70569 Stuttgart

Abstract

The properties of noncollinear magnets are often calculated within the framework of
density-functional theory in local-spin-density approximation with the additional use of the

13
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atomic-sphere approximation for the spin directions. Thereby the intra-atomic noncollinear-
ity is neglected for the calculation of the exchange-correlation energy by taking into account
only those components of the spin density which are parallel to spin quantization axes (SQAs)
defined for the whole atomic spheres. When the magnetic moment directions are calculated
in a self-consistent manner, e.g., for systems with intrinsic noncollinearity or when calculat-
ing the response of the system to a weak external field with components perpendicular to
the moment directions, the SQAs are conventionally chosen to be parallel to the magnetic
moments. We present both theoretical arguments and test calculations showing that this
choice of SQAs is not the best and may in certain situations lead to wrong results. As a
consequence of our arguments we can suggest a better choice of SQAs. Furthermore, a new
version of the linear-muffin-tin-orbital method is presented where the atomic-sphere approx-
imation for the spin directions and the introduction of local SQAs are not required so that
the intraatomic noncollinearity appears already in the basis functions.

As an application, a powerful method for the ab-initio calculation of adiabatic spin waves
via the transverse susceptibility is developed, which may be used for systems with large and
small exchange fields and for which the number of calculations required to obtain the spin
wave spectrum scales linearly with the number of basis atoms in the supercell. Results are
given for Fe, Co, Ni, NigFe and CoFe.

Non-collinear magnetic polarization on the basis of
Density Functional Theory

Vito D.P. Servedio
IFW Dresden

Abstract

The Local Spin Density Approximation (LSDA), despite its simplicity, has almost never
been fully analyzed. It is being always used in connection with the intra-atomic spin-
collinearity approximation, i.e. the vector spin density inside an atom was always considered
parallel to a given axis.

From a relativistic treatment of the theory, it comes out that the effective field which
governs the behaviour of the vector spin density, the XC-field, must be a transversal field.

Atomic numerical calculations, mainly involving isolated rare earth atoms and ions, will
be presented using a fully non-collinear LSDA, as well as a new defined ad hoc transversal
XC-field functional.

14
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17:30

Simple rules for determining the valencies of f electron systems

L. Petit!, A. Svane!, Z. Szotek?, P. Strange®, H. Winter* and W.M. Temmerman?
Institute of Physics and Astronomy, University of Aarhus,
DK-8000 Aarhus C, Denmark
2Daresbury Laboratory, Daresbury, Warrington WA4 4AD, United Kingdom
3Department of Physics, Keele University,
Keele, Staffordshire ST5 5DY, United Kingdom
4INFP, Forschungszentrum Karlsruhe, Postfach 3640,
Karlsruhe D-76021, Germany

Abstract

The electronic structure of f-electron systems is calculated with the self-interaction cor-
rected local-spin-density approximation. This scheme allows for a splitting of the f electron
manifold into an integral number of localized electrons and self-consistently determined frac-
tional number of band electrons. Therefore, in comparison with the LSD, where all f states
are pinned at the Fermi energy, only maximum one f band is left at the Fermi energy. We
show that this band is partially occupied with occupancy n¢, and the f-electron fluctuations
are reduced compared with the LSD. When ny exceeds a critical value of approximately 0.6,
it becomes energetically more favourable to localize this state and the number of valence
bands is reduced by one.

ITINERANT MAGNETISM I
Friday 9:00
Full potential studies of noncollinear states in y-Fe

Elisabeth Sjostedt, Lars Nordstrém
Condensed Matter Theory Group, Physics Department,
Uppsala University, S-75121 Uppsala, Sweden

Abstract

Accurate density functional calculations have been performed for the fcc-based frustrated
antiferromagnet y-Fe. Several competing collinear as well as noncollinear magnetic structures
have been considered, e.g. ferromagnetism, 1k, 2k, 3k and double layered type I antiferro-
magnetism, as well as non-commensurate helices.The calculated ground state is found to
vary with volume, and depends on whether a local or gradient corrected approximation to
the exchange-correlation functional is adopted.

15



In contrast to standard noncollinear methods, our scheme treats the magnetization den-
sity as a vector field which is free to change both in magnitude as well as direction throughout
space. This noncollinear scheme is implemented into an alternative linearization of the the
full-potential augmented-plane-wave method (APW+lo), proved to be as accurate as the
conventional linear-augmented-plane-wave method (LAPW), but computationally more effi-
cient.

The obtained results are analyzed and compared with earlier calulations and existing
experiments.

9:30

Iron chains in Copper

Markus Eisenbach, Balazs L Gyorfty, G Malcolm Stocks
H H Wills Physics Laboratory, Tyndall Avenue
Bristol BS8 1TL, United Kingdom

Abstract

We investigate the magnetic ground states of iron inclusions embedded in fcc copper
using first principles calculations. Of main interest are linear monoatomic chains of atoms
aligned along different directions in this Cu matrix. The method of calculation we employ is
the locally selfconsistent multiple scattering (LSMS) real space method for solving the LDA
Kohn-Sham equation. With this approach we find that depending on the orientation of the
atoms along the 100 or 110 direction in copper the ground state orientation of the magnetic
moments in the chain is either ferromagnetic or antiferromagnetic. Furthermore we have
extended our code to perform fully relativistic calculations to enable us to investigate the
spin orbit coupling effects leading to anisotropies and potentially non colinear ordering of

magnetic moments in these systems of magnetic inclusions in copper.

10:00

Unusual magnetism and magnetocrystalline anisotropy of CrPt;

P.M. Oppeneer,' 1. Galanakis,?2 and O. Eriksson3
L Institute of Solid State and Materials Research, P.O. Boz 270016,
D-01171 Dresden, Germany
2 Institute fiir Festkorperforschung, Forschungszentrum Jiilich,
D-52425 Julich, Germany
3 Department of Physics, Uppsala University,
Bozx 530, S-75112 Uppsala, Sweden

Abstract

16



We investigate computationally the origin of the unusual magnetic properties of CrPts.
CrPt3 is a metallic ferromagnet which recently attracted attention, because it was discovered
that thin crystalline CrPts films exhibit an unusually large magnetocrystalline anisotropy
energy (MAE). This is unexpected, because CrPt3 crystallizes in the cubic AuCus struc-
ture. The easy axis is the (111) axis, and in CrPt3 films suitably grown along this axis a
strong perpendicular anisotropy was discovered, which together with the T of 500 K makes
CrPt3 promising for perpendicular recording. In our investigations we find that there exist
a profound Cr 3d-Pt 5d hybridization, such that a large orbital moment of 0.15 up develops
parallel to the Cr spin moment of 2.73 up. Thus, Hund’s 3rd rule is violated, due to the
influence of the ligand states on the Cr site. This behavior is similar to what we recently
discovered for VAuy. We shall discuss various computed quantities, including the magnetic
anisotropy. We calculate the (111) axis to be the easy axis. The calculated MAE is, with
about 0.55meV /unit cell, very large for a cubic transition metal compound. The computed
MAE is larger than the experimental value of 0.3 meV /unit cell.

11:00

Noncollinear magnetism in random transition metal alloys

I. A. Abrikosov
Condensed Matter Theory Group, Physics Department,
Uppsala University, S-75121 Uppsala, Sweden

Abstract

Magnetic properties of random transition metal alloys have always been a subject of
great scientific and practical interest. However, in most applications they were studied
within a collinear spin model. On the other hand, in certain cases a treatment that includes
only collinear spins may be not sufficient to describe a physical situation in a material, the
most noticeable example being the Invar effect in Fe-Ni alloys (M. van Schilfgaarde, I. A.
Abrikosov, and B. Johansson, Nature 400, 46 (1999)). I breafly discuss an extension of the
first-principles calculations for random alloys to the case of noncollinear magnets, as well as
limitations of different approximations and techniques.

The effect of noncollinearity on the properties of a transition metal alloy are illustrated
for the case of the fcc Fe-Ni Invar. Recently, it was found that the transition from the high-
volume high-spin state to the low-volume low-spin state proceeds as a continuous transition
to a disordered noncollinear configuration. The noncollinearity gives rise to an anomalous
volume dependence of the binding energy curve, and explains the well-known peculiarities of
Invar systems. I discuss a recent experiment (L. Dubrovinsky et al., to be published) that
provide a support for this theory. I also discuss exchange interactions in the 3d-transition
metals and their alloys, and show that they favor noncollinear spin alignment in Invar alloys.

17



11:30

Ab-initio density-functional study of non-collinear magnetism

in a-Mn

D. Hobbs and J. Hafner
Institut fiir Materialphysik and Center for Computational Materials Science,
Universitit Wien, Sensengasse 8/12, A-1090 Wien, Austria

Abstract

The crystalline and magnetic structures of all known polymorphs of Mn have been inves-
tigated using ab-initio local-spin-density functional theory (including generalized gradient
corrections), with special attention to the occurence of a noncollinear magnetic structure
in a-Mn. We find that at atomic volumes smaller than 12 A%, the magnetic ground-state
is collinear with large magnetic moments on sites I and II, small moments on sites III and
nonmagnetic atoms on sites IV. At larger atomic volumes, a metastable collinear configura-
tion coexists with a stable noncollinear state. The noncollinearity of the magnetic structure
is driven by the appearence of magnetic moments on sites IV, leading to a frustration of
exchange-interactions in the coordination shells of sites I and II. We also predict a slight
tetragonal distortion, in agreement with experiment. In the metastable collinear configura-
tion, magnetic moments on sites IV remain small and the frustration is reduced by a much
stronger tetragonal distortion of the crystalline lattice. A similar situation is found in 8-Mn,
with a collinear structure with substantial moments on sites I, but nonmagnetic moments on
sites II. The a-phase is found to be stable over a wide range of volumes, under compression
a phase-transition to hexagonal e-Mn is predicted.

This work has been supported by the TMR-Network ”Electronic Structure (¥y)”.

ITINERANT MAGNETISM I1

13:30

Noncollinear magnetism in ordered and disordered FeMn alloy:
Order through disorder

D. Spisak and J. Hafner
Institut fiir Materialphysik and Center for Computational Materials Science,
Universitit Wien, Sensengasse 8/12, A-1090 Wien, Austria

Abstract
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The results of calculations of the magnetic properties of ordered and disordered y-FeMn
using a self-consistent k-space tight-binding linearized muffin-tin orbital approach without
any constraint on magnitude or direction of magnetic moments are presented. In an ordered
Feg s Mng 5 compound a noncollinear ground-state with parallel Fe moments and canted Mn
moments forming an angle of 128° and with transverse components distributed in a plane
perpendicular to the average Fe moment is found. If substitutional disorder is present in the
system, a uniform collinear type-I antiferromagnetic order builds up. A possible explanation
of this result is proposed referring to the phenomenon of ordering due to disorder.

14:00

Exchange interactions in itinerant magnets: A Stoner model

analysis

I. Turek
Institute of Physics of Materials, Acad. Sci. Czech Rep.,
Zizkova 22, CZ-61662 Brno, Czech Republic
and

Department of Electronic Systems, Charles University,
Ke Karlovu 5, CZ-12116 Prague 2, Czech Republic

Abstract

A critical comparison of existing methods to evaluate the parameters J;; of the effective
classical Heisenberg Hamiltonian from selfconsistent local spin density calculations is pre-
sented. The contribution concentrates on approaches based on: (i) constrained magnetic
moments, (i) a linear response theory, and (iii) the magnetic force theorem. The analysis
is carried out in terms of a single-band Stoner model of non-collinear itinerant magnetism.
It is shown that the parameters J;; yielded by the magnetic force theorem differ in general
from those obtained by the constrained-moment procedure and by the linear response the-
ory. Consequences of this discrepancy for reliable determination of quantities like the Curie
temperatures or the spin-wave stiffness constants of metallic ferromagnets are discussed as

well.

14:30

A first principles theory of Bloch Walls in ferro magnets

J. Schwitalla, B.L. Gyorffy!, L. Szunyogh?
L University of Bristol
2 Technical University of Budapest

Abstract
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We present a first-principles account of Bloch Walls in itinerant ferromagnets on the
basis of fully relativistic Spin-Density Functional Theory in the Local Density Approxima-
tion(LDA). We argue and demonstrate that calculations based on this description will provide
useful and novel information about the physics of this important element micro-magnetics.
To illustrate the points we wish to make we implement the proposed calculations for Fe and
determine the Bloch Wall thickness [(BW). Moreover,we comment on the features of the
electronic structure, such as the layered and spin resolved density of states,which arise due
to the presence of a Bloch Wall.

CRITICAL TEMPERATURES

15:30

First principles calculations and Monte Carlo simulations for

calculating critical temperatures of ferromagnets

L.Bergqvist!, P.Svedlindh?, L. Nordstrom?®, O.Eriksson! and I.A. Abrikosov?
L Condensed Matter Theory Group, Department of Physics,
Uppsala University, S-752 37 Uppsala, Sweden

2 Department of Materials Science, Uppsala University,
S-751 21 Uppsala, Sweden

Abstract

Calculations of critical temperatures of ferromagnets have been performed by employing
classical Monte Carlo simulations. By calculating spin spiral energies using noncollinear den-
sity functional theory in the local spin density approximation, within the tight-binding linear
muffin-tin orbital method and subsequently fitting the first principles data to a generalized
Heisenberg expression for magnetic ordering, we have extracted the exchange parameters
needed for the Monte Carlo simulations. So far the method has been tested on bcc-Fe,
fcc-Co and fce-Ni, where the calculated critical temparatures are in fair agreement with
experimental data.

16:00

Oscillatory Curie temperature of 2D ferromagnets

Josef Kudrnovsky, P. Bruno, V. Drchal, M. Pajda, and 1. Turek
Institute of Physics AS CR, Praha and CMS, TU Wien

Abstract
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We have determined the effective exchange interactions (EEIs) of magnetic overlayers
Fe/Cu(001) and Co/Cu(001) covered by a Cu-cap layer of varying thickness (1-15 mono-
layers) in real space from first principles. The electronic structure was determined within
the tight-binding linear muffin-tin orbital method combined with the surface Green func-
tion technique. We employ the so-called magnetic force theorem and construct the effective
two-dimensional Heisenberg Hamiltonian which is then used to determine magnon disper-
sion laws, spin-wave stiffness constants, and overlayer Curie temperatures, the latter within
both the mean-field (MFA) and random-phase (RPA) approximations. The approach is first
tested for the case of bulk bce-Fe and fece-Co, Ni ferromagnets and we obtain a good agree-
ment of calculated spin-wave stiffness constants and RPA-Curie temperatures with available
experimental data. The RPA correctly obeys the Mermin-Wagner theorem for the two-
dimensional case and small relativistic effects have to be therefore considered in order to
obtain a non-vanishing value of ¥4, Calculations give an oscillatory Curie temperature of
magnetic overlayer as a function of the cap-layer thickness in a qualitative agreement with
recent experiments and its values are in better agreement with experiment as compared to
TMFA_ The origin of these oscillations can be traced down to quantum-well states formed
in the Cu-cap layer sandwiched by the magnetic layer and by the vacuum which, in turn,
influence properties of the magnetic layer.

LOCALIZED MOMENTS

Symmetry and noncollinear magnetism of UFe;Al;

C. Cardoso!, L. M. Sandratskii?, T. Gasche!, 3, M. M. Godinho!
Departamento de Fisica da Universidade de Lisboa*
Institut fiir Festkorperphysik, Technische Universitit Darmstadt

Laboratério de Fisica, Academia Militar, Amadora®

Abstract

The UFesAl; compound belongs to a very interesting series of UFe,Al;5_, compounds
where the magnetic structure changes drastically with composition [1]. For example, the
magnetic structure of UFe4Alg is characterized by two types of the magnetic noncollinearity:
the moments of the Fe and U atoms are almost orthogonal and, additionally, there is a
canting of the magnetic moments within the Fe sublattice. On the other hand, the magnetic
structure of UFe;Al; was proposed to be collinear ferromagnetic.

Recent band structure calculations [2] allowed to explain the unusual magnetism of
UFeyAlg. Here we extend the theoretical study of the UFe,Al;s , series to the UFesAly;
compound. On the basis of the symmetry analysis we show that the magnetic structure of
UFes Al; is noncollinear since the magnetic moments of some of the Fe atoms must deviate
from the magnetization axis. The first-principles relativistic calculations with the use of the
ASW method confirmed the results of the symmetry analysis. The Fe magnetic moments
deviated from the initial direction and formed a noncollinear magnetic configuration. De-
tailed results of the symmetry analysis and first-principles calculations are present. The role
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of the orbital polarization correction is studied.

1. M. Kuznietz, A. Gongalves, J.-C. Waerenborgh, M. Almeida, C. Cardoso, M. M. Cruz,
M. Godinho, Phys. Rev. B, 60 (1999) 9494

2. L. M. Sandratskii and J. Kiibler Phys. Rev. B 60 (1999) R6961

17:00

Ab-initio molecular dynamics simulation of liquid oxygen

Tatsuki Oda,™) and Alfredo Pasquarello®
M) Department of Computational Science, Faculty of Science,
Kanazawa Unwwersity, Kanazawa 920-1192, Japan
@) Institut Romand de Recherche Numérique en Physique des Matériaux (IRRMA),
Ecole Polytechnique Fédérale de Lausanne (EPFL),
PPH-Ecublens, CH-1015 Lausanne, Switzerland

Abstract

Using a framework in which the magnitude and the orientation of the magnetization are
allowed to vary with position,! we carried out ab inito molecular dynamics of liquid oxygen.
Our scheme offers the possibility of following simultaneously the evolution of the magnetic
and structural properties of this system. Liquid oxygen is modeled by a periodic system
containing 32 oxygen molecules at the experimental density of 1.14 g/cm®. The simulation
is carried out near the boiling point at a temperature of 90 K. Liquid oxygen is a molecular
liquid constituted of Oy molecules which preserve their structural and magnetic identity.
These features are indeed reproduced by the simulation. The radial distribution functions
and the mean square displacement, extracted from the atomic trajectories, show that the
structural and diffusive properties of this system ressemble those of a normal liquid. The
magnetic structure is monitored during the simulation by calculating the local magnetic mo-
ments on every oxygen molecule. The oxygen molecules are found to preserve individually
their spin triplet state during the course of the simulation. Preliminar analyses of correla-
tions between structural and magnetic properties indicate that oxygen molecules show the

tendency of dimerizing in an antiferromagnetic fashion.
t T. Oda, A. Pasquarello, and R. Car, Phys. Rev. Lett. 80, 3622 (1998).

17:30

Density functional studies of magnetic lamellar
organic-inorganic materials: the case of solid copper

hydroxonitrate

Carlo Massobrio
Institut de Physique et de Chimie des Matriaux de Strasbourg,
23 Rue du Loess, F-67037 Strasbourg (France)
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Abstract

The linear correlation found between the exchange coupling constant J and the Cu-O-
Cu bond angle # in hydroxo-bridged Cu(II) molecular complexes has long been established
(1). It results in an antiferromagnetic (ferromagnetic) coupling for complexes with Cu-O-Cu
bond angle § larger (smaller) than 98°. These predictions have been corroborated by inten-
sive theoretical investigations performed within density functional theory where, in addition
to Cu-O-Cu bond angle, the out-of- plane displacement of the hydrogen atom of the hydroxo
group was also found to play a major role in determining the sign of the magnetic inter-
actions (2,3). The question arises whether the same scheme can be employed to describe
not only molecular complexes but also solid-state periodic structures. Solid copper hydrox-
onitrate Cuz(NO3)(OH); can be considered as one of the extended system counterparts (4)
of the molecular complexes studied in Ref. 2 and Ref. 3. This system is a prototypical
example of layered solid characterized by a planar array of transition metal ions arranged in
a triangular fashion. Susceptibility measurements in the range T < 350 K are suggestive of
an antiferromagnetic character within each plane. In a recent paper (5) we have resorted to
density functional theory combined with a plane-wave approach to investigate spin topology
and magnetic interactions in solid Cu2(NO3)(OH)s. The results have shown that no clear
correlation was found between the nature of the bridging groups and the sign of the exchange
interactions, and this irrespective of the specific Cu-O-Cu exchange pathways. Indeed, both
parallel and antiparallel alignments between spin densities occur for the Cu(1) or the Cu(2)
pairs along the b direction, as well as for Cu(1)-Cu(2) pairs lying on adjacent rows along the
b direction. This finding is at odds with the conjectures of phenomelogical models which
associate one specific sign for the exchange coupling to each pair of Cu(1)-Cu(1) and/or
Cu(2)-Cu(2) centers. Moreover, it suggests that models for magnetism relying on only one
single, isolated layer, are insufficient for this compound. We are currently working on the
extension of these investigations to the account of non-collinear effects, as developed in (6).

REFERENCES

(1) V. H. Crawford, H. V. Richardson, J. R. Wasson, D. J. Hodgson and W. E. Hatfield,
Inorg. Chem. 15, 2107 (1976).

(2) E. Ruiz, P. Alemany, S. Alvarez and J. Cano, J. Am. Chem. Soc. 119, 25 (1997).

(3) E. Ruiz, P. Alemany, S. Alvarez and J. Cano, Inorg. Chem. 36, 3683 (1997).

(4) V. Laget, C. Hornick, P. Rabu, M. Drllon, P. Turek and R. Ziessel, Adv. Mater. 10,
1024 (1998).

(5) C. Massobrio, P. Rabu, M. Drillon and C. Rovira, J. Phys. Chem. B 103, 9387 (1999).
(6) T. Oda, A. Pasquarello and R. Car, Phys. Rev. Lett. 80, 3622 (1998).

SPIN DYNAMICS

Saturday 9:00

Spin Dynamics in Itinerant Magnetic System

Lars Nordstrom
Condensed Matter Theory Group
Physics Department, Box 530
Uppsala University, Sweden
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Abstract

Calculations based on an unconstrained spin density functional method will be presented
together with a brief description of the implementation in the FP-LAPW method. Some
focus will be on the dynamics of these spin densities. This will be demonstrated with results
of calculations for the spin-wave spectra of Fe, Ni, and Co.

9:30

“Local” magnetic moments and magnetic correlations in thin
films

and multilayers above the Curie temperature:
a study of bcc-Fe/W(100), fcc-Fe/Cu(100) and fcc-Co/Cu(100)

S.S.A. Razee, J.B. Staunton, L. Szunyogh, B Ujfalussy! and B.L. Gyorffy?
Department of Physics, University of Warwick,
Coventry CV/4 TAL, United Kingdom
Department of Theoretical Physics,

Budapest University of Technology and Economics,
Budafoki ut. 8, H-1521 Budapest, Hungary, and
Center for Computational Materials Science,
Technical University of Vienna,
Getreidemarkt 9/158, A-1060 Vienna, Austria
L Research Institute for Solid State Physics,
Hungarian Academy of Sciences,

PO Bozx 49, H-1525 Budapest, Hungary
2 H.H. Wills Physics Laboratory, University of Bristol,
Tyndal Avenue, Bristol BS8 1TL, United Kingdom

Abstract

We present a microscopic theory of magnetic correlations in materials of reduced dimen-
sions at finite temperatures within the framework of a first-principles electronic structure
scheme. We use the spin-polarised screened Korringa-Kohn-Rostoker method and describe
the magnetic correlations at finite temperatures within a mean-field disordered local moment
picture in conjunction with the inhomogeneous coherent-potential approximation. We show
that the paramagnetic spin susceptibility of the films and multilayers is layer dependent, and
therefore, in principle the type of magnetic correlations can be different in different layers.
Using this scheme we study the magnetic correlations and the Curie temperatures in bee-Fe
thin films on W(001), fcc-Fe thin films and fcc-Co thin films on Cu(100) substrates. The
Curie temperature of the thin films approaches that of the bulk when the number of layers
>1T.
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Non-collinear magnetic states in FeMn:

Application of first principles spin dynamics

B. Ujfalussy, G.M. Stocks, W.A. Shelton and B. L. Gyorffy*
QOak Ridge National Laboratory, Oak Ridge, TN 37831, USA
L' H. H. Wills Physics Laboratory, University of Bristol, Bristol, UK

Abstract

Although a subject of great venerability, metallic magnetism is currently undergoing a
renaissance. The proposed spin dynamics (SD) of Antropov et al.* which offers the possibility
to treat the dynamics of magnetic moment reorientations on a first principles basis. In
this presentation we show that the general non-collinear states, whose time evolution are
the subject of SD, are not well defined ground states within LDA. To properly formulate
SD within density functional theory, we develop a constrained density functional theory
of general non-collinear spin systems. In the resulting constrained local moment (CLM)
model the specific orientational configuration is maintained by local transverse constraining
fields that are obtained selfconsistently. The formalism is than implemented in the Locally
Selfconsistent Multiple Scattering Theory (LSMS), and applied to study the ground state
properties of FeMn random binary alloys. It is beleived, that fcc Fe and FeMn (at the
appropriate lattice constant) have a non-collinear ground state called the ”3Q” state. We
find that this is a ground state only on the ”average”.

* V. P. Antropov et al. Phys. Rev. 54, 1019, (1996)

Work supported by DOE Office of Science BES-DMSE and OASCR-MICS, under subcontract
DE-AC05-000R22725. Oak Ridge National Laboratory (ORNL) is operated by UT-Battelle,
LLC for the U.S. Department of Energy.

SPECTROSCOPY

Treatment of non-collinear spin-structures in electron

spectroscopy

J. Minar and H. Ebert
Institut fir Physikalische Chemie, Universitit Minchen,
Butenandtstr. 5-13, D-81377 Minchen, Germany
L. Sandratskii
Inst. fiir Festkorperphysik, TH Darmstadt, Hochschulstr. 2,
D-64289 Darmstadt, Germany
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Abstract

Many magnetic compounds posses a spin-structure that is non-collinear, i.e. the spin
magnetic moments may be oriented with respect to one another in an arbitrary way. When
dealing with the electronic structure of such systems this situation can be accounted for in
a straight forward way when using the relativistic version of multiple scattering theory for
spin-polarised systems (SPR-KKR). The corresponding formalism is extended to deal with
various kinds of electronic spectroscopy. This is demonstrated in some detail for the valence
band photoemission as well as the X-ray absorption. Corresponding results will be presented
for the system FeMn for which various spin configurations have been investigated. It will
be shown that the magnetic linear dichroism in X-ray absorption (XMLD) should allow to
identify the spin configuration of the ground state.

11:00

Optical and magneto-optical spectroscopy of noncollinear
magnets:

application to UsPy4

L.M. Sandratskii, J. Kohler, J. Kiibler
Institut fiir Festkorperphysik, Technische Universitdt,
D-64289 Darmstadt, Germany

Abstract

The method [1] to calculate the optical and magnetooptical properties of noncollinear
magnets is discussed. Application to the noncollinear magnetic configurations in U3Py is
considered. The dependence of the spectra on the angle between the U magnetic moments
is studied and related to the character of the U 5f states in this compound.

1. J. Kohler, L.M. Sandratskii, J. Kiibler, Phys. Rev. B55, R10153 (1997); Physica B 253,
222 (1998).

OXIDES

11:30

Novel Properties of Metallic Oxides

David J. Singh
Center for Computational Materials Science,

Naval Research Laboratory,
Washington, DC 20375, U.S.A.
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Abstract

This talk discusses two transition metal oxide systems, particularly magnetic ruthenates
and spinel LiVoO,4. Magnetism is not expected in 4d and 5d oxides, particularly metallic
ones. However, it has been known for some time that perovskite SrRuQO3 is an exception,
being ferromagnetic with T = 165K. Furthermore, recent investigations have established
the existence of a whole family of related perovskite and layered perovskite ruthenates that
show an unusually diverse range of magnetic properties. Even more unexpectedly, spinel
structure LiVoO4 was discovered to be a heavy Fermion compound. In this talk, density
functional studies of these materials are presented. Transition metal oxygen covalency plays
an unusually important role in the ruthenates leading to strong magnetoelastic effects and
complex magnetic phase diagrams. LiV2QOy is found to be a metal with local moment mag-
netic character and antiferromagnetic interactions. The moments are formed from the a,
component of the V ¢y, manifold. The remainder of the V t5, orbitals participate in itinerant
lighter mass bands. This has superficial similarities to f-band heavy fermions, but closer
examination reveals that a direct mapping is not possible due to off-diagonal effects, par-
ticularly Hund’s coupling and Coulomb correlation, arising because the local moments and
conduction bands are derived from the same atomic d shell. This opens the door to other ex-
planations of the heavy fermion behavior related to geometrical frustration and non-collinear

spin arrangments.

12:00

Canted spin structures in GMR manganites

R. Lorenz and J. Hafner
Institut fir Materialphysik and Center for Computational Material Science,
Universitit Wien, Sensengasse 8, 1090 Wien, Austria

Abstract

Magnetization, electronic and structural properties of La; ,Sr,MnOj3 and La; _,Sr,MnOj3
are reported for the range 0 < z < 1. The results are obtained using self-consistent local
spin—density electronic—structure methods that include full geometrical relaxation. The aim
of this work is to investigate possible non—collinear spinstructures and to explain the discrep-
ancy of recent experimental studies for the magnetic and structural groundstate of LaMnOg
and lightly doped La; ,Sr(Ca),MnOs.

The samples have been relaxed to the groundstate structure using an ab—initio PAW
(vasp) method. The non—collinear calculations are based on a Linear-Muffin-Tin-Orbital
(LMTO) Method in the Atomic Sphere Approximation (ASA) in k—space allowing for non-
collinear spin-directions. To overcome the well known problems in treating the Oxygen
d—states we used downfolding algorithm, also for the non—collinear case. The investigations
use both LSDA and GGA for the exchange correlation potential.

It is shown, that pure LaMnO3 shows a complex magnetic phase diagram with a structure
induced metastable antiferromagnetic configuration. Non—collinear spinstructures are only

found in the region 0 < z < 0.15 for both systems.
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Optical properties of o/-NaV,0s5

A.N. Yaresko
Mazx-Planck Institute for Chemical Physics of Solids,
Noéthnitzer Str. 40, D-01187 Dresden, Germany
V.N. Antonov
Mazx-Planck-Institut fiir Physik komplexer Systeme,
Néthnitzer Str. 38, D-01187 Dresden, Germany

Abstract

We have studied the optical properties of the ladder compound o'-NaV,Ops using the
LDA+U approach. Firstly, the calculations were performed assuming an anti-ferromagnetic
alignment of the V magnetic moments along the ladders. Then, the effect of the absence
of the long-range anti-ferromagnetic order in the high-temperature phase was modelled by
performing the calculations for spiral magnetic structures defined by a g vector parallel
to b crystal axis. The calculated optical conductivity agrees well with the experimental one
derived from the loss function measured using electron energy-loss spectroscopy. The decom-
position of the calculated optical conductivity into contributions from transitions between
the electronic states of different character reveals the origin of the observed anisotropy of the
optical conductivity.
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6 News from the ESF Programme

?Ele e 1 1 El e le

b2

We have a budget of 100,000 for up to a month long collaborative visits. If you belong
to one of the 17 European countries contributing to the above ES Programme Austria,
Belgium, Czech Republic, Denmark, inland, rance, Germany, Hungary, Ireland, Italy,
Poland, Portugal, Slovenia, Spain, Sweden, Switzerland, and UK you are invited to apply
for nancial support to psik management dl.ac.uk, supplying a short scienti c proposal,
duration and cost of the visit you plan to make and the a liations of your and host
institutions. Details are given on the web site at:

http: psi k.dl.ac.uk
under the heading How to Collaborate .
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Doping Issues in Wide Band-Gap Semiconductors
University of xeter, United ingdom
21-2 March 2001
http://widegap2001 ex ac u /main html

widegap2001 excc ex ac u
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