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Theory for ferroelectricity in (TMTTF )X conductors

ISSP S. Brazovskii

The family of molecular conductors TMTTF/TMTSF - X demonstrates, at low temperatures
T, almost all known electronic phases. Their usual framework was a set of weak structural
“anionic” modifications at intermediate T, while at even higher T'some “structureless” tran-
sitions could be observed which origin stayed mysterious. Very recently, their nature became
elucidated by spectacular evidences from studies of low frequency dielectric response (P. Mon-
ceau and F. Nad, Grenoble - Moscow) and by the NMR (S. Brown et al, UCLA). The ob-
servations have been interpreted as an unexpected Ferro - Electric transition which, the same
time, happened to be a special form of the charge disproportionation predicted by H. Seo and
H. Fukuyama in 1997. Meeting new specific requests, an easy access to ferroelectricity and op-
tics is provided by a theory of the “combined Mott - Hubbard state”. It deals with ‘orthogonal’
contributions to the Umklapp scattering of electrons coming from two symmetry breaking ef-
fects: the build - in nonequivalence of bonds and the spontaneous nonequivalence of sites. It re-
covers also a physics of several types of charge and chage - spin solitons which are apparently

observed.
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[2] A.Kawamoto, H. Taniguchi and K. Kanoda, J. Am. Chem. Soc., 120, 10984 (1998).
[3] H. Taniguchi, A. Kawamoto and K. Kanoda, Phys. Rev. B, to be published
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M OERHE GER). BEICOVLTREE  EK GER). flE B K GER). milEs b
BEEFH —a #d% GEK) LHEETH-7cbDTH 5,

% 3R
[1] T. Kashima et al. J. Phys. Soc. Jpn. 71, 2109 (2002)
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[1] H. Safaret al., Phys. Rev. Lett. 72(1994)1272.
[2] T. Aouaroun et al., Supercond. Sci. Technol., 10(1997)572.
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i3 Motthufgik & RSt 5,
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LIAN, COWMHEASBILIERICE. BFEOER M) VY —RIFENRAZLEDOENTIE, B
ERHATH-t (7275l WA T-oTOREW), £2T, Fa—Ev 77 v ENBENFRER
BAZOWEICEM L. RS T.4GPak TOBKURIMEZEITIE » 7o ZTOFER, FEAR 5 5
Wid. B&ICHIZ SN, 6GPa%x iz 2FEN T T Sl TRBIISREKFUENE SNIBD 2, &
SIHES % & 8GPafhii T, 2EEMENEBNEL D, KETI4.2K OBRENFONTI, £
NI EDOIER. EBREE TR E7.

YR, B -ET,ICl, O{=EOREHAIT ., BIBREERT, B'-ET,AuCly, 8- ET,IBrCl,
ET-TCNQ OFERICOWT HHET A FETH %,

AW, BT AILE—, EE-E. BAGES CLESERY) . BRESR, atFEA Bk
HEACEMMTD . BAMES (SIRKE)., =fit, EFH—F (CIERKD) O&KEDOHKFENT
TH 5.

! H. Kobayashi et al., Chem. Lett. 89(1986)
2 N. Yoneyama et al., Synth. Met. 86, 2029(1997)
¥ K. Miyagawa et al., private commun. ;¥ H—a] HAYEEY2EE54,107 (1999)
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S5DETKohnDEBMNIED 2> TWB I ENbM-Tze L L. Fx OEBIHFESR & (/AW
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FITs BAIBMVNAICKLBRERZD LODOBHL 27 2 VI TEFH> (BEDT-
TTF),Br(DIA) i\ T0.5KE TORE TH M7, ETAN. TORTRVEDDH A 70 b
O VHENBRINS &V FRICK LT TRETOLBLER SN, Plook S cEroitEg
N2 R TEBEEDOWSIHFMETBANINI-ORBEDTTH S0, TD LD EILEIZ(BEDT -
TTF),CI(DFBIB) T & 8l S h. f##rH & 13 Hill 5 43E 5k 9 % periodic orbital resonance
(POR)TH 5 Z ENMISMER 572, 1X 512413, CREPOR BNZENZNEIR &N 5513
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1. Introduction

Ferromagnetic materials generally form magnetic domain structures to reduce their mag-
netostatic energy. However, on a nanoscale, the formation of domain walls is not energetically
favored and the behaviors of nanoscale structures of ferromagnetic materials are different
from those of macroscopic ones 123, The domain structures of nanoscale magnetic structures
have been extensively studied not only from a viewpoint of fundamental scientific interest but
also from a viewpoint of the technological interest since nanoscale magnetic structures have the
potential for the applications to the ultra-high density magnetic recording media and nano
spintronic devices 4. The direct observations of the flux closure domain and/or the single do-
main of nanoscale magnetic structures were reported recently and have attracted much at-
tention ®. Recent development of fabrication technique using nano - lithography enables us to
fabricate a ferromagnetic nanoscale structure with various sizes and shapes 678,

The x - ray magnetic circular dichroism (XMCD) is very powerful to investigate the spin and
orbital moments of magnetic materials %%, In the XMCD experiment, the absorption intensity
at the specific absorption edge of an element depends on the projection of the magnetic moment
of an element to the direction of incident light.

On the other hand, the photoelectron emission microscopy (PEEM) is extensively used for
the imaging of the surfaces with the sub - micrometer or smaller spatial resolution. The advan-
tage of the PEEM over other spectro - microscopy tools is its simplicity, i.e., neither complicat-
ed optics of a light nor a sample scanning system is necessary. The PEEM images the photoe-
mission intensity distribution at the surface based on the differences in work function when a
Hglampis used as an excitation source !!. In addition, using synchrotron radiation as an exci-
tation source and tuning its photon energy to the absorption edge of the materials, element spe-
cific imaging becomes possible 1213,

The combination of XMCD and PEEM enables the magnetic imaging, since the secondary
electron emission intensity is known to be proportional to the photo - absorption intensity. Sev-
eral methods are used for the imaging of magnetic domains. One technique is magnetic force
microscopy (MFM), in which the contrast is obtained by the mapping of the magnetic force
acting between the cantilever tip and the sample surfaces and the spatial resolution is about 30
nm. The information obtained by MFM is related to a second derivative of the stray magnetic
field and the interpretation of the MFM images is not straightforward. Whereas in the case of
synchrotron radiation PEEM (SR - PEEM), the obtained information is directly related to the
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element specific magnetic moment of the samples and allows real - space mapping of the spin
and orbital moments .

The other powerful tool for the research of magnetic domains is a computational micro-
magnetic simulation. The performance of the personal computer rapidly increased in recent
years and a micromagnetic simulation, which was formerly run by a supercomputer, is now
run using a personal computer with quantitative results.

In this study, we have observed magnetic domains of nanoscale magnetic structures of
Permalloy using SR - PEEM.

2. Results and discussion

Figure 1 shows the schematic diagram of our newly constructed SR - PEEM system. Our
SR - PEEM system consists of two chambers (load lock and PEEM measurement chambers).
The measurement chamber is pumped by an ion pump, however the ion pump is set apart from
the PEEM system to avoid the stray magnetic field from the ion pump. The measurement
chamber is equipped with a PEEM (Elmitec PEEM Spector), a Hg lamp, a manipulator with
6 - axis goniometer, and an inlet for synchrotron radiation. Photoelectron images are taken by
a slow scan CCD camera (PCO Sensicam). One of the most important factors for sharp images
is an anti - vibration system. To exclude vibration from the pumping system during measure-
ments, the chamber is pumped only by the ion pump. The whole SR - PEEM system is mounted
on a granite surface plate on an air - damper in order to decouple it from vibrations from the
experimental floor.

The nanoscale structures of Permalloy were fabricated using electron - beam lithography
combined with a chemical lift - off process. The silicon wafer covered by a 50 nm - thick gold
film is used as a substrate. This gold capping layer is important to avoid the charge - up.
Permalloy with 40 nm of thickness was deposited onto the substrates using magnetron sput-

tering. The patterns were fabricated on the substrates by

focused ion beam.

Prior to the experiment using our SR-PEEM, pre-
liminary SR - PEEM experiments were performed at the
Nanospectroscopy beamline of the Elettra, Trieste, Italy.
The circularly polarized soft x - rays from the undulator
were used for excitation. Before the photoelectron imaging
of the sample, x - ray absorption spectra (XAS) were mea-
sured by the total electron yield method to confirm the L
and L, absorption - edge of Fe and Ni. The photoelectron
images were obtained at the energies of L;-edge and Lj-

edge, where the large XMCD was observed at the L, and

L, - edges of 3d transition metals owing to the large spin -

Fig.1 Schematic diagram of our
SR - PEEM system.

orbit splitting in 2p level and the large exchange coupling
in the 3d bands.
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For the computational micromagnetic simulation of the Ni mesoscopic structures, the publicly
available 2D code OOMMF (Objective Oriented Micromagnetic Framework) developed by
NIST was employed. This code is based on Landau - Lifshitz equation 15. This code requires the
sample shape and dimensions, the material parameters, cell size, and tolerance criterion as
input parameters.

Figure 2 shows the magnetic image of
the Permalloy square structure with the
field of view of 25 pm obtained by SR -
PEEM. The magnetic images were ob-
tained by subtracting the image taken at
the plus helicity from the image taken at
the minus helicity. to emphasize the
magnetic contrast and to remove the in-

formation on surface morphology. The

magnetic contrast obtained by this
method is directly related to the intensity ~ Fig. 2 Magnetic image of the Permalloy square structrue
of the magnetic moment on the projection  “ith the field of view of 25 s m obtained by SR - PEEM.

to the light axis. The circularly polarized soft x - rays were illuminated as the arrow in this fig-
ure. In the magnetic contrast, bright and dark regions correspond to magnetic domains pos-
itively and negatively magnetized along the direction parallel to the vertical axis, respectively.
The gray regions correspond to domains magnetized along the horizontal axis. From this fig-
ure the bright (triangular shape at the left - hand side of the square with an apex at the center
of the square) and the dark (triangular shape at the right - hand side of the square) as well as
the gray (triangular shape at the upside and downside of the square) regions are clearly ob-
served. The magnetic image of the Permalloy square structure obviously shows the “but-
terfly” type domain structure. The micromagnetic simulation also reproduces the “butterfly”

domain of the square shape Permalloy structures.
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#fili - Dr. Karel Prokes
(Hahn - Meitner - Institute(Berlin, Germany) W7 H)

i H : Neutron Scattering Studies in High Magnetic Fields
P 3=

In this presentation neutron scattering experiments performed in magnetic fields up to 17T
(presently the highest static magnetic field in the world) will be the main topic. Basics of the
neutron scattering and high magnetic field research will be provided as well. Orthorhombic
antiferromagnets UNiGe, ferromagnetic superconductor URhGe, hexagonal antiferromagnet
UNiAl and tetragonal U,Pd,In will be mentioned as examples and discussed in details. We also
report on new insights regarding the hidden order in the heavy - Fermion compound URu;Si,.
It will be shown that neutron scattering can lead to a substantial new information that cannot
be obtained otherwise. For instance, neutron scattering in magnetic fields on UNiAl reveals
details of the field induced change of the AF structure that takes place around 8T, i.e. below the
metamagnetic transition(at 11.4 T)above which is UNiAl forced to be ferromagnetic. Using
the neutron diffraction we have been able to prove that the field - forced ferromagnetic structure
of UNiGe is not simple ferromagnetic but that a significant hard axis AF component exists.
We will report also on a project proposed to German authorities to build Neutron Magnetic
Field Laboratory(NMFL)at HMI Berlin. The NMFL will for the first time combine a neutron
source and a high magnetic ficld laboratory. A state - of - the - art continuous high magnetic
field technology of up to 30 - 40 Tesla will enable experiments that were up to now unthinkable.

Restrictions imposed by the neutron scattering and their technical solutions will be discussed.
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Ml : Prof. S. Brazovskii
(7 5 v AENRFEL ¥ 5 )
B H : TOPOLOGICAL CHARACTER OF EXCITATIONS IN STRONGLY CORRELATED
ELECTRONIC SYSTEMS: CONFINEMENT AND DIMENSIONAL CROSSOVER.

BE

Topologically nontrivial states are common in symmetry broken phases at macroscopic
scales. Low dimensional systems bring them to a microscopic level where solitons emerge as
elementary excitations. They have been observed in conducting polymers, spin - Peierls chains
and molecular metals. In the quasi 1D world the 3D confinement emerges resulting in
spin - charge recombination. The topologically and symmetrically defined nature of this
process allows to generalize it to strongly correlated systems in general. The combined
symmetry originates the spin- or charge- roton like excitations with charge- or spin- kinks
localized in the core, correspondingly for systems with attraction and repulsion. Thus for
superconductors we find a Pi- vortex ring with the spinon bound to its center; here the spinon
functions as the single electronic Pi- junction. For the doped AFM insulator the spin - roton
complex is a nucleus of the melted stripe phase. For Spin Density Waves as prototypes of doped
antiferromagnets, an unusual topological complex appears: a hyrer composed by a
half - integer dislocation combined with a semi-vortex of a staggered magnetization. (In

collaboration with N. Kirova)
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##fil : Prof. V. G. STANKEVICH
(w72 Y F v b 7 PRETBEDERERR)
BEH : SR INVESTIGATIONS AND APPLICATIONS IN KURCHATOV SR CENTER(KSRC)
®E:

The Kurchatov Synchrotron Radiation Center (KSRC) is in operation since 2000.

It is the first dedicated SR source of Russia intended for experiments in the 4eV - 100KeV
energy range in the fields of solid state physics, chemistry, surface science, material science,
protein crystallography, medicine nad new high technology. The scientific program for
2002 - 2004 is giving priorities to material. science in which there are 8 beam - line in operation
(3-VUV and 5- Xray).

The exmples of the SR investigations and application in optics, material science, medicine

and deep X - ray lithography are presented.
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M : Dr. Natalia Kirova
(POMA, Angers University, France)

B H : MODERN PROBLEMS IN POTICS OF CONJUGATED POLYMERS
b=

The interdisciplinary science of conducting polymers is still seeking its identity between
fundamentals and applications, chemistry and physics, molecular and condensed matter
physics, quantum chemistry and solid state theory, fields of semiconductors and strongly
correlated systems. Thus the major dispute on basic parameters and the very nature of the
principle light emitting exciton has not been resolved during the last decade of intensive
studies. After a review, we report on the recent progress in the unified theory for electronic and
optical properties of conducting polymers. Bringing together languages of the solid state
theory for polymers and the quantum chemistry of oligomers allows us to take into account
strong electronic correlations upon the semiconductor type approach. Our model combines the
long range electron? hole Coulomb attraction with a specific strong on - site e - h repulsion. The
theory operates with a few parameters which can be determined experimentally or from ab
initio calculations. The model explains, exploits and organizes various experimental and
numerical findings. E. g. we connect such different questions as coexistence of shallow singlet
and deep triplet excitons in phenylenes, crossing of potically allowed and forbidden transitions
in polyenes, common 1/L energy dependencies in oligomers. We can interpret several observed
time delay regimes in luminescence, fluorescence and phosphorescence due to conversion

between various types of excitons.
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