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12 INTRODUCTION (INSTITUTE FOR THEORETICAL PHYSICS) 247

12. Introduction

The aim of the research at the Institute for Theoretical Physics (ITP) is to explore the theo-
retical and mathematical fundamentals of physics. The key areas of research are the theory of
elementary particles and the theory of condensed matter, which synergistically augment each
another. Fundamental problems of the structure of space, time and matter (from the smallest
conceivable unit of length up to cosmic dimensions) are examined and practical problems of
complex physical systems with mesoscopic dimensions are tackled.

The institute consists of the following research groups:

• Quantum Field Theory (QFT) – fundamental problems of mathematical physics, gen-
eral structure of gauge theories, primary and effective interactions of elementary particles.

• Particle Physics Group (TET) – quantum field theory of elementary particles, super-
symmetrical theories, quantum chromodynamics, lattice gauge theory.

• Theory of Condensed Matter (TKM) – noise-induced phenomena, structure forma-
tion in liquid crystals, non-linear dynamics in biological models, immune system, strongly
coupled electron systems.

• Computer-Oriented Quantum Field Theory (CQT) – computer simulations of phase
transitions and critical phenomena, physics of soft matter and disordered systems, quan-
tum magnets.

• Molecule Dynamics/Computer Simulation (MDC) – computer simulations of
molecules at interfaces, computations of structural data, studies of thermodynamic pa-
rameters and transport coefficients.

• Statistical Physics (STP) – interacting many-particle systems, statistical and quantum-
field theoretical methods.

In Section 3, for each group a short overview of the research profile is followed by extended
abstracts describing their most relevant current projects. Added is a subsection devoted to the
Graduate Studies Programme “Quantum Field Theory”, which plays an important integrating
rôle not only within the ITP, but also for the scientific interaction with the Department of
Mathematics and Computer Sciences and the Max-Planck Institute for Mathematics in the
Sciences (MIS). In addition the research groups of the ITP take part in many of the interdis-
ciplinary research projects of the Centre for Theoretical Sciences (NTZ) which is part of the
Centre of Advanced Studies (ZHS) of the University of Leipzig. In Section 4, the publications
of members of the ITP of the year 2001 are listed. Sections 5 and 6 give an overview of talks
and organizational activities of ITP members.

K. Sibold

March 2003

ITP Research Report 2002
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13. Members of the ITP

Name Status Room Phone Fax

Director

Prof. Dr. Sibold, Klaus 1L18 97-32424 97-32425

Quantum Field Theory (QFT)

Prof. Dr. Rudolph, Gerd spokesperson 1R24 97-32426
Prof. Dr. Geyer, Bodo professor em. 1R23 97-32422
Prof. Dr. Uhlmann, Armin professor em. 2L10 97-32421
Prof. Dr. Weller, Wolfgang professor em. 2L10 97-32421
PD Dr. Bordag, Michael staff member 1R19 97-32427
Dr. Richter, Olaf staff member 1R17 97-32461
Dr. Schmidt, Matthias staff member 1R22 97-30293
Dr. Fleischhack, Christian associated member 1R17 97-32431
Dr. Vassilevich, Dimitri staff member 2L21 97-32462
Neumeier, Stefan PhD student 2L17 97-30436
Drosdow, Igor PhD student 2L21 97-32462
Eilers, Jörg PhD student 2L17 97-30436
Krähmer, Ulrich PhD student 2L15 97-32432
Fischer, Tobias Diploma student 2L14 97-32453

Theory of Elementary Particles (TET)

Prof. Dr. Sibold, Klaus spokesperson 1L18 97-32424 97-32425
PD Dr. Kirschner, Roland staff member 1L19 97-32441
PD Dr. Schiller, Arwed staff member 1L22 97-32446
Dr. Liao, Yi staff member 2L22 97-32464
Dehne, Christoph PhD student 1R16 97-32444
Ivanov, Alexander PhD student 2L15 97-32432
Zhang, Yong PhD student 2L18 97-30292

Theory of Condensed Matter (TKM)

Prof. Dr. Ihle, Dieter spokesperson 1L15 97-32433
Prof. Dr. Behn, Ulrich professor 1L20 97-32434
Prof. Dr. Kühnel, Adolf professor em. 1L16 97-32423
PD Dr. Kolley, Wilfried staff member 1R18 97-32435
Brede, Markus PhD student 2L15 97-32432
John, Thomas1 PhD student 97-32566
Junger, Iren PhD student 1R15 97-32437
Krieger-Hauwede, Micaela PhD student 2L15 97-32432
Martin, Edgar Diploma student 2L15 97-32432
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Computer-Oriented Quantum Field Theory (CQT)

Prof. Dr. Janke, Wolfhard spokesperson 2L21 97-32725 97-32747
Dr. Bachmann, Michael staff member 1R20 97-32443
Dr. Bittner, Elmar staff member 1R21 97-32429
Dr. Weigel, Martin staff member 2L16 97-32450
Kaehler, Götz Diploma student 2L16 97-32450
Krinner, Axel Diploma student 2L14 97-32453
Nußbaumer, Andreas Diploma student 2L16 97-32450
Schiemann, Reinhard Diploma student 2L14 97-32453
Vogel, Thomas Diploma student 2L14 97-32453
Wenzel, Sandro Diploma student 2L14 97-32453

Molecule Dynamics/Computersimulations (MDC)2

Dr. Fritzsche, Siegfried staff member P 9.1/201 235-2261 235-2307
Prof. Dr. Haberlandt, Reinhold staff member P 9.1/216 235-2280
Dr. Vörtler, Horst-Ludger staff member P 9.1/213 235-2435
Dr. Kormilets, Viatcheslav staff member P 9.1/214 235-2589
Loisrangsin, Arthorn PhD student P9.1/214 234-2589

Statistical Physics (STP)

Prof. Dr. Salmhofer, Manfred spokesperson 1L17 97-32468
Dr. Lauscher, Oliver staff member 1R15 97-32437
de Siqueira Pedra, Walter PhD student 1R15 97-32437
Husemann, Christoph Diploma student 2L14 97-32453

Library

Thiele, Elfriede 1R13 97-32440

Secretariat

Voigt, Lea 1L24 97-32420 97-32548
Salzer, Gloria 1L24 97-32430

1Linnéstr., PAF group.
2Building Permoserstr. 15, 04318 Leipzig.
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14. Research Projects

14.1. Quantum Field Theory (QFT)

The “Mathematical Physics” group works on mathematical structures of gauge theories (investi-
gation of gauge models in terms of gauge invariants, structure of the gauge orbit space, anomalies,
lattice approximation), certain aspects of noncommutative geometry (basic structures, model
building, quantum groups) and dimensional reduction of gauge theories (model building, exact
solutions of Einstein-Yang-Mills systems – including systems with coupled fermions). Following
these lines of research, methods of differential geometry, Lie groups and Lie algebras, algebraic
topology and – in the context of noncommutative geometry – also *-algebras are used. There are
relations both to research in quantum field theory and elementary particle physics performed at
the Institute for Theoretical Physics and mathematical research performed at the Institute of
Mathematics and the Max-Planck-Institute for Mathematics in the Sciences. There is a lecture
course on Mathematical Physics (differentiable manifolds, Lie groups, Hamiltonian systems, fi-
bre bundles and connections, applications to Yang-Mills theory and the theory of gravity), which
is regularly delivered. We are collaborating with colleagues from Warsaw and Moscow and have
good scientific contacts with many other research centres.

The group “Relativistic Quantum Field Theory” works on the theory of elementary particles,
their primary and effective interactions, mainly based on the Standard Model of strong and elec-
troweak interactions and its extensions, and on the influence of external conditions (boundaries,
classical fields and background configurations). In the centre of current interest are the structure
of general gauge theories, special models taking into account external fields and curved space-
time, two-dimensional gravity, the polarized lepton-nucleon scattering and other hard hadronic
processes, the role of vacuum energy (general Casimir effects) and finite temperature. The ap-
plied methods include: various quantization and renormalization procedures, effective action
approach, application of functional integration, heat kernel expansion, theory of Lie groups and
functional analysis. – This basic research contributes to the understanding of the fundamental
constituents of matter and of the universe as a whole. It also is related to and has applications
in solid state and statistical physics. The group has close connections to the mathematical
physics and elementary particle groups at ITP, and cooperations with DESY (Zeuthen) as well
as various international institutions, e.g., in Russia, Austria, Brazil and Great Britain. – There
are lecture courses on special aspects of quantum field theory which are regularly offered by
the Graduate Studies Programme “Quantum Field Theory” whose speaker is a member of this
group.

ITP Research Report 2002



252 14.1 QUANTUM FIELD THEORY (QFT)

14.1.1. Quantum Field Theory under the Influence of External
Conditions

M. Bordag, K. Kirsten (MPI, Leipzig), D. V. Vassilevich, V. Skalozub (National University,
Dnepropetrovsk) and I. Drosdow

The vacuum of quantum fields shows a response to changes in external conditions with measur-
able consequences. The investigation of the electromagnetic vacuum in the presence of dielectric
bodies is of actual interest in view of the rapid progress in measurements. The investigation of
the vacuum energy and of the ultraviolet divergences which appear in this kind of problems has
been continued. Results are obtained on the physical significance of vacuum energy for a single
dielectric body [1].

The heat kernel methods are of prime importance for the understanding of the structures of
the ultraviolet divergences. In the case of non smooth backgrounds the general recursive Seeley
methods does not work. As an alternative approach the multiple reflection expansion had been
proposed and its use was demonstrated in more complicated examples in [2]. High temperature
expansions in terms of heat kernel coefficients had been studied in [3]. In two overview articles
we reviewed applications of the heat kernel to strings [4] and recent developments in spectral
geometry for ”exotic” boundary value problems [5].

Field theory at finite temperature can be described by periodic boundary conditions in the
imaginary time. Questions related to the temperature induced phase transition are investigated
in the symmetric O(N)-model [6]. A new non-analytic expansion parameter was found [7,8].

The zeta functional methods has been applied to the mass of the supersymmetric kink clari-
fying the role of the boundary contributions [9].

Dilaton gravity models in two dimensions play an important role in understanding quantum
gravity effects and the black hole dynamics. The paper [10] reviews developments in this field
over the last decade.

References

[1] M. Bordag and K. Kirsten, Int. J. Mod. Phys. A 17, 813 (2002).
[2] M. Bordag, H. Falomir, E. M. Santangelo and D. V. Vassilevich, Phys. Rev. D 65, 064032

(2002).
[3] M. Bordag, V. V. Nesterenko and I. G. Pirozhenko, Nucl. Phys. Proc. Suppl. 104, 228

(2002).
[4] D. V. Vassilevich, Nucl. Phys. Proc. Suppl. 104, 208 (2002).
[5] P. Gilkey, K. Kirsten, J. H. Park and D. Vassilevich, Nucl. Phys. Proc. Suppl. 104, 63

(2002).
[6] M. Bordag and V. Skalozub, Theor. Mat. Phys. 131, 450 (2002) (translated from Teor.

Mat. Fiz. 131 4 (2002)).
[7] M. Bordag and V. Skalozub, Phys. Rev. D 65, 085025 (2002).
[8] M. Bordag and V. Skalozub, Phys. Lett. B 533, 182 (2002).
[9] M. Bordag, A. Scharff Goldhaber, P. van Nieuwenhuizen and D. Vassilevich, Phys. Rev. D

66, 125014 (2002).
[10] D. Grumiller, W. Kummer and D. V. Vassilevich, Phys. Rep. 369, 327 (2002).
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14.1.2. Casimir Effect and Real Media

M. Bordag, B. Geyer, G. L. Klimchitskaya and V. M. Mostepanenko (St. Petersburg)

The vacuum of quantum fields shows a response to changes in external conditions with mea-
surable consequences. The investigation of the electromagnetic vacuum in the presence of real
media is of actual interest in view of current experiments. During the past years the Casimir
effect has been measured with high accuracy. This required a detailed investigation of the influ-
ence of real experimental structures on the corresponding force. This allows for new constraints
on hypothetical long range interactions which are predicted by supersymmetric extensions of
the standard model. In [1] a detailed investigation of these constraints taking into account the
real experimental structures has been done.

References

[1] B. Geyer, G. L. Klimchitskaya and V. M. Mostepanenko, Phys. Rev. A 65, 062109 (2002).
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14.1.3. Light-Cone Dominated Hadronic Processes

B. Geyer, J. Eilers, M. Lazar (MPI MiS, Leipzig), J. Blümlein (DESY-IfH, Zeuthen) and D.
Robaschik (BTU, Cottbus)

Light-cone dominated (polarized) hadronic processes at large momentum transfer Q factorize
into process-dependent hard scattering amplitudes and process-independent non-perturbative
distribution amplitudes, whose Q2–evolution is perturbatively determined. Growing experimen-
tal accuracy requires the entanglement of various twist as well as (target) mass contributions
and radiative corrections. A quantum field theoretic prescription of these processes is based on
the nonlocal light-cone expansion [1].

The group-theoretical procedure allowing for the decomposition of nonlocal tensor-valued
light-ray operators into (tensorial) harmonic operators with well-defined (geometric) twist (=
dimension − spin), thereby taking trace terms correctly into account [2], has been studied
further and applied to new processes:

(1) Concerning special processes, former investigations of the polarized virtual Compton scat-
tering at leading twist in the generalized Bjorken region [3] have been extended to the case with
an additional (scalar) meson in the final state [4]. Thereby, triple-valued off-forward parton
distribution amplitudes have been introduced. The related one-valued amplitudes, obtained
by decomposing the Compton amplitude into collinear and non-collinear components, obey
Wandzura-Wilczek and Callan-Gross like relations. The evolution of these distribution ampli-
tudes has been determined.
In another study [5], in the spirit of [3], analogous considerations have been made for the case
of polarized deep inelastic diffractive electron-proton scattering near the light-cone. Evolution
equations of the diffractive hadronic matrix elements were derived for leading twist and com-
pared with those of the (inclusive) deep-inelastic forward scattering (DIS). Diffractive parton
densities are obtained as projections of two-variable parton distributions. Also Wandzura-
Wilczek relations, similar to DIS, have been obtained.

(2) With the aim to take into account also target mass corrections for the above mentioned
processes the twist decomposition on the light-cone [2] has been extended to the relevant off-
cone operators [6]. Then, the non-forward matrix elements of the off-cone quark operators of
definite twist (up to infinite twist in the case of scalar operators and up to twist 2 and 3 for
tensor operators of mixed symmetry) in configuration space – leading to general off-diagonal
distribution amplitudes – and their power resp. mass corrections have been given in terms of
Bessel functions and, in the case of their moments, in terms of Gegenbauer polynomials. In ad-
dition, these results have been applied to the power corrections of the vector meson distribution
amplitudes. – Now, these considerations will be continued up to infinite twist also in the case
of vector operators and tensor operators of second order.

(3) The application of the foregoing results to virtual Compton scattering in the generalized
Bjorken region and deep virtual Compton scattering requires, after a Fourier transformation,
the convolution with the propagator in momentum space. Here, earlier work at leading twist
[7] has to be extended to higher twist. A first step has been performed for the scalar operators
showing that, after truncating with the relevant parts of the propagator, only a finite number
of contributions of definite twist survives [8]. At present, the extension to the case of tensor
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operators up to second order is under consideration.
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14.1.4. Quantum Symmetries of General Gauge Theories

B. Geyer, D. Mülsch (Wissenschaftszentrum Leipzig e.V.), D. M. Gitman and P. Yu. Moshin
(U São Paulo), P. M. Lavrov (PU Tomsk), A. P. Nersessian (Yerevan State U) and I. V.
Tyutin (Lebedev Inst., Moscow)

General gauge theories are characterized by local symmetries whose generators, in contrast to the
well-known Yang-Mills theories, not necessarily obey a Lie algebra structure. Their gauge algebra
may be open, i.e., close only up to the equations of motion, and, in addition, may be reducible
(up to any finite order of reducibility) requiring for the introduction of various extra ghost
and auxiliary fields. Nevertheless, the quantum symmetries of such theories [containing, e.g.,
higher dimensional and extended supersymmetric Yang-Mills theories, (super) string theories
and topological field theories] are governed by (extended) BRST operations. Furthermore, these
theories may be considered in external as well as composite (or condensate) fields and various
background configurations.

Three different areas of research are to be reported:

(1) Given an arbitrary Lagrangian it is, in general, very difficult to find all its (gauge) sym-
metries. In order to attack this problem the structure of the Euler-Lagrange equations (ELE)
for a general Lagrangian theory with finite degrees of freedom (having singular or nonsingular
Lagrangian with higher derivatives of arbitrary order, with degenerate coordinates as well as
external fields) has been studied [1]. Generalizing former results [2] for the ELE a reduction
procedure to the so-called canonical form was presented where the equations are solved with
respect to highest-order derivatives of non-gauge coordinates, whereas gauge coordinates and
their derivatives enter in the right hand sides of the equations as arbitrary functions of time.
This reduction procedure reveals the constraints in the Lagrangian formulation of singular
systems and, in that respect, is similar to the Dirac procedure in the Hamiltonian formulation
[3]. Thereby, for the first time, a constructive way of revealing the gauge identities between the
ELE and, thus, finding all the gauge generators within the (covariant) Lagrangian formulation
was presented. For local theories all the gauge generators are local in time operators. An
extension to field theory is under consideration.
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(2) There exist various (related) methods of covariant Lagrangian quantization of general gauge
theories which generalize the field-antifield approach of Batalin & Vilkovisky (BV) [1]. Two of
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them, the Sp(2)−symmetric approach of Batalin, Lavrov & Tyutin (BLT) [2] and the (modified)
triplectic quantization (TQ) [3,4] have been applied and considered in detail.
First, continuing our former study of W2−gravity [5], we considered the model of W3−gravity
[6] – possibly the simplest one with open gauge algebra – within the BV-formalism to study
the arbitrariness in the realization of the gauge algebra. We obtained a one-parametric non-
analytic extension of the gauge algebra, and a corresponding solution of the classical master
equation, related via an anti-canonical transformation to a solution corresponding to an analytic
realization. Motivated by this result, we investigated the possibility of getting closed solutions
of the classical master equation in the BLT-formalism and showed that such solutions do not
exist in the approximation up to the third order in ghost and auxiliary fields.
Second, we looked for a formulation of (modified) TQ in general coordinates [7,8] and showed
that the specific operators V a appearing in TQ can be viewed as anti-Hamiltonian vector fields
generated by a second-rank irreducible Sp(2) tensor. This allowed for an explicit realization
of the triplectic algebra being constructed from an arbitrary Poisson bracket on the space of
the fields, equipped by the flat Poisson connection. In addition, the whole space of fields and
antifields can be equipped by an even supersymplectic structure, when the Poisson bracket is
non-degenerate. This opened the possibility to provide the BRST/antiBRST path integral by a
well-defined integration measure, as well as to establish a direct link between the BLT- and the
Hamiltonian BRST quantization schemes. Furthermore, we found [8] that the primary version
of TQ [3] and its modified form [4] are special examples of 3-parametric class of quantization
procedures.
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(3) Topological quantum field theories (TQFT) are the simplest QFT’s with the defining prop-
erty that their Green functions are independent of the local Riemannian structure of the under-
lying manifold. There are two classes of TQFT [1], namely (i) Schwarz type topological theories,
which are manifestly free of any metric dependence, and (ii) Witten type or cohomological topo-
logical theories, where the stress tensor as well as the partition and correlation functions are
independent of the choice of the metric.
Concerning our investigation of topological field theories we introduced a new type of topolog-
ical matter interactions involving second-rank tensor matter fields with an underlying NT ≤ 1
topological supersymmetry [2]. The example of the 4-dimensional NT = 1 super BF model and
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the NT = 2 topological B-model with tensor matter has been explicitly worked out.
In addition, we constructed various non-abelian examples of cohomological gauge theories of
Hodge type, i.e., theories where the generators of the topological shift, co-shift and gauge sym-
metry together with a discrete Hodge-type ?−operation obey a complex being completely anal-
ogous to the de Rham complex. In these theories the physical states are ‘harmonic’ in that
terminology. First, by dimensional reduction of the Blau-Thompson model [3] from 3 to 2 di-
mensions we obtained a NT = 4 Hodge-type theory with global symmetry group SU(2) [4] which
can also be obtained by the ’novel’ twist of the N = 8, D = 2 super Yang-Mills theory. Second,
by constructing a 5-dimensional analogue of the Blau-Thompson model and reducing it to D = 2
dimensions we obtained a NT = 8 Hodge-type theory with global symmetry group SU(4) [5]
which can also be obtained by the ’novel’ twist of the N = 16, D = 2 super Yang-Mills theory.
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14.1.5. Algebro-Geometric Solutions to the Ernst Equation and
Twistor Theory

S. Kolditz and O. Richter

In general relativity the class of stationary and axisymmetric space-times is of particular impor-
tance. The interest comes from the fact that the space-times of isolated bodies of revolution are
usually supposed to be stationary and axisymmetric. The field corresponding field equations are
equivalent to one nonlinear complex differential equation, the Ernst equation. This equation has
some mathematically interesting features. First, it belongs to the class of completely integrable
equations, for which the inverse spectral method can be applied successfully, see [1]. Second,
it is a symmetry reduction of the anti-self dual Yang-Mills equations. It is well known that
the anti-self dual solutions to the Yang-Mills equations are related via the Penrose transform to
algebraic bundles over the projective twistor space CP3. Similarly, Mason and Woodhouse were
able to show that solutions to the Ernst equation can be interpreted in terms of bundles over
some reduced twistor space, see [2].

For a class of solutions to the Ernst equation with physically reasonable properties, see [3],
the corresponding metric functions may be expressed in terms of theta functions on hyperelliptic
Riemann surfaces. We were able to characterize explicitly the holomorphic vector bundles over
the reduced twistor space in terms of patching matrices.

This allows us to give a geometrical interpretation of the analytic solutions of [3] in terms of
holomorphic bundles over the reduced twistor space, see [4]. With the local data encoded in the
patching matrices at hand it should now be possible to determine the corresponding invariants
of the bundles, e.g. characteristic classes, in order to get a better geometrical understanding of
the solutions found.
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14.1.6. Structure of the Gauge Orbit Space and Study of Gauge
Theoretical Models

G. Rudolph, C. Fleischhack, P. Jarvis (Hobart), J. Kijowski (Warsaw), M. Schmidt and I.
P. Volobuev (Moscow)

The results concerning the structure of the gauge orbit space obtained in recent years, together
with an invited review, were published [1,2]. The programme for investigating the role of non-
generic strata for quantum gauge theory has been pushed forward. There are first results on
singular Marsden-Weinstein reduction [3] and geometric quantization [4] for the model space
SU(3). Neglecting, for the time being, some delicate mathematical aspects, the analogous
problem for full Yang-Mills theory on compact manifolds is under investigation, too.

The study of non-perturbative aspects of gauge theories on the lattice in terms of gauge
invariant fields was continued. Applying similar techniques as for spinorial lattice QED [5], the
observable algebra and the charge superselection structure of scalar lattice QED was clarified,
see [6]. An analogous, but much more complicated analysis of lattice QCD [7] was essentially
pushed forward (with a couple of publications being in preparation).

Christian Fleischhack continued the study of gauge theories within the Ashtekar approach,
with special emphasis on noncompact structure groups and applications in quantum gravity.

The project was supported by the Max-Planck Institute for Mathematics in the Sciences, by
the Alexander-von-Humboldt Foundation and by DFG.
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14.1.7. Noncommutative Geometry

G. Rudolph, D. Calow, P. Hajac (Warsaw), R. Matthes (Clausthal), O. Richter and
W. Szymanski (Newcastle)

The study of the theory of foliations in the sense of Connes [1] was continued. In particular,
several spectral triples related to the Kronecker foliation of the 2-torus have been constructed
[2]. Moreover, the associated differential calculi were studied and for one spectral triple the
topological invariant (Chern character) was calculated. The study of the Hopf algebra, associated
to a foliation, was initiated.

The study of quantum principal bundles in the sense of Budzyński and Kondracki was con-
tinued [3,4]. It was shown that the interpretation of the quantum disc and the quantum real
projective space as quotients of Podles quantum spheres can be understood in terms of graph C∗-
algebras [5]. Concerning the study of quantum Hopf bundles, Chern-Connes pairings between
traces on the basis algebra and the K0-classes for projectors of line bundles associated with a
quantum Hopf bundle were calculated. This way, one obtains the winding numbers of these line
bundles and one can conclude the topological non-triviality of the quantum Hopf bundle. A
paper on this subject is in preparation.

The projects were supported by the Max-Planck-Institute for Mathematics in the Sciences
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14.1.8. Contributions to Quantum Informatics

A. Uhlmann, P. Alberti, B. Crell and J. Dittmann (IMath)

The following problems were studied: representation and properties of the fidelity of density
operators and related quantities [1,2], differential geometry of monotonous metrics on the space
of states, in particular, of Bures’ metric, properties of purifying lifts, transport of states, and
geometrical phases [3], refinements of Bures’ metric (partial fidelities, decomposition of pairs
of states), operators and mappings related to Einstein-Podolski-Rosen channels and quantum
teleportation [4]. Furthermore, characteristic parameters (entropy, channel capacity) for quan-
tum channels of length two were calculated. The use of anti-linearity in quantum information
and possible connections with k-positivity were discussed. Algebraic formulations of some basic
concepts of quantum information theory, i.e. entanglement, asymptotic conversibility, and their
relation to partial orderings of states were developed.
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14.1.9. One-Particle Properties of Quasiparticles in the
Half-Filled Landau Level

W. Weller and W. Apel (PTB Braunschweig)

Using field theoretical methods, two-dimensional electron systems in strong magnetic fields were
studied. The investigations were concentrated on the half-filled lowest Landau level.

The theory for the half-filled lowest Landau level of Halperin et al. [1] transforms from the
electrons to Chern–Simons fermions by eliminating the external magnetic field. The theory
leads to an infrared divergent energy. It was shown [2] that this is due to missing diagrams
and to the fact that in [1] the ordering of the operators in the path integral was changed.
The correct formulation yields a three-particle interaction. For this interaction, a path integral
representation was developed [2] with correct ordering of the operators by using time steps with
intermediate times.

The energy was computed by evaluating the path integral in various approximations. The
calculated energies are convergent and agree well with numerical simulations. The idea of the
Singwi–Sjölander approach to the 3d Coulomb problem was extended to the Chern–Simons
theory [3] with even better results for the energies.

An approximation scheme was developed conserving the particle number and the constraints.
Now, the conserving Hartree–Fock approximation is being numerically evaluated. The self energy
of the Chern–Simons fermions is until now infrared divergent. For the solution of that problem
we started investigations based on a transformation introduced by Bohm and Pines and by
Shankar and Murthy [4]; that transformation transforms from the Chern–Simons fermions to
the composite fermions (CF), which include the correlation hole. The conserving approximations
are extended to the CF.

The project was supported by DFG (Schwerpunktprogramm ”Quanten-Hall-Systeme”, WE
480/3-2)

References

[1] B. I. Halperin, P. A. Lee and N. Read, Phys. Rev. B 47, 7312 (1993).
[2] W. Weller, J. Dietel, Th. Koschny and W. Apel, in: Proceedings 6th Int. Conf. on Path

Integrals, eds. R. Casalbuoni et al. (World Scientific, Singapore 1999), p. 466.
[3] J. Dietel and W. Weller, Phys. Rev. B 64, 195307 (2001).
[4] R. Shankar and G. Murthy, Phys. Rev. Lett. 79, 4437 (1997).

ITP Research Report 2002



264 14.2 THEORY OF ELEMENTARY PARTICLES (TET)

14.2. Theory of Elementary Particles (TET)

The Particle Physics Group performs basic research in the quantum field theoretic description
of elementary particles and in phenomenology. Topics of current interest are conformal sym-
metry and its breaking in the context of supersymmetric theories, renormalization problems,
electroweak matter at finite temperature and the derivation of Regge behaviour of scatter-
ing amplitudes from Quantum Chromodynamics. Perturbative and non-perturbative methods
are applied to answer the questions. In perturbation theory the work is essentially analytical
using computers only as a helpful tool. Lattice Monte Carlo calculations as one important
non-perturbative approach however are based on computers as an indispensable instrument.
Correspondingly the respective working groups are organized: in analytical work usually very
few people collaborate, in the lattice community rather big collaborations are the rule. Our
group is involved in many cooperations on the national and international level (DESY, Munich;
France, Russia, Armenia, USA, Japan). Since elementary particles are very tiny (of the order
of 10−15 m) and for the study of their interactions large accelerators producing enormously high
energy are needed, it is clear that results in this direction of research do not have applications
in daily life immediately. To clarify the structure of matter is first of all an aim in its own
and is not pursued for other reasons. But particle theory has nevertheless a very noticeable
impact on many other branches by its power of providing new methodological insight. Simi-
larly for the student specializing in this field the main benefit is her/his training in analysing
complex situations and in applying tools which are appropriate for the respective problem. As
a rule there will be no standard procedures which have to be learned and then followed, but
the student has to develop her/his own skill according to the need that arises. This may be a
mathematical topic or a tool in computer application. Jobs which plainly continue these studies
are to be found at universities and research institutes only. But the basic knowledge which one
acquires in pursuing such a subject opens the way to many fields where analytical thinking is
to be combined with application of advanced mathematics. Nowadays this seems to be the case
in banks, insurance companies and consulting business.
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14.2.1. Quantum Field Theory on Noncommutative Spacetime

C. Dehne, Y. Liao and K. Sibold

Quantum field theory on noncommutative (NC) spacetime as formulated in Ref. [1] has been
shown to violate the unitarity of S matrix [2]. The main feature in this formalism as compared to
ordinary theory is the appearance of phases involving the NC parameter and relevant momenta.
Doubts on it have been raised recently in Ref. [3] by reformulating in ϕ3 theory the equation of
motion in terms of the Yang-Feldman equation. Its solution is found to be manifestly Hermi-
tian, hence the theory must be unitary even if time-space NC is nonvanishing, in accord with
general considerations of Ref. [4]. But this does not yet explain why one arrives at violation of
unitarity in the same model when using the formalism of Ref. [1]. Starting from some standard
assumptions about perturbation theory, we have shown [5] that the answer is very simple. When
performing field contractions properly according to Wick’s theorem, one can never combine the
contraction functions of positive and negative frequency to the causal Feynman propagator. This
arises because when time does not commute with space, the time-ordering procedure does not
commute with the star multiplication either. The formalism in terms of Feynman propagators
is thus not well founded in this case. Instead, the correct procedure of doing perturbation in
NC field theory is just the time-ordered perturbation theory extended to the NC case. The
NC phases in this framework involve exclusively on-shell momenta which makes the analyticity
properties of Green functions considerably different from those following the approach of Ref.
[1]. The unitarity is shown to be preserved as long as the interaction Lagrangian is explicitly
Hermitian [6]. As the picture of perturbation theory has been changed already at tree level,
phenomenological results obtained previously will be modified accordingly, some of which have
been worked out in Ref. [7] for future linear colliders.

We have also studied the spectral representation and dispersion relations that follow from some
basic assumptions and the reduced spacetime symmetries on noncommutative (NC) space [8].
We found that kinematic variables involving the NC parameter appear naturally as parametric
variables in this analysis. When subtractions are necessary to remove ultraviolet divergences,
they are always made at the fixed values of these NC variables. Our analysis of the reduced
spacetime symmetries suggests a weaker microcausality requirement. Starting from it, we made
a first attempt at dispersion relations for forward scattering. It turns out that the attempt is
hampered by a new unphysical region specified by a given motion in the NC plane which does
not seem to be surmountable using the usual tricks.

The project is supported by a grant from DESY in Zeuthen.
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14.2.2. Supersymmetric Yang-Mills Theory with Local
Coupling: The Supersymmetric Gauge

K. Sibold, E. Kraus (Bonn) and Ch. Rupp (Karlsruhe)

When one introduces within supersymmetric Yang-Mills theory a local, i.e. space-time depen-
dent coupling (which for consistency has to be a chiral superfield) one encounters an anomaly.
This has first been detected in the Wess-Zumino gauge where the anomaly has a natural place
in the supersymmetry transformation of this coupling function. In a formulation where su-
persymmetry is realized linearly its place changes. It may now appear in either one of two
identities: the first one describes the non-renormalization of the topological term, the second
relates the renormalization of the gauge coupling to the renormalization of the complex su-
percoupling. Only one of the two equations can be maintained in perturbation theory. The
two possibilites are discussed and the respective β-function of the local coupling is derived. It
is non-holomorphic in the first version, but directly related to the coupling renormalization.
It is holomorphic in the second version, but has a non-trivial, i.e. anomalous relation to the
β-function of the gauge coupling.
The physical consequences of this anomaly have still to be found. They may either refer to an
interesting relation between scaling and topological properties as indicated by the above for-
mulation where supersymmetry is manifest or they may point to breaking of supersymmetry as
indicated by the Wess-Zumino gauge formulation. In any case it is clear that the consequences
must be identical when formulated for truly physical quantities.
In the context of string theory the question whether the gauge coupling when extended to
a local field gets renormalized in a holomorphic or non-holomorphic fashion has quite some
importance. It is to be noted however that usually the extension is not to a superfield which
from the start causes inconsistencies. In any case it is clear that the above findings clarify the
situation completely.
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14.2.3. Confinement, Deconfinement and the Photon
Propagator in 3D cQED on the Lattice

M. N. Chernodub (ITEP Moscow/Kanazawa University), E.-M. Ilgenfritz
(Humboldt-Universität zu Berlin) and A. Schiller

Three–dimensional compact electrodynamics (cQED3) shares two essential features with QCD,
confinement [1] and chiral symmetry breaking. Confinement of electrically charged particles is
caused by a plasma of monopoles which emerge due to the compactness of the gauge field. Here
we study the lattice gauge boson propagator of 3D compact QED in Landau gauge at zero and
non-zero temperature [2,3].

In order to discuss the form of the propagator from the monopole plasma point of view, we
decompose the gauge fields links into singular (monopole) and regular (photon) contributions.
Once that decomposition is done, one is free to define the the decomposition of the propagator
into monopole, photon and mixed contributions.

Non-perturbative effects are reflected by the generation of a mass m, by an anomalous dimen-
sion α and by the photon wave function renormalization Z. These effects can be attributed to
monopoles: they are absent in the propagator of the regular (photon) part of the gauge field.
The rôle of Gribov copies is carefully investigated.

A typical propagator behaviour at zero temperature is visualized in Fig. 1(a), results for α
and m are shown in Fig. 1(b), the extracted nonperturbative mass is compared to a theoretical
prediction.
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Figure 1. (a) The transverse propagator p2D and its contributions, as well as the (vanishing)
longitudinal propagator F vs. p2 at β = 1.8. (b) Fitted α and m vs. β for D.

References

[1] A. M. Polyakov, Nucl. Phys. B 120, 429 (1977).
[2] M. N. Chernodub, E. M. Ilgenfritz and A. Schiller, Phys. Rev. Lett. 88, 231601 (2002).
[3] M. N. Chernodub, E. M. Ilgenfritz and A. Schiller, Preprint hep-lat/0208013, to be published

in Phys. Rev. D.

ITP Research Report 2002



268 14.2 THEORY OF ELEMENTARY PARTICLES (TET)

14.2.4. String Breaking and the Photon Propagator in the 3D
Lattice Abelian Higgs Model

M. N. Chernodub (ITEP Moscow/Kanazawa University), E.-M. Ilgenfritz
(Humboldt-Universität zu Berlin) and A. Schiller

Nowadays, the interest in the lattice Abelian Higgs model with compact gauge field (cAHM) in
three dimensions has grown because of its relation to high energy physics [1,2] and its applications
in condensed matter physics [3].

We have studied on the lattice the breaking of the string spanned between test charges in the
three dimensional Abelian Higgs model with compact gauge field and fundamentally charged
Higgs field at zero temperature in the London limit [4]. In agreement with current expectations
we demonstrate that string breaking is associated with pairing of monopoles. However, the
string breaking is not accompanied by an ordinary phase transition.

In addition we have studied the Landau gauge photon propagator in that model [5]. The total
gauge field is split into singular and regular parts. On the confinement side of the string breaking
crossover the momentum dependence of the total propagator is characterized by an anomalous
dimension similarly to 3D compact QED. At the crossover and throughout the Higgs region the
anomalous dimension disappears. This result perfectly agrees with recent observations that the
monopole–antimonopole plasma leads to nonzero anomalous dimension and the presence of the
matter fields causes monopole pairing into dipole bound states. The Yukawa mass characterizing
the propagator part from regular gauge fields is non-vanishing at the Higgs side and coincides
with the mass found for the total propagator. The regular gauge field without anomalous
dimension becomes massless at the crossover and in the confinement region.
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14.2.5. High Energy Asymptotics and Integrable Quantum
Systems

D. Karakhanyan (Yerevan, Armenia) and R. Kirschner

Aim of the project

The main aim of this project is to develop methods for treating the Regge and Bjorken limits in
gauge theories like QCD. We rely on the idea of the high-energy effective action [1] which we have
shown in recent years to be a useful tool for analyzing the asymptotics of scattering amplitudes.
In the Regge case the action describes the scattering by the exchange of reggeized quarks and
gluons. The reggeon and parton interactions exhibit remarkable symmetry properties and can
be related to integrable quantum systems.

Collaboration

In 2002 on this project have been working R. Kirschner and D. Karkhanyan (Yerevan, visit
supported by BMBF/IB). There is a collaboration with L. N. Lipatov (St. Petersburg), L. Szy-
manowski (Warsaw, Paris-Palaiseau) and G. K. Korchemsky (Paris-Orsay).

Results

The leading parton interaction in the Bjorken asymptotics has been studied in the effective
action formulation. The conformal representation of the interaction has been derived in a direct
way avoiding the conventional momentum representation [2] .

We have constructed the spectral and integral forms of the universal Yang-Baxter operators
with one-dimensional q-deformed conformal (sl(2)) ) symmetry [3] in a representation related
to the one appearing in the treatment of the QCD Bjorken asymptotics.
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14.2.6. The Spin Structure of the Λ Hyperon in Lattice QCD

M. Göckeler, R. Horsley (University of Edinburgh), D. Pleiter (John von Neumann–Institut für
Computing NIC, Zeuthen), P. E. L. Rakow (University of Liverpool), S. Schaefer (Universität
Regensburg), A. Schäfer (Universität Regensburg) and G. Schierholz (John von
Neumann–Institut für Computing NIC, Zeuthen, and DESY, Hamburg)

The investigation of the nucleon spin structure during the last few years has stimulated a large
number of efforts to understand the results with quark models of various kinds. It turned out
that the breaking of SU(3) flavour symmetry is of central importance for any such effort. The
Λ spin structure is especially sensitive to flavour SU(3) breaking (see, e.g., Refs. [1,2]). While in
the naive SU(6) quark model the spin of the Λ is carried exclusively by the s quarks, the SU(3)
rotated results for the nucleon spin structure suggest that the s and s̄ quarks carry only ≈ 60%
of the Λ spin while u, ū, d and d̄ quarks quarks contribute ≈ −40%.

Thus, there is ample motivation to perform lattice calculations which provide information on
the internal Λ structure, and we have performed such calculations in the valence approxima-
tion on a lattice with a lattice spacing of ≈ 0.1 fm [3]. We worked with nine combinations of
bare quark masses mu = md, ms ∈ {166, 112, 58} MeV (approximately), parametrised by the
corresponding hopping parameters κu = κd, κs. So we could extrapolate to the chiral limit
κc in κu = κd and interpolate in κs to the physical value κ∗s. From the Λ masses at our nine
combinations of κd, κs we have computed Λ masses at κd = κc by linear extrapolation of M2

Λ in
1/κd. These 12 masses are plotted in Fig. 1. At κ∗s the ratio MΛ/Mp = 1.19 is reproduced quite
accurately. The plot shows clearly the breaking of the SU(3) flavour symmetry. In particular,
the dependence of the masses on κd is rather pronounced.

Matrix elements of various two-quark operators in the Λ were computed from ratios of three-
point functions over two-point functions (for a recent review of the method and further results
see Ref. [4]). In particular, we studied the axial-vector current q̄γµγ5q, whose expectation values
in a polarised Λ are proportional to ∆q, the fraction of the spin carried by the quarks (and
antiquarks) of flavour q. In contrast with the case of MΛ/Mp, the dependence on κd turned out
to be rather weak. Values corresponding to κd = κc were obtained by extrapolating the matrix
elements linearly in 1/κd. Finally, by interpolating the matrix elements for κd = κc linearly in
1/κs to 1/κ∗s we obtained the desired Λ matrix elements with the result: ∆uΛ = ∆dΛ = −0.02(4),
∆sΛ = 0.68(4).

Let us discuss these results in more detail. Applying flavour SU(3) to Monte Carlo results
for ∆q in the proton, which suffer from similar uncertainties as discussed above, one finds
∆uΛ = ∆dΛ = −0.016(9), ∆sΛ = 0.65(2) in good agreement with the matrix elements computed
directly in the Λ. This implies again that the flavour symmetry breaking effects in the matrix
elements are rather small. As the mass difference between the light quarks and the strange
quark was consistently taken into account this provides a strong argument that the Λ and
proton spin structures are, in good approximation, simply related by an SU(3) transformation.
Consequently, the values ∆uΛ = ∆dΛ = −0.17(3), ∆sΛ = 0.63(3), which were computed from
the proton spin structure under the assumption of flavour SU(3)(see, e.g., [2]), should be quite
reliable.

Because we worked in the valence approximation it might be more consistent to compare our
results to the prediction for the valence quark contribution, e.g. by Ashery and Lipkin [2]. They
obtained ∆uΛ = ∆dΛ = −0.07(4), ∆sΛ = 0.73(4). Notice that all results differ markedly from
the predictions of the (naive) quark model ∆uΛ = ∆dΛ = 0, ∆sΛ = 1.
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Figure 1. The square of the ratioMΛ/Mp with the proton massMp taken in the chiral limit versus
1/κs. The different symbols correspond to the different values of κd including the chiral limit.
The crosses (left to right) indicate the physical value of MΛ/Mp, 1/κc, and 1/κ∗s, respectively.

This work was supported in part by the Deutsche Forschungsgemeinschaft, by BMBF and
by the European Community’s Human Potential Program. The numerical calculations were
performed on the Quadrics computers at DESY Zeuthen. We wish to thank the operating staff
for their support.
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hep-lat/0209160.

ITP Research Report 2002



272 14.3 THEORY OF CONDENSED MATTER (TKM)

14.3. Theory of Condensed Matter (TKM)

The topics of research in the Theory of Condensed Matter group are stochasticity and dis-
order as well as structure formation in soft condensed matter and solids, models of complex
biological systems, strongly correlated electron systems, and superconducting materials. Inves-
tigations using modern analytic methods and computer applications complement and stimulate
each other. Research is performed in cooperation with mathematicians as well as with theoretical
and experimental physicists, biologists and researchers in medicine. There are well established
collaborations with research groups in France, Germany, Italy, Russia, Switzerland, UK, and
USA.

Noise induced phenomena are studied in a number of different systems. Structure for-
mation, stochastic stability, and on-off intermittency is investigated in liquid crystals driven
by stochastic electric fields (Cooperation with the Institute for Experimental Physics I). Noise
induced non-equilibrium phase transitions are studied in coupled arrays of stochastically driven
nonlinear systems. The statistics of first passage times and self-organized criticality is investi-
gated in stochastic nonlinear systems with time delay.

Mathematical modelling of the immune system. Using methods of nonlinear dynamics
and statistical physics, we study the architecture and the random evolution of the idiotypic
network of the B-cell subsystem and describe the regulation of balance of Th1/Th2-cell subsys-
tems, its relation to allergy and the hyposensitization therapy (Cooperation with the Institute
for Clinical Immunology and Transfusion Medicine).

Strongly correlated electron systems. The unconventional magnetic properties of tran-
sition metal oxides, such as the mixed-valency manganites, are investigated on the basis of
correlation models including anisotropic Heisenberg-type exchange interactions. Using Green’s
function techniques the effects of magnetic short-range order at arbitrary temperatures are stud-
ied in comparison with experiments.

Superconductors. Conventional and high-temperature superconductivity are studied within
a gauge field theory by drawing parallels between an Abelian Higgs-like model in the isotropic
case and a time-dependent Lawrence-Doniach model for layered high-Tc cuprates. The aim is the
macroscopic derivation of an effective action to describe the dynamics of the superconducting
condensate at zero temperature in the presence of electromagnetism.
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14.3.1. Nonlinear Dynamics and Statistical Physics of the
Immune System

U. Behn, M. Brede and J. Richter

The immune system is a hierarchically organized natural adaptive system built by a macroscopic
number of constituents which shows a very complex behaviour on several scales of temporal,
spatial, and functional organization. It is thus naturally a subject of modelling with methods
of statistical physics and nonlinear dynamics, for recent reviews see, e.g., [1–3]. We investigate
models describing the architecture of the idiotypic network formed by the subsystem of B-
lymphocytes and the regulation of the Th1-Th2 balance of the T-lymphocyte subsystem.

B-cells express on their surface receptors (antibodies) of a given specificity (idiotype). Cross-
linking these receptors by complementary structures (antigen or antibodies) stimulates the lym-
phocyte to proliferate. Thus even without antigen there is a large functional network of in-
teracting lymphocytes, the idiotypic network. Both the potential repertoire and the number of
idiotypes expressed by an individual at a given time (the expressed repertoire) are of macroscopic
order. In the frame of a simple bit-string model we investigate the architecture of a randomly
generated idiotypic network [3–5]. We identify a working regime above the percolation transi-
tion where a giant cluster coexists with many small clusters, such that immunological demands
as the completeness of the repertoire and a persistent immunological memory preserved by the
internal image of antigen can be fulfilled [4]. The dynamics of the idiotypic network is driven
by the influx of new idiotypes randomly produced in the bone marrow and by the population
dynamics of the lymphocytes themself. Modelling this dynamics by simple cellular automata
rules we describe the architecture of the idiotypic network as the highly organized product of a
random temporal evolution [5].
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Figure 1. Visualization of the network structure of the idiotypic network. The squares indicate
many connections of vertices of a group among themselves, isolated circles in a group visualize
that it consists of singletons. The thickness of the connecting lines gives a measure of the number
of links connecting elements of different groups. Larger boxes correspond to larger groups. From
[5].
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T-helper lymphocytes have subtypes which differ in their spectrum of secreted cytokines.
These cytokines have autocrine effects on the own subtype and cross-suppressive effects on the
other subtype and regulate further the type of immunoglobulines secreted by B-lymphocytes.
The balance of Th1- and Th2-cells is perturbed in several diseases. For example, in allergy
the response to allergen is Th2-dominated. A widespread and successful therapy consists in the
injection of increasing doses of allergen following empirically justified protocols of administration.
We seek an explanation of this therapy studying the nonlinear dynamics of a nonautonomous
system of few variables which describes the Th1/Th2 populations in the sense of a mean field
theory [6,7]. Indeed, the system is driven by proper injections of allergen towards new attractors,
where the response is Th1-dominated as for healthy individuals. The target of the initial phase
of the therapy with increasing doses of allergen is in our view not primarily the T-cell system
but it is to desensitize mast cells and basophils, so that the larger doses during the maintenance
phase of the therapy do not cause allergic symptoms. This is corroborated by a model describing
the dynamics of the mast cell stimulation and the intracellular Calcium response that triggers
the release of inflammatory mediators [6,7]. These investigations are performed in collaboration
with Prof. G. Metzner (Institute of Clinical Immunology and Transfusion Medicine).

The project is supported by the Graduiertenförderung des Freistaates Sachsen.
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14.3.2. On-Off Intermittency in Nematic Liquid Crystals Driven
by Multiplicative Noise

U. Behn, T. John and R. Stannarius

Electrohydrodynamic convection (EHC) in liquid crystals is a well investigated phenomenon of
pattern formation, its physical mechanism is understood and it is easily accessible to experi-
mental control and observation. This allows a quantitative comparison of theoretical models
with experimental results; for a recent review see [1]. We investigate on-off intermittency [2] in
electrohydrodynamic convection of nematic liquid crystals driven by a stochastic dichotomous
electric voltage.

If the characteristic times of the system are well separated from the correlation time of the
noise, the onset of the roll pattern is sharp, similar to the case of deterministic driving. If these
times are of the same order as it is typical for pure stochastic driving one observes outbursts of
spatially regular roll pattern which interrupt quiescent (laminar) periods. The phenomenon is
related to the persistence problem of a suitable random walk. At the sample stability threshold
[3] the probability distribution of laminar periods is a power law with exponent -3/2 over several
decades. We found a quantitative agreement of experiment, analytical results, and simulations
of the nemato-electrohydrodynamic equations of the basic model. The phenomenon represents
thus a first example of on-off intermittency in a spatially extended dissipative system [4].
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Figure 1. Distribution of laminar periods (in units of 1/α) in the conductive regime. Experiment
(left) vs. theory (right). Shown are the results at the threshold voltage Uc V and at voltages
6% below and above the threshold, U− and U+. The solid line indicates a τ−3/2 power law. At
the threshold the power law holds over more than three orders of magnitude.

In addition to the previous experiment based on orthoscopic microscopy the distribution of
laminar periods and other statistical characteristics of the stochastic signal as the distribution of
amplitudes and the power spectrum are determined by laser scattering techniques [5] and com-
pared with theoretical results and simulations [6,7]. Again, at the stochastic stability threshold
universal scaling laws are found over several orders of magnitude. Using laser scattering tech-
nique first explorations of noise induced wave number selection have been performed.

The project is supported by the Deutsche Forschungsgemeinschaft (BE 1417/4-2).
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14.3.3. Noise Induced Phenomena in Nonlinear Systems

U. Behn, A. Kühnel, M. Krieger-Hauwede, J. Przybilla and A. Traulsen

We describe non-equilibrium phase transitions [1] in arrays of spatially coupled dynamical sys-
tems with cubic nonlinearity driven by multiplicative Gaussian white noise (Stratonovich mod-
els). Depending on the sign of the harmonic spatial coupling we observe transitions from a
state with zero order parameter to a ferromagnetic [2] or an antiferromagnetic stationary state
varying the control parameter. Antiferromagnetic ordering is considered for the first time in this
class of models. We determine the phase diagram, the order of the transitions [3], and the crit-
ical behaviour for both global coupling and nearest neighbour coupling on simple cubic lattices
comparing analytical results in mean field approximation and numerical simulations. In mean
field approximation we give an analytical result for the critical exponent of the magnetization
which exhibits a transition from the classical universal value 1/2 to a non-universal behaviour
with increasing ratio of noise strength and magnitude of the spatial coupling [4]. The critical
exponent of the magnetization as a function of the strength of the spatial coupling has been
determined. Similar results can be obtained for models with other nonlinearities, universality
classes have been determined [5].
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Figure 1. Critical behaviour of the globally coupled Stratonovich model. (a) Order parameter
m vs. control parameter a for different strengths of the spatial coupling D and noise strength
σ2 = 0.1. (b) Critical exponent βa vs. σ2/(2D). The solid line is the analytical result, the
symbols result from simulations. From [4].

Spatially coupled stochastically driven systems are considered in the continuum limit which
leads to stochastic partial differential equations. We show that it is preferable to use spatiotem-
poral colored noise in order to avoid unphysical divergencies in this limit. A generalization of
the Ornstein-Uhlenbeck process in 1 + 1 dimensions is proposed [6].

For a class of stochastically driven nonlinear systems with delayed time argument we inves-
tigated the persistence problem and determined the probability density of first passage times.
For systems spontaneously evolving to a marginally stable state the density is a power law over
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several decades in close analogy to self-organized criticality in spatially extended systems. The
marginally stable linear system was considered in the parameter range where the instability is
towards oscillating solutions and the corresponding characteristic exponent was determined.

The project is supported by the Graduiertenförderung des Freistaates Sachsen.
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14.3.4. Spin Correlations in Manganites

D. Ihle, I. Junger and H. Fehske (Universität Greifswald)

The manganites R1−xAxMnO3 (R = La, Pr,Nd and A = Sr,Ca,Ba, Pb) have attracted re-
newed attention when the phenomenon of colossal magnetoresistance near the phase transition
from the ferromagnetic metallic to the paramagnetic insulating phase was discovered [1,2]. It is
important to understand first of all the observed magnetic and orbital order and the low-energy
excitations in the undoped insulating compound LaMnO3. Neutron-scattering experiments [2]
yield strong evidence for a pronounced ferromagnetic short-range order (SRO) in the para-
magnetic phase. To provide a good description of SRO at arbitrary temperatures, the standard
spin-wave approaches cannot be adopted.

In this project, an effective extended Heisenberg model for the S = 2 spin system LaMnO3

including a ferromagnetic intraplane and an antiferromagnetic interplane exchange interaction
as well as a single-ion easy-axis spin anisotropy [2] is considered. The aim is to develop a Green’s-
function theory along the lines indicated in Refs. [3] and [4] (second-order decoupling scheme)
which describes the influence of spatial and spin anisotropies on the magnetic order. It turned
out that for S > 1/2 an additional vertex parameter has to be introduced as compared with
the case S = 1/2 considered previously [3,4]. For the two-dimensional Heisenberg ferromagnet a
good agreement of the spin correlation length with series-expansion results [5] was obtained. To
clarify the methodical problems in the description of single-site spin anisotropy effects, a second-
order Green’s-function theory for the two-dimensional S = 1/2 Heisenberg model in a magnetic
field was developed. The magnetization and the isothermal susceptibility were calculated in
good agreement with Monte Carlo data [6] and Landau’s theory [7], respectively.

The project is supported by the DFG through the Graduiertenkolleg ”Quantenfeldtheorie”.
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14.3.5. Magnetic Systems with Frustration

J. Richter (Universität Magdeburg), D. Schmalfuss (Universität Magdeburg) and D. Ihle

The exciting magnetic properties of several low-dimensional quantum spin systems with frus-
tration, such as the layered copper oxychlorides M2Cu3O4Cl2 (M = Ba, Sr) [1] containing two
interpenetrating antiferromagnetic Cu(A) and Cu(B) subsystems with a frustrating ferromag-
netic coupling and the Kagomé antiferromagnet [2], have attracted much attention. To describe
the magnetic short-range order at arbitrary temperatures, especially in the spin-liquid phase,
and the influence of the interplane coupling on the stabilization of long-range order, one has
to go beyond the usual spin-wave approaches [3]. Previously, it was shown that frustration ef-
fects in the two-dimensional Heisenberg model with antiferromagnetic nearest- and next-nearest-
neighbor couplings (J1 − J2 model) may be described successfully by a spin-rotation-invariant
Green’s-function theory [4,5].

In this project, the Green’s-function approach of Refs. [4] and [5] (second-order decoupling
scheme) was extended to a theory for frustrated spin lattices with basis, where the formal
structure of the theory turned out to be of much higher complexity as compared with previous
situations [4,5]. The obtained ground-state results improve those obtained by other authors [6]
and provide a basis for the investigation of the finite-temperature properties.
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14.3.6. Energy-Momentum Tensor in Superconductivity

W. Kolley

The spacetime symmetry of a bosonic quantum field theory for conventional superconductivity
at zero temperature is related to the conservation law for the energy-momentum tensor (EMT).
The Galilei invariance of the Lagrange density for the pair field of condensed matter can be
established [1] by a constraint onto the EMT. This constraint can be microscopically justified
[2] by a bosonization of the non-relativistic BCS or Gorkov models.

Here we restrict ourselves to low-energy quantum fluctuations around the superconducting
ground state, where the Galilei invariance is lost. Including a dynamical gauge field, in the
presence of a neutralizing ionic background, one gets a Lagrangian whose kinematical matter
part is not Lorentz invariant. This is in contrast to the Abelian Higgs model, but more realistic
for superconductivity. Using such a Lagrangian on microscopic footing
(i) the canonical EMT and the corresponding local conservation law are derived via the Noether
theorem;
(ii) the gauge-invariant EMT and its conservation law are found on combining infinitesimal
spacetime translations and U(1) gauge transformations in the sense of [3];
(iii) the metric EMT (see, e.g., [4]) is given, for comparison, within a covariant formalism
involving the sound velocity (as simplification of an acoustic metric [5]).
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14.4. Computational Quantum Field Theory (CQT)

The Computational Physics Group performs basic research in classical and quantum statistical
physics with special emphasis on phase transitions and critical phenomena. In the centre of
interest are currently diluted magnets, spin glasses and other physical systems with random,
quenched disorder, fluctuating geometries with applications to quantum gravity (e.g., dynamical
triangulations), soft condensed matter physics (e.g., membranes and interfaces), and biologically
motivated problems (e.g., lattice models for protein folding).

The methodology is a combination of analytical and numerical techniques. The numerical
tools are currently mainly Monte Carlo computer simulations and high-temperature series ex-
pansions. The computational approach to theoretical physics is expected to gain more and more
importance with the future advances of computer technology, and will probably become the third
basis of physics besides experiment and analytical theory. Already now it can help to bridge the
gap between experiments and the often necessarily approximate calculations of analytical work.
To achieve the desired high efficiency of the numerical studies we develop new algorithms, and
to guarantee the flexibility required by basic research all computer codes are implemented by
ourselves. The technical tools are Fortran, C, and C++ programs running under Unix or Linux
operating systems and computer algebra using Maple or Mathematica. The software is devel-
oped and tested at the Institute on a cluster of PC’s and workstations, where also most of the
numerical analyses are performed. Large-scale simulations requiring vast amounts of computer
time are attacked at a recently installed Beowulf cluster with 40 Athlon MP1800+ CPU’s and
at national supercomputing centres on T3E and Hitachi parallel computers. This combination
gives good training opportunities for the students and offers promising job perspectives for their
future career.

The research is embedded in a wide net of national and international collaborations funded
by network grants of the European Commission and the European Science Foundation, and by
binational research grants with scientists in Great Britain, France, and Israel. Close contacts
are also established with research groups in Armenia, Austria, Italy, Russia, Spain, Taiwan, and
the United States.
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14.4.1. Multi-Overlap Monte Carlo Simulations of Spin Glasses

B. A. Berg (Florida State University, Tallahassee), A. Billoire (CEA/Saclay, Gif-sur-Yvette),
W. Janke and A. Nußbaumer

Spin glasses are examples for an important class of materials with random and competing in-
teractions between magnetic moments [1]. As a consequence, no unique spin configuration is
favoured by all interactions (“frustration”) and the free energy exhibits a rugged landscape with
many minima and maxima separated by barriers. Among the main objectives of the project
are investigations of the scaling behaviour of those barriers with system size using multi-overlap
Monte Carlo simulations [2], which can be optimally tailored [3] for the sampling of rare-events.
We focused first on the free-energy barriers F qB in the probability density PJ (q) of the Parisi
overlap parameter q [4] which can be defined in terms of the autocorrelation times τ qB of auxiliary
Markov chains. In both three and four dimensions [5] we found that the numerically obtained
scaling behaviour is quite far off the D →∞ mean-field prediction.

We further analyzed the tails of the averaged probability density P (q) in the limit q → ±1.
Again the consistency of the data with mean-field predictions is at best qualitative [6]. On the
other hand, in 3D at and below the critical temperature, we obtained striking agreement over
about 80 orders of magnitude with the statistics of extremes [7–9], which predicts a characteristic
large x fall-off behaviour of the form f(x) ∼ exp(−a ex), a > 0 (Gumbel’s law) for the tails.
This result seems to be specific to spin glasses, since a completely analogous simulation study
for the 3D Ising model (measuring also P (q)) [10] led to a much better description of the tails
in terms of standard Boltzmann scaling.

Currently we are developing further improvements of the multi-overlap method which will
eventually enable us to study the spin-glass phase at lower temperatures than previously.

Work partially supported by the German-Israel-Foundation (GIF) under grant No. I-653-
181.14/1999, and by computer-time grants at NIC Jülich and CEA Grenoble.
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14.4.2. Monte Carlo Simulations of Disordered Magnets

B. Berche (Université Nancy), P.-E. Berche (Université Rouen), C. Chatelain (Université
Nancy) and W. Janke

The influence of quenched, random disorder on phase transitions has been the subject of exciting
experimental, analytical and numerical studies in the past few years. To date most analytical
and numerical studies have concentrated on two-dimensional (2D) models with site- or bond-
dilution or bond-disorder [1]. Generically one expects that, under certain conditions, a first-
order phase transition of the pure system is softened by quenched randomness to a second-order
transition and that the critical behaviour associated with a second-order phase transition is
modified (Harris criterion) [2]. The softening effect has been observed experimentally for the
isotropic-nematic transition of liquid crystals confined into the pores of aerogels consisting of
multiply connected internal cavities [3]. While experimentalists [3] tend to explain the softening
by the influence of random fields or random uniaxial anisotropies, the random disorder chosen
in an exploratory Monte Carlo (MC) simulation [4] is coupled to the energy density and thus
more akin to bond-dilution.

In three dimensions (3D), numerically mainly the critical behaviour of the Ising model with
site-dilution [5] has been studied and found in good agreement with extensive field theoretic
calculations. For systems exhibiting a first-order phase transition in the pure case, large-scale
simulations have only been performed for the 3-state Potts model with site-dilution [6]. In 3D
one expects that the first-order nature persists for small dilutions up to a (tricritical) dilution
from where on the softening to a second-order transition should be observed, until the transition
completely vanishes at the percolation point.

Since the undiluted 3D 3-state Potts model exhibits a very weak first-order transition [7],
the observed softening from a certain dilution threshold on did not appear very stringent. We
therefore chose the 4-state Potts model where the transition is known to be strongly of first
order in the pure case. And in order to be able to compare with other techniques such as series
expansions applied to the same model, we considered bond-dilution instead of site-dilution. In a
first step the phase diagram in the dilution-temperature (p−T ) plane was determined from the
location of the susceptibility maxima for a moderate system size (163) [8], in good agreement
with complementary analyses of high-temperature series expansions [9] and with an “effective
medium” approximation [10]. A more detailed comparison with the series expansions as well
as analyses of autocorrelation times gave a first estimate of the boundary between the regimes
of first- and second-order phase transitions, i.e., the location of the tricritical point. By using
multicanonical resp. multibondic simulations the regime of first-order transitions was studied
quantitatively by determining the latent heat and interface tension. In the regime of second-
order transitions the Swendsen-Wang cluster MC update algorithm was used for FSS analyses at
two selected dilutions. Since the fluctuations between different disorder realizations turned out
to be quite large (see Fig. 1), many different realizations (1 000 – 5 000) had be be averaged. The
properties of the disorder distributions (average vs. medium values, long-tail behaviour, (non-)
self-averaging etc.) have also been studied and compared with scaling predictions. Presently we
are investigating the correlations of thermodynamic quantities such as the susceptibility with
the clustering properties of the underlying random bond configurations.

Preliminary results of a comparative MC study of the bond-diluted 3D Ising model are re-
ported in Ref. [11].

The project is partially supported by the DAAD through a collaborative PROCOPE re-
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14.4.3. Series Expansions for Random-Bond Models and Spin
Glasses

M. Hellmund and W. Janke

Despite considerable efforts there are still many open problems in the physics of disordered
systems. One alternative to large-scale numerical simulations are systematic series expansions.
Such expansions for statistical models defined on a lattice are a well-known method to study
phase transitions and critical phenomena [1]. The extension of this method to disordered sys-
tems [2] demands the development of new graph theoretical and algebraic algorithms.

Using the method of “star graph expansion”, we calculate, e.g., free energies and susceptibil-
ities for disordered q-state Potts models on d-dimensional hypercubic lattices. The probability
distribution of couplings is parametrized by P (Jij) = pδ(Jij − J0) + (1− p)δ(Jij −RJ0), which
includes spin glasses, diluted ferromagnets, random-bond models and transitions between them.
First results for the random-bond Ising [3] and Potts [4] model demonstrate the feasibility of
the method to complement Monte Carlo [5] and field theoretic studies of phase transitions in
disordered systems.

For the bond-diluted 4-state Potts model in three dimensions, which exhibits a rather strong
first-order phase transition in the undiluted case, we obtained results [6] for the transition
temperature and the effective critical exponent γ as a function of p from analyses of susceptibility
series up to order 18. A comparison with recent Monte Carlo data [5] shows signals for the
softening to a second-order transition at finite disorder strength.
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14.4.4. Effects of Connectivity Disorder on the Potts Model

W. Janke, M. Weigel and A. Wernecke

In the context of quenched disorder, the influence of uncorrelated, geometrically regular types
of disorder such as the random dilution of bonds or sites or the random variation of coupling
strengths found in spin glasses has been extensively explored, see, e.g., [1,2]. On the other hand,
systems subject to geometrical disorder, which differs from the former type of randomness first
of all in the strong correlation of the disorder degrees of freedom, have not received comparable
attention.

In the case of quasi-crystals, the relevance of these types of disorder for the (critical) behaviour
of matter models coupled to such random lattices can be judged by means of the so-called
Harris-Luck criterion [3,4]. We consider two types of lattices with connectivity disorder, so-
called Voronöı-Delaunay random lattices and the planar φ3 random graphs occurring in discrete
approaches to quantum gravity. By means of numerical methods, we determine the wandering
exponent [4] of these lattice types, which is an essential input of the Harris-Luck criterion.

For the three-state Potts model, this analysis implies that disorder of the Voronöı-Delaunay
type should be relevant, which is in contrast to previous observations [5]. Extensive investigations
of this system by means of Monte Carlo simulations show that the predictions of the Harris-Luck
criterion are correct. The contradiction to the prior results of Ref. [5] are tracked down to the
much smaller lattices used there, since in this system the crossover from the pure to the disorder
fixed point occurs only very close to the critical point.

Figure 1. Example of a triangulation dual to the planar φ3 random graphs.

Parallel to the study of the Voronöı-Delaunay case we have also investigated the three-state
Potts model on quenched, random φ3 graphs (see Fig. 1), where the Harris-Luck criterion sug-
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gests a stronger influence of the connectivity disorder. This expectation is clearly supported by
the simulational results [6]. Already for moderate system sizes we obtain significantly altered
critical exponents as compared to the pure case. In addition self-averaging properties of geomet-
ric and thermodynamic quantities are carefully measured and analyzed within the framework of
recent finite-size scaling theories.

This work was supported through the EC network HPRN-CT-1999-000161 “Discrete Random
Geometries: From Solid State Physics to Quantum Gravity” and the ESF network “Geometry
and Disorder: From Membranes to Quantum Gravity”. MW was supported by the DFG through
the Graduiertenkolleg “QFT”.
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14.4.5. Ising Model on “Fat” and “Thin” Random Graphs

B. P. Dolan (National University of Ireland, Maynooth), W. Janke, D. A. Johnston (Heriot-
Watt University, Edinburgh) and M. Stathakopoulos (Heriot-Watt University, Edinburgh)

For the Ising model on fluctuating planar (“fat”) φ4 random graphs and their dual quadrangula-
tions we show that in the thermodynamic limit the locus of Fisher zeroes [1] can be determined
exactly [2,3] by matching up [4] the analytically known [5] real part of the high- and low-
temperature branches of the free energy. We also point out that results for the zeroes on finite
graphs may be obtained with rather less effort than might appear necessary at first sight [6] by
simply reverting the series expansion of a function g(z) which appears in the solution [5] and
taking a logarithm [2]. Unlike regular 2D lattices where numerous unphysical critical points exist
with non-standard exponents, on planar φ4 graphs the Ising model displays only the physical
transition at c = exp(−2β) = 1/4 and a mirror transition at c = −1/4 both with KPZ/DDK
exponents (α = −1, β = 1/2, γ = 2). The relation between the φ4 locus and that of the dual
quadrangulations is akin to that between the (regular) triangular and honeycomb lattices since
there is no self-duality. By exploiting the fact that the Ising model on dynamical “fat” graphs
has also been solved in the presence of an external magnetic field [5], we furthermore discuss
the so-called Kertész line [7].

Moreover, using a similar approach, we calculated the Fisher zeroes for Ising and Potts models
on non-planar (“thin”) random graphs and noted that the locus of Fisher zeroes is identical to
that on a Bethe lattice [8]. Since the number of states q of the Potts model appears as a
parameter in the solution, the limiting locus of chromatic zeroes is accessible as well [8]. And
along similar lines also the Lee-Yang zeroes have recently been discussed [9].

Work partially supported by the DAAD grant 313-ARC-XII-98/41, the EU-Network HPRN-
CT-1999-000161 “Discrete Random Geometries: From Solid State Physics to Quantum Gravity”,
and the ESF-Network “Geometry and Disorder: From Membranes to Quantum Gravity”.
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14.4.6. The 6-Vertex Model on Quantum-Gravity Graphs

W. Janke, D. A. Johnston (Heriot-Watt University, Edinburgh) and M. Weigel

As an alternative to various other approaches towards a theory of quantum gravity, the dynamical
triangulations method has proved to be a successful discrete formulation of Euclidean quantum
gravity in two dimensions [1]. There, the necessary integration over all metric tensors as the
dynamic variables of the theory occurring in the path-integral ansatz, is performed as a discrete
summation over all possible gluings of equilateral triangles to form a closed surface of a given
(usually planar) topology. The powerful methods of matrix integrals [2] and generating functions
[3] allow for an exact solution of the pure gravity model in two dimensions. Furthermore,
matrix models can be formulated for the coupling of classic spin models of statistical mechanics,
such as the Ising, Potts or O(n) models, to the random graphs and some of them could be
solved analytically [4]. More generally, the transformation or “dressing” of the weights of c < 1
conformal matter on coupling it to quantum gravity in two dimensions is predicted by the
KPZ/DDK formula [5], in agreement with all known exact solutions.

(4,1)

(2,3) (3,2)

(1,4)

Figure 1. Illustration of the so-called Pachner moves employed for updating triangulated ge-
ometries.

One of the most general classes of models in statistical mechanics is given by Baxter’s 8-
vertex model [6], which includes as limiting cases most of the more well-known models such as
the Ising and Potts models and exhibits an exceptionally rich phase diagram with lines of first-
and second-order transitions as well as critical and multi-critical points. Thus its behaviour
on coupling it to dynamical quadrangulations, i.e., surfaces built from simplicial squares, is of
general interest. Although a solution of special slices of this model coupled to quantum gravity
could recently be achieved [7], the general model could not yet be solved. Thus, one has to
revert to numerical techniques, especially Monte Carlo simulations of the combined system.

Heading for the simulation of 6- and 8-vertex models, one first has to ensure the correct
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functioning of a dynamics for the (quite unorthodox) geometry of four-valent graphs, corre-
sponding to quadrangulations in the dual language. While simulations of three-valent graphs
have already been extensively done, the code for φ4-graphs had to be newly developed and
tested against available exact solutions for the case of the Ising model. While for the 3-valent
case the so-called Pachner moves, depicted in Figure 1 above, are known to be an ergodic set
of updates [8], it is found that for the case of the φ4-graphs one has to add a special “two-link
flip” along self-energy insertions to ensure ergodicity there also [9]. Due to the fractal structure
of the underlying graphs being described as a self-similar tree of “baby universes”, this local
dynamics suffers from critical slowing down. To alleviate the situation, we adapted a non-local
set of update moves known as minBU surgery algorithm [10].

Combining the developed techniques, we study the F model, a symmetric case of the 6-vertex
model, coupled to planar random φ4 graphs by means of a set of Monte Carlo simulations. On
regular as well as random lattices, this model is expected to exhibit a Kosterlitz-Thouless type
phase transition to an anti-ferroelectrically ordered state [6,7]. We find the numerical analysis of
this model to be exceptionally difficult due to the combined effect of the highly fractal structure
of the lattices and the presence of strong logarithmic corrections. Thus, the analysis is hampered
by rather extreme finite-size effects, the expected asymptotical behaviour not quite being reached
with the accessible system sizes. Nevertheless, a scaling analysis of the staggered polarizability
yields results in agreement with the predictions of Ref. [7] as far as the order of the transition
and the location of the transition point are concerned.

This work was supported by the DAAD through the research grant 313-ARC-XII-98/41, the
EC network HPRN-CT-1999-000161 “Discrete Random Geometries: From Solid State Physics
to Quantum Gravity” and the ESF network “Geometry and Disorder: From Membranes to
Quantum Gravity”. MW was supported by the DFG through the Graduiertenkolleg “QFT”.
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14.4.7. Quantum Gravity with Matter Fields in Four
Dimensions

E. Bittner, W. Janke and H. Markum (TU Wien)

A very efficient method for numerical studies of general relativity was suggested by Regge [1].
In this method a simplicial approximation is applied to a space-time manifold. The underlying
lattice has fixed connectivities and the link lengths are taken as gravitational degrees of freedom.
The Discrete Regge Model [2] employed in this work is structurally and computationally much
simpler than the Standard Regge Calculus. Here the squared link lengths are restricted to only
two possible values, both always compatible with the triangle inequalities.

Spin systems coupled to d-dimensional manifolds are studied as a simple example for matter
fields coupled to gravity. To access the accuracy of the simplified formulation, we considered
both versions of quantum Regge calculus and coupled these manifolds with Z2 (Ising) spins [3].
We used the path-integral quantization of the theory and studied the partition function

Z =
∑
s

∫
Dµ(q) exp [−I(q)−KE(q, s)] , (1)

where the path-integral measure Dµ(q) was chosen as in our pure gravity simulations [4]. The
Einstein-Hilbert action of gravitation

I(q) = −βg
∑
t

Atδt +
∑
i

(λVi + a
δ2
i

Ai
) (2)

consists of a curvature term with the gravitational coupling βg, a volume term with the cosmo-
logical constant λ, and a squared curvature with coupling a. The deficit angle is denoted by δt,
and At and Ai are triangular and barycentric areas, respectively. The energy of the matter field

E(q, s) =
1
2

∑
〈ij〉

Aij
(si − sj)2

qij
(3)

results from the Ising spins si = ±1, which are located at the vertices i of the lattice. Here Aij
are barycentric areas associated with the edges 〈ij〉.

In our Monte Carlo simulations, the gravitational degrees of freedom of the partition function
(1) were updated with the heat-bath algorithm. For the Ising spins we employed the single-
cluster algorithm [5]. Between measurements we performed n = 10 Monte Carlo steps consisting
of one lattice sweep to update the squared link lengths qij , followed by two single-cluster flips
to update the spins si. The simulations were done for cosmological constant λ = 0, a = 0 and
gravitational coupling βg = −4.665. This βg-value corresponds to a phase transition of the pure
Discrete Regge Model [6]. The lattice topology is given by triangulated tori of size N0 = L4

with L = 3 up to 10. From short test runs we estimated the location of the phase transition of
the spin model and set the spin coupling K0 = 0.024 ≈ Kc in the long runs. After an initial
equilibration time we took about 100 000 measurements for each lattice size. Analyzing the time
series we found integrated autocorrelation times for the energy and the magnetization in the
range of unity for all lattice sizes. To extract the critical exponent ratio γ/ν we used a finite-size
scaling ansatz according to mean-field theory with logarithmic corrections

χ ∝ (L(logL)
1
4 )γ/ν (4)
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of the susceptibility χ at its maximum as well as at Kc, yielding in the range L = 4−10 estimates
of γ/ν = 2.039(9) and γ/ν = 2.036(7), respectively, being consistent with the mean-field value
of γ/ν = 2. In Fig. 1 this is demonstrated graphically by comparing the scaling of χmax with a
constrained one-parameter fit of the form χmax = c(L(logL)

1
4 )2 with c = 4.006(10).
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Figure 1. Finite-size scaling of the susceptibility maxima χmax. The exponent entering the curve
is set to the mean-field value γ/ν = 2 for regular static lattices.

In two dimensions [7] we could measure the critical exponents α, β, γ, and ν whereas in four
dimensions [8] only γ and ν could be determined. To get an estimate or bound for the remaining
critical exponents we will need data for larger lattices and with higher statistical accuracy.

Work supported by the EU-Network HPRN-CT-1999-000161 “Discrete Random Geometries:
From Solid State Physics to Quantum Gravity” and the ESF-Network “Geometry and Disorder:
From Membranes to Quantum Gravity”.
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14.4.8. Quantum Monte Carlo Simulations

W. Janke, J. Keller, T. Roscilde (University of Pavia), T. Sauer (California Institute of
Technology), V. Tognetti (University of Florence), R. Vaia (IEQCNR Florence), P. Verrucchi
(University of Florence)

The past few years have shown a rapidly growing interest in the properties of low-dimensional
structures with pronounced quantum character. One of the main reasons for this interest is
the availability of many novel materials, already having or promising for the future important
technological applications, whose physical properties appear strictly connected to their layered
structure and dominant two-dimensional (2D) character. From the scientific point of view,
magnetic monolayers appear particularly attractive since, being truly 2D systems, they allow
significant verifications of the proposed models.

With this project we wish to contribute to this line of research, especially for the quantum
simulation part. In particular we shall study the XXZ model whose Hamiltonian is given by
H = −J

∑
〈ij〉

[
Ŝxi Ŝ

x
j + Ŝyi Ŝ

y
j + λŜzi Ŝ

z
j

]
, where Ŝαi denotes the α-component of the spin operator

Ŝi at site i of a square lattice with periodic boundary conditions. The spins are three-component
quantum objects obeying the SU(2)-group commutation relations [Ŝαi , Ŝ

β
j ] = i δij ε

αβγŜγi and
belonging to the spin-S representation, |Ŝi|2 = S(S+1). The parameter J > 0 describes ferro-
magnets, and J < 0 yields anti-ferromagnets. The latter case is of particular interest and can be
further classified into the cases of easy-plane (|λ| < 1) and easy-axis (|λ| > 1) magnets. Guided
by their spin symmetries, one expects phase transitions of the Kosterlitz-Thouless respectively
Ising type in these models.

We investigate above quantum systems with Monte Carlo (MC) simulations which are much
more involved than in the classical case, and many new problems arise. One difficulty of quantum
MC (QMC) simulations lies in the dramatic growth of the number of quantum states with the
size of the simulated sample and with the value of the spin. In recent years this problem has
partially been overcome by the discovery of efficient non-local QMC algorithms [1–5] based on
clustering ideas (discrete and continuous loop algorithms). The theoretical formulation of these
algorithms is highly non-trivial and, even with extensive experience in classical MC studies,
their practical and efficient implementation is a major research project [6]. This is particularly
pronounced for higher spin values and external magnetic fields, where the proposals made in the
literature appear so complicated that innovative formulations are clearly called for.

The project is partially supported by a DAAD VIGONI research grant and, starting in 2002,
by the EU through the Marie Curie Development Host Fellowship No. HPMT-CT-2001-00108.
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14.4.9. Aspects of Protein Folding on the Lattice

M. Bachmann, W. Janke, R. Schiemann and T. Vogel

Proteins are essential constituents within a biological cell system, performing numerous func-
tions, e.g. controlling transport processes of organells, stabilization of the cell structure, enzy-
matic catalyzation of chemical reactions, etc. Chemically, proteins are built up of sequences
of amino acid residues linked by peptide bonds. Usually, proteins consist of 50–3000 of such
residues. 20 different amino acids are known, most of them can be arranged in two groups,
polar and hydrophobic. It is known that the sequence (also called primary structure), i.e. the
consecutiveness of the amino acids within the chain, is responsible for the conformation (or the
secondary, tertiary, and quartery structure), and this three-dimensional geometrical shape itself
determines the biological function of a protein. Thus, the interplay between sequence and func-
tion can only be understood, if it is found out how the protein folds into its unique shape [1].
This is, however, an extremely difficult task, since the complex electrostatic and van der Waals
interactions between atoms, molecules, and the aqueous environment inhibit an exact theoreti-
cal description of the folding process. For a qualitative understanding, computer simulations of
quite simple effective models constrained upon a lattice are most promising.

The simplest model that allows a qualitative study of the folding of sequences of hydrophobic
(H) and hydrophilic or polar (P) residues is known as the HP model [2], where the energy
function is given by

E =
∑

〈i,j<i−1〉

sTi Cijsj . (1)

Here 〈i, j < i− 1〉 symbolizes that only contributions of monomers at i and at j are taken into
account if they are next neighbours on the lattice but non-adjacent along the chain, i.e. they are
not linked by a chemical bond. In this case, these monomers form a contact and the elements
of the so-called contact matrix

C =
(
cHH cHP
cHP cPP

)
describe the strength of the interaction between the different types of residues. The components
of the state vector of the ith monomer, sTi = (siH , siP ), contain the hydrophobic and the
hydrophilic content of the corresponding residue, respectively. For pure HP sequences, only two
states are used, sT = (1, 0) for hydrophobic monomers and sT = (0, 1) for hydrophilic ones.

It is anticipated that a qualitatively correct fold of the lattice protein is obtained, when the
hydrophobic residues form an approximately compact core, i.e. a maximum of HH contacts
is established. In that case the hydrophilic residues separate the hydrophobic core from the
aqueous environment and the protein has folded into its native state with lowest possible energy.
In order to primarily study this aspect of folding, the HP model (1) is often simplified by
setting cHH = −1 and cHP = cPP = 0. We analyze the properties of HP lattice proteins from
different point of views. On the one hand we perform exact enumerations for chains with up to
18 monomers in the complete space of sequences and conformations, allowing for a statistical
analysis of the interplay between sequences and conformations for the mostly interesting case of
native, i.e. unique ground states. On the other hand, there is a great interest in the development
of fast algorithms for finding low-energy states of HP sequences of lengths > 50 that render a
more realistic image of natural proteins. Most-promising computational methods are based on
chain growth algorithms like PERM and its extensions [3] which we apply to more generalized,
e.g. triangular, lattices. Another important question we are dealing with is what we can learn

ITP Research Report 2002



296 14.4 COMPUTATIONAL QUANTUM FIELD THEORY (CQT)

Figure 1. Low-energy conformation of a HP lattice protein with 124 monomers (E = −70 a.u.).
The core of hydrophobic residues (dark spheres) is well-separated from the environment by the
polar molecules (light spheres).

from the thermodynamics of lattice proteins. It is well known that maxima in the specific heat
indicate collective conformational changes within the protein. In order to study these effects
with reasonable accuracy it is necessary to apply an efficient conformational search algorithm
that is applicable over a wide range of temperatures. Therefore “flat histogram” methods like
the multicanonical Monte Carlo algorithm [4] and a related method by Wang and Landau [5]
that directly simulates the density of states of the system, are preferable choices. In this regard,
particular interest is devoted to the detection of conformational “barriers” that strongly influence
the efficiency and applicability of Monte Carlo algorithms.

Work partially supported by the German-Israel-Foundation (GIF) under grant No. I-653-
181.14/1999, the ESF-Network “Challenges in Molecular Simulations: Bridging the Length-
and Time-Scale Gap (SIMU)”, and the Studienstiftung des deutschen Volkes.
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14.4.10. The 2D Ising Model with Brascamp-Kunz Boundary
Conditions

E. Bittner, W. Janke, R. Kenna (Coventry University), A. Krinner and T. Vogel

The two-dimensional Ising model in zero external field is the simplest, exactly solvable statistical
physics model displaying critical behaviour [1]. Exploiting the exactly known partition function
for finite toroidal L×L lattices [2], the specific heat finite-size scaling (FSS) has been analytically
determined to order L−1 a long time ago [3]. At the infinite volume critical point βc ≡ J/kBTc
this was recently extended to order L−3 [4,5], demonstrating that only integer powers of L−1

occur.
In this project we studied lattices with Brascamp-Kunz boundary conditions [6,7] which can

be depicted as a cylinder of length M with 2N boundary spins all pointing up at the one end
and alternating between up and down at the other end. With these boundary conditions the
partition function consists of only one product term (instead of a sum of four such terms in the
toroidal case), and hence in particular the Fisher zeroes are almost trivial to obtain [7]. The
product form also allowed for the detailed investigation of the FSS properties of the specific heat
reported in Ref. [8] which was later confirmed and partially generalized in a more formalized
way [9]. Recently we extended previous analyses of the singular part of the specific heat at Tc
and at its maximum for aspect ratios ρ = N/(M + 1) to the full specific heat for aspect ratios
σ = 2N/M , which now also includes the square lattice case.

In order to test the analytical results numerically, we adapted the single-cluster Monte Carlo
algorithm to the special fixed boundary conditions at hand. To this end the boundary values
are considered as part of the clusters and flipped as well (. . . + + + . . . → . . . − − − . . . and
. . . + − + . . . → . . . − + − . . .), thereby creating four different cases which are equivalent by
symmetry. We furthermore extracted the exact density of states from the partition function
which, due to its comparatively simple product form, can be driven to larger system sizes than
for toroidal boundary conditions. The latter result was compared with multicanonical and
Wang-Landau flat histogram Monte Carlo simulations.

Work partially supported by the German-Israel-Foundation (GIF) under grant No. I-653-
181.14/1999.
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14.4.11. Information Geometry and Phase Transitions

W. Janke, D. A. Johnston (Heriot-Watt University, Edinburgh), R. Kenna (Coventry
University) and Ranasinghe P. K. C. Malmini (University of Sri Jayewardenepura, Sri Lanka)

Various authors, motivated by ideas in parametric statistics [1], have discussed the advantages
of taking a geometrical perspective on statistical mechanics [2,3]. The “distance” between two
probability distributions in parametric statistics can be measured using a geodesic distance
which is calculated from the Fisher information matrix for the system. To this end the manifold
M of parameters is endowed with a natural Riemannian metric, the Fisher-Rao metric [1]. For
a spin model in field, M is a two-dimensional manifold parametrised by (θ1, θ2) = (β, h). The
components of the Fisher-Rao metric take the simple form Gij = ∂i∂jf in this case, where
f is the reduced free energy per site and ∂i = ∂/∂θi. A natural object to consider in any
geometrical approach is the scalar or Gaussian curvature R which in various two parameter
calculable models has been found to diverge at the phase transition point βc according to the
scaling relation R ∼ |β − βc|α−2, where α is the usual specific heat critical exponent. For spin
models the necessity of calculating in non-zero field has limited analytic consideration to 1D,
mean-field and Bethe lattice Ising models [4].

In this project we used the solution in field of the Ising model on an ensemble of planar
random graphs (where α = −1, β = 1/2, γ = 2) [5] to evaluate the scaling behaviour of the
scalar curvature explicitly, and find R ∼ |β − βc|−2 [6]. The apparent discrepancy with the
general scaling postulate is traced back to the effect of a negative α [6].

As anticipated the same effect is found [7] in exact calculations for the three-dimensional
spherical model, which was solved (in field) in the classic Berlin and Kac paper [8] and shares
the same critical exponents as the Ising model on two-dimensional planar random graphs. We
mainly concentrated on the 3D case, but also discussed other dimensions [7], in particular the
mean-field like behaviour which sets in at D = 4.

Work partially supported by the EU-Network HPRN-CT-1999-000161 “Discrete Random Ge-
ometries: From Solid State Physics to Quantum Gravity” and the ESF-Network “Geometry and
Disorder: From Membranes to Quantum Gravity”.
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14.4.12. Functional Closure of Schwinger-Dyson Equations in
Quantum Electrodynamics

M. Bachmann, H. Kleinert (Freie Universität Berlin) and A. Pelster (Freie Universität Berlin)

In quantum field theory, the calculation of physical quantities usually relies on evaluating Feyn-
man integrals which are pictured by diagrams. Each diagram is associated with a certain weight
depending on its topology. In contrast to various convenient combinatorial computer programs
(e.g. FeynArts or QGRAF [1]) and the star-graph generation [2], we use a more systematic and
physical approach to construct all Feynman diagrams of a quantum field theory [3,4]. It is based
on the observation that the complete knowledge of the vacuum energy implies the knowledge of
the entire theory (“the vacuum is the world”) [5]. In this spirit, all vacuum diagrams are ini-
tially generated by a recursive graphical procedure, which is derived from a functional differential
equation involving functional derivatives with respect to free propagators and interactions. In a
subsequent step, the n-point functions are found graphically by applying the functional deriva-
tives to the vacuum energy [6]. In contrast to the conventional generating functional technique
no external currents coupled to single fields are used, such that there is no need for introducing
Grassmann sources for fermion fields. An additional advantage is that the number of derivatives
necessary to generate a certain correlation function is half as big as with external sources.

The Feynman diagrams of n-point functions obey an infinite hierarchy of coupled Schwinger-
Dyson equations which can be closed functionally by using functional derivatives with respect
to the free propagators and the interaction. In this way we obtain a closed set of equations
determining the connected electron and photon two-point function, the connected three-point
function as well as the electron and photon self-energy and the one-particle irreducible three-
point function [7]. A further advantage is that in these cases the closed set of Schwinger-Dyson
equations can be converted into graphical recursion relations for the connected and one-particle
irreducible Feynman diagrams. From these follow the corresponding vacuum diagrams by short-
circuiting external legs.
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14.4.13. Z2-Spins on Dynamical 4D Z2-Regge Lattices

E. Bittner, W. Janke and H. Markum (Technische Universität Wien)

This project is devoted to numerical studies of a non-perturbative formulation of (Euclidean)
quantum gravity using Regge calculus [1]. In this path-integral approach the fluctuating space-
time metric is modeled by varying edge lengths of the Regge skeleton. In contrast to the
dynamical triangulation approach, here the connectivity of the skeleton is kept fixed. Spin
models defined on such dynamical manifolds are often used to mimic the interaction of gravity
with matter fields. In particular the Ising model may be viewed as the minimal representation
of a scalar field, sharing the same Z2 symmetry.

Numerical studies of the coupled system are extremely time demanding [2,3] and one therefore
seeks for suitable approximations. One such candidate is the Discrete Regge Model [4] where
the squared link lengths of the discretized manifold are constrained to take on only two different
values. As a first step we qualitatively compared the two versions of pure quantum Regge
calculus by means of Monte Carlo simulations, using in both models the same (local) functional
integration measure, chosen such that the Z2-Regge Model becomes particularly simple [5]. We
also investigated an Ising spin system coupled to the two-dimensional Discrete Regge Model
and compared it with the results of the Standard Regge Calculus [6]. Particular emphasis
was placed on the phase transition of the spin system and the associated critical exponents,
employing finite-size scaling analyses. Overall we can summarize that our numerical estimates
agree with the Onsager exponents for regular static lattices and are thus fully consistent with
the Standard Regge Calculus results [2,3].

In the current project we extended these studies to an Ising spin system coupled to a four-
dimensional Z2-Regge lattice [7,8] and compared with simulations of the Ising model on a regular
four-dimensional hypercube where, being at the upper critical dimension, multiplicative loga-
rithmic corrections play an important role and had to be considered with great care. As the
main result of our finite-size scaling analyses, similar to two dimensions, the critical properties
in the Regge case turn out to be compatible with those of the regular lattice model [7,8].

Work partially supported by the DFG Graduiertenkolleg “Quantenfeldtheorie” and the EU-
Network HPRN-CT-1999-000161 “Discrete Random Geometries: From Solid State Physics to
Quantum Gravity”.
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14.5. Molecule Dynamics/Computer Simulations(MDC)

Using methods of statistical physics and computer simulations we investigate classical many-
particle systems interacting with interfaces. One aim of the research in our department is to
build up a bridge between theoretical and experimental physics.

By means of analytical theories of statistical physics and computer simulations (Molecular
dynamics, Monte Carlo procedures, percolation theories) using modern workstations and su-
percomputers we examine subjects for which high interest exists in basic research and industry
as well. The examinations involve transport properties (diffusion of guest molecules) in zeolites
and the structural and phase behaviour of fluids at biological active interfaces (membranes).
Especially we are interested to understand
• the diffusion behaviour of guest molecules in zeolites in dependence on thermodynamic

parameters, steric conditions, intermolecular potentials and the concentration of the guest
molecules,
• structure and phase behaviour of dense fluids in pores, slits and model membranes in

dependence on geometric and thermodynamic conditions
• and the migration of waste in deposits by use of percolation theories

in microscopic detail and to compare the results with experimental data. The use of a network
of PC’s and workstations (Unix, Linux, Windows), the preparation and application of programs
(Fortran, C, C++) and the interesting objects (zeolites, membranes) give excellent possibilities
for future careers of undergraduates, graduate students and postdocs.

Our research in 2002 was a part of the long-term program of the Sonderforschungsbereich 294
’Molecules Interacting with Interfaces’ granted by the Deutsche Forschungsgemeinschaft and is
part of several other programs (e.g. a joint research project DFG/TRF-Thailand, other DFG
projects and a NATO grant). We have a close collaboration with the Institute of Experimental
Physics I (Physics of Interfaces and Biomembranes) of the University of Leipzig and many institu-
tions in several countries (University of California, Irvine; University of Massachusetts, Amherst;
Guelph, Canada; Athens/Patras; Prague; Sassari, Italy; Bangkok; Bordeaux; Warschau; Wien;
Regensburg; MPI Mainz; Bundesanstalt für Geologie und Rohstoffe (BGR) Hannover).
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14.5.1. Random Walk Treatment of Ethane in an LTA Zeolite

A. Schüring, S. M. Auerbach (University Amherst, Massachusetts, USA), S. Fritzsche and R.
Haberlandt

Investigations of the dynamics and the diffusion of ethane in zeolite LTA showed a surprising
temperature dependence of the self diffusion coefficient D. It could be shown that this depen-
dence is caused by an entropic barrier [1].

To understand the mechanism and to reproduce the temperature dependence of D a random
walk treatment has been derived in [2] in terms of jump probabilities. The jump probabilities
can be taken from an MD run.

In analogy with the theory of vacancy diffusion,[3] a correlation factor f(T ) is used.

f(T ) =
1 + 〈cos θ〉T
1− 〈cos θ〉T

, (1)

where θ is the angle between two successive cage-to-cage jumps on the simple-cubic lattice.
Series of jump events are summed up. The agreement of the resulting D values from the model
with those obtained from the mean square displacement (Einstein relation) can be seen in Fig.
1.
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Figure 1. Comparison of self-diffusion coefficients calculated from mean square displacements
(msd) via the Einstein equation and from the jump model. I = 0 shows the self-diffusion
coefficients at infinite dilution.
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14.5.2. Analytical Theory and MD Simulations of Correlated
Anisotropic Diffusion

S. Fritzsche and Jörg Kärger
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Figure 1. Channel structure of Silicalite–1

Summing up infinite series of transition probabilities between intersections in silalite–1 it has
been shown that in the case of uncorrelated movements, which is a good approximation in many
cases for small molecules, the elements of the diffusion tensor obey the relationship [1]

c2

Dz
=

a2

Dx
+

b2

Dy
(1)

with a, b and c denoting the unit cell extensions in x–, y– and z–direction. Deviations from eq.
(1) have been quantified by introducing a memory parameter β in ref. [2]

β =
c2/Dz

a2/Dx + b2/Dy
. (2)

Such processes are examined with inclusion of correlations [3–5]. In the case of silicalite–1 e.g.
a surprisingly well working approximative formula

β ≈ 1 + 2(py∆πx + px∆πy + ∆πx,y). (3)

has been derived and confirmed by MD simulations. px means the probability that the next
move is in x–direction, py,x means the probability that the next move is in x–direction, if the
preliminary one was in y–direction and so on.

∆πx = px,x − px,−x ∆πy = py,y − py,−y ∆πx,y = px,x + px,−x − 2py,x. (4)
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14.5.3. Cross Effects Between Molecular Vibrations and
Diffusion

S. Fritzsche, R. Haberlandt and M. Wolfsberg (UCI, Irvine, USA)

In the literature a strong influence of the lattice vibrations on the diffusion of methane the
cation free A zeolite was found in [1,2]. But our investigations showed by Molecular Dynamics
Computer Simulations that the diffusion coefficient of the guest molecules was nearly the same
for the rigid and the vibrating lattice [3] and we gave an explanation of the discrepancy. This
earlier result could be confirmed and understood in more detail by investigating the equilibration
of kinetic energy differences in small zeolite cavities [4] using e.g. the one particle kinetic energy
autocorrelation function.

The influence of the molecule vibrations has now been included as well. It could be shown
that for the diffusion of methane in silicalite–1 the lattice vibration have some influence on the
value of D while the influence of the molecule vibrations is negligible [5].
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Figure 1. The average diffusion coefficient D in 10−9 m2/s for I = 1. ff means lattice and
molecule flexible, rf means molecule rigid and lattice flexible, fr means molecule flexible lattice
rigid, rr means both lattice and molecule rigid.
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14.5.4. Molecular Dynamics Simulations of Water in Chabazite

S. Jost, S. Fritzsche, R. Haberlandt and Ph. A. Bopp (University of Bordeaux, France)

The simulation of this diffusional process [1] turned out to be at the limit of the computational
capabilities, so we had to increase the temperature up to T = 600K, to get mean square displace-
ments, which are large enough, to evaluate diffusion coefficients. At this temperature the system
shows a quite uncommon dependence on the loading [?]: For the almost dehydrated zeolite with
only one quarter of the full loading, there is a very slow diffusion. Then the diffusion coefficient
increases with increasing loading, up to a maximum value for 75% of the full loading. Then it
decreases with further increasing loading.

This abnormal behaviour can be explained by the knowledge about the adsorption places.
At approximately half of the maximum loading, almost all preferred places in the hydration
shells of the cations are filled up. Therefore, at higher loadings there are some water molecules
which are only loosely bound and relatively free to move. With further increase in the loading,
the fraction of mobile molecules increases, leading to more diffusional motion, but with more
molecules, the number of potential collision partners increases as well, which limits the increase
of D and dominates for the highest loadings.
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Figure 1. Left: Mean diffusion coefficient versus Loading at T = 600K. Right: Snapshot from
MD-Simulation. Cations are bright, water molecules are represented by small ticks.
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14.5.5. Water in Silicalite

R. Haberlandt, S. Fritzsche, C. Bussai (Chulalongkorn University, Bangkok) and
S. Hannongbua (Chulalongkorn University, Bangkok)

Because of the hydrophobic nature of pure silica zeolites the diffusion of water in silicalite was
not yet examined until the existence of water could be shown experimentally and investigated
in comparison with MD simulations [1].

The research was based on a joint project of the DAAD (Germany) and the TRF (Thailand)
including the Ph. D. study of Miss C. Bussai.

In ab initio calculations potential energies for several thousand configurations of an water
molecule in silicalite have been calculated. Then, by fitting an analytical potential for the wa-
ter/zeolite interaction has been developed [2–4]. This potential has then been used in Molecular
Dynamics simulations [3,5,1]. For the water/water interaction a well established potential from
the literature has been used [6].

The resulting D values from experiments (by PFG NMR measurements) and MD simulations
are in satisfactory agreement with each other [1].

References
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14.5.6. Chemical Potentials and Phase Equilibria in Aqueous
Phases: Simulation and Gibbs-Duham integration

H. L. Vörtler, J. Galle (IZBI, Leipzig) and I. Nezbeda (Charles University, Prague)

This project is part of our long-term research on structure and thermodynamics of water-like
fluid phases on the basis of Primitive Models of Association

We perform canonical computer simulations of primitive models of aqueous fluids. comprising
the original Kolafa-Nezbeda model and more recent extended primitive water models [1] on both
bulk conditions and geometrical restrictions.

In detail we compare bulk structural and thermodynamic properties of the extended five-site
primitive water model (EPM-5) with the corresponding properties in two-dimensional films and
narrow micropores. EPM-5 describes water by a hard core and short ranging off-center interac-
tions modelling explicitly hydrogen bonds and repulsions between opposite charges. Structural
quantities measured are site-site correlation functions, cluster size distributions saturation of
hydrogen bonded molecular networks, and mean square distances.

Thermodynamic Quantities studied are internal energy, pressure and chemical potential. It
turned out that Widom’s test particle method for the estimation of the chemical potential is
applicable for weak association only. For strong association (typical for liquid bulk water) the
insertion probability becomes so small that sophisticated gradual insertion techniques have to
be used [2] to get reproducible results.

In 2002 we focused our studies on simulating chemical potential versus packing fraction
isotherms in a wide range of temperatures. With decreasing temperature a transition is ob-
served from monotonous increasing isotherms to a van der Waals loop which indicates the
existence of a two-phase region below a ’critical’ temperature. This behaviour is found for both
bulk and confined fluids. We estimate the densities of coexisting fluid phases [3] by means of
Gibbs-Duham Integration (Maxwell construction in terms of the chemical potential) extending
a method which we introduced recently [4].

Taking into account that the primitive models have to be considered as basic approximations
describing the intermolecular interactions of aqueous fluids and solutions the obtained results
provide basic information for an understanding of structure and phase behaviour of homogeneous
and inhomogeneous aqueous phases on a molecular level. Examples of practical applications are
bulk aqueous solutions, water confined to microporous media or thin water films in biological
systems. The project is part of an tri-lateral international collaboration program, supported by
NATO and granted by DFG (SFB 294)
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14.5.7. Cavity Distribution Functions in Confined Fluids

H. L. Vörtler and W. R. Smith (University of Guelph, Ontario, Canada)

The project continues statistical-mechanical and simulation studies of the molecular structure
of inhomogeneous fluids in terms of spatial distribution functions. Systems under consideration
are basic models of confined fluids, such as hard-core fluids at single walls and in micropores of
simple geometry.

We focus on cavity distribution functions, basic structural quantities for both bulk and con-
fined fluid systems, which provide an efficient route to calculating excess chemical potentials
and background correlation functions [1].

We develop novel MC simulation techniques to calculate efficiently cavity pair distribution
functions of confined hard-sphere systems using virtual particle/cavity insertion moves in a
canonical ensemble. Results were obtained for conditional distribution functions of pairs of
hard-sphere cavities in fluids confined to slit-like micropores with hard walls [2].

To our best knowledge this is the first calculation of such functions, which are of interest
as reference data for the improvement of statistical mechanical theories of confined fluids and
additionally, represent quasi-experimental data for a modeling of the solubility of polyatomic
molecules in simple molecularly confined solvents. Particularly, the simulated singlet and pair
cavity functions provide basic information for developing analytical closures of the BGY integral
equation hierarchy [3] connecting these distribution functions.

The results contribute to both the basic research in the field of statistical mechanics of confined
fluids and to a deeper understanding of experimental solubility and sorption phenomena e.g.in
microporous media and at biointerfaces on a molecular level.

We acknowledge financial support by DFG (SFB 294, TP H2) and by NATO (Collaborative
Linkage Grant PST.CLG.978178/6343CRG).
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14.6. Statistical Physics (STP)

We work on stochastic models, on the connections of statistical mechanics to quantum field
theory, on the mathematical and physical aspects of renormalization group (RG) theory, and on
its applications in condensed matter physics. Our methods range from mathematical proofs to
the computational solution of large differential equations.

One of the central topics in our current research is an RG approach to many–fermion systems,
which is used to investigate the properties of the Hubbard model in the parameter range relevant
for high–temperature superconductivity. The RG method applied here is an exact functional
transformation of the action of the system, which leads to an infinite hierarchy of equations for
the Green functions. Truncations of this hierarchy are used in applications. In a number of
nontrivial cases, this truncation can be justified rigorously, so that the method lends itself to
mathematical studies. These mathematical aspects are also under investigation.

At present, we have collaborations with ETH Zurich, the Massachussetts Institute of Technol-
ogy, the University of British Columbia, the University of Toronto, and the Courant Institute
(New York).
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14.6.1. RG Flows for Two-Dimensional Fermi Systems

C. Honerkamp (MIT), M. Salmhofer and T. M. Rice (ETH Zurich)

We study the (t, t′)–Hubbard model in the parameter regime relevant for the description of
high–temperature superconductors [3]. We use the functional renormalization group method
developed in [1,2]. This technique provides a means to study the competition between different
order parameters in an unbiased way. The renormalization group flow leads to strong coupling.
Studying the response to external fields and varying the density, we find three regimes. The first
corresponds to a d–wave superconductor, the third to an antiferromagnet. In the second, inter-
mediate regime, the coupled flow of superconducting, antiferromagnetic and umklapp couplings
leads to a suppression of the quasiparticle weights near the zone boundaries, hence a truncation
of the Fermi surface. These findings agree qualitatively with the experiments.

To obtain information about the strength of Recently d–density wave and Pomeranchuk insta-
bilities were proposed [4,5] as instabilities competing with antiferromagnetism and superconduc-
tivity. A direct comparison of these instabilities is difficult in the momentum–cutoff RG scheme
because the momentum space cutoff removes all particle–hole excitations with a pair momentum
near to zero. The temperature–flow RG of [6,7] allows us to do an unbiased comparison. Both
d–density wave and Pomeranchuk susceptibilities are found to be growing, but more weakly than
those of antiferromagnetism and superconductivity [8].
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14.6.2. Wave Function Renormalization in Low-Dimensional
Fermi Systems

C. Honerkamp (MIT) and M. Salmhofer

Selfenergy effects, in particular the wave function renormalization Z, become important near
van Hove singularities. An important question is whether these effects significantly influence
the classification of the instabilities of the Fermi gas near van Hove singularities. We analyze
these effects for quasi–one–dimensional and two–dimensional systems using an RG including a
flowing Z factor [1]. We obtain the standard Luttinger exponents [2] in one dimension and
the crossover scales [3] in quasi-one–dimensional systems. In two dimensional systems near van
Hove singularities, we find that Z gets small, but that the suppression of Z does not change the
instabilities found in [4,5].
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14.6.3. Nonperturbative Studies of Two-Dimensional Fermi
Systems

W. de Siqueira Pedra and M. Salmhofer

We use the sector method of [1] to do a mathematically rigorous study of many–fermion systems
in two dimensions. Specifically, we work on a proof of the Fermi liquid criterion proposed in
[2] for systems at positive temperature. This criterion has been verified for the model with
dispersion relation ε(p) = p2/2m [3], where the Fermi curve is a circle. Our proof will cover the
case of ε(p) without rotational symmetry, where the Fermi curve is positively curved everywhere.
In the absence of rotational symmetry, the regularity problem for the selfenergy and the Fermi
curve becomes nontrivial (and difficult). It was treated to all orders in perturbation theory in
[5]. We have implemented the overlapping loop method, which is one of the main ideas of the
proofs in [5], in the tree expansions [4] used for nonperturbative proofs. Establishing that the
curvature of the Fermi curve remains bounded requires analyzing double overlaps, as in [5].

Another important novel feature of our method is that we do not use counterterms, but instead
adjust the fermionic covariance. This avoids the so–called “inversion problem” of constructions
with counterterms.
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14.6.4. Diffusion Constant of the Asymmetric Exclusion Process

C. Landim (IMPA, Brasil), J. Quastel (University of Toronto), M. Salmhofer and H.–T. Yau
(Courant Institute, New York)

The asymmetric exclusion process is a Markov process describing the motion of a system of
classical particles on a lattice. The hopping amplitude of the particles is asymmetric so that
there is transport in the system. The other essential feature of the model is the hard–core
constraint that no two particles can occupy the same site.

This stochastic process is one of the standard models of lattice gas dynamics. It is relevant
e.g. for the study of hydrodynamic limits [3] and growth problems [1,2]. The main problem in
its analysis is the hard–core constraint which cannot be treated perturbatively.

It is known that the diffusion constant is finite in three dimensions, and, as a result of an exact
solution, the totally asymmetric exclusion process in one dimension is known to be superdiffusive,
i.e. the diffusion coefficient D(t) diverges as t → ∞. For the general ASEP in one dimension
and the two–dimensional case, the behaviour of D(t) remained an open problem.

We prove that antisymmetric exclusion processes are superdiffusive in dimensions one and
two. One of the main ideas in the proof is that the hard–core constraint can be removed at a
suitable point in the equations by variational methods. The method is strong enough to give
the precise asymptotics of the divergence of the diffusion coefficient D(t) as t→∞.
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14.7. Graduate Studies Programme “Quantum Field

Theory” (GSP)

Host institution: Center for Theoretical Sciences (NTZ) at Center of Advanced Studies (ZHS)
Cooperating institutions: Institute for Theoretical Physics, Mathematical Institute and Max-
Planck-Institute “Mathematics in the Sciences”.

Quantum field theory (QFT) is the basis of the overwhelming part of modern Theoretical
Physics. Up to now it is by no means exhausted concerning its rich mathematical structures,
its far-reaching physical consequences and also its conceptual meaning. Together with classical
field theory, on which it rests, as well as with statistical and computational physics it is the most
effective methodology of Theoretical Physics. QFT has essential applications reaching from the
subnuclear through nuclear, atomic, molecular and mesoscopic systems up to the realm of cos-
mology. Much effort is required in order to fully understand all the topics in QFT which grow
up in these areas. The history of QFT is closely connected with the development in many fields
of modern mathematics. Obviously, no real success in QFT will be possible without evolving
and intensively studying also its mathematical structures.

The closely related Research Areas of the Graduate Studies Programme, having a long-
standing tradition at the University of Leipzig and being in accordance with the international
state-of-the-art, are:

(1) The investigations of the Mathematical Structures of Quantum Field Theory and of its
conceptual content are of principal as well as of methodological interest. They are motivated
partly by actual physical problems, partly they grow up because of their pure mathematical
relevance. The main methods to be applied are (non-commutative) differential geometry, theory
of Lie (super)groups and their representations, theory of operator algebras and (nonlinear)
functional analysis as well as functional integration.

(2) Relativistic Quantum Field Theory is the generally accepted frame for describing the pri-
mary interactions of elementary particles with each other, with external fields and under various
boundary conditions. The actual investigations are directed especially to the perturbative as
well as nonperturbative treatment of the Standard Model and its supersymmetric extensions,
to the theory of strings, on lattice approximations and computer simulations, as well as to QFT
under external conditions.

(3) The Nonrelativistic Quantum Field Theory is one of the outstanding methods to study
basic properties of condensed matter and various many body systems; it is closely related to
the methods of statistical and computational physics. The actual investigations are on (strong)
correlations in spin and low-dimensional electron systems and on scaling behaviour, phase tran-
sitions and finite- size effects in ordered and disordered systems.

The Graduate Studies Programme contains also a well established Academic Training Pro-
gram consisting of a thematically coordinated Course of Main Lectures and various Specialized
Lectures covering the whole research area. This is supported by the weekly Colloquium and
three Main Seminars on “Mathematical Physics”, “Quantum Field Theory” and “Theory of
Condensed Matter”. The PhD students also profit from the running scientific activities (includ-
ing periodic workshops, schools and conferences), from the guest programs and the scientific
spirit of the cooperating institutions. Any of these research fields are investigated in coopera-
tion with various national and international partners. The majority of the related projects –
which are considered in detail in the description of the various research groups – belong to the
interdisciplinary area of Mathematical Physics. Research and Education profits very much from
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the scientific (and spatial) neighbourhood of mathematicians and theoreticians and from the
longstanding, fruitful cooperation between the three cooperating institutions – being unique in
Germany.
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16.1. Quantum Field Theory (QFT)
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Theoretisch-Physikalisches Seminar, Universität Göttingen, April 25.

Bodo Geyer

1. 2-Dimensional NT = 4 Super Yang-Mills is a Hodge Type Cohomological Gauge Theory,
(with Mülsch, D.), 66th DPG-Tagung, Leipzig, March 18–22.

2. Cohomological Gauge Theories of Hodge Type,
(with Mülsch, D.), 5th Alexander Friedman Seminar, João Pessoa, Brazil, April 23–30.

3. NT = 8, D = 2 Hodge Type Cohomological Gauge Theory with Global Symmetry Group SU(4),
(with Mülsch, D.), 3rd Andrej Sacharov Conference, Moscow, Russia, July 24–29.

4. Extended BRST Quantization in General Coordinates,
(with Lavrov, P.; Nersessian, A.), 3rd Andrej Sacharov-Conference, Moscow, Russia, July
24–29.

5. Hodge Type Cohomological Gauge Theories (Review),
Jayme Tiomno-Colloquium, U São Paulo, Brazil, October 9.

6. Hodge Type Cohomological Gauge Theories (Status Report),
(with Mülsch, D.), XXIIIrd Encontro Nacional de Fisica de Particulas e Campos, Aguas de
Lindoa, Brazil, October 15–19.

7. Power Corrections of Off-Forward Quark Distributions (Status Report)
(with Eilers, J.; Lazar, M.; Robaschik, D.), XXIIIrd Encontro Nacional de Fisica de Particulas
e Campos, Aguas de Lindoa, Brazil, October 15–19.

Olaf Richter

1. Algebro-Geometric Solutions to the Ernst Equation and Twistor Theory,
66th DPG-Tagung, Leipzig, March 18–22.
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2. Spectral Triples Related to the Kronecker Foliation,
66th DPG-Tagung, Leipzig, March 18–22.

3. Spectral Triples for Foliated Manifolds,
Bayrischzell Workshop, Bayrischzell, April 2002.

Gerd Rudolph

1. Observablenalgebren und Superauswahlstrukturen für Gitter-Eichtheorien,
Institut für Theoretische Physik, Universität Freiburg, February 2002.

2. On the Structure of the Gauge Orbit Space,
Dept. of Mathematical Methods in Physics, University of Warsaw, Poland, March 2002.

3. Classification of Gauge Orbits for Gauge Group SU(n),
Dept. of Mathematical Methods in Physics, University of Warsaw, Poland, March 2002.

4. On the Problem of Charged States in Gauge Theories,
Center for Theoretical Physics, PAN Warsaw, Poland, March 2002.

5. Evening Lecture on Geometry and Physics,
School of Mathematics and Physics, University of Tasmania, Hobart, Australia, May 2002.

6. The Observable Algebra and Its Representations for Scalar QED on the Lattice,
School of Mathematics and Physics, University of Tasmania, Hobart, Australia, May 2002.

7. The Functional Integral in Terms of Gauge Invariants, School of Mathematics and Physics,
University of Tasmania, Hobart, Australia, May 2002.

8. Observable Algebras and Their Representations for Lattice Gauge Theories,
Faculty of Physics, University of Adelaide, Australia, June 2002.

9. On the Structure of the Gauge Orbit Space Stratification,
Faculty of Physics, University of Adelaide, Australia, June 2002.

10. Observable Algebras for Lattice Gauge Theories, with Special Emphasis on Algebraic Aspects,
Institute of Mathematics, University of Queensland, Brisbane, Australia, July 2002.

11. Observable Algebras and Their Representations for Lattice Gauge Theories,
11th Workshop on Foundations and Constructive Aspects of QFT, Institut für Theoretische
Physik, Universität Göttingen, December 2002.

Matthias Schmidt

1. How to Study the Physical Relevance of Gauge Orbit Space Singularities?,
34th Symposium on Mathematical Physics, Toruń, Poland, June 14–18.

2. On the Stratification of the Yang-Mills Configuration Space for the Gauge Group SU(n),
Séminaire de Physique Mathématique et Géométrie, Université de Lille, France, December
10.
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Armin Uhlmann

1. Transition Probability and Bures Metric,
Dresden, MPI KS, June 5.

2. The Bures Distance and its Riemann Metric,
Invited talk, Conf. on Information Geometry and Its Applcations, Pescara, Italy, July 4.

3. Concurrence and Foliations Induced by Some 1-Qubit Channels,
Invited talk, Conf. on Quantum Composite Systems, Ustron, Poland, September 6.

4. Quantum Information Transfer from One System to Another One,
Opening of the Conf. General Theory of Information Transfer and Combinatorics, Universität
Bielefeld, ZiF, November 9.

Wolfgang Weller

1. Composite Fermions – Electrons in Two Dimensions in a Strong Magnetic Field,
(with Apel, W.; Dietel, J.; Koschny, T.), Theoretisches Kolloquium, Universität Bayreuth,
Bayreuth, May 7.

2. Three-Particle Interaction for Composite Fermions,
(with Koschny, T.), 7th International Conference “Path Integrals from Quarks to Galaxies”,
Antwerpen, Belgium, May 27–31.
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16.2. Theory of Elementary Particles (TET)

Meinulf Göckeler

1. Applied Lattice Gauge Calculations,
European Workshop on the QCD Structure of the Nucleon, Ferrara, Italy, April 3–6.

2. Nucleon Form Factors from Lattice QCD,
EU IHP Network on Hadron Phenomenology from Lattice QCD: Workshop on Light Quark
Phenomenology and Kaon Physics, Zeuthen, April 21–24.

3. Lattice QCD: Proton Properties from First Principles,
Seminar, CNRS Luminy, Marseille, France, June 21.

4. Lattice Gauge Theory and Chiral Symmetry (Breaking),
Seminar CPT, CNRS Luminy, Marseille, France, July 8.

5. gA on the Lattice,
Workshop “Quark Mixing – CKM Unitarity”, Heidelberg, September 19–20.

6. Non-Perturbative Renormalisation of Composite Operators in the RI-MOM Scheme,
EU IHP Network on Hadron Phenomenology from Lattice QCD: Workshop on Fermion Ac-
tions and Chiral Symmetry, Bern, Switzerland, October 16–19.

7. What do Lattice Simulations Tell us about Hadronic Structure Functions?,
Seminar, TU München, December 2.

8. Nucleon Form Factors from Lattice QCD,
4th meeting of DFG Research group, Regensburg, December 20–21.

Roland Kirschner

1. Parton Interactions in the Bjorken Asymptotics,
36th Winter School of St. Petersburg Nucl. Phys. Institute, St. Petersburg, Russia, February
2002.

2. Factorization in Diffractive Electroproduction,
Theory Seminar, Ecole Polytechnique, Paris, France, September 2002.

3. Diffractive Vector Meson Production at HERA,
Intern. workshop on low x physics, Antwerpen, Netherlands, September 2002.

Yi Liao

1. Unitarity of Time-ordered Perturbation Theory on Noncommutative Spacetime,
(with Sibold, K.), “Noncommutative geometry and quantum field theory, Feynman diagrams
in mathematics and physics”, ESI, Wien, Austria, October 20–26.

2. Spectral Representations and Dispersion Relations in Field Theory on Noncommutative Space-
time,
(with Sibold, K.), 11. Workshop “Grundlagen und konstruktive Aspekte der QFT”, ITP,
Göttingen, December 6–7.
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Arwed Schiller

1. Photon Propagator, Monopoles and the Thermal Phase Transition in 3D Compact QED ,
12th Workshop on Lattice Field Theory, Debrecen, Hungary, May 9-11.

2. Gauge Boson Propagator and Monopoles in 3D Compact QED ,
1st meeting of DFG Research group, Regensburg, June 8–9.

3. Monopoles, Confinement and the Photon Propagator in QED3 ,
XX International Symposium on Lattice Field Theory, Cambridge, USA, June 24–29 (poster).

4. Confinement and the Photon Propagator in 3D cQED on the Lattice ,
5th International Conference “Quark Confinement and Hadron Spectrum”, Gargnano, Italy,
September 10–14.

5. Confinement and the Photon Propagator in 3D cQED on the Lattice ,
3rd NTZ-Workshop on Computational Physics, Institut für Theoretische Physik, Universität
Leipzig, Leipzig, December 10.

6. Overview on Lattice and DSE Computations of Gluon and Ghost Propagators in QCD ,
4rd meeting of DFG Research group, Regensburg, December 20–21.

Klaus Sibold

1. Ward Identities: The Realization of Symmetries in Perturbative Quantum Field Theory
Hesselberg Workshop on “Theory of Renormalization and Regularization”. Hesselberg Febru-
ary 24 – March 1.

2. Perturbative Treatment of Field Theories on Non-Commutative Space-Time
Particle Physics Seminar, Kyoto University, Japan, December 25.
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16.3. Theory of Condensed Matter (TKM)

Ulrich Behn

1. Kritisches Verhalten bei rauschgetriebenen Nichtgleichgewichts-Phasenübergängen,
Theorie-Kolloquium, Physik-Department, TU München, July 17.

Markus Brede

1. Patterns in Randomly Evolving Networks: Idiotypic Networks,
(with Behn, U.), Seminar “Complex Nonlinear Processes” HU Berlin, Berlin, July 16.

2. Patterns in Randomly Evolving Networks: Idiotypic Networks,
Seminar “Mathematical modeling of biological systems”, MPI MIS, Leipzig, October 16.

3. Patterns in Randomly Evolving Networks,
CompPhys02, Leipzig, December 16.

Thomas John

1. Measurement of Scaling Laws in a Stochastic, Multiplicatively Driven, Spatially Extended
System,
(with Behn, U., Stannarius, R.), Dynamics Days Europe 2002, Heidelberg, July 15–19.

2. Statistische Auswertung von Zeitreihen bei multiplikativ antreibendem Rauschen,
(with Behn, U., Stannarius, R.), DPG-Tagung Regensburg, March 11–15.

3. Laserbeugung zur quantitativen Charakterisierung raum-zeitlicher Muster in anisotropen
Flüssigkeiten,
(with Stannarius, R.), DPG-Tagung Regensburg, March 11–15 (poster).

4. Measurement of Scaling Laws in a Stochastic, Multiplicatively Driven Spatially Extended Sys-
tem,
Gruppenseminar Nichtlineare Dynamik und Zeitreihenanalyse, MPI PKS, Dresden, November
27

5. Measurement of Scaling laws in a Spatially Extended Pattern Forming System Driven by
Multiplicative Noise,
(with Behn, U., Stannarius, R.), 3. Dresdener Herbstseminar Nichtlineare Physik, MPI PKS,
Dresden, December 1–4 (poster).

Adolf Kühnel

1. Kritisches Verhalten von Nichtgleichgewichts-Phasenübergängen in magnetische Zustände,
Seminar, Institut für Theoretische Physik, TU Berlin, May 22.

Jan Richter

1. Modelling Th1-Th2 Regulation, Allergy and Immunotherapy,
(with Metzner, G. and Behn, U.), 21st Congress of the European Academy of Allergology and
Clinical Immunology (EAACI), Naples, Italy, June 1–5 (poster).
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16.4. Computer-Oriented Quantum Field Theory (CQT)

Michael Bachmann

1. Native Ground-States of Lattice Proteins,
(with Schiemann, R.; Janke, W.), 1. Research Festival of Biosciences and Medicine in Leipzig,
October 18 (poster).

Elmar Bittner

1. Critical Exponents of the Discrete Regge Model in 4D ,
Deblat02 – 12. Workshop on Lattice Field Theory, Debrecen, Hungary, May 9–11.

2. On the Continuum Limit of the Discrete Regge Model in 4D ,
(with Janke, W.; Markum, H.), Lattice 2002, MIT, Cambridge, USA, June 24–29 (poster).

Meik Hellmund

1. High-Temperature Series Expansions for Disordered Systems,
Seminar on Condensed Matter Theory, Universität Mainz, February 19.

Wolfhard Janke

1. Pseudo Random Numbers: Generation and Quality Checks,
invited lecture, Euro Winter School Quantum Simulations of Complex Many-Body Systems:
From Theory to Algorithms, Kerkrade, The Netherlands, February 25 – March 1.

2. Statistical Analysis of Simulations: Data Correlations and Error Estimation,
invited lecture, Euro Winter School Quantum Simulations of Complex Many-Body Systems:
From Theory to Algorithms, Kerkrade, The Netherlands, February 25 – March 1.

3. Statistics of Rare Events in Spin Glasses,
MECO-27 conference, Sopron, Hungary, March 7–9.

4. Fat and Thin Fisher Zeroes,
66. Physikertagung, Universität Leipzig, March 18–22.

5. Exact Finite-Size Scaling with Corrections in the Two-Dimensional Ising Model with Brascamp-
Kunz Boundary Conditions,
66. Physikertagung, Universität Leipzig, March 18–22.

6. Statistics of Extremes in the EA Ising Spin Glass,
Deblat02 – 12. Workshop on Lattice Field Theory, Debrecen, Hungary, May 9–11.

7. Fat and Thin Fluctuating Graphs,
PI2002 – 7th International Conference on Path Integrals from Quarks to Galaxies, Universiteit
Antwerpen, Belgien, May 27–31.

8. Tests of Extreme Value Statistics,
Statistical Physics Workshop, Nancy, France, May 29–31.
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9. Extreme Order Statistics,
Lattice 2002, MIT, Cambridge, USA, June 24–29.

10. New Methods to Measure Phase Transition Strength,
(with Kenna, R.; Johnston, D.A.), Lattice 2002, MIT, Cambridge, USA, June 24–29 (poster).

11. EUROGRID: Leipzig Team,
EUROGRID Network Meeting, Edinburgh, Scotland, July 5–6.

12. First-Order Phase Transitions,
invited lecture, NATO Advanced Study Institute Computer Simulations of Surfaces and In-
terfaces, Albena, Bulgaria, September 9–20.

13. Histograms and All That ,
invited lecture, NATO Advanced Study Institute Computer Simulations of Surfaces and In-
terfaces, Albena, Bulgaria, September 9–20.

14. Monte Carlo Studies of Three-Dimensional Bond-Diluted Ferromagnets,
HLRB and KONWIHR Workshop, TU München, Campus Area Garching, October 10–11.

Andreas Nußbaumer

1. Parallel Tempering at Second-Order Phase Transitions,
(with Janke, W.), 7. Granada Seminar on Computational Physics, Granada, Spain, September
2–7 (poster).

Reinhard Schiemann

1. Exact Statistical Analysis of Native Ground-States of 2D Lattice Proteins,
(with Bachmann, M.; Janke, W.), 7. Granada Seminar on Computational Physics, Granada,
Spain, September 2–7 (poster).

Martin Weigel

1. Vertex Models on Random Graphs,
EUROGRID Network Meeting, Edinburgh, Scotland, July 5–6.

2. The F Model on Random Planar φ4 Graphs,
CompPhys02, 3rd NTZ Workshop on Computational Physics, Leipzig, December 10.

Andreas Wernecke

1. The 3-State Potts Model on Quenched Random Planar Graphs,
CompPhys02, 3rd NTZ Workshop on Computational Physics, Leipzig, December 10.
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16.5. Molecule Dynamics/Computer Simulations(MDC)

Siegfried Fritzsche

1. Negative Arrhenius Behaviour in Diffusion of Ethane in Zeolite LTA,
(with Schüring, A.), Mahidol University, Bangkok, Thailand, February 22.

2. An Entropic Barrier Explaining an Diffusion Coefficient that Decreases with Increasing Tem-
perature,
(with Schüring, A.), Chemistry Departement of the Chulalongkorn University, Bangkok, Thai-
land, February 25.

3. Application of Transition State Theory to Diffusion of Guest Molecules in Zeolites,
(with Schüring, A.), Physics Department, University of Khon Kaen, Thailand, March 8.

4. Correlations in Anisotropic Diffusion of Methane in Silicalite,
(with Kärger, J.), second FEZA conference, Giardini Naxos, Greece, August 2002 (poster).

Horst Ludger Vörtler

1. MC Simulations of Extended Primitive Models of Water in Bulk and Confined Systems: Struc-
ture and chemical Potential,
(with Kettler, M.), 6th Liblice Conference on the Statistical Mechanics of Liquids, Spindleruv
Mlyn, Czech Republic, June 9–14 (poster).

2. Structure and Thermodynamics of Primitive Water Models on Bulk Conditions and in 2-
Dimensional Layers: MC Simulation Studies,
(with Kettler, M.; Galle, J.), 17th IUPAC Conference on Chemical Thermodynamics, Rostock,
July 28.

3. Chemical Potential and Phase Coexistence in Primitive Water Models: Simulation Studies of
Bulk Fluids and Thin Films,
(with Galle, J.; Kettler, M.), Symposium Molecules in Interaction with Interfaces (SFB 294),
Leipzig, October 9–11 (poster).

4. Computer Simulation of Cavity Distribution Functions in Confined fluids,
(with Smith, W.R.), 3rd Workshop on Computational Physics CompPhys02, Leipzig, Decem-
ber 10.

Steffen Jost

1. Diffusion of Water in Chabazite: an MD-Study in Comparison with PFG NMR Experiments,
(with Bopp, Ph.A.; Fritzsche, S.; Haberlandt, R.; Spohr, E.), talk on the Symposium of the
Collaborative Research Centre Molecules in Interaction with Interfaces (SFB 294), Leipzig,
October 11.

2. Molecular Dynamics Simulations of Static and Dynamic Properties of Water adsorbed in
Chabazite,
(with Fritzsche, S.; Haberlandt, R.), second FEZA conference, Giardini Naxos, Greece, August
2002 (poster).
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3. Diffusion of Water in the Zeolite Chabazite,
(with Fritzsche, S.; Haberlandt, R.), 14th Deutsche Zeolith-Tagung, Frankfurt am Main, 2002
(poster).

Andreas Schüring

1. Entropic Barriers for Diffusion in Zeolites,
(with Auerbach, S.M.; Fritzsche, S.; Haberlandt, R.), 14th Deutsche Zeolith-Tagung, Frank-
furt am Main, 2002 (poster).

2. MD Analysis of Rate Processes in Zeolites,
(with Auerbach, S.M.; Fritzsche, S.; Haberlandt, R.), Symposium of the Collaborative Re-
search Centre Molecules in Interaction with Interfaces (SFB 294), Leipzig, October 11 (poster).

Jörg Galle

1. Molecular Modelling of Aqueous Phases at Complex Interfaces and in Thin Planar Films,
(with Vörtler, H.L.; Kettler, M.), Symposium Molecules in Interaction with Interfaces (SFB
294), Leipzig, October 9–11.

Chuenchit Bussai

1. Diffusion of Water in Silicalite by Molecular Dynamics Simulations: Ab Initio based interac-
tions,
(with Fritzsche, S.; Hannongbua, S.; Haberlandt, R.), second FEZA conference, Giardini
Naxos, Greece, August 2002 (poster).

2. The Energy Barrier and the movement of Water Molecule through the Silicalite-1 Lattice: Ab
Initio and Molecular Dynamics Studies,
(with Fritzsche, S.; Haberlandt, R.; Hannongbua S.), The 10th Conference on Science and
Technology of Chulalongkorn University, Bangkok, Thailand, March 20–22.

3. Diffusion and Structure of Water Molecule in the Pore of Silicalite-1 as Studied by MD Sim-
ulations: Temperature and Concentration Dependence,
(with Fritzsche, S.; Haberlandt, R.; Hannongbua S.), The 6th Annual National Symposium
on Computational Science and Engineering, Nakornsrithammarat, Thailand, April 3–5.

4. Binding, Energy Barrier and Diffusion of Water in Silicalite-1: Ab initio, Molecular Dynamics
and PFG NMR Studies,
(with Fritzsche, S.; Haberlandt, R.; Hannongbua S.), The 3rd Royal Golden Jubilee Ph. D.
Congress, Pataya, Thailand, April 25–27.

5. Diffusion of Methane in Silicalite by Molecular Dynamics Simulations: Møller- Plesset Second
Order Perturbation Based Interaction,
(with Fritzsche, S.; Haberlandt, R.; Hannongbua S.), PACCON 2002, International Confer-
ence and Exhibition on Pure and Applied Chemistry 2002, Bangkok, Thailand, May 29–31.

6. Methane Diffusivity in Silicalite-1 Based on an Ab Initio Fitted Potential,
(with Fritzsche, S.; Haberlandt, R.; Hannongbua S.), The 28th Congress on Science and
Technology of Thailand, Bangkok, Thailand, October 24–26.
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Arthorn Loisruangsin

1. Reliability of the Force-Field Potential Energy Surface: Ab Initio Studies of Methane and n-
Pentane in Silicalite-1 Interaction,
(with Bussai, C.; Fritzsche, S.; Hannongbua, S.) PACCON 2002, International Conference
and Exhibition on Pure and Applied Chemistry 2002, Bangkok, Thailand, May 29–31.
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16.6. Statistical Physics (STP)

Manfred Salmhofer

1. Renormalization of Φ3
6 by Flow Equations,

Hesselberg Meeting, February 24 – March 1.

2. Fermi Systems,
Hesselberg Meeting, February 24 – March 1.

3. Continuous Renormalization and Tree Expansions I,
Mitteldeutsche Physik–Combo, Leipzig, April 19 and 20.

4. Continuous Renormalization and Tree Expansions II,
Mitteldeutsche Physik–Combo, Jena, May 31 and June 1.

5. Continuous Renormalization and Tree Expansions III,
Mitteldeutsche Physik–Combo, Halle, June 28 and 29.

6. Algebra, Analysis and Applications of the RG,
Program on Realistic Theories of Correlated Electron Materials (CEM02), Institute for The-
oretical Physics, University of California at Santa Barbara, USA, September–October.

7. RG Flows for 2d Fermions. Progress and Problems,
Université de Sherbrooke, Canada, November 4.

8. Regularität der Fermifläche in wechselwirkenden Systemen,
Theoretisch–Physikalisches Seminar, Universität Göttingen, November 19.
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17. Organizational Activities

17.1. Quantum Field Theory (QFT)

Bodo Geyer

• Spokesman of the Graduiertenkolleg “Quantenfeldtheorie: Mathematische Struktur und An-
wendungen in der Elementarteilchen- und Festkörperphysik”.

• Member of the scientific advisory board of the Andrejewski Foundatio

• “Vertrauensdozent” of the “Gesellschaft Dt. Naturforscher und Ärzte” (GDNÄ).

• Referee for the DFG, the DAAD und the Humboldt Foundation.

Armin Uhlmann

• Board member of Rep. Math. Phys. and Open Systems and Information Dynamics.

Wolfgang Weller

• Board member of Physikalische Blätter.

17.2. Theory of Elementary Particles (TET)

Klaus Sibold

• Co-organizer of the “Mitteldeutsche Physik-Combo”: Lectures at graduate level on subjects
of theoretical physics.
January 18 – 20, Jena. Subjects: Supergravity; Selected Chapters of Gravity; Quantum Field
Theory in Curved Space-Time.
April 19 – 20, Leipzig; May 31st – June 1st, Jena; June 28 – 29, Halle. Subjects: Renor-
malization Group Equations and Tree Expansions; Perturbative Unitarity from the Cutting
Rules; The Background Field Method; Kinks, Monopoles and Other Solitons.
October 18 – 20, Leipzig; November 8 – 10, Halle. Subjects: Applications of the Heat Equa-
tion Methods to Problems in Physics and Geometry; Cosmological Microwave Background;
Gauge Theories on the Computer.

• Activities as member in the “Graduiertenkolleg: Quantenfeldtheorie”.

• Activities as associated member in the “Graduiertenkolleg: Analysis, Geometrie und ihre
Verbindung zu den Naturwissenschaften”
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17.3. Theory of Condensed Matter (TKM)

Adolf Kühnel

• Member of the International Advisory Board of the Middle European Cooperation (MECO)
on Statistical Physics.

• Member of the Executive Commitee of the International Center for Scientific Cooperation
with residence in Tübingen.

• Member of the Beirat of the Fachverband “Dynamik und Statistische Physik” of the Arbeits-
kreis Festkörperphysik of the DPG.

17.4. Computational Quantum Field Theory (CQT)

Michael Bachmann

• Scientific Secretary of the 66. Physikertagung of the German Physical Society (DPG) in
Leipzig, March 18 – 22, 2002.

Wolfhard Janke

• Organizer of the 66. Physikertagung of the German Physical Society (DPG) in Leipzig, March
18 – 22, 2002.

• Organizer of the Workshop CompPhys02 – 3. NTZ-Workshop on Computational Physics,
ITP, University of Leipzig, December 10, 2002.

• Member of Advisory Committee, DEBLAT01 – 12. Workshop on Lattice Field Theory , Uni-
versität Debrecen, Ungarn, May 9 – 11, 2002.

• Member of International Advisory Committee, V International Congress on Mathematical
Modeling , Joint Institute for Nuclear Research, Dubna, Russia, September 30 – October 6,
2002.

• Member of the Faculty Committee (“Fakultätsrat”) of the Faculty of Physics and Geosciences,
University of Leipzig.

• Vice-Dean of the Faculty of Physics and Geosciences, University of Leipzig.

• Director of the Institut for Theoretical Physics, University of Leipzig.

• Director of the Naturwissenschaftlich-Theoretisches Zentrum (NTZ) at the Zentrum für
Höhere Studien (ZHS), University of Leipzig.
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17.5. Molecule Dynamics/Computer Simulations(MDC)

Siegfried Fritzsche

• Project leader in the SFB 294.

Horst Ludger Vörtler

• Project leader in the SFB 294.

17.6. Statistical Physics (STP)

Manfred Salmhofer

• Organization (together with H. Knörrer (ETH) and D.C. Brydges (UBC)) of the Conference
Renormalization Group, Mathematisches Forschungszentrum Oberwolfach, Oberwolfach, June
9–15.
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