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1 School Program

Most afternoons time is left open for discussion, questions, problem sessions, or simply

for studying. On the program this is marked as discussion.
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2 Main Lecturers

Volker Bach

Universitat Mainz

Spectral Analysis of Nonrelativistic Quantum Electrodynamics

Jan Derezinski

University of Warsaw

Spectral analysis of simple models of Quantum Field Theory

Gian-Michele Graf
ETH Zirich

Stability of (ultraviolet cutoff) non-relativistic QED

Jens Hoppe
Max-Planck-Institut fiir Gravitationsphysik, Albert-Einstein-Institut, Potsdam

Membranes and Matriz Models

Michael Loss
Georgia Tech

Self-energy of electrons in nonrelativistic QFED

Herbert Spohn
TU Miinchen

Dynamacs of classical charges and their radiation field



3 Abstracts of Participants’ Lectures

Zied Ammari

Ecole Polytechnique

Asymptotic Completeness for the Nelson Model

Alexander Balinsky

Cardiff University
On Zero Modes of Pauli Operators

ABSTRACT: Two results are proved for nul P4, the dimension of the kernel of the Pauli
operator P4 = {o- (+abla + A)}z in [L*(R3)]*:

(i) for |B| € L¥2(R?), where B = curlA is the magnetic field, nul P,y = 0 except for a
finite number of values of ¢ in any compact subset of (0, 00);

(i) { B: mul Py =0, |B|e L¥*R®) } contains an open dense subset of [L¥/?(R?)}?.

Marcel Griesemer

University of Alabama at Birmingham
Ground States in Non-relativistic Quantum FElectrodynamics

ABSTRACT: The excited states of a charged particle interacting with the quantized
electromagnetic field and an external potential all decay, but such a particle should
have a true ground state — one that minimizes the energy and satisfies the Schrodinger
equation. We prove quite generally that this state exists for all values of the fine-structure
constant and ultraviolet cutoff. We also show the same thing for a many-particle system
under physically natural conditions.

This is joint work with Elliott Lieb and Michael Loss.



Alexei Iantchenko
Malmo Hogskola

Asymptotic Behavior of the One-Particle Density Matriz of Atoms at
Distances Z~' from the Nucleus

ABSTRACT: We prove that the suitably rescaled density matrix of ground states of
atomic Schrodinger atoms with nuclear charge Z converges on the scale 1/Z to the
projection of the negative spectral subspace of the Schrodinger operator of the hydrogen
atom (Z = 1).

Norbert Roehrl

Universitat Miinchen
On the Infimum of the Energy of the Electron-Positron Field

ABSTRACT: Bach et al derived an exact energy functional for the relativistic electron-
positron field with second quantized Coulomb interaction in Hartree-Fock approximation.
It resembles the standard QED Hamiltonian as found, e.g., in the textbook of Bjorken
and Drell without magnetic vector potential (A = 0) up to different normal ordering.

In this model every particle carries the relativistic kinetic energy +/c2p? + m?2c*, which
includes the rest energy. Thus creating a particle also increases the total energy by the
rest energy. We show that if we substract the rest energy, i.e., creating mass will not
increase the total energy, there will no longer be a ground state, and the energy per
particle will be negative. We give a good estimate on the fraction of the rest energy that
can be substracted while the Fock space vacuum still is the ground state.



Heinz Siedentop
Universitat Miinchen
Renormalization of the Relativistic Electron-Positron Field

ABSTRACT: We consider the relativistic electron-positron field interacting with itself via
the Coulomb potential defined with the physically motivated, positive, density-density
quartic interaction. The more usual normal-ordered Hamiltonian differs from the bare
Hamiltonian by a quadratic term and, by choosing the normal ordering in a suitable, self-
consistent manner, the quadratic term can be seen to be equivalent to a renormalization
of the Dirac operator. Formally, this amounts to a Bogolubov-Valatin transformation,
but in reality it is non-perturbative, for it leads to an inequivalent, fine-structure depen-
dent representation of the canonical anticommutation relations. This non-perturbative
redefinition of the electron/positron states can be interpreted as a mass, wave-function
and charge renormalization, among other possibilities, but the main point is that a non-
perturbative definition of normal ordering might be a useful starting point for developing
a consistent quantum electrodynamics.

This is joint work with E.H. Lieb.

Wolfgang Spitzer
University of Copenhagen
A new proof of the Scott correction

ABSTRACT: We present an elementary proof of the asymptotic behavior of the sum
of the negative eigenvalues of Schrodinger operators, H = —h?A + V', with Coulomb
singularities. This is, for instance, important in the study of large molecules where V' is
the Thomas-Fermi potential. In this case our result implies the Scott correction for such
systems (cf. Ivrii & Sigal).

This is a joint work with Jan Philip Solovej and supported by the TMR EU network
program “PDE and quantum mechanics”.



Tadie

University of Copenhagen

Symmetry of the ground states of the Thomas-Fermi Theory
for Atoms type equations

ABSTRACT: We show that any solution of the problem Au =u"; ~ € (1, n/(n—2))
inR", n>2wu— ooat0andu\, 0as ‘x \, oo, is radially symmetric ( i.e. u(x)
depends only on |z|. For v = 3/2 this applies to the Thomas-Fermi theory for Atoms.

Stefan Teufel
TU Miinchen
Semiclassics for the massive Nelson model

ABSTRACT: We consider a single, nonrelativistic particle coupled to a quantized massive
scalar field under the influence of a slowly varying external potential V' (ex).

For zero external potential and (sufficiently small) fixed total momentum p the system
has a unique ground state ¥ (p) with ground state energy F(p) that is separated from
the rest of the spectrum by a gap. Wave packets formed out of these fixed momentum
ground states are called dressed electron states.

We show that in the limit € — 0 the time evolution of a dressed electron state is generated
by an effective one-particle Hamiltonian H; = E(—iV,) + V(ex) for times of order e~*
with an error of order €. Thus the dressed electron propagates like a single particle with
an effective dispersion E(p).

Finally we show how standard methods of semiclassical analysis can be applied to H; in
the limit of small £ and how these results can be translated back to the original system.



4 Hand-outs/notes

The following (and possibly more) material will be handed out with the registration
package:

e This leaflet.

e Some informational material about MaPhySto: Brochure, MaPhySto News No. 4,
list of publications from MaPhySto.

Spectral Analysis of Nonrelativistic Quantum FElectrodynamics, notes by Volker
Bach.

Self-energy of electrons in non-perturbative QFED, paper by Elliott H. Lieb and
Michael Loss.

Dynamics of Charged Particles and Their Radiation Field, notes by Herbert Spohn.

5 General information

5.1 Address information

Sandbjerg Gods / Sandbjerg Manor
Sandbjergvej 102

DK-6400 Sgnderborg

Denmark

Phone: (+45) 734 65200
Fax: (+45) 7346 5210

5.2 Use of computers

At the conference centre 4 PC’s are available for email reading/writing etc.
5.3 Meals

All meals are included in the price for accommodation.

Breakfast is (self-)served from 8.00 to 9.00.

Lunch is (self-)served from 12.00 to 13.00. Included is one soda/beer per participant.
Please pay for additional beverages.

Dinner is (self-)served from 18.00 to 19.00. Included is one soda/beer per participant.
Please pay for additional beverages.



6 Social events

6.1 Banquet on Friday

The Summer School Banquet will take place on Friday evening, at 18.00. If you for some
reason cannot partipate in the Banquet then please notify the organisers.

6.2 Excursion on Sunday

From 13.00 to 17.00.

A walk in the surroundings of the Augustenborg Estate.

Coffee/tea and cake at “Fjordhotellet” in Augustenborg.

A guided tour to the museum of Sgnderborg Castle, presenting some highlights of the
eventful history of South Jutland through 1000 years.

A bus will take us back from Sgnderborg to Sandbjerg in order to have dinner. If you
plan to stay behind in Sgnderborg in order to have dinner on your own, then please
inform the organisers.

10



7 List of participants (revised)

Zied Ammari

Centre de Mathématique

Ecole Polytechnique

91128 Palaiseau

France

Email: ammari@Qmath.polytechnique.fr

Laurent Amour

Laboratoire de Mathématiques
Université de Reims

BP 1039

51678 Reims

France

Email: laurent.amour@univ-reims.fr

Volker Bach

Fachbereich Mathematik (17)

Johannes Gutenberg-Universitat
D-55099 Mainz

Germany

Email: vbach@mathematik.uni-mainz.de

Alexander Balinsky

School of Mathematics

Cardiff University
Senghennydd Road

CF24 4YH Wales

United Kingdom

Email: balinskya@cardiff.ac.uk

Pedro Balodis

Department of Mathematics
Univ. Autonoma de Madrid
28049 Madrid

Spain

Email: pedro.balodis@uam.es
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Jean-Marie Barbaroux

UMR 6629 CNRS

Département de Mathéematiques
Université de Nantes

2 rue de la Houssiniere

F-44322 Nantes, France

Email: barbarou@math.univ-nantes.fr

Laurent Bruneau

32 Rue Basse

Appartement 109

F-59800 Lille

France

Email: bruneau@agat.univ-lillel.fr

Luca Bugliaro

Mathematik

Universitat Miinchen

Theresienstr. 39

D-80333 Miinchen, Germany

Email: bugliaro@rz.mathematik.uni-muenchen.de

Jonathan Butler
Dipartimento di Matematica
Universita di Bologna
[-40127 Bologna

Italy

Email:

Thomas Chen

Institute of Theoretical Physics
ETH Zirich

CH-8093 Honggerberg
Switzerland

Email: chen@itp.phys.ethz.ch

Horia Cornean

Department of Mathematical Sciences
Aalborg University

Fr. Bajers Vej 7TE

DK-9220 Aalborg

Denmark

Email: cornean@math.auc.dk

12



Jan Derezinski

Dep. Math. Meth. in Phys.
Warsaw University

Hoza 74

PL-00-682 Warszawa, Poland
Email: derezins@fuw.edu.pl

Jean Dolbeault

Ceremade, Univ. Paris IX Dauphine
Place de Lattre de Tassigny

F-75775 Paris

France

Email: dolbeaul@ceremade.dauphine.fr

Desmond Evans

School of Mathematics
Cardiff University
Senghennydd Road

CF24 4YH Wales

United Kingdom

Email: evanswd@cardiff.ac.uk

Walter Farkas

Department of Mathematics

University of Regensburg

D-93040 Regensburg

Germany

Email: walter.farkas@Qmathematik.uni-regensburg.de

Abdelbasset Felhi

Département de Mathématique
Institut Galilée Université Paris Nord
93430 Villetaneuse

France

Email: felhi@math.univ-paris13.fr

Sgren Fournais

Department of Mathematical Sciences
University of Aarhus

Ny Munkegade, Building 530
DK-8000 Aarhus C, Denmark

Email: fournais@imf.au.dk
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Gian Michele Graf

Institut fiir Theoretische Physik
Eidgenossische TH Ziirich-Honggerberg
CH-8093 Ziirich

Switzerland

Email: gmgraf@itp.phys.ethz.ch

Marcel Griesemer

Department of Mathematics
University of Alabama at Birmingham
452 Campbell Hall

35294 Birmingham

U.S.A.

Email: marcel@math.uab.edu

Jean Claude Guillot

Département de Mathématiques
Institut Galilée

Université Paris Nord

F-93430 Villetaneuse

France

Email: guillot@math.univ-paris13.fr

Christian Hainzl

University of Vienna

Institut fiir Theoretische Physik
Boltzmanngasse 5

A-1090 Vienne, Austria

Email: hainzl@Qdoppler.thp.univie.ac.at

David Hasler

Dorfstrasse 8

CH-8805 Richterswil
Switzerland

Email: hasler@itp.phys.ethz.ch

Bernard Helffer

Département de Mathématiques

Bat. 425

Université Paris-Sud

F-91405 Orsay

France

Email: bernard.helffer@math.u-psud.fr
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Jens Hoppe

Max-Planck-Institut fiir Gravitationsphysik
Albert Einstein Institut

D-14473 Potsdam

Germany

Email: hoppe@aei-potsdam.mpg.de

Alexei Iantchenko
Malmo Hogskola
Teknik och Samhélle
S-205 06 Malmo
Sweden

Email: ai@te.mah.se

Allan Lind Jensen

Sortedam Dossering 41A 2 tv.
DK-2200 Copenhagen N

Denmark

Email: allan.lind.jensen@danbbs.dk

Arne Jensen

Department of Mathematical Scienes
Aalborg University

Fr. Bajers Vej 7TE

DK-9220 Aalborg

Denmark

Email: matarne@math.auc.dk

Thomas Jensen

Department of Mathematics
University of Copenhagen
Universitetsparken 5
DK-2100 Copenhagen )
Denmar

Email: m99tj@math.ku.dk

Lars Lindqvist
Lyngbygardsvej 137

DK-2800 Lyngby

Email: astroQvip.cybercity.dk
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Michael Loss

School of Mathematics

Georgia Institute of Technology
Atlanta, GA 30332

USA

Email: loss@math.gatech.edu

Gisela Markmiller

Department of Mathematics

University of Regensburg

D-93040 Regensburg

Germany

Email: gisela.markmiller@stud.uni-regensburg.de

Michael Melgaard

School of Mathematics

Cardiff University

Senghennydd Road

CF24 4YH Wales

United Kingdom

Email: melgaardm@cardiff.ac.uk

Marco Merkli

Department of Mathematics
University of Toronto

100 St. George Street

M5S 3G3 Toronto, Canada
Email: merkli@math.toronto.edu

Jacob Schach Mgller
FB Mathematik (17)
Mainz Universitat
D-55099 Mainz
Germany

Email: jacob@imf.au.dk

Hatem Najar

Département de Mathématiques
Institut Galilée

Université Paris Nord

F-93430 Villetaneuse

France

Email: najar@math.univ-paris13.fr
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Saad Olfa

Département de Mathématiques
Institut Galilée

Université Paris Nord

F-93430 Villetaneuse

France

Email: saad@math.univ-paris13.fr

Peter Otte

Department of Mathematics

University of Regensburg

D-93040 Regensburg

Germany

Email: peter.otte@mathematik.uni-regensburg.de

Thomas Pedersen
Department of Mathematics
University of Copenhagen
Universitetsparken 5
DK-2100 Copenhagen O
Denmar

Email: thp@fys.ku.dk

Alessandro Pizzo
Sissa-Trieste

Via G. Leopardi 27
1-90144 Palermo
Italy

Email: pizzo@sissa.it

Andrei V. Prasolov

Institutt for Matematikk og Statistikk
Universitetet 1 Tromsg

N-9037 Tromsg

Norge

Email: prasolov@math.uit.no

Norbert Roehrl

Mathematik

Universitat Miinchen

Theresienstr. 39

D-80333 Miinchen, Germany

Email: norbert.roehrl@mathematik.uni-regensburg.de
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Tomasz Schreiber

Faculty of Mathematics and Computer Science
Nicholas Copernicus University

Ul. Chopina 12-18

PL-87-100 Torun, Poland

Email: tomeks@mat.uni.torun.pl

Robert Seiringer

Institute for Theoretical Physics
University of Vienna
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A-1090 Vienna

Austria
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Heinz Siedentop

Mathematik

Universitat Munchen

Theresienstr. 39

D-80333 Miinchen, Germany

Email: hkh@rz mathematik.uni-muenchen.de

Erik Skibsted

Department of Mathematical Sciences
University of Aarhus
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Jan Philip Solovej
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Department of Mathematics
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Zentrum Mathematik
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Germany
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Zentrum Mathematik
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19



Ivan Veselié¢

Ruhr-Universitat Bochum

Fakultat fiir Mathematik, NA 3-27
D-44780 Bochum

Germany

Email: ivan@mathphys.ruhr-uni-bochum.de

Semjon Wugalter

Mathematik

Universitat Miinchen

Theresienstr. 39

D-80333 Miinchen, Germany

Email: semjon.wugalter@mathematik.uni-regensburg.de

20



