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Mazarredo 14, Bilbao, Basque Country, Spain

MMBTA 2016 is an international conference focussing on new developments in
the field of Many-Body Theory, which explores the mathematical principles describ-
ing (quantum) particles, atoms and molecules. In addition to its central position in
traditional mathematical and theoretical physics, this branch of research is increasingly
important in various domains of modern science, including quantum computing, quan-
tum chemistry and quantum biology. The conference will allow emerging leaders in the
domain to showcase their research and to interact with established scientists.
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Chairman J-B. Bru W. Pedra M. Merkli A. Vershynina S. Jansen

9:00 to 10:10 9:30: Welcome
Presentation

M. Correggi S. Jansen B. Nachtergaele A. Joye

10:10 to 11:20 V. Bach M. Lewin A. Klein S. Starr S. Petrat

Coffee Break

11:50 to 13:00 J. C. Alves
Barata

J. Fröhlich M. Escobedo C.-A. Pillet A. Vershynina
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Chairman V. Bach M. Lewin A. Joye S. Breteaux

15:00 to 16:10 P. Pickl A. Giuliani Free afternoon M. Porta M. Ballesteros

16:10 to 17:20 A. Chandra B. Savoie Z. Ammari H. Cornean

Dinner
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Abstracts
João Carlos Alves Barata
jbarata"at"if.usp.br
Instituto de Física da Universidade de São Paulo. Departamento de Física Matemática. São Paulo,
Brazil

Localization and the Semiclassical Limit in Quantum Field Theories
We discuss the semiclassical limit of particle states in Quantum Field Theories and some localization
problems related to it.

Zied Ammari
zied.ammari"at"univ-rennes1.fr
IRMAR, University of Rennes 1 Campus de Beaulieu, 35042 Rennes, France

On the relationship between the Klein-Gordon-Schrödinger system and the Nelson
model without a UV cutoff
Among the nonlinear PDEs community, the system of Klein-Gordon-Schrödinger equations with
Yukawa coupling is quite well studied. The model is usually interpreted as describing a non-
relativistic nucleon field interacting with a relativistic meson field. I will show in this talk how the
above system can be derived as an effective theory of the Nelson model without UV cutoff. In addi-
tion, I will discuss the interplay between classical and quantum renormalization procedures in this case.

Joint work with Marco Falconi.

Volker Bach
v.bach"at"tu-bs.de
Mathematics Department, TU Braunschweig Pockelsstr. 14, 38106 Braunschweig, Germany

Diagonalizing Operators by Unitary Flows
A non–autonomous, non-linear evolution equation on the space of operators on a complex Hilbert
space is studied. This evolution equation derives from the Brocket–Wegner flow that was proposed to
diagonalize matrices and operators by a strongly continuous unitary flow. The solution of the flow
equation leads to a diagonalization of Hamiltonian operators. Applications to the diagonalization of
matrices and of quadratic boson Hamiltonians are reviewed and a proposal for the contruction of
ground states of quantum systems by this method is presented.

Joint work with Jean-Bernard Bru.

Miguel Ballesteros
miguel.ballesteros"at"iimas.unam.mx
IIMAS, Universidad Nacional Autonoma de Mexico (UNAM) Apartado Postal 20-126, San Angel
01000, Mexico City, Mexico

Construction of Ground State Eigenvalues and Resonances
In this talk I present new insights and methods for the construction of eigenvalues and resonances in
models of atoms coupled to quantized fields, such as the Pauli-Fierz and spin-Boson models. I present
extensions and modifications of multi-scale analysis (Pizzo method) and spectral renormalization
(Bach-Fröhlich-Sigal method, based on the Feshbach map), applied to different problems.

Based on joint work with Volker Bach, Jérémy Faupin, Jürg Fröhlich, Martin Könenberg, Lars
Menrath, Alessandro Pizzo and Baptiste Schubnel.
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Ajay Chandra
Ajay.Chandra"at"warwick.ac.uk
University of Warwick Coventry, UK

An analytic BPHZ theorem for regularity structures
I will give a light introduction to the theory of regularity structures and then discuss recent
developments with regards to renormalization within the theory.
When trying to tame divergences using counterterms within regularity structures there are two key
things one has to verify: (i) the insertion of the counter-term corresponds to a renormalization of the
equation and is allowed by the algebraic structure of regularity structures, (ii) there is a way to choose
the value of counterterms which yield the right stochastic estimates. This verification is difficult when
the divergences become numerous and are nested/overlapping.
Recent work by Bruned, Hairer, and Zambotti provides a robust framework to systematically handle
the first issue, I will describe how this can be combined with multiscale techniques from constructive
field theory in order to handle the second. This is joint work with Martin Hairer.

Joint work with Martin Hairer.

Horia Cornean
cornean"at"math.aau.dk
Department of Mathematical Sciences, Aalborg University Fredrik Bajers Vej 7G, 9220, Aalborg,
Denmark

Wannier functions, Bloch bundles and topological degree theory
Consider a real analytic and time reversal symmetric family of Bloch projections of rank N . We
present a constructive proof for the existence of a corresponding Bloch basis, which is both real
analytic and periodic with respect to its d-dimensional quasi-momenta when 1 ≤ d ≤ 3 and N ≥ 1.
This basis is also time reversal symmetric, hence the corresponding exponentially localized composite
Wannier functions are real. If time permits, we will show what goes wrong in dimension four and higher.

Joint work with Gheorghe Nenciu (Bucharest) and Ira Herbst (Charlottesville).

Michele Correggi
michele.correggi"at"gmail.com
Department of Mathematics and Physics, Roma Tre University L.go San Leonardo Murialdo, 1,
00146, Rome

Curvature Effects in Surface Superconductivity
We review some recent results about the behavior of extreme type-II superconductors in the surface
superconductivity regime, i.e., between the second and third critical fields. Within the Ginzburg-
Landau theory, we derive the effects of the (smooth) boundary curvature to the energy asymptotics
and to the density of Cooper pairs. We also discuss some work in progress about the modifications
induced by the presence of corners.

Joint work with N. Rougerie, E.L. Giacomelli.

Miguel Escobedo
miguel.escobedo"at"ehu.es
Departamento de MatemÃ¡ticas, Facultad de Ciencias y TecnologÃa Universidad del PaÃs Vasco
Barrio Sarriena s/n 48940 Lejona (Vizcaya), Spain

Finite time blow up for the Boltzmann-Nordheim equation.
I will present a result of blow up in finite time for some solutions of the Boltzmann Nordheim equation
and explain the possible relations with the Bose Einstein condensation phenomena.
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Jürg Frölich
juerg.froehlich"at"itp.phys.ethz.ch
Institut für Theoretische Physik, ETH Zürich Wolfgang-Pauli-Str. 27, 8093 Zürich, Switzerland

Physical Implications of the Chiral Anomaly - From Condensed Matter Physics
to Cosmology
Starting with a brief recap of the fractional quantum Hall effect, and, in particular, of the role of
anomalous edge- and bulk currents in the electrodynamics of 2D electron gases exhibiting the QHE, I
proceed to discuss the theory of time-reversal invariant 2D topological insulators and their edge spin
currents. I then discuss 3D topological insulators and their boundary degrees of freedom, as well as
"axionic" topological insulators in three dimensions. This will then lead us to discussing applications
of similar ideas to problems in cosmology. I will end my presentation by sketching a model for dark
energy and dark matter involving an axion and a non-abelian gauge field.

Alessandro Giuliani
giuliani"at"mat.uniroma3.it
Università degli Studi Roma Tre L.go S. L. Murialdo 1, 00152 Roma - Italy

Periodic striped ground states in Ising models with competing interactions
We consider Ising models in two and three dimensions, with short range ferromagnetic and long range,
power-law decaying, antiferromagnetic interactions. We let J be the ratio between the strengths of
the ferromagnetic and of the anti-ferromagnetic interaction. The competition between these two kinds
of interactions induces the system to form domains of minus spins in a background of plus spins,
or vice versa. If the decay exponent p of the long range interaction is larger than d + 1, with d the
space dimension, this happens for all values of J smaller than a critical value Jc(p), beyond which the
ground state is homogeneous. In this talk, we give a characterization of the infinite volume ground
states of the system, for p > 2d and J in a left neighborhood of Jc(p). In particular, we report a
proof that the quasi-one-dimensional states consisting of infinite stripes (d = 2) or slabs (d = 3), all
of the same optimal width and orientation, and alternating magnetization, are infinite volume ground
states. We shall explain the key aspects of the proof, which is based on localization bounds combined
with reflection positivity.

Joint work with Robert Seiringer.
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Sabine Jansen
sabine.jansen"at"rub.de
Ruhr-Universität Bochum Fakultät für Mathematik NA 4/31, Ruhr-Universität Bochum, 44780
Bochum, Germany

Multi-species virial expansions
We present some recent results on cluster and virial expansions. The main result concerns the virial
expansion of mixtures of countably many different types of particles. It is studied with the help of
the Lagrange-Good inversion formula, which has other applications such as counting coloured trees or
studying probability generating functions in multi-type branching processes. We prove that the virial
expansion converges absolutely in a domain of small densities. We also check that for rigid objects,
the multi-species virial coefficients can be expressed in terms of two-connected graphs. In addition
we show that for a solvable one-dimensional model, the multi-species Tonks gas, the virial expansion
converges in a domain much larger than the activity expansion.

Joint work with Stephen Tate, Dimitrios Tsagkarogiannis, Daniel Ueltschi.

References
[1] S. Jansen, S. J. Tate, D. Tsagkarogiannis, D. Ueltschi. Multi-species virial expansions. Commun.

Math. Phys., 2014, 331, 1133-1154, DOI 10.1007/s00220-014-2026-9

[2] S. Jansen. Cluster and virial expansions for the multi-species Tonks gas. J. Stat. Phys., 2015, 161,
1299-1323 DOI 10.1007/s10955-015-1367-x

Alain Joye
alain.joye"at"univ-grenoble-alpes.fr
Institut Fourier, Université Grenoble Alpes CS 40700, 38058, Grenoble, France

Representations of CCR describing infinite coherent states
We investigate the infinite volume limit of quantized photon fields in multimode coherent states.
We show that for states containing a continuum of coherent modes, it is natural to consider their
phases to be random and identically distributed. The infinite volume states give rise to Hilbert space
representations of the canonical commutation relations which are random as well and can be expressed
with the help of Itô stochastic integrals. We analyze the dynamics of the infinite coherent state alone
and that of open systems consisting of small quantum systems coupled to the infinite coherent state.
Under the free field dynamics, the initial phase distribution is shown to be driven to the uniform
distribution, and coherences in small quantum systems interacting with the infinite coherent state,
are shown to exhibit Gaussian time decay, instead of the exponential decay caused by infinite thermal
states.

Joint work with Marco Merkli.

References
[1] A. Joye, M. Merkli Representations of Canonical Commutation Relations Describing Infinite Co-

herent States . Commun. Math. Phys., 2016, Online First, DOI 10.1007/s00220-016-2611-1
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Abel Klein
aklein"at"uci.edu
University of California, Irvine University of California, Irvine, Department of Mathematics, Irvine,
CA 92697-3875, USA

Eigensystem Bootstrap Multiscale Analysis for the Anderson Model
We use a bootstrap argument to enhance the eigensystem multiscale analysis, introduced by Elgart
and Klein [1] for proving localization for the Anderson model at high disorder. The eigensystem
multiscale analysis studies finite volume eigensystems, not finite volume Green’s functions. It yields
pure point spectrum with exponentially decaying eigenfunctions and dynamical localization. The
eigensystem bootstrap multiscale analysis [2] only requires the verification of polynomial decay of
the finite volume eigenfunctions, at some sufficiently large scale, with some minimal probability
independent of the scale. It yields exponential localization of finite volume eigenfunctions in boxes
of side L, with the eigenvalues and eigenfunctions labeled by the sites of the box, with probability
higher than 1− e−L

ξ

, for any desired 0 < ξ < 1.

Joint work with C.S. Sidney Tsang.

References
[1] A. Elgart and A.Klein. An eigensystem approach to Anderson localization. Preprint,

arXiv:1509.08521

[2] A. Klein and C.S.S. Tsang. Eigensystem Bootstrap Multiscale Analysis for the Anderson Model.
In preparation

Mathieu Lewin
mathieu.lewin"at"math.cnrs.fr
CNRS & University of Paris-Dauphine Place de Lattre de Tassigny, 75016 Paris, France

Derivation of the magnetic Euler-Heisenberg Energy
In quantum field theory, the vacuum is a fluctuating medium which behaves as a nonlinear polarizable
material. In this talk I will describe a recent work [1] where we perform the first rigorous derivation
of the magnetic Euler-Heisenberg effective energy, a nonlinear functional that describes the effective
fluctuations of the quantum vacuum in a classical magnetic field.
We start from a classical magnetic field in interaction with a quantized Dirac field in its ground
state, and we study a limit in which the classical magnetic field is slowly varying. After a change of
scales, this is equivalent to a semi-classical limit h̄→ 0, with a strong magnetic field of order 1/h̄. In
this regime, we prove that the energy of Dirac’s polarized vacuum converges to the Euler-Heisenberg
functional. The model has ultraviolet divergences, which we regularize using the Pauli-Villars method.
We also discuss how to remove the regularization of the Euler-Heisenberg effective Lagrangian, using
charge renormalization, perturbatively to any order of the coupling constant.

Joint work with Philippe Gravejat (Cergy) & Éric Séré (Paris-Dauphine).

References
[1] P. Gravejat, M. Lewin, and É. Séré. Derivation of the magnetic Euler-Heisenberg energy. ArXiv

1602.04047, 2016.
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Bruno Nachtergaele
bxn"at"math.ucdavis.edu
University of California, Davis Department of Mathematics, Davis CA, 95616, USA

Stability of Frustration-Free Ground States of Quantum Spin Systems
We study frustration-free quantum lattice systems with a non-vanishing spectral gap above one or
more (infinite-volume) ground states. The ground states are called stable if arbitrary perturbations of
the Hamiltonian that are uniformly small throughout the lattice have only a perturbative effect. In the
past several years such stability results have been obtained in increasing generality. We review results
by Bravyi-Hastings, Bravyi-Hastings-Michalakis, and Michalakis-Zwolak, as well as recent refinements.

Joint work with Robert Sims and Amanda Young.

Sören Petrat
soeren.petrat"at"ist.ac.at
IST Austria Am Campus 1, 3400 Klosterneuburg, Austria

Derivation of mean-field dynamics for fermions
My talk is about the derivation of the time-dependent Hartree-Fock equation from the Schroedinger
equation for fermions in a mean-field limit. I introduce and discuss different scaling limits for such a
derivation and present an overview of the recent rigorous results. I will focus on the results I obtained
with V. Bach, S. Breteaux, P. Pickl, and T. Tzaneteas, and I will briefly sketch the basic ideas and
methods we use in our work.

Joint work with V. Bach, S. Breteaux, P. Pickl, and T. Tzaneteas.

Peter Pickl
pickl"at"math.lmu.de
LMU Munich Theresienstr. 39, 80333 München, Germany

Derivation of the time dependent Vlasov-Poisson equation
The rigorous derivation of the Vlasov-Poisson equation from Newtonian mechanics of N Coulomb-
interacting particles is still an open problem. In the talk I will present recent results, where an
N-dependent cutoff is used to make the derivation possible [1, 2, 3]. The cutoff is removed as the
particle number goes to zero. The result holds for typical initial conditions, only. This is, however,
not a technical assumption: one can in fact prove deviation from the Vlasov equation for special
initial conditions for the system we consider.

Joint work with Niklas Boers and Dustin Lazarovici.

References
[1] P.-E. Jabin and M. Hauray: Particles approximations of Vlasov equations with singular forces:

Propagation of chaos. Annales scientiques de l’ENS 48, 2015, 891-940

[2] N. Boers and P. Pickl: On Mean Field Limits for Dynamical Systems. J. Stat. Phys., 2015,
DOI:10.1007/s10955-015-1351-5

[3] D. Lazarovici and P. Pickl: A mean-field limit for the Vlasov-Poisson system. arXiv:1502.04608
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Claude-Alain Pillet
pillet"at"univ-tln.fr
Centre de Physique Théorique, Marseille

Thermodynamics of repeated quantum measurements
We investigate the irreversibility induced by repeated measurements of a finite quantum system,
quantifying this irreversibility in terms of information theoretic entropy production. Adopting a
dynamical system approach, we develop a thermodynamic formalism for entropy production and
study detailed aspects of irreversibility related to the hypothesis testing of the arrow of time. Under a
suitable chaoticity assumption, we establish a Large Deviation Principle and a Fluctuation Theorem
for the entropy production of repeated measurement processes.

Joint work with T. Benoist , V. Jakšić and Y. Pautrat.

Marcello Porta
marcello.porta"at"math.uzh.ch
University of Zürich, Institute for Mathematics Winterthurerstrasse 190, Zürich, Switzerland

Universality and topological phase transitions in interacting fermionic systems.
In this talk I will discuss the charge transport properties of weakly interacting fermionic systems, in
the zero temperature and infinite volume limit. In the first part of the talk I will consider general
interacting, gapped fermionic systems on periodic two-dimensional lattices. Our theorem states that
the Kubo conductivity matrix is independent of many-body interactions, provided the interaction
strength is small enough [1]. In particular, the result proves the stability of the integer quantum Hall
effect against weak many-body interactions.
In the second part of the talk, I will focus on the topological phase transitions of the interacting
Haldane model. The Haldane model is a graphene-like model that, in the absence of interactions,
displays a non-trivial topological phase diagram. We consider the model in the presence of weak
many-body interactions, and we give a rigorous construction of the renormalized transition line between
different topological phases [2]. In particular, we prove the universality of the discontinuity of the Hall
conductivity at the critical line; moreover, we prove that the longitudinal conductivity on the critical
line is also universal, and equal to e2

h
π
4 .

The proofs are based on a combination of fermionic cluster expansion, renormalization group and
Ward identities.

Joint work with Alessandro Giuliani, Ian Jauslin and Vieri Mastropietro.

References
[1] Alessandro Giuliani, Vieri Mastropietro, Marcello Porta. Universality of the Hall conductivity in

interacting electron systems. arXiv:1511.04047, accepted in Comm. Math. Phys.

[2] Alessandro Giuliani, Ian Jauslin, Vieri Mastropietro, Marcello Porta. Renormalization of the tran-
sition lines and universality of the Hall conductivity in the Haldane-Hubbard model. In preparation.
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Baptiste Savoie
baptiste.savoie"at"gmail.com
DIAS-STP 10 Burlington Road, Dublin 04, Ireland

On the atomic orbital magnetism: A rigorous derivation of the Larmor and Van
Vleck contributions.
The purpose of this talk is to rigorously review the orbital magnetism of core electrons in 3-dimensional
crystalline ordered solids and in the zero-temperature regime. Our model is a non-interacting Fermi gas
subjected to an external periodic potential which models the crystalline field within the tight-binding
approximation (i.e. when the distance between two consecutive ions is large). For a fixed number of
particles in the Wigner-Seitz cell and in the zero-temperature limit, we derive an asymptotic expansion
for the bulk zero-field orbital susceptibility. We prove that the leading term is the superposition of
the Larmor diamagnetic contribution, generated by the quadratic part of the Zeeman Hamiltonian,
together with the ’complete’ orbital Van Vleck paramagnetism contribution, generated by the linear
part of the Zeeman Hamiltonian, and related to field-induced electronic transitions.

Shannon Starr
slstarr"at"uab.edu
University of Alabama at Birmingham 1300 University Boulevard, Birmingham, AL 35294-1170,
USA

Asymptotic FOEL for the Heisenberg Model on Boxes
The quantum Heisenberg model commutes with the SU(2) representation associated to total spin. A
celebrated result of Lieb and Mattis shows that the antiferromagnet on a balanced bipartite graph
has the property that considering the minimum energy of the Hamiltonian restricted to a subspace
with total spin S, the function Eanti

0 (S) is an increasing function of S. For the ferromagnet, the
FOEL-n property is that Eferro

0 (Smax − k) is increasing for k ∈ {0, . . . , n}, where Smax = 1
2 |Λ|

is the maximum possible total spin on the graph Λ. For “boxes” in d = 1 this was proved for
the maximum possible n, bL/2c in [1]. Some other graphs require restrictions [2]. We describe a
proof that for boxes in d-dimensions, FOEL-n holds as long as the side-length satisfies L ≥ L0(n, d), [3].

Joint work with Bruno Nachtergaele and Wolfgang Spitzer.

References
[1] B. Nachtergaele, W. Spitzer, and S. Starr. Ferromagnetic Ordering of Energy Levels. .

J. Statist. Phys. (2004) 116, 719–738.

[2] W. Spitzer, S. Starr, and L. Tran. Counterexamples to Ferromagnetic Ordering of Energy Levels.
J. Math. Phys. (2012) 53 043302.

[3] B. Nachtergaele, W. Spitzer, and S. Starr. Asymptotic Ferromagnetic Ordering of Energy Levels
for the Heisenberg Model on Large Boxes. Preprint, 2015, arXiv:1509.00907.
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Anna Vershynina
annavershynina"at"gmail.com
Technical University of Munich Boltzmannstr. 3, Garching, Germany

Quantum analogues of geometric inequalities for Information Theory
Geometric inequalities, such as entropy power inequality or the isoperimetric inequality, relate
geometric quantities, such as volumes and surface areas. Entropy power inequality describes how the
entropy power of a sum of random variables behaves to the sum of entropy powers. The isoperimetric
inequality for entropies relates the entropy power and the Fisher information, and implies that
Gaussians have minimal entropy power among random variables with a fixed Fisher information.
Classically, these inequalities have useful applications for obtaining bounds on channel capacities, and
deriving log-Sobolev inequalities.
In my talk I provide quantum analogues of certain well-known inequalities from classical Information
Theory, with the most notable being the isoperimetric inequality for entropies. The latter inequality
is useful for the study of convergence of certain semigroups to fixed points. In the talk I demonstrate
how to apply the isoperimetric inequality for entropies to show exponentially fast convergence of
quantum Ornstein-Uhlenbeck (qOU) semigroup to a fixed point of the process. The inequality
representing the fast convergence can be viewed as a quantum analogue of a classical Log-Sobolev
inequality. As a separate result, necessary for the fast convergence of qOU semigroup, I argue that
gaussian thermal states minimize output entropy for the attenuator semigroup among all states with
a given mean-photon number.

Joint work with S. Huber and R. König.
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