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Gerd Grubb e | comteronee
Copenhagen University, Denmark

Fractional-order pseudodifferential operators
on nonsmooth domains

Tuesday, 7 July
10:10 - 10:40




Abstract: Fractional-order pseudodifferential operators, in

particular non-integer powers of the Laplacian, have

recently come into focus because of their interest in

financial theory and probability (they also occur in

differential geometry and mathematical physics). In spite

of their pseudodifferential nature, the use of ps.d.o.

methods has been somewhat scarce, maybe because the

ps.d.o. apparatus is technically complicated and is not Gerd Grubb

part of the general curriculum in the teaching of Analysis. Copenhagen University, Denmark

For boundary value problems it was possible in 2014/15
to use ps.d.o. methods to get fine regularity results,
obtained earlier only in low-order Holder spaces by
potential-theoretic methods. When lecturing on these
things to applications-oriented people, | have been met
by the criticism, that ps.d.o. methods require a high
regularity of the set-up, C “coefficients and C* domains.

There do exist pseudodifferential theories where symbols N— ) )
p(x,£) are only Holder-smooth in x, but the question of e Pseudo-differential
how a non-smooth change of variables affects the

operators has not been satisfactorily dealt with up to b@ conference

NOW. JGEMN BE HARMORNIC WITH ANALYS|S

Very recently | have completed a joint work with Helmut
Abels, where we address this question, and work out
conclusions for suitable fractional-order boundary
problems.
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Johannes Sjdstrand s, B G
University of Burgundy in
Dijon, France

Bergman kernels in the analytic case

Tuesday, 7 July
10:50-11:20




Johannes Sjostrand

University of Burgundy in Dijon
France

Abstract: We explain a result on the precise
asymptotics of the Bergman kernel for
exponentially weighted spaces and for high
powers of a complex line bundle in the real
analytic framework, due to Sj., Rouby, Ngoc
andalso to A. Deleporte. We give some ideas
from our proof, based on an adapted calculus

of Fourier integral operators, and also discuss
wmars:  pgeudo-differential a recent simplification by A. Deleporte, M.
M conference Hitrik, Sj.
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Elena Cordero
University of Torino, Italy

Properties of Eigenfunctions of pseudodifferential
operators via Gabor frames

Tuesday, 7 July
11:40-12:10




Elena Cordero
University of Torino, Italy

Abstract: We study the smoothness and the decay properties for eigenfunctions of compact pseudodifferential operators with symbols in modulation spaces. In particular, we focus on localization and Weyl operators.
Localization operators have become popular with the papers by I. Daubechies in 1988 and from then widely investigated by several authors in different fields of mathematics and physics: in Signal Analysis, Quantum
Mechanics and in the framework of pseudodifferential calculus. Localization operators can be introduced via the time-frequency representation known as short-time Fourier transform. Recall first the modulation M, and

translation T,operators of a function f on R?

Mo f(£) = ™t f (1), Tf(t)=f(x—1t), xw€R?,
Fix a non-zero window function 1 in the Schwartz class S(]Rd ).The short-timeFourier transform of a tempered distribution f € S’(]Rd ), is given by

Vi f Gt @) = (f, 7, @) = F(FTa) (@) = fRdf(y) PO = De2mrody,

AZ’NI’Z

The localization operator with symbol a and windows 1,1, is formally defined by

aro = [

a(x, w)Vy, f(x, )M, T, (H)dxdw .
]de

AZ)NI’Z

A localization operator can be represented as a Weyl pseudodifferential operator L, with symbol o as

Y12 _
Aal 2= La*W(llJz'llh)

Where 0 = a x W (2,¥1) and W (3, 1) is the cross-Wigner distribution:
t t .
Wz, 1) = f Y, (x + —) (21 (x - —) e 2myadt,
R4 2 2

Considering symbols a in the wide modulation space MP*® (containing the Lebesgue space LP(), p < o, and two general windows 1;, 1, in the Schwartz class S(]Rd ), we show that LZ(]Rd )-eigenfunctions with non-
zero eigenvalue are indeed highly compressed onto a few Gabor atoms.

The key idea is to study first smoothness and decay properties for eigenfunctions of compact Weyl operators. We shall show that under suitable assumptions on the Weyl symbol, anyL2-eigenfunction with non-zero
eigenvalue is highly concentrated on the time-frequency space.

An important role in the proofs is played by quasi-Banach Wiener amalgam and modulation spaces. As a byproduct, new convolution relations for modulation spaces in the quasi-Banach setting are exhibited. Finally, we
will show conjectures and partial results for eigenfunctions of localization and Kohn-Nirenberg operators on locally compact abelian (LCA) groups.
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Smoothing properties of semigroups generated
by accretive quadratic operators

Tuesday, 7 July
12:20-12:30




Abstract: Accretive quadratic operators are
differential operators defined by the Weyl
3uantization of complex-valued quadratic forms
efined on the phase space with non-negative
real parts. The smoothing properties of the
semi§rou§s generated by this class of operators
on L“(R ™) are encoded in the structure of a
vector subspace of the phase space intrinsically
linked to the quadratic operator at play (called its
singular space) introduced by M. Hitrik and K.
Pravda-Starov. This talk is devoted to present this
result in details and to give the sketch of its
proof. The method is based on a polar
decomposition approach, that is, on describing
the decomBosition of the evolution operators
generated by accretive quadratic operators as
the product of a selfagljoint operator and a
unitary operator on L“(R ™). Such a
decomposition is obtained by exploiting the
Fourier integral operator structure of these
evolution operators given in a paper by L.
Hormander. This is a joint work with J. Bernier.

Paul Alphonse

Université de Rennes 1, France
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Karel Pravda-Starov
Université de Rennes 1, France

Uncertainty principles and null-controllability
of evolution equations enjoying Gelfand-Shilov
smoothing effects

Tuesday, 7 July
14:20 - 14:50




Abstract: We discuss uncertainty principles for
finite combinations of Hermite functions and
establish some spectral inequalities for control
subsets that are thick with respect to some
unbounded densities growing almost linearly at
infinity. These spectral inequalities allow to derive
the null-controllability in any positive time for
evolution equations enjoying specific regularizing
effects in Gelfand-Shilov spaces.

This is a joint work with Jérémy Martin (Université
de Rennes 1).

Karel Pravda-Starov

Université de Rennes 1, France
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Alberto Parmeggiani
University of Bologna, Italy

On the solvability of degenerate PDEs

Tuesday, 7 July
15:00 - 15:30




Abstract: In this talk | will survey some
solvability results related to a class of
degenerate second order PDEs which are

generalizations of the (formal adjoint of the)
Kannai operator.

Alberto Parmeggiani
University of Bologna, Italy
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Hyperbolic problems with totally characteristic
boundary

Tuesday, 7 July
15:40 - 16:10




Ingo Witt

University of Gottingen, Germany

Abstract: We consider first-order NXN hyperbolic system
du + A(t, X, y, XDy, Dy)u = f(t, x,y) in (0, T)XIR}_*’d
(1) 1+d
Ule=o = Ug(x,y) on Ry
with variables (t,x,x) € (0,T)x R, X R%. The lateral boundary at x = 0 is totally
characteristic due to the presence of the derivative xD,. As the lateral boundary is
totally characteristic, no boundary conditions are required.

We show that the Cauchy problem (1) has a solution u in a class of Sobolev spaces
with asymptotics, where
u(t,x,y) ~ X xP logk x Upi(t,y) asx - +0
with (p,k) € CX Ny, Rp — o as |p| = o, provided that f and u, have assymptotics
of the same type. Furthermore, we show that the boundary traces u,, solve

hyperbolic Cauchy problems on (0, T)XR%. A special case arises when u(t,x,y) ~
ZleNoxlul(t, y) as x = +0in which case we solve in the standard Sobolev spaces

HS ((o, T)XRL¥; CN) .
This is a joint work with Zhuoping Ruan (Nanjing University).
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University of California
Berkley, USA

Analytic hypoellipticity of Keldysh operators

Tuesday, 7 July
16:30-17:00




Abstract: For operators modeled by P =

x1DZ + D, + aD, we show that if u is Maciej Zworski
smooth and P u is analytic then u is analytic. University of California
This is motivated by the question of Berkley, USA

analyticity of quasinormal modes of black
holes across event horizons and is a
consequence of a general microlocal result.
Joint work with J. Galkowski.
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Gerardo Mendoza
Temple University, USA

R-actions and invariant differential operators

Tuesday, 7 July
17:10-17:40
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Gerardo Mendoza
Temple University, USA
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Abstract: A compact manifold together with a
nowhere vanishing real vector field that leaves
invariant some Riemannian metric behaves in many
senses like a circle bundle over a compact base. To
illustrate the point, | will discuss a theorem concerning
the action of the vector field on the kernel of an
invariant differential operator, the latter acting on
sections of a Hermitian vector bundle and assumed to
be normal with respect to the natural Hilbert space
structure, the former acting as a formally self adjoint
operator (all under certain hypoellipticity/ellipticity
condition). As an application | will discuss how this
generalizes Kodaira's vanishing theorem.
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Ville Turunen
Aalto University, Finland

Time-frequency analysis on locally compact
groups

Tuesday, 7 July
18:00 - 18:30
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Ville Turunen
Aalto University, Finland

Ville Turunen
Aalto University, Finland

Abstract: Time-frequency analysis can be
described as Fourier analysis simultaneously
both in time and in frequency. Its origins are
in quantum mechanics, in signal processing in
Euclidean spaces, and in pseudo-differential

operators. In this presentation we show how g e 5 Pseudo-differential
to generalize time-frequency analysis to those conference
locally compact groups that allow a nice- n ; e e e
enough Fourier transform: wide families of
non-commutative groups can be treated. Our
results on locally compact groups shed new
light also on the analysis in Euclidean spaces.
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Bernard Helffer
Université de Nantes, France

Spectral analysis near a Dirac type crossing in
a weak non-constant magnetic field (after H.
Cornean, B. Helffer and R. Purice)

Wednesday, 8 July
10:00 - 10:30



Bernard Helffer
Université de Nantes, France
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Abstract: This is the continuation of a series of works
devoted to the justification of the Peierls substitution
in the case of a weak magnetic field. Here we deal
with two 2d Bloch eigenvalues which have a conical
crossing. It turns out that in the presence of an almost
constant weak magnetic field, the spectrum near the
crossing develops gaps which remind of the Landau
levels of an effective mass-less magnetic Dirac
operator. This involves the semi-classical analysis for
the Peierls-Onsager effective Hamiltonian which is
done through the combination of different pseudo-
differential calculi.
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Claudia Garetto
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Hyperbolic Cauchy problems with multiplicities

Wednesday, 8 July
10:40 - 11:10




Claudia Garetto

University of Loughborough, UK Abstract: In this talk we give a survey on some
recent results, obtained in collaboration with
Michael Ruzhansky and Christian Jah, on
hyperbolic Cauchy problems with
multiplicities. In particular, we will explain
how the theory of pseudo-differential
operators is employed in order to get well-

"4:”, Pseudo-differential posedness.
M conference

UGEM BE HARMORNIC WITH ARALTSIS
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Joachim Toft S
Linnaeus University, Sweden

Liftings for ultra-modulation spaces, and
one-parameter groups of Gevrey type

pseudo-differential operators

Wednesday, 8 July
11:30-12:00




Joachim Toft
Linnaeus University, Sweden

Abstract: Letr §‘”°) be the set of all a € C*®( R*%) such that

1
10% a(X)| < Cq h%las wo(X), wo(X +Y) < Cwy(X)e™F,
forsome h > 0 and every r > 0. We deduce one-parameter group properties for pseudo-differential operators in Op (I’ §“’°)). We use this to show that

0p (@) o 0p (b) = Op (b) © Op (a) = Id forsome a € Op(I' ), beopr ).
By combining these results with the techniques [4], we explain how to deduce lifting property for modulation spaces and construct explicit isomorphisms between them. Some ideas

goes back [2,4]. Especially we prove that for w, wq in a general class of weight functions, the Toeplitz (or localization) operator Tp(wg) is an isomorphism from Mf)’qonto Mf,’q for
every p,q € (0, 00]. We also give some examples on specific liftings, e.g. that the operators

(1 + [x|*M)" +(1+AM2 )P and Tp (exp( (A + 1)+ @ +1E12)P)) )

t
t < 1/2, are bijective mappings between suitable modulation spaces. This can be used to deduce that the Weyl operator Op“’(exp( (A+xD"+ @+ |E)5P )) ) hasindex zero
as a map between these suitable modulation spaces. The talk is based on joint work with A. Abdeljawad and S. Coriasco.
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Joachim Toft
Linnaeus University, Sweden

References

[1] A. Abdeljawad, S. Coriasco, J. Toft. Liftings for ultra-modulation spaces, and one-parameter groups of Gevrey type pseudo-differential operators, Anal. Appl., appeared online 2019.
[2] P. Boggiatto, J. Toft. Embeddings and compactness for generalized Sobolev-Shubin spaces and modulation spaces, Appl. Anal. 84 (2005), 269-282.
[3] K. Grochenig, J. Toft. Isomorphism properties of Toeplitz operators and pseudo-differential operators between modulation spaces, J. Anal. Math. 114 (2011), 255-283.

[4] K. Grochenig, J. Toft. The range of localization operators and lifting theorems for modulation and Bargmann-Fock spaces, Trans. Amer. Math. Soc. 365 (2013),4475—-4496.
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Paula Cerejeiras
Universidad de Aveiro, Portugal
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Abstract: During the last decades one can observe an
increasing interest in discrete structures due to a fast
growing computational power. This evolution in
computational power also allows to replace the
traditional approach of discretisation of partial differential
equations via a variational formulation by a finite element
modelation directly on the mesh. This also opens the way
for discrete analogues to the usual continuous structures,
in particular a discrete function theory. While there is a
deep and long standing theory in the two-dimensional
case, which has applications to problems in probability
and statistical physics (see D. Chelkak, R. Novikov, S.
Smirnoy, just to name a few) the higher dimensional case
is only recently being developed. One of the drawbacks of
the discrete case is the lack of explicit expressions for the
kernels of the corresponding discrete operators. In most
cases only their Fourier symbols are known. In this talk we
adapt the recent theories of discrete pseudo-differential
operators by Botchway/Kibiti/Ruzhansky and
Rabinovich/Roch/ Silbermann to the case of symbols with
values in a complexified Clifford algebras and construct
the necessary tools for a discrete hypercomplex function
theory, like discrete Cauchy kernels, discrete Hilbert and
Riesz-transforms, and Hardy spaces. Special emphases
will be given to the study and application of discrete
Riemann-Hilbert boundary value problems.
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University of Potsdam
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Regularised traces and Getzler's rescaling

Wednesday, 8 July
15:00 - 15:30




Abstract: Inspired by Gilkey's invariance

theory, Connes' deformation to the normal cone and
Getzler's rescaling method, we single out a class of
geometric operators among pseudodifferential
operators acting on sections of a class of natural
vector bundles, to which we attach

a rescaling degree.

This degree is then used to express regularised traces
of geometric operators in terms of a rescaled limit of
Wodzicki residues. When applied to complex powers
of the square of a Dirac operator, this amounts to
expressing the index of a Dirac operator in terms of a
local residue involving the Getzler rescaled limit of its
square.

Sylvie Paycha

University of Potsdam

Germany
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Degenerate Elliptic Boundary Value Problems
with Non-smooth Coefficients

Wednesday, 8 July
15:40-16:10




Elmar Schrohe
University of Hannover, Germany

Abstract: On a manifold of bounded geometry with boundary we consider a uniformly strongly elliptic second order

operator A that locally is of the form
A=— z QjiO O, + 2 bjdy, +c,
Jk J
together with a degenerate boundary operator T of the form
T = ¢oYo + P1V1,
where vy, and y;, denote the evaluation of a function and its exterior normal derivative, respectively, at the boundary,
and ¢, ¢ are smooth functions on the boundary with ¢ = 0, ¢p; = 0, and ¢y + ¢p; = co > 0. Unless either ¢, = 0,
or ¢, = 0 this problem is not elliptic in the sense of Lopatinskij and Shapiro. We show that the realization A of 4 in
LP(Q), has a bounded H*-calculus whenever the a;;, are Hélder continuous and b; as well as ¢ are L. For the proof
we first treat the operator with smooth coefficients on R?}. Here we rely on an extension of Boutet de Monvel’s calculus
to operator-valued symbols of Hormander type (1,8). We then use H*-perturbation techniques in order to treat the
nonsmooth case. As an application we study the porous medium equation. (Joint work with Thorben Krietenstein,
Hannover).

ey 4 Pseudo-differential
M conference
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Gunther Uhlmann

University of Washington, USA \/

Microlocal Analysis and the X-ray Transform

Wednesday, 8 July
16:40-17:10




Abstract: We will consider recent applications
of microlocal analysis to the study of the
geodesic X-ray transform which consists of
integrating a function along geodesics. This
type of transforms have applications to many
fields including medical imaging and
geophysics.

Gunther Uhlmann
University of Washington, USA
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Man Wah Wong
York University, Canada

The Heat Semigroup of the Twisted Laplacian
on the Non-Isotropic Heisenberg Group with
Multi-Dimensional Center

Wednesday, 8 July
17:20-17:50



Man Wah Wong

York University, Canada
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M conference

I GEHM BE HARMORNIC WITH ARALYSIS

Abstract: We give a formula for the one-
parameter strongly continuous semigroup

e~ 1> 0, generated by the twisted
Laplacian A€ R™\{0}, on the non-isotropic
Heisenberg group R™ x R™ x R™ in terms of
Weyl transforms on theses groups, and use it
to obtain an L?-estimate for the solution of
the initial value problem for the heat equation
governed by L% in terms of the LP norm of the
initial data for 1 <p<eo. This is joint work with
Ms. Shengwen Yang of York University.



- . e " contoronce
Marius Mantoiu
University of Chile

Quantizations on Nilpotent Lie Groups and
Algebras Having Flat Coadjoint Orbits

Wednesday, 8 July
18:00 - 18:30




Abstract: For a connected simply connected nilpotent Lie
group G with Lie algebra g and unitary dual G’ one has (a)
a global quantization of operator-valued symbols
involving the representation theory of the group, (b) a
quantization of scalar-valued symbols defined on G Xg*,
taking the group structure into account and (c) Weyl-type
guantizations of all the coadjoint orbits. We show how : :
these quantizations are related, by a careful analysis of Marius Mantoiu

the composition of two different types of Fourier University of Chile, Chile
transformations, interesting in itself. We also describe the !

concrete form of the operator-valued symbol

qguantization, by using Kirillov theory and the Euclidean

version of the unitary dual and Plancherel measure. In the

case of the Heisenberg group, this corresponds to the

known picture, presenting the representation theoretical

pseudo-differential operators in terms of families of Weyl

operators depending on a parameter. For illustration, we

work out a couple of examples and put into evidence R ) )
some specific features of the case of Lie algebras with PBE Pseudo-differential
one-dimensional center. When G is also graded, we make

a short presentation of the symbol classes S™ , M conference
transferred from G X G’ to G Xg* by means of the JGEM BE HARMOMNIC WITH AHALYSIS
connection mentioned above. Joint work with Michael

Ruzhansky.
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The Harmonic Oscillator on The Heisenberg Group
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Smoothing and Strichartz estimates for Degenerate Schrodinger Operators
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