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Tuesday, 11. June 2019

Time

Speaker

Title of Talk

09:15-10:00

G. Paolo Galdi

Viscous Flow past a Body Translating by
Time-Periodic Motion with Zero Average

10:15-11:00

Alessandra Lunardi

Schauder Theorems for Elliptic and
Parabolic Equations in Finite and Infinite
Dimension

11:30-12:15

Winfried Sickel

The Radial Lemma of Strauss - Extensions
to Function Spaces of Fractional Order of
Smoothness and Consequences

15:15-16:00

Joachim Rehberg

Well-posedness for the Keller-Segel Model
— based on a Pioneering Result of Herbert
Amann

16:15-17:00

Daniel Daners

Eventually Positive Semi-Groups and Per-
turbation

17:30-18:15 Christoph Walker Dynamics of a Free Boundary Problem
Modeling MEMS
Wedesday, 12. June 2019
Time Speaker Title of Talk
09:15-10:00 Guiseppe Da Prato  Neumann Problem in Infinite Dimension
10:15-11:00 Hideo Kozono Asymptotic Properties of Steady Solutions to

the 2D Navier-Stokes Equations with the Fi-
nite Generalized Dirichlet Integral

11:30-12:15

Ildefonso Diaz

Beyond the Unique Continuation: “Flat So-
lutions” for Reactive Slow Diffusions, the In-
finite and Hardy Potential for Schrédinger
Equation and 2-d Electron Beams

15:15-16:00

Guido Sweers

Fourth Order Elliptic Equations and Positi-
vity

16:15-17:00

Philippe Laurencot

A Constrained Model for MEMS with Vary-
ing Dielectric Properties

17:30-18:15

Adélia Sequeira

Towards Personalized Accurate Cardiovas-
cular Simulations Using Clinical Data




Thursday, 13. June 2019

Time Speaker Title of Talk

09:15-10:00 Victor Nistor Singular Manifolds Versus Amann Triples

10:15-11:00 Matthias Hieber Analysis of the Ericksen-Leslie Equations for
Nematic Liquid Crystal Flows

11:30-12:15 Lutz Weis Regularity Results for Random Field Solutions
of Stochastic Evolution Equations

15:15-16:00 Patrick Guidotti A Novel Optimization Approach to Fictitious
Domain Methods

16:15-17:00 Elmar Schrohe  Bounded H,-calculus for Boundary Value
Problems on Manifolds with Conical Singula-
rities

17:30-18:15 Gieri Simonett The Surface Diffusion Flow for Uniformly Re-

gular Hypersurfaces

Friday, 14. June 2019

Time Speaker Title of Talk

09:15-10:00 Julian Lopez-Gomez The Characterization of the Strong Maxi-
mum Principle

10:15-11:00 Michel Chipot On some Korn Inequalities

11:30-12:15 V. A. Solonnikov On Evolution Free Boundary Problem for
Viscous Fluids of Different Types: Com-
pressible and Incompressible
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2 Abstracts

On some Korn Inequalities
Michel Chipot

Universitat Ziirich
m.m.chipot@nath.uzh.ch

Let Q be a smooth open set of R", n > 1. We denote by H;(£2) the space (H}(Q))",
ie.,

Hé(ﬂ)z{vz(vl,...,vn) | v; EHS(Q) Yi=1,...,n}.

Vv = (%) will denote the jacobian matrix of v.
J

Ifl;,i=1,...,k denote linear forms on the space of n x n matrices, | |2 the usual
L?(Q)-norm, we are looking for inequalities of the type

k
c|vul, <> |uvo); vveHi(.
i=1

In particular we would like to investigate the smallest k for which such an inequal-
ity exists.

Eventually Positive Semi-Groups and Perturbation
Daniel Daners

University of Sydney
daniel.daners@sydney.edu.au

There is a well established theory of positive semi-groups of linear operators cov-
ering many applications. However, there are some applications that do not involve
positive semi-groups, but exhibit a weaker positivity property in the sense that
the orbits associated with positive initial conditions only become and stay positive
for large time. We call such semi-groups eventually positive. Examples include
certain non-local problems such as delay differential equations or problems with
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non-local boundary conditions. It also includes some evolution problems involving
the Dirichlet-to-Neumann operator or certain fourth order evolution problems.

We will look at some characterisations of eventually positive semi-groups in
terms of properties of the resolvents and the spectrum of the generator. We
furthermore discuss how stable eventual positivity is under perturbations of the
generator.

The material presented is based on joint work with Jochen Gliick (formerly Ulm)
and James Kennedy (Lisbon).

Neumann Problem in Infinite Dimension
Giuseppe Da Prato

Scuola Normale Superiore di Pisa
giuseppe.daprato@sns.it

We are given a separable Hilbert space X and a Kolmogorov operator
1
Zp =S Tr[D’p]+(x,ADy), ¢ € FCPX),

where A = —% Q! with Q symmetric, strictly positive and of trace class. It is well
known that £ has a unique maximal extension in L?(X,u) (that is & C’(X)isa
core for %) and that the Gaussian measure u = Ny, is invariant for £.

We are also given a continuous convex function g : X » R. Weset K = {x €
X: g(x)<0}and = ={x € X : g(x)=0}. We prove some well-posedness and
regularity for the Neumann problem

Ap—Zp=f inKk,
=0 onx,

using penalisation. Here A > 0, f € L2(K,u) and d, represents the exterior normal
of 2.

8 2 Abstracts



Beyond the Unique Continuation: “Flat Solutions” for
Reactive Slow Diffusions, the Infinite and Hardy
Potential for Schrodinger Equation and 2-d Electron
Beams

J. I. Diaz

Universidad Complutense de Madrid
jidiaz@ucm.es

Solutions with compact support for some nonlinear elliptic and parabolic equations,
and many other free boundary problems, are formulations for which the unique
continuation property fails. In such problems, which have attracted the attention
of many specialists, and among them this lecturer, the solution u and its normal
derivative vanish on a region of the boundary (which leads to the definition of a
“flat solution” of the corresponding equation).

In this talk I will present, in a very sketched way, some recent results in this
direction, trying to show how many open problems of this nature still remain as a
source of current research.

More specifically, I will report on some results concerning the following prob-
lems:

I) Stable flat solutions of u,—Au™+u® = Aub for 0 < a < b < m under the stabil-
ity condition 2(m+a)(m+b)—N(m—a)(m—>b) < 0 (joint work with J. Herndndez
and Y. Sh. Ilyasov),

1) Flat solutions to i%—‘f = —AyY + V(x)p in RV, for V(x) > Cd(x,30)72 for
some bounded domain £ (my research continued in collaboration with J. M. Rako-
toson, D. Gdmez-Castro, R. Temam and J. L. Vazquez), ,

a

I1I) Partially flat solutions (u(x,0) = g—;(x, 0) = 0 for x € (—a,0)) to 55+ % =

, X € (—a,a), y € (0,1), for suitable j(x), independent of y (formulation

Jj(x)

Vu(x,y)

raised to me by H. Brezis and J. Lebowitz).




Viscous Flow past a Body Translating by
Time-Periodic Motion with Zero Average

Giovanni P Galdi

University of Pittsburgh
galdi@pitt.edu

We study existence, uniqueness, regularity and asymptotic spatial behavior of a
Navier-Stokes flow past a body, 98, moving by a time-periodic translational motion
of period T, and with zero average. For example, 9 moves in an oscillating fashion.
The flow is also time-periodic with same period T. However, sufficiently “far" from
the body, the oscillatory component decays faster than the averaged component,
so that the flow shows there a distinctive steady-state character. This provides a
rigorous proof of the “steady streaming" phenomenon.

A Novel Optimization Approach to Fictitious Domain
Methods

Patrick Guidotti

University of California, Irvine
gpatrick@math.uci.edu

Many numerical methods for (initial) boundary value problems require a discrete
representation of the domain in which the equations are set. When used in order
to solve moving boundary problems or (domain) optimization problems (for in-
stance), they require remeshing which can significantly add to the complexity and
the computational cost of the resulting algorithms. Embedding methods, such as
fictitious domain or immersed boundary methods try to avoid these issues by for-
mulating the problem in a simpler (read regular) larger numerical domain (grid).
Due to the singularities introduced by the extension to the larger domain, such
methods have often very limited order of accuracy. Meshfree methods also provide
an approach which circumvents the need for remeshing and allow for higher order
implementations.

In this talk we will describe a new fictitious domain method based on the simple
idea of recasting well-posed boundary value problems as under-determined system
in a larger domain which are then solved as minimization problems of appropriate
objective functionals enforcing regularity. This simple approach delivers flexible
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methods of high tunable accuracy which perform well for (initial) boundary value
problems in general domains, with non-constant coefficients and general boundary
conditions. They can be interpreted as new meshfree methods and thus provide a
unifying approach to a wide class of numerical methods for BVPs.

The talk is based on results obtained in collaboration with my students Daniel
Agress and Dong Yan.

Analysis of the Ericksen-Leslie Equations for

Nematic Liquid Crystal Flows
Matthias Hieber

TU Darmstadt
hieber@mathematik.tu-darmstadt.de

In this talk we discuss various aspects of the analysis of the Ericksen-Leslie equa-
tions describing the flow of nematic liquid crystals both in the isothermal and non-
isothermal situation.

We consider here the case of general Leslie and general Ericksen stress. Start-
ing with the development of thermodynamically consistent models, we investigate
these models analytically by regarding them as quasilinear parabolic evolution
equations and obtain a rather complete understanding of the dynamics of these
systems. This is joint work with Jan Priiss.

Asymptotic Properties of Steady Solutions

to the 2D Navier-Stokes Equations
with the Finite Generalized Dirichlet Integral

Hideo Kozono

Waseda University & Tohoku University
kozono@waseda. jp, hideokozono@tohoku.ac. jp

We consider the stationary Navier-Stokes equations in the whole plane R? and in
the exterior domain outside of the large circle. The solution v is handled in the class
with Vv € L1 for q > 2. Since we deal with the case q > 2, our class may be larger
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than that of the finite Dirichlet integrals, i.e., for ¢ = 2 where a number of results

such as asymptotic behavior of solutions have been observed. For the stationary
1 1

(14

problem we shall show that w(x) = o(|x| @ qz)) as |x| —» oo, where w = rotv.

As an application, we prove the Liouville type theorems under the assumption that

w € LI(R?) for g > 2.

This talk is based on the joint work with Yutaka Terasawa (Nagoya Univ.) and
Yuta Wakasugi (Ehime Univ.).

A Constrained Model for MEMS with
Varying Dielectric Properties

Philippe Laurencot

CNRS & Université de Toulouse
laurencot@math.univ-toulouse. fr

A semilinear parabolic equation with constraint modeling the dynamics of a mi-
croelectromechanical system (MEMS) with heterogeneous dielectric properties is
derived and studied. In contrast to the commonly used MEMS model, the well-
known pull-in phenomenon occurring above a critical potential threshold is not
accompanied by a break-down of the model, but is recovered by the saturation of
the constraint for pulled-in states. It is shown that a maximal stationary solution
exists and that saturation only occurs for large potential values. In addition, the ex-
istence, uniqueness, and large time behavior of solutions to the evolution equation
are studied. Joint works with Christoph Walker (Hannover).

The Characterization of the Strong Maximum
Principle
J. Lépez-Gémez

Universidad Complutense de Madrid
Lopez_Gomez@nmat.ucm.es

Let £ be a second order linear elliptic operator on a bounded domain of RY, Q, and
B a mixed boundary operator of non-classical type on d2. The main goal of this
talk is to discuss the next fundamental characterization theorem:
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Theorem. The following conditions are equivalent:
(1) o=0[L,%8,0] > 0, where o stands for the principal eigenvalue of (£,5, Q).
(2) The tern (£,B, ) admits a positive strict supersolution.

(3) The tern (£,B, ) satisfies the strong maximum principle.

This theorem goes back to J. Lopez-Gémez & M. Molina-Meyer [5] for cooperative
systems under Dirichlet boundary conditions and to H. Amann & J. Lopez-Gémez
[2] in the present setting. Simultaneously to [5], the equivalency between (1) and
(3) was also established for a single equation by H. Beresticky, L. Nirenberg & S.
R. S. Varadhan [3]. However, from the point of view of the applications, the most
useful condition is (2). Further extensions to cooperative systems were given by
H. Amann in [1]. The proof sketched in this talk relies on the classical minimum
principles of E. Hopf, O. Oleinik and M. H. Protter & H. E Weinberger, and it follows
the general patterns of [4].

References

[1] H. Amann, Maximum Principles and Principal Eigenvalues, in 10 Mathematical Es-
says on Approximation Theory in Analysis and Topology, [J. Ferrera, J. Lépez-Gomez
and E R. Ruiz del Portal Eds.), pp. 1-60, Elsevier, Amsterdam, 2005.

[2] H. Amann and J. Lépez-Gémez, A priori bounds and multiple solutions for super-
linear indefinite elliptic problems, J. Differential Equations 146 (1998), 336-374.

[3] H. Beresticky, L. Nirenberg and S. R. S. Varadhan, The principal eigenvalue and
maximum principle for second order elliptic operators on general domains, Comm.
Pure Appl. Maths. XIVII (1994), 47-92.

[4] J.Lépez-Gomez, Linear Second Order Elliptic Operators, World Scientific, Singapore,
2013.

[5] J. Lopez-Gémez and M. Molina-Meyer, The maximum principle for cooperative
weakly coupled elliptic systems and some applications, Diff. Int. Eqns. 7 (1994),
383-398.

13



Schauder Theorems for Elliptic and Parabolic
Equations in Finite and Infinite Dimension

Alessandra Lunardi

Universita di Parma
alessandra.lunardi@unipr.it

I will present maximal Holder and Zygmund regularity results for the solutions
to equations such as

Au—Lu=f,

with A > 0, where L is the generator of a “generalized Mehler semigroup", ex-
pressed as

Prf(x):f f(Tex +yu(dy), f€C(X,R), t>0.

Here X is a separable Banach space, T, is a strongly continuous semigroup in X,
and {u, : t > 0} is a family of suitable Borel measures. The generator of P, in the
space C,(X,R) is the operator L whose resolvent operator is given by

oo

(R(A,L)f)(x) = f e MP f(x)dt, A>0.

0

The function f in the right hand side of the equation is either continuous and
bounded, or Holder continuous (possibly, along suitable directions) and bounded.

The general theory is applicable to a number of examples. In finite dimension
(X =R") the class of admissible operators L includes the Laplacian and the powers
of —A, all Ornstein-Uhlenbeck operators, and Ornstein-Uhlenbeck operators with
fractional diffusion part. In infinite dimension it includes again Ornstein-Uhlenbeck
operators, the Gross Laplacian Ag; and (—Ag)* for a € (0, 1).

The talk rests on recent works in collaboration with S. Cerrai and M. Réckner.
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Singular Manifolds Versus Amann Triples
Victor Nistor

University of Lorraine, Metz
victor.nistor@univ-lorraine. fr

Singular spaces and domains arise in many applications. One way to study them
is to conformally change the metric. This works well if the resulting space has
bounded geometry, such as in the case of polyhedral domains in arbitrary dimen-
sions, and has lead Amann to introduce the notion of a "singular manifold." This
approach is the one that arises in applications. From a theoretical point of view,
however, it may be more convenient to start with a manifold with bounded ge-
ometry (possibly also with boundary) and to proceed in the opposite direction by
an inverse conformal change of metric. We called the resulting objects "Amann
triples." In my talk, I will present some results (mostly due to Amann or to Amann-
Grosse-Nistor) that will illustrate these two complementary points of view.

Well-posedness for the Keller-Segel Model - based on
a Pioneering Result of Herbert Amann

Joachim Rehberg

Weierstraf$ Institute, Berlin
rehberg@wias-berlin.de

In this lecture we prove the well-posedness of the full Keller-Segel system on
non-smooth domains, a quasilinear strongly coupled reaction-crossdiffusion sys-
tem, in the spirit that it always admits a unique local-in-time solution in an ade-
quate function space, provided that the initial values are suitably regular.

The proof is carried out for general source terms and is based on recent nontrivial
elliptic and parabolic regularity results which hold true even on fairly general spa-
tial domains, combined with an abstract solution theorem for nonlocal quasilinear
equations by Amann.
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Bounded H,-calculus for Boundary Value Problems
on Manifolds with Conical Singularities

Elmar Schrohe

Leibniz Universitit Hannover
schrohe@math.uni-hannover.de

We consider differential boundary value problems on manifolds with conical
singularities. In order to simplify the analysis, we blow up the singular points and
study conically degenerate operators on the resulting object.

We present a novel way of determining the closed extensions of elliptic boundary
problems in weighted Mellin-Sobolev spaces. Moreover, we show that a stronger
condition, namely parameter-ellipticity guarantees the existence of a bounded H -
calculus.

As an application we establish the existence of short time solutions for the porous
medium equation with Neumann boundary conditions on manifolds with (possibly
warped) cones for positive initial data.

(Joint work with Nikolaos Roidos (Hannover) and Jorg Seiler (Turin)).

Towards Personalized Accurate Cardiovascular
Simulations Using Clinical Data

Adélia Sequeira

University of Lisbon
adelia.sequeira@tecnico.ulisboa.pt

Mathematical modeling and simulations of the human circulatory system is a
challenging and complex wide-range multidisciplinary research field that has seen
a tremendous growth in the last few years. This field, with a strong socio-economic
impact, is rapidly progressing motivated by the fact that cardiovascular diseases
are a major cause of death in developed countries.

In this talk we consider some mathematical models and simulations of the car-
diovascular system and comment on their significance to yield realistic and ac-
curate numerical results, using reliable and efficient computational methods. In
particular, to improve blood flow simulations, we propose the integration of known
data into the numerical simulations, using Data Assimilation techniques based on
a Discretize then Optimize (DO) approach and the solution of a non-linear optimal
control problem. Results on the simulation of some image-based patient specific
clinical cases will be presented.
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The Radial Lemma of Strauss - Extensions to
Function Spaces of Fractional Order of Smoothness

and Consequences
Winfried Sickel

Friedrich Schiller University Jena
winfried.sickel@uni-jena.de

At the end of the seventies Strauss was the first who observed that there is an
interplay between the regularity and decay properties of radial functions. We recall
his

Radial Lemma: Let d > 2. Every radial function f € H L(RY) is almost everywhere
equal to a function f, continuous for x # 0, such that

Feol<clxl'Z I H'®RY,  x#0, 2.1)

where ¢ depends only on d.

Strauss stated (2.1) with the extra condition |x| = 1, but this restriction is not
needed. The Radial Lemma contains three different assertions:

(a) the existence of a representative of f, which is continuous outside the origin;
(b) the decay of f near infinity;
(c) the limited unboundedness near the origin.

These three properties do not extend to all functions in H'(R?), of course. In
particular, HY(R?) ¢ Lo.(R?), d > 2, and consequently, functions in H'(R?) can
be unbounded in the neigborhood of any fixed point x € R¢. The decay proper-
ties of radial functions can be used to prove compactness of embeddings of radial
subspaces into Lebesgue spaces. Let RH!(R?) denote the subspace of H'(R?) con-
sisting of all radial functions in H'(R?). Then

RH'(R?) > L,(R%)

holds, if 2 < g < g*, where q* := o0 ifd =2 and ¢* = dszZ ifd > 3.

We will give a survey how these classical results extend to functions spaces with
fractional order of smoothness like Besov and Lizorkin-Triebel spaces. Also ex-
tensions to smoothness spaces built on Morrey spaces (Besov-type spaces) will be
discussed.
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The Surface Diffusion Flow for Uniformly Regular
Hypersurfaces

Gieri Simonett

Vanderbilt University, Nashville
gieri.simonett@vanderbilt.edu

We consider the surface diffusion flow acting on a general class of (possibly non—
compact) hypersurfaces parameterized over a uniformly regular reference manifold
possessing a tubular neighborhood with uniform radius. The surface diffusion flow
gives rise to a fourth-order quasilinear parabolic equation with nonlinear terms
satisfying a specific singular structure. We establish well-posedness for initial
surfaces that are C'**-regular and are parameterized over a uniformly regular
hypersurface. As an application, we consider surfaces parameterized over an in-
finitely long cylinder. Moreover, we establish global existence and convergence
results in some cases. (Joint work with J. LeCrone and Y. Shao).

On Evolution Free Boundary Problem for Viscous
Fluids of Different Types: Compressible and
Incompressible

V. A. Solonnikov

St. Petersburg Department of V. A. Steklov Mathematical Institute of the Russian
Academy of Sciences
solonnik@pdmi.ras.ru

The communication is devoted to the problem of evolution of two viscous fluids:
compressible and incompressible, separated by a free interface and contained in a
bounded vessel. It is assumed that the fluids are subject to the mass and capillary
forces. For this problem a unique local solvability is established in the Sobolev-
Slobodetskii spaces Wzl’l/ 2; moreover, stability of the rest state (velocity vector field
vanishes, pressure and density are constant, free interface is a sphere) is proved.
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Fourth Order Elliptic Equations and Positivity
Guido Sweers

Universitit zu Koln
gsweers@math.uni-koeln.de

e In general there is no positivity preserving property for the biharmonic Dirich-
let problem

A’u=finQwithu=Zu=0o0ndq. (2.2)

Here 2 Cc R" with n > 2 is a generic bounded and smooth domain. Balls are

exceptional cases, where
f=0=u>0 2.3)

holds true. When considering a continuous deformation t — €, of the ball, one
finds, see [2], that the positivity preserving property (2.3) is lost before the posi-
tivity of the first eigenfunction is lost.

e In a joint work with Grunau and Robert [1] one finds that the Green func-
tion Gy(x, y) for the biharmonic Dirichlet problem on a bounded, smooth domain
Q C R" can be written as the difference of a positive function, which bears the
singularity at x = y, and a rank-one positive function, both of which satisfy the
boundary conditions. More precisely: G,(x,y) = H(x,y) — cd(x)?>d(y)? holds,
where d the distance to the boundary 9 and H is positive.

In a recent manuscript with Inka Schnieders [3] we consider the case that there
is a positive eigenfunction but no positivity preserving property for (2.2). We ex-
tend the corresponding estimates from [1] to G,(x, ¥), which is the Green function
for

(Az—l)uzfianithu:%u:Oonaﬂ, (2.4)

with an optimal dependance on A. We show as a consequence that the existence
of a strictly positive eigenfunction with a simple eigenvalue A; implies a positivity
preserving property for (2.4) in a left neighbourhood of A;: there is € > 0 such
that for u, the solution of (2.4) and A € (A; — ¢, A;) one finds that (2.3) holds for
u = u,. Note that € does not depend on f. This result could be called a converse
of Krein-Rutman.

[1] H.-Ch. Grunau, E Robert and G. Sweers, Optimal estimates from below for
biharmonic Green functions, Proc. Amer. Math. Soc. 139 (2011), 2151-
2161

19



[2] H.-Ch. Grunau, G. Sweers, Sign change for the Green function and the first
eigenfunction of equations of clamped-plate type, Archives Rat. Mech. Anal.
150 (1999), 179-190

[3] I. Schnieders, G. Sweers, A biharmonic converse to Krein-Rutman: a maxi-
mum principle near a positive eigenfunction, submitted.

Dynamics of a Free Boundary Problem Modeling
MEMS

Christoph Walker

Leibniz Universitit Hannover
walker@ifam.uni-hannover.de

Idealized electrostatically actuated microelectromechanical systems (MEMS)
consist of a fixed ground plate above which an elastic membrane is suspended. Ap-
plying a voltage difference between the two components induces a Coulomb force
that deforms the membrane. Of particular interest is the dynamics in dependence
of the applied voltage as large voltage values may lead to pull-in instabilities. The
corresponding mathematical model couples the harmonic electrostatic potential in
the angular free domain between membrane and ground plate to a quasilinear sin-
gular evolution equation for the membrane displacement. Results will be presented
on local and (non-)global well-posedness of the model as well as on existence and
non-existence of stationary solutions. This is joint work with J. Escher and Ph.
Laurencot.
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Regularity Results for Random Field Solutions of
Stochastic Evolution Equations

Lutz Weis

Karlsruhe Institute of Technology
lutz.weis@kit.edu

We present a new approach to the regularity theory of non time dependent stochas-
tic evolution equations of parabolic type, including maximal regularity results. One
advantage of this method is that one can view the solution processes as ran-
dom fields and obtain sharp regularity results for the paths, in particular Holder
continuity. We illustrate this with classes of parabolic stochastic PDE with rough
coefficients. An interesting feature of our method is that the optimal trace spaces
for initial values are not Besov spaces as in the traditional approach, but rather
Triebel Lizorkin spaces.
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