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Stochastic Analysis and Related Topics
(StART 2016)

TU Dresden, May 9 & 10 2016
Abstracts of the talks (in alphabetical order)

Irmina Czarna

Parisian ruin for a refracted Lévy process

We investigate Parisian ruin for a Lévy surplus process with an adaptive premium
rate, namely a refracted Lévy process. More general Parisian boundary-crossing
problems with a deterministic implementation delay are also considered. Our main
contribution is a generalization of the result in [1] for the probability of Parisian
ruin of a standard Lévy insurance risk process. Despite the more general setup
considered here, our main result is as compact and has a similar structure. Examples
are provided.
References:

1. R. Loeffen, I. Czarna, Z. Palmowski, Parisian ruin probability for spectrally
negative Lévy processes, Bernoulli 2013, Vol. 19, No. 2, 599-609.

2. M.A. Lkabous, I. Czarna, J.-F. Renaud, Parisian ruin for a refracted Lévy
process, draft

Irmina Czarna
Mathematical Institute pl. Grunwaldzki 2/4 Wrocław
czarna@math.uni.wroc.pl

Martin Grothaus

Mittag–Leffler Analysis: Construction and Applications

Motivated by the results of infinite dimensional Gaussian analysis and especially
white noise analysis, we construct a Mittag–Leffler analysis. This is an infinite
dimensional analysis with respect to non-Gaussian measures of Mittag–Leffler type
which we call Mittag-Leffler measures. Our results indicate that the Wick ordered
polynomials, which play a key role in Gaussian analysis, cannot be generalized
to this non-Gaussian case. We provide evidence that a system of biorthogonal
polynomials, called generalized Appell system, is applicable to the Mittag–Leffler
measures, instead of using Wick ordered polynomials. With the help of an Appell
system, we introduce a test function and a distribution space. Furthermore we give
characterizations of the distribution space and we characterize the weak integrable
functions and the convergent sequences within the distribution space. We construct
Donsker’s delta in a non-Gaussian setting as an application. In the second part,
we develop a grey noise analysis. This is a special application of the Mittag–Leffler
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analysis. In this framework, we introduce generalized grey Brownian motion and
prove differentiability in a distributional sense and the existence of generalized grey
Brownian motion local times. Grey noise analysis is then applied to the time-
fractional heat equation and the time-fractional Schrödinger equation. We prove
a generalization of the fractional Feynman–Kac formula for distributional initial
values. In this way, we find a Green’s function for the time-fractional heat equation
which coincides with the solutions given in the literature. The results presented in
this talk are published in the references below.
References:

1. M. Grothaus; F. Jahnert; F. Riemann; J. L. da Silva. Mittag–Leffler analysis
I: Construction and characterization. Journal of Functional Analysis. 268(7),
1876–1903, 2015.

2. M. Grothaus; F. Jahnert. Mittag–Leffler analysis II: Application to the frac-
tional heat equation. Journal of Functional Analysis, 270(7), 2732–2768, 2016.

Martin Grothaus
University of Kaiserslautern
grothaus@mathematik.uni-kl.de

Niels Jacob

Transition densities of Levy processes put into broader context

Kamil Kaleta

The quenched asymptotics for nonlocal Schrödinger operators with
Poissonian potentials

We study the quenched long time behaviour of the survival probability up to time
t, Ex

[
e−

∫ t
0 V

ω(Xs)ds
]
, of a symmetric Lévy process with jumps, under a sufficiently

regular Poissonian random potential V ω on Rd. Such a function is a probabilistic
solution to the parabolic Anderson problem involving the nonlocal Schrödinger op-
erator based on the generator of the process (Xt)t≥0 with potential V ω. For a large
class of processes and potentials of finite range, we determine rate functions η(t)
and compute explicitly the positive constants C1, C2 such that

−C1 ≤ lim inf
t→∞

logEx
[
e−

∫ t
0 V

ω(Xs)ds
]

η(t)
≤ lim sup

t→∞

logEx
[
e−

∫ t
0 V

ω(Xs)ds
]

η(t)
≤ −C2,

almost surely with respect to ω, for every fixed x ∈ Rd. The functions η(t) and
the bounds C1, C2 heavily depend on the intensity of large jumps of the process. In
particular, if its decay at infinity is ‘sufficiently fast’, then we prove that C1 = C2,
i.e. the limit exists. Representative examples in this class are relativistic stable
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processes with Lévy-Khintchine exponents ψ(ξ) = (|ξ|2 + m2/α)α/2 −m, α ∈ (0, 2),
m > 0, for which we obtain that

lim
t→∞

logEx
[
e−

∫ t
0 V

ω(Xs)ds
]

t/(log t)2/d
=
α

2
m1− 2

α

(ρωd
d

) d
2
λBM1 (B(0, 1)),

for almost all ω, where λBM1 (B(0, 1)) is the principal eigenvalue of the Brownian
motion killed on leaving the unit ball, ωd is the Lebesgue measure of a unit ball
and ρ > 0 corresponds to V ω. We also identify two interesting regime changes
(’transitions’) in the growth properties of the rates η(t) as the intensity of large
jumps of the processes varies from polynomial to higher order, and eventually to
stretched exponential order.
The talk is based on a joint work with Katarzyna Pietruska-Pałuba.
References:

1. K. Kaleta, K. Pietruska-Pałuba, The quenched asymptotics for nonlocal Schrödinger
operators with Poissonian potentials, preprint 2016 (available at arXiv:1601.05597)

Kamil Kaleta
Wroclaw University of Science and Technology, Poland
kamil.kaleta@pwr.edu.pl

Kyung-Youn Kim

Estimates of Dirichlet heat kernel for symmetric Markov processes

We consider a large class of symmetric pure jump Markov processes dominated by
isotropic unimodal Lévy processes with weak scaling conditions. We first establish
sharp two-sided heat kernel estimates for these processes in C1,ρ open sets, ρ ∈
(α/2, 1] where α is the upper scaling parameter in the weak scaling conditions. As a
corollary of our main result, we obtain a sharp two-sided Green function estimates
and a scale invariant boundary Harnack inequality with explicit decay rates in C1,ρ

open sets. This talk is based on the joint work with Tomasz Grzywny and Panki
Kim.
References:

1. T. Grzywny and K.-Y. Kim and P. Kim. Estimates of Dirichlet heat kernel
for symmetric Markov processes. Submitted.

Kyung-Youn Kim
Institut für Mathematische Stochastik, Fachrichtung Mathematik, Technische Universität Dresden,
01062 Dresden, Germany
eunicekim@snu.ac.k
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Victoria Knopova

Accuracy of discrete approximation for integral functionals

Suppose that a Markov process X admits the transition probability density pt(x, y)
which is differentiable in t and the derivative has an integrable upper bound of the
type

|∂tpt(x, y)| ≤ Ct−βqx,t(y), t ∈ (0, T ],

where q is a measurable function, such that
∫
Rd
qx,t(y)dy = 1 for each fixed t, x. We

derive the accuracy rates for approximations of the functionals

IT (h) =

∫ T

0

h(Xt) dt

by Riemannian sums. The talk is based on the joint work with Iu. Ganichenko and
A. Kulik.
References:

1. Iu. Ganichnko, V. Knopova, A. Kulik. Accuracy of discrete approximation
for integral functionals of Markov processes. Modern Stochastics: Theory and
Applications, 2(4) (2015), 401–420.

Victoria Knopova
V.M.Glushkov Institute of Cybernetics
vicknopova@googlemail.com

Tania Kosenkova

Noise sensitivity of Lévy driven SDE’s: estimates and applications

The topic of this talk is induced by the following question: whether the deviation
between the solutions of two different Lévy driven SDE’s can be controlled in terms
of the characteristics of the underlying Lévy processes? In the case of SDE’s with
additive noise we give the estimate for the deviation between the solutions in terms
of the coupling distance for Lévy measures, which is based on the notion of the
Wasserstein distance.
In case of Lévy-type processes, whose characteristic triplets are state dependent,
we exploit the fact that every Lévy kernel can be obtained by means of a certain
infinite Lévy measure and the transform function. And under an appropriate set of
conditions on the state dependent characteristic triplet the Lévy-type process can
be described as a strong solution to a Lévy driven SDE with multiplicative noise.
The estimate of the deviation between two Lévy-type processes is given in terms of
transportation distance between the Lévy kernels, which uses the transform functions
of the kernels. Such estimates can be applied to the analysis of the low-dimensional
conceptual climate models with paleoclimate data.
References:
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1. Gairing J., Högele M., Kosenkova T., Kulik A. Coupling distances between
Lévy measures and applications to noise sensitivity of SDE. Stochastics and
Dynamics, 15 (2), 2015.

2. Gairing J., Högele M., Kosenkova T. Noise sensitivity of multiplicative Lévy
SDE in terms of transportation distances. arXiv:1511.07666

Tania Kosenkova
Institut für Mathematik der Universität Potsdam, Karl-Liebknecht-Strasse 24-25 14476, Potsdam
kosenkova@math.uni-potsdam.de

Franziska Kühn

Transition probabilities for Feller processes: Parametrix construction

In this talk we present an existence result for Feller processes. Feller processes
behave locally like Lévy processes, but the Lévy triplet may depend on the current
position. They can be characterized by their, so-called, symbol; this is the analogue
of the characteristic exponent in the Lévy case.
Using a parametrix construction, we prove the existence of Feller processes with a
given symbol under weak assumptions on the regularity (with respect to the space
variable x) of the symbol. We derive heat kernel estimates for the transition density
as well as its time derivative, and prove the well-posedness of the corresponding
martingale problem. Our result applies to symbols of the form q(x, ξ) = fα(x)(|ξ|2)
where (fα)α∈I is a family of Bernstein functions and α : Rd → I a Hölder con-
tinuous mapping. This includes in particular stable-like, relativistic stable-like and
normal tempered stable-like processes. In dimension d = 1 we also obtain results
for solutions of Lévy-driven SDEs with Hölder continuous coefficients.

Franziska Kühn
Institut für Mathematische Stochastik, Fachrichtung Mathematik, Technische Universität Dresden,
01062 Dresden, Germany
franziska.kuehn1@tu-dresden.de

Tadeusz Kulczycki

Gradient estimates of Dirichlet heat kernels for unimodal Lévy processes

Let X be a pure-jump isotropic unimodal Lévy process in Rd with the symbol ψ,
D ⊂ Rd an open, nonempty set and pD(t, x, y) the Dirichlet heat kernel for X on
D. Under some regularity conditions on the symbol and the Lévy measure we show
that ∇x pD(t, x, y) exists for any x, y ∈ D, t > 0 and we have

|∇x pD(t, x, y)| ≤ cmax

[
1

δD(x) ∧ 1
, ψ−(1/t)

]
pD(t, x, y), x, y ∈ D, t ∈ (0, 1],
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where δD(x) = dist(x, ∂D), ψ− denotes the generalized inverse of ψ∗(r) = supρ≤rψ(ρ)
and c = c(d, ψ).
The talk is based on paper [3]. Some ideas in the proof are taken from papers [1],
[2], [4].
References:

1. K. Bogdan, T. Grzywny, M. Ryznar, Density and tails of unimodal convolution
semigroups, J. Funct. Anal. 266 (2014), no. 6, 3543-3571.

2. K. Bogdan, T. Grzywny, M. Ryznar, Dirichlet heat kernel for unimodal Lévy
processes, Stochastic Process. Appl. 124 (2014), no. 11, 3612-3650.

3. T. Kulczycki, M. Ryznar, Gradient estimates of Dirichlet heat kernels for
unimodal Lévy processes, preprint (2016), arXiv:1604.02418

4. T. Kulczycki, M. Ryznar, Gradient estimates of harmonic functions and tran-
sition densities for Lévy processes, Trans. Amer. Math. Soc. 368 (2016), no.
1, 281-318.

Tadeusz Kulczycki
Faculty of Pure and Applied Mathematics, Wrocław University of Science and Technology, Wyb.
Wyspiańskiego 27, 50-370 Wrocław, Poland.

Tadeusz.Kulczycki@pwr.edu.pl

Takashi Kumagai

Stability of heat kernel estimates and parabolic Harnack inequalities for
jump processes on metric measure spaces

We consider mixed-type jump processes on metric measure spaces and prove the
stability of two-sided heat kernel estimates, heat kernel upper bounds, and parabolic
Harnack inequalities. We establish their stable equivalent characterizations in terms
of the jump kernels, modifications of cut-off Sobolev inequalities, and the Poincaré
inequalities. In particular, we prove the stability of heat kernel estimates for α-
stable-like processes even with α ≥ 2, which has been one of the major open problems
in this area. We will also explain applications to stochastic processes on fractals.
This is a joint work with Z.Q. Chen (Seattle) and J. Wang (Fuzhou).
References:

1. Z.-Q. Chen and T. Kumagai. Heat kernel estimates for stable-like processes
on d-sets. Stochastic Process Appl. 108 (2003), 27-62.

2. Z.-Q. Chen, T. Kumagai and J. Wang. Stability of heat kernel estimates for
symmetric jump processes on metric measure spaces. In preparation.

3. Z.-Q. Chen, T. Kumagai and J. Wang. Stability of parabolic Harnack inequal-
ities for symmetric jump processes on metric measure spaces. In preparation.
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4. A. Grigor’yan, J. Hu and K.-S. Lau. Estimates of heat kernels for non-local
regular Dirichlet forms. Trans. Amer. Math. Soc. 366 (2014), 6397-6441.

Takashi Kumagai
RIMS, Kyoto University, Kyoto 606-8502, Japan
kumagai@kurims.kyoto-u.ac.jp

Andrew Neate

Semiclassical stochastic mechanics for the Coulomb potential

We consider the semiclassical behaviour of a family of coherent states for the Coulomb
potential which are concentrated on an ellipse, with the aim of deriving Keplerian
motion on the ellipse in the semiclassical limit. This is done within the framework of
Nelson’s stochastic mechanics which associates a diffusion process to each quantum
state. We are lead to a suitable semiclassical Nelson diffusion process which is closely
related to the classical mechanics for a perturbation of the Coulomb potential. The
properties of this system are investigated in terms of a constrained Hamiltonian
system and constants of the motion for the perturbed potential are identified. This
is joint work with Aubrey Truman.
References:

1. Durran, R. Neate, A. & Truman, A. (2008). The divine clockwork, J. Math.
Phys., 49(3),

2. Durran, R. Neate, A. Truman, A. & Wang, F. (2008). On the divine clockwork
J. Math. Phys., 49(10),

3. Neate, A. & Truman, A. (2014). Semiclassical wave functions and semiclassical
dynamics for the Kepler/Coulomb problem. J. Phys A: Math. and Theor.,
47(22),

4. Neate, A. & Truman, A. (2016). Semiclassical stochastic mechanics for the
Coulomb potential, to appear in J. Math. Phys., May 2016.

Andrew Neate
Mathematics Department, Swansea University, Singleton Park, Swansea, SA2 8PP.
a.d.neate@swansea.ac.uk

Zbigniew Palmowski

Fluctuations of Omega-killed spectrally negative Lévy processes

In this talk we present the solutions of so-called exit problems for a (reflected)
spectrally negative one-dimensional Lévy process exponentially killed with killing
intensity depending on the present state of the process. We will also analyze re-
spective resolvents. All identities are given in terms of new generalizations of scale
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functions. Particular cases concern ω(x) = q when we derive classical exit problems
and ω(x) = q1(a,b)(x) producing Laplace transforms of occupation times of intervals
until first passage times. We will show how derived results can be applied to find
bankruptcy probability in so-called Omega model, where bankruptcy occurs at rate
ω(x) when the surplus Lévy process process is at level x < 0. Finally, we demon-
strate how to get some exit identities for a spectrally positive self-similar Markov
processes. The main idea of all proofs relies on classical fluctuation identities for
Lévy process, the Markov property and some basic properties of a Poisson process.
The talk is based on [1].
References:

1. B. Li and Z. Palmowski (2016) Fluctuations of Omega-killed spectrally nega-
tive Lévy processes. Submitted for publication,
see http://arxiv.org/abs/1603.07967.

Zbigniew Palmowski
Mathematical Institute, University of Wrocław, pl. Grunwaldzki 2/4, 50-384 Wrocław, Poland
zbigniew.palmowski@gmail.com

Ilya Pavlyukevich

Metastability of a periodic stable-like jump-diffusion

We study a gradient system with a double-well potential perturbed by a stable-like
additive process with a periodically varying stability index. Among a continuum of
intrinsic time scales determined by the values of the stability index, we single out
the characteristic time scale on which the system exhibits the metastable behaviour.
This is a part of a joint work with I. Kuhwald (FSU Jena).
References:

1. I. Kuhwald and I. Pavlyukevich, Metastable behaviour of a jump-diffusion
driven by a periodic stable-like additive process, submitted.

Ilya Pavlyukevich
Friedrich Schiller University Jena, Department of Mathematics and Computer Science, Ernst–
Abbe–Platz 2, 07743 Jena, Germany
ilya.pavlyukevich@uni-jena.de

Kohei Suzuki

Convergence of Brownian motions on RCD spaces

Our objective in this talk is to answer the following question:

(Q) Does the weak convergence of Brownian motions follows from some conver-
gence of the underlying geometry (or vice versa)?
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As a main result, we show that the weak convergence of Brownian motions is equiva-
lent to the measured Gromov(-Hausdorff) convergence of the underlying metric mea-
sure spaces under Riemannian curvature-dimension (RCD) condition. Here RCD
condition is a generalization of “Ricci curvatre ≥ K” into non-smooth spaces.
References:

1. L. Ambrosio, N. Gigli, and G. Savaré, Metric measure spaces with Riemannian
Ricci curvature bounded from below, Duke Math. J. Vol. 163, No. 7, (2014)
1405–1490.

2. M. Erbar, K. Kuwada, and K.-T. Sturm. On the equivalence of the entropic
curvature-dimension condition and Bochner’s inequality on metric measure
spaces, to appear in Invention Math.

3. N. Gigli, A. Mondino and G. Savaré, Convergence of pointed non-compact
metric measure spaces and stability of Ricci curvature bounds and heat flows,
arXiv: 1311.4907v1 19 Nov 2013.

Kohei Suzuki
Yoshida Konoe-Cho, Sakyo-Ku, Kyoto-Shi, Kyoto 606-8501, Japan
suzuki.kohei.6v@kyoto-u.ac.jp

Gerald Trutnau

A remark on the generator of a right-continuous Markov process

Given a right-continuous Markov process (Xt)t≥0 on a second countable metrizable
space E with transition semigroup (pt)t≥0, we prove that there exists a σ-finite
Borel measure µ with full support on E, and a closed and densely defined linear
operator (Lp, D(Lp)) generating (pt)t≥0 on Lp(E;µ). In particular, we solve the
corresponding Cauchy problem in Lp(E;µ) for any initial condition u ∈ D(Lp).
Furthermore, for any real β > 0 we show that there exists a generalized Dirichlet
form which is associated to (e−βtpt)t≥0. If the β-subprocess of (Xt)t≥0 corresponding
to (e−βtpt)t≥0, β > 0, is µ-special standard then all results from generalized Dirichlet
form theory become available, and Fukushima’s decomposition holds for u ∈ D(L2).
If (Xt)t≥0 is transient, then β can be chosen to be zero. This is joint work with
Michael Röckner (Bielefeld).

Gerald Trutnau
Department of Mathematical Sciences, Seoul National University, 599 Gwanak-Ro, Gwanak-Gu,
Seoul 151-747, South Korea
trutnau@snu.ac.kr

Toshihiro Uemura

On an optimal stopping problem and a variational inequality
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In the talk, I will discuss about an optimal stopping problem of the Markov process
associated with a sem-Dirichlet form and derive a variational inequality using the
semi-Dirichlet form.

Toshihiro Uemura
Kansai University, Osaka, Japan
t-uemura@kansai-u.ac.jp

Robert Wardenga

Affine processes with Stochastic Discontinuities

Motivated by the observation, that asset prices may exhibit jumps of random height
at priorly fixed dates such as board meetings, we study affine processes beyond the
common assumption of stochastic continuity.
We restrict ourselves to the study of d−dimensional semimartingales X with state
space D on a filtered probability space

(
Ω, (Ft)t≥0 ,F,P

)
and define X to be affine

if there exist C and Cd−valued deterministic functions φ (s, t, u) and ψ (s, t, u), re-
spectively, such that

E
[
e〈u,Xt〉

∣∣Fs] = exp (φ (s, t, u) + 〈ψ (s, t, u) , Xs〉)

holds for all u ∈ iRd,0 ≤ s ≤ t and x ∈ D. Under fairly general assumptions φ and ψ
can be completely characterized as càdlàg solutions of a certain differential equation
with jumps, i.e. in between jumps φ and ψ satisfy a generalized measure ODE with
a driver of Lévy-Khintchine form and the jumps of φ and ψ satisfy another equation.
On the other hand we prove existence of such affine semimartingales given a set of
admissible parameters similar to those in Duffie (2003) and Filipovic (2005). Our
findings generalize Filipovic (2005) to semimartingales with singular continuous and
discontinuous characteristics.
We apply our result to affine processes in discrete time and elaborate on a model
for defaultable Bonds.

1. Duffie, D., D. Filipović, and W. Schachermayer (2003). Affine processes and
applications in finance. Ann. Appl. Probab. 13, pp. 984-1053.

2. Filipović, D. (2005). Time-inhomogeneous affine processes. Stochastic Pro-
cess. Appl. 115, pp. 639-659.

Robert Wardenga
TU Dresden, Dresden, Germany
robert.wardenga@tu-dresden.de

Chenggui Yuan

Harnack inequality and exponential integrability for functional SDEs
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By constructing a new coupling, the Harnack inequality is established for the func-
tional solution of a delay stochastic differential equation with multiplicative noise.
An explicit sufficient condition on the hypercontractivity is derived for the Markov
semigroup associated to a class of functional stochastic differential equations.
References:

1. F.-Y. Wang, C. Yuan, Harnack inequalities for functional SDEs with multi-
plicative noise and applications, Stochastic Process. Appl. 121 (2011), 2692–
2710.

2. J. Bao, F.-Y. Wang, C. Yuan, Hypercontractivity, Compactness, and Exponen-
tial Ergodicity for Functional Stochastic Differential Equations, arXiv:1406.7580,
2014, Stochastic Processes and Applications.

3. J. Bao, F.-Y. Wang, C. Yuan, Hypercontractivity for functional stochastic
partial differential equations, Electronic Journal of Probability, 2015.

Chenggui Yuan
Department of Mathematics, Swansea University, SA2 8PP
C.Yuan@Swansea.ac.uk
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