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New developments in Gromov-Witten invariants of Calabi-Yau threefold
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Positive scalar curvature on manifolds and foliations

SiRe
A famous vanishing theorem of due to Lichnerowicz states that if a closed spin manifold
admits a Riemannian metric of positive scalar curvature, then its A-hat genus equals to
zero. In this talk we will describe some recent advanced generalizing this kind of results
to other manifolds as well as foliations.
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Accurate and Efficient Simulations of Hamiltonian Mechanical Systems with
Discontinuous Potentials

Cnrel

Newtonian mechanical systems with potential functions admitting jump discontinuities.
The focus is on an accurate and efficient numerical approximation of their solutions,
which will be defined via the laws of reflection and refraction. Despite of the success of
symplectic integrators for smooth mechanical systems, their construction for these
discontinuous ones is nontrivial, and numerical convergence order can be impaired too.
Several rather-usable numerical methods are proposed, including: a first-order
symplectic integrator for general problems, a thirdorder symplectic integrator for
problems with only one linear interface, arbitrarily high-order reversible integrators for
general problems (no longer symplectic), and an adaptive time-stepping version of the
previous high-order method. Interestingly, whether symplecticity leads to favorable long
time performance is no longer clear due to discontinuity, as traditional Hamiltonian
backward error analysis does not apply any more. Therefore, at this stage, our
recommended default method is the last one. Various numerical evidence, on the order
of convergence, long time performance, momentum map conservation, and consistency
with the computationally-expensive penalty method, are supplied. A complex problem,
namely Sauteed Mushroom, is also proposed and numerically investigated, for which
multiple bifurcations between trapped and ergodic dynamics are observed.
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Some Recent Progress on Dispersal Related Issues in Mathematical Ecology
1 4 1]

Dispersal has been considered important in ecological dynamics to predict species
adaptation/competition under changing environments, but accurately incorporating
movement into ecological models remains an ongoing challenge due to the limited field
data.
Mathematical theories of movement in heterogeneous environments exist, but they tend
to over-simplify the situations and, sometimes give rise to results inconsistent with, or
even opposite to, empirical data, which has led to improvements of some of the existing
mathematical models.
In principle, the tested theories can then be used where experimental work is limited.
Such knowledge would advance our understanding of dispersal in determining,
facilitating, or prohibiting species adaptation in changing environments, ultimately to
forecast change in biodiversity.
We will use examples to illustrate some of such recent interactions in this lecture.

Dynamical Behaviour of the Lane-Emden Heat Flow with Linear and Nonlinear Diffusion
L
We consider the Lane-Emden heat flow with linear and nonlinear diffusion, and discuss

the dynamical behaviour of solutions, including the periodicity, complexity of the
asymptotic behaviour and chaos of solutions, etc.

Invariant Geometric Flows and Integrable Systems
JEAAE

It is well-known that a number of integrable systems and heat equations arise from
geometric flows in various geometries. Invariant geometric flows in those geometries
have been studied extensively from different points of view. In this talk, we are mainly
concerned with the invariant integrable geometric flows in certain geometries. First, we
show that the specific invariant geometric flows in those geometries are related
respectively to the wellknown integrable systems. Second, the geometric formulations to
integrability features of the resulting systems are discussed. Third, the geometric flows
corresponding to the Camassa-Holm-type equations are also presented. Finally, new
heat flows in certain geometries will be investigated.

A priori estimates and Liouville type theorems
=YV
A priori estimates and Liouville type theorems are two very interesting and closely
related research areas. We give a brief introduction on the problems, some related
methods, and some results. As an example, we present some of our work on
classififications and point-wise estimates of solutions to some nonlinear elliptic type
equations.
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Asymptotic Property of Phaseless Total-Field Operators and Phaseless Inverse
Scattering Problems
5K I

Inverse scattering with full data have been studied extensively in the past decades.
However, in many practical applications, the phase of the measured data can not be
obtained accurately compared with its modulus and sometimes is even impossible to
be obtained. Thus it is often desirable to consider inverse scattering with the modulus or
intensity of the measured data (called phaseless data). In recent years, many work has
been done on inverse scattering with phaseless far-field and total-field data, including
unigueness issues and numerical algorithms. In this talk, we consider inverse scattering
with phaseless total-field data at a fixed frequency. We will propose a new framework to
study this problem, including the uniqueness issue and a factorization-type imaging
algorithm. Precisely, we will establish the asymptotic property in an operator norm of the
phaseless total-field operator defined in terms of the phaseless total-field data
measured on a large enough ball, employing the theory of oscillatory integrals. As far as
we know, this is the first result on the asymptotic behavior in an operator norm of the
phaseless total-field operator though pointwise asymptotic results of the phased
scattered field have been previously obtained. This asymptotic property of the
phaseless total-field operators is then used to establish uniqueness results and an
approximate factorization method for inverse scattering with phaseless total-field data at
a fixed frequency. This talk is based on the following recent results with Xu Xiaoxu and
Haiwen Zhang.

1. Bo Zhang and Haiwen Zhang, An approximate factorization method for inverse
acoustic scattering with phaseless total-field data, SIAM Journal of Applied Mathematics
80(5) (2020), 2271-2298.

2. Xiaoxu Xu, Bo Zhang and Haiwen Zhang, Uniqueness and Direct Imaging Method for
Inverse Scattering by Locally Rough Surfaces with Phaseless Near-Field Data, SIAM
Journal of Imaging Sciences 12(1) (2019), 119-152.
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Approximate first-order primal-dual algorithms for saddle point problems
FhEA

We propose two approximate versions of the first-order primal-dual algorithm (PDA) for
solving a class of convex-concave saddle point problems. The introduced approximate
criteria are easy to implement in the sense that they only involve the subgradient of a
certain function at the current iterate. The first approximate PDA solves both
subproblems inexactly and adopts absolute error criteria, which are based on
nonnegative summable sequences. The second approximate PDA, assuming that one
of the PDA subproblems can be solved exactly, solves the other subproblem
approximately and adopts a relative error criterion. The relative error criterion only
involves a single parameter ranging in [0, 1), which makes the method more applicable.
For both versions, we establish the global convergence and O(1/N) rate of convergence
measured by the iteration complexity, where N counts the number of iterations. Under
further assumptions that partial of the underlying functions and the whole underlying
functions are strongly convex, we show the accelerated 1 over N square and linear rate
of convergence, respectively, for the inexact PDA with absolute error criteria. We then
prove that these inexact criteria can also be extended to solve a class of more general
problems. Finally, we perform some numerical experiments on sparse recovery and
image processing problems, and the results demonstrate the feasibility and superiority
of the proposed methods.
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A bridge between the coin weighing problem and the minimal doubly resolving set
problem in graphs
= ACHT

T AR E A @ (Coin-weighing problem) J&—/N&EMAHA LS : 4 EnNMET, &
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Toppological cyclic homology for p-adic local fields
X )1

Toppological cyclic homology, which was introduced by Bokstedt-Hsiang-Madsen in
early 90s, is an important tool to compute algebraic K-groups via the cyclotomic trace
map. It is also closely related to p-adic cohomology theories as revealed by the recent
work of Bhatt-Morrow-Scholze. In this talk, we will give a brief introduction to topological
cyclic homology and present a new approach to computing it in the case of p-adic local
fields. Joint work with Guozhen Wang.

The local entropy along Ricci flow
*&

Inspired by Li-Yau estimates, we localize the entropy functionals of G. Perelman and
generalize his no-local-collapsing theorem and pseudo-locality theorem. The
improved no-local-collapsing theorem can be used to solve a convergence conjecture of
K\"ahler Ricci flow due to Song-Tian. The improved pseudo-locality theorem can be
used to show the continuous dependence of the Ricci flow with respect to the initial
metric in Gromov-Hausdorff topology with Ricci curvature bounded below, and to show
the compactness of the moduli of Kahler manifolds with bounded scalar curvature and a
rough locally almost Euclidean condition.

Geometric and algebraic aspects of analytic number theory

AT
Analytic number theory has witnessed fruitful developments in recent years by
borrowing many geometric, algebraic, probabilistic and even dynamical ideas. In this
talk, we will focus on several aspects of interactions among analytic number
theory, algebraic number theory and algebraic geometry. In particular, we will
discuss, with some examples on hand, how analytic number theory tools are used to
deal with problems in algebraic geometry and how analytic number theorists borrow
deep tools from algebraic geometry (such as Deligne's proof of RH for algebraic
varieties over finite fields) to deal with primes.

s PRI ) DI ]
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Gromov-Hausdorff convergence of Kahler manifolds
X144
we discuss some recent development of Gromov-Hausdorff convergence of Kahler
manifolds with geometric applications.

11
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Stability and rigidity of blow-up solutions to energy critical Wave Maps

Blow-up solutions to energy critical dispersive PDEs have attracted a lot of attention in
recent years. In 2006, Krieger, Schlag and Tataru (KST) constructed a family of energy
concentrating blow up solutions to the 2+1 dimensional wave map equation with unit
sphere as its target. This construction gives the first example of blow up solutions to the
energy-critical Wave Maps. A key feature of this family is that it exhibits a continuum of
prescribed blow up rates. However, from the way it was constructed, the stability of this
family was not clear and it was believed to be non-generic. In this talk | will present our
recent work on proving the stability and rigidity of the KST family. This talk is based on
joint works with Joachim Krieger and Wilhelm Schlag.

Regularity and Singularity of Ricci limit Spaces
L
In this talk, we will survey some recent developments of the study of Ricci limit spaces.
We will discuss both the structure of Einstein limits and the structure of lower Ricci
curvature limits. At the end, we will discuss some open problems of this project.

K-theory, eta invariant and localization
XIJ

Grothendieck introduced K-theory to algebraic geometry in 1957. Later, Atiyah and
Singer employed the real counterpart of K-theory—the topological K-theory, to give a
proof of the famous index theorem. In 1990's, in the fields of Arakelov geometry and
arithmetic algebraic geometry, K-theory had been extended to arithmetic K-theory. Early
this century, motivated by the study of superstring theory and quantum field theory,
people extended topological K-theory to the differential K-theory which considered as
the real analogue of arithmetic K-theory. Naturally, one may expect that a property
works in the other three if it works in one of the four K-theories, and then implies the
nontrivial consequences in their corresponding fields. In this talk, we will compare the
properties among the four K-theories, taking Riemann-Roch property and the
localization as examples. As a consequence of the localization in differential K-theory,
we obtain a localization formula of eta invariants, which is a purely geometric formula
but have not been proved geometrically until now. This is a joint work with Xiaonan Ma.
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