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Counting problems in groups with contracting elements
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In this talk, we shall study a class of groups with contracting elements and survey several counting
results in this class of groups. We will explain a basic tool called extension lemma in obtaining
those counting results. This tool could be thought of as an orbit closing lemma in group theory.

Every closed surface of genus at least 18 is Loewner
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We obtain an improved upper bound involving the systole and area for the volume entropy of a
Riemannian surface. As a result, we show that every orientable and closed Riemannian surface
of genus at least 18 satisfies Loewner's systolic ratio inequality. We also show that every closed
orientable and nonpositively curved Riemannnian surface of genus at least 11 satisfies Loewner's
systolic ratio inequality. This is a joint work with Qiongling Li.

Averages of determinants of Laplacians over moduli spaces for large genus
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Let M, be the moduli space of hyperbolic surfaces of genus g endowed with the Weil-Petersson

metric. We view the regularized determinant log det(A x) of Laplacian as a function on My and
show that there exists a universal constant £ > () such that as g — 00,

logdet(Ax) .
(1) the expected value of | =75y~ — E ’ over pf, has rate of decay gt for some uniform constant
5 € (0,1);

log det(Ax) A

2) the expected value of | =3 =y

‘ over pq. approaches to o whenever BellL2)

This is a joint work with professor Yunhui Wu.

On the mapping class groups of 4-manifolds with 1-handles
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Budney and Gabai proved that the mapping class group of the product of a circle and a 3-dimensional
disk is an abelian group of infinite rank. Their proof relies on an invariant defined using the
configuration spaces of ordered points. In this talk, we will generalize Budney-Gabai’s invariant and
use it to demonstrate that the smooth and topological mapping class groups of certain 4-manifolds
with 1-handles contain infinite rank abelian subgroups. This is joint work with Jianfeng Lin and
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Boyu Zhang.

Periodic Phenomena in the C-Motivic Sphere Spectrum
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Through the J-homomorphism, Bott periodicity reveals a periodic structure in the stable homotopy
groups of spheres, offering key insights into problems such as vector fields on spheres. In the
motivic setting, the Hopf map n is non-nilpotent and gives rise to the first exotic periodicity, which
has been studied by Bachmann and Hopkins. In this talk, we present a study of the second exotic
periodic phenomenon in the C-motivic sphere. This is joint work with Dan Isaksen, Hana Jia Kong,
Yangyang Ruan, and Heyi Zhu.

Marked length spectrum rigidity in groups with contracting elements
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The marked length spectrum (MLS) of a closed negatively curved Riemannian manifold pf
is a function defined on (M) that maps each conjugacy class to the length of its geodesic
representative. The well-known marked length spectrum rigidity conjecture states that if two
negatively curved Riemannian metrics on a closed manifold have the same marked length spectrum,
then they are isometric. In this talk, we introduce a coarse-geometric version of MLS rigidity
problem in GGT and give an affirmative answer to groups with contracting elements. This is joint
work with Xiaoyu Xu and Wenyuan Yang.

Recent advances in the Volume Conjecture
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I will introduce different versions of the volume conjecture, including the Kashaev-Murakami-
Murakami volume conjecture, the Chen-Yang volume conjecture, and the SU(n) volume conjecture
by Chen-Liu-Zhu. I will also present recent progress on these volume conjectures. Some techniques
for proving the volume conjectures will be discussed as well.

Combinatorial Ricci flows on infinite disk triangulations
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In this talk, we introduce combinatorial Ricci flows (CRF) in Euclidean and hyperbolic background
geometries on infinite disk triangulations, which are discrete analogs of Ricci flows on simply
connected open surfaces. We establish the well-posedness results of CRF in both Euclidean and
hyperbolic background geometries. We further prove two convergence results of CRF for both
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recurrent and transient triangulations, which indicate a uniformization theorem for CRF on infinite
disk triangulations. As an application, we prove an existence result of circle-packing metrics with
infinite prescribed cone angles in hyperbolic background geometry. This report is from the joint
work of Huabin Ge and Bobo Hua.

7Z/2 Harmonic 1-Forms and 3-Manifold Topology
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The concept of Z/2 harmonic 1-forms, introduced by Clifford Taubes, plays a key role in
generalizing the Uhlenbeck compactness theorem. These 1-forms can be regarded as the
3-dimensional analog of quadratic differentials, and can be used to compactify the SL(2, C)
character variety . In this talk, we will explore intriguing connections and open questions linking
Z/2 harmonic 1-forms to the topology of 3-manifolds.

Iwip endomorphisms of free groups and fixed points of graph selfmaps
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In a paper from 2011, Jiang, Wang and Zhang studied the fixed points and fixed subgroups of graph
selfmaps on a connected finite graph or a connected compact hyperbolic surface X. In particular,
they proved that a certain quantity defined in terms of characteristics and indices of fixed point
classes of selfmaps on x is bounded below by 2x(X), where x(X) is the Euler characteristic of
X. In this talk, we give a sufficient condition for when equality holds and we partially answer a
question of Jiang. We do this by studying iwip outer endomorphisms of free groups acting on stable
trees. This is a joint work with Qiang Zhang

Thurston measure of unit balls associated to quadratic differentials
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In 2008, Mirzakhani introduced Mirzakhani function to study the counting problem of simple closed
curves on hyperbolic surfaces, and proved its properness and integrability. Precisely, the function
is defined by the Thurston measure of the unit ball associated to hyperbolic length function in the
measured lamination space.

Similarly, a quadratic differential defines a flat metric on a closed surface of genus > 2 and a flat
length function in the measured lamination space. Consider the Thurston measure of the unit ball
associated to the flat length function, which becomes a function on the moduli space of quadratic
differentials. We study the asymptotic behaviour of the function when a family of quadratic
differentials goes to the boundary of the moduli space under the Deligne-Mumford compactification,
and give an upper and lower bound of the function, which depends on the comparision between the
flat structure and its hyperbolic structure. Finally, we investigate its integrability. This is a joint work
with Weixu Su.
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Picard groups of higher real K-theories
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Higher real K-theories, as the homotopy fixed point of Lubin-Tate theories, capture significant
periodic information about the stable homotopy groups of spheres. These theories also play an
important role in both topology and geometry. In this talk, we explore the Picard groups of higher
real K-theories, offering two distinct approaches to studying these groups at general heights: the
equivariant approach and the algebraic approach. Additionally, we provide a complete answer to the
Picard group of EZC‘* , which serves as a counterexample to the conjecture that all Picard groups of
this type arise from suspensions by equivariant spheres.

Shortest filling geodesics on hyperbolic surfaces
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The minimal length of filling geodesics on genus g hyperbolic surfaces equals the half of the
perimeter of the right-angled (8¢ — 4)-gon. This minimum can be realized by a single geodesic. This
is a joint work with Yue Gao and Jiajun Wang.

Homological dimension of discrete subgroups in higher rank Lie groups

T

LR

Given a discrete subgroup H in a higher rank non-compact simple real Lie group G. We show that
either H is a lattice in G, or the homological dimension of H is bounded above by (n-1/8r), where n
is the dimension of the symmetric space G/K and r is the real rank of G. The proof uses a geometric
gradient flow motivated by the Patterson-Sullivan theory and the barycenter map of Besson-
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Courtois-Gallot. This is joint work with Chris Connell and Ben McReynolds.

Reverse Lagrangian surgeries
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A major theme in symplectic and contact topology is the study of Legendrian knots and exact
Lagrangian surfaces. In the talk, we will talk about some flexibility results of immersed Lagrangian
surfaces using augmentation, a Floer type invariant of Legendrian knots. In particular, for an
immersed filling of a topological knot, one can do surgery to resolve a double point with the price
of increasing the surface genus by 1. In the Lagrangian analog, one can do Lagrangian surgery on
immersed Lagrangian fillings to treat a double point by a genus. In this talk, we will explore the
possibility of reversing the Lagrangian surgery, i.e., compressing a genus into a double point. It
turns out that not all Lagrangian surgery is reversible.

Harmonic map rays and Jenkin-Serrin problem
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In this talk, we will discuss several types of ray structures on the Teichmuller space, and show a
transition between Teichmuller geodesics and Thurston geodesics via harmonic map (dual) rays. The
key of the proof is the solution of a generalized Jenkin-Serrin problem: existence and uniqueness of
some tree-valued minimal graphs over hyperbolic domains. This is a joint work with Michael Wolf.

C9-closedness of Sympo(X)
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The C° topology of the symplectomorphism groups has lots of mysterious basic questions.
The famous symplectic rigidity theorem says that, given any symplectic manifold X, the
symplectomorphism group Symp(X) are closed in Diff(X) with respect the the C° topology. It is
also easy to check that Symp,(X), the group of homologically trivial symplectomorphisms, is
closed in Symp(X). The relation between Sympp(X) and Sympo(X) is more delicate.

In this talk, we will present a proof of the closedness of Sympy(X) in Sympy(X) when X is a
log Calabi-Yau surface of type D, in the sense of Li-Li-Wu. For these symplectic manifolds, it
was previously known that Sympp(X) is a subset of Dif fo(X). Our result implies that, there is
a smooth isotopy of some symplectomorphism which cannot be C%approximated by a path of
symplectomorphisms. This is an ongoing project with Marcelo Atallah and Cheuk-Yu Mak.
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Free circle actions on highly connected (2n+1)-manifolds
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The problem we concern in this talk is to determine which highly connected (2n+1)-manifolds admit
free circle actions. I will introduce some previous work and our progress on this problem. This is a
joint work with Yang Su.

Spectral gaps on thick part of moduli spaces
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We study spectral gaps of closed hyperbolic surfaces for large genus. We show that for any fixed
k > 1, as the genus goes to infinity, the maximum of A\y—Ax_; over any thick part of the moduli

space of closed Riemann surfaces approaches the limit ;11. This is a joint work with Yunhui Wu.

Chern Classes of the conjugation representations and invariant polynomials
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The theory of characteristic classes of the projective unitary group PU(n) is fundamental yet very
mysterious as of today. We will review recent progresses on the study on this topic, and consider the
Chern classes of the conjugation representation of the projective unitary group PU(p'), where p is
an odd prime.

Nearly geodesic surfaces are filling
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A surface S in a manifold M is filling if S cuts M into contractible components. We prove for any
closed hyperbolic 3-manifold M , there exists a K> 0 such that every homotopy class of K-quasi-
Fuchsian surfaces with 1<K < K” is filling. As a corollary, the set of embedded surfaces in M
satisfies a dichotomy: it consists of at most finitely many totally geodesic surfaces and surfaces with
a quasi-Fuchsian constant lower bound K”. Each of these nearly geodesic surfaces separates any
pair of distinct points at the sphere of infinity. Crucial tools include the rigidity results of Mozes-
Shah, Ratner, and Shah. This work is inspired by a question of Wu and Xue whether random
geodesics on random hyperbolic surfaces are filling.
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Kauffman bracket skein module of small Seifert manifolds
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We compute the Kauffman bracket skein modules (KBSM) of small Serfeit manifolds by providing
presentations of them. From the presentations of small Serfeit manifolds, we show that the KBSM
of D?(k1,k2), ki > 1 are infinitely generated free modules and the KBSM of S?(k1, k2, k3), ki > 2
are finitely generated.

This is joint work with Xiao Wang and Minyi Liang.

The symmetry of Heegaard splittings
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The mapping class group of a Heegaard splitting for a 3-manifold is defined as the group of isotopy
classes of orientation-preserving diffeomorphisms of the manifold that preserve both handlebodies
of the splitting setwise. When viewed as a subgroup of the mapping class group of the Heegaard
surface, this object raises fundamental questions posed by Minsky: Is it finite? Is it finitely
generated? Is it finitely presented? In this talk, I will discuss recent progress on this problem and
present a new approach to address these questions. The talk is based on joint work with Yanqing
Zou.

A note on the existence of solutions to Hitchin's self-duality equations
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In 1987, Hitchin introduced the self-duality equations on rank-2 complex vector bundles over
compact Riemann surfaces with genus greater than one as a reduction of the Yang-Mills equation
and established the existence of solutions to these equations starting from a Higgs stable bundle. In
this paper, we fill in some technical details in Hitchin's original proof by the following three steps.
First, we reduce the existence of a solution of class L3 to minimizing the energy functional within
a Higgs stable orbit of the L3 complex gauge group action. Second, using this transformation,
we obtain a solution of class L3 in this orbit. These two steps primarily follow Hitchin's original
approach. Finally, using the Coulomb gauge, we construct a smooth solution by applying an L3
unitary gauge transformation to the L3 solution constructed previously. This last step provides
additional technical details to Hitchin's original proof.
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Counting Rational Curves and Standard Complex Structures on HyperKahler
ALEs
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All hyperKahler ALE 4-manifolds with a given non-trivial finite group I" in SU(2) at infinity are
parameterized by an open dense subset of a real linear space of dimension 3rank®. Here, @ denotes
the root system associated with I' via the McKay correspondence. Such manifolds are diffeomorphic
to the minimal resolution of a Kleinian singularity. By using the period map of the twistor space,
we specify those points in the parameter space at which the hyperKahlerian family of complex
structures includes the complex structure of the minimal resolution. Furthermore, we count the
rational curves lying on each hyperKahler ALE 4-manifold. For each point in the parameter space,
we can assign an integer equals to the number of complex structures which contains rational curves.
We show this integer function on the parameter space is lower semi-continuous. In the end, we
prove that the twistor space of any hyperKahler ALE cannot be Kahlerian.

On the Kelly Monoidal Structure of A-sequences
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We review the Kelly's composition product of A-sequences on a symmetric monoidal category.
We examine the associativity of the composition product and give the normal op lax monoidal
structure on the category of A-sequences through monoidal localization. In addition, we construct
the correspondence between operads on a general symmetric monoidal category and monoids in
the category of A-sequences, which will generalize Kelly's and May-Zhang-Zou's correspondence
theorem.

Free circle actions on certain simply connected 7—-manifolds
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We determine for which nonnegative integers k,\ | and for which homotopy 7—sphere X the manifold
(kS? x S%) # (1S® x S*) #X admits a free smooth circle action.



