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                            We develop the deformation theory of cohomological field theories (in short, CohFTs), which is done as a special case of a general deformation theory of morphisms of modular operads. This leads us to introduce two new natural extensions of the notion of a CohFT: homotopy (necessary algebraic toolkit to develop chain-level Gromov–Witten invariants) and quantum (with examples found in the works of Buryak and Rossi on integrable systems). The universal group of symmetries of morphisms of modular operads, based on Kontsevich’s graph complex, is shown to be trivial. Using the tautological rings on moduli spaces of curves, we introduce a natural enrichment of Kontsevich’s graph complex. This leads to universal groups of non-trivial symmetries of both homotopy and quantum CohFTs, which, in the latter case, is shown to contain both the prounipotent Grothendieck–Teichmüller group and the Givental group.
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                            We develop a new method for analyzing moduli problems related to the stack of pure coherent sheaves on a polarized family of projective schemes. It is an infinite-dimensional analogue of Geometric Invariant Theory. We apply this to two familiar moduli problems: the stack of Λ-modules and the stack of pairs. In both examples, we construct a Θ-stratification of the stack, defined in terms of a polynomial numerical invariant, and we construct good moduli spaces for the open substacks of semistable points. One of the essential ingredients is the construction of higher-dimensional analogues of the affine Grassmannian for the moduli problems considered.
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                            We show that the cobordism maps on Khovanov homology can distinguish smooth surfaces in the 4-ball that are exotically knotted (i.e., isotopic through ambient homeomorphisms but not ambient diffeomorphisms). We develop new techniques for distinguishing cobordism maps on Khovanov homology, drawing on knot symmetries and braid factorizations. We also show that Plamenevskaya’s transverse invariant in Khovanov homology is preserved by maps induced by positive ascending cobordisms.
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                            Since the early days of Tomita–Takesaki theory, it is known that a von Neumann algebra 𝑀 that admits a state 𝜑 with trivial centralizer M φ M_{\varphi} must be a type III 1 factor, but the converse remained open. We solve this problem and prove that such ergodic states form a dense G δ G_{\delta} set among all faithful normal states on any III 1 factor with separable predual. Through Connes’ Radon–Nikodym cocycle theorem, this problem is related to the existence of ergodic cocycle perturbations for outer group actions, which we consider in the second part of the paper.
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                            The Steinitz lemma, a classic from 1913, states that a 1 , … , a n {a_{1},\ldots,a_{n}} , a sequence of vectors in ℝ d {\mathbb{R}^{d}} with ∑ i = 1 n a i = 0 {\sum_{i=1}^{n}a_{i}=0} , can be rearranged so that every partial sum of the rearranged sequence has norm at most 2  d  max  ∥ a i ∥ {2d\max\|a_{i}\|} . In the matrix version A is a k × n {k\times n} matrix with entries a i j ∈ ℝ d {a_{i}^{j}\in\mathbb{R}^{d}} with ∑ j = 1 k ∑ i = 1 n a i j = 0 {\sum_{j=1}^{k}\sum_{i=1}^{n}a_{i}^{j}=0} . It is proved in [T. Oertel, J. Paat and R. Weismantel, A colorful Steinitz lemma with applications to block integer programs, Math. Program. 204 2024, 677–702] that there is a rearrangement of row j of A (for every j ) such that the sum of the entries in the first m columns of the rearranged matrix has norm at most 40  d 5  max  ∥ a i j ∥ {40d^{5}\max\|a_{i}^{j}\|} (for every m ). We improve this bound to ( 4  d - 2 )  max  ∥ a i j ∥ {(4d-2)\max\|a_{i}^{j}\|} .
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                        Abstract

                        
                            We prove the optimal global regularity of nonnegative solutions to the porous medium equation in smooth bounded domains with the zero Dirichlet boundary condition after certain waiting time T * {T^{*}} . More precisely, we show that solutions are C 2 , α  ( Ω ¯ ) {C^{2,\alpha}(\overline{\Omega})} in space, with α = 1 m {\alpha=\frac{1}{m}} , and C ∞ {C^{\infty}} in time (uniformly in x ∈ Ω ¯ {x\in\overline{\Omega}} ), for t > T * {t>T^{*}} . Furthermore, this allows us to refine the asymptotics of solutions for large times, improving the best known results so far in two ways: we establish a faster rate of convergence O  ( t - 1 - γ ) {O(t^{-1-\gamma})} , and we prove that the convergence holds in the C 1 , α  ( Ω ¯ ) {C^{1,\alpha}(\overline{\Omega})} topology.
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