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Spyridon Afentoulidis Almpanis
Structure and Representation Theory of basic simple Z2×Z2-graded
Lie algebras
The notion of color Lie algebras is a generalization of the notion of Lie algebras and
Lie superalgebras. A color Lie algebra is a (nonassociative) graded Lie algebra where
the grading is taken with respect to some abelian group G while the ”symmetry” of the
corresponding bracket is determined by a bicharacter

ε : G×G→ C×,

called the commutation factor on G. In this talk, we will be interested in a special type
of color Lie algebras, namely the Z2×Z2-graded Lie algebras. In this case, the abelian
group G is Z2 × Z2 while the commutation factor ε is given by some determinant
formula. More precisely, we will focus our attention on a family of Z2 × Z2-graded
Lie algebras that we call basic. For these algebras, we develop a root theory similar
to the root theory of complex semisimple Lie algebras. As an application, we classify
all finite-dimensional representations of these algebras by proving a highest weight
theorem and a complete reducibility theorem.

Cristian Anghel
Geometric Langlands correspondence over CW-complexes
The aim of this talk is to see a version of the Geometric Langlands and non-abelian
Hodge theory in the context of general CW-complexes. The second part will concern
the particular case of 3-manifolds and the relation with the associated skein theory.
This is a joint work with Dorin Cheptea.

Kuntal Banerjee
Quadratic bivector fields and co-Higgs bundles of higher rank on
complex curves
Co-Higgs bundles and quadratic bivector fields on total spaces of projective bundles are
related to each other. This relationship was first observed by Polishchuk in 1997 and
further explored by Rayan in 2011. In particular, any rank-2 co-Higgs bundle gives rise
to an integrable quadratic bivector field on the projectivization of the underlying bundle
(in other words, a holomorphic Poisson structure on the induced projective bundle), and
Rayan constructs many explicit examples over the projective line and the projective
plane. However, not every higher rank co-Higgs bundle corresponds to an integrable
quadratic bivector field. Nonetheless, Matviichuk gave an algebraic characterization of
diagonalizable co-Higgs fields giving rise to integrable quadratic bivectors and studied
in detail the rank-3 case over the projective line. In this talk, we will discuss extensions
of these results to the case where the co-Higgs field is not necessarily diagonalizatible
and provide new higher-rank examples over the projective line and elliptic curves. This
is a joint work in progress with Ruxandra Moraru.

Yacine Barhoumi
Random Unitary Matrices with symmetric functions



We consider the classical model of CUE (Circular Unitary Ensemble). We compute
expectations of some functionals of the characteristic polynomial of a random unitary
matrix using representation theory of the unitary group. Other probabilistic methods
can be also tried to give an equivalent formulation of the results. If time permits, we
will survey some of the developments and compare them with ours methods.

Edwin Beggs
Noncommutative geodesics, quantum mechanics and curved space-
times
We construct parallel transport for noncommutative algebras in a manner directly gen-
eralizing usual differential geometry. When applied to the algebra of position and
momentum operators in quantum mechanics, a special case is the usual time evolution
in quantum mechanics. We consider this from a relativistic point of view using proper
time. Then we consider the algebra of differential operators on curved space and the
resulting evolutions.

Almut Beige
Elevating wave-particle duality
Wave-particle duality is probably the most prominent feature of quantum physics. To
elevate wave-particle duality and to improve consistency between quantum and clas-
sical physics, we propose to quantise mechanical particles in the same physically-
motivated way as we quantise light in quantum electrodynamics. In the resulting the-
ory, velocity and momentum are no longer synonymous. Although the momentum and
the position observables do not commute, the velocity and the position distributions
of quantum mechanical particles can be chosen independently. Standard quantum me-
chanics emerges from our approach when certain semi-classical approximations are
imposed. The quantum theory which we present here is expected to have applications
whenever these approximations become invalid.

Vladimir Belavin
Ground Ring in Minimal Liouville Gravity and Super Gravity
We present a method for the calculation of the amplitudes in minimal Liouville gravity
on the sphere on on the torus. The method is based on the higher equations of mo-
tion in the (super) Liouville CFT. We use this approach to reduce the moduli integrals
entering the definition of the amplitudes to certain boundary contributions, which can
be calculated explicitly. We discuss amplitudes involving grounding ring elements, the
dual matrix model description and a generalization to the supersymmetric case.

Sergio Benvenuti
Planar Abelian Duals of CS-QCD
We consider 3d QCD, either supersymmetric or not. We propose that these theories
are infrared dual to Abelian quiver gauge theories with a planar structure. Such dual-
ities descend from 3d mirror symmetry and in the non supersymmetric case they are



bosonization dualities.

Yuly Billig
Representations of the Determinant Lie Algebra
Determinant Lie algebra is a Z2-graded Lie algebra with the structure constants given
by the determinant. It is closely related to Lie algebras of divergence zero and Hamil-
tonian vector fields on a 2-dimensional torus.
We introduce a category of generalized highest weight modules for this Lie algebra.
Using the machinery of a jet Lie algebra, we define the determinant vertex algebra that
controls this category of representations. We prove that the commutant of the determi-
nant vertex algebra relative to its Heisenberg subalgebra, is isomorphic to Linshaw’s
W-algebra W (c = −1, λ = −1/8). We formulate a conjecture about simple quotients
of the determinant vertex algebra and Linshaw’s algebra W(-1, -1/8). We conjecture
that the simple quotients are related to a (non-trivial) limit of the W-algebra associated
with affine sl(2) as its central charge goes to zero.
Finally, we construct a free field representation of the Determinant Lie algebra.
This is a joint work with Kenji Iohara and Olivier Mathieu.

Nikolay Borozenets
On String Functions of the Generalized Parafermionic Theories,
Mock Theta Functions, and False Theta Functions
This talk is based on the joint work with Eric Mortenson. In 1988 Kac and Wakimoto
introduced the admissible highest weight representations as a conjectural classifica-
tion of all modular-invariant representations of the affine Kac–Moody algebras. For
the affine Kac–Moody algebra A(1)

1 their conjectural construction has been proved.
Using their construction, Ahn, Chung, and Tye introduced the generalized Fateev–
Zamolodchikov parafermionic theories. The characters of these parafermionic theories
are string functions of admissible representations of A(1)

1 up to a simple appropriate
factor. Determining modular properties or explicitly calculating string functions and
branching coefficients is an important yet wide-open problem. Outside of initial works
of Kac, Peterson, and Wakimoto, little is known. For the 1/2-level string functions, we
present their mixed mock modular properties as well as elegant mock theta conjecture-
like identities involving second order mock theta functions from Ramanujan’s Lost
Notebook. Then we introduce a new approach by first developing a quasi-periodic
notion of admissible string functions and calculating the Zagier–Zwegers’ polar-finite
decomposition for the admissible characters. As an application of the decomposition,
we obtain families of new mock theta conjecture-like identities for 1/3 and 2/3-level
string functions in terms of Ramanujan’s celebrated third order mock theta functions
f3(q) and ω3(q). We also obtain an analogous family of new identities for the 1/5-
level string functions in terms of Ramanujan’s four tenth-order mock theta functions.
As for general level results we demonstrate that the negative level string functions can
be evaluated in terms of false theta functions and we give a heuristic argument for an
expansion of the positive level admissible string functions in terms of Appell functions.
N. Borozenets, E.T. Mortenson, On string functions of the generalized parafermionic



theories, mock theta functions, and false theta functions, arXiv:2409.14834 (2024).
N. Borozenets, E.T. Mortenson, On string functions of the generalized parafermionic
theories, mock theta functions, and false theta functions, II, arXiv:2502.03074 (2025).

Junpeng Cao
Quantum integrable system associated with the G2 exceptional Lie
algebra
A quantum integrable spin chain model associated with the G2 exceptional Lie algebra
is studied. By using the fusion technique, the closed recursive relations among the
fused transfer matrices are obtained. These identities allow us to derive the exact energy
spectrum and Bethe ansatz equations of the system based on polynomial analysis. The
present method provides a unfied treatment to investigate the Bethe ansatz solutions
for both the periodic and the non-diagonal open boundary conditions associated with
exceptional Lie algebras.

Olalla Castro Alvaredo
Integrable Quantum Field Theory and Irrelevant Perturbations
In this talk I will review recent results on the development of a form factor program
for integrable quantum field theories (IQFTs) perturbed by irrelevant operators. It has
been known for a long time that under such perturbations integrability is preserved
and that the two-body scattering phase gets deformed in a simple manner. The con-
sequences of such a deformation are stark, leading to theories that exhibit a Hagedorn
transition and no UV completion. These phenomena manifest physically in several dis-
tinct ways. In our work we have mainly asked the question of how the deformation of
the S-matrix translates into the correlation functions of the deformed theory. Does the
scaling of correlators at long and short distances capture any of the features mentioned
above? Can our understanding of irrelevant perturbations tell us something about the
space of IQFTs and about their form factors? In this talk I will give partial answers to
these questions, summarising work from the past 3 years, in collaboration with Stefano
Negro, Fabio Sailis and István M. Szécsényi.

Andoni De Arriba De La Hera
Supersymmetric Vertex Algebras and Killing Spinors
I will explain how the existence of a certain class of Killing spinors, which arise in the
study of special holonomy in generalized geometry, determines embeddings of canoni
cal supersymmetric vertex algebras in the space of sections of a sheaf of vertex alge
bras, called the chiral de Rham complex. The Killing spinor equations considered are
part of an approach to special holonomy based on Courant algebroids in generalized
geometry and are inspired by heterotic supergravity. The link with the chiral de Rham
complex is provided by a universal construction presented by Bressler and Heluani that
attaches a sheaf of vertex algebras to any Courant algebroid.
More specifically, I will consider embeddings of the N=2 superconformal vertex alge-
bra in two different set-ups, namely in the superaffinization of a quadratic Lie algebra,
satisfying appropriate algebraic conditions, and in the space of sections of the chiral



de Rham complex of a Courant algebroid appearing in supergravity. The first set-up is
applied to obtain the first examples of (0,2) mirror symmetry on compact non-Kähler
complex manifolds. This part is based on my PhD thesis and joint work with Luis Álva
rez-Cónsul and Mario Garcia-Fernandez (IRMN 2024 and arXiv:2305.06836).

Mahmut Elbistan
Displacement Memory Effect from Supersymmetry
We explain the recent results on the displacement memory effect (DME) of plane grav-
itational waves using supersymmetric quantum mechanics. This novel approach stems
from that both the geodesic and the Schrödinger equations are Sturm-Liouville bound-
ary value problems. Supersymmetry provides a unified framework for the Pöschl-Teller
and the Scarf profiles and yields the critical values of the associated wave amplitudes
for DME in a natural way. Within our framework, we obtain a compact formula for
DME in terms of the asymptotic values of the superpotential and the geodesics. In
addition, this new technique enables us to build plane and gravitational waves with
2-transverse directions using superpartner potentials. Lastly, we study DME within a
singular wave profile inspired by supersymmetric quantum mechanics, which demon-
strates the broader applicability of our method.

Eduardo Eller Quadros
Mass Hierarchy of Z(2) Monopoles
In this work we establish every spherically symmetric non-Abelian Z(2) monopole gen-
erated by su(2) embeddings in the SU(4) Yang-Mills-Higgs model minimally broken to
SO(4) by a symmetric second-rank tensor Higgs field. We find new monopole solutions
associated with index 4 and index 10 embeddings. These solutions belong to su(2) mul-
tiplets that are higher dimensional than triplets. Properties of these monopoles such as
their mass and radius are calculated in the vanishing potential limit. A parallel between
this result and the Standard Model hierarchy of fermion masses is considered.

Naoki Genra
Geometry of vertex algebras and connections with isomorphisms
among W-algebras
The associated graded algebra of the (universal) affine W-algebras by the Li filtration is
known to be the coordinate ring of the arcspace of the associated variety, the Slodowy
slice. Such a vertex algebra satisfies good conditions for the compatibility with some
geometric structure of the associated variety. We show the sufficient conditions for ver-
tex algebras to form the arcspace of the associated varieties after taking the quantum
Hamiltonian reductions (or BRST reductions), and apply to different constructions of
W-algebras to obtain non-trivial isomorphisms. As a corollary, we prove vertex alge-
braic analogs of Gan-Ginzburg isomorphisms. This is joint work with Thibault Juillard.

Ryan Grady
Local L-infinity Algebras in General Relativity



I will describe how to encode symmetry algebras in terms of local L-infinity algebras.
I will then discuss two applications in general relativity. First, I will gauge asymptotic
symmetry to enforce asymptotic flatness. Secondly, I will compute some examples of
(classical) black hole entropy using a version of Noether’s Theorem due to Costello
and Gwilliam.

Eduardo Guendelman
Dynamical Tension Strings, avoidance of Swampland constranits
and a new type of Dark Matter
The string and brane tensions do not have to be put in by hand, they can be dynamically
generated, as in the case when we formulate string and brane theories in the modified
measure formalism. Then string and brane tensions appears, but as an additional dy-
namical degree of freedom. It can be seen however that these string or brane tensions
are not universal, but rather each string and each brane generates its own tension. To
make the string tension totally dynamical a bulk field is introduces, and in this case,
conformal invariance in the case of two different species of strings with different ten-
sion can produce braneworlds. Swampland constraints may be avoided. Dark matter to
us may consist of matter made out of strings with different tensions.

Nohra Hage
Super Cauchy identities over signed alphabets
We introduce super Robinson–Schensted–Knuth correspondences between signed two-
rowed arrays and pairs of super Young tableaux over signed alphabets. We establish in
particular one-to-one correspondences between matrices of nonnegative integers and
pairs of super Young tableaux. We deduce bijective proofs of super Cauchy identities
of super Schur functions on signed alphabets.

Malte Henkel
Generalised time-translation-invariance in physical ageing
The systematics of changing the representation of the Schroedinger group allows to
derive the entire phenomenology of physcal ageing. In addition, a relevance criterion
for certain non-linearities in the equation of motion is derived.

Pavel Holba
Complete Description of Conservation Laws for Extended General-
ized Cahn–Hilliard–Kuramoto–Sivashinsky Equation
We give a complete characterization of nontrivial local conservation laws for the ex-
tended generalized Cahn-Hilliard–Kuramoto–Sivashinsky equation in any space di-
mension. This equation naturally generalizes the well-known and widely used Cahn-
–Hilliard and Kuramoto–Sivashinsky equations, which have manifold applications in
chemistry, physics, and biology. In particular, we demonstrate that any nontrivial
local conservation law of any order for the equation under study is equivalent to a
conservation law whose density is linear in the dependent variable with the coeffi-



cient at the dependent variable depending only on the independent variables. For fur-
ther details please see the paper P. Holba, Conservation laws for extended general-
ized Cahn–Hilliard–Kuramoto–Sivashinsky equation in any dimension. J Math Chem
(2025), https://doi.org/10.1007/s10910-025-01717-w

Elitza Hristova
Relatively free algebras satisfying a long commutator identity
Let V be an n-dimensional vector space over a field of characteristic zero and let T (V )
denote the tensor algebra of V . We define inductively long commutators in T (V ) by
the formula [u1, . . . , up] = [[u1, . . . , up−1], up] for all ui ∈ T (V ), where [u1, u2]
is the usual double commutator. For any p ≥ 2, let Ip denote the two-sided asso-
ciative ideal in T (V ) generated by all commutators of length p. The quotient alge-
bras T (V )/Ip+1 are natural non-commutative generalizations of the symmetric alge-
bra S2V = T (V )/I2 and are examples of relatively free algebras of finite rank n. In
this talk, we discuss different properties of these algebras. In the first part of the talk,
which is based on a joint work with Thiago Castilho de Mello, we discuss polynomial
identities for T (V )/Ip+1. In particular, we describe an explicit minimal basis for the
polynomial identities of T (V )/Ip+1 when p = 3 and 4. For general values of p, we
give a lower and an upper bound on the minimal value of a positive integer k such that
expression [x1, x2] · · · [x2k−1, x2k] is an identity for T (V )/Ip+1. In the second part of
the talk, we discuss properties of the structure of T (V )/Ip+1 as a GL(n)-module.

Carlo Iazeolla
Fractional spins, unfolding and holography: a parent theory for
dual higher-spin gravities
I will show how Vasiliev’s 4D higher-spin gravity and 3D coloured conformal higher-
spin gravity (i.e., coloured conformal matter fields coupled to conformal higher-spin
gauge fields and colour gauge fields) emerge as two consistent reductions of a com-
mon parent model. The latter consists, on-shell, of a flat superconnection valued in
a fractional-spin extension of Vasiliev’s higher-spin algebra. The higher-spin gravity
and coloured conformal higher-spin gravity reductions are characterised by dual struc-
ture groups, and their embedding in a common parent model provides a rationale for
deriving holographic relations between them.

Lucian Ionescu
On Kahler-Hodge Structures and Periods, with applications to Gauge
Theory
At quantum level, relativistic time emerges from quantum phase. The Kahler struc-
ture in Gauge Theory is adequate for implementing an “Einstein-Feynman relativis-
tic proper time”, replacing the Space-Time paradigm for classical/quantum relativistic
Physics. A preliminary investigation of Hodge structure as a model for periods of vi-
bration (energy spectrum), in relation to the above interpretation of the quantum phase,
will be provided in terms of algebraic integrals called periods.



Ivan Ip
Casimir Actions of Parabolic Positive Representations
The parabolic positive representations of Uq(gR) were previously constructed by quan-
tizing the classical parabolic induction corresponding to arbitrary parabolic subgroups,
such that the Chevalley generators act by positive self-adjoint operators on a Hilbert
space. This generalizes the (standard) positive representations introduced earlier cor-
responding to the minimal parabolic (i.e. Borel) subgroup. In this talk, we will show
how one can study the scalar actions of the generalized Casimir operators by certain
reductions from the standard representations to the parabolic cases.

Fabian Januszewski
Rational structures on quivers
We introduce rational structures on quivers and associated rational structures on rep-
resentations. We show that there is a natural rational structure on the Gelfand quiver
whose category of nilpotent Q-rational representations is equivalent to suitable cate-
gories of Q-rational Harish-Chandra modules for SL(2,R).

Dragi Karevski
Free fermions in the repeated interactions scheme
We discuss collision models made of fermions colliding repeatedly with an extended
fermionic system whose hamiltonian is quadratic. After a review of the general theory
of collision models, we derive a general Lyapunov dynamical equation that governs
the covariance matrix of the fermionic extended system. We solve explicitly, in a wide
range of physical parameters, several situations of interest such as the case of a bound-
ary driven chain or the replication of entanglement leading to a rainbow like state.

Toshiyuki Kobayashi
Symmetry Breaking under Translation
We consider the restriction of irreducible representations of a real reductive group G
to a subgroup H. In general, the multiplicity in the branching law can be infinite, even
when H is a maximal reductive subgroup, such as in the case where (G,H) = (GL(p+
q), GL(p)×GL(q)). In this talk, I plan to start with general results on multiplicities and
present criteria for uniform boundedness. Then, we introduce the concept of “fences”
for the interlacing pattern, which refine the usual notion of “walls” for Weyl chambers.
A theorem will be presented, stating that the multiplicity remains constant unless these
”fences are crossed. If time permits, I will mention some applications to new branching
laws.

Takeo Kojima
Construction of integrals of motion for the deformed W-algebras via
quantum toroidal algebras
The classical W -algebra W (g) is a Poisson algebra introduced to extend the KdV the-
ory to the framework of the affine Lie algebra g. The deformed W -algebra Wq,t(g)



is a non-commutative associative algebra that gives a two-parameter deformation of
the classical W -algebra. In the most basic case of g = A

(1)
l , infinite sequences of

commutative operators called “integrals of motion” were constructed in the deformed
W -algebra Wq,t(A

(1)
l ) in Ref.[1]. They can be regarded as elliptic quantum deforma-

tions of the Hamiltonian of the A(1)
l -KdV theory. Constructions of integrals of motion

of the deformed W -algebra Wq,t(g) associated with a wide class of Lie algebras g
have been little progress for more than 10 years due to its difficulty. In recent years, a
new construction of the deformed W -algebra via quantum toroidal algebras has been
found in Ref.[2]. One of the advantages of this construction is that it gives an affiniza-
tion of the screening currents as a by-product. Taking this advantage, we explicitly
construct infinite sequences of the integrals of motion associated with the deformed
W-algebra Wq,t(D

(1)
l ) and show their commutativity by direct calculation. In the case

of g = E
(1)
6,7,8, we present conjecture formulae of the integrals of motion. This talk is

based on a collaboration with Professor Michio Jimbo.
[1] T. Kojima and J. Shiraishi, The integrals of motion for the deformed W algebra
Wq,t(glN ) II: Proof of the commutation relations, Commun. Math. Phys. 283 (2008),
795-851. [2] B. Feigin, M. Jimbo, E. Mukhin, and I. Vilkoviskiy, Deformation of W
algebras via quantum toroidal algebras, Selecta Math. (N.S.) 27 (2021), no.4, Paper
no.52, 62pp. [3] M. Jimbo and T. Kojima, Preprint, in preparation (2025).

Piotr Kucharski
Quivers and BPS states in 3d and 4d
Knot-quiver correspondence provided a picture of BPS state counts in 3d N=2 theories
associated to symmetric quivers. On the other hand, we have another, well established
construction of BPS states in 4d N=2 theories which also correspond to quivers, but
not symmetric ones. The aim of this talk is to give an answer for an obvious and
long-standing question about the relation between these two perspectives.

John LaChapelle
What can the semi-direct product group U(2) = SU(2) o U(1) do
for the Standard Model of particle physics
We consider U(2) instead of SU(2)×U(1) as the electroweak gauge symmetry group.
Being a semi-direct product group, U(2) possesses two non-trivial defining repre-
sentations isomorphic under ‘large’ gauge transformations: therefore they represent
non-gauge-redundant matter field configurations. To construct the electroweak Yang-
Mills term in the Standard Model, physics demands a positive-definite inner product.
Unfortunately, the Killing form of U(2) is degenerate. However, it is possible to
construct a positive-definite inner product on the non-trivial defining representations
which we employ to define the structure constants and subsequent Yang-Mills term.
The two non-trivial representations lead to an unconventional picture of hadronic con-
stituents that nevertheless produces transition amplitudes in agreement with the Stan-
dard Model. The unconventional picture of hadronic constituents provides a new per-
spective by which to explore physics beyond the Standard Model including, in particu-
lar, phenomenological parton models, quark-lepton complementarity, and the Higgs as



a pseudo-Goldstone boson.

Julian Lang
A new Lagrangian for GR + YM as a tool for understanding quan-
tum gravity in de Sitter
I present a simple (but so far overlooked) combination of known ideas that results
in a new Lagrangian for coupling YM to GR. It describes both theories in the same
type of variables (field-strengths and connections but no metric!) and exhibits an ex-
plicit “double-copy” structure. By focusing on its chiral half, we are able to extend
the gauge-symmetry of both theories to include higher-spin particles. I will present
how these theories have been useful in understanding quantum gravity in dS space, by
providing a tractable subsector of higher-spin gravity.

Joseph Lap
Fixing Generalized Event Shapes from Symmetry
Light Ray operators are a class of collider-like observables that measure the charge/energy/etc
deposited in a given direction on the celestial sphere at future null infinity. Recently,
they have been generalized to a 1-parameter deformation that probes longitudinal struc-
ture: so-called ω-deformed light-ray operators. Conformal symmetry fixes the form of
the 1-pt function of such an operator in background. I will show how to explicitly
construct these correlation functions in embedding space with the use of the Todorov
Operator.

Vasileios Letsios
Unitary Rigid SUSY for the Chiral Graviton and Chiral Gravitino
in de Sitter spacetime
It is commonly believed that a unitary supersymmetric quantum field theory (QFT) in-
volving graviton and gravitino fields on fixed 4-dimensional de Sitter spacetime (dS4
) cannot exist due to known challenges associated with supersymmetry (SUSY) on
spaces with positive cosmological constant. In this talk, we contradict this expectation
by presenting a new unitary supersymmetric QFT on fixed dS4 : the free supersym-
metric theory of the chiral graviton and chiral gravitino fields. The theory overcomes
the known obstacles to unitary global SUSY on de Sitter because the commutator be-
tween two SUSY transformations closes on the conformal algebra so(4,2) rather than
the de Sitter algebra so(4,1). Crucially, the so(4,2) symmetry is realised through uncon-
ventional conformal-like transformations. Based on joint work with Atsushi Higuchi:
https://arxiv.org/abs/2503.04515

Chen-Te Ma
Higher-Dimensional Fermionic SYK Model in IR Region
We study the 2D fermionic SYK model with Majorana fermions, featuring a kinetic
term with a quartic expression and a 2q-body interaction with Gaussian disorder. By
minimizing the effective action or solving the SD equation for q = 1, we determine that



the appropriate ansatz involves zero spins. Our computation of the Lyapunov exponent
shows violations of chaos and unitarity bounds. The gravitational dual corresponds to
AdS3 Einstein gravity with a finite radial cut-off even if we lose the non-zero spins.
We also extend the SYK model to higher dimensions while maintaining a similar SD
equation in the IR.

Toru Masuda
Multiply-wrapped D-branes and T-duality in open string field the-
ory
In the framework of open string field theory, I will present a classical solution for a
D-brane that is multiply wrapped around a torus with a constant magnetic flux. Ad-
ditionally, I will discuss the T-dual transformation of a system exhibiting a periodic
configuration of D-branes.

Arnaud Mayeux
On the Multi-graded Brenner-Schröer Proj Construction: New Foun-
dational Results, Applications to Lie Theory, and Lean4 Formaliza-
tion
As part of his refoundation of algebraic geometry during the second part of the twen-
tieth century, A. Grothendieck introduced the Proj scheme of an N-graded ring. This
generalization of the notion of projective space is natural in the framework of his theory
of schemes. Grothendieck’s Proj construction has since been studied, taught, treated
and used many thousands of times. During the first years of the third millennium, H.
Brenner and S. Schröer generalized Grothendieck’s Proj construction to rings graded
by finitely generated abelian groups. Surprisingly, this very natural generalization still
seems to be relatively confidential. In this talk, I will promote Brenner-Schröer work,
explain a slightly different perspective on it and present new results on this construc-
tion: definition of multi-graded Proj by glueing, functoriality, compatibility with prod-
ucts, twisting sheaves, description of coherent sheaves on multi-graded Proj. Then,
I will explain how to describe flag varieties of reductive algebraic groups over al-
gebraically closed fields, and vector bundles over such flag varieties associated with
some representations of a Borel subgroup (including the Springer resolution) as the
Proj scheme of a ring graded by characters of a maximal torus. The description of
flag varieties as Proj schemes of N-graded rings is classical, but it requires a choice
of a strictly dominant weight. In the multi-graded setting one does not make any such
choice, hence gets a more canonical construction, which is sometimes useful. Versions
of this construction appear implicitly or explicitly in various constructions in algebraic
groups and representation theory, but without citing Brenner-Schröer paper. The above
is a joint work with S. Riche. I will also explain that most foundational parts of the
multi-graded Proj construction have been verified and implemented in Lean4 depen-
dent type theory very recently (in another work, joint with J. Zhang).

Salvatore Mignemi
κ-deformations of the Yang model



A long time ago C.N. Yang proposed a generalization of the Snyder model to the case
of a curved background spacetime, based on an algebra isomorphic to so(1, 5), which
includes as subalgebras both the Snyder and the de Sitter algebras. His proposal can
therefore be interpreted as a model of noncommutative curved spacetime, and could be
useful for relating physics at very small and very large scales. We review this model
and some recent progress concerning its generalization, in particular the possibility of
a kappa deformation.

Federica Muscolino
Two-Time Physics and Freudenthal Triple Systems
Some time ago, Bars introduced the so-called two-time physics. In this paradigm,
different (relativistic or non-relativistic) physical systems can be obtained from an ex-
tended phase space (EPS), with additional time-like and and space-like dimensions, by
performing suitable gauge fixings, involving the generators of the symplectic symme-
try Sp(2, R) of the EPS itself. In this talk, I will elucidate some algebraic properties
of Bars’ two-time physics, unraveling its deep relation to quadratic and cubic Jordan
algebras, as well as with reduced Freudenthal triple systems (FTS) constructed over the
latter. Indeed, the EPS can be endowed with the structure of a FTS over a semi-simple
cubic Jordan algebra (called Lorentzian spin factor), with the isometry group of the
EPS being isomorphic to the automorphism group of the FTS. Such an isometry group
has a non-transitive action on the EPS itself, which thus undergoes a stratification into
orbits, defined by classes of algebro-differential constraints on a unique invariant poly-
nomial of degree four. The aforementioned Sp(2, R) gauge-fixing localizes all physical
systems so far obtained in Bars’ theory only onto a class consisting of two isomorphic
orbits of the FTS. We will illustrate all this with explicit examples, also pointing out
directions for further future developments. These results stem from joint work with A.
Kamenshchik and A. Marrani.

Rajamani Narayanan
Non-abelian gauge theories in two dimensions will massless fermions
I will discuss recent results using lattice formalism on SU(N) gauge theories coupled
to massless fermions in two dimensions (1+1), I will show how one can extract confor-
mal scaling dimensions using finite volume analysis. I will also discuss subtle aspects
associated with twisted boundary conditions and a Z2 index.

Nikolay Nikolov
Vertex Algebras in Higher Dimensions
This year marks the 20th anniversary of the first work on vertex algebras in higher
dimensions (Nikolov, N.M., Commun. Math. Phys. 253, 283–322 (2005)). I will
review the development of this project and some future perspectives.

Ivo Petr
Jacobi-Lie T-plurality as a solution-generating technique in string
theory



Jacobi–Lie T-plurality turned out to be a solution-generating technique in string theory.
It can be understood as a generalization of Poisson–Lie T-plurality. In this contribu-
tion we introduce Jacobi–Lie T-plurality with spectators, show how the spectator fields
can be included and how physically relevant sigma models can be constructed as Ja-
cobi–Lie models.

Mikhail Podoinitsyn
Continuous spin field in AdS spaces
In this talk I present recent results on continuous-spin fields in AdS spaces. While such
fields in Minkowski space are well understood and correspond to a class of unitary irre-
ducible Poincaré group representations (fully classified by Wigner for D=4 via induced
representations), their AdS counterparts remain less explored. In AdS, continuous-spin
fields typically emerge from consistent models that reduce to either known Minkowski
continuous-spin theories or finite-spin AdS fields for certain parameter values. A key
open question is: how are these fields related to the AdS symmetry group represen-
tations? I will give a partial answer on this question using a D=4 model studied in
[2402.13879, 2403.14446, 2410.07873] and propose an extension of the approach for
D=6.

Todor Popov
Jordan super-algebras and dyon-charge system
In our previous work we obtained the dynamical symmetry of the hydrogen atom
Hilbert space from a Jordan algebra. We now propose to study the hidden confor-
mal symmetries of the dyon-electron system via Jordan superalgebras (with or without
magnetic charges). We further connect via Newton-Hooke duality the dyon-charge
system to the Landau problem of an electron in a magnetic field.

Erich Poppitz
Fractional instantons and nonperturbative gauge theory
I will review the recently increased interest about the role objects with fractional topo-
logical charge play in gauge dynamics, stemming from the study of generalized anoma-
lies, confinement, and chiral symmetry breaking.

Sanjaye Ramgoolam
Finite dimensional algebras for the physical combinatorics of gauge
invariants of continuous symmetries
The combinatorics of polynomial gauge invariant functions of matrix and tensor vari-
ables provides some of the foundations for the emergence of strings and branes in
AdS/CFT and simpler mathematical models of gauge-string duality. The gauge sym-
metries involved are typically continuous symmetry groups such as the unitary group
U(N) and the dependence of the combinatorics on N plays an important role. A pow-
erful tool is Schur-Weyl duality which relates the representation theory of continuous
groups to that of infinite families of finite dimensional algebras. This leads to insights



into the thermodynamics of gauged multi-matrix quantum mechanical systems, in par-
ticular the mechanisms for negative specific heat capacities relevant to small black
holes in AdS/CFT. The centres of the discrete algebras are related to Casimir operators
of the continuous symmetries. This leads to new efficient algorithms, based on eigen-
value equations formulated in these algebras, for the construction of orthogonal bases
for multi-matrix quantum systems relevant to AdS/CFT at general N. The talk will give
an overview of results from the papers: JHEP 12 (2024) 161 and JHEP 02 (2025) 111,
along with relevant earlier work.

Radoslav Rashkov
Magnons in two-parameter deformedAdS3×S3×T 4 and Neumann-
Rosochatius integrable system
Inspired by holographic correspondence, string solutions in deformed backgrounds
have recently attracted significant attention. We begin by briefly reviewing (nearly
equivalent) methods of two-parameter integrable deformations, including Yang-Baxter
deformations, Drinfeld-Reshetikhin twists, and TsT transformations. Next, we exam-
ine string magnon solutions in two-parameter deformed AdS3 × S3 × T 4 for vari-
ous parameter configurations. In the undeformed case, such solutions reduce to the
Neumann-Rosochatius integrable system; here, we investigate how this system is mod-
ified for magnon solutions in the deformed background.

José Javier Relancio Martı́nez
Quantum group deformation of the Kittel-Shore model
The Kittel–Shore (KS) Hamiltonian describes N spins with long-range interactions that
are identically coupled. In this talk, the underlying su(2) coalgebra symmetry of the
KS model is demonstrated for arbitrary spins, and the quantum deformation of the
KS Hamiltonian (q-KS model) is obtained using the corresponding suq(2) quantum
group. By construction, the existence of such a symmetry guarantees that all integra-
bility properties of the KS model are preserved under q-deformation. In particular, the
q-KS model for spin-1/2 particles is analysed in both ferromagnetic and antiferromag-
netic couplings, and the cases with N = 2, 3, and 4 spins are studied in detail. The
higher-spin q-KS models are sketched.

Henrique Rocha
AV-modules
Lie algebras of vector fields were central to the pioneers of Lie theory, yet their rep-
resentation theory remains less developed compared to other infinite-dimensional Lie
algebras. Motivated by their role in classifying weight modules over the Lie algebra
of vector fields on the torus, recent work has focused on representations that admit
a compatible action of the ring of functions, called AV-modules. In this talk, I will
introduce this theory. Key results include: a classification of AV-modules that are
finitely generated over the ring of functions, the geometric realization of AV-modules
as quasi-coherent sheaves with a compatible action of the tangent sheaf, and the struc-
ture of holonomic AV-modules. Associated papers: Billig, Y.; Rocha, H. Holonomic



AV-modules for the affine space, arXiv:2410.21121 [math.RT]; Bouaziz, E.; Rocha, H.
Annihilators of AV-modules and differential operators. J. Algebra 636 (2023), 869–
887.

Vlad Roman
Commuting pairs in Lie algebras
Commuting varieties have been studied since the 1950s, the first result belonging to
Motzkin and Taussky, who showed that in the case of the Lie algebra gln, the commut-
ing variety is irreducible of dimension n2 +n (over a field of any characteristic). In the
1970s, Richardson generalized the problem and proved that in characteristic zero, for a
reductive Lie algebra g, the commuting variety is irreducible and moreover, its dimen-
sion is given by the formula dim(g) + rank(g). A paper of Levy extends Richardson’s
theorem to a field of good characteristic. In the talk I will give an overview of known
results, such as the ones mentioned above, and a summary of my recent paper, in which
the commuting variety of pgln is considered in positive characteristic. At the end other
related problems will be mentioned.

Lucia Santamaria-Sanz
Entanglement from quantum algebra Uh(su(2))
We discuss the Jordanian quantum algebra Uh(su(2)) as a Hopf algebra deformation
of the Lie algebra su(2). We construct the associated h-deformed Dicke states on
suh(2) and relate the deformation parameter with entanglement measures.

Michael Schultz
Projective differential geometry of surfaces and (2,3,5)-distributions
on 5-manifolds
The connection of integrable systems to differential geometry of surfaces in 3-dimensional
projective space has a long and rich history. Using a moving frame, such surfaces can
be immersed in projective 3-space from the solutions of a rank-4 linear system of PDEs
given in local coordinates on the surface. In this talk, we will show how this rank-4 lin-
ear system associated to a generic surface allows one to construct a (2,3,5)-distribution
on a 5-manifold from the differential invariants of the surface. An interpretation of this
2-plane distribution in terms of projective surfaces rolling without slipping or twisting
will be proposed. This represents work in progress with Brandon Ashley.

Avner Segal
Poles and Residues of Degenerate Eisenstein series on Exceptional
Groups
Constructing the L2 spectrum of an adelic group is an open (and important) problem.
While the theory of Eisenstein series (established in the book of Moeglin and Wald-
spurger) gives a framework for describing the non-cuspidal spectrum using parabolic
induction, the particulars for each group are difficult to calculate (in particular for
grouos of rank higher than 2). A large part of the residual spectrum (that is the non cus-



pidal part of the discrete spectrum) can be constructed as residues of degenerate Eisen-
stein series, these are series associated with parabolic induction from 1-dimensional
representation on proper maximal parabolic subgroups. These degenerate Eisenstein
often also play a role in integral representations of L-functions, functorial lifts (which
in turn allows us to describe cuspidal representations of smaller groups) and other in-
teresting periods.
In this talk I will report on a joint project with H. Halawi (to appear in Memoirs of the
AMS) in which we completely described the poles and residues of degenerate Eisen-
stein series on the exceptional groups of type E6 and E7 and an almost complete de-
scription for the exceptional group of typeE8. We further gave a list of Siegel-Weil like
identities (which can potentially be used to prove Siegel-Weil like formulas) on these
groups and a complete analysis of the expected multiplicity of each such representation
in the L2 spectrum (via Arthur’s multiplicity formula).

Gizem Şengör
Ladder operators of de Sitter algebra
We identify raising and lowering operators of the de Sitter algebra with focus on their
action on states in particular in 2 and 4 spacetime dimensions. There isn’t a unique
solution to the question of how the de Sitter ladder operators act on states. By fixing
the action of certain generators one can conclude on the action of the rest. Our main
aim is to be able to identify highest and lowest weight states such that we can recognize
them for quantized fileds on a rigid de Sitter background.

Ken Shiozaki
Higher Berry Curvature and Gerbe Structure in One-Dimensional
Quantum Systems
We study the higher Berry curvature that appears in families of gapped quantum many-
body systems in one spatial dimension, where the geometric structure is described
not by a line bundle but by a higher gauge field (gerbe). Using translationally in-
variant matrix product states (MPS) obtained via density matrix renormalization group
(DMRG), we evaluate the higher Berry curvature through Wilson surface integrals over
discretized tetrahedra in the parameter space. This formulation allows us to probe the
gauge-invariant topological response associated with adiabatic deformation of ground
states. Our numerical results demonstrate the quantization of the higher Berry curva-
ture over closed three-dimensional parameter spaces, providing evidence for the ex-
pected gerbe structure in interacting one-dimensional systems. [1] KS, Niclas Heins-
dorf, Shuhei Ohyama, arXiv:2305.08109.

Andrei Smilga
Witten index in chiral supersymmetric gauge theories
The effective Hamiltonian for the chiral supersymmetric QED including 8 chiral su-
perfields carrying charge e and a superfield carrying double negative charge -2e, which
is placed at a small spatial volume, describes the motion of a charged particle in the
dual cubic lattice of magnetic monopoles with zero average magnetic charge supple-



mented with a periodic singular potential. In this case, it is possible to find the vacuum
wave functions and evaluate the Witten index of the theory, which is equal to -7. For
non-Abelian chiral theories (they can be formulated for all groups admitting complex
representations, i.e., for SU(N > 2) , Spin(4n + 2) and E6), the effective Hamiltoni-
ans have more complicated form. The dual gauge fields in such Hamiltonians belong
to the Cartan subalgebras of the corresponding gauge algebras. They represent cer-
tain 3r-dimensional lattices (r being the rank of the group) of what we called ”Cartan
monopoles”. We give explicit expressions for these Hamiltonians for SU(3), SU(4) =
Spin(6) and for SU(5).

Rafael Stekolshchik
Integer quadratic forms and root systems associated with Dynkin
and Carter diagrams
A review of several properties associated with Carter diagrams is presented. Carter
diagrams can be viewed as a generalization of Dynkin diagrams, but allowing cycles.
Carter diagrams were invented to describe conjugacy classes in the Weyl group. Let Γ
be a Carter diagram. The set of linearly independent roots associated with Γ is called
Γ-set. It turns out that to describe conjugacy classes in the Weyl group it suffices to use
only 4-cycles. Further, we consider relation of homogeneous Carter diagrams Γ and
Γ′, i.e., diagrams having the same type and rank. We find a transition map M between
Γ-sets and Γ′-sets for each homogeneous pair (Γ,Γ′) such that M is involution and
has other nice properties. Let Γ̃ be the diagram obtained from a Carter diagram Γ by
adding one extra root γ, with its bonds, so that the roots corresponding to Γ̃ form a
Γ̃-set. The extra root γ is called a linkage root. A simple criterion for a given vector
γ to be a linkage root is given in terms of the inverse quadratic form B∨ to the Cartan
matrix associated with Γ. The set of all possible linkage roots is called a linkage system.
The linkage system forms a number of connected components under the action of the
dual Weyl group. Some examples of linkage systems for the cases Dn and Dn(ak) are
given.

Stoimen Stoimenov
Consequences of Schrödinger invariance on 1DGlauber-Ising model
We apply the machinery of Schrödinger invariance to obtain the single-time correla-
tor C(t, t;~r) or the two-time auto-correlator C(t, s,~0) of spin systems modeled by
1D Glauber-Ising model, quenched to critical temperature Tc = 0. Using the non-
stationary representation of Schrödinger algebra characterised with explicit broken
time-translation invariance and specific long-time limit limt→∞ t.Tc = const. our re-
sults are in perfect agreement with the exact results known from direct integration.

Shoma Sugimoto
An abelian categorification of Ẑ-invariants
The Ẑ-invariant of negative definite plumbed 3-manifolds introduced by Gukov-Pei-
Putrov-Vafa in 2017 is not only a q-expansion of the Witten-Reshetikhin-Turaev in-
variant, but is also known to give rich examples of quantum modular forms. The latter



fact predicts the existence of logarithmic CFTs/VOAs with Ẑ-invariants as their char-
acters, but only a few easiest cases are known so far. I have studied the easiest cases
of logVOA by proving and developing the geometric representation theory of logVOA
conjectured by Feigin-Tipunin in 2010. Recently, by proving that the FT construction
has a purely Lie algebraic formulation and moreover that it can be “nested”, for any
negative definite plumbed 3-manifold, I proposed an abelian category (independent of
the VOA structures) with the corresponding mechanism of “nested FT constructions”.
It can be regarded as an abelian categorification of the Ẑ-invariant (because it is ob-
tained by the recursive use of the Weyl-type character formula of FT construction) and
provides a hypothetical but unified approach for the construction and representation
theory of the corresponding logVOA. In this talk, I will explain the background and
overview of my works above.

Mamoru Ueda
Affine Yangians and non-rectangular W -algerbas of type A
The Yangian is a quantum group introduced by Drinfeld, which can be regarded as a
deformation of the current Lie algebra in the finite-dimensional setting. Yangians have
been actively studied in connection with a certain type of vertex algebra known as a
W-algebra. A representative result in this area is due to Brundan and Kleshchev, who
described a finite W-algebra of type A as a quotient of the shifted Yangian. The shifted
Yangian contains a finite Yangian of type A as a subalgebra. De Sole, Kac, and Valeri
constructed a homomorphism from this subalgebra to the finite W-algebra of type A
using the Lax operator.
In this talk, I will explain how to construct a homomorphism from the affine Yangian
of type A to a non-rectangular W-algebra of type A, which can be regarded as an affine
analogue of the result by De Sole, Kac, and Valeri. This homomorphism is expected to
lead to a generalization of the AGT conjecture.

Joris Van der Jeugt
A-statistics from a different point of view: p-bosons and p-fermions
We present a new generalization of the standard (anti-)commutation relations for cre-
ation and annihilation operators of bosons and fermions. These relations preserve the
usual symmetry properties of bosons and fermions. Only the standard (anti-)commutator
relation involving one creation and one annihilation operator is deformed by introduc-
ing fractional coefficients, containing a positive integer parameter p. The Fock space
is determined by the classical definition. The new relations are chosen in such a way
that the total occupation number in the system has the maximum value p. From the
actions of creation and annihilation operators in the Fock space, a group theoretical
framework is determined, and from here the correspondence with Palev’s A-statistics
is established.

Tsvetan Vetsov
Optimal processes in holographic spacetimes
We employ a rigid geometric optimization method to investigate the physics of thermal



fluctuations and optimal thermodynamic processes in holographic models. Our objec-
tive is to demonstrate how the information length functional can characterize optimal
paths between states within the system’s macrostate space. A key advantage of this
approach is its ability to facilitate state transformations with minimal effort.

Hoang Ngoc Minh Vincel
Various Bialgebras of Representative Functions on Free Monoids
Factorization and decomposition of representative functions with values in a ring and
on a free monoid are equivalent to factorization and decomposition of their graphs,
viewed as rational series admitting linear representations. To factorize and to decom-
pose these graphs, we examine various products of noncommutative series (as con-
catenation, shuffle and its deformations) and co-products, which are such that their
associated non graded bialgebras, on a field, are isomorphic to the Sweedler’s dual
of the graded noncommutative co-commutative bialgebra of polynomials having only
Kleene stars of the plane as characters, for concatenation.

Yihong Wang
HEFT Numerators from Kinematic Algebra: A Vertex Operator
Approach
In this talk, I will present a novel construction of kinematic numerators for heavy-mass
effective field theory (HEFT) amplitudes using a vertex operator algebra framework
inspired by string theory. By evaluating nested commutators of gluon vertex operators
between massive tachyonic states, we derive gauge-invariant numerators expressed as
products of structure constants. This approach naturally organizes the computation
into rooted tree structures, facilitating the enumeration of contributions. Our method
provides a string-theoretic interpretation of field-theoretic fusion rules and offers an
algorithmic pathway for computing HEFT numerators, with potential extensions to
massive fermionic states.

Milen Yakimov
Cluster structures on quantum groups and the full Berenstein-Zelevinsky
conjecture
From the early days of the theory of cluster algebras, one of the desired constructions
was to turn the quantized coordinate rings of complex simple Lie groups into quantum
cluster algebras. This remained elusive. We will present a resolution of it and of the
Berenstein-Zelevinsky conjecture on cluster structures of quantum double Bruhat cells,
a special case of which was proved in an earlier work with Ken Goodearl. This is a
joint work with Fan Qin and Hironori Oya.

Ida Zadeh
Asymmetric Orbifolds, Rank Reduction and Heterotic Islands
Exploring unknown regions of the moduli space of 2-dimensional conformal field theo-
ries plays an important role in understanding properties of theories of quantum gravity.



In this talk I will discuss a family of world-sheet conformal field theories, asymmetric
orbifolds, that describe some of these unexplored loci in the moduli space. I will focus
on the application of asymmetric orbifolds to toroidal compactifications of heterotic
string theory, and will consider theories in 6 and 4 dimensions with 16 supercharges
and reduced rank. I will present a novel formalism, based on the Leech lattice, to
construct ’islands’ without vector multiplets.

George Zoupanos
Unification of Conformal and Fuzzy Gravities with Internal Inter-
actions
The Unification of Conformal and Fuzzy gravities with Internal Interactions is based on
the following two facts. The first is that the tangent group of a curved manifold and the
manifold itself do not necessarily have the same dimensions. The second is that both
gravitational theories considered here have been formulated in a gauge theoretic way.
We plan first to review the construction of the Conformal and the Noncommutative
(Fuzzy) Gravities using the gauge theoretic framework. Then based on an extension of
the four-dimensional tangent group we will present the Unification of both Gravities
with the Internal Interactions based on the SO(10) GUT.

Alexander Zuevsky
Invariants of vertex algebras with applications to foliations
In this talk we review recent applications of cohomology methods associated with ver-
tex operator algebras to problems in CFT, differential geometry, number theory, and
algebraic topology.


