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Remarks on discrete Dirac operators and their continuum
limits

2 HHE

We discuss possible definitions of discrete Dirac operators, and discuss their continuum
limits. It is well-known in the lattice field theory that the straightforward discretization of the
Dirac operator introduces unwanted patrticles (spectral subspaces), and this phenomenon
is known as the fermion doubling. In order to overcome this difficulty, two methods were
proposed.

(1) Introduce a new term, called the Wilson term;

(2) The KS-fermion model or the staggered fermion model.

We discuss mathematical formulations of these, and study their continuum limits. The
preprint is available at https://arxiv.org/abs/2306.14180.




Continuum limit for Laplace and elliptic operators
on lattices

Yukihide Tadano (Tokyo University of Science)

This talk is devoted to continuum limit problems of discrete Schrédinger
operators on lattices, which is based on a joint work with Keita Mikami
(RIKEN) and Shu Nakamura (Gakushuin University).

The first part of this talk concerns the asymptotic behaviors of Laplace
operators Hp = Hpp + V on general lattices hA C R? perturbed with
a real-valued potential V on R? as the mesh size h tends to zero. We
show that, when A is equipped with a graph structure, Hj converges to
H = Hy + V in the generalized norm resolvent sense as h — +0 under the
same assumption on V' as in our previous work Nakamura-Tadano (2021,
JST), where Hy = po(Dy) is the second order elliptic operator associated
to the given graph structure. It is also shown that, as an application of the
above result, the continuum limit of the Laplacian on the hexagonal lattice
Apex, which is not a lattice in that Aye 2 Z2, is —%A in the above-mentioned
sense.

In the second part of this talk, we study the discretization Hy, of a second
order strictly elliptic operator H on R¢ onto the square lattice hZ?. We
show that Hj converges to H as h — 40 in the generalized norm resolvent
topology.
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Operator product expansion in two-dimension conformal
field theory
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Conformal field theory can be defined using the associativity and the commutativity of the
product of quantum fields (operator product expansion). An important difference between
conformal field theory and classical commutative associative algebra is "the divergence"
arising from the product of quantum fields, a difficulty that appears in quantum field theory
in general. In this talk we will explain that in the two-dimensional case this algebra can be
controlled by the representation category of a vertex operator algebra and that the
convergence of quantum fields is described by the operad structure of the configuration
space.



Nambu-Goldstone modes in a lattice Nambu-Jona-Lasinio
model with multi flavor symmetries
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In this talk, we study a lattice Nambu-Jona-Lasinio model with SU(2) and SU(3) flavor
symmetries of staggered fermions in the Kogut-Susskind Hamiltonian formalism. This type
of four-fermion interactions has been widely used for describing low-energy behaviors of
strongly interacting quarks as an effective model. In the strong coupling regime for the
interactions, we prove the following:

(i) For the spatial dimension d = 5, the SU(3) model shows a long-range order at
sufficiently low temperatures.

(ii) In the case of the SU(2) symmetry, there appears a long-range order in the spatial
dimension d = 3 at sufficiently low temperatures.

(iii) These results hold in the ground states as well.

(iv) In general, if a long-range order emerges in this type of models, then there exists a
gapless excitation above an infinite-volume ground state. This is nothing but the Nambu-
Goldstone mode associated with the spontaneous breakdown of the global rotational
symmetry of flavors.

(v) It is also established that the number of Nambu-Goldstone modes is equal to the
number of broken symmetry generators.



Inverse N-body scattering with the time-dependent
Hartree-Fock approximation
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Random models on regularity-integrability structures
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In the study of singular SPDEs, it has been a challenging problem to obtain a simple proof
of a general probabilistic convergence result (BPHZ theorem). Differently from Chandra
and Hairer's Feynman diagram approach, Linares, Otto, Tempelmayr, and Tsatsoulis
recently proposed an inductive proof based on the spectral gap inequality by using their
multiindex language. Inspired by their approach, Hairer and Steele also obtained an
inductive proof by using the regularity structure language. In this talk, we introduce an
extension of the regularity structure including integrability exponents and provide a simpler
proof of BPHZ theorem. This talk is based on a joint work with Ismael Bailleul (Univ Brest).
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On relations between L-functions and random matrix
theory

2 HLEE

"At the end of the 20th century, relations between number theory and physics was
considered by Keating-Snaith and Katz-Sarnak, respectively. Keating and Snaith
conjectured a similarity between moments of L-functions and those of characteristic
polynomials of random matrices. Later, Katz and Sarnak suggested that zeros of L-functions
should distribute like eigenvalues of random matrices. In this talk, we focus on zeros of L
-functions and suggest the weighted density conjecture of zeros for families of L-functions.
Moreover we show two pieces of evidence supporting this conjecture. The first evidence is
on symmetric power L-functions attached to modular forms,and the second one is on
Dirichlet L-functions. The second result is a joint work with Ade Irma Suriajaya (Kyushu
University)."
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An algebraic and categorical approach to local quantum
physics

9 FEAFNER

In this talk, we present an algebraic and categorical approach to local quantum physics. We
revisit C*-algebraic quantum theory since Segal and Haag-Kastler and formulate
measurement theory in C*-algebraic quantum theory. For this purpose, we use central
subspace and cL! space. The former, introduced in a previous study by the author, is an
invariant closed subspace of the dual space of a C*-algebra. We analyze several categories
of central subspaces in order to compare central subspaces in different ways. This analysis

is a variant of the investigations by Fell, Haag-Kastler, and others. A c+L! space is a pair of
a C*-algebra and a central subspace of its dual space. Next, we define completely positive
(CP) instrument, a central concept in quantum measurement theory. A CP instrument is a
measure that takes values in CP maps between two c*L1 spaces and is used to describe
the dynamical state changes including measuring processes. Based on CP instruments, we
develop local measurements in local quantum physics.
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