Book of Abstracts

MEHRIREERC T BRHZED AROS — L &[]

Space-time topology and geometry with a focus
on vorticity and magnetic fields

15-17 December 2022 @ JR Hakata City 9F, Meeting Room

Support:
Osaka Central Advanced Mathematical Institute:
MEXT Joint Usage/Research Center on Mathematics and Theoretical Physics
JPMXP0619217849.
(2022-12-15 version)



Abstracts

Takashi Arima (National Institute of Technology, Tomakomai College),
Tommaso Ruggeri (University of Bologna)

Molecular rational extended thermodynamics of polyatomic gases

Yuki Kawaguchi (Nagoya University)
Quantized vortices in a Bose-Einstein condensate with internal de-

grees of freedom . . . . .. ..o Lo

Shinji Koide (Kumamoto University) and Mika Inda-Koide (Sojo
University)

GRMHD numerical simulation of magnetic reconnection around a
black hole . . . . . . . . . ..

Hiroshi Itoyama (NITEP, Osaka Metropolitan U.)

Successes in matrix models in quantum field theory . . . .. . ..

Kazunobu Maruyoshi (Seikei U.)

On supersymmetry enhancement . . . . .. ... .. ... .. ...

Allan Gerrard (Ochanomizu U.), Niall MacKay (U. York), Vidas
Regelskis (U. Hertfordshire, Vilnius U.)

Nested Bethe ansatz for quantum spin chains . . . . . . ... . ..

Tetsuo Deguchi (Ochanomizu University), Jason Cantarella (Uni-
versity of Georgia), Clayton Shonkwiler (Colorado State Univer-
sity), Erica Uehara (Ochanomizu University)

Exact elasticity of a phantom network of polymers through homol-

OZY o e e e e e e e
S. Yoshino, M. Hirota, Y. Hattori (Tohoku U.)

On the validity and application of extended MHD models for rela-

tivistic plasmas . . . . . . ... Lo

Zensho Yoshida (National Institute for Fusion Science)
Symmetry generated by Casimir invariant and scale hierarchy yield-

ing adiabatic invariant . . . . . .. ... o000



Ken Abe (Osaka Metropolitan University)

Stability of Chandrasekhar’s nonlinear force-free fields . . . . . . .

H. Ishihara, T. Ogawa (Osaka Metro. U.), M. Takahashi (Aichi U.
Edu.)

Alfvén waves in a homogeneous magnetic field . . . . ... .. ..

Masaaki Takahashi (Aichi Univ. Education)

Black hole force-free magnetosphere and Beltrami magnetic field

Takayoshi Sano (Osaka University)

Relativistic wave-particle interaction under a strong magnetic field

M.Suzuki (Nagoya Inst. Tech.), M.Takayama (Keio U.), K.Z.Zhang
(New York U.)
Stability and instability of plasma boundary layers . . . . . . . ..

Takashi Ishihara (Okayama University)
On vortical structures in high Reynolds number turbulence

— Results of direct numerical simulations . . . . .. .. .. .. ..

21

22



Molecular Rational Extended Thermodynamics of polyatomic gases
Takashi Arima', Tommaso Ruggeri’

'National Institute of Technology, Tomakomai College, Tomakomai, Japan

2University of Bologna, Bologna, Italy

Rational extended thermodynamics (RET) [1,2] has been developed as a thermodynamic theory being
applicable to nonequilibrium phenomena with steep gradients and rapid changes in space-time, which are out
of local equilibrium. Under the requirement of the symmetric hyperbolic system with a convex entropy, the
theory adopts dissipative fluxes as fields in addition to the usual thermodynamic fields. From a mesoscopic
description, the molecular RET based on the Boltzmann equation has been proposed and developed [1,2]. It
has been proved that RET and molecular RET are consistent each other.

In this talk, we present state-of-the-art on the molecular RET. First, we introduce the well-established
theory for rarefied monatomic gases. Then, we discuss the recently developed theory of polyatomic gases for
relativistic [3] and non-relativistic [4,5] cases. For polyatomic gases, the multiscale dissipation processes due
to the relaxation of the molecular internal degrees of freedom play a significant role. We show that the
molecular RET describes such dissipation processes in a unified way different from the previous kinetic and
thermodynamic theories..
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Quantized vortices in a Bose-Einstein condensate with internal degrees of freedom

Department of Applied Physics, Nagoya University
Yuki Kawaguchi

Gaseous neutral Bose atoms exhibit Bose-Einstein condensation at ultra-low temperatures
of several 10nK, where many particles occupy the same single-particle state. In such a Bose-
Einstein condensate (BEC), the many-body quantum state can be described with a single
macroscopic wave function, and the quantum nature of the system can be observed
macroscopically. Examples include quantized vortices. The non-linear Schrodinger equation
describing the motion of a BEC reduces to the Euler equations of a perfect fluid, and the
circulation of the velocity field is quantized. Although quantized vortices have been observed
in superfluid helium and superconductors, the use of atomic gases allows us to observe their
structure and dynamics in detail. Furthermore, when the atoms composing the BEC have spin
degrees of freedom, various magnetic phases emerge, which accommodate various types of
vortices. For example, in the ferromagnetic phase, the spin angular momentum and flow field
are coupled, enabling the circulation to change continuously. On the other hand, in the
nematic ordered phase, there can be fractional quantum vortices in which the circulation is
quantized in units of 1/2 or 1/3 of the normal value. 1/2 quantum vortices have been observed

experimentally. In my talk, [ will introduce the classification and dynamics of such vortices.



GRMHD numerical simulation of magnetic reconnection around a black hole
Shinji Koide (Kumamoto University), Mika Inda—Koide (Sojo University)

The magnetic reconnection was proposed for explanation of solar flares in the
1940s. Recently, the magnetic reconnection has been applied to the high—energy
phenomena around black holes, like flares and jet ejections observed near black
holes in active galactic nuclei such as M87%* and Sgr A*. We have performed
numerical simulations of general relativistic magnetohydrodynamics (GRMHD) of
the reconnection around a black hole. We found the relatively fast magnetic
reconnection is caused even in the case of uniform resistivity around a black hole.
In my talk, I will present the introductory review of magnetic reconnection, the
related observations, numerical method of GRMHD, and show the latest results of
our resistive GRMHD simulations of the magnetic reconnection near a black hole.
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Successes in matrix models in quantum field theory

digest taken from PKU Lectures this summer
H. Itoyama

Nambu Yoichiro Institute of Theoretical and Experimental Physics (NITEP)
Osaka Metropolitan University (formerly Osaka City University), Japan

e to understand roles played by matrix models in relativistic quantum field theory

(and string theory)

e head for two major applications in the past: 2d quantum gravity (or equivalently
¢ < 1 noncritical string) 2d regular & irregular C.B. versus 4d susy gauge theory

connection through matrices

e The basic points to make are

Contents of each one:

e 1Ist one : m. m. primer

e 2nd one : 2d gravity and ¢ < 1 noncritical string I) both by the O.P. & S.D.
planar level

e 3rd one : LEEA of susy gauge theory & 2d 4d connection through matrices I)
but in reality, almost all CFT leading to C.B.

e 4th one : 2d gravity --- II) d.s.1.

e 5th one : LEEA -+ IT) twd some research results in more recent years



Kazunobu Maruyoshi (Seikei U.)

Title: On supersymmetry enhancement

Abstract:

In this talk, we discuss the global symmetry of quantum field theory (QFT) under the
renormalization group (RG) flow. In general, it is natural that the symmetry is reduced during
the RG flow because of the spontaneous symmetry breaking or the a-theorem in conformal
field theory, and the enhancement of the symmetry is a rare phenomenon. However, the exact
analysis of the RG flow can be done in supersymmetric QFTs, which enables us to find the
RG flow where the infrared supersymmetry is enhanced. In particular, we see that the N=1
SU(2) gauge theory with an adjoint chiral multiplet coupled by the certain superpotential has
the N=2 supersymmetric fixed point, which is the Argyres-Douglas theory. We discuss the

universality of this phenomena in QFT and the reason of this.
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Nested Bethe ansatz for quantum spin chains

Allan Gerrard, Niall MacKay, Vidas Regelskis
December 13, 2022

The algebraic Bethe ansatz is a technique which can be used to construct energy eigenstates
for quantum spin chain models, which model (anti-)ferromagnetism in 141 dimensions. Due to the
algebraic nature of the technique, it allows for a large number of generalisations: most immediately
to higher rank Lie algebras, to which we apply the nested algebraic Bethe ansatz, as well as systems
with open boundary conditions.

I will introduce the technique in its most basic form, and describe its generalisation to the nested
algebraic Bethe ansatz and its relation to quantum groups. I will then show how this technique can
be further generalised to systems with even orthogonal and symplectic symmetry, with a focus on
the twisted Yangian spin chain.

This talk is based on work with Vidas Regelskis and Niall MacKay. [1] [2] [3] .

References

[1] Allan Gerrard, Niall MacKay, and Vidas Regelskis. “Nested Algebraic Bethe Ansatz for Open
Spin Chains with Even Twisted Yangian Symmetry”. In: Annales Henri Poincar 20.2 (Feb.
2019), pp. 339-392. DOI: 10.1007/500023-018-0731-1.

[2] Allan Gerrard and Vidas Regelskis. “Nested algebraic Bethe ansatz for orthogonal and sym-
plectic open spin chains”. In: Nuclear Physics B 952 (Mar. 1, 2020), p. 114909. por: 10.1016/
j.nuclphysb.2019.114909.

[3] Allan Gerrard and Vidas Regelskis. “Nested algebraic Bethe ansatz for deformed orthogonal
and symplectic spin chains”. In: Nuclear Physics, Section B 956C (Apr. 10, 2020). Publisher:
Elsevier.

11



READ—DISAICEEER FDIF7URLRYNT—) DEETREEER

O X 4 P v (3REE)

Exact elasticity of a phantom network of polymers through homology

Tetsuo Deguchi (Ochanomizu University), Jason Cantarella (University of Georgia), Clayton

Shonkwiler (Colorado State University, and Erica Uehara (Ochanomizu University).

The phantom network model is fundamental in the study of the elastic behavior of polymer
networks such as rubbers and gels in polymer physics. Here, phantom networks consist of
Gaussian chains connected at cross-links. In this talk we present a theoretical method for
calculating the shear modulus rigorously for phantom networks associated with periodic
lattices such as the diamond, simple cubic and body-centered cubic lattices, etc. The exact
results generalize a well-known formula for the shear modulus of phantom networks. In fact,
the validity of the formula was discussed only for those networks associated with tree graphs.
Furthermore, we argue that the exact results are consistent with a recent molecular dynamical

simulation of phantom networks in melt associated with periodic lattices.

The boundary operator of homology theory plays a central role in the present approach. The
connectivity of network chains may lead to nontrivial constraints on them. However, by taking
advantage of homology we construct all the network configurations by generating all the sets
of chain vectors satisfying the constraints of loops, where we make no positions of cross-links
fixed. Here we have called the end-to-end vector of a network chain the chain vector. In all
known previous studies of the phantom network the position vectors of some cross-links are
fixed in order to make the partition function finite. However, if we fix the positions of some
cross-links in a network, it makes the theoretical approach to the elasticity quite nontrivial.
Thus, it should be the reason why no direct calculation of shear modulus has been performed

for phantom networks.
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S. Yoshino, M. Hirota, Y. Hattori (Tohoku U.)

On the validity and application of extended MHD models for relativistic plasmas

The MHD (magnetohydrodynamics) approximation to the two-fluid equation describing
flow phenomena in special relativistic plasmas has already been used to simulate various
cosmic phenomena. On the other hand, for non-relativistic plasmas, the extended MHD
model, which is less approximated than MHD, has been proposed and is necessary to simulate
collision-less magnetic reconnection on a local scale.

Therefore, the extended MHD for special relativistic plasmas has been proposed in an
existing study. However, the physical validity of the approximation is unclear, and it is also
obscure what phenomena the approximation is applicable to.

So, we clarify the quantitative conditions of the extended MHD approximation by scale
analysis, discuss its physical validity, and propose other stepwise approximations from the
two-fluid equation to MHD. We propose a diagram to determine which approximation is best
suited for the physical phenomena that you want to investigate, based on the representative
dimensionless quantities.

In addition to the above, we present recent research examples of non-relativistic extended

MHD.
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Symmetry generated by Casimir invariant and scale hierarchy yielding adiabatic invariant

Zensho Yoshida

National Institute for Fusion Science

Topological constraints are the key to an understanding of how a macrosystem can be different from
the simple sum of microelements. Here, we formulate topological constraints as foliation of the phase
space [1]. The emergence of a macrostructure is a reflection of reduced degrees of freedom, because
the realization of all degrees of freedom, on an equal footing, maximizes the entropy and eliminates
any inhomogeneity. A macrohierarchy is, then, a leaf (submanifold) immersed in the total phase space.
Here we discuss some examples in which the foliation (reduction of some degree of freedom) yields
interesting dynamics and structures. A plasma confined in a magnetic field is such an example invoked
for explaining the organizing principle. In a magnetosphere, the plasma self-organizes to a state with
a steep density gradient [2]. The resulting nontrivial structure has maximum entropy in an effective
phase space that is reduced by adiabatic invariants and the corresponding coarse-grained angle
variables. Formally, the adiabatic invariants may be viewed as Casimir invariants, and the effective
phase space is the level-set of the Casimir. Conversely, we may deem any Casimir invariant as an
adiabatic invariant derived by separating a ‘micro’ conjugate variable; the topological constraint of the
Casimir invariant can be unfrozen when the conjugate variable is recovered [3]. When observed in the
extended canonical phase space, the Hamiltonian flow generated by the Casimir represents the gauge

symmetry of the reduced macroscopic variable.

1. Z.Yoshida; Self-organization by topological constraints: hierarchy of foliated phase space, Adv.
Phys. 1 (2016), 2-19.

2. Z.Yoshidaand S. M. Mahajan; Self-organization in foliated phase space: construction of a scale
hierarchy by adiabatic invariants of magnetized particles, Prog. Theor. Exp. Phys. 2014 (2014),
073J01 (pp. 14)..

3. Z.Yoshida and P. J. Morrison; Unfreezing Casimir invariants: singular perturbations giving rise
to forbidden instabilities, in Nonlinear physical systems: spectral analysis, stability and
bifurcation, (Ed. by O. N. Kirillov and D. E. Pelinovsky, ISTE and John Wiley and Sons, 2014)
Chap. 18, p. 401--419.
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1. Z.Yoshida; Self-organization by topological constraints: hierarchy of foliated phase space, Adv.
Phys. 1 (2016), 2-19.

2. Z.Yoshidaand S. M. Mahajan; Self-organization in foliated phase space: construction of a scale
hierarchy by adiabatic invariants of magnetized particles, Prog. Theor. Exp. Phys. 2014 (2014),
073J01 (pp. 14)..

3. Z.Yoshida and P. J. Morrison; Unfreezing Casimir invariants: singular perturbations giving rise
to forbidden instabilities, in Nonlinear physical systems: spectral analysis, stability and
bifurcation, (Ed. by O. N. Kirillov and D. E. Pelinovsky, ISTE and John Wiley and Sons, 2014)
Chap. 18, p. 401--419.
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STABILITY OF CHANDRASEKHAR’S NONLINEAR FORCE-FREE FIELDS

KEN ABE

Mathematical research on Taylor’s conjecture began with the work of Caflisch et al. in
the late 90s. It is known that the total energy of weak solutions to ideal MHD is conserved
provided that they have regularity better than 1/3 Holder continuous. As for magnetic helic-
ity, Kang and Lee showed that weak solutions conserve it provided that they have regularity
better than L3-integrable in space and time. Recently Faraco and Lindberg provide the math-
ematical proof to Taylor’s conjecture in terms of weak ideal limits of Leray—Hopf solutions
to viscous and resistive MHD. In this talk, I will discuss the Taylor state stability in ideal
MHD in terms of weak ideal limits of Leray—Hopf solutions based on Taylor’s relaxation
theory. Then I will further consider Chandrasekhar’s solutions as rare examples of nonlinear
force-free fields and discuss their orbital stability in the axisymmetric setting. This talk is
based on the preprint arXiv:2206.00899.
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Alfven waves in a homogeneous magnetic field

H.Ishihara, T.Ogawa, and M.Takahashi

Inspired by the fact that a 3-dimensional sphere, S3, is a twisted S! budle on a S? base
space, we set up a homogeneous Beltrami magnetic field. We study Alfvén waves propagating
on the Beltrami magnetic field using 4-dimensional covariant formalism. We show that
linearized wave equations that admit circular polarized solutions with broken left-handed
and right-handed symmetry, and there exist a cut-off frequency for one-handed modes. By
superposition of the right-handed and left-handed modes, we have wave solutions in which
the plane of polarization rotates along the propagation direction analogous to the Faraday
rotation. Finally, we show the Alfvén waves on the Beltrami magnetic field carry both

energy and angular momentum.
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Black hole force-free magnetosphere and Beltrami magnetic field
Masaaki Takahashi (Aichi Univ. Education)

In astronomical phenomena around black holes, the activity of the magnetosphere, which is
composed of magnetic fields and plasma, is often important. In particular, magnetic fields have
been considered to play an important role in high-energy astronomical phenomena such as
astronomical jets, and have been discussed in the Force-free approximation.

When the black hole rotates, it is possible to extract the rotational energy of the black hole by
the magnetic field (Blandford & Znajek 1977), and it is attracting attention as a energy source of
high-energy astronomical phenomena. This power (BZ power) depends greatly on the strength
and shape of the magnetic field. Therefore, understanding the magnetic field structure of the
magnetosphere is an important theme. However, the method of analysis is so difficult. We would
like to seek a new viewpoint.

In my talk, I will introduce the current state of black hole magnetosphere researches and explore

new analysis methods that incorporate the analysis method of the Beltrami magnetic field.
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Relativistic wave-particle interaction under a strong magnetic field
Takayoshi Sano (Osaka University)

The ultimate goal of laser physics is to realize laser-driven inertially confined fusion. To achieve
this goal, we must understand the heating and acceleration processes due to the interaction between
the laser light and plasmas. In recent years, the idea that strong magnetic fields can help control
laser plasmas has become widespread. Therefore, there is an urgent need to elucidate the behaviors
of laser plasmas in strong magnetic fields. Using the particle-in-cell (PIC) scheme, we investigate
how the plasma processes driven by a relativistic-intensity laser will be modified by the presence
of a strong magnetic field. In particular, we focus on the interaction between standing waves and
plasma, which occurs when electromagnetic waves propagating in opposite directions collide. The
results show that efficient energy conversion from electromagnetic waves to plasma occurs at
magnetic field strengths where the electron cyclotron frequency is larger than the wave frequency.
Furthermore, depending on the magnetic field strength, the energy receivers can be either electrons
or ions. I will explain these wave-particle interactions under a strong magnetic field in this talk.
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Stability and instability of plasma boundary layers
M. Suzuki (Nagoya Inst. Tech.), M. Takayama (Keio U.), K.Z.Zhang (New York U.)

We investigate mathematically a plasma boundary layer near the surface of materials
immersed in a plasma, called a sheath. From a kinetic point of view, Boyd—Thompson
[1] proposed a kinetic Bohm criterion which is required for the formation of sheaths.
Then Riemann [2] pointed out (although without a rigorous proof) that the criterion is a
necessary condition for the solvability of the stationary Vlasov—Poisson system. Recently,
Suzuki-Takayama [3] analyzed rigorously the solvability of the stationary Vlasov—Poisson
system, and clarified in all possible cases whether or not there is a stationary solution. It
was concluded that the Bohm criterion is necessary but not sufficient for the solvability.
In this talk, we study the nonlinear stability and instability of the stationary solutions
of the Vlasov—Poisson system. The location of the support of the initial data is a major
factor leading to stability/instability.
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On vortical structures in high Reynolds number turbulence --- Results of direct

numerical simulations
Takashi Ishihara (Okayama University)

Direct numerical simulation (DNS) of turbulence is an effective tool for
understanding the statistical universality of turbulence at small scales. In fact, due
to the remarkable development of supercomputers, the inertial subrange, which is
one of the characteristics of high Reynolds number turbulence, can be captured
by large-scale DNS, and the understanding of its statistical properties is greatly
progressing. ¥ Turbulent fields with large-scale ratios of large and small eddies
are obtained in the large-scale DNSs. DNS of realistic turbulence phenomena of
interest in the fields of science and engineering is still impossible, but it is
becoming possible to observe vortex structures that provide hints for
understanding these realistic turbulence phenomena. 59 In this paper, the results
regarding multi-scale vortex structures in high Reynolds number turbulence
obtained by visualizing and analyzing time-series data of the large-scale DNSs of

the incompressible Navier-Stokes equations are reviewed.
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