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Rho resonance from lattice QCD:
Technical improvement and its application

RAEMHEAGERT REACKER

Abstract We investigate the rho resonance from lattice QCD. We propose a promising scheme to
combine the all-to-all quark propagator and HAL QCD method. We succeed in determining the typical
resonant structure using the inter-hadron potential from lattice QCD. Other applications of our scheme are
also discussed.

© 2021 Department of Physics, Kyoto University

In this thesis, we introduce our challenges on the rho resonance study from lattice QCD. The HAL QCD
method enables us to study hadron interactions from the spacetime dependence of correlation functions in lattice
QCD, but there is a technical issue: the estimation of all-to-all quark propagators.

To overcome the difficulty, we first employ one of the typical methods to calculate all-to-all propagators called
the hybrid method. We calculate I = 2, 1 two-pion interactions and investigate their behaviors systematically[1,2].
We find that the computational cost to reduce noise contamination from the hybrid method is too high to perform
large-scale simulations. After further investigations, we find that the combination of the one-end trick, the
sequential propagator technique, and the covariant approximation averaging (CAA) can reduce computational
costs and noise contamination.

Using the improved calculation scheme, we next investigate the rho resonance appearing in the I = 1 two-pion
interaction with large box size and small pion mass enough for the tho meson to be a resonance[3]. We succeed in
determining the non-local potential at the next-to-next-to-leading order of the derivative expansion for the first
time. The potential reproduces a typical resonance behavior of the scattering phase shift, and resonance
parameters are extracted directly from the pole search of the S-matrix via the complex-scaled Schrodinger
equation. We find that the resonance mass is consistent with the value in the literature, while the coupling turns
out to be somewhat larger. The latter observation may be attributed to the truncation error of the derivative
expansion in a near-threshold region, where the center-of-mass energy levels cannot cover.

We finally study the laboratory frame formalism of the HAL QCD method with the one-end trick. The
laboratory frame calculation can be applied to reduce systematics appearing in the resonance study, for example,
the truncation error of the derivative expansion and the vacuum contamination. We calculate the I = 2 two-pion
interaction from both the laboratory frame and center-of-mass frame formalisms and compare those results with
each other. The potentials extracted from the laboratory frame NBS wave function gives consistent phase shifts
with that of the center-of-mass frame as well as values obtained by Liischer’s method.

Our series of studies on the cooperation of the all-to-all propagators and the HAL QCD method establishes one
of the promising ways to study hadronic resonances from lattice QCD. Furthermore, our calculation scheme can
be applied to other interactions. We also mention future applications of our strategy to both exotic resonances and
other interactions.
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Four—-dimensional effective action from non—-Abelian
DBI action with magnetic flux background
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Abstract We study a systematic derivation of four-dimensional V' = 1 supersymmetric effective theory
from ten-dimensional non-Abelian Dirac-Born-Infeld action compactified on a six-dimensional torus with
magnetic fluxes on the D-branes. We derive a new type of matter Kéhler metric and find that a gauge
kinetic function and a superpotential are consistent with previous studies.

© 2022 Department of Physics, Kyoto University

Superstring theory is an attractive candidate for a unified theory consistent with quantum gravity. The string
theory can predict the existence of extra dimensions and D-branes. Dynamics of low energy excitations on D-
brane is described by gauge theories. The chiral matter fields are realized by introducing magnetic fluxes on the
world volume of D-branes in the compact extra dimensions (The typical zero mode wavefunctions are shown in
Fig. 1). The low energy effective theories have been discussed through compactification of higher-dimensional
super Yang-Mills theory [1,2].

In this work, we study a systematic derivation of four-dimensional V' = 1 supersymmetric effective theory
from ten-dimensional non-Abelian Dirac-Born-Infeld action to include more stringy higher order corrections. We
focus on the bosonic part up to O(F*) in compactifying this action on a six-dimensional torus with magnetic
fluxes on the D-branes. We find a new type of matter Kéhler metric while a gauge kinetic function and a
superpotential are consistent with previous studies. This new matter Kéhler metric is independent of the flavor but
depends on the background fluxes, four-dimensional dilaton, Kdhler moduli and complex structure moduli. We
read the superpotential from an F-term scalar quartic coupling derived from the ten-dimensional action and the
contribution of the new matter Kéhler metric to the scalar potential turns out to be consistent with the V' =1
supergravity formulation. This talk is based on Ref. [3].
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Figure 1: (Left) Magnetized D-branes and string spectra. (Right) Wavefunctions on a magnetized torus
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Search for the nnA state
via the 3H(e,e’K*)X reaction at JLab
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Abstract We performed a search experiment for the nnA states using the 3H(e,e'K*)X reaction at
Jefferson Laboratory. In the experiment, no peak structure with a statistical significance exceeding 3¢ was
observed. The upper limit of the nnA production cross section was obtained for the first time.

© 2022 Department of Physics, Kyoto University

In 2013, the existence of the nnA bound state with a binding energy of about 0.5 MeV was claimed by the
HypHI collaboration at GSI [1]. Considering that the ground-state binding energy of hypertriton that is the
isosinglet state (I = 0) is as small as 130 keV, the nnA (I = 1) state is hard to be bound. In contrast, several
theoretical calculations suggest the existence of a resonant state near the threshold. Therefore, it is desirable to
conduct nnA search experiments that can explore a wide range from the bound region to the resonance region. In
the electro-production of hypernuclei, the nnA state can be investigated by using a tritium target (pnn) by
changing a proton to A. We performed a search experiment for the nnA states using the *H(e,e'K*)X reaction at
the experimental Hall A in Jefferson Laboratory [2].

The experiment was performed using a 4.32-GeV electron beam. The momenta of the scattered electron and K*
were measured by the existing spectrometers, HRS-L and HRS-R, respectively. The central momenta of the
scattered electron and K* were set to cover the expected kinematics of nnA production, which were 2.22 and
1.82 GeV/c, respectively. To estimate the various efficiency and correction factors required for cross-section
analysis, a Monte Carlo simulation was newly developed to reproduce the experimental data in the framework of
Geant4.

There seemed some enhancement around the energy threshold of the nnA bound state in the cross-section
spectrum for the 3H(y*,K*)X reaction. However, no clear peak structures were observed. Therefore, spectral fits
with assumed peak position B, and decay width I" were performed to quantitatively discuss the excess above the
expected background distribution. Typical theoretical predictions that show the small and large decay widths were
used for the fits, which are (—Ba, I') = (0.25,0.8) MeV [3] and (0.55,4.7) MeV [4]. As a result of the fitting, no
peak structure with a statistical significance exceeding 3c was observed. The upper limit of the differential cross
section at the 90% confidence level was obtained to be 21 and 31 nb/sr, respectively, when (—Ba, T') = (0.25,0.8)
and (0.55,4.7) MeV were assumed. In addition, the cross-section upper limit with various B and I" other than the
above fixed assumptions were obtained to provide data that are independent on the theoretical predictions.

The upper limit of the nnA production cross section was obtained for the first time. In the theoretical calculations,
the existence of the nnA resonant state strongly depend on the models of the An interaction and calculation
methods. The present result would constrain the interaction models and calculation methods. Theoretical
calculations of the nnA production cross section to be compared with the present result are highly desirable.
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Abstract

We developed a polarized y-ray source and the polarization properties of the y-rays were investigated.
Furthermore, an advanced Mdssbauer spectroscopic system that can measure time spectrum and polarized
Maossbauer spectrum simultaneously was developed for advanced y-ray optics studies.

© 2022 Department of Physics, Kyoto University
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Abstract Alpha condensation is one of the most important phenomena in the nuclear structure. We are
going to search for the 6 alpha condensed state in 2*Mg using the '>C+!2C resonance scattering. In order
to carry out this experiment, we developed the PID method using machine learning technique.
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Abstract Neutrino oscillation measurements exploring CP violation in the lepton sector are probes to
solve the mystery of the universe’s matter-antimatter asymmetry. This research presents an analysis of
neutrino-nucleus interactions at two different neutrino energies in order to increase the sensitivity of
searches for neutrino CP violation at the T2K experiment.
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Binary and Fireball
as Possible Origins of Fast Radio Bursts

W ZERT T V-7 fnlmd

Abstract As the origin of periodic fast radio bursts (FRBs), we consider a binary and restrict the
parameter space of the source binary. We also consider a baryon-loaded fireball from a magnetar as the
origin of FRB associated with the Galactic magnetar bursts.

© 2022 Department of Physics, Kyoto University

Fast radio bursts (FRBs) are one of the main targets of astrophysics today. FRBs are bright radio transients, and
their duration is of the order of milliseconds. From observed properties, most FRBs have been shown to have
extragalactic origins. The brightness temperature is T ~ 1036 K, which is extremely high and suggests coherent
emission. Some FRBs show bursts repeatedly, and they are called repeaters. Although so many bursts have been
observed, their source and emission mechanism are not understood (e.g., [1]).

Among many FRBs, some unique FRBs have been identified. Two FRBs, FRB 20180916B and FRB 20121102A,
show periodic activity. For a period of the order of ten to a hundred days, FRBs are only detected in an active
window of the order of a few tens percent. The origin of this period is not well understood. We first consider a
binary as the origin of this periodicity. We develop " “binary comb model", which was applied to FRB 20180916B
by Ioka & Zhang [2], and apply the developed model to interpret FRB 20121102A [3]. We introduce an eccentricity
into the orbit and identify two new modes of the binary comb model. Our developed model expands the applicable
parameter space, allowing the companion star to be a massive star, a massive black hole, or a supermassive black
hole. For FRB 20121102A, we show that a black hole binary or supermassive black hole binary has larger parameter
spaces. These models are also consistent with other observations, such as the persistent bright radio counterpart
associated with the source.

Another unique FRB is the Galactic FRB, FRB 20200428 A, which is associated with an X-ray burst from a magnetar,
SGR 1935+2154 (e.g., [4]). The luminosity of X-ray burst is about the same as other bursts from SGR 1935+2154,
but the peak energy is higher than that of typical bursts. As FRB 20200428A shows, magnetar bursts would be
closely related to the origin of FRBs. We consider the dynamics of the fireball in the magnetar burst. Specifically,
we consider a baryon-loaded fireball expanding along open magnetic field lines. An expanding fireball is likely to
be involved as a mechanism for producing thermal radiation with observed high peak energy. The baryon loading
on this fireball naturally occurs, but the dynamics of this fireball have not been investigated. We create a unified
picture of this fireball, taking into account the photon escape via two processes (optical thinning and diffusion), the
number density in a strong magnetic field, and the cross section in a strong magnetic field. Five cases of photon
escape are identified. We show that the baryons loading increases the final Lorentz factor, and the kinetic luminosity
of the outflow can be higher than the observed FRB luminosity for the observed X-ray photospheric luminosity. We
also analytically evaluate the baryon loading parameter where the electrons associated with the baryons in the
magnetar burst can affect the propagation.
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Algebraic tensor models: a potential spacetime
interpretation of the canonical tensor model

Yukawa Institute for Theoretical Physics Dennis OBSTER

Abstract In the context of quantum gravity, we develop and investigate a new mathematical framework
to describe gravitational degrees of freedom in a tensorial quantity. Such quantities are used in the
canonical tensor model, and we aim to construct a rigid spacetime interpretation using this approach.

© 2022 Department of Physics, Kyoto University

The quantisation of gravity is one of the central fundamental open questions in theoretical physics. The usual
approach is to describe the gravity degrees of freedom in terms of the metric tensor field (or related variables) and
attempting to quantise this. Several discrete approaches exist, notably the canonical tensor model [1], which uses a
symmetric tensor as its fundamental configuration space variable and manages to straightforwardly quantise this.
The ability to easily quantise the model, as opposed to other models, makes it very attractive. However, though a
tensor is then supposed to describe a spatial slice of spacetime, the direct correspondence between the tensor and
topological spaces is not directly clear despite results suggesting the recovery of topological and geometric data
using methods from data analysis [2].

In this study, I will present an approach to describe the gravitational degrees of freedom in terms of a real
symmetric tensor by taking serious the duality between associative commutative algebras and topological spaces
[3]. The benefit of this approach is that the geometric degrees of freedom of a compact Riemannian manifold may
be captured in a countably infinite-dimensional tensorial object, as opposed to the overcountably infinite-
dimensional configuration space of the metric tensor, and opens the door to a possibility to describe a certain class
of fuzzy spaces by taking finite dimensional tensors into account. This method may provide a sound interpretation
of the canonical tensor model as a model for quantum gravity, and some previous results regarding this model will
be examined.
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