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Gravitational Wave Emission from
Rapidly Rotating Very Massive Stars
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Abstract We compute gravitational waves emitted by the collapse of a rotating very massive star (VMS)
core leading directly to a black hole in axisymmetric numerical-relativity simulations. We find that
gravitational waves will be one of the targets for the third-generation detectors such as Einstein
Telescope.

© 2019 Department of Physics, Kyoto University

Gravitational collapse induced by pair instability (PI) is one of the final fates of very massive stars (VMSs) with
mass 2100Mo. Several observations suggest the existence of VMSs in the universe (e.g., [1]). However, their
formation and evolution process are still highly unknown. It is suggested that when a rotating VMS collapses to a
BH, strong gravitational waves would be emitted [2,3]. If the signal from this event can be observed, we can
obtain the information about the internal structure of the VMS, which is considered to be of great use for
understanding the nature of VMSs. Also, if the detected signal is from the Population 1l1 (Poplll) VMS, we can
also obtain the information about the nature of the Poplll stars, which are closely related to the evolution of the
universe. To study the observability and properties of gravitational waves from this event, we perform
axisymmetric numerical relativity simulations of the gravitational collapse of a rotating Poplll VMS.

We select a progenitor star with the initial mass of Mzams=320 Mo (ZAMS: zero-age main sequence) and
rotating rigidly with the rotation velocity of 50% of the Kepler rotation at its surface. One-dimensional (1D)
stellar evolution calculation is performed from the ZAMS stage until the central temperature reaches ~10°2 K
including the effects of hydrodynamical instabilities on the transport of angular momentum. At this stage, we map
the resulting 1D stellar evolution model onto two-dimensional (2D) grids for axisymmetric gravitational collapse
simulations as an initial condition. To consider the cases where the angular velocity is decreased due to other
additional angular momentum transport mechanisms, we simulate several rotation models for which the angular
velocity is multiplied by a factor of 0.1-0.8.

We find that gravitational waves are composed of a short precursor and ringdown oscillation associated with the
formed BH for all the models. The peak strain amplitude and the corresponding frequency of the axisymmetric
mode of gravitational waves are ~102% and ~300-600Hz for an event at the distance of D=50Mpc. Such
gravitational waves will be detectable only for D<10Mpc by the second generation detectors, advanced LIGO,
advanced VIRGO, and KAGRA, even if the designed sensitivities for these detectors are achieved. However, the
third-generation detectors such as Einstein Telescope will be able to detect such gravitational waves for an event
up to D~100Mpc.
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Mode |-independent study on the
internal structure of exotic hadrons
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Abstract To investigate the internal structure of exotic hadrons, we develop a method to distinguish the
origin of an eigenstate from the positions of the poles and zeros of the scattering amplitude. Applying the
methodto I = 0 KN-m¥ amplitude, we discuss the structure of the A(1405) baryon.
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One of the most significant achievements in recent hadron physics is the discovery of many candidates
of exotic hadron states, which are not assigned to the simple qq meson nor qqq baryon. By identifying their
internal structure and acquiring the knowledge of the favored quark configuration, the understanding of the
non-perturbative region of the Quantum Chromo Dynamics (QCD) can be gradually deepened.

To identify a candidate of the exotics, we have to consider the various possible structures that are
consistent with its quantum numbers. However, it is very difficult to distinguish which model description is
the most appropriate to describe the internal structure of hadrons because of the model dependence. To avoid
the theoretical uncertainty, we need to discuss the structure based on the quantities that can be uniquely
determined from the experimental observables. As such quantities, the on-shell scattering amplitude of the
two-body scattering is the fundamental physical quantity which has the abundant information on the eigenstate.
Thus, by deriving the relation between the on-shell scattering amplitude and the structure of the eigenstate, we
can develop the method to investigate the exotic hadron candidates without model dependence.

In this talk, we discuss the relation between the analytic structure of the scattering amplitude and the
origin of an eigenstate. We introduce the zero coupling limit (ZCL) of the coupled-channel amplitude and we
show that the origin of the eigenstate is distinguished from the behavior of the eigenstate pole in the ZCL.
Based on the topological nature of the phase of the scattering amplitude, it is shown that if the eigenstate has
the hidden channel origin, the pole must encounter with the Castillejo—Dalitz—Dyson (CDD) zero [1-2], which
is defined as the zero of the scattering amplitude, in the ZCL. We show that the origin of the eigenstate can be
distinguished by analyzing the positions of the poles and CDD zeros. As an application to the candidate of the
exotic hadrons, we discuss the structure of the A(1405) baryon. From the positions of the poles and zeros of
the isospin 1 = 0 KN-mX amplitude, we conclude that the origin of the high-mass (low-mass) pole of the

A(1405) baryonisinthe KN (mX) channel [3].
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Kinematics of Gonformal Field Theory
and Diagrams in AdS Space
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Abstract We discuss kinematic aspects of d-dimensional Euclidean conformal field theory and diagrams
in (d+1)-dimensional Euclidean AdS space. Through an orthogonal basis called the conformal partial
wave, conformal block decompositions of four-point functions and four-point diagrams are systematically
obtained. We will show some examples and applications.
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Conformal field theories (CFTs) appear in various places in theoretical physics, for example, string
theory, critical phenomena, etc. In such theories, the d-dimensional Poincare symmetry is enhanced to
the conformal symmetry which is described by SO(/,d+1). Due to the enhanced symmetry, the
dynamics of theories is strongly restricted. The attempt to constrain CFTs under some physical
assumptions is called the conformal bootstrap. It is known that this approach works very well in two-
dimensions in which the conformal symmetry is enhanced further to the Virasoro symmetry.

Recently, there are some developments in (d>2)-dimensional CFT. In CFT, the conformal symmetry
restricts correlation functions, and two- and three-point functions are determined completely except for
an overall constant. The first non-trivial quantities are four-point functions, and they are usually
analyzed by expanding them in terms of building blocks called the conformal blocks. In [1], it is found
that the conformal blocks are characterized as eigenfunctions of the conformal Casimir equation, and
the explicit form of conformal block is derived. Based on this result, numerical approaches for
conformal bootstrap are developed in this decade [2].

Another recently discussed concept is the conformal partial wave (CPW) introduced as an orthogonal
basis for the eigenfunctions of the conformal Casimir equation. Thanks to the orthogonality, CPW gives
us a systematic way to obtain the conformal block expansion of any four-point functions. This
procedure is packaged as the so-called OPE inversion formula. This formula can also be applied to four-
point diagrams in (d + /)-dimensional Euclidean AdS space, and then CPW is lifted to AdS space and
can be interpreted as a bulk diagram. There, a harmonic function in AdS space plays an essential role,
and we can see that the orthogonality of CPW comes from properties of the harmonic function. The
application to AdS diagrams would be useful not only to investigate the AdS/CFT correspondence, but
also as a technique to calculate CFT four-point functions.

In this talk, we introduce the inversion formula and see how the method works using some simple
correlation function and AdS diagrams. We will also mention the crossing kernel which is the inner
product between CPWs in different channels. Through the crossing kernel, for example, t-channel
exchange diagrams or conformal blocks can be decomposed into s-channel CPWs. We will discuss the
actual calculation of crossing kernel and possible applications to bootstrap approaches. This talk is
based on my recent works [3-5].
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Weyl invariance of string theories
in generalized supergravity backgrounds
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Abstract A recent important progress of string theory is the discovery of generalized supergravity.
Remarkably, the equations of motion can be reproduced from the requirement of the kappa-symmetry.
However, the quantum consistency is not clear. In this talk, we discuss the Weyl invariance of a bosonic
string in generalized supergravity backgrounds.
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A recent important progress of string theory is the discovery of generalized supergravity [1,2]. The novel
effective theory was originally discovered in the recent study of ingerable deformations of the AdSsxS®
superstring [1]. The characteristic feature of this theory is that the equations of motion contains a Killing vector
field 1. The Killing vector | generates the trace of the non-geometric Q-flux, so that many solutions of generalized
supergravity can be regarded as T-folds [3].

The remarkable fact is that the equations of motion of generalized supergravity can be reproduced from the
requirement of the kappa-symmetry in the Green-Swartz formalism. Originally, it is well known that the on-shell
constraints of type Il supergravity ensure the kappa-symmetry of the string sigma model in the Green-Swartz
formulation [4,5]. Furthermore, it had been conjectured that the kappa-symmetry requires the type Il supergravity
equations. However, after about thirty years, Tseytlin and Wulff [2] had reproduced the equations of motion of
type Il generalized supergravity by solving the kappa-symmetry constraints on spacetime fields. In this way, an
old fundamental problem of string theory had been resolved.

The kappa-symmetry is a local fermionic symmetry to obtain the correct fermionic on-shell degrees of freedom
of the Green-Swartz superstring theory. Therefore, the Tseytlin-Wulff’s result indicates the classical consistency of
a string in generalized supergravity backgrounds. However, at the quantum level, it is not clear that string theory
can be consistently defined on such backgrounds.

In this talk, we consider the Weyl invariance of bosonic string theory on generalized supergravity backgrounds.
An important observation in [6] is that the Double Field Theory, a T-duality manifest formulation of the massless
sector of string theory, can reproduce both the usual and generalized supergravity from a single action. By using
this result, we construct a possible counterterm to cancel the Weyl anomaly of a bosonic string in generalized
supergravity backgrounds [6]. This is a generalization of the Fradkin-Tseytlin term, and the modified term is
characterized by the Killing vector | in the generalized supergravity equations. We further show that the
counterterm is definitely local [7]. In this sense, the usual supergravity backgrounds and the generalized
supergravity backgrounds can be treated on an equal footing in string theory.
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Abstract The KOTO experiment aims to observe the CP-violating rare decay, Kp —T°vv, at -PARC. We
took data in 2016-2018 with a new barrel photon veto detector. We present the analysis status for the data
including the neutron induced background with a large amount of control sample.

© 2019 Department of Physics, Kyoto University

CP BRI DRIV FERI - FLIC I 1) D HEEYEPREG O Tt S5 (R « 28)11ERR) . Lo L,
BIEOYEEAFHEZDNT L ETITEE-TE LT, EEHR LB T2 Gl 0%
DETH D, K=y v AAEIL CP RPFRME A B 2 Al £ — FC, EEYERLGE C 7l S5 Ay
FiE 3.0 X107 LRI/ E < | IR OBERI e AR EME S 1%RE &/ hS<MmasihTng [1], Zo
72, FENREICE S L WA OEEZ KREIEAD I ENAETH 5,

KOTO EERIE Ki—nv v REOEBE A B E LI2FERTH Y . RIS OLE 3 2 KRR 1-I0
A (J-PARC) TIThHIL T 5, KOTO FEBRIX 2013 FEICWFE T o 2 BALE U EBUEE 1. 3X107° &2 A%
L7 [2], 2015 4R DB T > ClX 2013 4F D EBREE 249 10 588 L7of5 R 2 3&k L [3], 2016 4FLL
Bety 2017 45, 2018 FE L BT L 4T > T 2016 EMER T L DI 1.5 552\ T — X 2 BfE L T\ 5,

K> % v AEOKIREEIZ 2° OFEEIC LS 250y LBIHIS Wy Th D, EEELOREIL.
200Dy % Csl v Y A—XTHRIHL, TOMICITMEBE SR END Z &% veto BHER TEA
BEREIR 2 B MRRET D 2 & TIT 9,

KOTO SEBRIZEIT D Ki—>nv v AREERR O R F5 T, K AEdR R & P TRICHRO TG D 2 S|
KANEN 5, KL HROEREFERIL, veto AIRER y N2 DLW K 22 ' FREBEOW EER LMz 52 &
DETH D, ZD K—=22n BN RELRE 1/3 ITHIRT 57 4 o oMERYLtas (f o — 1
JV) D 2015 DR T LRI A A h— &L (Fig. 1), 2016 FLBEOWELT o 21T -7,

P HSROE ZFRITHFMETF N CsI hn U A—XIZAF L, MnEiZ LT7 7 AX—% A%
HOHHEEN B SN0 7 722 —2AKd 5 2 & TlEFRFES L 725, 2015 FEOWEENT Tl Pt +
WRHEGEZHNT 57200y ba— Y U T LORHEN DN ERMBEIZR > Tz, 2070,
2016, 2017, 2018 AEDOWFR T o TlIHPEF 2> hu—/LH o 7L % 2015 AEEMTOFEH RO 9 54 <
L,

AGEH CIX EFEoH LW AFEASE R tgs, Py he—a o7 E v 2016, 2017, 2018
FLREICES LT T — # O R ER ORI OV THET 5,

4>+_/§|/)b (IB) Csl calorimeter

FB NCC MB Ccv CC04 CCO05 CCo6
S A N |
A % i s ]
’7 P S \
o B= \
KL % i /
= = &
I e= = Y
o] — =Ni
T I’ i |
/T L /

HINEMOS |BCV LCV OEV  Cco3

Fig. 1. Schematic view of KOTO detectors and new barrel photon veto detector (IB).
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Phases of Supersymmetric Gauge Theories
on the Three-Sphere
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Abstract Three-dimensional supersymmetric gauge theory has been studied and provided us many
interesting results. This is mainly due to recent development of localization techniques. We found that
results from a localization technique cannot be interpreted by following flat-space intuition and discussed
them in relation to the flat-space point of view.
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Three-dimensional supersymmetric gauge theory has been studied in various contexts such as understanding
non-perturbative effects of gauge theories, which are necessary to understand strongly coupled theory represented
by the low energy physics of the quantum chromodynamics (QCD). The recent development of localization
techniques for supersymmetric field theory enables us to approach its non-perturbative aspects because for some
quantities, the techniques reduce the path integral needed to calculate their expectation value to an ordinary
finite-dimensional integral. As a result, many new and interesting results have been obtained. However, a
localization technique usually requires a supersymmetric theory to be defined on a compact manifold to avoid
infrared divergence. Therefore, the results from localization techniques should not be interpreted by following
flat-space intuition, in particular, for non-conformal theory. However, there is little research which discusses
results obtained from the localization methods for non-conformal theory in viewpoints mentioned above. In our
recent works [1,2,3,4,5], we found that the results from a localization technique cannot be interpreted by directly
following flat-space intuition and discussed them in relation to the flat-space point of view.

In this presentation, | would like to talk about my work [5]. In my work, we investigated the general behavior of
the partition function in the infinite mass limit through considering mass-deformed supersymmetric QCD. In the
infinite limit, results obtained from a localization technique can be associated with those in flat space. Thus, we
attempt to interpret the partition function in the flat-space language. In particular, mass-deformed supersymmetric
QCD provides us to a simpler partition function and then, is suitable for achieving our goal. We found that in the
infinite mass limit a point of the flat-space vacuum moduli space can dominantly contribute to the partition
function and it corresponds to that of the effective theory at the point. This vacuum selection does not always
agree with flat-space intuition. This result leads us to understand the problem that which flat-space
supersymmetric vacua survive after coupling the curved background geometry and to shed lights understanding
our previous results in [1,2,3], in which the partition function of a mass-deformed Chern-Simons theory
(mass-deformed ABJM theory [6,7]) exhibits such a singular behavior in terms of the flat-space supersymmetric
vacua,
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Abstract We developed a new ETCC for SMILE-2+, which has the effective area of 0.5 cm? for 662 keV.
We launched SMILE-2+ balloon on April, 2018 at Australia and observed Crab nebula during 5 hours. By
the quick analysis, we obtained an excess of 4o at the detection of Crab nebula.
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Abstract We propose a strategy to detect radio pulses from a short-period Galactic neutron star binary. The Laser
Interferometer Space Antenna has the potential to detect such a binary and could offer precise information on the

sky position and binary parameters. These data could assist radio pulsar surveys significantly.
© 2019 Department of Physics, Kyoto University
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The Gluon Wigner Distribution
with the gluon saturation effects

Nuclear Theory Group Yoshikazu Hagiwara

Abstract We investigate the gluon phase space distribution, called the gluon Wigner distribution, of the
nucleon/nucleus at small Bjorken x. We also show how to access the gluon Wigner distribution from
measurements.
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To understand the detailed structure of the nucleon, it is strongly required to investigate the
multi-dimensional parton distribution functions. Recently, the Wigner functions, which are phase
space distribution functions of the parton depending on both position and momentum, have been
studied. These Wigner functions are called the generating functions of the parton distribution
functions because all the parton distribution functions are obtained by integrating or fixing the
parameters in the Wigner function.

In high energy scattering, it is often the case that the Bjorken variable x is small. In the small
X region, the number of gluons is large, and the interior of the nucleon/nucleus is filled with the
gluons. In this situation, the effects of the recombination process of gluons cannot be negligible and
the number of gluons becomes saturated inside the nucleon/nucleus. This phenomenon is called
gluon saturation. It is possible to incorporate the gluon saturation effects into the scattering
amplitude by solving the rapidity evolution equation, called the Balitsky-Kovchegov equation (BK
equation) or B-JIMWLK equation. Then it is important and urgent tasks to know the small-x
behavior of multi-dimensional parton distribution functions.

It has been shown that a Wigner distribution can be described by quark and anti-quark
pair(dipole)-nucleon scattering amplitudes. To obtain the Wigner distribution, we need to solve the
impact parameter dependent BK equation. We have found that we can regard the BK equation as
an equation with only one variable, incorporating the SO(3) symmetry of the BK equation, and we
can have accurate solutions. We have evaluated the dipole Wigner distribution using these
solutions and investigated its properties [1]. As a result of my calculation, we confirmed that these
functions have a positive peak at the momentum characteristic of gluon saturation physics.

In what kind of scattering process are the Wigner distributions obtained? It has been suggested that the
Wigner distributions can be obtained approximately from the di-jet production in deep inelastic scattering of the
nucleon so far. We have shown that the Wigner distribution can be constructed from the scattering cross section of
the ultra-peripheral diffractive di-jet production [2]. The momentum transfer is very small in this scattering
process, so it is possible to establish a one to one correspondence between the cross section and the Wigner
distribution. This can be studied at the LHC.
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Development of a high pressure Xe gas TPC
for OvBB decay search

T ALY E %

Abstract We are developing a high-pressure Xe gas TPC for neutrinoless double beta decay search. Our
detector has a unique cellular readout structure which uses electroluminescence light to detect ionization
signals with high energy resolution. We developed a small size prototype detector and evaluated our
detector concept. We are going to develop a large size prototype detector to get know-how of
enlargement.
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Abstract We performed 2D radiation-hydrodynamics simulations for massive star formation. We find
that low-metal stars are more massive than solar metal stars in the cases with spherically symmetric
accretions or accretion rates larger than 4 X 10 Meyr™'.
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Fig 1. The star formation efficiencies for various cloud masses.
Circles and Squares correspond to 1D and 2D simulations.
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Abstract In *0, the 0 energy levels and the EO transition matrix elements from the ground state are
investigated. The EO transition is found out to be sensitive to the intrinsic spin structure and weak
coupling structure of **C+a cluster states.
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Quantum Entanglement, Fidelity Susceptibility, and Scrambling
from AdS/CFT correspondence

Yukawa Institute for Theoretical Physics Masamichi Miyaji

Abstract [ consider several quantum information theoretic quantities and phenomena from the viewpoint
of AdS/CFT correspondence. First I will consider fidelity susceptibility, which measures the distance
between states, and propose its counterpart in gravity. Then I apply fidelity susceptibility to scrambling,
and show how fidelity susceptibility can capture scrambling. Finally, I will consider entangling and
disentangling operations in CFT, and study their counter part in gravity, and effects on CFT states .
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In this thesis, I will study several phenomena and quantities which are intimately related to quantum information
theory, using AdS/CFT correspondence. AdS/CFT correspondence 1s the conjecture on the equivalence between
quantum gravity on Anti de Sitter(AdS) space and quantum field theory on the boundary of AdS.

I will first study fidelity susceptibility, which measures distance between quantum states, using AdS/CFT
correspondence. I will propose a holographic dual of fidelity susceptibility, 1s given by the volume of maximal
volume bulk time slice, anchored from the boundary time slice. This proposal enables us to compute fidelity
susceptibility of states which evolve non trivially in time.

Then I will apply fidelity susceptibility to study the phenomenon called scrambling. When the iitial excitation 1s
completely mixed with the environment, we call the excitation is scrambled. I will show that the particular
configuration of fidelity susceptibility can capture scrambling, and I will describe how this picture is consistent with
the proposed holographic dual of fidelity susceptibility.

Finally, I will consider non local operation in both CFT and gravity. Such operation corresponds to changing
entanglement structure. And I will also study how entanglement structure and averaged null energy are changed by

such non local operations in CFT, and also how the dual gravity evolves in time.
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Fig. 1. Maximal volume time slice in Fig.2. Propagation of null energy density after
Shock wave geometrv. entangling operation in CFT.
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Gamow-Tel ler transitions in the light N=/ odd-odd nuclei

IR EZHmT e AREREZ

Abstract | have investigated the Gamow-Teller transitions in the light N=Z odd-odd nuclei by using the

antisymmetrized molecular dynamics. These GT transitions occur between the two-nucleon pairs such as
neutron-neutron and proton-neutron pairs which restore SU(4) symmetry. The important point is that the
proton-neutron pairs spatially develop and make cluster structures.
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N=Z odd-odd nuclei are singular subjects in nuclear physics. There are competing isovector (T=1) and
isoscalar (T=0) states in the low-lying spectra, where isovector and isoscalar proton-neutron correlations play
important roles.

The recent studies of the mean-field calculations and the experiments have found the strong
Gamow-Teller (GT) strengths near the isobaric analog state in the low-lying regions. These states are called
low-energy super Gamow-Teller (LeSGT) transitions which correspond to degeneracy of isovector and
isoscalar states of the proton-neutron pairs, that is, SU(4) symmetry in the nuclei.

These phenomena have been limitedly discussed for the pf-shell nuclei. It is expected to expand the idea to
the lighter nuclei. However, the mean-field methods are not stable for describing clustering phenomena
which are broadly found in the light nuclei.

In this talk, | show a new framework which can deal with proton-neutron correlations and clustering in the
same footing. | call this method isospin projected antisymmtrized molecular dynamics (TBy-AMD) [1].

By using this method, | have investigated the Gamow-Teller transitions between the N=Z+2 nuclei to the
N=Z odd-odd nuclei in the p-shell [2]. | have found the strong Gamow-Teller transitions exhausting 50% of
the sum-rule in ®He(0:*1)—5Li(1:*0), *Be(0:*1)—°B(1:70), and “C(0:*1)—*N(1.*0). In these states, the
isoscalar proton-neutron pairs make the low-lying spectra in the final states of 5Li(1,%0), °B(1,*0), and
1N(1,"0). These pairs show clustering nature which play important role to realize SU(4) symmetry.

| have also applied the TPRy-AMD to ??Na comparing with °B and comprehensively investigated SU(4)
symmetry in the light deformed N=Z odd-odd nuclei [3]. The proton-neutron pairs are formed at surfaces of
the prolately deformed cores (*°Ne='*O+a, ®Be=20) in both nuclei. | have obtained the Gamow-Teller
strengths 2Ne(0:"1) —??Na(112*0) whose summation exhausts 50% of the sum-rule value, but the strengths
are fragmented into the half. This indicates that SU(4) symmetry of the proton-neutron pairs is broken as a
result of spin-orbit interactions on quadrupole deformations. In fact, 22Na(11,"0) have different K-quanta,
which are defined in the deformed state, with K=0 and K=1. Each state contains proton-neutron pair with
anti-aligned spin (S;=0) and with aligned spin (S,=1), respectively.
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Functional-renormal ization-group aided
density-functional theory
— ab-inito description of ground and excited states of
quantum many-body systems -
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Abstract We formulate the functional-renormalization-group aided density-functional theory (FRG-DFT)
for infinite homogeneous matter. The applications of the FRG-DFT to infinite nuclear matter and
two-dimensional homogeneous electron gas are presented. These demonstrations show that the FRG-DFT
describes ground and excited states in a unified manner and is applicable to more-than-one-dimensional
realistic models.
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The functional renormalization group (FRG) is a fundamental tool in the field theory. One of recent significant
developments regarding the FRG is an attempt to employ it for the formulation of the density functional theory
(DFT) [1,2], which we call the functional-renormalization-group aided density-functional theory (FRG-DFT). The
FRG-DFT is expected to become a powerful approach for the fundamental problems of the DFT such as the
microscopic determination of the energy density functional and the analyses of excited states involving the
large-amplitude collective dynamics.

In this presentation, our works on the FRG-DFT toward the unified description of the ground and excited states
in realistic models are presented. Together with my collaborators, I formulate the FRG-DFT for infinite
homogeneous matters [3] and apply it to two models [3-5].

In the first application, we calculate the equation of state (EOS) [3] and the density-density spectral function [4]
of the one-dimensional homogeneous matter composed of spinless Fermions with a non-local interaction showing
a short-range repulsion and a long-range attraction like the nuclear force. We find that the saturation energy
extracted from the EOS coincides with that obtained from the Monte Carlo (MC) calculation within a few percent.
Moreover, the spectral function is found to reproduce a notable feature of the non-linear Tomonaga-Luttinger
liquid that the spectral function has singularities at the edge of its support on the lower-energy side. This
application is the first study in which the ground and excited states are analyzed in a unified manner with the
FRG-DFT.

The second application is the analysis of the two-dimensional homogeneous electron gas (2DHEG) [5]. This is
the first example in which a more-than-one-dimensional realistic model is analyzed. The correlation energies are
calculated for various Wigner-Seitz radii and found to completely reproduce the exact result in the high-density
limit. In the finite density case, we find that the result with the FRG-DFT shows good agreement with the MC
results in the higher-density case, although the discrepancy between FRG-DFT and MC results becomes larger as
the system becomes dilute.

Our results suggest that the FRG-DFT is a promising method which is applicable to more-than-one-dimensional
realistic quantum many-body systems and realizes the unified description of the ground and excited states.
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