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Probabilistic eccentricity evolution of stars
around shrinking massive black hole binaries

KIEEM7E= seBEA

Abstract Based on the secular perturbation theory, we study how shrinking massive black hole binaries
affect the orbital evolution of star clusters. We find that the eccentricity of stars could show the sharp
transitions, depending on initial conditions.

© 2018 Department of Physics, Kyoto University

Massive black hole (MBH) binaries are considered to be formed after mergers of galaxies,
and are one of the most important targets for the laser interferometer space antenna (LISA). By
detecting gravitational waves from MBH binaries, we will be able to examine gravitational
theories in the strong field regime, in addition to astrophysical information related to galaxy
formation and evolution. Meanwhile, a MBH is expected to have associated star clusters. It has
been pointed out that the infall rates of stars would be significantly enhances for MBH binaries,
compared with single MBHs. The infalling stars also emit gravitational waves and electro
magnetic waves, and will work as key probes to study MBHs. Here, the Lidov-Kozai
mechanism may play an important role.

The Lidov-Kozai mechanism is a well-known process in celestial mechanics, and works for
inclined hierarchical triple systems. In the present case, a MBH and a near by star form the
inner binary and the secondary MBH is the outer perturber. In the Lidov-Kozai mechanism, the
inclination and the inner eccentricity oscillate due to the exchange of angular momenta between
the inner and outer orbits. We call this the Lidov-Kozai mechanism. In some cases, the inner
eccentricity of the star can be excited to ~ 1, and stars can closely approach MBHs.

The Lidov-Kozai mechanism is caused by the tidal force of the outer perturber, and the
resultant inner apsidal precession is crucially important. But, non-Keplerian potentials can
suppress the Lidov-Kozai mechanism by generating additional apsidal precessions. Therefore, if
the outer body is far away, and the apsidal precession is dominated by other non-Keplerian
potentials, the inner eccentricity could not be amplified appreciably.

For our hierarchical triple systems involving MBH binaries, general relativistic corrections
and the potential of nuclear star clusters around each MBH correspond to such non-Keplerian
potentials. In the long run, the distance between two MBHs will shrink due to dissipative effects
such as dynamical friction, scattering of stars and gravitational wave emissions. Therefore,
though initially suppressed, the Lidov-Kozai mechanism could be gradually effective,
competing with other non-Keplerian potentials. However, this transition has not been
investigated adequately.

In my talk, we examine how the "slow" contraction of the outer massive black hole affects
the star cluster. Based on the secular theory, we find that the eccentricities of the stars could
show sharp transitions, depending strongly on their initial conditions. By examining the
phase-space structure of an associated Hamiltonian, we show that these characteristic behaviors
are partly due to a probabilistic bifurcation at a separatrix crossing.
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Critical behavior of the matrix models
generating 3D random volumes

AR AmmAgtsE HEHETR

Abstract We propose a new class of models that generate three-dimensional random volumes, where
each configuration consists of triangles glued together along multiple hinges. The models have the sign
problem for numerical study, and we develop the generalized Lefschetz thimble method by implementing
the parallel tempering algorithm.

© 2018 Department of Physics, Kyoto University

The worldvolume theory of membrane is mathematically equivalent to three—dimensional quantum
gravity coupled to matter fields corresponding to the target space coordinates of embedded
membrane. We propose a class of models, “triangle—hinge models”, that generate three—dimensional
random volumes, where each configuration consists of triangles glued together along multiple
hinges [1]. Although most of the diagrams represent configurations which are not manifolds, we
show that the set of possible diagrams can be drastically reduced such that only (and all of
the) three-dimensional manifolds with tetrahedral decompositions appear, by introducing a color
structure and taking an appropriate large—N limit. We further introduce matter degrees of freedom
to the models by coloring simplices in a way that they have local interactions [2]. We also define
unoriented membrane theories in terms of tetrahedral decompositions, and then realize them as
triangle-hinge models [3]

Triangle—-hinge models can be redefined so that they give finite free energies without changing
the original perturbation series. We study the phase structure of the models numerically, but
the restriction of the diagrams to tetrahedral decompositions makes the action complex-valued,
and the complexified model suffers from the sign problem in the large-N limit. We use the
generalized Lefschetz thimble method [4], which is one of the promising methods to solve the
sign problem. However, this method is known to suffer from a multimodal problem, and thus we
improve it by implementing the parallel tempering method, where the flow time of an
antiholomorphic gradient flow is used as a tempering parameter [5]. We then study the phase
structure of the complexified triangle—hinge model. Our parallel tempering algorithm works well,
but it turns out that a large amount of computational cost is still required to make a definite
statement on the phase structure of the model.

In order to reduce the computational cost, it is generally important to carefully choose the
set of tempering parameters. We define for a given Markov chain Monte Carlo algorithm a distance
between two configurations that quantifies the difficulty of transition in the configuration
space [6]. The distance enables us to make the above adjustment in a geometrical way. We also
argue that an anti—de Sitter—like geometry naturally emerges when we consider highly multimodal

action with a large number of degenerate vacua.
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Chiral Primordial Gravitational Waves
Sourced by Axion-Gauge Couplings
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Abstract We study a cosmological mechanism of generating parity-violating primordial gravitational waves
sourced by gauge fields coupled to a string axion during the inflationary period. We develop several models of
axionic inflation with gauge fields which predict chiral gravitational waves potentially observable with future
gravitational wave detectors [1][2]. © 2018 Department of Physics, Kyoto University

In the conventional inflationary scenario, primordial gravitational waves are produced by vacuum fluctuations of
space-time being stretched out and getting classicalized across the Hubble horizon during inflation. This
mechanism is common on the relevant scales discussed at inflationary age, so its amplitude has almost statistically
scale-invariant and parity symmetric features. However, cosmic microwave background (CMB) observations so
far show no evidence of primordial gravitational waves through the imprint of polarization of B-mode in CMB
photons. Based on this fact, its amplitude should be tiny even on smaller scales where gravitational wave
interferometers are going to probe, if the dominant contributions of gravitational waves are vacuum fluctuations.
In addition to that, we might not be able to obtain sufficient information to search for fundamental physics in the
early universe only by means of the amplitude and scale dependence of tensor modes.

After giving a short review of above standard inflationary pictures, we suggest another possibility to alter those
pessimistic situations by developing an axionic inflation with gauge fields, in the case of both Abelian and
non-Abelian gauge groups. The key phenomenon to understand is that the rolling axion amplifies one helicity
mode of gauge particles via its parity-violating interaction, and hence particle production of gauge field occurs.
Remarkably, the enhanced gauge field creates the parity-violating tensor power spectrum during inflation.

Firstly, we study the mechanism of generating chiral primordial gravitational waves sourced by U(1) gauge field
at its quantum loop effect, and explore the possibility of their detection with future laser interferometers or pulsar
timing array missions. There, we show that particle production of the gauge field also amplifies scalar modes and
then leads to an overproduction of primordial black holes in our present universe. We propose a model which
avoids such observational constraints by introducing many U(1) gauge sectors coupled to an axion.

Next, we also develop an axionic inflation with SU(2) gauge field called “Chromo-Natural inflation”, and find
that this scenario predicts chiral gravitational waves sourced by gauge field at linear level, while they are
produced too much to satisfy the current CMB data. In order to mend this conflict, we finally extend a model of
Chromo-Natural inflation by introducing the dilatonic field which is kinematically coupled with gauge field. We
discuss the possibility of Chromo-Natural inflation which provides testable chiral primordial gravitational waves
at intermediate scales planned to observe by gravitational wave detectors, with satisfying the consistency with
large scale CMB observations.

References
[1] I. Obata and J. Soda, Phys. Rev. D 93, no. 12, 123502 (2016).
[2] I. Obata, JCAP 1706, no.06, 050 (2017).



HF RIBF IC BT 2 HEA 4 HEEFE TS
= T A E DR 2L ¥ —

7% - N B o Y REEEE

A

G AR

Abstract Charged © meson from intermediate energetic heavy-ion collisions is proposed as a good probe
to investigate the nuclear symmetry energy at supra-saturation densities. At RIKEN-RIBF, we measured
charged particles and neutrons emitted from four kinds of Sn+Sn isotopic reactions at 270 MeV/A. In this
presentation, analysis status will be presented.

© 2018 Department of Physics, Kyoto University
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Study of Acceptance Improvement for KY— 7%y v Search
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Abstract A new analysis method is proposed to improve the signal acceptance in the KOTO experiment
searching for the K —n% v decay. In the experiment, acceptance loss caused by the high rate operation
of the detectors for background suppression limits the experimental sensitivity.

© 2018 Department of Physics, Kyoto University

The KOTO experiment aims to observe a rare neutral kaon :L:J - Csl calorimeter
— . . 2
decay, K. —nv. The decay is well suppressed in the Standard K7 =4 oo H i
Model of elemental particle physics, whose branching fraction is ooo

estimated to be (3.00+0.30)x10** with small theoretical uncertainty
of 1% [1]. Figure 1 shows the detection principle of KO —n’vv.
The n° immediately decays into two photons, hitting an
electromagnetic calorimeter composed of undoped cesium iodide
(Csl) crystals. Since the neutrinos cannot be detected, only the two

photons are detectable, where their center of mass has finite K S ﬁnﬁm laln I "

[ veto counters

Figure 1 Principle of KOTO experiment

transverse momentum. Other decays of K° such as K% —x*nn® oo K -
would be possible backgrounds (Fig. 2), which can be rejected by
catching extra particles with the detectors surrounding the decay
region, called “veto counters”. Figure 2 Example of background event

Since any signal in veto counters is assumed to be associated with a background event, accidental activities on
the veto counters lead to a signal loss, called “accidental loss”, which is estimated to be 76% for the data taken in
2015. The accidental loss is proportional to the hit probability in veto counters determined by a product of
counting rate and time window for synchronization with the Csl calorimeter (“veto window”). To maximize the
acceptance of KO —n® v by reducing the accidental loss, the veto window should be set as narrow as possible.

Narrower veto window can increase detection inefficiency caused by overlapped pulses of signal waveforms
in the veto counters, called “masking inefficiency”. Figure 3 shows an example, where a preceding pulse outside
the veto window hides the second pulse inside the veto window. To reduce the masking inefficiency, a new
analysis method has been developed, where each overlapped pulse (the black dotted graph in Fig. 4) is
decomposed into multiple single pulses (the red and green graphs in Fig. 4).

In this talk, the analysis status of acceptance improvement for the K° —n% v search in the KOTO experiment
will be presented. The main topic is the development of the waveform decomposition method and its pulse finding
performance for the suppression of masking inefficiency with narrower veto window.

veto window 1400F
! " 1200F A e raw waveform
single pulse 1000f fit result
recorded 800F ____ reconstructed
T waveform 600¢F ~ pulses
400t _ _
200E i T T L e

0 10 20 30 40 50 60
Figure 3 Example of masking inefficiency Figure 4 Example of waveform decomposition
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The study on quantum field theories
from numerical approaches
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Abstract We present two studies of quantum field theory with numerical computations. In
the study on lattice QCD, the method to obtain the phase shift of mm scattering in I =1 channel from
the combination of the HAL QCD method and LapH smearing is considered. With the method, we
extracted the signal of p resonance from the HAL QCD method for the first time. For the study of the
chaotic solution in the classical string and BMN matrix model. We show there are chaotic solutions in
these theories, and discuss the possible indication for the gauge theories in the strong coupling.

© 2018 Department of Physics, Kyoto University

Since the most of the study on the quantum field theory today needs non—perturbative
approach, the good command on the numerical computations is being more and more important.
Moreover, due to the improvement on the computational resource such as high performance CPU
and large volume memories, the numerical simulation is available in the situation very close
to the real world. In this sense, numerical simulation is no longer a supportive tool for the
study but an important branch of science. In this thesis, we consider two studies on quantum
field theory with numerical computations : (1) the phase shift of the mm scattering and
extraction of p resonance signal and (2) chaotic solution of superstring theory and M-theory.
These studies cannot be conducted without numerical simulations. In the study of scattering
phase shift, the method to obtain the phase shift in I =1 channel from the combination of
the HAL QCD method and Laplacian-Heaviside (LapH) smearing is considered. Before we try this
method for the mm scattering in I =1 channel, we investigated the scheme independence of the
HAL QCD potentials at pion mass my =870 MeV. It is found the local potentials calculated
from the combination of the HAL QCD method and LapH smearing have scheme dependence while the
scheme independence in the HAL QCD method is proved if non—local potential is employed. We
found that the scheme dependence of the physical observables such as phase shift, resonant
state mass and decay width can be reduced by considering next—to—leading (NLO) order term in
derivative expansion [1]. With this knowledge, we computed the scattering phase shift of mm
scattering in I =1 channel. Since the NLO potential cannot be extracted because of
insufficient number of configuration, the phase shift quantitatively deviates from the one
obtained from Liischer’ s finite volume method. However, the phase shift have the sign of p
resonance. The signal of mesonic resonant state is obtained from HAL QCD method for the first
time [2].

In the study of the chaotic solution in the superstring theory and M-theory, we show there
are chaotic solutions in a near Penrose limit of AdS;XTY! and BMN matrix model with the
knowledge of non-linear dynamics. According to the AdS/CFT correspondence, there is an
operator in gauge theory side which is dual to the chaotic solutions in the classical string.
We discuss the possible indication for the gauge theories in the strong coupling [3,4].
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't Hooft anomaly, global inconsistency;,
and some of their applications

Nuclear Theory Group  Yuta Kikuchi

Abstract We study the 't Hooft anomaly and global inconsistency, which are obstructions
to gauging the global symmetry, involving discrete symmetries and higher-form symmetries.
Their consequences are discussed in detail via the UV /IR matching argument. Several exam-
ples are given aiming at extracting nonperturbative data of infrared structure of QCD.
©Department of Physics, Kyoto University

The ’t Hooft anomaly, an obstruction to promoting global symmetries to local gauge symmetries, is one of
the most powerful tools to study the infrared properties of the quantum field theories [1]. The UV/IR anomaly
matching condition claims that, provided the global symmetry has an 't Hooft anomaly in the ultraviolet
theory, the infrared theory reached via renormalization group flow must reproduce the same 't Hooft anomaly,
and particularly, the realization of the symmetric gapped state without topological order is strictly forbidden
in the infrared theory. Thus, the existence of 't Hooft anomalies, combined with the anomaly matching
condition, imposes strong constraints on the low-energy effective theories. Recent remarkable developments
enable us to deal with 't Hooft anomalies for wider class of global symmetries such as discrete symmetries
and higher-form symmetries [2,3].

We present 't Hooft anomalies and global inconsistencies, the latter of which are other type of obstructions
to gauging the global symmetry, involving discrete symmetries and higher-form symmetries. Consequences
of the 't Hooft anomaly and global inconsistency are discussed in detail via the UV /IR anomaly matching
argument. Several examples are given in increasing difficulty but desirability for the purpose of extracting
nonperturbative data of infrared structure of quantum chromodynamics (QCD). To be specific, we deal with
quantum mechanical models, the pure Yang-Mills and bifundamental gauge theories with the theta angles,
and QCD and QCD-like theories at finite temperatures following our recent papers [4,5,6]. The various
quantum mechanical models serve as pedagogical illustrations of ’t Hooft anomalies, global inconsistencies,
and their UV/IR matching arguments. Their consequences manifest themselves as level degeneracies in
energy spectra, that are protected from symmetry-preserving perturbations. While the pure Yang-Mills and
bifundamental gauge theories with topological terms share a lot of features in common with the quantum
mechanical models, additional concepts are introduced with a tricky global symmetry: the center symmetry,
which is nowadays understood as a discrete one-form symmetry [7]. To derive the 't Hooft anomaly and
global inconsistency involving the center symmetry, we describe the generalized global symmetry along with
certain types of topological quantum field theories. Combining all these ingredients together, we finally attack
the 't Hooft anomaly in QCD. Also, massless QCD with twisted boundary conditions at finite temperatures
T and chemical potentials p is discussed, in which, despite the appearance of anomalies in the vacuum, its
existence at finite temperatures is totally nontrivial because of the circle compactification in the imaginary-
time direction. The outcome is quite remarkable: the symmetric gapped phase is strictly excluded in so called
massless Z-QCD, that is the QCD with flavor-twisted boundary condition in the imaginary time direction,
at any temperature and chemical potential, i.e., the persistent order is realized for this theory at finite (7', u).
Furthermore, it turns out that an 't Hooft anomaly and a global inconsistency for certain global symmetry
are responsible for the Roberge-Weiss transition at finite imaginary chemical potential.
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Abstract Nuclear gamma-rays are a good probe for astrophysics. However, difficulties in sub-MeV/MeV
gamma-ray astronomy hindered successful observation. Therefore, we have developed an
Electron-Tracking Compton Camera to overcome the difficulties. We report the result of a beam test in
which we performed to check the capability of nuclear gamma-ray imaging spectroscopy.

© 2018 Department of Physics, Kyoto University
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Fig. 1. Setup of the experiment. ~ Fig. 2. Spectrum of gamma-rayss from Fe. Fig. 3. Reconstructed image of gamma-rays.
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Abstract Many theories proposed for extensions to the Standard Model predict diboson resonances. We
present a search for a charged or neutral diboson resonance in the semileptonic final channel. The search
makes use of a series of data-driven calibrations to the hadronically decaying W/Z bosons that are
highly-boosted to improve sensitivity.
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FEHERT |2 31T D RFER ORI A R T D12 OICIRE SN TN DL EL OGO - b Hl 2 13EA e v
T AT NREFIRITEOET NI LIZEBNT, 200K Y VICHET AT R TEINTVWS,
TIVBEZHRL DO FAEEE — RROAE VA ER R 5720, ATLAS, OMS EBERTIEIE 2 b b %< ORIR
RBICB W CAREN R R 21T o TWD N, 50 L ZAFR AL D59R Y U BT oo T,

AGEE TIELWW E720F W2 R Y U5HIRRET 2 HIBREDO S B O W AR Y VRNV N U RRE%s
L. BORFDO W ELIXZ R UPNARe U EEZT 58I VT b=y 7 EIREOBEITHERIZOWT
RKETDH, REVEEOHEIRETIZ WZ A VIZEWEHELZFF->TEBY ., O/ Ne UEEND
HELD2o007 — 713 T 5, ZOGBEIEF2o0 7 34— 7 &2axaDTxy bE L THERTHZ &
D7D, 1 OORFEEY =y b e UTHBKT 5, /NSWEETIEY +— 7 B+ it Tn
DI, 2HRO/NNEREY 2y FELTHBR T, Z0XHC, WWZ sfOEEICL->T2o0FE—F
(25313 T 300 GeV 226 5 TeV ECHERHE L7z, FEHA L. ATLAS FEBRT 2015, 2016 FIZHfG L7-HE
DRI ALF— 13 TeV, OV /T 4 36.1 fb! OF—ZEZ AW 270, EI L h=v
7 RARBEIZ T 299 Y et IR IR R O o R 2 & Lic [1], Frkhi ISR 8% e A X
FOBEITZR O ST, BB ELZYIT S Z & THRFORREKEZ M L+ 52 L 2B L,

B WVE EOIEIIREERERICB W CKEN 2 R EZIX . NNy 7 VT 0 ROET U U 7R T 54
ZE WL R DONRaREIZE VAL KRR Y 2y FOZ R VX —HEREICRK T 55872 T
HD, R ORAEELZSGET H-OICET X2 AN RV 2y PO LF—KIE (in-situ
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Fig. 1. Schematic view of the reconstruction of
. . . Rercicuces
a hadronically decaying W/Z boson. In the hadronic
decay of a highly-boosted W/Z boson, the opening  Fig. 2. Observed and expected cross-section upper limits
angle between the quarks is low, thus both quarks at the 95% confidence level for WW production

can be identified as a single large-R jet. as a function of the resonance mass [1].
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Study of the neutrino mass hierarchy with the atmospheric
neutrino data in Super-Kamiokande IV
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Abstract A study of the neutrino mass hierarchy with the atmospheric neutrino data reconstructed by new
algorithm in Super-Kamiokande IV is presented. The event selection is optimized for sensitivity to the
neutrino mass hierarchy. Current analysis status and prospect will be presented.

© 2018 Department of Physics, Kyoto University

Super-Kamiokande(Super-K, SK) is a large underground water Cherenkov detector located in the Kamioka
mine in Mt. Ikenoyama, Gifu Prefecture, Japan. The detector consists of a water tank holding 50 kt of ultra-pure
water, and the photomultiplier tubes (PMT) lining the tank interior detect the Cherenkov radiation which is
produced by charged particles which propagate in the water.

A new algorithm, named fiTQun, employs a maximum likelihood method using the charge and time
information that is observed by the PMTs to reconstruct particle types and kinematics in the detector. The
algorithm is based on the methods which are developed for the MiniBooNE experiment [1]. Comparing with the
conventional reconstruction algorithm: APfit, fiTQun shows better performance including vertex resolution
(Fig.1), PID (Fig. 2) etc.[2]

- i — [ T ]
300 4. Resolution: ] % . APfit e 1
FoT . X ] = 4r 1 3
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Dist. btw. tru/rec vitx. [cm] True momentum [MeV/c]

Fig. 1 Vertex resolution of single-ring electron  Fig. 2 Miss PID rate of single-ring electron

A study of the neutrino mass hierarchy (MH) with the atmospheric neutrino data reconstructed by fiTQun in
Super-Kamiokande 1V will be discussed in this talk. The new reconstruction algorithm fiTQun helps improve the
sensitivity to mass hierarchy from two aspects: the purity of samples and statistics. Thanks to better PID ability of
fiTQun, the purity of corresponding interaction channels in each subsample is increased. As for the statistics, the
fiducial volume (FV) is expanded from 22.5 kton to 29.7 kton by changing the FV cut using fiTQun. In this talk,
the effect of fiTQun and FV expansion on the sensitivity to MH would be discussed in detail.
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Deformation of AE4 SYM
with space-time dependent couplings
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Abstract We study deformation of N=4 SYM to have space-time dependent couplings preserving
supersymmetry. This system can be interpreted as non-Abelian world-volume theory of D3-branes in
general BPS background. We obtain some conditions to preserve supersymmetry with varying couplings,
and apply the conditions to specific examples.
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LOGIZII k2 720N T A =2 N5, FHEST —URAER, BE, BIIEEER. 03T A—%
&, ZLORENRD D, L, FFEPREIEGFET 2508 M. GRS 72RZE TOL O,
IZ T DFE S B DR TR Z FFOG AT H £ VR STV, A EBD AL ERIFIE 2 £F
SEOHEIZIE LB a b LR WD, BiZEmOBLEANDITERICER I NS, fHilziX, 10
WIt?® type IB OMBE PG T. [p,ql7-brane 7% D3-brane :AZZE L TWAHREE 2 DHE, HENL
T —U/RAER T, FaIBELLTED, t BDERETHV XN ERbND, - T,
D3-brane EOAFEZMERILZ, N=4 BXIFY L« X (V4 SY) 2 BRT B LRITFRIEZRRY . 4
— USRS EBD L ERIFE R D R D EAFMEEZ RO L D IZER L2 @mIC 25137 Th o (1], F
72, (p,q) 5-brane &L T\% D3-brane OAMER I IG L CTHXFREZ R B 7203 B A EHN
1 SOOI O EEREM A2 RO X 5 72 N=4 SYM B DI 2 KO- HATHERH 5 [2],

AL, Bz Lo —b L., FEETEEN 4 RITOBZEDO T O MNKIEEZ R L2 6
BRMEEZ RO X 97 M4 SYM OB EZFHRDH (3], £7-, BEIVEGICBIT 3 KRR To
D3-brane EOHMERZ KD, HlET 5 Z & CTRHEGRIIELE S Z OxtGBIROMNT 29 2 [4],

FxlT A SMIZHY 557 —URETHRY AL FIRERIAZ R EIKFT DAEE /T A —& L —f#IC
Nz, [FC & D ITHERE LI E B CIER N A EIZ 2 5720 D&M Z2 ki, £ LT, ZO5MKE%E
EVFELLSHRD D, BRI 7o — VBl S 22 21~ 7-, 2O E LT, BZ2OX#En
ISO(1, 1) C R ®FRMED SO(3) XS0(3) TH HEA . [FARIC 1S0(1, 1) XS0(2) XS0(4), 1S0(3), 1S0(2) X
S0 (6) DIGENIT DOV T FIE & R 272 D D SO0 TR RO M2 Kb 7=, FFZ, 1S0(1, 1) XS0(3) X
SO(3) DFITIIRE 2 Ik D 7 T A% L, T[] & 2] DEELTWD LD KRERRIZI> T
HZlER L, £, BEKENR D3-brane 2NHBE N HGHO — KR RICE N TV DB AITH
Jts U CIERHA 7 — U HE % F7D D3-brane OB ZIMEH 2RO 7-, Z1vZE T (p, @) 5-brane 155, D3-brane
W B DR EH D D3-brane EOHFER ZROI-FER, 7o — UsBRAENRE Tz 72 56 & LT,
N OB CTHET L 72[2]? supersymmetric Janus configuration & [3]¢> SO(1,1) X SO(2) X SO(4)¥5&
DFFFTHER 2 FBT 5 2 & ZfEs LT,
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Abstract We explore thermalization in relativistic heavy ion collisions in terms of en-
tropy production. We propose numerical methods for the semi-classical time evolution
of the Husimi-Wehrl entropy in Yang-Mills field theory and show the entropy production
occurs around 1 fm/c from the phenomenological initial condition mimicking glasma in
the static box.
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87717 (Quantum Chrome Dynamics) QMG HEPEIZE T 2L F - WT I r—2 &7
W=7 VD UIAD I SRS Nz o 4 — -7V —F v 7T X< (Quark Gluon Plasma: QGP) DF{E
% ¥ E9 %, RHIC(Relativistic Heavy Ion Collider, BNL) & LHC (Large Hadron Collider, CERN)
2B DM RN E A A VB EFEERTIE QGP RO 4 8> ZF VBB I N TH D, BIGGRIN 2 it
D—DTH DFMBRIIEEIERZ2 L <HHETAZ PO NTWSE, TOA Y TY MIRITRA—=—KXTHS
AR 2842 0.6 — 1.0fm /c FREE DI CTRVFATECEM IZET 5 2 L 2 mmB L, K TOEEIZE -
TEAT 2L VIR ATy 7Y FVATEHBATELRVIZFERNZ EaEf I N, 2k TRWEUL)
DL LTE L DELEED (LEa—[1] 22H), BAICHAEP LRI NTWEPRZMIRIZITEST
WRWY,

COMBIZNT 27 70 —F 0D 3 HIGOR ORLEMIZEHT 26D TH 5, EHEERITITS
BTNV —FviFae—Ly MREZEKRLTED, FEaple UTHIY V-V XGE L ToHR WD
JVEeEZOSNTWVWS, ZOHMY Y - IV ZGOBEERNSAIIRAIZIEE S 122> TH D, WD
TROEFIIR U TALREREZFODZEBHIONT VWS, ZORLEMIZL > TELA I SR I I D &
SYFIVARENTHY, WO ENSAU BKEHE HMRNT 2 FIETH 5 i lREHELUT & > THLD
BEO—D L EXSNTVWBEHNDRWESEARE N (2], SEETIEHR [2] 2B LHEARINT
B0, BTRBESHFNZIRDFNET S DL, FHILUNDBULDIEIIZERT5HDD =20 fH
MrET S Tnd, AFEERTIREHIIMUIZE O WZFEEZHWT, T b =222 & TR
D R BCEEA L & SR T 2 Z L TRVWAYLOMBEIZI G Z 212 d 5,

Z ZTHEHET 2DPMRA-/N—)b (Husimi-Wehrl) T> o —t WO LIz hu—Tdh
%, RE-N—)zv hob— 3 RAEFBE»SEREINSIT Y brEY—THD, REBZITETHFICE
I BEETHIO ThikHZEk) corRRMETH 2V« 7> —B8E Ao AR cHA LT 2 Z 2 TfEoh
%, Ytk & BRi 1D 5 B LRI 220 72 SR 53 & AN B R I2 B I B 8L D FRiE & U Thk % Zliifb
Iy baE=—2FRGNTE Y, TOFTERA-N—LT Y ho—i% TRHHZEM ] TOMR LB
BRI 2RO T 2720, BULOE MG TH 2 IERAEEDVHHETH S, £z, V1 7T —HK
ARG UCEA A VEEGO R TS 2 BRICID ANS Z EATE, Z O Bk 22 IR 78
JBHEHMARA2M I TERAOND 2O, B A VHEYHIZB W THE S A Z LT 5,

RFERTIET 1 7 F — B B R IR 2 R U TR A-N— VT v b v ¥ — DR FEZ
35, £9. BT HERICB I 2MPRAMEIEZITV. 2 2 TOMN CHRFETFIEO AN & Rz i
gD [3 KT, TDOFEZGOMEMANLERL ., BEEIBEHROPKZ & < 9572012l (product
ansatz) &\ 7z LT, IV R LABRYAEZMEL SO Y b —EEA R TELZ L ERT [4, 5
2, BHERICBWTHERBERZIIZY THL EEZONTWVWS Y 7 XY (Glasma) BiAL % B4 72 Bl A7 % D
KO, ZOFbbhDakv—L v MREZYSZMEL UGBS L, (RE-N—ILT Y ba&—4Hn
Im/cBETEISZ L %2/RY b, EHAREOMOYIEEE L DB, TFRWEML ] 12O\ T DGR

4= =

217D,
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Abstract It is possible to generate intense terahertz surface waves of MV/cm class by irradiating an
intense laser pulse on a metal wire. We have investigated the characteristics of surface waves generated
by time domain spectroscopy in detail.
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BU A Y Rl R R A R OREK & LTBIkL, T RO U A Y —FHNHZ LT
T TN ET A e TR NE T A Z EMARETH D, L, EME LR T AT TV
DEBTAY—~DH v TV THRPENE NI RENRDD, ZOD, ERERT 7~V O
EIZITRER S o T2, T’AITERTA Y —IZEBRE L —V—Z2 G325 2 L TEIRET 7~ LY £
AR ARET HZ EICRI L TWD [2, @ L ——IC X > T SN mdl B 0N B 22 ik
HINdZLIZEoT&BEYA Y — B FOMICHERNREGNIEEL, 7 7~V H ORI DSHE
T 5, REWIIE— 27 EHER MViem BN A 7LV A Th o2, 0 X HICEMRE L— —RE
IZEoT, @R VA Y —EERIZERET 7~ VYR ERAESEDL 2 ENARETH L3, Rl ORI
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Fig. 1. Waveform for various distance r.
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Abstract The KOTO experiment aims to study the Kp—mufvv decay at J-PARC, which is a rare direct
CP-violating decay. The status of the analysis on the data taken in 2015 will be presented focusing on the
background study.
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CP RIFRME DR O AFAE X R T EEVERR R CIIMEL SIL TV D 03 W ES T ERMICIAT 51
TN ORREN /NS <, R EZBE A7 CP FERFRENSLE L éﬂ“@/\é KLHTC v v AREEIL CP
ZHEBERICHEDRETH Y . RO CP IERIFEENTET S & B I e S FEER GG THRIE ) 5T
EEL DD, REBHSN TN Z OFREEIIEER R COREE DI 3X107 /s < PR

EMED 1%E/NEW[11720, CP N ZSI &R ZTHVEODRERIBNWT 0 —7Th b,

KOTO B IZ J-PARC IZB W TIThbITWA K— v v IERERTH S, KOTO EBRTIE 30 GeV i+t
— A EEEACY T TARK L K Al F2a) A—2—ZX> TV E—A L L THRIHESHERE T
AT D, MHEHIIE =282 X OWCHREINTEBY, Tty Ry v 75O O CsI ha U — R
—HZTr’BAELD 2 KT afaA,. POMOBHE CHRIBFIRERALFRRNWZ &2 b > TEZHERD
et & 3% (Fig. 1),
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b 2 ET D & > 7TV HIRHE 0. 002 ([ ZF Y9~ HE) 2k L7= [2] [3], L2sL B— AAMNEERIZ )
fTdr a—HETRIal) —A—FZ8 s TA Ry U—%2ED, SHIZEZITELEPMHT
Nha) =X =2z @EBL Nz ZATHARr Ly U—2 I LT2oO07 T AZ—%/ED“
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TNV DOEGEBITo T,

ARFEFTIX 2015 FFIHSG LT —F OFFFTIRIUZ DWW T, FFICE R FROMRICERAZ BV Tl
T 5,

Csl calorimeter
FB NCC MB .V cv CC(H CC05 CC06 Old BHCV BHPV
A . L L A _t L
7
4
’

\_:' /

HINEMOS BCV LCV OEV cCo3 BPCV  New BHCV

KL

Fig. 1. A cross-sectional view of the KOTO detector and a conceptual view of the signal detection.
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Abstract: T2K experiment is a long baseline neutrino oscillation experiment searching for CP
violation in lepton sector with neutrino oscillation. In the neutrino oscillation analysis
understanding of neutrino—nucleus interaction modeling and its uncertainties are important to
predict number of events at the far detector precisely.

We will report the evaluation of the systematics uncertainties on the oscillation parameters
estimation from neutrino interaction modeling. The oscillation analysis results used the data

until 2017 summer will also be reported in this presentation.
© 2018 Department of Physics, Kyoto University
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BED=a2— bV JiREEIT CRIEIC 2> T0ADIE=2— M) J-FEFERISEDET NV E ZDRE
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TOTRNVF—ARYT P T ARARY MEIREZR ST Bled=a— Y VIR T A—F DHIEIC
BRBEBERITT,

ZFZT=a— b)) JREFETICBIT A RINET VOEEEZRTRD 2L, Bio-BEEEET L
2] BIRCRFEDROHEN R L ETT N4 B2 RRISETAEELZV I 2 —varyT—
ZEAWT, REIT A—FRBIZE T B RISET VOEWVIZ L 5 RFEREEZ T,

CPALFHIZA VW TiE==2— M) ) KISET NV OREIL CP A HOEERE % 2%RE LAE(LIERNE
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Abstract We study the de Sitter brane world models on the basis of the Randall-Sundrum model. The
models can naturally explain the hierarchy between the Planck scale and the weak scale, and describe the
acceleratively expanding universe. In addition, we discuss the possibilities of realizing the time-
dependent Hubble parameter.
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FEVERRT, T8 STV e Higgs i F- DI R &, IEFICRERBNLZINDTWD, Lol K
WAARESLFELTEY . A2 CII4Z Planck scale & weak scale DB DIEF I K X 7oL
(Mp1/My, ~ 0(10Y7)) DFFFEIZHE B Lz, 1999 424278 S 4172 Randal 1-Sundrum €7 /L [1]1%, 2@ 4K
JLOREE M Z b5 IRTOBER & LTI EARICHARRE CH D & L THEBEZED T, ZOET /LTI,
S5IRILHMESYL, T /7 METHZLI2E0, BHOREZFRO2HOT L— % HRICEAL, 5
WILDO (10) DPERGHEIC K » T4 RILD0O (10Y7) NEREN S,
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RS 272D D b H 72 FIEIX, FHEO 4 ot 0% de Sitter FFZEICEETH5HDOTH D

ds? = A2(y){—dt? + B%(t);dx'dx'} + dy? (1)
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IR EE TR TWe, ZZTETAME TR, (DRXEEIC LT/ IV T2 matter D720
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a7 MBIz > TAE L % Kaluza—Klein B— RO 2T o7, FOFER. A IRITTOIEFITRKZ 720
B 5 RotD0 (102) ORsEM:CElBA &, £7-. Kaluza—Klein E— RK® mass 7 weak scale F2E D
F—HE—ThHHI B oT-, HIZ, Hubble E# D Planck A7 — /LIZHRTIEFIT/PHIWNWT &

(Mp1/H~0(10°0)) &, ERLO 5 RTTDFEEIETRSND Z & bahoTald],

DX, TL—r U=V REHAND Z LICL - T, BEEERMEA~OT 7 a —J L IEEETE O
HEOWNNARETH D Z LR ENTZ, LNLARRS, ZOFT/LClE Hubble TSI IEE
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HORANRARETH D Lo Iclbivd, —FH T, Weyl T /L E WD | FFESFEEZR I 2VE I HRG
AW ZLicky, ZOMEORTE 20 TIERONEWVWIRELH D [5],

AFEFTIL, de Sitter thin brane model |Zxf7 HIFFEREA A ik~ Hubble EEUT IR AFE 2 5
728D FEIZOW TR T 5,
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Black hole microstates with a new constituent

YITP High Energy Physics Group Minkyu Park

Abstract Microstate geometry program is a conjecture about black hole microstates that typical
microstates are described as smooth and horizonless supergravity solutions which have the same
mass, angular momentum, and charges as that of black holes. We present a new class of microstate
solutions of black holes.

© 2018 Department of Physics, Kyoto University

One interesting property of black holes is that they obey thermodynamic laws. The entropy of
black holes is given by the area of the horizon and it is naturally expected to be understood from
the statistical mechanical viewpoint. However there has not been many things known about black
hole microstates in the gravity, even though their holographic understanding has been well-known.
In microstate geometry program, e.g., [1], which is a conjecture about black hole microstates, typical
microstates are described as smooth and entropyless (i.e., horizonless) supergravity solutions which
have the same mass, angular momentum, and charges as that of black holes. In this thesis, a new class
of black hole microstates are suggested and studied in addition to the known microstate solutions and
discussed in the context of microstate geometry program. The thesis is based on the work [2, 3] which
I was involved.

For supersymmetric three- and four-charge black holes, five-dimensional A/ = 2 supergravity cou-
pled to vector multiplets is a very useful framework to construct a family of their microstate solutions
as smooth and horizonless geometries. They are represented by a set of harmonic functions on R3
with codimension-3 sources. However the entropy of these solutions seems not enough to account for
the entropy of the corresponding black holes [4, 5]. In this thesis, we present another possible mi-
crostate solutions given by harmonic functions having codimension-2 sources and study some explicit
examples. In general, they exhibit non-Abelian U-duality monodromies around them and are involved
with non-geometric exotic brane charges. We expect that these new class of microstate solutions shed

some light on the understanding of microstructure of black holes.
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Toward a precision cosmological test of gravity from
redshift—-space bispectrum based on perturbation theory

R EEGER THOV—T A=

Abstract Based on perturbative calculations, we develop an improved theoretical model for
redshift-space bispectrum of large-scale structure, which will be used to probe gravity on cosmological
scales. We test the model against simulations, and show that combining with power spectrum, robust test
of gravity is made possible, reducing the statistical errors.

© 2018 Department of Physics, Kyoto University

Despite the success of the standard cosmological model that consistently explains the observation of the cosmic
microwave background and large scale structure traced by galaxies, cosmology still faces several fundamental
problems. One such problem is the origin of late-time cosmic acceleration. To clarify this, in precision cosmology
era, a gigantic data will be obtained from upcoming surveys, and measurement of statistical quantities will be
made very precisely. Toward future cosmological analysis, improving the accuracy of theoretical template is
rather essential for robust constraint and/or parameter estimation.

So far, the cosmological constraints on gravity and/or dark energy, obtained from large-scale structure
observations, has been mainly made with the theory and measurement of the two-point statistics. However, the
large-scale galaxy distribution in the late-time universe exhibits gravity-induced non-Gaussianity, and the
bispectrum, three-point cumulant is expected to contain significant cosmological informations together with
power spectrum (e.g., [1]). In particular, the measurement of the bispectrum helps to tighten the constraints on
dark energy and modified gravity through the redshift-space distortions (RSD). In this thesis, extending the work
by Taruya, Nishimichi & Saito [2], we present a perturbation theory (PT) based model of redshift-space
bispectrum that can keep the non-perturbative damping effect under control [3]. Characterizing this
non-perturbative damping by a univariate function with single free parameter, the PT model of the redshift-space
bispectrum is tested against a large set of cosmological N-body simulations, finding that the predicted monopole
and quadrupole moments are in a good agreement with simulations at the scales of baryon acoustic oscillations
(well beyond the range of agreement of standard PT). The validity of the univariate ansatz of the damping effect is
also examined in the case of matter bispectrum, and with the PT calculation at next-to-leading order, the fitted
values of the free parameter is shown to consistently match those obtained from the PT model of power spectrum
by Taruya, Nishimichi & Saito [2].

Toward a practical application of our template, we have also developed several techniques suited for
cosmological data analysis, i.e., fast bispectrum estimation with fast Fourier transform and accelerated
calculations for PT template. Applying these methods to the matter and halo catalogs and employing the
Markov-chain Monte Carlo technique, we demonstrate that our improved bispectrum template reproduces the
fiducial value of the growth rate, the key parameter to probe gravity on cosmological scales, well within 3%
accuracy. Combining the bispectrum data with power spectrum data, the constraint on the growth rate is shown to
be tightened, compared to the cases with power spectrum or bispectrum alone.
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Abstract We measured the cross section of the charged-current interaction of muon antineutrino and
nucleus without pions in the final state by the T2K on-axis near detector. The current analysis status and
the prospect will be presented.
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Simulating Extreme Spacetimes on the Computer

Yukawa Institute for Theoretical Physics Joseph M. Fedrow

Abstract. Having entered the new epoch of gravitational wave astronomy, numerical
relativity is now more necessary than ever before. In this thesis we develop the tools
necessary to explore this new field with one eye on the computer and the other eye on the
Universe.

© 2018 Department of Physics, Kyoto University

The main results of this thesis are those recently published in Physical Review Letters
where we investigated the gravitational wave signature of binary black holes (BBHSs)
merging inside of a collapsing star. This investigation was motivated by the proposed
stellar core fragmentation scenario for BBH formation and the associated possibility of an
electromagnetic counterpart to a BBH GW event. We employ full numerical relativity
coupled with general-relativistic hydrodynamics and set up a 30 + 30 solar mass BBH
(motivated by GW150914) inside gas with realistic stellar densities.

Our results are the first of their kind and show that at high enough densities dynamical
friction between the BHs and gas changes the coalescence dynamics and the GW signal in
an unmistakable way. We show that for GW150914, LIGO observations conclusively rule
out BBH coalescence inside stellar gas of typical stellar densities. This excludes the
fragmentation scenario for the formation of GW150914.

The results of this thesis show how numerical relativity allows us to use computers to
discover new insights about the most extreme spacetimes in the Universe.
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Abstract Supernova remnants are one of candidates of the source of Galactic cosmic rays. We observed
the middle-aged supernova remnant y-Cygni with MAGIC telescope and Large Area Telescope on board
Fermi satellite and detected very high energy gamma rays. We found a hint of escaping cosmic rays from
the shock front.
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Investigation of the Formation Process of Recombining Plasmas in
the Galactic Supernova Remnants with Suzaku X-ray Observatory

FHBRIIEE  RATER

Abstract We performed spatially resolved spectral analyses of X-ray emissions in the Galactic supernova
remnants, and investigated the origin of recombining plasmas (RPs). The analyses reveal good
correlations between the electron temperatures of the RPs and locations of molecular clouds. The RPs can
be explained well by the thermal conduction scenario.

© 2018 Department of Physics, Kyoto University

In a supernova remnant (SNR) plasma, ions are gradually ionized by collisions with electrons. The plasma
reaches a collisional ionization equilibrium (CIE) after ~10° yr. Since most of SNRs have an age of < 10* yr, SNR
plasmas are naturally expected to have an ionization degree below the equilibrium and to be in an ionization-dom
inant state. It was found that many SNRs indeed have ionization-dominant plasmas through X-ray observations.

Recent observations with Japanese X-ray satellite, ASCA and Suzaku, however, revealed peculiar plasmas in
some SNRs, which have higher ionization degree than expected in a CIE [1-3]. The plasmas are thought to be in a
recombination-dominant state, and thus called recombining plasmas (RPs). Such plasmas are not anticipated in the
standard picture of the SNR plasma evolution described above. Although some scenarios are proposed to explain
the RPs, the formation process of the RP is not fully understood yet. In any scenario, a key seems to be
interactions between the SNR and ambient dense gas [1][4].

To understand the formation process of RPs, we perform spatially resolved spectroscopic analyses of X-ray
emissions from the Galactic SNRs, G166.0+4.3 [5], IC 443 [6], W44, and W49B with Suzaku. We compare
spatial variations of physical parameters of the RPs with distributions of the ambient gas. In all the remnants, the
spectral analyses reveal good correlations between locations of plasmas with lower electron temperatures and
those of surrounding dense molecular clouds. The lower electron temperatures of the RPs can be explained well
by the thermal conduction between an SNR plasma and a molecular cloud. For a more quantitatively investigation,
we estimated cooling timescales of the thermal conduction in each remnant. In all the remnants, the conduction
timescales are shorter than a characteristic timescale for a plasma to reach CIE. Therefore, we conclude that the
RPs can be realized by the thermal conduction scenario.
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Fig. 1: Maps of the electron temperatures (k7,) of RP components with

lower (left) and higher (right) k7, bands in IC 443 [6]. The red contours
indicate a *CO(J=2-1) to '>CO(J=1-0) intensity ratio map [7].

The green and red solid lines show the age of
IC 443 [8] and the characteristic timescale for
a plasma to reach CIE [9].
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Abstract We discuss the possibility that the Macronova in GW 170817 is powered by the central engine
activities after the binary merger. We find that the engine activities can reproduce the Macronova by
ejecta with the solar abundance pattern, which suggests that binary neutron star mergers can be an origin
of r-process elements.
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Fig 1. The light curves of Macronova associated with GW170817. Each color
represents the light curve in each band. The solid and dashed curves show the
light curves of the jet-powered cocoon and the reprocessed emission from the
merger ejecta, respectively. The data points are taken from [2].
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Analysis of A (1405)
based on chiral SU(3) dynamics

Nuclear Theory group Kenta Miyahara

Abstract We develop the reliable KbarN and KbarN- = X potentials based on the chiral SU(3) dynamics.
The potential construction method and the new treatment of the resulting energy-dependent potential are
established in this thesis. Applying them, we analyze the A (1405) and the related Kbar nuclear systems.
© 2018 Department of Physics, Kyoto University

In recent hadron physics, one of the most active works is the search for exotic hadrons with different structure
from the ordinary meson (quark-antiquark) or baryon (three-quark) states. The A (1405) baryon resonance is a
promising candidates, expected to be the molecular state of an antikaon (Kbar) and a nucleon (N) decaying to a
pion (7 ) and a Sigma baryon (X). This picture leads to the prediction of related interesting states, Kbar nuclei,
consisting of an antikaon and nuclei. Thanks to the recent precise experiment by the SIDDHARTA Collaboration,
we are at the stage of quantitative discussion to elucidate the nature of these states. However, the two-body
potential, which is the fundamental building block for the theoretical study, has not been constructed in a realistic
form. In this thesis, we construct reliable potentials between the meson and baryon which compose the A (1405).

In the former part of this thesis, we first establish the potential construction procedure. To theoretically
extrapolate the experimental data to the A (1405) energy region directly inaccessible by the K'p scattering
experiments, we employ the chiral unitary approach which respects the chiral SU(3) symmetry in quantum
chromodynamics and the unitarity of S matrix of the two-body scattering. Next, we construct the local potential
used in the Schrodinger equation which equivalently reproduces the results of chiral unitary approach. Here, the
quantitative reproducibility is necessary not only on the real energy axis but also in the complex energy plane,
because the essential information of the A (1405) is included in the complex plane as a resonance pole. With the
newly developed procedure, we obtain the energy-dependent complex and real potentials in the KbarN and
KbarN- 7 £ systems, respectively. The results for the KbarN and KbarN-x X potentials are respectively
summarized in Refs. [1] and [2].

As the first application of the simpler single-channel potential, we calculate the Kbar nuclei up to seven-body
systems with the accurate few-body calculation method [3]. In the KbarNN system, relatively small binding
energy is obtained, and in seven-body system, the possibility of the inversion of the level ordering is predicted.
For more detailed discussion of some states near the 7 X threshold, the explicit treatment of lower channels like
the © X would be necessary. Next, we theoretically predict the K'p correlation function in heavy-ion collisions
[4,5]. We find the unique isospin combination in the correlation function, which would lead to complementary
information of the KbarN interaction to the ordinary K'p scattering amplitudes.

In the latter half of this thesis, we discuss how to analyze the wave function from the resulting
energy-dependent potential which breaks the essential requirements of the quantum mechanics, the norm
conservation and the orthogonality relation [1, 2]. To recover them, we derive the new normalization scheme in
the non-Hermitian system with the energy-dependent potential, respecting the continuity equation. Furthermore,
interpreting the origin of the energy dependence in terms of the channel elimination, we reveal the meaning of the
new scheme in association with the compositeness and the elementariness [2]. With this new formulation, we
analyze the compositeness and the spatial structure of the A (1405) to confirm the KbarN molecular picture.
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AcN interaction from lattice QCD
and its application to A hypernuclei

FMEHE T R v —T EAEW

Abstract We investigate the two-body interaction between A¢ and a nucleon (N) in the (2+1)-flavor
lattice QCD on a (2.9 fm)?3 volume at m; ~ 410, 570, 700 MeV. We also study possible A¢ hypernuclei
from obtained potentials. Our results suggest that A¢ hypernuclei can exist for A = 12 with the binding
energies of a few MeV.

© 2018 Department of Physics, Kyoto University

Understanding the baryon-baryon interactions is one of the most important topics in hadron physics. The
meson-exchange models are good descriptions for the baryon-baryon interactions and it has been constructed
successfully to reproduce the properties of the low-energy nucleon-nucleon (NN), hyperon-nucleon (YN)
scattering and the finite (hyper-) nuclei. The constituent quark models have also been developed to investigate the
baryon-baryon interactions. In general, these two approaches give coincident results.

Recently, these two approaches are applied to charmed baryon systems [1,2]. In Ref. [1], AcN interaction is
investigated with the one-boson-exchange potential (OBEP) model based on the heavy quark effective theory, and
the authors claim that the AcN interaction is strong enough to form a two-body bound state though the results are
rather sensitive to the model parameters. On the other hand, the study within a framework of the constituent quark
model [2] suggests that the AcN two-body bound state is not likely.

The aim of this work is to shed a new light on the problem of the Ac¢N interaction from first-principles lattice
QCD simulations. For this purpose, we employ the HAL QCD method [3] in the (2+1)-flavor lattice QCD on a
(2.9 fm)3 volume at m, ~ 410, 570, 700 MeV. We first calculate the AcN central and tensor potentials from
Nambu-Bethe-Salpeter wave functions, which is faithful to the QCD S-matrix below the inelastic threshold, so
that we can correctly calculate the AcN elastic scattering phase shift. We find that the AcN interactions are
attractive at low-energies but they are not strong to form the two-body bound state at least m, > 410 MeV [4,5,6].
We also find that the phase shift and the scattering length in 1Sp channel are very similar to those in the 3S;-D;
channels, which imply that the AcN interaction is almost spin-independent [6].

We next consider an application of the HAL QCD potentials to possible Ac¢ hypernuclei. We construct a
single-folding potentials for Ac hypernuclei and estimate the binding energies of Ac with several light- and
heavy-nuclei, by using the Gaussian expansion method. Our results suggest that the A¢ hypernuclei can be exist
for A = 12 with the binding energies of a few MeV [6].
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MAIKo 7 T« FEMZRAVEEXRIBFHIBHEEICE TS
*He St 5% I i O B E R BI TE

JRAHZ -~ Fu o EEsiges ATHKREE

Abstract

The photodisintegration of “He has been investigated, but its cross section in the giant dipole resonance
(GDR) region is still unclear. We developed an active target system, MAIKo to measure the two dominant
reaction modes, “He( », pt) and “He( », He)n in the energy range from the decay threshold to the GDR
region.
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He 1T bVA A (V=) BRI THY . TOHMAKN D X 0 MR T 2R 2 #
T B2 0DRF~v—0 & LTOREEZRZLTWS, £/2, BFED 10~20 MeV FEEED vy FRIN
FOSE. B & - 2800 TIREN S 2 7 A VR 2 —RIE K- 08 (GDR) ~D i 23 LAY ¢
HDHENVI BN I I, 2 < OREIR T TRENLBRN 72 STV 5D,

LsL72223 6, He JFFAZ D GDR fEIk (£,=20~30 MeV) 123317 B NSRS B3 % E5rF — # 121
RIEZREBRAREWENE STV D, He DN RSTIE FZERIT 1960 FFARLSKITHONTE 2, %
DI N—TIZ Lo TRE SNTROSHTEFEIEL, £,=30 MeV UL EOFEIK TIZAEWIZEEHN TH D, — 7.
He D 2 (RAREERE = R L X —TdH 5 20 MeV 7> 5 30 MeV £ TO T R/ X —FH O S WrmfEIL, £,=25
MeV {3112 GDR D & — 27 ZFFHOMA 22— T 5 b OO ARHE TR K TR 2 (57> T\ b, S BIT,
TR He W AZH W=7 77 ¢ 7THEERIZ X 5 FERIC X0 i S - OsWrmfEiL, 20~30 MeV (21X GDR
D=7 Nip, ZTOTFLFX—FEI CHFAGEINT 5 &0 D, ek EOERBRFER L & B @M%z r
L7z[1], ZOEBRORERIZ, BIENE FEMAEERZ b LI LSRR HAE &b —& L2 ([2],

GDR FEIkIZ 331 % He YR ST D EAE 1R DFE— R B D T=OIZCEE TH H 721 T/, By
TR RO EBRICL Tt s =a— Y/ B5&E T o AR~ F U
FOMESICHEETHDHEEZOLNTWD, TD=, ERFELZLEL CTHEE 2TV O AR E
ME/NSLSTHZENEETH D,

Z 9 LT SATARZE DRI 8 7~ . He JR 7-B% 0 GDR fHIE CTH 5 20~30MeV £ T v #RIT L 5 60 fiRIK
IGERNET D EE BN ET DA HE LT,

A2 TlL. *He EARD T A BRI O IZ % TPC (Time Projection Chamber) % R jisDA%
L LTHHWD MATKo 77 7 4 THEM L WD VAT KEBIFE L, e RsOn ORIE % Fhi9 5, TPC
IR HHER TH D72, T O R )L X —fHI CHE 72 He (7, pt) K & He (7, *He) n D 2 DD i
LR FEBERIBOIRIC L > TEATHZ LN TE D, TO70, HHEga 0 LT 2 HEO G
Ry b7 v 7 CRIFFCHIET D Z ENARETH D, Flo. 7277 4 7THEMIEN E & 2 s &
2B T2, Gl OB AR R TR EE R P T aER) 2 L X — & B U R D IR R L X — kL
FORMNBTE D, 207, HRSEETEE D=3 X—fHk CORENAIRETH D,

TR T = = — AV YEtis% O BLOL[4] CEEFETHD, ZOE—LTA L TIE, B 7B
e ACEREENTZ, T=0.5~1.5 GeV ETOEFIZL—F =2 AH L, 180 FEJFAITHEL S 7=
FTEHAND VI W a7 P UBELIC L > THER AR y B — A Z AR T D52 ENTEX DR TH D,
= 2 — AU iR BLOL (12 W T MATKo 77 7 ¢ ZHER 2 VW T A b BB A Fhi L7-,

AFERTIL, 7 A NEBROT — & OfFMTIRDL & FAFBE i E DARERA~DRLEIZONTIER S,
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Role of axial anomaly and nesting in the inhomogeneous
chiral phase

Nuclear Theory Group Ryo Yoshiike

Abstract Axial anomaly and nesting are elucidated in the context of the inhomogeneous chiral phase.
Using the Nambu-Jona-Lasinio models in 1+1 dimensions, we shall discuss them from two different
points of view: one is inhomogeneous chiral phase and the other is the Fulde-Ferrell-Larkin-Ovchinnikov
state of superconductivity.
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Inhomogeneous chiral phase (iCP) has been expected to appear in the moderate density region in the QCD
phase diagram, where chiral condensate is spatially modulating. If iCP is realized, it may give rise to various
phenomenological consequences such as spontaneous magnetization, fast cooling in compact stars or anomalous
entropy production in the course of heavy-ion collisions.

It has been known that axial anomaly and nesting play important roles for iCP. Axial anomaly drastically
changes the properties of iCP through anomalous particle production and the extension to the low density region
for iCP [1]. Nesting, which is well-known in condensed matter physics as the driving mechanism for spatially
nonuniform structures such as charge and spin density waves, may be responsible for formation of iCP as well [2].
To get deeper understanding of those prominent concepts in iCP, we use the Nambu-Jona-Lasinio model in 1+1
dimensions; since these concepts are essentially based on symmetry itself and geometry of the Fermi surface, one
may discuss them more clearly without loss of generality. Then we can utilize the duality transformation in 1+1
dimensions. Thies has pointed out that there is a duality relation between chiral transition and a kind of
superconductivity [3]. After the duality transformation, chemical potential can be regarded as an effective
magnetic field. It is well known in condensed matter physics that the BCS state changes to the Fulde-Ferrell-
Larkin-Ovchinnikov (FFLO) state, beyond the lower critical magnetic field (h;), where the Cooper pair
condensate is spatially modulating [4]. Thus iCP at finite density is mapped into the problem of the FFLO state [5].
For example, chiral spiral phase, a kind of iCP, is mapped into Fulde-Ferrell (FF) state. In the following, we
briefly describe our result for this case.

First, we discuss how axial anomaly is mapped by the duality transformation. After the duality transformation,
we see a different manifestation of axial anomaly: anomalous magnetization is generated in the FF state instead of
anomalous particle number. Furthermore, due to axial anomaly, the phase diagram becomes much different from
the one for the FF state in condensed matter physics, where he >0. The FF state develops, once the magnetic field
is applied, i.e., he =0.

Next we discuss how nesting plays in the context of iCP, compared with the anomaly-free model. In the
anomaly-free model, we can see nesting works for iCP in the same way of charge and spin density waves. After
the duality transformation, we show that the different type of nesting works in the FF state as in the condensed
matter physics. However, axial anomaly conceals nesting effect; it brings about the chiral spiral or the FF state
irrespective of nesting effect. Therefore, the result implies the possibility of the new type of superconductivity.
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Scrambling and Complexity in AdS/CFT and Black Holes

HAE BRI EET #RL a7 v—7 JEE BA

Abstract Recent collaborations of quantum information theory with AdS/CFT and black holes have
opened up new horizons of physics. We discuss fast scrambling in AdS/CFT and black holes. And we
proposed a definition of complexity of states in CFTs based on “optimization” of Euclidean
path-integrals.
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AR, -1 RERGR D55 0 BRER 0RO E ) B ER ~ D Jis 3Rk & 72 BLER VRS R & AR 2t LiE LT TV B,
ZOFRBORT, 77 v 7 R—/VTEITHmO THEHERERZ R L TE L, flX, EFHEHROR7 7
Y7V 7 (L) REFIRBORREMEORFERIT, 7T v/ R—/VIEREET B S Lo kEx
7R B IR L BRNSHES, ZOBED LIRNT T v 7 A= L0l S 2 ER TR,
Z O AIE AdS/CFT %fhis 2 W TR GE21Z B W THER S L7t . mOBER D &1 A A7 E L FEON
(T B, HIT OGO 24 A TV B3],

ZOXORFEEOR, Hrik, RICBWTENMTHE S NWIZHAEFHRREE LT 2 E5ER T
DFFEIZEY, 7T v IR —NOW-THENAZ Z 07 ) v FRNRFHBLICE 5 Z L& R L72[4].

T, A7 T TN OMEICB N TH, 77 v 7 R— VI KRE R E 52 Tnb,
BIICIVE DR TOBYENEZ DL, = b B —DHENDITZRDZ A F I 7 AN EHIET D,
LUl s, BEHAITCIET T v 7 R — )V OWNEROETES N Ukt 5 Z L3 B T, £ DORFRH
IR RANT DT LV ABEOBVEENME L 22D, i, B IRREOFREME 22 O ofE
il LT, TOEINUKOEEN 2SN, TOEIJVGHIRE T 1 OdhiE O KA. b L< I,
RWIE 0 DREI MR OIEAE] & VD & T, TSI ERRA RN SND LT o7,

HIPBR OBEEA e —T5 . FHRAMEE I35 OB TO LWEROMATT A R0 > THRWKBLIZ S
Do £ T, T ld TR ODERE] LW OFH LWHEZHWT, WRGHGEICE W TRIREO
RIEEMEEE 2 E e L, HAIRARITS L T2 oM E 23~ 72 [7],

ARETIE, BETHERORZ Z 07V 7 (B SCEFIREOHEEMEIZET 232 OftF(4, 7]
WCOWTHEmAEIT 9,
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