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Abstract We investigate higher-order cumulants of net-baryon number in the strong coupling limit of
lattice QCD. We find that fourth-order cumulant in the chiral limit shows oscillatory behavior due to the
finite size effect, which can be signals for criticality in QCD.
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Abstract We are searching for double hypernuclei with hybrid emulsion method at J-PARC K1.8 beam
line to study A-A interaction. 100 double hypernuclei which include 10 identified species will be
observed among 10* E- stops in emulsion plates. The current status and overview will be reported in this
presentation.
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Fig. 1. The experimental setup at J-PARC K1.8 beam line.
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Abstract Hypernuclei with S=-2 are good tools for investigating the baryon-baryon interaction and dense
nuclear matter. We carried out a E -hypernuclear spectroscopy experiment for the first time using the
12C(K-,K*) reaction at J-PARC. An excitation spectrum of = +'B system was obtained with the best

—

energy resolution ever achieved including quasi-free = - production of 1< 10° events.
© 2016 Department of Physics, Kyoto University
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Fig. 1. Missing mass spectrum of p(K K"
reaction at 1.8 GeV/c. The sharp peak shows
the E- production from hydrogen in CHp,
and the broad component is the quasi-free =-
production from carbon.



Minimal surfaces in g-deformed AdSsxS>

Theoretical Particle Physics Group Takashi Kameyama

Abstract We study a g-deformation of the AdSsxS?® superstring. An interesting issue is to consider
holographic relations in the g-deformed background. It is proposed that a singularity surface located in
g-deformed AdSs may be treated as a holographic screen. We construct minimal surfaces and derive
quark-antiquark potentials from the g-deformed geometry.

© 2016 Department of Physics, Kyoto University

The AdS/CFT correspondence is one of the most profound structures in string theory. A prototypical example is
the conjectured equivalence between type 11B string theory on the AdSsxS® background and /N'= 4 SU(N) super
Yang-Mills theory in the large N limit. A great discovery in the recent is an integrable structure underlying this
duality and it enables us to give an enormous amount of evidence for this duality.

The integrable structure behind the AdS/CFT opens up a new arena for studying integrable deformations as well.
It would be significant to reveal a deeper integrable structure behind the AdS/CFT beyond the conformal
invariance. To tackle this issue, a systematic method is to employ the Yang-Baxter sigma model description [1].
In this framework, an integrable deformation is fixed by picking up a classical r-matrix satisfying the modified
classical Yang-Baxter equation. In the recent, this description has been applied to study integrable deformations of
the AdSsxS® superstring [2]. This deformation can be regarded as a classical analogue of g-deformation of Lie
algebras, since the Poisson symmetry algebra is a quantum group associated with the superconformal algebra.

In this study, we focus on the bosonic part of the deformed string action. The metric and NS-NS two-form of the
deformed background are derived in [3]. In particular, a singular surface exists in the g-deformed AdSs. To reveal
the nature of the singularity surface, we considered a Gubser-Klebanov-Polyakov (GKP)-like classical string
solution on the deformed background and argued the spacetime structure by using it as a probe [3]. Then it is
shown that the string solution cannot stretch beyond the singularity surface. We also considered trajectories of
massless and massive particles so as to study the causal structure around the singularity surface [4]. As a result,
the causal structure around the singularity surface is very similar to the boundary of the global AdS space. These
results suggest that the singularity surface may be treated as a boundary in the holographic setup for the
g-deformed geometry. Hence, it is nice to introduce a new coordinate system which describes the spacetime
enclosed by the singularity surface. With this coordinate system, minimal surfaces whose boundary shapes are a
straight line and a circle have been considered in [4,5]. In the undeformed limit, each of the solutions is reduced to
a 1/2 BPS straight line Wilson loop and a 1/2 BPS circular Wilson loop, respectively. A remarkable point is that in
both cases, the resulting minimal surface area does not have a linear divergence, unlike the undeformed case. This
feature comes from the fact that the g-deformation may be regarded as a UV regularization.

Furthermore, we argue a quark-antiquark potential from the g-deformed AdSsxS® so as to look for some clues of
the dual gauge-theory. For this purpose, we consider minimal surfaces with a cusp on the boundary surface in the
g-deformed AdSs. Then a quark-antiquark potential can be derived by taking some special limits. Since the
conformal symmetry has been deformed, the resulting potential is not the usual Coulomb form, but positive and
linear. We also argue that a quark-antiquark potential calculated from gravity duals of noncommutative gauge
theories can be reproduced from the one for the g-deformed case by taking a scaling limit.
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Abstract We investigate the effect of the quantum and the thermal fluctuations in the inhomogeneous
chiral transition. The effective thermodynamic potential is modified by these effects. As a result, it
changes the character of phase transition from the second to the first order and reduces the
inhomogeneous phase.

© 2016 Department of Physics, Kyoto University
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The binary population synthesis in the early universe
and the detection rate of gravitational waves from the
binary black holes

Theoretical Astrophysics Group Tomoya Kinugawa

Abstract We perform population synthesis simulations for Population I (Pop I), Popu-
lation IT (Pop II) and Population IIT (Pop III) coalescing compact binaries which merge
within the age of the universe. We found that the typical mass of Pop III BH-BHs is
~ 30 Mu-30 M. The inspiral chirp signal of gravitational waves and quasi-normal modes
(QNMs) from Pop III binary black holes (BH-BHs) can be detected up to z=0.28 by KA-
GRA, Adv. LIGO, Adv. Virgo and GEO network. We might be able to confirm the
existence of Pop III massive stars of mass ~ 30 Mx-30 Mg by the detections of gravi-
tational waves if the detection rate of the Pop III massive BH-BHs (~ 30 M-30 Mg)
dominates those of Pop I and Pop II massive BH-BHs.

(©2016 Department of Physics, Kyoto University

We perform population synthesis simulations for Pop I, Pop II and Pop III coalescing compact
binaries which merge within the age of the universe. We habe the typical mass of BH-BHs around
10 Mg, for Pop I and Pop II cases. On the other hand, we found that the typical mass of Pop III
BH-BHs is ~ 30 M-30 M. The inspiral chirp signal of gravitational waves and QNMs from Pop
III BH-BHs can be detected up to z=0.28 by KAGRA, Adv. LIGO, Adv. Virgo and GEO net-
work [1]. Our simulations suggest that the detection rate of the coalescing Pop III BH-BHs is ~1.8
x10% events yr~! (SFR,/(107%% Mg yr~! Mpc™2)) - ([fv/(1 + f5)]/0.33) - Errgys for our standard
model, where SFR,, fi, and Errgy are the peak value of the Pop III star formation rate, initial
binary fraction and the possible systematic errors due to the assumptions in Pop III population
synthesis, respectively. Errgy,s = 1 corresponds to conventional parameters for Pop I stars. To eval-
uate the robustness of chirp mass distribution and the range of Errgy, we examine the dependence
on the unknown parameters and the distribution functions in the population synthesis code. We
found that the chirp mass has a peak at ~ 30 Mg, in most of parameters and distribution functions
as well as Errey ranges from 0.046 to 4. Therefore, the detection rate of the coalescing Pop III
BH-BHs ranges about 8.3 — 720 events yr—! (SFR, /(10725 Mg yr—! Mpc™2)) - ([fo/(1 + £1)]/0.33)
[2]. The minimum rate corresponds to the worst model which we think unlikely. Therefore unless
(SFRp/(1072° Mg yr~! Mpce™)) - ([f/(1 + f5)]/0.33) < 0.1, we expect the Pop III BH-BHs detec-
tion rate of at least one event per year by KAGRA. Nakano, Tanaka & Nakamura (2015) [3] have
shown that if S/N of the QNM is larger than 35, we can confirm or refute the General Relativity (GR)
more than 5 sigma level. In our standard model, the detection rate of Pop III BH-BHs whose S/N is
larger than 35 is 3.2 events yr 1 (SFR, /(10725 Mg yr=! Mpc™)) - ([fu/(1+ f1)]/0.33) - Erreys. Thus,
there is a good chance to check whether GR is correct or not in the strong gravity region. Furthermore,
from the observation of the chirp signal of the coalescing Pop III BH-BHs, we can determine both the
mass and the redshift of the binary for the cosmological parameters determined by Planck satellite.
Our simulations suggest that the cumulative redshift distribution of the coalescing Pop III BH-BHs
depends almost only on the cosmological parameters. We might be able to confirm the existence of
Pop III massive stars of mass ~ 30 Ms-30 Mg by the detections of gravitational waves if the detection
rate of the Pop III BH-BHs (~ 30 M-30 M) dominates those of Pop I and Pop II massive BH-BHs.
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Imaging Polarimetry in MeV Gamma Rays
With an Electron-Tracking Compton Camera
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Abstract We have developed an Electron-Tracking Compton Camera (ETCC) as an MeV gamma-ray
telescope. ETCC has succeeded to measure the polarization with the incident photon image and energy
spectrum for the polarized X-ray beam at SPring-8. Obtained modulation factor is about 0.6 at 130 keV.
© 2016 Department of Physics, Kyoto University
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Constraints on the Intergalactic Magnetic Field
by AGN Observations with MAGIC

Cosmic-ray group Yusuke Konno

Abstract We performed simulation to study effects of the intergalactic magnetic field (IGMF) on
gamma-ray propagation from distant objects. The simulation was compared with the observation results
of a blazar, 1ES 0229+200. The spectrum suggests IGMF > 101> G when we assume a power law
spectrum with an index of -1.5.

© 2016 Department of Physics, Kyoto University

The origin of the magnetic field in our galaxy (~ 10® G) is unknown. One possibility is amplification from very
weak seed field. Detection of the intergalactic magnetic field (IGMF) would be a suggestion of such a seed field.
Although an upper limit of IGMF < 10 - 10° G was obtained from Faraday rotation measurements, there is still
large uncertainty on the IGMF strength. To constrain such a weak filed strength, a method using gamma-ray
observations has been mentioned [1].

Very high energy (VHE, > 100 GeV) gamma rays emitted from distant objects like active galactic nuclei (AGN)
suffers from attenuation experiencing pair production with extragalactic background optical-infrared photons.
Gamma-ray induced electrons and positrons are deflected by the IGMF while experiencing inverse Compton
scattering with cosmic microwave background photons and producing secondary gamma rays in lower energy
band. Due to deflection by the IGMF, an extended component could appear around a point source and its spatial
profile would depend on the IGMF strength. Another effect is spectral depression of a secondary component in
GeV band. If we could detect such a signature from the IGMF, we can constrain the IGMF strength.

We performed Monte Carlo simulation to study IGMF effects on VHE gamma-ray propagation. As shown in
Figs. 1 and 2, stronger IGMF increases extended component. At some point stronger IGMF deflects secondary
component out of the interested region and decreases fraction of an extended component. If we set the interested
region inside 0.2 degrees around a source, an extended component will be the most visible around IGMF strength
of 10* G. On the other hand, spectral shape in 10 GeV - 100 GeV, which corresponds to the energy band of
Fermi-LAT, is sensitive around IGMF > 10> G.

We searched IGMF signature using 1ES 0229+200, AGN with a hard spectrum located at z=0.14. The source
was observed with MAGIC telescopes, two imaging atmospheric Cherenkov telescopes which achieve low energy
threshold of 50 GeV with its large 17 m diameter mirror dish. The angular profile is compatible with that of the
Crab Nebula, a well-known point source. We also studied the spectrum and it prefers stronger IGMF > 10'°> G
when we assume a hard power law intrinsic spectrum with an index of -1.5 and an exponential cutoff at 10 TeV

(Fig. 3).
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within 0.2 degrees around a source.
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Abstract The analysis of the n=>3m(r*mrm® and 3m°) widths in the nuclear medium using linear sigma
model shows that these widths are at most 4-10 times larger than those at p=0 depending on the input
parameter and the enhancement occurs in association with the chiral restoration in the nuclear medium.
© 2016 Department of Physics, Kyoto University
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Tensor to scalar ratio in bimetric gravity

Theoretical Astrophysics Group Yuki Sakakihara

Abstract We calculate the tensor and scalar perturbations generated during slow-roll inflation in
ghost-free bimetric theory. We find that the tensor to scalar ratio is inevitably larger than the general
relativity counterpart with the same power-law inflaton potential, namely, the constraint on the power-law
inflation is more severe in bimetric theory.

© 2016 Department of Physics, Kyoto University

Recently, bimetric gravity was found [1, 2] as a consistent theory of gravity including massive gravitons in
addition to usual massless gravitons. Giving mass to gravitons is an infra-red modification of gravity, which is
thought to be a possible way to approach the origin of dark energy and dark matter. Our purpose is to make it
clear whether bimetric theory is really an acceptable gravity theory describing the universe. Inflation gives us
good tests of gravity since observable quantities related to inflation such as the cosmic microwave background are
precisely measured. We examine the fluctuations generated during inflation which remains still now as the
fluctuations of the cosmic microwave background and as gravitational waves to test bimetric theory.

We calculate tensor perturbations and scalar perturbations on slow-roll inflationary spacetime in a way which is
valid in the leading order of the slow-roll parameters, which measure how the spacetime is approximated by the
de Sitter accelerated expanding spacetime, thanks to the rapid decay of the massive gravitons. The background
treatment that we use in our analysis is based on [3, 4] and the analysis of the tensor perturbations partially refers
to [5]. Under the approximation mentioned above, the system reduces to Einstein theory with a non-minimally
coupled scalar field. We obtain the tensor power spectrum and the scalar power spectrum at the end of inflation in
the leading order in slow roll. Both the spectral index of the curvature perturbations and the ratio of the tensor
amplitude to the scalar amplitude, i.e., the tensor to scalar ratio, which are constrained by the cosmic microwave
background observations, are modified due to bimetric effects. When we adopt a simple power-law potential to
the potential of the scalar field which causes inflation, the tensor to scalar ratio is larger than that in general
relativity in any bimetric models, while the spectral index can be either smaller or larger depending on the models.
The trend is thought to be universal in other potentials since the difference between the bimetric effects on the
tensor amplitude and the scalar amplitude originates in the difference between the effective gravitational constant
governing the tensor perturbations and that governing the curvature perturbations, which determines the relation
between the Hubble expansion rate and the matter energy density.
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Holographic Entanglement Entropy
in the dS/CFT Correspondence
and Entanglement Entropy in the Sp(IN) Model

Theoretical Particle Physics Group Yoshiki Sato

Abstract Recently, the holographic entanglement entropy has attracted attention as a
tool to construct gravitational theories by nongravitational theories. We consider the
entanglement entropy in the dS/CFT correspondence. We also study the entanglement
entropy in the Sp(/N) model and confirm the behaviour consistent with our holographic
result.

(©2016 Department of Physics, Kyoto University

The AdS/CFT correspondence is a remarkable connection between gravitational theories on anti-de
Sitter spacetime (AdS) and nongravitational conformal field theories (CFT). It provides us with a tool
to analyze quantum gravitational theories by using nongravitational field theories. A useful quantity
to analyze gravitational theories in the context of the AdS/CFT correspondence, is the holographic
entanglement entropy proposed in [1]. The holographic entanglement entropy is a holographic dual
of the entanglement entropy and is related to geometrical quantities which are extremal surfaces.
Therefore, the holographic entanglement entropy contains information on gravitational theories [2, 3].

It is natural to apply the holographic principle to our Universe. However, since it is known that
our Universe is approximately the de Sitter spacetime (dS), not AdS, we cannot use the AdS/CFT
correspondence to analyze our Universe. Then, we need the dS/CFT correspondence which is a duality
between gravitational theories on dS and some conformal field theories.

Although the dS/CFT correspondence was proposed in [4, 5, 6], concrete examples of the dS/CFT
correspondence hadn’t been known for a decade. Recently, Anninos, Hartman and Strominger have
proposed a concrete example of the dS/CFT correspondence [7]. The authors showed that Vasiliev’s
higher-spin gauge theory on dS is the holographic dual of the Euclidean Sp(NN) vector model which
lives in Z* in dS. We are now in a position to analyze the dS/CFT correspondence using the concrete
example.

We discuss the holographic entanglement entropy in the dS/CFT correspondence and the entan-
glement entropy in the Sp(N) model based on [8, 9] for a purpose to construct gravitational theories
on dS by dual field theories. In [8], we investigate the connection between bulk geometry and the
holographic entanglement entropy in Einstein gravity on dS. Also we compare the proposed holo-
graphic entanglement entropy with the entanglement entropy in the free Sp(N) model, which is the
holographic dual of Vasiliev’s higher spin gauge theory on dS. Furthermore, we investigate the detail
of the entanglement entropy in the Sp(N) model in [9].
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Construction of a new model generating
three-dimensional random volumes:
Towards a formulation of membrane theory

ey AR )= ~S A N N

Abstract Towards a formulation of membrane theory, we construct a new model generating discrete
three-dimensional random volumes. The variables are matrices, and each configuration consists of
triangles glued together along their edges. The model can describe three-dimensional quantum gravity
coupled to various matter fields, especially scalar fields corresponding to target-space coordinates.
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Fig. 1. Triangles glued together along multiple hinges.
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Abstract A new particle called VLQ is predicted in some models beyond Standard Model to solve the
Higgs mass quadratic divergence. We use the LHC Run-2 data with 13TeV CME to search for VLQ
produced via electro-weak interaction and decaying to Zt.
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Fig. 1. Feyman diagram of the T coupling to t and Higgs. The (b) and (c) diagram resolve the mass divergence by (a).
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Fig. 2. Feyman-diagram of the T production. The left diagram (a) shows the pair production via QCD, and the right

(b) shows the single production via electro-weak interaction.
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M2-branes in M-theory and exact large N expansion

Yukawa Insitute for Theoretical Physics Tomoki Nosaka

Abstract We analyzed the partition function of a special class of 3d U(N) superconfor-
mal Chern-Simons theories for large N, and determined the all order perturbative/non-
perturbative corrections in 1/N. These theories describe the M2-branes in the M-theory,
and hopefully our results will shed new light on quautum corrections to the classical su-
pergravity.

(©2016 Department of Physics, Kyoto University

Recently we studied the exact large N expansion of the partition function of the N' = 4 U(N)
circular quiver superconformal Chern-Simons theories in [1, 2, 3]. These theories are known to describe
the N stack of the M2-branes in the M-theory on various orbifold. With the help of the formal
relation between the partition function and a quantum statistical system of N-particle ideal Fermi gas
discovered by Marino and Putrov, we achieved to determine the all order perturbative correction in

1/N to the partition function in large N expansion [1].

We also analyzed the non-perturbative effects in 1/N. In the context of the AdS/CFT corre-
spondence, these non-perturbative effects in 1/N can be interpreted quantitatively as the effects of
fundamental M2-brane winding non-trivial three-cycle in the dual eleven dimensional background ge-
ometry, and thus called the instantons. We determined the explicit expression of several instanton
coefficients and found following interesting property [2]. If the quantum number of two different kinds
of instantons satisfy particular rational relation, they exhibit the same exponential suppression in
1/N. We discovered that the individual instanton coefficient is always singular at the coincidence,

though the divergences are always precisely cancelled in the net coefficients.

Restricting ourselves onto one particular theory among the NV = 4 theories we also achieved to
determine the coefficients of all kinds of instanton and at arbitrary quantum number [3]. We finally find
that the instanton coefficients are completely reproduced by the free energy of the refined topological

string theory.
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X-ray Study of Neutral Iron Line Emission in the Galactic Ridge:
Contribution of Low-Energy Cosmic Rays

Cosmic-Ray Group Kumiko Nobukawa

Abstract The Galactic diffuse X-ray emission has K-shell lines of neutral and highly ionized iron with
different distributions. The neutral iron line emission is correlated with dense interstellar medium, which
is likely due to bombardment by cosmic-ray protons with the energy of ~MeV.

© 2016 Department of Physics, Kyoto University

The Galactic diffuse X-ray emission (GDXE) is unresolved X-rays prevailing along the Galactic plane [1]. One

of the most remarkable features of the GDXE is strong K-shell lines of neutral, helium-like and hydrogen-like iron
at 6.4 keV, 6.7 keV and 7.0 keV, respectively. A popular idea for the origin of the GDXE is a superposition of
many faint point sources, such as cataclysmic variables (CVs) and coronally active binaries (ABs) because more
than 80% of the GDXE has been resolved into point-like sources at a small area near the Galactic center [2].
However, the spectra of the GDXE are different from position to position [3]. If many point sources contribute to
the GDXE, the spectra should be spatially uniform. Previous debate on the GDXE origin has been based on the
results of limited spectral and spatial resolution. In this thesis, using the Suzaku satellite, we have measured the
detailed spatial distributions (the scale heights) and spectral features (the equivalent widths) of the 6.4 keV, 6.7
keV, and 7.0 keV lines separately. The scale height of the 6.7 keV line is roughly consistent with those of CVs
and ABs, while that of the 6.4 keV line is far smaller than those of CVs and ABs, and similar to that of molecular
clouds. Furthermore clear enhancements of the 6.4 keV line relative to the 6.7 keV line are found at 1.°5< | < 3.°5
(GC east) and | = 20° regions. These enhancements are associated with molecular gas. The X-ray spectra of the
enhanced regions show large equivalent widths of > 300 eV [4].
Even in the GDXE of non-excess areas, an assembly of CVs and ABs does not reproduce the spectra; at least a
half of the 6.4 keV line emission along the Galactic plane cannot be explained by point sources. Thus additional
contribution of other sources with a strong 6.4 keV line is required. Since the 6.4 keV line from molecular gas
irradiated by X-rays, cosmic-ray protons or electrons has a large equivalent width (> 300 eV), the 6.4 keV line
should be dominated by the diffuse emission from molecular gas. The scattered photons from the interstellar gas
originated from bright X-ray sources are less than 10% of the total 6.4 keV line emission. Therefore the most
possible origin is low-energy cosmic rays (LECRs). The energy densities of the LECRs would be ~10-20 eV
cm and ~0.01-0.02 eV cm for protons and electrons, respectively. Our study demonstrates that the 6.4 keV line
can be a unique probe to investigate the LECRs.
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Abstract The beam asymmetry for p(y,n)p reaction is measured in LEPS2/BGOegg experiment using
linearly polarized photons, produced by the backward compton scattering. The current status of the

experiment and analysis will be presented.
© 2016 Department of Physics, Kyoto University
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Higgs potential in light of the LHC result
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Abstract We investigate the Higgs inflation scenario in light of the LHC result, 125GeV Higgs and no
new physics. We find that, contrast to the conventional scenario, the required non-minimal coupling is
reduced, and that large tensor-to-scalar ratio can be produced.

© 2016 Department of Physics, Kyoto University

In July 2012, ATLAS [1] and CMS [2] collaborations reported the discovery of the Higgs boson. In
the standard model, the Higgs self coupling A can be seen from observe mass, 125GeV, and A is
found to be perturbative value, A=0.13. Moreover, there are no symptom of new physics up to 1TeV.
Therefore, it is good time to consider the scenario where the standard model is valid beyond the

electroweak scale.

We examine the possibility that the standard model is perturbative up to very high scale such as
the string scale or Planck scale by using the technic of the renormalization group equation. We find
that there exists triple coincidence with current top mass, Higgs mass and strong coupling: 2, its
beta function and bare Higgs mass takes zero around the string/Planck scale [3]. This may be the

indication that the flat potential is realized at very high scale.

As a phenomenological consequence, it turns out that the Higgs can play the role of inflaton in the
early universe. It is known that, if we introduce non-minimal coupling between the Higgs and
gravity [4], Higgs inflation is possible. However, in the conventional Higgs inflation, the required

non-minimal coupling is too large.

We show that the required value of the coupling is drastically reduced in the case of flat potential
[5,6]. This is because the height of the potential becomes very small due to the smallness of 4, the
potential becomes flat thanks to the vanishing beta function of A. We investigate the inflationary parameter of this
model in detail, and show that this is consistent with recent observation. The prediction of our Higgs inflation
differs the conventional scenario very much.
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Abstract A laser ion source that produces shortly-bunched ion beam is proposed and a proof-of-principle
experiment of the ion source was demonstrated. H; gas was ionized by an ultra-short pulse laser in RF
electric field and shortly-bunched ions were observed at the exit of the RF resonator.
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Fig. 1. The contour plot of current signals for various RF phases.
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Abstract At SPring-8/LEPS facility, we made a measurement of v p 2 ¢ preactionatE, =1.5-2.9
GeV to clarify the reaction mechanism of the non-monotonic energy dependence of the cross section at
forward angles, using a highly polarized gamma ray beam. We present the overview of the experiment
and the analysis status.
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Fig. 1. The energy (v s) dependence of the cross section
ofthe v p > ¢ preaction at the very forward angle. [2]



