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Abstract For astronomical observations, we have been developing an  Electron Tracking Compton
Camera (ETCC) based on  a micro pixel gaseous chamber (u-PIC) and scintillation cameras. For
balloon-borne experiments with ETCC, we have developed low power CMOS Front-End ASICs and a
readout system with the chips for a u-PIC, and a readout system for scintillation cameras.

© 2012 Department of Physics, Kyoto University
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Fig. 1. Photograph of the FE2009bal chip. Fig. 2. Photograph of the readout board.
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Black Hole Collision in Higher Dimensions

Graduate School of Science Hirotada Okawa

Abstract We perform simulations in higher dimensions with higher dimensional numerical relativity.
Gravitational waves in head-on collisions of two black holes in four, five and six dimensions are extracted
in our code. In a scattering of two black holes in five dimensions, we show that the super-Planckian
domain can be formed.

© 2012 Department of Physics, Kyoto University

Numerical relativity in higher dimensional spacetime has been one of powerful tools to study
various phenomina such as the stability of higher dimensional black holes and the verification for
higher dimensional gravity [1][2]. It was pointed out that the higher-dimensional Planck energy
could be around TeV scale and high energy particle collisions could produce black holes [3].

If this hypothesis is correct, a formed black hole in the accelerator would evapolate by Hawking
radiation in a short time after the production. We can detect the Hawking radiation and verify the
production of the black hole. The spectrum of the Hawking radiation depends on the mass and spin
of the formed black hole. Then, it is essential for the investigation of higher dimensional spacetime
to clarify the process of the production of the black hole in high energy particle collisions in higher
dimensions.

The phases of black hole production at trans-Planckian energy are described well by general
relativity in higher dimensions. Then, high-velocity black hole collisions in higher dimensions serve
to study the production phases. Furthermore, it is widely believed that although quantum effects
should be taken into account over the Planck scale, during high energy collisions of particles,
physical processes characterized by the length scale shorter than Planck length are hidden inside
black holes.

In this presentation, we show the results of black hole collisions in higher dimensions with higher
dimensional numerical relativity. The energy and angular momentum are dissipated by
gravitational waves. Then, it is important to extract gravitational waves in order to predict the
mass and spin of formed black holes. We show the results of head-on collisions of two black holes in
five dimensions and six dimensions. By extrapolation, we find that the radiated energy by
high-velocity collisions in five dimensions is about 14%.

In addition, in a scattering of two black holes in five dimensions, we show that the region whose
curvature radius is much shorter than the Planck length can be formed.

References

[1] N. Arkani-Hamed, S. Dimopoulos, and G. R. Dvali, “The hierarchy problem and new dimensions at a
millimeter ”, Phys. Lett. B429:263-272 (1998).

[2] L. Randall and R. Sundrum, “A large mass hierarchy from a small extra dimension”, Phys. Rev. Lett.
83,3370-3373 (1999).

[3] S. Dimopoulos and G. L. Landsberg, “Black Holes at the LHC”, Phys. Rev. Lett. 87, 161602 (2001)./ S. B.
Giddings and S. D. Thomas, “High energy colliders as black hole factories: The end of short distance physics”,
Phys. Rev. D65, 056010 (2002).



Measurement of Neutrino Oscillation
In the T2K Experiment
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Abstract T2K is a long baseline neutrino oscillation experiment. We measured the neutrino oscillation in
muon disappearance mode with the first T2K physics data collected between January 2010 and March
2011, corresponding to 1.4x10% protons on target. The results will be presented.

© 2012 Department of Physics, Kyoto University

We present a neutrino oscillation measurement in the T2K experiment. T2K is a long baseline
neutrino oscillation experiment, in which the muon neutrino beam is generated at J-PARC and is
detected with Super—Kamiokande (SK) which is 295 km away from J-PARC. T2K started physics data
taking in January 2010. Data of 1.4x10% protons on target were collected between January 2010
and March 2011. Analysis of neutrino oscillation in the muon neutrino disappearance mode (v
e v ) is performed by comparing observations and the expectations at SK for both the neutrino
energy spectrum and the number of muon neutrino events. For the precise prediction of the
expectations, the beam direction and the event rate of the neutrino events are measured at near
detectors.

The beam direction is measured to be

x direction = —0.014 £ 0.025(stat.) £ 0.33(syst.) [mrad]
y direction = —0.107 £ 0.025(stat.) £ 0.37(syst.) [mrad]

The neutrino event rate relative to the prediction (DATA/MC) is measured by the on—axis near
detector and the off-axis near detector:

[DATA/MC] , axis) = 1.06 £ 0.001(stat.) + 0.04(syst.)
[DATA/MC] = 1.036 + 0.028(stat.) 0532 (syst.) + 0.037(phys.)

—axis)
In total, 31 muon neutrino events have been observed in SK, while the expectation without

7+16. 6

oscillation is 103. 16,2+

The best fit oscillation parameters are obtained to be
(sin” 2093, Am3,) = (0.99,2.6 x 10 3[eV?/c)).
The 90¥% confidence interval is estimated to be
2.1 % 107% < AmZ,[eV?/c] < 3.1 x 107 at sin? 2653 = 1.0
0.86 < sin® 2693 at Am32, = 2.6 x 1073[eV?/cY]
We firmly confirm the neutrino oscillation in the muon neutrino disappearance mode and precisely
measure the oscillation parameters. This result is one of the most precise measurements today

and is consistent with other experiments. Finally it is shown that we have a potential sensitivity
of & (sin®20,)~0.01 with final goal of statistics (8.0x10%' protons on target)



Magnetar Asteroseismology with Long-Term Gravitational Waves
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Abstract We investigate the gravitational waves from magnetars oscillating in the giant flare phase. We
show that a long-term observation using the next generation gravitational wave detectors can enable us to
identify the magnetic field strength and its decay rate inside the magnetars.

© 2012 Department of Physics, Kyoto University

In the upcoming years, the gravitational wave (GW) astronomy will be started by the 2nd generation GW
detectors, such as advanced LIGO, advanced VIRGO and LCGT, and the 3rd generation ones like ET in the
10Hz-kHz band. These GW interferometers will bring about a greater synergy among multimessenger
(electromagnetic, neutrino, cosmic ray and GW) signals. One of the most important targets is the neutron star
(NS) oscillations. We can infer the NS interior from eigenfrequencies of the waveform, and could open
gravitational wave asteroseismology. Highly magnetized NSs with ~10**°G so-called magnetars are promising
candidates for the GW asteroseismology. They are observed as soft gamma-ray repeaters (SGRs) and anomalous
x-ray pulsars (AXPs) in our Galaxy and the Large Magellanic Cloud, whose emission is thought to be powered by
the dissipation of magnetic energy. SGRs emit repeated bursts and sometimes giant flares (GFs) with huge energy
~10*“ erg . In order to prove that the energy source is the magnetic field, not the mass accretion, the GW-scopy
of the internal field is indispensable. The magnetar GFs would excite the seismic oscillations with GWs. The GFs
are thought to be produced by a release of the accumulated magnetic stress in the crust or inner region. A part of
the GF energy will tap the stellar oscillations, especially polar modes that vary the moment of inertia and emit
GWs. At least the reduction of the magnetic stress would change the stellar deformation and begin polar
oscillations around a new equilibrium. Actually, the quasiperiodic oscillations with ~100 Hz have been discovered
in the x-ray tails of GFs (X-QPOs) and recently activated the searches of GWs from magnetar GFs. The GW
energy within the X-QPO duration ~200 sec has been limited below ~10 % of the electromagnetic energy.
X-QPOs can be interpreted by the axial oscillations propagating to the magnetospheric emission via magnetic
fields.

Here, we suggest that the GWs from magnetar GFs would last much longer than the X-QPOs if the GW
frequencies are close to the X-QPO frequencies. We show that the long-term GW analyses from a day to months
are necessary to detect the GW, even if the GW energy is comparable to the electromagnetic energy. The current
searches of < 200 sec are not long enough:; this is because the GW luminosity is proportional to (frequency)®. Thus,
by fixing the GW energy budgets, ~100 Hz GWs could persist up to 10° times longer than ~ kHz GWs of typical
fluid modes like p-modes. We propose that GWs from magnetar GFs, if any, are largely produced by the polar
Alfven oscillations, which last longer than the axial-type X-QPOs. This opens an interesting possibility to directly
measure the internal magnetic field from the observed frequency since the restoring force is magnetic and the
polar Alfven modes have discrete frequencies. The long-term GW emission also makes it possible to directly
measure the magnetic field decay or reconfiguration inside the NS, because the mode frequency f depends on B
that evolves with time. The Taylor expanded phase of the GW,

V(1) = gy + 2w{f<r ~ 1) = 3 f = 1) + } )

has the first frequency derivative (1FD) term and also the higher frequency derivative terms (2FD and so on) like
the pulsar timing search. We show that the FD terms affect the signal to noise ratio (S/N) even if we assume the
minimum magnetic field decay required to supply energy for the observed emission from magnetars.
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Development of the Neutron Collar Counter
for the K_.— n’vv search experiment at J-PARC

HTROLR W EERSESE KA

Abstract The KOTO experiment aims to discover the rare decay K, | [®vv. The branching ratio of
Standard Model prediction is very small(2.49+0.39)x10™. To achieve this experimental goal, reduction
of halo neutron background events is required. Therefore | developed new detector for reduction and
estimation of this background. I present the current status of the construction © 2012 Department of Physics,
Kyoto University

The KOTO experiment at the J-PARC is dedicated to a search for the K_ —n’vv decay .This decay mode
violates CP symmetry directly, and the amplitude is proportional to the imaginary part of a product of the
Cabbibo-Kobayashi-Maskawa matrix elements in the Standard Model(SM). Since the theoretical uncertainty in
the branching ratio is small(1-2%), it provides a qood testing ground of the SM and beyond. The branching ratio
Br(KL—nwv) is predicted to be (2.49+0.39)x10™" in the SM[2]. The best limit was 2.6x10° given by the E391a
experiment at KEK-PS[3].

At the KOTO experimant , we detect 2y’s from the n° decay in K, [n°vv with a main calorimetr and cover
whole decay volume by veto detectors to assure that there are no extra particles, namely “2y & nothing” is major
signal charasteristic.

Because the expected number of signals is very small , reduction and understanding of backgrounds is the key
issue of this experiment. Neutrons surrounding the K. beam (halo neutrons) interact at the detector material ,
make 7° —2y decays , and become source of serious backgrounds (halo neutron background).

In order to achieve the reduction and estimation of the halo neutron background, | designed the new
detector ,which we call Neutron Collar Counter(NCC) . The NCC is made of undoped Csl crystals , which have
short radiation length(X¢=1.85cm) and long interaction length(A; = 36.5) , SO we can reduce neutron interactions
and stop background 2y’s inside the NCC. In addition , NCC is divided into 152 crystals to measure the shower
development made by incident neutrons and gammas and distinguish halo neutron events from y events. The
rough design is shown in Fig.1.

56cm 45¢cm

TR =

Fig.1. The rough design of Csl-divided design 56cm >

I Ko
W%ﬁ"n r—
______ =

Front view Side view

To realize this division , | adopted wavelength shifting Fiber (WLSF) readout. | studied and realized the
WLSF readout of a Csl crystal for the first time in the world.
So far , | estimated the requirement of NCC performance by Monte Carlo simulation , made NCC prototype ,
and demonstrated the enough performance of the WLSF readout. Now construction of NCC modules is on going.
The results of simulation and techniques and the current status of construction will be presented.
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Relativistic zero—-mode dynamics of solitons
Sk TR Al i

Abstract We consider zero-mode dynamics of solitons beyond non-relativistic approximation. We
realize relativistic improvement on the treatment of rotational collective coordinates of Skyrmion, and
derive deformation of Skyrmion due to its spinning motion, the rotational Lagrangian and various static
properties with relativistic corrections.

© 2012 Department of Physics, Kyoto University

Although solitons have long been fundamental objects in field theories, it is hard to say that
their dynamics is fully understood and formulated. Even when we restrict our attention to
zero—modes of solitons, i.e. their translational motion, spinning motion etc., many of studies
have been based on non—relativistic approximation. However, such an approximation is sometimes
not appropriate for analysis

An example is a soliton called Skyrmion, which is regarded as a model of baryons. The spins
of baryons are understood as the angular momenta of spinning Skyrmions, and their rest masses
as the sum of the rest mass of Skyrmions and their kinetic rotational energies. The spinning
dynamics of Skyrmions was once analyzed in non—relativistic approximation[l], and its result
has been regarded as the standard numerical estimation of Skyrmion. However, since the masses
of baryons with different spins are not degenerate, the contribution of rotational kinetic
energies to the total energies should be non—negligible. This indicates that the dynamics of
Skyrmions must be treated relativistically, and non-relativistic approximation is not valid

Motivated by these facts, I developed a general principle of treating zero—modes of solitons
relativistically[2,3]. The zero—modes of solitons are described by collective coordinates, i.e
the center of mass coordinates and orientations in space etc. The principle is very simple:
lift collective coordinates to dynamical variables in a way that the solitons satisfy their
equations of motion (EOMs) whenever the collective coordinates satisfy their EOMs.

Based on this principle, I explicitly derived a solution of a spinning Skyrmion[2,3] with
relativistic corrections. This is the first example of how solitons on (1+3)-Minkowski spacetime
deform due to their own spinning motion is studied analytically. Using this solution, I
calculated various static properties of the nucleon, and found that the relativistic corrections

are as much as a few tens of percent
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The merger of black hole-neutron star binaries
in full general relativity:
dependence on the neutron star equation of state

Yukawa Institute for Theoretical Physics, Cosmology and Astrophysics

group, Koutarou Kyutoku

Abstract The merger of black hole-neutron star binaries is studied. In particular, the dependence on the
neutron star equation of state is investigated systematically for the first time. It is shown that the cutoff
frequency of the gravitational-wave spectrum will bring us quantitative information of the equation of
state.

© 2012 Department of Physics, Kyoto University

We study the merger of black hole-neutron star binaries in full general relativity with a variety of
equations of state modeled systematically by piecewise polytropic equations of state [1, 2]. We focus,
in particular, on the dependence of the gravitational waveform at the merger stage on the EOSs.
The black hole spins are chosen to be aligned or antialigned with the orbital angular momentum of
the binary, and the mass ratio is chosen to be in the range of mass ratio (the BH mass divided by
the NS mass) from 2 to 5. The initial condition is computed in the puncture framework, adopting an
isolated horizon framework to estimate the black hole spin and assuming an irrotational velocity
field for the fluid inside the neutron star. Dynamical simulations are performed in full general
relativity by an adaptive-mesh refinement code, SACRA.

We find that the neutron star is tidally disrupted irrespective of the mass ratio when the black
hole has a moderately large prograde spin, whereas only binaries with low mass ratios or small
compactnesses of the neutron stars bring the tidal disruption when the black hole spin is zero or
retrograde. For fixed values of other parameters, the tidal disruption occurs at a more distant orbit
for less-compact neutron stars. Information of the tidal disruption is reflected in a clear relation
between the compactness of the neutron star and an appropriately defined “cutoff frequency” in the
gravitational-wave spectrum, above which the spectrum damps exponentially. We find that the
tidal disruption of the neutron star and excitation of the quasinormal mode of the remnant black
hole occur in a compatible manner in high mass-ratio binaries with prograde black hole spins. The
correlation between the compactness and the cutoff frequency still holds for such cases, and it is
suggested that the information of the realistic equation of state can be extracted from the
gravitational-wave observation. The mass of the remnant disk is as large as 0.1 solar mass, which is
required by central engines of short gamma-ray bursts, if the black hole spin is prograde, and the
disk mass shows a similar correlation with the compactness of the neutron stars to that of the cutoff
frequency. It is also suggested by extrapolation that the merger of an extremely spinning black hole
and an irrotational neutron star binary does not lead to the formation of an overspinning black hole.
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Gauge Fixing of Modified Cubic Open Superstring Field Theory
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Abstract The modified cubic open superstring field theory has two gauge invariances associated with the
picture-changing operators and the BRST operator. They are fixed by restricting string fields to minimal
component fields and applying the Batalin-Vilkovisky formalism, respectively. We also derive the propa-
gator being suitable for the perturbative computation.

© 2012 Department of Physics, Kyoto University
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Development of Time-Domain Interferometry Method Using
Nuclear Resonant Scattering and Its Applications

SIS E TR BEaA

Abstract A time-domain interferometry (TDI) method using nuclear resonant scattering of
synchrotron radiation was applied to study the microscopic dynamics of glass forming liquids
and soft matters. Moreover, its measuring efficiency was much improved by using a-Fe foils
with multiline Mdssbauer spectra as nuclear absorbers of the TDI method.

© 2012 Department of Physics, Kyoto University

A time-domain interferometry (TDI) method using nuclear resonant scattering of synchrotron
radiation enables us to study the density fluctuations of the time scale from 1 ns to 10 us at the
length scale from 0.1 to 6 nm in condensed matters.[1-5] In the time and length scales, there exist
many important but unresolved phenomena such as the branching of the o and slow B processes,
which are the key processes to understand the dynamics of supercooled liquids. In this study, the
TDI method that is applicable to the study on the slow dynamics of liquids and soft matters was
developed by estimating and realizing the optimum condition of the TDI method within the
traditional approach.[1,2,5] By using the developed method, new important results concerning the
microscopic dynamics of a glass-forming molecular liquid and ionic liquid in the supercooled liquid
state were obtained and the mechanism of the branching of the o and slow B processes in a
glass-forming molecular liquid was investigated by obtaining the relaxation map which is the
temperature and momentum transfer dependences of characteristic relaxation times in the
liquids.[1,2] Moreover, the microscopic dynamics in the typical and perfluorinated liquid crystals
under the smectic A phase were studied and it was observed that perfluorinated and hydrocarbon
chains of the perfluorinated liquid crystal are not so strongly segregated.[5] As for the improvement
of the TDI method, new approaches were studied by two ways. One is the TDI method using two
driven nuclear absorbers with single-line Mdssbauer spectra and the other is the TDI method using
a-Fe foils with multiline Mdssbauer spectra as nuclear absorbers. As a result, much improvement of
the efficiency was shown by the latter approach.[3,4]
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Relativistic viscoelastic fluid mechanics and
the entropic formulation of continuum mechanics
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Abstract An entropic formulation of relativistic continuum mechanics is developed based on Onsager’s
linear regression theory. As an application of this formulation, we construct a relativistic model of
viscoelastic materials in this formulation, and show that this model gives a new direction in constructing
causal model of viscous fluids.
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Photon Structure Functions and
Heavy Parton Mass Effects
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Abstract We investigate the mass effects of heavy partons such as quarks, squarks and gluinos on the
virtual photon structure functions. These effects are evaluated in the frame work of perturbative QCD
and SQCD based on the DGLAP evolution equations with suitable boundary conditions.

© 2012 Department of Physics, Kyoto University

We would like to address the question about the heavy parton mass effects on the virtual photon
structure functions in QCD and its supersymmetric version, SQCD. The virtual photon structure
which can be measured in the two—photon process of e'+te” collision is interesting because it
provides a good probe to study QCD as well as SQCD dynamics in perturbation theory.

We first argue that the heavy quark mass effects can be incorporated by imposing the boundary
conditions on the heavy quark distribution function in the leading order DGLAP evolution equation.
In a certain kinematical limit, this method provides the same results by the operator product
expansion up to logarithmic term. We derive the formulae for the Mellin moments of the parton
distributions with heavy quark mass effects. We then numerically calculate parton distributions
and structure functions by the inverse Mellin transformation, and discuss the property of the
resummed heavy quark mass effects [1]

Next we investigate photon structure functions in supersymmetric QCD, where we have squarks
and gluinos which strongly interact with each other and possess heavy masses. In order to study
massive parton effects in supersymmetric QCD, we evaluate the eight structure functions of the
virtual photon by taking the discontinuity of the squark massive one—loop diagrams of the
photon—photon forward amplitude. The model-independent positivity constraints are derived from
the Cauchy-Schwarz inequalities. It will turn out that actually there exist the two equalities
hold for the squark contribution. We also show that our polarized photon structure function for
the real photon satisfies the vanishing 1st moment sum rule [2]

We also investigate the supersymmetric QCD radiative effects in the virtual photon structure
functions by applying the leading order DGLAP evolution equation. With the suitable boundary
condition for the heavy parton distribution functions we solve the evolution equation and
numerically study their behaviors. And we then discuss the possible differences between QCD and
SQCD [3].
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Plasma Diagnostics for Non—Standard Supernova Remnants
in the Galactic Center Region

Cosmic-ray group  Makoto Sawada

Abstract This thesis is intended to explore new evidence in the thermal structure of SNR plasmas, a
missing branch in SNR evolution. For this purpose, we investigate the thermal plasmas for three
non—standard SNRs in the Galactic center region. © 2012 Department of Physics, Kyoto University

The standard picture of hot plasmas in supernova remnants (SNRs) are described by the shock heating and
following ionization and recombination processes. This standard scenario and the observational results of SNRs
predict that the plasmas have shell-like morphologies and ionization dominant states. This thesis is intended to
explore new evidence in the thermal structure of SNR plasmas, a missing branch in SNR evolution. For this
purpose, we investigate the thermal plasmas for three non—shell-like SNRs in the Galactic center (GC) region.
One of the SNRs, G 1.2-0.0, has peculiar morphology both in the X-ray and radio bands, but the X-ray spectrum
is thermal origin. Another SNR G 357.7-0.1 has jet-induced plasmas; twin thermal plasmas are found in the both
ends of the spiral radio structures. The other SNR, W28 is a mixed-morphology SNR (MM SNR); the centrally
peaked thermal X-rays are surrounded by non-thermal radio shells.

G 1.2-0.0 is a new X-ray source found from the vicinity the Sagittarius D (Sgr D) H II region. Unlike the H II
region, the radio emission is found to have non-thermal origin. The X-ray spectra are characterized by emission
lines from highly ionized atoms, and fitted with optically thin thermal plasma. The interstellar absorption is
consistent with the object being in the GC distance. The thermal X-rays and non-thermal radio coincide in
position with the size of ~10 pc, and hence this is likely to be a single source, a new SNR in the GC region. The
origin and the dynamics of the SNR are not clear but at least far from those for the standard SNRs. The thermal
structure is found to be either a collisional ionization equilibrium (CIE) plasma or a recombining plasma (RP).

G 357.7-0.1 is a mysterious radio source with a bright head and faint tail, both are connected by multi-spiral
structures, and hence called the Tornado nebula. We discovered two diffuse X-ray sources at the head and tail of
Tornado. Emission lines from highly ionized atoms are found in the spectra, which are fitted with an optically thin
thermal plasma model. The X-ray morphologies, plasma temperatures, interstellar absorptions, and fluxes of these
two sources are very similar to each other. The distances estimated by the X-ray absorptions are similar to that of
Tornado. Thus, the X-ray sources are twin thermal plasmas associated to Tornado. We interpret the origin of the
X-ray sources to be, unlike the standard SNRs, due to shock excitation of bipolar outflows from an equatorial
supernova explosion of a massive star. The thermal structure is found to be either a CIE or an ionizing plasma.

W28 is a MM SNR in the GC region. The X-ray spectra exhibit emission lines from highly ionized atoms.
Optically thin thermal plasma in CIE, either one- or multi-temperature model failed to reproduce the data with
line-like and bump-like residuals at Si Lymana energy and at 2.4-5.0 keV, respectively. The bumps probably
correspond to radiative recombination continua from He-like Si and S. Simple recombining plasma model nicely
fit the bump structures, but failed to fit low energy bands. The full-band spectra can be fitted with a
multi-ionization temperature (7z) plasma with a common electron temperature (7e).

All of the three non-standard SNRs have different and distinct nature. Among them, only W28 exhibits a clear
RP. Since the standard SNRs cannot produce RP, we further examine the RP structure of W28. W28 is found to
have different 7z among elements: The values for Si and S are higher than those for Ne and Mg, and Fe. The
multi-7z are interpreted as elemental difference of ionization and recombination timescales. The spatially resolved
analysis found the radial decreases both in 7z and Te. These results are naturally explained as follows. The plasma
is shock-heated to high temperature, and then 7e quickly drops so that recombining process is now going on. As
one plausible scenario, we propose a rarefaction model: the plasma breaks-out from dense circum-stellar medium
into a tenuous interstellar space.
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Abstract In this presentation, | will give a brief review of the relativistic hydrodynamics with dissipation
from both analytical and numerical viewpoints. From the numerical point of view, | will describe the
method for developing a fast and accurate numerical scheme for the relativistic dissipative
hydrodynamics that can be used in astrophysical and nuclear physics. On the other hand, the derivation of
more accurate basic equations still remains controversial, especially for multi-component fluid. I will
summarize and discuss the current status.
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Self-gravity effects in the blackfold approach
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Abstract The blackfold approach is the perturbative construction method of the higher dimensional black
hole solutions. We develop the blackfold approach to higher order perturbation solution and investigate
the physical effects of the self-gravity effects of the higher dimensional black hole in the blackfold
approach.

© 2012 Department of Physics, Kyoto University

Motivated by string theory, lots of physicists all over the world have investigated gravitational
theory in higher dimensions, especially, the physics of black holes. Through many creative works, it
has been realized that the physics of gravity is very different between in four and higher dimensions
and the black hole can have much richer structure in higher dimensions. There are, however, still a
lot of remaining issues to be resolved in higher dimensional gravity.

As one topic among such issues, we consider the black hole solutions in higher dimensions. The
technique to study four and five dimensional black hole cannot be applied to higher dimensional
black holes. Indeed, in higher dimensions than five, there is no solution generating technique and
the discovered exact black hole solution is the Myers-Perry black hole only. Therefore we should
develop new approach to construct and investigate the higher dimensional black hole solution.
Emparan et. al. proposed the new method, blackfold approach, which constructs the higher
dimensional black hole solutions perturbatively [1]. As a present status, the solution constructed by
the blackfold approach is a linear perturbation solution. To include the self-gravity effects, we will
consider the second order perturbations in the blackfold approach. We utilize the effective field
theory method and matched asymptotic expansion method to construct the second order
perturbation solution. We also discuss the application of our generalization of the blackfold
approach.
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New Aspects of Gauge Mediation
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Abstract If supersymmetry is realized in nature, it must be broken. In this thesis, we study theoretical
aspects of gauge mediated supersymmetry breaking. We discuss model-building of gauge mediation. We
also address issues of the electroweak symmetry breaking in gauge mediation.
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Abstract Double helicity asymmetry of the single electron production is an ideal probe to measure the
gluon polarization in a proton. The measurement of the single electron is performed with a new detector
HBD which rejects its backgrounds effectively. With the improved S/N ratio, the helicity asymmetry is
confirmed less than 1.0% in a momentum region of pt < 1.5GeV/c.
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Fig.2. The double helicity asymmetry of the
single electron production.



Non—-| inear Cosmological Perturbation Theory
—~ from ON formalism to Beyond 6N formalism «

Yukawa Institute for Theoretical Physics  Atsushi Naruko

Abstract We explicitly show that the curvature perturbation on uniform scalar field slices is conserved
for a universe dominated by a single scalar field provided that the field is in an attractor regime, for a very
general class of scalar-field theories.
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Thanks to current high precision measurements of the Cosmic Microwave Background (CMB), the nature of
temperature anisotropies is revealed that its power spectrum with the very tiny amplitude (= 107) is nearly scale
invariant, and its statistics is almost Gaussian [1]. The existence of such tiny temperature anisotropies is naturally
explained by inflation, which is a period of accelerated expansion in the very early universe and is driven by a
scalar field called “inflaton”. Since temperature fluctuations in CMB are seeded by the primordial curvature
perturbations through the so-called “Sachs-Wolfe” effect, we can test the inflation paradigm by observing CMB.
Especially, deviations of the statistics of CMB from the Gaussian statistics, non-Gaussianities, are attracting much
attention recently. If perturbations obey the Gaussian statistics, then the three-point correlation function or its
Fourier transform, bispectrum completely vanishes. However, if there is a deviation from the Gaussian statics, the
three-point correlation function or bispectrum takes a non-zero value. Although we have hundreds or thousands of
inflation models consistent with current CMB observations, there is a possibility we can significantly constrain
models because the deviation from the Gaussian statistics (non-Gaussianity) is generated by the non-linearity of
the dynamics of scalar field or gravity.

In this talk, after reviewing the linear cosmological perturbation theory based on Einstein gravity, we see first
the conservation of curvature perturbations on comoving slices, or strictly speaking on uniform scalar field slices
on large scales in linear theory. Then we see that the same conservation for the curvature perturbation on uniform
energy density slices holds to full nonlinear order in the case of a perfect fluid provided the pressure is only a
function of the energy density (i.e. if the perturbation is purely adiabatic) [2]. This conservation law is applicable
to any gravity theory because it is shown only by using the energy momentum conservation law. This proof for a
perfect fluid is also applicable to a single scalar field model as far as its energy momentum tensor takes the perfect
fluid form. Recently, a new class of scalar field theories has been proposed where the energy momentum tensor is
not in the form of a perfect fluid, such as Galileon theories [3]. Focusing on the single scalar field case, we extend
the proof of the conservation and show the curvature perturbation on comoving slices, strictly speaking on
uniform scalar field slices is conserved to full nonlinear order for a very general class of scalar field theories by
using the scalar field equation [4]. The condition for it is whether the field is in an attractor regime or not. We also
show that if the scalar field equation contains a second time derivative of the metric, as in the case of the Galileon
theory, one has to invoke the gravitational field equations to show the conservation.
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Terahertz Emission from Gas and Atomic Cluster Plasmas Induced

by Intense Femtosecond Laser Pulses

Laser-matter interaction science Fazel JAHANGIRI

Abstract Terahertz radiation from air and argon cluster plasmas produced by using intense femtosecond
laser pulses has been studied. The properties of Terahertz waves, the power spectrum, polarization,
angular distribution, and the laser energy dependence, have been experimentally investigated and
appropriate physical mechanisms have been proposed to explain the experimental observations.
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Terahertz (THz) waves radiated from air and argon cluster plasmas produced by intense femtosecond laser
pulses in the energy range of <70 mJ have been studied. To understand the mechanism of THz generation, the
properties of THz waves (the polarization, angular distribution, power spectrum, backing pressure and the laser
energy dependences of the power) have been investigated. THz radiation
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laser-energy dependence of the power has been observed from air
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plasma produced by either circularly [1] or linearly polarized [2] laser
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pulses. From argon cluster plasma, radially polarized THz radiation with
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a conical distribution in forward and backward directions (Fig. 1), and
square laser-energy and backing pressure dependences of the power has 00l

been observed [3].
Fig. 1 Angular distribution of THz radiation

The properties of THz waves observed from air plasma and argon
. . . from argon cluster plasma.
clusters cannot be explained by the previously proposed mechanisms.
Parametric decay of laser light to THz waves in the presence of spontaneous axial magnetic field and quadrupole
radiation induced by ponderomotive force have been proposed as new mechanisms to explain the properties of
THz waves emitted from air plasma and argon clusters, respectively. The observed results are fairly consistent
with the properties expected by these mechanisms.

THz pulses with a maximum total energy of ~ 600 nJ have been 1000
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pressure of 7 MPa. The obtained THz pulse energy is three orders of
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magnitude higher than that from air and argon gas plasmas (Fig. 2). It is
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concluded that atomic cluster plasma produced by intense femtosecond
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laser pulses can be as a candidate source for intense THz radiation. 001
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Nucleon-Deuteron Scattering Described by a Quark-Model
Nonlocal Gaussian Potential

Rt se=s w)IETR

Abstract We have made a nonlocal Gaussian potential from the quark-model baryon-baryon interaction and
applied it to the nucleon-deuteron elastic and breakup scattering. We have succeeded in reproducing
almost
all the scattering observables without introducing three-body force.
© 2012, Department of Physics, Kyoto University
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Primordial magnetic field from non-inflationary cosmic
expansion in Horava-Lifshitz gravity.

RIFEEHGE= ATH EE

Abstract We present a new generation mechanism of large-scale magnetic fields in non-inflationary
cosmic expansion, based on Horava-Lifshitz theory. We show that the amplitude of generated magnetic
fields is large enough as a seed for the dynamo mechanism on some parameters.
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Recent status of the calorimeter for the K°TO experiment

MRV =R E

Abstract The K°TO experiment aims to discover the rare decay K ,—"vv. The construction of the
undoped CslI calorimeter started which is the main detector of this experiment. The preparation status of
the experiment will be presented.

© 2012 Department of Physics, Kyoto University

The K°TO experiment aims to discover the rare decay Kl—»n%na The branching ratio of this decay
is proportional to n? in the Standard Model (SM), where n is one of the Wolfenstein parameters
representing the magnitude of the CP violation. Its branching ratio is predicted to be 2.43(39)
x107" [1]. Thus precise measurements can either confirm the SM or reveal a sign of new physics
beyond the SM. The current upper limit on the branching ratio is 2.6x1078[2], as given by the
KEK-E391a experiment.

The main detector of the K°TO experiment is an undoped Csl calorimeter. It will measure the
positions and energies of the 2 gammas produced from the 7’ in Ki—»novvdecay. Other detectors
guarantee that there is no other particle. Using these information, we will detect the decay
of K;—a'w(Fig. 1).

The CsI calorimeter consists of 2716 undoped CsI crystals, PMTs, preamplifiers and high voltage
power supplies. We had started the CsI calorimeter construction from May 2010. We also carried
out the beam test from October 2010 to November 2010, where we operated about half of the
calorimeter in a month, and also we checked the data quality and the calorimeter status. After
the Great East Japan Earthquake, we continued construction and then we succeeded in operating
all channel of the calorimeter in August 2011. In September, we held the vacuum test of the
calorimeter.

In this talk, the status of the Csl calorimeter construction including the beam test and vacuum
test will be presented
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Fig. 1. The schematic view of the full K°TO detectors.
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Abstract | study new types of lattice fermions, which enable us to perform lattice simulations more
efficiently. | show that we can construct new lattice fermions by using generalized Wilson terms. | also
show applicability of these fermions to lattice QCD simulations by studying parity phase structure.
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Transport coefficients near QCD critical point
by dynamic renormalization group.

Nuclear theory group Yuki Minami

Abstract We study transport coefficients near QCD critical point by dynamic RG. For the RG, we
construct the nonlinear Langevin equation as a basic equation for the critical dynamics, based on a
description as a relativistic critical fluid. Consequently, we show that the bulk viscosity and the thermal
conductivity strongly diverge.
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Figure 1: a schematic phase diagram of QCD.
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Search for pentaquark ®°
via the pion-induced reaction at J-PARC
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Abstract  The pentaquark ®", first reported by the SPring-8/LEPS group, is an exotic hadron which
has at least five-quark components with S = +1. We are searching for the ®" viathe n p — K X
reaction near the production threshold at the J-PARC K1.8 beam line.
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Probing Alternative Theories of Gravity
with Binary Gravitational Waves
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Abstract Gravitational waves (GWSs) offer great opportunities in probing alternative theories of gravity in
the strong field regime. Here, we focus on simple extensions of general relativity and found that future
space-borne GW interferometers can place up to four orders of magnitude stronger constraints than the
current strongest ones.
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Fig. 1. Gravitational waveforms from a compact binary in GR (red thick) and in modified gravity (blue thin).
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Magnetic Lens for Pulsed White Neutron Beam Focusing

Accelerator Laboratory Masako Yamada

Abstract We have developed permanent magnet sextupole lens that can focus pulsed white neutron beam
without serious chromatic aberration effect. It is achieved by the strength modulation synchronous to the
beam pulse. We demonstrated its focusing of wide band very cold neutrons with the wavelength of 27.5 A
<A<55.0A
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