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Measurement of azimuthal anisotropy of electrons from
heavy flavor meson decays at RHIG-PHENIX.

JRAFZ -~ o U EsEige s KBS

Abstract Silicon Vertex Tracker (VTX) was installed in the RHIC-PHENIX detector for separation of
heavy flavor hadrons, charm and bottom. In this presentation, the status of azimuthal anisotropy of
electrons from semi-leptonic decay of D and B mesons using the VTX will be presented.

© 2013 Department of Physics, Kyoto University

The production of heavy quarks is a good tool for investigating the hot and dense partonic medium
created in high energy heavy ion collisions. Due to their large masses, heavy quarks are mainly
produced at the initial stage of the collisions. This makes them clean probes to study hot and
dense matter because they keep the information of the created matter[1].

The azimuthal anisotropy is the 2nd Fourier coefficient v, (pr) of the azimuthal distribution,

N —N[1+52v( a1+ )]
= p cosng)],
dodpr 0 — nier

n=1
where ¢ is the emission angle of the particle momentum relative to the reaction plane. The
azimuthal anisotropy is also sensitive to the collective motion and thermalization of the matter.

The RHIC-PHENIX experiment measured the azimuthal anisotropy of electrons from semi-leptonic
decays of open heavy flavor mesons. The results of these measurements indicate that heavy quarks
interact with the dense medium produced at RHIC more than it had been expected. It is now apparent
that even heavy quarks flow with the produced medium. However, in these measurements, we were
not able to distinguish between charm and beauty decays, measuring instead a mixture of the two[2].

The Silicon Vertex Tracker (VTX) was installed in the PHENIX detector in year 2011. The VTX
was designed to give accurate tracking reconstructions of the distance of closest approach to
the collision vertex in order to distinguish secondary particles from in—flight decays. In this
way, we will be able to statistically separate the heavy—quark production of charm and beauty[3].
In this presentation, the status of azimuthal anisotropy of electrons from semi—leptonic decay
of D and B mesons using the VTX will be presented.
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Abstract The cluster aspect of nuclei is one of the topics which are discussed for the years. Alpha
condensed states in A=4n nuclei are theoretically predicted, but there are little experimental evidence. We
will search for the alpha condensed states in ?’Ne by measuring ’Ne(o.,o’) inelastic scattering at RCNP,
Osaka.

© 2013 Department of Physics, Kyoto University
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Fig.1 : Ne decay threshold and the region of interest



Measurement of charged pion interaction with nucleus for
improving the neutrino simulation in T2K
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Abstract Pion-nucleus interaction cross sections are important in the neutrino experiments such as T2K,
because the pions are often produced in the neutrino interaction. We measured the pion absorption and
charge exchange cross section using a pion beam line at TRIUMF. The results and possible improvements
in T2K will be presented.

© 2013 Department of Physics, Kyoto University

T2K is an accelerator based neutrino oscillation experiment, aiming to measure the
disappearance of v , beamand appearance of v, withhigh precision. Recently, the non-zero value
of neutrino mixing parameter 0 ,, was indicated by T2K[1], and observed with >5 ¢ significance
by the reactor experiments[2][3]. The last unknown parameter in the neutrino mixing matrix (MNS
matrix) is the CP violating phase 6. Further high precision measurement is required in order
to achieve o significance in the accelerator v, appearance measurement, and to measure the
0 phase in the near future.

One of the key for reducing the systematic error is the uncertainty in pion secondary interaction
followed by the neutrino interaction. In T2K, we count the number of CCQE events (Charged Current
Quasi Elastic, v ,+n — u+ p) to measure the neutrino flux, while the main backgrounds for
CCQE are CClw events (v, +n — u +p+ x). If the pion in the CCl = interaction is absorbed
by the nucleus, the CClx events will be identified as CCQE events, so the beam flux will be
overestimated. This event misidentification also affects the neutrino energy measurement,
because we reconstruct the neutrino energy from the final state lepton momentum assuming two
body kinematics. However, there are large uncertainties in the past pion—nucleus cross section
measurements (typically ~25% for pion absorption), which largely affects the neutrino interaction
measurements. Therefore, we decided to measure the pion—nucleus cross section in the DUET
experiment.

The DUET experiment took place at TRIUMF M11 secondary beamline. We measured the pion absorption
charge exchange cross sections on carbon target, in the momentum range from 150MeV/c to 300MeV/c.
The main detector for this experiment is a fully active scintillating fiber detector, which is

capable of distinguishing the pion interactions by
reconstructing all the charged tracks in the final it

state. The scintillating fibers are surrounded by Nal Nal
and “Harpsichord” detectors, in order to detect the x8

0 . fiber
gamma rays from 7" from charge exchange. In this talk, ™ SeintiliEioe
the result of absorption + charge exchange cross D +lead
section measurement and the comparison with N;' scm
simulation will be presented. Possible improvements " “— 35—
in the T2K experiment will be also discussed. Fig. 1 DUET
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Femtosecond Electron Deflectometry for Measuring Ultrafast
Transient Fields Induced by Intense Laser Pulses

Laser Matter Interaction Science Group Shunsuke Inoue

Abstract Dynamics of ultrafast electromagnetic fields generated by the interaction of an intense
femtosecond laser pulse with solid matter is studied. To observe the dynamics, we propose a new
technique, that is, femtosecond electron deflectometry with an electron imaging system. The electric
fields changing within several hundred femtoseconds are successfully observed.

© 2013 Department of Physics, Kyoto University

The recent remarkable development of ultrashort-pulse high intensity lasers enables us to produce extreme high
energy density plasma. Various radiations (electrons, ions x-rays, gamma rays, and terahertz waves) emitted from
the laser-produced plasma have unique features, such as short pulse duration, high intensity, point source, and
perfect synchronization among the different radiations. The laser plasma radiations are of great interest in many
areas, for example, particle acceleration, fast ignition for inertial confinement fusion, cancer therapy using ion
beams, ultrafast electron diffraction measurement, time-resolved x-ray proving, laser-driven nuclear physics, and
laboratory astrophysics. Since the laser plasma radiations are induced by the motion of electrons accelerated
directly by an intense laser pulse, it is of essential importance to understand the generation mechanism and
characteristics of the laser-accelerated electrons. Current prevailing theory suggests that an intense laser pulse
strongly interacts with plasma around the critical density, and the energy of the incident laser pulse is partially
transferred to the laser-accelerated electrons. Extensive numerical simulations and experimental studies indicate
that the electrons are accelerated during the laser pulse. Observing the temporal behavior of laser-accelerated
electrons, however, remains a challenging problem because they are accelerated and emitted on an ultrafast time
scale, typically from femtoseconds to picoseconds, and the response of the laser-accelerated electrons to the
incident laser pulse is still not completely understood. For further studies of the interactions between intense
femtosecond laser pulses and solid matter, it is crucial to develop a measurement technique for field dynamics on
a femtosecond time scale.

We have proposed a new technique, that is, femtosecond electron deflectometry with an electron imaging
system [1-3]. In this technique, the electron pulse produced by a femtosecond laser pulse has been employed as a
probe pulse for the electromagnetic field. By using laser-accelerated electron pulses, the temporal resolution and
sensitivity for the measurement of electromagnetic field have been improved better than conventional methods.
Using this technique, the temporal evolution of the electric field generated by an intense femtosecond laser pulse
has been studied. We have successfully observed the deflections of electron pulses during several hundreds of
femtoseconds after the laser pulse is irradiated on a solid target at an intensity of 10'® W/cm?. The observed
deflections have been qualitatively explained by the transient electric fields produced by electron pulses. From the
present results it is found that the electric fields along the target surface decay during < 400 £ 50 fs and that the
magnitude of the electric fields is estimated to be ~2 x 10® \V/m. Moreover, we have studied the emission duration
of fast electrons generated and accelerated from the surface of a solid target irradiated with an intense
femtosecond laser. We have applied the femtosecond electron deflectometry to autocorrelation measurement for
emission duration of fast electron pulses from the target surface. It has been known from the experimental data
that the emission durations of fast electrons depend on the laser pulse duration for the incident laser pulse
durations of 200 fs, 410 fs, 540 fs, and 690 fs. With the numerical calculations of electron dynamics in the
experimental configuration, it has been confirmed that the emission duration of fast electrons is almost equal to
the duration of laser pulse. The present achievements are of great significance to understand the laser-plasma
physics and to develop advanced radiation applications based on ultrafast electron dynamics.
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Lattice QCD analysis for the role of gluons
in the Coulomb—-gauge confinement scenario

R EEEm R AL I

Abstract In Coulomb-gauge confinement scenario, near-zero Faddeev-Popov eigenmodes are important
guantities for a confining color-Coulomb energy. We analyze the role of gluons to the color-Coulomb
energy and Faddeev-Popov eigenmodes from lattice QCD. We find that the low-momentum gluons are
essential for the characteristic behavior of the Faddeev-Popov eigenmodes for confinement.

© 2013 Department of Physics, Kyoto University

77— O CIADITEFRY BBV TR ICEE R RMRRIED 1 >TH Y, BIEE T, Z O]
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— Y T® color-Coulomb energy |2V EH L TER SN LIADHIE TH 5. Coulomb 7 — T, QCD
Hamiltonian [ZLA T O L HIZH 2 6 5.

R N P .
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22T, MBI B W), 0N (O 5 —EiEE, Mrpid Faddeev-Popov (FP) Ji{E - Toh
5. ZOFE 2D color-Coulomb energy (Zx i L, QED TIXE M E] O FREED w52 Bbil4 % Coulomb A
Ty NEE 25, LinL, QD T FPEEFIEAN B e maRD, 2o aEa sk
HEIX color—Coulomb energy Z 2WMICHER S5, ZORER, 73— BOBIERT v v ¥ VR &L,
FACIAODRIIA S NS, Z OB TIE low-lying FPEAIRIEN, PACIAD A ) HEARER L5 [2].

ZDORFFETIE, AT QD DX A F I 7 AEHI T —F L OHBENS, ZOM CiADHiE % HfF
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Fig. 1 (a) color-Coulomb energy with Coulomb plus linear fitting curve. (b) Low-lying FP spectrum
(the vertical bars denote free-field spectrum in finite-volume lattice). Air is IR-cut parameter
introduced for gluon momentum (@ = 0.50 GeV),
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Gravitational Collapse
In Lovelock Gravity

PN USSP o ]

Abstract We study the gravitational collapse in Lovelock gravity, which is higher dimensional
generalization of the Einstein gravity. Then we find that the singularity formed during the collapse is
visible to nearby observer. We also find the nature of the singularity is different between odd dimension
and even dimension.

© 2013 Department of Physics, Kyoto University

We study the gravitationally collapsing phenomena in higher dimensional spacetime. Our interest
is on the issue whether singularity formed during the collapse is visible to observers or not.
Singularity is the region where the physics break down, and we cannot predict the future from
it. In order to avoid such pathology, it is believed that the singularity cannot be naked during
the collapse. This conjecture is known as cosmic censorship conjecture (CCC). Verifying this
conjecture is one of the most important topics in gravitational physics, but it still remains
to be done.

Here, we adopt the Lovelock theory as higher dimensional gravitational theory because it is
natural generalization of standard general relativity (GR) into higher dimension, and some type
of string theory predicts the Lovelock’ s type of corrections into GR.

To verify the CCC, we study the gravitational collapse of spherical dust cloud in Lovelock gravity
[1,2]. The dust cloud is the perfect fluid with zero pressure. Then we find that the singularity
can be naked in all spacetime dimension, violation of CCC. We also find that the dynamics of
the collapse are different between odd and even dimensional spacetime, and the nature of
singularity is qualitatively different between odd and even dimension.
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Matrix models in string and M-theory
and Exact Results
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We study exact results of Berenstein-Maldacena-Nastase (BMN) matrix model, which is conjectured to give
a description of light-cone compactified M-theory in an eleven dimensional maximally supersymmetric plane
wave background.

@ 2013 Department of Physics, Kyoto University
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Chiral phase transition in QCD
with Critical Fluctuation
SREPERSET EFFE

Abstract We discuss the QCD critical point and its critical region. We apply the functional
renormalization group method in order to incorporate the critical fluctuations. The
influences of the mixing between the chiral condensate and baryon-number fluctuation on
the size and sharp of the critical region are addressed.
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X-ray Study on
the Activity History of Sagittarius Ax
by Three—dimensional View of the Galactic Center

THMIER  FupEE 2T

Abstract This thesis develops a new method to measure the line-of-sight positions of the X-ray
reflection nebulae (XRNe) in the Galactic center. Using the X-ray fluxes and three-dimensional
positions of multiple XRNe, a light-curve of the super massive black hole is quantitatively
derived and the nature of the past activity history is discussed.

© 2013 Department of Physics, Kyoto University

This thesis presents the Suzaku results of the 6.4 keV (Fel-K ) emissions from giant molecular
clouds (MCs) in the Sagittarius (Sgr) B, C, D, and E regions. We applied the concept of X-ray
reflection nebulae (XRNe) as the echoes of past flares from the super massive black hole (SMBH),
Sgr A%, in the Galactic center (GC). The X-ray spectra were analyzed on the basis of a view that
XRNe are located inside the Galactic center plasma X-ray emission with an oval distribution around
Sgr A*. We revealed that the XRNe, corresponding to MCs in different velocities, are largely
separated in the line-of—sight position. The resultant face—on alignment of XRNe around Sgr A%
supports the presence of dynamical structures in a central bar potential hypothesized by radio
observations. From X-ray parameters of the three—dimensional positions, the 6.4 keV fluxes, and
the MC absorption column densities, we reconstructed a long—term light curve of Sgr A*. During
the past 50 to 600 years, the SMBH had been in a flare state with X-ray luminosities between
Ix = 1-3X10% erg s™!, which were far brighter than the present luminosity by a factor of ~10°.
The light curve was not flat top in the flare epochs, but exhibited significant variations within
a factor of ~3. The fluctuations were also confirmed by observations of different short—term
(~5 years) variabilities in the 6.4 keV flux, of either increase or decrease, from different
XRNe in Sgr B and Sgr C. Thus, we concluded that the X-ray activity of Sgr A* in the past 500
years was hot a simple single event, but consisted of multiple short flares occurred continuously
and sporadically.
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Fig.1. Left: face-on distribution of XRNe in the GC. The parabolas (dashed lines) represent the equal-time delay

(Tx) contours for the X-ray echoes from Sgr A*. Right: X-ray light curve of Sgr A* for the past 600 years. The red
arrows show the results from observations of short-term 6.4 keV variabilities between 5 years.
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Inflation in Gauge Mediation
RE R E T R v — 7 m/H

Abstract We present an inflationary scenario based on a phenomenologically viable model with
direct gauge mediation of low-scale supersymmetry breaking. We show that there is a model
parameter space where gravitinos can be the dark matter in the present universe.
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DR EYERR T TSR LS HIBENTWD 7 L—_"—% 25 2 5ife (FONC) 23 HARIZ/h & <
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Abstract It is proposed that = /n" ratio from heavy-ion reactions in intermediate-energy can constrain nuclear
symmetry energy at supra-normal densities. We carried out experiments at HIMAC to measure n" and =~ from

In(Si, pi)X reaction at three different energies.
© 2013 Department of Physics, Kyoto University

T B OMIEZIRET 581208, IR EWE R SR 2 KRBT (B0S) % AV BE BRI TR
ETDREDPH LD, BRTIITET /MEEMES RS, PHRFEOREEROBMF S A, HHNITE
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E(p.6) = E(p,0)+E,, (p)5°
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DNEZ, PETEPFICNWD, PTPEFE J1614-2230 (2solar mass) DHIE 31125 Y . Esym(p) T EHLERY
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Fig.1:Pion ratio as a function of kinematic energy in a mid-rapidity(Emia) frame for In+28Si collision

at 400(a), 600(b), and 800(c) AMeV.
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J-PARC E15 EBRIZFIT 5 in-flightHe(K-,n) X )i TD
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Abstract The J-PARC E15 experiment will be performed to search for the simplest kaonic nuclear bound
state, K'pp, by the in-flight *He(K',n) reaction. An overview of the experiment and analysis of
engineering runs will be presented.
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Abstract In quark-gluon plasma at high temperature, simple perturbation theory that is applicable in
soft scale (~ gT) loses its validity in ultrasoft region ( ~ gT). We develop a resummed perturbation theory
applicable in this energy region and show that a novel fermionic excitation exists in the ultrasoft region.
© 2013 Department of Physics, Kyoto University

ABEH () WHELKFOEENBERTXIBOEE (T) BT 74— « JV—F T TR
~ (QGP) DFRNT OBRIZIZ, A —Iui mbfﬁ'\:fxéiﬁéﬂﬂwéz%ﬁ%é T FRED T R /LF —
WIZH W TIL, hard thermal loop (HTL) iTfl[1] & PRIE B ETHZ2EBEEMNEHAMETHY ., D
FEEZHWMETORER, 77 X2 LMENL R Y CREMER S 7T X — [2] LIRS 7 =
VS F U ERTEE S BT 2 FAURIR S LTV D, — 5T, 0T BREE O = L —fE i Tl HIL 3Ll
DIRAFEEE D T= DI A TE 72\ =0, %@%meﬁl@@@ﬁﬁi+ SRR LN TV R o7,

AFEFE TIE, Q6P ZFib 5 AR TH D EF A QD) IRV T ¢ THICB T 527 +—2 O
AT NV RN EE IEAMET 5 X ) IcdeE S - EBENRBE A2 AV CTHENT 5, QCD X v il Bl 74
e LT, ETHIIEEARS X OEFER SIS (QED) IZB W CRIEEOMNT 217 9, QED I3 KTV QCD [2H0
T, BIHEROGAE LB VBT AT 77 LAOR LHITHRMNEL 725, ZiUT7r— sl X
HHLDTHD,

AT ORGSR, BT QED, 38 X TNQCD IZHBWTH LW\ 7 = /L 3 A RIS o°T S rE+ 5 &
oL, ZORROSEEGR, BREE, BXOMEORRKEGD, £z, ORI & A T URFHED
BIRIZOWT b T 5. S Oy —VHEROLE, EINEBEHEROEFE TR 505
I, =T BEN S EINHIESEXNTH DV — F-EiBEE AT F 2R~ T,

BE A RIVEZ DR OFRIE (S8 SN BERG O RFAZEH (3]0, AREE OLE O 122
WTHHENT D,

B, AREONKITCHR4]1IcEESL,

References

[1] J. Frenkel and J. C. Taylor, Nucl. Phys. B 334, 199 (1990); E. Braaten and R. D. Pisarski, Nucl. Phys. B 339,
310 (2990).

[2] H. A. Weldon, Phys. Rev. D 26, 2789 (1982).

[3] D. Satow and Y. Hidaka, Phys. Rev. D 85, 116009 (2012).

[4] Y. Hidaka, D. Satow and T. Kunihiro, Nucl. Phys. A 876, 93 (2012).



J-PARC 2B 1T5 (n~,K) R Z AL
A FBE|/ NA /N—3% ° HOHRE

JRAEZ - N Fu U Eieifige=s A 208

Abstract We carried out °,H hypernucleus production experiment by utilizing the (=’,K*) double
charge-exchange reaction at 1.2GeV/c on a °Li target at J-PARC. It is important to understand coherent
AN-2N coupling effect in neutron-rich hypernuclear isotopes. The current analysis status of °,H
production will be presented.
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Abstract The large D (dimension) expansion for the higher dimensional General Relativity will be
introduced. For example, the instability of the black string will be analysed.
© 2013 Department of Physics, Kyoto University
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Fig. 1. The dispersion relation of the Gregory-Laflamme instability in D=104 derived by the
long wavelength limit (gray curve) and the numerical calculation (plot).
AREFIZBWTIL, BIEIREITED —> & LT large D BB Z BN T 5, EBIC10 LY KEW\WD %
& D DIIWBERENITE IR 22 WA REMED B 2 23, large D ARFR 1% ADS/CFT (23315 % SU(N)® large N #[R
DT FTrY—LRfADTESHTE, —RITHN R E 22 &R ST E ) O IR e M E 2 E PRI BRAE
THZENTED, DRIEKRZEICBITH2EIOBHBEL DD-3)/2 THH D NREWRRIZIBWTE S
FRAEBN RS2 F0nE T2 PRI TND, ERICHEAEBRE (RKEEMR) ICHT D
Gregory-Laflamme NZZ1E O 53 B BISR DFEATIZD 73 K & W MBFRIZ 35U TEABAFRAT D R & HEHIC K < —2
35 Z & (Fig.1) 23537 »> T\ [1], Black String @ Gregory-Laflamme ARZ2E 225U TIZBEIZ Threshold
£— RIZ2OWT Large D fMR[RICEB T DA SN TRV [2][3]. 2 b0 EEIGH L TR0 5 EEE
FRIZOWTHETT 5,

References

[1] J. Camps, R. Emparan and N. Haddad, JHEP 1005, 042 (2010) [arXiv:1003.3636].
[2] B. Kol and E. Sorkin, Class. Quant. Grav. 21, 4793 (2004) [gr-qc/040758].

[3] Asnin et.al, Class. Quant. Grav. 24, 5527 (2007) [arXiv:0706.1555 [hep-th]].



Stability Analysis of Black Hole Solutions
in Lovelock Theory

KIFZOTE=E EGETE

Abstract We study stability of spherically symmetric black holes in Lovelock theory that is a natural
higher dimensional extension of Einstein theory. We clarify criteria for instability and show that
sufficiently small black holes satisfy these conditions. This indicates that black holes with small mass
cannot be created in Lovelock theory.

© 2013 Department of Physics, Kyoto University

Braneworld models with large extra dimensions predict that higher dimensional black holes may be produced at
colliders. Thus, it is important to examine what kind of properties they have. Among the properties, from the
viewpoint of production, stability is thought to be the most important. This is because stationary solutions, when
they are unstable, are not attractors of dynamics. This indicates that unstable black hole solutions are not realized.

We analyze stability of black hole solutions in Lovelock theory that is a natural higher dimensional extension of
4-dimensional Einstein theory. In Lovelock-Maxwell system, there exist static spherically symmetric black hole
solutions with two parameters that express mass and charge. Because of the spherical symmetry, we can
decompose perturbations around these solutions into three types: tensor-type, vector-type and scalar-type
perturbations. For each type of perturbations, we find a variable that describes all perturbative variables. And also
construct evolution equations for these three variables [1]. For vector-type perturbations, we show that Lovelock
black holes are stable by using the evolution equation. Contrarily, for tensor-type and scalar-type perturbations, we
clarify the conditions that detect the instability of black holes [2,3]. The instability becomes stronger as the
frequency becomes higher, and the timescale of the instability tends to 0 when we take the high frequency limit.
When black holes are neutral, we analytically check the conditions and show that sufficiently small Lovelock
black holes are unstable in all dimensions [2]. When they have charge, we numerically examine these criteria and
show that nearly extreme black holes have the above instability [3]. These results suggest that, in Lovelock theory,
black holes with sufficiently small mass cannot be produced: even though they are produced with large mass, they
lose their mass by Hawking radiations and receive the instability. Because of the feature of this instability, the
resultant objects are thought to be serrate. We conjecture that such non-smooth objects emit anisotropic Hawking
radiations, and we expect that such anisotropic radiations can be one of the evidence for the existence of the
Lovelock terms.
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Gravitational Exact Solutions with Sasakian Structure
in Superstring Inspired Theories

2

THAEE M A

p=1{1(}

Abstract Assuming Sasakian structure, we construct new exact solutions in several gravitational theories.
In Supergravity, we succeed in the investigation of two theories, 5-dimensional gauged minimal SUGRA
and 11-dimensional SUGRA. In Einstein Gauss-Bonnet gravity, the spacetime we obtain is spinning,
asymptotic AdS, Maxwell-charged in all the odd dimensions higher than 3.
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Hawking—Moss Instantons in non-linear Massive Gravity
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Abstract We study the Hawking-Moss instanton that sits at a local maximum of the potential in the
context of non-linear Massive Gravity and evaluate the dependence of the tunneling rate on the
parameters of the theory.
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We study a tunneling of a minimally coupled scalar field o between two vacua in non-linear massive gravity
[1]. It is described by a 4-dimensional metric g,,., a fiducial metric G;, and the Stuckelberg fields ¢“. The
action is given by [2]
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By assuming the O(4) symmetry in both metrics, we obtained three branches of the solution and analyzed the
ones which correspond to the self-accelerating branches. We analyzed the contribution of the graviton mass terms
to the Euclidean action, hence to the tunneling rate. The Euclidean action of the HM instanton is found to be
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which have two distinct terms: in addition to the standard contribution determined by the Hubble parameter of the
HM solution, we obtained a mass-dependent non-standard term. To study the effect of this latter non-standard
contributions, we compared the tunneling rate to that in GR for the same value of the Hubble parameter.

Thus, the enhancement or suppression of the tunneling rate relative to GR is determined by the sign of a
quantity, denoted by Y%, so it depends on the model parameters «3 and ;.
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Evaluation of the performance of a Charged particle
detector for K°TO experiment
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Abstract The K.— 7 ®v v is a rare CP-violating decay process. KOTO experiment aims to search for the
decay. In the experiment, charged K, decay exists 10™ times larger than K, — = ° v v . To reject these, |
developed a charged particle detector counter and evaluated it’s performance at the K°TO beam line.
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In modern physics, no confirmed theory can explain an imbalance between matter and antimatter.
CP-violation has an important role for this explanation. But in Standard model (SM), amplitude
of CP violation is too small. Therefore, we need a further CP-violating process. The K— x°
v v is a rare direct CP-violating decay and an uncertainty of the branching ratio predicted in
SM is small . For these features, a gap between a measured branching ration and the SM prediction
is a powerful tool for searching new physics[1]. The first goal of K°TO experiment is to observe
this decay for the first time. To achieve this purpose, we use an upgraded detector from the
former pilot—experiment (KEK E391a [2]) and a high intensity Kaon beam at J-PARC.

For the identification of K,—7n%v v, we measure two gamma from this decay by a CsI calorimeter
and ensure no extra particle exists by surrounding veto counters(fig.1). Because the branching
ratio predicted in SM is too small (2. 4x107'"), rejection power for the extra particle is important.

In particular, Charged Veto(CV), I developed, is a key component of the observation. CV is a
charged particle detector just upstream of the calorimeter and consists of plastic scintillator.
An important role of CV is to reject charged Kaon decays by more than 10!° detecting charged
particles. Among such backgrounds, K,— n'n n° is a main source. In transition from the outside
to the inside of a scintillator, if = reacted = p— xn°’n, no particles from the reaction were
detected in CV. In addition, =" is also able to react similar process

In this study, to achieve the requirement of BG rejection, I found CV must detect 100 keV and
needs high light yield(10p. e. /100keV) to detect =~ pass through only 0.5mm in scintillator. For
the high light yield, I designed a scintillator counter using HAMATSU Multi Pixel Photon Counter
(MPPC) which has high photon detection efficiency and wavelength shifting fiber (WLSF) which
reduces attenuation of light(fig.2). Second, I studied following contents and constructed CV.
1) Study for a combinations of scintillators and WLSFs to maximize light yield
2)Development of MPPC with Peltier cooling system, preamplifier and control system for MPPC.
3)Study for the production of scintillator counter and evaluation system for them.

After the construction, I installed and evaluated CV in K°TO beam line, found whole CV satisfy
requirement of light yield and ensure the rejection power for the observation.
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fig. 1 identification method fig. 2 CV structure
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Strong—coupling Analysis of Lattice QCD
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Abstract Strong-coupling lattice QCD is one of the methods to investigate the non-perturbative
phenomena in QCD. We investigate the QCD phase diagram and new lattice fermions by this method. We
treat the chiral and deconfinement transitions in the QCD phase diagram, and show the applicability of
new lattice fermions.
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Physics of the QCD phase diagram is related to the form of matter in the beginning of our universe and the final
form of matter in neutron stars. The QCD phase transition has two aspects: the chiral and deconfinement
transitions. Recent lattice Monte-Carlo simulations demonstrate that the two transitions occur simultaneously at
small quark chemical potential. However, it is difficult to carry out Monte-Carlo simulations at high chemical
potential because of the sign problem. As one of methods to investigate the two transitions in the finite chemical
potential region, we often use chiral effective models with the Polyakov loop.

Strong-coupling lattice QCD is another method to investigate phase transitions at finite chemical potential on
the basis of lattice QCD. In the first part of this thesis, we treat the chiral [1] and deconfinement phase transitions
at finite temperature and quark chemical potential by using the strong-coupling lattice QCD [2]. We clarify the
effects of the Polyakov loop which is the order parameter of the deconfinement phase transition. The Polyakov
loop is found to suppress the chiral condensate and to reduce the chiral transition temperature at zero and finite
chemical potentials. We also show the difference between the strong-coupling lattice QCD and the chiral effective
model with the Polyakov loop.

Lattice gauge theory is the most reliable method which enables us to analyse gauge theories non-perturbatively.
In this theory, we can carry out the functional integral using Monte-Carlo simulations by discretization of
spacetime. There must be the extra degrees of freedom for fermions on the lattice if we impose the chiral
symmetry. Some kinds of lattice fermions have been proposed to avoid this problem. Although these fermions are
successful to analyse QCD, these fermions have some problems such as high numerical costs.

Recently, new lattice fermions, referred to as staggered-Wilson fermions, are developed. We can expect that
these lattice fermions have lower numerical costs than existing fermions. However, these fermions break chiral
symmetry explicitly. In the latter part of this thesis, we investigate the properties of these new fermions by using
the strong-coupling lattice QCD [3]. Especially we study the properties of the chiral limit in terms of the parity
phase structure. Our results strongly suggest that we can perform lattice Monte-Carlo simulations in the chiral
limit with these fermions by tuning the mass parameter.
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Development and construction of the charged particle
veto detector for a K >n’vv search experiment
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Abstract A high efficient charged particle veto detector with a small amount of materials is
developed and constructed to search for CP-violating rare decay K; >n’vv in the J-PARC
K°TO experiment. The whole detector was successfully installed in the K°TO beamline,
and the performance was confirmed to be excellent enough as designed.
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The CP-violating rare decay Kr.=>n%v has high potential to search for new physics beyond the
standard model (SM). The KOTO experiment in the Japan Proton Accelerator Research Complex
(J-PARC) aims to search for this decay with the sensitivity of 1011, which is comparable to the SM
branching ratio prediction [1] and corresponds to thousand times higher sensitivity than the
previous experiment [2]. To achieve this sensitivity, elimination of backgrounds, which mainly
derive from KL decays and neutron interactions, is essential.

This decay is identified by the detection of two photons from n® by an electromagnetic calorimeter
with no other activities in “veto detectors” which surround the whole decay region. The Charged
particle Veto detector (CV) is located in front of the calorimeter. In the Ke3 (KL>mev) and Ku3
(KL>muv) decays, which are the Ki major decay modes, emitted two charged particles can fake as
two photons from Ki,2>n%vv and these events must be completely distinguished with high detection
efficiency to reject such Ki decay backgrounds. On the other hand, the amount of materials should
be small since this detector itself can produce another background; 0 production in the detector
materials by irreducible neutrons in the beam halo.

In this study, the sources of CV inefficiency were examined and the actual detector, which was
able to handle both kinds of backgrounds, was constructed. This detector consists of 92 modules in
two planes, each module is a combination of plastic scintillator and wavelength shifting fibers
coupled with semiconductor photo sensors at the both ends as shown in Fig.1. Production of all
modules by the dedicatedly developed systems to glue the scintillator and fibers automatically,
their assembly and installation of the whole detector were successfully done. The photo of the
assembled detector is shown in Fig.2. Its operation in the neutral K. beam was tested and the
performance was confirmed to be excellent enough to the requirements in the KOTO experiment.

The details of the inefficiency study, module production process and the results of performance
test of CV will be presented.

fiber (Kurary Y11-350)
photo sensor (Hamamatsu MPPC)

,' 3 | g - — cross section
| = 1 1.1mp
| [ scintillator strip ~3mmI Q]’gm; ~ Ueédgg(
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| S .
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front plan rear plane

Fig. 1. Design of CV. It consists of 2 planes and each contains

48(front plane) and 44(rear plane) modules shown in the left side. Fig. 2. The assembled detector.
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Measurement of Neutrino Oscillation Parameters with the
Improved Neutrino Flux Prediction in the T2K Exper iment
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Abstract We have achieved the most precise measurement of the neutrino oscillation parameters via the
muon neutrino disappearance in the T2K neutrino experiment. The key issue for this precise measurement
is the improved neutrino flux prediction with the statistical increase of neutrino observations.
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T2K is a long baseline (295 km) neutrino oscillation experiment between Tokai and Kamioka [1]
Muon neutrinos are produced by using the 30 GeV proton beam in J-PARC, and are observed at both
the near neutrino detector and the Super—Kamiokande detector (SK). The oscillation parameters
are determined by comparing the event rate and energy spectrum of muon neutrinos observed at
SK with the prediction including the neutrino oscillation effect

For the precise measurement of oscillation parameters, we established the stable beam operation
and the improved neutrino flux prediction. The achieved data taking efficiency is as high as
99. 7%. The precision of the flux prediction depends on the precision of the hadron production
models and uncertainties of input beam properties. We improved the hadron production models by
using the external hadron production data (CERN NA61/SHINE, and so on). The uncertainties of
beam properties were constrained based on the measurements by the beam monitors. As a result,
the uncertainty of the muon neutrino flux at SK was successfully reduced to 12% at the energy
around the oscillation maximum [2]. The uncertainty of the relation between fluxes at the near
detector and SK is further smaller (about 2%). From this relation, the flux prediction for SK
was refined based on the measurements at the near neutrino detector.

We observed 58 muon neutrino events during January 2010 to June 2012, and determined the
oscillation parameters: (sin2 0 ,,, Am%,) = (1.007% ,, 2.45%0.19X 107 [eV?]). This is the world
most precise measurement of sin20,, The key issues to achieve this precision are the stable
beam operation and the precise flux prediction.

4><10_3 . . .
&; .......... T2K Run1-2 90% C.L. Fig.1. The 90% confidence regions
Q T2K Run1-390% C.L. allowed by several neutrino oscillation
o~ - MINOS beam + atmospheric 90% C.L. . « L
e 3.5 SK atmospheric LIE 0% C.L. experiments. The “T2K Runl 2 is the
) e, SK atmospheric zenith (2flv) 90% C.L. ' results based on the data until March
gl e SK atmospheric zenith (3flv) 90% C.L. i 2011 [3]. The “T2K Runl-3” is the new
i - - result shown in this presentation. MINOS
i (/ e is a long baseline neutrino experiment in
2.5~ e - at Fermilab. The SK results are based on
T the atmospheric neutrino measurements
Zj ST at SK.
B *  T2K Run 1-3 Best fit 7]
1 B Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il Il 1
'6.7 0.75 0.8 0.85 0.9 0.95 1
sin2q,,
Reference

[1] T2K Collaboration, K. Abe et al., Nucl.Instrum.Meth. A659 (2011) 106, 1106.1238.
[2] T2K Collaboration, K. Abe et al., Phys. Rev. D87 (2013) 012001
[3] T2K Collaboration, K. Abe et al., Phys. Rev. D85 (2012) 031103.



	D３発表会（アブストラクト)
	バインダ1
	浅野秀光abstract2012
	足立智abstract2012_adachi
	家城圭abstract2012
	井上俊介abstract2012_4
	入谷匠abstract2012-iritani
	大橋勢樹abstract2012
	岡田崇abstract_okada
	上門和彦abstract2012_kamikado
	丸藤竜之介gando_dron_abs_2013
	酒井学abstract2012-msakai
	酒向正己abstract2012_sako
	佐田優太abstract2012sada_ver3
	佐藤大輔Satow
	杉村仁志D3abstract_sugimura_v3
	鈴木良拓abstract2012
	高橋智洋abstract_T_Takahashi
	竹内寛abst2012-HTakeuchi
	章abstract2012 Zhang
	内藤大地abstract2012_naito_v2
	中野嵩士abstract2012-Nakano
	前田陽裕HE_Maeda
	村上明A.Murakami_D3abstract2012


