3. Activities in 2009 Fiscal Year: 3.3. GCOE Sponsoring Events

Tohoku University GCOE program
"Weaving Science Web beyond Particle-Matter Hierarchy"

(29) GCOE Event The 2ndGCOE International Symposium on “Weaving Science
Web beyond Particle-Matter Hierarchy”
Date & Time: February 18,2010  9:00 - 18:3, February 19,2010  9:30-18:00 -
Place: Faculty of Science Aobayama Campus of Tohoku University
Invited Speakers:
Dr. Indranil Mazumdar (Tata Institute of Fundamental Research, India)
Prof. Philippe Marcq (PhysicoChimie Curie Institut Curie, France)
Prof. Young-Woo Son (Korea Institute for Advanced Study, Korea)
Dr.Jean Coupon (Institut d’ Astrophysique de Paris, France)
Prof. Ryushi Goto (Osaka University, Japan)
Prof. Jenann Ismael (University of Arisona, USA and University of Sydney, Australia)
Prof. Jie Meng (Beihang University, China)
Prof. Huaizhe Xu (Beihang University , China)
Assistant Prof. Hojun IM (Hirosaki University)
M.S. Masahiro FUTAKI (The University of Tokyo)
Dr. Masahiko IGASHIRA (Osaka University)

Organizing Committee:
Prof. Hideo Kozono (Mathematics, Tohoku Univ.): Chairman
Assistant Prof. Katsuhiko Sato (Condensed Matter physics, Tohoku Univ.)
Assistant Prof. Yousuke Itoh (Astrophysics, Tohoku Univ.)
Assistant Prof. Yoshihiro Ueda (Mathematics, Tohoku Univ.)
Assistant Prof. Yuichi Nohara (Mathematics, Tohoku Univ.)
Assistant Prof. Masaki Asano (Particle Theory, Tohoku Univ.)
Assistant Prof. Yoshiyuki Onuki (Particle Experiment, Tohoku Univ.)
Assistant Prof. Takeshi Koike (Nuclear Experiment, Tohoku Univ.)
Assistant Prof. Hidekatsu Nemura (Nuclear Theory, Tohoku Univ.)
Assistant Prof. Jin Sung Park (Condensed Matter Physics, Tohoku Univ.)
Assistant Prof. Tatsuro Yuge (Condensed Matter Physics, Tohoku Univ.)
Assistant Prof. Tomohiro Yoshikawa (Astrophysics, Tohoku Univ.)
Assistant Prof. Shota Sato (Mathematics, Tohoku Univ.)
Assistant Prof. Yohei Matsuda ( Nuclear Experiment, Tohoku Univ.)
Assistant Prof. Masafumi Kurachi (Particle Theory, Tohoku Univ.)
Dr. Masaru Yonehara (Philosophy, Tohoku Univ.)
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Outline:
The aim of this Symposium is to explore new science frontiers through “Weaving Science Web

beyond Particle-Matter hierarchy” among physics - astrophysics - mathematics - philosophy.

Number of participants:
Symposium:
Banquet:
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(Omnkan University, lapan)
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Program:

February 18 Thursday

09:30 -

Plenary Session

“Opening address” Kunio INOUE (GCOE program leader)

Chairmen H. Tamura/T. Kawakatsu /Y. Hirayama

09:30-10:20 “Halo World: The Story according to Faddeev, Efimov and Fano” 1. MAZUMDAR
(Chairman H. Tamura)
10:30-11:20  “Mechanics of Stress Fibers” P. MARCQ (Chairman T. Kawakatsu)
11:30-12:20  “Relativistic Dirac Electrons in Condensed Matters — Graphene and others” Y. W. SON
(Chairman Y. Hirayama)
12:30-13:50  Lunch

Parallel Session A - Particle/ Nuclear/ Astro-physics Group

Chairman K. Hikasa

13:50-14:20  “General WIMP search at International Linear Collider” M. ASANO
14:30-15:00  “Primordial nucleosynthesis and recent topics in particle cosmology” K. KOHRI
15:10-15:40  “Higgsless Models for the Electroweak Symmetry Breaking” M. KURACHI
15:50-16:00  Coffee Break

Parallel Session B — Condensed Matter Physics Group / Nuclear Physics

Chairman R. Saito

13:50-14:20  “Exciton effect of Raman resonance window of single wall carbon nanotubes”  J. PARK
14:30-15:00  “Properties of response function of nonequilibrium steady state” T. YUGE
15:10-15:40  “Hyperon-nucleon interactions from lattice QCD” H.NEMURA
15:50-16:00  Coffee Break

Parallel Session C — Mathematics and Philosophy Group

Chairman H. Kozono

13:50-14:20  “Application of the anti-derivative method to the half space problem for damped

wave equation with non-convexity” Y.UEDA
14:30-15:00  “Toric degeneration of Gelfand-Cetlin systems” Y.NOHARA
15:10-15:40  “Singular Backward Self-Similar Solutions of a Semilinear Parabolic Equation” S. SATO
15:50-16:00  Coffee Break

Special Session

16:00-16:30

16:35-17:05

Chairman 0. Hashimoto

“Covariant density functional theory for Nuclear structure and application in astrophysics”

J.Meng

“Control of Magnetic Property and Magnetic Coupling Mechanism in ZnO based DMS”
H.Xu

Poster Session

17:10-18:30

80 Research assistants present their research.
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February 19 Friday

Plenary Session Chairmen K. Naoe/R. Miyaoka / T. Futamase

09:30-10:20  ““A Fresh Direction for Quantum Research: What Might Entanglement Be Telling Us?”
JISMAEL  (Chairman K. Naoe)
10:30-11:20  “Calabi-Yau structures and Einstein-Sasaki structures” R. GOTO(Chairman R. Miyaoka)
11:30-12:20  “Probing the large scale structure in the Universe with CFHTLS”
J. COUPON (Chairman T. Futamase)

12:30-13:50  Lunch
Parallel Session A — Particle/ Nuclear/ Astro-physics Group Chairmen H. Tamura / T. Futamase
13:50-14:20  “Measurements of Cabibbo-Kobayashi-Maskawa unitary triangle angle phi3 at Belle experiment”
Y. ONUKI (Chairman H. Tamura)
14:30-15:00 “Hypernuclear y-ray spectroscopy at J-PARC” T. KOIKE (Chairman H. Tamura)
15:10-15:40  “Search for the alpha cluster condensed state in '°0” M. ITOH (Chairman H. Tamura)

15:50-16:10 Coffee Break

16:10-16:40 “A dipole anisotropy of galaxy distribution: Does the CMB rest frame exist in the

local universe?”’ Y. ITOH (Chairman T. Futamase)
16:50-17:20 “MOIRCS Deep Survey: Near-Infrared Observations of Galaxies at the Star-Forming
Epoch of the Universe” T. YOSHIKAWA (Chairman T. Futamase)

Parallel Session B — Condensed Matter Physics Group ~ Chairmen Y. Kuramoto / T. Takahashi
13:50-14:20 “From graphene to Z2 topological insulator” K. IMURA (Chairman Y. Kuramoto)

14:30-15:00 “Shear-induced phase separation of complex fluids” K. SATO (Chairman Y. Kuramoto)

15:10-15:40 “Ce 4f electronic structure of heavy-fermion systems across quantum critical point:
a resonant angle-resolved photoemission study” H. IM (Chairman Y. Kuramoto)
15:50-16:10 Coffee Break

16:10-16:40 “‘Spin-resolved ultrahigh-resolution ARPES study of Rashba effect on semi-metal surface”
S.SOUMA (Chairman T. Takahashi)

16:50-17:20 “Metal-contact effect on graphene” R.NOUCHI (Chairman T. Takahashi)
Parallel Session C — Mathematics and Philosophy Group Chairmen T. Shioya /K. Naoe
13:50-14:20  “Around Homological Mirror Symmetry” M. FUTAKI (Chairman T. Shioya)

14:30-15:00  “On the heat equation in a half space with a nonlinear boundary condition”

T. KAWAKAMI (Chairman T. Shioya)
15:10-15:40  “An Approach to Experimental Philosophy of Mind” M. IGASHIRA (Chairman K. Naoe)
15:50-16:10 Coffee Break

16:10-16:40 “Utilitarianism and Rawls” Masaru YONEHARA (Chairman K. Naoe)
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16:50-17:20 “Husserl and Disjunctivism: On the Theory of Perceptual Experience in
Transcendental Phenomenology” S. SATO (Chairman K. Naoe)

Collaborative Research Session A Chairman K. Inoue
17:30-17:40 “Research Center for Electron Photon Science (Laboratory of Nuclear Science)

Development of an electro-magnetic calorimter made up of ceramic Pr:LuAG

scintillator” T. ISHIKAWA

17:40-17:50  “Study of geo neutrinos with KamLAND” Y. SHIMIZU
17:50-18:00 “Geometric Analysis on Einstein Equation” S. YAMADA
Collaborative Research Session B Chairman H. Yamamoto

17:30-17:40 “Study of elementary particles, nuclei, and high pressure condensed matter in

gravitational wave astronomy” Y. ITOH
17:45-17:55 “Development of Readout Board for FPCCD Detector” Y. TAKUBO
Collaborative Research Session C Chairman T. Ogawa

17:30-18:40 “Theoretical formulation of morphology dynamics of membranes based on a

combination of mathematical models and differential geometry” K. SATO

17:45-17:55 “The search for safety and certainty in foundations of mathematics from the
logical and philosophical point of view” K. YOKOYAMA
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Poster Presentations:

PO Title / Name

no.

1.

Coherent control of excited states by multipulse photo excitation

Kenta Abe (Physics, D2, Tohoku Univ.)

2. de Haas —van Alphen effect studies in the Antiferro-Quadrupolar ordering systems:
Pr;La,Pb; and U, Th,Pd;
Toshiyuki Isshiki (Physics, D3, Tohoku Univ.)

3. Measurement of the Superparticle Mass Spectrum in the Long-Lived Stau Scenario at
the LHC
Takumi Ito (Physics, D1, Tohoku University)

4. In situ NMR imaging of lithium- ion batteries during charge/discharge cycle
Yoshiki Iwai (Physics, D3, Tohoku University)

5. Crack propagation in largely deformed rubber sheet
Daiki Endo (Physics, D1, Tohoku University)

6. Optical response of photonic crystal with multi-layered structure
Rihei Endo (Physics, D2, Tohoku University)

7. Pseudo-spin Kondo effect in a capacitively-coupled parallel double quantum dot
Yuma OKAZAKI (Physics, D1, Tohoku University)

8. Spin and charge dynamics in a photo-excited double exchange system
Yu Kanamori (Physics, D2, Tohoku University)

9. Observation of *B Solar Neutrinos with KamLAND
Yoshiaki Kibe (Physics, D3, Tohoku University)

10.  z~3 LYMAN BREAK GALAXY CLUSTER SURVEY IN SSA22 WITH VIMOS
Katsuki Kousai (Physics, D2, Tohoku University)

Il. " EELS and SXES studies of electronic structures of AI-TM alloys
Shogo Koshiya (Physics, D1, Tohoku University)

12.  Comparison of membrane physical property changes between DMPC membrane and
DMPE membrane induced by melittin
Atsuji Kodama (Physics, D3, Tohoku University)

13.  Resonant x-ray scattering experiment on Pr(Ru;Rh,),P;,
Kotaro Saito (Physics, D1, Tohoku University)

14.

Study of geo neutrinos with KamLAND
Yuri Shimizu (Physics, D3, Tohoku University)
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15.

Pressure dependence of B-T phase diagram in heavy-fermion superconductor CeRhSi;

Tetsuya Sugawara (Physics, D2 Tohoku University)

16.

Neutral meson photoproduction with electromagnetic calorimeter complex FOREST
Koutaku Suzuki (Physics, D3, Tohoku University)

17.

Micro-photoluminescence around spin phase transition of v=2/3 fractional quantum
Hall regime

Jun-ichiro Hayakawa (Physics, D1, Tohoku University)

18.

Ionic conductivity of Trehalose-Water-Lithium iodide mixture in glass and supercooled

liquid state
Reiji Takekawa (Physics, D2, Tohoku University)

19.

Progress of the new DAQ system for wide-band solar neutrino observation with
KamLAND
Takemoto Yasuhiro (Physics, D1, Tohoku University)

20.

Double Chooz PMT preparation
TABATA Hiroshi (Physics, D2, Tohoku University)

21.

Effects of lanthanoid ion on phosphate head groups in DMPC membrane and
DMPC/DHPC mixtures.
Kouya Tamatsukuri (Physics, D3, Tohoku University)

22.

Status of double beta decay experiment with KamLAND
Azusa Terashima (Physics, D1, Tohoku University)

23.

Simulations on Dynamics of Wormlike Micellar System Using Particle-Field Hybrid
Models
Masatoshi Toda (Physics, D3, Tohoku University)

24.

Magneto-dielectric phenomena in charge ordered system with frustrated geometrical
lattice

Makoto Naka (Physics,D2, Tohoku University)

25.

Pi-mesonic decays of A hypernuclei

Yoji Nakagawa (Physics, D1, Tohoku University)

26.

Axionic Mirage Mediation

Shuntaro Nakamura (Physics, D3, Tohoku University)

27.

The Study of the Origin of Lyman alpha Emitters with Large Equivalent Widths

Yuki Nakamura (Physics, D3, Tohoku University)

28.

Ultrafast broadband THz response of photo-induced metallic state in charge ordered
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insulator o~(BEDT-TTF ),I;
Hideki Nakaya (Physics, D3, Tohoku University)

29. Ring-Exchange interaction in Orbital Degenerate System
Joji Nasu (Physics, D2, Tohoku University)
30. Shape Memory Effect Induced by Magnetic-Field Rotation in MnV,0, Spinel
Compound
Yoichi Nii (Physics, D1, Tohoku University)
3. The w meson photoproduction on the nucleon in the threshold region
Ryo HASHIMOTO (Physics, D3, Tohoku University)
32. Prototype fast imaging detector for YN-scattering
Ryotaro Honda (Physics, M 1,Tohoku University)
33.  Ground state phase diagram of graphene in a high Landau level: A density matrix
renormalization group study
Tatsuya Higashi (Physics, D2, Tohoku University)
34.  Investigation of the n (y,Ko) A reaction near the threshold
K.Futatsukawa (Physics, D3, Tohoku University)
35 Traffic flow of two lanes with a bottleneck
Sho Furuhashi (Physics, D2, Tohoku University)
36. Staggered Order with Kondo and Crystalline Field Singlets in f* System
Shintaro Hoshino (Physics, D1,Tohoku University)
37.  Proton elastic scattering of °C at 290 MeV
Yohei Matsuda (Physics, Assistant professor, Tohoku University)
38. High Resolution and High Statistics A Hypernuclear Spectroscopy by the (e,e’K")
Reaction
Akihiko Matsumura (Physics, D3, Tohoku University)
39 External Gamma-ray Backgrounds of the KamLAND Detector
Yukie Minekawa (Physics, D2, Tohoku University)
40. Higgs Triplet Model
Yusuke Motoki (Physics, D1, Tohoku University)
41, Electron diffraction study of the low temperature phase of Hollandite-type oxide
chrg()m
Daisuke Morikawa (Physics, D1, Tohoku University)
42.

Light scattering by collective excitation of phonon in quantum paraelectrics
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Ryuta Takano (Physics, D1, Tohoku University)

43. Formation of the Milky Way Based on the Analysis of Kinematics and Chemical
Abundance of the Outer Halo Stars
Miho Ishigaki (Astronomy, D3, Tohoku University)

44. Searching for Luminous Core-Collapsed Supernovae in a High-z Proto-Cluster
Nana Morimoto (Astronomy, D1, Tohoku University)

45 A Study of Light Curves from Rapidly Rotating Neutron Stars
Kazutoshi Numata (Astronomy, D3, Tohoku University)

46.  cMmB Bispectrum from the Second-Order Cosmological Perturbations
Daisuke Nitta (Astronomy, D3, Tohoku University)

47.

General Properties of Non-Radial Pulsations

Aprilia (Astronomy, D3, Tohoku University)

48. A Study on Mathematical Fuzzy Logic
Ahmad Termimi Bin Ab Ghani (Mathematics, D1, Tohoku University)

49.  Some space-time integrability estimates of the solution for heat equations in two
dimension

Norisuke Ioku, ( Mathematics, D2, Tohoku University)

50.  Well-posedness for Navier-Stokes equations in modulation spaces with negative
derivative indices

Tsukasa Iwabuchi (Mathematics, D2, Tohoku University)

51.  The soul conjecture for Riemannian orbifolds

Naoki Oishi ( Mathematics, D3, Tohoku University)

52. A new approach to the existence of harmonic maps

Toshiaki Omori (Mathematics, D2, Tohoku University)

53.  Stability of the interface of a Hele-Shaw flow with two injection points

Michiaki Onodera (Mathematics, D3, Tohoku University)

54.  The Isomorphism between Motivic Cohomology and K-groups for Equi-Characteristic
Regular Local Rings
Yuki Kato (Mathematics, D3, Tohoku University)

55.  Bifurcations in semilinear elliptic equations on thin domains

Toru Kan (Mathematics, D1, Tohoku University)

56.  On the curvature of the pseudo-volume form defining the carath_eodory measure
hyperbolicity
Shin Kikuta (Mathematics, D1, Tohoku University)
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57.  Godel's Incompleteness Theorem, Recursively Axiomatizable Theories, and Medvedev
Degrees of Unsolvability
Takayuki Kihara (Mathematics, D1, Tohoku University)

58. Hypergeometric series on a p-adic field

Kensaku Kinjo (Mathematics, D2, Tohoku Univercity)

59.  On Hasse principle of purely transcendental extension field in one variable

Makoto Sakagaito (Mathematics, D3, Tohoku University)

60.  Large time behavior of solutions for system of nonlinear damped wave equations

Hiroshi Takeda (Mathematics, D3, Tohoku University)

61.  Non-abelian generalization of Iwasawa theory

Kazuaki Tajima (Mathematics, D1, Tohoku University)

62.  The quadratic subextension of the class field of a real quadratic field

Toshihide Doi (Mathematics, D2, Tohoku University)

63.  Pattern formation by receptor-based models for regeneration experiments on Hydra

Madoka Nakayama (Mathematics, D2, Tohoku University)

64. The computational methods of canonical heights on elliptic curve

Tadahisa Nara (Mathematics, D3, Tohoku University)

65.  Spatial branching process in random environment

Nishimori Yasuhito (Mathematics, D1, Tohoku University)

66.  On a periodic decomposition of meromorphic functions

Takanao Negishi (Mathematics, D2, Tohoku University)

67.  Difficulties of solving problems
Kojiro Higuchi (Mathematics, D1, Tohoku University)

68.  Undecidability and weak theory of concatenation

Yoshihiro Horihata (Mathematics, D2, Tohoku University)

69.  Davies’ Conjecture for Pseudo-Schrodinger Operators and its Applications to
Penalization Problem

Masakuni Matsuura (Mathematics, D1, Tohoku University)

70.  Torsion points of Abelian varieties with values in infinite extension fields

Yuken Miyasaka (Mathematics, D1, Tohoku University)

71.  Maximum principle for a biological model related to the motion of amoebae

Harunori Monobe (Mathematics, D2, Tohoku University)

72.  Asymptotic behavior of solutions to the drift-diffusion equation in the whole spaces

Masakazu Yamamoto (Mathematics, D3, Tohoku University)
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73. A study of the idea of systematic knowledge:
On the relation between nature and spirit in the organizational view of nature

Fukuko Abe (Philosophy, D3, Tohoku University)

74.  Medical technology and surrogate decision-making

Haruka Hikasa (Philosophy, D3, Tohoku University)

75. Hume’s empiricism and the experimental method of reasoning

Hiromichi Sugawara (Philosophy, D1, Tohoku University)

76.  Epistemic deference and transmission of knowledge:
How should we (non-scientists) acquire warranted beliefs about scientific propositions?

Mariko Nihei (Philosophy, D3, Tohoku University)

77.  The Finiteness of Human Beings and the Role of Technology
Ryozo Suzuki (Philosophy, D3, Tohoku University)

78.  What is ethically problematic in Biogenetics?
Takuma Obara (Philosophy, D3, Tohoku University)

79.  The ontological genesis of the theoretical attitude
Tetsurou Yamashita (Philosophy, D3, Tohoku University)

80.  Risk, uncertainty and the precautionary principle: How to deal with scientific
uncertainty?

Yasuhiko Fujio (Philosophy, D3, Tohoku University)

81. " The mechanism of suppressed dynamical friction in a constant density core of dwarf

galaxies

Shigeki Inoue (Astronomy, D2, Tohoku University)




Coherent control of excited states by multipulse photo excitation
Kenta Abe (Physics, D2, Tohoku Univ.)

1. Introduction 4. Instruments

(" Ultrafast Energy Transfer in the primary Y/ Two-Color Multipulse Excitation )
process of the Light Harvesting Function [TiSapphire Laser System] spaoed pump T tenable prepump (~1005

, 800nm. 1mJ. 150fs. 1kHz generated by an infrared

Pulse optical parametric amplifier (IR-

NOPA Pulse m Sample OPA) was used to generate the

~20 fs _.Shaper excited state in the materials.

‘ The ultrashort transform-limit

SHG (TL) pulse (<20 fs) generated by

SFG Tunable Pump a noncollinear OPA (NOPA) and

Pulse ~100fs its shaped pulse was used for
LH2 Complex. Red: the coherent control.

Carotenoid, ﬁlo'd' Ph”rlf'ei At At is Widely Controllable.

Bacteriochlorophy S, v v G A‘—ﬂ t Wavelength is Widely Tunable.

SAAAAA A N Carotenoid Bacteriochlorophyll
Ultrafast Energy Transfer
from Carotenoid to Bacteriochlorophyll

Pulse Shaper

A pulse shaper which consists of a spatial light modulator (SLM) with 800x600 pixels
in a 4f arrangement modulated the TL pulse and generated the shaped pump pulse.

Rhodopin Glucoside

Carotenoids play important rolls in the photosynthesis: /\/\/\/\ —
1. Provide absorbed light energy to Bacteriochlorophyll by ultrafast || ———
highly-efficient energy transfer. =
\2. Protect biological body from damage due to strong light. ) |
2. Objective utocorsiation o Cylindrical g autocareaton

Lens of Input PuIsej

(Coherent Control of Vibrational Levels of ) \2foueutre
Optically Forbidden S, State: Very Important | 5. Results

Contribution to the Ultrafast Energy Transfer |1, pulse Train Excitation with Several Spacing )

P.J.Walla et al., J. Phys. Chem. A 106 (2002) 1909.

AWehling and P.JWalla, J.Phys.Chem. B 109 (2005) 24510. Pulse Train
How to observe vibrations of an optically forbidden S, state? —M—'I 90fs
1. Direct two-photon excitation. Sample
2. Coherent control of S, after internal conversion from S, using TL and 56 fs pulse train generate 56 56fs
multipulse excitation. fs vibration, while 90 fs pulse train
S S generates 58 fs vibration with TL
i1, =2 2. 22 .
almost same amplitude. «— 56fs
% I : 8 02 04 06 08
WS S Vibration in the excited state was Delay Time(ps)
1 1 Coherent Vibration in Nile Blue

generated by 90fs pulse train because
of multipulse excitation effect.

L N/ s\y/ y
2. Two-Color Multipulse Excitation

3. Sample ISRS - .
. Pump  Prepump \ .
/" Nile Blue: Prototype System for Coherent ) L A Prepump 3

I WA
—>

Control of the Excited State 3ps  sample \A/

03 i 13 3
Delay Time (ps)

Lower frequency mode (58 fs mode) e
was observed with prepump.

1

Ring-breathing Mode:

N o N( 40
D/ W Ground State 586cm™ (56fs) S
O

Excited State 568cm™ (58fs) 5 29
A. C. Florean, et al., J. Phys. Chem. B

Intensity (arb. units)

Nile Blue TR 0 Excited state was generated by prepump
y and it’s coherent vibration was induced
Dalay Tia fon by |SRS pump 400' Wavgg?jmw (Cmri)aoo v 1000
Fourier Transform of Signal
o The strong vibrational mode of \ /
Nile Blue is observed by pump- 6. Summa ry
0.05 probe spectroscopy.
) [Multipulse Excitation can Successfully Induce )
Nile Blue absorption and absorbance || L€ Coherent Vibration in the Excited States.
o :%;gﬁ,ﬁﬁ]p change spectra
—Prepump .
R SSZ:’ I”;,OM 0 Next: Apply this Method to the Optically
avelength (nm o .
\_ ) \Forbldden S, State of Carotenoids. )




de-Haas -van Alphen effect studies in the Antiferro-Quadrupolar — £ 2,
1 . i, Y

Po2 ordering systems: Pr, La Pb,and U, Th Pd, X »{35.)
Department of Physics and CLTS, Tohoku Univ., IMR, Tohoku Univ.*, NIMS®

T. Isshiki, T. Komatsubara, I. Satoh?®, H.S. Suzuki® N. Kimura, H. Aoki TOHOKU

UNIVERSITY

- Abstract

In the past decade, it is found that higher order multipoles (quadrupolar, octupolar, etc) play a key role in some rare earth and actinide systems. Although a great number of studies have been performed
the mechanism of multipolar ordering has not been clarified yet. We have focused on Pr,_La Pb, which have nonmagnetic I, doublet in the crystalline electric field ground state and exhibits
antiferro-quadrupolar(AFQ) ordering below 0.4K for x=0.00. In this system, a huge C/T value and the non-Fermi liquid behavior is observed, suggesting that the quadrupole moment hybridizes with thej
conduction electrons.

We have succeeded in observing the dHvA oscillations down to very low magnetic field on Pr, La Pb,and observing the change in the properties of conduction electrons together with that in the
quadrupolar ordering. Moreover we study the dHvA effect on 5f* localized system U, Th Pd, wchich exhibits AFQ orderings below 8T for x=0.00 to compare the results of Pr_La Pb, to those of
U, Th Pd,. Our results indicate that

(1) come from the interaction between the quadrupole moments and the conduction electrons,
(2) The conduction electrons _ the transition temperature of AFQ ordering in Pr,_La Pb,,
(3) There is_ on x=0.03 for Pr,_La Pb, and- for U _Th Pd, at which quadrupolar ordering is thought to disappear.

IntI'OdUCtIOI’I |A huge C/T even at 50mK. | Non Fermi liquid behavior at low
- | Phase Diagram of Pr,_La Pb concentration range of Pr ion
0 = = . v T(K) Ix %% 73 T(K)
r, (35.3K) . Pebh L 1
25 » i
I,(28.3K) o) - H s
‘ e 1 Quantum cryticality of the i z' H
r,(14.7K) 3., quadrupolar ordering?? ] 3, =
I, (0K) = La3% L B b
SRl r=n
e
PrPb, has nonmagnetic I', doublet 5 I
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mone,
a8 well 2% anes of SM paicles.
~» All final state particles in the event are visble e )
-~ We have a opportunity to probe the SUSY in detail! 1
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Event Selection
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In situ NVMR imaging of lithium- ion batteries during charge/discharge cycle
Institute for Multidisciplinary. Research of Advanced Materials, Tohoku University.

Yoshiki Iwal, Daiki Ohno, Junichi Kawamura

1. Introduction

&
Lithium ion battery Lf: =
*High voltage-Hight - oLt Charge -
energy density ;

Problem

-explosion & capacity fading for
long cycling

Cathode Electrode

Current Anode

Current

collector collector

Aim of my study

What's happened inside the Li-ion battery ?
Visualizing the degradation in A
Li-ion battery with NMR
imaging (= MRI ) technique

Merits of NMR imaging for batteries
-

*Nondestructive

Need to observe
inside the cell
under operation

-High sensitivity for light atoms ('H
and’Li ) composed of electrolyte for
\batteries

2. Experimental

Cell design

Li-ion Battery
*Cathode: LiCoO, coated on Al foil
-Anode: Limetal
Electrolyte: LiCIO, +
Propylene carbonate (PC) (1mol/L)
NMR imaging

*Instrument: Bruker Avance 400 (9.4T)
*mini imaging probe : ®40mm
-Pulse sequence: Spin-echo imaging
+Field of View: 40mm X 40mm

*Spatial resolution 160 mm ('H) & 320 mm (’Li)
Nuclear: 'H (400 MHz) and Li (155 MHz)
Electrochemical measurement (CV)
*Instrument: Hokuto Denko HSV-100
-Voltage: 3.0~4.2 (V)

*Scan rate: 1.0 (mV/sec)

3. Result and Discussion [@aR\LYz¥urllls))

Observation of gas
generation inside
the Lithium ion
battery

Gas formation
Mechanism of gas generation

PC + e + Li* =CH,CHCH,OCO,Li

2CH,CHCH,0CO,Li

— CH,CH(OCO,Li)CH,0C0,Li |
+ CH,CH=CH, 1

Lithium-lon Batteries: Solid-Electrolyte
Interphase

Perla B. Balbuena, Yixuan Wang, Imperial
College Press, (2004)

In-situ NMR imaging under cyclic
voltammetry (CV)

Li/LiCI04+PC/LiCo0,

4000
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(B)

200 (A)
)

1000

Gurrent (uA)

00
38 42 4

')

3
1000

32 34 T
{ (D)

2000

q__‘iﬁ

3000
Voltage (V)

Decreasing the MRI intensity bottom part of

It suggests- - - electrolyte

Polymerization of Propylene carbonate =
suppression motility of 'H =lowering T,
=decreasing MRI intensity

Enhancement of MRI intensity
near cathode material
Possibility

-Effect of Co ion
+ Artifact due to electrode
and current collector (Al)

Relationship between concentration of
CoCl,in PC electrolyte and MRI |ntensnt

W (E) (D)
] Oppm concentration | " 2ppm 20ppm
H of Co ion (C)
12 n n .. l
D) Decreasing
f . relaxation (F) (G) 9‘8pp ' =
o time T, in Oppm o
06 " electrolyte 0.026ppm .'
. Co c.oncentration in LiCIOol/PC [lem] emi?l:l::is?t:an - ( A) @ (]—3)
Relationship between MRI intensity & T;, T, 2 1800ppm 180ppm v 1

TRIT,N . ~TEIT,
e b

](x’y)oc p(x:y)(l_ei

’Li NMR imaging in Li-ion battery
et B B e BB e succeed Li NMR
imaging of Li-ion
battery in practical
spatial resolution
(320pum) for the first
time in the world!

Problem: low Li signal intensity compared with 'H

. I . -Low S/N ratio : Noise commingling from electrochemical instruments
Li Intensity=LiCIO, in electrolyte Long acquisition time (~10 hour): impossible to detect motion

NMR imaging is powerful tool for nondestructive
imaging of Li-ion battery
'H imaging: It can detect gas generation, Co-ion elution to

electrolyte, polymerization of electrolyte under electrochemical
cycling

"Li imaging: We measured Li NMR imaging of Li-ion battery
successfully in practical spatial resolution (320um) for the first time in
the world.

Visualization of ionic motion in Li-ion battery with NMR imaging




Stress [MPa)

Previous study of quasistatic Fracture in large

crack propagation deformation
o A iment conducted b "
. . Yﬂsixiﬁggiﬂf‘éﬁafﬁri Y ¥l ¢ Unlike glasses, many materials exhibit
Crack pfOpagatlon In |arge|y (London) 362, 329 (1993) ) * nonlinear elasticity and large dissipation
motivates researchers to study when they fracture under large
deformed rUbber Sheet about crack pattern especially in deformation.
Daiki Endo brittle materials such as glasses.
Glasses can be regarded as 57 | . ® dEeiastic = dBsurface + dEaissipation

Physics, D1, Tohoku University linear elastic body

Branched

® dEqissipation depends on viscosity,
viscoelasticity, and plasticity.

As we change temperature [ mcillating
difference AT or descent speed

V, crack pattern changes. »

An experiment of rupture of

Experimental procedure Experimental set up
rubber sheets .
. . . . A fFoon® VGl
* Rubber is a typical material which can 1. Prepare a cylindrical rod and cover it with very er st e 14
deform largely. It shows nonlinear viscous silicon oil. | —_—
elasticity and creep. o ) = visoous i layer 5 d
_ . 2. As shown in figure, cover the rod with a stretched ‘ .
27 cylindrical rubber sheet (an inflated balloon) on oil -1 [[oasaipae
20 e and wait until the rubber sheet is relaxed to be . Sl
c i under uniform strain. o —
£ 24 ‘]“l [Thickness of a balloon in a natural 0.87mm
ke P
= 3. Create a small initial crack at one end of the sheet i Citcumierentl engthof a batoon 2o
L to create a spontaneous crack. Then observe the S
i . IKinematic viscosity of silicon oil 10000cSt
° : S":-;n ‘ ° ¢ ° 0 3$?me [‘:]Do w0 e Crack propagatlon' [Diameter of a rod 15, 17.5, 20, 22.5, 25, 30, 35mm
a=0.37,c=2.61,7=146
Note Five typical crack patterns Pattern diagram
[Straight crack] Straight crack propagates in a * As we increase strain of the
|f h th t f | | longitudinal direction of the rod. Sheet or Shorten Chal’acteristic
L] .
we C ange the amount of silicon o [Oscillating crack] Oscillatory crack Pattern Diagram time, pattern Changes from
covering the rOd’ we _Can _Change propagates in a longitudinal direction of the rod. 500 Stagnating crack to Straight
characteristic rglaxapon time O.f the [Helical crack] Crack keeps a constant angle 5 400 ‘ crack through helical, irregular
Shee_t by Changmg YISCOUS resistance. to the longitudinal direction of the rod. £ a0 I and oscillating in this order.
nd if we change diameter e rod, - A . * The order of oscillatin
And if we ch d ter of the rod < | Th f Illat
. [Irregular crack] Crack exhibits several | T 200 H \& H
we can change strain of the sheet. irregular turns and stops after that. ' 1 2 4 et crack and straight crack
o i stagnating . .
[Stagnating crack] Crack propagates in a very e 3 * : csg“::‘lnrﬁ IS OpPOSIt_e to reSUIt Of
short distance and stops after that. 0‘0 15 20 25 30 35 40 requiar qUaS|Stat|C fraCtUre Of
Diameter [mm] glasses.
. . Comparing stress-strain Pattern diagram 1
Computer simulation : .
) curve (computer simulation)
) N ) =t -1 —a . -

. Wedusle \r/:_SEOfeII'cllstlc ?_prlng i ! *The model shows nonlinear elasticity and * This diagram is result in
moael which Tollows time . P . . . oyt
evolution described by - W viscoelasticity like a rubber sheet. nonwscoelasn_c condl_tlon. In

_drt SF, A i k Stainc Diagram large deforma.tlon. regime, we

ar T . inT g = ‘ kin model stessstain rubber  stessswan 16 ————1 7 can see osc”latmg pattern

; e’ -0 *° (=61 1 ¢ B 14 . X
Fil = bl = k0 4y i N I . fm s 12 and straight pattern V\(hlch
dt . nonviscoeiasic . 5 may correspond to oscillating

e characteristic length ag ) . s g (crack and straight crack in the

o characteristic time Z‘“:Tm | 0 s experiment.

1in ° 1 02f ;" transitonal
* characteristic force kag 20 0102 05 04 05 08070809 1 ‘o 1 2 3 4 5 6 %0 0z 04 06 08 1
: Strain Strain Strain
free
Crack patterns Pattern diagram 2 .
ter simulati ter simulati Conclusion
(Compu er simula IOﬂ) (Compu er simula |On) e We observe five typical crack patterns
- +  This diagram is result of in the experiment of rupture of rubber
*As we increase strain or decrease F, z £ =10 computer simulation which sheets.
. cag
wave length and amplitude decrease. Sran-T Diagram .corresponds to pattern * From computer simulation, oscillating
10 . .
F R diagram in the experiment. pattern and straight pattern appear in
strain=0.6 RS : Unlike the experiment, we can large deformation regime in same order
. : : see no change of the crack of the experiment.
S : : pattern by changing ) )
orp il s characteristic time. e We conclude that in large deformation
csclelng regime, very large dissipation arises
v re i and causes shortening crack path

Strain length per unit length of the rod.



Optical response of photonic crystal with multi-layered structure
Rihei Endo Physics, D2, Tohoku University

| . Introduction Il. Theory

Tunneling photons in frustrated total internal reflection

O

Fig.1: Air gap between double prism
D : Goos-Haehnchen shift

optics, any light can't penetrate into next medium.

called "light tunneling effect".

[History]
In 1927, light tunneling effect was first discovered [1].
In 1947, Goos-Haehnchen effect was discovered [2].

[Motivation]

We want to calculate the light pulse propagation of
superluminal barrier traversal.

[1]J. Ch. Bose, in Collected Physical Papers of Sir Jagadis Chunder Bose (Longmans, London, 1927), p. 42.

[21F. Goos and H. Ha " nchen, Ann. Phys. (Leipzig) 1, 333 (1947).
3] Enders and GNimtz, J. Phys. | France 2, 1693-1698 (1992).

In the condition that total reflection happens in geometrical

However, when two prisms are set as shown in figure, we
can observe the penetration light in the second prism, so

In 1992, superluminal barrier traversal was discovered [3].

II- i .Boundary condition
ny > n9
1.0
(p) (p) k
2 By f 08 I
Bk g g
1 (s) 8 06 u*
domain1 oo, E 0.4 I
€1 I g
XL ] ]
€ iz ) s
domain2 0, Ez‘; 02 : ol
) o :
,:,:%mdex E>1 ks 0. 10 20 30 Brewstersangle: fp = arctan(z—f)
) 0 0, =25.78 Criticalangle: §, = arcsin (?Tf)
me% O = 23.50
> ‘ £,0.)
[Snell's law]
nysinf; = nosin fy

[I-ii. Refrecrance of Sandwiched layer

E(30]
T
ny ny 4
o
2
[ ? ]
g
d2 %
ni =23 «
ny = 1.0
dy = Xo/na
Resonance angle p o
04, = arcsin ( 1— 27”(‘1’7)
Eq(fa,)
1o
T
s &
1
a o ‘0
Z

[I-iii. Light tunneling effect of Sandwiched layer

The amount of penetration of light is decided according to the incident angle and the width of the barrier.
We calculated the reflectance of light vs barrier width in the case of critical angle. We got the result that
reflectance of P-polarization light is smaller than that of S-polarization.

0=0. 10,

n1 2 n1 0.84
\ / g
g
> g 0.6
7
}}/ G 0.4
o . .
do : Barrier width 024 S-polarization ——
’ P-polarization ——
Near field light (Evanescent wave) 0.0 i ‘ : : ‘
0 1 2 3 4 5
Barrier width ( \/A)

lIl. Model

of the light pulse in this system, we calculate the Maxwell equation.

Tunneling layer
v Propergating layer

We consider about one dimension photonic crystal with the periodic multilayer structure as a model. To enhance "light tunneling
effect”, we can adjust the refractive indices(n;, n2), the number of layers (N), and the width of the layer (d}, d2). When the angle of
incidence is the critical angle, tunneling and propagating are occurred alternately. To examine the behavior of the propagating

Light pulse nz N .N... .. ni W parameters
Refractive index
ny = 2.3
_> ny = 1.0
d d
Bl z

B What is photonic crystals ?

In generally, photonic crystal (PC) is comprised identical dielectric structures
replicated in one-, two-, three-dimensional periodic arrangement as illustrated in Fig.

i) 20 3D
LayerNumber  Center of weve length M Many kinds of photonic crystals
N=17 Ao = 500 [nm]
layer width 1D-Fabry-Perot cavity M. W. Takeda, S. Kirihara, Y. Miyamoto,
dids K. Sakoda, and K. Honda, '

Phys. Rev. Lett. 92, 093902 (2004)

3D-Photonic fracral

IV. Results

P.Velha, E. Picard, T. Charvolin, E. Hadji,

J.C.Rodier, P. Lalanne, and D. Peyrade,
Opt. Express 15, 16090 (2007)

Klshizaki, S Noda
Nature 460, 367-370 (2009)

‘propergatlnglayer dy = A“><0584‘

Atfirst, we examint?d the resonance condition ‘Tunneling layer : dz = Ao/ ‘
of the "light tunneling effect" (Fig1). Next, we

examined the relation between reflectivity and o

the circular frequency when the resonance o 08

condition was filled (Fig.2). Finally, we § 06

calculated the time evolution of the Gauss I

pulse that centered on the number of o4

resonance vibrations (Fig.3). In comparison 02

with light propagation of 1D-photonic crystal

and that of vacuum, the front velocities 0'00_0 05 10 s 50
quicken more than the light that propagates Width of layer1 (d; /o)

in the vacuum. fig.1: reflectance of light vs width of layer1

2D-Crystal Slab Defect Waveguide

Sillem aiSmm 0um 815w 4w

3D-photonic crystal

Reflectance

BS Song, S Noda, T Asano, Y Akahane ,
Nature Materials 4, 207 - 210 (2005)

1.0
0.8
0.6
0.4
0.2

02 04 06 08 1.0 12 14 1.6 18
Angularfrequency(w/wU)
fig.2: reflectance of light vs Angular frequency

V. Conclusio

In_ I
1D-PC *

e

vacuum % & 1T I
!
|

T IR 14030 TR0 Fo S0e BN o080

S0 IR 140800 SRR SO0 BN OO A0 0 000 10000 19000 J0000 Sw R00s -0 4008 0

B A6 0 000 {00 1900 TO000 Tt e b0 Ao 0

S0 (IR 140800 ST T E b A0 0

T IR 140300 ST T BN b A0 0

fig.3: comparison with light propagation of 1D-photonic crystal and that of vacuum

= 0

We have understood the following from calculating
the Maxwell equation in one dimension photonic
crystal with "light tunneling effect".

N

S {1 140 S T Moo

1. We got the condition of enhancing "light
- - = tunneling effect” in the 1D-photonic crystal.
2. Inusing "Light tunneling effect", the front
velocities quicken more than the light that
propagates in the vacuum.

S0 IR 14030 SR S R




Pseudo-spin Kondo effect
in a capacitively-coupled paraliel double quantum dot

February 18th by Yuma OKAZAKI

Kondo singlet and parallel QD

_ Kondo singlet - marny body spin singlet between
Single QD S=112 alocal spin At e QD ang conduction elecions
J i an effective antiferromagnetic interaction.
B M@ <
u 2 paraliel double OD consists of twa QDS with
a capactive interaction
Each QD5 are tunnel-£ougled to
separated lead electrodes.
Each Q0s are individualy accessibis and controlabie
Whdar Orbital gegrees of freedom ¢an be regarded 3s 3
:: 6 é PSRUNG-SHIN wiTEh AN pliy an equvalent rale ta spin
A wide variety of Hondo correlation i expected
‘with entangled spin and psewdo-spin.

g of Kondo ¢ in the parallel GD.
DC current through the Kondo singlet
Local density of stite Three signatures of Kondo singlet
L uas swr(smln mma
= a\dence nlasde enaence de enuence
U ——
=, \
i T = .
i i Enhancement of 2ero bl !
— I e ero bias ['—'l
& k0860 Eirmiet valley conductance | | | anomalty HO000 S 3P
— cLDOS
™ These signatures are comman for BOM $0in and psewdo-5ain Kendo singlet
Dlﬂbnrll behaviour in a In-plmt magnetic field
avdl
9&9 / ..n’f ‘W can distinguish
n / nyRes af Kando singlet
Vi o \Jn \ PR v, [ tnese ofterencies.
Ve Ve -
spin Kan 5U(E) Kongo PHEUBO-SpIN KONDO
double paak splgting tniple spitting o peak spiiting

A honeycomb stucture sppears
due ta Interdot caupling

N M1 N2

[N I (RS A

il v,
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| condut tance | i e bath QDS
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Charge stability diagram and spin state
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Peak splitting in a finite inplane magnetic field

Why E=125T7
A SIrorg Magnetic Peid amects the ortatal state,
due to poor aignment of the 2DEG,

This migrietic T oid not change thie orktals

k3

Onsita Coulomd blockade
Double peak spitting was observed,
Indicating a formatian af thee spin Konoa singlet.

ntardot Coulomb blockade
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G B cOMming fram wik contitiution of spne

Mo peak spitting was observed,
irdicating that the psewdo-spin 1S dominantly
o the Kondo
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Why pseudo-spin dominant?

Effectie
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]
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The right lowes state has not $pin.Thus Spin nd PSeUdo-5pIn Can not simulanepusty AP,
WhEn LUy, The effective coupling of pseudo-spin is stronger than spin

The Kondo singlet ks ariginating

from 3n effective coupling which
resuiting from second-order spin
o prseudo-spin fip process

Double dot device was fabricaled and measured.

KON eNect was determingd from ZBP and Kondo scaling
ak both on-site and intedat Coulemb biockade.

Mo peak spitting was observed & interdot Coulomb blockade in & in-plane magnetic
Tl indicating Ehat the p3euda-5pin dominantly CoNToLIES t e KoNa comelation
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Spin and charge dynamics
in a photo-excited double
exchange system

Department of Physics, Tohoku University ,
Sendai National College of Technology*

Yu Kanamori, Hiroaki Matsueda*,
and Sumio Ishihara

Strongly correlated electron systems

Large fluctuation in charge,
spin and orbital of electron
near phase boundary

By weak external perturbations

= Colossal magneto-resistance effects

Insulator-to-metal transition
= Photo-induced phenomena

8y irradiation femto-second plus laser
 Change in conductance
 Change in magnetic structure.
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Purpose

Photo-induced spin and charge dynamics
after photo-irradiation in charge-ordered (C.0.) insulator
associated with antiferromagnetic (AF) order

model

{ Extended 1D double:

Calculations by exact diegonalization
—
exchange model

= Lanczos method
= Density-Mat
Renarmalization-Group

[ Model : Extended double exchange model
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One dimension
‘Open boundary

1/4-filling

Perovskite manganites
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Formulation for photo-excited states and transient spectra
= One-photon excited state at time T
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\ Conclusions
Spin and charge dynamics after photo-irradiation
in C.0. insulator and AF order in DE model

- Time development
Optical absorpti

— Increasing of in-gop state

5 One-particle excitation — Broadening of photo-carrier band

o Charge excitation — Appearance of low energy excited states
and shift of those fo high energy region

o Spin excitation — Weak momentum dependence.

‘Scaling of the time-evolution by conduction electron hopping.

== [Strong coupling between spin and charge sectors

= Photon intensity dependence
4 spin sector is more sensitive than charge sector with respect fo photon

== [[Separction between spin and charge sectors B




Observation of 8B Solar Neutrinos with KamLAND
Yoshiaki Kibe

Department of Physics, Tohoku University,

Research Center for Neutrino Science

The Standard Solar
Model (SSM) attempts
o g to describe the solar

E 1 ... processes. Various
N[k N |

solar neutrino
experiments have
yielded results in
conflict with SSM
predictions.
The most plausible solution for this anomaly is
neutrino oscillation, which describes neutrino
flavor changing while the neutrino propagates. An
additional effect happens in the Sun, the neutrino
weakly interacts with other particles and the
behavior of the oscillation changes. This effect is
called the MSW effect.

KamLAND revealed a f ¢ Dwa-B0-Gent
significant deficit of
electron anti-neutrinos -
from distant power 3
reactors and
suggested the LMA-
MSW solution.

" (2), Motivation

Neutrino Energy (MceV)

KamLAND has the possibility to observe B solar
neutrinos with an energy thresold of 3.5 MeV. This
provides the transition of vacuum to matter
oscillation, which has not been observed yet. The
measurement of solar neutrinos provides the test
for the theories of steller evolution and structure.
Furthermore, The direct measurement of the
transition of vacuum to matter oscillation will be
good test for the oscillation parameter space.

(4), Backgrounds
The dominant background in 8B solar neutrino
region( > 5MeV) are from the B-decays of light
isotopes produced by muon spallation. The
following veto is applied for the light isotopes
produced by muon spallation.
* 1 sec whole volume veto after muons

* 5 sec whole volume veto

(residual charge > 108 p.e.)
« 5 sec veto of 3 m cylindrical volume along

muon track (residual charge < 10° p.e.)
These cuts are effective for isotopes with half lives
less than ~1sec, so ®B, Li or "'Be are still
significant.

i L

The production rate of 8Li and ®B are estimated
with simultaneously fitting the time difference
from preceding muon because the lifetime of 8Li
(1.21 sec) is close to that of 8B (1.11 sec). The
energy spectrum of Bdecays of 8Li and ®B is also
fitted simultaneously. The estimated event rates
are 8Li = 0.52 £ 0.15, 8B = 0.21 + 0.04 ev/d/kt.

The production rate of ""Be is estimated from the
fitting of time difference from muons with tight
track correlation. The estimated event rate of "'Be
is 0.91 + 0.30 ev/d/kt.

Aot exsernal gamema.cay w0

Stainless Deck
Rock

R . Py

The external y-rays come from (a, n) and (n, y)
reaction produced in mainly surrounding rock and
stainless. The estimation for external y-rays make
use of MC simulation, providing 0.24 * 0.04 and
0.38 £ 0.14 ev/d/kt for before/after purification.

Crane

Rock lining

Outer water tank
Inner tank

Lig.-scinti.
Container

# Aluminum sheets

Phototubes
KamLAND
(Kamioka Liquid scintillator Anti-Neutrino
Detector)

17inch PMTs; 1325 tubes
20inch PMT; 554 tubes
Outer Detector; 229 20inch PMTs
1000 tons Liquid scintillator;
Dodecane(80%) + Psuedocumene(20%) +
PPO(1.364g/I)
Number of target; 3.429 x 1032 electron

(6), Uncertainty

Before Pur. After Pur.
Fiducial volume 3 m cylinder | 3.5 m spherical
Livetime 952 days 63 days
Uncertainty(%)
Trigger Eff. --- -

Fiducial volume 217 11.23
Livetime Calc. 0.03 0.03
Energy Threshold 2.44 3.00
X2TQ Cut 0.30 0.30
Number of Target <0.1 <01
Cross Section 0.50 0.50

Fiducial volume before purification is defined as a
cylindrical due to the effect of external y-rays. On
the other hand, fiducial volume after purification is
defined as a spherical since 2°8Tl is a dominant
background with an energy threshold of 3.5 MeV,
then the signal-to-noise ratio gets better.

(3), Detection Method
< v- e elastic scattering >

®
©

The v-e elastic scattering is used to detect the
solar neutrino events. In anti-neutrino detection
like reactor neutrinos, the inverse fdecay
reaction, ve+p -> e*+n and the neutron is
thermalized in the liquid scintillator. Prompt
signal from e* gives information on the incident
Ve energy. Neutron capture on hydrogen emits
delayed signal with ~200usec. This delayed
coincidence method is effective to the
background rejection. The way to detect the solar
neutrino is single event, so it is necessary to
estimate the background in the 8B solar neutrino
energy region in details.

neutrino

®—>0O

((5), Purification

The newly developed purification system reduces
the radioactive impurities in a liquid scintillator.
This purification system is mainly composed of the
distillation tower and nitrogen purge tower. The
purification provides a lower energy threshold.

5.5~16.0 MeV {ige)
¥ 8B ve (with osci.)
8L
! o
\ External y-rays
5.5~16.0 MeV
>
Purification Yot

(2°8T1 reduction ~ 1/2.5) «

10 %

3.5~16.0 MeV
R —

%

Analytical reduction of 28Tl makes use of the
delayed coincidence between prompt 2'2Bi a-
decay and delayed 2°8T| B-decay. The lifetime of
208T] js 3.053 min. Due to this analytical reduction,
we can explore 8B solar neutrinos with an energy
kthreshold of 3.5 MeV.

r(7), Conclusion

The study of 2B solar neutrinos with KamLAND at
energy threshold of 3.5 MeV will provide the
observation of the transition of vacuum to matter
enhanced neutrino oscillation in addition to the
result of ’Be solar neutrino observation (energy is
0.875 MeV). For instance, 2-year livetime provides
statistical uncertainty of ~10%.

? o Be

N B

Newtrioo Encrgy [MeV]

ational Symposium on
beyond Particle-Matter Hierarehy™



z~ 3 LYMAN BREAK GALAXY CLUSTER SURVEY IN SSA22 WITH VIMOS

Katsuki Kousai
Physics, D2, Tohoku University

G

We report our redshift survey of z~3 Lyman break galaxies ( LBGs ). We have obtained spectral redshifts ( spec-z ) of 94 LBGs in SSA22 ( 22:17:34, +00:15:04 ) 912 arcsec? field to study three dimensional distribution of LBGs.
SSA22 is a field in which Steidel et al discovered high density region of LBGs at z=3.09 ( Steidel et al 1998 ) . They determined spec-z of 99 LBGs at z~3 in 162 arcsec? field. They found density peak of LBGs from their redshift distribution.
We have detected a lot of Lyman alpha emitters ( LAEs ) at z=3.09 in 912 arcsec? field which contains the high density region discovered by Steidel et al, in our narrowband survey for LAEs with Suprime-Cam to find a large scale structure
of LAEs ( Hayashino et al 2004 ) . Also, we are carrying out LBG redshift survey in our LAE survey area. We obtained spectral redshifts of 94 LBGs in 2006 and 2008 VIMOS observation.
We have found spike not only at z=3.1, z=3.3 and z=3.7 in our redshift distribution of LBGs.

1. High redshift galaxy

(LBG ) .The LAEs has a strong Lyman a

There is two major types of high redshift galaxy Lyman o emitter ( LAE ) and Lyman break galaxy
emission line (A . =1216 A ). The emission line are
observed by narrow-band imaging technique. The LBGs are observed with strong break at A
A ; Lyman break. These UV photons of z > 3 galaxies are shifted to visible wave length by redshift.
We obtained these candidate by observation of visible range.

u st v

Observed z=3.1 LAE

8 | image( upper panel ) and z=3.1
s LAE model spectrum with filter
i response curve ( bottom panel).
o4 We detected Lyman a photon

L = with NB497 filter(: band pass
centered at 4977 A, bandwidth
of FWHM 77A )

]

3. Observation parameter

The parameter of our LBG survey

Field of View

(=912 with VIMOS at 2006 and 2008.
rest
VIMOS 2006 VIMOS 2008
Survey area | 900 [ arcsec? ] 500 [ arcsec? ]
- EXP time 2.5 [hour] 4.0 [hour ]
e -V)-1.8 x (V-
Selection w \Q);g 8 v (U-V)-1.8(V-R)=1.0
°”:;’c':s°f R-'<03 R-'< 02
’ 20=<V=255 24<R=25.5
Sy $000: 08-Blue
The photon that energy is 13.6eV (ionization energy of Gri (Spectral res : R=180(1" slit),
neutral hydrogen) or more, is absorbed neutral hydrogen rism Spectral range : 3700-6700A)
in HI region. The absorption makes Lyman break.

Additionally, UV continuum receives Lyman series

[ Jvimos 2006 D\/lmoé"zoos [ steidel etal

absorption by neutral hydrogen in IGM. That make UV

continuum break at A o =1216 A.

2. SSA22

A2 Pield

25 1 T Y T

Steidel et al discovered high density region of Lyman Break galaxies (LBGs) in SSA22 at z=3.09
(Steidel et al 1998). They observed 81 arcsec2 X 2 in their spectroscopic LBG survey.

We have detected Lyman alpha emitters (LAEs) at z=3.06~3.12 in 912 arcsec? field that contain the
high density region which was discovered by Steidel et al (Hayashino et al 2004).

4. Redshift distribution

We obtained spec-z of 34 LBGs by the data that observed at 2006 and 60 LBGs by the data that

observed at 2008.

We have found spike atz=3.1 and z=3.3 in the VIMOS2006 redshift distribution. We found another
spike at z=3.7 in the VIMOS2008 redshift distribution. The magenta histogram represent the over all
redshift selection function , normalized to the observed number of galaxies . We derived the selection

function by Monte Carlo simulation.

VIMOS2006 [~

VIMOSZOOS

b

= Steidel et al 2003
2z=3.1LAE high density region
VIMOS2008 field of view

® VIMOS2006 2=3.275~3.325 ©VIMOS2006 z=3.325~3.375
» Steidel et al 2003 z=3.275~3.325 - Steidel et al 2003 z=3.. 325-3 375

VIMOS2008 field of view

VIMOS2008 field of view

24 26 28 32 34 35 38 4 4% 24 26 28 3 34
25 3 a5 0 ] 10 15 20 25 a0 . redshm redshlft
i i Hayashi 1 (2004 J 855 f LAE 3.06 Property of spike
Ste'del_ o ?l (_20[_)3 5 ) s i.lwmste}-\ng The y}ellomearggorlns;rl;s\é‘rl\?endoby Stes\:etl Sl VIMOS2006 | VIMOS2008 |
Redshift distribution of LBGs at z~3 in SSA22ab The Green contour is high density region of LAEs redshift | LBG/ ( selection function) | significance redshift | LBG/ (selection function) | significance
31 5.1 Sic 3.1 40 500
5. Three dimensional Spatial distribution 12 iz 240 33 23 219
3.75 27 240
redshift
i a7 28 29 3.0 31 32 33 34 35 36 a7 38
50 ; t
*  VIMOS2006 34 LBGs _ R ] B . " i
- VIMOS2008 60 LBGs = 40 i ' : . ' .
Steidel et al 2003 107 LBGs i . £ & o s % : - e
E wat - " . % . - %
8 20 . * .= . ] B '
L 5 .. ] . ak ' . . ) 1
50 f x . . Le o 0
40 - 5 .. % . ’ 2 . 4
DECE & ® . + e & .
Ea| . L. 2 s |
sl . . . ’ T '. . .- . . .
G [:J 1‘u EI[J :sh 4‘0 ‘s[] 6) 50 100 éﬂ 200 250 300 350 400 450 500 550 600 55‘0 700 750 BOD 850 Q00 950 1000
comoving[Mpe] comoving[Mpc)
RA redshift
6. 2D Sky map 7. SUMMARY
Sky map of LBGs at z=3.075~3.125 Sky map of LBGs at z=3.275~3.375 Sky map of LBGs at z=3.725~3.775
o | ; ' - We have obtained spec-z of 94 LBGs at z~3
20 | - | = 20 = 20| H —_
g R i e £ £ + We have found spikes not only at z=3.1
= Tl e = = . | discovered by Steidel et al but also at z=3.3
8 T : 8 . s .l and 3.7 in our redshift distribution of LBGs.
z -l 3 ; " z + Most of the LBGs at z=3.075~3.125
p distribute inside the high density region of
= 0 20 T 10 "0 O3 0 o LAE skymap at z=3.06~3.12.
lative RA [; in] lative RA [arcmin] v in] . .
3 vmosindy " A e ovMOS2008 223275 3325 OVIMOS2008 23.325-3.375 roiatve A fareminl - It seems that LBGs in other spike z=3.3 and

3.7 are also clustered in 2D sky maps.
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After the discovery of an icosahedral symmetry material (quasicrystals) in a Quasicrystal Appr0X1m@nt§ o
. melt-quenched AlgMn alloy [1], great effort has been spent for understanding . . + Local structure is similar witha QC
EELS a.nd SXES StudleS Of the presence of quasiperiodic structured materials. In recent years, Hume- . S})‘f"l’fl‘i‘lzéi?/’;fgffi"l‘;:‘{lzl’:r?l":'\j“;;/‘zl;’“
. Rothery mechanism, which predicts an existence of a pseudogap around Fermi
electronlc structures Of AI-TM alloys level (Ey), is accepted as a major reason for the stabilization of quasicrystals. 30— 8w’
The presences of pseudogap structures in quasicrystals were experimentally g | g
confirmed by X-ray photoemission spectroscopy and EELS. EELS g | i
. . : : experiments also pointed out characteristic chemical shifts in Al L-shell H ;
S. Koshiya (Physics, D1, Tohoku University) excitation spectra of Al-based quasicrystals [2], which suggested a decrease : 1
of valence electron charge at Al sites. Recently, a covalent bonding nature in a -
quasicrystals was reported by MEM/Rietveld analysis of 1/0-Al,Re and 1/1- : 3
. °°°° A173Rlez7Si1q [3]. Thus, i} is interesting to‘investigate the relation between EDP M-qw;“l}>‘A\1|‘|lcMM” alloy i ' H
! : o' chetmlcatl' shift and bontdmgf nlatutre qf qtl:li:si‘clryslal:.u?nl the o:lhzrl ltland,'t'the D, Shechiman, ef ol Phys, Rev, Lett, 53, 1951, 1984) o5 e o?
£ o systematic measurements of electronic structures of the 'normal' Al-transition C’s anomalous broperties The total DOS and IDOS of 4(AL M
! ‘ . %o ll;neta‘; (AI-TM) ?lioys help the understanding of the bonding nature of the Al- Q Quasi-periodicity (lurc’k ‘Ens]mion symmetry) | T Fujiwara, Phys. Rev. B, 40, 942, 1Mnzq)
ased quasicrystal. - High clectronic resistance ) .
EELS: Electron energy-loss spectroscopy + Hard and brittle Quasicrystal and approximants
SXES: Soﬁ-X-ray emission spectroscopy [1] D. Schechtman, er al., Phys. Rev. Lett., 53, 1951, (1984). [2] M. Terauchi, er al., Phil. Mag, 87, 2947, (2007).

[3]K. Kirihara, et al., Phys. Rev. B, 64, 212201, (2001), —Presence of pseudogap near the Ey,
01

—»Comilicatcd structure was stabilized?? 02

Al L-shell (2p) — C.B.(3s, 3d)

Fermi level

Chemical shift
—

Chemical shift (eV’
() Al CuyeVig W TAlin ALCuV,
PR :
Epi O Increase -~ ' Amorphous 2p, 0 € pitferent ordered states
4 order of ] 4
k # approximation Crystal  2p,, 0
ol e e g CT Al in d- ALNi Co,_ 2p,,
g. 03¢V ?l," A e Ni in d-ALNi,Co,, 2p,, €= Al constitent atoms of quasierystals
s [ Co ind ALNi, Co,. 2p
G ™) 050 Pan
g P ,"-A Folprioe BAL in i- ALPd,Mn,, 25 '
f lW H 13-atom icosahedral cluster M1 cIUSHET 1t shell .,
b | s z Pd in i- AL Pd,Mn = 3s (1IM. Terauchi, et al., Phil. Mag., 87, 2947, (2007),
b 'Ed | * Interatomic bonds: Metallic ‘Interatomic bonds: Covalent T 3, ;:ffﬂ“}f;;‘;‘f?,’é;z‘f"" Phys. Condens.
37| L 80, (%0,
2 02¢v K. Kirihara, et al., Phys. Rev. B, 68, 014205 (2003). 3d,, (M. Staduic . Phys. Rev. B, S 1135,
1 Diagram of core-loss spectrum M in i- AL Pd,Mn, 2p
= = Covalent bonds between Al atoms
Energy loss (e) Quaswry]sDtal shows ;helfucal sllut:L ., — Decrease of valence electron charge ?? The measurements of all constituent atoms of
M. Terauchi, ef al., Phil. Mag., — pecrease o1 valence electron charge . . .
87, Nos.18-21, 2047, (2007). — Fiessres oF vl 7 4= Chemical shift (EELS) different ordered states have not been reported.
03 04
- .
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Investigate the relation between chemical shifts

PS for Mono. -~
and crystalline order by using EELS and SXES - ; . "ﬁlonochromamr
- (Two stage Wien-filter)

I. Approximants vs Chemical shifts
1/0-Al,Re , 1/1-Al;;Re;;Siy,

II. Crystalline order vs Chemical shifts
Am, QC, Cryst phases of Als;Si,,Mn,,
III. Normal Al-TM alloy vs Chemical shifts

B2 structure (Pm3m) Al-TM (TM=Fe, Co, Ni, Pd, Pt)

= N
Analyzed area: ~100nm¢
Energy dispersion for X-ray:

0.5eV/pixel (640eV X-ray)

1.7eVipixel (1.5keV X-ray) Specimen

06 2.2eV/pixel (1.7keV X-ray)

I-a. Approximants vs Chemical shifts: EELS I-b. Approximants vs Chemical shifts: SXES Results I: Approximants vs Chemical shifts
Al-Ko, : 2p—1s (14%eV)  Re-Mp:df—3d (191keV)  Si-Ka:2p—ls (1.74keV)
TAlL'shell 2p) — CB.Gs.3d) . . 2 6eV} 1~ 0eV" 1 +3eV) AlLshell ) Kq emission | Re-Mp emission | Si-Ko cmission
B ; ._r - " 4 1/1—A173Rel7S1,0 106V . Y \-t(ie_\p 106V PNt 106V . ' A Y excitation
L= i AN ——— —
{4056V~ 7 ] it o \ Comparison with | Pure Al Pure Al 100, 1/1 Pure Si
A ol 1 10-AlpRe z 'I I+
Zr -’\’q £ . \ | . 1/0-Al ,Re +0.4eV +6eV ~0eV
. | £ L—1/0 10 b
g RN B 5 |— & | 1/1-AL,Si, Re; 10.5eV +6eV ~0eV
=l (40.4eViy # 2 Al Y -1 il '1./1/1 Si s —1/1
£ Seoo- ¥ H i A ¥
E Pt A i = ] o
AL o™ Aluminum J ’ ' fFo This result suggests that the covalent
1L .t . " £ . .
= - R o] T T electrons between Al sites was provided
: sald | PO LTI <o . .
sl ] " Fiting AT expl-6-CPRF) | Fiting A0 expl-0-CPRF) from Si sites in 1/1 approximants.
: Energy Loss (eV) ’ N i
: : Chemical shift: No difference Chemical shift:
<
Chemical shift 1/0 < 1/1 B 10, 11 for 1/0, 1/1 11 )
Al L-shell (2p) — C.B.(3s, 3d) Al-Ka © 2P—>1s(1~421se\<) Stla: p1s (174keY; )\ Mu-La: 3d-2p (637eV) AlLshell Al-Ka emission | Si-Ka emission | Mn-Lot emission
Jl4ev H—A{ +6eV ) 1i~0ev)
ey T Mol 106V '?‘I " | 20ev ‘1‘\ ..’ Comparison with Pure Al Pure Al Pure Si Am, QC, Cryst
B |I + | f ) Amorphous ~0eV ~0eV ~0eV ~0eV
Jh
_ " II TR | | ! t Quasicrystal +0.4eV +4eV +6eV ~0eV
g E I! \ Am ’ T: ol l‘ E/ g“c’ Crystal +0.1~0.2¢V ~0.5¢V ~leV ~0eV.
£ 5 1 / 1 . . . o
§ AL ] all —QC si ,!- \ s ¢ r/(‘r ’Sl Chemical shift is characteristic for QC phase
Z £z { Vo \ 4 Y —Al and Si atoms change those valence electron states
Y ~oev 5 A~ Cryst | '\ . .
24 e . E noL | " i kv Mn site does not change its valence electron charge
e Aluminum l{ IR ; % o o
A 'SR % —Because of localization of Mn 3d electron ??
e s A
| RECSC TN PP V| RN SO s S 2 SIS s
] Fiting 01 <xpl-6C) Fiting: Lo PR | splneene §T:J A leoso
& a e oW N E WA,
\/\i|eeoe
Energy Loss (cV) . . X 4}
Chemical shift: QC phase No difference {L:‘L;“ ooo
Chemical shift: QC phase 12 13 2

Q Cryat 14

III-a. Normal AI-TM alloy vs Chemical shifts: EELS III-b. Normal AI-TM alloy vs Chemical shifts: SXES S swmmay
A2p—CB{L) . _ _ _ : -

AlZp - CBI3r 3d) | G i | Guoern MEREAY

Do : e The relations between chemical shifts and crystalline order have
/ M"\“ 1Pt LY been investigated by using EELS and SXES
~d).2eV L/ 1 AIF : fure Al 1. Approximants vs Chemical shifts:
et -W.QPd Al, Re: Chemical shift in 1/0, 1/1 but no difference
i F A \ Si: Chemical shift in 1/1
% : 0V — Added Si supply the charge for the covalency
£ =3

II. Crystalline order vs Chemical shifts:
Al, Si: Chemical shift is characteristic for QC phase
Mn:  No difference — Because of localization of 3d electron ??
Chemical shift
— Decrease of valence electron charge
Covalent bonds between Al or Si atoms in QC

=2V | ™

Intensity (arb. units)

PR e 'MM

Pure Al

BiseV

» m =

II1. Normal Al-TM alloy vs Chemical shifts:
AlFe, AIPt: Chemical shift to smaller binding energy side
— Charge transfer, different from quasicrystal
16 Larger atomic radius of TM — Larger shift

o
Energy Loss (eV)
AlFe, AIPt: chemical shift to smaller binding energy side (increase the valence electron)
The amount of shift: AlFe, AIPt>AIPd= AlCo* AINi* pure Al

Energy Loss {eV)

E

AlFe: shift to small binding energy side
15 (Consistent with EELS results)



Introduction Methods

COmpal’iSOI'l of membrane physical property Changes Melittin, an amphipathic peptide composed of 26 amino acid residues from honeybee venom, Synthetic phospholipids were purchased from Avanti Polar Lipids (Alabaster, AL). Melittin was

has been widely used in the study of lipid-peptide interaction in biomembranes. purchased from Sigma Chemical Co. (St Louis, MO). Laurdan and Prodan were purchased from
between DMPC membrane and DMPE membrane Low Molecular Probes (Eugene, OR).

induced by melittin ﬂ Lipid I T Vesicle Preparation
NQ‘NW‘“‘H{(" ‘The desired phospholipid was taken from the chloroform solution into a test tube. In the study of
GP measurement, laurdan or prodan dissolved in DMSO was also added (0.5mol%). The solvent
Peptide was evaporated first by a nitrogen stream, then under reduced pressure overnight. The lipid was

dispersed into buffer (HEPES 50mM, EDTA SmM, PH 7.3) containing desired concentration of
‘melittin in a bath-type sonicator and incubated for an hour above the phase transition temperature.
‘The total lipid concentration was 1mM for DSC and 0.2mM for fluorescene spectrometry.

Differential Scanning Calorimetry

Calorimetric scans were performed with a differential adiabatic microcalorimeter (Privalov
calorimeter DASM-4, Sinku Riko, Yokohama, Japan) at a heating scan rate of 0.5K/min in
0.5ml cells under a pressure of 2.0 atm to prevent bubble formation

apndad Jo uonoey) a0l

Atsuji Kodama

E

Model of interaction of amphipathic a -helical peptides with membrane

It has been reported that the strongest interaction of melittin observed in 1.2-dimyristoyl-sn-
glycero-3-phosphocholine (DMPC) membrane among PC membranes which have different Fluorescence Spectrometry.
length of fatty acyl chains because of matching of hydrophobic regions between melittin and
DMPC membranes. In this study, we have investigated the interaction of melittin with PC and
PE membranes which have same length of fatty acyl chains with respect to effect of melittin
on phase transition of phospholipids.

Fluorescence spectrometry were performed with an AmincoBowman Series 2 luminescence
spectrometer (SLM Instruments, Urbama, IL) and rf-5000 (shimazu). The temperature of the
sample was controlled by a water-circulating bath.

Materials Differential Scanning Calorimetry DSC thermograms of DMPC/Melittin and DMPEiMelittin
»
i 1
Melittin Thermogram of DPPC Main transition (42°C) o v A
l g g
« European honey bee venom HE H
«26 amino acid residues Gl C Liouidervetalline ohase I | E
~o-helix structure (interact with membrane) selphase - Liquid-crystalline phase i i
a-helix structure of melittin : il i
T e Pi . La 1.l !
Phospholipid - i i
i TR T TR -
DMPC(diCus0) Tw=23°C DMPE (diC140) Tn=49°C i — sy } |
i = : = £ =
1o 1o i Ay PR . S PO e a———
L SN " = = - ) o ]
e | —] Fomguame 1
) T 5 DSC thermograms of DMPC/Melittin (A) and DMPE/Melittin (B) at different mole
Pre-transition (34°C) fraction of melittin.
DMPC has larger headgroup than DMPE * Y Lind il Pk width
has larger headgrouy an
& eroup Tempernture (T) DMPC No change Broading
The peaks on the thermogram of the liposomal system indicate phase transition of lipid — - -
membrane. The shape of the peak informs us extent of cooperativity. DMPE Shift to lower Broading

The scan times dependence of DSC thermograms DSC thermograms of membranes with additives (1 DSC thermograms of membranes with additives (2

DMPC/Melittin (2mol%) DMPE/Melittin (Smol%) Additives prefer liquid-crystalline phase  Additives prefer gel phase
- - % — ¥ J.M.Sturtevant (1982) . ‘ B -
o ] I v e

B * Ta . 1-ay  InX; 1
»f ™ h r""m"{.\. | S By e }

Red part of the equation Blue part of the equation

bty

1\ van't Hoff equation for two state transition  Freezing point depression in solid solution

i // \\\ | ] = van’t Hoff enthalpy Phase transition enthalpy

[ p——
—
Sp———
=

'} — SaLEa . e o
Mole fraction of LC phase Mole fraction of additives
s .
m - 5 Midle temperature of phase transitior Partition cocfficient of additives
TemperaC) (Gel phase / LC phasc) &
The scan times dcpcvd?ncc of peak temperature and width with increasing of o The partition of additives for water phase is not taken into account, Tompersare )
concentration of melittin
Tind ™ Peak width partition coeeficient of melittin (membrane / water) —» 10000 K Preference Peak temperature | Peak width
DMPC No change No change K>1 Gel phase Elevation Broading
DMPE Shift to lower Broading K<l Liquid-crystalline phase Depression Broading
Summary of DSC measurment Laurdan
Structure Generalized Polarization (GP)
The of of melittin on DSC -
g
DMPC/Melittin O — Gp = Tas0 = Tago
4 T440 + Ia90

The behaviors of DSC thermograms could not be explained qualitatively by the equation
because the peak position of phase transition did not change even though it became broadened
with increasing of concentration of melittin.

DMPE/Melittin

The behaviors of DSC thermograms could be explained qualitatively by the equation at K < 1.

[Parasassi et al (1990)]

a i
The d d of the scan times on DSC thermograms 1
o
DMPC/Melittin . **|Gel phase ", Liquid-crystalline
. . S| hase
There was no dependence of scan times on DSC thermograms. N phase Trmperstnes (T}
DMPE/Melittin - . Temperature dependence of G value for DMPC Melittin (A ) and DMPE Melittin
The behaviors of DSC thermograms could be explained qualitatively by the equation at K < 1. :’I H . | (B nt different mode fraction of melittin
het L
oo . L . . .
It indicates melittin inserted into with increasing of DSC scan times. T Chmging of G value for DMPC i phase transition bocame moderate with increasing
Trmpeesiars (€4 af melittin, whereas GP value for DMPE changed drastically in the presenee of melittin
Laurdan spectra in DMPC membrane, GP value for DMPC membrane. compared with in the absence of melittin at he phase transition temperature.

Trvptophan fluorescence Temperature dependence of A max for tophan Model for interaction of melittin with PC and PE

residue in DMPC and DMPE membrane
8 ) .
A
& Melittin Melittin
5 s Withost lighis
hN g . s .
4 H ety H
Tryptophan T H
=" " sl | ! i W= WU W
| 'II W ithoml i PC membrane PE membrane
v/ -
Property » —— Melittin inserted into membranes and the - Melittin oriented pallarel to the membrane at
roperty of emission spectra o P o) St | system achieved equilibrium. the initial state.
- 0 N . woom s w m ow )
Hydrophilic environment 300 35 400 450 @00 Tempersture (T} Temperstues (T} The reason why transition temperature did | Melittin oriented pallarel to the membranes
Shift to longer wavelength Wavelengihinm) A max of tryptophan fluorescence in DMPC (A) and DMPE (B) at different mole not change with increasing of disturbed of water into
A max was obtained from tryptophan spectrum fraction of melittin. Excitation wavelength was 280nm. of melittin has to be revealed.
Hydrophobic environment fitted by log-normal distribution. [Alexey S. g- 3
Ladokhin j al (2000)] [Atexey In DMPC/Melittin systems, A mex at all mole fractions of melittin were between Heating - cooling cycles induced insertion of

i i littin inty
Shift to shorter wavelength 330nm and 335nm through all temperature ranges. In DMPE/Melittin systems, % max meltninte,

‘were at about 345nm.
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Multipole ordering
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monopole' dipole octupole o

Fig.1 Schematics of multipoles [3]

High order
multipoles as an
order parameter

Fig.2 Antiferro-hexadecapole
ordering in PrRu4Pi2 [6]

Rh-Substitution effect

PrRu4P12
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Fig.4 Temperature dependence

of superlattice reflection

Pr(Rui-xRhx)4P12

Effect on
4f electron state &
lattice distortion
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Objective

Department of Physics, Tohoku University, Sendai

Resonant x-ray scattering experiment on Pr(Rui-xRhx)4P12

\J

Fig.5 Azimuthal dependence of resonant signal
in octupole ordering phase of (CeorLani)Be[3]

Resonant x-ray scattering

Scattering factor of resonant process = tensor

———3 able to detect anisotropy of charge distribution

Promising method to
detect multipole ordering

quadrupole

\'4
v

hexadecapole predicted

octupole

nrgraned Inmessity (19 i e}

T
w librgres)

)

To investigate electronic state in multipole ordered phase of Pr(Ruo.97Rho.03)4P12,
we have carried out resonant x-ray scattering experiment.

\%
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= ) A /"-mf \
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T=23K (111){222)

400 ! ) 5.5966 ke 1
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= 500 ¢ = s .
= Y o —L._ S A e £ o i Iy ot
T ARy e £ § 7o
£ or T=20K = ol } |
= 00 }/' X T

o T | 4 ‘" i 1
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Energy (keV)

Fig.6 Temperature dependence of energy scan (left) and
azimuthal plot of omega scan intensities at sereral incident energies (right)

Resonant signal appears below transition temperature then weaken below

-

Conclusion

In multipole ordered phase of Pr(Ru0.97Rh0.03)4P12,
electronic state shows similar temperature
dependence as lattice distortion and has anisotropic
charge distribution.

T=23K T=23K
about 10 K. 12} [ciin) amn
. ElLy w
Electronic state has temperature dependence < %0 I o
* . . . = | on LA 150° = 1200
same as lattice distortion 5 e o e LI T =
z = I M"'@r W 2700 (90} E V'Y 240 (-1207)
= 5 3 b s A307 (307 2 -5 3007 (-60"]
No clear difference in azimuthal dependence between resonant and E r 232 LY = (| 222) Fastd
) 180° (- 180°) 1807 (-180°)
non-resonant range. o8} f |
Periodicity in energy scan profile with different azimuthal angle i . { | W . P
5.90 592 594 5.96 598 6.0 590 592 504 596 598 6,00
. . Energy (keV) Encrgy (keV)
mml»- Anisotropy of electronic state (resonant range)
Fig.7 Energy scan with different azimuthal angle.
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with KamLAND

RCNS

Geo-Neutrino LS purification
Radioactive sources in Earth emit electron anti- LS purification (distillation + N2 purge) campaign
neutrinos (geo-neturinos) via beta-decays. was performed from May, 2007 to Feb, 2009.

PO, 8Dy 4 8o 4 G + 65, + 51.7 MeV Distillation reduced 7‘3Pt3 which is the parent of the Date 97 6 events
WY . b4 UHlet de- 4 47, 4 42.7MeV dominant (a, n) source, 2'°Po. Total . (Prediction)
“K — %Cate” +5 After the purification, 2'°Po decay rate decreased by Geo-n >
"K+e — “Ar+u, 1/16. It means the (a, n) background was also Accidental BG.
Geo-neutrino measurement is the only direct way to reduced by the same factor. an)
investigate chemical composition of the Earth's AA PI_SyN_a_tw?r-\ Nz purge  Density

control

interior

KamLAND detects geo-neutrinos with inverse beta-
decay because it has high sensitivity for low energy

neutrinos.

KamLAND detector Background Reduction

6.5-m radius balloon
Before the purification After the purification

1-kton liquid scintillator
(LS=NP80%+PC20%+PPO) §
b e 1,879 PMTs i
inverse beta-decay .!.
» U, Th geo-neutrinos
(€D) g

210Po 1/16

¥

{. 2198 1/2,000
“F . ®Kr 1/65,000
i

’

.

After the purification

ey
(
<o
CreresMeviascim®

Data

‘-mm Total

e bitde
anergy

Events/0.4MeV

Geo-neutrino
prediction

After purification 11 11 1
Before purification 71.9 217.7

(a,n) SIN Accldental BG
n

Earth’s internal structure

Seismic wave measurements have revealed the
detailed structure of Earth.

Core : mainly Fe and Ni. No U and Th exist

Mantle : Unknown composition by direct
measurement — estlmated
Bulk Silicate Earth model * B

Crust + Mantle
+ Seismic wave measurement

+ Lithology
Reference Earth model
Calculate geo-neutrino /
flux i

Energy correction

After the purification, light yield decreased by 20%
and reconstructed energy has large time variation
and an ununiformity.

That significantly affects an uncertamty of energy : BSE mass constraint
scale. — Fhe-post f dee AnaIYSIS T3

Energy is calibrated for z-axis, off-axis and time
using ¥Co gamma and n-capture gamma.

That suppresses the increase of the uncertainty of
energy scale. Time varnation and an uniformity are
the same as before the purification.

Ay? distribﬂon Allowed region

 Referenca Earth madal
® Best i

Sieaoa 02 903 00 e 0s
RN EN

Accurcm/ is sxqulca'wt y improved due to the reduction
of the (a, n) background

Meaning of geo-neutrino Before the correction

observation

The geo-neutrino observation can directly measure
the Earth’s internal structure.

Z dependence

The hypothesis of zero signal is excluded at over 3¢
C.L.. (investigation — evidence)

U and Th mass in the mantle
Radiogenic heat from U and Th in Earth
Total heat flow 44 or 31 TW
BSE model prediction 19 TW
(U 8TW, Th 8TW, 4K 3TW)

The contribution of radiogenic heat is about half of
total heat flow. — U and Th are main heat sources
in Earth.

M f radi it
BSE model 16TW
Fully-radiogenic model |
37TW (Hu+Hm+Hx=Hgann)
Fully-radiogenic model Il
44TW (HutHm=Heam)

Time variation

-

Problems and solutions for
geo-neutrino observation
v Statistics

= Analysis using 2076.6-day data set
(KL08+586.0days)

v Backgrounds

v

Z dependence X 5 ‘ it raasls

Radiogenic veal production (Us

Fully-radiogenic models are excluded at over 2o

= |S purification reduced the (a, n) background by
1/16.
v Uncertainties
= LS purification caused a decrease of light yield.
Before the analysis, reconstructed energy is 5 Geo-neutrino analysis was performed with 2076.6-
calibrated for positions and time. el ol —ullf day data set (KLO8+586.0days).

(a, n) background was reduced by 1/16 resulted in
the significant improvement of accuracy.

L,
Time variation

The energy shift due to the decrease of light yield
was carefully calibrated.

The analysis provided the evidence of geo-
neutrinos and excluded fully-radiogenic models
at the first time.
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Pressure dependence of B-T phase diagram in
heavy-fermion superconductor CeRhSi;

T. Sugawara', N. Kimura', H. Aoki', T. Terashima? F. Lévy" and I. Sheikin*

Resistivity: 4 wires AC method
0.02~1.6K, 0~16T(~28T at 2.85GPa)

4 wires DC method
1.5~300K, 0T
(for obtaining the absolute values)

positive curvature.

As increasing magnetic field, Ty becomes

ambiguous and p(T) turns to have a

Above Bgp, the slope of p(T) changes at
Ta- This behaviour is different from that of
Tn-

"
~ Introduction ~ ,~—B-T phase diagram
CeRhSij is a pressure-induced heavy-fermion 30 T T T T
superconductor discovered in 2005 by N. There is a bend point on the superconducting transition line (B¢,(T)) CeRhSiy
Kimura et al. It crystallizes in the BaNiSns-type above P. B A H // c-axis
tetragonal structure which lacks an inversion Below the bend point field (Bgp), the form of B.,(T)s are quite similar. 2 e .
center. It exhibits the antiferromagnetic ordering Above Bgp, an obvious change of the slope is observed at T, on the
below the Néel t t Tn = 1.6 Kat
© OYV ¢ Neel temperature 7y . ,a temperature dependence of the resistivity p(7) (see below section).
ambient pressure. The superconductivity .
emerges above 0.2 GPa and its transition Ta may emerge from the bend point.
temperature T, becomes comparable to Ty at P, =
=2.4 GPa. \ o
We have measured the resistivity of CeRhSi3 N
for magnetic field along the tetragonal c-axis — Pressure dependence Of Several
under several pressures. We obtained a novel pal’ametel’s
superconducting B-T phase diagram, suggesting
the existence of multiple superconducting 16 Pe
phases. e
CeRhSi3
T T -‘ — ] 14l H//c—amsi
2 TN CeRhSi3 | o Tn
A A ] <
At a Po12r e ]
A A 1 - : o
= q = 00 o—0g N
< Lo 1 ®
Ll . ° § o o 1.0F Te =
Te . ° 1
. ° 1 0.8 —
. 30+ B Bgp and the bend point temperature (Tgp) have P-linear
L]
oL e — dependence.
0 1 2 P 3 £ 20 1 P
% Considering a linear extrapolation, the bend point vanishes at 3.20
P (GPa) m
\ 10+ b GPa.
0L | | |
7~ Crystal structure === 10 The initial slope of Byy(T) at Te, Bgy' = -dBea(THAT |7-76 shows
. \ abrupt change at Pg.
'\;u 0.5 \ B This and the bend on the B.,(T)-line suggest the existence of
= three (at least two) distinct superconducting phases and the
00 superconducting state changes at P, and the bend point.
55 t t : : t
° (3
< 20r 1 i
E N /T,
C 9 SC(C) %
o 15+ T [ AFM oM <—bend point
P e —— R T SC(B) SC(B) L
1.6 20 24 2.8 3.2
Pc
a P (GPa) P T
\
"
~ p(T) under several pressures
S I
~Sample
i ials: Ce(4N), Rh(2N: i(5N
Starting materials: Ce(4N), Rn(2N8). Si(SN) 2.35GPa (< P,) 2.57GPa (> P,) 2.85GPa
Czochralski pulling method in a tetra-arc furnace
Anneal: 900°C, 2x10° Torr, 1 week 12 12
RRR > 100 (/ > 2000A: from dHvA) ’ )
1 0F 1 101 1
\ y 1.0
_ 1 - 08f 4 - 08f 1
. £ 3 £
~ Experimental method s g 18 osf 18 osf ]
e ) ' < 1% o04f 1% 04 1
Pressure: Ni-Cr-Al / Cu-Be piston cylinder cell
i- and n-propanol 1 0.2 1 0.2~ 1
0~2.85GPa 0.0 0.0
0.0 0.0

The change of the slope of p(T) becomes

obvious with increasing pressure.




Neutral meson photoproduction experiments
with electromagnetic calorimeter complex FOREST

P H Reserch Center for Electron Photon Science, Tohoku University K. Suzuki

' 1. Motivation |

Recently, a new baryon resonance was observed at W=1670 MeV
in the yd—mnnp reaction, as shown in Fig. 1. The resonance width is
narrow compared with that of a typical baryon resonance. No indi-

cation appears in the yp—mp reaction in the same energy region.
Fig. 1
25 . -
LNS-Senflai © yd—mmp CBELSN '
- s
» DA *3*.“ +
’ F. Miydhara et al. '._:' e 1. Jgegle et al
’ "‘ Prog. Theor. Phys. Suppl., - A[ 2 * Phy .gkcv. Lett.
-1 n fy 168, 2840 (2007) = L 4o /g8  100]252002 (2008).
3 _ g i 2 g0
S A Y ¥ i ¥
°n ‘\‘ - K 4 3 | Lot
e\““ of “M"Mm 3 f LS.
Q( bl | P A
s Wi anp ¢ P
o nn/(2/3) | ! Fiﬁ() M“ 4
"0 700 s0 90 1000 1100 1200 1500 1600 1700 1800
Er (MeV) Wy Mev]

[ The narrow baryon resonance would be a member of anti-decouplet? j

Figure 2 shows baryon states

of Octet and Anti-decoplet which Fig. 2

have spin 1/2 on the SU(3) quark Octet (qqq) Anti-decuplet (qqqqq)
model. From U-spin conservation, I=B1S4g -

“p,” can not be excited to “p” in neutron  proton

photo-reaction since the photon udd) ny py(uad) »

carries U-sipn 0. The new baryon

resonance as well as the @ might P Z, (uus) 3

be a member of anti-decuplet An

states (five-quark state). It is impor- \ ; = ‘
tant to determine the spin and parity 12 1 0

of the narrow baryon resonance to I-spin : symmetry for u-d exchange
elucidate five-quark states. U-spin: symmetry for d-s exchange

2. Accelerator and beam |

For photoproduction experiments, we use a bremsstrahlung photon
beam. We have an electron synchrotron, called STB, accelerating
electrons up to 1.2 GeV. The bremsstrahlung photon beam is generated
by employing a radiator placed just upstream from a bending magnet of
the STB ring. The radiator made of a carbon fiber, 11 pm in diamitor, is
inserted into the circulating electrons. Recoiled electrons are analyzed
by the bending magnet and detected with the STB-Tagger II system
which consists of 116 telescopes of two-layer scintillating fibers (Fig. 3).
The energy Ey of a generated photon is determined by the energy of the
recoiled electron Ee and that of the circulating electron Eo as

Ey=Eo - Ee.
Fig. 3 BOERE e N |
STB-Tagger II system

Bending magnet
return yoke

'STB-Tagger |

STBUZY
NKS2
STB-Tagger Il

{ ¢ oAl o RTAGX
P RSW3 ' L
PMT FOREST
GevyMstzd  FHE
[ Tagging counter rate :  ~20 MHz ]

Tagged photon energy : 750 ~ 1150 MeV/c @ 1.2 GeV electron

Scintillating i
fibers "~ I}

3. Electro-magnetic calorimeter FOREST]

We developed a 4= electro-magnetic calorimeter, FOREST, for neutral meson (n°
and m) photo-production experiments. Figure 4 shows FOREST which consists of
3 different types of electro-magnetic calorimeters called SCISSORS III (192 pure
Csl crystals), Backward Gamma (252 lead scintillating fiber blocks), and Rafflesia 11
(62 lead glass cherenkov counters), respectively. Plastic Scintillator hodoscopes
were constructed in front of these calorimeters, called SPIDER, IVY, and LOTUS,
respectively. They can identify charged particles, and measure the position of the
incident particles. FOREST covers about 90% of 4 « [str], thus it has large geome-
trical acceptances for the yp—n’p and yp—mp reactions. FOREST is powerful in
suppressing background events (missing y-ray events from 27° or 3n°...) since the
missing y-ray happens with a low probability under the large geometrical acceptance.

Backward Gamma

Fig. 4 SCISSORSIII  spIDER

FOREST

SCISSORS TIT
144 LNS type
48 INS type

INS Type 5

2507
300 mm

SPIDER

Detectors covered angle ([str]) energy reso. radiation length (1X) |}
SCISSORS 111 4~24° (0.17n)  2.3% 16.2X (18.5 mm)

BG 30~100° (2.08n)  7.2% 13.8X, (16.0 mm)

Rafflesia IT 110~175° (1.31m)  4.9% 11.8X, (25.4 mm) Lead/SoiFi

' 4. Experimental data and analysis |

Photo-production experiments have been carried out with a hydrogen/
deuterium target. Up to now, more than 2x10° events were obtained for
each target. A typical trigger rate and DAQ efficiency are 1.8 kHz and
80%, respectively.

The n° and n mesons decay into 2y-rays
as soon as they are generated. The decay

Fig. 5 branching ratios of n° and 1 mesons are

To select yp—np and yd—nnp events, we require the following conditions:
1. 2y-rays are deteced by Backward Gamma, and
2. 1 charge or 1 neutral is detected by SCISSORS III.
In the 2-nd requirement, we choose Mx < 1100 MeV events as indicated in Fig. 7
(Mx : missing mass of YN—nX) to ensure that the charged or neutral particle is a
proton or neutron. Background events are suppressed through these event selec-
tions as shown in Fig. 8.

99% and 39%, respectively. FOREST 1200F ¢ ed events Fig. 7 Fig. 8
Backward Ga measures energies and positions of y-rays > oo ok Black - before the event selection
= Comming from these mesons (Flg 5) The S sof Red: after the event selection
. vy invariant mass can be calcurated by 2wk 1000~
using the energy and position information § ok
for 2y-rays as, S S00E
My, =2 EiE2(1 - cosb). ARy
The 7° and 1 mesons are observed in Flg 6. 400600 - u-u T000 1200 1300 1600 1800 O 10 R 300 4 500 6 700 800
e Fie 6 Missing mass (MeV/c?) Invariant mass of 2y (MeV/c?)
16000 F- 7° &
2 3 The n meson yield, Yn, for every tagged energy is calcurated by using counts
Em 12000 of 1 mesons, Nn, and counts and efficiency of the tagging counters, Ny and ¢y, as
S 8000 F Yn =Nn/(Ny ey).
é 3 Figures 9 and 10 show the 1 meson yields of the yp—np and yd—mnnp reactions.
4000 -
3 L I Jlrl\_._n ! 1 02 F 02 F 10
00500 400 600 . 800 1000 ig.9 d 18-
Invariant mass of 2y (MeV/c?) 0.2 Yp—np 016 . vd—mpn
0.15 proton detected 74, proton deteced

' 5. Future plan |

The goal of this analysis is to determine the spin and parity of the new

baryon resonance N*(1670). It is necessary to simulate the acceptances of
FOREST to obtain the cross sections for the yp—mnp and yd—nnp reactions. $00800 900 7000 1100 1200 00§00 900 7000 TT00 1200
And a partial wave analysis will be made to determine the spin and parity

of N*(1670).

Yield (a.u.)
°

0.12F o
e,

] \.\}. *”.:"Ee}ltl'on detected|(x5)
e by Y
0.05 S 2\'6‘ 0.04 ""\,‘33

Ey (MeV/c) Ey (MeV/c)



Micro-photoluminescence ® NTT

around spin phase transition of v=2/3 fractional quantum Hall regime
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Photoluminescence of 2DEG under
magnetic field

Plan of experiments ~ micro PL~

Quantum Hall Effect

* Quantum Hall effect can be observed in
two-dimensional electron systems subjected
to low temperatures and strong magnetic n

AR X o _ My i electron density
fields, in which the Hall resistance takes on (/B =7 densityof EI
3

¢Landau level filling factor v (sch
2 dimensional

ic diagram )

Unpolarized

the quantized values h/ve? and longitudinal e okie flux
resistance vanishes at the same time.

Photoluminescence % Singlet Triplet Singlet Triplet
V=2{3 - 1545 spin % g
v ORED /N 12 g 2
v=1 B = =
= o ¢ 1/2 = =
gl L S ¢ -
= v= = 5
& ‘1' o é 32 Photon energy Photon energy
& 3/2 N N -
v/ The peak intensity of charged excitons can be
LI S L I 5 10 used as a probe to detect local spin polarization.
Magnetic field (T) Magnetic field (T) b .
.10, Sakenn, 1. B Joseph, 4t E9205(2001) (neutral exciton) (charged exciton)
Motivation : : i i
_ otivation How to assign photoluminescence peaks ? Local probe techniques for luminescence
Special features of v=2/3 FQHS . Optical local probe techniques
e’ T=03K —_—
Coulomb energy 7 Zeeman energy gﬂBB B=8T [cConfocal laser scanning microscope(CLSM)
8‘\_/7 n,=5.0 X 101%m= EICLSM + solid immersion lens (resolution: ~sub pum)
competition (1,3 3 OCLSM + nonlinear optics (eq. two photon microscopy)
E °_ OScanning near-field optical microscope (SNOM)
Spin phase & (resolution:1~100nm)
» iti (0, )
% transition b
r_% = :(I,?)‘ -E Y / High spatial resolution
2 o *Domain size is expected to be comparable to
5 .. .
T oy N e CLSM resolution
© T -High spatial resolution experiment requires

n, (By) n,(8,) norB 1.530 1532 1534

. high detection efficiency & very long exposure time ...
Photon energy (eV)

Theory: Quasi-confocal microscopy

*N.Shibata et al., JPIS 76, 103711 (2007).

8 = const.

formation of domains with two
polarizations at transition point

@ Confocal microscopy:
= point excitation, point collection
-resolution depends on N.A. of objective lens

Experiment:
+0.Stern et al., PRB 70 075318 (2004).

*B.Verdene et al., Nature physics 3 392 (2007).

domain size > 500nm

for imaging spin domain...

n, (10* cm?)

—>How large is the domain?
—>What shape is the domain?
—>How dose behave the domain dynamics?
# Optical study
can reveal local configurations of electrons

Filling factor v

@ Quasi-confocal microscopy:
~uniform excitation, point collection
—replace single-mode fiber
to multi-mode(square) fiber for illumination

ool
[ TR KT

Peak energy (eV)

G. Yusa et al., Physica E 12,49 (2002).

10 15

5
B(T) 2In this case, PM single-mode fiber’s core play a role of ‘pinhole’

New experimental setup

to monochromator

Experimental setup Longitudinal resistance in the vicinity of v=2/3

from laser

left circula
polarizatio

Squar core
s Multimode fibe

polarize

PBS

) mirror

~

polarizer

mirror BS

+20nm GaAs/AlGaAs
quantum well

Magnetic field (T)

<mobility 6 N.A.=0.55 z
T=50mK ;
= ~1.0 X 106 (cm?/V-s) |~ 150mA obj. lens Y
+2 dimensional electron density no fllumination S |
-+ 0.67~2.37 X 10" (cm?) 1.1 1.2 ample Piezo-stage X

i i 11 2!
(provided by NTT Basic Research Laboratories ) Carrier density (10" cm'?)

Photoluminescence of 2DEG at Simultaneous measurement

zero magnetic field

Conclusion

il {a) N
franaivon *Simultaneously measured (a) R, and (b) PL We have found the peak intensity of singlet charged exciton

Gate = po
2DEG-hole oy . B - 3 X 3 o 3 )
Itage (V) 00000000 2" unpolarize intensity originated from charged excitons in tends to increase up to transition point and it tends to decrease
08 High 206 hole o8 lpolarize the vicinity of v=2/3 spin transition point. beyond this point by decreasing electron density. On the other

— ® J hand the peak intensity of triplet charged exciton tends to

@

£ C"'_ d"° : I'[-n,I L, monotonically increase by decreasing electron density. Thus the
5 Charged Exciton ee® arrier density (10 eni”™) ; . ) peak intensity of charged excitons can be used as a probe to

a8 — unpolarized region |incrase |incrase . -

= ] 1 ft (b) detect local spin polarization.
S § = "t T3

> Neutral Exciton | [X° e S ripler | 4% ?’ polarized region |decrease| incrase

2 ,g L|| In order to acquire the image of spin domains, we developed
% Neutral Exciton et = | IH‘T The tendency of PL intensity by a scanning optical microscope in a dilution refrigerator. This

£ . lectron £ s.inglt'h\.fl 14 decreasing carrier density experimental set-up will enable us to directly observe the spin

2
o + @O 2 | ‘,pL B=63T domains with micron order spatial resolution.
E / =150 mK
Charged Exciton 2 i | =200nA
0x 09 10 (8

Laser power = 0.65 mW/cm?

1527 1529 1531 Carrier density (107" i)

Photon energy (eV)



Ionic conductivity of Trehalose-Water-Lithium iodide mixture in glass
and supercooled liquid state

(IMRAM) Tohoku University
O Reiji Takekawa, Yoshiki iwai, and Junichi Kawamura

1. Introduction 3. Result and discussion

Gl ition and led liquid . . "H NMR result
ass transition and supercooled liqui Coupling system and decoupling system

5| gass VTF equation
[ I —— L
F i uscosty n=nie’ "
o quis 2 H
conductivty & =ae T " i |
: To Ta e g sox i B iy
i

Ty ¥

‘
° \ = N 4.7ppm is from water [BMRB data base ]

i T, .

- Another is from trehalose
uT T
VTF : Vogel-Tammann-Fulcher F. Mizuno ea al

Result of composition analysis and Tg in preparation samples
Journal of Non-Crystalline Solids 352 (2006) 5147-5155

Lil:HO: Trehalose  Tg(Ch

How do particles behave in coupling system and decouplong ' @ 1438570 1200
system in glass and supercooled liquid state ! k¥4 @ 15783310 192 [y
] o n E ] 50 L] o B0 w0
Lal @ 125:811:64 -636 increase
What is cause by change from coupling to decoupling Figd Part LB Trddons eyl dng o @ 130030 s
Increase trehalose ratio © 140:884:177 58
trehalose & 460434107 9.4
@ 61432258 20

Tible.L Conposition (ol ratic) of the s ample:

LiI-H,O-trehalose system

and Grass fransition terperatazes.

Increase Lil ratio

@ O Suitable things of
0. d a . . 1 PR
‘ ‘ containing sugar Temperature dep of ionic ivity
c

‘ . Stable supercooled liquid and glass o

Q ¢ 04 The dynamics of the salt is -
‘” o variously changed depending

@ ‘(’ """" ¢ ) on the kind of the sugar. (see =

below figure) e

Lil-6H,0 (14.3 : 85.7)

=)

o (S/em)

. /
4
SEGIE=INTS
o (Slem)

En
B2

Li* and water is strong coupling

-

. 1000T (K 7 06 07 08 09 TTln 1 12
"1 . Fig2 LI Fig.3 Te scaled plot of temperature dependence of conductivity
Line is shift to left with increase Tg At Tg,
trehalose 0 Increase | order of magnitude
on
0 Increase 4 order of magnitude
A @ 14.3Lil-85.7H,0 g
v O ad® ® 14.0Lil-68.4H,0-17.7trehalose
AR
SRR o 5 4 o %% 3 @ 61.4Lil-32.8H,0-5 trehalose
) o0, & 6
Tani chen et al L — $_ ® '
IR o ¢* ~ )
Cryobiology 40, 277-282 (2000) ey s e by gt 4 -
Lt 271 )l e (1 it ], s ......- Coupling system O ~ O bl =
o 3 L e st - -, -
Danforth P. Miller, et al Li ion mobility
How does the change of the ion dynamics J Fiys. Chem, B, Vol 104, No. 44, 2000 © meaning trehalose- increase slightly i ion density is i d
by adding trehalose to Lil-H,O systems? gt !‘1 on en§1ty 1S Increase an
water region ion have high mobility.
Changing decouple system.
\
: 4. Summar
2. Experiment y
Lil-H,O-trehalose system can make glass in wide component
region.
NMR Composition analysis Systems of which the properties are changed from coupling
DSC Determination of glass transition temperature Tg to decoupling by changing their molar ratio only.

It is possible to study how to change couple glass to decouple

AC impedance Measurement ionic conductivity
glass using this system in detail.




S

. Progress of the new DAQ system for £33,
wide-band solar neutrino observation with KamLAND Feusf

Yasuhiro Takemoto (Physics, D1, Tohoku Univ.) PO.19

Backgrounds

Standard Solar Model PP Chain .
oo JAMS Presentda KamLAND Background Reduction
Sun Sun Y e

pep - 024%

PR More powerful DAQ electronics enables
""’\W Output additional reduction of background against
wide-band solar neutrino observation.

— Simulation -
+ luminosity - * neutrino v | B.G. |Reduction Scheme
- mass stella evolution fluxes N
- age equation of state| . internal 7Be | 219Bi| o PSD
+ opacity nuclear reaction structure 210pg | o PSD

+ chemical = e
abundances JBote —*TLitw X

75Kr | Delayed Coincidence
CNO | 219Bi| o PSD

— TLi+p— ‘He+
Solar Composition Problem | (—‘-w{—;rr;.-ﬁ /pep [ 11C| One by one tagging
Abundance Structure 8 2085T|| o PSD of parent 212Bi
= 19C | One by one tagging
( ‘05 AGS > - ( ) - CNO Cycle TC Tagging | Analytical 3-fold coincidence,
(low metalicity) New ¢ ¥ KamLAND: with tﬁg&{’r‘gﬂ‘;ﬁ?ggggﬁt
7~ Kamioka Liquid scintillator :
Predicted Solar Neutrino Fluxes (cm2s-) | }@ ‘B/ \ Anti-Neutrino Detector.
Source SSM Flux Scale | Diff(%] | o[%) @ ®_' ey r— —eD . 10°° cosmic ray fluxes @ 29.4min
@S) | (AGS) \ by the 2700 m.w.e. 0<0 o
PP Chain CNO eyele 1 @cm cyclell overburden s
pp | 597 | 603 [10°]| +1.0 | +05 / + 1000 tons of pure liquid \‘e
pep | 141 | 144 [ 108 [ +20 [ +10 ¥ geited gt scintillator ) ;
hep | 7.90 | 818 | 10° | +35 | =15 / 7 - 1879 high-accuracy PMTs & 0 7 Sikey
"Be | 5.07 | 464 [10° ]| -85 +6 @ - Sensitive > ~250 [keV] 7 22Mev
°8 | 594 | 485 | 10° | -184| =12 { N\ - Resolution L) ® ®
CNO Cycle Sensitive [} T Vertex: 12 [cm]/VE[MeV]
N [ 288 [ 207 | 108 [ -2ed [wia-1s| [ 1O Energy: 6.5 [%]/VEIMeV]|| [Rol-back Trigger
Difference|
50 2.15 1.47 108 | -31.6 [+16-15 Preci m rement of multipl lar . e e L
[ 582 | 328 | 106 | -202 [+17 76 ecise measurement of multiple Sola Additional purification of owered Threshold

Normal Threshold

Neutrinos is the key to investigate LS enabled low energy
Flux(GS) : BPSO8(GS) solar neutrino observation. Up to 10 us

Flux(AGS): AGSSO9(AGS) “Solar Composition Problem”.

System Design 2 MoGURA CMD Distributor Mog Trigg Rb Atomic CLK
UME E] . 7o B E Lo
GPS ﬁmj 3 <} " - ;
Recorder = -
KAMFEE o -
/] -
-
- -
oS [ Current =
-
System -
-
Optical
|_] Fiber -
1PPS J
3
Rubidium BLR (BaseLine Restorer) | Overshoot restoration after muons MoGURA(Module for General-Use Rapid Application
Hit Sum P ;Zg::?g“ N for triggering following signals Deadtime-free ADC and on board data reduction DSP
Trigger |10MH } se"‘{ FADC Front-End FPGA System FPGA
MoGURA [~k ystem (bit) Spartan3 2000) (Spartan3 4000)
iggy Back [*"GNID : jx 10
Ideal Diode  LPF FL (10 usec) T g MBS
J — e \b/ME
— us
Pallarel DAQ system insures data with the same -1,
quality as before, enables shortest dead time on :‘v': TRG 16bit
installation of new system and leads oppotunity 2bit 64M8B g%'\{le
of cross check of data between the systems. Unable to trigger Enble to trigger 50MHz |[SDRAM

A Physics and Requirements |
lnsm|laton AQ SyStem + Wide-band solar neutrino observation

needs less background.

KamLAND EHut Crate Reassignment] - ;
| hosttrig | host_hub host moqu07 + 3 schemes, event tag with neutrons,
Kinok | [KinkoTransporiar] a _pa!'(‘glcle PSD and genéune delayed
\ coincidence are required.
KiggheTransporierl [MoguraTriggerAnalyzer] - Dead-time free DAQ system
RS TeEEoTee || solely enables those.
[MoguraMogAnalyzer]
Done|
| _hostmogol | [KinokoViewer] - All electronics are developed, verified,
[KinokoCollector| and installed.
- Current DAQ system had cable delay,
[MoguraAnalyzer [KinokoBufter] which was corrected.
Cable delay due to this installation was caluculated .
in advance, and event reconstrunction method was [MoguraHorizontalBuilder | On Going | ) )
modified just after this installation. + New DAQ is on construction.
host_disk - The DAQ includes inline event building

Installation Works

BLR Installation MoGURA Installation

Todo & Prospects

- Roll-back trigger for the delayed co-
incidence has to be developped
before DAQ launches.

- After starting DAQ, tagging method
and PSD method have to be
established.

- For longer live time, we will start DAQ
as soon as possible.

KinokoTransporter

host mog04
{ der
host mog06

KiNOKO is used for this DAQ System.
Inline event building is the new idea.
Spreading builders and analyzers lessens loads.

BLR Installtion was done by one crate by one crate.l
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Double Chooz PMT preparation

oz
, %+ The 2nd GCOE International Symposium @ Tohoku University,18—19/Feb/2010

What is Double Chooz?:

New concept of Double Chooz: The Double
M1 Chooz experiment is a neutrino oscillation

| experiment at Chooz nuclear power plant in
France to accurately measure the last mixing
angle 8,;. Double Chooz uses 2 identical detectors
at different distances from nuclear reactors to
cancel systematic uncertainties on neutrino flux
and detector response. Short baseline reactor
experiments can provide a clean 6,; measurement

P(7, - 7,) ~1—sin? 26, sin?| A7k
4E

Sensitivity: The current upper limit is sin?28,; <
0.15. We will measure the sin?28,; with 5 times
better sensitivity than the current limit measured
by the previous CHOOZ experiment.

Preparation in the lab:

PMT delivery: PMT group purchased 800
PMTs for both detector. After acceptance
test in Japan and Germany, cleaning and
magnetic shield assembly were held in

@ Germany. Then, 400 PMTs were delivered
to Chooz. Other 400 PMTs for near
detector are kept in Germany.
Preparation of the lab: Before starting
PMT installation, clean and new scaffolding
was installed in buffer tank. Then, clean
tents were installed. One tent covered tank.
Another tent was for dressing area and
preparation area.
Cleanliness organization[1]: To keep lab
clean, we cleaned all of the lab at least
twice everyday. The tunnel in front of the
lab was cleaned also. All people have to
wear clean suit, clean shoes and clean
glove.
Pretest[2]: PMT was tested just before
installation. If some kind of problem is
found in this test, the PMT is rejected.
PMTs preparation[3]: After testing, legs to
fix PMT to wall were mounted on PMT.
PMTs were covered by black plastic bag to
avoid light and dust. Position survey

markers were put on PMT.

TABATA Hiroshi

z detector:
Neutrino target: 10.3 m? of liquid

¥ Gamma catcher |scintillator doped with 0.1 g/l of Gd.
il Gamma catcher: 22.3 m? of liquid
scintillator
Buffer: 110 m3 of non scintillating oil
& 390 PMTs (10 inch)
Inner veto: 90 m3 of liquid scintillator
& 78 PMTs (8 inch)
PMT (Photon Multiplier Tube):Main
responsibility of Japanese group is PMT
(buffer) system. We developed low
background PMT with HAMAMATSU.

Inner veto
40% LAB,

60% Tetradecane,
PPO, Bis-MSB

30% Tetradecane
70% Oil

80% Dodecane,
20% PXE,
PPO, Bis-MSB, Gd

Anti neutrino events: V, + p —>e +n

Prompt: ¢* with T, =1—8MeV in the target.

Delayed: radiative capture of » on Gd with 7 ~30us,r <1m andzEy ~8MeV
Neutrino signals are estimated as 70/day @far and 500/day @near.




Biomembrane )

Phospholipid l;hase In:,n n of
Effects of lanthanoid ion DmrPC e composedof hend and omembrane
. acyl chain, and have amphipathic character
on phosphate head groups in DMPC Ly
GUV (Giant Unilamellar Vesicle)
membrane ~oum Gl phase

LUV (Large Unilamellar Vesicle)
~5000m

'

SUV (Small Unilamellar Vesicle)
~50nm

dun), «—

Kouya Tamatsukuri', Tetsuhiko Ohba', Gen Sazaki2, Kazuo Ohki'
tamatuku@bio.phys.tohoku.ac.jp

'Department of Physics, Tohoku University, Sendai, 980-8578 . — - - i1
2Institute for Materials Research, Tohoku University, Sendai, 980-8577 B eomposed DI MLV (Multf lamellar Vesicle)

bilayer membrane with occasional

e h !
proteins interwined. ]:-i”\"kﬁ

Ripple phase

*e
ollP Liquid crystal
< o
™
Direct microscopic observation of MLV under a magnetic field (~10T) Lanthanoid ions reorient lipids parallel o the magnetic field ‘
[ T Conformation of the polar head group in the presence of cations ‘
oTIsc K | 40°C W b o
J T — o 2 Without cation With cation R‘
% L S S | —
5 U [ T —

S | With lanthanoid a a Ll
o |== A
g

Akutsu etal (1991)

] [
™ e WY | TP bl Y, "-._
L - — P It was reported that cations including lanthanoid ions induce the conformation change of
Isabelc Marcotc ct a the polar head group of lipids (The figure shows DPPC head group in Le phase)
Phospholipids become orientated perpendicular to the static magnetic field due to (2004 Concept in Mag. Res Part A) Kevin et 001 Bl 1)
the anisotropy of magnetic susceptibility Ay, , which arises mainly from their fatty DMPCIDHPCI= £ BBicel-+ EadH-NMR (DMPC-d4)
acyl chains. We investigated the effects of lanthanoids ion Eu* on the comformation and dynamics
of the polar head group in DMPC membrane.

Pola

Fluorescent probes
-

olar head group
Fluorescent anisotropy (DPH) = Bk schicand
N anisatrepy (DPH) wm
i l Fluorescent anisotropy
™ 1 g . (D BD)
it B
o \ }
g | s |
- o £ \ : |
et s H i il
i v - T e © T - | piANeD
L emp
Rh-PE ex530 em590 DiA ex470 em585 Lo . 1 As Eu’* concentration is higher,
— ) R the anisotropy
| Acyl chain | - e K 1 the anisotropy is higher in liquid
Thermogram J{ % ) erystal phase.
& f ), . 0 W = - e 3
Temp{“C}
Laurdan ex360 em430 DPH ex360 em430 A5 Eut* concentration i higher,

the anisotropy is higher in gel phase.

the anisotropy is higher in liquid crystal phase. -

( ?
15°C (V,n0) (H,no) 20% (H,no) 40°C (Vo) (H,no)

(unpolarized )

Fluorescent polarized microscop,

l T
m

(ex em) = (H , H) unpolarized

I
sample
°c
@, 1) .

Orientation of probes in membrane is revealed by using linearly
polarized light.

10°C (V,n0) (H,no)

15°C (V, no) (H,no) 40°c (bl“l) (Hamo)
- f 4

- -

polarizer

DMPC/Eu=0.1

15°C (V,n0) (H,no)

DMPC/Eu=0.1

20°C (V,no) 5 40°C (Vo)

The orientation of DPH was observed above 40°C on microscopy, and there is
no dependence of orientation of DPH on lanthanoid ion .

The orientation of Rh-PE was observed above 40°C on microscopy, and there
is no dependence of orientation of Rh-PE on lanthanoid ion.

Optical system
D5C DMPC Eu -

|Generalized polarization (G.P.) |

o p ing coil
ar
Fluorescence spectra of Laurdan in DMPC membrane s aa peltier Temperature control
" ~ E | devi
4—hydrophobic |- [ _ " e ‘
" sample Light
] . Iy n —sorce
o = _Eu=DMPC=1mM
hydrophilic of
& hdrop! % - X,Y,.Z L
. stage HM glass fiber
— = = 3 - - . [
i ) " .
Gp - 1(440 nm) . -l W rI— : 5 v 2
1(440 nm ) + 1(490 nm ) Dependence of GP on Eu concentration Tamgarature ('C) Cover giass
As increasing of Eu concentration . peak temperature is shifted to higher and Silicon spacer Polyvinyl
peak width is broaden. (0.2 0r 0.05mm) ehloride mirror

Direct microscopic
observation of MLV
doped Eu** under a
magnetic field
(L/Eu=2)

Slide glass

Conclusion

Addition of Eu**

ORotational diffusion of acyl chains is facilitated
polar head group is inhibited
OMuain transition temperature is shifted to higher
—The occupied area of polar head group is relatively
small in the liquid crystalline phase.
Ofthere is no dependence of orientation of acyl chain or polar
head group on lanthanoid ion.

OUnder the static magnetic field, phospholipids became

orientated parallel to the static magnetic field.




Status of double beta decay experiment with KamLAND

Azusa Terashima
Research Center for Neutrino Science, Tohoku University

KamLAND (Kamioka Liquid scintillator What Can We Learn from
Anti-Neutrino Detector) Double Beta Decay

- A

U Double beta decay could occur if the usual single beta decay is
Qlim forbidden energetically or suppressed strongly. This transition
takes place through the two decay modes.

eLocation eoCurrent Targets

10.4 1.0

1 1
neutrino electron elastic scattering
v+e —v+e

Visible energy [MeV]
¢ 12.6 185

Placed in Gifu pref
2,700 m.w.e.

N

1
De+p—et+n
inverse beta decay

Buffer oil: 1,800 m3,
This density is strictly
controlled with LS ~ 0.4%.

Background level of LS is extremely low.
U (3.4 = 0.4) x 1078[g/g] (O(10-° uBq21*Bi/kg))

double beta decay spectrum
Wrate ~ 0.34HZ oy TBe solar neutsi geo-neutrino _ reactor neutrino supernova relic neutrino Engov 135 _ o
= e solar neutrino Fiost dotection! Precise measurement. g oo oy burst neutrino etc. 55 2 nu
et imi 13 xe 7 E mode
\ F - Beta decay : Forbidden S \
' &;jzg@f' Er Q-val ble beta decay> £ 5|/ 2hu
Sl aue S35|/ mode
P 8 2.47 Mev 36 b 35l
Ly 56 =|
Ry Neutrino Neutrino . - Neutrino Astrophysics
R g Astrophysics Geophysics Neutrino Physics Cosmology Energy
° : P —— ® 2v mode ® Ov mode
(Igfnfrgﬁtif:ﬁress fank ©1,000 ton of highly purified Liquid scintillator(LS) Mu is Nonzero & Majorana particle!
. ' in the balloon(diam. 13m, thickness 135um, EVOH) (A Z) = (A, Z+2)+2e +20,

(A,2) = (A, Z+2) + 2~

G phase space

—
> factor,

PMTs: 1,325 x 17 inch
554 x 20 inch

Photo coverage: 34%

Energy resolution:

6.5%/VE(MeV)

W S
Majoranav
o W 2
[R— - —

Th (5.7 = 0.8) x 10717 [g/g] (O(10~* pBq?°¢Tl/kg))
K 2.7 x 10716 [g/g]
This level is already about four or five digits lower
than general double beta decay experiment.

& M: nuclear
matrix element
<my>: effective

neutrino mass

d

(1)

P -1 9 9113
(Tf/”z) =G| G| M |2(m,,)?

® Outer Detector
(diam. 20m, height 20m)
Ultra pure water: 3,000 ton
PMTs: 20 inch x 225
for muon veto

‘Advantage of using KamLAND‘
o Ultra low radioactivity environment based on ultra

(my) = UL Pma + (U5 Pmact® + [U5Pmae |

pure LS and 9m radius active shield.

* No modification to the detector is necessary to
accommodate DBD nuclei.

e Reactor and geo- antineutrino observations continue.

This decay is beyond the standard model and if observe this,
e leptonic number violation.
* nature of neutrino: Majorana/Dirac? Majorana!!

decay to search the na

Next target is neutrinoless double beta

© High scalability for 2nd phase.
1000 kg 136Xe, improvement of energy resolution
with light concentrators and brighter LS

if Majorana — see-saw mechanism, leptogenesis?
e absolute neutrino mass and neutrino mass hierarchy.

ture of neutrino.

Double Beta Decay Experiment with KamLAND

Neutrino oscillation expei

<my> in eV
5

Normal
hierarchy

<

104 o
104 103 102 10!
lightest neutrino mass

e®Possible Milestones of Neutrinoless Double Beta Decay Experiment

neutrino effective mass <my> (see below pictures).

oKamLAND with 136Xe
There are 10 double beta decay nucleus whose Q-value is more than 2 MeV. To take
advantage of KamLAND clean environment and its large volume of LS, we choose
136Xe(Q-value: 2.48 MeV) for the experiment. Advantages of using Xe are...

riments tell us Am? and allow the possible region of

mh m? m? e isotopic enrichment, purification established
—_— V: mi2 e soluble to LS more than 3 wt%, easily extracted
vr ma? e slow 2v mode (T1/2>1022 years) requires modest energy resolution
m3
m 12 . .
solar o1st phase (2011~, 400 kg of 13¢6Xe) =» KKDC claim, degenerated hierarchy
atmospheric
m P atmospheric [ m;2 | ? - - Expected spectrum
Teolar 10 simulation conditions
mi3 _Lsolar - m3? Total K <my> = 150 meV
? ? fo "Xeov="Be | - T1/2(0v) = 9.8 x 1025 yr
T T —1%xe 2y +T12(2v) = 1.0 x 1022 yr
0 hNormzliql P!nvertehd Degenerated : Jmﬂe Vﬂ':C
1 lerarcny lerarchy mi=mz=ms £ . mini
inev m3 > mi~M; mi~mz2»m; > |mi-mj| I ; g mini balloon(nylon6)

thickness 15 um,
232Th, 238y = 10712 g/g,

Possible mile stone of neutrinoless double beta decay experiment will be
e Verification of KKDC claim and search degenerated hierarchy

KKDC claim is the only one observation of Ov mode by Group of Heidelberg-

Moscow(1990-2003) with ~11 kg enriched 76Ge and calorimeter.
Their claim of observed neutrinos effective mass: 0.24-0.58 eV(40)
This will be needed dozens ~ a few hundreds kg of isotope.

40K = 10711 g/g.

- 214Bj tagging(analysis)
10C ¢, i

: . lectronics)

3 35
Visible Energy[MeV]

= KamLAND 1st phase
e Exploration of inverted hierarchy

Target sensitivity of the
1st phase is ~60 meV.

@ 2nd phase (end of 2013~, 1 ton of 13¢Xe)
=>» inverted hierarchy

Density 0.78 g/cm3

{ Current image
Target effective mass will be a few ten meV, need a few hundred kg ~ ton of " Target sensitivity of the of winston cone.
isotopes. = KamLAND 2nd phase § of 2nd phase is ~25 meV 80% (arger)
o b o |With 5 years.
OR&D items and current experiment status §§ 70f
- %E wof ° 100 kg 1366 loaded
e Xe loaded liquid scintillator Already developed! 2 s * . e LS +40% ligheyild targer)
New Xe loaded LS cf.) KamLAND LS *Precise measurement of § 90% CL sensitivity
decane(81.8%), dodecane(80%), i solubility within 0.1 % error. 300400 600 800 1000 - 20 inch PMT
PC(18.2%) and PPO PC(20%) | |:> »Precise measurement of exposure [kg-year] 17.inch PMT.
with 2.5 wt% Xe. PPO 1.36 g/I j solubility’s temperature

Density 0.78 g/cm3 and pressure dependency. ®MoGURA Module for general use rapid application

Almost same density, light yield, transparency, alpha-ray quenching ratio as current KamLAND liquid scintillator.

At KamLAND neutrinoless double

collection value

eXe purification, collection system

o}
Under excavation the mine area for big tank.

beta decay, most dominant
background is spallation product
10C generated by cosmic muon.
New dead-time free electronics
MoGURA, will allow 90% reduction
of 1°C with neutron tagging.

Now DAQ construction.

emini balloon

Need thin, ultra-clean(ex. 238U, 232Th ~ 10712
g/g, “°%K ~ 10711 g/g), enough strength and
gas-tight balloon. Have experience of 13meg
and 135 um thickness balloon.

Selection of film continue...

99.7 %/ 1cycle

/

C

(1) tag
)
T=207psec

! 1/4 scaled mini balloon

= Adhering test

= Water injection test
(see right pictures)

1/1 scaled mini balloon
will come soon for
folding test.

AAAARARARRRARML |

Baseline
restorer and
signal splitter

Trigger module

A
1GHz FADC + 3 range 200
MHz FADC for each channel

In detail = please see Takemoto’s poster!
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Simulations on Dynamics of Wormlike Micellar System
Using Particle-Field Hybrid Models

Masatoshi Toda
Physics, D3, Tohoku University

February 18, 2010

Linear Rh€010 Y —Wormlike Micellar Case—

Maxwellian Behavior

Shikata et al.

e & H. Hoffmann (1988)

One Separated Relaxation Mode Exists!!
What is it ?

A Proposed Relaxation Mechanism (Phantom Crossing Model)

T. Shikata (1987)
- w1 o
AL S £~ P-4

Hybl‘ld Model —rurely issipative Equations—

(Non dimensional)

+ Solvent Component

" ey

=-Tp+ T + |3 —virl - &

dir—rj+0

]

Body Force f

=1
(at Low Reynolds Number) J
(Coupling Term with Micelles)

Tov=0

Micellar Component 5

I ‘ H g

v OH Particle

ooy 22 b

_ Fluid
« Fluctuation-Dissipation Relation v
2Tl L8[ - 1)
) = =TV (e - r)E(t = 1) > 7

Cluster Size Distribution without shear

—

her exponent
at Percolation Transition Point

©= 572 (Bethe latiice)

Pumiber Fraction of Chusters. wis)

©=2 (Triangle latice)

1 Only mssimm st i

) o Ll
Claster Sire »
dilute state g Exponential distribution

concentrated state Power law

Wormlike Micelle

[me——

-—0\
- Soberial Mirse Wormih st
— Target
CTAB Cryo-TEM Image.

Characteristic Size

Cross Section Diameter: R, ~ 5 nm

Persistence Lengtrh: [, ~10nm

Contour Length : L ~ 1000 nm

Lin (1996)

Couette Flow

Shear Banding

increasing shear rate

Shear-induced Transiton
Uniform Flow Inhomogeneous Flow
(Isotropic) (Isotropic to Nematic)

A inerewsingshearnate

Flow CrCHIe Sobtion

E—
S T

—/ Nematic Band

v
I

Molecular Gels (2006)

Bending Elasticity of Membranes

W. Helfrich (1973)

Hi

kg 9 é:c

- Clmricl Bending Modk Sadle Bending e
Bk Modui) Shear M)

=3 &

el Fre Energy Iy Bending Llasn:;uz1 iﬁ:ﬁmswc Energy

Conclusion & Future Problems

(1) Modeling of Wormlike Micellar System
Particle-Field Hybrid Model
=) Micellar Network Formation

(2) As a Result of a Coarse Graining,
Discontinuity in Interparticle Interaction Potential

=) Failure of Canonical Distribution
=) New Stochastic Methods

nematic

isotropic

Linear Rheology ——srerreview—

Exponential Relaxation

T

A certain relaxation mode

| : i~}

JI | Maxwell Model

Generally,....

RIPUNESE-~ A
? / : -I.M\.E.:BJ— ; .

e . Superposcd.
wr WT Onogieral, (1970) 3

. [— -
Solvent Micelles
(Continuum Description) Shikata et al. (Particle Description)

Hydrodynamic Interaction Entanglement Relaxation

Microscopic Origins of
Particle-Field Hybrid Models I:> {

* Maxwellian Behavior
* Shear Banding, etc

Network Structure withoutshear

Percolation Prob. = 0.955

arm branch

enlarged

4-arm branch o



Magheto-dielectric phenomena
in charge ordered system
with frustrated geometrical lattice

Department of Physics,
Tohoku University
M. Naka and S. Ishihara

I. Introduction
Conventional ferroelectricity

-Displacive Type (example : BaTiO3)

&

+Order-Disorder Type (example : NaNO,)

KT TTF

Electronic ferroelectricity

-polarization by charge order o
(e

OO 06 Q@ OO @

%" o5electronpersite S C—

*purpose of study in electronic ferroelectricity

_P
mechanism of polar charge order @ @
— —
prediction of magneto-dielectric phenomena ﬁ

Strongly Correlated electron system

By electron-electron Coulomb repulsion
o——0

electron
electronic orbital
ion

charge order

*localization of electron

inter site Coulomb repulsion ¢

0/6/0/0]0/0 G 60010

Charge Spin
O} o
_ O
-correlation between degrees
of freedom of electron % f
@w orbital
Orbital

Exotic phenomena
”U Colossal magneto-resistance
Multi-ferroics

IT. Electronic properties in RFe,0,

& .‘oe'qq";;, ° - Exotic ferroelectricity

. . lass of multiferroics
. 'f?’?’.’ Fe-O layer New ¢
A4 f}
. .ihﬁh > }R-O layer * Layered triangular lattice

Fe-O W-layer

o
R /,'1?1‘1“.*
(R=Y Lu) ::;'zf;}. ‘

° ‘oh‘ob‘bo"i' ?

Charge & Spin Orders in LuFe,0,

Electron Diffraction Neutron Diffraction
(hh) plane charge T  spin (1/31/3)

.’ Q l disorder ‘ : { ift

500K
1/31/31)
2D CO | disorder
— 320K

(1/31/35/2)
2D : 2 dimensional
: 3 dimensional

€O : charge order
50 : spin order

247
3bcO (/3 1/3 m)
3D

Charge Order of Fe?* & Fe®*

Y.Matsuo ef al K.Siratori et al.
J. Cryst. Soc. Tpn. 50, 150-154 (2008) Proc. 6th. Int. Conf. Ferrites, 703 (1992)

Dielectric properties in LuFe,0,

A Model of “Polar" Charge Order

Purpose of this Study

Spontaneous Polarization Charge Structures in W-layer gr;iz €0/S0 in the W-layer
pontaneous Folarizatio P appears around T @ : Fe?/Fe™ "’AOA"“’
" 3D SO 3bco P increases around Tso (110) Charge T
S ———— { disorder Mechanism of -+ Ch T s
T ] 000000 arge pin
NE L Coolng fiekd [+] 3 1 @
£ ! ]
. . . disord
§ (Charge Order induces P Polarization by charge ordering ~ ———"
3 troni tricit
= { (electronic e:r‘oe ectricity) _.2 )'(“?.) 2D co | disorder
] 1 Spin Order enhances P e ) 320K
® W w0 @ @ X W (ME effects) Correlation between P & SO 30 Co
Temperature (K) " ) ) . Fe3*-2Fe?* Pol. 250K
“electronic” multiferroics Polarization o | 3050
N Theda ot al FeO W-layer is a minimal unit of electric polarization
edaet
J Phys.Soc.Jpn. 69, 1526 (2000)
Interactions between Fe ions Calculation Methods Charge Structure (Mean Field)
+Coulomb interaction H, +Charge Structure & Polarization phase diagram
V(ubNN) ° H, = ZVr/"'"/ =ZV”Q’Q/ +const. H,=YV,00, Mearv\-Field .Appr‘oximafian & V(c-NN)/V(ab-NN)-1.2 LuFe,0, T YFe,0, T
D if i 5. 7 Multi-Canonical Monte Carlo Method 0.8 disorder charge charge
N - Charge pseudo spin O, Eez‘ . *11//5 — — 1/31/31)
) e : - Z disorder 2b co
) + Charge conservation Y 0, =0 -Charge & Spin Structures & Polarization _26
' H=H,+H, Multi-Canonical Monte Carlo Method g (12/g ic/g D) T3 1/35/2)
‘ 3bco
+Exchange interaction H Mean-Field Multi-Canonical Monte Carlo > |1/ 12y [7200) 2
9 7 Effective Hamiltonian | Non-Polar Non-Polar K
Extended p-d model > o <H H W H ~periodic boundary -periodic boundary condition (01/20) |
2p orbital (0) & 3d orbital (Fe) ’ “non-uniform solution 6% 6 or 12x12 sites

3 3.
FerFeor FetiFes Fe¥ Fedr
(perturbation with respect to the p-d transfer)

One termof H,, H,,= *—’;;Z(%*ﬂ[E*Q, j(%fglj

spin charge

Approximation Magnetic anisotropy - [ : Ising spin

along (110) & (100)

- (110)

ATAVANANASAN
ESREL
SEESER(100)
ESESL,
SRR,

paired triangular lattices

R

Charge structures are
consistent with experiments
in LuFe,0, & YFe,0,

Charge Structure (Monte Carlo)
24 (@) V(c-NNN)/V(ab-NN)=0.6

Charge correlation function
(0h0h) = Y X (00,)

v ‘ S TN1/31/30)
08 (€) (a) (b), éu ‘\_.
131/ ’f g .
<! (/21720 1
1/41/41 1/21/20) M e
0506062 T vy
. (B) V(c-NNN)/V(ab-NN)=0.62 ,» (€) V(c-NNN)/V(ab-NN)=0.5
¢ (1/21/2.0)

"|(1/4 1/41/2)

N

. (1/31/30)

03 63 04 T 82 a1
KT/V(ab-NN) kT/V(ab-NN)

Charge correlation functions are consistent with the MF phase diagram

Electric Polarization (Monte Carlo)

Polarization

Polarization  °® :
Ll L 1/31/3:0]
P=30-Y0, pola P
ar=[(r) 1/41/41/2\(1/21/20)
Y

AP is smaller than maximum value of 12.0

Other weak interaction induces P
(example : inter W-layer interaction)

Polar CO states & a lot of non Polar
CO states are degenerate at

(1/3 1/3 0) CO tends to polarize in comparison with other COs

Valence fluctuation
by charge frustration

Large entropy gain
y charge fluctuation

Charge imbalance withou
I f V(ab-

(1/31/3 0) CO is stabilized in finite temperatures
and tends to polarize by charge frustration

Charge & Spin Structure and Polarization

.. Spin correlation function
1 Tso Hamiltonian H =H, +H,

(1/31/30)

<S(R)S(-k)

Charge correlation function

o k=(1/3 1/3 0)
%01 7\ HyeH; (With spin)
gL
X1
¢ | Hy (Without

KT/V(ab-NN)

mow Spin order (1/3 1/3 0) enhances

; i+ theelectric polarization
KT/V(ab-NN)

Mechanism of Magneto-dielectric effect

Charge Structure in T« Ty, Spin structure in 2Fe3*-Fe?* layer

Polar (1/3 1/3 0) CO 1 o_Fed
G {4 riromagene
SN Spin alignment
TN ere /R Spnels

Spin direction of center site is
not determined by frustration

N': the number of sites in a triangular lattice HHI::> Polar CO gains large entropy
2N/3 degenerate spin states

Spin frustration

Polar CO is stabilized by {Spin Charge coupling

III. Conclusion

RFe,0,

"Electronic” Ferroelectricity
A new class of Multiferroics based on

Magneto-Electric effects
(1/3 1/3 0) CO is stabilized in finite temperature

Charge fluctuation accompany with (1/3 1/3 0) CO
by charge frustration

Electric polarization is enhanced with spin ordering

Enhancement of electric polarization is attributed to
large spin entropy gain by spin frustration




Pi-mesonic decays of A hypernuclei
Yoji Nakagawa (physics, D1)

Introduction

T

OWeak decay of A hypernucleus

ODecay of free N\ particle
p+ 7 ~64%

A

N — q
{n + 70 ~ 36% *
A ~ 2.6 x 10~ 19[sec] A

ODecay of A hypernucleus o, hashimoto. H. Tamura, PTPs7 (2006) 564

n\z

Mesonic decay

M /Th0=179

~1 00MeV/c

Al ="arule

Non-mesonic decay

l Pauli suppression (cf.kp & 280MeV/c)

Non-mesonic decay mode is dominant in medium-heavy nucleus

Sy .\AA

0.3 T T T T

N N N A->p+
, 025 | I
p q q " g FA=25x 107 12Mev
~400MeV/c _  ©02F A b
_471 """" M 5 o15f -
Aot o TITT DN Weak decay o1 | 1%c .

A 1, mesonic ' Al

- i N 0.05 | 28 E
_V_V_ non-mesonic A 22,8 AFe

Y, \/v 0 Lu . . \ -

A 10 20 30 40 50 60

Mesonic decays of neutron-rich A hypernuclei
v'Decay widths of C, O, Ne, Mg, Si - isotopes

v'Distortion effect of the 7t wave function ( Especially in neutron-rich region)

OMethod OResult NN : SIll, AN : #13
Solve Hartree-Fock equation with Skyrme-like interaction v0, Ne, Mg, Si - isotopes
N—-p+=n—
v'Core nucleus --- spherical and even-even 0.2 —T T

v\ particle -- - the lowest state

v'Continuum states - - - Box descretization (15fm) .

v'Pairing --- BCS approximation &
[

with density dependent & interaction

Ground state of A hypernucleus. single-particle w.f.

M. Rayet ), M.Beiner et al. NPA238(1975)29

7- nucleus :: set A ( K. Stricker) M. Rayet, NPA367(1981)381

K. Stricker et al. PRC22(1980)2043

/\~>n+7rO

0T,

P oL . ywassoa
15 20 25 30 35 40 45 15 20 25 30 35 40 45
Input of the decay interaction A A A
2 — — -++ T. Motoba, K. ltonaga, PTPS117(1994) 477
riree) = 14 o +qo£ (Isxl? + lpal?) {Sw* =0.96 X\}O T P = *0;3; %107l vDistortion effect on x-decay mode
my = —5__ o = —D—
rﬂf/l—ﬂo 2 S0 s.-/V2, prgy Pr-/V?2 03 F ;\ H;)_i_ﬂ-lf T T ““* |U7r(W/O 5p) +UCouI|
Decay width in nucleus C-isotopes et x —~
7 i zonly
w@n o) [ ST AP (B0 g 0 = Pone wavd
» Sy
Z @f n$) = w,‘,,,,ﬂ.,,(q,r»)\wl..l,/»\? P = P> \(""(W\f/"(rl«")\‘r“’{\\1/2>\2 01 IE 8p = pn— pp
= o Isospin dependence
f f FHar) :J(,L + [1 l(f+1) 2L(L+1)] i L—y in the optical potential
W () en u} - == Occupation probability of the final single particle state o 1'2 1'4 1I6 1I8 2'0 2'2 I .+ KEK-PS E462
o2t (cf.71(q, ) = j5;(gqr),if no distortion) A
" 5 =
Mesonic decays of >, He Conclusion
71 momentum distribution of double A hypernucleus
OMethod OResult F /A Fo/FA Oin neutron-rich region,
Emulsion data of 5,He decay W.Gajewski et al.. NPB14(1969)11 70 decay mode is
A—ptm G (a-A) 0.27 (0.21) 0.17 (0.13) suppressed ( as
Consider only o+ N + 7 decay mode -
initalsate isie (a-A) | 035027 | 0210417 expected ), 7 docay
. mode IS ennance
ea- \ model Minnesota + D2’ 0.33 (0.26) 0.21 (0.16)

B,=3.1 [ MeV ] «— SG, Isle potential

*Spectroscopic amplitude 0.314 (0.244)

0.195 (0.153)

G3RS + SCQ?e{

NN AN 0.312(0.242) | 0.193(0.152)
Minnesota + D2’ *AN-Z N coupling
G3RS + SC97e Z-Tensor force (KEK-PSE462) 0340+ 0.016 0202 % 0.011
v'Final state

Scattering states of @ + N
Kanada-Kaneko’s @ -p potential
Descritized states by L3 -box ( L=15[fm] )
vInput of the decay interaction

(sx/pr)? =9
sgo = ,5,27,/1.79,

r -/ o=179
=/ w0 7)%O:p§,/1.79

Our results are comparable with the previous study
I. Fuse et al., The 59" JPS annual meeting
v'Difference between the initial states

1

Sy —

S

because of a strong
proton - neutron
interaction.

OFor 7~ decay mode,
the effect of the & p term
is important in neutron-
rich region.

OOur method can
reproduce the
experimental value of the
mesonic decay of 5, He.

0123456783810 oo

0123 45878810
rifm] ritm]
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SEEEBUTLDD A mirage mediation
Il
moduli mediation + anomaly mediation
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BORT—ILERIZHT S
anomalyA\SUSYZ R % %

MBI DDEFSIEEIZHSHD Tmirage mediationld&TH
BATESUSYD AN =K L

LM L. mirage mediation|Z[XRIZEN $H D

moduli 78

F < [Emirage mediationZHi5& 9 % & TmoduliffiEZ#ZRT

Axionic mirage mediation = mirage mediation + axion

BULCPRIBD MR A HEELT
FLAENRSh TS

Axionic mirage mediation|Z[&axion D BXFHIF TH Daxinod
ADTLB

axinoDEFE
I \ =
- ~ g
200 -
g ~u
2NN

( flpuh® = 0.1057

Spergel, et. al '06

AT w* ENT

My [GeV]

BENO(100)MeY Daxino TRV AEHBATE,
modulifEjRE D AR

%%ﬁﬁ?—{ggﬁl:li*gﬁiﬁéﬁ&ﬂ%ihé%/zH%Eﬁ-‘ﬁ%%’é%ﬁﬂﬁ?’é

LA EEZOFENEEEE SR EYE (D) [EERAT 5
EMTERN

BEERABRIMBEHNDENEE
BRI (SUSY) ARV ETTILEA Y DR DR FRE
BF(REV1/2) «— AHF—BF (REV0)

R/ T (FREEE /A T+ AT — ) BMRELTRIERLE
W FRHLF(LSP) T REICAED

=< =<

fchutral RN

Endo, Hamaguchi, Takahashi '06
S.N., Yamaguchi ‘06

H = my @ EEITmodulilFRTU v L OBRIMEDEDYZE

HMIRIZO (M) TREILIEDHD \\\\“///}/
&

REBTRLF—ETCICFHEEREL
My

mirage mediation|Z§31+%moduli FS%E

BATHFAEHELTIK

EYDITRDBENER
X — 2y

'y 0: gravitino X : neutralino LSP

BEARIML

( 47; : modular weight)

(i BERT)

1dy o
e ) = Pl

Fx 1
= . Meur ) Fy
Uax, 2?.{.1{.( T}Fy

O(100)GeV — O(1)TeV

2 s
':L-w.].("_‘.:-) ~ O{1)GeV
-

Ofmun]

axinoDHEEIF

5N

axinoALSPITHE D memsd DM IEAH

mirage mediation (&7 L5 ML DA DA
moduliFIREEFEEN B F E ML RIEAH o1

F < [Emirage mediation|Zaxion&E M X AIL3EET HLITE-T
neutralinodt) £,#%( axino LSPERIF TE1=

BEAO(100)MeV Daxino T RMEFHBPTE
modulifiBEHAERT HIEMTES

BT FEFELR DA >TOEN DO TRAMHMEFEA TS
BT IR OMFLYBEN
neutralino’e & HEE R E DIZHHIZ1 D

BRHFOEREARTMLFBAFFED B (SUSY)IZEo TS
ED &SIV DMEH > TV EER T HLEER

neutralino[F X EIZHFET SO THERT S

i RiG®E
- nglov) = T
WEE
H oo 17

FHIIWRLTODOTRIHER S (ov) = H(Tyz| DEERDHS
CBBEHEY OBEE (a9 gravitino SRR DA DIRE )
Ty B BN 10MeV) =8 il R A —FE<wino LSPTH

niy

P L S =
" = oo MaT FEENEELBATLES

axinoldneutralinod&k Y £EEL D Tmirage mediationMmoduliff#E%
BRRTEZS

moduli® FRIE TE R SN FzaxinoNRIEDDMEB L ERATEHESH
ERDVENHD

axinoD A& RLiBFE
X ¥ Yz
> i



The Study of the Origin of Lyman Alpha Emitters

with Large Wquivalent Widths

Our wide-area (2.4deg? in total) and deep narrow-band survey detected ~2000 LAEs and reveal that there are a number of large EW obijects in “SSA22” and general fields EWo>=240A;

240 LAEs ot SSA22,
95 LAEs at general fields). In order to discriminate the origin of large EW objects, first we should make large EW samples which include objects enhanced for EW by mechanism of Lyman alpha scattering and/or

galactic superwind. We measured the both Lyman alpha eimission and continuum components by pseudo total magnitude (2.5 x kron radius of SExtractor software) as the Lyman alpha emission of these objects
have extended shape. (Noteworthy, we measured Lyman alpha emission and continuum within a given aperture in previous work. When we focus on the EW at the exact position where the star-formation occur
to know the stellar age, this measurement is effective.) In results, we found the larger number of high EW objects by this method than that by previous method and the ratio of large EW objects (EWo=400-700A)
to small EW objects (EWo<100A) is 1.6 times larger in “SSA22” fields than general fields. Furthermore we investigate the statistic properties of these objects such as the size of Lyman alpha emission, Luminosity

Function and colors.

1. Observation

We conducted wide-area (2.4deg?2 in total) and deep narrow-band survey with Suprime-
Cam of Subaru Telescope.

Number of LAEs |  Volume (Mpc®) Density (Mpc®)
SSA22 1438 9.9 *10° 1.4 *10°
General Fields 764

Number density of LAEs
in SSA22 region is 1.5
times larger than it in
general fields.
oo [ w | e [ omw ]

2. Calculation of EW

We calculated EW of our detected LAEs by two methods.
If Lya photons emitted from star-forming regions are scattered by neutral hydrogen
gas and the emission regions are extended,

SSA22 region is a high-

density region of LAEs

A) focus on the EW of the exact position where star-formation occurs to know the
stellar age
“EWap”: EW measured by Lya emission and continuum fluxes within aperture=2"¢
(psf=1".0 at SSA22)
B) include objects enhanced for EW by mechanism of Lyx scattering and/or
galactic superwind
“EWio": EW measured by pseudo total magnitudes of Ly ion (within 2.5*kron
radius defined in NB image) and continuum (within 2.5*kron radius defined in BV
image)as the Ly emission of objects have extended shape (using SExtractor)
EWto EWap = 300A: 104 LAEs
EWto = 300A: 355 LAEs

EWap $sh2EWsperture fowerlim <1sig SSA22; EW_total (lower lim =1sig)

Wnt=9645%508 ——

Wint=16216%661 ——

100
Lower limit (1o
noise level for

1 &~ continuum)

Some LAEs have very
extended Lya emission

log Number
log Number

due fo Ly« scattering
and/or galactic
superwind.

0 100 200 300 400 500 600 700 800 0 200 400 600 80 1000
Rest Frame EW(A) Rest Frame EW(A)

3. Relationship between EWap and EWto

SSA22 SSA22: EW_aperture - EW_total ST VER eI
2000

General FGeneral F: EW_aperture - EW_total
2000 L

= v
1500
< -
2 1000 R
E T g
ol 3
i
0 v LAB x 0 B x
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800 EW, NBdet (4)
EWanr & EWaeu 4 We consider EWto measured within

mostly linear correlation EWap ™ 1.5*EWto  radius for continuum flux defined in NB
— most LAEs have extended Lyo emission.image as conservative case(EWtoNBdet).

objects with extremely extended emission which Most of objects are measured accurately,
makes EWto very large. while some obijects are overestimated.

It is necessary to check some large EWto objects.

4. Size of Lyx as a Function of EWto

SSA22  SSA2:EWioulH;

Generc|| FGenen\F EWiotal-Ha

H T o Some large EWto objects
I LD have compact Ly

ERS E emission,

Z 2

Rl i Others have extended

5 $ oo | i i d Lyx emission.

LAB
0200 400 600 800 1000 1200 1400 1600 1500 2000
Rest Frame EW(A)

5. Luminosity Function of Ly as a Function of EWto

SSA22 Lya. Luminosity Function

LAB
02
0200 400 600800 1000 1200 1400 1600 1500 2000
Rest Frame EWtotal(4)

Ly Luminosity Function General F; Lyo. Luminosity Function

! BE 1o ooz
014001 1 54004
g 7 7 “nat ‘etz
¢ 111008, sa4e08
2 o S N L' 4990442 2 8750441
g & e 8 100y 3 s
s E £ £ g L
g = ozt = N v
e @ - besoan Ty N\ x
4 ;1 4 .
? U st 8 N ey
by 2 w'e 2 10"
ogl(Lya) fergs s'] < ¥ <
\
A\
1042 422 424 426 428 43 432 434 436 438 44 1043 420 424 426 428 43 432 434 436 438 44

logL(Lyc) fergs s logLLya) fergs ']
There are no significant differences in the shape of Lya luminosity function between large
EWto objects and small EWto objects.

Summary

6. EWto Distribution of LAEs

SSA22 SSA22; EW_total (lower lim =1sig) General FGeneraI F; EW_total (lower lim =1sig)

w_int=162.1616.62 —— w_int=130.01£6.06 ——
100
Lower limit (10
. noise level for =
8 continuum) E
5 5
=z 10 =z
g 8
1
0 200 400 600 800 1000 0 200 400 600 800 1000

Rest Frame EW(A)
in SSA22 have flatter slope
C*exp (-EW/wo): Wwo

Roho of the LAE number within each range of EWfto to that within EW’ro<'IOQ&

Higher ratio of large EWto LAEs in SSA22 than it in General fields.

Rest Frame EW(A)

Is the EWto distribution a function of surface density of LAEs

or

Is it an unique characteristic of LAEs in SSA222
We investigate the difference in EWto distribution of samples within given
number density range of LAEs.

7. EWto Distribution as a Function of LAE-Density in SSA22

ssA22  SER3wme GOODSN

comaving) 5 el
o 150

High Density Region: = 1.15% pssazz

Medium Density Region: 0 9*pssazz=p < 1. 15*p55Az2 “

Low Density Region: p < 0.9%pssaz2
p: local number density of LAEs,

&
:
pssaz2: average number density of LAEs at entire SSA22”"

14 SSA22_HDR —— ] et el
SSA22 MDR —=—
12 SSA22_LDR —=— |
h General_HDR -~
1 P el « The most highest ratio of large EWto
2 o8 objects SSA22-HDR.
-4 . .
06 X, No trend is seen in other case.
04 SSA22-HDR — unique region 2
02 .|
. B
0 200 400 600 800 1000

Rest Frame EWtotal(A)

8. Discussion
Characteristics of large EW'to objects in SSA22
Among the large EWto objects (EWto = 400A),
A) Compact Sample
Half_Light_Radius < 1”.0
B) Extended Sample
Half_Light_Radius = 1.0
“Ratio of the number of LAEs with EWto = 400A to the number of extended sample
SSA22 General Fields

High Density Region 13/70 (0.19+0.06) 0/4 (0)

SSAZ2: EWiotal Hal_Light Rad

Halightod NBONBdet arcsee)

0 200 400 600 500 1000 1200 1400 1600 1500,
Rest Frame EWGd)

No trend of Ly« size toward an
increase/decrease in LAE
number density.

More compact sample in HDR [ Medium Density Regi 26/76 (0.34:0. os) 2/8 (0.2520. 20)

than it in LDR222

Size of Lyx Lyx - UV size ratio

Comparable?
More extended than UV2
Much more extended than UV2

Hypothesis

1. Young / low-metal compact?

extended

2. Cooling Radiation
3. Galactic Wind

extremely extended

Future work,
to investigate the Ly - UV size ratio (it is necessary to increase the S/N value of continuum),
the color of large EW objects,
the luminosity function of large EW objects

We made the large sample of “2000 LAEs in SSA22 and general fields.

The number density of LAEs in SSA22 region is 1.5 times larger than it in general fields.

We calculated EW of LAEs by two methods: “EWap”- aperture-photometry and “EWto” - total magnitude.

We can newly find a large number of LAEs with high EWto objects which have extremely extended emission.
There are the large EWto objects with compact Lyx emission and extended Ly emission.
The large EWto LAEs in SSA22 region have higher ratio than in General fields.

It is the unique characteristic of SSA22-HDR (2)




Ultrafast broadband THz response of photo-induced metallic state
in charge ordered insulator @-(BEDT-TTF ),l,

H. Nakaya', Y. Takahashi', K. Itoh’, S. lwai'2, K. Yamamoto3, K. Yakushi3, S. Saito*
"Department of Physics, Tohoku University, Sendai 980-8578, Japan, 2°JST-CREST
3Institute of Molecular Science, Okazaki 444-8585
4“Kobe Advanced ICT Research Center, NICT, Kobe 651-2492

Photo-lnd_uced insulator to metal (I-M) transition Setup of optical-pump THz-probe measurement
in correlated electron system 1.4 4t m-pump. THz (2 - 36 meV)-probe.1 kHz
Melting of "frozen electron” -39 tansition motal comooungs | pemmmmmmmm e 10° -
(Mott insulator, Charge order) (Ox:gzzland complexesp) E Dry N, box , < 1 o i(z}wjéiirg;(%?g%m))
T p U,V (5-10 eV)>>t (1 eV) H 1800 nm, 25fs,1kHz & 10° asezpre @=2oum
IEERR ‘_ t ﬁ IR | 7 ﬂ i (THz detection) £
thEb e T b edad Fiebig et al, APB71, 211(2000) ' all ' im*
J = Q Cavalleri et al PRL87, 237401(2001) ' ' 3
IEEEER Thed Oy Iwai et al. PRL91, 057401(2003) = ! 800 m, 2575, AKHz Z 10
insulator metal etc..... E 9 | (THz generation) 8
+Organic salts (molecular solids) Feoope---- ] s 1074
U, V(0.5-1 eV) >> (0.1 eV) =14 . &
Chollet et al. Science 307, 86 (2005). O we ! pump (T4um) o

!
> H [N 0 20 40 60 80 100
lwaietal. PRL98, 097402(2007). | | & f\ i = Ro------------- . THz generation Photon Energy (meV)
6 % -small ¢ (0.1 eV)<< U, V % s a (@nTe , GaP)

0.1eV & 40fs E ) ) )
Generation Detection Bandwidth (meV)
*molecular re-arrangements

(libration etc...) ZnTe ZnTe 2-11

c.f. coherent control GaP ZnTe 2 -20

Iwai et al. PRL96, 057403(2006). EO sampling GaP GaP 2 -36
- - GaSe ZnTe 2 - 20, 50-70

Objective
Clarifying electronic nature of photo-induced metallic state Time evolution of the broadband transient spectra

— Ultrafast broadband terahertz (THz) spectrum
( Charge-ordered gap ~ 50-100 meV )

Previous study

c. f. Hilton et al., PRL 99, 226401 (2007). , Averitte et al., PRL87, 017401(2001). o [124K(=Teo), Excgag;’f“ﬁ-egfv' 0.2 Te~10ps  [5-10 mev
Kuber et al., PRL99, 116401(2007). a 01 mJjem
o 1F
BEDT-TTF based salts 0 e =
. 1r
Charge ordered insulator J\ - S .
bis(ethyleneditihio)-tetrathiafulvalene (Ferroelectric) - 02 d P~ 10PS BE
— BEDT-TTF, ET oL \
5 o 0 ©
4 ] 1k ‘O
i = S Y= V= N
_ : & &
J N &3 _ T,=135K B (U o e s
~ |- g & o & a
4 g (% @ o 'r s 7
v - &Pf% & AR Vi e i
L e a-(ET)! Y . || etoeme N i |
m (Donor) 102 ) £ & 0 !
i 4 metallic 1 5 2
v s s 1
3 0 100 200 300 ~ 0 10 20 30 100 200
(ET),X — 3/4 filled band 0 oL Time Delay (ps)
Mott ins., Charge Order Yamamoto, Iwai et al. JPSJ(2007) + + n L n - 5 13 meV :fast (~10 ps)
Ferroelectricity Tajima et al. JPSJ69,543 (2000) 0 10 20 30
Metal, Superconductor Kino, Fukuyama (1996, theory). Photon Energy (meV) =25 36 meV :slow (> 300 ps)

Takano, et al. (2001, NMR).

Mid- and Far IR spectroscopy of a-(BEDT-TTF),l,

Ultrafast Mid-IR spectroscopy

THz response of PIMT 7 | Wai etal. (PRL2007,PRB2008) - Thermal insulator-metal transition
|

Spectral weight (low energy = high energy )———> Formation of charge-ordered gap ?

| 30 T,
------ 1 B tfosme

= 1 e - g | AR

£101 ! 1 excitgtion © 2r h—q\ §

= ! Metallic (high temp <3 =050

R AN 10 i

101 L mn~L | €

8 | 30 =% £ F

8 | [ — H

S ] 200 \O A N

/1071 1 Insulator (low femp.) & o 2o,

g ! F.abs, --ET:tflecton oy g

<1 | e e T B 1 1 1 | % 0

0 12 101 100 5 10 15 110 120 130 140 150
hoton Energy (eV) Photon Energy (meV) Temperature (K) K %
' ) '®
cf. Zelezny et al., J. Phys. France51, 869(1990) - Relaxer-like behavior oy, Fi (=5ps)
Dressel et al., J. Phys. | France 4, 579(1994) Nakaya et al. to be published b eo@----@--" . P
I T e S 0 10 20 30 0 10 20
Photo-induced insulator-metal transition ( 2-11 meV ) Photon Energy (meV) Time Delay (ps)

Formation of charge-order gap
CO

0(<2meV) ----------ommmmmoeo -~ ~30meV

+Inhomogeneous along ¢

— Multi-layer model
*Inhomogeneous mixture
(metal and insulator)

—— Effective-medium theory

Fraction of metal
d
S =expl-—]
a
(  :depth, a :penetration depth)

In summary, we investigated the ultrafast dynamics of photo-

Hanai's equation

ooz T—— induced |-M transition by using optical pump-broadband (2 - 36

S} =1 ( ) Sar &1 | Em H
BT, : gmze,(a):“’” meV) THz probe spectroscopy in charge ordered insulator a-

0.1 C H
=" T sy o efecive delecticunclon (BEDT-TTF),l5. At 124 K (~T,), OD spectrum at 0.8 ps has a
o5 —Ca'-é - o= & dilectric uncton of nsulator | broad absorption increase, exhibiting generation of the metallic

Photon Energy (meV/] -fraction of metallic state g . . . .
Photon Energy (meV) oL e : state. Then, the spectral weight shifts to high energy region
20 Ks<T Photo-induced metal is analogous o the thermal metal. within several picoseconds. Such spectral behavior in THz
124 K~T, is differ from the thermal metal.

Nakaya et al. to be published | F€@ion indicates the formation of the charge-ordered gap.
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Ring-Exchange Interaction in Orbital
Degenerate System

J. Nasu, S. Ishihara,
Department of Physics, Tohoku University

Orbital degree of freedom

Orbital degeneracy
partially remains

g

Crystal Field (High symmetry) —=———

Oxygen ion -
//ﬁ]:: e, :Orbital degree of freedom
3d 7
e, orbitals
=1, dy g daaa,a

X

Transition-metal ion

Anisotropy of electronic distribution
-Exchange interaction of spins
- Anisotropy of electric conductance
-Coupling with lattice distortion

Property of Orbital Degree of Freedom

Orbital

Spin

N 4 e 1 f‘._,.@ ‘I:&.rge energyé
Maximum energy gain mafl energy gain gain i

All bond energies

., are not minimized simultaneously.

) ' Orbital Frustration
;

I8, -5,

. ey orbital model ......

J(k : Effective orbital interaction

- STk J KTk

Orbital pseudo-spin T

iy,

M I X M R

Ring-Exchange Interaction

NN interaction of Spin Ring-Exchange Inferaction of Spin

Competition
’ K [(Si-8;)(Se-8i) +--

n !
el
Maximum energy gain
A58,

Stabilize
1-magnetic state™;

2 +s _ singlet Dimer
state A L

t.al. L 94, | 1730 04

Orbital Degree of Freedom -
Frustration exists in NN interaction

-

Many-Body interaction of Orbitals

Purpose

Intrinsic Frustration
Macroscopic degeneracy
in the classical ground state

Orbital symmetry

___— Within the nearest neighbor interaction

Purpose : Orbital effect
by the long range interaction
or the ring-exchange interaction

Thermal fluctuation
Quantum fluctuation

f:"“: transfer integral

i i
Model Hamiltonian from 1 to i2'for 1 bond

Spinless (Ferromagnetic) two-orbital Hubbard model

=D [.l;' Tet s }fa.r'.] 4 J"gn,‘u,_

i af

He + He

= Transfer integrals
¥34 14
o)

H=H + Hy
perturbation term

Perturbational expansion

The effective Hamiltonian up to the 4™ order of /17

(Effect of higher order perturbation) is prominent Heg = Hz Ring-Exchange
., o interaction
Effective Hamiltonian (1) Effective Hamiltonian (2) Classical Phase Diagram =1/
Heg = Ha % Hy

Dominant term
Heg = Ha + Hy 0>

Hy=Hy .rlj(.—;.—,'_, b1l g+

: conventional e, orbital model

H=H;+Hg

2t At

Prefer the antiferro-orbital order (.1 = 0) IE:‘.‘

-Macroscopic degeneracy } >
in classical ground state on T*-T“plane i i

Tt + he t Ring-Exchange
interaction

+Prefer the up-up-up-down structure
(compete with )
+Include octupole interaction

Real space

: Electric quadrupole (E,)

: Magnetic outupole (Az) I =1

Classical mean-field of
Tk Method : Classical MC

M r X A
Thermal Ring-exchange
fluctuation cantQ *
AFQ : Cant-type A
: Antiferro- der ‘
quarrupole order AAFO : A-type octupole *
Q=(==7 order
4 i Break the frustration
by the r‘if;jjchange
LA y Cant and quadrupole order

J\IBF R DR =

Ring-exchange interaction is large
= /
/ 1L

Strong competition between
H, and Hy inthe 7“7+ plane

1l

Ferro-type Octupole 7™ order
appear at low temperature

v
Y
1
]
i
i
/

% Pk Hy ':n“r;"rr;"r;" .
Magnetic Octupole

s

Antiferro  Ferro

“: Electric Quadrupole { Quatrupole C-type AF @ = (7, =,11)
Octupole A-type AF €2 = (0.0.7)

Quantum Effect

Bethe approximation

Effective
interaction |
T~

H=Hi+H re =K

Approximate four-body term

/ to two-body interaction

One-body approximation

Effective
field B TTTT -
7 Exact diagonalization ~ — Calculate self-consistently

£0 T T T 0 T T T
§ =
£ ] ]
E £ ={0,0,%)
£ ] S 02 qg=1
Q2 £
° 1Y)
3 1 S o
2 2
o 4 3
S £
S S :
o 04 [ 01 03 04

ri
Appear the octupole correlation

Moment suppression

Extension of model Hamiltonian

Ring-Exchange interaction

Hi=K Y !

fhe) {
ikl © T

Containing both Quadrupole“and Octupole T*

Introduction of parameter 3
: Coefficient =3
of Octupole operator

g =K Y ()7 (e (e () +

oo

5 =+ 011 Quadrupole interaction

L)/ K — Y

Extension of model Hamiltonian rr = /K/(200)

T 1t : Intensity of Ring-Exchange

1] : Intensity
f Octupole

Quadrupole
3up 1downorder  ____oojeee

’Zj’ Quantum-para state??

Octupole order

Octupole
3up 1down order

'+ Magnetic Octupole Canted Quadrupole order
L—'J

Antiferro-type Quadrupole order

: Electric Quadrupole .,

Hy=J % &%

H = Hyln)

Effect of Ring-Exchange interaction

Mechanism of the para-orbital state at T =1l

i ‘ ; . Classical
—~ Bethe approximation
0.1F
¥ Tx-Tz (quadrupole) Ty (octupole)
& up-up-up-down up-up-up-down phase
phase \ Para-orbital phase
Orbital-para reorona phas
“02f phase q — —
02 04 06 {08 Quadrupole Octupole |
n n=0.75 moment moment |

Moment

Competition between
quadrupole and octupole in H (1)

Para-orbital phase

Spin-wave Approximation H=Hy+ Hiln)

ption y

Holstein-Primakoff method -
in four sublattice

7 Bogoliubov transformation

Orbital moment
15 __T? moment

1 0.4 [\\

[[F] | ‘,

o2t /T

TY moment

Energy dependence

ool of Hulul (J=0

Reduction of
orbital moment

Introduction

Orbital-para phase
does not exist in.f =10 of H,

Orbital Structure by Exact Diagonalization -0

m— H = Hy+ Hiln)

K= (a) ST ) 4 (1777 )1 quadrupole correlation
. 2x2x4 cluster

K= (q = (z.7,0]]
. -
/C—Type antiferro
quadrupole

correlation

quadrupole
correlation 0.,

s :S;_.Zul 16

150 0 0.75 5

21 Energy gain on a plaquette

Quadrupole Octupole ! !
3up 1down order up Idown order
Py = (P* + P7)/2 L .
(7]
i e ¢
=2} Suppression of
5 ordered moment

15

Summary

Orbital degenerate system ==> Intrinsic frustration

Effects of Ring-Exchange interaction

+Classical Monte-Carlo method

+Exact diagonalization method Preprint
-Spin-wave approximation mathod arXiv:1002.0178
*Bethe approximation mathod JINand ST

Orbital Frustration ———> Ring-Exchange interaction

Degener@ is lifted  Octupole interaction Quadrupole & Octupole
Competition
Canted quadrupole order Octupole order Suppression of
ordered moment
Phase diagram at T =10
Antiferro- rn
quadrupole order ~005 0.2 03




Shape Memory Effect Induced by Magnetic-Field Rotation
in MnV,0, Spinel Compound

Yoichi Nii, Takamichi Yagi, Nobuyuki Abe, Kouji Taniguchi’,

Hajime Sagayama’, Taka-hisa Arima’
Department of Physics, Tohoku University
TInstitute of Multidisciplinary Research Laboratory, Tohoku University

Introduction Magnetic-field control of crystal structure
hat is shape memory effect? ‘| A candidate material : MnV,0, spinel compound }

Magnetic structure Pl

Ve ~N [1]T. Suzuki et al., Phys. Rev. Lett. 98 127203 (2007)
. . [2] H. Tsunetsugu and Y. Motome, Phys. Rev. B 68, 060405(R) (2003). Net magnetic
A schematic representation of shape memory effect [31V. O. Garlea et al., Phys. Rev. Lett. 100, 066404 (2008) moment
Stress-temperature original /—l Crystal structure * Noncollinear ferrimagnetic
phase diagram ot shape 7 \_4|/ structure (T < Ty~ 57K)
) Single-domain state ' MnV,0, 3 b Mn (S=5/2 I i
Fr % Space group : i S o
strain i . =
phase % Structural transition from cubic to ‘-il
o o1y = e i tetragonal (c<a) occurs at Ts,
% ool N4 AtL " accompanying ferrimagnetic transition
5 low-symmetrn = B A -
g il > ; =TT, ~ 57K | Strong orbital-spin coupling |
£ s L i "
Q ®-- -Shape 8 £ 3 Magnetlc ﬁ(_eld dependentce of
Memory Effect e bl
@ ?} s(t’r_ess ;z";”’ess“’e T<T,~57K
joadin
Qorrmreranne o el o tetragonal
_®> - distortion
1. " (c<a)
StreSS twin ﬂ?ucmre x 1
without net strain o — j\-;—-_"' I
A 0 []
FAltamato accupation oftyziand 2 * Magnetic-field ‘i::Juced crystal structure
N N JT-inactive JT-active orbitals along the c-axis [12l. g o Ty
Is it pOSSIble to produce switching has been observed!'l.

magnetic shape memory effect

in a system with strong magnetoelastic coupling? ||- nV,0, has a possibility to exhibit ]

Purpose Experimental

% Sample preparation
* Magnetic-field control of macroscopic shape Y Single crystal was grown by a floating zone method in an Ar atmosphere.

% Demonstration of magnetic shape memory effect % Physical properties

¥ Strain (4AL/L) was measured by using a conventional strain-gauge in an applied magnetic field.
Y% Magnetization (M) was measured by a SQUID magnetometer.

¥ Dielectric constant (¢) was measured at 10kHz using an LCR meter.

Results
Magnetoelastic effect thr ng orbital-spin coupling Crystal structure switching by a magnetic-field rotation
Temperature dependence of magnetization(M), Temperature dependence of strain(AL/L)
strain(4L/L) and dielectric constant() at various magnetic field strength. T eany b
H] (1001, " HI[100], HIT110], HI010), 4 [T phase diagram B A ': Single-domain state
EEZFC T : ! ! T i ! cllfo1 0]c:uhlc:

Magnetization
M (up/fu)

; — ; | ft
o T ssl cubic [*7
ITZ T 1T .yt —
AT T e » 1
! p n ] = . i
e ot Ess ]
}_; :% - N—E Saee o Y TETR !

Multi-domain state
[ € /1 1100]¢ypic
€ /1 1010]¢ypic

1 a5t H|[100], R 1]

T ;' B T T TR S T ]
— ] Hm

Strain
ALygg/Lygo (107)

)
Strain
ALjgy/Ligg (107)
|

[ arming J S Fireaky 3T (S0K) ST 50K) d Y Single-domain state
. Jiot] [— o D 7 clI100], e
A R RN ! - L
1 . " ¢
Atfﬁ'_, .y 10T ) . . P
| ——cooling L L L Lo L L I v L ;13730 43 60 7 15 30 45 0 78 .5'1'|"'T""' T3 30 45 o1 7% S —
——warming 50 55 60 65 50 55 60 65 50 55 60 65 Pidex fldew) _ | At By oscillating the magnetic field
40 45 50 55 60 65 70 Te t K | i i
Tomperature (€) emperature (K) [100]. | Large » d|rec_t|on between [100], ar_1d [010],,
- - — N [ magnetostriction a single tetragonal domain state
Around the ferrimagnetic transition Anisotropic magnetostriction dependent on the applied H ‘| as much as 1%. switches to another single-domain
temperature, a sharp decrease in AL/L direction was observed. This suggest that the ¢ axis of each 3 o gl
and increase in Az /s were observed with tetragonal domain preferentially aligns along H. [010] R state, exhlbltlng.a strain-angle
decreasing temperature. © ower) ) hysteresis loop.
Magne! ield-induced shape memory effect Conclusions
" M tic-field % By rotating a magnetic field from [100], to [010],, successful
" switching between two tetragonal variants (c//[100],, c//[010].)
Temperature | rotation A o o
pera Magnetic-field has been achieved.
variation sweep
* By sweeping a magnetic field along [110], a multi-domain
2 - state of the two tetragonal variants has been obtained.
o
< < M
s B P— % Combining these processes, a magnetic shape memory
Sg (Shape Memory Effect ) a¥esteen effect without temperature variation has been demonstrated.
N 45 —o—H[100]-
g -
g
Z 6
@ M |2 P 200esesesessessseses . AL
. . . L . ) ) . - Lt | \'\%«d“v cubic D, /Ys”’s@ 2
S0 55 60 65 70 0 02 04 06 08 O Mametic Fiad (1) B " oo ol =R L
Temperature(K) Magnetic Field (T) &0 s AL e, &
]‘ / H rotation oo AtL. TH//[100]C
Combination of Combination of AL, —— single-domain
d Multi-domain e
an 5 state H
in_fi _j A high speed control of macroscopic shape is possible by using
Maqn eth fleld 1 nduced Shap € memory eﬁeCt this process where temperature variation are not necessary.




The @ meson photoproduction on the nucleon in the threshold region
Ryo HASHIMOTO (Department of Physics, D3)

Lorr

Research Center of Electron Photon Science, Tohoku University

The w meson is one of vector mesons having a spin parity of I . Studying near-threshold o meson photoproduction is interesting theme

to search for new baryon resonance states. Recently, the CLAS collaboration has reported that a missing baryon state with J* = 5/2* contributes

to w photoproduction around the incident photon energy of 2 GeV. Paying attention to other vector mesons, the anomaly of the cross section near

the threshold region is observed for ¢ photoproduction by the CLAS collaboration. A local maximum has observed around Ey = 2 GeV. Is such

a local maximum observed in the w photoproduction cross section? We plan to measure it from threshold up to 1145 MeV.

@ meson - one of vector mesons

J=1"

mass 782.65 = 0.12 MeV

width 8.49 + 0.08 MeV

decay mode 7w’ 89.1%
7y 8.9%

Near threshold photoproduction processes of the @ meson

one-pion-exchange (OPE) in t-channel

Y @

%/‘_/,_/
i

N _—— N

Interesting topics of vector meson photoproduction

— X=Pomeron, =,n

{Titov)

P > P

_—+_‘-+ =

T. Mibe et al.

A local maximum appeared
in the yp — ¢ p cross section
(CLAS collaboration)

How about @ meson?

M p’ @

Y
i
i
i
i
i
i
i
1
i

resonance contribution in s- and u-channels

o)

N*

IV/\N

N//

o 18]

a
o
—

G. Penner and U. Mosel calculated the total cross
section for the yp — wp reaction from threshold up
to 2 GeV. The P,, resonance contribution and OPE
process are dominant.

However, near the threshold, main contribution
for the total cross section is the D,; resonance.

Fig. 17.
181 x

line g7

— We expect a local maximum in our data.

w-photoproduction @ ELPH

generated events w 50,000 events
Eyrange 747.6 - 1147.8 MeV -~ 27° 5,000,000 events
Photoproduction threshold 1109 MeV S 4o Y
Detector FOREST in the Gev-y experimental hall | %;n o
- s
Target  Liquid hydrogen/deuterium e f
Selected events 3y from 7% (and 1p) .é?n SRIRRERGE St e e EETE
; ‘g Kinetic Energy (MeV)
~ - kinematics of w and p
1 400
Analysis wll i )
AE-E plot 4‘, 270 o0 2n
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25 1800 2001 200¢
" 1600 ' 1 100:
o~ - ::zz make yy invariant mass for 3 100 w 4 f /W )
E 13 g 1000 combmatloq . % 200 40 600 800" 1000 % 300 400 500 800 1000
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s - z 2
5 B a0
% 100 200 300 400 500 600 000 200500 d00~" 500 = gsou
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[
Invariant mass of 7% prompt iming N wz
225F . . 2250 [8a] 10 20 30 40 50 60 70 80 90 100
ool ~ 100 run data including background events 2000 e TR R TR Onoy
sl = accidental coincidence —} é 500 g Ex’ (MeV) out-going angle of 7% systeIB
150 * 1% from 27° events g 1000 R .
2 st 4 = using 500 run data - check w yield
§ 100} | subtract background = s threshold energy
75 -40 -20 0 20 40 E T t 1 t 140 -
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501 awl 900 2625 events 120f \ !
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U Ee L Sl
15 S 300 | I 340—HH+i H+ |
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Simulation

to study kinematics of 7% from w or 2z°




£ %, Prototype fast imaging detector

'_‘, - [
il for H Nucl YN tt
. ol or Hyperon Nucleon -scattering
ks
TOHOKU Ryotaro Honda
UNIVERSITY b .
Dept. of Physics M1, Tohoku Univ.
o o
1.Introduction 2.YN-scatterin : :
° Nuclear force shows different behavior 1 al ° g A scattering experiment Z+p elastic scattering
depending on the range between two nucleons. In the long range around So potentia is a most effective way to investigate 2-body interaction p
nucleon radius, its potential is attractive. However in a short range, predicted by fss2 between two baryons. Especially in 2*p channel where four u @
potential becomes to be repulsive rapidly. This repulsive part is called u-quarks exist, one pair of u-quarks has an identical quantum
repulsive core. Anything cannot explain the figure of the hard core. i number of spin and color. Therefore strong repulsive force D4

is expected due to Pauli principle. Obtaining the cross
section of this channel is important to discriminate the two
models are correct, meson exchange or direct quark.

Pauli blocking will occur
in all parts, Spin, Flavor
and Color.

Nuclear force is often divided to three parts.
Region I (~ 2). Pion exchange dominant region; It's explained by OPEP.

Region I (A ~2 ). Heaver meson exchange described by OBEP.
Region I (A ~r,). Phenomenological region.
A and A, are Compton wave length of pion and baryon. r, is a size of

St|lwrw
Many experiments have been performed on NN-scattering.
However statistics of YN-scattering is still poor [3]. This u @ @
fact is due to hardness of YN-scattering experiments.

baryon. = 1st : Hyperons must be created.
i i 2nd : They need to be scattered before decaying. . il "'“' SiEeachi

We can study nuclear force as BB-interaction based on SU(3) symmetry by = X . . . ) :

introducing s-quark. Nijmegen model [1] and Kyoto-Niigata RGM model Imaging detector, which records all process, is one solution :

to detect YN-scattering events. Imaging detector using Image . '

2] extend th lear f to YN-sector.
[2] extend the nuclear force to sector Intensifying Tube (IIT) readout was applied to E289 in KEK. . v '

Nijmegen :

Interaction in the short range is described by meson exchange model. However IIT cannot be used under high intensity Rl K]

Kyoto-Niigata RGM : condition (~1_00 k_Hz) due to image ovgrlaps. We have to . :

Interaction in the short range is described by direct quark model. develop a fast imaging detector to solve this problem. + S .
43

These two models adopt different model in a short range. However 100 ! Tl
experimental data have not proven which model is consistent yet. .

¥ itm] b

Progress in Particle and Nuclear Physics
[1]. Physical Review C, Vol. 40, No. 5, 2226 58(2007) 439-520 [3]. Physical Review A 761(2005) 41
[2]. Progress of Theoretical Physics, Vol. 94, No. 3, 353

3.Experimental setup | ||4.MPPC 5.Active target

MPPC (Multi-Pixels Photon Counter) is a iconductor An active target is made by scintillating fibers.
. B . photon sensor of HAMAMATSU. It consists of many APD operated in Each fiber is read by MPPC. We used fibers which size was 1mmx1mm.
Now we are developing a new fast imaging Geiger mode. Characteristics are following. Because fibers consist of Hydrogen and Carbon, proton-
detector using MPPC readout. In order to check proton and proton-carbon scatterings will occur in this
the performance of new readout system, we *Very small (Sensitive area is a few mm?) target.
performed a test experiment at Cyclotron facility *Large gain. (10°~10°)
In Tohoku University. . *High photon counting resolution. Structure of the active target
We made two detectors. One was an active *Fast time response. ( < 10ns )
target as imaging detector. The other was half- *Possible to operate in magnetic field.
circle detector used for determination of Incoming beam) Each fibers is
scattering angle. MPPC is suitable for the readout of a counters that of segments are dense, read by MPPC
Active t detectors used under high intensity condition. In this time, we used
*gcggllaatilgeﬁber (Scifi) . 400pixels MPPC which has enough gain per pixel and the number of pixels.
+ MPPC First layer
*36¢h fast imaging device. MPPC | Spectrum of LED |
Half circle n 5mm 1mm Second layer
detector(Barrel) ‘ ’ . -
*Plastic scintillator + MPPC Sixth layer [ Tncoming beam |/
*Determine scattering angle. (] i 6mm Incoming beam [
—— 6 segments
We performed experiment on proton double ol
scattering. A primary beam of proton was b ]
irradiated to a primary target of ““C and the sensitive area | | 6'Barrel Brrel is a name of halt-circle detector used to determine
scattered proton was used as the secondary beam. scattering angle of proton scattered by secondary target. This detector had 14
The secondary beam rate was about 50 kHz. I channels and each channel was read by MPPC. A 3mmx3mmx5mm sized plastic
Aélcdeltscct}(":nggugggnglxgt;"farzr“?:tfz]lllid _1;‘ a scintillator was attached to each MPPC. Characteristics of this detector are
vacuu : 'ggert wing. Black part is made by ceramic. X-Axis represents the number of following. e
1st layer(OR) & 2nd layer(OR) & Barrel(OR) & RF All pixels are independent. Output photons. Pedestal was shifted due . ; 3
v v charge is sum of them. to failure of amplifier. iAngular resolution 12.4 deg/ch (Lab sys.)
Secondary target ‘Acceptance 9.5 deg/ch (Lab sys.)
- *Total acceptance -80 ~ 80 deg (Lab sys.)
®Primary beam *Solid angle 28 msr/ch (Lab sys.)

Front 2 ch are scaler

Proton S5Mev 8.Analysis

Using a imaging detector, while we can observe

scattering events visibly, we must analyze data as image. 8 million Secondary target is

@Pri t: t N . >
C;;gl;r};ﬂ::;lg © events were token by DAQ. It's quite hard to identify scattering events by mounted to this point Incoming beam
human eyes. Therefore we made an analysis routine to select scattering
®Collimator events. Heads of scintillator of front 2channels were touch to count the number
Lead p=4mm Vertex was limited to 4 segments in the center of the active target to of secondary beam. These ch Is were not used for trigger.
get enough length of each track.
@Secondary beam 9 C R
) ross section
.
~50kHz Procedure for pC E:FOSS SEUHON (_)f pC |
®Secondary target | Request a line| @ Request a reaction| @ Request a Barrel | Ohbtained cross section are shown in R
Active target o Y figures. Red points are data of proton |

scattered to right side of barrel. Greens are

©Barrel % % % left side.
All detectors were installed in vacuum pC
Finish

chamber. @ Request area (5| Request center Blue dots are reference data [4]. Some

(Cyclotron in Tohoku Univ.)

pp.
Blue area data are not consistent. A R

points are quite different due to trigger pl’e 1.
Experimented at CYRIC Beam line 42. \ quality. - 7, 200G

scattered proton with scattering angle 70
degree was stopped immediately. Such

7.Result
: Detectors were operated well Procedure for pp tracks cannot be identified. I

s:l.lsﬁ(l;‘]:ta ;(ilcl?:g;;;)];l - Tracks are clearly identified @[ Search 2 tracks @Requesta Barrel| 6| Request a track | Obtained cross section was one order of |
: & y magnitude smaller than well known

. value. However the tendency of cross

Event display, pp scattering | : % section is consistent.

Eveets 43028 [4]. Physical Review C 78(2008), 044610

© Add 90 deg | @ Request a tarck | @ Finish |

= A

@ = Q) P P4
] s ' / ' \_. '
£ ﬁ 4 10.Summary

| = *Detectors worked well under rather hard condition

*The prototype fast imaging device with active target and barrel using MPPC.

- If an event was pp scattering, two barrels should be fired. However it's a . . o . .
I" rare case. Therefore pp event was selected by the number of tracks. A track *lfrfnli_ige 115 Clea}fly identified without overlaps. Scattering events were selected by
i I;’: with hit a barrel was analyzed by the same procedure for pC and the other off line algorithm.

*Obtained cross section is one order smaller than the reference, but trend is

consistent.

side was not requested a barrel TDC. Virtual hit is created to determine
. . a scattering angle.




Ground state phase diagram of graphene
in a high Landau level:
A density matrix renormalization group study

Tatsuya Higashi
Dept. of Physics, Tohoku U.

CDW ground states of standard 2D electron systems
in high Landau levels

. @ Cuiding center

i of a electron
. A. A. Koulakov et al.,

Phys. Rev. Lett. 76, 499 (1996)

(HF theory)

Two guiding centers TEEE s s s

v =37

8 Our DMRG calculation fp

(Guiding center) L.t

! ’ - TR : Guldingconor
Pair correlation function :  #(r} sir + R
air correfation functiol NN, z o dcton
Model
o o o o
5T o o ©

Periodic boundary condition is imposed both 5 ° S ° 3 ° = °
in the x and y directions the period being Lxand Ly, P P P 8 L,
respectively. (Torus geometr

P y. ( g y) ® : Eleciron ol o, o[, |,

O : Image of o8 ° e
Approximations the electron L.
in

- assume spin-polarized ground state £y E0)

- assume valley-polarized ground state Eneroy  Zuoo .7 ErE(M).

- neglect Landau level mixing P
Relevant energy scales N i

= v

LL Separation _ E(4)1E@)
between Oth and 1th har =4 [ i ]
Landau level ¥ S0 00w BTN 108 .7
Typical Coulomb energy R e felp
between electrons e felp oo/ BT [K

v
d electrons

Solve the inter-elect: i ion F for spin and valley-pol
at various filling factors in high Landau levels (N=2,3) of graphene.

Nof LsLoy= Ney

.. : Total number of

flux quanta in]__].

filling factor : g

N=3,7=0.4 (N¢=45Ne=18)

w5 e o - |

3.olection bubtie

The lowest energy state
is the sirpe siate.

Three guiding centers
2stripos. are included.

3stipos.

A

Eiry v =0.4 : The ground state is the stripe state.

Ground state phase diagram of N=2
Landau level of graphene

2-electron

13  3/8 3/74/9

v W

05

(Guiding center)
Pair correlation function

©

@ : Guiding center of a electron

u
i
<

Low-energy states of electrons in graphene

g —

- = Meape [ |- tinear
Standard 2D -« -quadratic dispersion

Fermi levels are located at the two inequivalent points (K, K).

KK (valley) are particular internal degree of

freedom of graphene (pseudospin).

s o €11 Lattice constant
fivg = 3ta/2
1 : Nearest neighbor hopping

Graphene is a new type of 2D electron system.
e.g. Unconventional quantization patter of IHE

Motivation
Effective inter-electron interaction i :
of Ath Landau level e priime il

Standard 2D systems
H-F e "-."f iy Ve (r)

- R =R
n-2 3 L'

[Th efece nteractons between eectors
inthe i Landau leve i uiing enterconrdinates
\  [Reis e dassica oo racius
“ % A=D

Frt0 = () 2. (D)

The eigenfunction of
nth Landau level of graphene (11 # (1)
Vo (P

The two effective interactions
(Hs, He) are different.

Fitp
V(i) : Transform of the Coulomb interaction

TR, :Guiding center coordinate
of the ith electron

Lw1x) : Laguerre polynomials

|::> What happens to the ground state ?

DMRG method for quantum 2D electron systems in a
high magnetic field

1D lattice models.
The DMRG method was originally developed for
short range interactions. ¥

Map to a 1D model | (. Shibata et al. Phys. Rev. Lett. 86, 5755 (2001) T agetstaes

One-particle states of free electrons in2D Wty (1. 4/
under perpendicular magnetic field i ——

Two quantum {N Landau level index

1 LLspitting
numbers Xn : Guiding center (n : integer) | > eeln

<=

H=EF T A

The ground state is determined only inert

by the electrons in top most Landau level.

We can omit the Landau level index, N. Landau levels
The quantum number s only X,

which is a discrete number.

1D lattice mode! | .

. Longranged hopping I

Ground state phase diagram of N=3
Landau level of graphene

3-electron

X bubble
2-electron Stripe | Stripe
L |—A—|-¢—I—l
02 1/4 2/7 413 6/17 0.4 3/7 0.5

oY o l L)
@ @ (Guiding center) *
—

Pair correlation function
of a electron
Reentrant stripe phase

Comparison with the result of the HF theory

DMRG (present study)

2-electron

Stripe
6/13

0.0 13

vV
HF theory J 2-electron

3/8 3/74/9 05

Wigner cr) |
igner crystal 2ot

‘ Stripe

0z f P
» s
% 024 |
E ozl
£ a2 s
£ -03s
g
g 0
b

245414 (2007)

Electronic states of graphene in magnetic fields

Effects of a magnetic field Landau levels

Energy
Nz |———— «— | The macroscopic
dageneracy is lited by
N-1 “— | the coulomb interaction
= —ir) betueen eectrons.
u N f—————

Lowering operator

4 ¥my,)

Raising operator

Density of states
Magnetic length Y

Vs £, -

gu(njhog /2

Hamiltonian
{0 a8 Ka

Hy =v1 \ 1] «B) )

Eigenfunction (yr 5= ()

ki e =vaTE (0 ) icn %= Glminn, )

VI \sg "
¢, - The standard Landau wave function of electrons
""" in the nth Landau level.

Purpose
Previous works

* Hatree-Fock theory  (C.-H.zhang et al, PRB 75, 245414 (2007))

- Charge density waves (CDW) called stripes and bubbles
realize in the ground state i high Landau levels of graphene
- But, quantum fluctuations are neglected in HF theory.
- Can the CDW ground states survive under quantum fluctuations?

« Exact diagonalization (ED) (H.Wang et al, PRL 100, 116802 (2008))

- The system size treated by ED is quite small
- The filling factor studied is limited.

Because of these limitations, such studies cannot determine
the phase diagram of the present system

In the present study, we investigate the ground state of graphene in the Landau
levels of N=2,3 at various filling factors by the use of the DMRG method, and determine
the ground state phase diagram.
Guapnens Singaaz0
[ —oow
o eMreot

The stipe site s he lowest enargy siate.

N=3, v =0.4 (Ns=30,Ne=12)

Is the same result produced in more large e viTawomomi|e

sytem sizo =T L2

e want 1o ko he elctoric phaso (Guiing cnte)Pa corelaton urcton
g abuimt) wir TR, Guiing contrcoordnato

oftheith lectron

3-elecion busble

aspect ratio :

gir)

2atipos ¥, Three guiing conters

Sstipes

Comparison with the result of the HF theory

DMRG (present study) 3-electron
2-electron bubble )
bubble Stripe l Stripe

1/4 2/7 413 6/17 0.4 3/7
W

_ 2-electron 3-electron
HF theory ngnercryslalJ o J o J Stripe

=

» 02} L odaes
= Sipe sies
=

502

g 028

g

£ -0.32 . . : :

w o 02 04 0.6 0.8 1

C. -H. Zhang et al., PRB 75,
245414 (2007)

Summary

+ By the use of DMRG method, we determined the ground state
of electrons at various filling factors of the N=2,3 Landau level of
graphene.

+ By analyzing the (guiding center) pair correlation function, we obtained
the reliable phase diagram of electrons in the N=2,3 Landau level of
graphene.

- Possibility of realizing the reentrant stripe phase
around v =0.3 of N=3 Landau level



Investigation of the n(y,K’)A reaction near the threshold

K. Futatsukawa for NKS2 collaboration, Tohoku Univ.

Introduction

Kaon photoproduction Total cross sel:tit;; {ar 6

aon photo-production

isospin channels

target, hyperon have an essential information on kaon photoproduction
mechanism. On the other hand, the experimental data for the lack of isospin
channel are cagerly waited, as they provide an other approach to the

& SAPHIR(S) M. T

o
"

_ 5
F SAPHRON K )
[R Lovll sl Eur.

& ocLas R

251 (2004)

Phys 1A 1,
Phys. 1. A 24,275 (2005)

Rev. €73, 035202 (2006)]

of kaon photoy
n(Y, KA reaction in the threshold region

n(y, KA process has unique features in the investigation of kaon production process by
clectromagnetic interaction as follows,

o no charge in initial and final state

Feynman Diagrams for isobar model

— t-channel Born term does not contribute
o isospin symmetry to p(Y, K*)A process
— sign of coupling constant in u-channel is opposite
LK'Z'n) = —g(K*Z')
the el

o in the s- and #-channels

ic coupling of
— It’s different from K* process : e.g., g(N*ny) and g(K*K")

Due to these characteristics, the interference among the diagrams in the K° production

process is quite different from that in the K* process.

For the clementary reaction of ya — KA, photon energy dependence and angular

distribution at Ey= 1.05 GeV are calculated using Kaon-MAID model and Saclay Lyon

model(SLA). These two models agree well with the yp — K*A process, while those are

quite different for the yn — K°A process.

Tagged photon beam

NKS2 Setup

K® are measured with Neutral Kaon Spectrometer (NKS2)
by detecting the K’ — m' decay channel .

Kaon production on a nucleon or a nucleus by the electromagnetic interaction TH A NKSZ was 1n§mlled at Laboratory
s . . . . of Nuclear Science, Tohoku
provides invaluable information on the strangeness production mechanism and f L NS-Tohok
strengths of meson-hadron coupling constant. Because the electromagnetic / ( -Tohoku).
interaction is better understood than the hadronic interaction. Other subject in yrm— K+ E The photon beam is generated via 150 MeV electron
the investigation of photo- and electro- production of kaon is searching for bremsstrahlung and scattered from LINAC
“‘missing resonances’ which are predicted by QCD models but not confirmed ™ clectron is tagged by STB-Tagger l
experimentally in hadronic reaction such as mN. Quark model studies suggest K system.
=K+ E

some of these resonances may strongly couple to strange channels. Kaon ¥ .

hotoproduction can be a good probe to find missing resonance states -  Enerey Reglon 8L Gy
photop goodp: SSIng res states. / (v, KA threshold (915 MeV)
However the el y of kaon photop: ion are far from well (XN I K ¥ 1) * Energy RCS“_I““O" 10 McVﬁ

d d. The precise such as each polarization of beam and W lGevI * Beam Intensity 2 % 10 *Hz
solid lines : Kaon-MAID [T. Mart and C. Bennhold, Phys Rev. C 61 012201(R) (1999)] * Duty Factor 65-85%

680 Dipole Magnet
Magnetic Field 0.42 T

1m

4 e " o4
+ Photon energy dependence  * [~ « Angular distribution —n
0.9-1.0 GeV 3 ﬂl Using SLA with various rkk g 0.3 _NHJ_Efl_Oﬁ_GeV_
o l":"‘\‘v“"’”“‘ O 3 — angular distribution in é P —
011 Ge -
- Kevam-2siAcly Py / | center of mass system % P el e
Backward peak is suggested = 1
%. L T o} A LA
Photon enersy [Ge¥] R

Restraint on diagram contributions in theoretical models

Cyli

Y beam

o Momentum

Experimental apparatus

Schematic view of the experimental hall

1.2 GeV electron

1.2 GeV STB-Ring : '

NKS2 is a spectrometer dedicated to measure the n(y, K°)A
reaction in the threshold region. It consists of a dipole
magnet and two types of drift chamber, TOF counter. The
liquid deuterium target is located at the center of NKS2. The
acceptance covers the very forward region, making it
possible to measure much larger kinematical region for K°

Schematic view of NKS2

”__ Electron Veto Counter

/— o e*e” background suppression

drical Drift Chamber (CD
& Straw Drift Chamber (SDC)
o Trajectory of Charged Particle

at LNS-Tohoku

T A

Radiator
Bremsstrahlung

* n(y, K*)A reaction
KGR, = 1:1
+ K' decay channel
K (cv=2.68 cm)
TR (69 %)
AR (1 %)

Inner Hodoscope (IH)
& Outer Hodoscope (OH)

o Trigger counter  2() ¢y
o Time of Fli

prtnn- Event Distribution

Particle Identify (PID)

Correlation between prt and 7w~ Invariant Mass

15

An example from two tracks events The red and blue line represents

o

- 1 Z | Mgy —Myg, [<25 GeV/e? and
s wp,d FID s K“75(, Viet

1| 4 = —m, [<7.5 GeV/c? region,
31| z Mgy | €V/c? region,
£ | = respectively
£ — <
2 —_ g
g t st —— | ] This figures is the correlation
: L — ; between pm- and T invariant
5 [ n mass distribution. The K’A
gul_ E v Jer) -, coinci events can be
- fi & Invariant Mass [GeV/c?| confirmed.

Correlation between prt* and 7z~ Invariant Mass

|m,e —m,[>7.5 GeV/c? | This figures is the correlation
between pr* and T~ invariant
mass distribution. The events
which are candidate for K’A

coincidence events weren’t filled.

The red, blue and magenta line represents

or
Mgy gy [>25 GeV/e?
the pion, proton and deuteron region, respectively e

This figures is the correlation between
momentum and inverse velocity. The sign of
momentum represents the charge of the
particle.

pm* Invariant Mass [GeV/c?]
B g

T A i
7 Invariant Mass [GeV/e?|

Background Estimation

08 0 eV

¥
-
¥
-7 =
T =
5 3
H £
- z
£ 3
w
H
K

LT i
mvariant Mass [GeVic'|

\ [ESH]

i

1]

= X = Wy |
S pr’ lavariant Mass |G, = arlant Mass [GeVic'|
3 =

e 3

B |iacperion | € 18 Egt. Go¥
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Data : Experimental data

Background estimation(simulation)=
R : Background Sum ;:
G : 4 body phase space §
B : At E

Mgy [>7.5 GeVie?

or
Mgy =My [>25 GeVic?

This figures represent the
background estimation from the
invariant mass distribution. The
invariant mass distribution of
background events are
simulated by Monte-Carlo
method. The ratio and amount
of the background events was
gotten by fitting.

Invariant Mass Distribution
"
s | asenstnce

1A Gy

x
V Z
SR R S b
e Bmvariant Mass |G = [Gevic'|
3
L R TR | LS ST
2
[}

=

[ERCREIES
I

i oo
o mvariant Mass [GeVic' i Dmvariant Mass [GeVic']

This figures represent the invariant mass
distribution of prt~ and ©*- in each energy. The
pT invariant mass is shown with the region of
M —my[<25 GeV/c? . The T invariant mass
represents with the region of [m,, —m,|<7.5
GeV/c2 The greed line is shown the estimated
background.

Detector Acceptance

K° Acceptance A Acceptance

s
[GeViel

T
1GeVvlel

Uy

c
K momentum "39,1 Lay A momentum

dQ/dp [ub/(GeV/c)|

Simulation Condition : Simulation Condition :

Generate K° isotropically in Lab frame, Generate A isotropically in Lab frame,

0 <pg,<1.0GeV, 0.5<cos, < 1.0 0<p,<1.2GeV, 0.75 <cosf, ** < 1.0

Use the same analyzer for the experimental data. Use the same analyzer for the experimental data.

Momentum Distribution

After acceptance correction
s

| 0.9< Ey <n1.0 g;ev
' preliminar

=

N TR e
K° Momentum [GeV/c]

| 1.0< Ey<1.1 GeV

preliminary

%_

W
Vie]

R i
K° Momentum [Ge

target.

results.

Summary

The Y+ n — K’ + A process plays a unique role in the
investigation of kaon photoproduction mechanism.

‘We have finished the construction of Neutral Kaon
Spectrometer (NKS2)

We performed the physics data taking with the deuteron

The momentum distribution was obtained for two photon
energy region, 0.9 to 1.0 GeV and 1.0 to 1.1 GeV.

It is ready to contact the theorists and to discuss these




Introduction
. Networks around us Flows on networkﬂ
oI +Packet it almari co o win2knetwerkicpip
35. Traffic flow of two lanes et foria
. Pow ‘Eleot
with a bottleneck Attine reiene
Sho Furuhashi " 4
Dept. of Phys. , Tohoku Univ. ocus
*Robustness

e.g. Keeping the connectivity of Internet
against the failure of routers

«Efficiency
e.g. Prevention of packet jam

Traffic flow on road network is one of them.

NAGARE 22(2003)95—108

Traffic flow

Free flow

Macroscopic viewpoint " 4‘1,

Simplified model of bottleneck

The Tomei Expressway

Tratfic jam

Two lane road which has a one lane road in a part

+Burgers equation |y
«Lighthill-Whitham model f‘ [ = C 3 q -
Microscopic viewpoint of ; *®e
*Gellular automaton model ' ® : .
+Optimal velocity model [ N 3= == =)
@
. Simulation - — —
Cellular automaton (CA) model = ]
+184 model ® — . -
+Asymmetric Simple Exclusion Process (ASEP) E A5 model { - . ._ : [
*Nagel-Schreckenberg (NS) model T II . | —
g Y |
In one dimensional case, the fundamental r | \\j Previous studies
diagrams (flow-density relationship) of these & : > Y. Ishibashi and M. Fukui J. Phys. Soc. Jpn. 65(1996) 2793
models can reproduce the major - 1
characteristic of the ones of real traffic flow. = = —+ ¢ *M. E. Foulaadvand and M. Neek-Amal EPL. 80 (2007) 60002

density [cars per site]

Model ASEP

System
Two lane circuit having one lane in a part t @ @o@] @ [ ]
!
« Total length of a lane L t+1| |.|.‘ ‘.‘ ‘.‘ ‘
+ Thelength of a bottleneck L,
« Initial density PPy
*Hop to the next cell EE
Car dynamics with probability p. on
. | (Self-driven nature of cars) 3 -
ASEP with parallel update. -Stop when the next cell 2w
is occupied. -
(Excluded volume effect) -

The cumulative distribution of
the number of passing car

Index for characterization
R i | W 3 ]

The number of passing cars N(j)

[ The number of passing cars on firstlane in jh cycle. Simulation 1-1,=50a1,=1,p=05 Observation
/ 1
=) N() 8 N,(j) N+
Y
One cycle E 3 \ s sotcats ——
*No distinction NG) ={N‘ k) (j=2%k) K, X \\’ o g — -
between lanes Nk (j=2k+]) oo N
FN)= [ fOodx
(f : N, distributn function 2 4 s w0 om w0 o1z oMo 18

6 6
Number of cars Numberof cars

.Cumulative <(M(j)_M)(M(j+A)_M)> Exponential distribution

Result and assignment

Result
The model agrees with real traffic flow in the two indexes.
These are Poisson process.

Assignment

‘We have to check that this result is independent of the density
of cars.

A 4
‘When the density is over the critical value, traffic jam occurs.
The mental condition of drivers in a traffic jam is different
from of drivers in a free flow.

Road network

-

Pt I

-_f\-.ﬂ-. } —
-y u e o '
el .
' T Y A3 2
I o o -"'{\ |
ST

Intersection

Bottleneck is a factor which interrupts traffic flow.
At an intersection, cars on one lane interrupt cars on the other
lanes. Road network consists of bottlenecks linked each other.

Objective

Real traffic flow is reproduced by the model (CA
model) in the previous studies?

Road network is complex.

CA model might be no good for road network.

We check the adequacy of the model.

Observation

Recorded with video camera

Bottleneck

© Google
© Yahoo Japan

Cycle correlation

Simulation L-1,=s0aL,=1p=05 Observation
1 T T T T 1 T T T T T
08 08 200/8/3 Sendal Caste —+—
‘2009/8/20 Sendal Castle —»—

RyuujinBidge —s—

s

04

{FOD-F X, G +4)-F,)

(,()-N NG +a)-N)

No cycle correlation



Staggered Order with
Kondo and Crystalline Field Singlets

Shintaro

Tohoku University, D1
Hoshino, Junya Otsuki, Yoshio Kuramoto

Properties of PrFe,P,,

Band Structure in LaFe,P,,

Resistivity (Hidaka et al)
1200 : S

R e
Phase Diagram (Hidaka etal)  _

o |4 1000

plpaom

T
Neutron Scattering (Iwasa et al)

P (GPa)

WCEF states is singlet-triplet quasi-quartet
by microscopic theory (Otsuki et al)
WScalar Order has been suggested
theoretically (Kiss and Kuramoto) and
experimentally (Kikuchi et al)

Energy (Ry)

LaFe,P,, Harima
LN A

We consider two-band model

coupled with crystalline electric field (CEF)
singlet-triplet systems:

two-band singlet-triplet Kondo model

Purpose:

ion of the competition between
Kondo singlet and CEF singlet.

T ENDp A & g F pby G g

2band S

inglet-Triplet Kondo Model

Methods

Phase Diagram for Kondo Lattice

Local Picture

conduction band

B

2 localized states:

T2

pseudo-spin representation

singlet-triplet quasi-quartet

Hamiltonian

H=3 [

bewor

Conditions

— ey

Sl +2:.r Cr. ..Z_\s..-

Wput J, =J,=J for simplicity

=1

: one conduction filling per site (quarter filling)

HTwo-Sublattice Dynamical Mean-Field Theory
@ @ @ Georges et al (1996)
©e6
OO amar

B Continuous-Time Quantum Monte Carlo

Half Brillouin Zone

Rubtsov et al (2005)
Werner et al (2006)
Otsuki et al (2007)

@without approximation
@absence of negative sign
@finite temperatures

Density of States (hypercubic lattice)
perfect nesting property at half filling

Gaussian

o/ D)

o) = By

Teow
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We concentrate on the case with J = 0.8 ,
and investigate the effect of the CEF splitting A.

Inverse Susceptibilities A-T Phase Diagram for J=10.8 Ordered Moments
—_ ' 04 neg = 2nen —ner)  Tio <mem)
k:' I * " I lI T+ : + : 0.085 — MNormal 2
by umid, ¢ if) samg. - 06
|-T—0—O—H 1 L 4 0.03
.:_\..:..‘_.: T <p:n|lj;'.-; l I % 0.025 04 ZE‘
-4 ] +—t I L ! _ eritical point rd S
e T e ."I"‘* s l ¢ 03 Mo 8
| I 0,015 cowW E X &
44 444 02 bl =
0.01 / 1 7 =
0.005 1st order 0.1 L J0 A g
- . P . /)
Charga densiy wave shown In (2) ! 0 0.1 02 0.3 04 0.5 : n 0,01 e 003 [ 0,08

is stabilized by the CEF singlet.

A

M The CEF splitting stabilizes the CDW order up to A~0.25.
M Large enough A destroy the CDW (Every site forms CEF singlet).

T
Mincrease of ordered moments due to the CEF splitting.
M nitial rise of moments becomes sharper with increasing A.

Equal-Time Correlations for A=0.2

Density of States for A=0.2

WA=0 (Kondo Lattice, red line)
A: Local magnetic fluctuation
increase

— Free localized spin

..II_I |-.|I|

T B: suppresion of the magnetic
~u1) = 1  fluctuation
— Kondo singlet

44— = -
T1 L

WA=0.1 (green and blue lines)
Every susceptibility shows

van Vleck-type behavior in the
o i | CDW phase.

T — What happen?

A = 01) —=

b .

7 43 P i

w

a4 & # -
S—— P

A: <§-s > decrease and <, §, > increase.
B: <§*s> increase and <S,* §, > decrease.

The CDW turns out to be
Staggered order with Kondo and CEF singlets.

: summation over sublattices

plw) = IJX I—%Imr

T = DM —— > above Ty,
14 T = 0060 ——» just below Tgy,
T'=0.015 > below Tepy,
12 J=0 ~+—» non-interacting
1
I os
06 } / \
T
04 v \ / \
0.2 et \

-1 0.5 U] 05 1 1.5

The CDW transition is accompanied by the metal-insulator transition

Origin of Charge Fluctuations

Summary and Discussions

Local Magnetic Spectrum for A=0.2

H Above Tepy:
T=0.04 M Broad quasi-elastic peak which is
characteristic for Kondo effect.

Below T¢py:

M Inelastic peak

M intensity in CEF singlet site is
much stronger than Kondo singlet site.

CEF singlet site

Kondo singlet site |

Kondo Lattice Model:
‘H:JZS, sei—t Y clycio =Ho+V
i (id)e
Model Space: “Local Singlet” or “Free Spin without Conduction electron”

hopping for
1st order s — Kondo singlets
1 1 o
2nd order

repulsive interaction
3t
—_— —'— - — n(l-n
Tt 1 i
attractive interaction

—H= 4 - Z
ning

Y

We have first revealed the novel electronic order with
staggered Kondo and crystalline electric field (CEF) singlets.

W Kondo effect plays an essential role for the formation of the
charge density wave (CDW).

W This order is important especially in the CEF singlet system.

B The CDW at quarter filling is accompanied by the metal-insulator
transition.

Relevance to PrFeP,,

@The CDW in the present model is non-magnetic scalar order.
@The inelastic peak in local magnetic spectrum.

@Reduction of the number of carriers at transition temperature.

Remaining Issues
The more concrete calculation aimed at the understanding of the
behaviors in PrFe,P,,.




Proton elastic scattering of °C at 290 MeV

Y.Matsuda

Department of Physics, Tohoku University

The differential cross-section for proton elastic scattering on °C at 290 MeV/u was measured in inverse kinematics.
The experimental method, results and discussion are shown below.

1. Introduction 2. Elastic Scattering of Protons with RI beams (ESPRI) equipment

Inverse kinematics

Goal : Deduce nuclear matter density distributions of unstable nuclei

Ep=300 MeV/IA H('C.p)’C
T T T T

Large dE/dO!! i \ ]

\ /\ — N
LV

Y<The (p, p) reaction at intermediate energies(~300 MeV) is suitable probe.

J The proton has the longest mean free path in nuclei.

J A proton interacts with not only protons but also neutrons.

JIA one-step direct reaction is dominant.

JFiThe effective interaction has been well studied using polarized beams for stable nuclei.
mass (MM) spectrometer : plsean + pity = MM (target point : 0. ~400 keV)

= Cover extensive momentum transfer region : up 0 ~2 fi

L

tomentum transfer region . 6= 66° - 80°
49~10 mstid

20-120 MeV

), AQ~ 14 msides.

Experiments until now

AStable nuclei

For example, neutron density distributions of Sn
isotopes extracted from proton elastic scattering
at Ep=300 MeV at RCNP.

plasic scintllator 4405440 mm x 2 mn

=] || 2R

H

lorimeter 43184572 s x S0.8 may Tuget

/930 - 1 mmi

(e [E

[

H

Radius (fm)

AUnstable nuclei.
GSI: He and Li isotopes at £=700 MeV/u.
RIKEN etc. : various nuclei at £ <100 MeV/u.

X At E=300 MeV/u, Point nucleon density distributions for 116-124Sn
experiments have not been performed. S Terashima et al Phys. Rev. C 77, 024317 (2008)

[

H

Densiy (m?)  Densiy (im) ~ Density (1m)

Radius (fm)

Recoil proton spectrometer (RPS)

3. Experimental results of the H(°C,p) reaction at 300 MeV/nucleon

Angular acceptance 13 mrad Scatter plot of G1ab. and T,/Ex - E. spectrum
National Institute of Radiological Science(NIRS) 2 TOF Nal(TI) Z s Elastic @y
- P Moment t £2.5% £ 0 B z o =50
SB2 course @ Heavy Ion Medical Accelerator in Chiba(HIMAC Cmentum acceplance 3 o haBlid, &ipasiic 5] £ N & inelastic 1 ({02 °
Production target 9Be 50 mm " ol ) : TOF
Energy degrader A110.58 mm (wedge 1)
300
HIMAC beam line Magnetic rigidity (D1/D3) 43855 Tm / 4.0865 Tm o
200
Momentum dispersion (F1°) 20 mm/% z :
?‘ Elastic Elastic o 100
Magnification factor (SHT) 10, 3(y) N Sonank
w %20 i 0 10 20 30 4
v
Primary beam : 2C [ 430 MeV/u 6x10° counts/spill . @i
Secondary beam : °C [277-300 MeV/u 4x10* counts/spill - Nal(TI)
Spill structure 3.3 seconds(duty factor 50%) s Ay ~ 1 MeV(ms)
o 150
45x10° counts/52.8 hours (SHT)
s
Total number of*C {739, 1% counts/s.2 hours (B.G.) s 100
50
Target Solid hydrogen 5 mm? (43 mg/cm?) Low background
o bl | sk
Primary beam -2 o o200 30
eV,

4. Comparison of the experimental data and some calculations

Cpp)°C 300 MeV
RIA+RMF J—
RIA+AMD ju—

Density distribution Optical potential

G-matrixtAMD  ——

(1) Relativistic Hartree Approximation (RMF) (1) Relativistic Impulse Approximation (RIA) 5\@ Ref. : HOMeyer et al..
[C.J.Horowiz and B.D.Serot, NPA368(1981)503.] [D.P.Murdock and C.J.Horowiz, Phys. Rev.C35(1987)1442.] : PRC37(1988)544.
10
(2) Antisymmetrized Molecular Dynamics (AMD) (2) Hamburg G-matrix Approximation (G-matrix)
[Y.Kaneda-En’yo and H.Horiuchi, Prog. Theor.Phys.Suppl.142(2001)647] [L.Rikus and H.V.von Geramb, NPA426(1984)496.] 10°

10 AML . \

Density distributions of %-12C R N

, 10

o T 5 10 15 20 25 30 35 40 45
£ °c & RMF [fim) 6 c.m. [degree]
; 10 e ; 10 p n m
z e z sc| 258 | 206 | 242¢ = 103
> S P I TS Z HCC.pYC  Present data .
] RMF c—| R RMF wc| 236 | 212 | 227* £ @y RIARME - —
10 10 uc| 216 | 207 | 2.2¢ 102 G-mAltixAMD -+
. P \ i n \ nc| 235 | 232 | 234
10° 10
= 10 = AMD [fm] 10!
g & sc| 237 | 210 | 228
= w7 S
z = oc| 236 | 224 | 231 100
Z e T r
c| 234 | 228 | 231
- AMD 8 AMD ]
o 10 2C| 235+ | 233 | 234 10
p n * A.ozawa et al., NPA693(2001)32.
0% 10% - ** W.Ruckstuhl ct al., NPA430(1984)685. 102,
0o 1 2 3 4 5 6 71 8 o 1 2 3 4 5 6 1 8 T 15 3 > 3 3 T 7
rp [fm] rn [fm] 0 c.m.[degree]

5. Summary

- The differential cross-section for °C was measured in the momentum transfer region of 1 to 2 fm-!.

- This measurement is the first at the energy region at which the proton has the longest mean free path in nuclei.
- The experiment was performed with very low background using the 5 mm thick solid hydrogen target.

- The excitation energy resolution was about 1 MeV.

- Compared with '2C data, the angular distribution does not show a clear diffraction minimum.

- The angular distribution is compared with microscopic model calculations.
Optical model description is performed with the RIA and the G-matrix approximation. Description of nuclear structure is done with the RMF and the AMD.
- The unclear diffraction minimum is comparatively reproduced by the RMF.
It is considerd that this reproduction is derived from that the tail of the proton distribution grow longer than that of the AMD result.
- The RMF calculation is performed by adjusting the scalar mass so as to reproduce the matter radius 2.42(3) fm.
The calculation suggests that there might be a large differentce between the proton and neutron radii, which are 2.58 fm and 2.06 fm respectively.
- Though more detailed discussion could be done by comparing with more backscattering data, a lack of data and an inaccurateness of nuclear reaction models at the angle make it difficult.
In future, it is desired to improve these two points.




High Resolution and High Statistics A Hypernuclear
Spectroscopy by the (e,e’K+) Reaction

A. Matsumura ( Tohoku Univ. ) for the JLab E01-011 collaboration

The 2nd GCOE

International Symposium on

"Weaving Science Web beyond Particle-Matter Hierarchy"
Feb. 18 (Thu.) — Feb. 19 (Fri.), 2010

Main Lecture Hall, Faculty of Science

v.of North Carolina at Wilmington
mm mPhyr Duke Univ.
Dopt of oy Uni.of Maryland

 Wungertor, K. . Elhayar, 5. Randeniya . Kiniains . Benmotrar,
Aobayama Campus of Tohoku University, e :e::mamm coriy :h:r ’:Ylsn‘mc uun;w‘ou
Sendai, Japan Se,i”!?;,",g ""‘“
A hypernucleus Motivation Second generation hypernuclear spectroscopy
: , } @ JLab Hall C (E01-011, 2005)
« Normal r:;Jcleus : proton(s) + neutron(s) InVeStlgate the fine structure of various A
.g. 12C = 6 protons, 6 neuts : , i ) . .
A h(yepgmucleus ‘?’S’r&?n(s)"fﬁe’ﬁﬁi’n(s) A hypernuclei by the (e,e’K*) reaction Upgrade of first generation experiment
oart I(e_g_ 12,B = 5 protons,6 neutrons, A) +12G(e,e’K*)12,B @JLab (E89-009, 2000)
particle : i Al
Consist of u,d,s quarks ( lightest hyperon, strangeness = -1) Fine structure of p-shell hypernucleus »High-resolution Kaon Spectrometer (HKS)
Free from Pauli excluslor_\ p(lnclple by nucleons (proton and neutron) Mirror-symmetric hypernucleus (VS. 12 C @ (n*,K*)) Specialized for hypernuclear spectroscopy
=> can be bound deeply inside nucleus ‘7Li(e e'K+)7 He A +Large acceptance
- > f A +Short orbit

uu: ~ C'fj,’i’e s r::::l: Q:zrs Ch:rge . Mas;xzwc) +Neutron rich hypernucleus > <05 MeV ;nergy resolution w/ high quality primary

4 BT o Neuron | udad o 0 9396 + AN-ZN coupling electron beam from CEBAF@JLab

s 8 il A uds 0 1 1157 .ZESi(?'eYK+)28A»AI : =[ Tilt method | for scattered electron

ST strangeness ST stangeness *Single-particle potential = Optimization of detection angle of &
— " +First challenge to study beyond the p-shell region ppress a huge from and Maller scattering
'B'ndlng energy of hypemuc'el e’ spectrometer vertically tilted by 8 degree
> Structure of nucleus - New information on AN interaction >Higher Luminosity w/ better S/N ratio
=> Hyperon — Nucleon (YN) interaction
E01-011 setup
Scheme of Data analysis Estimation of systematic errors

depend on the tuning procedure

Select K* Rl : : . .
Time Of Flight, Cherenkov Blind analysis with simulation data

CH, data : well-known mass

12C data : binding energies and cross sections
True coincidence | Select true coincidence event ;vr?arley::::rarlly changed and hidden from

Coincidence time . . X
HKS *Analyze simulation data w/ the same method as experimental data

Ny : # of target
Backgreund by
Normal Background mixed event analysis

e : i Q1 (newly designed and
. St box fabricated by Tohoku group) <:| Optical matrices o~ S -
L2 Syl - 30D (nomal , . A )
ENGE g | R conductivity ) HKS : New spectrometer [" Systematlc error ...
Configuration | Spit-pole Targer| | MmO 12 GeVic= 125 % ENGE : Optically new spectrometer ke for major peak (S/N > 1),
(Tilt method) -l Accuracy of binding energy ~ 100 keV
Momantum 0516 GeVie T . cy g energy
acceptance | 30% € e 2104 (FWHM) ‘ Missing mass | Tune Angular and - cross section ~ 5%
1.8 GeV momentum matrices - for core excited states( S/N <1),
Momentum | ., 104 vy Angular acceptance | 1° ~ 13° Sieve slit run (angle) - o !
resolution = A%, and 2,B g.s. (momentum) - Accuracy of binding energy ~ 400 keV
Solid angle 16 msr (w/ splitter) 22 2B g-S. - cross section ~ 90 %
Background estimation by mixed event analysis Efficiencies for cross section estimation
Ci ti f the (v*, K*):
*Background source : accidental coincidence between e’ and K* mssseﬁo e
Mixed background <> ralndor'n combination of ¢’ and K* ?‘“ 2C(e.ek+)2,B g’“ 20(e,ek+)12,B do) 1 1 & 1
with different event ID 2 4 o) N N dQ
Much higher istics (less istical fli ion) ?W | %w I T =1 Eponal
™ |

1otal

B \-‘ﬂ- 1& Erotal = Erk " Eac " Ewe " Enk
Sats Siecay Ea” Feomp

150 / N,: # of V.P.
R «MH’* - || SR
) s ff i

“5 W a0 Target | Thickness N,, d | g Tune Total
Eanet 10 9 Fnnt 10 18 o, et Systematic error Q (S/N>1)
%] -
S e e Normal background (red) Background by mixed 172L(l: 2 wlils s ;2
: : . event analysis (red) 2831 5 2
‘o 28Gj(e.e’K+)28 imi
o+ f o i(e,e’K Al (prelimina
2C(e,e’K*)'2,B (preliminary) "Li(e,e’K*)” \He (preliminary) ( AL (P - )
ExlMev | Exl MoV | i L) s w ® =
10 15 0 sl (oK) Ha
Aand X SpeCtra (CHz) i‘ Cf'r"‘ " Data taking : ~90 hours w/ 30 pA >
1] Ground S te : 8 ~ 470 keV (FWHM) ]
§= ll i
- E01-011 -,5» m nary
i | ~70 hours i i
F1 (450 mg/cm?, 1.5 uA) =
b A cf. E89-009, 183 hours » ﬂl
- 1.9 MeV (8.8 mg/cm?, 0.5 or 1.0 uA)
- (FWHM) T. Miyoshi et al., eﬂ
- | z Phy. Rev. Lett. 90, 232502(2003) aﬁ‘fw NI#J
- oI £ | I
- [] e 0 = [ [} n i ,“’Iﬂ Data taking : ~140 hours w/ 30 uA, Ground State : 5 ~ 470 keV (FWHM)
Al ) et -
. rel . Nior-symmetTe 2.6 @ (7 ) Data taking - ~30 hours w/ 30 wA First spectroscopy beyond the p-shell by (e,e’K*) reaction
e - . . ==l | T Hothietal, oo -
u ' ' Phys. Rev. C 64(2001) 044302 First observation of 7 \He Mirror-symmetric 28, Si @ (n*,K*)
. L e " i it T. Hasegawa et al., -
‘Better resolution and StatIStICS‘ z ., I wi sufficient statistics age [ Phys. Rev.C53(1996) 1210 |
a’ [ ! | - " 73 &~ 2200 keV' Hi
G u | 8- 1450keV i A ém | (FWHW) 1 {
Hg EFVHM M ‘I o T S e B ~
1 o5 Emulsion data of 7,He &
M.Juri¢ et al., oo
oa Nucl. Phs. B52(1973) 1
Ry =13 15 10 3 [ 5 0. ﬂ'

B, (MeV)

Summary

*The second generation A hypernuclear spectroscopy by (e,e’K+) reaction has been carried out successfully at JLab in 2005
*New configurations, HKS and Tilt method, significantly improved both energy resolution and statistics

*New background estimation method (mixed event analysis)

*Neutron rich hypernucleus 7,He was observed with sufficient statistics

«First spectroscopy of sd-shell hypernucleus 28,Al by (e,e’K*) reaction was successfully performed

*Analysis is in the final stage




External Gamma-ray Backgrounds of the KamLAND Detector

Yukie Minekawa
Physics, D2, Tohoku University

FEEEEEEEEEEEER EEEEEEEENEEEEF FESNENEEEEENEEN
KamLAND Detector External Gamma-ray Sources Simulation
for

The KamLAND detector’'s main components are oils,
EVOH films, Kevlar strings, PMTs, water and stainless.
And it is surrounded by rocks.

The KamLAND Detector is located 1000 meters
under the mountain in Gifu prefecture.

It is searching neutrinos, especially low energy
ones like reactor neutrino, solar neutrinos and so on.

Background Estimation

Simulation tool - - -geant4
a toolkit for the simulation of particles through
matter
(reference : http://geant4.web.cern.ch/geant/)

+ Construction of the detector geometry.

KamLAND
geometry

In order to detect low energy signals, it is
necessary to reduce harmful signals. The reason
why it is underground is to shield from cosmic
muons by mountain rock.

using geant4

The detector was made of as pure materials as
possible and have been kept clean.

However there are some radioactive impurities
in every components and surroundings. They
generate gamma-rays and they can be background.
They are called the external gamma-ray background.

It can affect especially precise 7Be neutrino
observation.

* Generation :
generate gamma-rays from each materials.

*» Reconstruct :
reconstruct energy deposits in
the detector as signals in order to
compare with real KamLAND data.

’lllllllllllllllllll- FEEEEEEEEEEEEEEEEEENERF
. . . . . | . . . . [}
m Simulation : 4K in EVOH film and Kevlar string - mSimulation : 28T| in Rock, Glass (PMT), Stalnless.
| | Gamma-ray generation
| |
W «eviar strings EVOH film : The KamLAND inner detector is 9 meters u | « Energy 2.6 MeV
m radius stainless tank. It contains 6.5 meters u « Position Rock, glass (PMT surface) and stainless u
radius liquid scintillator at the center. m Dircti R
L L . « Dirction uniform [}
H This liquid scintillator is separeted by [
tillator a balloon made from EVOH films. [ ] [ ]
] [ Ene_rgy :2~4 MeV
Kevlar string : The balloon (that was made by EVOH films) [l Radius : 6.0 ~7.5m [ ]
[l Innerdetector is held by grid-like Kevlar strings. | oo
eereteeerteeerstreersreeeranetersneersresessrnersressrsrsesssresassessaresasee B § [ Gray :KamLAND data Estimation |
| | te00 - Simulation data _ Fit theta distribution using
Gamma-ray generation u ot Red = Rock = GlassigSiainiess the fitting functions which was | Il
[ | [ | & Brawn : Rock . N
[ Eowm gotten by the simulation. u
H ° Ene.rgy 1.4 Mev [ ] z Blue : Stainless
« Position EVOH and Kevlar [ | © ]
[ + Dirction uniform [ P
u 5 [
B | simulation data (Kevlar) | | 3 : i Theta distributions of the
¥ - i u % % 80 100 120 140 160 180 simulation and KamLAND data [ |
u l‘ / = Attenuation length u L Theta [degree] are almost consistent. m
[ - KamLAND data [ ] Vo
- / " 19.55+0.02cm M Not consistent ]
| | | 2 simulation data - | -
|l 19.78 0.2 cm A A E EEEEEEEEEEEEEEEETRN
e
u u .IIIIIIIIIIIIIIIIIIIIIIIIII
g | KamLAND data u = Summary u
[ |
u b / g t Estimation - u ) , -
v = wokien) The amount of [ - * We can estimate the amount of external gamma-ray backgrounds by comparing the
H S. 2" Qe gamma-ray from “°K was simulation data with KamLAND data. u
< g~ M estimated by comparing [ ] | « This time, 4°K and 208T| are generated in the simulation and get the result that almost -
w D - Kevlar string P . i i is’
| ] b"" Al phi distribution with - u conszsotent with analysis’s. 7Be neutrino events
e TR e ] KamLAND data. * The “°K background rate is ~ 80 events / da u
[ | R [em] Phi [degree] The gamma-rays from | g u 1.0 [events / day] (90% C.L.) I m
™ the Kevlar string make a ] in 4.0 meters fiducial volume and within energy 1.3 ~ 1.6 Me\/.
pattern in the phi [ ] m * The 298T| backgraund rates are u
[} distribution. < 7.1 x 10° [events / day] from rock ]
The table shows the The heights of the [ | u <85 [events / day] from Glass (PMT) -
I estimation result with projections of it show the m <0.33 [events / day] from stainless
- analysis’ . amount of the gamma-ray | - in 4.0 meters fiducial volume and within energy 2.4 ~ 3.0 MeV. |
from the Kevlar strings. |
9 u ] * We needs more simulation events to estimate precisely.
| [ |
EEEEEEEEEEEEEEEEEEEER ' u » We plan to estimate the amount of gamma-rays from others.
EEEEEEEEEEEEEEEEEEEEEEEENT



GCOE International Symposium

Higgs Triplet modelJ

Yusuke Motoki
Physics, D1, Tohoku University

Elementary Particles
The Standard Model of Particle Physics

Matter Particles
Gauge Bosons

ON N XO

The mystery of neutrino masses

o<<°0

Neutrinos
below o0.2[eV]

Electron
LR Y]

Muon
100[MeV]

Neutrino masses are much less than the other matter particles.

%) Inparticle physics, the unit of weight is [eV].
[eV]= 2 « 10 *{[Kg]

The peculiarity of HTM

@ HTM is capable of generating small neutrino masses
naturally.

@There are doubly charged Higgs boson.
@Lepton flavor violating processes are comparatively large.

-4
&

Especially, doubly charged particle don’t exist in SM.
Existence of doubly charged Higgs boson are peculiar
point in HTM.

Lepton Flavour Violation

Lepton number

& % & |

[1,0,0] [0,1,0] [0,0,1] [-1,0,0] [0,-1,0][0,0,-1]

®
atpt
>~

[0,0,1] [0,0,1]

[0,1,0] [0,1,0]

LFV processes don’t discovered, but in HTM, LFV processes are
comparatively large.

The size of Elementary Particles

Atoms
10-%em

Nucleuses
1074 em

We don’t know precisely the
size of elementary particles.

Elementary
particles

Quarks
below 1(j~ 1% ecm

Higgs Fields

require that all elementary particles are massless.
Massless particles (for example photons) move light speed.

Higgs fields brake the gauge symmetry spontaneously, and Higgs fields
condensate in the vacuum. It interfere the elementary particles which
try to move light speed. (generating masses)

o —»W»

Higgs Triplet Model (HTM)

Matter Particles e s

Constraints for LEP and Tevatoron

Doubly charged Higgs bosons weren’t discovered in LEP and Tevatoron
For the results, The parameter regions in HTM are constrained.

Excluded via se—ee
by OPAL 95% C.L

The LFV decay T — 3] (for example7 — 3}{) is currently being
Searched for KEK-B.

Theory Group

ltil@@@ ®
@O

®
D)
@)

and se: hing it’s proper suggesting new

theories

The roles of Higgs Field on SM

massless
neutrinos

Electron Muon

The Higgs doublet fields
give masses other particles.

Higgs Triplet Model (HTM)

HTM is, which is an extension of SM, is capable of generating small
neutrino masses naturally. In HTM, there are two Higgs fields.

© << 0 ©0
I \ /
()

Higgs triplet fields
gives masses neutrinos.

Higgs doublet fields
gives masses other particles.

The smallness of neutrino masses are explained for existence of
two Higgs fields

Pair production in LHC

- Pair production cross section [fb]
o
1044}
1043}
- -
el e 10z}
1081}
1040}
101y

10:2)

100 200 300 400 500 600 700 800 900 1000
6oV

In LHC, if the doubly charged Higgs boson masses are 136-650[GeV],
they can discover the doubly charged Higgs bosons. (LHC14[TeV])

Summary

* HTM is capable of generating small neutrino
masses naturally.

* HTM relates strongly the new experiments
(LHC,KEK-B, etc...) .
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Electron diffraction study of
the low temperature phase of
Hollandite-type oxide K,Cr 0,

Daisuke Morikawa
Physics, D1, Tohoku University

Backgroud.2 Synchrotron X-ray diffraction data

’ Observation of (% % 0) super spot 14/m (room temperature)

under 20K
A 4

Candidate of crystal structure
at low temperature

Tetragonal P4,/n
Monoclinic P2,/a or P2,/n

A. Nakao et al., personal communication

<L =

Crystal structure analysis at nm scale area
using electron microscopy

Result.1-1 1100] incidence CBED pattern (whole pattern)

- e
~
> >
4 . N
“ e B
- »
-
» b4
. R il ’
. - v
- B
’
s P
300K 30K
Whole pattern Whole pattern
symmetry symmetry » No temperature
m & dependence
Intensity distribution
Result.3 [201] incidence SAED pattern

Super spot(?) and diffuse scattering
But no temperature dependence

Discussion.1
Diffuse scattering (compare with other Hollandite oxide)

Comparison of [100] incidence SAED pattern

Cs1.5ZN0 75 Ti7 55046[2]

KCrgOyq

Introduction

Recently, the high quality single crystal of Hollandite-type oxide K,CryO,; has
been successfully made by high-pressure synthesis and the metal-insulator
transition keeping ferromagnetism was formed at 95K [1]. This phenomenon
is very rare in the strongly-correlated electron materials. The crystal structure
of the low temperature phase and the origin of the metal-insulator phase
transition have been unclear yet. The purpose of this study is to examine the
phase transition at the nano-scale area of K,Cry0,, using Convergent-beam
electron diffraction (CBED) and Selected-area electron diffraction (SAED).

[1] K. Hasegawa et al., Phys. Rev. Lett. 103, 146403 (2009).

Objective

l Crystal structure of the low temperature phase l

Investigation of the metal-insulator transition

Experimental.1

Parallel | 100nm~,

SAED

Selected Area Electron Diffraction

CBED ‘

Convergent-beam Electron Diffraction

Incident
electron beam

Convergent / ~1nm

Different type

[2] M. L. Carter and R. L. Withers, J. Solid State Chem. 178, 1903 (2005).

Discussion.2-3

[100] incidence CBED pattern

(110) plane
Stacking fault

[100] incidence

Stacking fault make low CBED symmetry
Main influence are shown at ZOLZ reflecti

Need more high-crystalline single crystal

Rocking curve
Space group determination
Crystal structure and electrostatic potential

Average structure

Result.1-2 [100] incidence SAED pattern

300K 30K

SR e——-—
 mea ”
o o

et -

Diffuse scattering

‘ Diffuse streak in b* direction |

Stacking fault

(010) plane
Result.4 Other incidence SAED pattern (30K)
[111] [112] [113]
o i o R
222
.- “zﬁ - .
12-1

- - - =

N t
0 SUper spo Stacking fault

Streak to <110> direction (o) s

Discussion.2-1
CBED pattern symmetry (compare with simulation)

MBFIT

Many-Beam dynamical-simulation and least-square FITting
K. Tsuda et al., Acta Cryst. A (1999,2002)

Sharp at low temperature

D“."‘ ve

~Multiple-scattering calculation
electron has high scattering power

-Non-linear least-square fitting

direct comparison between experimental CBED 2D disk and calculation

fitting parameter (atom position, DW-factor, low-order crystal structure factor
etc)

-Preprocessing of experimental data

-PC clusters

96 node PC cluster system were installed

Summary

Metal-insulator transition keeping ferromagnetism

No structure transition were found

CBED pattern symmetry=> no contradiction for space
group /4/m

Sharp diffuse scattering at low
temperature

[100]? incidence SAED pattern

No / lattice type area exist

Streak in SAED pattern
‘ Stacking fault at (010) and (110) plane ‘

‘ Make low symmetry ([100]incidence CBED pattern)?

Backgroud.1

Hollandite-type oxide K,CrgO,¢

Room temperature phase
Space group : 14/m
Lattice parameter : 2=9.7792(7) A, ¢=2.9379(3) A

95K 180K

Metal-insulator transition
keeping ferromagnetism

Single crystal : high-pressure synthesis[1]
TEM sample : crush + Ag paste

Experimental.2

CBED method
JEM-2010FEF

50nm

Q-filter
to remove inelastically
scattered electron

Result.2

300K

-No super spot
-Spot are diffuse
-Low crystalline (difficult for CBED pattern)

Result.5 [100]? incidence SAED pattern

300K Only limited area

D.O‘OM..- - . - - o

[ 2 .-‘

CEE R IR R N I - -

| Forbidden reflection for I lattice + Super spot I

Need more

fferent lattice type? . R
information

. P lattice + b,c axis X 2?

Discussion.2-2 [100] incidence CBED pattern

comparison Z0LZ : zeroth-order Laue Zone
HOLZ : higher-order Laue Zone
300K Experiment Simulation

jecti try of ZOLZ jecti
symmetry %ZOLZ (projection) symme rz’%m (projection)

Good agreement at only HOLZ pattern
But ZOLZ symmetry are different!
Future prospects & Other works

i. Visualization of orbital and/or charge ordering state

direct determination of 3 dimensional electrostatic potential using CBED method
spinel type (FeCr,0,), perovskite type (TbMnO;, Pr, ;Ca, ;,MNnO3, Sm sBay sMn05)

ii. Investigate the relation with Physical property and crystal structure
RBaMn, 0, series (NdBaMn,0, etc)

iii. Space group determination

BaCeO,, Li,TiO,, k-Ce,Zr,04, (K,Crg0,¢)

iv. Estimate crystalline and composition of single crystal

BaFe, ,Cr,As,, (Pr, La)FeAsO, F,, Pr, St FeAsO
v. Polarization determination

AlGaN, GaN

i. o @0

<& e




Light scattering by collective excitation of
phonon in quantum paraelectrics

Ryuta Takano
Physics, D1, Tohoku University

Energy Transportation in the Phonon Gas
< Thermal Diffusion and Second Sound >

Thick:a number of phonon [
< Propagation of heat >

Thin: a small numbgr of phonon
The Normal process is predominant. I /

A compression wave of the phonon gas is propagated.

= Second Sound
Change in phonon number = Change in the temperature

< Diffusion of heat >

The Umklapp process and the impurity scattering
is predominent.
(Umklapp+impurity+..+etc=Resistive process:Tg)

pua Jo0H
pus ploo

There is a possibility that heat is propagated
as a wave in a gas.

Thermal Diffusion and Second Sound

pcn?+a—g =0 Conservative low of energy Usual thermal equation
it
P S |:> 2 x o

7_pCp Ix’

P density C,:specific heat K :thermal conductivity
Q :energy current density JT' :temperature fluctuation

The finite lengths of time is necessary for the establishment of a regular heat flow.

20 __aer
I——L7>Q+"‘at' hF®

(Cattaneo's expression)

It becomes a wave equation including decay for the temperature.
= A wave of temperature fluctuation (Second Sound).

9*°Sr 1 94T _ Du 9*or 1 -propagation velocity
t————= 92 ﬁ € (c:average speed)
Tr X

2
dt TR Of
1, .
Du= s thermal diffusivity coefficient

Optical System 1 (back scattering) and Crystals

<SrTiO,> [110] <KTaO,>
j\—> [1i0] 4.0mm@
6.8mm
7.0mm [001]
70.0mm 4.8mm
8.0mm
Mirror,
4 Ar *Laser 514.5nm
— s Half-Wave Plate

q - vector —

4=6.00x10" [m™](SITiO,)
q=5.56x10" [m™(KTaO,)

Polarizer

f=50cm

‘Sandercock
Tandem
Fabry-Pérot

Interferometer

Sample 1
in Polarizer
cryostat
Spectrum and Fitting
<SrTio,> <KTaO,>
LA

z g
€ c
Bl 3
e 295K g
s R 202K & BT
= N 150K = 2203
= \ \ 113K = 150.9K
2 L 4 80.2K 2 100.8K
2 g 70.4K 5} 80.8K
= 60.4K € 508K
il 50.4K = 40.7K
403K 307K
- 302K 211K
i 22.8K 16.8K
v 15.7K 112K
N 112K K
6.1K " Fitof ET
il ——Fitof ET I PR
000! 10° 10° 10! 10*
Frequency Shift (GHz) Frequency Shift (GHz)

Quantum Paraelectrics

The polarization arrangement in these materials is disturbed by the zero point
vibration at extremely low temperatures. So they do not undergo a ferroelectrics

phase transition. == SITiO,KTa0, etc.

The TO-mode softens at the neighborhood
of the I point.
=The density of state of phonon
increases at the I” point.
(TO-phonon+TA-phonon)

ngs

Importance of the state of collective
excitation of phonon at low temperature.

J.D.Axe, J.Harada, and G.Shirane,
Phys. Rev. B 1, 1227 (1970)

Quasi Elastic Light Scattering (QELS)
and Broad Doublet

B.Hehlen, A L.Pérou, E.Courtens,
and R.Vacher, PRL 75,2416(1995). P.A Fleury and K.B.Lyons,

PRL.37,161(1976).
] 4

LA ] LA
o %‘ | L “Broad” QELS
3 Bl i AN
k=3 ' A
2 L '
b
o w/2n(GHz)
100 - 50 100 Rayleigh Scattering
Frequehfy Shift w/2r(GHz) z ..fA'\
£1 S L
Second Sound? 2 A
Tt is necessary to decide the relaxation 1
time of 7,7 in the phonon-phonon scattering. -10 0 10
w/2n(GHz)

It is necessary to experiment in a wide temperature region and a wide frequency domain,

Spectrum of a Wave Equation

S~ wﬁ/ TR
v)
(@ -ai) + 0¥/

- @, <<1 7y (overdamping) - 1/7x << @, (underdamping)

=Dug =4’ 7eq’

e

—':v
0 O ek g
Propagation as a wave of heat

Vzr <<an<<lzy

Underdamping
Local thermal equilibrium ‘Window condition of
Second Sound

Optical System 2 (forward scattering)

<Impulsive Stimulated Thermal Scattering >

Photomultiplier
Pump

NA:YAG laser,
SHG 532nm
(pulse 3-5ns,10Hz)

Shift Half-mjrror Sample

Arfaser 488nm

(single.CW)
Probe
Pump(pulse) Probe
iy AN -
\i
| i ¢=1.06x10°[m™"]
A I —,

‘This g has the value of about 1/100~1/1000 compared with the backscattering experiment

Temperature Dependence of tyand T,

11, <o, <1/t

g

£

F10' »

% i E - e

3 “.

EIO 1 - 0--SrTI0s 1/ =

- [EE ~0--SrTi0, 1/ =,

S0} =0--8rTi0s

] o KTa0; 1/ 1,

3 f » KTaO; 1/ 5,

10°} + KTaO; o,

10! T
Temperature (K)

Relaxation Time in the Phonon-Phonon Scattering

V.L. Gurevich and A K. Tagantsev,

1 1/2 Sov. Phys. JETP 67, 206 (1988).
= € : dielectrics constant
N Tu v : relaxation time of the “Umklapp process”

TN : relaxation time of the “Normal process”™

K.A.Miller and H.Burkard,
Phys.Rev. B19(1979)3593.

The dielectrics constant of quantum paraelectrics
is a value high at low temperature.

(A ferroclectrics phase transition is not caused.) ., STie |
g
2 20000
S
£ |
£ |
310000 |
S
/TU << 1/'t.N a |
=The Normal process (the momentum conservation _jI
process) is predominant. (] nlz ] - Ry

]
Temperature [k}

Obijective

‘We measure the spectrum in the Brillouin scattering region
in SrTiO, and KTaO,,and understand a temperature dependence

of the spectrum according to the model of collective excitation
of phonon.

*We aim to understand a picture of the phonon gas at each temperature,
obtaining 1, and 1, from the analysis of the light scattering spectrum.

H.Dreyer and H.Struchtrup, Continuum
Mech. Thermodyn. 5(1993)3-50

‘ S (@ @)= P15,(q.0)+ P, 5, (g, @)+ const ‘

(wﬁ—wz—ﬂ“’)z +"'Z(V-‘+ 1‘;{]1

Spectrum Expression by Extended Thermodynamics

sg0)= Yr=yo+15,

1 0, =
Sz(%w):—[tan" 7(w+cq)—tan™ r(m—cq)]
2mq
ac’s
im 3
nEriyE—— el
ity Wl ey

io+ie BT BTy Y

i+

parameter —=> p,,P,,0,,Ty,Tg,cONSt

T, is decided from thermal diffusivity coefficient obtained by the light
scattering experiment in the time domain. (g, << 1/75)

Decision of “1.”

z | KTa0, : ‘
3 I KTaO,
£ | R ]
8, \ 9 — e N
50 5 \ 16k g thermal diffusivity coefficient
E \\ 22k | E .
3 30k = -,
o —— 3§ <.
0 1 2 L
Times (us) .
100 200 30(

* Thermal diffusion : exponential decay Temperature (K)

I = Aexp(—2I't)+const @

2 1 2
Thermal diffusivity coefficient : D =L/¢ Du= 3¢

4=1.06x10"[m™"]

Conclusion

1. A narrow quasi-elastic scattering component in the high
temperature region is a light scattering spectrum by thermal
diffusion. It has been understood that the frequency of the resistive
process falls when lowering the temperature in SrTiOs, and this
thermal diffusion mode (the second-sound wave that over dumped)
shifts to the second-sound wave (propagating mode).

2. It cannot be said that the phonon gas is in the state of the
collective excitation in the observation scale of the actual
experiment. It should be interpreted that the observed BD for
KTaOs only as the second order Raman scattering involving pairs
of individual phonons.
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Outline

1. What can we learn from chemical abundance
(+ kinematics) of nearby stars regarding the
formation of the Milky Way Galaxy

2. The main results of our study on the chemical
abundance of the outer stellar halo of the MW
o Sample selection using kinematics
o Abundance results of key-elements
o Implication for the formation of the MW outer halo

The Milky Way Galaxy:

“Laboratory of galaxy formation *
o Stellar over density o Stellar streams

Sagittarius stream

“Field of Stream”: Belokurov et al. 2006

o Clumps in an angular
momentum (L,-L.,,) space

o
Monoceros Ring, etc. Juric et al. 2008

Fossil records of

the Milky Way
Formation

Liani

L S et‘al. 2009
. g Formation of elements i
Stars in the solar-neighborhood o SNe Yields
Nucleosynthesis "
Various origins i | DR e
" N offgia sy, F o a elements
o Formed in situ First stars 3 5 S gt /] Mg, Si, etc
Galactic center o Distant location ; N K\\f % o o Short timescale (<100Myr)
within the MW SNe i . "1 o TypelaSNe
o Debris of o Fe-peak elements
accreted galaxy Siisa ~ e Fe, Cr, Ni, etc

Low-intermediate mass stars (<8M;)
[Massive stars>8M, |

o Long timescale (>1Gyr)

Inner halo s €~ Ne, Mg Single Binary 3 . \} R & 1 |Abundance Ratios
@ Ne O, Mg ® ® H N V' [A/B]=1og, {(N. /N, ) /(N /N,),,,, |
g G ?eS'N’ White dwarf o * |
i — Fe, Ni o
4 2 " o L L L [a/Fe] = Relative fraction of Type
Outer halo SNe IT “ = ® “ “ = II/Type Ia SNe in the past

The MW inner and outer stellar halo

C — Fe, Ni, etc SNe Ia
ST

Venn et al. 2004

Mass Number
Tsujimoto et al. 1995

[a/Fe] ratios: 5 Ihicdisk 7 Kinematics of the sample stars
Results fi SDSS (Carollo et al. 2007, 2009 -3 . i
esults from (Carollo et a ) The ha'o VS. z y
Inner halo . i.} Halo Outer
S o Modest prograde dwarf satellites satellite gal3xies: a00 [Fe/1<0  Valobipe ]
+ F g (100000 mpn rotation: " Vo>
e B 0[::;;]50 kmls; [Mg/Fe] g'; o %&, ' Thiz%k Halo
. . - 3. ©  otBER Rk
o Flattened @-2<[Fe/H]<-1 Bo g .
O [a/Fe]~0.4 Halo: 3 g o
Outer halo +0.3~+0.5 dex 3 s ! =
O Retrograde rotation: Satellite galaxies: g - ﬁ, > _200 * Z,.xdomains
-70<V,<-40 km st & 0| @%' Z < 5KpC:
o [Fe/H] = —2.2 -0.5~+0.4 dex 3 b 3 Zom>5kpc: outer halo
o Spherical ™ + 400 * V, domains B
A\ o Chem/cal abundance? Simple assembly of the nearby ke Q‘% '5t0<¥;/5’}7igrkglsa H
\ = : H K 2 typcial inner halo
P - — - satellites cannot explain $e o . o8 K@ED sl :
- D:fferent formatlon mechamsm 2 o abundances of the current odo 108(Z s [
Picture from the SDSS press release inner stellar halo of the MW T = E = g V®>150 km st
(ht ews/rel 0071212.dblhalo.html) o Righly-prograde
Observation S o Data reduction: Standard IRAF routines Result(1) a- elements (Mg, Si, Ca, Ti)
Example of reduced 1 7(M3/F=I ' [isi/re) g 1,
O Subaru Telescope spectrum ' u i u
& i : BD-03 5215, S/N=370 £
High-Dispersion Spectrograph (HDS) t :‘: ( . #’ s
o Date of observations w3 5 3 =
Fe ] 5 & | .
5 2003_2005 : NNZS 5500 5510 55‘20 5530 5540 o o

, July 2008:

- J o Abundance analysiso; 3 Y v E i "m,,/...",l HtH Y i
o Wavelength coverage (Aoki et al. 2009) | E .
=~ 4000-7000 A + Alpha: oa b H 8 R .+ " :+ N )
i Mg, Si, Ca, Ti . | \ E 5 . b
o Spectral resolution . Tron-peak: 5540 5550 5560 5570 5580 P2 .
R ~ 50000 Cr, Mn, Fe, Ni, zn ! [ ol 1 s
o S/N>100@5000A + Neutron-capture:  %° Limi s
Y, Ba 06 - ! 4 4 -3 -2 -1
Raw data + 0dd-Z: 0.4 fg 2233 ER ‘.: : P [Fe/H)
Na 5580 5600 5610 5620
A ecreasing trend with increasing [Fe/H]

Results(2) neutron-capture element

Cumulative distributions of [a/Fe] ratio

[Mg/Fe]-Orbital parameters

at -2<[Fe/H]<-1 aysrarnang oS ETRET
R SRR o | - r Z 08 R
[Y/Fe] 1 (BasFe] o g W-. e o8 &0 0 ey apo o8 g.‘
i + ¢ 1 f{si/rel ¢/f§§ Jos 02E C0 0 & Sad 0z '.
Y i E ' [ ' | ‘:
o, T o, o/ﬁ; iz o8 E-2<lFe/Ms-15 | 08
0 s J T ﬁ =0 Y 08
I LB wi 3 B 4 o4 o S T X, v
. LI 4 g _ 0z e — 0z
-1 L] =1 = Hoz2 € o L i 2 o
Poe < ER aysnannang 3!
I L L ! L I L I = . ) S . =
e z i 04 S ov‘q‘ 04
£ Jos 02 9 02
4 i &
o 0.6 a; Fe/H)s-25 F _'
EARENT S 5 JOgaPaaE Joa o Thick disk 98 E.uy.. 9%
h . TR T — 900 tmner nato | e Inner halo o2 o
D i (oo 4"51{, =Y . e Outer halo e o s : 3 Ldasstinnd
' T 3 ) 01 os 108(Zna, [kPC]) 108(8,,. [kpe])
Francois et al. 2007
[X/Fe]
Comparison with the MW dwarf satellites Interpretations of the lower [Mg/Fe] Summar
[Mg/Fe]-[Fe/H] Histogram -2<[Fe/H]<-1 Possible building blocks of the inner/outer halo may be different y
Outer Snes warre) O Motivation: Examination of chemical abundance of the outer
1 Satellites, O Star formation efficiency (vgr) halo stars
o Inner halo: High O Methods: Subaru/HDS observation + homogeneous
Mg (SNe II) > Fe (SNe Ia) abundance analysis
. 05 o Outer Low O Results:
o o At -2<[Fe/H]<-1, the outer halo sample show systematically
E} Mg (SNe II) < Fe (SNe Ia) lower [Mg/Fe]
= tanfranchts Matteuce 2003 o The [Mg/Fe] ratios for the outer halo sample spans
0 o Epoch of the accretion 1 . retion intermediate range between the inner halo and the MW
Earl t satellites
[Mg/Fe] o Early X N ...,..,”1::;0::; o The implication for the halo formation:
Nearby dSphs: No time for Fe enrichment [ ] o Certain fraction of the outer halo was formed through merging/
05 PP B ., .. .| (Dra, Umi, Sex, Car, Scl, Fnx o Recent r i | accretion of dwarf galaxies.
p 3 ) , Umi, Sex, Car, Scl, Fnx,

Leo)

2
[Fe/H] Shetrone et al. 2001, 2003,

Koch et al. 2008, Geisler et al.
2005

Enough time for Fe enrichment

Recent accretion ™
Font et al. 2006

O Later accretions and disruption of stellar systems with lower
star formation rates were important.



N. Morimoto, T. Yamada, T. Hayashino, Y. Nakamura, K. Kousai (Tohoku Univ.) and Y.Matsuda (Durham Univ.)

It has been revealed that SSA22 region at redshift z=3.1 is an extremely high density region of LAEs (Lyman & emitters). In addition to this, star formation in this region is supposed to be
biased to very large mass from the evidence such as a large number of large LyA EW objects. Therefore core— collapsed supernovae (SNe) of massive stars are expected to occur frequently
in this region. While SNe has not been detected beyond z>2 to date, it is very important not only to detect core—collapsed SNe at z=3.1 but also to obtain any useful information to
understand star formation in early universe. So we estimated the expectation of observing core—collapsed SNe in SSA22 region at z=3.1 based on our own sample of star—forming galaxies,
and carried out preliminary observations and data analysis to search for variable objects to investigate the detectability of core—collapsed SNe at high-z by searching for variability of LAEs

in this region.

Approaching Galaxy formation & evolution in the early universe by studying star
formation of LAEs & LBGs (Lyman Break Galaxies)

|:> Usual way (using UV, Ha etc...) have uncertainties.

|:>Searching Core—Collapsed Supemovae(SNe)

Their progenitors are massive stars.

= Direct indicator of star formation because they are short-lived.

{

=Showing trend of IMF of host galaxies

- Setting lower—limit on star formation rate of host galaxies

( Whether to be biased large mass or not? )

Where? /

The high density region of star—forming galaxies at z=3.1 1 Distribution of LAEs

= The SSA22 field ( RA.=22"17™, Dec = +00°15") , L, o .
ﬁ Subaru Telescope / Sol Bvcat Width :0 I
Suprime-Cam 7 FoVs
( (TS T% FONG
/| =nemed Sb1~8h7 ﬁ ‘ 3 Tespl

A Distribution of equivalent width(EW) of Lyman
« emission line (Sb1). There are LAEs with I
large EW in the SSA22 field.

Why in the SSA22-Sb1 field?

30

olatie RA arcmin]

Sb1, which has a highest
density among 7 FoVs, is a
target field this time.

@ High density region of LAEs & LBGs
— We can get large samples of LAEs & LBGs.
LAE : 614 ohj.

|:> Efficient survey

]
@ In the SSA22 field, there are LAEs with large Equivalent Width.
— Probability of the star formation biased to very large mass.

((LBG: 985 ohi.
(1)H-v-z><(v-i’)=1.o
@V 208 WM SRS 255

(1) NB487 < 26.0
(2) BV-NB497 > 0.8

The stars whose
mass > 8 M,,,,
become core—
collapsed SNe.

,00

Frequent SNe explosions by massive star? = Frequent Core—collapsed SNe
But observed most distant core—collapse SN is at z<1 =

Probability of detecting SNe at z~3
Brightness

25

Expected number

Richardson et al. (2002)
2 =Consider constant, corttinuous star formation history.

2 =Initial mass function (IMF) :Salpeter IMF a=2.35 (0.1-130Msun)
=Star Formation Rate (SFR)
=, { LAE:SFR=2 Msun/yr
) I o LBG:SFR=40 Msun/yr
AMALK. ; s ﬁ One SN could be observed for 2 weeks
e v

" in the rest—frame
<Type Ib/Ilc SNe> <Type In SNe>

\ How?

Observing data (Subaru Telescope / Suprime-Cam)
Band | date PI E"‘E:f)“'e ‘r(’z;":;“g'; <Filters of Suprime—Cam
B 2002/9 Hayashino et al. 0.7 26.6 e
2003/9 Capak et al. (archive) 11 271 L0
v e Hayashino et al. 07 268 ||
2003/9 Capak et al. (archive) 08 26.8 T
o , 2001/10 | Capak et al. (archive) 12 26.0 ﬂn
z
2002/9 Capak et al. (archive) 14 26.0
L Using for detecting flux variances
<Flux variance>
@ Star—forming galaxies in the SSA22 field o3
@ The background objects in the same images

Aperture photometry
(V / 2’ —band images, 2 epochs)

of the star—forming galaxies and
the background objects

<Estimation of flux variance by noise>

.

Aperture photometry in the B-band images (2-epoch) !

|

A fux(03+102)-[ADU}

Flux variance between 2—epochs |:> Comparing their flux variances

Selection of variable objects
(Aflux = 30 of thebackground objects)

Selecting objects those which might be non—variable objects as a control sample.
Selection criteria for the background objects
(1) same magnitude range as LAEs / LBGs «

LAE:25<V <273, LBG:24<V <255
(2) eliminate blue objects (AGN) : 0.2 < R <04 -

—\

B Aflux (" 03-" 02) [ADU]

>

2~3 LAE sample: ~0.05 SN / 614objs. \L
Expected brightness at Maximum light z~3 LBG sample: ~0.2 SN / 9850bjs. Afux < 30 — Aperture photometry in the V/z' —band images
Mio™ =178 M) mesg~27.7 In case of star formation biased mass &=05 b ] !
But more luminous SNe could exist. LAE:~0.3 SN, LBG:~3 SN control sample
<LAE> <LBG>
LAE : 13 ohjs. D \4 z Spect D \' z’ Spectr
q i i ectrum pectrum
Variable objects candidates LBG : 14 objs. Amag vear, Amag vear, P Amag | voar, Ameg | voar,
what are the origins of variances showed by these 35 [ 065(@360) 03 - - - 2 | 029(11.40) | 03 - [ - -
variable object candidates? 102 - - 11(300) | 02 - 72 | o03@io) | 03 | - | - ] LG
120 1.86 (380) 03 - - - 168 - - 0.18 340) 01 -
X 135 | 058 (330) 03 - - - - - 029 (360) 02 AGN
Candidate1- - ~Supemova . ) 157 | 041 (340) 03 - - - 025 (620) 02 - - AGN
unidentifiable now (Because only 2-epoch images exist.) 216 077 (340) 03 LAe? o1t 033 (10) 03
.77 (340 - - ? .33 (3. - - -
|:> Need more photometric and spectroscopic data ! 335 | 067(300) 02 _ 691 03(340) 03 _ _ AGN?
Candidate2- - -Active Galactic Nuclei (AGN) - - 029 (360) | 02 AGN 699 [ 035(340) 02 - - -
<Spectrum Features> 025 (620) 02 - - AGN 701 | 03(340) 03 - - -
Rudtheilvnanfoferissionling 457 | 037(4360) | 03 - - AGN 818 - - | 03713200 | 01 -
Type I :50~100A, Type I : >10A ¢ LAE : <10A (Observing frame) 189 - - 007G80) | 02 - 369 | 015 620) 02 _ - _
+ NV emission line (Observing wave length~5080A) R ——
| 645 | 022(300) | 03 | - | - | LAE 927 - - 05(300) | 02 -
Some of the candidates those have spectrum—data have been confirmed as | 686 | 017 350) ‘ 02 | 048 (780) ‘ o1 | _ 984 016 360) 02 - = -
Al (yean, ; The yean when luminosity of galaxies increase )
<Identified> VAR 300 ) LBG 72
_uxA. marZ;’:r ‘028 02V NB497 VAflux : 3.1 0 (year,=03)
Lyman @ emission = - - - Amag=27.13
] FWHM~10A u F <Spectum> |
< Spectrum > l T
P e e . variance
P & . e mage
| ) ¢ 02-01)
; Amag=26.32
AT ‘03B ‘03 Vv NB497-BV A NB497-BV —/

2 variable objects remain as candidates of star-forming galaxies without evidence of AGN contributions, which are potential candidates of SNe at z=3.1.
( And there was an unidentified variable object candidate showing SN-like variance. )

There is possibility of detecting high—z SNe.

Multi-epoch photometric data and spectra can prove the origins of the variability.




A study of light curves from rapidly rotating neutron stars
Astronomy, D3, Kazutoshi Numata

Two types of X-ray phenomenon Accreting Millisecond X-ray Pulsars

(AMXPs)

small amplitudes: a few %
sinusoidal pulse shapes:

X-ray pulsar(High Mass X-ray Binary)
~

fundamental = 10 X first overtone

Periodic millisecond X-ray oscillation
*Accretion-powered millisecond

oscillation (10 AMXPs) E
*Nuclear-powered millisecond oscillation E
(16 AMXPs) g ! 1Fundamental: 3.280.03
T First overtone: 0.11%0.03
Accretion-powered oscillation The prOpertleS of AMXPS zE 0os 7 . . ; /
o 1 2

X-ray burst(Low Mass X-ray Binary) * Small amplitudes
- « Sinusoidal pulse shapes
« Variable oscillation amplitudes

Nuclear-powered oscillation S

Variable oscillation amplitudes:
factor 1 —2~10

SAX J1808.4-3658 outbursts
Red 2-5keV; green 5-10keV; blue 10-20keV
(Hartman et al. 2009)

SAX J1808.4-3658 outbursts
(Hartman et al. 2008)

Folded 2-60keV PCA light curve
XTE J1751-305 April 2002 outburst
(Gierlinski & Poutanen 2005)

To explain these properties,Lamb et al. (2009) proposed

Spot model

fractional rms amplitudes

Lamb et al. (2009)

i I = 1
L N ot § o
5 2 a a0, s .
“ ay, (T (2]
= 1] ) a
a1 [t
o8 o
‘s’nm éu "“-\,‘énnn:
C Wow s W h W Wow w7

gt mchnancn idegpees)

fundamental

First overtone total

* Small amplitudes

« Sinusoidal pulse shapes

 Variable oscillation amplitudes

This model can explain all properties
of observations !

Parameters in Spot-model

Temperature perturbation

Mass: M comvatureof RS model (nEW model) on the surface = ,
. ! *Spot model Lee (2009) P I spherical harmonic degree
Radius: R space-time Core r-mode m: azimuthal wave number
adius: *R-mode model
Spin frequency: fus observable R-modes are excited by gravitationalwave  Neutron star model composed of TG IEEARN(@)Cos(MEERGE}
. . . . radiation (Andersson 1998; Friedman & i i i he fi f r-mode in inertial fi
Observer inclination: i. et 1(998) fluid (?cean, solid crus.t, fluid core The frequency of r-mode in inertial frame
Spot pOSition: is *RS model ROtatlng and magnetlzed neutron - 3 Pattern by f( 8 )cos2 ®
Spot radius: s R mode plus hot Spot model star ) ) Ta=1 B .
1 ‘ We consider the amplitudes at the A.=0.05 g
» 1spot assumption ' _ surface of the star 5:
»Blackbody radiation We examine some properties Contribution to light curves P

observed from AMXPs

1. Temperature perturbation on the surface

2. Periodic disturbance to the hot spot

T§ mean temperature
of the surface

due to r-mode

[ Fractional amplitude of’
temperature perturbation,

hinkathanh ananad

Result

R-mode model RS model RS model RS model -

M=1.4 Msun M=1.4 Msun is=40° M=14Msn  is=10° - 10260° RS model - -
_ _ _one _ oo M=1.4 Msun o=l M=1.4 M - N
R=16.4 km R=16.4 km sr=20 R=16.4 km sr=20 R=16.4 km sr=20° - Visun [l i
fvs=600 Hz fs=600 Hz Th=1.02 fu=600Hz  Th=1.02 femB00 Hz Tho1.02 R=16.4 km ra v
i fns=600 Hz =l )’
' is=40° o

asee sr=20° .
o Th=1.05, - w
; g o 1.15, i i
£ i 15, e b
g 2.1, » g

oo
4.2,
st} N os4 o osr

o p— = p— o R— 10.5 :
e B i e S = : :
Prate - Prase [T) 1 15 n:- 25 3 35 4 1 : | 1 ::‘
-:temperature ratio of the hot spot to the mean surface temperature g “ | /| £ o)
*What do the temperaturer: )sel dne
: angular radius of circular path from AMXP? “ J N\ \ w

RS model «Can we detect the oscillation’by R“mede

light curves

:angular velocity of the spot along the circular path
M=1.4 Msun

R=16.4 km

i0=60

sr=20

Lamb et al. (2008) : angular distance from the spin axis of the center

of the circular path

I

fns=600 Hz 0 oo
¥ - i
The2.1 Thed 2 M=14Msn  i0=30 =
O i — e RS model R=16.4 km sr=20° o
| v —— . tdomtons fs=600 Hz E-4Q/3 i
oass e Tp=1 3
- i : A. =005 !
ol g o
= i Th =105 Meos = ]
anis .
o o0 " e . h
O — Conclusions N-1 =3 e
o o o1 undamental o1 | ——
R B T A T T T S e S e S i we| ST we| o
Snctnclnaon Spot ikt 1. temperature perturbation on the oos o
_ o wr
Contribution to light curves surface (Ac=0.05) i § o é o6
We can detect the amplitudes of the oscillation by r-mode in Th=2. o0 e
The light curves calculated by RS model become similar to those by HE™ H™
2. Periodic disturbance to the hot spot Spot model when Thed. oo o
_ 2. Periodic disturbance to the hot spot ox o
dial horizontal and We can detect the oscillation in 7 =1 “;/ B e ——
radial component toroidal components If we detect the oscillation, it will become to an evidence that [ T B B 1 S R S

the I'=m=2 core r-mode is excited by the gravitational

- e
around the spin axis radiation

The hot spot near spin axis can drift !
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CMB bispectrum,fl;om the second-order cosmological perturbations

@ Dzisuke Nittar(AstrenemyAps)), = Eiichiro Kematsu(theruniversity of Texas at Austin), Nicola Bartiolo

LR (Universita di Padeva), Sabino Matarrese( Universita difPadeva ), Antonio Riotto(CERN)E

i

= =20d order Boltsmann €q. (Bartoro et al 2006 1,11 pitrou et al -Angularlsveraged blSpeCtrum
- e 4 2008, 2009) We may observe the primordial bispectrum as the temperature
'|r el non- aussianity The photon’s distribution function We introduce anisotropies
e ; 9 - P [ The spherical harmonic coefficients

of temperature anisotropy:

But---

Due to the rotational symmetry

2-poit correlation m E
m :angular power spectrum a
point correlation

Relati A and p ire fluctuation © are given by

following effects appropriately.

= {=1)" g, 1,0

a inflation etc.)

3-

0 perature anisotropies via
ction and gravitaty.

ations and Einstein equation. L . Wigner 3jsymbol

eek lensing etc. ) -angular averaged bispectrum

1t L€, Oy + egelic

We obtain

The Wigner 9j symbol

If they satisfy the triangle conditions, then #0

We have defined the “angular-averaged source function”

Ky g

If we can know the 2"-order source terms, then we can calculate
the bispectrum.

Calculating m for products of first-order

These are non-zero only four cases * X2 minimization

Minimize: i=2nd, local
e TN E We only consider ideal cosmic-variance.
-
o= a - = me
.
- o - S does not depend on ks. This property enable us to integrate the analytic
el - formula of the bispectrum over ks Fisher matrix:
—
o =
= -
gi—

The Fisher matrix are Sumed up to 13=Imax

OResults

*Shapes »contamination

2nd-order Boltsmann eq.
Signal-to-noise ratio Cross-correlation coefficient Minimize the following function:

We define fiL:

S/N=0.38 (Imax=2000) Fanaioca=0.5 (IMax~200) fNL=0.9 (Imax=200)

OSummary

-We obtain the general formula of the CMB angular averaged bispectrum.
-The bispectrum has maximum signal in the squeezed triangles, similar to the local-type primordial bispectrum.
-However, detailed calculations show that their shapes are sufficiently different

-We conclude that the product of the first-order terms may be safely ignored in analysis of the future CMB experiments.
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A star’s pulsation is NRP if the oscillation is in such a way as
to deviate from its spherical shape. NRP is characterized by n
(number of nodes of eigenfunctions between the center and
surface of star), £ (number of surface nodal lines), and m
(number of such lines that pass through the star's rotation
axis), which correspond to the spherical harmonics Y,”(6 ).
In the observer's co-rotating frame, waves with m < 0,
propagating in the same direction to star's rotation, are
called prograde modes; those with m > 0, traveling in the
opposite direction to rotation, are called retrograde modes.

Here we analyze the NRP of a 4Mg, star to see the effects of
rotation to the stability of gravity modes (g-modes) at the
zero-age main sequence evolution stage. The rotation effects
are in the form of the Coriolis force, as the first effect of
rotation, and the Centrifugal force (hence the rotational
equilibrium deformation) as the second effects of rotation.
The 4Mg itself is an SPB (Slowly Pulsating B-type star) which
shows NRP of high-order (n) g-modes.

By employing a series expansion in terms of the Y,”(6 ¢).
Modes with ¢ = [m[+2(j — 1) are defined as even modes,
while £ = [m[+2j - 1 are odd modes withj=1,2,...

& =a) S, (a)Y"(O,p)e"
02]m|

0 1 0 .
= H,(a)—Y"(6,0)+T.(a)———Y,"(6,
& aZM‘, (OFARCED Aa)sm@a(of( ¢>}

1 0 0 :
= H,(a)———Y"(0,0)-T.(a)—Y" (6, p) &7
é:(p azzzrq ,(a) sinf 0 7 (@,0)-T,.(a) 20" ( ¢7):|£

Slow Rotation
The complex eigenfrequency wis approximated by

@ = @,+ mC, 2+ C,2F
where @, is eigenfrequency of mode at £2= 0. Modes with @,
< 0 are unstable. For 2 > 0, if C;, > 0, the retrograde modes
are stabilized and prograde modes are destabilized by
rotation; if C, > 0, both retrograde and prograde modes are
stabilized by rotation.

0t ) The first and second
order effects of rotation
work both for
destabilizing and
stabilizing the oscillation
modes, but only a few
modes can change their
stabilities as a result of

the second order effects.

APRILIA

ASTRONOMY, D3, TOHOKU UNIVERSITY

LA UTIAREL S
Eigenfrequencies for
modes at /=1-10 Wp

- -5
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(B} 2 (B} (] s nr L R i

If without rotation, most of the high-order g-modes are
stable modes, while the unstable modes are in the certain
range of w of the low-order g-modes.

When rotation is included, C;, of the high-order g-modes
are negative, mean that the retrograde modes are
destabilized and prograde modes are stabilized by rotation.
Unstable modes are only found at ¢ < 10.

Rapid Rotation
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As Qincreases, many avoided crossings occur between the
modes as can be seen in the behavior of @, At the
crossings, the mode properties are exchanged between the
modes, as is shown by the behavior of @,. Only modes with
not so different /—values can cross (e.g. £ =1 & / = 3)
because the different of their @;s are not very large.

@,
ng=22,£=13

et

Lme

ny=22,£=13
m

[m]

(% L : ng=9,[=1 e m

[m] ] |
L
O

12085
0.6

0,00 [ T [ T wn 0.6 [ (0] (- [T

Example of avoided crossing:n;=9£=1&n,=22/=3




A Study on Mathematical Fuzzy Logic
Ahmad Termimi Bin Ab Ghani

1. Preliminaries
Fuzzy logic is understood a logic with comparative notion of
truth, the standard set of truth values is [0,1]. A f-norm is a
binary operation * in [0,1] which is commutative,
associative, non-decreasing and satisfying 0 #x =0 and
1 % x = x for each x. Each continuous #-norm * determines
uniquely its reduum = satisfying, Vx,y,z, the condition
z<x=>vyiffxxz<y ()
Three most important continuous -norms are

name | x+y | x=yforx>y | ~x=0
L max(0,x +y — 1) 1—x+y 1-x
G min(x, y) y 1forx=0
I Xy y/x 0forx>0

2. Basic Fuzzy Logic and three stronger systems

The following formulas are axioms of the logic BL
AN @@= = (@-=0-@->0)

(A2) (p&Y) - ¢

(A3) (p&y) = (YP&ep)

(A4) (p&(p = ) = (Y& - @)

(Asa) (¢ = (@ = 1)) = ((p&y) = x)

(Asb) ((p&y) = 1) = (¢ > W > X))

A6) (0= ¥) > x) = (W~ 9)=x)-x)

(AT)0 = ¢

Lukasiewicz logic L is BL plus the axiom of double negation
=@ — @; Godel logic G is BL plus the axiom of
idempotence of conjunction ¢ = (@&¢); Product logic II,
originally introduced in [1], is defined in [2] as the extension

of BL by axiom =¢ - ((¢ - (9&)) = W&-—)).

General algebras of truth functions for BL are called BL-
algebras. A BL-algebras is a structure L = (L,N,U,x,= ,0,1)
with several properties. The axioms Al-A7 are L-
tautologies for any BL-algebra L. If * is a continuous /-norm
and = its residuum then ([0,1], min, max,* = ,0,1) is a
particular linearly ordered BL-algebra [0,1], given by *
(called t-algebras or standard BL-algebras). The standard
MV-algebra (G-algebra, I1-algebra) is just [0,1], where * is
L (G, IT) f-norm. Let now C stand for BL, L., G, II, let C-
algebras be BL, MV, G and [1-algebras respectively.

General completeness theorem. For each formula ¢,
following are equivalent: (i) ¢ is provable in C, (ii) for each
C-algebra L, ¢ is an L-tautology, (iii) for each linearly
ordered C-algebra L, ¢ is an L-tautology

3. Computational complexity
Follows are survey on fuzzy propositional calculi. We
consider four sets of formuias as:

SAT{ = {¢|for some L-evaluation ¢, ez (¢) = 1}
SAT,s = {plfor some L-evaluation e, e¢(¢) > 1}
TAUT{ = {¢|for each L-evaluation e, ez(¢) = 1}
TAUTS,s = {plfor each L-evaluation e, eq(¢) > 1}

Summarizing, we have the following:

(IYSATE = SATS, ;= SAT! = SATR; = SATE? ig Np-
complete.

(2) TAUTS,; = TAUT,L; = TAUT®°°" is co-NP-complete.

(3) TAUTE, TAUT!, TAUTE®! are pairwise distinct and all
co-NP-complete.
(4) SATY,, > SATE > SAT®®°', all NP-complete.

(5) TAUTf € TAUTY,s € TAUTP®', are co-NP-complete.

3. Predicate Fuzzy Logic and three stronger systems
A standard interpretation of the language is a structure
M = (M, (rp)p, (m,).) where each m. € M and for each n-
ary predicate P, rp: M™ — [0,1]. An L-interpretation over
BL is a structure as above but 7 is an L-fuzzy relation, i.e.
rp: M™ > L. The truth value ||¢||}; , of a formula ¢, is given
by BL-algebra L, an L-interpretation M and an evaluation v
assigning to each variable x an element v(x) € M.

”P(u‘.l! wun)"kﬂ.v = TP(V(HI)J ey V(un));
llo = ¥llizs = llelliny = [Pl similarly &,
NVl = inf{||(p||f;4’v;|v’ =, v}, similarly 3,sup

where v’ =, v means that v'(y) = v(y) for all variables y
except possibly x. The L-interpretation M is safe if ll¢|l%.,
is defined for all ¢ and v. Let CV be BLV, LV, GV, [1v.

General completeness theorem. For cach theory T and
formula @, T ey ¢ iff for each linearly ordered C-algebra
L and each L-model M of T, ¢ is L-true in M. In particular,
CY ¢ iff for each C-algebra L, ¢ is an L-tautology.

4. Arithmetical complexity
We interested in arithmetical complexity of sets of predicate
tautologies and sets of satisfiable formulas.

TAUT® = {¢|for all standard C algebras L and L-safe M, |ll[} = 1}
genTAUTC = {g|for all C algebras L and L-safe M, [|@|l% = 1}

SATE = {¢|for some standard C algebras L and L-safe M, ||¢||} = 1}
genSATE = {¢|for some C algebras L and L-safe M, ||¢||} = 1}

The results are summarized in the following table.

‘ Provable stand. gen. SAT stand. SAT
=gen.TAUT | TAUT = consistent

BLY | £;-compl. [1,-hard I, -compl. Not Arithm.
LY | Z1-compl. MMy-compl. | II;-compl. I, -compl.
Gv | E1-compl. Z,-compl. I1;-compl. I, -compl.
ny | Zi-compl. I1;-hard I14-compl. Not Arithm.

Since by completeness theorem general tautologies coincide
with provable formulas, genTAUT® is evidently ¥,; ¥,-
completeness is proved in [3]. Similarly, general
satisfiability coincide with consistence; thus genSAT® is
M,-complete. TAUT* being I1,-complete is a classical
result of Ragaz. The fact that SAT™™ is not arithmetical is
proved in [3]. We found there are open problems concerning
the arithmetical complexity on monadic logic [4].

Reference

[1] Hajek, P.; Godo, L.; Esteva, F., 4 complete many-valued logic with
product conjunction, Arch. Math. Logic, 35 (1996), 191-208.

2] Hajek, P., Metamathematics of fuzzy logic. Kluwer 1998.

|3] Hajek, P., Fuzzy logic and arithmetical hierarchy 111, Studia logica, 68
(2001), 129-142.

[4] Hajek, P., Monadic fuzzy predicate logic, Studia logica, 71 (2002), 165-
175.



Some space-time integrability estimates of the solution for
heat equations in two dimension

Norisuke Ioku

Mathematical institute, Tohoku University, Japan

sabm02@math.tohoku.ac. jp

Heat equation in 2-dimension

I=(0,T), Q C R?: bounded domain
ou — Au = f,

u = 0,
u(0) = wuy,

in I X,
on I x 9012,
on {0} x Q.

(H)

Lorentz-Zygmund space

R\Y p
f € LPlog LY(Q) <—> /BR{(logm) fﬂ(m)} dr < od

fﬂ is a symmetric-decreasing rearrangement of f.
|Br| = [€].

(g>1,p>0)
LY(Q) C L'log L*(Q) C LY ()

Figure of f*

re

Known Results

Maximal regularity
Let 1 < p,q < oco. Vf € L9(I; LP(R2)),
Ju € Wh4(I; LP(R)) N LI(I; WP(Q)) s.t.

fli

e

10¢ull La(z;Lr) + |AU] La(r;z0) < ClFllLa(z;Lr)

- Harada-Nagai-Senba-Suzuki
Let f € L®°(I; LY(R)), u : weak solution. Then
0 < Va < 4w, 3C > 0 s.t.

(OéIU(t,w)l

sup [, exp
Jo £l

)dm <l
o<t<T

PROBLEM

How about the regularity of a weak so-
lution u for f € L9(I; Llog LP(2)) ?

Main Theorem

-Definition (Orlicz space)

exp LP(2) := {u € Llloc; ”u”expLP(Q) < oo} ’

where ||ul|exp 1r() is @ Luxemburg norm.

Theorem1
Let f € L4(I; LYog L?), uy, € LilogLP™!
(0<p<1,1<q<oo) = Ju sol. s.t.

SUp ||| pnog - + [lull

1
0<t< La(I,exp LT-P)

< C (1 | ar,pn0g £) + 120l| porog £7-1) -

Theorem?2
Let f € L' (I; LYog L?), uo € L'log L?
(0 < p<1) = Ju sol. s.t.

sup ||u||ziiog zr +- [[u|]
<T

1
o<t L'(I,exp LT-7)

<C (”.f”Ll(I,Lllong) + ||u0||LllogLP> .

Remark
Theorem 1,2 can not be obtained by a simple appli-

cation of the estimate of the maximal regularity.

Lemma
Let p > 1, u € exp LP(R2). Then

ub(r)
(log % +1

Hu”eXp Lr() = Sup

0<r<R )1/1’

Proof of Theorem 1 (Outline)

eStepl Use the differential inequality of u!
9, uf

(‘:)tuﬁﬁ —2— < fﬁﬂ’

7P

where u#(r) := %fBT uf(z)dx.

eR)\ P~D4
a1
oStep2 Test by r (log —) u 5
P




Well-posedness for Navier-Stokes equations in modulation

spaces with negative derivative indices

Tsukasa Iwabuchi (Tohoku University)

Abstract. The Cauchy problems for Navier-Stokes equations are studied in modulation spaces M;;O_(R”). Our aim is to
reveal the conditions of s, ¢ and o of M7 (R") for the existence of local and global solutions for initial data in M, ,(R").

1 Modulation spaces M (R")

In this section, we define Modulation spaces M? ,(R") and introduce
their properties.

Definition (Modulation spaces). {¢ }rezn : partition of unity with
suppor C { €€ R | [€—k| <+/n }. For example, in the case of R?,

SUpp Pk

v

0l

Forse R, 1 <¢q,0 < o0,

1
M, (R = {1 € S®) | (32 QR IF ouF S faan) < o0}
kezn
Proposition.[Feichtinger (1983), Toft (2004), Wang, Hudzik (2007)]
(i) Mg, (R") — Mg (R") if s> s9, ¢ <qo, 0 < o0p.
1

n n N 1
(R?) = LAR") = M gy R") if PR L

(i) MP

gmin{q,q'}

Remark. In Besov spaces B  (R"), we use dyadic decomposition
instead of square decomposition. Then, we have

By, (R") 4> By ,(R") if 1 < g < go < oo.

q0,0

A
A
<8 B
‘~.\ \
/ [ T
o\ o] Jok/ T
\ |
b\\y_,/

2 Results

Oou—Au+u-Vu+Vp=0 for (t,z) € (0,00) xR",
(NS) divu=0 for (t,x) € (0,00) x R™,
u(0, ) = up(z) for = e R™

Known Results. Let n < ¢ < oo.

Local solutions Global solutions

T. Kato (1984) uy € L™"(R™) small ug € L"(R")

F. Planchon (1998) small uy € B{;i:%(R”)

H. Koch, D. Tataru 1

Uy € VMo~ small uy € BMO™!
(2001)

B. Wang, L. Zhao,

€ MY (R"
B. Guo (2006) to € M3, (R?)

I. (2008) up € M2, . (R") | small ug € M . (R”)

—1 —1

PM;,(RY) == { fe[M:,(R")]" | div f=0inS'(R") }.

Main Theorem. Let n, s, ¢ and o satisfy

(-1

n>2 s>-14+" 1< ¢ < oo

) = =

Then, for any ug € PM; ,(R") there exists 7' > 0 such that (NS) has
a unique solution u in some subspace of [C([0, 7], A[;U(RT’))]n.

If ¢ < n and wug is sufficiently small, the solution exists globally in
time.

Remark. (i) If s = 0, then we have 0 < n/(n — 1). Therefore, this
Theorem is an extension of our previous result.
(ii) Since s > —1+n(o —1)/o, we have s > —1. If s < —1, (NS) is ill-
posedness in M; ,(R") (1 < o < 00). Therefore, the derivative index
s = —1 is optimal to obtain well-posedness. The way of the proof is
applying the argument of I. Bejenaru, T. Tao (2006). They studied the

2 in one space dimension,

nonlinear Schrodinger equation i0yu+ Au = u
and we apply their argument to the Navier-Stokes equation.
(iii) If s = —1, our initial data are included in the result by Koch and

Tataru (2001). In fact, we have the following continuous embeddings

]W;f(R”) —omo ! if 1<¢< o0,
M;MR") — BMO™ if 1<q<n.

The other cases are not clear in general by Mg (R") #> M, |(R") in
the case of 1 < ¢ <ooand s = —-1+n(c —1)/c > —1.

3 Proposition to prove theorems

We introduce the proposition to prove our theorem in the case of
—1 < s < 0. The way of the proof is applying Banach’s fixed point
theorem with the following propositions.

Let s,5 € R, 1 < ¢q,r,0,v < 00, e® := Fle7 " F we have the
following estimates.

_n/l_ 1

ii) HetAuHngg <C (1 +t7%) HuHM,f(, if s>s.

(
(i) e ullg, < € (1+300) g, it o< v,
111 Lt 1
(iv) [Toft (2004)] If = = — + —and — = — + — — 1,
P P 13 o 01 [2p]
lwvllpe . < Cllullao  [[0llaeo
q1:91

0.0 — Hag.00 "
1
(v) HetAuHLQ(O,T;ZLIgJ) <C (1 + T‘Z) ||UHM;11~
t
i e f(r)dr] <o (1+1%) .
(vi) H/o e f(r)dr oz, = ”fHL‘(O,T,]\J;]J)
Remark. (1) We use the estimates (ii), (iii) and (iv) to obtain local
solutions of our theorem in the case —1 < s < 0, and the case s = —1

can be treated with (iv), (v) and (vi). (i) is used for the proof of the
existence of global solutions.
(2) Similar estimates to (i) and (ii) are known in Sobolev spaces.

”emu| < Cf%(%*%)(l + t’%;)HuHH;,T if s>35 g>r.

Hsa



The soul conjecture for Riemannian orbifolds

Naoki Oishi (Mathematical Institute Tohoku University)

1 Introduction

In 1994 , Perelman solved the Cheeger-

Gromoll soul conjecture:

Theorem 1. M™ : non-compact, complete
Riemannian manifold with K(M™) > 0,
dp € M™ s.t. K(p) >0.
= The soul S of M™ is one point set. Con-
sequently M™ is diffeomorphic to R™.

Here the soul S of M™ is a totally geodesic
submanifold of M™ , which is constructed by
some inductive way. M™ is diffeomorphic to
a normal bundle of S.

One of the ideas of proving the theorem is
to construct a flat rectangle on S and extend
the rectangle along geodesics until it contains
p.

By the way, Perelman constructed a soul
on an Alexandrov space. But he couldn’t
generalize the theorem to the Alexandrov
space. We show an analogous result
to the theorem for Riemannian orbifolds
with nonegative curvature, which belong to

Alexandrov spaces.

2 Riemannian orbifolds

e M : complete Riemannian manifold.

I' C Isom(M) , T ~ M : discontinuously.
w:M > xw— [x]r € M/T.

d([z]r, [ylr) == d(m([z]r), 7~ ([y]r))-

= (M/T', d) : metric space.

O := (M/T',d) : (good) Rie-

mannian orbifold.

Definition .

Definition .
curved point if K(p) > 0 holds for Vp €

' (p).

p € O is said to be a positively

eacM,T;:={g€Ilga=a}.
'z ~ I'; holds for Vx € O,VZ,y € n~(z) .

', :=T3. x € O is called a
singular point if T', # {e}.

Definition .

ez € O, v : geodesic in O with v(0) = x.
c(x) :=sup{c > 0| any v with L(v) < c can
extend to a geodesic ¥ with L(¥) = ¢ and
3(0) = @} .

Definition .
for A C O.

E(A) := inf{c(x)0x € A}

Remark. E(A) may not be positive. For
example, let O be a cone. In this case, the
origin o is a singular point, and any geodisic
~ can’t pass through o ; see Figure.

o

Figure

Theorem 2. O :

Riemannian orbifold with curv(O) > 0,

non-compact, complete

dp € O : positively curved point.

Moreover, we assume the followings with re-
spect to the soul S in O :

(1) Ve,y € S, T, ~T,,.

(2) d(p, ) < E(S).

= S : one point set.

Remark. (1) implies E(S) > 0. Therefore
by (2), we can apply the Perelman’s method

on S.
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sectN <0 > ExpHarm(M, N) : compact

What is exponentially harmonic maps ?

Harmonic maps

1
E(u)::f |dul’dpg
2Jm $ u € Harm(T?,S$?) with deg(u) = +1

Agu+ A(w)(Vu,Vu) =0

On the other hand
e-exponentially harmonic maps (>0 Fact [Duc & Naito]
2 V A €M, N]
Eg(u) = f e€|vu|2dug 00 o . . .
M Ju, € C°(M, N) : E.-minimizer in A

Agu+e(VIVul*>,Vu)+ A(w)(Vu,Vu) =0

Proof of Main Theorem
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1 Hele-Shaw flows with free boundaries

Hele-Shaw flows are fluid flows in an experimental device which consists of two
closely-placed parallel plates. Since the gap between two plates is sufficiently nar-
row, one can regard them as two-dimensional flows. We consider a Hele-Shaw flow
produced by the injection of fluid from two points. Let the fluid initially occupy a
bounded domain Q(ty) C C at the initial time ¢ = ¢, and assume that +i € Q(to).
From each point +i, additional fluid is injected at the respective rate aq, as > 0
per unit time. The fluid domain at time ¢ > ¢, is denoted by Q(t) and its boundary
by 9(t). We are interested in the behavior of the interface of the Hele-Shaw flow
as time tends to infinity. In particular, we consider the stability of the interface

under disturbance. x e

n«:/ o 2
o X

74

One of the significant features of the Hele-Shaw flow is that the flow is charac-
terized as a two-dimensional potential flow with the potential being its pressure p.
Let p = p(z,t) be the pressure of the fluid at position z € C and time ¢ > 0. Then,
p is assumed to satisfy the following equation and boundary conditions:

(1) —Ap=a16; + azd_; inQ(t)
(2 p=0 on 00(t)
@3 —Onp = vy, on 90(t)
From (1) and (2), for each time t > ¢;, the function p can be represented by
p(2,t) = 1G04 (2) + a2G_j o) (2) for z € Q(t),

where G4 o) are the Green’s functions of Q(t) with pole at 44, respectively. We
call a family {Q(¢) }+>¢, of domains a solution of the Hele-Shaw problem if it satisfies
(1)~(3) with the function p defined above.

2 Explicit solutions

By means of a complex analytic method, we are able to construct an explicit

solution {Q()}¢>¢, of the equation (3). The domain Qq(t) is represented as the

image of the unit disk D through a conformal mapping ¢y, i.e., Qo(t) = i(D).
The mapping ¢; is given by

R*—1 w—in

)) = ¢ t) = R4/

i) = plw,t) = T

where R = R(t) and ) = n(t) are smooth functions of ¢ and they have the following

+ iR,

asymptotic forms:

R(t) = Jar +az 2 O(t’lﬂ), n(t) = Qz — 2 4 O(t—1/2)7
e (a1 + az)

as t — oo.

3 Derivation of an evolution equation

Our objective is the stability of the solution {Qy(¢)} of the equation (3) under
disturbance of the initial domain Qg (t). We investigate the behavior of a solution
starting from a domain Q(ty) which is sufficiently close to Qq(to) for a large positive
number tg. In this section we derive an evolution equation from the free boundary
problem (3).

For a continuous function r = r(£) on the unit circle S, we define
D, :={w e C\{0} | |w| < 1+r(w/|w|)} u{0}.

Let us assume that a family {Q(t)}¢>4, of domains satisfies the equation (3), and
that each domain Q(t) is represented by Q(t) = ¢;(Dy(. 1)) for some time-dependent
smooth function r = 7(&,t), £ € S', ¢ > t5. Then, after some computations we see
that the function r satisfies the following equation:

(19G(w(€).1), nop, (w(€))) + (*VHu,0(wr(€)) , nop, (wr(€)) )
det Dyp(w, (€),1) - (€, nap, (wr(€)))
(910w (6),8), (Dusplwr(€). ) mo, (w1 (6)) )

- ’ (4)
det Dup(w,(6),) - (€. mop, (w(€)))

Or(§,t) =—

where w,(€) == (1 + r(& )€, and (-,-) denotes the usual inner product in R2,
and npp, (w) is the unit outward normal vector to D, at point w. The function
G = G(w,t) is defined by

G(w,t) == alGl;:lm_D(w) + aszfl(_i)‘D(w),
and H,; = H,;(w) is a unique solution to the Dirichlet problem

AH,¢(w) =0 for w € D,,
H,i(w) = —-G(w,t) forwe dD,.

Note that » = 0 corresponds to the family {Qq(¢)}i>4,, and hence r = 0 is a

solution to the equation (4).

4 Main result

To state our main result, we recall some function spaces. The Holder space C’“’“/(Sl)
is a Banach space consisting of those functions r that are k-times continuously
differentiable with their k-th order derivatives r*) satisfying

¥ (er) =¥ (&)] < Cles — &I

for some constant C' independent of &1, & € S'. Then, the little Hélder space
h*7(S') is defined to be the closure of the subspace C*°(S!) of infinitely many
differentiable functions, in the topology of C*7(S).

Theorem. Suppose tq is sufficiently large. For e > 0, there are §, M > 0 s.t.
if |rolln2 sty < 8, then there exists a unique solution r € C([tg, 00); A%7(S1))N
C ([to, 00); W17 (S1)) satisfying

7 (®)lln2 1) + 7 Bty < METHE|rol|p2a(s1)-

Therefore, the solution {Qq(t)}¢>¢, is stable under disturbance, and the distur-

bance decays with algebraic order as time goes to infinity.

5 Outline of the proof

We treat the equation (4) as an evolution equation on h!7(S!) as follows:

r'=F(rt), t=>to,
r(to) = o € h*7(Sh),

where F : h27(S') x [tg, 00) — h17(SY), and F(0,¢) = 0.
t- D, F(r,t) = Ain L(h>Y(S!),h17(SY)) as t — oo and r — 0.
A : sectorial in A1 (S1), and sup{ReA | A € o(A)} = —1.

(97 Escher & Simonett, '09 Vondenhoff)

Set 7 :=log(t/ty) and 7(7) := r(t), then
P(r) = tr/(t) = t- F(r,t) = A7 + G(F,7), (5)
where G(0,7) =0, D;G(7,7) — 0 as t — oo and 7 — 0.

(Linearized stability for asymptotically autonomous equations)
[I7o[[p2.~(s1) < & = 37 solution of (5) satisfying
7 n2 sty + 17 (7)1 @y < M eCHDTlrg|| o sy,

o Maximal regularity property of h%7(S") ('79 Da Prato & Grisvard)
7; € C([0,00); K27 (SY)) = G(7;,7) € C([0,00); K17 (S1))

= Fy1 € O([0,00); 27(S1)
(The case where G = G(7) and DzG(0) = 0 is already known.)

Turning back to the original time variable ¢, we see that
(@) llnz sty + ' @) llnro gty < MEHE|rollpza sy
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1 Notations.

e R := a regular local ring of equi-characteristic.

e CH"(X,n) = the higher Chow groups for arbitrary integral scheme
X.

e K,(X) = the algebraic K-groups for arbitraly scheme X.

o Z (X/S,r):=Z[Z CX|X — S : equi-dimensional of dimension r]

(S := a geometrically unibranch scheme, X := a scheme of finite

type over S).

o K27T(X) :=the K-theory spectrum of the scheme X xg T with
family of supports consisting of all closed subschemes quasi-finite

over X

Question 1.1.

K.(X)q = @D CH' (X, n)q.

>0

Theorem 1.2. Let R be an equi-characteristic reqular local ring. Then

we have an isomorphism

cl: K,(R)g — @Cll,(/{» n)g

r>0

for any n > 0, where cl is the cycle-class map. O

According to Voevodsky—Suslin-Friedlander [4], we can define the
higher Chow group by another approach, and this coincides with

Bloch’s [1] for an arbitrary quasi-projective variety over a field.

2 Friedlander—Suslin—Voevodsky’s mo-
tivic complex Qx/s(r)[e].

We always assume that a scheme S is noetherian, reduced and sepa-
rated of finite dimensional. Write (0" = A%. The cubical structure of
0" is defined by the faces which are intersections of some of the Cartier

divisor {t; = 0} or {t; = 1}.
Definition 2.1.
Zx/s(’!‘)[n] = Zeq(X Xg Dg Xs AT/X Xg Dg70)/
D wH(Zeg(X x5 O x5 AT/X x5 0571,0)),
i=1

and write Qx/s(r)[n] = Zx/s(r)[n] ® Q. We obtain and a cubical
complex Qx/s(r)[e] and define the motivic cohomology

CH; (X, n)o = Hy"(X, Qx/s(r)[e]),

where t is a topology as follows; qfh, ét, Nis or Zar.

3 The proof of the main theorem.

3.1 The construction of the cycle-class map “cl”
Write Z9T(X) = Z,,(X x5 T/X,0). Then the canonical map
: KOT(X) — mo(KST (X)) — 297 (X)

is given by taking the cycles [SuppF| = Y ;- length(Fy )[W] of the
coherent sheaves F, where W C SuppF runs over all irreducible com-

ponents.

Lemma 3.1. Let S be a reqular noetherian scheme, T a smooth scheme
of finite type over S and f :Y — X be a morphism of smooth schemes

over S. Then the diagram
KQ*T(X)L1>Z91T(Y)

I I
KT (X)—L>727(y)

is commutative. O
The main theorem is proved by the following lemmas:

Lemma 3.2. (Ty, fap) a directed inverse system of smooth schemes
over S, Xy a scheme of finite type over S. Assume T = lim 7}, s also

reqular and noetherian. Then we have the isomorphism:
lim Zey(Xa/Ta, 0) ® Q — Z¢y(X/T,0) @ Q,
where we write X, = Xog Xg Ty and X = Xog xg 1. O

Lemma 3.3. Let k be a field, X be a smooth scheme and F be a
homotopy invariant sheaf of Q-vector space on (Sm/X)za. Then we

have an isomorphisms

HE (X, F) = Hj (X, F) = Hy,, (X, F) = Hz, (X, F).

References

[1] S. Bloch, Algebraic cycles and higher K -theory, Adv. in Math. 61 (1986), no. 3,
267-304.

[2] Eric M. Friedlander and A. Suslin, The spectral sequence relating algebraic K-
theory to motivic cohomology, Ann. Sci. Ecole Norm. Sup. (4) 35 (2002), no. 6,
773-875 (English, with English and French summaries).

[3] Y. Kato, The isomorphism between motivic cohomology and K -groups for equi-
characteristic reqular local rings., preprint.
[4] V. Voevodsky, A. Suslin, and Eric M. Friedlander, Cycles, transfers, and mo-

tivic homology theories, Annals of Mathematics Studies, vol. 143, Princeton

University Press, Princeton, NJ, 2000.



Bifurcations in semilinear elliptic equations on thin domains

Toru Kan
Mathematical Institute, Tohoku University

(E-mail: sa7m08@math.tohoku.ac.jp)

1 Thin Domain and Limit Equation

Thin domain

Au+ f(u,\) =0 in Q.,

g}i =0 on 0Q)..

A € R : bifurcation parameter

f(0,A) =0

Q. = {(z,y) cR}0 <y <eg(x), 0 <z <1}
(¢ > 0 : small parameter, g € C*([0,1]), g > 0)

__

0 1

Change of variables @ := (0,1) x (0,1) 3 (z,y) — (z,eg9(x)y) € Q-

Leu+ f(u,A)=0 in @,

P )
—  (P). du =B.u-v=0 on dQ.
81/35

Limit equation at ¢ =0

The limit equation of (P). at £ = 0 is given by
1

P)o m({](.]f)[,‘,-);]f + f(v,A) =0 1in (0,1),

v5(0) = v,(1) = 0.
2 Problem

How can the bifurcation diagram of (P). be approximated by that
of the limit equation (P)y? Do solution branches of (P). persist near
those of (P)g including bifurcation points?

More precisely, we consider the following three situations:

1. Bifurcation from the trivial branch
2. Regular branch of solutions

3. Saddle-node bifurcation

,,,,,,,,, solution branch of (P)g
solution branch of (P).

3 —
2

3 Definition

Norm on H'(Q)
For u € HY(Q), we define

du
y

1
2 2
L (Q))

1
H%=<WW@+§

4 Main Results

Theorem 1 (Bifurcations from the trivial branch)

Suppose that (0, \g) is a simple bifurcation point of (P)g, i.e.,
v = 0 is degenerate soilution of (P)y at A = A,
Jur(0,00) #0

= dgp > 0,3C > 0s.t. 0 < Ve <gp, N € Rs.t.

Aj is a simple bifurcation point of (P).,

‘)\6 - )\(]‘ < Ce.

as
SN

Theorem 2 (Regular solution branches)
I C R : bounded closed interval,
{(v(N),A); A € I'} : regular solution branch of (P),
= dgp > 0,3C > 0s.t. 0 < Ve < g, I{(u(N),\); X € I} s.t.

{(w®(X), A); A € I} is a regular solution branch of (P)_,
s11pHu5()\) —v(N)|| < Ce.
Al

Theorem 3 (saddle-node bifurcations)
(vo, Ao) @ turning point of (P)g
= Jgg > 0,3C > 0 s.t. 0 < Ve < gg, M(uf, \§) s.t.

(ug, A) is a turning point of (P).,

||ug — ’L‘UH + [A§ — Ao| < Ce.

(vo, Ao)

(g, A5)
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Theorem | Schwarz’ lemma ].

f : holomorphic on A :={z € C; |z| <1}, |f| <1, f(0)=0=|f'(0)] <1

This theorem can be interpreted as follows.

|f|] <1 = f:holomorphic map between A

FOI<L f0)=0 = b (0 dady <

A [FO)P)? oy

4
(1—10[*)2
But

- Any z € A can be mapped to 0
4

Mobius transformation on A = ¢ -+ Poincaré volume element v; := Wdazdy
— |z

with constant curvature K,, = —1 is invariant

Therefore it follows that

! ! dxdy for f : holomorphic map between A
—_ —————dxdy for f: morphic map between
(1 =1f(2)*)? (1—12[?)?

We consider |f’(2)|?dzdy as a change of variables by f.

fror= |f'(2)Pdwdy <

Geometric interpretation of Schwarz’ lemma

Any holomorphic map between A decreases volumes measured by v

With requiring this volume decreasing property of holomorphic mappings,

generalization . . . .
v; on A — — —— — what on a higher dimensional complex manifold X 7

Definition-Theorem | a gerenalization of (A, v;) |.

v§ = sup{f*v%n) ; f € Hol(X,B™)} : Carathéodory pseudo-volume form

( “pseudo” : it may take 0 at some point )

vgn) : Poincaré volume element which generalizes v; on A to B" := {z € C"; |2| < 1}

= All holomorphic maps decrease volumes measured with respect to

the Carathéodory pseudo-volume form vg’;

Main theorem [ curvature of v§ ].

K¢ ( := a curvature of the Carathéodory pseudo-volume form v§) < —1




GODELS INCOMPLETENESS THEOREM, RECURSIVELY AXIOMATIZABLE THEORIES
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Godel's Incompleteness Theorem (1931)

Fix a set £ of symbols, say &,V, =, €,..., and assume that

an L-theory T agrees with the following 3 conditions:

o T is consistent.

e T is capable of expressing elementary arithmetic.

e It is knowable what axioms of T are. (thatis, T is
recursively axiomatizable.)

Then, T must be incomplete, even for sentences generated

from just L!

e Our purpose is to classify every possible recursively
axiomatizable theories whether or not studied in the
history of mankind.

e To simplify this problem, we focus on the spaces T* of
ultrafilters of Lindenbaum algebras of recursively
axiomatizable theories T with the Zariski topology.

e T* is homeomorphic to some ] class in the Cantor
space.

“The conclusion (of Godel's Incompleteness Theorem) is unescapable that even for such a fixed, well defined body of
mathematical propositions, mathematical thinking is, and must remain, essentially creative”.
—Emil L. Post (1944), RECURSIVELY ENUMERABLE SETS OF POSITIVE INTEGERS AND THEIR DECISION PROBLEMS.

Definition _ _ _ _ -
A consistent recursively axiomatizable theory T is creative if

there is a computable function F such that both affirmation
and negation of F(S) are unprovable in S for every

consistent recursively axiomatizable extension S of T.

)

e Peano arithmetic (PA) is creative via F(S) = Con(S),
where Con(S) is a sentence expressing that “S is
consistent”.

e Zelmero-Fraenkel set theory (ZFC), a foundational
axiomatic system for mathematics, is also creative.

Theorem of Pour-El and Kripke (1967)

@ There are deduction-preserving recursive isomorphisms
between every creative theories.

@ PA is isomorphic to ZFC via a deduction-preserving
computable procedure!

Definition
e Y is Medvedev reducible to X (Y <pm

computable map F : X — Y.
e The Medvedev degree of X (degy(X)) is the equivalent
class of X under =y.

X) if there is a

@ We might think of a set X as a solution set of some problem.

@ If X has a computable element then we think X as a computably
solvable problem.

@ We might regard the empty set as a problem without solution.

@ Y <y X (via F) represents that X is more difficult problem than Y.
(We have a solution F(x) to Y whenever we know a solution x to X.)

Observation |
e The empty set 0 is the most difficult problem.

(@ has the greatest Medvedev degree oco.)
e A computably solvable problem is a easiest problem.
(Such a problem has the least Medvedev degree 0.)

Essentially Complet
Computably Solva

Easy Difficult

Definition :
e The Cantor space 2" is the countably infinite topological

product of the discrete space {0,1}.
o A 1Y class is a computably generated closed set in the
Cantor space.
Theorem (Folklore)
e In the Cantor space, there exists a nonempty I'I‘i" class P
such that Q <p P for every nonempty MY class Q.
e Thus, the lattice structure
Pm = ((nonempty NY classes)/ =, <u)
has the greatest element 1 and the least element 0.

Observation
Let T be a recursively axiomatizable theory.

o T is essentially incomplete <= 0 < degy(T*) < 1.

o T is creative <= degy(T*) =1.

o T is inconsistent <= degy(T*) = oc.

o degy(Tg) = degy(T}) = 1
= T, is computably homeomorphic to Ty

Definition

e A Z? set is a computably generated open set in the
discrete space N of all positive integers.

e y is Turing reducible to x if there is a computable map F
such that F(x) =

@ As explained along the way, Medvedev degrees of ] classes are
enormously beneficial to understand meta-mathematics and
eventually human intelligence.

@ Our theorem clarifies the structure of I'I" Medvedev degrees, and it

suggests that some hard problems on }:" Turing degrees are solvable
if we replace the word “E9 Turing” with ‘Tl“ Medvedev”.

Longstanding Open Question (1960-)

Is the V3-theory of the Z“ Turing degrees decidable?

Theorem of Cole and Kihara [2]
The V3-theory of the I1° Medvedev degrees is decidable!

Longstanding Open Question (1940-)

Find a “concrete” intermediate X Turing degree!

Theorem of Cenzer-Kihara-Weber-Wu [1

The greatest tree-immune-free Medvedev degree exists, and‘

[1] D. Cenzer, T. Kihara, R. Weber, and G. Wu, Immunity and non-cupping for closed sets, Thilisi Mathematical Journal 2 (2009), pp. 77-94.

[2] J. A. Cole, and T. Kihara, The VY3-theory of the effectively closed Medvedev degrees is decidable, Archive for Mathematical Logic 49 (2010),

it is an intermediate N Medvedev degree!
pp. 1-16.

[3] T. Kihara. Medvedev and Muchnik dearees of M? classes with incomplete c.e. filters. submitted.
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Hypergeometric Series over a p-adic field
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p : odd prime.

Ve € Q\{0},3'n, € Z,3 a,b € Z\pZ, s.t. © = p™a/b.

Let |x|, := p~™ (|0] := 0). Then | - |, defines a distance on Q.
Q) : completion of Q with respect to | - |,.

Z, = {x € Qp; |z|, < 1}.

F, : finite field with §F, = p.

E,:y*==z(x—1)(x —p) (b€ F\{0,1})
(affine ordinary elliptic curve over F,).

Frob, ~ Fylz,y)/(y* — a(z — 1)(z — ).
Then Frob, lifts on

R = Zy(z,y)'/(y* — x(z — 1) (z — [)),

where 1 € Z, is the Teichmiiller lift of .

Overconvergent Power Series
et R L {QZ a;;z'y’

%,j20

aij € Zp,
pHaii| — 0 (3p>1)

)

D'(R) : differential module of R over Z,.
H'(E,) := Coker[d; : R® Q, — D'(R) ® Q)]
(Monsky-Washnitzer cohomology for E,,)

Property

-H'(E,) is a 2 dimensional Q,, vector space.
-Frob,, induces a mapping : H'(E,) — H'(E,).

ai,as : eigenvalues of Frob, on H(E),).

ay + ay = p — {E(F),
a;-az = p,

a; or as € Z;.

The eigenvalue in ZX is called the unit root of H'(E,).

m=(p—1)/2, HQA) := A(A — 1) g (":) N

B:=Z,\H\)™) := { > a; ;N H(N)™

W)=

a;j € Zp, |aijlp — 0}

A = B{z,y)T/(y? — z(x — 1) (= — N)).
D'(A/B) : differential module of A over B.
H'! := Coker[d: A ® Q, — D'(A/B) ® Q,).

NOTE

Let p € F is ordinary (:<> E, is ordinary),
and g Teichmiiller lift of p € Fp,. Then under
B> XA— i € Qp, we see

H! ®p Qp ~ HY(E,).

)

D'(A/Z,) : differential module of A over Z,,.

3P, Q € Bjz] s.t.

322 —2(1+ Az + A

z(x —1)(x — N)P(x) + >

Q(xz) = 1.

Property
Let 7 := yP(x)dx + Q(x)dy.

-DY(A/Z,) = Ad\ ® Ar.

-DY(A/B) = A(dz/y) ~ D' (A/Z,)/AdA.
-D*(A/Z,) := D'(A/Z,) A DY(A/Z,) = Ad\ A T.

Va € A,3'L(a) € A s.t. d(at) = L(a)d\ A 7. Therefore we
obtain the mapping

D'(A/B) > adf — L(a)d—m € D'(A/B),
Yy Yy

and this induces V : H' — H! satisfying
-V (my + msy) = V(my) + V(ms) (my, my € HY),
-V(bm) =b-m +bV(m) (b€ B® Q,,m € H').

V is called Gauss-Manin connection.

Frobenius on H!

¢ : B — B : Z, alg. hom. with ¢(\) = AP.

—> J¢-linear ring hom. F : A — As.t. F(z) = zP?( mod pA).
This induces a ¢-linear mapping : H! — H!, which is also de-
noted by F'.

Proposition
Let w be the image of dx/y in H'.

-{w, V(w)} is a basis for H' as B ® @, modules.

“AXN(1 — A) V3 (w) +4(1 —2A)V(w) —w = 0.
-n€kerVen=A1=-A)f'w—AX1—X)fV(w) where f € B
satisfying 4X(1 — A) f” +4(1 — 2M\)f' — f = 0.

- F is stable on ker V.

-F is also stable on Bw + BV(w). Moreover, Ju # 0 €
Bw + BV (w) s.t. Bu is the unique direct summand of
Bw + BV (w) satisfying F(Bu) = Bu.

Let p € F, be an ordinary and pi Teichmiiller lift of . Then
under A — fi, we obtain the following commutative diagram :

F
—

H! H! u — EA)u

L 11
HY(E,) von HY(E,) , v > Frob,(v) = £(@)v,

where v is the image of u in H'(E,). Therefore we see £(f1) is
the unit root of H'(E,).
Theorem|[Dwork]
+£(A) : holom. on {A € Q, | |Al, < 1L,[HA)|p = [A(A—1)]p}.
L€(\) = (“1)"F(A)/F(\?) on {\ € Q, ;|Al, < 1}, where

<<2n— 1)/2)236”

F(z) == >

n>0 n

is the hypergeometric series.




On Hasse principle of purely transcendental extension field in one

variable

Makoto Sakagaito

2010/2/18

Classical result

k: global field(i.e. number field or algebraic function
field in one variable over finite field).

p: prime of k including the archimedean ones if &
is number field.

ky: completion of k at p.

Hasse principle

local-global map

Br(k) — [ [ Br(ky)
p

is injective. Here, p runs through all primes of k.

Special case

For a,b € Z, q: prime number
There exist 2,y € Q s.t. az? +by? =¢q
& There exist 2,9, € Qp s.t. azl +by2 = q
Here, p runs through all prime numbers and oo,
Qx =R.

Application
There exist z,y € Q s.t. ¢ = 22 + 26y

)

g=1mod8 and ¢ =one of 1,3,4,9,10,12 mod 13
or
g =3 mod8 and ¢ =one of 1,3,4,9,10,12 mod 13

Study

Related to this classical result, I studied the question
of whether the Hasse principle holds in the case where
the field K (X) is a purely transcendental extension
in one variable of any field K.

I ascertained the result that the local-global map
of K(X) restricted to

res
—

Br(K (X)) = Ker(Br(K (X))

II

pESpec(K[X])

Br(K(X);)

is injective.
Here, K (X) is the maximal unramified extension
field at p € Spec(K[X]).

Remarks

In the case where m is a natural number prime to the
characteristic of K,

Br(K (X))m = Ker(Br(K (X)) % Br(K(X))) C Br(K (X))

In the case where K is a perfect field,

Br(K (X)) = Br(K(X)).
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Large time behavior of solutions for system

of nonlinear damped wave equations

Hiroshi Takeda (Tohoku University)

Feb. 18-19th, 2010
Abstract: We consider the Cauchy problem for a system of semilinear damped wave equations with small initial data. We
derive the asymptotic profile of the nonlinear system corresponding to the results for the nonlinear single equation and we
obtain the sufficient condition of the growth order on the nonlinear term to ensure the existence of the solution with the
optimal decay. Our proof is based on the analysis for the fundamental solution of the linear damped wave equation.

1 Nonlinear damped wave system

m>2, u:R; xR*— R™; unknown vector-valued function,
F:R™ = R™; Fj(u) ~ [Tizy [usl*.

u—Au+du=F(u), t>0, zcR"

(DW) {
uw(0,z) = a(x), du(0,z) =b(x), v € R".

2 Problem

e When does the initial value problem (DW) have a global solution ?
Find the critical condition for the nonlinear term to ensure the exis-
tence of time in global solutions!

3 Known Results

Sun-Wang (2007) m = 2, p11 = pa2 = 0, p1a,p21 > 1

max {pi,pa1} + 1 5 @ | mmeEe {p12,p21} +1 L
Prop2y — 1 — 2 P1op21 — 1 2
finite time blow-up small data global existence
(n>1) (n=1,3)

4 Notation and assumptions

P11 - Pim 1 aq
P=| D a=@-D7 || = :

pm,l pm,m 1 Qi

o pjk €[1,00)U{0}, Y pjx>1, jk=1,---,m,
fi=1l
o J(P — I)_17
o (a,b) € {WH(RY) A WE=(R™) x LI(R™) 0 L®(R™)}™,

5 Results
Theorem. 1. (existence of the global solution) n =1, 2, 3.
n .
0<aq;< o J= 1,---,m, (a,b):small

= 3! u(t): global solution of (DW) in

{C([0, 00); L' (R™) N L=(R™))}™.

0 0 m
. . P2 0 0

Fj(u) = |wl|" : j =1 cyclic, P = )
0 Pm 0O

Theorem. 2. (nonexistence of global solutions) n > 1,

max «; >
1<j<m

/aj(x)d:v>0, /bj(:p)dx>0, j=1,--,m

n
2)

= u(t): blow-up i.e. 3T < 00 s.t.
lim sup, ¢ [|[w(t)|| 21 @rynze @ey = 0.
Theorem. 3. (asymptotic profile) n =1, 2, 3,

m
. 2
1g}glm;pj,k >1+= (ab):small

= 3! u(t): global solution of (DW),
Gila) = (= e (Heat kernel)
t\T) = - e eat kernel),
llu(t) — MGl Lo gn) = ot 5070)), as t— oo,

where M = (M, -+, M,,),

M; :/W aj(y)+bj(y)dy+/()w / Fj(u(s,y))dy ds.

6 Remarks on the theorems

For the j—1 cyclic case, we see the relationship between the Theorem
1, 2 and 3.




Non-abelian generalization of Iwasawa theory

Kazuaki Ta ima
athematical nstitue Tohoku niversity D1

1 Classical Iwasawa Theory

Let p be a prime number.  Zp-extension of a num-
ber field k is a Galois e tension koo/k with Galois
group I’ Gal koo /k ™~ Z, the additive group of
p-adic integers. Such a Z,-e tension can be regard as
a tower of fields

ko ko ChkiC ChpCoo  Choo | kn
n>0

with Gal k,/k ~ Z/p"Z where the fields k, are
uni ue sube tensions of ko /k with k, k  p".

Let k (p bethe e tension of k obtained by adjoin-
ing all the primitive roots of unity of p-power order.

hen there e ist precisely one Zy,-e tension of k in-
side k (p~ . his e tension is called the cyclotomic
Zp-extension of k.

Let A,, denote the p-primary part of the ideal class
group of k,. y class field theory A,, is isomorphic to
the Galois group of the ma imal abelian unramified p-
e tension L, of k, and these groups have finite order.

hen X, lim A, is isomorphic to the Galois group

of the ma imal unramified abelian p-e tension L., of
kso. ence we know that A Z, I' acts naturally
on Xo. In'1 Iwasawa was studied the structure
of X, as A-module and he proved following beutiful
theorem

heorem 1.1 I asa a 1959). There exist non-
negative integers p koo/k , A koo/k and an integer
v koo/k such that

§A, e /RP" A Koo /)t (koo /)

for all sufficiently large integer n >

he integers pu and A are the invariant of the struc-
ture of X, and sometimes also v are called thei a-
sa a invariants. specially A mnkzp X holds.
For the cyclotomic e tension the iwasawa invariants
are denoted by p, k ,A\p k and v, k .

Calculate the i asa a invariants It is no known
that general way to calculate the iwasawa invariants.

ut following result gives a simple sufficient condition
such that all the iwasawa invariants vanish

heorem 1.2 I asa a 1956). Supose that p does
not divide the class number h k of k and p is non-split
in k/Q. Then we have pp kK Mgk vy k

For e ample weseethat u, Q A, Q 1, Q
for any prime p.

2 Non-abelian Iwasawa Theory

For a Zy-e tension ko /k we consider the Galois group
of the ma imal unramified not nessesary abelian

p-e tension EOO resp. Zn of ks rtesp. k, . ut
Goo Gal Lo /kso ,G,  Gal Ly [k, .

Our main purpose is to study the group
structure of Go, by using “i asa a thoretical
methods”. ut it is very hard to describe this struc-
ture in direct so we shall consider a filtration of G4

éoo & éoo D (Cy éoo o---DC éoo BDERE

ore precisely we adopt the lower central se uence
as the filtration that is Cij11 G C; Gso , G
i > 1 the commutator group of Cj éoo and éoo.
hen we define the i-th i asa a module by X )
C; G /Cit1 G . e also define X,(f) as similary.

Let LSQ resp. Lg) be the fi ed field of foo
resp. Zn by Cit1 éoo resp. Ciyq én .
definition we have X(@ Gal LQ/L&_D ,Xr(f)
Gal LS)/LS*U especially Xéi) ~ X and X,(ll) ~
A, are the usual iwasawa modules. Furtheremore
we know that Lgo) is the central p-class field of
Lg{l)/koo namely L((Q is the ma imal unramified p-
e tention of Lg{l) such that L((Q/k:oo is Galois and
x%  Gal LY / LY s conteined in the center of
Gal LY /kso . hisis areason why we adopt the lower
central se uence as a filtration of éoo and this fact
plays important role. In fact we know that X,(f) is
finite and X é;i) has the natural A-module structure by

the virtue of the fact. Furthremore if 4 koo /k we
can prove X é? is a finitely generated torsion A-module
so we define the i-th A-invariant by \®) k., /k
rankzp Xéé).

he following theorem which is an analogy of he-
orem 1.1 is proved by O aki

heorem 2.1 O aki 2007). Suppose p koo /k
Then there exist an integer v ko /k  for all i > 1
such that

XD A hoo /Ryt (koo k)

for all sufficiently large integer n >

From heorem 2.1 we can regard the i-th iwasawa
module Xéé) as sufficiently good objects to study the
structure of G, by using iwasawa theoretical meth-
ods .

References

1 .0 aki Non-abelian Iwasawa theory of Zp-
extensions ournal fur die reine und angewandte
athematik 2 2 -



The quadratic subextension of the class field of a real
quadratic field
Toshihide DOI

sabm22@math.tohoku.ac.jp
Mathematical Institute, Tohoku University, Japan

The 2nd GCOE internaitonal symposium in Sendai Feb. 18

1 INTRODUCTION

Let F be an arbitrary algebraic number field and Hr be the maximal un-
ramified (including oc) abelian extension of F. From the global class field
theory, the extension Hp/F is finite and its galois group G = Gal(Hp/F) is
isomorphic to the ordinary ideal class group of F. The field Hp is called the
Hilbert class field of F. (For F, Clp and hp denote the ordinary ideal class
group of F' and its order that is called the class number of F, respectively.)

In general, it is difficult to derive Hp from F. But, if I is quadratic field,
there are several way to obtain the Hp. Among these ways, there is a way for
real quadratic fields with even class number. The purpose of this poster is to
introduce that way with examples of Q(+/85).

2 hp AND FUNDAMENTAL UNIT OF F

Let F be a real quadratic field Q(y/m) where m is a square-free positive
rational integer, IJ be the discriminant of F, and £ be the fundamental unit
of F.

2.1 DEFINITIONS and TERMS
Deffinition 1
If a.b.c € @ satisfy D = b*> — 4ac and (a.b. ¢) = 1, then the roots @, of

az’ +br+c=0

are called a quadratic irrational number in D (denote by QI in D). Moreover,

if 0 satisfies
=1, 0=>8=>-1,

then # is called a reduced quadratic irrational number in D (denote by RQI
in D).

Set the relation “~" on R as follows; For 6.0y € R, if # ~ flg then there
exist a, b, c,d € Z such that

abot+b 4 d,t.(“ b\:il.
by + d

e d)

“n” satisfies equivalence condition, transitive, symmetric, reflexive. If

A=

1 ally +1
Ont1 Lt +0’

1

then 8, ~ @, since det = —1. So each end-term #, of the expand-

ing to (all numerator equal 1) continued fraction of # € R satisfies @ ~ 6.

2.2 FACTS and THEOREMS

Factl: If # is QI in D and 6 ~ #,, then 6y is also QI in D and appear in the
expanding to continued [raction of # as an end-term.

Fact2: All Qls are expanded to cyelic continued fraction. Moreover, all
end-term of cyclic part of continued fraction of a QI are RQL

Theorem 1
The number of RQI in D is finite. More precisely, the necessary and sufficient
condition of that ax? +bx 4 ¢ = 0,a,b, ¢ € Z has a root of RQI in D is below;

b<0, b < VD,

a >0, e<I(,

lae| = Y2 +1bl VDbl
2 2

(a,b,c) = 1.

19, 2010.

Theorem 2
Let £ = Q(y/m), m > 0, square-free, and D be the discriminant of F, and set
h be the number of classes of {All QI in D}/~. Then

h=hp.
Theorem 3
F. D as above. Let # be RQl in D and = be the fundamental unit of F' and
Pnf + pa
B=k+ =
! 1 Gnt! + gn—1

ky 4o i
kn_1+a

be the first section of cycles of the expanding to continued fraction. Then
€= gnl + gn1.
Now we can calculate hp and £ by using above facts & theorems.

Example

If F = Q(v85), then D = 85. From theorem 1,

b lac] rangeofa, ¢l a ¢ [
9 1 1,9) 1 -1 9’“2—‘/8_5=191
i 85
-7 9 3.8 3 -3 +ﬁ‘/_ =0,
& [
-5 15 3,7 5 "Jrﬁ” LY
" " " 5 =3 5+\/ﬁ=94
10
The expanding to co]ntimg;i fra]ctiml of 83 tells us 3 ~ O3 ~ 4 s0 hy = 2.
1.8

And since ) =9 4 — =
1 sir 1 7 7,

3 HILBERT CLASS FIELD OF F WITH hp =2

To determinate the Hilbert class field Hp of a real quadratic field F with

,we get £ =

hp = 2, we use following theorems.

Theorem 4

For an algebraic extention K/F, D(K/F), D(a, K/F) denote the relative dif-
ferent of K/F and the relative different of K/F for a € K, respectively, Let
falx) be the minimal polynomial of a € K over F. Then, for all o € K,

D(K/F) | Pla, K/F) and Do, K/F) = (fo'(a)).

Theorem 5
Let K, F,D(K/F) same as avobe and p be a prime of F. Then

p ramifies in K/F < p | D(K/F).

From above theorems, we only have to find ey, a9, ... such that
N (fa (i) =1
i=1

to say that K/F is unramified extension.

Example

Let F = Q(v85) and K, = F(2), K2 = F(V3),K3 = F(v/52). Where

9+ \4""8_5
2

E=

= #;. We prove that K3 /F is uanramified extension in following.
1+ 17

2
fay =22 =5, fa=a?—x -4

and hence Dy, K2/F) = (2v5), D(ag, K2/ F) = (v17).

Let a; =5 and as = . Then

Consequently, we obtain
D(Ka/F) | Dlay, Ko/ F) N D(ava, Kaof F) = (1),

so that Ks/F is unramified extension.



The pattern formation of head regeneration model of Hydra

Madoka Nakayama (Tohoku University)

Abstract: Hydra is a small animal living in fresh water, which is best known for its ability of regeneration. When a hydra is cut into two pieces,
two hydras will regenerate. There has been several mathematical models proposed to describe this experiment. A classical model proposed by
Gierer and Meinhardt in 1972, is based on the idea of diffusion- driven instability between two chemicals called activator and inhibitor. Recently,
Anna Marciniak proposed new regeneration models from a more biologically refined viewpoint. Her models consist of free and bound receptors,
ligands and an enzyme, and a head is formed at place of higher bound receptor concentration.

1 What is Hydra?

= freshwater coelenterate

1 |

transplant

2 Idea of the model
regeneration

s bound receptor

| ligand

pz\ ’m1

cell
Assumption

Density of bound receptor is the highest at a head.

3 Marciniak-Czochra model(2006)

At first we consider the following problem for

% = —pyry —brpl 4+ dry + my,

0

% = —ppry + bryl — dry,

ol 19%

— = ——— —wl —brgl+dr, + pi,

o 4 or2 Hi Tpl A+ dry + pi,

opl 5P malry

ot [l+pl (1+ op? — Bipr) (1 + ayry)

7y > O:density of free receptors,
rp > 0:density of bound receptors,
[ > 0:density of bound ligands,
pr > O:production term of ligands,

JLfs oy f1, M1, M2, by d, oy, By, 6p:positive constants.

4 Stationary problem

To consider stationary problem, we put

ary om0l opl
ot

at — ot ot

and reduce (1) to the following two component system:

1 d%u
SO ) =0,

v dx?

g(u,v) =0

du  dv

qr dr (z=0,1)

where u = [,v = p; and let pyuy + dpy = M,

b
Flu,) = v — pu — L
M + ppbu

mimabu?
9(u,v) = =4,

free receptor

= best known for its ability to regenerate.

new hydra develops!

bound

i

1+ v2 (M + ppbu + aymabu) (1 + ogv? —

ﬂzv)'

>
Lemma

\ 7 (U, v4).

To draw nullclines, we consider f(u,v) =0, g(u,v) = 0.

my ppbu

flu,v) =0sv=pu-— M+ ha’

mimabu?
=0& 4 1 — B - =V
g(wv) =0 T2 ( o — fiw) = M + u(ppb + oymadb) ()

Let A= # Assume that
)

()901—1>01nd\/30< V3o <A< A or

90, — 17
(ii) 90y — 1 > 0 and 9 1< V3o — < A< \/30;.

In addition, if A satlsﬁeb
—(A + B) — VA+B3)2-30 <

(A+51)% =30y,
then g(u,v) = 0 and f(u,v) =

30’1{@1 + A 1- 90’[)}

2(301 — 42) < —(A+ B) +

0 intersect at three points (u_,v_),(Um,Vm),

S/

From the Lemma, we obtain the relationship of parameters for which the system
(1)-(4) has three stationaly solutions.
Let (u— < U < uy)
v="ho(u) (ug <u<ug,vg<v<vy)
v = hp(u) (ug <u < ut, v <v<v_) (5)
v="hi(u) (up <u<uy, v <v<ug)
In particular, we focus on the curve v = h;(u)(j = 0,1).

v

v = hi(u) f(u,v) =0
g(u,v) =0
v_
U -
()
" Lo = hotu)
(1o / o) u Uy 'u

We substitute v = hj(u) (j = 0,1) in f(u,v), then we have the following systems.

l%-‘rf(u hy(u)) =0,
i (6)
de ~ dz = e

From the lemma, we obtain the following theorem.

Theorem

There exists a monotone increasing solution of (6) which is C* in [0,1].

Outline of the proof

We consider the following initial value problems

ij ; + f()(?l h()( )) 0,
4 ) = (7)
g (0) =0,

w(0) =k (up <k <uy),

ig U fo(@, ko)) =0,
du, . (8)
%(0) =0,

a(0) =p (uy <p<w).
We show # is monotone increasing, and @ is monotone decreasing . Combining
these facts, we can choose k and p so that the graphs of @ and @ are tangent to

each other at u = f3, where 3 is an arbitrarily fixed constant in [ug, uy] N [u_,1].




The computational methods of the canonical height on

elliptic curves

Tadahisa Nara (Mathematical Institute, Tohoku University)

Elliptic curves and the canonical height
@ : set of rational numbers

The elliptic curve E over QQ is defined as a
curve of the form of y*> = 2*+Ax+B, (A, B €
Q) having some conditions. And then we
think of the point (oo, 00) as is on E and
denote it O. In number theory one of in-
terests about elliptic curves is studying ra-
tional points, that is a solution in Q of the
equation above. Mordell-Weil theorem is one
of basic guidelines for this problem, which
states that all the ratoinal points on an ellip-
tic curve form an finitely generated abelian
group. This means that you can know all the
rational points if you find specific points of
finite number on the curve.

The height of a point is numerical size of
the points for certain arithmetic. The canon-
ical height is one of heights which is defined
on elliptic curves.

Definition 0.1 The naive heght on E(Q)
denoted by h is function defined by

h:E(Q — R, P=(a/c,*)— logmax{|al,|c|}.
The canonical height on E(Q) denoted by h
s function defined by

h:BQ =R, P lim %h([zﬂ]p),

n—oo

where [2"|P means 2" times addition of P

about its group operation.

The features of the canonical height are as
follows.

o h(P+Q)+h(P - Q) =2h(P) + 2h(Q)

Computation of the canonical height
The definition above, which is usually used,
is brief but not suitable for practical com-
putaion. Neron and Tate showed that there
is local height function ), such that h(P) =
Y piprime.o w(P). So the canonical height is
decomposed into something local. Those fac-
tors of the decomposition are not difficult to
compute. For example for all prime p that do
not divide 4A4%+27B? nor ¢ (the denominator
of the z-coordinate of P) A,(P) = 0, so this
is a finite sum indeed. For other primes we
can determine algebraically A,(P) using the
results of reduction type of elliptic curves.
And about the case of p = oo following the-
orem is useful.

Theorem 0.2 (Tate) Suppose that there
s an € > 0 so that every point P
in E(Q) satisfies |z(P)] > e Then
for all P(# O) € FE(Q), M(P) =
log |z(P)| + 1 Y0 g4 " log |2([2]"P)|, where
x(P)=z-coordinate of P and z(P) = 1 —
2A/x(P)? — 8B/x(P)* + A?/x(P)".

Using modified versions of above theorem,

we see following.

Theorem 0.3 Let o and 3 be coprime odd
integers with o > 1.2326 > 3 and F/Q :
y? = 2% + af + 8 be a elliptic curve. Sup-
pose every order of the prime divisors of
a® + % is odd and P, + P, ¢ 2E(Q), where
P = (—a?, %), P, = (=% a?®). Then there
is a basis of E(Q) including Py and Py, in
particular if the rank E(Q) = 2, {Py, P»} is
basis of the free part of E(Q).



Spatial branching process in random environment

NISHIMORI Yasuhito
(Mathematical Institute Tohoku University)

Introduction

An outline of these notes is as follows. After defining the
Galton-Watson process, we introduce the branching Brownian
motion among Poisson obstacles. In the following section, we
present some result on exponential growth. Our main purpose
is to compare the growth order of Galton-Watson process with
strictly dyadic branching Brownian motion among Poisson ob-
stacles.

1 Galton-Watson process

We consider Galton-Watson process {G,,}7%, with offspring
distribution {py}7°, satisfying m = >, kpy > 1 and py # 1
for any k € N U {0}.

Theorem 1 (H.Kesten, B.P.Stigum, 1966)
Let W = lim m™"G,,. Then

n—oo

Zpkklogk<oo = E[W]=1 .
k=2

Theorem 1 says the growth rate of {G,,}.

2 Branching Brownian motion and
Poisson obstacles

Firstly, we call ({Z;};>0, P.) strictly dyadic branching Brown-
ian motion on R? with branching rate 3(x) , if for any g € C;,

u(z,t) = E, [e*<9’2f>] solves

1
% = 5Au—l—ﬁ(uQ —u) on R x (0,00)
ltilrélu(~,t) =¢79 on R4 x (0,00)
0<u<l,

where (g, Z) = / 9(2)Z(dzx). ({Zi}1>0, Py) is following that
Rd

one particle starts at 2 € R%, performing an Brownian motion
on R?. Her life time distributions is exponential with param-
eter B3(x). Just as it dies, one particle splits into two one and
descendants perform same as their parent.

Secondly, we set random environment by (w,P) which is a
Poisson point process in R? with intensity measure v(dr) = vdx
where v > 0 and dz is the Lebesgue measure. For a > 0,
let K, denote a random set given by a-neighborhood of each
configuration w:

B(x,a)

U

zEsupp(w)

And for fixed 0 < ;1 < P2, we define the strictly dyadic
branching Brownian motion ({Z;};>0, P*) with branching rate

B(x):
B(z) = p1- xx., () + B2 - Xxe (x)

Here x is indicator function. Then, as long as a particle in K,
the splitting rate is less than in K. Thus we may consider the
random field K, as obstacles. So K|, is said to Poisson obsta-
cles and branching Brownian motion ({Z;};>0, P“) generated
by above ((z) is strictly dyadic branching Brownian motion
among Poisson obstacles(DBBP).

3 Some results

Our main purpose is to compare the growth rate Galton-
Watson process with DBBP. According to the latter, the fol-
lowing result shows growth order of it. We denote |Z;| = (1, Z;).

Theorem 2 (J. Englénder [2])
On a set of full P measure

Jim exp|—t{ B — c(d,v)(10gt) T} B2z =1 (2)

as t — 0o, where wy is the volume of the d-dimensional unit
ball, A4 is the principal Dirichlet eigenvalue of —%A on it, and

o(d,v) = Ag(=2)"4.

vwq

Outline of the proof of theorem 2

We set T, f (z) = E,[f(Y;)] where {Y;}¢>¢ is 32 + S-diffusion,
and {7} };>0 is the semigroup of it. Then

E[|Z]] = (T:1)(=)

by The first moment formula. Hence the Feynman-Kac for-
mula implies

(T:1)(z) = E, [exp{/ot,@(Ws)ds}] ,

where ({W;}>0,P,) is d-dimensional Brownian motion. Thus,

il = Bafow] [ - 0a- 50 e (s )]

= ePlexp [C(d, v)t(log t)f% (1+ 0(1))] (3)
as t — oo. To obtain the second equality of (3), we use a
theorem of the large time behavior of Brownian motion among
Poisson obstacles (cf.[1]).

Theorem 2 tells us that the growth order of E“[|Z;|] is deter-
mined by the effect of each particles hitting K.
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On a periodic decomposition of meromorphic functions

Takanao Negishi (Tohoku University)

* Introduction

For an arbitrary ¢ € C , we denote by A, the difference operator about ¢ , i.e.
A.f = f(z+¢)— f(z) , where f € M(C) (the set of meromorphic functions
on C) . Then , we consider the difference equation A, A, A, f = 0 -
(1)(c1,e2,+ ,e, € C). We easily see that functions which is a sum of periodic
functions P, + P, +---+ P, where cach P,, is a ¢;-periodic meromorphic function
satisfy (1) . On the contrary , can all functions satisfying (1) be always represented
as such a sum of periodic functions ?
We consider this periodic decomposition problem of meromorphic functions . By

applying the method we used in 1-dimensional case , we try to investigate the 2-
dimensional case .

* Historical Background

Problem: If a function f : R — R satisfies the difference equation
Ao Ag, oA, f=0+(2) for some ¢y,¢a,- -, ¢, € R, then can f be
written in the form of f = P., + P, +--- + P,

(P., : R — R; ¢p-periodic , 1 <k <n)=+(3) ?

Such periodic decomposition problem has already been studied in real analysis so far
. However in complex analysis , it has not been considered . It started with some
unpublished work of I.Z.Rusza and continued among others .

To study this problem , we have two ways . First we restrict functions to some class
. A class F of real functions is said to have the decomposition property (DP) , if for
every f € Fand ¢y, -+, ¢, € R, (2) implies that f has a decomposition as (3) with
P,eF(1<k<n).

@ Examples of the classes having the DP
eB(R) = {bounded functions}
eBC(R) = {bounded continuous functions}
eBM (R) = {bounded measurable functions}
eB(Z — 7Z) = {bounded Z — Z functions}
(In case of B(Z — Z) , periods ¢s are all integers)

However the class C(R) = {continuous functions} and R® = {all real functions} do
not have .

The second idea is to complement (2) with other conditions , so that these will
be sufficient and necessary for the existence of periodic decompositions . I.Z.Ruzsa
showed that if § ¢ Q , f(x) = 2 can be split into a c-periodic function and a d-
periodic functlon . And he showed more generally , if % ¢ Q for i # j , then (2)
implies the decomposition in the form of (3) . '

% The Results on the 1 — dimensional case

Before Investigating the general form (1) , it is basically important to study the
casier equation A A, f =0+ (4) .
Concerning (4) , we can show the following theorem :

Theorem 1. Let ¢(C) be the set of entire functions on C and 9(C) be thh
set of meromorphic functions on C . The function f satisfying the difference
equation A;A;f = 0 can be decomposed as follows ,
[A] if ¢ and d are linearly independent over R, i.e. § ¢ R,
(a)when f € &(C) , then f=Cz+ P.+ Py (C:const,P., P; € ¢C))
(b)when fe EITI( ) .then f=P.+P; (P, P;eMC))
[Blif §=%€Q ((T, is an irreducible fraction , ¢ = puc’,d = pd'),
(a)when f € €(C) , then f = P.+ P;+ P,z (P, Py, P, € ¢(C) ,
P, : p — periodic)
(b)when f € M(C) , then f = P.+ Py + P,z (P., Py, P, € M(C) P,
1 — periodic)
[Clif ¢ € R\,
(a)when f € €(C) , then f =Cz+ Pe+ Py+ Y00 1(Q." + Q4™)
(C: const, Py Py, Q.", Q4" € €(C),Q." : ¢ — periodic,

\ Q4" : d — periodic) /

The method of proof is based on the Fourier expansion of entire periodic functions
and the Mittag-Leffler theorem . Applying the above theorem again and again , we
can gain the following theorem :

/Theorem 2. Let ¢1,co, -+, ¢, € C be pairwise linearly independent over R .
Al Vf € €(C) s.t. A, A »A(,”f = 0 can be decomposed in the form of
f—a1z+a2z +- ot an12" M+ Py + Py, + -+ P,
(aj € C, P, € €(C) : ¢j — periodic,1 < j <n)
[B] Vf € M(C) s.t. Ap, A, -+ A, f =0 can be decomposed in the form of
f=P,+P,+---+P

\ (P., € M(C) : ¢;

4 Corollary 1. Let ¢1,¢9,-+- , ¢, € C be pairwise linearly independent over R .
Then , an arbitrary (n — 1)-degree polynomial can be decomposed in the
form of (5) .

o

Next we try to consider the 2-dimensional case , that is the decomposition problem
of meromorphic functions on C? .

Then we apply the ways that we used in 1-dimensional case . So , here we state
left or right solution of Ay f = h (h € M(C)) . We denote the set of h(z)’s poles
whose real parts are positive by {s,} and non-positive by {t,} . By Mittag-Leffler
theorem , we can decompose h into two meromorphic functions hy, hy (h = hy + ha)
where the polar set of hy is {s,} and that of ho is {t,,} . A1 f1 = hq has a solution
that has a form of f; = Zzozl(h(z —n) —pn) + E1 (pn : polynomial , Ey € €(C)) .
We call a solution of this type right solution” . And A; fo = hy has a solution that
has a form of fo = =37 (h(z 4+ n) — qn) + E> (qn : polynomial , B> € €(C))
. We call a solution of this type 7left solution” . Then f = f; + f2 is a solution of
Aif=h.

% The 2 — dimensional case

In case of entire functions on C? , we can show following theorem :

Theorem 3. [A] Let ¢; =(1,0) , @ = aey (a ¢ R) . Then a function
f(z,w) € €(C?) satisfying A, A, f = 0 has a representation as
f=Cz+P., + P, (C:const, P, , P, € ¢C?)
[B] Let ex = #(0,2) . Then a function f(z,w) € &(C?) satisfying
A¢, Ag, f =0 has a representation as
f:Pm + P, (PanPez € @(Cz))

Because the poles of meromorphic functions are not isolated , the meromorphic case
is not easy . Furthermore , we have some phenomena which do not arise in 1-
dimensional case . For example , even the most basic type of difference equation
A.f = h may not have a solution in 9t(C?) .

(Ex. A, f = m)

When we consider A, f(z,w) = h(z,w) , we regard the variable w as a parametor ,
that is we think the functions f(z;w) and h(z;w) in z varies as the w chenges . Then
the polar distribution also depends on the value of w .

Now we restrict the value of w by removing some points from w-plane . First we
remove the points w = a s.t. h(z,a) =0 or oo . Next we remove the points at which
some poles of h(z;w) generate to co . Finally , we remove the points w = a s.t.
I(z,a) := infycr |[A(z + yi,a)| = 0 for Vo € R where h(z,w) = AE; 1“:)) (A,Be @((CZ)
).

We denote the removal set by R = R(h;e;) . When w = wy € C\R has a
neighborhood U C C\R such that for Yy € R we can find 3M € R, § > 0 s.t.
h(z,w) is holomorphic in {z € C| Rz < M, |z —y| < d} x U , then we call the
set of all such points right-solvable domain (Sg(h;e1)). And if h is is holomorphic
in{zeC|Rz>M,I|Sz—y| <} xU , then we call the set of all such points
left-solvable domain (S, (h;e1)).

If wy € Sr(h;er) , we can find a right solution of A, f = h on C x U where U is
a neighborhood of wy . If wy € S (h;e1) , we can find a left solution of A., f = h on
Cx U.Ifwy € C\R, then we can decompose h as h = hy + hy where wg € Sp(hy;er)
, wo € Sp(hajer) . Therefore we can gain some local solutions of A., f = h . right
or left solution can be extended to the right or left solvable domain .

In regard to A., A.,f = 0, I have not completed the study . However , under
some assumptions , a function satisfying A., A, f = 0 has a periodic decomposition
. For example , if Jwy,wg + 1 €Sg(f;e1) , then f has a periodic decomposition .




Difficulties of Solving Problems
Kojiro Higuchi
e Computability Theory
— Computability theorys the study of algorithm, computability and uncomputability.

e A study ofdifficulties of solving problems
— What argoroblem® How are dificulties of solving problemdefine®
— What is thedistribution of difficulties of solving problems like?

My study is to clarify the distribution of diiculties of solving[1{ Mass Problems
— Difficulties are defined by the conceptAdforithms

Mass Problems:= Algorithms:=  Programs written by

Sets of fur!ctlons on natural numbers". . _"Computer Language an InstructionOraclé€'.
But we consider mass problems and their ele-

ments as follows: For a solution p and a number x, the calculation
Mass Problems: of ®(p; X) is as follows:
"Sets of solutions to corresponding problems"1. Calculate step by step along the algoritm
Elements= 2. Put p(y) into z if "z=Oracle(y)" appears,
"Solutions to the corresponding problem®”. 3. Let®(p; x)=Output, if this calculation halts.
For a solution p®(p)T =
Examples: "® never halts on the input p without number x".

1. Make a complete table of prime numbers,
2,3,5,7,11,13,17, 19, 23, 29, 31, 37, Hg Mass Problems:=

2. Calculater by decimal expansion, "Sets of p's satisfyingd(p)T for an algorithmd".
3.141592653589793238462643383279

3. Construct a transcendental number except faramples:

eandmr, 1. Make a complete table of prime numbers,
0.153625035358421993710300427:342 2,3,5,7,11, 13,17, 19, 23, 29, 31, 37,

4. Find an uncomputable function. 2. Calculater by decimal expansion,

5. Find an infinite random sequence, 3.141592653589793238462643383279

01101000101110110001011011101260 5. Find an infinite random sequence,
6. Extend Mathematics (ZFC) to some complete01101000101110110001011011101:1200
consistent theory. 6. Extend Mathematics (ZFC) to some complete
consistent theory.

Degrees:=
"Difficulties of solving mass problems". The Distribution of Degrees:
P is not more diicult than Q P<Q) = 1. There arenfinitely manydegrees.
"Some algorithm gives a solution to P by any s@- There are P and Q such ti&tQ andP#Q.
lution to Q". 3. Thetop degree and thbottomdegree exist.
. —The example 6 is of the top degree.
The Distribution of Degrees: —A problem with a computable solution is of the
1. There arenfinitely manydegrees. bottom degree.

2. There are P and Q such thitQ andP2Q.
3. Thetop degree and thbottomdegree exist. A Problem on Hg Mass Problems:

—A problem without solutions is of the top degre@®oes there exist P and Q such that@and no
—A problem with a computable solution is of thgroblem R such that #ER<Q?
bottom degree.



Undecidability and weak theory of concatenation

Yoshihiro HORIHATA

Mathematical Institute, D2
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e Background of the theory of concatenation

* In 2005’s, A. Grzegorczyk defined the new theory of concatenation denoted
by TC, and he proved that TC is undecidable theory([1]).

x In 2008’s, A. Grzegorczyk and K. Zdanowski proved that the theory TC is
essentially undecidable. And they left the open question whether the weak
arithmetic Q is interpretable in TC.

+ For the above question, in 2009’s, V. Svejdar, A. Visser and M. Ganea
independently gave a positive answer.

e Main results

* We defined the new theory of concatenation WTC and proved that this
system is properly weaker than TC.

x We proved the theory WTC is »;-complete, that is, for any 3; sentence ¢, if
@ is true in the standard model of WTC, then is provable in WTC.

* We proved that WTC interprets R. This implise that WTC is essentially

undecidable. About the converse of this, we conjecture that R interprets
WTC.

1. Robinson’s weak arithmetic Q 3. Our new theory WTC

The arithmetic Q is PA—(Induction) whose axioms Oer theory has the following axioms: for each
x’? y’ Z? u? v E {a7 b? C}*’

(W1) z7e=¢e"z=u.

(W2) 27 (y"2) = (¢7y)" 2
(Q2) Vz(S(z) #0). (W) 25— 10— Fu(le o — u Ay — )y (o
(Q3) Vz(z # 0 — Jy(z = S(v)))- uTwAwTy =v)).

(Q4) Vz(x +0==z).

are followings:

(Q1) Vavy(S(z) = S(y) — z =y).

(W4) a#eNz y=a—z=cVy=c.
(WB) B#ehNz  y=pf—x=cVy=c.

(Q6) Va(z-0=0). (WT) a#BAB#EYAY#a.
(Q7) VzVy(z - S(y) =z -y + x). (W8) Va(z Eu— \/ T =v).
vCu
2. Robinson’s very weak arithmetic R 4. Our conjecture
Robinson’s arithmetic R has the following ax-
ioms: for each standard number m,n, Q >< TC
(R1) m+n=m+n. V Y
R g WTC
(R2) m-an=m-n
(R3) m #n0if m #n0. References
(R4) Va(z <n—z= OV---Vzr= n). [1] A. Grzegorczyk. Undecidability without arithmeti-

zation. Studia Logica, Vol. 79, No. 1, pp. 163—230,
(R5) Vz(z <nvVvn<z). 2005.



Davies’ Conjecture for Pseudo-Schrodinger Operators and Its Applications to
Penalization Problem

Masakuni MATSUURA*
Mathematical Institute, Tohoku University

February 18, 2010%

1 Abstract

We call (—=A)*2 4V (x) (0 < o <2,V € Cy(RY)) a “pseudo-Schrédinger
operator” and we consider asymptotic behavior of heat kernels of
stochastic processes associated with pseudo-Schrodinger operators.
It is well known that Pinchover has solved Davies’ conjecture for
second-order elliptic operators. (See, Theorem 1.2, [Pin1] or Theorem
1.1, [Pin2] ). We derive the result of Davies’ conjecture for pseudo-
Schrédinger operators from Pinchover’s results as follows.

Conjecture 1. Let k(x,y) and ¢(x) be the heat kernel and the ground
state associated with pseudo-Schrédinger operator. Then, if Hy, is sub-
critical or null-critical, then for every x,y € RY,

rlim ki(x,y) = 0.
If Hy, is positive-critical, then for every x,y € RY,

- ki(xy)
fim 2 0.0) ~ PX)eW).

Though we can easily prove subcritical cases, we have not completed
the proof of critical cases yet.

2 Preliminaries

The following stories are well known.

Let Hy = (—A)% + V(x) be a pseudo-Schrédinger operator. Then,
there is a (Cp)-semigroup (7;),>0 on Cw.(R), which is generated by Hy.
Riesz’s representation theorem implies the existence of the heat kernel
ki (x,dy) such that

()= [ ) (1)

for all v € 5 (RY), every x,y € RY, and every ¢ > 0. Then, the heat kernel
ki (x,dy) is the minimal fundamental solution of the initial problem with
pseudo-Schodinger operator.

For all v € C(RY) and every x € RY, T;v can be represented as

Tv(x) = Ex{efé V<X‘)dSv(X,)] . (2)

Here, X; is the symmetric a-stable process. Further, the range of
principal eigenvalues A of H, is non-negative.

3 Motivation

We would like to solve Davies’ conjecture for pseudo-Schrddinger op-
erators in order to solve penalization. Let us suppose the following as-
sumption.

Assumption 2. If H, is positive critical, then

ke (x, )’)
=k (0,0)

PX)e()- @)

for every x,y € RY.

*Mail : sa9dl0@math. tohoku.ac.jp

fWeb : http://www.math. tohoku.ac.jp/~sa9d10/

tPoster session, Global COE symposium “Weaving Science Web beyond Particle-
Matter Hierarchy”.

Then, there is a limit distribution P{ such that

,ILH; Eo[e./5 V(Xu)d“] =Eo 2] &)

for all X € 7.
Indeed, if we define

IP)QO L (P( ) 7[09+f0 ,J)du]P

0= o(x0)°
then as ¢t — oo,
[ fo V(X d“z]
]Eo ef(; V(Xy)du

Eo [EO [eja V(Xa)dug [V (X,)du g|,,¢s] ]
[m V (X)du ]
[ 5 ~>dqu0{ J5
Eo|eJo ¥ (Xu)du
]Eo[eﬁi X)du SR, [ejn uw“

o {efo VX, >du}
e e L)
Eo[efowxu /k,OO)]
Eo|eho i W5 0(X) [ (v)dy

09|/J]

- Eo[0(0) [ ()]
= EJ[Z]
Here, we have used
ki—s(X5,)

50.0) — PXIO0) Po-as.

as ¢t — o in the last computation.
We call such a problem “Feynman-Kac penalization”.
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Torsion points of abelian varieties with values
in infinite extension fields
Yuken Miyasaka

Mathematical Institute, Tohoku University
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We consider a problem “the torsion part A(L)r of an abelian variety A over a number field or p-adic field K wih values
in some infinite extension L of K is finite or infinite ?”’. On the other hand, the periodic points of an arithmetic dynamical
system have some relationship with the torsion points of abelian varieties, and there also is a problem related to the finiteness.
We compare the side of the variety with that of the dynamics in this problem.

SIDE OF VARIETY

K : number field, A/ K : abelian variety, L/K : extension
A(L) : set of K-rational points of A with values in L.
A(L)tor :={P € A(L) : nP =0forIn € Z}

Well-Kown Fact
[L /K : finite extension = #A(L)tor < 00 }

SIDE OF DYNAMICS

K : number field, f(X) € K(X), L/K : extension

P € PY(L) is periodic, if f(™)(P) = fo---0 f(P) = P.
(L) := {P € PY(L) : f(™(P)is periodic Im € Z}
Thm. (Nothcott)

(L /K : finite extension = I1¢(L) : finite

e It is true even if we replace K with a p-adic field.

UNIFORMLY BOUNDED
Thm. (Mazur-Morel)

A = E': elliptic curve over number field K
L/K : finite extension 7C = C/(d) : constant
S.t. #E(L)tor < C-

o There are not results for a p-adic field.

UNIFORMLY BOUNDED (DYNAMICAL VERSION)

Conj. (Morton-Silverman)
L : finite extension of number field K, f(X) € K(X)
Then 3C : constant depending only on L and deg(f)
s.t. #Hf(L) < C.

e Mazur proved it when K = Q, and Morel proved in the
general case. Their proof of this theorem is very difficult !
e It is an open problem in the case of abelian varieties.

Problem
A : abelian variety over number field or p-adic field K

If L is an infinite extension field of K,
A(L)tor is finite or infinite?

GLOBAL AND LOCAL RESULTS

In the global case, there are many results for this problem.
We pick up the following Ribet’s result.

Thm. (Ribet)
K : number field, L := K(poo) = #A(L)tor < 00

Ribet proved this theorem by reducing it to the following
local result which is proved by Imai and Serre.

Thm. (Imai-Serre)
K : p-adic field, L := K(up=)

A : abelian variety with ordinary reduction
=  #A(L)tor < o0

Recently, This local result is refined to more large field L by
Ozeki.

MANIN- MUMFORD CONJECTURE
Finally we note that for curves with a higher genus, it is

known the following Manin- Mumford conjecture, proved by
Raynaud.

Thm. (Raynaud)
K : alg. closed field of char. 0, C/K : curve of genus > 1
J : Jacobi variety of C = C N J(K)i < 00

e This conjecture includes the Mazur-Morel’s theorem
stated the side of variety, thus it is considered that it is diffi-
cult to prove it. it is not known even when f(X) = X2 + c.

Problem (dynamical version)

f(X) : rational function over number field or p-adic field
If L is an infinite extension field of K,

IT ¢ (L)tor is finite or infinite?

LATTES MAP

The Lattés map fr is one of the most important rational
maps in the study of this problem. It is obtained by the pro-
jection of the multiplication by 1 map on an elliptic curve £
such as the following:

E(K) Amil, E(K)
proj.J
Pi(K) L& pl(K)
The Lattes map has the property #11;, (L) < #E(L)tor
for an extension L of K. Therefore the results in the side of

the variety give some examples of the finiteness problem in
the side of the dynamics.

proj.J

DYNAMICAL MANIN- MUMFORD CONJECTURE

Finally, we state the dynamical system version of the Munin-
Mumford conjecture. This conjecture is also an open prob-
lem.

Conj. (Zhang)
K : alg. closed field of char. 0, ¢ : morphism on P (K )
X : variety in PV

IMy(K) N X C X : dense < X : pre-periodic variety




Maximum principle for a biological model related to the
motion of amoebae
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1 [Model of amoebae motion |

Tamiki Umeda (Kobe University) proposed a biological model of amoebae
considering the motion and the chemical reaction in the body. We modify
Umeda’s model from a mathematical viewpoint, and analyze the following

model:
up = Au+ kyw(t) —kou  z € Q(t), t >0,
®) u=1+4 Ak + BV z € 90(t), t >0,
V=-Vu-n+guw() zecdQt),t>0,
u=q¢ z € Q(0),
where

Q(t) : domain of R? , dQ(t) : boundary of Q(t),
k = K(x,t) : curvature of JQ(t),
V = V(a,t) : normal velocity of 9€(t),

n = n(z,t) : outward normal vector to 9Q(t),

g(+) : smooth function, w(t) = Cy— / udz
Ja)
k1, ko, A, B,C : positive constant, ¢(x) : initial data.

In (P), u(x, t) is an unknown function depending on space and time, and the
function represents a F-actin which assumes the role of bones and muscles
in the body of amoebae. w(t) represents a G-actin which is produced by
F-actin. This model is mainly constructed by the law of conservation of
mass and the relationship between G-actin, F-actin and the normal velocity
of the boundary 9€(t):

wy + div(uv) = kjw(t) — kau,  V =v-n+ g(u)w(t).

Figure 1: Chemical reaction and Motion of amoebae

2

In Umeda’s model, chemotactic substance gives amoebae a positive effect
[Figure 2]. Therefore, the function g which represents the activity of a chem-
ical reaction is positive. However, there are some chemotactic substance
which also give amoebae a negative effect [Figure 3]. Now we consider the
situation that there are such a substance around amoebae, and we try tak-
ing g as a negative function. Then we expect amoebae to become smaller.
However, it is natural for amoebae not to become smaller than a certain size.
We predict the sign of the function g on the basis of asymptotic behavior
in some special conditions.

Figure 2: Case of positive effect

0&(0) ¥ / a0(t)

-~

Figure 3: Case of negative effect

3 |Main Result

Let |z| = r, v(r,t) = u(z,t) in (P), then (P) becomes

% =0 + o)1+ kw(t) — kv € (0,5(¢)), t >0,

v=1+A/s(t)+ Bs(t) r=s(t), t>0,

RP) $5() = v, + g(v)w(t) r=s(t), t>0,
v, =0 r=0,t>0,
U(T70) = (/5 re (0>5(t))7

where s(t) is an unknown function depending only on time, and the function
represents the radius of the circular domain which is the body of amoebae.

Definition 1. A pair (v, s(t)) is said to be a solution of (RP) if there exists
T > 0 such that

(v, s(t) € C2Fe BF2 L] [0,5(1)] x {t} | x CBT/2([0,T])
0<t<T
satisfies (RP) for some a € (0,1).

Assumption 1. We assume that the initial data satisfy the following con-
dition:

— 2
5(0) € (0, AV AG

o(r,0) >0, Co—2m f(f(m rédr > 0.

max,¢o,s(0)) ¢ = ¢(5(0),0),

Then we have the following results:

Lemma 1. Let (v,s(t)) be a solution of (RP) and the initial data satisfies
Assumption 1. Moreover, g(v) is depend only on time and satisfies
0>9g>——+.
:To
Then v >0, w(t) >0, §(t) <0 for allt € [0,T).
Theorem 1. Suppose that the initial data satisfy the same assumption as
in Lemma 1 and

k1Cy
ke

< ¢(s(0),0).
Then
maxg, v = maxg<i<7 v(s(t),1).
Moreover, if T = oo, then s(t) — 0, maz,cjo v — 00 ast— oo.

Remark 1. From Lemma 1 and Theorem 1, if g is negative at any time,
we may construct an extinction solution. Therefore, if the model (P) have
validity from a biological viewpoint, we expect the sign of g to be non-negative
when amoebae is smaller than a certain size.
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Abstract

We consider the asymptotic behavior of the solution to the Cauchy problem
for the Nernst—Planck type drift-diffusion equation arising from the plasma
dynamics model. For our problem, it is already proved that the time global
existence and decay of the solution. We also show an asymptotic expansion
of the solution as t — co.

1 Introduction
We study the following Cauchy problem for the drift-diffusion equation.

O — Au+V - (uVip) =0, t>0, € R3,
(1) —Atp = —u, t>0, z€R3,
w(0,z) = ug(z) > 0, z € R3.

The drift-diffusion equation is the model of a plasma dynamics. The un-
known functions v = u(t,z) and 1 = 9(¢,z) denote the density of charges
and the potential of statistic electric field, respectively.

The well-posedness and the global existence of solution are already
proved([5]). The mass conservation and LP-decay estimate for the solution
to (1) with large initial data were derived. Moreover, the effect from the
non-linear part decays faster than the top term from the linear part([4]).
Namely, the estimate [u(t) - MG(1+1?)[, = o(t™7) (t — oo) holds for
1 <p<oo v = %(1 — %), where G(t,z) = (47rt)_3/ze_‘z‘2/(4‘) and
M := [suo(y)dy.

2 Main Result
Now, our main concern here is the second asymptotic expansion of the so-

lution. For ug € Ly(R3) N L®(R3), where L} := {f € L' | |z|?f € L'}, we
introduce the following functions:

Volt, 2) =Gt ) / uo(y)dy,  Vi(tz) = VG(t,z)- / yuio(y)dy,
R3 R3
t
Tt.a) = [ TS (v (-a) o s
0

K(t,z) ::f%log(lth)AG(t,x)/ Y- (VoV(—A) 1T

R3

+ IV(=A)"'V) (1, y)dy.

Then the following estimate holds.

Theorem 1 ([9]) Let ug € Ly(R?) N L>®(R3) and ug > 0. Then for
1<p<oo, 7= %(1 - %), the following estimate holds

@) [ult) = Volt) = Vi(t) — J(t) = Kt)], =0 (t71) as t— 0.

Moreover, the functions J and K satisfy J, K # 0.

We should denote that the functions V, Vi, J and K satisfy the following
equalities for any A > 0:

) NVo(Nt, Aa) = Vo(t, @),
MVI(N%Ax) = Vit z), MNJT(WtAz) = J(t, ).
Theorem 1 states that the asymptotic expansion of the solution to (1)
3 1

contains logarithmic term at the rate 720371

There are very much related model called the Navier-Stokes equation and
the Keller—Segel equations. They appears in a model for the incompressible
fluid flow and the chemotaxis respectively. For the Navier—Stokes equations,
an asymptotic behavior of the solution was considered ([1, 2]). In the case of
the Keller-Segel equation, it was shown that there exists a special term likes
J(t) in an asymptotic expansion of the solution ([3, 6]). Moreover, in the
even-dimensional cases, the asymptotic expansion of the solutions contains a

n n+l
logarithmic term at the rate El-p)= ([8])-

3 Outline of the Proof

In order to prove Theorem 1, we see the first asymptotic expansion estimate
for the solution.

Proposition 2 (cf.[7]) Under the same assumption as in Theorem 1, the
following estimate holds for 1 < p < oo and 7y := %(1 - %);
u(t) — Vo(1+t) — Vi(1+ ) — J(1 +8)||, < C(1 + )" Llog(2 + £).

To have an estimate for Vi), we prepare the following Sobolev type estimate.

Lemma 3 (Hardy-Littlewood—Sobolev’s inequality) Let f € LP(R3)
for 1 < p < 3. Then V(=A)"1f € LP*(R3) and |V(=A) " f|p. < C|fllp
for3/2 < p. < withp%zz—ljf%.

The Cauchy problem (1) is equivalent to the following integral equation:

¢
@) ut) =ePug +/ Velt=2)A . (uV(=A)""u) (s)ds, ¢>0, 2 € R®,
0

where {e'2},>¢ is the heat semigroup. A combination of Proposition 2 and
Lemma 3 immediately gives

uV(=A) "~ VoV (=A) Vo + VoV (Vi + J) + (Vi + J)V(=A) .
Then the nonlinear part on the right hand side of (4) converges to

/ "ot L (4T (—A) u) (s)ds
0

t
~ / Vell=)A (Vv (-A) "W,
JO
(5) VoV (Vi +J) + (Vi + D)V (=A)"Wo)(1 + s)ds

~ VGt 2) - ' —y)? -A)!
> VG )/O/Rg( 1) " (VoV(=A)""V

18]=1
+VOV(Vi+J) + (Vi + J)V(=A) ' Vo)(1 + s)ds,

where we use the Taylor expansion. The right hand side of (5) contains a
logarighmic term K. Indeed, by the scaling arguments (3), we have

t
3 T _)? —A) L AL S S
> Vv | Lo v 2y + 79 (-8) Vo)1 + s
ot .
=Y VGt [ (1497 [ (—(1+9) V)P (WV(-A) LT
%::1 /0 /“*3 '
+ IV(=A) V) (1, (1 + 8) 7V 2y) (1 + 5) 73 2dyds

3
= —log(1+1) Y 82G(t.) / 0 (Vods (~A)71 + J0;(~8) Vo) (1, m)dn

=1 ®

where we put (1 + s)~%2y = 5 and use the relation Jrs 7 (Voor(—=A) 71T +

JO(—=A)"Wo)(1,n)dn = 0 (j # k) in the second equality. This term gives
the desired function K since the following relation holds:

Lm0y (=8)717 + 70,(=8) Ve (1)
1

=3 /R 0 (VV(=A)7T + JV(=A) Vo) (Lmdn - (j = 1,2,3).

Applying Perseval’s equality, we can confirm that [g;7 - VoV (=A)"1J +
IV (=A)~1Vo)(1, m)dn # 0.
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A study of the idea of systematic knowledge:

On the relation between nature and spirit in the organizational view of nature
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Abstract

In the studies of the humanities and science which have become increasingly
technical, sophisticated and interdisciplinary, the idea of the assimilation of
literature and science attracted growing academic interest in recent years. This idea
naturally requires not aggregate but systematic knowledge accompanied by a
philosophy that addresses the question of what it is that we conceive as knowledge.
It was the German philosophy as it evolved during the 18-19th century, which,
based on works on systematic or speculative knowledge, attempted to establish an
izational view of nature t ing known under the notion of natural
philosophy. Here, nature and spirit, which were traditionally conceived as divided
notions within the mechanical view on nature, were now viewed in a new light as
something unified through life. Although modern natural philosophy contains a
large number of difficult questions with regard to its present-day validity, this
study investigates, based on the currents of the organizational view on nature in
contemporary philosophy, the relation between nature and spirit in this particular
theoretical notion as well as the systematic knowledge itself which attempts to

Hegel

© “Spirit is higher than nature.”
“ if [....] that infinite expansion and this infinite withdrawal into itself, are

letely one [...], spirit is higher than nature. For if nature is absolute self-
intuition and the actuality of the infinitely differentiated meditation and
development [Entfaltung], then spirit, which is the intuition of itself as itself - or
absolute ition - is, in the wi of the universe into itself, both the
scattered totality of this multiplicity which it [i.e. spirit] encompasses, and the
absolute ideality of this same multiplicity, in which it nullifies this separateness
and reflects it into itself as the unmediated point of unity of the infinite concept.”

(On the Scientific Ways of Treating Natural Law (1802/03), p.158)

© Hegel also understands nature as something living and subjective, especially
the living process ("LebensprozeR”).

apprehend such an organizational whole. Unlike on Schelling, spirit is not identical with Nature on Hegel.
Hegel thinks that nature itself and conceptualization of nature “completely are
one

1.Transition of the philosophical view on
nature
(1) The teleological view on nature (e.g. Aristotle)

@ “Impotence of nature (Ohnmacht der Natur)”

“It is not only that in nature the play of forms has unbounded and unbridled
contingency, but that each shape by itself is devoid of its Notion. Life is the
highest to which nature drives in its determinate being, but as merely natural
Idea, life is submerged in the irrationality of externality, and the living individual
is bound with another individuality in every moment of its existence, while
spiritual manifestation contains the moment of a free and universal relation of

@ Nature
= The essence of things which have a source of movement in themselves
& Unidentifiable materials are identified through their form.

spiriual mani!
o Formal (“eidos”) & “Telos” of the self-making contained in nature. spiritfotse (The Philosophy of Nature, 218 Remark)
o Everything from the individual to the world as a whole has a necessary Py ’

purpose.

< An ordered cosmos held by “unmoved movers (kinoun akinéton) = God”.

 “Not only is immaterial being or absolute mind logically prior to nature, but
the differentiation of mind into minds is prior to nature also.”

(Collingwood[1960],p.90) (ibid., §250)

“The impotence of nature is to be attributed to its only being able to maintain the
determinations of the Notion in an abstract manner, and to its exposing the
foundation of the particular to determination from without.”

(2) The mechanistic view on nature (e.g. Renaissance, Modern science)

= Hegel's theory of “the impotence of nature” is a radical form of the idealistic
@ Descartes

@ Order based on the view on nature.
Substance = God, spirit, matter Christian world view

Spirit = res cogitans Matter = res extensa

Nature as matter = causality as mechanism
of transmission of movements

(mechanical causality)

Indeed Hegel also considers nature as an organic life, but it is classified or opposed to
nature and spirit according to the degree of the realization of the idea of freedom.
Hegel’s view on nature does not represent a return to the mechanistic view which
implies a human supremacy over nature. But he also attempts to prove the possibility
that the spirit forms itself freely and voluntarily in the necessity and autonomy accident
of nature is emphasized.

Human being

(imago dei)
& Principle of causality in the mechanistic {ieeeide)

view on nature

 The concept of “causa finalis” and “causa
formalis” is ot valid. Only “causa efficiens”
is valid.

4. Spirit and nature on Whitehead

Whitehead's “Process Philosophy” or “Philosophy of organism”

© Whitehead: An exponent of the organizational view on nature in the 20

3) The organizational view on nature (e.g. Romanticism, German Idealism) century

= “We are merely endeavoring to exhibit the type of relations which hold
@ Opposition to the mechanistic view on nature between the entities which we in fact perceive as in nature.”(The Concept of
Nature isn't mechanical but living.
« Nature as subject in the work of Schelling

Nature) & Getting ride of the relation between subject and object, and
While nature produces itself, it is produced from
2. Epistemology as the basis of each view

metaphysical arguments
2 The first category of Existence

atura neturans “Actual Entities (also termed Actual Occasions), or Final Realities, or Res
Verae.” (Process and Reality, p.22)

© The reformed subjectivist principle

Whitehead does not suppose the” immovable mover”, an absolute spirit, or
subjective substance on the basis of the organism, but he considers the world in
its solidarity through actual entities and occasions.

on nature
(1) The teleological view on nature Conclusion
natural knowledge on the schema “hyle” - “eidos” - ) . .
“eideische = qualitative Naturerkenntnis” cf. Hirschberger [1953], p.33) @ Because the modern organizational view of nature (part. Schelling) takes its

origin from the humanism of romanticism (elevation from the finite to the
infinite), identity between nature and spirit is described from the element of
intellectual intuition, and it is not finally p ic how is a correspondence
between the constructed (experienced) and true nature.

@ However it is also said that this point of view is a source of today’s environmental
ethics which criticizes anthropocentrism.

2) The mechanistic view on nature
natural knowledge on the dualism of subject and object
“mechanistische = quantitative Naturerkenntnis”(cf. ibid.)

3) The organizational view on nature
systematic and holistic knowledge of nature and spirit as life
To grasp the whole not as an aggregation but a system.

@ Itis the most important point on the organizational view on nature that nature
and spirit only statically unite, but that both reciprocally and organically
relate and creatively evolve. Therefore this view doesn't fall into
anthropocentrism like in the mechanistic view even if spirit oft might have the
initiative in observations, speculation and so on. The idea of Systematic
knowledge is also a cosmology of nature and spirit.

3. The relation between nature and spirit in

the organizational view on nature
(part. on Schelling and Hegel)

References

Schelling’s natural Philosophy
« Georg Wilhelm Friedrich Hegel, Gesammelte Werke, in Verbindung mit der
e . Deutschen Forschungsgemeinschaft, Hamburg 1968 ff.
© The concept of “living nature’ * Schellings Werke, Nach der Originalausgabe in neuer Anordnung herausgegeben
von Manfred Schréter, Miinchen 1927f§
* G.W.F. Hegel, Political Writings, edited by Laurence Dickey and H. B. Nisbet,
tranlated by H. B. Nisbet, Cambridge University Press, 1999.

“So long as I myself am identical with Nature, I understand what a living nature
is as well as I understand my own life; I apprehend how this universal life of
Nature reveals itself in manifold forms, in progressive developments, in

gradual approximations to freedom. As soon, however, as I separate myself, : Egﬁgs{{g%ophy of nature, edited and translated by M. . Petry, Allen & Unwin,
and with me everything ideal, from Nature, nothing remains to me but a dead « F. W. J. Schelling, Ideas for a philosophy of nature as introduction to the study of this
object, and I cease to comprehend how a life outside me can be possible. science (1797), translated by Erml l{ &an’is and Peter Health, with an

(Ideas for a philosophy of nature as introduction to the study of this science (1797),p.36) introduction by Robert Stern, Cambridge University Press, 1988.

* A. N. Whitehead, The Concept of Nature, Cambridge University Press, 1964.

= A. N. Whitehead, Process and Reality: An Essay in Cosnmh{%, Corrected Edition,
Editfdgb’}éGrifﬁn David Ray and Sherburne Donald W., The Free Press, New
York 1978.

* R . Collingwood, The ldes of Nature, Oxford University Press, London, Oxford,
New york 1960.

+ Johannes Hirschberger, Geschichte der Philosophie I Altertum, Freiburg 1965.

= Nature and spirit (1) are ideally identical as something living.

@ The concept of Organization
“Every organic product carries the reason of its existence in itself, for it is cause
and effect of itself. No single part could arise except in this whole, and this
whole itself consists only in the interaction of the parts. [..] The organism,
however, is not mere appearance, but is ifself object, and indeed an object
subsisting through itself, in itself whole and indivisible, and because in it the
form is inseparable from the matter, the origin of an organism, as such, can no
more be explained mechanically than the origin of matter itself.” (ibid, p. 31)



Medical technology and surrogate decision-making

/. INTRODUCTION

With regard to medical technology it is bioethics which
emphasizes the principle of respecting the autonomy of the
individual. Yet, in the case of doubtfully autonomous or
non-autonomous patients the principle of bioethics may not be
granted or even be absent. In this presentation, I wish to discuss
the framework of standards for surrogate decision-making in
order to make decisions on behalf of individuals incompetent to

seek decisions on their own.

2. INCOMPETENT PATIENTS AND STANDARDS FOR SURROGATE
DEC/ISION-MAKING
In the case of some patients only insufficient autonomy is
granted or may even be absent.
Ex. persistent vegetative state patients, dementia patients
— formerly competent patients
newborns suffering a serious illness
— never competent patients
Two types of standards for surrogate decision-making in
Bioethics
[a] The Pure Autonomy Standard
(< The Substituted Judgment Standard)

[b] The Best Interests Standard

JF. THE PURE AUTONOMY STANDARD AND ITS PROBLEMS
This standard requires the surrogate decision-maker to formulate
a decision for formerly autonomous, now incompetent patients
based on the patient’s prior autonomous preferences (precedent
autonomy).
—  + The decision might be made based on values held by the
patient that are little relevant to it
+ The precedent autonomous preferences might conflict with
the interests of the patient
* The preferences or choices of the reasonable (competent)
people could be different from the preferences or values of

the incompetent people

4, THE BEST INTERESTS STANDARD AND /TS LIMITS
This standard requires the surrogate decision-maker to
determine the option that result in the highest net benefit for

incompetent patient by evaluating burdens and benefits of the

Haruka HIKASA (Philosophy D3, Tohoku University)

available options.

— + The decisions might fail to reflect the patient’s subjective
benefits, because surrogate decision-makers evaluate
benefits and burdens, more or less, dependently on
objective judgment (QOL chosen by a reasonable
person)

+ Whether the burdens should be limited to physical pain and

suffering

G, TOWARDS A NEW METHOD OF SURROGATE DEC/SION—-MAKING
1) In evaluating the result of medical interventions for incompetent
patients, surrogate decision-makers must attempt to ascertain the
patient’s present point of view
— cognitive science and neuroscience might be useful for
interpretations of this present point of view

2) Surrogate decision-makers take the patient’s present benefits
(preferences, experiential interests) and the precedent autonomy
(formerly preferences, values, perspectives) into consideration in
order to make decisions on behalf of formerly competent patients.
— the need to distinguish the patient from the person who he/she
used to be, while at the same time regarding the patient as a
person who continues to live a human life

3) With regard to 1) and 2), not only the physical but also the
mental (spiritual) pain and suffering of the incompetent patient
should be included in the assessments.

4) Surrogate decision-makers assume that some medical
interventions will be extreme terror on patients who are unable to
understand the reasons for these burdens (ex. invasive or
immobilizing treatments)

5) Protecting and promoting the abilities which still held by
incompetent patients. These abilities must be regarded as

important.
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Hume’s empiricism and the experimental method of reasoning
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Introduction

Hume intended to introduce the experimental® method of reasoning into moral subject, a method of which Isaac Newton successfully provides a secure foundation in the natural
philosophy. As is commonly known, Hume confines, in his works, our speculations to our perceptions, namely in empiricistical terms of impressions, and the copy of them, that is
ideas. Therefore his claims place emphasis on the importance of phenomenal resources given to us by experiences. According to him, if we engage in the study of real nature and
the operations of the external world beyond experiences, we would encounter serious difficulties. Yet, it seems that hume has not necessarily the faithfulness in his own

statements with regard to the empiricistic doctrine. It is here, that | argue, that we can reconsider Hume’s empiricism.

I Two empiricisms in moral sciences

Hume’s empiricism is interpreted in various way. D.Garrett finely divides the characters of Hume’s empiricism into five kinds: such as methodological, conceptual, nomological,
explanatory, and reductive empiricism (Garrett: 29-38). | take out two empiricisms from them that correlate with the following arguments.

1. Methodological empiricism

Hume writes in his Treatise that ‘the only solid foundation we can give to this science itself must be laid on experience and observation’ (THN: xvi). Garrett construes Hume’s
attitude that ‘observation should be the main determinant of theory, and that, in case of apparent conflict, theory should generally be revised to accommodate the interpreted
observations, ... (Garrett: 30). That is to say, the theory of science of man has acceptability of revision in response to observations.

2. Conceptual empiricism

According to Garrett, it is ‘the view that the semantic content of thought is always fully derived from things or features of things as they have been encountered in sensory or
reflective experience’ (Garrett: 33). Hume considers his Copy Principle as that ‘all our simple ideas in their first appearance are derive’d from simple impressions, which are

correspondent to them, and which they exactly represent’ (THN: 9).

~ _

* ¥

I Newton’s four rules of scientific reasoning

Newton originally thoughts that ‘the basic problem of philosophy seems to be to
discover the forces of nature from the phenomena of motions and then to
demonstrate the other phenomena from these forces’ (MP: 382). What he seeks out
is not the ultimate nature of forces of nature, but the forces of nature insofar as
nature revealed by experiment and observations. After demonstrating the
mathematical principles of the laws and conditions of certain motions, and powers or
force in Philosophiae Naturalis Principia Mathematica, he first gives rules for the
study of natural philosophy to demonstrate the frame of ‘the System of the World’
(MP: 794-796).

Rule 1:
No more causes of natural things should be admitted than are both true and
sufficient to explain their phenomena.

= We could call it a principle of simplicity. Newton’s commentary on the first rule
above is that ‘...more causes are in vain when fewer suffice. For nature is simple
and does not indulge in the luxury of superfluous causes’. Hume says in his Treatise
that ‘we must endeavour to render all our principles as universal as possible, by
tracing up our experiments to the utmost, and explaining all effects from the simplest
and fewest causes, ... (THN: 5). (We may associate this understanding with the
principle of Ockham’s razor.)

Rule 2:
Therefore, the causes assigned to natural effects of the same kind must be, so
far as possible, the same.

= This rule clearly influences Hume’s fourth rule in ‘Rules by which to judge of
causes and effects’: ‘The same cause always produces the same effect...” (THN:
116). In An Enquiry concerning the Principles of Morals, Hume refers to this rule as
‘Newton’s chief rule of philosophizing’ (EPM: 98).

Rule 3:

Those qualities of body that cannot be intended and remitted and that belong
to all bodies on which experiments can be made should be taken as qualities
of all bodies universally.

= This rule was added in the second edition of MP. We could call it a principle of
universality. The content of this rule seem to be conveyed as Hume’s positive
attitude toward inductive reasonings supported by his association of ideas, rather
than negative one that falls into skepticism.

Rule 4:

In experimental philosophy, propositions gathered from phenomena by
induction should be considered either exactly or very nearly true
notwithstanding any contrary hypotheses, until yet other phenomena make
such propositions either more exact or liable exceptions.

= This rule was added in the third edition of MP. Newton’s commentary on the last
rule above is that ‘This rule should be followed so that arguments based on
induction may not be nullified by hypotheses’. Newton’s insight here is that we
should give a certain authority to the method of induction, which makes provisional
propositions possible. Hume argues the same many times. Newton appears to
accept a priori principles in rules 1, 2, and 3. But, as E.A.Burtt said, Newton restricts
them by fourth rule within narrower limits (Burtt: 194).

Il Assumptions of Hume’s Arguments

There are several notable arguments in the work of Hume which seem not to be
genuinely based on his empiricism, and which are concerned with the existence of
body, and the existence of power or force. These arguments, | think, underlie the
empiricistical arguments as an assumption or belief. That is to say, they are tacit
understandings for Hume. Therefore they need to be received in his studies without
verification. And it seems that Hume uses the term ‘necessity connection’ as
determination of the mind, and the term ‘power’ or ‘force’ as unknown quality of
objects.

1. Arguments concerning the existence of body

(1) I need not observe, that a full knowledge of the object is not requisite, but only of
those qualities of it, which we believe to exist (THN: 116).

(2) ... 'tis in vain to ask, whether there be body or not? That is a point, which we must
take for granted in all our reasonings (THN: 125).

2. Arguments concerning the existence of powers or forces

(3) The operations of nature are independent of our thought and reasoning, | allow
it; ... (THN: 113).

(4) The scene of the universe are continually shifting, and one object follows another
in an uninterrupted succession; but the power or force, which actuates the whole
machine, is entirely concealed from us, and never discovers itself in any of the
sensible qualities of body (EHU: 136).

These descriptions are neither grounded on a priori knowledge or principle of the
external world, nor are they grounded on his empiricism that would have been
influenced by Newton, in that Hume does not properly employs the experimental
method of reasoning. They are rather our ordinary belief or assumption, on which
we speak and behave in daily life, and with which scientific investigations begin.
These thoughts maintain the view of naive causal realism proposed by G.Strawson
that though we cannot perceive the necessary connection between objects, it
nevertheless really exists (Strawson: 31-48). And this interpretation is partly due to
the view of contextualism suggested by M.Williams that claims relativity between
ordinary or scientific statement and skeptical statement. (Williams: 22-31).

w_

*Hume’s empiricism is based on ordinary assumptions or beliefs, but they needs not
to be verified, because they make all the reasoning possible.

Conclusion

*Hume’s experimental method of reasoning is influenced by Newton’s fourth rule, in
that they acknowledge the authority of the provisional character of induction, in the
same manner, as a conductive principle in moral sciences.

*Though Hume believes in the existence of the external objects or real powers, he
has to adopt agnosticism concerning them in his empiricism. Because his aim of
science of man is to provide a secure and solid foundation for moral sciences.
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Introduction
Suppose the following case ...

Strange as it may seem to the non-philosopher, mainstream epistemologists have paid
little attention to the phenomenon of epistemic dependence or intellectual division of

what is quark ?
what is counts as a

fu"galm*?";a' labor. The aim of my research is to advance a new epistemological theory to explain
. particle..? . . - - i .
Aquarkisa But ... believe that this phenomenon and to provide a vivid description of the social-public character of
fundamental particle. ki S . i .
undamentalpartice P knowledge. For this aim, in this presentation, | focus on the following three works in
Exp article . = particle... order to show how the traditional epistemology does not keep in step with the
phy; (non- ts) situation of ‘epistemic dependence’ which is to be a commonplace affair in our time.

1.)I present the conception of ‘epistemic dependence’ suggested by John Hardwig.

2.) According to Hardwig, if we receive ‘epistemic dependence’ then we must face the
dilemmatic choice between two epistemological models . | will point out that both
options are incomplete.

3.) I clarify that Hardwig falls into this dilemma because he has not perfectly freed
himself from the old epistemological obsession and that if we would abandon this

obsession the dilemma could be eliminated.
| know tham

Direct evidence

Does B Know that a quark is a fundamental particle?

We believe in countless expert claims without being
able to confirm their truth and in many cases we lack
the necessary competence to do so. It is difficult to
. acquire all relevant evidence concerning particular
\_situations by ourselves because we do not go /
rough extensive specialized training.

/2-1.) The epistemic deference model

In this model, the individual knower needs not to posses direct

1.) Hardwig’s insistence on epistemic dependence
In Hardwig [1985]:

* According to traditional epistemology, one can only have
rational reasons for believing p, if he has evidence for p;
and evidence is anything that establishes the truth of p.
*But, in our culture, the more is known that is relevant to
the truth of one’s beliefs the nor anyone is able to know
by himself.

*Therefore, we can never avoid some epistemic
dependence on experts.

m=) Non-expert B can acquire knowledge of some
proposition p from expert A, even though

(a) B has not performed the inquiry capable of providing
the evidence for p,

(b) B is not competent to perform that inquiry,

(c) B is not competent to assess the merits of the evidenc
provided by A,

(d) B cannot understand what p means.

*We must say that B’s belief is rationally justified and B
knows p if we do not want to receive that a very large
percentage of beliefs in this complex culture are irrational.
*According to Hardwig, to accept this conception of
epistemic dependence is to deviate from the traditional
epistemological view. Instead of the old view, he suggests
two options: the epistemic deference model and the

epistemic community model.
*This naming is not by Hardwig but by my own.

.*;rewer[ZOOG] suggests a procedure in order to check the reliance about expert’s testimony.

3.) Tentative conclusion:
Drawing the moral from Hardwig’s story

evidence for knowledge ,but the knower can only be an

Individuals.

* B knows p, if, B epistemologically defers to A. Eflistemic

* Non-expert B must obey expert A’s opinion to acquire deference
rationally warranted beliefs about p.

for p

* By yielding to A, B is justified to belie p. | know that p
* This model is compatible with reliabilism.
Is deference not an all-or-nothing affair but a matter of degree? no evidence

Authoritarianism...?
Infinite regress or begging the question about “who is expert? “
Helpless against difference of opinions between competing experts.

?

2-2.)The epistemic community model

* In this model the primary knower is not

) individual A or B but community of A and B.
p_'s true. * p is known not by any person but by the
epistemic community. Thus, members of group
community

cannot say that ‘l know that p’, but only
‘We know that p’.

*By belonging to the epistemic community,
each member’s belief is justified believing

we know that p

Knowledge and its evidence are common
property of the community

p.
This model retains the intuition that the knower must possess evidence within

himself, but permits a ‘community’ or ‘group’ to count as knowers.
* This model represents a kind of naive communitarian epistemology. See Welbourne[1981] and
Kush[2002]
® Hardwig does not define what the criterion for an epistemic community is.
*Granting that p is common knowledge of communities, this is not to mean expert A and non-expertB
? have the same information about p.
* When something is transmitted as knowledge, A and B are already standing in a normative context.
(Ex. teacher-student, doctor-patient, that is, the context of ‘epistemic deference’? )

Should we make a decision in favor of either one? Perhaps not. Surely, Hardwig points out the narrow conception of evidence in old
individualistic epistemology and presents the new direction towards a socialistic epistemology. Yet he remains too conservative because
he endures the old notion of ‘knowledge’. He seems to treat knowledge as something non-temporal and to suppose that knowledge itself is
invariable through the transmission from one person to another. In other words, supposing that p could be known, that is that p is
knowledge, then for all positive knowers (whether individuals or not) who know p posses p while those who do not know p do not posses p.
However when we abandon this assumption we need not to faces the dilemma between an all-out deference to experts and a posit
community as one whole epistemic subject. (Like Kusch[2002], we can define knowledge as a kind of entitlement and commitment among
persons concerning testimony. )Obviously, there is some epistemic deference in our culture. But | think that ‘deference’ is constructed in
dynamic processes of transmission of testimony among members of a community. Therefore, | argue that ‘knowledge’ represents not
something fixed-timelessness but something historical-variable, just like deference.
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The Finiteness of Human Beings and the Role of Technology

SUZUKI Ryozo (Tohoku University : Philosophy D3)

1. INTRODUCTION

This study explores the meanings of technics for human
beings with regards to “reliability” or “durability” that
technology creates.

2. HuMAN BEINGS As “LIFE”

In the first place, organisms fight and eat each other.

“Life” (in German: Leben) produces the tissues of itself
and survives after these die. Human beings live in the
same fashion.
—We fight for survival, kill other lives, and produce
children who live over the death of their parents. In this
process, we cannot help feeling the finiteness of
ourselves.

Thus T. Hobbs and G. W. F. Hegel argued that human
beings want to overcome this natural process(ex:
excessive emotions like fear). For this purpose, we need
to find a way for continuous control of nature. Such
techniques include politics and science technology
(politics and science are fundamentally related to each
other in this point).

3. MAGIC AS PRIMITIVE TECHNOLOGY

Parents maintain themselves by producing their children,

and the family exists longer than their individual members.

According to Hegel, this durability gives human beings a
most primitive and elemental intuition of “eternity”.
(Therefore we tend to favor whatever is stable and
continue to exist longer than we do.)

—Thus, magic as the primitive technology took a role of
protecting people against the fierceness of nature—and
this force was God for them. He was a king who could
handle the magic. He provided his people with
“durability” of their family.

4. MODERN STATE OF AFFAIRS

In modern times, in “the twilight of the faith in God” (M.
Horkheimer), the power of magic ceases to exist. But is it
only the magic that extinguished?

The kingship extinguished as did the conventional
family. (Hegel foresaw this fact in the early 18th
century.)—“Falling down of all the value” (F. Nietzsche).

As J. Habermas argues, that “securalization” and

“demagicalization (in German: Entzauberung)” are the
back of rationalization and only the abstract political
power remains without old-fashioned kings.

5. WHAT KIND OF TECHNOLOGY IS THE GREATEST

CONCERN TODAY?-AND ITS REASON

From the point of practical significance, technology
encompasses a deep relation with the hope for durability
(speaking metaphysicaly, “eternity”!) —in short, the
continuance of family, the stability of everyday life —
against life’s changeability or ambiguity. (“Life against
death” — Norman. O. Brown)

—For that reason, one of the deepest interests in science
technology at present concentrates on reproductive
technologies. And in this sense, as A. Gehlen has
pointed out, the reason for why human beings come to
depend on petrochemistry becomes obvious. Because
this technology is more stable than other natural things.

6. “THE ETERNAL IRONY”

On the other hand, economical changes in modern times
demand from us “the quickness to adapt, ability to
correctly react to stimuli and specialized skill”
(Horkheimer). But we know that the family represents
something that we cannot substitute artificially. In this
sense, Hegel calls the characteristics of the family “the
eternal irony”, as long as it is opposed to human work,
because the community and society where the
rationality has a meaning depend on members of the
family.

If we cannot go back to ‘good old times’, then we should
reconsider the meaning of technology into which human
beings lay their hopes, over and over again.
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What is ethically problematic in Biogenetics?

Takuma OBARA (Philosophy, D3, Tohoku Univ.)

1.F 1. Introduction

ARKRTE. SHOBEEFIFRBEORRICEILTO>TEIYSHMEHLRE
EHEIETHILEHAATVD, DT, TDEOREN SR I-5T THAIREIC
DWTERL. RIZ. FRITHL THESN D — RIEHIEBHRR/ISOVTERT S,
REITESLERMBICESOTREF VRSN TLEOTO DB, LA EIZERE
REFELEVEEERRT 5,

2. BERFIZHRBESL-OTERE—ROMENRR

BEFIRICHONDISBHENERDELRHEIE. —ETE>T.TARHKID
BETHD, VEUZ0HEEDRMENBEFLALTHMONATLERE, AR
AR TR REASI R EAL T o BIECHIIIL LA IXAELL, TRTRYEE
Bt > TEHEATRE. FRIMTREEMMFELELALEIND, 3BHATILI-EZ T T
FEFHLLLDTIEZLD LALEBEFEVI(CNETOEIS) K2 DE>ELER
ISR B DL NIILTEITHDEVI AT, BETH D, TNILHEEFTEN
EAOEHBOREPLEREVN LT ARARYEITHEERIFTIELERLTLD,
BANENIZFEBARICENFZEBEMITITEILIZ(EBoTVS) ELTE, ThiEH
SHOLHBEEFITTOATSLSNTOTEIZTERL. LS,

ZOHBE. AEELTDED ADTATUTATA— DRI HESND, EVSR
RHEZIOND, FNIERBIHERSOMETEH S, LLVS0H. HalE. AlFHK
BERREBECTEENT A TUTATA—ERESE D, EZEZ TSN LT, LHL,
BAMZROBREOREICLLAZIE, ENETRELIEL TEEMABERR
L&S&E, NEBEFICALTITET 244305, BEDRRTEEKRILT D, £
DFER . FEZIE LWhW BE ARG (B TIZHL £LEMEREFIRENGF
BOLREERT DU RITHDELS LREICE, BRGKEEBHENZ S
EMORAMNBRFISN, HHVIE, BOAEHSKHEHEEFDLOEMYMRKS0E
EFRENEINDESS, RIETXFRBYAREBESNIDITTHS,

3. [EROREADOERZM/MEHTIIEL

LAOLEDSEWNST, BRARMLGARBMESFB=OISEEFIRED &SR
RLEZITNIFESLENENSEEEZLLDIFER-TD, ThiE. o TWA(ZEhDH
DOTHIMNLEHSRENSYET BENS . PHIWLHREETHD. Thbs, TR
MNERLTVDIEERIETRICELENSTULSH. T8 HET . AR (LS R
M EREFT 2012, IETNEERL, HINLEIBZTNEMSLEVDD LS
ISIRDESIEVSREETHD, SILRETEORE, 2FY., BRYCEE, Bie
Wtz N AMA TGRS E>TESEILT 0N, EVSEDMEICE
EYHIEEHIFTLES,

MOTTAIMESSLIZIBEDRIEBER (AT DREE) 2 — B RIRIE 1LIFAT,
BET—HRINEE R, §OHLEARBOBELSBRMINTNINSTH D, Hifz
BHMFEARYH T CLBENETOLEERIETHY . XALLICAILTSHIETH
%, TNE—DDEHTHD, ThERET 5120123, ChETOEZFOLSbLIC
S—EZLTINERIICHEEZRTRENH D, LI, ThIEHETH iz
FL=HTHH>T. BED L EEFIHTIEEN, —ERI>TLE UL, HiEP
MEBRELGRAINBIILFTER, SOIOFLLEREDLLICEEFY, @EEL
FURKRLI-YT LK FNESIZFZ R TNIELESLEN, ShETOMEICEHR
FRHIE FNITEBICITMEBARERE TIEED, Fii- A FTHE-GHBEEEL L
3¢ETBHIE CNIETHEICHREBHGEELRDTHD,

4. BEFIFRFFORBICEVT, ALNEICRENGHETHIOMN?

FIZEIFEIBEIOHIEEZER THE RICFELLI=HD AR BRELTD
HEQREIMORDLYIC, HRZNHTIRREEATHLERMICTCEFE]
SERLIZELES, BEAKAREBRBICEEEZFTANSNENESDS, LhEEh
FEENFERTHRERLIZAIYULIZTHS, HED. ThIE, BHEERMT
[FALARITEBEZMA TVDEAREZ DML THD, SRR NI, EMIEMH
HHREEABSN, TDOABHORELFRHONZL NEARORE I
EZBE. Th X AMONEEHRAT2L0LLTOLE CIIHE ML TE=
DTHBo LI T, REABEMICF (FELLIZEE) RERBH AR EA TSNS,

COFEELSI—SEDTHED SRR LB EHEMALELLIEFERHITH
BIEHIBTS BT EATED, TR, Z5TRUKTELAICEEINRICE>TEEMIC
FHEREMAONDESITHLTA RIBZEZDIRICBNTERICHA S LETHET S
FEMOTIWVELIZBES M MR IEITHENCROON DA, BANELLVERE
LI=CEBFEHENTH D, IHITE ETHRAFZESIT, RDOAEZDLDEHBIEL
f2ELBESH . BT RIS ECETHEANICRT 23D T, ESHLASHIHRIED
FEITEDDM . ABISEIT2RILELOENELODHEROSLI-BERIL A,
BEFIFOLSLERFORRICEIOTLLINEIEETHD, Z5LIFEMHITI>
T ELZLARMMLEV WAL O EEET S L. ThHEICERHGRENT
H53. HLMECEAEICHBHEMBELL TERSh BESWETHIEED
BUOEELEDTHS.

In this presentation, | will try to precise the ethical problems that may be
posed with particular scientific breakthroughs such as success in decoding
the human genome. First, | will elaborate on what such scientific advances
can bring about. Second, | am going to mention general, ethical oppositions
against it. Finally, | will propose problems that this opposition unconsciously
hides, and that we should really consider.

2. Situations that progress in biogenetics can bring about

and general, ethical oppositions against them

The main consequence of the scientific breakthroughs in biogenetics is
the end of “humanity”. Once we know the rules of its construction at the
level of the genome, human organisms are transformed into objects
amenable to manipulation. Human beings are not mysterious and they are
regarded as material objects which act by the laws of physics. Of course,
this idea is not new, but it is serious in the sense that it is true at the level of
genomes which are our most basic components. This means that our
behavior is only a result of the program of genomes even if (we believe) we
act freely or autonomically.

Against this, opposition has been expressing arguing that the very heart
of one’s identity as a person could be destructed in such cases. Moreover,
the concept of education could also be destructed given the fact that we
think that we develop our moral identity through education. However,
according to ultimate consequences which natural sciences has, human
beings act by the rules of genomes no matter how they educate themselves
and form their moral identity. The notion of education may be rendered
meaningless. As a result, for example, there would be a society that has
intention to fight crime through direct biochemical or biogenetic
intervention instead of imprisonment at hard labor. The criminals would be
compelled to take medications against excessive aggression or be
administered to biogenetic manipulations to remove their aggression itself
from their personalities. Literally, they would be reformed.

3. Persisting in old ethics is not ethical

However, it is false to assert that technology such as biogenetic
manipulations should be restricted for preserving the fundamental
humanity. It is a fetishistic splitting attitude: you ignore it while you know it.
That is to say, “I know very well what science claims, but, nonetheless, in
order to retain [the appearance of] humanity, | choose to ignore it and act
as if I don’t know it”. This attitude prevents us from confronting the true
question: ‘How do these new scientific conditions transform and reinvent
the very human nature such as freedom, autonomy, and dignity?’

”

Descartes called (the persistence of) the old ethics the “provisional ethic”.
The reason why it is called “provisional” is that a new horizon is opening
now. To take a step toward a new field is to lose our previous foundation
and to stand on our own legs without any support. It represents a crisis. In
order to evade it, it is necessary to put ourselves into our previous custom
or convention again and for the last time. However, it is not to protect the
old foundation but to construct the new one. Once we know it, there is no
return to innocent ignorance. We have to tarry in the new reality and
accept it rather than to evade or conceal it. Persisting old ethics is in fact
not ethical attitude. It is attempting to constitute new ethics on the new
field that is truly ethical attitude.

4. What is ethically problematic in biogenetic breakthroughs?

Let us consider the above mentioned example of “reformation”. What
would happen if a criminal immediately returned to his society on condition
that he takes medications against his own aggression, instead of receiving a
sentence of imprisonment? Certainly, people would consider it to be
difficult to accept him much more than a person that receives a sentence of
imprisonment. Why? That is because people would think he can control his
own aggression not autonomically but heteronomously. In other words,
medications are thought to be “external” manipulation, not his proper
personality. We have valued the human’s interior or inherence and thus
estimated education or training as forming it. In short, he would still be
regarded as a dangerous person essentially (without medicine).

Finally, let us go one more step further in this example. It is easy to judge
drugs that we have just mentioned as external. Now, what would happen if
he came to be able to autonomically control his own compulsion through
intensified training, whereas he had taken medicine to enable him to
endure struggle or agony during the training? Moreover, as | have
mentioned above, what would happen if his personality itself was
reformed? In a word, can we draw a line of division between the internal
and the external within an individual? It is this blurring of the borderline
that scientific advances such as biogenetics may bring about. It seems to be
an authentic question of philosophy to consider what humanity is under
that condition at all. This is the very problem that should be reflected and
responded as being the truly ethical one.



The Ontological Genesis of the Theoretical Attitude

Tetsurou YAMASHITA (Tohoku University)

If we conceive scientific activities radically, that is in terms of the ontological structure of the human being, we may understand that science is not the primary
way of our being but a modification of practical activities in everydayness. In this presentation | will sketch the process of the ontological genesis of the
theoretical attitude. In doing so, | am dependent heavily on Martin Heidegger’s ontological insights regarding the human being.

I . The Structure of the Understanding of Being

II. The Way in which We are Concerned with Beings

Human beings exist, Practical horizon

ontological genesis) . :
Theoretical horizon

understanding being of

beings (entities).

Understanding has the structure o T
Projection of entity in which we project beings projection

toward its bejng(horizon) toward their being (horizon). -

(practical context)

Practice

(Primary way of concernment)

(the whole object)

Change
of the horizon
toward which projection T
we project beings _

Science
(secondary way of concernment)

IIl. Practical Attitude

Availableness and Discovery of the Available Beings

Tools occupy their own proper places, related with other specific tools in each

practical context (a connection of purposes). | call this way of being in which

bookshelf (e.g. when we use a hammer) tools exist (extremely) context-dependently, “availableness” (readiness-to-
@ :context hand).
Wooden @ :tool In practices, we can discover unthematically various properties of the available
boards —> :connection of purpose beings in terms of our purpose in each context. The discovered properties are

pluralistic according to their context.

(projegtion)

IV. Change into Theoretical Attitude

(plurally dimensional discovery)

“placed properly” (for work) —>place (pre-geometrical aspect),
“too heavy” (to hit the nails)-> weight (pre-physically aspect),
“suitable” (to hit something hard) - material (pre-technologically aspect),etc.

Those properties can, however, be discovered only in a

1. Change of Understanding of Being
(e.g) Theoretical attitude is formed through the change from

availableness into “forwardness-to-hand”, the way of being in which

beings exist constantly, independent of subject in practical context.

S connection of tools Forwardness-to-hand is formed through the release of subject from
:connection of behaviours the involvement in practical context.

definite practical context; that is, the available beings don’t
beforehand have properties without practical context, such as
physical weight or spatial position etc. The properties of the
available beings are regulated and structured according
to their context. They don’t have the same degree of clarity;
which aspect should be centered or put on the periphery, or

Entschrankung

This change into forwardness-
to-hand contains “moving-

|:| @ boundaries-away”
(separated (“Entschrdnkung” in German).

practical context || This operation removes the

which property in the centered aspect should come to the fore, "Both connections are interwined,
and so on, are all determined according to practical attitude. foming the connection of purposes. ‘
Thus, in practices “subject” is extremely involved in Subject is involved in it,

practical context; subject should behave and take the ~ Pehaving along it on the one hand

viewpoint as the context demands. Z:rc]iefruncnonmg as the end of it on the

—_—

ect

2. Formation of Theoretical Attitude

(free viewpoint)

boundaries between the
proper places of available
beings, and changes various
places(environmental) into
uniform positions (spatial).
Through this change, beings

the whole object

“Moving-boundaries-away” invalidates practical context; thus, all the viewpoint

lose their practical context

(aspects) which have already been built in this context are released, without being | (or availableness) and appear as the wholeness of independent objects.
regulated according to practical context. From these viewpoints each, we can divide | Subject is independent of objects; thus he/she can take an optional

the wholeness of objects into the various fields of sciences (space, matter, life, viewpoint voluntarily.
history and so on). Theoretical attitude is formed through this operation.

(e.g.)

---------- e whole object Each field of science is understood from a
single viewpoint (monistically). Because
subject is free from involvement in practical
context, subject can take an optional
viewpoint and discover optional properties
which have already been understood, but not

clearly. By fixing a viewpoint, we can
field of Field of i i i
biol articulate the field more clearly and minutely
iolo . .
2 geometry than we can expect in everyday practices.
For example, mathematical physics finds its field by discovering in advance the consistently existing beings(matter) and then
noticing previously their constituent moments specifiable quantitatively (ex. motion, force, position, time).This operation is

called the mathematical projection of nature. Discovery of facts, organization of concepts, regulation of methods including
experiments, decision of the form of arguments, and so on, are all possible under the light of this projection.

projection

Conclusion and Suggestion

Because of its projection toward a specific viewpoint,
theoretical attitude can discribe (a part of) nature in such
clarity and preciseness that practical attitude cannot.
However, we cannot constitute the genuine wholeness of
nature by combining these right but partial pictures of
nature. Theoretical pictures of nature are only results of the
division of a specific viewpoint. Nature as it is, the source
from which we can derive various viewpoints, always
exceed theoretical discovery in abundance. The substance
of nature is the possibility that we can derive various theory
from it. So science cannot access being of nature in this
sense. This is by no means a fault of science, but the price
for its clarity and preciseness. From this standpoint, it is
necessary to consider the validity of the conception of
scientific comprehensive picture of nature, and to clarify
ontological significance of scientific trurh, that is,
significance of non-ontological truth of science.
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FUJIO Yasuhiko

(" Introduction

Risk deriving from the development of science and technology

We are in need of risk analysis and management in order to coexist with risks, whose approaches are

based on the theory of probability or statistics.

Scientific uncertainty and risk management
We must assess the occurrence of undesirable events probabilistically or statistically.

There are some realms of science in which we cannot use such approaches because of a lack of
sufficient knowledge with regard to complex phenomena (ex. global warming).

Precautionary principle: an approach to risks

The precautionary principle(PP) requires that we should adopt approaches such as regulating or
banning the use of chemical substances or new technology in order to protect the human health and

the environment despite the la
PP is thought of as the princip

uncertainty, concerning the severe and irresistible harm to the human health and the environment.

uncertainty.

| wish to examine the notion of scientific uncertainty with regard to complex
phenomena, and PP as a reasonable principle for decision making confronted with such

~

ck of sufficient scientific certainty.
le which is to be applied in the issues of risk, under scientific

Uncertainty in risk management

Th
of

T

Th
of

ap|

th
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The emergence of PP
PP has been adopted in the legislation for
protection of human health and the
environment. The most prominent and
frequently cited version of PP is probably

Emergence and development of the concept
of risk

We cannot obtain complete

:';)
knowledge about future ,
events; we can only anticipate Vi '( = _]
future events probabilistically *

or statistically.

weda

e magnitude of risk is calculated as the product of probability
the occurrence of undesirable events and severity of damage

)

which they might pose.
The magnitude of risk

Probability of the
— | occurrence of events x

Accordingly, we must make decisions concerning issues

Severity of
damage

of risk under uncertainty of the occurrence of
undesirable damage in the future.

Problematic of risk management

Such procedures as RCBA(risk-cost-benefit analysis)embody
uncertainties; models used in RCBA are not always perfectly
sophisticated models of real events.

In principle, we never entirely know what happened, happens and
will happen in the real world, which makes us more modest about
our actions that might pose harm to the human health or the
environment.

Example of failed risk

management: BSE in UK

The government did not acknowledge the
infection with BSE to humans at first.

The Southwood Committee’s Report recognized
the slim possibility of humane infection with
BSE.

PCBSE theeat

However, the government paid no attention to it, but overestimated

the safety. Afterwards the government acknowledged the infection
with BSE and the failure of risk management.
Negligence or underestimation of uncertainty of scientific

knowledge or evaluation of risk might lead to the failure
of risk management.

The limits of our knowledge and science
As science is the process for exploring veiled realms, in cutting-edge
research the scientific knowledge is incessantly renewed by new
scientific discoveries.

There are, however, some cases where we cannot elucidate the causal
mechanism of complex phenomena at the present time due to the
complexity of phenomena(ex. global warming)

Thus, scientific uncertainty is due to the
plasticity or limits of our knowledge.

Attitudes towards uncertainty in science

In regulating or prohibiting a certain product or procedure, it seems to
be necessary to prove the causal relationship between products and
the possible harmful effect.

As we know, since scientific knowledge might be renewed, we must
not have too much confidence in science.

Therefore, we, especially policy-makers, must keep in mind
that science has limitations.

Precautionary principle
he origin of the conception of PP

e cholera epidemic in London in 1854: John Snow, the founder
epidemiology, recommended removing the handle of the

water pump in order to stop the cholera epidemic. (At that time,
it was not proved that cholera was transmitted by polluted
water.)

This case may suggest that the conception of PP was known and

plied earlier before PP has emerged in the 1970s.

e 1992 Rio Declaration:

“In order to protect the environment, the precautionary
approach shall be widely applied by States according to
their capabilities. Where there are threats of serious or

irreversible damage, lack of full scientific certainty shall

not be used as a reason for postponing cost-effective
measures to prevent environmental degradation.”

One of the most remarkable characteristics of PP is that even

if there exist no full scientific evidences it is possible and
legitimate to regulate or prohibit products or procedures
which might pose serious and irreversible damage to huma
health or the environment.

Criticism against PP
Opponents of PP characterize the defect of PP as:

1) The definition of PP is too vague to serve as a regulatory standard,

2) PP forces decision-makers to pay unreasonable attention to
extremely unlikely scenarios,

3) PP would lead to more risk-taking or another risk,
4) PP is a value judgment, not a scientific one,

5) PP does not take science seriously and marginalizes the role of
science in decision-making.

Objections against criticism of PP

Proponents of PP argue against each criticism:

1’) Vagueness of PP does not necessarily imply uselessness in
practice; PP may be given more precise formulations through
elaboration and practice,

2’) PP is not willing to prohibit all actions which may pose harm; all

actions may have unforeseen, more or less, harmful consequences,

so it is impossible and unreasonable to ban all actions,

4’) All decision rules including PP are value-based,
5’) PP is not based on science, but does not contradict science.

; Outlook for PP

Development of PP for better policy-making

In the Communication from the Commission on the Precautionary
Principle(2000) the Commission of the European Communities
noted that measures based on the PP:

-based on an examination of potential costs and benefits of
action or lack of action,

-subject to review, in the light of new scientific data,

-capable of assigning responsibility for producing the scientific
evidence necessary for a more comprehensive risk assessment.

The foundation of PP in philosophy and ethics

Philosophy might be able to argue ‘uncertainty’ in risk
management in the light of philosophy of probability or statistics.

“Our current moral theories are not suitable to deal with
issues of risk.”(Hanson,2007)

We should, therefore, explicate the ethical implication
of PP.

3’) The way of framing of the decision problem to which PP is applied

might cause more risks; PP itself does not pose more risk,

Conclusions

* We are forced to deal with risk under uncertainty, for we can only recognize
the occurrence of undesirable events in the future probabilistically or

statistically.

* We must perform risk management on the ground that there might be

scientific uncertainty.

* PP does not disregard the role of science, but acknowledges the limitations

of science and the confidence in science.

* We should elucidate the ethical implication of PP and make PP more
available in processes of policy-making so that moral theories can addreSSJ

issues of risk.
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The mechanism of suppressed dynamical friction
in a constant density core of dwarf galaxies

Inoue Shigeki (Tohoku Univ.)

Abstract : Dynamical friction problem is a long-standing Miller et al. (1998)
dilemma. In dwarf galaxies, dynamical friction on their globular | vcco : : vee 1577
clusters (GCs) is too strong to keep their orbital motions.
Nonetheless, GCs do exist even in current dwarfs. However, a
solution have been proposed. If dwarf galaxies have a cored
dark matter halo which has a constant density region in its
center, the dynamical friction is significantly weakened. But, the
mechanism of the suppressed dynamical friction has not been
clarified yet.

By means of N-body simulation, | find that the mechanism of
the suppressed dynamical friction is the effect of orbital dwarf galaxeis and their GCs
resonance between the GC and the halo.

800 T

200 [ — Nbodysimuaton | A favorable answer to “the cusp-core problem” : In Fig.1, 1 show a
600 L ~ | result of my simulation. As mentioned above, the GC can survive
Fig.1 | from the strong dynamical friction in the cored structure. This
result impllies that the
cored halo is a favorable
200 1 I dark matter structure for
core region | dwarf galaxies on the point
, , , , of the existence of the GCs
0 2 4 6 8 10 in dwarfs.
t [Gyr]
The mechanism of the suppressed dynamical friction : | examine
orbital energies and changes of the energies of halo particles
(E- AE diagram, Fig.2). | find that the energies of some particles
largely increase or decrease (the green & red squares on Fig.2) 1 0 01 02 03 04
and these particles have prograde rotations with the GC. These Energy -log|E/®|
particles resonate with the GC and have very complex orbits. In
Fig.3, | show a example of the orbits s ‘ ‘ ‘
in the rotating coodinate of the GC. =
| extract such resonant particles and
calculate energy transfers from the
resnant particles to the GC. | find that _
the resonant particles inject energy = °
to the GC (Fig.4).

This result means that the .
dynamical friction on the GC is
canceled out by the resonant
particles in the core structure.
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