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Our research during the year 2006 was concentrated on two scientific projects. The first project
is devoted to physical applications of the perturbative low-energy effective action of compactified
type-1I superstrings and M-theory to early cosmology and inflationary Universe. That research was
financially supported by the JSPS grant (Kiban C) # 18540283 during the year. The second research
project is devoted to formal studies of new models in the non-anti-commutative supersymetric field
theory. That research was done jointly in collaboration with the german team of Professor Olaf
Lechtenfeld at Leibniz University in Hannover, Germany, while it was financially supported in 2006
by the joint german-japanese grant from JSPS (= Japanese Society for Promotion of Science) and

DFG (= Deutsche Forschungsgemeinschaft).
1) 000000000000 1000000000000 0O0000ooo

We found a new family of non-separable coordinate transformations bringing the standard Friedman-
Robertson-Walker (FRW) metrics (describing a large-scale structure of a time-dependent Universe)
into the manifestly conformally flat form. We also calculated all the FRW curvatures, including the
Weyl tensor. We found by a direct calculation that the Weyl tensor of any FRW Universe vanishes.

After the FRW metric is brought into the conformally flat form, there exist the 15-parametric group
of four-dimensional conformal transformations that keeps the conformally flat form of the metric.
Therefore, the one-parametric transformations found can be combined with the conformal transfor-
mations in four space-time dimensions, in order to get a much larger non-trivial 16-parametric family of
the coordinate transformations bringing the standard FRW metrics to the manifestly conformally-flat
form.

Our results are going to have interesting physical applications in cosmology and early Universe,
because the FRW metrics are fully determined (up to a scale factor) by the symmetry, being indepen-
dent upon equations of motion. All modern theories of quantum gravity, and especially string theory
imply modifications of Einstein equations, while they are going to include the higher-curvature (or
higher-derivative) terms in the effective gravitational equations of motion. Those equations include
the full curvature, not just the Ricci tensor, so that all the FRW curvature components we found are
needed.

The FRW curvatures take their simplest form in the ‘conformally flat’ coordinates, but it comes
with the price: in such coordinates the matter is not static anymore and is not even homogeneous in

general, though it still appears to be centrally-symmetric with respect to an arbitrary point in space.
2) JOo0oOooooooo

We constructed a new supergravity model in an arbitrary (non-constant) self-dual gravi-photon
background, in four Euclidean bosonic dimensions. It was achieved by freezing out the gravi-photon
field strength in the standard N=(1,1) extended supergravity with two non-chiral gravitini. Our model
has a local N=1/2 supersymmetry, being the first model of that type. Consistency of our model requires
the background gravi-photon field strength to be equal to the self-dual (bilinear) anti-chiral gravitino

condensate.
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T. Hatanaka and S.V. Ketov: C-deformation of supergravity, Class. Quantum Grav. 23 (2006)
L45-L50.

M. Irisawa, Y. Kobayashi and S. Sasaki: Drinfel’d twisted superconformal algebra and structure of

unbroken symmetries, hep-th/0606207; to appear in Progr. Theor. Phys. (2007)

2) 0000
0ooo

Our subgroup hosted and organized the International Workshop on ”Non-commutativity in Strings,
Gravity and Field Theory”, at Tokyo Metropolitan University, in November 16-18, 2006. The total
number of participants were 30, while 10 participants came to us from the overseas countries: from
Germany (5), from USA (2), from France (1), Spain (1) and Sweden (1). Our subgroup was repre-
sened by the talks given by the doctor-course students, T. Hatanaka and M. Irisawa, based on the

publications above.
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2nd German-Japanese Workshop on Nuclear Structure and Astrophysics
Oct.4-7,2006 O RIKEN, Japan[

H. Aiba, M.Matsuo, S.Nishizaki and T.Suzuki: Fluctuation of the strength function of giant reso-

nances: A comparison of light and heavy nuclei
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StatPhys-Taiwan-2006, Academia Sinica, Taipei, June 22-26, 2006

Y. Okabe: Duality in the phase transition of two-dimensional diluted spin models (invited talk)

US-Japan Bilateral Seminar, Simulation of Complex Behavior from Simple Models,

Mauii, July 17-20, 2006

Y. Okabe: Duality in diluted spin models (invited talk)

ISSP International Symposium on Computational Approaches to Quantum Critical Phenomena,

ISSP, Kashiwa, August 9-11, 2006

Y. Okabe: Duality and finite-size scaling analysis of the two-dimensional diluted Villain model (invited
talk)

6th Rencontres du Vietnam, Nanophysics: from fundamentals to applications
Hanoi (Vietnam) , 6-12 August 2006

Gen Tatara: Thoery of Current-driven Domain Wall Motion (invited talk)

19th International Colloquium on Magnetic Films and Surfaces (ICMFS 2006)
Sendai International Conference Center, August 15-18, 2006

Gen Tatara: Threshold of current-driven domain wall motion (theory)(invited talk)

378th International Wilhelm and Else Heraeus Seminar, Spin Torque in Magnetic Nanostructure
Physikzentrum Bad Honnef (Germany) 23-26 October 2006

Gen Tatara, Theory of current-driven domain wall dynamics(invited talk)

K. Obata, Spin torque in Rashba systems (poster)

10th joint MMM /Intermag conference, Baltimore Maryland U.S.A., January 7-11 2007

Gen Tatara: Microscopic theory of currend-induced magnetization dynamics(invited talk)

000000000000 (JFFeS) (DO OUODOO0OO0OD0OOO0OOODDOOMENESR, CNRS)
O0ogogg, January 27-30, 2007
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Gen Tatara: Theory of nanomagnets(invited talk)

International Conference on Magnetism, Kyoto, August 20-25, 2006

O. Sakai and Y. Shimizu: DMFT band calculation for Ce compounds (poster)
R. Shiina: Field-Induced Quadrupolar Order and Possible Pressure Effect in PrOs;Sbis (oral)

H. Otsuka and M. Nakamura: Two-Dimensional Ising Transition in One-Dimensional Interacting

Electrons

Highly Frustrated Magnetism 2006 (HFM2006), Osaka, August 15-19, 2006

H. Otsuka, Y. Okabe and K. Okunishi: Phase diagram and string-density plateau state of the

anisotropic triangular antiferromagnetic Ising model

Advances in Neutron, Synchrotron Radiation, SR and NMR, Researches -complementary

probes for magnetism -, Tokai, August 28-30, 2006

O. Sakai, R. Shiina and H. Shiba: Analysis of Hyperfine Interactions in NMR studied of Pr Skutteru-
dites (poster)

International Workshop on First Principles Calculation of Correlated Electrons (FPCCE),

University of Tokyo, November 28 - December 1, 2006

0. Sakai and Y. Shimizu: First-principles Calculation for Ce compounds on the basis of the Dynamical
Mean Field Method (poster)

International Conference on Quantum Simulations and Designs, Higashi-Hiroshima,

December 3-6, 2006

O. Sakai and Y. Shimizu: Band Calculation for 4f Systems based on the dynamical Mean Field Theory
(invited talk)

The 2nd Indo-Japan Seminar Novel Magnetic Mateials and their Electronic Structures,

University of Tokyo, February 27- March 1, 2007

O. Sakai: First Principle Calculation of Eectronic state for Ce-compounds based on the Dynamical
Mean Field Theory (invited talk)
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1) 00

Review of Particle Physics: Particle Data Group (W.-M. Yao et. al.)
J. Phys. G33: 1-1232 (2006)

Improved Constraints on D°D9 Mixing in DY — K7~ Decays from the Belle detector: L.M.Zhang
et. al. (The Belle Collaboration), Phys. Rev. Lett. 96, 151801 (2006)

Evidence for Large Direct CP Violation in B¥ — p(770)° K* from Analysis of the Measurement of
the branching fraction, polarization, and CP asymmetry for BY — p*p~ decays, and determination
of the CKM phase ¢»

A. Somov, A. J. Schwartz et. al. (The Belle Collaboration), Phys. Rev. Lett. 96, 171801 (2006)

Tests of the Burle 85011 64-anode MCP PMT as a detector of Cherenkov photons
P. Krizan et. al. Nucl. Instr. Meth. A567: 124-128 (2006)

Observation b — dy and Determination of |V;q/Vis|
D. Mohapatra et. al. (The Belle Collaboration), Phys. Rev. Lett. 96, 221601 (2006)

Measurement of Branching Fraction and Direct CP Asymmetry in B? — p?7% Decays
J. Dragic et. al. (The Belle Collaboration), Phys. Rev. D 73, 111105(R) (2006)

Three-Body Charmless B* — K*7t7T Decay
A.Garmash et. al. (The Belle Collaboration), Phys. Rev. Lett. 96, 251803 (2006)
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Charge Asymmetry of Same-Sign Dileptons in BY-B° Mixing
E. Nakano et al, (The Belle Collaboration), Phys. Rev. D 73, 112002 (2006)

Search for the h. meson in B* — h K+
F. Fang, T.E. Browder et. al. (The Belle Collaboration), Phys. Rev. D 74, 012007 (2006)

Search for lepton flavor violating 7 decays with a Kg meson
Y .Miyazaki et. al. (The Belle Collaboration), Phys. Lett. B 639, 159 (2006)

Observation of New States Decaying into AF K~ 7" and AT Kgr~
Ruslan Chistov et. al. (The Belle Collaboration), Phys. Rev. Lett. 97, 162001 (2006)

Observation of near-threshold enhancement in the D? D07 invariant mass in B — D°DOx0K Decay
G.Gokhroo, G.Majumder et. al. (The Belle Collaboration), Phys. Rev. Lett. 97, 162002 (2006)

Study of J/v to pp, AA and observation of 1. to AA at Belle
C.-H. Wu, M.-Z. Wang et. al. (The Belle Collaboration), Phys. Rev. Lett. 97, 162003 (2006)

Improved Measurements of Color-suppressed Decays B0 — D70, DO, D*070 D*%n and D*w
S. Blyth et. al. (The Belle Collaboration), Phys. Rev. D 74, 092002 (2006)

Observation of BY — AFAZ KT and B® — AFA; K decays
N.Gabyshev et. al. (The Belle Collaboration), Phys. Rev. Lett. 97, 202003 (2006)

Study of decay mechanisms in B~ — A}pr~ decay and observation of anomalous structure in the
(AFp) system
N.Gabyshev et. al. (The Belle Collaboration), Phys. Rev. Lett. 97, 242001 (2006)

Improved measurements of branching fractions and CP partial rate asymmetries for B — wK and
B — wr
Chun-Min Jen, P. Chang et. al. (The Belle Collaboration), Phys. Rev. D 74, 111101 (2006)

Evidence of the Purely Leptonic Decay B~ — Tv
K. Tkado et. al. (The Belle Collaboration), Phys. Rev. Lett. 97, 251802 (2006)

. =0 . _ —
Observation of Bt — =Z. A’ and Evidence for B® — =, AF
C C

R.Chistov et. al. (The Belle Collaboration), Phys. Rev. D(RC) 74, 111105

Dalitz Analysis of Three-body Charmless BY — K7+ 7~ Decay
A. Garmash et. al. (The Belle Collaboration), Phys. Rev. D 75, 012006 (2007)

Measurement of inclusive Dy, DY and .J /v rates and determination of the Bé*)B S(*) production fraction
in bb events at the Y(59) resonance
A. Drutskoy et. al. (The Belle Collaboration), Phys. Rev. Lett. 98, 052001 (2007)

Search for BT — J/ym/K+ and B® — J/ynrKY Decays
Q. L. Xie et. al. (The Belle Collaboration), Phys. Rev. D 75, 017101 (2007)

Study of the charmed baryonic decays B® — X +pr~ and B® — X0pr+
K.S.Park and H.Kichimi et. al. (The Belle Collaboration), Phys. Rev. D(RC) 75, 011101 (2007)

68



Observation of time-dependent C'P violation in B? — n/K° decays and improved measurements of
CP asymmetries in BY — ¢K°, B® - K,K,K, and B — J/y K" decays
K.-F. Chen, et. al. (The Belle Collaboration), Phys. Rev. Lett. 98, 031802 (2007)

Moments of the Hadronic Invariant Mass Spectrum in B — X .fv Decays at Belle
C. Schwanda et. al. (The Belle Collaboration), Phys. Rev. D 75, 032005 (2007)

Observation of a new charmonium state in double charmonium production in eTe™ annihilation at
Vs ~ 10.6GeV
K. Abe et. al. (The Belle Collaboration), Phys. Rev. Lett. 98, 082001 (2007)

Moments of the electron energy spectrum and partial branching fraction of B — X_.ev decays at Belle
P. Urquijo, E. Barberio et. al. (The Belle Collaboration), Phys. Rev. D 75, 032001 (2007)

Search for Invisible Decay of the T(15)
O. Tajima, et. al. (The Belle Collaboration), Phys. Rev. Lett. 98, 132001 (2007)

Observation of the decay B — J/vyn
M. C. Chang et. al. (The Belle Collaboration), Phys. Rev. Lett. 98, 131803 (2007)

High statistics study of the fy(980) resonance in vy — 77~ production
T. Mori et. al. (The Belle Collaboration), Phys. Rev. D 75, 051101(R) (2007)

Inclusive-Jet and Dijet Cross Sections in Deep Inelastic Scattering at HERA
S. Chekanov et. al. (ZEUS Collaboration), Nucl. Phys. B 765 (2007) 1-30

Measurement of Prompt Photons with Associated Jets in Photoproduction at HERA
S. Chekanov et. al. (ZEUS Collaboration), Euro. Phys. J. C49 (2007) 511-522

Measurement of Neutral Current Cross Sections at High Bjorken-x with the ZEUS Detector at HERA
S. Chekanov et. al. (ZEUS Collaboration), Euro. Phys. J. C49 (2007) 523-544

Event Shapes in Deep Inelastic Scattering at HERA
S. Chekanov et. al. (ZEUS Collaboration), Nucl. Phys. B767 (2007) 1-28

Measurement of High-Q? Deep Inelastic Scattering Cross Sections with a Longitudinally Polarised
Positron Beam at HERA
S. Chekanov et. al. (ZEUS Collaboration), Phys. Lett. B637 (2006) 210-222

On-site underground background measurements for the KASKA reactor-neutrino experiment
H. Furuta et. al. Nucl. Instr. Meth. A568 (2006) 710-715

Observation of nonlinear Thomson scattering at BNL-ATF
T.Kumita, Y.Kamiya et. al., Int’l J. Mod. Phys. B 21 (2006) 473-480
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2) O0o0oOoOo
Y. Watanabe, M. Chiba, O. Yasuda, T. Kamijo, Y. Chikashige, T. Kon, A. Amano, Y. Takeoka, Y.

Shimizu, S. Mori, S. Ninomiya

Structure Function of Excess Charge in Rock Salt

Proc. of the International Symposium on Origin of Matter and Evolution of Galaxies 2005: New
Horizon of Nuclear Astrophysics and Cosmology, AIP Conference Proceedings Vol.847. pp.491-493
April(2006), ISBN 0-7354-0342-2

Y. Watanabe, M. Chiba, Y. Takayama, M. Fujii, O. Yasuda, F. Yabuki, Y. Shibasaki, T. Kamijo, Y.
Chikashige, T. Kon, A. Amano, Y. Takeoka, Y. Shimizu, S. Mori, S. Ninomiya

Simulation of Salt Neutrino Detector Performance for Ultra High Energy Neutrino Detection

Proc. of the International Workshop on Energy Budget in the High Energy Universe, Kashiwa, Japan
22-24 February 2006, World Scientific Publishing Co. Pte. Ltd., pp315-318, March (2007) ISBN-13
978-981-270-010-0, ISBN-10 981-270-010-2

M. Chiba, Y. Watanabe, Y. Takayama, M. Fujii, O. Yasuda, F. Yabuki, Y. Shibasaki, T. Kamijo, Y.
Chikashige, T. Kon, A. Amano, Y. Takeoka, Y. Shimizu, S. Mori, S. Ninomiya

Measurement of Attenuation Length for UHF Radio Wave in Natural Rock Salt Samples concerning
Ultara High Energy Neutrino Detection

Proc. of the International Workshop on Energy Budget in the High Energy Universe, Kashiwa, Japan
22-24 February 2006, World Scientific Publishing Co. Pte. Ltd., pp319-322, March(2007) ISBN-13
978-981-270-010-0, ISBN-10 981-270-010-2
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PASCOS2006, Sept.10-15, 2006, Columbus, Ohio, USA

T. Sumiyoshi ” Elements of the CKM matrix” ,

The Joint Meeting of Pacific Region Particle Physics Communities (DPF2006+JPS2006)
Oct.29-Nov.3, Honolulu, Hawaii, USA

T. Sumiyoshi ”Opening Remarks”

ARENAZ2006, Acoustic & Radio EeV Neutrino detection Activities, University of Northumbria, UK
June 28-30, 2006

M.Chiba, M.Fujii, T.Kamijo, Y.Shibasaki, Y.Takayama, F.Yabuki, O.Yasusda, A.Amano, Y.Chikashige,
T.Kon, S.Mori, S.Ninomiya, Y.Shimizu, Y.Takeoka, M.Utsumi, Y.Watanabe
”"Measurement of Attenuation Length for Radio Wave in Natural Rock Salt and Performance of De-

tecting Ultra High-Energy Neutrinos”
XXXIIT International Conference on High Energy Physics, Moscow, Russia, July 26-Aug. 2, 2006

Yondok Ri, ”Combined QCD and Electro-Weak Fits at HERA”
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Pressure dependence of the double superconducting transition of the filled skutterudite PrOssSbio:
M.-A. Measson, D. Braithwaite, B. Salce, J. Flouquet, G. Lapertot, H. Sugawara, H. Sato and Y.
Onuki
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Sb nuclear spin-lattice relaxation rate in filled skutterudite superconductor PrOs;Sbis: Y. Inaoka, H.
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A. Koda, D. Kikuchi, H. Sato, H. Sugawara, T.U. Ito, S. Sanada, Y. Tunashima, Y. Yonezawa, M.B.
Maple, D.E. MacLaughlin
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Single crystal growth and electrical and magnetic measurements on CeFeySbis: 1. Mori, H. Sugawara,
K. Magishi, T. Saito, K. Koyama, D. Kikuchi, K. Tanaka and H. Sato

Low temperature magnetization of PrOssSbis under pressure: T. Tayama, T. Sakakibara, H. Sugawara
and H. Sato

Substitution effect on the multipolar transitions in Pr(Fe,Ruj_,)4P12: Y. Aoki, Y. Motomura, D.
Kawana, D. Kikuchi, K. Kuwahara and H. Sato

Antiferromagnetic ordering in the filled skutterudite semiconductor CeOsySbis: K. Iwasa, C.P. Yang,
M. Kohgi, H. Sugawara, H. Sato and N. Aso

Ultrasonic measurement on the La-substituted PrOssSbis system: Y. Nakanishi, T. Tanizawa, T.
Fujino, P. Sun, M. Nakamura, M. Yoshizawa, H. Sugawara, D. Kikuchi and H. Sato

Rattling phonons in the filled skutterudite LaT;X;2(T=Fe,Ru,0s;X=P,Sb) studied with La-NMR,
P-NMR/Sb-NQR: Y. Nakai, K. Ishida, K. Magishi, H. Sugawara, D. Kikuchi and H. Sato

Magnetism of filled skutterudites under high magnetic fields: T. Yamada, H. Nakashima, K. Sugiyama,
M. Hagiwara, K. Kindo, K. Tanaka, D. Kikuchi, Y. Aoki, H. Sugawara, H. Sato, R. Settai, Y. Onuki,

H. Harima

Inelastic X-ray scattering of Sm-filled Skutterudite compounds: S. Tsutsui, H. Kobayashi, A.Q.R.
Baron, J.P. Sutter, Y. Yoda, H. Onodera, D. Kikuchi, H. Sugawara, H. Sato, C. Sekine and I. Shirotani

Specific heat properties of filled skutterudite compound PrRuyAsis: T. Namiki, Y. Aoki, H. Sato, C.
Sekine, I. Shirotani and T. Yagi

Sm-based filled skutterudite SmOs,Shigstudied by specific heat: K. Matsuhira, M. Wakeshima, Y.
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Optical study on metal-insulator change in PrFesP15 under high pressure: A. Irizawa, K. Sato, M.
Kobayashi, T. Nanba, M. Matsunami, H. Sugawara and H. Sato

Photoemission study on Sm-based filled skutterudites: A. Yamasaki, S. Imada, H. Higashimichi, H.
Fujiwara, T. Saita, T. Miyamachi, A. Sekiyama, H. Sugawara, D. Kikuchi, H. Sato, A. Higashiya, M.
Yabashi, T. Ishikawa, S. Suga

NMR study of magnetic properties in filled skutterudite compound EuRu,P12: K. Magishi, Y. Iwa-
hashi, T. Horimoto, H. Sugawara, T. Saito, K. Koyama

Raman scattering study of the skutterudite compounds: N. Ogita, R. Kojima, Y. Takasu, T. Hasegawa,
T. Kondo, M. Udagawa, N. Takeda, T. Ikeno, K. Ishikawa, H. Sugawara, D. Kikuchi, H. Sato, C. Sekine,
I. Shirotani

Elastic anomalies of UGes: K. Kuwahara, T. Sakai, M. Kohgi, Y. Haga and Y. Onuki

Inelastic neutron scattering measurements in a quadrupolar ordering compound YbSb: A. Oyamada,

K. Kuwahara, K. Ohoyama, K. Iwasa, M. Kohgi and S. Maegawa

Development of a hybrid-anvil type high-pressure device and its application to magnetic neutron

scattering studies: T. Osakabe, K. Kakurai, D. Kawana and K. Kuwahara

9th Japanese-German Symposium- Collective Quantum Phenomenon in Strongly Correlated Electron
Systems: Electronic Instabilities, Dimensionality Effects, and Novel Phases, Aug. 26-28, 2006, Hikone

H. Sato: Filled skutterudites: their attractive features and their synthesis, (Invited)

First Swiss Japan Workshop on the applications and on new developments in muon spectroscopy on
novel materials, September 28-30, 2006, KEK Tsukuba

Y. Aoki: Strongly correlated electron states in filled skutterudites, (Invited)
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