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Focal plane

(a) Artistic illustration of the SHARAQ
spectrometer.

The magnetic spectrometer SHARAQ
dedicated to the radio isotope beam
experiments is being constructed under the
ICHOR program (see Sakai Hideyuki
group). It consists of a super conducting
doublet quadrupole magnet (SDQ), a
dipole magnet (D1), a quadrupole magnet
(Q3) and a dipole magnet (D2) and its
total weight is about 500 tons. The
SHARAQ spectrometer having the
maxmum rigidity of 6.8 Tm with
dispersion of 5.86 m is designed to
achieve a good momentum resolution of
14,700 as well as a dispersion matching
mode operation in lateral and angle
directions. (Sakai Hideyuki group in
collaboration with CNS)

(b) Photograph of the D2 dipole magnet (300 tons).



source

A carbon nanotube with source and drain electrodes
attached is schematically shown. When a current is
injected from the electrode, a quantum loop current (red
arrows) is theoretically predicted to be induced around
the tube, whose magnitude is orders of magnitude greater
than that for the current across the electrodes.
(Aoki group)
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0 6.1.1: X-ray to bolometricd luminosity ratios of
inermediate-mass stars, observed in nearby star-forming
regions observed with Chandra. Thick crosses indicate
those sources which produced X-ray flares [43].
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binaries, GRO J1655—40 and Cyg X-1. The deviation
of the ratios from a constant is thought to reflect the
inclination difference between the two objects. [42]
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O 6.1.3: Suzaku spectra of the Galactic Center re-
gion. The XIS detects hot plasma emission with intense
atomic lines, whereas the HXD observes non-thermal
signals possibly from accelerated electrons. The solid
curves indicate a prediction when a point source with a
certain intensity is present at the field-of-view center.

OO000O0O0o0mOoooOoOoonO Abell 1060 OO
ubooooooboboooooobooooogoo
O0oo0oooo (6, 10000000000000000O
oboooooooaooo

uboooooooooooooooooogoon
ubocooo@moooboboobooooogoo
oooooooooXooooooooooooo
gboooobobobooooboooobobooboooon
gobobooooo

o000 OOODOOOOODOOO

0000000000000 000000000
0000000000000 0000000000
O00mMO0O0OXISOOODO00O00OO00O000
00000000000 000000000000
0000000000000 0000000000
D0 0000000000000 00O000O00O0
00000000000 000000000000
0 [33, 6, 86, 100, 103, 57, 114000000000
000000000000 0000000 000
0000000000000 0000000000
0000000000000 000000000
0000000000000 O00O00O0O0OO0On
0000000000000 0000000000
OmMO000000000 MS 1512443647000
oooooooo
0000000000000 O00OO0

boboooobooooooooobooooboooo
00000000000 (DO JAXA)OODOoOo
oooo0o0mooooGIsocoooooooo o
0000000000000 ooooooo Bo

OooOo0o00o0oOoExXbooooDOoOooOoo
gboobooboooboobooobooooboog
OO0Abell 3376 00000 0O0O0OOCOOOOOOO
00000000 [1040000000000uon



6.1. DOO0OO0OOO0OO0OOOO

6. JOooooOd

O0O000000000000 Abell 36670000
00000000000 o0oooooooo (12810

oooooooooooOoono m oD b0 DHXD-
PINOOOOOOOOOOOOOOOOADbell 10600
OoOooooDo0ooooooboiokevOOOODODO
O0000O0Oooo (82,59, 127000000000
gboobooooobobooboboooooboooo

6.1.5 0OO00OO00OO0OOOO0O0

00000000 zZ100kv/mOOOooOO
gboooooboboobooobooobooboogn
000000000000 (>10keV)OODO
gbooboobooooooooooooooooog
uboooooooooboobooobobooobooao
goobooboobooboooooobobooooooond
oboooooooooooboooooboooboooboo
gooooobooooboooood
boooooobooobooogn

goboooboooboooboooo
gobooooooo gooooo
gog20060 12000 O
uboooooogoos OO0O000 NalO
oooooBGgoOOOOOOOOOODOOOO
gbobooobobobooooooooooo
gobobooobooobobooooooooooo

oooooooooooodz2or0 10700000
ooOoooooOoooooOoooooooDoD 400
0000000ooooooooo (06.14) 0000
gbobobooooooooooboobbooobbooooo
O0000DoOOobO000o0ooobog >10MeVOO
00o0000o0oooooooooo (4, 115, 1410

ooo
goo
oo

go
oo
go

O bO

gd
oo
go
goo go
goo oo
goo oo
oo
go
O

uboboooooboooooobooooobooboooon
000000000000000000 44000
00000000000 oooooooo 20

6.1.6 ODUO0O0ODOOOOODOO

oc0000OO0UOOUOUDDOOO (APD)OOD

0000000000000 00000000000
00000000 (APD)DOOOOODDOOOO0
00000 APD (5x5 mm?, Hamamatsu S8664-55)
O0000oO0oO0ooooooo*Am0O0oono
0000000000000 00D00O000Oo0oo
000000000000 000000000 MO
0000000 M,OODOO(M,—1)/(Me—1) =
0.01300000000000 400 VO OM, =~ 80
My ~20000 [4501200 3 x 3 mm? 0 APD
0000000 spl4651 000000 BGOOOOO
0000000000000 0000D000O0OO0O0n
O [75,113]0000000000000000 [45)0

o Space Wire / Space Cube 0000000

SpaceWire 0 00000 O0OOCOO0O0O0OOODODO
gbooooooooobooooooboooaooag

140

1200 =

3 Nal ( > 40 keV) 3

g 1000 =
=]

5 i

3 800 —

12,000 _

3 11,000 BGO (>40 keV) Z

S 10,0008 st | M T

S 8(_)_Illllllll LI Illlllllllllll_

§ 60E Plastic (> 1 MeV) -

° %a.”|”.m.”.u.”|”.m.”@

AR AN MR MRS MRS AR

= Visible light O | E

S S e e e i BRI

6:40 6:45 6:50

2007 January 7 (JST)

0 6.1.4: Count-rate histories of three scintillators, in-
stalled at Kashiwazaki, Niigata. An episode of pro-
longed gamma-ray emission from thunderclouds was ob-
served on 2007 January 7. The spectrum extends up to
~ 10 MeV. The bottom panel, output of an optical sen-
sor, recorded five lightning discharges.

OO00O0O0OSpace Cube D OOOOOOOOCOOO
ooOoOocpuOOoosood TRONOOOOODO
00000000000 000000OoJAXADDO
[0j0000)DooO0o0ooooooooooooo
Oo00oO00ooOooOooooOoc++00000 Space

Wire 0OOODOOOO0O0OOOOOOOOODOOO
Ooo0oOooOoooU0oooOoooOoooOo (o
0)0DO00D0 1120
00000000 O0Space Wire / Space Cube O
goooboboboooooooobooooooog
O0000oOoooo (SWIM) OO OJAXAOO O
O000O0Ooooo [11e, 117, 118, 119]0

obO0OD0OOOOOOLOOOOO

oooooooooooOoOooooo Gsooo
gboooooobooobobooboobooooooon
uoobio~04mmO0O0ooooOobDODOOn
O000000ooooooooooao (17, 20, 650

OO000oooooobooboo00d4dmm 00
OO0 LaBrs 000 10x 1000000000000
0000 (DO H900)DDODDO260000000
000000 (D00000 80158) O OO U USpace
WireOODOOOOOOOOOO [112]0

bobooobooboobooooooooobooo
00000Uooo (64,138, 16000000000
oooooooooooooo [, 190

o NeXTOODOOOOOOO [73, 139, 35]

gboogoooboooomwoooboooDoo
NeXT (NEw X-ray Telescope) 000000000
oooobooooooO~7kevODOOODOODOO



6.1. DOO0OO0OOO0OO0OOOOO

6. UOoooogd
ooobooooooooooooboobooobooon
ooooo0OO00mbOOoOoOoEXDOOODOOOOO
gboboooboboobboooboooomooon
ooobOooobooboooboboboboogoo
oo02012000000000000000JAXA
000000000 0ASTRO-G(DOOOO)OO
goooobooooboboobooooood
oooodd

1) 00DO0O00O0D0O0OO0OOO0ODO0O0ODOOOO (o

2l
B8l

19000000000020060 90)00000
g

000D0D0000D00000D00D00000000
(20070 30)

gooboooo 1nnobooboboooooobogo
OO0 (20060 30 29 0), Makishima et al.: Publ.
Astr. Soc. Jp. 53, 401-420, “X-Ray Probing of the
Central Regions of Clusters of Galaxies” 0O 00

oooodd

(ooo)

4]

(6]

(7l

(8]

(10]

(11]

Tsunoda, N., Kubota, A., Namiki, M., Sugiho, M.,
Kawabata, K., & Makishima, K.: “Detailed Spec-
tral Study of an Ultra-Luminous Compact X-Ray
Source, M81 X-9, in the Disk-Dominated State”,
Publ. Astr. Soc. Jp. 58, 1081-1088 (2006)

Nakazawa, K., Makishima, K., & Fukazawa, Y.:
“Hard X-Ray Properties of Groups of Galaxies as
Observed with ASCA”, Publ. Astr. Soc. Jp. 59, in
press (2007)

Sato, K., (5 0), Kitaguchi, T., Kawaharada, M.,
Kokubun, M., Makishima, K., Ota, N., Nakazawa,
K., (6 O0): “X-Ray Study of Temperature and
Abundance Profiles of the Cluster of Galaxies
Abell 1060 with Suzaku”, ibid., in press (2007)

Okada, Y., Kokubun, M., Yuasa, T., & Makishima,
K.: “Chandra Detections of Diffuse X-ray Emis-
sion From Globular Clusters”, ibid., in press (2007)

Takahashi, H., Kitamoto, S., (5 0), Kubota, A.,
Makishima, K., Itoh, T., Kokubun, M., (16 O),
“Low/Hard State Spectra of GRO J1655-40 Ob-
served with Suzaku”, ibid., in press (2007)

Kotoku, J., Makishima, K., Matsumoto, Y., Ko-
hama, M., Terada, Y., & Tamagawa, T.: “Effects
of Compton scattering on the Gamma Ray Spectra
of Solar flares”, ibid., in press (2007)

Isobe, N., Makishima, K., Tashiro, M., Itoh, K.,
Iyomoto, N., Takahashi, I., & Kaneda, H.: “The
XMM-Newton Examination of Energetics in the
East Lobe of the Nearby Radio Galaxy Fornax A
(NGC 1316)”, Astrophys. J., 645, 256-263 (2006)

Nakajima, M., Mihara, T., Makishima, K., &
Niko, H.: “A Further Study of the Luminosity-
Dependent Cyclotron Resonance Energies of the
Binary X-ray Pulsar 4U 0115+63 with RXTE”,
Astrophys. J. 646, 1125-1138 (2006)

141

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

Murashima, M., Kokubun, M., Makishima, K., (7
0): “Suzaku Reveals He-burning Products in the
X-ray Emitting Planetary Nebula BD +30° 3639”,
Astrophys. J. Lett., 647, L131-L134 (2006)
Terada, Y., Mihara, T., Nakajima, M., Suzuki, M.,
Isobe, N., Makishima, K., Takahashi, H., Enoto,
T., Kokubun, M., Kitaguchi, T., (21 O): “Cy-
clotron Resonance Energies at a Low X-Ray Lu-
minosity: A05354+262 Observed with Suzaku”, As-
trophys. J. Lett. 648, 1L.139-L142 (2006)

Ezoe, Y., Kokubun, M., Makishima, K., Sekimoto,
Y., & Matsuzaki, K.: “The Discovery of Diffuse
X-Ray Emission in NGC 2024, One of the Nearest
Massive Star-forming Regions”, Astrophys. J. 649,
L123-L128 (2006)

Ozaki, M., Watanabe, S., Terada, Y., Itoh, T., Kit-
sunezuka, M., Kishishita, T., Ishisaki, Y., Taka-
hashi, T. “Framework for a Geant4-based Simula-
tor of the Radiation Background and Detector Re-
sponses of the Space X-ray Observatory Suzaku” ,
IEEE Trans. Nuc. Sci., 53, 1310 (2006)

Takahashi, H., Yanagida, T., Kasama, D., Itoh,
T., Kokubun, M.,Makishima, K., Yanagitani, T.,
Yagi, H., & Shigeta, T.: “The Temperature Depen-
dence of Gamma-Ray Responses of YAG:Ce Ce-
ramic Scintillators ” , IEEE Trans. Nuc. Sci., 53,
2404 (2006)

Itoh, T., Kokubun, M., Takashima, T., Honda,
T.,Makishima, K., Tanaka, T., Yanagida, T., Hi-
rakuri, S., Miyawaki, R., Takahashi, H., Nakazawa,
K., & Takahashi, T.: “Developments of a New 1-
Dimensional v-Ray Position Sensor Using Scintilla-
tors Coupled to a Si Strip Detector” , IEEE Trans.
Nuc. Sci., 53, 2983 (2006)

Nakazawa, K., Takeda, S., Tanaka, T., Takahashi,
T., Watanabe, S., Fukazawa, Y., Sawamoto, N.,
Tajima, H., Itoh, T., & Kokubun, M., “A high-
Energy Resolution 4 cm-Wide Double-Sided Sili-
con Strip Detector”, Nucl. Inst. Meth. A, 573, 44-
47 (2007)

Yanagida, T., Itoh, T., Takahashi, H., Sato,
M., Enoto, T., Kokubun, M.: Makishima, K.,
Yanagitani, T., Yagi, H., Shigeta, T., & Ito, T.:
“ Improvement of Ceramic YAG(Ce) Scintillator
to (YGd)3Al5012(Ce) for Gamma-ray Detectors”,
Nucl. Inst. Meth. A, in press (2007)

Itoh, T., Yanagida, T., Kokubun, M., Sato,
M., Miyawaki, R., Makishima, K., Takashima,
T., Tanaka, T., Nakazawa, K., Takahashi, T.,
Shimura, N., & Ishibashi, H.: “A 1-Dimensional
~-ray Position Sensor based on GSO:Ce Scintilla-
tors Coupled to a Si Strip Detector ” , Nucl. Inst.
Meth. A, in press (2007)

« Publ. Astr. Soc. Japan Vol. 59,0 00 00000

(21]

Mitsuda, K., (5 0), Makishima, K., (49 0O),
Kokubun, M., et al.: “The X-Ray Observatory
Suzaku”, S1-S7



6.1.

gboooooooood

6. JOooooOd

(22]

23]

[24]

(25]

(26]

27]

(28]

29]

(30]

(31]

Takahashi, T., (0000 O) Ezoe, Y., Fukazawa,
Y., Hirakuri, S., Isobe, N., Itoh, T., Iyomoto,
N., Kasama, D., Kawaharada, M., Kitaguchi, T.,
Kokubun, M., Kotoku, J., Kubota, A., Makishima,
K., Matsumoto, Y., Miyawaki, R., Mizuno, T.,
Murashima, M., Nakazawa, K., Niko, H., Okada,
Y., Ota, N., Sugiho, M., Takahashi, H., Takahashi,
1., Tamura, T., Tashiro, M., Terada, Y., Yanagida,
T., et al.: “Hard X-Ray Detector (HXD) on Board
Suzaku”, S35-S51

Kokubun, M., Makishima, K., (0000O00)
Nakazawa, K., Terada, Y., Tamagawa, T., Kubota,
A., Isobe, N. ,Takahashi, I., Takahashi, H., Hong,
S., Kawaharada, M., Murashima, M., Miyawaki,
R., Yanagida, T., Itoh, T., Hirakuri, S., Kitaguchi,
T., Enoto, T., Sato, M., Yamada, S., Yuasa, T.,
et al.: “In-Orbit Performance of the Hard X-Ray
Detector on Board Suzaku”, S53-S76

Hamaguchi, K., Petre, R., (11 O ),& Kokubun, M.:
“Suzaku Observation of Diffuse X-Ray Emission
from the Carina Nebula”, S151-S161

Miyata, E., Katsuda, S., Tsunemi, H., Hughes,
J. P., Kokubun, M., & Porter, F. S.: “Detection
of Highly-Ionized Carbon and Nitrogen Emission
Lines from the Cygnus Loop Supernova Remnant
with the Suzaku Observatory”, S163-S170

Ueno, M., Sato, R., Kataoka, J., Bamba, A., Har-
rus, I., Hiraga, J., Hughes, J.P., Kilbourne, C.,
Koyama, K., Kokubun, M., (12 0): “A Suzaku
Observation of the Low-Ionization Fe-Line Emis-
sion from RCW 86”7, S171-S176

Kubota, A., (10 O), Makishima, K., Yamada, S.,
Kohmura, T., & Angelini, L.: “Suzaku Discovery
of Iron Absorption Lines in Outburst Spectra of
the X-Ray Transient 4U 1630-472”, S185-S198

Matsumoto, H., Ueno, M., Bamba, A., (10 O ), Hi-
raga, J., Yamauchi, S., Hughes, J. P., Senda, A.,
Kokubun, M., Kohmura, T., & Porter, S.: “Suzaku
Observations of HESS J1616-508: Evidence for a
Dark Particle Accelerator”, S199-S208

Bamba, A., Koyama, K., Hiraga, J. S., Hughes, J.
P., Kohmura, T.,Kokubun, M., (7 0), Yuasa, T.,
Maeda, Y., Matsumoto, H., Senda, A., Takahashi,
T., Tsuboi, Y., Yamauchi, S., & Yuasa, T.: “Dis-
covery of a Possible X-Ray Counterpart to HESS
J1804-216", S209-S214

Yamauchi, S., Ebisawa, K., Bamba, A., Ishida, M.,
Iwasawa, K., Tanaka, Y., Kokubun, M., (4 0) :
“Discovery of a New X-Ray Transient Source in
the Scutum Region with Suzaku”, S215-5220

Mizuno, T., Miyawaki, R., Ebisawa,K., Kubota,
A., Miyamoto, M., Winter, L., Ueda, Y., Isobe,N.,
(4 O), Kokubun, M., Kotoku, J., Makishima, K.,
(5 0), Tamagawa, T., & Terashima,Y.: “Suzaku
Observation of Two Ultraluminous X-Ray Sources
in NGC 1313 7, S257-5267

142

(32]

(33]

34]

Yaqoob, T., (6 O ), Itoh, T., Kelley, R., Kokubun,
M., (90): “ Precision Fe K a and Fe K Line
Spectroscopy of the Seyfert 1.9 Galaxy NGC 2992
with Suzaku ”, S283-S5299

Matsushita, K., Fukazawa, Y., Hughes, J.,
Kitaguchi, T., Makishima, K., Nakazawa, K.,
Ohashi, T., Ota, N., (30 ): “Suzaku Observation
of the Metallicity Distribution in the Intracluster
Medium of the Fornax Cluster”, S327-S338

Ota, N., Fukazawa, Y., Fabian, C., Kanemaru, T.,
Kawaharada, M., Kawano, N., Kelley, R., Kita-
guchi, T., Makishima, K., (7 0): “Suzaku Obser-
vations of the Centaurus Cluster: Absence of Bulk
Motions in the Intracluster Medium”, S351-S359

(ooo)

(35]

(36]

37]

(38]

(39]

(40]

(41]

Nakazawa, K., Fukazawa, Y., Kamae, T., Kataoka,
J., Kokubun, M., Makishima, K., (6 O ), Tama-
gawa, T., Terada, Y., et al.: “Hard X-ray Imager
for the NeXT Mission”, SPIE 6266, 62662H (2006)

Fukazawa, Y., (5 O), Makishima, K., Kokubun,
M., Kawaharada, M., Murashima, M., Miyawaki,
R., Yanagida, T., Itoh, T., Kitaguchi, T., Hirakuri,
S., Enoto, T., Sato, M. (9 O), Terada, Y., Tama-
gawa, T., Kubota, A., et al.: “Inflight Calibration
& Performance of the Hard X-ray Detector (HXD)
onboard Suzaku’, SPIE 6266, 62662L (2006)

Yamaoka, K., Sugita, S., Ohno, M., Takahashi,
T.,Fukazawa, Y./ Terada, Y.,Tamagawa, T., (10
0), Miyawaki, R., Enoto, T., Kokubun, M., Mak-
ishima, K., & Murakami, T.: “In-Orbit Perfor-
mance of the Suzaku Wideband All-Sky Monitor”,
SPIE 6266, 626643 (2006)

Kitaguchi, T., Kokubun, M., Kawaharada, M.,
Murashima, M., Miyawaki, R., Yanagida, T., Itoh,
T., Hirakuri, S., Enoto, T., Sato, M., Makishima,
K., Takahashi, T., Nakazawa, K., et al.: “In-Orbit
Calibration of the Hard X-ray Detector (HXD-II)
onboard Suzaku’, SPIE 6319, 63190U (2006)

Yamaoka, K., Sugita, S., Ohno, M., Takahashi,
T., Fukazawa, Y., Terada, Y., Endo, Y., Hong,
S., Abe, K., Onda, K., Tashiro, M., Enoto, T.,
Miyawaki, R., Kokubun, M., Makishima, K., et
al.: “Suzaku Wide-Band All-Sky Mmonitor Ob-
servations of GRB Prompt Emissions”, AIP Conf.
Proc. 836, 201-204 (2006)

Yanagida, T., FEzoe, Y., Kawaharada, M.,
Kokubun, M., & Makishima, K.: “Chandra Ob-
servations of OB stars in the Cygnus OB2 Asso-
ciation”, Active OB-Stars: Laboratories for Stel-

lare and Circumstellar Physics, Astron. Soc. Pa-
cific Conf. Ser. 361 p. 533 (2007)

Yanagida, T., FEzoe, Y., Kawaharada, M.,
Kokubun, M., & Makishima, K.: “Large X-ray
Flares from B-type Stars, HD 261902 and HD
47777, in NGC 2264 Observed with Chandra”,
ibid., p.533 (2007)



6. UOoooogd

6.1. DOO0OO0OOO0OO0OOOOO

[42] Makishima, K.: “X-ray Study on Stellar/ Inter-
mediate Mass Black Holes”, Prog. Theor. Phys, in
press (2007)

(ooo)

[43] Yanagida, Takayuk] “Investigation of X-ray Flares
from Intermediate Mass Stars”, 000000

[44) OODODODOOOOOOOODOOOOOOOODOMOM
oooood

[45) ODODOmMOOO0O APDOODOOODODOOOODO
ooboomoooood

ooooboooo

(0ooo)

. Uogn

[46] Makishima, K., Kubota, A., Miyawaki, R.,
& Mizuno, T..: “Observational Evidence for

Intermediate-Mass Black Holes: Ultra-Luminous
X-ray Sources”, IAU Symp. 238, Black Holes from
Stars to Galazies (2006 Aug. 21-25, Prague)

Makishima, K.: “X-ray Study on Stellar/ Interme-
diate Mass Black Holes”, The Extreme Universe in
the Suzaku Era (2006 Dec. 4-8, Kyoto)

Kokubun M., Yuasa, T., Tamura, K., Makishima
K., (11 O0), Bamba, A., Senda, A., et al.: “Hard
X-ray Investigation of the Galactic Center Region
with Suzaku”, ibid.

(47]

(48]

. 6th INTEGRAL Workshop, The Obscured Universe
(2006 July 2-8, Moscow) 00O DO/000000

[49] Kokubun, M., Makishima, K., Takahashi, T., &
the Suzaku Team: “Hard X-ray view of the Milky
Way Galaxy obtained with the HXD onboard

Suzaku”, (0 0)

Terada, Y., Ishida, M., Mukai, K., Makishima,
K., Dotani, T., Gallo, L., Naik, S.,& Enoto, T.:
“A High-Sensitivity Suzaku Observation of Possi-
ble Non-Thermal Emission from a White Dwarf”

Takahashi, H., (5 0), Kubota, A., Miyawaki, R.,
Yamaoka, K., Itoh, T., Kokubun, M., Makishima,
K., (10 0): “Suzaku Broadband Observations of
Galacticd Black Hole Binares”, (0 O)

Enoto, T., Terada, Y., Miyawaki, R., Kokubun,
M., Makishima, K., Mihara, T., Nakajima, M.,
Suzuki, M., et al.: “Wide-band study of X-ray pul-
sars with Suzeku”, (00 O00O)

[50]

[51]

[52]

. 36th COSPAR Scientifc Assembly (2006 July 16-23,
Beijin) 00D00/000000

[63] Takahashi, H., & Makishima, K.: “X-ray Study
of Mass-Accretion Flows onto Weakly-Magnetized
Neutron Stars”

143

[64] Isobe, N., Griffiths, R., Itoh, T., Anabuki, N.
Awaki, H., Dewangan, G., Madejski, G., Mak-
ishima et al.: “Suzaku observation of nearby
Seyfert 2 galaxy NGC 4945”

Terada, Y., Ishida, M., Mukai, K., Dotani, T.,
Makishima, K., Gallo, L., Naik, S., & Enoto, T.:
“Possible Suzaku Detection of Non-Thermal X-ray
Signals from a Rotating Magnetized White Dwarf”

« The Extreme Universe in the Suzaku Era (2006 O 12
0480,00)000000

Suda, T., Fujimoto, M., Murashima, M., Kokubun,
M., & Makishima, K.: “How the Fast Stellar Wind
Blowing—A Lesson from the Recent X-ray Obser-
vations of Planetary nebulae”

Kawaharada, M., Sato, M., Kitaguchi, T., Mak-
ishima, K., Nakazawa, K., Kanemaru, T., Ota, N.,
Tamagawa, T., et al.: “Suzaku Study of Spatial
Oxygen Distribution in the Centaurus Cluster”

Itoh, T., Isobe, N., Awaki, H., Kawaharada, M.,
Kokubun, M., Makishima, K., et al.: “Suzaku Hard
X-ray Observation of Nearby Seyfert 2 Galaxy:
NGC 4945”

Kitaguchi, T., Kawaharada, M., Kokubun, M..
Makishima, K., Nakazawa, K., Yamasaki, N., Ota,
N., et al.: “Suzaku Study of Hard X-ray Emission
from Relaxed Galaxy Clusters”

Enoto T., Terada Y., Ishisaki Y., Miyawaki R.,
Kokubun M., Makishima, K., Itoh M., & Hasinger,
G.: “The HXD Timing Calibrations and Applica-
tions to X-ray Pulsars”

[61] Yamada, S., Itoh, T., Kokubun, M., Makishima,
K., Kubota, A., et al.: “Fractal dimensional and
principal component analyses”

[62] Yuasa, T., Kokubun, M., Makishima, K., Tamura,
K., Onuki, K., Nakazawa, K., Takahashi, T.,
Bamba, A., Senda, A., Koyama, K. et al.: “HXD-
PIN Studies of the Diffuse Hard X-ray Emission
from the Galactic Center”

.00o0oooon

[63] Kokubun, M., Murashima, M., Makishima K.,et
al.: “Suzaku detection of a highly carbon enriched
plasma in BD +30 3639”, TAU Symp. No.234,
Planetary Nebulae in Our Galaxy and Beyond
(2006 Apr. 3-7, Hawaii)

[64] Yanagida, T., Itoh, T., Takahashi, H., Kokubun,

M., Makishima, K., Yanagitani, T., Yagi, H.,

Shigeta, T., & Ito, T.: “Improvement of Ce-

ramic YAG(Ce) Scintillator to (YGd)3Al5012(Ce)

for Gamma-ray Detectors”, Symp. Rad. Meas. and

Appl. (2006 May 23-25, Univ. Michigan)

Itoh, T., Yanagida, T., Kokubun, M., Sato,

M., Miyawaki, R., Makishima, K., Takashima,

T., Tanaka, T., Nakazawa, K., Takahashi, T.,

Shimura, N., Ishibashi, H.: “A 1-Dimensional ~-

ray Position Sensor based on GSO:Ce Scintillators

Coupled to a Si Strip Detector” ibid.

[55]

[56]

[57]

(58]

[(59]

(60]

(65]



6.1. DOO0OO0OOO0OO0OOOO

6. JOooooOd

[66] Makishima, K., Murashima, M., Kokubun, K., et
al.: “He-Burning Products in the Planetary Neb-
ula BD+30 3639”, 208th Amer. Astr. Soc. Meeting
(2006 June 6, Calgary)

[67] Kokubun, M., & the Suzaku HXD team: “Calibra-
tion Status of Suzaku Hard X-ray Detector”, Int’l
W. G. on Cross-Calibration and the Definition of
X-ray Standards (2006 June 14-16, Iceland)

[68] Kitaguchi, T., Kokubun, M., Kawaharada, M.,
Murashima, M., Miyawaki, R., Yanagida, T., Itoh,
T., Hirakuri, S.,. Enoto, T., Sato, M., Mak-
ishima, K., Takahashi, T., et al.: “In-orbit calibra-
tion of the Hard X-ray Detector (HXD-II) onboard
Suzaku”. SPIE (2006 Aug. 13-17, San Diego)

[69] Kubota, A., Dotani, T., (8 O ), Makishima, K., Ya-
mada, S., et al.: “Suzaku Observation of the Black
Hoke Transient 4U 1630—47: Discovery of Ab-
sorption Lines”, IAU Symposium 238, Black Holes
from Stars to Galazies (2006 Aug. 21-25, Prague)

[70] Itoh, T., Isobe, N., Awaki, H., Kawaharada, M.,
Kokubun, M., Makishima, K., et al.: “Suzaku Ob-
servations of Nearby Seyfert 2 Galaxies”, ibid.

[71] Kokubun, M. et al. : “The Current Status of HXD
on board Suzaku”, Amer. Astr. Soc. HEAD Meet-
ing (2006 Oct. 4-7, San Francisco)

[72] Bautz, M., Arnaud, K., Fukazawa, Y., Hayashida,
K., Henry, P., Hughes, J., Kawaharada, K., Mak-
ishima, K., et al.: “Suzaku Observations of Abell
1795”, ibid.

[73] Kokubun, M., Hirakuri, S., Kubo, S., Enoto, T.,
Itoh, T., Kitaguchi, T., Yamada, S., Yanagida, T.,
Yuasa, T., Takahashi, H., Watanabe, S., Taka-
hashi, T., and Makishima, K.: “Developement
of an Active Gamma-ray Imaging Spectrometer
with Pixelated Scintillators”, IEEE Nucl. Science
Symp. (2006 Oct.29-Nov.4, San Diego)

[74] Tsuchiya, H., Enoto T., Yamada, S., Yuasa, T.,
Kitaguchi, T., Kawaharada, M., Kokubun, M.,
Nakamura S., Okano, M., Kato, H., & Mak-
ishima, K.: “Observation of High-Energy Gamma
Rays from a Winter Thundercloud”, Shock Forma-
tion under Extreme Environments in the Universe
(2007 Feb. 20-22, Titiech, Tokyo)

(ooo)

.O00boooobooboo20060 90 2002300
oobog

[75) 000 O0OUO0ODOODOODOOO0ODODDODOOOO
0000000000000 100 ApPDOODO
0000000 M22pSH-6

[76) OO0ODO0OOODO0OD0ODODOOOODOOOO0ODODOO
cooooooooooboOoooOO0b0b0 Mmoo
00000000 XO00oOo (HXD) oooooo
0 Il 23aSH-8

[771 000000000000D0D0000D00(130)00
000 EDDODOOODODONDO0D0000
00 XO0ODDO (HXD) 000000000000
1100 23aSH-9

[78) 0000000000000 0(100)00000000
0000000000000000000000000
FODODOOmMODOOO0D00000000000
00000 XO0O0O0O0O0D0O0000 (HXD/WAM)
0 Swift/BAT 00000 000 0023aSH-10

[79) 000000000 D0OOO0O0ODOOOD0OOOOO
CcO0000o0oOOmmOo0b0o000o0n SgrB20O
00000 XO0O0O0OO0OO0O0O0OD0 O 23aSH-11,

[80] 000D O0O0DO0OOOO00ODOOOO ORichard Grif-
fiths 00D OO0 O0O0D00O0OO0O 20000000
00000 [23aSH-13

[81] OODODOOOD0ODOOUDOOOOODDOOODDOODOOO
ooOO00DO Oommoooooooooooooon
0000 GRO J1655-40 O 0 0O 10 23pSH-4

[82] OODDOOOLDOOODODLODODOOODDODOOO
coo0oobooooOoooOO000oOooOoooooon
0000000000 X0O0O0O000O O 23pSHS

[83) 000D DOO0OO0O00O0ODO0D00O0O00D0DO0
000000000000 BOOOOOOO oo
00000000 XO0D000 (HXD/PIN)OOOD
000000000000 023pSH-6

[84) 00D DODO0OODODO00D0DO0DO0DO(40)00
0000000000000 0000000 MO0
000000 HESSO DO OO HESS J1804-216 O
0 O [ 23pSH-7

[85) 0000000000000 D0O000000000
000000000000000000m X000
0000000000000 0 X00000000
0 [ 23pSH-9

[86) 0000000000000 0000000000
00MO00000000000000000000
00000000 m23pSHIL

. 00000000000020060 90 19021000
ooooo)

[87) OODOOOO0D0ODOOUOOOOOODDOOODOOODOOO
oobobodooooooooooobooooooog
ooooooboobooooooooooooboon
oobooooOooJ2ib

[88) DO UOUOUODLUOODDOLOUODmMOOODDOOO
00000000 XO00O0ooOoO0OOo0O0J24a

[89) DOCODOOCODOUOOOODOOODOOO. Cot-
tamO0000O0C. Done 00 MO OO0OO0OO0O
4U 1630-47 0000 00 I J26a

[90] OODODOOOD OO0 0O0ODOD0ODOO0OODoOODOD
0000000J.CottamOO0 000 O0C.Doned 00
ooooooOOoo0ooboboO0oOoDbDDOOD 4U01630-472
High State 000000000000 MOIJ25a

[91] O0DOOO00OJ. CottamO OO OO OC. Doned OO
O0000O000A. C.FabianOOOOOOOODO
gooboobooooobooooobooooaonoa
D Ooo0OO000004u1630-472000000000
oooooooagJ2ra



6. UOoooogd

6.1. DOO0OO0OOO0OO0OOOOO

[92] D0O0O0OODOO0OOO0OOOOOOODOOOOODO
0000000000 00000 NGC4945000
OO00oo0o0ooooDODO0O0O00mmJ28a

000000000000 00000000000
0000000000000000000000000
0000000000000D00000000000
000000 @M00000D00000000000
0 (HXD/WAM)O OO GRBOOOO O IJ55a

O000OoDoooooooooooooooooooo
“How the fast stellar wind blowing — A lessen from
the recent X-rayobservations of planetary nebu-
lae”, N26a

obobooooooobdobooooooooonod
oobooooooooobO oobboooooooo
ocomooooboooOoboOoooobDbOboDbDO X
000000000000 MQ33a

O00oooo0o0Oo(eo)ooooooooooo
ocoOoooooO0o0oooOO0o0oboobOO0O00m 0o
00000000000 XO00O0OO0O00O MQ40a

gdooooooooUOooOoOoO0o0oOoooooooo
000000 000oooodd Compton thick
0000000000 Mrk3 OO OMIS15a

U0 oobbooooboooooooooooooon
ocoOo0oobooO0ooOImmooooooboooon
200000000000 XO0OOMmmS17a

Oo0oO0oooooooooOGo)boboooooo
0000000 OA. MarkowitzOO O O OJ. Reeves
00D 0000000000000 D00D00 NGC
405610000 X0OODOOOOOoOoOOdDoOdS20a

[100] OOCODOODODO0ODOODODOODOOOOODO)O
obobooooooobobooooooooonog
oboboboooooobbooooooobooooooon
Alo6000000000O000OITO2a

[101] OODOO0O0OODOOOO0O0OOODOOODOOOODODO
ooo0O0(eo)boooooooooooooog
00000000 A2218000 I TO3a

[102] OODOD0O0OODO0DOOODOODOOOODOOOOOO
00000000 0ooDOooDoDoooDoDoo0ooOoon
0000000 D000ooDoDmOooooooon
Centaurus 000000 000D O0OO0O O T04a

[103] OOO0O0O0O0O0OD0DO0ODOODO0OOOOO0OOO
oobooooooboooooooooobooooon
ooOoO00000000m@O0b000000 Fornax
oooooOoOo -000000DD0O0O ~-MTo5a

[104) OODOD0O0O0OD0OOO0ODOODOOOODOOOOOO
gbobobooooooooooooooOobooboboOoooo
ooOoobooOO00mooooooobooboobooon
000000 XO0OoOoooOomTo6a

(105 00DO00D000D00D00000D0000000
000000D000000000000000000
000000000000 0000000000
XO0DOO (HXD)OODOOD00 (1IN0 W74a

[106) 0DO00D00D00D0000D0000000
00000D0000D000000000000000
0000 00000000000000 (HXD/PIN)
000000000000 D000000 MW75a

(93]

[97]

(98]

(99]

145

(107 OODOO0OOODOOOO0OOOODOOOOOOODODOO
ooboooooooooobooooooooon
coooooOOoOo0ooooOO0bOmoboooobooDon
00000 GSOOOoOooOooooooooooo
00000000000 00000 MdWT76a

. 0000000D0000020070 30 25028000
oooo

(108 0000000000000 O000D0000000
000000000000000000000000
XODOOO (HXD)O0DODOOOOO (III)IJ26aSF-3

(109 0ODOD0O0O00OO0OODOO0ODOOOODOODOOOO
ooooooOoooooooOoOoDbOob0oOmm oo oo
00000 XO0OO0O0Oo (IXD-I)oooooooo
000000000 OJ26aSF4

[110) OOO0DOOO0ODO0O00ODOODOOOD0OOOODODO
oooobooooooOomoooooboooonon
O000oo0oo0oo Xooooooobooooooo oo
0 00 O 26aSF-5

[111] 00000000000 0ODO0ODOOD0OOOODODO
uoooboooo obooboooooOoooobooon
O0mXO0Oooooooooooooooo (WAM)
00000000000 000000MO26aSF-6

(112 000000000000000000000000
000000000 MO000 LaBrs 00000
0000000000 SpaceWire D 000000 M
26pSF-12

[113] OOD0D0000O0O0ODO0O0ODOOOODOODOOO
000MmO0000000000 100 APDOO
00000000 [2]026pSF-13

[114) ODO0D00O000OO0O0ODO0O0ODOOUOODOODOOOO
0o0U0oo0ooooooooooOo@o)oooo
oooooobooomooboboobooooooboooon
HCG62O0OODODODOOO0OO0O0OO I 26pSF-14

[115) ODODO0D0O0O00OO0ODOO0ODOOOODOODOOOO
gboboboooooboooboooooOobooooooon
OMmOoooooooooobooOOooobOoobooooon
000000000000 000000O27aSF-4

[116) 0000000000000 0000D0000000
00000MO00D00000000000000
000 (SWIM)I 28pSG-1

1177 ODOO0O0O0O0OOO0O0ODOOODOODOODOODOOOO0
gbobooooooboooooooobooooooon
Ooo0@moooooooooUoooO (SWIM) OO
00000000000000 D00 OD28pSG-2

[118] OOOU0OO0O0OO0O0ODO0ODODOODODOOO
gbobooooooboooooooobooooooon
ochOomooooooooobooobonooooon
0000000000 1000000 OD28pSG-3

[119) 00OD00OO000O0ODLO0O0O0DO0OODOODOOO
gbobooooooboooooooobooooooon
ocbomoooooobOoobooobOOoOoOoo bo
0000000000 II (0 00) 28pSG-4

. 000000000000 0O000D00OD0O20070 30 28
gs3000



6.1. DOO0OO0OOO0OO0OOOO

6. JOooooOd

[120) OOODO0O0O0OD0OOOODOOODOOOODOOOOOO
ooooODD0O000MmM XMM-Newton OOODODODO
NGC131300000 XO0DOOO0O0O0OO00O M J44a

[121] OODODO0O0O0O0OOODODOOODOODOOOOOOOO
0000000 oooooobobooo X
00 Suzaku J1305-4931 0000 OO I J46b

[122] OOO0OO0OOODOOOOODOOOD ODDODOOOODOO
ocoOoO0oobooO0o0oo0omooooooooooon
000000 GX 34942000 M1J50c

(123 OO0OO0O0O0ODOO0OODDOOODOODOO OO0
oo oooooboO0 M8200 X-1000000
Oo0mJsra

[124] OODO0OOODODO0OOOODOODOOOOOOODODO
0000000000000 0OS.NaikOL.GalloOO
coooooOO0OO0moOoooobobooooboboobooooDn
oooooDO0O000MmmJe62a

(125 0000000000000 0O00D0000000
0000D0000D0000000000D00000
0000000 XO0D000 (HXD)OOOOoOoo0O
0000 (1)MQl7a

[126) 0ODOD0O0O0D0DOOODOOODOOOODOOOOOO
ooboooooooooboboooooo oooo
O000mMU0O0o0o XooOoo (HXD)ooo
000000000 (2)@Ql8a

[127] OODOOOO0OODO ODO0OODOOOO0OOOOOO
ooooboobooooboboomoooobooboono
ooo0o0oooooO0ob0ooOoooomTola

[128] OOUOO OD0ODOOODDOOO0OOODOOOOOOOOO
booooooooooooooooo 0 -mMo
000XISOOO000O0D0000 Abell 3667 00
O M To8a

[120) 0000000000000 D0D0000000
00000D000D00D000D0MO0D00n
0000000000D0000000000000
(2) T11b

[130) 0000000000000 000D0000000
000DD000000000000D0D0000000
0000000000 00D0000000 X000
0 (HXD)ODODOOOO00 (1) Wiba

[131] 0000000000000 0000D0000000
000000000000000000000000
00000D00000000 000000000
000000D000000000000000000
0000000000000 M000000000
0XO0OOO 000000000 (HXD-WAM) O
00 (1) Wi6a

0000000000000 0oO0L0oooo (20070
20 140000000000000DO)

[132] 00DO0OMO00D0D00000 ULXO0O0000O
ooooo(@o)

[133] OOODO0D0O0OO0O@20) 00000000000
O000(e0) I Oooooooooooooooo
0000 GRO J1es5—400000(00O)

146

[134) ODO0D0O0O0D0OO0O0ODOO0ODOOOODOOOOOO
00000000 XMM-NewtonOODOODOO NGC
13130 00000000000(00)

[135) 0000000000000 0000000000
000D 0000000 M8200 X-1000000
0DOo@ooo)

[136} 00D00C.Donel 0000 DOO0O0ODOOODODOODOO
00000000 0OR. Griffiths DO Suzaku Obser-
vation of Sey. 2 AGN in NGC 4945 (D ODOO)

[137] 0000000000000 D00000000000
000000000D000D0000000 M81O0O
oo@oon)

. 000

[138) 0000 OOOOOO0DODOODOODOLOOODODO
obobooooooobooboooooooooo
goboooobooooooooooobooooon
ooooooooooboooo1vooooooooo
oo0ooo/o0o0ooooooo (20060 90)

[139] 000000 NeXT SGDOOOMmM NeXT O OO
0000000 (SGh)Uooooomoooon
ooooooodbz20060 120 2102200000
Oo0O0O0O0 p3-04

[140] OOOOOODOOOODOO0ODODO0DODOO0OOOO
00000000000 0000000U0A. Parmar(d
ocoo0oooOImooooobobobooooobooooon
0 GRO J1655 —40 000000 p4-07

(141 0000000000000 000D0000000
000000000000000000000000
0MDO0000000000000 XO0,/0000
000000 80000000 (20070 30 22-23
oooooo,)

(00D0O000O0O0O00O00)

[142] OO0 UOCOOO0OOODDOODmMODOOOOO
ooooooooooobooooooogoooo
0 (20060 60 30000000000000O)

[143] 0000 D0 0000 00 Super Science High-
school 00O (20060 70 150000000000)

[144) ODODMOO0OODDOOOOODOODDOOOODOOO
000000o0o00o000ooooooo (2006 0
90 400000)

[145] Kokubun, M.: “Initial Results from the First Year
of Suzaku”, Seminar at the Stanford Linear Accel-
erator Center (2006 Oct. 11)

[146) OODO0DMOO0ODODOO0OOOODOOOOOOO
0000000000000 0000 wGoooo
000 (20060 110 80000)

[1477 OO0 OO0 “Observation of Neutron Stars”,
COE21 Workshop on Strongly Correlated Many-
Body Systems (2007000 160000000)



6. UOoooogd

6.2 00O0O0OO

6.2 0UO0OODOO
6.2.1 TST-2000000000000

oooboobgooboo

boobooooooooood
ooooo I,00000

oooggd
ooooooosToooo
000/000o0u0oooooo
oooogpgoooooooo
O

good oooood

OoOooOooUooodogooodo
OoooOooOOoOo0OoOoOoOoOooOoOoo
OoofDoodOoooOdoOooooO
e o e e e e A o i Y
ooobUogooooooOoodo
o R e o o o o

ubobooooboogo
goooobooobbodg
oooooooo TST-200
uoboboooogooood
gooaoo

O 6.2.5: TST-2 at Kashiwa Campus.

6.2.2 HHFWOOUOOOOOOO

00O00000HHFWOO STOOO0OO
00000000000000000000
00000000000000000000
000000000000000000000
000000000000000000000000
000D00000000000000000000
D00ODO00RFOODOOOOOOOORFOOOO
00000000000000000000 6.2.60
000000 (f,)00000000 (f_q, f2)00
0000 (/4)00000000000000
0000000000000000000
000000000000000000
ooooo

goo
good
goooo
googo
gobooobooooon

O
O
O

147

lower sideban ,—Cl—> (_H,pper sideband
SN 43735
L’W

15 20
frequency [MHz]

10 25 30

O 6.2.6: Frequency spectrum measured by an RF
probe.

oooooooooobooooooooonoge.2.7
goobooooooobooboooooooooo
gooooboooooobooboobobooog

goooooboooooooooooooooon
godooooobooobooooobooooooon
O0oo0oooooooboboboooobooonoo
goooooooooooooooobooooon
DDDDDDDDDDDDDDDD(>02keV)|:|
BeD(>lkeV)|:||:||:||:||:||:||:||:||:| XO0oOooo
goo0boobooooodoooooooooa
000 XOO0OOoOOoooooooooooooo

5 0.02

% 5 ® side/pump(ch1)

by ® side/pump(ch2)

§ 0.015 ® side/pump(ch3)

E

5 001

% >

%o,oos

:

= 15 15 1.6 165 17 175 18

PF3_Voltage [kV]

O 6.2.7: Dependence of parametric decay on

plasma position.

RFOOOOOOOOOOOOOOODOOOO
gbobooboobooooboocooboooooooo
oooooooobobooobooooooooboao
ooo00o00O0ooooooTST-200000000
oooooO0oooooooooD o045JO0000O0O
0000 10HzO Nd:YAGO OOO (OO 1064 nm)
gbooobooooooboobooooboooooon
oooooo242mmO000000D00O0O0O00O0OO
gbobooooooboboooboooooooboooooon
oboobOooooooooboogoooooao
gbboooooooooooooboobooobooon
gboboooOobdobooooooooooooooo
uboboooboboooooboobooobooobobooboog
ooooOOo0ooDO0O0o0ooOoooooong 170evVO

00000 7x10¥m=2000000000000
OSNOOOOOOHHFWOOOOOOOOOoOo
uoobooooooooooooooo

6.2.3 0OO00OO0ODOOODOOOOOOD0

gbooooobooobooboobooobood
ubooooobooboboooboooooooao



6.2 O0O0O0OO

6. JOooooOd

goooboooooooooboboon
gbooobooboobooooaoo
boboobooooobogoooooon
uboooooaoooooooooo
O0oooooOoooooogTST-2
OO0 HHFWOOOooogooo oo
gboooboooboooooooooon
goo ooooooO0o0oooooooog RE
gooooOoOoooOoooooOooOOO 26-40 GHz
gboobooooboobooobobooooonog
oooo000 6280 HHFWOOOOGOOODODO
gbobobOooooobobooooooooan
gobooOoobooooooooboooooooon
OO0 HHFWOOOOoooooooooooooo
oooooOooooHHFWODOODOOODODODOO
gboooooboobooooooooboooon

Oooooooo
Ooooogooo

gooo
good
oood
gbood

gooo
ggooo
ooodd
goo

#45210

—19.9 [ms]
=== 20.1 [ms]
20.3 [ms]

0.7
R[m]

O 6.2.8: Time evolution of the electron density pro-
file during HHFW heating.

062900000 25.85GHz00000000O
oooboobooobooooooooooobooag
HHFWOOOOOOO 21MHzOOOOOORFO

gboooooobooboooooboboooooood
00 193MHzO022.7MHz 0O OO0 OO00O000OO
oooooobooooooO0o0 1. rMHzO0O0O0O0OOO
gobbooooooobooobobooooooon
ooooooooooo2okwooooooooo
000000000 02kV/mO000O0O

107

10°

10*

10°

Power [a.u.]

10°

107 1 1 h
0 10 15

Frequency [MHz|

O 6.2.9: Power spectral density of phase fluctua-
tions measured by a reflectometer with a frequency
of 25.85 GHz.

148

6.24 0O000OOO0OOO0OOOOOOODO

gboooooooooboobobooooogoon
goobooocoooooboobooooooog
gbooooobobood gobobooooaoon
ooobooooboood gooooooooo
goboooooooon gooooobooaoo
gooooooboooboboooooobboooooon
ubbooogooooooooooboooooooo

oo
go
go

doooooooboboooboboboobobobooon
ooboooooboooooboooboooboaooo
goboboobOoooooobooooooboooooon
uboobooboobobooboobooooooooboo
bobooOooooooooooboooooooon
gbooooocoooboobooboooboogoon
goboooobooobooooooooobooooon
goooooooobooobooboboobooooon
oooogooooboooboooooobooobooo
uoboooooooobobooooboooboobogon

oooo00 Q,0000 ROO RQ,0000000
obobOoboooboobooooboboooboog

00000000 6210) 00000000000
gbobobOobobooooooooooooooon
000000000000D0ooo6.2.10b)000
gboooboobooooooooooobooobooo
gooooboocooooboooboooooonog
gbooobOoobooooooocoboobboooao
gooooobooooooooooobooooo
oooooo0o pR3O00OOOOOOOOOOOO
gooooooooboooboooboooooooon
gboobooobooooboobooboooboobooooo
ubooboooobboobooooond

6.2.5 MHDOUOOQO
STOO0O00OO0O0O0O000O0O0O0O0O0O0O0OREOO

O000ooooooDoog20 00000 X000
gbooooobooobobooooboobooooboaon
OO0o0O0O0ooOoboOOREODOOOOOOODOODOO
OO0 XOOOoOooooooooooREODOOO
tobobOobooooboobobooooooao
go2006000000000000000000OO
goboooooosbobooobobooobobooon
goboooobooooobooooboobogo 2000

0000 X0O0SXO00OO00OO000000000
00000000000000000000000
62.1100000000000000000 =1,
2,4,7000000:0000000000000 @
(a)~(d) 0 chrono0 000 00000000000
e)~(h)0 topo000000000000000
1-200 SX 00021250 00000000C0
03,4000000000000000000
00000O0n.=1,20000000000
000 =120 MHDOOOODOOOOOO
0000000000 REDOOOOOOOOOO
00000000000000000000000
REOOODOOODOOOOOO0O0O0O0O0O0OO0OO0
000000000000000000000 CII



6. UOoooogd

6.2 00O0O0OO

(ﬁ. PF2 (Analytic)

0.3 PF2+EF5 /\\
1 R

Normlized average toroidal
drift frequency

0 1 2 3 4 5
Normalized poloidal field [a.u.]

0 6.2.10: Comparison of (a) experimental and (b)
theoretical poloidal field dependences. Experimen-
tal currents were obtained with ECH power of 4kW,
with the fundamental resonance located close to the

inboard limiter.

oo ovoooooooooooooovoooo
ClIoo0UoUoOooOoUO AT;/T; ~2400

000000000 ooooooon AL/L,O0
OO000ooooooooooobooooo REODO
goboooboooooobooogo

Magnetic coil
SX (@),

+. bbb
ittt

(b)

WVV\/\/\/\M/W(::

()
735 240 B

Licor—

@

et
*4

& o oobbosss
o —iv—ooooo
S SE=88S83

. )
Ianan T, i=2

Solion =
SO siaons

8
T o e

+ (h);

SARasaAFTSRAR SR RER I I
+

LLooo Lsoooo
Lico— Lico— Lioo—

oo
SHoOUND ShonD

)
o

225 20 25

230 10 15
Time [ms] Channel

O 6.2.11: Singular value decomposed modes i = 1,
2,4, 7. (a)—~(d): chrono, (e)—(h): topo. Channels
1-20 are SX intensities, and 21-25 are magnetic

probes at 5 toroidal locations.

REODOOO0O0O0O0O0O0O0O0OOOOOODOO
oooooooooRrREOOOOODODOOOOOO

000000000000 000000000 UKAEAD

00000000000000000000000
000000 MASTOOOOOOOOO0OO0O00O0
000000000000000000000RED
00 dP/dr ~9% 103Pa/m 0000000000
O0DOOO0OREOOO dP/dr ~ 4% 103Pa/m O
00000000000000000000 REO

149

Oooo
OO
[ |
Oooo
Ooood
OoOd
OoOd
OooOd
Ooood
OOooOd
Ooo
OoOoo
[
OO
OO
OO
OO
OO
OO
OO
OO
OO

6.26 OD00O0OOOODO GAM

000000000000 0000000000
00000000 0o0ooo0ooooooooo
0000000000 00000000oo0oon
000000000000 00000000000
000o0o0oooooooo (Zhooooooon
000000000000 00000 ZFOoOO000
0000o0o000o0ooo0o0oooooooooo
00000000000 0o0oooo0oooDoooon
0000000000 ooooo0oo0ooooon
0000 ZFOOO geodesic acoustic mode(GAM)

gbooooocoboboooobooooobooon
O0oOoooO0oooOooooOo0oO (Doboooooo
OO0oooOoOooo)oooooooooooooo
oboboobooboooooboooooboooog
ooooooooOozZFOGAMOOOOOOOOO
gboboooooobooobooooogoo

6.2.7 0O0OO0OO0O0OODOODOOODOOO

TST-200 000000000000 C0O0C0OO
uboooobooooobobooooooboooo
gboooobooboooooooooo2o6000O
OoOJFr-2MO00D0000000D00 200MHzO O
ooooooooo TST-20000000 6.2.1200
goobooooooo

gbodoooooboooboboobobooaoo
goboboboocoooooooboooboooboboog
ooooboooobooooooooooooboooag
Oooooooooooooooono TST-2000
utoooobooboboooboooon 6.21300
0O0160220MHzO0 0 OO0 O000DOO0O00O0OO
gboooobobooboobooooboooboaobod
obooogoooboboooooboboooboo
goboobooooobooooboboboooaog



6.2 O0O0O0OO

6. JOooooOd

gboobooocoooboooboobooooonn
ooooooooobooooo NyOos00000
gooooo

—tra

—ref

NG
/ '. Vv

transmissivity, reflectivity (dB)

300

O 6.2.13: Transmissivity and reflectivity of the

TST-2 combline antenna.

6.2.8 JT-eoUL OO OOO0OODODOOOO
ooooobbobbobgod

ooooooooobooooJreoun0onooO0On
goooooboooooooobooooood
oo0ooOo0obobooOO gOOOOOOOODO
goooobooooboobooooboboooon
oOooOooooNBIOODODODOOOOOOOOO
gooboobobooobboooboobooooooon
bobooboooooooooooooooon
gbooooobooobooobooboooooboao
gooobooooooboooooobooooo
booooobooobobooobooooooon
gooocsoooooooooooooooooo
boooobooooooobooboobooboooo

goboooooobobooooboooooobooo
gboooolboooboboooboooooooboog
543kA00D00O0O NBOODOOOOOD —-35kA0
MSEOOOOOOOOOOOOOOOOO0OO —5KkA
goOooBsooOOoOoOooOOoOOoOoOoOoOOOOOoO
oooboooooobbooobboobooboooon
goboboboooobooobooooooooo
gbooooooboooboobooboooooooonog
010kA/sO0 0500000000 6.2.14M000
gobooobooobbooooooobooooon
gooooboooboooobooooogoboooo

gbobooboboooobooboboobooboboooao
gooboooooobobooooouobooogon
goobooooboooobooobooboobooobooaoo
gbooooooooobooobooboooobooon
goboobooobooobooboobooobooooboobood
gboboooooobooboobooooooooon
gboooooogo

E046863
0.6

Ip (MA)

I (kA)

4.0
t(s)

O 6.2.14: Bootstrap overdrive on JT-60U. A slow
I, ramp-up at 10kA/s is maintained for 0.5s.

6.29 000DOOOOODOOODODOOOO
oboobooobooon

STOO00000000000000000000
gooo uboooboooooooooooogd
OoooooooooooosSTooo
goooooooooooo sToo
uboooooobooboooooooo
00000oo0Ooooo (S)ooooooo
OO0 UTSTO O 6.2.15000000000000
oooosToooOooooOooOooOoooOoon
gooOoo csoooooooooooooooon
gboboooobooooboobobooooooao
0000000000000 DOOOOODOO0O0n

go

ggo
gooooo
goooo
ogo

gooboooooooobooooobooboboong

150

ooooooOOoooOoOooooSTooooooao
O0000oooo 30-50%0000000000000
HHFWOO OOOORFOOOOOOOOO STO
goooboooooooogon

O 6.2.15: Newly constructed UTST device for
ultra-high beta ST plasma formation.



6. JOoooog 6.2. 0D0O0OOO
oooo Blanchard, J. Boedo, C. Bush, ..., Y. Takase, ...:

Effect of plasma shaping on performance in the Na-
(0ooo) tional Spherical Torus Experiment, Phys. Plasmas

1]

2l

(6]

(7l

(8]

(9]

(10]

N. Takei, Y. Nakamura, M. Ushigome, T. Suzuki,
N. Aiba, M. Takechi, K. Tobita, Y. Takase, A.
Fukuyama, S.C. Jardin: Intermittent beta collapse
after NBCD turn-off in JT-60U fully non-inductive
reversed shear discharges, Plasma Phys. Control.
Fusion 49 (3), 335-345 (2007).

Y Takase, M. Kikuchi, T. Maekawa, M. Mat-
sukawa, M. Nagata, S. Nishio, Y. Ono, K.N. Sato,
K. Tobita: Tokamak and Spherical Tokamak Re-
search in Japan, Trans. Fusion Sci. Tech. 51 (2T)
46-51 (2007).

A. Ejiri, T. Oosako, J. Tsujimura, Y. Shimada, Y.
Takase, Y. Torii, M. Sasaki, H. Tojo, T. Masuda,
H. Nuga, N. Sumitomo, S. Kainaga, J. Sugiyama
and N. Tsujii: ECH and HHFW start-up experi-
ments on the TST-2 spherical tokamak, Trans. Fu-
sion Sci. Tech. 51, No. 2T, 168-170 (2007).

T. Yamada, A. Ejiri, S. Shiraiwa and Y. Takase:
Application of differential phase method to inter-
ferometry, Rev. Sci. Instrum. 77, 124701 (2006).

K. Tanaka, A. Ejiri, Y. Ito, K. Kawahata, T.
Tokuzawa, M. Osakabe, and Y. Takeiri: Homo-
dyne reflectometer for neutral beam injection in-
terlock on large helical device, Rev. Sci. Instrum.
77, 10E912 (2006).

H. Kasahara, T. Oosako, Y. Takase, N. Takeuchi,
K. Saito, T. Seki, T. Mutoh, R. Kumazawa, LHD
Experimental group: Electron Heating Experi-
ment Using the High Harmonic Fast Wave on LHD,
Journal of the Korean Physical Society 49, S192-
S196 (2006).

Y. Nagashima, K. Hoshino, K. Nagaoka, K. Shi-
nohara, A. Fujisawa, K. Uehara, Y. Kusama, K.
Ida, Y. Yoshimura, S. Okamura, K. Matsuoka, A.
Ejiri, Y. Takase, K. Itoh, M. Yagi, S.-1. Itoh, JFT-
2M group, and CHS group: Experimental study of
nonlinear processes in edge turbulence of toroidal
plasmas, Plasma Fusion Res. 1, 041 (2006)

Y. Nakamura, K. Tobita, A. Fukuyama, N. Takei,
Y. Takase, T. Ozeki and S.C. Jardin: A Simulation
Study on Inductive ITB Control in Reversed Shear
Tokamak Discharges, Nucl. Fusion 46 (8), S645-
S651 (2006).

Y. Takase, A. Ejiri, S. Shiraiwa, Y. Adachi, N.
Ishii, H. Kasahara, H. Nuga, Y. Ono, T. Oosako,
M. Sasaki, Y. Shimada, N. Sumitomo, I. Taguchi,
H. Tojo, J. Tsujimura, M. Ushigome, T. Yamada:
Plasma current start-up experiments without the
central solenoid in the TST-2 spherical tokamak,
Nucl. Fusion 46 (8), S598-S602 (2006).

D. A. Gates, R. Maingi, J. Menard, S. Kaye, S.
A. Sabbagh, G. Taylor, J. R. Wilson, M. G. Bell,
R. E. Bell, S. Bernabei, J. Bialek, T. Biewer, W.

151

(11]

(12]

(13]

(14]

(15]

(16]

13 (5), 056122?(2006).

H. Nozato, S. Morita S, M. Goto, Y. Takase, A.
Ejiri, T. Amano, K. Tanaka, S. Inagaki and LHD
Expt Grp: A dependence of carbon impurity trans-
port coefficients on fuel ions in hydrogen and he-
lium plasmas of Large Helical Device, Phys. Plas-
mas 13, 092502 (2006).

A. Ejiri, Y. Takase, H. Kasahara, T. Yamada, K.
Hanada, K. N. Sato, H. Zushi, K. Nakamura, M.
Sakamoto, H. Idei, M. Hasegawa, A. Iyomasa, N.
Imamura, K. Esaki, M. Kitaguchi, K. Sasaki, H.
Hoshika, O. Mitarai and N. Nishino: RF start-
up and sustainment experiments on the TST-
2@QK spherical tokamak, Nucl. Fusion 46, 709-713
(2006).

S. Shiraiwa, K. Hanada, M. Hasegawa, H. Idei, H.
Kasahara, O. Mitarai, K. Nakamura, N. Nishino,
H. Nozato, M. Sakamoto, K. Sasaki, K. Sato,
Y. Takase, T. Yamada, H. Zushi, and TST-2@QK
Group: Heating by an Electron Bernstein Wave in
a Spherical Tokamak Plasma via Mode Conversion,
Phys. Rev. Lett. 96 (18), 185003 (2006).

Y. Nagashima, K. Itoh, S.I. Itoh, K. Hoshino, A.
Fujisawa, A. Ejiri, Y. Takase, M. Yagi, K. Shino-
hara, K. Uehara, Y. Kusama and JFT-2M group:
Observation of coherent bicoherence and biphase
in potential fluctuations around geodesic acoustic
mode frequency on JFT-2M, Plasma Phys. Contr.
Fusion, 48, A377-A386 (2006).

Y. Nagashima, K. Itoh, S.I. Itoh, A. Fujisawa, K.
Hoshino, Y. Takase, M. Yagi, A. Ejiri, K. Ida,
K. Shinohara, K. Uehara, Y. Kusama and JFT-
2M group: Bispectral analysis applied to coherent
floating potential fluctuations obtained in the edge
plasmas on JFT-2M, Plasma Phys. Contr. Fusion,
48, S1-S15 (2006).

Y. Nagashima, S.I. Itoh, M. Yagi, K. Itoh, A. Fu-
jisawa, K. Hoshino, K. Shinohara, K. Uehara, Y.
Kusama, A. Ejiri, Y. Takase: Convergence study
of bispectral analysis in experiments of high tem-
perature plasmas, Rev. Sci. Instrum. 77, 045110
(2006).

(ooo)

(17]

(18]
(19]

[20]

O0000mTST-2000000000000000
ocoooooboboOoooooOOO0OO0ODbOO00maO
oooao.

ocooomJr-eoubc0OO0O0OO0OOOOO0OO0ODOD
cooobomoooboao.

0000 TST-2000000000000000
ooooooooooomoooon.

O00omWTST-2000000000000000
oooooooomooooo.



6.2 00O0O0OO 6. OOOOOO
oooo [34] Y. Takase: “RF Experiments on TST-2 and Plans
for TST-2 and UTST” 48th Annual Meeting of
(2] DOO0DMOO000000000000000000 APS/DPP, Philadelphia, USA, Oct. 30-Nov. 3,
00 0345-35100 0000000000000000 2006,
b0 02006 [35] Y. Ono: “Initial operation of UTST high-beta
[22] bOoOmMOOOOOODOODODODOOODODODOO spherical tokamak and merging device” 48th An-
0oooooi2006 nual Meeting of APS/DPP, Philadelphia, USA,
Oct. 30—Nov. 3, 2006.
gooooo
[36] M. Sawahata: “Development of low-cost pulsed
(oooo) NBI system for UTST high-beta ST experiment”
48th Annual Meeting of APS/DPP, Philadelphia,
oood USA, Oct. 30-Nov. 3, 2006.
[23] Y. Takase: “Ip start-up by ECH/ECCD without [37] Y. Takase: “Complex Phenomena in High Tem-

24]

(25]

(26]

27]

(28]

29]

(30]

(31]

32]

(33]

CS in JT-60U” 9th Steady State Operation ITPA
Topical Group meeting, Naka, Japan, April 10—
13,2006.

R.Kumazawa: “Long Pulse Discharge of MW-
ICRF Heated Plasma on the Large Helical Device”
33rd EPS Conference on Plasma Phys., Rome,
Italy, June 19-23, 2006.

N. Takei: “A Simulation Study on Stable Current
Shutdown in Non-Inductive Reversed Shear Toka-
mak Discharges” 33rd EPS Conference on Plasma
Phys., Rome, Italy, June 19-23, 2006.

K. Sasaki: “Soft X-ray measurement in IRE on the
TST-2 spherical tokamak” 33rd EPS Conference
on Plasma Phys., Rome, Italy, June 19-23, 2006.

Y. Nagashima: “Observation of nonlinear pro-
cesses between coherent fluctuations and turbu-
lent fluctuations in the edge regions of JFT-2M
and CHS” 33rd EPS Conference on Plasma Phys.,
Rome, Italy, June 19-23, 2006.

H. Tojo: “Radiation measurements during MHD
events in the TST-2 spherical tokamak” The 3rd
Japan-Korea Seminar on Advanced Diagnostics for
Steady-State Fusion Plasma, Miyagi, Japan, Aug.
31-Sept. 3, 2006.

A. Ejiri: “ECH and HHFW start-up experiments
on the TST-2 spherical tokamak” 6th International
Conference on Open Magnetic Systems, Tsukuba,
Japan, July 17-21, 2006.

Y. Takase: “RF Experiments on TST-2” Workshop
on Physics and Technology of RF Heating of Fusion
Plasmas 2006, Nara, Japan, Sept. 26—-30, 2006.

Y. Takase: “High-Harmonic Fast Wave Experi-
ments on TST-2” 12th International Workshop on
Spherical Torus 2006, Chengdu, China, Oct. 11—
13, 2006.

S. Shiraiwa: “Study of electron Bernstein wave
heating on TST-2” 12th International Workshop
on Spherical Torus 2006, Chengdu, China, Oct.
11-13, 2006.

Y. Takase: “Evolution of Bootstrap-Sustained Dis-
charge in JT-60U” 21st TAEA Fusion Energy Con-
ference 2006, Chengdu, China, Oct. 16-21, 2006.

152

(38]

(39]

(40]

(41]

42]

(43]

44]

(45]

perature Fusion Plasmas” 5th International Con-
ference of the University of Tokyo COE21 Program
QUESTS “Perspectives in Nonlinear Physics”,
Tokyo, Japan, Nov. 2022, 2006.

S. Kainaga: “Thomson scattering diagnostic
on the TST-2” b5th International Conference
of the University of Tokyo COE21 Program
QUESTS “Perspectives in Nonlinear Physics”,
Tokyo, Japan, Nov. 20—22, 2006.

H. Nuga: “Demonstration of bootstrap driven
plasma in JT-60U” b5th International Confer-
ence of the University of Tokyo COE21 Program
QUESTS “Perspectives in Nonlinear Physics”,
Tokyo, Japan, Nov. 2022, 2006.

M. Sasaki: “Geodesic acoustic mode in toroidal
plasma” 5th International Conference of the Uni-
versity of Tokyo COE21 Program QUESTS “Per-
spectives in Nonlinear Physics”, Tokyo, Japan,
Nov. 20-22, 2006.

N. Sumitomo: “Electrostatic probe measurements
on the TST-2 spherical tokamak” 5th Interna-
tional Conference of the University of Tokyo
COE21 Program QUESTS “Perspectives in Non-
linear Physics”, Tokyo, Japan, Nov. 2022, 2006.

T. Yamada: “Reflectometry for Density Fluctua-
tion and Profile Measurements in TST-2” ITC-16,
Advanced Imaging and Plasma Diagnostics, Toki,
Japan, Dec. 5-8, 2006

H. Tojo: “Soft X-ray emission profile and mode
structure during MHD events in the TST-2 spher-
ical tokamak” ITC-16, Advanced Imaging and
Plasma Diagnostics, Toki, Japan, Dec. 5-8, 2006
A. Ejiri: “Recent results from TST-2 Spherical
Tokamak” Int. WS. Reconnection events in ST,
Culham, UK, Feb. 28-Mar. 1, 2007.

H. Tojo: “Studies of REs on TST-2” Int. WS. Re-
connection events in STs, Culham, UK, Feb. 28—
Mar. 1, 2007.

oooo

(46]

Y. Takase: “Tokamak and Spherical Tokamak Re-
search in Japan” 6th International Conference on
Open Magnetic Systems for Plasma Confinement,
Tsukuba, Japan, July 17-21, 2006.



6. 0OODOODO 63 00000
(ooo) oooo
oooo [64 00D0DMODO00000000D00O000000

[47) ODODOWUOOODOOOOODODOODOOOOOOD O
oooooooodon 2006 000000020060
50 14-18 0

[48) OODODDMUOODOOLOOFMOOODOOOO TST-
oboobooooooodo moooooooo
co0OO0OO0OOooOooo20060 60 13140

[49) OODODODmM TST- 00000000000 HHFEW
oboooob0o mobdooboooooooaod
ooooob20060 60 13-140

[0 D000 UOODOO0DDOODOO UTSTOOOO
000 oooooOooooooOO0O0Ob00000
20060 60 13-14 0O

[61] OO0 UTSTOOOOOOOODOODODOOOO
obooobob0o mobdooboooooooaod
ooooob20060 60 13-140

[f2] OO0 OOOOOODOO0OOODOUODOOOOOO
ooooobobboooo0 Mooooooboboooo
OoooboOooo20060 60 13-140

[f3] D000 UOOOOUDDLOUOODOOOLDOODOOOO
000 boooooOooooooOoO0O0Ob00000
20060 60 13-14 O

[64) OODOmM TST-20000000000000DOOO
000000 Mmoboo0ooobobooo 200600000
2006 0 90 23-26 O

[65) D0DO0DmM OO AXUVODOOODOO RFOOOO
0000 MOooo0oooooOobOo 230000000
20060 110 280-120 10

[66) DODOOmM TST-2000000000000O00OO0
0000 Moooooo0ob000 2300000000
20060 110 280-120 10

[p7] O0O0DMOODOODOO TST-2000000000
OO0 MO0o0oo00obo0ooboo0000000 0402006
0120 15-16 0O

[68] DO UM TST-20000000000OODODOOO
000o0oooobObo0O Moboooooe20000
oooooob20070 30 190-210

[f9) 0DOD0WUOOO0OOOODDDOOOODOODOO
oooo0O000 Moooooo 620000000
ooo020070 30190210

[60) D0DDOMODO0O0ODODOOO0O0O0OO0OO0OOO
OO0 MO0o00ooob 62000000 000 02007
030190-210

[61] OOO0ODDMOOO0ODOOODOODOOD GAMOOOO
OO0 moboo0o0o0 62000000000 02007
030190-210

[62] DDOO0DMWOOODO0OOOODOODODOODOOOOOO
zonal low 000 OO00000 620000000
ooo020070 30190210

[63] O0DDMOOODODOOOOOODDOOOOO0OOD
OO0 MO0o00ooob 62000000 000 02007
030190-210

oo mbooobooooooooobooon
obooooo mobdooboobooogooaod
ooooo020060 60 13-140

(0ooo)

[65) 00 0OO0O0O0O0O0ODOOO0DOOOUDOOD MO
cooOooooooooboboOoboOoboDb20060 70
24-250 O

[66) D0OODOQUESTOOOOOOOODOD 10 M 21
obooobobOoooooboooboooooboobOoon
obo0ooooobooobbooboooo pWIOOO
ooo0oooooO00o0obooO0ooDOOm o0 02006
080340

[67) OODODODOGAMUOOOOODODOODOOOODODOOO
0000000000 M 20 COERAOOOODO
obooooodoob20060 110 6-80

[68] D0 DDDOOOD STOOOOO QUEST M 220
goobbooobooooobooooooooon
OMO0020060 120 14-150

[69) DODOTST-2000000 [ 22000000
oooooboooooooOoOo0ooOb000omooan
2006 0 120 14-150

[70) 00DO0DO00O0DO0O00D0O0O00STOOOD ITPADOBA
obdo0 mooooooobooboooboobooood
oo oO00o0dnooooOonooooooonon
ocooooooooboooOOoDb20070O 20 2803
010

[71] OODO0DDOOOO0ODOOTST20000000000
oobooooooooooooooooooon o
(0D 10000000ooo0ooOooobooObOOooObObbO0n
20070 30 14-16 O

(0oo)

[72] 000000000000 00000D0D000000
0000000000 10 Vol. 22 No. 1 pp. 17-18
(2007.01)

[73] JT-0 0000000000 DOO0O0OO0OOOOD
000000000 0OH. Kimura, M. Inutake, M.
Kikuchi, Y. Ogawa, Y. Kamada, T. Ozeki, O.
Naito, Y. Takase, S. Ide, K. Nagasaki, A. Isayama,
T. Tanabe, N. Miya, M. Nakatsuka, T. Hatae, K.
Ida, H. Takenaga, Journal of Plasma and Fusion
Research 83 (1), 81-93 (2007).

[74 OODODO0OOD0O00DO0DO0O0OUODOWITERDOOODOO
goboododoooooooooooooooooon
OO0o0Ooo 82,250 (2006).

6.3 U0OOOO

gbooooooooooooo
goooooobooooooo

good

oood
gbooooooo



6.3. OO0O0OO

6. JOooooOd

oooQg
Oooooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo
ooo

O

O

O

O

gobooobood
oooooooao
goooooooaon
gooooooao
oooooboood
goboooooo
gooooogooon
uobobooobood
ooooobooooooood
gobooooo

Ooooooooood TAMAS300
gooobooooooooooo
TODODOO 2000000000

O
O
O
O

o o e o e e e e
Oo0ooO0dpgOoooo
o o e o s A e s e
o o o o s R s
ooooooOL 0oog
o o o o s e e s s e

OooogoboboOogd

e e e e e e e o o o
Oooooooooog ooOoo

o0 ooooooooog oooO
oDl oooooooog

=

OoooUbUotUpopoooooooand
ooobOoloooooooo

o o |
P

OooOoo
oooOoo

uobooooooooo
000000 ODECIGOO
gbooooooobood
gooboobooooon

Ooofdo0ooooooo0pgo0 ooo00dooo0og o000
ooBPobUgoooooo

ODooUoUooodoooouooooo0oooogo oo
OoooUoopooooooan

OO00oodgogoOoooooooodoooobogooooooogog

Ooooooon
oOoOoOooodod

6.3.1 0O0O0ODOOOO0OO0OODOOOODOOO0
O

TAMAOOOOOOOOO

TAMAOOOOOOOOOOOQOOOOOOODO
gbobooooobosombObOO0oOoOoOooooooon
00 (TAMA300) 0O O0OOO0O0OO0OO0DODOOOO
oo ooobooboboooboobooubood
TAMAOOOOOOOOOOOOCOOOOOODO
uboooooooooboboooooooaood

gbooooboooobooooooboodad 3000
gboooooooooooooobooboooao
gooooobooooooboooogoboo
uobooobobooooooooobooood
oboooooooobooooooobod
oooodgod OoLicoo oooooon
googoo gobooooooooood
goooo oooboooooooood
gbooooooooooao
OoOoooOoooo SASOO
O TAMAOOOO
OO00ooo 40

goooooo
gooooao

go
ogo
goo
goo

O

O

O

O
OggoOOd

O
O
O
O
O

OOoogoO

O
O O
O O
O O

Ogod
Og

O
DDDD
DDDD
|:||:||:||:|
OQqdo
OQnOdg

gogo
gbooogg

gooaoo
gooogo

154

0002 3, 4,8, 11, 12, 13, 14, 15, 25, 30, 31, 39]

TAMA3OOOOOOOOOO0OO

ooooOO0OO0 TAMA300O
uooooooooood

HooOo

O
gd
go
oo
go
oo
oo
o
oo

O

1/100 (0000
00000 3.2%0
10, 33]

oooboooog

gboooobooooboooood

TAMA300 O DT9 OO OOOOoOOO
gooooooobboobboobooboo
gboggoboboboobboooooood
OO00O0O0O0O0OOHoughOOOODOOO
O0O000O0O0O0OOHoughOOOoooog
gboogoooooooooooooooo
gbogoobooogoobooboboooboboobo
gobooboobooobooboboooooooogo
gbooobooobooobooooooobooooo
000000000000 TAMA300O OO (DT9)
OO0O00001020-1030Hz OO ODDOOOOOOoOQd
goobooobooobooboboobbooboo
ggbboooooboooobooooooobooooo
O0DO0oOooDboOO0DbOO0oO0O0O0On0 O 1020-1021Hz
0 h = 8.6 x 10722 (confidence level 95 %) 00 O
0oooojs, 32

goo
goo
ggo
goo
goo
oo
oo

Oooooogod

oooooobDooooood LCGT

OOO0OTAMAsOOCOOOODOOOOO
gboooobooobobooboooboao
gboooobooooboobooood
gboooooboooooooooo
000000D 1000 1000
goooooooocobooooo
gobobooooooogoobooo
gboooooobooogo

ubooooooobooooooood
OO0 LCGTOOoOoOOoOoO 3kmOO00O0O
gboooboob 2000000004000
goboobooooooooobooooboobood
oo0 20KO00000000000DO0OO0O0O0OO
O00OoooO0O0ooooooO RSECOOOOOO
O0o0O00O00O0TAMAODO 2000000000
ooooooobooboooboobobooboog
oooobo20MpcOO0OOOO0ODODODOOOO

oo
oo
oo
oo
oo
od
oo

o o Y o [
Oooooooo

O
oo
ooo
gooo
ggooo
goao

good
good
oood



oooLcGToooooooooooooooon

6. UOoooogd 6.3. 00000
gbooboboooboooobooobobooboooog goboooboooooooboooobobooooo
gboboolggooboboooboobooooog gboooooboooooboboooooogoboooon
gboooooboooooobooooogoooooo gboboboooobooboboooooooooboog
gboboooobooooooooobooobooao gooooObOooooooboboooobooooog
goooLcGrooooooooooooon goboooooboooooooooboobooood

go

oo

000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000, 6,16, 26,27, 37, 40]

6.3.2 0O000O0OOOOODOO

oooooobD0o0ooo DECIGO

0000000000 000000000000
000000000000 0000NASA/ESAODO
00000000000 LISADOOOOOO0O0O0O
LISAD 5000 km 00 000000000000
00 Michelson 00 0000 O00000000000O
0000000000 ImHz0 10mHzO000000
00000000 00000000 LISADCOCOOO
000000000 10000 100000000 Hz
00.1H00 00000000 DECIGOO DOOOO
0000.1Hz00O0O000O OLISAD LIGO,LCGT
00000000000 000000000000O
00000 OMBHOOOOOOOOOOOOOOO
00000000000 0000000000000
000 Hz0000000000000000 100
000000000000 0=1000000000
0000000000000 0000000000
000000000000 000000000000
00000000000000000000000
0000000000000 00000000000
000000000 O00ODECIGODOONONOOOO
0000000000[7,9,17, 18, 19, 29, 34, 43, 44]

DECIGOUDDOUOOODOODO

O0oooOooooooooOooood DECIGO
goboboooooboobooooooboooo g
uboboooboooooooooooooooooo
gboobooboooooooobooobboboobood
Oo0O0O0OooOgobECIGOOOOOODO ODECIGO
OOooooooo (bPHOOOOODOOOOOOO
gbooooboobooobobooboooooboooao
gbooooooboooooooooon

DPFOO OO0 750kmO0O000O0O (ODOOO
O00)000000 100kg OO0 O0O0ODOOOO
boodobooooobooooboobooboobbood
gboboobooobOooooobouoboboon 20
00000 (0)ooOooooooooooooOon

boboobooooobooooooboooao
Ub 10emUO0D0O000OO00O0OC0OOOOCOOOO
00000 Nd:YAGOOOOODOOOOOOOOO
oooOdol-1HzODOOOOOOODOODOOOODPF

000000000000000000000
oooooo
000000DPFOOOOOOOO0D0O0O00O0
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000 0000000000000
00000000000000000000000
000 (42

DooooooO s WIM,,

SWIM (SpaceWire Interface demonstration Mod-
ule) 00000000 OOOOO SpaceWireO OO
O000o0O00O00000o0ooooooo2o0080
000000oooooo (Sbs)ooooooo
oooocoooooooo

ooooooswiMOOoOooOoooooooooo

00000000 00000000000 (SWIM,,)
goboobooooooboooboobooooboog

goboooboooobooooooooobooooon
gobooooooooooboboooooooo
gooboooobooboooooobooooood
goboooobooooo

SWIM,, 008mmOO000000000000
U2000000000000O00O0O0O00000
Uooooon simm, 00 80g0 0000000
gboboobOoooooboboobooooooao
gboobooobooooooooboooooogon
goobooooooooooobooboooooon
gboooOoboob20000000000004000
gooooboooobobooooooboOooobaoon
gooooooobooboooboboooooooo
goboooooooboooboooon

gboooooboobooobooobooooooon
boboobooobooooooooboooooooon
boboooobooooooooboooooooon
gbobooooboooooobooobooboooooon
gobooobooboooooooooobooog
gboooooboooobooooooboooooon
gbooooboobooooboooobbooooog

gooboooooooooogd

boooooooboooboooooooooog
gbooooobooooboooboooo,booaoon
goooobooobood
uboboobobooboood
uboooooooboooooo

O
O
O
O
O 0022, 28, 41]

Oooood:s

go
obooooood
oooooood
gooooooo
gooooooo



63. 00000 6. 0ODOOD
SWIM-O0ODO0000 sfsis)ulsiuls
SWIMO SpaceWire 0000000000000 00000000000 00000000000
00 FPGA (Field Programmable Gate Arrar) 0 O Ooooooooooooooooooooooo
000000000 ADC (Analog Digital Converter) 0000000000000 0000000000
00D ICOO00O0SWIMOOOODOO SpaceWire 00000000000 000000O00OOO0O
ADC/DACODDO0DD0D000OODNCODODD O00000D00000DO000D00000000
00000000000000000000000 O00000000000000000000000
0000000000000000000000[23) 0O000D0000000400g000000000
00 100000000000000000000
000000000000000000000000
00000000000 00000000000
SWIM-DO OO 00000000000000000000000
SWIM,, 00 00000000000000000 — B0000000000000000000000
000000000000000000000on — 0B000000000000000000000
O0O0D0OLED DODODC0OODOOOOODOoooo bDbooboooooooooooboobodn
D00000000000000000000on  00080000000000000000000
0oD000000000000000o0Oo0ooo1o  UO00OlkbOoOOoOOoooooooood
0000000 6000000000000 OOn BOobbbbbbooboogbobboboon
D00 FPGAOOOODOOOODD40000000 2 BOOO0OO0O0OOD0O00O0O0O00000000O
000000000000000000000o0oo  B0000000000000000000000
00000000000000 600000000 — BH000000000000000000000
0 FPGADODOODOOODOODDOOOODOooo — BO0B00000000000000000000
000000000000 D000000o0oon  O0000(3g
0000000000 0000000000000
00 000000000000000000000
000000 1Hz20000 3x10°m/ vVHz OO
0ooooO00OoODo0ooooooooog 034 DOOOOO
0000000000000 0000000000
000000000000 0OO0OO0OOOOOOoOoo Hoboooooooooooooon

000000000000000000000000
00000000000000000000000
00 [24)

6.3.3 0O0O0ODOOODO

uobobobooooobooooooon

LcGrooooooooooooooooooo
OO0o0ooogoo bECIGOOOOOOOOOON
goooooooboboobbooooooboooo

gobobooooooobooooboobooooo
goboboooooobobooboboooboobonog
gbobobOobooooooboooobooooo
gbooooooboobooboobooboooooooo
oooobooooooboooboooooog
gboooooooooooooooobooooooon

Do0o0o00o000

0000000000000000000000
D0000000000000000000000
OD00000000000000000000000
DO0O000O0 (AOM)0000000000000
00000000000000,000000000
D000000000000 1H200000000
O00000000 1x102Hz/vHz, 6x10~7/ v/Hz
00000000000000000000000
D000000000000000000](12, 36]

OO00O0000ooO0OoooOooooOo DECIGO
gbooboobooboboooooooooooboo
bobobooooobooooobooobooood

DECIGOOOOOOOOOOOOOOOOOoO
boooobooooobooooobooobooood
gboboobobooobooboboooooboooooon
toooooooboooooooooooboon
gboboboogobbooooooooboobooooo

OO0O0O0O0DECIGOOOOODO 1mO00O 100kg O
gbooooooooobooooboooooboooo
gobooboooooooooooobooobooon
gbooboooocooooooobobooooboooog
UlmOd0000O0O0ODOOO0OO0OOCDOODOOOO0OOd
boobooooobooobooooouobog
DECIGOODOOOOOOOOOOOOOOD QO
gbooooocobooobooobooooo1od
gbooooooooobboooobboooboonog
gboooooooobooobooboboooboood
gooboobobobooobooobooooboooog
boobooooobobooboooooboogoo
goboooboooobooboooboobooooo
QOOoOOoooooOoOoOoOoOOOOOOOOObO
000000ooOooi2l, 35



6. UOoooogd

6.3. 00000

bbodbooooooooobooooogaonn

uobooboboooboooooooooooo
gobobooboobooboooooobooOooooo
gobooobobobooooooooboooooboooboo
gbooooooboooooobooooboooboogo
gboooobooobooooboooooooobonog

gooboboobbobbboouoogooooog

gobobbobboooobbobooooooo

gboodooogooooooooobboboobooog

gooobooboooooooooboooog

ooooooooooooof]

oooo

(oooo)

[1] Kazuhiro Yamamoto, Masaki Ando, Keita
Kawabe, and Kimio Tsubono: Theoretical

approach to thermal noise caused by an inhomo-
geneously distributed loss: Physical insight by the
advanced modal expansion, Phys. Rev. D (2007)
in press.

Tomomi Akutsu, and the TAMA Collaboration,
Results of the search for inspiraling compact star
binaries from TAMA300’s observation in 2000-
2004, Phys. Rev. D 74-12 (2006) 122002.

B Abbott et al. (LIGO Scientific collaboration), T
Akutsu at al. (TAMA Collaboration), Joint LIGO
and TAMA300 search for gravitational waves from

inspiralling neutron star binaries, Phys. Rev. D 73-
10 (2006) 102002.

Akutsu T, Ando M, Kanda N, Tatsumi D, Telada
S, Miyoki S, Ohashi M, and TAMA Collaboration,
Analysis of gravitational wave bursts in TAMA300
data using an ALF filter, Class. Quantum Grav.
23 (2006) S715-S721.

Kuroda K, Kanda N, Ohashi M, Saito Y, Taka-
hashi R, Ando M, Mio N, Telada S, Moriwaki
S, Uchiyama T, Tomaru T, Suzuki T, Miyoki
S, Takamori A, Tatsumi D, and LCGT Collab-
oration, Experimental Efforts to Detect Gravita-
tional Waves —Large Scale Cryogenic Gravita-
tional Wave Telscope—, Progress of Theoretical
Physics Supplement 163 (2006) 54-99.

Miyoki S, Uchiyama T, Yamamoto K, Ohashi M,
Kuroda K, Akutsu T, Kamagasako S, Nakagawa
N, Tokunari M, Kasahara K, Telada S, Tomaru
T, Suzuki T, Sato N, Shintomi T, Haruyama T,
Yamamoto A, Tatsumi D, Ando M, Araya A,
Takamori A, Takemoto S, Momose H, Hayakawa H,
Morii W, Akamatsu J, The CLIO project, Class.
Quantum Grav. 23 (2006) S231-S237.

2l

B8l

(5]

(6]

(ooo)

[7 00 00,00 00,00 00,00 00,000
0,00 00,0000,00 00,00 00,00
0,00 0,0000,00 00,000,000
0,00 0,000,0000,0000,000

157

0,0 00,00 00,0000,0000,000
0,00 0,00 00,00000,00000,0
000,0000,0000,0000,0000,
00 00,00 00,000 00,00 00,00
00,00 00,00 00,000,00000,0
000,00 00,00 00,0000,0000
0,00 000,00 00,00 00,000,00
000,0000,0000,0000,0000,
00 00,00 00,0000,00 00,000,
00 00,00 00,00 00,00 00,000
0,00 000,0000,000,0000,00
0,00 000,00 0,00 00,00 00,0
0 000,0000,0000,00 00,000,
00 00,00 00,00 00,00 00,000
0,00 00,0000,0000,0000,00
00,00 00,00 00,000 00,00 00,
00 00,0000,000,000,00000,
00 00,00 00,00 00,00 00,000
0,00 00,00000000000 DECIGOO
0,0600000000000 (20060 10 60
00000000 000,000).

(ooo)

[ DO DOOOTAMA30D ODOOOOODDODODOOOO
Oo0,b00000b20070.

00oooo
(ooo)
oooo

[9] Masaki Ando and DECIGO collaboration, DE-
CIGO: the Japanese Space Gravitational Wave
Antenna, 11th Marcel Grossmann Meeting on
General Relativity (July 23 - 29, 2006, Freie
Universitét Berlin).

Koji Ishidoshiro, Masaki Ando, Kimio Tsuboo
and TAMA colaboration: Systematical veto by
all monitor signals 11th Gravitational Wave Data
Analysis Workshop (Dorint Novotel, Potsdam,
GermanyDecember, 2006).

(10]

(ooo)
oooo

[11] 00000000 OOODO0O0OODODOO0OO
0000000D0000o0oDooooDoooOoooaA.
BertoliniO R. DeSalvo0 000000000000
00D0Do00ooOoDoooooooooooooon
000D0oOooO00oo0oobD0obDOooDooOooooon
0000000000000 000000OO0TAMA
Collaboration0 0 000000000 TAMA300O
0000 IXDO0ODOOOooooooo 2007000
00020070 3000000000000 0O.

00000000 00o0oDo000o00OonDoDonoo
000000000000 D00O00D000O0O00aA.
BertoliniO R. DeSalvo0 000000000000
00D0Do00ooOoDoooooooooooooon
000D0oOooO00oo0oobD0obDOooDooOooooon

(12]



6.3.

goooo

6. JOooooOd

(13]

(14]

(15]

(16]

(17]

000O00ObOO0000on0Oo0ob0000o0n0n0TAMA
Collaboration0 0 000000000 TAMA300O
0000 X0O0O0OoOOo0O00 100000000 2007
00000020070 3000000000000 0.

00000000 0ooo0oDo000oDoonoo
000000000000 00O00D000O0DO00aA.
Bertolinid R. DeSalvo0 000000000000
000Do00ooOoDooOoooooooooooon
000D0oOooO00oo0oobD0obDOooDooOooooon
0000000000000 000000OO0TAMA
Collaboration0 0 000000000 TAMA300O
0000 XODoOoOooooo2o0oooo 2007
00000D20070 3000000000000 O.

00000000 0ooo0oDo000oDoonoo
0000000000000 0O00D000O0O000OaA.
BertoliniO R. DeSalvo0 000000000000
000Do00ooOoDooOoooooooooooon
000D0oOooO00oo0oobD0obDOooDooOooooon
0000000000000 00000D0OO0TAMA
Collaboration0 0 000000000 TAMA300O
0000 XIIDOoOoOooDOOoOo 3000000o0oon
2007 00000020070 30000000000
0o0oo.

000o000ooo0oDooo0oDoo000oDoooonon
00000000 000o0oooooDoooOoooaA.
BertoliniO R. DeSalvo0 000000000000
000Do00ooOoDooOoooooooooooon
000D0oOooO00oo0oobD0obDOooDooOooooon
0000000000000 000000OO0TAMA
Collaboration0 0 000000000 TAMA300O
0000 XIIDODOODO0OoDoDOooooo 20070
0DoO00020070 3000000000000 0O.

go0ooooU0ooooUooooUoooooooo
o0o0ooU0oooo0ooooooooooooo
00ooo0o0ooooooooooooooooooo
go0ooooU0OooooUooooUoooooooo
00ooo0o0ooooooooooooooooooo
Leonhardt VolkerD O OO0O0O0OODOODOODOODOO
gd0ooooO0ooopoUooooUooooooo
gooooOoOo0ooDooooUOooooDooo
gooooO0ooooDOoooOoOoooooDOooo
gooooOoOo0oooDOoooOoOoooooDOooo
d0oooo0ooooooooooooooooooo
gd0ooooO0ooopoUooooUooooooo
00o00o0o0o0ooooooooD oooooooo
go0ooooU00ooopoUooooUoooooooo
O000DDOO00D000ODO Yanbei Chen Archana
PailLinging Wen 00 0000000 M.E.TobarJ
D. Blaird JuLild Chunnong ZhaoOO OO OO0 OO
0 O0Zong-Hong ZhuO S. Dhurandhar S. Mitra H.
Muckhopadhyayd V. Milyukov( L. Baggiol Yang
Zhangl Chao-Guang HuangDd 00 00000000
0000o0oooon (LCGT) 0o XIoooooo
0 200700000020070 30000000000O
ooo.

oboooooooooooooooooooboooon
oboooooooooooooooooooboooon
oooooooooooooooooooooon

158

(18]

oooooooooooooooooooooao
gobodooooobooooooboooooon
oboboooooooboobooooooooooo
goboooooobooboOOoOob0oboooboo4go
gobodooooobooooooboooooon
goooodoooooooooooooooooono
gobobooooobooooooboOoooooooo
ooooooboooooooooboooobooooon
oooooooooooooooooogooao
ooooooooooboooooooooooboo
oooooooooooooooooooooooon
ooooooooboooooooooooooon
gobodooooobooooooboooooon
gobodooooobooooooboooooon
gobodooooobooooooboooooon
ooooooooooooooooooooooo
gobobooooobooooooboOoooooOoao
gobodooooobooooooboooooon
gobodooooobooooooboooooon
oooooooooooooooooooooon
oobobooooobooooooooboooobooDo
goboobooooobooobooOoOoOoooObOOobobooboDo
ooboooooobooobooOoOoOooObOOobobooboDo
000000000000000000 DECIGOO
OvibooooooDooooooo 20070000
oo20070 3000000000000 A0O.

oboooooooooooooooooooooon
oboooooooooooooooooooooon
ooooooooooooooooooooooo
uoooooooooooooooooooooao
gobodooooobooooooboooooon
oboobooooooobooboooooooooonn
oobooooooboobOOoO0oboooboOo4gon
gobodooooobooooooboooooon
oooodoooooooooooooooooono
oobobooooobooooooboOoooooooo
oooooobooooooooooooboooon
oooooooooooooooooooooao
ooooooooooboooooooooooboo
ooboooooooooooooooooooooon
oooooooooboooooooooooooon
gobodooooobooooooboooooon
gobodooooobooooooboooooon
gobodooooobooooooboooooon
ooooooooooooooooooooooo
oobobooooobooooooboOoooooboOoao
gobodooooobooooooboooooon
gobodooooobooooooboooooon
oooooooooooooooooooooon
gobobooooobooooooooboooboboDo
gobobooooobooobooOoOoOooobobOOobobooboDo
oobooooooboooboOoOoOoOoObOOoOobooOoDo
000000000000000000 DECIGOO
OvIiDoooooomoooooo 20070000
oo020070 3000000000000 AO.

oboooooooooooooooooooooon
oboooooooooooooooooooooon
ooooooooooooooooooooooo
uoooooooooooooooooooooao



6.

goooodg

6.3. 00000

(21]

(22]

23]

24]

oobodooooobooooooboooooon
oboboooooooboobooooooooanod
oobooboooobooboooobOoOoOob00oboo0oooaon
oobodooooobooooooboooooon
goooodooooooooooooooo4oooo
goboboodooooooooobooooooooo
oooooobooooooboooboooobooooo
ooooooooooooooooobooooao
oooooooooooooooooooooboon
oobooooooooooooobooooooooon
ooooooooooooooooouooogon
oobodooooobooooooboooooon
oobodooooobooooooboooooon
oobodooooobooooooboooooon
ooooooooooooooooooooooon
goboboodoooooooooboooooooao
oobodooooobooooooboooooon
oobodooooobooooooboooooon
oboboooooooooobooboooooooonod
ooooooooooooooooooooooo
uoooooooooooooobooooooooo
ooooodooooooooobooooooooo
0000000000000 0000 00 DECIGO
00 IXO DECIGOODOD0OO0O00DO00O00000
0O 200700000020070 30000000000
ooao.

uoooooooooboboobooboooooog
ocoooooooooobooooDbnnooobooo
O 200700000020070 30000000000
ooao.

oooooooooooooboooooooboobobon
oooooDboO0o0O0O 1Io0D0O000 2007000
oooboz2o007030000000000D0OOAO.

oboooooooooooooooooooooon
oobodooooobooooooboooooon
oboboooooooboobooooooooanod
goboboooobooboooooooboOouooooao
oobodooooobooooooboooooon
O0o0oooooooooo (SswiM)oooooo
ooOo000000OD0 DOoooOoooooooon 2007
ocooooo2007r0 3000000000000 0.

obobooboooooooboobooooooonogd
gobobooooooooobooboooooboboboOoboon
goboboodooooooooobooooooooo
oobodooooobooooooboooooon
oboboooooooboobooooooooanod
O0oO0oooooooooooo (swiM)oooo
ooOoO00000ob0000 ImoooooOobooo
Oo0OO0200700000020070 30000000
goboogad.

oobooooooooooooooooooboooboon
oobodooooobooooooboooooon
oboooooooooooooooooooboooon
ooooooooooooooooooooooo
goboboodooooooooobooooooooo
O0oOoooooooo (swiM)oooooooo
00000000 NI (0oo)ooooooo 2007
oooooo2007r0 3000000000000 0.

159

(25]

(26]

27]

(30]

oooooooooooooooooooooboo
oboooooooboobooooooooooood
0000 TAMA30ODOOOODOOOOOOO IO
Oo0o000 2007r0000oo20070 30000
ooooooooao.

oo oboooobooobooooboooooooo
oo oooooooooooobooooooo
oooooooooooooooooooooao
gobodooooobooooooboooooon
oboooooooooooooooooooooon
000000000ooooooooon CLIO( XI
)yboooooo 200700000020070 3000
oooooooooa.

oooooooooooooooooooooooboon
oooooooooooooooooooooon
oobobooooobooooooboOoooooooo
gobobooooobooooooboOooooboOooo
uoooooooooooooooooooooao
000000000000 Uoooon CLIO(X)O
Oo0o000 2007r0000ooo20070 30000
ooooooooaa.

00 00,000 00,00 0,00 00,000
0,00 00,00 00,000,0000,00
00,00 00,00 0,0000,00 00,00
00000 00000 00,00 000,00 00,
00 00,00 00,00 00,00 00,000
0,00 000,SWIMOOODOOOOOOO0O0O0
000000,070 0000000000 (2006
0120 21,220 00000000,000).

00 00000 00,0000,00 00,000
0,00 00,0000,0000,0000,00
0,00 0,00 00,00 00,000,000
0,00 0,00 0,00 00,0000,000
0,0 00,00 00,0000,0000,000
0,00 0,00 00,00000,00000,0
000,0000,0000,0000,0000,
00 00,00 00,000 00,00 00,00
00,00 00,00 00,000,00000,0
000,00 00,00 00,0000,0000
0,00 000,00 00,00 00,000,00
000,0000,0000,0000,0000,
00 00,00 00,0000,00 00,000,
00 00,00 00,00 00,00 00,000
0,00 000,0000,000,0000,00
0,00 000,00 0,00 00,00 00,0
0 000,0000,0000,00 00,000,
00 00,00 00,00 00,00 00,000
0,00 00,0000,0000,0000,00
00,00 00,00 00,000 00,00 00,
00 00,0000,000,000,00000,
00 00,00 00,00 00,00 00,000
0,00 00,00000000000 DECIGOO
0,000000000000000 (20060 120
130 KKROOOOO,00).

Oo00dbDbooo0oooooooooooooon
OO0 ooooo0ooooooobooooooooon
00 O00OA. BertolinidR. DeSalvoO OO0 OO000O
oooobooooooooooooooooboooon



6.3.

goooo

6. JOooooOd

(31]

(32]

(33]

(34]

37]

oododoooobooooooooboooood
000O00ObOO0000oo0Oo0obO000o0n0n0TAMA
Collaboration00 000000000 TAMA300O
0000 vII(DOooO0)ooooooo 2006000
O0d020060 900000000 0O0O0OO.

oo00odbobooo0o0ooooooooobDooon
ooo0ooboD0ooooooooooooooooOoo
00 O00OA. BertolinidR. DeSalvoO OO0 0000
oooooooooooooooooooobooon
oododooooboooooooobooooood
000O00ObOO0000oo0Oo0obO000o0n0n0TAMA
Collaboration0 0 000000000 TAMA300O
0000 VIIDOOOo0O0Oo0omoooooag 2006
OO00o0o0020060 900000000000 O.

00000000000 0000TAMA3000 00
obooooboooobooooob 200600000
020060 90000000000O0OA0O.

oboboobooooooobooboooooooond
O000TAMA30O OODOO0OO0 Geccoooooo
ooodooo200600000020060 90000
oooooooao.

oboooooooooooooooooooboooon
oooooooooooooooooooooboon
goboboodooooooooobooooooooo
uooooodoooooooooboooooooao
oooooooooooooooooooooaoo
ooooooooooooooooooooooo
gooooodoooooooooooooobOooo
uooooooooooooooboooooooao
oobodoooooboboooooboooooon
ooooooooooooooooooooooon
oobodooooobooooooboooooon
oooooooooooooooooooooao
ooooooooooooooooooooooon
oobodooooobooooooboooooon
oobodooooobooooooboooooon
oboooooooooooooooooooboooon
ooooooooooooooooooooooon
goboboodoooooooooboooooooao
ooooooooooooooooooooooon
obooooooooooooooooooboooon
ooooboooooooooonooooooooan
oobodooooobooooooboooooon
oobodooooobooooooboooooon
oooooooooooooooooboooooog
00 DECIGOODO DOOODOODO 20060000
oo20060 900000000000 A0O.

oooooooooooooboooooooboobobon
gboooooooooooooboob 20060000
oo20060 900000000000 A0O.

obobooboooooooboooobbooon
o0ooooooboooobooboooboobo Iboooboo
0 200600000020060 9000000000
ooao.

oobooooboooooobooooo ooooo
oooooboodod ooodo booooooobodg
oobodooooobooooooboooooon

160

(38]

(40]

(43]

44]

oo0o000O00o0opDooooooooooDoooo
ooooooO0oOooooDOoooOOoOoooooogo
O 0000O000oooo0o0oooooooDoooooo
0ooo0oopOoOooooooDbDoO oooo ogo
000000000000 ogooooooooo
oooDo0oO0pooDO ooooooooooDoogooo
goooooO0oOooooDOoooOOoOoooooogon
d0oooo0oodoooooooooooooooo
0000o00oO000oo0o0oooooooooo
oo0O000O00o0ooooooooooooDoooo
0000000000 000000D0DO Yanbei Chen
OArchana Pail 0000000 OOM.E. TobarOD.
Blair(J Ju Li00 Chunnong ZhaoO OO0 00000
0 0 Zong-Hong ZhuO S. Dhurandahard S. Mitrall
H. Mukhopadhyayd V. MilyukovO L. Baggioll Yang
Zhangd Chao-Guang Huangd 00 00000000
O0ooO0oooOoooo (LeGn)ooooooooo
20060 0000020060 900000000000 O.

oooooooooooboooooooooooboon
cooooooOoooooooobOOoOooo IIooDO
ooo200600000020060 90000000
ooboaa.

oooooooooooooooooooooboo
oboooooooboobooooooooooood
0000 TAMA30ODDOOOODOOOOOOO IO
ooodooo200600000020060 90000
oooooooao.

oo oboooobooobooooboooooooo
oo oooooooooooobooooooo
oooooooooooooooooooooao
gobodooooobooooooboooooon
oboooooooooooooooooooooon
ooboooooooon

000000000 CLIO (XNHOOOOoOooo 2006
oobodgz2o060 900bOOoOoOooooooaon.

oo oo,0,b0000o0o0o0o0oooobooon
0000,00000000 2006 (20060 60 280
oooOoooooooooooo,on).

00 00, DECIGO-WG, DECIGO 000000
00 1,00000000000 (DECIGO) WG O
40000000 (20060 050 110 00000,
oo).

00 00, DECIGO-WG, DECIGOOO0ODDDD,
00000000000 (DECIGO)WGO 4000
0000 (20060 050 110 00000,00).

0000, DECIGOO0ONDNDDN, 00000000
000 (DECIGO) WG O 40000000 (2006
0050110 00000,00).

(Mooo)

(45]

00 00ooDoo0oooooooooooooo (2007
0010 180,0000 00000O,00)



6. UOoooogd

64. OOOOO

6.4 0O0OODOO

obooooboooooon
goooooboobood
obooooboobooooog
oooooooooood
uoboooooogoo
gooo

oood
goood
goooo
gooogo
goooobooo
goboobooboooooooooooooood
boboobOoooooooobooboooooao
gbooboooboooooooooobooooboo
gbooooOoboooooooboobooboOooooon
gbooooboobooboobobobooboboooong
oodooboobooooooobooooboooobog

ooooo

O
O
O

boooobobooboooooooboooobooon
gbobooooooobooobooboobooon
uboboobooooboobooooboooboooo
boooboobooobooooobooboooon
ubooooobooooooooboooobooao
boboooboboobooobooooogobood
goooooooboobooobobooobooboooag
gooobooboooooboooboooobooooboon
gbooooobooboooooboobooooao
gboobooboboboooooobobooobood
gobogoooboooooooobooooooooog
oooboboboooobooooooooood
oboooboooooboooobooooooooo
6.4.1 0OD000OO0ODOOODOO

goooooooaoo

gobobooooooboobooooog
gbooboooObOooooooobooobooonon
gooooooboooooboooooooooo
gboooooooooooooooooobooo
000010°< Re< 1000000000000 0
goooooooousvoooooooooooo
goood

00000000000000000000000
000000000000 (200000000 (x)
00000000000000000000 6.4.16
0O0xz00000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
100000000000000000000000
00000000000000000000000
0000 10000000000000000000
000000000000000000000000
000000000000000000000000

goo
goo
god
O

161

0000000000000 [14, 28, 29, 32, 46, 72

z [mm)]

100 200

100 - 100

200 200

300 300|

7100 260 300 100 200 300

O 6.4.16: xz00D0O0OO0OODO0O0OO0ODOOOOOOOO
000MO00000 Re=16x10°020000000
000 10 mm/sec

ooooboooog

boooobbooboboooooooooog
gboooobooooobobobooboboooonog
gooooooboooobooooooobonog
oboobooogoboooooooobooooaoboo
gobhoboooooooooooooooooon
uboooboobooboooooboobooooo
gooooooooboooogod

gbooobooboobooooboobooooood
gooooobooobobobooooboooogon
gboooooooboooboooooooobooon
oooooooboooboooobooboomoon
ooooooooboboboooo“coobo»oonog
gbooooobooobooooooooooaon
gboooobooboooobooboobooboooobogon
000000000 o0oo0ooo (26 7100000
oooooooO0oOoooooooooDooon “o
ocoooOoroooboobooboooooooooog
oooooooooooooooDooobo0n 64170
gboboooboooooooboooobooooon
gooooooooooobooboooooooooon
goooooboboobooooooooooood
O000000000oUoooooo [15, 42, 600
oboooocooooooboboooooooog
dboooobooboobooooobooooog
O0oooooooo (6210



64. OO0ODO

6. JOooooOd

=

=

o Probability Density

~~

LS

-3 2 -1
log(t+t)
= Parallel Cell 1g
“w = Parallel Cellpg
\""‘u.“ o+ Vertical Cellug

Mg,
N
—

W

obability Density

~~
O Pr
~ =

Granular Temperature (m?/sec?)

—_
(=%

Probability Density

0 02 04 06 038

1
Elapsed Time (sec) (d)

(a)

6 4 2 0 2 4 6
Normalized Velocity

0 64.17 000D0000()O00000000000(b-
d)00000D00(0000 1g00000 pgh00D00

He)

gbooooooooboooood

O
gbobooooooooooooooobooboono
Ut booooobobooogboogooooobaoo

gobooobooobboboooobooooo
00000000000000000 6.4.180 [50

00000000000 O00000000000
0000000000000 0000000000
000000000000000000000000
0000000000000 0000000000
0000000000000 0000000000
0000000000000 0000000000
0000000000000000000000O0
000000000000 [13, 16, 33, 44, 47, 67]

10 ms

0ms 5ms
. 4
m M 2=

15 ms 20 ms 25ms

0 6.4.18: 00000000000 O0ODOOO: 148 x
GO0G:000000000: 40Hz000O: 5 mL

iz

162

uooboooooooobooooooood

goobooboooobooooboobooooooo

ubboobooooooooobooooooooog
ubobboooooooooooooooooooo
oboooobooobooobooooaoooaoboo
oodobooooooooooboobooboog
uboboooooooobooooooboobooooDn
gbobooobooboobooooooooooao
gbooboooooooooooboooooobooon
gogoooo
utoboobooooooooboooooboog
booboobooooooobboooooogon
uboobooOoooooooooooooaobaoo
gooboobooobooobooooooooooo
bobooooooobooooooboooooobooobooon
gooboobobooooboobouoboooooo
uboooobooooooooboooooogao
gooboooooooboooobooocooboooo
gbobooooooooboooboooogooooon
gobooooboooooooboooboooboooao
gboooooooooooooboooooboaoon
000oO0ooooooo (1o, 17, 34]

0000000000 Directed Percolation 00
oooad

Directed Percolation(DP) O O
goobooooooogooood
gboboboooooboooao
goooooooobooooooboooooooo
gbooooOoobooooooooobooooooo
goooooobooooboobooboooooooao
gbooooboobooooooooboboooo 14
uoooooooooo

0000000000000 000000000
00000000 O0ODPOOOOOOOOOOOOO
00000000000000000 2000000
00 DSMI-DSM200 0000000000000
00000000 DPOOOOOOOODOOOO
000000 6419 M000000000000
0000000000000000 2000000
0000000000000 0000000O00O0
00000000000 DPOOOOOOOOOO
000000000000000000000000
000000 6.4.1900000000000000
00000000000000000000000
0000000000000 00C00O0 DPOOO
0000000000000 0000000000
0000000000 DSM1-DSM20000000
000000000000000000000000
0000000 DPOOOOOOOOOOOOOOO
00000000000 000000000000
000000000000 (9, 12, 35, 53, 57, 63, 73]

00000000000 00000000000
00000000000000000000000
0000000000000 0000000000

gbooogg
gooogao
gooogo

Oooo
Ooood



6. 00OOOO 64. 00000
0000000000000000 [6, 12]0Ising 0 I 1
0000000000000 0000000000 EQ o
0000000000000 0000000000 2T O — 2o TR @] — |
000000000 [3,12,18)00000 T

0 6.4.19: (x) 00000000 DSM200000000O
gbooooooooooobooobbooboooooobon

0000D000((M) 000000 DSM2000 (0000
00000)00000000000000000000
000000D0000000D0D000000000000
0oooD (O0o)O

gobooobooobooooooooooobooo

gbobbooooboboobooooobooo
gobooooobbobobooboobogooobn
gooogbo-coboobooboooobooooboo
O0OLangevin OO OO OO0O0O0OO0OOODODOO
goboooboboobboboooboooboobo
gogooooobooooobboobobooon
000000 [Harada and Sasa (2005)]000 00
0 MarkovO O Langevin 0 OO0 OO0 O00O0OO0OOO
O0000D0000ODeutschd NarayanO OO OO0
O Langevin OO0 OO0 OO0ODOOODOCOODOOCOO
0000000 [Deutsch and Narayan(2006)]00 O
gooooobbooboooooboooboboooboo
goobooooboobooboood
gogboobbooobooobo

gooooogo
goooogo
googoooo
g-ogoooobooboo gooooood
00000000000 [7]000 O0Poly(Ethylene
Oxide) D0 0OOO0D0O0OO0OOOODODOO ODeutsch
O NarayanOO OO OOQOOOOO-OO00O0ODOO
gobooboooobobooobobooogobboo
000 642000000000 Langevin O OO
0o00oooooooooooooooo [11, 19,
36, 45, 49, 64]

n n n n
0.1 1 10 100 1000
T T

A = 8.0

| A= 12.0

W

n n n
0.1 1 10 100 1000

wlrad/s]

0 6420 000000000000 ODOOOOODOO
gooooo

6.4.2 000000 O0O0OOO0OOO0

gbooooboooooao

uboooobooooooon
goboobooooobogo
gboboooboooooo
gboocoooboobooooao
O02K/pm 00000000000
doooooobooooboboooooboooon
gobooboooobooooobboooobooon
goboooboogdo ed21mbooooDOOn
goboooboooboooocoboobooooo
00000000000 ooo (37, 43, 59

ood O
goo O
ood O
O
O



64. OO0ODO

6. JOooooOd

0 6.4.21: 0000000000 OOOO0OOOODOOOO

gboooboooooboooon

uboooooooooon
gooooboooboooon

goooooboboooooo
ubooooooooooo
uboooooooboobooooooooon
gobobooooooooobooobooooboooon
oboooboobooobooooooooboooao
0000000000 00i): 0oo0ooouooo
O0O0000i): OooooooOoooooooo
gboooooooooboooboobooobooobooon
goboboooboobooooboooboooooooad
000000000000 ~107"kg/secOOO0O

00000000 0000C00O 100000000
0000000000000 0000000000
0000 [21, 26, 30, 50, 54, 65, 70]

ArMUOOooDoOOoOoOoOoOOoOooOOoOoOooon

OooooOoooooooOoo AFMOOOO00OO0
gbooboobobooboooboooocoboooo

0000000000000 00oo0ooooooo
O000000000000oooooon

DNA OOO0ODOOOO Staphylococcal Nuclease
(SNase) OO DOOOOOODOOOOOOODOOOO
000000000000 0ooooooooon
000000000 oooo0ooooooooooon
0000000000 SNaseDOOOOODOOODO
000000000 00OO0OO0OO0O0DO0O0OO00O00
Oo00o0o0o0oO0ooO0OooOoOooOOoOOOO0OoOOn
O00000o0ooOoOooooooooooOogon
0000000000000 00000O00000
DNAOOOOOO pdTpO CaOOOODODOOODO
00000 00ooOoOOo0O0oOoooooooooon
O00000oooooooooo (22,31, 38, 56]

164

643 0O000OOODOO

gbooooooobooobon

ubobooooboboooboboooooon
gboboobooboooooboooooooogon
gbobooooboobobooooooooon
oooobooooooo

gooooooooboooooboooooooo
gboooooooooobooooooboboooon
utoobodoobooobooooboooooooobog
gooooobooobooobooobooooooooon
O00000000000oooooo (24, 39, 74, 75]

dbooooooboooobooooooaooog
gbooooboboboooooooboooooonan
300—-1000 PaODOOOOODOOODOOODOODO 0.2
pm 00000000000 OtypelO0OO0OOO
gobooobooooooo0oooobodn 1 pm
gboboobobooobOo0oooooouooooooon

go
gd
oo

ooooooooprPivOoOOOOoOOoOOOoOOoOOOOd
b obodgoouooooooboobooobo
gooobooboooooobbooooboboonon
000000000 1/2000000000000
gooobobooobbooouoooooboooboog
goobooobboooobooobooooog
gooooooooooboobobobbooogo
gooboboooooobooobobbooboogn
gooobobobobobobooobooogoog
000000000000 6.4.2200 [40, 66]
0. 015 - ‘ :
oo B3 1A
= ]
= oo, wor b rem g
4 0.005} &, EROEETANECHOTIS |
= * % \/—
= 0 o
N
L] (]
5 ; \)
S-0. 005 °
R % % .-
° '. *
....
-0. 015 : : L1 ‘
0 20 40 60 80 100[%]

0 6.4.22: 0000000 OODOOOO

uooooooooooboogoobaoo

gboooooooooobooobooooogaoo
gbooooobooooboooooobooboooon
goobooobooobooobbooboooooboonog



6. UOoooogd

64. OOOOO

goboobooooobooboooobooooo
gboboobOoboobooobooboooboboog
uboooobooooobooooooooooooo
uobooobobooobooooooooooog
uoboboooboobooboooooboooooo
gboooooboooooboooboooooooooboao
gbooooooooobobooooboobooooboog
gboooooboboooboobooooooooooon
goobooooooobobooooooooooaoon
ubooobooooooboboobooooooobao
0000000 oooooo [41]

oooo

1) 0000000000000 D0O0O0DLO0OODOD
OO0ooOoOoOoO0O020070 302200

2] 0DOO0OOO0O0ODO DDODOOO0ODOOOOOOO
20070 30 2200

oooo
(ooo)

[3] K. Takeuchi: Can the Ising critical behavior sur-
vive in non-equilibrium synchronous cellular au-
tomata?, Physica D, 223, 146-150 (2006).

[4] A. Awazu and K. Kanekol Pulse Replications and
Spatially Differentiated Structure Formation in
One dimensional lattice dynamical System, Math-

ematical Bioscience, 201, 90-100 (2006).

H. Shiba, J. R.-Felsot, Y. Takahashi, Y. Mu-
rayama, Q. Ouyang, and M. Sano: Elastic Con-
vection in Vibrated Viscoplastic Fluids, Phys. Rev.
Lett. 98, 044501 (2007).

K. Takeuchi and M. Sano: Role of unstable pe-
riodic orbits in phase transitions of coupled map
lattices, Phys. Rev. E, 75, 036201 (2007).

S. Toyabe, H. R. Jiang, T. Nakamura, Y. Mu-
rayama and M. Sano: Experimental Test of a New
Equality: Measuring Heat Dissipation in an Op-
tically Driven Colloidal System, Phys. Rev. E 75,
011122 (2007).

(ooo)

[8] Y. Murayama, H. Wada, R. Ishida, and M. Sano:
Unfolding Dynamics of Single Collapsed DNA
Molecules, Prog. Theo. Phys. Suppl. 165, 144-163
(2006).

00000000 00Hugues Chaté0D OO0 OO0 O
0000000000000 000 Directed Perco-
lation 000 00000000000 ODOODOOODO
000000 18ME-S7, 86-94 (2007).

(9]

(ooo)

[10] O OO 00 Pattern formation in reaction-diffusion
systems with advectiond OO 0O 0O O.

165

[11] 00 00O DOOMeasurement of the Energy Dissipation
Rate in Fluctuating Small Systemsd 00 00O O.

[12] OO0ODOOODO0O0OODOOOOODODO0OO0OO0
oobobdoooooboooboobood.

[13) 0000000000000 OD0OO0DOODOO
ooao.

00oooo
(ooo)
oooo

[14] M. Bienia and M. Sano: Turbulent thermal convec-
tion in mercury, 9th Tamura Symposium “Fron-
tiers in Dynamics -Physical and Biological Sys-
tems”, May 22-24, 2006, Tokyo, Japan.

S. Tatsumi, M. Sano: Observation of the cooling
state in quasi-2D granular gas system,(9th Tamura
Symposium).

Y. Takahashi and M. Sano: Pattern formation of
shear thinning materials on a shaker, (9th Tamura
Symposium).

Y. Kobayashi: Stability of hexagonal patterns
in reaction-diffusion systems under shear, (9th
Tamura Symposium).

K. Takeuchi: Can the Ising critical behavior
survive in synchronous cellular automata?, (9th
Tamura Symposium).

S. Toyabe, H. R. Jiang, T. Nakamura, Y. Mu-
rayama, and M. Sano : Measurement of En-
ergy Dissipation under the Nonequilibrium Steady
State, (9th Tamura Symposium).

(15]

(16]

(17]

(18]

(19]

[20] H.-R. Jiang and M. Sano : F-actin bundling under

spatial confinement, (9th Tamura Symposium).

[21] Y. Murayama, H. Wada, and M. Sano: Irreversible
work in stretching a single collapsed DNA, (9th
Tamura Symposium).

T. Ishii, A. Katano, Y. Murayama and M. Sano:
Velocity and force dependent unfolding and folding
trajectory of single-molecule protein by AFM, (9th
Tamura Symposium).

[23] Yusuke T. Maeda and Masaki Sano: Response and
Fluctuation in Gene Expression at the Single-Cell
Level, (9th Tamura Symposium).

M.Matsuo, J.Inose, Y.T. Maeda, S.Iwaya and M.
Sano: Statistical Analysis of motion pattern of
dictyostelium amoeba cells, (9th Tamura Sympo-
sium).

(22]

24]

[25] S. Tatsumi, Y. Murayama, and Masaki Sano:
Quasi-2D Granular Gas under gravity and mi-
cro gravity, DYGRAM 2006, June 19-23, 2006,

Rennes, France.

[26] Y. Murayama, H. Wada, and M. Sano: Irre-
versible elastic responses of single collapsed DNA
molecules, Structures and Dynamics in Soft Mat-
ter -Beyond Self-Organization and Hierarchical
Structures-, July 14-16, 2006, Kyoto, Japan.



6.4.

goooo

6. JOooooOd

27]

(28]

29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

37]

(38]

(39]

(40]

(41]

A. Awazu: Complex rheology in a Simple Lattice
Gas, (Structures and Dynamics in Soft Matter).

M. Bienia, C. Quilliet, M. Vallade, F. Mugele/
M. Bienia, and M. Sano: Droplet and thin film
deformation induced by electrowetting/Rayleigh-
Benard turbulence in mercury, 21st century COE
and SEIKEN International Workshop on Recent
Advances in Soft Matter Physics, Aug. 21-23, 2006,
Tokyo, Japan.

M. Bienia and M. Sano: Rayleigh-Benard turbu-
lence in mercury, Conference & Euromech Collo-
quium no. 480 on High Rayleigh Number Convec-
tion, Sep. 4-8, 2006, Trieste, Italy.

Y. Murayama, H. Wada, and M. Sano: Irreversible
work during a stretch-relax cycle of a single col-
lapsed DNA, 5th East Asian Biophys. Symp. &
44th Annual Meeting of the Biophs. Soc. of Japan,
Nov. 12-16, 2006, Okinawa, Japan.

T. Ishii, A. Katano, Y. Murayama, and M. Sano:
Observing mechanical unfolding and folding pro-
cess of single molecular protein by AFM, (5th East
Asian Biophys. Symp. & 44th Annual Meeting of
the Biophs. Soc. of Japan).

M. Bienia and M. Sano: Study of thermal turbu-
lence in mercury, 21st COE 5th International Con-
ference “Perspectives in Nonlinear Physics”, Nov.
20-22, 2006, Tokyo, Japan.

Y. Takahashi, H. Shiba, and M. Sano: Pattern
formation in vertically vibrated viscoplastic fluids,
(21st COE 5th Int. Conf.).

Y. Kobayashi: Stability of hexagonal and stripe
patterns in the Brusselator model under a linear
shear flow, (21st COE 5th Int. Conf.).

K. Takeuchi, M. Kuroda, H. Chaté, and M. Sano:
Directed Percolation Universality in Turbulence of
Liquid Crystals, (21st COE 5th Int. Conf.).

S. Toyabe and M. Sano: Evaluating Heat Dissipa-
tion in Viscous Fluid and Viscoelastic Fluid from
the Violation of the Fluctuation Dissipation Rela-
tion, (21st COE 5th Int. Conf.).

H.-R. Jiang and M. Sano: Thermophoresis and
thermo-stretch of a single DNA, (21st COE 5th
Int. Conf.).

T. Ishii, A. Katano, Y. Murayama and M. Sano:
Mechanical unfolding process of single molecular
protein with AFM, (21st COE 5th Int. Conf.).

S. Iwaya, Y. T. Maeda, M. Matuo, J. Inose, and
M. Sano: Patterns on the membrane’s dynamics of
Cell locomotion, (21st COE 5th Int. Conf.).

S. Iwaya and M. Sano: Statistical Analysis of
cell locomotion of Dictyostelium Discoideum, (21st
COE 5th Int. Conf.).

T. Kato, Y. T. Maeda, R. Tokita, M. Matsushita,
and M. Sano: Pattern formation of bacterial colony
by E.coli, (21st COE 5th Int. Conf.).

166

42]

(43]

S. Tatsumi, Y. Murayama, and M. Sano: The
Homogeneous Cooling State of a Granular Gas
under gravity and micro gravity, Granular Mat-
ter 20th Canberra International Physics Summer
School and Workshop on Granular Materials, Dec.
4-8, 2006, Canberra, Australia.

H.-R. Jiang and M. Sano : Thermophoresis and
Thermostretch of single DNA, Opportunities anc
challenges for Physicists in Quantitative and Sys-
temic Biology, Dec. 4-9, 2006, Hong-Kong, China.

oooo

(44]

(45]

(46]

(47]

(48]

(49]

[50]

Masaki Sano: Nonlinear Rheology and Elastic
Convection of Complex Fluids, 9th Tamura Sym-
posium “Frontiers in Dynamics -Physical and Bio-
logical Systems”, May 22-24, 2006, Tokyo, Japan.

Masaki Sano, Shoichi Toyabe: Experimental test of
a new equality in nonequilibrium steady state using
laser tweezers, 21st century COE and SEIKEN In-
ternational Workshop on Recent Advances in Soft
Matter Physics, Aug. 21-23, 2006, Tokyo, Japan.

Masaki Sano: Ultrasonic measurement of mean
wind and fluctuations in thermal turbulence of
mercury, Conference & Euromech Colloquium #
480 on High Rayleigh Number Convection, Sept.
4-8, 2006, Trieste, Italy.

Masaki Sano: Pattern and Localized Spatiotem-
poral Chaos in Vibrated Non-Newtonian Fluids,
International Workshop on Synchronization: Phe-
nomena and Analysis 2006, Oct. 3-6, 2006, Tokyo,
Japan

Y. T. Maeda and Masaki Sano: Regulatory Dy-
namics of Synthetic Gene Networks with Positive
Feedback, 7th International Conference on Sys-
tems Biology, Oct. 9-13, 2006, Yokohama, Japan.

Masaki Sano, Shoichi Toyabe: Measurement of
Fluctuations in Small Nonequilibrium Systems,
21st COE 5th International Conference “Perspec-
tives in Nonlinear Physics”, Nov. 20-22, 2006,
Tokyo, Japan.

Y. Murayama, H. Wada, and M. Sano: Dy-
namic Force Measurements of a Single Condensed

DNA Using Optical Tweezers, (21st COE 5th Int.
Conf.).

(ooo)

oooo

[51]

[52]

oboob: boooooooobooobooog
00,000 cOoEODDOO0O0O0D0O0O0OoOooooon
o0ooobD-00000-00000020060 70
27-28 0.

oooooooooooooooooooboooo
oooooooooooo 206000000000
0o 20060 90 23-26 O.



6. UOoooogd

6.5. 00OO0OO

[63] 0000000 O0OOHugues Chaté00 000000
O0000000000DODO0d DO Directed Percolation

(hooooooOo2006000000.

oboooboobooooooood: booobooooo
obooooboooooooboooog 2006000
ooao.

oooo:0oooboobooobo0oooooooooo
ooodg,obooooo 206000000,

ooboooooooboboooooooob:-00040
oobooboodoodobooooooooooob oo
oob:2100000 OOOOOO ODOOOOO0
oboooo.-o0000020060 110 600 80.

000000000 0OHugues Chaté00 0000000
O0000000000DODOd DO Directed Percolation
0000o0oo0Doo0000ooooo0ooDoDoDoon
0000000 00000 OoOooooog 2007
0110 23-250.

ooboo,bo000:00000000000000
obooooo,bo0oooooooooooooboon
ooboodoooz20060 110 250.

ooooooooobooooobooboobOoooon
oooooooooooooooooooooooo
ooi120 220.

oooobooooooooooboooooooooon
ooboboooobooooooboooooooboon
ooooooboo20060 120 2500

[54]

[55]

[56]

[57]

(58]

[59]

(60]

[61] M. Bienia, O 0 0 002D velocity projections in tur-
bulent heat convection, D00 00O 2007 000

ooooooooo 20070 30 18-210.

ooooooooooooooooooobbbon
oooooooob 200700000 O.

0000000000OHugues Chatéd 000 O00do0O
O0000000000D0ODO0d DO Directed Percolation
(In0D0Dooooo 2007000000.

oooobooooobo: oboooooooobooo
obooooboooooooooooooooon
0O2007000000.

ooboooooooooooo: ooooboooon
oooobooooooo200r0oonononoan.

OoooooDoOO00000000000 Jean-Paul
RiewDOOOO: O000OO0O0OO0OO0OOODCOOO
Oooooooo20r0oononoan.

(62]

(63]

(64]

(65]

(66]

oooo

[67) O0O0O0ODODO0OODOO0OO0OO0OODODOODOOO0
0og 200600000000 1101200000040
goooooooooobOooooood2o006d 9
0 23-26 0.

ooodg:0b0oooboobooooooooooon
oobooooooboobooo9on 1s00o000o0n

oood.:ooooooooooboooooooon
0000000000 cCcoEDOOOObpooon
oobooooooooobz20060 100 182000
ooobod.

(68]

(69]

167

[70) DOD0OD: D0O0DODDOUOODOOOOOOODOOO,
oOO0000 Mmoobooboooooooooobooo
oooboboooboooboobobooooon
ocooooooo,boboo00,20070 30 15-160.

(Mooo)

[71] O0DODO0OODOD0OOO0O0O0ODOOD -0DO0ODO0o
ooooo-ooogobooooooooon?2006 0
50 3100

M. Bienia, C. Quilliet, M. Vallade, F. Mugele/M.
Bienia, and M. Sano: Electrowetting of thin films
and droplets/Rayleigh-Benard turbulence in mer-
cury”, Laboratoire d’electrostatique et des materi-
aux dielectriques (LEMD), CNRS, Sep. 15, 2006,
Grenoble, France.

coooboooobooooboooboooobOon0n bi-

rected Percolation0 OO0 O0O00O00OO0OODOOO0O
20060 110 2200

uoooooobooooooooooobaoog
ooooog,2007ho 30 70.

uoooooobooooooooooobaoog
oooooOOooONLPMOOOOO, 20070 30 80.

[72]

(73]

(74]

[75]

(0oo)

[76) OODUO0O: DO00DO0DOOOOOOOIVIOOOOO
ooooooooono,2o070 10150 170.

6.5 U0OODOO

obooobooooooobooooooon
goooooboooboobooboobooooo
gbobooobooooooobooooooon
ooboodoobooooboobooobooboooog
boboooooooboooooobooboooog
bbooooboooboboooboobobooobog
gbobboooooooboooobooobbooon
gobooboobooooboooooobooooooo

ggooooooooooobdd 1mm0OO 0.1
mmO0 000000000000 000O00000
gobobooboooooobobooooboooooboo
gooobobolzmbogooooOoooooDO
gobooogoobbbobobooboboboooo
0000000000000 000 ASTE (Atacama
Submillimeter Telescope Experiment) 00 00 0O
goobooooboobooooooooooooboo
ALMA (Atacama Large Millimeter /submillimeter Ar-
ray) 0000000000

0000000000000000000000
0000000000000000000HEBOD
00000000000000000000000
00000000000000000000000
000D00000000001.47 THzO0000OO
0000000000000 (BP—-*R)00000
00000000000000000000000
00000000000 000000000000

oo
go
go



6.5. ODOO0OO

6. JOooooOd

uboobooboooooooooooboo

gobboobooooboboooobooboooooa
uboooOoobooobooobooooogoon

gooooOooooooobboooooooobDod

uboooobooobbooooooobooooon
uboooobobooboboooboboooobOoog
ubooooooooboooboobogoo

6.5.1 0OO0OOOOOOOOOO

000000000000000 1.2m0O0 1998
0000000000000 0000000000
0000000000000 0000000000
00000003P, -3 Py, 492 GHz; 3P, —3 P, 809
GH000000000000000000000
00000000000000000000000
0000000000000000000 20050 8
0000000000000000000 020060
000000000000000000(2

6.5.2 HEBOOUOOOOOO

o0o0o0o0o0obooO00o0obo0o00oo0o0oo0oo0n
SIS (superconductor — insulator — superconductor)
o0o0oooO00o0o0oo00ooooooooooon
O0000000000000000000000O0
O0000000000000000000 NbOO
000000 70GHz2000000000000O
OoOooo0oooooooOooooooOooooo
o0ooooOooooo

00000000000
000 (HEB)OOOOOO

goooooooooo
00000000 O0HEB
go
go
gd

gobooooooood gboobooogo
obooogoboooon gboooooomao
gbooooooooooon gooogooogo

gooobobooooobooooooboooood

boobooooobooooobooooooao
boboogoobooooooooboooboooon
oooOoooOoOooo()Dooooooooo
OoOoo0ooOoooooo@)ooooooooon
obbooooobobooboboobboobooooon
oo00ooOooooO0ooooo NbOOoooooo
OO HEBOOOOOOONPTINDODOOOODODO
OO0 HEBOOOOOOOOODOOOOO

obooobooobooobood

HEBOOOOOOOOOOOOOOOOOOOO
gooOooOooOoo IceOOQOOQOODOOOO
oooooooooooooooocCF,000 Nb
oboobobooooboboooooobooaoo
100 nm/min 0000000000000 O0O0O0
ooboooooboooboboooooooooo
OoOoOoOO0O00O0 Nb-AuO 20000000
O Aud0O0000000000000 Ar0000

ooooobooo 10: 100000000000
0000000 50 nm/min 0000000000
oo o2pymO00OCOoOOODOOOODOO

168

goobooboooooooooooooooonn
gooan

uboooooboogon

0000000000000
NbOOOOOO Au00000
00000000 NbOOOO
0000000000000000
00O00O0ONbOODOOOOOOOO0
00 AwD000000000000
OONbODODODODO AuD0000000
00000000000000000000
00 NbO AuO0 2nm 00000 TiO
00000000000000000TiO AuO Nb
00000000000000000000000
000000 NbODODOOOOOOO0O150mO0
00 20Q/s¢. 00000000000000000
000000000000000000000000
00000000000000000000000
0000000000000 [21)[23)

oo
ood
ggo
O
O

Ooooodoo

Nb HEBOOOOO

000000000000 0800GHz000000
00000000000000000 GM2000
00000000000000000000000
O0O0ONbOOOD 40 nm OO
0oooo (IF : 1.5 GHz) 00O
800 GHz) O ON-OFF O 4 dB [
0000000000 00000
0000000000000000
00000000NbOOOO 15 nm
00000000000000000
000000000 0Y-factor 0.15 dB (
00 Tyx = 6500 K(DSB) ) 000000000 00
000 50000000000000000000

oooooo
ooooo (LO :
nfuiafalaluln
ooooooo
oooooo
00000
ooooo
0ooo

oUooog

gbobobooboooooooboooooooon
gboboboooooobooooooooogao
ooooooDO0Ob0 HEBOOOOOODOOOOO

goooooooo
oooolroooo0oobooooooooooon

ooooOooobooOoooooooooooooooIr

gboooboooooobooobooooooobog

0000000000000 Y-factor 0.3 dB (Tix
=3000 K(DSB)) 00 0000000ONbOODOD
HEBOOOD 42K00000000000000
000000000000000(29

NbTINOODO 7, 0O

NbTINOOOOODOOOOOOoOOOO (Tc) O 16
KOOONbODOODOOOOODOOOOooooooo
O0000THzO HEBOOOOOOOODOOOO
oooOoOOoO0o00oooooonD NpTINODDOOOO
o000 7. 00000obbooboobooo0ooobooog
GgM2O0O0O0OOOOOOOOOOOOOOOOoO
goooooooooOoooOO geiIBOOOOOO
ubooooboboooooooobooooboooood



6. UOoooogd

6.5. 00OO0OO

NbTiN HEBO OO

NbTINOOOOOO 800 GHz OO
HEBOOOOOOOOODOOOOD
OOoo0o0O0 NbOOOODO HEBOOODO
ooooOooDOoooOOoONpTINOOOO
gboboooobooooboooooooood
ONpTINDOOOOOOOOoooOoOg Tioooo
OoOooooDO0oo00O00o0D 10nm OO0 NbTIN
gboooooboobooooooboooboobooooon
ooo000 Ar000000ooOoooooooon

O
O
O

OogoOoO

gono
goo
goo
ggo
goo

boobooooooboobooooooooboogoon
o0ooooooooooobooO0o0ODbO0O00OHEB
gboboboooooobOoobooboooboobooon
OO0 HEBOOODOOODODOOOOOOODO
ooobooooooboooobooobooaon
gbooboooooobobooobobooboobonog

oooboobooobooooooooooooo
gboooooooooooobooooooooood
OOhot-cold(77 K) OO OODOOUDOODOODOO 0.65
dBOO0OO0OO0OO0O0oOooooooooooooDoDO
oo T, =1300KO0OO0O000O0O0000O0O00O
HEBOOOOODOOOOOOOOOOOOODOOO
obooobobooooooooooobonog
gbobooboooboboooooboooaoo
0000o0oo00ooooooool2g

NbTINOOOOODO HEBOODODODO

uoboobooooobooobooboooooon
ODOO0O0OONPTINODODOOOODOO HEBOOO

gboooooooobooobooooboonog
gbooboobOoooboobobooboobooooog
oboooooooboboooooooooon
gboooooooobooooooboooooboooon
obooboboooooboobobooooogon
uboooooboooboooooboooooooo
gbooooboobooooooooooooooo
00000 NpTINODOOOODOODOOOooOoOoOOo
O0O00O00o000 2s0GHzO0000000000
gobooboooooboobboobobooooooon
gobooobobooboooooooooooon
gboboobOoooooooooobooooboon

169

6.5.3 0OO00O0OO0ODOOOOOO

0000000000000 D00000:NGC2264
o000 HCOOCH:; O OO

000000000000 0OHCOOCHsO CoH5CN
ooooooooooooooooooooood
oooooooooogo
OO0 NGC1333IRAS4B O
(Sakai et al. 2006)00 O
ocooooooooogoo
ooooopoOooooooooooo
Oo00o0OO0O0O0oD00oO0Oogooog HCOOCHs O
OO000000000D00ONGC2264000000
OO00OO0OO0oDoDooOoONGC226400000000O
OO0 IRS1IO000C0000O0ODOODOOOO0OOOn
ooooooogoIiRSioOoooooOoooooo
00000 MMS3OOODO HCOOCHsOOOOO
Oo0o0o0oodooOOooooooooooooo
odoo0oooooDoooooopoooooooo
goooooooooDOoooooooooooodg
000000000 OHCOOCHsODDOOOoOOoO O
OCOOMMS3O3mmOOOO0O0OO0OOOOO
O00O0O00000DO0OO0000000 Orion-KL
O 00 O”hot core” ”compact ridge”’0 00000
gooooopooUooooooooooooooo
go0ooooOOoogooOooooooDOoooogoo
[6][8][12][13]

goooooooo
gboooooooon
ooboogoog
gooooood
good

BCOODOoOO0o0Do0OO CcCSO cccsooonon
gooaoo

00000 CCSO000000000000000
000000000000000000000000
0O0CCSO0O000000000000000000
00000000000 BCeso ¢cB¥csoonn
000 TMC-100000 (000 45 m, 1999-2000
0,000)000000CBCS(Jy =35 —2,)00
0000000 O0®BCcCcS0O00000000000
DOCcCcSO0O0000000002000000000
000000000000000BccsS00000
00000000 [B3¢)/[?C)00000000nn
BCCSOOO000000000000000000
00000000000000000000000
00000000000000000000

00000000000 0000 (Jyv =21 —1p)
00000o0oooooB¥ccsoooooooon
00000000000 GBT(ODO 100 m) 00O
000000000oOoooooock®ecsononn
00 B¥CCSO 42000000000000000
00000000000 L152IEDDO 3CcCcsSOonon

goooboobooobobooooooboooon
gboboooOoobooooboooooooooooon
000000000000000BCco000o0on
oooooooooooog CH+4+ CS - CCS +
HOOOOOOOODOOOOOoOOoOooDoOooOo
oooooook¥ccsoooooono B¥CcHOooo
Ooooooooooooo cogooooooon



6.5. ODOO0OO

6. JOooooOd

00000 self-shielding0 OO0 0DOO0OO0O0OO0OOO
goooccsooono ceccsood
oookcccsoooooooooo
O0OO0O0OocCcCsSO CH + ccsa O
oooocccsooon BCHOOO
0000000000000 0OCHOOODO CnSO
gododoooobooooooooooobooon
0 O [7)[26][27]

gooooo
gooooo
gooooo
goooo

0.047
003Fccs
002-dy=2- 1
0oLk

ok
001 -
-0.02
03}

. 004 :
00t3ccs

002-dy=21- 1,
001t

Zm
o
I

F=5/2-3/2 F=5/2-3/2

" [K]

F=3/2-1/2 001 F=3/2-12

-0.02

5 10 5 10
V. __[kmis] V. [kmis]
LSR LSR

0 6.5.23: TMC-10000 ¢3¢SO 3ccsooooon

oooOoOO0O0OL1s2700000000000000O
god

000000 L15270 000000000000
0D0000000000000000000 Hy,CCCC
000000 (J=10-9,E,=24K)00000
(0004m000)0000000000 OTMC-
100 000000000000000000000
D0000000000000000000000
0D0CH,0000000000000000000
123+08K000000TMC-10 0000000
O00000000000000000 TMC-10
000 1/5000000000000000000
000000000 00000000000000
O0000CH (N=9-8 E,=21K)0 ¢C3Hy
(432—42,3, By =29 K), I-C3Hy (41,3—31,2, By = 23
K), CH;CCH (J=5-4,K =2, E, =41 K)0OO O
D0000000000000000000000
O000CHO 15K (Tyg) 00O DOOOO0OO0O0O
00000000000CHOOOOOOOOOO
D0000000000000000000000
00000000000000000000000

000000000000 0.3 km/sO00 0.6 km/s
ooooooooooooooocHOOOOODO
gboobobobooobooooooooooooao
boooobooogooo
Ooooooooooooooo cooooon
gboboobooooboobooooboooooo oo
booboobdooooooooooboooao
OoOOooOoO0oooDOoOooooLs2rgoooog
gbobooooooooboobooooogoo
gboooboooooobooooooboooooon
gbooboooboooooobooboooooood
goooOoooooooooooooono cHyoo
gbooooobbooooooooooooooan
gboboboooobooobooboooooooooon
gbooooobooooboooobooboobooon
00000000 U0oOoooooooooool2T

170

o
w

o L1527
~ TMC-1
« L1527(obs.)

o

N

gl
T

o
N}

0151

JSTyedv [K kms?]
o
2

o
o
al

T S N VY G U S

o

0 6.5.24: L15270000 C4H, 0000000000000
oooooo

O0OO0000L1s52700000000 CgH-OOO

0012000000 TMC-1O00 000 IRC+10216
Oo0oooOooooo CH-O0oooooooog
O (McCarthy et al. 2006) 00000000000
OO0OL2r00000 CeH-OOOOooooooo

gboobooboooobooooooooooog
gbooboooboobooboooobooooood
gooobooooobooooboobooboooon
gobobooooobobooooobobobooood
ooOOoL2r0000OooooooOoooooon

0000D00000000000000000L1527
0000 [CeH™)/[CeH] 00 OTMC-100000 10
0000000000000000L152700 CgH™

OTMC-1O00O0OOOO0O0O0OOOOOOOOO0O0O0
gobooooooboobooooobooooog
gooooooooog

L5270 00000o0o0Ooooooo

boooooooooooooooon
ubooooobooooboooooooo
OO0 O0OHCOOCH;OOOOoOOOooOoOo
goob200000000000000000000
gobobooobooboooboooboooaooo

goooo
goooo
goood

ooooO0OLk2roooooonD cH, 00000
obooboboboooooobooboooooooon
oboboooboboooboooboobooboooon
gbobobooboooobooooboooooooon
OOL2r0000ooooooooooooog
Ooo0oo0oooooooooOno 1GHzO0000O
gcoooooooooooooooooc,,H, 00

000000O0oo0o B¥CcoooOoHe,NODOOOD
gobooboooooooooobooooboobooooo
goooobooooboboooboooooon 1o
mKOO 100 mKOOOODOOOOOOOO0OO0OO0OO

gooboooooboobooooooogoooog
obooooooooooobboooooooon
gbobboobOooobooboooooooooooon
ooooboboobooooooooo



6. UOoooogd

6.5. 00OO0OO

ubooooobooooobooooon

obobooooooooooooobboooon
uboboogoboooooboboooooboboooooo
000000000000000 10°°00000
000000000000000 1071~107300
gbooooobooooooooooooboobaon
gboooooocoooboooboboooboooon
ubobooOobooooboooooobooboooao
goobooboboobooboooobooobooboog
gobobooboooooooboobobooooooboooo
uboooooboobooobooooooooooon
ggoboooooobooboboboooobooboogon
000000000000 00000 DNC/HNC O
0 HDCS/H.,CSOOOODOO0OO0OD 4mO0000
gboooooobogoon

6.54 0O000O0O0OOO0OOOODO

gbooboooooooobooboboooooon
000 (AGN)OOooOooooooooooooo
010000000000 0000000000
gboogboooobooobobobbobogobonbo
gooooooooboobobobobooboooon
googoooooooboogooooooobo
OO0o0oOoooooOono AGNODOoOooooo
O00O0Ooooooooopooooooo SgrA*O
goog3roooooooobboooooooogo
0000 AGNOOOODODODODOOOoOOOog 1o
goobooobooboooooooboboboooboo
gobooooboboooooboooooobooo
goooooooogod
gbogoooboooboobboooboooboobo
goobooobooooooooooooooooo
goboooboboooooobooboooooooDoo
000000 Central Molecular Zone (CMZ) O O
gboooooobooooooooboooboboooo
goopoogoobobobboogbooboo
gooobooboooboooboobooboboooo
gboboobobooooboooobooboooo
gooooooooon
gobogoboobooooooobooboboo
gobogbooooobboobbobobobooon
gboooobooobooobobobbooboooboobooo
googooooooboboobobooboooboo
gobogoooboooboooobooobobbobooobogoo
gooogobooboboobobooobooboo
gooooooooooooboobbooooboo
gooooooboogoboobobobooobobboo
OO0 ALMAOOOOOOOOOOOOOOOOOO
googooobobobooobooooooboo
gogooooooooo
goooooboooood
o0oooobobOoOoboooon0 4mO0O0O0
000000ooooooooo (Co)o J=1-00

171

000 (115 GHz) OO OOOOooOoooooooo
O000o0o0o00ooO0OooOoOooOoOOO0oOoOOOon
000000000000 000 00 High-velocity
Compact Cloud; HVCCM OO O OOOOoOOoOOOd
000000000000 O0oOooDoooooog
0000000000000 00000oo0o0o0o
O0ooooooooooo

000000000 COJ=1-000000000
00000000000000 HVCCsOOOOoOO
000000000000000000000000
000 >50kms~ 000 <5pc00000 8400
HVCCsOOOO O0O0O0O0OO0OO0O0OO0OO0000000
0000 HVCCsOOOOOOO OO 0104 52 erg
000000000000000000000000
O00000000O0O000000000 energetic
0 HVCCsOOOOOO (10°60000)00
00000000000 000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000000

O
O
O

oood

15

10

Number

lim.

1049 10%0 105t 1052

Energy [erg]

0 6.5.25: COJ=1-000000000000000000
gooo0o0oo0oO0obooOoooboooooooo

ASTEOOOOOOOOOOOO

00000000 o0O00000000000000
0000000000000 0000000 O Ata-
cama Submillimeter Telescope Experiment (ASTE)
0000 COJ=3200 (346 GHz) DO OOOOO
000000o00ooooooooo J=1-00000
00oOo0o0O0o0oo0ooooO0oooooooooo
00 200000000000159080000000
0000000000000 o0ooO —1°00 +1.7°0
00 +£03°00000000CMZO0OOOOOOO
00000000 ooooB9NL4[Ls]

00000000000000 CO J=3-2/J=1-0
000 (Rs—1-0)0 1.5000000000000
OD000000O0Ser ADDDODOODODDODOO CO
1.2740.01, CO —0.41-0.23000000 G 0.9+0.1
000000000000 00000000000



6.5. ODOO0OO

6. JOooooOd

oooooooooooooooooocMzOOO
00000000000 oooooOooooo (0o
oooooo0)0o0oo0oooooooooopoooo
OOoooooOooooOoooOoO BEvVCCsOoOooo
gbooobooboooboooboooooooobood
000 88% 000000000 OHvVCCsOOOOD
oboboboooooooooooooooboog
[18]

000o00o0ooooo €O J=3-2, J=1-0, 13CO
J=1-00 3000000000000 0Large Ve-
locity Gradient (LVG)0O0 00000000 OOO
o0ooooooooocMzZO0O000000000O0
oooooooooooooooooooooon
000000000000 00000 (steepest de-
scendent method) 0 00000300000 1o O
00oooooooooooooe%ooooooo
O00o00o00oo0oOoodveCcsoooo ooo
OCMZO0O0000000000000000O0O
0oooOooooooood]

MO00000000000 OO0OO000O0 Sgr A*
0 OCircumnuclear Disk (CND)O OO QO QOQOGOQO 2
oooboooboooboobooooooooooo
oooooooooooboO M-0.02-0.07, M-0.17-
0800000000000 CNDOOOOOOO
D0000000000000000 ORy 9100
oooooobooooboiooooooboobod
gbooobooooooboboooboooooobooo
gbooboooooooboooboobooooood
00000000 110kms~ 0000000000
goboooboboooobooooboboobobbog
ooOoooceNDOOOODOOOOooOooOoO (Large
Nuclear Disk; LND) 00O OO0 OO OOOOOUOLND
0000 20-60000000030-60kms™ 1000
0000000000 O0ooO LND(+CND)OOOoOo
gboobooooooboobooooboogoooon
O000oOooooooool2s

°
8

F—— —— o
foreground L

Ll

——
background |

oy

Galactic Latitude [degrees]
|
o
o

L
2

5pc

P | VR
0.00

P P B
—0.05 —0.10
Galactic Longitude [degrees]

P P
—0.05 —0.10
Galactic Longitude [degrees]

o
84

0 6.5.26: 00000000 OO00O00O0O0 (LND)OO
000000000000000000000000000000
x 00 Sgr A*0000

NRO45m OOO000D00O00O

coooOoooooooooooo
ooboobooooboooog
o000 (NRO)SmOOOOOOO
goooooboooobboooon

172

HCN, HCO' J=1-0 00 (90 GHz0 )OO O
0000000000 Si0000 J=1-0 (43
J=2-100 (87 GHz) 0O OO

OProto-Superbubble 000 [=13°00000
ooooooodoooooooooooooood
oOooooooo col2r+o001000000000O
O0000000000O0DDoOoO0Ood ONRO45m
oodjooooooooooooooooDoooog
oo0o0oooooooooooopoooooooo
000000 Dooooooooooooooo/

0000000000000 00D0O0D0000O0
000000000000 0000000OO0O0oOOo
0000000000 D000000O0O0O0D000n
00000 Sio0D000ooOooooooooon
000000 000000000 0O000000O0
000000000000 D0000D000000oo
0000000000000 0000000000
0000000000000 0D00D00000
0000000000000000000 (> 1052
erg) 00001073 2y 00000000 OO0O
0000000000000 0O00O0OOg 1080
0000000000000 D00D00OoOooo
O O [5][19]

gooo

(0D0OD)

[1] T. Hirota and S. Yamamoto, “Molecular Line Ob-
servations of Carbon-Chain-Rich Core L492”, ApJ,
646, 258-268 (2006).

T. Sakai, T. Oka, and S. Yamamoto, “Atomic Car-
bon in the AFGL 333 Cloud”, ApJ, 649, 268-279
(2006).

T. Oka, M. Nagai, K. Kamegai, & K. Tanaka, “A
CO J=3-2 Survey of the Galactic Center”, PASJ,
59, 15-24 (2007)

M. Nagai, K. Tanaka, K. Kamegai, & T. Oka,

“Physical Conditions of Molecular Gas in the
Galactic Center”, PASJ, 59, 25-32 (2007)

K. Tanaka, K. Kamegai, M. Nagai, & T. Oka,
“High Resolution Mappings of the L=1.3 deg Com-
plex in Molecular Lines : Discovery of a Proto-
Superbubble”, PASJ, 59, 323-334 (2007)

Sakai, N., Sakai, T., & Yamamoto, S. “Methyl For-
mate in the NGC2264 IRS1 Region”, ApJ, 660,
363 (2007)

Sakai, N., Ikeda, M., Morita, M., Sakai, T.,
Takano, S., Osamura, Y., & Yamamoto, S. “Pro-
duction Pathways of CCS and CCCS Inferred from
their *C Isotopic Species”, ApJ, in press (2007)

2l

B8l

4]

(6]

(7l

(ooo)

[8] Sakai, N., Sakai, T., & Yamamoto, S. “Complex
Organic Molecules in an Early Stage of Protostellar
Evolution”, Science with ALMA: a new era for As-
trophysics, Springer, Astrophysics and Space Sci-
ence (ApSS) Journa, in press (2007)



6. UOoooogd

6.6. DOOO OOO

[9] T. Oka, M. Nagai, K. Kamegai, & K. Tanaka, “A
Large-scale CO J=3-2 Survey of the Galactic Cen-
ter’, Journal of Physics: Conference Series, 54, 67-
71 (2006)

(ooo)

(10 0 00:000000000000M0000099,
190-196 (2006)

(ooo)

[11) 000D 00000000000 O0O0O0OO0DO Ces
ooooomooooon

ufufulufuln
(ooo)
oooo

[12] Sakai, N., Sakai, T., & Yamamoto, S. “Exploring
an Early Stage of Protostellar Evolution with Com-
plex Organic Molecules”, Complex Molecules in
Space: Present status and prospects with ALMA
(May 2006, Fuglsocentret, Denmark)

Sakai, N., Sakai, T., & Yamamoto, S. “Complex
Organic Molecules in an Early Stage of Protostel-
lar Evolution”, Science with ALMA: a new era for
Astrophysics (November 2006, Madrid, Spain)

T. Oka, M. Nagai, K. Kamegai, & K. Tanaka,
“ASTE Observations of the Galactic Center:
A Large-scale J=3-2 Survey”, Galactic Center
Workshop 2006: From the Center of the Milky
Way to Nearby Low-Luminosity Galactic Nuclei,
(Cologne, Germany, April, 2006)

T. Oka, M. Nagai, K. Kamegai, & K. Tanaka, “A
Large-scale CO J=3-2 Survey of the Galactic Cen-
ter”, Mapping the Galaxy and Nearby Galaxies
(Okinawa, Japan, June, 2006)

M. Nagai, T. Oka, S. Yamamoto, Y. Moriguchi, Y.
Fukui, & Y. Sekimoto, “A High-Velocity [CI] Wing
Emission toward the M17 Molecular Cloud’, Map-
ping the Galaxy and Nearby Galaxies (Okinawa,
Japan, June, 2006)

(13]

(14]

(15]

(16]

(ooo)

0000:000000000000000000
2006/90

o0 ooooooobob o.-0c0000oooood
000000000:NGC22640 000 HCOOCH3
000 M P20a

000000 000000 0oo0ooD:0000o0
O Central Molecular Zone D OO0 00000000
000000 OQ08a

ooooooooboooobo boboo oo-00000
0!=13°0000000000000M0Q0%

(17]

(18]

(19]

173

[200 00 000 OO00DOOODO0OOOD:00000
0 L =0.9° Anomaly 0 HCNOHCOt 0000 M
Qlla

[21] oo00oooooooooooboooooooOoo
0 OP. G. Ananthasubramanian00 000 0000 :
OHEBOOOODOOOOOOOOOOOOOOOOO
V25a

[22] OO0 DO0O0ODO O0OOODD O0OOD0O ODOO0OO0O OO
O 0ooo00 O0:0NbTINOOOOOCOOO00D
0000000 Va6e

[23) 0 OOOOO 0000 0O0OP. G. Ananthasubra-
manian(0 00 ODO000O0 O MHEBOOOOOO
oDO000 NpbOOOOOOOODOMV27b

0000:00000000000000002007/30

[24 00O DOCO0OO0 ODODDOO0O ODOOOO O: 0L1527
000000000000 HCCCccooonooon

O [ P40a

Uooob0o ooobobbbobo.-bbobboob
0Sgr A*DO0DODUO000O0D0O0OO0O00OOOOoOm
Q15a

00 00000 0000 00000 0000 000
00 0O:0'%ccsooa c*csoooa 2o/
00000 CCSOO000 (1)0Q28a

00 00000 0000 00000 0000 000
00 0O:0'%ccsooa c*csoooa 2o/
00000 CCSODO000 (2)1Q29b

ooooooooooooooooobooooooo
O: ONPTINOOOOOO0ODOOOO0 HEBOOO
000 0 V40a

[29 0 OO0O0OD ODO0ODO DOOO0O D000 OO O
OHEBOOOODOOOOOOOODOOMOV4la

(25]

(26]

27]

(28]

6.6 UUUOD OOO

OOooOoOooOo()oooooooooooooo
gbooobooboooooooooobooooo
Ooooo0oO0oooOoooOoOo@E)ooooooo

O00Oo0o0ooOoooOooooooooooB) oo
00000 (DoooOoooooooooooog)
gooboobooboboooooooboooboooog
O0o000@) D00o0oOoooooOoooooo
OoO0oooOoG)boooooooooooooo
gbooboobooboooobboooooooo
gboboooboooboooood
oobooooooboobooboooooooodg
goboboooooboboooooooboobao
00000 (alignment) 000 O0O0O0O0O0OOOO
000000000 (orientation) 00000000
uboooboooboboooooooooboog

toobooooooboooooooooooooag
booboooooboobooboobooooood



6.6. DOOO OOO

6. JOooooOd

6.6.1 0O0O0OOOOOODOOOOO0OOOO0

oboooooooboobod

uobooooboooboooooboog
ubooboooobooooooboogoooo
ubboobooooboobooooboooao

goo
goo
goo
uboboooboooboooobooobooboobog

goboobooobooooobobooooboooo
ooboobooooboooobooobooooo
gboboobobooooooooboooboooooao
gbooboooobooooooooboooooong
goboboooboooooooobooboooooon
goboboobdooooboobooboooobobooo
gbobooboooocoooboobooooon
00000LO0o000boooooooooooon
gbobooboooooboooooooooboooo
goooooooooooobobooboboooo
gooboooooooooooooobooogon
gboboboobooobooooboooooooon
uboboooooooobooooooo
gooooooooooooooobooooo
ubodobdodo 1b0bod0oo 3gbogobooo
bbocoooobobooooobobooooooooon
goboooooboooooooobooboooond
ooobooooooooooooooboooao
ubobooboooooooobboooboooboobooo
uboboooooooobooooboooooooon
gobooooooobobooboooooooog
gboobooooooboooooboooboooood
gbobooooooooooooooobooooon
uboooobooboobooooobooobooood
goboboooooobooooboooooog
utoboboooooobooobooboooooon

000000000 O00000 fieldfree00000O
gbooobooooooobooooboooobooon
obobOobooboboooooobooobooo
gobooboobooboobooooooooooon
oooooooo 1booooooon
ooooooooooo (b0kV/em O
ooooooooboboooood
O goooooboooooon
O
O
O

goo
ooo
goo
ogo

ooOoono
OooOOoo
[

O
O
O
O
000o0oooooo
O00o0oooooo O0o0o0oooooo
00 O OSchrédinger 0 0 O O Crank-Nicholson O O
O0000o00o0o0O0OO0OO0O0O0O0OO00000O00Oon

goboobooooboobooobooooooaooo
000000o0o0ooooooooo (O 6.6.270

O
goo
go o
god
ggo
god
ggo

goobooobooboooobooboooooobooon
gbooobooooooboooooooboboooon
gboobogsbobobboooobooobonog
goobooobbooobooboooboooooooogd
boboooooooooooooooogoon 1o
uboboobobobooboooooboooboooog
gobooooboooobooboooooooooao
gooooooobobooobb ocooooooon

1= 4x10% W/em?

T=1K
(b) T=2kK
T=3K

7= 1x1012 W/ecm?
T=1K

0.6

(a)
05

==
TR
BN
XXX X
o
o
(<]
XX

0.4

0.3

0.2

<<cos § >>

0.1

0.0

-0.1

20 40 60 80 100
Time [ps]

0 20 40 60 80 100 0
Time [ps]

06627 ()0 0000000000 0OOOOOO
gbooooooobooboooboobooooooao
uoboooooooobooooboboooooog
00000000000 o(00oooooooo
uoboboooboobobooobooooogoooo
0 (00000 4000000000000000
OOooooOooooooooooogocsoon
0000000000 5kV/emOOOO

gobooobooooboboboooobooooooon
goooo

gobogooooooooobooboobooooooon
goooooobooboboobboobobooboooo
0000000000000 0O0oODog Nd:YAG
00000000 (D0 A=1064nm) 000000
Timsapphire 0 0000 (0O A~ 800 nm) OO0
gooobooooooboooooboobooogoooo
O00O0ODO0OO0OD0O0O0D0OO0OOdT Tissapphired OO0
00000000 108 W/em?2 000000000
gobooboboobobooobooooooboo
O0o00O0O0oDO0Od N:YAGOODODODOoGood
gooooooboobbooobooboooooooon
OO00o0oooooooooOon0O YAGOOOOO
googboooooobooobooboooogobogo
gbobogooooooooooooooobooooboo
goooboooooobooooooooooo
gogoobooooobooboboooooboooon

bboobooooooooooboooooooon
gbooboooobooboobooooobooooog
goobooooboobobooooooooooo
gbooboooboooooooobobooobood
gbooooobooooooooboobooboo
gbooobooooooooo

ubobobooboooooobooooooooboaoo
0000000000000 o(@)ooooUoo
bobobOobooobooooobooooog
goobooboocobogoon



6. UOoooogd

6.6. DOOO OOO

6.6.2 0O0O00O0ODOOOOOOOODOOOO
oobooboobboboob

goboooboooboboooboooboooooon
gbobooooooooooooooboooobooon
oo0oooooDooooooooo Xooooo
oooboboooobooboooobooooo

goboooboogo 1990u00o00boo0o0boaod
gbooobooboooooboooboooooooao
ubooooboooobooobo obooboobooood
gobooboooooboboooooooobonog
O N, 000000 Ar)J000D0000ODO0OO
gbooobooooooboobooooaoo
uboooobooobooobooboooboooon
gbooooobooooooooooooooooo
gboooooboooboooboobooooobooon
gbooobooooooooboobbooboboooon
gbobooobooboooooobooooonog

gobooooooooooboooooboobooooog

ooooooooooboO0oboOoooDO 10KO
gobooooooobooooboboobooog
gooobobooooobooooooboooboooon
obobooboobooooooooooooooo

gooaoo

gobooooboo gbooooood

gooboao
goooo

goboooocoooon gooooooon
dooooooooooooooboooobooo
ubooooooboOooooboobobboooooo

Jo0o00o0oooO0ooooooooooooaon
0d0o0o0o0o0o0ooo0o0Oooooooogoooon
doo00o0o0odoooO0OoooooooOooooon
0o000000o0ooooooooooogoooo
00o00000o00o0ogooooooooooog
00000 CO, 00000 destructive interference
0000000000 odoooooogooog

0000000000 (Ng, O, 000 CO2) OO
toobooooooooobobooobooboooon
uboooboooobooboooooooooooboog
ubooobooooobobooboobooooooood
goboooooboooooobooboooooonod
gboooobooooboooboobooooooo

O000000O00oooOooooooOooooboooaa
O00000000000000o00oono
000 destructive interference 0 0O O O
Oo0o0ooOoooobooooooooao
ON, OODO 3100000000000
O00000O0o00o0oooooOooooon
O00e~0)000000O0O00O00OO
O0o0oooooooon

00000000000 O00Ooo0ooooooan
000 1960000000 000000000O00O000
000000000000 0000O0oO0o0o0oOoaa
O (fs=10_15|])DDDDDDDDDDDDDDD
00000000 O0ooooooooooooaoa
O00000o0oo0o0ooooo0oooobooboooo o
0000000000000 00000 100000
(as=10_18|])DDDDDDDDDDDDDDDD
00000 O000ooooooooooboooooa

goooo
goood
googn
goood
goooo

(

175

uoboooboobobobooooooood
gbobooobooboboooobooooood
goooooboooboooboooooooon
gbobooooooobooooobbooooooon
gooooboboooboooooooooooo
bodooboboooooooboooooooo
goboooooobooboooooboooooboooooo

goobooooobobooobooooooboobonog
goboobooooogon
booooooobooobooboooboooood
gobooboocobooooboooboooboboooa
gboboboobooobooooboooooooon
gobobooooooooooooooooogoon
goobobooboooooboooooboooon
gbooooooooobobooooooooooon
uobboooboboooooboooooooog
gboboooooobooooboooboobooobooboooo
ooODooooooooooooooOono Np0OOoO

HOMOO 10000000000 O0O0OOOOOO
LewensteinOO ODOOO0O0ODOOOO0ODOOO

oboooooooboooboooooooooo
gboooboooooboboooobboooobooon
goboooooboooobooooobooooooo
goboobooooooooobooobooooog
goooooooobooobooobobooooboonog

0000000o0o0ooO (CEp)oUoooooon
ubobooobooobooooboooooooao
gooooboooo

6.6.3 0OU00O0OOO0O0ODOOOOOOOO
obooboboboobobogd

0000000000000000000000
000000000000000000000000
000000000000 000000O00000
00000000000 D00000O0O0O0O
00000000000000000000
00000000000000000000
000000000000000000000000
0000000000000 00000
0000000000000 0O00O00
000000000000000000
000000000000000000
0D000000000000000000
000000000000000000000
€O, 0000000 (~7x 10" W/em?) 0O O
00000000000000000000000
00 (~4 x 10 W/em?) 00000000000
000006628000000000000000
0000000000000 cojocosztonnn
Ct00000D000000000000000 CO,
000000 (cos?6op) 000000000000
00 COyO0 CtO0D00000O0DODOOOD
00000000000000000000000
0000000000000 00000000000
0oDoCco3*000000000D00oDnooonn

ogo
ggo
goo

O
O
O

[ V)

oood
ogood
ooocC
goooo
oood



6.6. DOOO OOO

6. JOooooOd

Pump-probe delay t/ ps

0 6628 000000000000000000
00000000000000000000000
000000000000000000000000
0000000000000000 CO,00000
0 (cos?6,p) 00000000

gbooobOoooooboooooboooooooo
goboobooooboobobooooooo CO§+I:I
ooboboobooboobobobooboooooooo
goboooboobobooooboooooboooonog
gboboodoooobboooooooboobonog

00000 oo0o0ooooooooooooooon
doodooooOoO00o0o0oooooooooooa
0000000000 enhanced ionizationOd O OO
0d0odoooo0oooooooooooooa
oo0oooooooooa

gooooogon
obooboood
goboooood
gooooood

[ o
o
ood
[ o
OoOo
Oogd

goaoo
goooo
goood
goaoo

OOooOoog
Oooog
Oooono

6.6.4 1300 nmO0000000 Hy/Dy
ooboboooboobbobobn
oooooo

OO0 Baker 00 OH, ODODOODOOOOODODO Do
gbobobooooooooobobooooooao
OooOO0O0O0oO00O0O000000D000H20 Dy
gbooooboooooboooobooobonog
O0OO0000000000000000 Ti:sapphire
oooooooobooooooDoonO 7 omO0O0

gboooboooooooooobbooob 1000
ubooooooooboooolpemOOOOOOO
bboobooboooooobooobbooooo
gooboooooooooooooboooooono
gboboobooooooboboobooooboooboooo
gooboobooooooboooooooood
uoboooooboboooogoon

OO000O00000000000 0 Ti:sapphire

176

uoooooobooonb 800nmO0O0
uooooobooooboooooooo
OnmO000000OH, 000 D, 0000
ubobooooboobooobooooooo
uooooobooooboooogooboo
uboooboodno 1300nmO00000
U80nmOO00O000000
goboooooboooon
00nmO0O000

OO

3

o

OodoooooogOood
Ooooooooodgdoo
Ooooooooooooo
OOoUdoooboo-0a0
OoUbogOoodoo
OooOoogooo

8
O
oo
oo
go

O
O
O
O
Oood

oooooooooo
oooooooboooooa
oooooooooooooa

ooooooooooooooa
O Kassel 0 00 Manfred Lein O O

oo
gao
goo
goo
ooo
goo
god

OO

6.6.5 4000000

ooo

0000000000000000000000
00000000000000000000000
000 #0000 Ocos?00000(cos20) 0000

00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000 2000000000
000000000000000000 O(cos?6)0
000 (cos?fyp) (Gp0 #00D00O0D0000O)DO
00000000000000000000000

oobooaooooon
uboooooobooobooobooboooood

uboooooooboooooooboboobogoooo

uobooOobbooobooooooooooboogon

goooooogboooboooboboooooooo
goooooooooobobobooooboooobo
00000000000 (cos?0) 0000 {cos? fop)
goboooboooboboboooooooboobooonbo
goboboooooooooboboooooobooo
gooooooboobooobooobooooooboo
OO00oobooOooDOoooOooooboOOdd ONg
000 O, 0000000 0oDoooooooon
goobooogoobboobobboobobogz2on
gooooboobooobbooooooobooboboobo o
goooooboooboood
goo
gbooboboogooooobooooboboobo
goooooooooooooooooboooo
gobooobgobooooooooooooooo
gooooooobobobobobbooooboboboo
googbooboogoboobobooobooooooo



6. JOOoOoa 6.6. DOOO OOO
gooooooooooooooooooOonooan (cooo)

0000000000 A/400000000O00O0

OoOoooo0oO0ooOooDoooooonon [6] Takayuki Suzuki, Yu Sugawara, Shinichirou
O0000O0O00DO0DOooDooooon )\/4 00 Minemoto, and Hirofumi Sakai, “Optimal control
00000COo,0000000000000000 of molecular alignment with the feedback of ion
0000000000000 ooooooooon images,” to appear in Ultrafast Phenomena XV,
O0000000O0O0O0ODO0DOOooOooooon Springer, P. Corkum, D. Jonas, D. Miller, and A.
Oooo0ooD0O00O0DOoOO0OoOoOoOoooo M. Weiner (Eds.) (2007).
00oO0obOO00OO0O00O0ooo /400000000 [6] Tsuneto Kanai, Shinichirou Minemoto, and Hiro-
ooooooooooooooooooooood fumi Sakai, “Basis for ultrafast imaging of molecu-
ooooooo lar orbitals with high-order harmonic generation,”

gobe6.1000000000000000O00OOC
0000 Nd:YAGOOOOOOOOOOOOoOOOO
goboooooboboooboooooboooog
goboooooooboooooboboooobboon

gbooooooooobooooboooooboooo
gbooooooooobooooboboooboooog
goooooooboooeselb0bOObOOOOOOO
toooooooooobooboobooobogooo
gbooooboooooo

6.6.6 00O

uoboooobo20000000o0000 10
gob2000000000000040b00000a0
oooooooooobooo4000000000
gbooooOoobooobooboooooboooooon
oomuoobooooobooooooooooo
gobooobooogoo

goooooboooooobooobobooooaond
000 S)MoooooooooU0ooooooo
O0oOo@ooooooOoooO)boooooooo
gooboogoocoooooo

oooo

(1] 000000230 (00 1800)00000000
20070 20.

oooo

(ooo)

[2] Yutaka Nomura, Tsuneto Kanai, Shinichirou
Minemoto, and Hirofumi Sakai, “Efficient genera-
tion of high-order sum and difference frequencies
in the xuv region by combining a weak longer-
wavelength field,” Phys. Rev. A 75, 041801(R) (4
pages) (2007).

Shinichirou Minemoto and Hirofumi Sakai,
“Anomalous angular distribution of fragment ions
from rare-gas diatomic molecules with intense,
femtosecond, near-infrared laser pulses,” Phys.
Rev. A 75, 033413 (6 pages) (2007).

Tsuneto Kanai, Shinichirou Minemoto, and Hiro-
fumi Sakai, “Ellipticity dependence of high-order
harmonic generation from aligned molecules,”
Phys. Rev. Lett. 98, 053002 (4 pages) (2007).

B8l

177

to appear in Ultrafast Phenomena XV, Springer,
P. Corkum, D. Jonas, D. Miller, and A. M. Weiner
(Eds.) (2007).

(0o)

[7] Hirofumi Sakai, “Molecular manipulation tech-
niques and their applications,” to appear in
Advances in Multi-Photon Processes and Spec-
troscopy, Vol. 15, (20 pages) World Scientific
(2007).

(ooo)

g 0000mMDOO0ODO0D0OD0O0ODOOO0ODOOOOO
O000mMmOoO0oUo0oooel, 263-267 (2006).

[0 0000MOO00D000000000000000
003000000M00000000013, 33-35
(2006).

(ooo)

[10] Tomoyuki Horikiri, “Development of a heralded
photon source with the advantage of multiphoton
reduction for improved quantum key distribution,”
Doctor’s thesis, March 2007.

11 00D WO00O000000O0O0DO0O0O0OoDoOO
oooomoooooz2o0070O 30.

[12] D0DODO0OO0DmMOOOODODOOOOOOOODOOOO
ooooooomoooonbz2o007O 30.

00oooo
(ooo)
oooo

[13] Hirofumi Sakai, “Molecular manipulation tech-
niques and their applications,” International con-
ference on many particle spectroscopy of atoms,
molecules, clusters, and surfaces, Rome, Italy, June
2006.

[14] Hirofumi Sakai, “Quantum interference in the re-
combination process of high-order harmonic gener-
ation from aligned molecules,” Ultra-Fast Dynamic

Imaging Workshop, London, U.K., April 2006.

oooo



6.6. DOOO OOO

6. JOooooOd

[15] Takayuki Suzuki, Yu Sugawara, Shinichirou
Minemoto, and Hirofumi Sakai, “Optimal control
of molecular alignment with the feedback of ion
images,” The Fifteenth International Conference
on Ultrafast Phenomena, Pacific Grove, California,
U.S.A., August 2006.

Tsuneto Kanai, Shinichirou Minemoto, and Hiro-
fumi Sakai, “Basis for ultrafast imaging of molecu-
lar orbitals with high-order harmonic generation,”
The Fifteenth International Conference on Ultra-
fast Phenomena, Pacific Grove, California, U.S.A.,
August 2006.

(16]

[17] Tomoyuki Horikiri, Yuishi Takeno, Atsushi
Yabushita, = Haibo Wang, and Takayoshi
Kobayashi, “Quantum key distribution with

a heralded single photon source and a photon
number resolving detector,” Conference on Lasers
& Electro-Optics/Quantum Electronics and laser
Science Conference 2007, Long Beach, California,
U.S.A., May 2006.

(ooo)
oooo

(18] 000 mMOOOD0O0LO0O0LO0OLOOOOOOO
ooOoobo0o0oo0omobo 400000000000D0
coobooomoooboooboooogz2oeo7o 3
o.

(19 0000mO0O0O000O0D00O0O0O0ODOODMmO
ooooooooobooboooooboboboooooon
oooooobooboooooooooooo2006d 9
o.

200 00DO00MOU0OO0DOD0O0OODOOODOOOODOD
ooboooobomoooooooooooooog
OO00o0oooooObo0o0obo0omoonon0ooon2006
os50.

oooo

[21] DDODO0OODO0OOO0ODOODOODOmMOODOOOO
oooooooobooooobOOoboO00oo20070O
(00 190)0000 4000000000000
O0ooooooooooboobooo2o0070O 30.

coooooboooooOoooOoOOmOboboOooooD
coooooooboOoOoooooooooonO2o007
0 ((00190)0000 5400000000000
ooooooooboooobooboOooono2o0070o 30.

cooooooomoooobooooobODoOODD
00000000 o0ooooooooo20070 (O
0190)0000 s400000000000000
oooooooooooooooz2o007O 30.

cooooooomoooobooooobODoOODD
oooooooobooooboobooooomooog
OO0 200700000000000020070 30.

oooodooooooooooooooooooo
mooooooooobooooooobbobooooo
oOoooooooobooooOooOddnod2006d
(00 18O)0O0OO67O0DOOODOODOOOOO
goboooooobobooobOonoDb2o0060 80.

(22]

178

[26) D0DODODOOD0OOO0ODOODmMOOOODOOOOO
oooooooooooobbooooboOobooOoOoOoom
20060 (OO 180)0000670000O0O0OOODO
oooooboooooooobboboooono2006
os8no.

oobooo

27 OO0 00DDO00O00000OO00O0OOoOOoooo
00000000 (Molecular manipulation with an
intense laser field and quantum control with pulse
shaping techniques) 00 0000000000000

O00D0OC0OoOUUOo0ooOooooomOg 14~17
ooooo.

[28] Yutaka Nomura, Tsuneto Kanai, Shinichirou
Minemoto, and Hirofumi Sakai, “Efficient genera-
tion of high-order sum and difference frequencies
in the xuv region by combining a weak longer-
wavelength field,” Virtual Journal of Ultrafast Sci-

ence, Vol. 6, No. 5 (2007).

Shinichirou Minemoto Sakai,
“Anomalous angular distribution of fragment ions
from rare-gas diatomic molecules with intense,
femtosecond, near-infrared laser pulses,” Virtual
Journal of Ultrafast Science, Vol. 6, No. 4 (2007).

and Hirofumi

[30] Tsuneto Kanai, Shinichirou Minemoto, and Hiro-
fumi Sakai, “Ellipticity dependence of high-order
harmonic generation from aligned molecules,” Vir-
tual Journal of Ultrafast Science, Vol. 6, No. 3

(2007).



7 oood

7.1 O0uogodd
uobooboobooboboooboobooboooon
gboboobooobooooboooobooooobooooo
00000000000 o(l)oooooooooo
00000000000 0o0O(@)uoooouoo
gooooboobooobobooboboooooog

000@3)00ooooooooooooooooo
gboobooooboooooooobooooooo
gooooo

oo 19oooboooboboooobooboobooooon
bbooooooobooobooboobooooood
gobooboooboobooooooooobooooo
gbooooobobooobooboboooogd

711 000000000O00O000000
ooobogog

ubobobooobooobooboboooooood
uboboobooobooobooboboboobOooooa
gobobooooooboooooogboooon
gboobooboooboobobooooooooboooon
ooooooboobooooobobbobooog
gbboooooooboooooboobooooon
oooooooMGOOOOOOOOOOOOOOO
booooboooooooooboooooboooboog
gooooboooooboooooobooooooo
gbobooooooooooooboboooooodg
goboooboooboooooboOoooboooon
gboooobboooooooboooooooo
gbobobOooooooboooboobobooaon
gobobooboooboooocoobooooooo
gobobobobooocobooooboooboooboog
gbobboboooooooooooooaooooo
gboooboobooobooooooboobooooon
gboooooboooboooobobooboooobooon
goboooood

Ut cOO0OOOO0OOOOOOOOOOODOOO
ooooOO0oNOOOOOODOOOO

—~

oooooooooon)
obooooboobood
goooooooooo

OO

O

uboooboobooono c0boooooooog
boooobooobboboooboooooooon
gboboooooboboobbobooboobooood
ONOOODOODOODODOOOODODD MetOO
gobobooooooboooooboooooooog
gboobooooooooboobooooobogooo
gboodoooooooboooooboooooo
ooooooDO0ooooOoobO NODOOoooooo

ooOoooOoOoOoOoOoOoO0oOOOO0O0O0000 AEl
ooobboooboooooooooooooog
oo0ooooooOoO0oO0oOooooOoAELIOO
obooooboboobo «ooboooon
booooooooobooooooooo

obooooboogon
0000 Ca?t 00
goooooooo
oooooooog
oocCb)ooooo
uboooooogo
glioboooboooobooobobobooobod
ooOooo cbooooooooNOOOOooOoO
uboobooooooboooooboooooboo
gbooobooboboooobbooooboooon

ooOoboOooodo
Oooogdoooo
I:II:II:II:II:II:IDzIZI

O
O
O
O

OIxOOOODOOOooOooooooooooooooo

179

ooooo
020Ca2t0 ¢000000 Ca2t000000
0000000C0ONOOOOOOOOOOOO000
«0000000000000000000000
00000Ig0000000000000000IxO
000000000000+ 0000000000
00000000000000000000
0300000 ¢00000000O000O00N
00000000000000000000000
00000000000000000000000
0000000000000000000
040AEI 00000000000 OOOO0OO
000000000000000000000000
0000 «000000000000000000
00000000000000000000000
00ooooo

NMRUOOOODO «0-000O0O0O0OCDOOOODODO
goboooooo

(0oooooo)

00000000 (erLA)DODOO0OO0 12300
gbooboboboobooboooboooooood
00000000000 O00doo0d0e-LADD
0000000000 MG)UDOoODOOOooooo
gbobobooboooobooooobboooooooog
00000 «LA(GLA)O ¢ 00O00O0OO0DOOOO
gbooboooobooooboooooooooboooo
o-LAODODOOOODOOOCCOOOOCOOOO
000 GLAOOOOOO0OO0O0O0O0OO0OGLAD

0000 MGOOOOOOOO/000 (H/D)
000 NMROOOOOOOGLAOOODOOO



v.1. 0OO0Oao

. goao

goobboooocoobooboobooooooboo

gooooood
000000000000BNODODOO GLAOO

00 00o0ooOb,00000000 GLAO HSQC

00000000000 0ooo0o H/DOOOOO
gooooooo coooooooooooooo
gooboooooobobooooboboooooo
OoooMGOOOOOOH/DOODOODOOOO
ooMGOOOOOOOcoooooOoOooOooo
oOo0oo0o0oooDobO0o0 ¢o0OD0OO00OO0ODDO
gbooooobooooboooooooooboooo
gooooooobogoo

uboboooobooobooboboobooooogd
oooooobooooon

gboooooooooo
obomooooooom

good

Ca?* 000000000000 Ca2t 0000
dboooobooooooobobooooboooon
goooobooooobooooooobooboooon
ooooOooo ccboooooooooooooo
gobobooooooooboobooboooao
gbooooooobooboooobooobooooooo
cboooooooooooooooooooooo

guvudbocboooooooooooooooooo
O00O0o0o0O0ooOoOooooooooO (Is)oOo
ooooooooboooboooooolgooooDoon

0000000000000000000Ig0 Ca2t
gboobooobooboooobooobooooooog
OO0 g0 UO0O00O00O0O0ODOOOOODOODO
ooooooooooooMGOOOO UOOOO
ooooooooOooooooooOoob IsboO
oo0oMGOOOOOOOOOOOOOOOOOO
bbooogooooooboooobooooobooao
ocoMGOOOOOOOOOOOOOOOOOOO
gogo
goodoooobooooobooobooboooon
gboooooooobooobooobooooobooo
gboooooooboobooobbooobooooon
uboobooooboobooooooooogoooo
boobooodoboooooooooooooon
O0o00oo0ooooGdmHCIOOOOOOOO
goobooooooobooobooboboooon
uboooobooboooboooooooaoao
ubooboooooboooooooooooogd
gbooooobooboooooooboooao
gboooobooooooooooooo
ooboobobooooodgd mgu Omyy O
goboooobooooooooobooooooon

00000 mOO0OO00O0O00000O0O0O000
0000000000000000 UO000 MG
0000000000 NOOOOODOOODO0O0O0
00000000000000000000
Ca2* 00000 ¢000000000-0.1500
0000000000000000000 Ca2t O

gooooooobobboobooobooboobobooooag
gbooobooboobobooobobOOoboon «0d
ooooooobDbobDeOD0 OG0 0000000
0000 Ca2f000000000000000D0
gboobooboooobooboobooooooood
gbooooobobooboboooooooboog
gooobboooobooooboooobooooooo
gobboooooboooboobooooooooog
oboobobOooooboobooooobooog
goooo

ubooobOooooooooooooobooooao
gboboobobooobobooooooooog

(0ooo)

0000000000000 0OO (SNase; 1490
0)0oooooU0oOOooOoooooOoooooo
OO000000OSNaseD OO OOOOOOOOOO
O000000000000000O00000 SNase

0 P11A/P31A/P42A/P47T/P56A/P117G I 000

gobobobooooboboobooooooooo
00000000000 SNaseOOOOOOOOO
ubboobooooooooooooooooooo
OoooOoooOo (NMR)DOOOOOODOOOOO

gbooooboooooooooboooooboog
ooooooooo(y) g-oo00ooo I, oo v
Oop-00000 1I0IvoQ OO000 H1OH2
OO0 H3OOOOOOOOO (2 00o0o0OO
gbobooooboooooon gooooood
gboooooboooboboobooboooooooon

a-0
oo
oo

0 (Ch)oo000oo0ooooo0ooUoooo
000000000 1-2keal/mol 00000000
gbobooobobooobooooooooooboooon
000000 0O0OooooooOooogon HSsQCcO
gboobooboooooooobooobooboon
oooOoOoOoOoOoooHsQCcOOoOoOoooooo
boboooodoobobooooboooobooooo
ooogoooobooobooooboboooood
gbobooooboooobooboboobooobooooo
ggbobooobooooooboooooad

gbobboooooooooboboboooooood
goooooooon

)yooooo)

(o (@@

OO0O0O0000 SNase 00O OO SNasePro-0O
ddoooooooooooooooooo
o0oooooooooooOooooooa
0000000 ooooooooobooooonoa
OO0 SNaseUOOOOOOOOOOOOOOOO
000000000000 0SNasePro-0 00 oo
00 0 0V66LOG88VIVE6L/G88VIAGIT I O T
0000oo0oO0ooooono s0b0000000aoo
0000000 SNaseOOOOOOOOooOoOOOO
00000000000O0000000 SNasePro-

g
oo
oo



. gpoao

v.1. 00000

0O ASOO0O0O0O0O00O0O0O0O0O0O000O0
gbobooooobooobobobooooboooboooo
goopoooooooO0Oo Ccbogooooooon
OOoOoooAYSOOOOOOOOOCOOOOOOn
gooboobOoooboooooooooooooon
gbobooo1oooooboobooooooobooo
gbobboooobooooooboooooboooo
oooodgsgobogon ooooo40000
goooooboood oooooobood
gooooooooo O0OSNaseO OOOO
oooooooood gbooooocoooon
gooboooooooon gooooooooo
OOO0OO0O0O0OSNaseO O gboooooooaoo
goooooooooboobooooooaoooo
gbobooboobooooooooobooon
goooooooboooooobooobboooon
goood

OooOodo
OooOoodo

O
O
O
O
O
O
oo
oo
oo

GroELODOODOODOO0OOO0SRIOOOOODOO
goooooooooooooo

OO0oo0omOoOooo: 00000 (boooo
0)ooooooo

GroELOOOOOOODOOOOODOOOOOOO

gbooobooooooooooboooooooon
ooooobobooooooboobobooooooon
Oo0O0o0ooO00oOo0oooooooOo0OdGroELOO
gboobooooooboobooboobooboooooon
oooooOOooOo00oOo0oo0oO0On GroELO
OooosRiOooOogooooOooooooogo
goooooOooooooOoOoOooooOoOOOSRI
goboooooooooboooooooooogd
OO0 ATPOOOOOODOOOOOOOOOOOO
gboooooboooboooooooooooboao
O0O0O00000o0 GroELOOOOOOOODODODO
ATPOOODOOOO ATPOOOOOCOCOOOO

O000o00oOO0oOO0oooooooOooog ATPOO
Ooo00oo000ooooo ADPOOOOOODO
OOooOoOoOoSR10000000000O0 ATPO
bobooooooboboooobobooooboooog
o000 ATPOOOOOOOOOOOO0OOOO

gobobooobooobooooooboooboooo
ATPpOO00O0O0O00OCOOCOOOOOQOGroELOO
gbooooooobooboboooobooboooood
ooo0O0OO0000ooooDOo0OWalkerO OO
doooooooooboobooboooooo
OO0o0O0oOO00oO0O0oO00oO0oOod GroEL
gobooboobobooOooooobobooobood
000000000 GroELODODOO ATPOODOO
ooooooooooo ATPOOOOCOOOODOO
gogo

uooooooooooooooooooobooo
OOooOoooooooOo ATPOOOCOOOCODOODO
gooooood

181

boooooobooobobooooooboboooao
b0 oboooooooobogoo

(000OooOooo)

oooboooooboobooooooooo
gbobooboooooobooobooboogobao
gboobooobobobooooobooooog oo
AOTOOOOODOOOOOODOO0OO0O0OOO0
000000000000 SNase(Pro-)A69T:A69T
ooooOooooOO0o0ooobO0oOoOoODnD Trpl4oO
gboboboooooobooobooboboooooo

GroELOOO0O0O0O A69TDO phasel, 230000
00000000000 0.90s™ %, 045571, 0.03s710
0o0ooooodooooooooogoooood
O000oo0oOo0oooooooooooooooo
OO00000GroELOOOONO A6G9TO phasel’, 27,
xO0O0O00D0D00D0D000000000.01s7Y,0.03
s~h,40s7'000000000000DO0DODOO0ODO
000000000000 0ODO phasel’,2?0000O
Oo000O0D0o0ooooGroELOOOOODODOO
OO00oO0OO00oDDO GreELOOOODODOOOODODO
oo0ooopoooooOodpoooopooooooo
0000000 GroELO AGYTOOODODODOOO
OO000000o0oDoooooooDOooGroELOOO
000 Ophasel 000000 phasel’d Ophase2 O
00000 phase2’ 0000000 DOOOOODOO
OO0 GroELO AT OOOOOOOOOOODOO
goooooooogoooo

0000 OGroEL/ATPOOOOO GroEL/GroES
JATPOO0O0O0 AOTOOOOOOOOOOOO
OO00000Oooooo AeTODDOOODOODODO
O GroELOODOOOOODOODOOOOOOOOO
0 OGroEL/GroES/ATPO U000 A69TOOODO
000000 GroELOODODOO AT OOODODO
0000000000 ooooood GroELDO
OD0 AT ODOOOOOOO phasel OO
gboobgbboboobobooobooboobo
g

O
O
O

gd
goo
goo
goo

7.1.2 00D0ODOO0OOO0OO0OOOOOOO0OO0
obogboboooboooon
oooognd

gbooooobbooobooobooooooood
gooooooooooboooobobooboboooon
oooooooOoooooooooooooebod
oooooooxXooooooboooboooooo
gboboobooooboooooboooooooo
gbooooboooooboobooboobooooood
gooooooooboobobooooooooooon
goobooboooooboobooooooooooon
uoboboooboooooooooboobooood

gbobobOoboooooooooooooooo
gboooobooobboobobobooooood
gbobooooobooobooboobobooog
ubboooooboobooboobooooooooo



v.1. 0OO0Oao

. goao

gooobobooooobooobooooooo
goboobooooooooooooooaoo
ooooMbOOOOooOoooDoooooooo
gbooooooooobooboooooooooo
uoboobobooooooboobooboooooooo
goboooobooobobooobbooooooonog
ubooodooooooobooboobooooboooboon
ggooobooobogoon

oo
gd
go

bbooooobOooboboboobuobobebOO
gboocoooboooooooooooooogoo
googoo

(000000 D0ooOooooDomooooo
O000oooOmooooooooOoooooon)

tboooboooboboooboobooooooo

ooooooooMDOOOOOOODODOOOOOO

uboooobooooboboobooooooooo
gboboobooooobooooooooboobogon
ubooooooobooooooooooooooo
uboooboboobooooboobobooooboo
dodoooooooobooooboobobooobood
goooo

oooooooobb «O0oboboogoodg
Oo0O0o0O0ooooooooboooDboOo498KOOO
gboobooooooooogbsnsdoboooon
gbobO 1oooooboooooobobobooobogoo

gboboboobooboooooooooooooo
goboobooooooooooobooooooog
gobobooooooooooooooooooao
goboooboobboooooooooobo oo
gboobooboooooobooooboooooboog
gooooboooobbooooboooooan
gbooooboobooobobooooobobooooaoon
goboooboooooobooboobooooooao
gbobooboobOobooooboooooboog
gbobooooooobooooooobooooboog
gooodoboooooooooooooobooooon

ooboooooooooobooooooogooo

ooboboooooobooooboooboogo
goboboooobobooboobooooooaoobao
goboooobooobboooooobobaoon

gbOoooobooooooobobooobobooobogoon
gobooobooobobooobooboobood
ubooooboooooobooboooooooboon
000 0000000 (2004) J. Mol. Biol. 341,

589-604.00 0 0000000000000 O000
O0000000000000000000000
O0000000mMO0000000o0ooooog
D00MO0O0O00000000000000000
oooo
(ooo)

[1] S. Enoki, K. Maki, T. Inobe, K. Takahashi, K. Ka-
magata, T. Oroguchi, H. Nakatani, K. Tomoyori
& K. Kuwajima: The Equilibrium unfolding inter-
mediate observed at pH 4 and its relationship with

182

the kinetic folding intermediates in green fluores-
cent protein. J. Mol. Biol. (2006) 361, 969-982.

A. Kato, K. Maki, T. Ebina, K. Kuwajima, K.
Soda & Y. Kuroda: Mutational analysis of protein
solubility enhancement using short peptide tags.
Biopolymers (2007) 85, 12-18.

H. Nakatani, K. Maki, K. Saeki, T. Aizawa, M.
Demura, K. Kawano, S. Tomoda & K. Kuwajima:
Equilibrium and Kinetics of the Folding and Un-
folding of Canine Milk Lysozyme. Biochemistry
(2007) 46, 5238-5251.

2l

B8l

(ooo)

[4] K. Kuwajima, T. Inobe & M. Arai: The al-
losteric transition of the chaperonin GroEL from
Escherichia coli as studied by solution X-ray scat-
tering. Macromol. Res. (2006) 14, 166-172.

(ooo)

[5) 0000000000000000D00000000
00000D00D00000000D00000 (2006)
46(3), 144-149.

[6() 000000000000 MOD00000000
00D00D0DD00000000D000000mMOn
00 (2007) 200 62-65.

[7] 000000000000 D0ODOOODOOOOOOD
000 0O(2007) 55, 28-29.

(ooo)

[8] 000 OO Experimental and simulation studies on
the folding/unfolding of goat a-lactalbumin O O
gogd

ooobdod o0goboobobooooboooogd
gbooooOoocoNOOOOoDOOOOODbOD
gooo

00000 Equilibrium and kinetics of the folding
and unfolding of canine milk lysozyme.J 00 00O
oobooom

[11) OO0O0DO0O00O00DO0OO0LOO0ODO0LO0O0OoOoOn
gboboodooooooooooboboooon

[12] O0DODOOODOODODOOODODDOODOOOOODOOOD
gooooooooodobboooboodgd

(9]

(10]

(00)

(13 0000000000000 0D0O00Dm OO
gboooooooooooobooooooono bog
goomooooD

[14) OOO0000O0DO0O0O00D0O0ODOOODDOO0OOODOO
gbooomoooOooobooooOooOmonoooon
oo oooooobOb0 OobobooobOmooooon

0ooooo
(ooo)
oooo



7.

oood

v.1. 00000

(15]

(16]

(17]

(18]

(19]

(20]

23]

K. Takahashi, T. Inobe, K. Maki, K. Kamagata,
S. Enoki & K. Kuwajima: Asymmetric GroEL-
GroES complex observed by small-angle X-ray
scattering under phyciological conditions. XIIT In-
ternational Conference on Small-angle Scattering
(Kyoto, Japan, July 9-13, 2006) (Poster).

K. Takahashi, K. Kinoshita, K. Maki & K. Kuwa-
jima: Search for the second ATP binding site in the
Escherichia coli chaperonin GroEL. The Protein
Society 20th Symposium (San Diego, CA, U.S.A,
August 5-9, 2006) (Poster).

T. Nakamura, E. Yukawa, K. Maki & K. Kuwa-
jima: Backbone NMR assignment and hydrogen
exchange of goat a-lactalbumin. The Protein Soci-
ety 20th Symposium (San Diego, CA, U.S.A, Au-
gust 5-9, 2006) (Poster).

K. Takahashi, H. Yamada, K. Maki & K. Kuwa-
jima: The allosteric transition of GroEL in the
presence of ADP. 5th Fast Asian Biophysics Sym-
posium & 44th Annual Meeting of the Biophysical
Society of Japan (Okinawa convention center, Ok-
inawa, Japan, November 12-16, 2006) (Poster).

T. Nakamura, E. Yukawa, K. Maki & K. Kuwa-
jima: Backbone NMR assignment and hydrogen
exchange of goat a-lactalbumin. 5th Fast Asian
Biophysics Symposium € 44th Annual Meeting of
the Biophysical Society of Japan (Okinawa con-
vention center, Okinawa, Japan, November 12-16,
2006) (Poster)

K. Tomoyori, K. Saeki, K. Maki, T. Nakamura &
K. Kuwajima: The role of Ca2" in the folding goat
a-lactalbumin. 5th FEast Asian Biophysics Sympo-
sium € 44th Annual Meeting of the Biophysical
Society of Japan (Okinawa convention center, Ok-
inawa, Japan, November 12-16, 2006) (Poster)

H. Nakatani, K. Maki, K. Saeki, T. Aizawa, M.
Demura, K. Kawano & K. Kuwajima: Equilib-
rium and kinetics of the folding of canine milk
lysozyme. 5th Fast Asian Biophysics Symposium
& 44th Annual Meeting of the Biophysical Society
of Japan (Okinawa convention center, Okinawa,
Japan, November 12-16, 2006) (Poster)

R. Takahashi, R. Yoshida, K. Maki & K. Kuwa-
jima: Folding mechanisms of a proline-free variant
of staphylococcal nuclease studied by mutagenesis
approach. 5th East Asian Biophysics Symposium
& 44th Annual Meeting of the Biophysical Society
of Japan (Okinawa convention center, Okinawa,
Japan, November 12-16, 2006) (Poster)

A. Fukagawa, M. Hiroshima, K. Kuwajima & M.
Tokunaga: Detection of substructural unfolding of
SNase by intermolecular force microscopy. 5th Fast
Asian Biophysics Symposium € J4th Annual Meet-
ing of the Biophysical Society of Japan (Okinawa
convention center, Okinawa, Japan, November 12-
16, 2006) (Poster)

oooo

183

24]

(25]

(26]

27]

(O

K. Kuwajima: Folding mechanism of non-two-state
globular proteins. Asia-Pacific Workshop on Bio-
logical Physics (National University of Singapore,
Singapore, July 3-5, 2006)

K. Kuwajima: Experimental and simulation stud-
ies on the folding/unfolding of goat a-lactalbumin.
The 6th KIAS Conference on Protein Structure
and Function (Korea Institute for Advanced Study,
Seoul, Korea, October 26-28, 2006)

K. Takahashi: Kinetics of the Allosteric Transi-
tion of the Chaperonin GroEL Studied by Small-
angle X-ray Scattering and Fluorescence Spec-
troscopy. 21st COFE 5th International Conference—
Perspectives in Nonlinear Physics (Dept. Phys.,
Univ. Tokyo, November 20-22, 2006)

K. Kuwajima: Equilibrium and kinetics of
the folding/unfolding of authentic and recom-
binant goat a-lactalbumin. 21st COE 5th In-
ternational Conference—Perspectives in Nonlinear
Physics (Dept. Phys., Univ. Tokyo, November 20-
22, 2006)

ooo)

oooo

(28]

29]

(30]

(33]

(34]

O hooboboooobooboobooooobobooooo
oboboooooooobobooooooooog
oooooobobooboboodgobenOOoOoooOOoO
OooobOooooonoo20060 40 24-26 00

ooo0ooO0o00oDooooOoOoooogooo
0000000000000 000 Tear lipocalin O
000000000 dpB-LactgloblinOD0OOOO0O 6
O0O00000ooooooooooooo2o0060 4
0 24-26 00

OO0 000 0000 o000 mog: NMR
Uododo 0000000000 ooooaoon
ooboobobooebOOoOOOOODOOODOOOO
OoO0D020060 40 24-26 0 O

goboobooooboooobooobooboooooon
oobooooooooooooobooooooon
gboobobooooooooboooobooooooge
Ooo0oooooooboooOoooooo20060 4
0 24-26 0 0

obobobooboooooooooooooon
00 GroELODOOO ATPOOOOOOODOO 60
OooboooooooooboooobooO2o0060 40
24-26 0 O

oooodooooooooooooooooobooo
gbobboooobooooooobooooooooo
ooooooooobooboooboooooogn
ooboooooboooooooooooodooon
ooooobooboooooodz20060 110 2500

O000000D0000DOThe native and molten
globule states of goat a-lactalbumin characterized
by the NMR hydrogen-exchange technique. 0 O O
goooCooOoooUoooD 40000000000
O0o0ooDoDOo20060 120 181900



v.2. 000400

. goao

[35] 000000000000 00The Effect of ADP on
the Kinetics of the ATP-induced Allosteric Tran-
sition of GroEL. 00D O00D0DO0O0O0OO0OOODOO
400000000000000O000020060 120
18-190 O

0o0o0ooOO00O000OoooD0oooDOnDOnE:-
fect of the chaperonin GroEL/ES on the refolding
kinetics of a staphylococcal nuclease mutant. 00 O
goooDoOooOooDoDoboD 40000000000
OoOogoooo20060 120 181900

[377 0000000000000 O0000DOOFolding ki-
netics of the A90S variant of proline-free staphy-
lococcal nuclease. 0O O00O000O0O0OODODOOO
400000000000 00000DO20060 120
18-190 0O

oooo

[38) D0O0O0O0ODOOOOO0OOD cODO0ODOOOO0ODODOO
rOoob0oobooooooobooooobOoboon
gboooooob2006d 60 22-2300

goooobooooobooooboobOoooog
gobbooooooooooboooooboooodan
goboooooooooooooobooooooon
goooo20060 70 19-200 0

gbooobooooooooooooooooooon
goboobooooobooobboooboooon
gooooooooooobooooomoboooobooboo
goo20060 100 500
gbooooooooooooooooobooon
googrooonooooonooooooooon
gbdooomooooooooobooooz20070O 3
02500

(Mooo)

(36]

(39]

(40]

[41]

[42] K. Kuwajima: Experimental and simulation study
of the mechanism of folding and unfolding of a-
lactalbumin. (Department of Biological Sciences,
National University of Singapore, Singapore, July
6, 2006)

7.2 Uuogodd

uoooooboobooobboooooooooo
ooobooboboooboobOoooooobooag
gboooobooooobOooobobooooogo
goboooboooooooooooboobooonog

gboooboobooobooooooboobooboon
gbobobobooooobooboooooboooao
gbobooobobobooboobooobooboaooo
oooboobooboooooboooooooo
oooboobooooocooooooooobooood
gbooooboooboboooooobooooao
gbooooboooobooooboooooooon
gobooobhooboobooboooboooooog
bbb ooooooooooooooooooo
booooooooboboocoboooooooo
gbobbooboooobooogoon

184

721 0O00O0O0OO0O0OOOOOOODOO

ooogo

boooooooooooboooobooogon
ubbooobOobooooobooooooooooo
gboooobobooooooooobooooooo
gbooboobooooooboooooobooooo
gbooobobooooobooooooboooaoog
gbobocobooooobobobooobooooboooog
gboobooboooooogoboooobooogoon
gbooobooboboooboooooooooooon
gobooobobooobobobooooooobooon
uboooboooooooooboood

ubooobooboooobooboboobooooo
uooobO mobooooboobooobobooao
gooooooo

booooboobooooooobboooooo
boboooboobooboooooboooboooog
gboobooooboobooooooboooonog
gbooooooobooooooboboooaoood
obobOooooooooooooooooao
gboooooooboobobooooooooooo
gbooobOoboooooooooobobooooo
ooooooOoooooOoooOoOo DbNAODODOO
uboooooooooboooooboooooonod
ooooOOooobDOoobobOOooDoboObOOOn RPSO
O RPIODOODOODODOOOOOO 2000000
o0 120000 1300000000000000
gbooobooooboobobogb 1eoobooon

gbooooooboboooooobooobobooboono
ubooobOobooooboooobooboooood
obobooooooooboobooooboooooog
ooooooooDbooo wnt4dO0ODOOOODODO
uomoboboobooooobooooogoo
gbbooooboobooooooobooboooon
gobooobobooboooooooboooboooon
gboooooooooooooobooobonog
ubboobooooooo 2000000000004
Oo0o0O0O0TollDODOO Wnt4d OO OOO 1300
goboooooboobooooooboobooao
OooOoOOo00O0OWnt40O TolOODOOOOODO
goboooboobooooboooobobooooon
gobboooooboobooooooooooooo
gbooooOobobooooboooooooboboooon
gboboooboogooo

wnt4OOOOODOODOOOOOOODOOOOODOO
gboboooobooboood

OooObNADOOOOOOOOOOOOOoOooO
ooooown4O0OO0OOO0OOO0O0OO0O0O0O0OO0OO
wnt4O0 OODOOOOOO0OO0O0OO0OOODODOOOOO
ooooooooDoO wntOOOODOOOOOODODO



. gpoao v2. 00000
oooooownt4dO0ODOOODODOOOODODODO 12 O0000Fas200 invivoOOODOOOODOO
goboooboooobooobooo 13ooaooog gooooOoboooooooooooboooobooo
O00oooooooooOownt40 0000000 OO0 Fas20 0000000000000 0O0OO
goboooooobobooboooooobo 12000 O Fas20000000000000O000CDOOO
ooooOOooDOobOOoO0O0o0ooooOwnt40 00O O0000000OFas20000000000000
gbobbobooooobobooobobobooonog 000 O00000o0oO0Oo0oFRAPOODOOOOODO
oooboodoooooooooooooooooo 0000000 Fas2000000000O0FRAP
goboooobobobooooboooooobogon gbooboooobobooobooooobooooboo
gbobooobooooobooooboooooobooo gbooooOoboooooooobooooooao
obooboobooobooobooboooooooon gbooooobobobooooooboooooooon
booooboboooobooooooooooon OD0Fas20 000000000 YFPOODODOOO
goboooboboooobooooboooooonog U0 Fas2-YFPOOODOOOOOOOOOOOODO
oooO0O wWnt4OOOOOOODOODODOOOO goodoboooboobooooboooooboood
ocoooowntooOOoOOOoOooooODbDOoOODOO OD0O0O0 Fas2-YFPOOOOODOOODODODO
O Frizzled2 OO 00000000 O Dishevelled O ODD0Fas200000000000000DODOOO
gooobooooobooobooobooooboao OO0D0O0O0000D0000O0Fas2-YFPDO OO OO
ooooooDOooOoOooooooownt400 O uboobooboooooooooooooonodg
ooooooOO0o0oo0o0o0o0ooboo0g watd O O0OFas2-YFPOOOOOOOOOOODOOOODO
O0O0O0O0O00OD0O0O00000D Derailed-2000 gboboboboboooobooooooobooooo
gboboobobooobooboooobooooao OO0000 kinetiesOOOOOOOOOODOOODO

0000 John ThomasOOOOOOOOMmMmOOO
00000 O0OWnt4O OO OO OO0 OO0 Frizzled2O
Derailed-200 000000000 Dishevelled 0O
oooooooooooooon

722 0O000000O0O0OO0OOOO

gooboooocoooboboooooooooog
gbooboobooobooooooboooao
gbooooobooboooooooooobood
gboooobooooobooooobooobonodg
gbooooooobooooooboboooaog
ubboooooboobooboooboboobooao
uboobooooooooobooooooooobao
gbooooooooboooooooooogaoo
uoboobooobooooobooboooooooooog
gboooboooooobobooooboooooooo
gbooooooooobooood

00000000 FRAPOODOOOOOOOOOOO
uboooogobobooboboooooboaobao
goo

goobooobobooooooooooobaoo
goboboooobooboboooboooooooooo
gobobooboooooobooobooooboog
goboobooooboooooooooboobooboonn
goooooocooooooobobooobonog
gbooboooooobobbooboobooooooog
uboboboooobooooboooooboooao
goboogoboooobooooooooooao
uboooooboooobooooooboboooood
goobooboooooboooooooooooo
gbobobO0oooobO0immvivoDOOOOOOOO
gboboooooobooooboooboooogn
uoboooooooboobobooocoboooo

185

O00000 Fas20000000D0O0O0O0ODOODO
bdboooooboooboboooooooboooobooon
U13go0oobooooooobooboooon 150

O0000 Fas2-YFPOODOOOODOOOOODOO
ODO0000000ODDOO0O00000D0D Fas2-YFP
goooobooooooboobooboobooo
OO0000 Fas2-YFPOOOOOODOOOODODO
goooboooooooooooobooboooon
U Fas20000000000000CDOOOOOO
ODO0O00O0OFas20000000000000DCOCO

ooobobooboobbooooobooboooooa
U000 Fas20 000000000000 O0OODO
O000 Fas200 00000000000 0OOOO
gbobooooooooboooboooooooobooon
gbobboooobOoooboooooooooooa
gbooobobooboooooobooooboobao
goooo

gbooooooooobooooboooooobooo
gbobobOoboboooboooboooboobooom
gbooobooobooobooooo

00000 oOooooDoOOoOooooooooo
O00000OD00OO00OO0O0D (Fas2)D OO0
0000 o0oOooooOooooooood
O0000000Fas2000000
o00oooooooooooon
0 S2000 Fas200
oooooooooog
00 YFPOOOOOOO
ooooooooooo
00 ;10 cellsOO OO
oo0oooooon
0000 Fas2

O
go
go
go
go
go

ooOoOo
oooOo
ooo
oo
ogoo
oo
oot

O

go
od
oo

OO
O

DOooOof oooo
[\
O
O
O
O

[
|:||:||:|
|:||:||:|

O
O
O
O
O
O
O
O
O
O
O
O

DoooOmoOoOooOoo

oo
oo
oo
oo
goobop
ootloang
ooUdo



v.2. 000400

oooooooooooyYrPODODOOOODODODO
ooooOoo Ss20000000000000000
O00000Fas2000000000CO00O0O S20
oooo0o0oDDOOO000ODO0O00000 OFas20
gooooooooboooboooooooooooon
O000000Fes200000000000000
goboooobooooobobooboboooog
OO0 O0OFas2-YFPOOODODOOOODOODODOO
gbooboooooooobooooooooooon
ggobobooooocooooo

gboboooooooooboobooooboboooon
gbobooooooboooboobooooobooboooon
gboooooboobooboooooo

gboooobbooooooboooboooao
gooboooooooobooboooooooon
gooooooboooooooooooooooon
uboboobobooooooboobooboooboo
gooboboobooboooooobooboooboao
ubooboooooobooboooobooboboooo
uoooboooboooboooocoboooooaoo
gbooooboboboooboooooooooaon
uboboooooobooooboobooaoao
ooooboooooobooooobooooobooao

oooooboOoboooooooooooooooog
oooooooooooooooboog

oobooOooooobooooboooo
U0 prospero0 D00 O0OOOOOODOO0O
ooooooooooooooooooo
oobooooOobobooooobooooooo
oooooboooooboooooooobooog
oooooooooobooobbooobooog
OO0000O000O 2000000 0Syntaxind0O000
Synaptobrevin 0000 0000000000000
Syntaxin 0 0 00 Oevoked(D OO OOOOOOO
00000000 )000 spontaneoud] OO0 OO
ooooooooooooooobbooobooog
OO00OO0OO0O0OODODOO0OO0D0ODOQDOO OSynaptobrevin
D000 evokedOOOOODOOODODOOOOOO
SyntaxinO0 OO OO0 OODOOO
goooobooobooogoooo
spontaneous 1 0 OO0 OO OdgQ
ooooobooooobooooo
ooooooooboobooooo oo
oobooooooogoobpoooooo
oopooooooobooOOoooooon
ooboooobobobooboooooo
oooooooooooooobooogooooooo
oooooooooooooooobooboooon
000000000000 Mito-tracker Orange [
ooooooooooooooobobobooooo

goo
goo
oao
goo
gd
O
O

Ooooodoond

gooooon
gooooo
googoo

OoOoQd

good
gooo
oood
good

oOoog

boooooooooboooooogoobooaon
gboboooboooobooboobooobog
goodoboooooooooooobooocooon
oooboooobooboboooooboooood
ooooooooooooboooboooobod TMRED

186

. goao
goobooobooobboooobobooood
gbobooooooboooboobooooboobooooo
goooobooboboooooooooboood
gbbobOoobOOoooooooooooooooog
gooobooboooobooooobboooboo
gboboooobooobobboooooobooog
gtoobobooooooobboboooooobooo
gboooooooobooooooboogooooon
gboooOoboobooobbooobooooog
goobooboobobooooboooobooooaoao
gobooocobobobooboooooboooboonog

uboooboobooooobooooooboooao
gboooboobooboood

gboooobooboooboboooooooagoo
bobooboooboooboobooooooobood
gboboboobooobooooooboooobooo
gooooobooooboboooobooboooon
gboooooooooobooboooooooooon
goboooboooboobOoooobobooon
gobooboooooooooobooobood
gooobooboooobooooooooooobooooo
goboooocoooboooboobooooooog
gooobooooooooooobooboooooon
gboobooooooooooobooobobobooon
goooooboboooooboocooboobooooon
gbobobOooooooooooooooooao
O00O000000O0oooooooo00O DNAO
gbooooooboobooooooooooobooboao
gboobooooooboboooooboooogon
goboooboooooooooooooooon
booobooobooooooooooboog
boooooooooooooobooobobooon
gboooooooooooooooobooooo
ooooOooOoooboobOoooooo n1ooooo
uoooobooooooboodo 11goooon
oboodobooooooooboobooooo
gbooobOboooboooooboobooobooooonog
gbooooboboooobooobooooooagbaoo
oboboooobooooboooooboooboon
ubooooboooobooobooobobooon
bobooboooooooboooooooobooooon
good

uboooobooobooboooobobooogoao
gboooooooooooooooobobooooon
goboooooobobobooooboobooooo
gbbooooooobooobooobbooboooog
gobooobooooobooooboooooooo
gboboobooooooooooobooboooog
gbooobOoooooooooobooboooboooon
gobobooooooboooboooobooboogoon
goooo



. gpoao

v2. 00000

FRAPOOOOOOOOOOOOOOOOOOOO
goboobooboooobooobooooooomaog
goooogoo

uboooooooooooboooooooooad

boboooooooboobooboogoooon
boboobooobbooobooobooooboooog

goboooboboboooobooobooooonoag
gbobobooooooboboobooobobobog
gbooooooooboboboobooooooo
goboobooooobooooboooboooooog
oooO0OO0O0OO0O0000000oOO0OFRAPODODO
bobooboooooboooooboooobooooon
o000 GrPOOOOCOOOOOCOOOOOODO
ooooooooooooDlghbbobooOooon
ODle-GFPOOOOOOOOOOOOODOOOOO
gbooooooboobooboooooobobobog
gooboooobooooooobboboooog
OO0 Dlg-GFPOOOOOOOOOOODOOOOO
O Dle-GFPOOODOOOODO FRAPOOODOOO
ooooOooooooOoooOo0OooO Dlg-GFPO
gbobooooboooboooooboooboooboon
gooobooooooboboboobooobooboooon
uobobOoooboboboooogoboooaood
gboooboboooobooboooooobooooog
gooboobobooooooooooobooboooon
goooooocoobooooooooboooood
boobooooobooboocoooooooao
good
724 000
oooobooboobooooobbooboood
gbooboooboooooboboboooooonog
goboboobooooooboobooboboooao
goooao
goboooobooooboooooboooao
gboooobooooobooobbooomaooog
gboobooobooooboboobooooooooog
dbooooooooooobooboboomoooo
oooo0oDOmOoooooBMOOOoOoOooooO
goooooooboob 0o0obooboooaoo

O0000000—mM 00000000000
oooo
(ooo)

[1] Nakayama, H., Kazama, H., Nose, A. and
Morimoto-Tanifuji, T. Activity-dependent regula-
tion of synaptic size in Drosophila neuromuscular
junctions. J. Neurobiol. 66, 929-939 (2006).

Kazama, H., Nose, A. and Morimoto-Tanifuji, T.
Synaptic components necessary for retrograde sig-
naling triggered by calcium/calmodulin-dependent
protein kinase II during synaptogenesis. Neuro-
science 145, 1007-15 (2007).

(ooo)

2l

187

[3] D0CDO0O0O MOO0ODO0O0ODO0OO0ODOOOoDO ™
000 030, 1811-1818 (2006).

[4 00000 MO0000000000000 capri-
cous” 0000000000000 O0DODOOO
0 24, 2545-2547 (2006).

(ooo)

[ 00O0OD0OODODO0O0O0OLOOODO0ODOOO0ODOOOOO
ooooooboodgad

ufufulufuln
(ooo)
oooo

[6] Inaki, M, Suzuki Y., Aburatani H. and Nose
A.: Genome-wide search for the neuromuscular
target recognition molecules in Drosophila using
single cell expression analysis. CDB Symposium
2006.4.10-12, Kobe.

Kohsaka, H., Takasu E. and Nose, A.: Early
events of synaptogenesis imaged in vivo: trans-
synaptic signaling mediated by Fasciclin2 recruits
the synaptic scaffolding protein Dlg to the nascent
synaptic sites. CDB Symposium 2006.4.10-12,
Kobe.

Inaki, M, Aburatani H. and Nose A.: Single-cell
microarray identified Wnt4 as a local repulsive cue
that determines target specificity. Cold Spring Har-
bor Meeting on“ Axon Guidance, Synaptogenesis
and Neural Plasticity ” 2006.9.13-17, Cold Spring
Harbor.

Kohsaka, H., Takasu E. and Nose, A.: Distinct lo-
calization of cell adhesion molecules for the target
recognition and synapse formation in early phase of
synaptogenesis in vivo. Cold Spring Harbor Meet-
ing on* Axon Guidance, Synaptogenesis and Neu-
ral Plasticity " 2006.9.13-17, Cold Spring Harbor

Inaki, M, Aburatani H. and Nose A.: Expression
profiling of synaptic specificity: target selection
by Wnt4-mediated repulsion. 36th Annual Meet-
ing of the Society for Neuroscience, 2006.10.14-18,
Atlanta.

(7l

(8]

(9]

(10]

oooo

[11] Kohsaka, H., Takasu E. and Nose, A.: Dynamism
and regulation of synaptic assembly at the neuro-
muscular junction in Drosophila. 5th East Asian
Biophysics Symposium and 44th annual meeting
of the Biophysical Society of Japan. 2006.11.12-16,
Okinawa.

(ooo)

oooo



7.2,

goooo

. goao

(12]

(13]

(14]

(15]

O00D0Db0OO000DOO0OD0DODO: Initial molecular
steps in synaptogenesis in vivo: trans-synaptic in-
teraction of cell adhesion molecule is involved in
postsynaptic assembly of PSD95-homolog Dlg. O
000000000000 oonod2006.7.19-21.

000000000000, 00000Subunit-specific
and homeostatic regulation of GIuR localization by
CaMKII in Drosophila Neuromuscular Junction. 0
000000000000 oonod2006.7.19-21.

O0000,0000,0000,00000Genome-
wide search for the neuromuscular target recogni-
tion molecules in Drosophila using single cell ex-
pression analysis. 0000000000 0O0OO0OO
0 02006.7.19-21.

ooboooo ooobooo oobooooooboboo
coooooooOoOoOOoOoOoOoboOoOoo. mooo
oobododooooooboodnn2006.12.6-8.

(Mooo)

(16]

(17]

(18]

oooboboooooooooooooooboobo. Mo
oobooooboomooooooooooon
O00ooO0OO0O00O00000002006.5.27.

oooobooooooooboooooooooobooon
ob0. Mooooooooooooooooooon
0 02006.9.9

oooobooooooooboooooooooobooon
obO. ooooooboooooooboooooo
000000 0D02006.9.27

188



8 Uounh

81 0UOU0OOD

uoboboooooboobooooooooo
goooodg

boobooooobooboboboooobooa

oo00oooooIToooooooooooooon

gboboooooboooooboboobooboo

gbooooooboil1goooocooobooooo

ggoooo

8.1.1 OOOOOODODOODfOOOO

0o +000000

Wwoooooooobooooooboooo
gooooood

oo
go
oood

20060 4000 20070 300
ooboboobooooood

oooooooog
ooooo

OO00o0o0o0ooooOo4s500

oooooooboooooDbOo4200

goooo11oo

uboooooboobooobooobooobo 11
g
goooooooobooooo

good
gboboooobooooooobooooooon 1o
oooboooOobed s0bODO vOs0000D0O
gbooooobooooood

e IOODOO370O

e IODODO
l.000o00ocooocooobooooboooon
gooao

2.00000000D000CCOO0O0O00
gao
.udtbobobouoooboooooonoooon
4.000000000000DODOO0OO
s.0b0dobobooboooboooooooo
ggooooocoooon

8.1.2 0O0OOO0OOOLOOOOO0ODLOO0ODOO

gboooboobogon

e 00I0O0OOOODOOOLOOOODO
e 00O OOOODOODOOO

o IO00ODODOOOOOOOOOOOODOO
uboooobooooo

gooooooo

e I00OOOOOODO 1310 O

e IOOOODODO 1110

e I000OOOOODOO 600110
e JODODODOOODO 140
ubooooooboobd ed
PCBOOOO 20

oooooooobooooooooooo 400
roooooog1ono

PRTROOOOODOOOO 40
gbobooooboobono o030 ooo

0(@oo
020

goood
goooo

gbobooooooooooao
OoOooooOoooooo)ol

O
00000000 (UTCRIS) O
000000000000000
016000

oooooooon esn

O
O

O
O

gbooooobaoo

e J0IDOOUDUDOUOO WG(OOOO WG)
goolood1nogl2oo0 30

e 0O OOUODOODODOODO ODODO 3
O

e JO0OODOOOODOOOOOOOOWGOHDO
00 (@O0OooOo0o0oo) oo12000 30

e IOOOIDOOOODOODOOOOOO OO



81. ODOOO

8. oood

O

O

goooo

¢« XO0UODOD30OUODDOO (DOODOODO)

gbob1ob00b000b0bo0ooocooo 120
oo 3000000o0oaooooaono o2

gogol1oooboooooooob 12000 2

gboooooooobogn 60
oboooooobogon 3204

goood

60010000 30

e J0DDUUOODOD (UDODOOUODO)TO

goooooooboooooboboooa

e 10

gooooooooon
gooooooo
goooooobooo
oood

gobooooo

3200400003300
U Mmooooooo

813 ITOOOOOLOODODO

e OOOOODOODO

gooooboobooooobooboooooooon
uooooboooobogooaon

gooooooon
Oooo0O0webOOODODODO
gbooboobooooboooood
oooooocooooooaoo

814 [L00ODODODOODOOODOOOO

ocoonooog
ooooooooonooooooo

°
O
O

oIlIooooogogo

0Ooo0oo(oo)
3000000000001I0X000000
oooooo

0000 I(00)

00o00o0oooooonooooogon
goboooooooo

e 30 000DO0OOODO IDIIDODODOODO
goooooo

e 4000000 (D0OOLUOOUDOUOOO)DODO
gooooo

815 0OU0O0OOO0ODOO

20060000000000000¢0

oo0o00oooooooooboooo40 17000 8
U31goboooooooooobooobooboan

e OOOO30O

e IODODO

l.000obooooooooboooooog
gooo

2.000000000000000C00000

.00bo0uoooooooooooooon
gobooboobooboooobooooooo
gbooooooboooobooooog
goood

190



I1

Summary of group activities in 2006






1. THEORETICAL NUCLEAR PHYSICS GROUP

1 Theoretical Nuclear Physics Group

Subjects: Structure and reactions of unstable nuclei, Monte Carlo Shell Model, Molecular
Orbit Method, Mean Field Calculations, Quantum Chaos
Quark-Gluon Plasma, Lattice QCD simulations, Structure of Hadrons, Color
superconductivity
Relativistic Heavy Ion Collisions, Relativistic Hydrodynamics, Color Glass Con-

densate

Member: Takaharu Otsuka, Tetsuo Hatsuda, Tetsufumi Hirano, Noritaka Shimizu and
Shoichi Sasaki

In the nuclear theory group, a wide variety of subjects are studied. The subjects are divided into three
major categories: Nuclear Structure Physics, quantum hadron physics and high energy hadron physics.

Nuclear Structure Physics

In Nuclear Structure group (T. Otsuka, N. Shimizu and N. Ttagaki (till June 2006) ), nuclear structure
physics is studied theoretically in terms of the quantum many-body problem. The major subjects are the
model of the nuclear force, structure of unstable exotic nuclei, shell model calculations including Monte
Carlo Shell Model, cluster model and quantum chaos.

In particular, we studied extensively the tensor force effects in the nuclear force from the viewpoints
of the shell model and the mean-filed calculation, indicating robust and characteristic effects on the shell
evolution [1, ?].

The nuclear structure of various nuclei are studied using the nuclear shell model [3]. Through the shell-
model calculation and Monte Carlo Shell Model, we achieved many collaboration with experimental groups
[4, 5] and the contribution in astrophysics [6].

In the relativistic mean field (RMF) model, we constructed a new Lagrangian consisting of one-meson
exchange terms and point coupling terms [7].

Quantum Hadron Physics

In Quantum Hadron Physics group (T. Hatsuda and S. Sasaki), many-body problems of quarks and
gluons are studied theoretically on the basis of the quantum chromodynamics (QCD).

Main research interests are the quark-gluon structure of hadrons, lattice gauge theories and simulations,
matter under extreme conditions, quark-gluon plasma in relativistic heavy-ion collisions, high density mat-
ter, neutron stars and quark stars, chiral symmetry in nuclei, and color superconductivity.

Highlights in research activities of this year are listed below.

1. Physics of high density and/or high temperature matter

1.1 QCD thermodynamics from lattice gauge simulations [8]

1.2 Color superconductivity in quark matter [10]

1.3 Hadrons in quark-gluon plasma [9]
2. QCD structure of hadrons

2.1 Lattice QCD study of bound state signature [11]

2.2 Lattice QCD studies of hadronic interaction and decay [12, 13]
3. Cold atomic gas

3.1 BEC-BCS crossover in the unitary regime [14]
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2. THEORETICAL PARTICLE AND HIGH ENERGY PHYSICS GROUP

High Energy Hadron Physics

In High Energy Hadron Physics group (T. Hirano), the physics of the quark-gluon plasma and dynamics of
relativistic heavy ion collisions are studied theoretically based on relativistic hydrodynamics and relativistic
kinetic theories. Main subjects include (1) hydrodynamic description of the space-time evolution of the
quark-gluon plasma, (2) transport description of hadrons and their dissipation (3) analyses of the quark-
gluon plasma through hard probes such as jets and heavy quarkonia, and (4) color glass condensate for
high energy colliding hadrons/nuclei.
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Theoretical Particle and High Energy Physics Group

Research Subjects: The Unification of Elementary Particles & Fundamental Interactions
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2. THEORETICAL PARTICLE AND HIGH ENERGY PHYSICS GROUP

Member: Tohru Eguchi, Tsutomu Yanagida, Yutaka Matsuo, Koichi Hamaguchi

Yuji Sugawara, Yosuke Imamura, Teruhiko Kawano, Taizan Watari

The main research interests at our group are in string theory, quantum field theory and unification
theories. String theory, supersymmetric field theories, and conformal field theories are analyzed relating
to the fundamental problems of interactions. In the field of high energy phenomenology, supersymmetric
unified theories are extensively studied and cosmological problems are also investigated.

We list the main subjects of our researches below.

1.

2.

3.

Superstring Theory.
1.1 2-dimensional conformal field theories [2, 19, 29, 30]
1.2 Quantum gravity and matrix models [3, 32]
1.3 Theory of membranes [1, 18]
Gauge theories and gauge/string duality
2.1 Superconformal field theories and AdS/CFT [17, 20, 27, 28, 31, 33]
2.2 Spin chains and classical strings [9, 22, 23, 24, 25, 26]
2.3 Brane realization of gauge theories [14, 15, 16]
High Energy Phenomenology.
3.1 Phenomenology of beyond the standard models [8, 13, 21]
3.2 Particle cosmology [4, 5, 6, 7, 10, 11, 12, 34, 35, 36, 37, 3§]
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Sakai (Hideyuki) Group

Research Subjects: Experimental Nuclear Physics
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196



3. SAKAI (HIDEYUKI) GROUP

We are aiming to explore nuclear structure as well as nuclear reaction mechanisms by using an inter-
mediate energy beam from accelerators. Particular emphasis is placed on the study of the spin degrees

—

of freedom in nuclei. Our expertise is various “spin-polarizations”: spin-polarized beams (p, @ and d),

—

spin-polarized targets (p and 3ﬁe), and spin-polarization analysis of reaction products (p, 7 and d).
Major activities during the year are summarized below.

ICHOR project: Isospin-spin responses in CHarge-exchange exOthermic Reactions
—SHARAQ spectrometer

Spin-isospin response of nucleus is a unique excitation mode since it is related with mesons in nuclei and
consequently it provides valuable information on nuclear forces. So far the research has been performed by
using endothermic reactions by a stable beam such as (p,n) or (n, p), which is inevitably accompanied by a
finite momentum transfer to nucleus. Such reactions hamper the study of spin-isospin responses in highly
excited regions. We will try to overcome this difficulty by using exothermic reactions by an unstable beam
such as (12N, 12C) or (1?B,2C). With this new experimental means, we pursue the study of spin-isospin
responses in the highly excited region. Aiming to identify new spin excitation modes, we are constructing
a high energy resolution spectrometer SHARAQ dedicated to the exothermic reactions by unstable beams.
SHARAQ will be completed in 2007.

—Intermediate states involved in nuclear double beta decay

The double § decay of nuclei is the rarest process confirmed so far in nature. It is a second-order
weak process, described by successive virtual Gamow-Teller transitions from the mother nucleus to the
intermediate nucleus, and then from the intermediate to the daughter nucleus, emitting two neutrinos.
Our aim is to obtain the GT strength distribution experimentally up to 50 MeV exciation energy by
using the most reliable reaction probe, i.e., the (p,n) and (n,p) reactions. The GT strength distributions
give information through which intermediate states the decay occurs. The 6Cd(p,n) and *%Sn(n,p)
measurements at 300 MeV were performed Research Center for Nuclear Physics, Osaka University. It has
been found that for the decay of ''Cd, the ground state of the intermediate ''6In has the most important
contribution to the decay matrix element.

Spin correlation in entangled two-nucleon system

In 1935, Einstein, Podolsky and Rosen presented a paradox to quantum correlations and concluded that
the quantum mechanical description of nature is incomplete. So-called hidden variables are introduced
in the classical approach to describe the correlation. The Bell’s inequality, discovered in 1964, shows
that correlation produced by the hidden variables is weaker than that predicted by quantum mechanics.
Although there are many experimental tests of quantum mechanical correlations by using entangled photon
pairs, there are almost no severe tests in hadronic systems. Completed the study of the spin correlation
between the two-proton system, we tested the quantum mechanical correlation in the proton-neutron system
by measuring the spin correlation between the proton-neutron pair in ['Sg] produced by the 'H(d,pn)
reaction. The measurement was performed by using the magnetic spectrograph SMART at the RIKEN
accelerator research facility, employing two polarimeters EPOL and SMART-NPOL. The two polariztion
measurements were performed in the space-like region from each other. It is shown that the spin correlation
survives even if the proton-neutron pair is separated by several meters, which is 10'° times larger than the
range of nuclear force.
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4 Hayano Group

Research Subjects: Study of fundamental symmetries using exotic nuclei and exotic

atoms.

Member: Ryugo S. Hayano (Takashi Ishikawa)?

‘Exotic nuclei’ and ‘Exotic atoms’ are the keywords of Hayano group. We use antihydrogen atoms (an-
tiproton + positron), antiprotonic helium atoms (helium nucleus + antiproton + electron), antiprotonic
helium ions (helium nucleus + antiproton) to study matter—antimatter symmetry (CPT), the most fun-
damental symmetry of nature. We also study deeply bound states of mesons (7—, K~, and 7) and nuclei
to investigate the origin of proton mass, through the partial restoration of chiral symmetry in the nuclear
medium.

Antihydrogen and antiprotonic helium atoms — precision study of the CPT symmetry at
CERN'’s antiproton decelerator (AD)

e Antiprotonic helium:

We used a new pulse-amplified CW laser with an integrated absolute frequency calibration utiliz-
ing an optical frequency comb to precisely measure transition frequencies of antiprotonic helium
3 and helium 4 atoms. In 2006, we published the value for antiproton-to-electron mass ratio to
be 1836.152 674 + 0.000 005, which is almost as precise as the present proton-to-electron mass
ratio. Our result was recently incorporated to the CODATA 2006 adjustment of fundamental
constants; by including our result in the fit (assuming the CPT symmetry), the precision of
proton-to-electron mass ratio has been improved from 1836.152 672 61(85) (CODATA 2002) to
1836.152 67247(80) (CODATA 2006).

e Antihydrogen:
Microwave (ground-state hyperfine splitting) and laser (1s — 2s) spectroscopic studies of anti-
hydrogen are promising tools to test the CPT symmetry to the highest-possible precision. For
the ground-state hyperfine splitting spectroscopy, a new antihydrogen source using a super-
conducting two-frequency radio-frequency trap, is being developed. For the 1s — 2s laser spec-
troscopy, a neutral-atom trap based on superconducting octupole coils has been constructed,
and has been commissioned at CERN during 2006.

Exotic-atom spectroscopy — the origin of the proton mass

e n-nucleus bound state:
We have already established that the 1s binding energy of pionic atoms, produced by the
Sn(d,*He) reaction, can be used to quantitatively determine the degree of partial chiral symme-
try restoration in nuclear media. We have now extended this method to study n-nucleus bound
states. As the first step of the data analysis, we have recently deduced the elementary cross
section p(d,® He)n using the data taken in 2005 at GSI, Darmstadt, Germany.

e Precision spectroscopy of kaonic-helium 3d — 2p X-rays:

If the kaon-nucleus potential is as deep as predicted by Akaishi and Yamazaki, a large strong-
interaction shift of some 10 eV is expected for the 3d — 2p X-rays of kaonic helium atoms.
Theories which do not accommodate the deeply-bound states predict very small shift of < 0.1
eV. We therefore carried out an experiment at KEK (E570) to measure the kaonic-helium Balmer
X-rays (6.4 keV) using silicon-drift X-ray detectors. The goal is to achieve a precision of 2 eV.
We are now approaching the final stage of the data analysis, and the final result will be published
soon.

10On medical leave.
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5 Ozawa Group
Research Subjects: Experimental study of non-perturbative QCD

Member: Kyoichiro Ozawa

We have three research activities.

e Study of quark-gluon-plasma and hadronic matter under high-temperature and high density condition
at Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory

e Study of mechanism of hadronic mass generation at KEK and J-PARC
e R&D of new detector for future J-PARC experiment

Study of quark-gluon-plasma at RHIC

In 6 years operation of Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory
(BNL), many new phenomena related to hot and dense nuclear matter have been discovered. We performed
the PHENIX experiment at RHIC and produced many new results on a wide range of physics subjects,
including charged and neutral hadron production, single electron production, event isotropy, and many
other topics.

In spite of these fruitful results, there are still remaining questions to be answered to further characterize
the state of matter formed at RHIC. In particular, chiral properties of the dense matter produced has not
been obtained, and should be provided. For the study of the chiral properties, ¢(1020) is an interesting
meson because the restoration of approximate chiral symmetry at high temperature may modify its mass
and width. These modifications can be shown directly in the line shape of the ¢ — eTe™ peak. Here, the
measurements with lepton decays are essential, since leptons are not interact with the medium and carry
direct information about conditions and properties of the medium. To realize such measurements, baseline
measurements in p 4+ p collisions are important for comparison. In this year, we focused on the analysis of
¢ — eTe™ in p + p collisions.

Figure 2.1.12 shows the eTe™ invariant mass distribution. There are clear two peaks around the w mass
and the ¢ mass. The mass peak and width values agree with the values from the Particle Data Group and
experimental mass resolution. We proved PHENIX detector has good mass resolution to detect the mass
modification in Au+Au collisions.

Study of mechanism of hadronic mass generation at J-PARC

Recently, the chiral property of QCD in hot(T# 0) or dense(p # 0) nuclear matter has attracted wide
interest in the field of hadron physics. The dynamical breaking of chiral symmetry in the QCD vacuum
induces an effective mass of quarks, known as constituent quark mass, which then determines the known
mass of all the hadrons. In hot and/or dense matter, this broken symmetry is subject to be restored either
partially or completely and, hence, the properties of hadrons can be modified. To observe such an effect,
measurements of the in-medium decay of vector mesons are highly desirable for the direct determination of
the meson properties in matter. We performed an experiment at KEK and are planning a new experiment
at J-PARC to measure vector mesons at normal nuclear density.

As shown in Fig. 2.1.12, we observed an excess in the lower mass region of ¢ meson peak. the excess is
observed only the slowly moving component in larger nuclear target. The result is consistent with a view
that limited number of mesons decay inside nucleus and have mass-modification by density effect.

R&D of new detector for future J-PARC experiment

We have performed an R&D for future J-PARC experiment. The development of new detector based on
Gas Electron Multiplier (GEM), which is originally developped at CERN. Using GEM, we are imvestigating
photon detector for Cherenkov counter and 2 dimentional tracker for high rate counting. A prototype of
the photon detector is constructed and tested at Hiroshima university.
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6 Komamiya group

Research Subjects: (1) Preparation for an accelerator technology and an experiment for
the International linear e*e™ collider ILC; (2) Data analysis for the BES-II
experiment at BEPC-I, and TOF detector construction for BES-III experiment
at BEPC-II; (3) Detector development for studying gravitational quantum ef-
fects and searching for new medium range force using ultra-cold neutron beam;
(4) Preparation for physics analyses in the ATLAS experiment at the LHC
pp collider; (5) Data analyses for the OPAL experiment at the LEP eTe™ col-
lider; (6) Research on astroparticle physics with balloon-borne high resolution
spectrometer (BESS experiment);

Member: Sachio Komamiya, Tomoyuki Sanuki

1) Preparation for the International eTe™ Linear Collider ILC: ILC is the energy frontier machine for
eTe™ collisions in the near future. In 2004 August the main linac technology was internationally agreed to
use superconducting accelerator structures, and hence the project has been accelerated as an international
big-science project. We are working on ILC accelerator simulations and hardware development, especially
on the beam delivery system. We have been studying possible physics scenario and the large detector
concept (GLD) for an experiment at ILC.

2) BES-II/-IIT experiment at IHEP: The group has considered the BES-IIT experiment at the Beijing
ete™ collider BEPC-II as the candidate for the middle term project before ILC. We are starting research
and development for TOF detector for the BES-III experiment together with THEP, USTC and KEK. We
successfully completed a test of over 500 photomultipliers in 1[T] magnetic field. We have studied the data
analysis of a search for CP violation using Ji¢ — AA and other processes of baryon pair productions using
BES-II data. In course of this analysis we are developing an efficient pattern recognition program for the
charged particles in the BES-II drift chamber.

3) Detector development for studying gravitational quantum bound states and searching for new medium
range force using ultra-cold neutron beam: A detector to measure gravitational bound states of ultra-cold
neutrons (UCN) is under way. We decided to use CCD’s for the position measurement of the UCN’s. The
CCD is going to be covered by a Li layer to convert neutron to charged nuclear fragments. The simulation
studies on the quantum effects of UCN in a narrow slit with 100 [u] height is also done.

4) ATLAS experiment at LHC: Some of our students started to work on the preparation for physics
analysis at LHC. Search for supersymmetric particles and search for the effects of hidden extra-dimensions
are being studied.

5) OPAL experiment at LEP: It is the experiment at the highest energy ete™ collider LEP of CERN.
The data taking with the OPAL detector was completed in the end of 2000. Important physics subjects at
LEP are (a) Higgs boson searches, (b) Supersymmetric particle searches and (¢) W-boson physics. We have
extensively searched for the Higgs boson at LEP. The Higgs boson was driven to a narrow mass range of
114-200 GeV. For supersymmetric particles searches the lower mass limit of the lightest neutralino, which
is the most important candidate of the dark matter material, was set to be 38.0 GeV. The W boson mass
was determined to be 80.412 + 0.042 GeV (statistical and systematic errors combined).

6) BESS experiment: The spectrum of cosmic muon, proton and Helium were measured at various hight.
These information is important for the calculation of the neutrino flux at Superkamiokande, hence it is
valuable for the atmospheric neutrino oscillation analyses. The data was taken at the heights starting from
37 km (4.5 g/cm?) to 27 km (30 g/cm?) for the duration of about 11 hours in the 2001 BESS flight. The
kinetic energy spectrum was measured from 0.5 GeV to 10 GeV with an accuracy of 8% for proton, 10% for
Helium, and 20% for muon. This information is used for optimizing the simulation program for atmospheric
muons and neutrinos. In order to measure momentum of primary cosmic ray particles in the range of 100
GeV to 1 TeV, the tracking detector system was upgraded by installing a new Jet-chamber and a outer
precision tracking detector. In the October 2002 flight in Canada, the primary high momentum cosmic ray
flux was measured up to about 1 TeV range.
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7 Minowa Group

Research Subjects: Experimental Particle Physics without Accelerators

Member: MINOWA, Makoto and INOUE, Yoshizumi

Various kinds of astro-/non-accelerator /low-energy particle physics experiments have been performed
and are newly being planned in our research group.

We are running an experiment to search for axions, light neutral pseudoscalar particles yet to be discov-
ered. Its existence is implied to solve the so-called strong CP problem. The axion would be produced in the
solar core through the Primakoff effect. It can be converted back to an x-ray in a strong magnetic field in
the laboratory by the inverse process. We search for such x-rays coming from the direction of the sun with
the TOKYO AXION HELIOSCOPE. The axion helioscope consists of a cryogen-free 4 T superconducting
magnet with an effective length of 2300 mm and PIN photodiodes as x-ray detectors. Previously, we put
upper limits of g,y < (6.8 —10.9) x 10~ 1°GeV~! to axion - photon coupling constant for the axion mass
less than 0.27 eV.

The axion helioscope is presently under modification to implement the buffer-gas handling system to
make it sensitive to axions with a mass as high as the hadronic axion window at around 1eV. We have
successfully tested an automatic buffer-gas pressure control system at the operating temperature. The
helioscope will soon become ready for the new search deployment.

Another long-running project of our group is the direct experimental search for supersymmetric neutralino
dark matter in an underground cell of the Kamioka Observatory. We employed a CaF3(Eu) scintillator
aiming at a search for spin-dependently(SD) interacting neutralinos. Our results put a stringent limit
to the SD cross section competitive to the world records on it. The search has been suspended for the
improvement of the CaFs(Eu) scintillation detector in order to get still higher sensitivity for the possible
feeble neutralino signals.

The third project is an R and D of a neutrino detector with a resonance ionization mass spectroscopy,
RIMS. The neutrino detection is accomplished by a trace analysis of an exotic atomic element produced by
charged current interaction of an electron neutrino or an anti-electron neutrino on a nucleus in the target
material. This year, we introduced a variable wavelength blue LASER diode and examined the effectiveness
of the method by trying to detect a small amount of potassium vapor. The next step is to find out a way
to get a high detection efficiency.

We also started a new R and D of a compact antineutrino detector with plastic scintillator to be used
at a nuclear reactor station, for the purpose of monitoring the power and plutonium content of the nuclear
fuel. It can be used to monitor a reactor from outside of the reactor containment with no disruption of
day-to-day operations at the reactor site. This unique capability may be of interest for the reactor safeguard
program of the International Atomic Energy Agency(IAEA), as well as for the precision monitoring of the
antineutrino flux in the close vicinity of a reactor in a short baseline neutrino oscillation experiment for
the determination of the mixing angle 6;3.

8 Aihara Group

Research Subjects: Study of CP-Violation and Search for Physics Beyond the Standard
Model in the B Meson System (Belle), Long Baseline Neutrino Oscillation
Experiment (T2K), Dark Energy Survey at Subaru Telescope (Hyper Suprime-
cam), and R&D for Hybrid Photodetectors and the ILC Silicon Detector Con-
cept (SiD).

Members: H. Aihara, M. Iwasaki, and H. Kakuno

The main research activity of our group has been a study of CP-violation in the B meson system using
the KEK B-factory (KEKB). This past year we presented a measurement of CP violating asymmetries in
the neutral B meson decaying to the pr state using a time-dependent Dalitz plot analysis. It was based on
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a 414/fb data sample containing 449M BB pairs. Combining our analysis with information on charged B
decay modes, we performed a full Dalitz and isospin analysis and obtained a constraint on the CKM angle
@2, 68 deg.< @2 < 95 deg. at the 68.3% confidence interval for the ¢o solution consistent with the standard
model (SM). We have also been conducting the analysis of flavor changing neutral current processes such
as B — KsKg and B — Xg/t{~ to probe physics beyond the Standard Model.

We are working on the instrumentation of J-PARC beamline for T2K long baseline neutrino oscillation
experiment. In particular, we have done R&D for the position and profile monitors for the primary proton
beams. We have also developed beamline simulations. We have also successfully developed 13-inch hybrid
photodetector combining a large-format phototube technology and avalanche diode as photo-electron mul-
tiplier.

We have started the five-year program to construct a 1.5 Giga pixel CCD camera (Hype Suprime-Cam)
to be mounted on the prime focus of the Subaru telescope. With this wide-field camera, we plan to conduct
extensive wide-filed deep survey to investigate weak lensing. This data will be used to develop 3-D mass
mapping of the universe. It, in turn, will be used to study Dark Energy.

SiD is a detector concept based on silicon tracking and a silicon-tungsten sampling calorimeter, comple-
mented by a powerful pixel vertex detector, and outer hadronic calorimeter and muon system. Optimized
forward detectors are deployed. In order to meet the ILC physics goals, we have designed the general
purpose detector taking full advantage of the silicon technology. Our R&D program includes development
of a silicon tracker and a 5Tesla superconducting solenoid.

1. K. F. Chen et al. [Belle Collaboration], “Observation of time-dependent CP violation in B® — n'K°
decays and improved measurements of CP asymmetries in BY — ¢K°, KgKgKg and B® — J/¢YK°
decays,” Phys. Rev. Lett. 98, 031802 (2007) [arXiv:hep-ex/0608039).

. H. Aihara et al., “Belle SVD2 vertex detector,” Nucl. Instrum. Meth. A 568, 269 (2006).

3. H. Nakayama et al., “Development of a 13-in. Hybrid Avalanche Photo-Detector (HAPD) for a next

generation water Cherenkov detector,” Nucl. Instrum. Meth. A 567, 172 (2006).

4. A Kusaka, Ph.D. thesid]Measurement of C' P-Violating Asymmetries in the Neutral B Meson Decaying

to the pm State Using a Time Dependent Dalitz Plot Analysis.

5. K.Yamada, Master’s thesid1Research and Development of Segmented Secondary Emission Beam Mon-

itors for J-PARC Neutrino Beamline.

[N)

9 Wadati Group

Research Subjects: Statistical Mechanics, Nonlinear Physics, Condensed Matter Physics

Member: Miki WADATI & Kazuhiro Hik AMI

We investigate fundamental problems in statistical mechanics and condensed matter physics. We aim
to find and clarify novel phenomena, and to develop new non-perturbative analytical methods. Research
themes of publications in 2001 are listed in the followings.

1. Bose-Einstein Condensation (BEC) (4) Statistical Mechanics of Bose-Einstein Con-

. ) densation in Trap Potentials
(1) Ground State Properties of a Toroidally

Trapped BEC

(2) Free Expansion of a Bose-Einstein Conden-

2. Nonlinear Waves

1)
2)
3)

)

4) Quantum Soliton Equation and Baxter

sate Noncommutative Soliton

(3) Dynamics of a Wavefunction for the Attrac- Cellular Automaton and Crystal Base

tive Nonlinear Schréodinger Equation under Lattice W Algebra and Integrable Systems

(
(
(
Isotropic Harmonic Confinement Potential (
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Equation

3. Non-Equilibrium Statistical Physics

(1) Asymmetric Simple Exclusion Process

(2) Stability of the Non-Equilibrium Steady
States

(3) Minority Game

4. Strongly Correlated Electron System
(1) Thermodynamics in the Hubbard Model, t-J
Model
(2) Integrable Boundary Condition

5. Knot Theory and Low-Dimensional Topology

(1) Hyperbolic Volume of Knot Complement
(2) Quantum Gravity

10 Aoki Group

6. Quantum Many-Body Problem

(1) 6-function Bose gas
(2) Calogero—Sutherland Model
(3) Exclusion Statistics and Chiral Partition

Function

7. Quantum Computing and Quantum Informa-
tion
(1) Geometric Aspects of Quantum Search

(2) Multipartite entanglement and embeddings

in algebraic geometry

8. Random Matrix
(1) Polynuclear Growth Model
(2) Random Walk

Subject: Theoretical condensed-matter physics

Members: Hideo Aoki, Takashi Oka

Our main interests are many-body effects in electron systems, i.e., superconductivity, magnetism and
fractional quantum Hall effect, for which we envisage a materials design for correlated electron systems

should be possible. Specifically we study:

e Superconductivity in repulsively interacting electron systems
— How to optimize T through the “fermiology”[1,2]; Effects of spin and charge fluctuations [3]
— Superconductivity in multi-orbital systems [4]
— Coexistence of electron-phonon and electron-electron interactions [5]

e Magnetism in repulsively interacting electron systems
— Flat-band ferromagnetism in a designed organic polymer

e Carbon systems
— Quantum Hall effect in graphene [6]
— Loop current in carbon nanotubes [7]
— Carbon nanoribbons

e Quantum Hall systems

— Interaction and dimensionality in the quantum Hall system

— Electron-molecule picture for quantum dots in magnetic fields [8]
e Electronic structure and correlation effects in hetero-interfaces

— Interface states at metal/organic interfaces [9] and polar surfaces

e Electronic structure of periodic nanostrucutures
— “Supercrystal” picture in alkali-metal-loaded zeolites
— Electrons on periodic curved surfaces

e Non-equilibrium and nonlinear phenomena in correlated electron systems
— Landau-Zener tunnelling in the breakdown of Mott’s insulator [10]
— Correlated electrons in intense laser lights
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[1] Hideo Aoki: Superconductivity in highly correlated systems, in H. Akai, A. Hosaka, H. Toki and F. B.
Malik (eds): Condensed Matter Theories Vol. 21 (Nova Science, 2007), Chapter 14.

[2] H. Aoki: Fermiology and interaction in unconventional superconductors, Physica C 437-438, 11 (2006).

[3] S. Onari, R. Arita, K. Kuroki, H. Aoki: Superconductivity from long-range interaction — a crossover
between the electron gas and the lattice model, Phys. Rev. B 73, 014526 (2006).

[4] S. Sakai, R. Arita, K. Held and H. Aoki: Quantum Monte Carlo study for multiorbital systems with
preserved spin and orbital rotational symmetries, Phys. Rev. B T4, 155102 (2006).

[6] M. Tezuka, R. Arita and H. Aoki: Density-matrix renormalization group study of pairing when electron-
electron and electron-phonon interactions coexist Phys. Rev. Lett. 95, 226401 (2005); M. Tezuka: An
improved initialization procedure for the density-matrix renormalization group, J. Phys. Soc. Jpn 76,
053001 (2007).

[6] Y. Hatsugai, T. Fukui and H. Aoki: Topological analysis of the quantum Hall effect in graphene, Phys.
Rev. B 74, 205414 (2006).

[7] N. Tsuji, S. Takajo and H. Aoki: Large orbital magnetic moments in carbon nanotubes generated by
resonant transport, Phys. Rev. B 75, 153406 (2007).

[8] Y. Nishi, P.A. Maksym, D.G. Austing, T. Hatano, L.P. Kouwenhoven, H. Aoki and S. Tarucha: Inter-
mediate low spin states in a few-electron quantum dot in the v < 1 regime, PRB 74, 033306 (2006).

[9] M. Kiguchi, G. Yoshikawa, K. Saiki, R. Arita and H. Aoki: Metal induced gap states at tetratetracon-
tane/Cu interface, Journal de Phys. IV 132, 199 (2006).

[10] T. Oka, N. Konno, R. Arita and H. Aoki: Breakdown of an electric-field driven system — a mapping
to a quantum walk, Phys. Rev. Lett. 94, 100602 (2005); Takashi Oka and Hideo Aoki: Ground-state decay
rate for the Zener breakdown in band and Mott insulators, Phys. Rev. Lett. 95, 137601 (2005).

11 Miyashita Group

Research Subjects: Statistical Mechanics, Phase Transitions, Quantum Spin systems,
Nonequilibrium Phenomena

Members: Seiji Miyashita, Keiji Saito, Hiroko Tokoro (JSPS) and Keigo Hijii (JST)

1. Phase Transition in Spin-Crossover Materials

We studied cooperative properties of spin-crossover materials, where responses to light-irradiation have
attracted a lot of interest. In particular, the so-called LIESST (light-induced excited spin state trapping)
phenomena have been extensively studied. In order to trap the excited state for a long time, the system
needs a kind of metastability. In the atomic level, the unit of the material has an energy-barrier between
the high-spin (HS) and the low-spin (LS) states which provides a mechanism of metastability. However, we
found the existence of a metastable state in the thermodynamic free energy. This metastability is caused
by the cooperativity of the molecules. We studied the properties of this metastability in various cases
including the Prussian blue analogues. This metastable state was also found in an experiment which was
done in the collaboration with the Ohkoshi-group in the department of chemistry, We proposed that the
difference between the atomic metastability and the thermodynamic metastability would appear in the
dependence of relaxation processes on the initial values. The existence of the thermodynamic metastability
causes a non-monotonic relaxation. We also studied the origin of the cooperativity, and we found that the
elastic distortion energy due to the variation of the size of the molecule plays an important roll.

2. Slow Relaxation in Highly Frustrated Systems

We studied the mechanism of slow relaxation caused by the entropy origin. The temperature dependence
of the effective coupling of frustrated decorated bond structure causes the reentrant phase transition. We
have pointed out the dynamics of the ordering becomes very slow due to the mechanism of spin-screening
effect. There it is very difficult to find the ground state of the system by using the thermal annealing
methods. Then, we studied how the quantum annealing works to find the ground state in this system
and demonstrated in some simple cases. There, the adiabatic transition plays an important role. We also
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studied the slow relaxation in the Ising-like kagome antiferromagnetic Heisenberg model which exhibits
a thermodynamical phase transition with the symmetry breaking phenomenon of the magnetization. In
this system, reflecting the macroscopic degeneracy as the characteristic of the corner-sharing frustrated
systems, a slow relaxation process exists even after the magnetization reaches to the equilibrium value. We
studied this process by observing the number of the weathervane loops which represents the variety of the
degenerate states. We found the a kind of entropy-induced ordering process, and obtained characteristics
of the slow relaxation.

3. Novel Quantum Phenomena

We have studied novel quantum phases. In the last year, we studied the conditions for the existence of
the “super-solid state”. We investigated the effect of frustration of the interaction, the soft-core effect, and
also the effect of inhomogeneity of the interaction. Especially, we found that the superfluid density have
maximum value when the effective potential that additional particle feel becomes flat. We also studied
phase diagram of the extended Bose-Hubbard model.

The localization of the electrons in one-dimensional tight-binding model was also studied in collabara-
tion with the Nagaosa-group in applied physics department. When the magnetic system has frustrated
interaction or the DM interaction, a spiral spin structure may appear. This structure affects the electron
conduction. In particular, we found that the electron state may localize when the spiral is incommensurate
with the lattice.

The energy gap at the avoided level crossing plays important role in the control the quantum state by
external field. The gap changes with the external parameter continuously including zero which means
gapless. This mechanism has been studied in term of the Berry phase. We have studied it from the view
point of the spin parity. We also studied the similar behavior in the eigenvalue of the Floquet operator
when the system is under the periodically oscillating field.

4. Quantum Dynamics

We have studied properties of quantum dynamics and manipulation in nanoscale molecular magnets and
related materials, where the Landau-Zener mechanism plays an important role. In order to study further
on the quantum dynamics, we are executing a crest project in JST on ”Quantum-mechanical cooperative
phenomena and their applications”.

In the last year, we studied dynamical properties of the transverse Ising model under the sweeping field,
and also the spin-wave propagation through the domain wall in the Ising-like Heisenberg model, where
we find that the transverse component is reflected by the domain wall, while the longitudinal component
propagates though it. These studies were done in the collaboration with De Readt group in the Groningen
University.

As we mentioned above, to find the ground state is difficult in some frustrated systems where the entropy-
origin slow dynamics takes place. We studied the quantum annealing method to find the ground state, and
found that it efficiently works. We discussed the quantum annealing process from the view points of the
adiabatic theorem of the quantum mechanics.

Manipulation of quantum particle by motion of potential well is important in microscopic operations of
quantum lattice systems. We studied properties of conveyance of quantum particles by a moving potential-
well. In particular, we study how the potential-well traps a particle when we sweep the potential-well. We
also studied how the potential-well carries up the particle over a hill, i.e., from a region where the potential
energy is low to a region of high potential energy. There, we found that the tunneling effect reduces the
carried amount. This process is well described by the Landau-Zener mechanism. Effects of potential sweep
in other potential shapes were also studied. The dynamics of particle density of non-interacting Fermi
particle system under the sweeping potential-well was also studied and found the effect of the position of
the Fermi level.

We studied the effects of quantum dissipation in the Landau-Zener mechanism. At zero temperature, we
found that the transition probability can be completely soluble with both phononic bath and spin-bath.
Especially when the thermal environment interacts with the spin-component where the driving field is
applied, the probability is bath-independent and coincides with the original Landau-Zener probability.

Classical and Quantum correspondence of chaos was studied with the semiclassical periodic orbit theory.
Quantum mechanics does not have the sensitivity to the initial state which is the characteristic of classical
chaos. However, as well known, the quantum counterparts of classically chaotic systems show the universal-
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ity in the level statistics which is well described by random matrix. We studied this empirical universality
focusing on form factor.

12 Ogata Group

Research Subjects: Condensed Matter Theory

Member: Masao Ogata, Youichi Yanase

We are studying condensed matter physics and many body problems, such as strongly correlated electron
systems, high-T. superconductivity, Mott metal-insulator transition, magnetic systems, low-dimensional
electron systems, mesoscopic systems, organic conductors, unconventional superconductivity, and Tomonaga-
Luttinger liquid theory. The followings are the current topics in our group.

e High-T, superconductivity

Superconductivity correlation in the strongly correlated electron systems.

Mott metal-insulator transition and superconductivity.[1]

Randomness and superconductivity fluctuation in high-T, superconductors.|2]

e Multi-orbital superconductivity in Na,CoOq-yH20 [3-6]
e Organic conductors

Quantum melting due to geometrical frustration.[7,8]

New-type charge ordering and superconductivity in two-dimensional organic conductors.[9,10]

Dimensional crossover and superconductivity in quasi-one-dimensional organic conductors.[11]

Novel spin-liquid state in an organic system.[12]

e Theories of anisotropic superconductivity
Superconductivity and antiferromagnetism in a non-centrosymmetric system.[13]
New states of SroRuO, in magnetic fields.
e Electronic and spin states in frustrated systems
Effects of carrier doping in a Kagomé lattice.
Numerical simulation in classical XY spin systems with frustration.
e Novel quantities in electronic systems
Disorder operator in two-dimensional insulators.[14]
e Kondo effect and heavy fermion systems

Kondo effects in quantum dots.[15]

Fermi surface reconstruction with Kondo screening at quantum critical point.[16)
o T'wo-dimensional 3He system on graphite

Spin-liquid state at half-filling.

Effects of ring-exchange interaction on the two-dimensional ¢-J model.

[1] H. Yokoyama, M. Ogata and Y. Tanaka: J. Phys. Soc. Jpn. 75, 114706 (2006).

[2] Y. Yanase: J. Phys. Soc. Jpn.75, 124715 (2006).

[3] M. Mochizuki and M. Ogata: J. Phys. Soc. Jpn. 75, 113703 (2006).

[4] M. Mochizuki and M. Ogata: J. Phys. Soc. Jpn. 76, 013704 (2007).

[5] M. Mochizuki, H. Q. Yuan and M. Ogata: J. Phys. Soc. Jpn. 76, 023702 (2007).

[6] M. Ogata: J. Phys.: Condens. Matter 19, 145282 (2007).

[7] H. Seo, J. Merino, H. Yoshioka and M. Ogata: J. Phys. Soc. Jpn. 75, 051009 (2006).
[8] H. Seo, K. Tsutsui, M. Ogata and J. Merino: J. Phys. Soc. Jpn. 75, 114707 (2006).
[9] M. Kaneko and M. Ogata: J. Phys. Soc. Jpn. 75, 014710 (2006).

[10] H. Watanabe and M. Ogata: J. Phys. Soc. Jpn. 75, 063702 (2006).

206



13. TSUNEYUKI GROUP

[11] Y. Fuseya, M. Ogata: submitted to J. Phys. Soc. Jpn..

[12] Y. Hayashi and M. Ogata: J. Phys. Soc. Jpn. 76, 053705 (2007).

[13] Y. Yanase and M. Sigrist: J. Phys. Soc. Jpn.76, 043712 (2007).

[14] R. Shindou, K-i. Imura, and M. Ogata: Phys. Rev. B 74, 245107 (2006).

[15] D. Matsubayashi and M. Eto, Phys. Rev. B 75, 165319 (2007).

[16] H. Watanabe and M. Ogata: arXiv:0704.1722, submitted to Phys. Rev. Lett..

13 Tsuneyuki Group

Research Subjects: Theoretical Condensed-matter physics

Member: Shinji Tsuneyuki and Kazuto Akagi

Computer simulations from first principles enable us to investigate properties and behavior of materials
beyond the limitation of experiments, or rather to predict them before experiments. Our main subject is
to develop and apply such techniques of computational physics to investigate basic problems in condensed
matter physics, especially focusing on prediction of material properties under extreme conditions like ultra-
high pressure or at surfaces where experimental data are limited. Our principal tool is molecular dynamics
(MD) and first-principles electronic structure calculation based on the density functional theory (DFT),
while we are also developing new methods that go beoynd the limitation of classical MD and DFT.

Our research subjects in F'Y2006 were as follows:

e Electronic structures and chemical reactions at surfaces

— Organic chemistry on Si surfaces: precursor states and Markovnikov’s rule for chemical reaction

— Effect of strong electric field on organic molecules chemisorbed on Si surfaces

Impurity effect in ferroelectric perovskites

— Charge-state effect on hydrogen impurities in BaTiO3

— Temperature dependence of the charge state of Mn impurities in SrTiO3

Structura/electronic transition of YH3 under ultra-high pressure

Electronic structure analysis of proteins by the LCMO scheme

New methods of electronic structure calculation

— First-principles wavefunction theory for solids based on the transcorrelated method

— Construction of model hamiltonian of materials from first principles and its application to exci-
tation spectrum

14 Fujimori Group
Research Subjects: Photoemission Spectroscopy of Strongly Correlated Systems

Member: Atsushi Fujimori and Teppei Yoshida

We study the electronic structures of strongly correlated systems using high-energy spectroscopic tech-
niques such as photoemission spectroscopy, x-ray absorption spectroscopy and x-ray magnetic circular
dichroism using synchrotron radiation. We investigate mechanisms of high-temperature superconduc-
tivity [1], metal-insulator transitions, giant magnetoresistance, carrier-induced ferromagentism [2] and
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spin/charge/orbital ordering in strongly correalted systems such as transition-metal oxides, magnetic semi-
conductors, and their interfaces [3].

[1] K. Tanaka, W.S. Lee, D.H. Lu, A. Fujimori, T. Fujii, Risdiana, I. Terasaki, D. J. Scalapino, T.P.
Devereaux, Z. Hussain and Z.-X. Shen: Distinct Fermi-Momentum Dependent Energy Gaps in Deeply
Underdoped Bi2212; Science 314 (2006) 1910-1913.

[2] K. Mamiya, T. Koide, A. Fujimori, H. Tokano, H. Manaka, A. Tanaka, H. Toyosaki, T. Fukumura and
M. Kawasaki: Indication of Intrinsic Room-Temperature Ferromagnetism in Ti;_,Co,02_s Thin Film: An
X-Ray Magnetic Circular Dichroism Study, Appl. Phys. Lett. 89 (2006) 062506—1-3.

[3] M. Takizawa, H. Wadati, K. Tanaka, M. Hashimoto, T. Yoshida, A. Fujimori, A. Chikamatsu, H.
Kumigashira, M. Oshima, K. Shibuya, T. Mihara, T. Ohnishi, M. Lippmaa, M. Kawasaki, H. Koinuma, S.
Okamoto and A. J. Millis: Photoemission from Buried Interfaces in SrTiO3/LaTiO3 Superlattices, Phys.
Rev. Lett. 97 (2006) 057601-1-4.

15 Uchida Group

Research Subjects: High-T. superconductivity

Member: Uchida Shin-ichi (professor), Kojima Kenji M. (research associate)

1. Project and Research Goal

The striking features of low-dimensional electronic systems with strong correlations are the “fractional-
ization” of an electron and the “self-organization” of electrons to form nanoscale orders. In one dimension
(1D), an electron is fractionalized into two separate quantum-mechanical particles, one containing its charge
(holon) and the other its spin (spinon). In two dimensions (2D) strongly correlated electrons tend to form
spin/charge stripe order.

Our study focuses on 1D and 2D copper oxides with various configurations of the corner-sharing CuQO,
squares. The common characteristics of such configurations are the quenching of the orbital degree of
freedom due to degraded crystal symmetry and the extremely large exchange interaction (J) between
neighboring Cu spins due to large d — p overlap (arising from 180° Cu-O-Cu bonds) as well as to the
small charge-transfer energy. The quenching of orbitals tends to make the holon and spinon to be well-
defined excitations in 1D with quantum-mechanical character, and the extremely large J is one of the
factors that give rise to superconductivity with unprecedentedly high Tc as well as the charge/spin stripe
order in 2D cuprates. The experimental researches of our laboratory are based upon successful synthesis of
high quality single crystals of cuprate materials with well-controlled doping concentrations which surpasses
any laboratory/institute in the world. This enables us to make systematic and quantitative study of the
charge/spin dynamics by the transport and optical measurements on the strongly anisotropic systems. We
also perform quite effective and highly productive collaboration with world-leading research groups in the
synchrotron-radiation, SR and neutron facilities, and STM/STS to reveal electronic structure/phenomena
of cuprates in real- and momentum-space.

2. Accomplishment
(1) Ladder Cuprate

Significant progress has been made in the experimental study of a hole-doped two-leg ladder system
Sr14—,Ca;Cuz404; and undoped LagCagCusz4047 :
1) From the high pressure (P) study we constructed and 2-P phase diagram (in collaboration with Prof. N.
Mori’s group). We find that the superconductivity appears as a superconductor-insulator transition only
under pressures higher than 3GPa and that the superconducting phase is restricted in the range of x larger
than 10. In lower P and smaller x regions the system is insulating.
2) The pairing wave function in the superconducting phase has an s-wave like symmetry which is evidenced
by a coherence peak at T, in the nuclear relaxation rate, revealed by the first successful NMR measurement
under high pressure.
3) The origin of the insulating phase dominating the whole 2z — P phase diagram is most likely the charge
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order of doped holes or hole pairs as suggested by the presence of a collective charge mode in the z=0,
Sr14Cu240y41, compound in the inelastic light scattering (with G. Blumberg, Bell Lab.), microwave and
nonlinear conductivity (with A. Maeda and H. Kitano, U. of Tokyo), and inelastic X-ray scattering (with
P. Abbamonte and G. A. Sawatzky).

4) In the undoped compound LagCagCugsO4; spin thermal conductivity is remarkably enhanced to the
level of silver metal along the ladder-leg direction due to the presence of a spin gap and to a ballistic-like
heat transport characteristic of 1D.

(2) Observation of Two Gaps, Pseudogap and Superconducting Gap, in Underdoped High-T,
Cuprates.

The most important and mysterious feature which distinguishes cuprate from conventional supercon-
ductors is the existence of “pseudogap” in the normal state which has the same d-wave symmetry as the
superconducting gap does. We employed c-axis optical spectrum of YbayCuzOg.g as a suitable probe for
exploring gaps with d-wave symmetry to investigate the inter-relationship between two gaps. We find that
the two gaps are distinct in energy scale and they coexist in the superconducting state, suggesting that the
pseudogap is not merely a gap associated with pairs without phase coherence, but it might originate from
a new state of matter which competed with d-wave superconductivity.

(3) Nanoscale Electronic Phenomena in the High-T, Superconducting State

The STM/STS collaboration with J. C. Davis’ group in Cornell Univ. is discovering numerous unexpected
nanoscale phenomena, spatial modulation of the electronic state (local density of states, LDOS), in the
superconducting CuOs planes using STM with sub-A resolution and unprecedentedly high stability. These
include (a) “+” or “x” shaped quasiparticle (QP) clouds around an individual non-magnetic Zn (magnetic
Ni) impurity atom, (b) spatial variation (distribution) of the SC gap magnitude, (c) a “checkerboard”
pattern of QP states with four unit cell periodicity around vortex cores, and (d) quantum interference of
the QP. This year’s highlights are as follows:

1) Granular structure of high-Tc superconductivity

The STM observation of “gap map” has been extended to various doping levels of BisSroCaCusOg5. The
result reveals an apparent segregation of the electronic structure into SC domains of ~3mm size with local
energy gap smaller than 60meV, located in an electronically distinct background (“pseudogap” phase) with
local gap larger than 60meV but without phase coherence of pairs. With decrease of doped hole density, the
(coverage) fraction of the superconducting area decreases or the density of the number of superconducting
islands decreases. Apparently, this is related to the doping dependence of superfluid density as well as the
doping dependence of the normal-state carrier density.

2) Homogeneous nodal superconductivity and heterogeneous antinodal states

Modulation of LDOS is observed even without vortices, at zero magnetic field. In this case, the mod-
ulation is weak and incommensurate with lattice period, showing energy (bias voltage) dependence. The
dispersion is explained by quasiparticle interference due to elastic scattering between characteristic regions
of momentum-space, consistent with the Fermi surface and the d-wave SC gap determined by ARPES
(angle-resolved-photoemission).

These dispersive quasiparticle interference is observed at all dopings, and hence the low-energy states,
dominated by the states on the® Fermi arc” formed surrounding the gap nodes, are spatially homoge-
neous(nodal superconductivity). By contrast, the quasiparticle states near the antinodal region degrade
in coherence with decreasing doping, but have dominant contribution to superfluid density. This suggests
that the volume fraction of spatial regions all of whose Fermi surface contributes to superfluid decreases
with reduced doping. The result indicates the special relationship between real-space and momentum-space
electronic structure.

16 Hasegawa Group

Research Subject: Experimental Surface/Nano Physics

Members: Shuji HASEGAWA, Iwao MATSUDA, and Toru HIRAHARA

Topics in our research group are (1) electronic/mass transports, (2) atomic/electronic structures, (3)
phase transitions, (4) electronic excitations, and (5) epitaxial growths of coherent atomic/molecular layers
on semiconductor surfaces and nano-scale phases. Peculiar atomic arrangements and surface electronic
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states, characteristic of the surface superstructures and ultra-thin films, on semiconductor surfaces, are
our platforms for studying physics of atomic-scale low-dimensional systems by using ultrahigh vacuum
experimental techniques such as electron diffractions, scanning electron microscopy, scanning tunneling
micro/spectroscopy (STM/S), photoemission spectroscopy, and in-situ 4-point-probe conductivity mea-
surements with four-tip STM and monolithic micro-4-point probes. Main results in this year are as follows.
(1) Surface electronic transport: Metal-insulator transitions, hopping conduction, and Hall effect in
surface states. Quantitative evaluation of surface-state conductivity from Fermi surface mapping. Conduc-
tance of individual Cobalt silicide nanowires and metal-coated carbon nanotube tips.

(2) Surface phases, ultra-thin films, and phase transitions: Order-disorder phase transition and
charge-density-wave transition on various metal-induced surface superstructures of Si and Ge. Quantum-
well state in ultra-thin Pb, Bi, and Ag films. Ge nanodots layer.

(3) Construction of new apparatuses: Green’s-function STM (low-temperature four-tip STM). Metal-
coated carbon nanotube STM tips.

[1] N. Nagamura, I. Matsuda, N. Miyata, T. Hirahara, S. Hasegawa, and T. Uchihashi: Quasi-quantum-wire states
in an epitazial Ag film on a one-dimensional surface superstructure, Physical Review Letters 96, 256801 (Jun
2006).

[2] T. Hirahara, T. Nagao, I. Matsuda, G. Bihlmayer, E. V. Chulkov, Yu. M. Koroteev, P. M. Echenique, M.
Saito, and S. Hasegawa: Role of Spin-Orbit Coupling and Hybridization Effects in the Electronic Structure of
Ultrathin Bi Films, Physical Review Letters 97, 146803 (Oct 2006).

[3] S. Yoshimoto, Y. Murata, K. Kubo, K. Tomita, K. Motoyoshi, T. Kimura, H. Okino, R. Hobara, I. Matsuda,
S. Honda, M. Katayama, and S. Hasegawa: Four-Point Probe Resistance Measurements Using Ptlr-Coated
Carbon Nanotube Tips, Nano Letters 7, 956 (May 2007).

[4] Y. Nakayama, I. Matsuda, S. Hasegawa, and M. Ichikawa: Quantum regulation of Ge nanodot state by control-
ling barrier of the interface layer, Applied Physics Letters 88, 253102 (Jun 2006).

[5] T.Hirahara, T. Nagao, I. Matsuda, G. Bihlmayer, E. V. Chulkov, Yu. M. Koroteev, and S. Hasegawa: Quantum-
well states in ultrathin Bi films from angle-resolved photoemission spectroscopy and first-principles calculations
study, Physical Review B 75, 035422 (Jan 2007).

[6] T. Hirahara, I. Matsuda, R. Hobara, S. Yoshimoto, and S. Hasegawa: Direct measurement of the Hall effect in
a free-electron-like surface state, Physical Review B 73, 235332 (Jun 2006).

[7] C. Liu, I. Matsuda, M. D’angelo, and S. Hasegawa: Self-Assembly of Two-Dimensional Nanoclusters: From
Surface Molecules to Surface Superstructure, Physical Review B 74, 235420 (Dec 2006).

[8] H. Konishi, Y. Murata, W. Wongwiriyapan, M. Kishida, K. Tomita, K. Motoyoshi, S. Honda, and M. Katayama,
S. Yoshimoto, K. Kubo, R. Hobara, I. Matsuda, S. Hasegawa, M. Yoshimura, J.-G. Lee and H. Mori: High-yield
synthesis of conductive carbon nanotube tips for multiprobe scanning tunneling microscope, Review of Scientific
Instruments 78, 013703 (Jan 2007).

[9] R. Hobara, N. Nagamura, S. Hasegawa, I. Matsuda, Y. Yamamoto, K. Ishikawa, and T. Nagamura: Variable-
Temperature Independently-Driven Four-Tip Scanning Tunneling Microscope, Review of Scientific Instruments
78, 053705 (May 2007).

[10] R. Hobara, S. Yoshimoto, S. Hasegawa, and K. Sakamoto: Dynamic electrochemical-etching technique for tung-
sten tips suitable for multi-tip scanning tunneling microscopes, e-Journal of Surface Science and Nanotechnology
5, 94 (Apr 2007).

17 Fukuyama Group

Research Subjects: Low Temperature Physics (Experimental):
Two-dimensional (2D) quantum fluids and solids with strong correlations and
frustration; Low temperature scanning tunneling microscopy and spectroscopy

of 2D electron systems (2DES) and exotic superconductors.

Member: Hiroshi Fukuyama, Hiroshi Kambara
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Our current interests are (i) new quantum phases with strong correlations and frustration in 2D *He. (ii)
quantum phenomena in 2DES like the quantum Hall effect and (iii) superconductivity with unconventional
Cooper pairing. We are investigating these phenomena at very low temperatures down to 50 pK, using
various experimental techniques such as NMR, calorimetry, STM/STS, etc.

1. Novel quantum phases in strongly correlated fermions in 2D:

(a) Zero-point vacancies in 2D *He:
We obtained a thermodynamic evidence for the zero-point vacancies (ZPVs), which are atomic
vacancies hopping on crystalline lattice cites even at absolute zero, in monolayer solid >He adsorbed
on a graphite surface. Our heat capacity measurements at densities (p) just below that (p4/7) for the
low-density commensurate phase (the 4/7 phase) show anomalies associated with the 2D hole band
created by the strong correlation effects. Various theoretical analyses support the ZPV scenario even
quantitatively.

(b) Spin dynamics in 2D *He near localization:
We are investigating spin dynamics of 2D 3He near localization with the spin echo technique of
pulsed-NMR. The density dependence of measured spin-spin relaxation time (7%) shows a “V” shaped
minimum at p4/7. The increase of Tz at p < py/7 can be understood as the motional narrowing due
to doping the ZPVs and that at p > p4/7 as the exchange narrowing due to the interlayer exchange
with an overlayer.

2. STM/STS studies of 2DES:

(a) Real-space imaging of the quantum Hall state at graphite surface:
Previously we demonstrated that spatial distributions of the electronic states in the quantum Hall
regime can be mapped in nm scale with STS near point defects at graphite surface. We have extended
this investigation to graphite surfaces with many defects created by Ar-ion sputtering. In addition to
the localized state with a central peak and a satellite ring (Type-I) which had been observed near the
point defects, we found another state with a different distribution consisting only of the satellite ring
(Type-1I). Theoretical calculations for 2DES in magnetic fields show that the Type-I and Type-II
states correspond to the localized states in Coulomb and harmonic potentials, respectively.

(b) STM/STS studies of 2DES in semiconductors:
In our previous STS measurements on the 2DES confined in an InAs thin film on a GaAs substrate,
a strange oscillation of the density of states (DOS) with a 60 meV periodicity was found in the
positive energy range. We have studied the origin of this oscillation in detail by changing the InAs
film thickness, inserting an undoped GaAs thin layer in between the film and substrate, and replacing
the substrate from GaAs to InAs. It was concluded that the oscillation is caused by modulation of
the tunnel probability in the presence of the Schottky barrier between the film and substrate.

3. STM/STS studies of unconventional superconductors:

(a) Impurity-induced resonant states in a d-wave superconductor:
We studied the temperature dependence of impurity-induced resonant states in Zn-doped BisSroCaCusOg s
to identify the origin of the sharp near-zero-energy peak observed in STS experiments. We found
that the resonant peak survives even at T' = 52 K which is much higher than the estimated Kondo
temperature (~ 15 K). This result supports the impurity-scattering resonance scenario.

(b) Surface electronic states of SroRuOy:
Surface electronic states of the spin-triplet superconductor SroRuO4 have been studied with STS. A
large gap structure (A ~ 5 meV) in the tunnel spectrum is always observed at surface SrO planes
cleaved at low temperatures possibly because of the surface reconstruction. On the other hand,
surfaces cleaved or exposed at room temperature show a disordered DOS with 3D correction term
of Anderson localization.

18 Okamoto Group

Research Subjects: Experimental Condensed Matter Physics,

Low temperature electronic properties of two-dimensional systems.

Member: Tohru Okamoto and Ryuichi Masutomi
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We study low temperature electronic properties of semiconductor two-dimensional systems.
The current topics are following:

1. Two dimensional electrons at cleaved semiconductor surfaces:

At the surfaces of InAs and InSb, conduction electrons can be induced by submonolayer deposition of
other materials. Research on electrons at semiconductor surfaces has great future potential because of
the variety of adsorbates and the application of scanning probe microscopy techniques. Recently, we
have successfully performed the first low-temperature (7" = 1.5 K) magnetotransport measurements
on Ag-induced electron systems (ESs) formed at in situ cleaved surfaces of p-type InAs. However, a
high magnetic field above 10 T was required for the observation of the QH effect. In this year, we
extended the study to InSb surfaces. The quantum Hall effect was observed even at low magnetic
fields around 2 T. The surface electron density and the electron mobility exhibit strong dependence on
the Ag-coverage and the annealing temperature in the range of 15-40 K. The annealing effect suggests
that the surface morphology strongly affects the properties of the two-dimensional electron systems.

2. Strongly correlated two dimensional systems:

We have studied anisotropic magnetotransport in a silicon quantum Hall system. By controlling the
angle of the magnetic field with respect to the two dimensional plane, the ratio of the Zeeman energy
to the cyclotron gap can be adjusted. At the angle, where the Landau levels (n =1,7) and (n =0, |)
have the same energy, giant anisotropy of the longitudinal resistivity was found. With decreasing
temperature, the longitudinal resistivity in the direction parallel to the in-plane magnetic field steeply
increases while that in the perpendicular direction decreases. The results might be related to the
formation of a striped spin density wave.

3. Spin current in the quantum Hall regime detected by dynamic nuclear polarization:

We have studied the spin current and heat flow in the spin-resolved quantum Hall regime around
Landau level filling factor v = 3 in GaAs/AlGaAs two-dimensional electron systems (2DESs). First,
we demonstrated that dynamic nuclear polarization (DNP) can be caused by a change in T, in the
breakdown regime at v = 3. The sample used has a narrow channel, where the width varies stepwise
along the electron flow. We found that electron cooling (heating) causes the polarization of nuclear
spins against (toward) the external magnetic field at liquid helium temperatures. Secondly, spin current
perpendicular to the electric current was investigated in the transition regions of 2 < v < 3 and
3 < v < 4. A specially designed Hall bar was used in order to detect DNP in the vicinity of one of the
edges after applying a large electric current. The observed polarity of DNP, which depends on those
of the electric current and magnetic field, indicates that the directions of the spin current and the Hall
electric field are the same for v > 3, but are opposite for v < 3. It is suggested that the spin of the
majority carriers of the dissipative current determines the direction of the spin current.

19 Shimano Group

Research Subjects: Optical and Terahertz Spectroscopy of Condensed Matter

Member: Ryo Shimano and Shinichi Watanabe

We study light-matter interactions and many body quantum correlations in: 1)optically excited high
density electron-hole systems in semiconductors, low dimensional systems such as 2) carbon nanotubes, 3)
quasi-1D organic conductors, 4)superconductors, and 5) strongly correlated electron systems. In order to
investigate the dynamics of phase transition in those materials, we are focusing on their low energy elec-
tromagnetic responses in terahertz(THz) (1THz~4meV) frequency range where quasi-particle excitations
and various collective excitations exist. The research summary in this year is as follows.

1. THz spectroscopy
(1)Carbon nanotubes: Carbon nanotubes are considered as one of the promising materials for the
study of one dimensional electronic systems. The dynamical aspects of their transport properties,
and photo-excited dynamics are important issues to understand the Coulomb correlation in such 1D
electron system. In this context, we are studying the low energy (~ meV) electromagnetic responses
of their ground state and photo-excited state. We determined the complex dielectric function of HiPco
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single-wall carbon nanotubes (SWNTSs) by terahertz time-domain spectroscopy in the broad spectral
range from 0.2 to 20 THz. Real part of the dielectric function exhibits extremely large and positive
value at low frequency below 2THz, indicating the response of small gap SWNTs.
(2)Superconductors: Vortex lattice, or glass in superconductor can be recognized as a new class of
material phase which can be controlled by external perturbation such as magnetic field or temperature.
We study the interaction among the vortices and their dynamics as well as the quasi-particle dynamics
by THz conductivity measurements. A clear gap at 1.1THz is observed in NbN film of T,=15K, which
disappears with increasing the applied magnetic field. The conductivity spectrum is analyzed based
on effective medium theory.

(3)Multiferroics: Antiferromagnetic resonance is observed in multiferroic material DyMnOs, where
ferroelectric and antiferromegnetic order coexist at low temperature. The correlation between ferro-
electricity and magnetism is systematically examined in THz frequency range, in order to investigate
the collective excitation of the ferroelectric order.

2. Instrumental Developments
(1)THz time domain ellipsometry at low temperature and under high magnetic field: THz
time domain ellipsometry at low temperature as low as 1.6K and under high magnetic field as high
as 7T is achieved. The available frequency range is between 0.2 to 2THz, which covers the BCS gap
of conventional superconductors, antiferromagnetic resonances, and cyclotron frequencies in typical
semiconductors such as Si, InAs, GaAs under the relevant magnetic field. A high sensitive polarization
spectroscopy, namely the THz time domain ellipsometry, is combined with this system, which allows
one to measure the magneto-optical Faraday rotation angle as small as 0.5mrad.
(2)Broadband THz spectroscopy system: In order to extend the conventional THz spectroscopy
range of 0.2 to 3THz of which upper limit is restricted by the laser pulse width 160fs, we installed a much
shorter femtosecond laser system with pulse width of 14fs. By adopting the optical rectification and
dipole antenna for THz generation and detection scheme, we suceeded in obtaining a broad spectral
range of 0.5 to 30THz(600um tolOum), which covers interesting response range of those abundant
materials listed above.
(3)Development of compact THz spectroscopy system: Compact and mobile terahertz time
domain spectroscopy (THz-TDS) measurement system is quite useful as one can perform the measure-
ments anywhere including what conventional setup cannot be accessible, e.g. inside a cryogenic system
with no optical windows. Also useful is a diffraction-limited THz imaging system with high spatial
resolution, as one can quantitatively extract the spectroscopic information of small objects, particu-
larly when their sizes are in the order of mm, comparable to the wavelength of THz waves. For this
purpose, we have developed a very compact THz-TDS imaging system with high diffraction-limited
spatial resolution, which is designed so as to put the whole system except for pump and probe laser
lines inside a cryostat with 25 millimeter diameter sample space.

20 Theoretical Astrophysics Group

Research Subjects: Particle Astrophysics, Relativistic Astrophysics, Physics of Super-
novae and High Density Matter, Observational Cosmology
Member: Katsuhiko Sato, Yasushi Suto, Atsushi Taruya, & Shinji Mukohyama

The Theoretical Astrophysics Group carries out a wide range of research programmes. However, astro-
physics is a very broad field of research, and it goes without saying that our group alone cannot cover
all the various important astrophysical research topics on hand; we therefore place particular emphasis on
the following three areas of research - “Physics of the Early Universe”, “Observational Cosmology”, and
“Paricle and Nuclear Astrophysics”. Let us delve into the specifics of these areas below.

The understanding of the very early universe saw a sort of renaissance in 1980’s by applying the ideas of
particle physics around the epoch close to the Planck time, of which the prime example is the inflationary
universe scenario. On the basis of such recent development, “Physics of the Early Universe” aims at
describing the birth of the universe within the language of physics. Our group activities include inflationary
universe models, cosmological phase-transition and topological defects, big-bang nucleosynthesis, the cosmic
no-hair conjecture and the fundamental problem of general relativity.
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)

“Observational Cosmology” attempts to understand the evolution of the universe on the basis of the
observational data in various wavebands. The proper interpretation of the recent and future data provided
by COBE, ASCA, the Hubble telescope, SUBARU, and large-scale galaxy survey projects is quite important
both in improving our understanding of the present universe and in determining several basic parameters
of the universe which are crucial in predicting the evolutionary behavior of the universe in the past and
in the future. Our current interests include nonlinear gravitational evolution of cosmological fluctuations,
formation and evolution of proto-galaxies and proto-clusters, X-ray luminosity and temperature functions of
clusters of galaxies, hydrodynamical simulations of galaxies and the origin of the Hubble sequence, thermal
history of the universe and reionization, prediction of anisotropies in the cosmic microwave background
radiation, statistical description of the evolution of mass functions of gravitationally bound objects, and
statistics of gravitationally lensed quasars.

“Particle and Nuclear Astrophysics” explores the interfaces between particle physics, nuclear physics,
and astrophysics. We place particular attention on the physics of supernovae. This includes a rich variety
of micro- and macro-physics, for example, neutrino transport, equation of state of high density matter,
r-process nucleosynthesis, convective instability, fast rotation of a stellar core, strong magnetic field, grav-
itational radiation, and so on. In particular, the mechanism of the Type II supernovae itself has not been
properly explained for more than 25 years. It is, therefore, important to make clear the physics of super-
nova phenomena not only for astrophysics but also for other fields of elementary physics. We are currently
working on the multi-dimensional aspects of supernovae such as rotating core collapse, asymmetric neutrino
emission, convective energy transfer near the neutrino sphere, possibility of r-process nucleosynthesis in the
hot bubble region, and gravitational radiation from an asymmetrically bouncing core. Additionally, we
have also recently been working on the effects of magnetic fields on the explosion mechanism.

Let us summarize this report by presenting recent titles of the doctor and master theses in our group;
2006

e Numerical studies on cosmological perturbations in braneworld
e Inflationary braneworld probed with primordial black holes
e Galaxy Biasing and Higher-Order Statistics

e Probing circular polarization of Gravitational Wave Background with Cosmic Microwave Background
Anisotropy

e Gravitational Collapse of Population III Stars
2005

e Brane gravity and dynamical stability in warped flux compactification

e Neutrino Probes of Galactic and Cosmological Supernovae

e Detectability of cosmic dark baryons through high-resolution spectroscopy in soft X-ray band
e Propagation of Ultra-High Energy Cosmic Rays in Cosmic Magnetic Fields

e The study of nuclear pasta investigated by Quantum Molecular Dynamics

2004

e Strong Gravitational Lenses in a Cold Dark Matter Universe

e Effect of Rotation and Magnetic Field on the Explosion Mechanism and Gravitational Wave in Core-
Collapse Supernovae

e "Bulk Fields in Braneworld”
e “Gravitational collapse and gravitational wave in the brane-world”
e Magnetohydrodynamical Simulation of Core-Collapse Supernovae

e A Search for the Atmospheric Absorption in the Transiting Extrasolar Planet HD209458b with Subaru
HDS
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e Baryogenesis and Inhomogeneous Big Bang Nucleosynthesis

e The large-scale structure of SDSS quasars and its cosmological implication

e Non-Gravitational Heating of Galaxy Clusters in a Hierarchical Universe

e Discoveries of Gravitationally Lensed Quasars from the Sloan Digital Sky Survey
e One, Two, Three — measuring evolved large scale structure of the Universe

e Higher-order Statistics as a probe of Non-Gaussianity in Large Scale Structure

e Primordial black holes as an imprint of the brane Universe

e Probing the Extra Dimensions with Gravitational Wave Background of Cosmological Origin

e Nuclear “pasta” in dense stars and its properties
e Supernova Neutrinos: Their Relic Background and Resonant Spin-Flavor Conversion
e Arrival Distribution of Ultra-High Energy Cosmic Rays and Implications for Their Source Candidates

e Non-linear evolution of the cosmological large scale structure from the local collapse model

e The Universe with Extra Dimensions — From Kaluza-Klein Perspective to Brane World

e Gravitational Collapse of Rotating Massive Stars

e Effects of Neutrino Oscillation on Supernova Neutrino

e Resolving the Central Density Profile of Dark Matter Halos with Gravitational Lensing Statistics

e The Stability of Higher Dimensional Spacetime

21 Murao Group

Research Subjects: Quantum Information Theory

Member: Mio Murao and Damian Markham

Quantum information processing seeks to perform tasks which are impossible or not effective with the
use of conventional classical information, by using quantum information described by quantum mechanical
states. Quantum computation, quantum cryptography, and quantum communication have been proposed
and this new field of quantum information processing has developed rapidly especially over the last 10
years. Entanglement is nonlocal correlation that appears in certain types of quantum states (non-separable
states) and has become considered as a fundamental resource for quantum information processing. In our
group, we investigate new properties of multipartite and multi-level entanglement and the use of these
properties as resources for quantum information processing. Our current projects are the following:

e Relationship between LOCC copying and LOCC discrimination of maximally entangled states [1]
e Two-way classical communication remarkably improves LOCC distinguishability
e Multipartite distance like measure of entanglement for a class of symmetric states

e A computable bound of deterministic LOCC discrimination in a multipartite system
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e Entanglement and local information access for graph states [2]

e Local encoding of classical information onto quantum states [3]

e Remote destruction of spread qubit information

e Generalization of measurement based quantum computation

e Searching for the maximally entangled tripartite state

e Survival of entanglement in thermal states [4]

e The role of entanglement in quantum information and in statistical physics [5]
e Entanglement in one dimensional spin systems

e Enhancement of security by using blind quantum computation

Please refer our webpage: http://eve.phys.s.u-tokyo.ac.jp/indexe.htm
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22 Makishima Group & Nakazawa Group

Research Subjects: High Energy Astrophysics using Scientific Satellites, X-Ray Probing
of the Universe, Development of Cosmic X-Ray/v-Ray Instruments

Member: Kazuo Makishima, Kazuhiro Nakazawa

We study cosmic and solar high-energy phenomena in the X-ray and ~-ray frequencies, using scientific
satellites launched by the Japan Aerospace Exploration Agency, as well as foreign missions.

The Suzaku satellite: In collaboration with several domestic and US groups, we have developed the
Hard X-ray Detector (HXD) [1,2] which has an unprecedented sensitivity to cosmic hard X-rays in the
10-600 keV range. The Suzaku satellite, carrying onboard the HXD and CCD cameras (coupled to X-ray
telescopes), has been launched successfully by an M-5 rocket on 2005 July 10. After the initial performance-
verification phase, the first guest-opservation cycle of Suzaku was completed in the end of March 2006.

Physics of Compact Objects: Mass accretion onto compact objects is our favorite research subject,
and extensive Suzaku studies have been carried out. From two binary X-ray pulsars, the HXD successfully
detected spectral features due to electron cyclotron resonance [4]. Rotation-powered pulsars, including the
Crab pulsar in particular, provided accurate calibration to the HXD timing function. Combining the ~ 0.3
keV to ~ 200 keV spectra of several black-hole binaries (including the prototypical Cygnus X-1) obtained
with Suzaku, were have discovered that their spectra require, in terms of thermal Compton scenario, at lest
two different optical depths. We keep our quest for the nature of enigmatic Ultra-Luminous X-ray sources
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(ULXs) in nearby galaxies, candidates for intermediate-mass black holes. A dozen active galactic nuclei
also yielded the Suzaku detection at least up to 100 keV. In particular, the data from the type 2 Seyfert
galaxy NGC 4945 has provided valuable information on the geometry of obscring materials.

Cosmic Nucleosysnthesis: X-ray observations provide powerful diagnostics to cosmic nucleosynthesis,
from individual stars to clusters of galaxies. Our observations of a planetary nebula with the Suzaku CCD
camera revealed an extreme carbon overabundance relative to oxygen [3]. This is a rare occasion where the
carbon-rich material produced deep inside an evolved star is being witnessed. Using Suzaku and XMM-
Newton data of a fair number of clusters of galaxies, we discovered that Oxygen in their hot X-ray emitting
plasma is much more widely distributed than Silicon and Iron. This can be explained if their member
galaxies have been falling to the cluster centers over the Hubble time, presumably due to magneto-hydro-
dynamic interactions with the plasma.

Plasma Heating and Particle Acceleration: Using Suzaku and other missions, we are revealing that
vast inter-stellar and inter-galactic space is a site of ubiquitous plasma heating and particle acceleration.
Examples include; giant flares around young stars; colliding stellar winds; and globular clusters moving
through the Galactic halo gas. Suzaku observations have demonstrated that the Galactic plane near the
Galactic center is filled with hot thermal X-ray emission (detected with the CCD camera), and non-thermal
hard X-ray signals (detected with the HXD). The origin of these “Galactic diffuse X-ray emissions” is still
unclear. Using Suzaku, we are searching clusters and groups of galaxies for non-thermal emission from the
anticipated relativistic particles.

Future Instrumentation: We are making various attempts toward future instrumentation. These
include Fourier-sysnthesis gamma-ray imagers, coded-mask imagers employing small-pixel inorganic scin-
tillators, new single- and poly-crystalline and inorganic scintillators, and avalanche photo diodes. Some of
them are meant for the future mission called NeXT (New X-ray Telescope), which is being planned as a
successor to Suzaku, hopefully to be launch in 2012.

1. Takahashi, T., Ezoe, Y., Fukazawa, Y., et al.: “Hard X-Ray Detector (HXD) on Board Suzaku”, Publ.
Astr. Soc. Japan 59, S35-S51 (2007)
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Suzaku”, Publ. Astr. Soc. Japan 59, SS53-S76

3. Murashima, M., Kokubun, M., Makishima, K., et al.: “Suzaku Reveals He-burning Products in the
X-ray Emitting Planetary Nebula BD +30° 3639”, Astrophys. J. Lett., 647, 1.131-1.134 (2006)

4. Terada, Y., Mihara, T., Nakajima, M., Suzuki, M., Isobe, N., Makishima, K., Takahashi, H., Enoto,
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23 Takase Group

Research Subjects: High Temperature Plasma Physics Experiments, Spherical Tokamak,
Nonlinear Physics, Collective Phenomena, Fluctuations and Transport, Ad-

vanced Plasma Diagnostics Development

Members: Yuichi Takase, Akira Ejiri

Thermonuclear fusion, the process that powers the sun and stars, is a promising candidate for generating
abundant, safe, and clean power. In order to produce sufficient fusion reactions, isotopes of hydrogen, in
the form of hot and dense plasma, must be confined for a long enough time. A magnetic configuration
called the tokamak has reached the level where the International Thermonuclear Experimental Reactor
(ITER) would be constructed to study the behavior of burning plasmas. However, improvement of the
cost-effectiveness of the fusion reactor is still necessary. The spherical tokamak (ST) offers a promising
approach to increasing the efficiency by raising the plasma beta (the ratio of plasma pressure to magnetic
pressure). High beta plasma research using ST is a rapidly developing field worldwide, and is being carried
out in our group using the TST-2 spherical tokamak. TST-2 is now located in a new experimental building
in Kashiwa Campus. Our group is tackling the problem of creating and sustaining a high beta plasma
using a variety of approaches.
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Formation, heating and maintenance of the TST-2 spherical tokamak plasma

It is crucially important for ST to develop a scenario of plasma formation, heating and maintenance
without the use of the central solenoid (CS). The physics of noninductive plasma initiation by RF power
in the presence of a vertical magnetic field with positive decay index is being investigated on TST-2.
Analysis based on single particle orbits has successfully reproduced the main features of the experimental
dependences on the magnetic geometry and the magnetic field strength, showing that the plasma current
maximizes when R(), becomes comparable to the electron thermal velocity, where R is the major radius of
the plasma and (2, is the cyclotron frequency evaluated with the poloidal magnetic field. Plasma heating by
the high harmonic fast wave (HHFW) is also being investigated. A nonlinear process known as parametric
decay was observed by both RF magnetic probes and microwave reflectometry. A clear evidence of electron
heating, as evidenced by increased soft X-ray emission, was observed only when parametric decay activity
was made sufficiently weak by pushing the plasma inward.

The high beta plasma produced in ST is highly autonomous. Spontaneous deformation of the plasma
by an instability and subsequent recovery are observed. This process involves reconnection of magnetic
field lines, and is called the reconnection event (RE). A large increase in ion temperature is observed,
confirming ion acceleration and thermalization predicted by theory. The mode structure is being revealed
by simultaneous singular value decomposition (SVD) analysis of soft X-ray and magnetic data. Internal
modes as well as external modes, which are consistent with predictions of nonlinear MHD simulations,
have been identified in TST-2. On MAST it was found that the electron pressure gradient increases to
dP/dr ~ 9 x 10% Pa/m before an RE and relaxes to dP/dr ~ 4x 10% Pa/m after an RE, suggesting that
the instability is driven by the pressure gradient.

Formation of Ultra-High Beta Plasma by Plasma Merging

A new ST device, UTST, aiming at formation of ultra-high beta plasma by plasma merging has been
constructed and plasma formation experiments have started. Two ST plasmas will be formed by induction
from external coils. Strong ion heating due to magnetic reconnection is expected to form one ST plasma
with very high beta (30-50%). Access to the second stability regime becomes much easier using this unique
method. It is a challenge to maintain the plasma in such a state for long enough time (exceeding the energy
confinement time) after reconnection is over. This is planned to be accomplished by innovative methods of
heating and current drive using RF waves (such as the HHFW) or neutral beam injection.

Collaborations

Collaborative experiments are being carried out on the JT-60U tokamak at Japan Atomic Energy Agency
(JAEA). Plasma current sustainment by the bootstrap current, driven spontaneously by the pressure
gradient, was demonstrated using the newly developed constant surface flux control algorithm, which
eliminates the possibility of inductive current drive. Collaborations with larger ST devices NSTX (USA)
and MAST (UK) are also being carried out.

24 Tsubono Group

Research Subjects: Experimental Relativity, Gravitational Wave, Laser Interferometer

Member: Kimio TSUBONO and Masaki ANDO

The detection of gravitational waves is expected to open a new window into the universe and brings us a
new type of information about catastrophic events such as supernovae or coalescing binary neutron stars;
these information can not be obtained by other means such as optics, radio-waves or X-ray. Worldwide
efforts are being continued in order to construct detectors with sufficient sensitivity to catch possible
gravitational waves. Now the detection of the gravitational waves is one of the biggest challenges in the
field of physics and astronomy.

TAMAS300 is a 300-m baseline laser interferometric gravitational wave detector constructed in Mitaka.
We started the operation of the detector in 1999. The achieved sensitivity, h ~ 3 x 10721/ VHz at 700Hz to
1.5kHz, is sufficient to catch possible gravitational wave events in our galaxy. We can operate the detector
for over 24 hours stably and continuously, and have accumulated over 3,000 hours data. We are now
analyzing the obtained data searching for the gravitational waves from coalescing binaries, supernovae and
pulsars.
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A space laser interferometer, DECIGO, was proposed through the study of the gravitational wave sources
with cosmological origin. DECIGO could detect primordial gravitational waves from the early Universe at
the inflation era. We have just stared the theoretical and technical investigation for the realization of the
DECIGO space detector.

We summarize the subjects being studied in our group.

e Laser interferometric gravitational wave detectors

— Current status of TAMA project
— Systematic analysis of TAMA monitoring signal

— Search for continuous gravitational waves from unknown pulsars

Study of the next-generation laser interferometer, LCGT
e Space laser interferometer

— Space laser interferometer DECIGO
— DECIGO pathfinder
— Small size detector SWIM

e Study of the precise measurements

— Laser stabilization using optical fiber

— Study of magnetic levitation
e Study of the thermal noise

— Study of the thermal noise in a space interferometer

— A new analysis method for the thermal noise caused by an inhomogeneous distributed loss
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25 Sano Group
Research Subjects: Nonlinear Dynamics and Fluid Mechanics

Member: Masaki Sano and Yoshihiro Murayama

Our research group studies nonlinear dynamics and pattern forming phenomena in dissipative nonlinear
systems. Oscillation, chaos, and turbulent behavior of fluid, solid, granular systems, chemical reactions
and biological systems are investigated based on dynamical system’s theory and laboratory experiments.
Through these efforts we search for novel phenomena, and to develop new methods in understanding
complex phenomena arising in the systems far from equilibrium. The followings are main subjects of our
study.

1. Study of turbulence

(1) Search for the ultimate scaling regime in developed thermal turbulence
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(2) Study of statistical properties and coherent structures in turbulence

(3) Turbulence - turbulence transition in electro hydrodynamic convection of liquid crystals

2. Nonlinear Dynamics and Chaos

(1) Pattern forming phenomena and their universalities in dissipative systems

(2) Spatio-temporal dynamics in spatially extended dissipative systems

3. Dynamical aspects of biological systems

(1) Single molecule level measurement of DNA collapsing, DN A-protein interaction, and gene expression

(2) Collective behavior of the activities in biological neural assemblies
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26 Yamamoto Group

Research Subjects: Submillimeter-wave and Terahertz Astronomy, Chemical Evolution
of Interstellar Molecular Clouds, Star Formation, Development of Terahertz
Detector

Member: Satoshi Yamamoto and Tomoharu Oka

Molecular clouds are birthplaces of new stars, and understanding their physical and chemical properties
provides us with fundamental bases for detailed studies on star formation, which is an elementary process
in evolution of the Galaxy. Toward this goal, we are conducting observational studies in the millimeter-

and submillimeter-wave region.

Our group operated the Mount Fuji Submillimeter-wave Telescope on the top of Mount Fuji (alt. 3770 m)
from 1998 to 2005. With this telescope, we explored formation processes, detailed structure, and chemical
evolution of interstellar molecular clouds by observing the fine structure lines of the atomic carbon (3P, —3 P
492 GHz; 3P, —3 P; 809 GHz). Owing to the high sensitivity of our superconductor receiver, the fully remote
controlled operation, and the excellent observing condition from Mount Fuji, we were able to observe more
than 50 square degrees of the sky with the 492 GHz line. This is the largest survey of the atomic carbon
line so far made. Furthermore, a few representative clouds such as Orion A, Orion B, and NGC1333 were

mapped with the 809 GHz line. By comparing the distribution of the atomic carbon lines with the CO
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distribution, we have been studying formation and evolution of molecular clouds in detail. The Mount Fuji
Submillimeter-wave Telescope is a research project of Research Center for the Early Universe (RESCEU)

in collaboration with researchers of National Astronomy Observatory and other Japanese institutes.

In addition, our group has developed a transportable 18 cm submillimeter-wave telescope in order to
conduct a survey of the 492 GHz line of the atomic carbon over the Milky Way. In 2003, we successfully
operated the telescope at Pampa la Bola (alt. 4800 m) in Chile, and observed the southern Milky Way in

the atomic carbon line. From the result, we are studying molecular cloud formation in the galaxy scale [1].

We are also studying chemical evolution of star forming regions with the Nobeyama 45 m telescope
and Nobeyama Millimeter Array. Particularly we are interested in behaviors of complex organic molecules
(HCOOCH3;, (CHs)20, ete.) in hot cores around low mass protostars. These molecules can be used as
potential tracers to study the early stage of protostellar evolution. In fact, we have detected the HCOOCH3
line from an extremely young low-mass protostar, NGC1333 IRAS4B [2].

Along with the above observational studies, we are developing a hot electron bolometer (HEB) mixer that
can be used at 1.5 THz for a survey of the fine structure line of N*. Fur this purpose, we have introduced
an electron beam lithography system and a mixer fabrication system in our laboratory, and have started

fabrication of a diffusion-cooled type HEB mixer using Nb as a superconductor and a phonon-cooled type

HEB mixer using NbTiN.
[1] T. Oka, K. Kamegai, M. Hayashida, M. Nagai, M. Ikeda, N. Kuboi, K. Tanaka, L. Bronfman, and S. Yamamoto:
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27 Sakai (Hirofumi) Group

Research Subjects: Experimental study of quantum optics and atomic/molecular physics

Member: Hirofumi Sakai and Shinichirou Minemoto

Our research interests are as follows: (1) Manipulation of neutral molecules based on the interaction
between a strong nonresonant laser field and induced dipole moments of the molecules. (2) Controlling
quantum processes in atoms and molecules using shaped ultrafast laser pulses. (3) High-intensity laser
physics typified by high-order nonlinear processes (ex. multiphoton ionization and high-order harmonic
generation) and ultrafast phenomena in atoms and molecules. (4) Attosecond pulses generated with high-
order harmonics and their reliable measurements. (5) Structures and dynamics of molecules studied by the

laser induced Coulomb explosion. A part of our recent research activities is as follows:
(1) Laser field free molecular orientation with combined electrostatic and shaped laser fields

The control of the spatial direction of molecules is especially important for molecular control experiments
as well as stereodynamics of chemical reactions. In fact, a sample of aligned or oriented molecules is an
ideal anisotropic quantum system to investigate many interesting phenomena such as multiphoton ioniza-
tion and high-order harmonic generation, which are related to symmetry and directions of a molecule, and
are spatially averaged out with randomly oriented molecule. As for the molecular orientation, we have
already succeeded in the proof-of-principle experiments of one-dimensional and three-dimensional orienta-

tion of molecules with combined electrostatic and intense, nonresonant laser fields. These experiments were
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performed in the adiabatic regime, where the pulse width of the laser field is rather long compared to the
rotational period of the molecules. In this case, the degree of molecular orientation follows the temporal

profile of the laser pulse and reaches the maximum at the peak of the laser pulse.

On the other hand, in precise spectroscopic measurements and experiments including the observation
of photoelectrons, it is desirable to prepare a sample of oriented molecules in the field-free condition.
Noting that molecules can be oriented with combined electrostatic and intense, nonresonant laser fields
in the adiabatic regime, we propose that we use a shaped pulse which has a relatively long rising edge
compared to the rotational period of the molecule and is suddenly switched off at the peak of the pulse.
Such a suddenly switched-off pulse can be shaped with the plasma shutter technique. Thereby, in the
laser-field-free condition after the shaped pulse, we can expect the same degree of orientation as that could
be adiabatically achieved at the peak of the pulse. The feasibility of this approach was recently confirmed

by our numerical studies and the proof-of -principle experiment is now in progress in our lab.
(2) Controlling high-order harmonic generation from nonadiabatically aligned molecules

We have developed an original technique to generate ultrashort light pulses in the XUV region by using
high-order harmonic generation (HHG) from aligned molecules. First, we have succeeded in the optimal
control of multiphoton ionization processes in aligned Iy molecules with time-dependent polarization pulses.
This means that we have developed the most advanced technique to control tunnel ionization which is the
first step of HHG. Second, our novel technique to observe both ion yields and harmonic signals under
the same experimental conditions enabled us to observe the first clear evidence of quantum interference
of electron de Broglie waves in the recombination process, i.e., the third step of HHG from aligned CO-
molecules. Third, we applied the polarization gate technique to HHG from non-adiabatically aligned No
molecules. Contrary to our expectations based on ellipticity dependence of HHG from aligned molecules,
we have found that the spectral width of each harmonic tends to be broader when the molecular axis is per-
pendicular to the major axis of elliptical polarization. Theoretical calculations show that our observations
are characteristic of time-dependent polarization pulses. This means that molecular alignment can be used
as an important control parameter in addition to the carrier envelope phase when we generate attosecond

pulses with polarization gated few-cycle pulses.
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28 Kuwajima Group

Research Subjects: Protein Folding, Molecular Chaperones, Protein Stability, Physico-
chemical Studies of Biological Macromolecules

Member: Kunihiro Kuwajima & Kosuke Maki
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We are studying mechanisms of in vitro protein folding and mechanisms of molecular chaperone function.
Our goals are to elucidate the physical principles by which a protein organizes its specific native structure
from the amino acid sequence and to elucidate how these principles are utilized or qualified by the molecular
chaperones in the biogical cell. To this end, we are using various physicochemical, protein engineering,
and computational techniques, including rapid reaction techniques, mutational analysis, and molecular

dynamics simulations.

The equilibrium and kinetics of canine milk lysozyme folding/unfolding were studied by peptide and
aromatic circular dichroism and tryptophan fluorescence spectroscopy. The Ca’T-free apo form of the
protein exhibited a three-state equilibrium unfolding, in which the molten globule state is well populated
as an unfolding intermediate. A rigorous analysis of the holo protein unfolding, including the data from
the kinetic refolding experiments, revealed that the holo protein also underwent three-state unfolding with
the same molten globule intermediate. Although the observed kinetic refolding curves of both forms were
single-exponential, a burst-phase change in the peptide ellipticity was observed in both forms, and the burst-
phase intermediates of both forms were identical to each other with respect to their stability, indicating
that the intermediate does not bind Ca?*. This intermediate was also shown to be identical to the molten
globule state observed at equilibrium. The ¢-value analysis, based on the effect of Ca?t on the folding
and unfolding rate constants, showed that the Ca?t-binding site was not yet organized in the transition
state of folding. A comparison of the result with that previously reported for a-lactalbumin indicated
that the folding initiation site is different between canine milk lysozyme and a-lactalbumin, and hence the
folding pathways must be different between the two proteins. These results thus provide an example of the
phenomenon wherein proteins that are very homologous to each other take different folding pathways. It
is also shown that the native state of the apo form is composed of at least two species that interconvert

into each other.

[1] S. Enoki, K. Maki, T. Inobe, K. Takahashi, K. Kamagata, T. Oroguchi, H. Nakatani, K. Tomoyori & K.
Kuwajima: The Equilibrium unfolding intermediate observed at pH 4 and its relationship with the kinetic
folding intermediates in green fluorescent protein. J. Mol. Biol. (2006) 361, 969-982.

[2] H. Nakatani, K. Maki, K. Saeki, T. Aizawa, M. Demura, K. Kawano, S. Tomoda & K. Kuwajima: Equilibrium
and Kinetics of the Folding and Unfolding of Canine Milk Lysozyme. Biochemistry (2007) 46, 5238-5251.

29 Nose Group
Research Subjects:Molecular Mechanism of Neural Network Formation

Member:Akinao Nose, Hiroshi Kohsaka and Etsuko Takasu

What is the physical basis of formation of the brain? The aim of our laboratory is to elucidate the
molecular mechanism of neural development and function by using, as a model, the simple nervous system
of the fruitfly, Drosophila. We focus on the synapses between motor neurons and their target muscles, and
study the molecular mechanisms of how specific synaptic partners recognize each other and form synaptic

connections. The following research plans are in progress.

1. Molecular mechanism of the neuromuscular target recognition 1.1. Genome-wide search for target
recognition molecules by microarray To systematically identify novel genes involved in neuromuscular target

recognition, we performed microarray analysis. We compared the expression of genes in two neighboring
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muscles, 12 and 13, which are innervated by distinct motor neurons, and identified 200 genes that are
differentially expressed. We conducted functional analyses of genes encoding transmembrane or secreted

proteins and showed that Wnt4, a secreted protein of WNT family plays a major role in target specificity.

2. Molecular Mechanisms of Synaptogenesis 2.1 Live imaging of neuromuscular synaptogenesis Cell ad-
hesion molecules (CAMs) have been proposed to mediate interactions between innervating axons and their
targets. However, such interactions have never been directly observed in vivo. We studied the function and
dynamics of Fasciclin2, a homophilic CAM expressed both pre- and postsynaptically during the formation
of neuromuscular synapses in Drosophila. By live-imaging of functional Fas2-GFP, we showed that postsy-
naptic Fas2 accumulates at the synaptic contact site soon after the arrival of the nerve. The accumulation
of postsynaptic Fas2 was dependent on its extracellular domain and the presence of axonal Fas2, consistent
with recruitment by presynaptic Fas2. This notion was further supported by photobleaching experiments,
which demonstrated presynaptic-Fas2-dependent reduction of postsynaptic Fas2 motility. In fas2 mutants,
we found reduced postsynaptic accumulation of glutamate receptors and Dlg/PSD-95, a scaffolding protein
known to bind Fas2. These results suggest that Fas2 mediates trans-synaptic adhesion that is necessary

for the initiation of postsynaptic assembly.

2.2. Innervation and activity dependent changes in postsynaptic oxidative metabolism The level of mi-
tochondrial energy metabolism is highly correlated with neuronal activity to ensure the balance of energy
consumption and production. Yet it remains largely unknown whether this relationship holds in the post-
synaptic cell during synaptogenesis when it receives increasing amount of inputs from the presynaptic
neuron. We have studied the changes in postsynaptic oxidative metabolism by monitoring the redox of
mitochondrial flavoproteins during neuromuscular synaptogenesis. Flavoproteins cycle between fluorescent
and non-fluorescent states as they are oxidized and reduced in the respiratory chain. We found that the
postsynaptic muscle cells spontaneously emit green autofluorescence transients originating in flavoproteins
under blue light excitation. The fluorescence transient is dependent on external Ca2+ and correlates with
an increase in intracellular Ca2+ concentration. Notably, the rate of transients in muscle cells increases dur-
ing synapse formation presumably through a contact with motoneuronal axon. The rate is also influenced
by the magnitude of synaptic inputs. Thus, our results indicate that presynaptic cells dynamically regulate

the level of postsynaptic energy metabolism during the early stage of neuromuscular synapse formation.
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