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X2 OAIAEMICNEA LEZEZOZ R LY —IC XV adigE (/71 —vay) LTERBZRRE SITEL,
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RIZET) : IREHME (FLERTE)
PR 25 4 3 ICHURK R FREBE RO R R LR 5 T L7o PRI, WL TR B IR
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FHFEREhE 22 B LT,
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%H K#E K (IUAHF) : Best Poster Award

SO 2012 £ 12 A 7 H, #F%E% “New Trends in Radio Astronomy in the ALMA Era: The 30th
Anniversary of Nobeyama Radio Observatory” (23T, Best Poster Award 2% # L7z,

Bt KER K (#WHF): Outstanding Presentation Award

BEEIE, 2012 4 11 A 12 H~16 HIZ RESCEU (28 W TR &7z RESCEU Symposium on General
Relativity and Gravitation (JGRG22) T, Outstanding Presentation Award #% 8 L 7=,
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1 N BESS FZBRDE &£ 3|

ORI (AT — Z R OBLIR & RS

Coffee/Tea break

WEFZE KRS [ H AL XBROK Y F7RER)
s — R TASTRO-H TfE< 7 >D7k]
wH s [HiZ-GUNDAM & |

3.1 WEXRKE
BEF : 2012 4E 6 7 14 A (K) 14:45~19:00
BT . RORUREEA 4 S AE 1320 B
PA=Er A FN
14:45-15:10
15:10-15:35 ISR SESS KAGRA DK
15:35-16:00
16:00-16:25 Win R [Axion & |
16:25-16:55
16:55-17:20 R ILE— [FHBS D722 )
17:20-17:45
17:45-18:10
18:10-18:35
18:35-19:00 WS AE— K Mo &Y%

3.2 201255 4meERBEIBES

BEf: 2011457 A 5 H (K) 18:00~19:00
BRF . BEAUKRSESES 1 BAE/ NSRS —L
EEA R R
HEAA ML RKOJNZOFT%L Dk

3.3 HF12[ IFHIZEITLHZE-ME-HEEDHEIL] HRE: ‘Dark Energy
in the Universe’ Y<v—X %9 —)L

BAT . IRIBRATEAE RS (F8 B IR AR RRER AL E AT R R
HEf: 201247 H 248 (k) ~27H (&)

AR/ NN

7 A 24 B (KX) afternoon (Chair :J. Yokoyama) in English

14:00 — 14:10
14:10 — 15:10
15:10 — 15:25
15:25 — 16:25
16:25 — 16:40
16:40 — 17:40

Jun’ichi Yokoyama
Shirley Ho

Bernard Carr

Bernard Carr

Opening Adress (10)

What can you learn from Large Scale Structure?

Break

Black holes and the Generalized Uncertainty Principle (Part 1)
break

Black holes and the Generalized Uncertainty Principle (Part 2)



3.3, 12 IFHICRT D% - W - ot PHEs

7 R 25 B (K) 48 (Chair :R. Tsutsui) in English

9:30 — 9:50 Teruaki Suyama Metric perturbation from inflationary magnetic field and
generic bound on inflation models (15+5)

9:50 — 10:10  Toshiya Namikawa Lensing reconstruction from cosmic microwave background
(1545)

10:10 — 10:30  Sachiko Kuroyanagi Early Universe Tomography with CMB and Gravitational
Waves (15+5)

10:30 — 10:50  Yuhei Miyamoto Evading the pulsar constraints on the cosmic string tension

in supergravity inflation (15+45)

10:50 — 11:05 break
11:05 — 11:25 Hayato Motohashi Sterile neutrino and f(R) gravity (15+5)
11:25 — 11:45  Yousuke Itoh Propagation of gravitational waves (1545)

11:45 — 12:05 Lake, Matthew James Cosmic strings with twisted magnetic flux lines and wound-
strings in extra dimensions (15+45)

afternoon Free Discussion

7TH268 (K) 481 (Bk F#&) BRZEEY a3y
9:30 — 9:50 pliZd Observational Tests of Modified Gravity Models - Toward Realistic Tests-
(15+5)
9:50 — 10:10  H[#% 5L Self-consistent initial conditions for primordial black hole formation (15+5)
10:10 — 10:30  EDERRR Higgs Condensation after Inflation (15+5)

10:30-10:45 break

10:45 — 11:05  fEH5 T =S — A M2 L DB TER (15+5)
11:05 — 11:25 #ZEfEH  (My) cosmological studies with SuMIRe
11:25 — 11:45 PEHiF X # CCD:Astro-H/SXI BA¥E & £ D%k

TH26H (K) % (EE Al ooy bRET
13:30 — 13:40  #H—K  Opening
13:40 — 14:20  |[UAR BT XU M BB T e = 7k (40)
14:20 — 15:00 FPEFAK  KAGRA, DECIGO, DPF (40)
15:00 — 15:30  JRILIEF  ~ 7 3 ¥ — SRR OB (30)
15:30 — 15:45 break
15:45 - 16:25 Hm—Fk  [3X<) 225 ASTRO-H ~ (40)
16:25 — 17:05  +JE5F HEBT R K 2 BLRIFY 1R (40)
17:05 — 17:35 HHEAR ALy~ HFRRofsE  (30)

THA2TH (£) (BR : 80) 72y MRE 1T

9:00 — 9:40  WE{E—K  EFEHUTO R TH (40)

9:40 - 10:20 %% E  Reactor antineutrino measurement at Ohi power plant (40)

10:20 — 10:35 break

10:35 - 11:15  [IARB] RERRA - BIRE A b A —F 2 W2 FHDRIFERL 7 O BR#: BESS
FEBR (40)

11:15 — 11:45  #RUNE— b Z7RBFIZL DA 7 L— 32 (30)
B R R
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BAT . AR

Ev Nt o2 —EBRESAT . BURFHESEE 1548 2 B 207 5=

HEF: 201248 H7H (k)

T ERKF

ARy A WN
10:00-10:40, 13:50-14:30 FHEEN TA v a2 A L OE R TFHZEL B
11:00-11:40, 14:50-15:30 LU FE W= EDFE LB OMESE
12:50-13:30 IIEN; AR ER TR A FHEN O ONWE

3.5 KAGRA T—4f##fXY—)L @ RESCEU 2012

BAT - RRURSREAEE 4 BAE 1220 5=
HE: 2012469 H3H (H) ~5H 0K)
T By IR UFEHEERMEE S X —
HEEAN 1 KAGRA 57— ¥ fi#iir 7 7—7

R THED IRV E LT, R AR EEFIEE & Ed R L L7e KAGRA 77— 2 fifff 2 7 — v %
Bt L7z, HAOEEM LS KAGRA 1%, 2015 (EROBM A A5 L T, HRTEHBRMIET 2 &3l &
720 T, BUEMEILILOH FICERF CTh 5, BEUNICET =X BRFIZADLN, —J5 T, BT — X iR
WEEIL, BARTIZI6 AHEY THDH, £ T, KOHXZHENERUFEZ R, BFT — X RETHFIEE O
M - Bk EX D70, RESCEU O E#IC LY TKAGRA 7 — 4 fifght A 7 —/L @ RESCEU 2012 % BRfé
L7z, SEEICITFC 70 AOWFgEE - RFERE - FEN, BB 2 G0ENN LS LT, BFEOM, CF
FEIC K DHEEREAHE L. SNEICEREOT — 2T FIELZERBRL CH b ole, EHET — 2T A 7 —
NIRRT OPBIES N TV DN, EEZEHA 7 —E, 22— kB THD, AT —NE%OT
r— M DIINE SO+ 7200 R & A7 — NV ~OREFRN RS, BEAOERUFE~OBEORAZH55 2 &0
TE, MO THEENTHERRAZ =L ThoT,

A=R/A NN
9H3H(A)
13:20-13:30 B - HHEK

13:30-14:30 A H JBAT HE R « BT — ZIRAT~DFH N
14:50-16:40 Mk H1T BOW T — X TR 1

17:00-18:30 H#E FH1T BAOWT — X AT FEE 1
9B 48 (X

9:00-12:30  HiBk FH1T HIWT — ¥ Tk 2

13:30-15:30 H#E FH1T BAWT — X fRHTFEE 2

16:00-18:00  HI#k 74T HWT — Z AT FEE 3

19:00-21:00 (g LEA BAWT — ZIRHT D7D OFEFHFHIA (i)
9 A5 H (K)

9:00-12:00 Mgk H17 HEAOWT — ¥ AT 4

FEH5

13:00-15:00 Mk F17 EAWT — X i 328



3.6. 2011 A ) — LB H Brian P. Schmidt -3 E 13

3.6 2011 FE/ —N)LY)EFEZE Brian P. Schmidt E1+#ES
BB 201245 11 A 19 H (A)
B BRI v N R
FHE. BIE AR FE R RV R R SCFEEE e 2 — By I FlEBEE R 2 —,
HOR R EBR S IR A 7 ) Bnd s T T JeRe e . O R R BB R P SERE (1248)
&% : EBITEEE TR FERRERBMF &, AT 4 FICHARREO HFEMRHLZ AVE LT,
PA=E/ A PN
mlax R BR WEEER (B I FEHERE Y 2 —)
18:00 — 18:05 fHJR 1#IE (B RIFERHE) THRE
18:05 — 19:00 Brian P. Schmidt “The Accelerating Universe”

3.7 RESCEU Symposium on General Relativity and Gravitation:
The 22nd workshop on General Relativity and Gravitation in
Japan (JGRG 22)

Schedule: November 12(Mon.)-16(Fri.), 2012
Venue: Koshiba Hall, The University of Tokyo, Hongo, Tokyo, Japan

Program

Novermber 12, Mon.

9:00 Registration
10:00 Opening
Chair: Masahiro Kawasaki

10:15  Abhey Ashtekar The pre-inflationary dynamics of LQC Confronting quantum gravity

with observations

11:00  Shinji Mukohyama  Nonlinear massive gravity and cosmology

11:45  Mihoko Nojiri The standard model and beyond after LHC at 8 TeV
12:30 Lunch

14:00 Parallel Sessions

18:30 Reception at the Sanjo Conference Hall

20:00 End
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Novermber 13, Tue.

Chair:
9:00
9:45
10:30
Chair:
11:00

11:45
12:30
Chair:
14:00
14:30
15:00

15:30
16:00

16:30
19:00

Shinji Mukohyama
Andrei Frolov
Jinn-Ouk Gong

Yasufumi Kojima

Teruaki Suyama

Matthias Bartelmann

Teruaki Suyama
Ryo Tsutsui
Yousuke Itoh
Kent Yagi

Yongmin Cho
Hideki Maeda

Novermber 14, Wed.

Chair:
9:00

9:45
10:30
Chair:
11:00
11:45
12:30
12:30
18:10

Nobuyuki Kanda
Hideyuki Tagoshi

Takaaki Kajita
Seiji Kawamura

Francesco Fidecaro
David Reitze

3 VURYUL - RS

Primordial non-Gaussianity from preheating
Towards more precise estimates of the primordial bispectrum
break

Testing the origin of primordial perturbation: Use of bi- and tri-
spectrum

Recent developments in gravitational lensing

Lunch

Measuring distance with gamma-ray bursts

Stacking of cluster profiles

Black Hole Solution and Binary Gravitaional Waves in Dynamical
Chern-Simons Gravity

Restricted Gravitay and Abelian Dominance in Einstein’s Theory
Gauss-Bonnet braneworld redux: A novel scenario for the bouncing
universe

Poster and beer

End

Search for gravitaional wave events with KAGRA and the world-wide
network of laser interferometers in the advanced detector era

Status of KAGRA

break

Virgo: design, results and perspectives
LIGO: Recent Resutls, Plans, and Prospects
Lunch

Parallel Sessions

End
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Novermber 15, Thur.

Chair:
9:00
9:45

10:30
Chair:
11:00
11:45
Chair:
13:30
14:15
15:00

17:00
18:30

Hideki Asada
Jerome Martin

Masahiro Takada

Hideyuki Tagoshi
Luc Blanchet

Naoshi Sugiyama
Hideo Kodama
Misao Sasaki

Toshifumi Futamase

Novermber 16, Fri.

Chair:
9:00

9:45
10:30

Chair:

11:00
11:45
12:30

Masaru Shibata
Yuichiro Sekiguchi

Roman Konoplya

Takahiro Tanaka
Jaume Garriga
Alexei Starobinsky
Ken-ichi Maeda

The cosmological constant problem

SuMIRe project: Hyper Suprime-Cam (HSC) and Prime Focus Spec-
trograph (PFS)

break

The first law of binary black hole dynamics
Group photo and lunch

Charmed by spacetime physics — from four to higher dimensions
A few thoughts on gravity and cosmology
GR in the observational cosmology

Self-service excursion to Ooedo Onsen Monogatari in Odaiba (A free

shuttle bus for participants from abroad leaves at 16:15.)
Onsen (Hot springs and social hour)
Banquet at NAKAMURA-ZA

Gravitational-wave and neutrino emission from black hole-neutron star
binary merger

Stability of black holes: summary of some results for the past 10 years
break

Vaccum transitions and the arrow of time
Duration and decay branching ratios of stochastic inflation

Conclusion
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Parallel Session

3 VURYUL - RS

Monday Parallel Session A @ Koshiba Hall (Chair: Tsutomu Kobayashi)

14:00
14:20

14:40

15:00
15:20
15:40
16:00
16:30
16:50
17:10

17:30
17:50
18:10

Sugimura Kazuyuki

Takamizu Yuichi

Pi Shi

Noumi Toshifumi
Minamitsuji Masato

Nakayama Kazunori

Mukaida Kyohei
Kunimitsu Taro

Kuroyanagi Sachiko

Panpanich Sirachak

Nakama Tomohiro

Non-gaussian bubbles from tunneling in the inflationary era
Non-linear superhorizon perturbation and nonlinear gaugetransforma-
tion

Curvature perturbation spectrum in two-field inflation with aturning
trajectory

Effective field theory approach to quasi-single inflation

Revisiting perturbations of a scalar field in an anisotropic universe
Probing dark radiation with inflationary gravitational waves

Break

Dynamics of oscillating scalar field in thermal environment

Higgs Condensation in the Inflationary Universe

Forecast constraints on cosmic strings from future CMB, pulsartiming
and gravitational wave direct detection experiments

Effects of Chameleon Scalar field on Rotation Curves of theGalaxies
Self-consistent initial conditions for primordial black holeformation
End

Monday Parallel Session B @ Room 233, Science Bldg 1, 2F (Chair: Yasusada Nambu)

14:00
14:20

14:40
15:00
15:20
15:40
16:00
16:30

16:50
17:10
17:30
17:50
18:10

Nozawa Masato
Watanabe Yuki

Kobayashi Shinpei
Zhang Hongsheng
Yamada Kei

Tsukamoto Naoki

Arraut Ivan

Hikichi Takayuki
Tanabe Kentaro
Suzuki Ryotaku
Narita Makoto

On the vacua of maximal gauged supergravity

Gravity as the origin of spontaneous symmetry breaking in aninflationary
universe

Fuzzy Objects in Noncommutative Geometry and TheirApplications
Critical exponents of gravity with quantum perturbations

Triangular solution to the general relativistic three-body problem
Research of the celestial objects by the gravitational lensing

Break

Dark Matter and Dark Energy as a single manifestation of afundamental
length scale.

Wave function in 241 dimensional causal dynamical triangulation
Selfgravity effects of Blackfold

Analysis of Gregory-Laflamme mode in large D limit

Global properties of solutions to the Einstein-matter equation

End



3.7. RESCEU Symposium on General Relativity and Gravitation (JGRG 22)

Wednesday Parallel Session A @ Koshiba Hall (Chair: Ken-ichi Oohara)

14:00
14:20

14:40
15:00

15:20
15:40

16:00
16:30
16:50
17:10
17:30
17:50
18:10

Kyutoku Koutarou
Kiuchi Kenta

Sotani Hajime

Yoshida Shin’ichirou

Saijo Motoyuki

Harada Tomohiro

Ishihara Hideki
Yoshino Hirotaka
Seto Osamu
Bamba Kazuharu

Isoyama Soichiro

Electromagnetic counterparts to binary neutron star mergers

General relativistic simulations of magnetized binary neutron

starmerger

Shear Oscillations in Hadron-Quark Mixed Phase

Non-axisymmetric oscillations of rotating relativistic stars byconfor-
mally flat approximation

Nonlinear effect of r-mode instability in uniformly rotating stars

Upper limits of particle emission from high-energy collision andreaction

near a maximally rotating Kerr black hole

Break

Stable Null Bound Orbits around a Black Ring

Axion bosenova

Curvaton induced modulated reheating

Finite-time future singularities and Rip cosmology in f(7T) gravity
Adiabatic evolution of resonant orbits in Kerr space time

End

Wednesday Parallel Session B @ Room 233, Science Bldg 1, 2F (Chair: Atsushi Taruya)

14:00

14:20
14:40
15:00

15:20

15:40
16:00
16:30
16:50

17:10
17:30
17:50
18:10

Namikawa Toshiya

Motohashi Hayato
Narikawa Tatsuya

Kimura Rampei

Yamauchi Daisuke

Gorbunov Dmitry

Zhang Yingli

Nishizawa Atsushi

Yoshida Daisuke
Sakakihara Yuki

Shiraishi Maresuke

An Improved Method for CMB Lensing Reconstruction and ItsCosmo-
logical Applications

Cosmological constraints on sterile neutrino mass in f(R) gravity
Testing gravity with galaxy cluster

Constraints on general second-order scalar-tensor models fromgravita-
tional Cherenkov radiation

Weak lensing generated by vector perturbations and detectabilityof cos-
mic strings

Higgs-inflation and the latest LHC results

Break

Tunneling fields in non-linear Massive Gravity

Probing for massive gravitational-wave background with a ground-based

detector network

New Cosmological Solutions in Massive Gravity
inflation in bimetric gravity

Parity violation in the CMB bispectrum

End
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Posters
P1 Yi-Peng Wu
P2 Takashi Hamana
P3 Tomohiro Takahashi
P4 Chulmoon Yoo
P5 Naomasa Fushimi
P6 Takashi Hiramatsu
P7  Kouji Nakamura
P8 Kohkichi Konno
P9 Hiroki Okawara
P10 Masato Kaneyama
P11  Junko Ohashi
P12 Masashi Kimura
P13 Ken’ichi Saikawa
P14 Kouichi Nomura
P15  Shuichiro Yokoyama
P16 Shinya Tomizawa
P17 Takao Kitamura
P18 Koki Nakajima
P19 Yasumichi Sano
P20 Hideyoshi Arakida
P21 Takashi Torii
P22 Haruna Murakami
P23  Shunichiro Kinoshita
P24  Jonathan White
P25 Ryo Saito
P26 Keiki Saito
P27 Koji Izumi
P28 Hisaaki Shinkai
P29  Yuta Yamada
P30 Takao Fukui

3 VURYUL - RS

Matter density perturbations in modified teleparallel gravity theories of
dark energy

Numerical simulations of gravitatioanl lensing

Instability of Charged Lovelock Black Holes

Black Hole Universe

Criterion for bound (or unbound) orbits in the Kottler spacetime
Equivalence Principle Violation in Vainshtein Screened Two-Body Sys-
tems

Problems in nth-order extension of the gauge-invariant perturbation the-
ory

Non-inertial effects on Landau levels

Quantum interferometer in Chern-Simons modified gravity

Excess power method with the Hilbert-Huang transform in search for
gravitational wave signals

Potential-driven Galileon inflation

High velocity collision of charged shells around a black hole

Evolution and thermalization of axion dark matter in the condensed
regime

Ghost in Multimetric gravity

Scale-dependent bias with the higher order primordial non-Gaussianity
Local Penrose inequality and non-axisymmetric perturbations
Gravitational lensing by modified lens gravity

Deflection angle of light in an Ellis wormhole geometry

Gravitational field of a rotating ring around a Schwarzschild black hole
Effect of the cosmological constant on the bending of light and the
cosmological lens equation

Graphical approach to the Lovelock black holes

Short-range gravity experiment searching for a large extra dimension
Time evolution of D-brane in holographic QCD

Curvature perturbation in multi-field inflation with non-minimal cou-
pling

Features in the CMB spectrum as a probe of heavy physics during in-
flation

High frequency limit for gravitational perturbations of cosmological
models

in modified gravity theories

Perturbative solutions to the lens equation for multiple lens planes: SIS
lens

Wormbhole dynamics in Gauss-Bonnet gravity

Numerical Study of 5-dimensional Gravitational Collapses

Effect of Metric Perturbations in Vacuum 5D Universe on Material 4D

Universe
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P31  Yuuiti Sendouda
P32 Saki Tanaka

Gravitational wave background in Einstein plus Weyl gravity

Search of strong gravitational field around nuclei using electron-nuclear scat-
tering experiment by geodetic precession

P33 Hiromi Saida
P34 Kotaro Fujisawa
P35 Seiju Ohashi
P36 Takuya Maki
P37 Yuhei Miyamoto
P38 Hiromi Suzuki
P39 Kazunari Eda

Theory for observational verification of black hole existence

Equilibrium states of magnetized disc-central compact object systems
Gravitational collapse of the Einstein cluster in the Lovelock gravity
Einstein equation of state and its cosmological applications

The effect of gauge fields on oscillating scalar fields at finite temperature
Cosmic wiggly string in black hole spacetime

Effect of dark matter halos around IMBHs on gravitational wave

3.8 RESCEU #HAIKWFEHH/RT—o > av T
BES : 20124F 11 A 27 A (k)~29 B (K)

SBFR - O EE AR F o < R EEE L S [

HEEA - ik IPEL M H. A 2. B TR

11 H 27 B0 5 29 HIZ/HT THT - 2B THER YV — 2 Y ay Fix, YABMEEHDTT T4 DOBME N
£EY. ERIIES L ULTREBIR DI o7, BIOKRFULIZHE, FEDOBMI 7 v ¥ =7 MY
HWFRDNTLFHEBEIATON TV AN, KV—7 2 ay 7 TEEH Lie7vvy=7 Mot bbind, #i - 8l
BB 70> S AFFEE OB « BINZEE S SAFRICOWTHEH L TH bW, JAK BARHRT 22 LN TE -, &
MBFBDL L BEFET, ZOGHORELNENI PRI NT,

PA=EZ A PN

11 B 27 B (k)

10:00 - 10:10 B DR

10:10 - 11:00 il e CMB (Z & % BLI B 5 H 5w

11:00 - 11:30 isde B ARSZRSY 0T 2 HIV 72 PLANCK CMB 7 — % 25 0 CO R4y D2

11:30 - 12:00 FIR AT FH A 7 v EE RS RE BN ER POLARBEAR (2 X % B-mode
HIE DR & 5 1%

12:00 - 12:30 A A T~ A 7 v s R CRIE O 72 8 O/ R LiteBIRD

12:30 - 13:30 Lunch

13:30 - 14:00 AN JEFRERT D B DD 2 T B O

14:00 - 14:30 LN R Gauge-invariant formulation for cosmic shear and CMB-lensing

14:30 - 15:00 AT 5R CMB OS5V E S Lo DRSS A 72 7 iEm OEEE & 2 OF Ham~
DM

15:00 - 15:20 Kl #62  FHmM72 2lem it & CMB OFPRBIIIIC L2 =2— ) VH &
& DFEREREE~ DR

15:20 - 15:50 Coffee Break

15:50 - 16:40 I BEORRR SRR, CHR D M T

16:40 - 17:10 HlF K FHE R &y 7N R ARIT KD RIS O iR

17:10 - 17:40 HA A Non-Gaussian observables due to primordial vector field

17:40 - 18:00 WE g 7S Magnetic field generation in Einstein-Aether gravity
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11 A 28 B (K)

9:30 - 10:20 P4 KH|  FastSound 71 ¥ = 7 F OBk L R

10:20 - 10:40 ) gepk TIE A %iEsE FMOS (2 & % FastSound &

10:40 - 11:00 AR it FFiR UV-RTRD IS L > TOho 72 Ly o BERRERI O Z RIS

11:00 - 11:20 Coffee Break

11:20 - 11:50 TAA e T ARAMNE S OB

11:50 - 12:10 A NRY I 2 b—va ra vz e —5374 0 RSD fifHTIc X 2 BB AR #
£ I 7E O FRARRAE DAL

12:10 - 12:30 i 7%7 NEYIz2lb—var 0 LRG S 7 AT T /L OREE

12:30 - 13:30 Lunch

13:30 - 14:20 A —f S CERHEIEE )

14:20 - 14:50 Al #EH Vainshtein mechanism in cluster lensing

14:50 - 15:10 MM #17 RSD & AW/ EEE HHEGOHIE

15:10 - 15:30 HI Y 2 >OFROERORLFIHREET DR B E D BLRIRIC 5 2 582>
T

15:30 - 16:00 Coffee Break

16:00 - 16:50 AR FEZ TR O RBURAEIE (I X 2 8L 5R

16:50 - 17:20 S 552 Lagrange RO ENGR O &k fig & 2 OIS

17:20 - 17:50 Vil B AR D EOIEN 7 AMED T — S T R RIE TR

17:50 - 18:20 TR & SRIT 7 T AL ) 2 T Ai R T — AT S LD e I E v

18:40 MRS

11 A 29 B (K)
10:00 - 10:50 mH BIA FHRICRIT DRGSR — 1 DAl
10:50 - 11:20 Hi Tk Where are Luminous Red Galaxies? Using correlation and lensing
measurements to correct the Finger-of-God
11:20 - 11:50 EAR Understanding the nature of LRGs:Connecting LRGs to central and

satellite subhalos

11:50 - 12:20 [lipE R Baryon Acoustic Oscillation with Cross Correlation of Spectroscopic
and Photometric Galaxies

12:20 - 13:30 Lunch

13:30 - 14:00 Aff i~ QSOHEANVVAZEHOT T v 7 AREMBIZK§ 2T mo 2 —

JoNa —D T HONT
14:00 - 14:30 A —#& FIWES L G AT ML O THATS
14:30 - 14:50 A EAN EHLCRI a7 A=A S - TR 2 R
14:50 - 15:10 A8 £ Probing minihalo abundance with 21cm absorption
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3.9 EvINIEUVE—V ) RIREESR & Party 2012 ~HhE4E - K
FEADAYE—D~
BEF: 2012412 H 25 H (k)

SR - BORURSEEIAES 1 S sy R R — 1
8% : BURERTFECE T ROITERITE &y 7 N o ER T o 2 — 5 11 BABRERZ 2 kT E T,

A=R/A NN
15:00 — 15:55  ZHIL1 M (A CARNR LT E 2O

16:00 — 16:55 & 5o (R BN THYEE
17:00 - INEAR— VRITAR U A B2 CTR—T 1 —

3.10 KAGRA T—42 XU —J)L @ NAOJ 2013

B BURXATIEA AL IS —F

BE: 201342 H20H (H) ~ 22 H ()

T o 2 SUFHEBIE & —. KAGRA, BPEisisirse [H 7K Iko A BIIC X 5 &5
BB OFER ) B R CAEIE T 0 s N

HEEA : KAGRA 7— ¥ it 7 7 L —7 . PR (FAr R h)

TKAGRA 7 — 4 fifthft 27—/ @ RESCEU 2012] Okth& £ D% D 7 > r— M X D RIEIBIfE~DE L
N, BB 2BEOT — 2T A 7 — NV EBRMET D Z Lil/e o7z, BIEEATE TAMA BHEERORF L)
P—ERAZEEB L TENRLEL Lz, A7 =N EDOT 7 —hMokbd e, TAMA R EICHELATY
BxI2EDThHD, Fio, IMNBHERIC X DRSS « A3 MVREENT - OB (R EER) (BT DR
ENLIFFHETH T, HF2RE ERDIARRAT —/VIE, H 1 RIOFEEZZRD i, RESCEU LAMZ, KAGRA,
BT I e [ H ) RIK DO SR BN L 2 BB FORIER ), ENRCEENE T vy =7 M
WENSDTELEDLZENTE, SRIOZA 7 —LDOBMEFIZ) ©—F—% 5 60 NTho7-, FDOHIT
IR D S FE SEAEDBLBM LTV, A7 — VORNERITRIFEIEEE, B EEBIZho I, #E TiE octave
ZERE L7z — A MEFTOEBIZOWTRATR, A7 =0k, 3H 1 H « 2 BICKIKT SRS TR Sz b
RUBTFINGEIR D > VAR T MZBWT A — /BT 2@ EN R IR, B BREZELZ LN TE
(FEHRRENS T T HIEZX 7 — LD THREL W22 ),
pA=E/AFN
2R8208 (A)

13:00-13:10 Opening

13:10-14:00  #11 Fok 2361 S— 2 NEAW & F O/ - ERIZHOWT
14:00-14:45 ymil Fook BE 1 A RIOMATERIE O #ERR

14:45-15:00 (PR7H)
15:00-16:30 B E— G 2 TSRS
16:30-16:40 (7R

17:00-18:00 iy Fook  E 2 N—R NEBIEE (1)
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2 A 218 (X)
9:00-10:30  [HE B WS BEE~LT A v Yy —EH
10:30-10:40 (PRTER)
10:40-12:00  #EIL Fik HHE 3 N—A MEEEER (2)
12:00-13:00 (IR7EH)
13:00-14:30 =J2 #ie A4 AT NVIRNT IR R
14:30-17:30 Sl Fnok, #hHE RAT, OHEE VR BE 4 N—X MEBEER (3)
JRE Kl TAMA R (20 42 E OB DL TER)
18:00-20:00 RS
2 A 22 8 (K)

9:00-12:00 Sl fak JEHE 5 N—X MEER (4)
12:00-12:50 i fok  EE OB 2 AbE, fiFm
12:50-13:00 Closing
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RESCEU-100/12
f(R) Cosmology and Massive Neutrinos, H. Motohashi, A. A. Starobinsky and J. Yokoyama, Int. J.
Mod. Phys. Conf. Ser. 10, 35 (2012).

RESCEU-99/12

Mass and metallicity constraints on supernova progenitors derived from integral field spectroscopy of
the environment, Kuncarayakti, H., Doi, M., Aldering, G., Arimoto, N., Maeda, K., Morokuma, T.,
Pereira, R., Usuda, T., and Hashiba, Y., Death of Massive Stars: Supernovae and Gamma-Ray Bursts,
Proceedings of the International Astronomical Union, IAU Symposium, Volume 279, p. 343-344.

RESCEU-98/12
Supernova Progenitor Mass and Metallicity from Integral Field Spectroscopic Study of the Environ-
ment, Kuncarayakti, H., Doi, M., Aldering, G., Arimoto, N., Maeda, K., Morokuma, T., Pereira, R.,
Usuda, T., and Hashiba, Y., Galactic Archaeology: Near-Field Cosmology and the Formation of the
Milky Way. ASP Conference Proceedings, Vol. 458. San Francisco, CA: Astronomical Society of the
Pacific, p.43—44.

RESCEU-97/12

Observational Studies of Type Ia Supernovae at High and Intermediate redshift, Doi, M., Suzuki, N.,
and Supernova Cosmology Project 2012, Galactic Archaeology: Near-Field Cosmology and the For-
mation of the Milky Way. ASP Conference Proceedings, Vol. 458. San Francisco, CA: Astronomical
Society of the Pacific, p.21-25.

RESCEU-96/12
Search for a Stochastic Gravitational-wave Background with Torsion-bar Antennas, Ayaka Shoda et
al, J. Phys.: Conf. Ser. bf 363 012017 (2012).

RESCEU-95/12

Extragalactic Science and Cosmology with the Subaru Prime Focus Spectrograph (PFS), Richard Ellis,
Masahiro Takada, Hiroaki Aihara, Nobuo Arimoto, Kevin Bundy, Masashi Chiba, Judith Cohen,
Olivier Dore, Jenny E. Greene, James Gunn, Timothy Heckman, Chris Hirata, Paul Ho, Jean-Paul
Kneib, Olivier Le Fevre, Hitoshi Murayama, Tohru Nagao, Masami Ouchi, Michael Seiffert, John
Silverman, Laerte Sodre Jr, David Spergel, Michael A. Strauss, Hajime Sugai, Yasushi Suto, Hideki
Takami, Rosemary Wyse, the PFS Team [arXiv:1206.0737 (astro-ph)] Publication of Astronomical
Society of Japan, (2012) in press.

RESCEU-94/12
Protostellar Feedback and Final Mass of the Second-generation Primordial Stars, Takashi Hosokawa,
Naoki Yoshida, Kazuyuki Omukai, Harold W. Yorke; The Astrophysical Journal, 760 (2012) 37L

RESCEU-93/12

Imaging Simulations of the Sunyaev-Zel’dovich Effect for ALMA, Kenkichi Yamada, Tetsu Kitayama,
Shigehisa Takakuwa, Daisuke Iono, Takahiro Tsutsumi, Kotaro Kohno, Motokazu Takizawa, Kohji
Yoshikawa, Takuya Akahori, Eiichiro Komatsu, Yasushi Suto, Hiroshi Matsuo, Ryohei Kawabe; Pub-
lication of Astronomical Society of Japan, 64 (2012)102

RESCEU-92/12

A Common Proper Motion Stellar Companion to HAT-P-7, Norio Narita, Yasuhiro H. Takahashi,
Masayuki Kuzuhara, Teruyuki Hirano, et al.; Publications of the Astronomical Society of Japan, 64
(2012) L7
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RESCEU-91/12

Planet-Planet Eclipse and the Rossiter-McLaughlin Effect of a Multiple Transiting System: Joint
Analysis of the Subaru Spectroscopy and the Kepler Photometry, Teruyuki Hirano, Norio Narita,
Bun’ei Sato, Yasuhiro H. Takahashi, Kento Masuda, Yoichi Takeda, Wako Aoki, Motohide Tamura,
Yasushi Suto; The Astrophysical Journal Letters, 759 (2012) L36

RESCEU-90/12

Obliquities of Hot Jupiter Host Stars: Evidence for Tidal Interactions and Primordial Misalignments,
Simon Albrecht, Joshua N. Winn, John Asher Johnson, Andrew W. Howard, Geoffrey W. Marcy, Paul
Butler R., Pamela Arriagada, Jeffrey D. Crane, Stephen A. Shectman, Ian B. Thompson, Teruyuki
Hirano, Gaspar Bakos, Joel D. Hartman; The Astrophysical Journal, 757 (2012) 18

RESCEU-89/12

Direct and fast calculation of regularized cosmological power spectrum at two-loop order, Atsushi
Taruya, Francis Bernardeau, Takahiro Nishimichi, Sandrine Codis; Physical Review D, 86 (2012)
103528

RESCEU-88/12

Scatter and bias in weak lensing selected clusters, Takashi Hamana, Masamune Oguri, Masato Shi-
rasaki, and Masanori Sato; Monthly Notices of the Royal Astronomical Society, (2012) 425 (3)
2287-2298

RESCEU-87/12

Can Ground-based Telescopes Detect The Oxygen 1.27 Micron Absorption Feature as a Biomarker in
Ezoplanets 2, H. Kawahara, T. Matsuo, M. Takami, Y. Fujii, T. Kotani, N. Murakami, M. Tamura,
and O. Guyon: The Astrophysical Journal, 758 (2012) 13

RESCEU-86/12

Perturbation theory for nonlinear halo power spectrum: the renormalized bias and halo bias, A.
Nishizawa, M. Takada and T. Nishimichi; [arXiv:1212.4025 (astro-ph)]The Astrophysical Journal,
758 (2012) 13

RESCEU-85/12
Scale Dependence of the Halo Bias in General Local-Type Non-Gaussian Models I: Analytical Predic-
tions and Consistency Relations, T. Nishimichi; JCAP (2012) 08 037

RESCEU-84/12
Resonant Signatures of Heavy Scalar Fields in the Cosmic Microwave Background R. Saito, M.
Nakashima, Y. Takamizu, and J. Yokoyama; [arXiv:1206.2164 (astro-ph)]JCAP 2012 1211 036

RESCEU-83/12
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H == H—"RRTLHH LT a—TLRD 55
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HARIZIZE T — 2 AT P ZE08 6 N Lsn7g
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A LT (37235, 3.10 BIE), ZDAJ—LIi%
B LA AR DTE LD TH LT, ANl
ERMETH -7z, MElE HIZKFEREEZFOICE
AND 60 NELEDOZINEFEZHAZ ENTE, £
Tl — MEER DS b BINE O E SRR LEA~DB
FRENIRE ST NI Z T, T r— MER
ND, F2EOBENRTHTEINTNDZ Enbn,
RO PFZICITFE 20RA 7 — V&M LT, &2
[Tl TAMA g8~ Bape s ek o e 37
PiZkoT, RV ELDILDICR-TmEHAL
TW5, EEITERET —Z T oBS TCRIH ST
W5 C EiE & octave ZFH LTV 2 THEEWYT
HY. BIMENSIZXEIOBELIESNT-, 2K
AT —NVARRITIE, ORI OELIRESAESINE %
FEo T, 2012 MO T — T EI 2B 2> T
BO, BUESMEZON10 A2z T\W5,

FRROANMERITINZ T, BUEFHEZL LI KA-
GRA T — 2RI 7 A4 77V OHAFRERELTEY,
T — BN S T T A MAEROYE D T D,
N— Ry =7 OmETIE, %, RESCEU IZT7—#
fRNTY 7 b = TR — N ERE - EH LTV B,
F DT>, HiHHERD violin mode A3 EGEE J1 R H A~
L2 D8 BIIOWVWTORESL, 7rIurTs oy g
IR DEFHRE~DOEE LT 57 L, KAGRA
ANETR D78 X % L C, detector characteri-
zation X° data management system (2B HEH
BIoTna,
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CMB OBEWEHL XBEELEODEHE L UFH
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b ENTITRBUWMEIEIC & 2558 ) L o R OE#N
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2L CIEREEDZ N TE D, CMB O\
L X FIE, Okamoto & Hu (2003) (OHO03)
RETRENETAITY X 8% H &2, CMB O
BT =2 DOBNnG N AOFRERY HE D, F
KT IE, PolarBear ° ACTPol & Vo 7= 44 Ji 453 i
REA E W E o> CMB BUENZ B W CREEE TR Y
AEFREETEDEEZLN TV,

AWFFETIE, CMB O35WES L v X8R4 FIH
L7510 - WEERIC BT 538 (FHEINEEE -
VIO K OALNIEME - =o— ) VERERY) ©
Wk SEElc, BN/ CMB~y ImhbE )L
AR ERET HFIEERE L TE 2, Fl2, 5%
CMB DOFHWE ) U v RO RNIE IR S5 E8R
ZREL, EHEREE A X, B — LD,
AR OR B LY A=, X HENLRYG
B AT RE 7R HEEIE OB R 21T o 72 [37, 189, &
7o, DS TWAIRERS 0BT —4% 2 Huv
TR L-TRa2EA L, Flm~oISRAE E LT,
EEDOFHMDET N INT A —F ~DHIREIT>7-
[137, 138, 190, 1911, 192].

SREE®RT I L— EMAW: SDSS LRG 3
EHYFRE) T DEN
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DI — AN KV E LI RI A ITR S R
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BIRL T\ D, Fio, 7T RAZY 7 OIFESIEIL,
SRS D PEEE 2 E S T ROAT A - RITIRE ) B
[FIERRE IS D BRIC, RE L2 T/l N7 A —4
EEOFHMNT A NRR D Z LIk THE]
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FEEfRIT 3 5 2 & CREERGR & FH IR & [RIRE LS
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%,

Foxld, BAO A7 — g NAY I 2 b—g
E 1% UTORET—8T 2, mEEHmT 7
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DIFEMT 24T > 72, TOMMTIC LY, BEE & 5%
2 [IIRFICHE U, T2 ORI T H 5 ACDM
BTN EORS Z R LT [84] 194),

N &Y 2aL—2 32 %HALV= Sloan Digital Sky
Survey Luminous Red Galaxy AV 5 X4
)T DBEHR

SDSS LRG (il < IRk S 7 g i ©

bHrEEZLNTEY, EHFEBER Oa—) OFE
DETXTITHIGTHEENTEE, L, IFE

1 TR

DOFEIV Y RE W REICE Y xa—DHE
DXV bTe LA g —ho S 52 RTe 7 B
%R (7 v—) EORERRBWI ERERINT
W5, THOEVIIEFICIR G RBEEADRIZ KX
<HND, LIED->T, LRG @ 3 kLA & i+
HIZHT-0, ~a— Y ToNm— LRI O% I E T
RHZEIFEFICEETH D,

Berx DI N—7TiE, NIEv I 21— 3 O
O— Y7 a—XulwHNT, BAO XA —/
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MEEEICHET S Z LTI LT,

7. 2OV T xa—h X ua )b SDSS LRG A8
HEMES LR A T — NV TDOIFAEZY) T D
MWENERD 2O T na—Lin L TWVnD 2
LEIRL, EBIT, £D O bREIHE B ERD
VT I A4 T N —2020-30% EENDZ Ea2tE
i L7 [84) 193] [194].
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DNRH DR E A REE T 5 2 & T, HfRTm
ZNEE S DI B E O &E AT 2 ST 5 2
ENTE D, WEMEOEMBRERESIX. Zh
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NWE TOBRIFER TIEHA LTSN D - I HFHIEIZ
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FRIZOWTCDOIFFEAE 1T o 72, Convergence field D b
OREH AR, B X D IERIEREIC L D R
WIET T AWM E T2, EREKHVWLNTE T
2 A EEFHREBA%R 721 TlE, convergence field @ &
OFHIRA R R A SERICT E T LIETER,
% Z CHex X, convergence field ® & >FH A7
THHE LV NEMICHZ 272012, Iva 7 Ax—
PLBEE & S TERB I BT Dt &IC R Lz, 2
va Tz AXR—{BEEE, 2kIEHICH LT, A
a5 (Vo). FEEfoR S (V). EEo = (Vy) o
3OTERIN, AT AMZ G| & T 6 RHE
BEThHD, ZOWETIE, EFHEEOTF RN N (&
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VIal—vayEFAT S 2 LT, R E
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Th O, MOFH TR RBIIC X 575 &
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BEALUAICKIEEME/N\O—DHKE
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gence field 77 b REEREZ[FET HBRTIE, @E
convergence field ® ¥’ —7 Z¥gEIZ4 5, /A4 XL
ALK AT RENE—21E, 101 — 10" KBE
BEREORKEERK LR L TWD Z & NEITIE
CEVILR T\, ZOMRTIE, 2RO ERE:
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DE—I7 0B, RKEEREOED X5 72MWE 2 ML
TWHNEFRE L, ZOFRRIZL Y, convergence
E—J X INETEZLN TV LY BN O
HEMEICRELZ L TR, KEEXREOHM =R
LZDHEIZEY, convergence B — 7 TORNE &
RIKFEIITRERRE=ENAE LD Z ENRHAL NI 72
2o ZORMRET—WMANFEREEEET VILD
HEGETNZEL > TFESTE, it eV I
L—ya URERDEEHTH D Z LR LTz 39,
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FETH Y, I, WHEHAEZ LT 5720, <0 Zh
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EEHREICYH LS, FINRREEREE TR T55
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~OISHZ IR S5 [42, 095,196, 97, 98] 169, 211,
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BINCE 52k &R Lz [0, 113, 07, O8, [170, 2111,

EBEEE/NT—ARY MLIZHT B T4y T a4
FREXDHE

SRR O B IR TN R S — AT
IO 720 | FBEFGHEI D O NEEL < 72 D,
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BEERDDDITIE, BBEDO NK I 21—
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DIKIEEE CEE LI NT—2Y MDD T 45T 4
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BNTWA, =7 L. 74T 4 ITAROKEE L
WML I 2 —3 3 VOB TR E D70,
HBoNTARXOEEMEIIRITDOY I 2 —r a3 T
WICT = 7T DHERD D, AL T, KFOE
fRgEL I 2l —ardb i, ZRETALF
bV TE 72 Smith et al.(2003) D7 4T 4 7 A
DREEZRGE, TOAXNETHE TS LT, fkk
DNEWEETHhS, LVJEWA AT I 1L UT
PRI —AR7 MVEENTE L Z L &R Lz [,

NPV EDESIBENLV U AMREFHUV D
DR ATREM

SR HRAE  — A T~ A 7 v B O]
PCH &S FHEN VU AZROBEREIX. HE
FHHOBEELBNWTFELE LTUEE SN TEY . H
RKOTIEALESE L - SuMIRe 72y =7 &
U, MAZETEEIEARBHN T =27 MR
HiEFRCH D, Ak, FEAOL I AHFIL, FHEK
R EDBEE D L EDMEL AN T O ED S
FICEERT D EBZHNTWER, RRFFETIE, X
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Z e ER L, FHAMOMER TESNDFHO
LB E, X MABEIOHEDLEBMELNA T
D, PEILAHROH LWE— REREERET
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Tuvxy MIRBIT AR 2B R LR, M
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ROBHNIEWVEEEZHF LTS Z ENbhoT
[43, [169].

BEHARORLYIOZaL—2aYy

EROEEERY I 2 L— a ViIWE s N
O S CHEBEICRIA L, EAMoEIMHEAEIER
B EW) NIKFHEOFEEZ LD HLOMTEAL
ThDH, KFix, R OWMER R0 DR
HHE— < B —DEE#ELEIB DGR EITE.,
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22 ETORES B LS - OICNEE Th o 7228, KT
Daya—Z—ORENDM EIcX Y, BEERRHK
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A OWEE. U VHREEOHE e E 2TV, BHERE
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R DML A 5 iz Lz [61],
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DOIRFOEF L, &BE, 2EE) D SED Z3HE
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DI BUAGE R & e, 1.1 S U ETIEFIT L V—
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B2 U WHT 0.1 mly BLEOSUT IR R 6 Ll
2 SEIEE L. ALMA T 40 S AHRE O —
A AT 2T 10 ELL BRI RIRECTH D Likim LTz, €
O X 5 A SR EVEI I 1 KR E &R X — 7
N —OHILEIZIFEET 5 [62],

WRRH AERMBUBE THERN EREEEDZE

ERITRE TIIT R L F— 7~ 7 — 352/ 5H b
HES R D0, FExHEESCHEANTS R 2 5
B Ad7e\u &1 AETE RIS T A E DT RE
EELIRDDZENRTERY, a3 RTOY
Lz b—va rEAY, BHEEGEO T IKEESLE
FRUSROAREME, & ISR EE DR B A M
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BRI U I ERI R R % b (GRRERR -

1 TR

TRELIEERHY, RICHTAEDOE I REE
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U A ARENCEENT S, F—7 ~ X =TT D85
RN B DAL, NSl o —DH R3NP K
MBI T L, F T AZEREAELES NS, HDN
T AERERND 2 & 2B SN L [64],

FERBIGY 4 —/ BRYEIBERRICER SHE

LHC (Large Hadron Collider) SEBIZH5\ T AT-
LAS XY CMS Difitfr F— L3 e v 7 Zhi+ & &
DNDEE ~ 125 GeV OHRL D3 R 2845 Uiz,
INEZTTC, BABERE LY — ) O E
W7~ U —fmER . S —T— ) US OB IR
DEBIIENENTCEZ ONE YTV ANEZD
NTW5a, ZOERTIEILL OGEET 1 — / BRER
W2 72 %05, LHC 528 % OV SR D [ BEERE TR Y
AREZR T 4 — IOV TCIIBWI BRI ER T
HREE TR, Eo T, U4 — / EEHEDIF
LNEFT T T T 4= DX D R REHARIA DR
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DEIAER
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THWMEE L TAY +— 7 ORREDOHLEZHBE L T
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Tz, FHx [T 1L Q- R —/VAEICK L TA Y 4+ —
7 DSBS X T 52T 5 2 L 2Ef L. iy
BT ORER 0(100) GeV 12720 9 5 HA 7 LTz,

EBOANVEEYEETIRVBRT SHEENMFET
JLIZE T BN —RE R

ITEDOEMREE N AHEICL Y, BV ERE
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B SN TV D EESRIT O &2 FBH T X Zana (ff
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BB ORGETE RIS T B2 IR OK EYE
MW BB P S DB & W B R B D
D= AR — LTSI b EE R LT, Fix
XS HICRET A MEEN T VB EiF, 3£
BIC KRB N R 2 FAT4 5 2 & T, M 14E
FLEE D BRI 7 VTR B L AR
FAERMREOfER E 70D 2 LR LT,
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FOAMUDY T 2 T 7 F v —I2 &k - TEENEK
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LIFEN A IEE AR BENEND Z LRSS0 o TV
723, Fox 13 Z OB IERIERE & OREITK 5 73
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EAERETS Z L&A, N — - WE O AFER
BHLRIFFICBE LGS, x oA, toB
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AMBELND F—H /L O signal-to-noise ratio (3
T 22 R DA 2 225 3 I KEHE L T
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BE. 135 22570 OREME 15%FLE A8 -
TLEIZEERLT, ZOHEIZ. £2KRITGHSIE
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4.1: A schematic illustration of our goal
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4.2: The CCH emission (contours) superposed
on the continuum emission (gray scale) observed
toward L1527 with ALMA
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PHIFE BV TIE, T1E 2 L% o KEDER
SR EIEBIOTEHIZ L0, 2SR, TERE L%
VRIS R STV D, — 5T, FHICBIT 22
BAEEI D32 ) OEIE, ¥ A MRS TEY, H
FEOFENS, WMEITHDITHONT, ZTOEEITEE
WZEE - TTE, RFRE 1 AHETIE, B 10%FE D
BIUIEEN, XA MIBREN TS LEDRELY
3 é % (Takeuchi et al. 2005, A&A, 440, L17). T
L, TNLVIBEOFHTIE, EITZEX X MR
N BERIEEBFAET DO THA O N2 FLE, £
DEIHEALLTNDEDOTHA I N?

IO LT, A NIBE I 2GR 2 M
DREFTERDON, I VP - 7 IV EH O
BT H 2. BRI ETERK CTHE S 55871725851
HeA U L, £% 10K (28 B 724 A2 b OB,
#100pm fHElic v — 27 £ 5, % D Rayleigh-Jeans
o2 IV EF 7 IV EH BRI D XA b
BRI, S, oc 3™ L OBRVMEE ZRFO. 2R,
HFRBIC L > TRERMA~Y 7 hLTL 5720, f
RLLT, ZOWRERFTIL, FA M OBRNTFO T
T AW, FRHRENRREL LoThlT e AL
L7puv & 9 K& 773 (Blain et al. 2002, Physics
Reports, 369, 111). UL, MR RBICRDITE
TIRITHE < B2 D WG - RN R R DI H
HIIZR LN, O Ta=—r RHETHY, K
Tuyxy Mk, ZOMWEERKRRICER L7z ]
W7 I VIS K DR — A L, ZDEBEK
BN ES < SR, RIS, BEO K E WERIT O -
HALDRFSE, F2, £D X 5 B OFMZIZBIT 5
TEEBLR OB Z D TV D,

4.2.1 SFRARBRAOERHRE

EXS4 T o BHEAIZxT 5 AzTEC/ASTE
I2&d 1.1 2 URY—RA

Lya blob (LAB) I3, @R I8l S 5 ER
72 (20-300 kpc) FEHEKFZE AT AETH Y, KE R
DIEKHG & B a5 —J, KEHTADEBERIZA
HThsb. =2 THAIL, ASTE EiEsil AzTEC #
e A T Z W, LAB WERIZB T 5 £FWEIC
B ES- BERIEE 2 RET 5720, KRS 3.1 0
SSA22 JFARERANIZALE T 5 35 fHl D LAB (Zxd
5 1.1 2V s R 217 -72. £7-. Herschel 7
B8 A T, AR (250-500 pom) O
BELITo7-. BUFT2IVEY 7 2V 3 - mIRIMR
LAB#EE L LTIImATHS. L, 1.1 2 Vst
JERIKFRIE & AL w2 TR, LABICHE
Bt (> 3.50) 1338 HiLeh o 72 (EIRSMEIEE D
30 EBRME Ly < 3 x 1012L@, AH ¥ TR T
X Lrr < 4.5 X 1011L®). :@%%7 LAB 3% 72
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U WS DT % R IERIEE) (SFR ~ 10° Mg /yr)
ZEFIT, IR R R S e BT RTEE
(SFR < 50Mg /yr) ZRi>Z &Ehbhro7o [[].

AzTEC/ASTE (2 & 25K ARBERBERM
4C23.56 FEBfEEICH T2 REERAKICET
r i

SR OFENRITZ DFET HERBEIC KR E <HKFFET D
EWVOFERE B LTI Y (Dressler 1980), %
BRIECh DT EREBOIIZEB L\ MEAMIZH 5.
HFTHLEEOFHIZB T M > 1012M, iIZb74e b
£ 9 78R D% SRR BT 2/ MER TH 0 |
E RS OFE Al e 2 BE 32 ¢, MIFHICE
VD S EEBREE T\ TR S 22 SRART TR Bk 0D RF 1
(BRI, BEROMRER L) 285 2 L NE
HTHD.

z = 2.48 OEILE 4C 23.56 D JEPH T, dEARSb
DO 7 4 VB AW R —~<A12 LY, Ha
W% ORI (HAES) S8 IO F - 7= FUAER
ED Ik s R27 o T Y (HAE clump; Tanaka et
al. 2011), ARG IR O BB 31T 2 ST
OB E L TEERY—7 v b THDHEEZLN
TWb. Lo, frERAHUKICH 2 Ha R T -
Th, KEOK A MLV A /AT RAME Ty B
EZUT TV AEEMENH D72, HIRE X A h&ED
DI EREBRE L b L—2 &R, AT R
FEOR MR H 5.

Berl, O X I F 2 MR SN BRER
RRERAT A fl i U, i BRI BT DRI R D 42
REHONITHZ 2B L, BT 4C 23.56
JE FE O JFAARSR IR I BV T, AzTEC 1 A 7 & #5
#H L7= ASTE @52 L 5 1.1 mm ¥ —~A %17-
T&72. 250 1.1 mm THL ¥ 2 MZEbh A
K== 2 NI STV D03, FRIZ, Ha R
SR ESE LT BT, BREWLZ L2, Ha
BERRERIT & 1. 1mm BEHRERAT O PR 72 22 [E] 1) 70 A —
N—=TF v TNEAH S, AL, AzZTEC/ASTE ®
1. 1mm B O ZE M 3 fEREDS ~ 30”7 TH V| Ha B
SR 2 5 0D 72 R EAR SRS IS R AR 0 [F] 2 L & A
Hol-.

% ZC. Ha HERRERN 2349 5 ik o o TR
SNfe, 4 OO 1.1mm BHREBF OMEE %, Plateau
de Bure T3t (PdBI) % fifi o Cilj~7-. B EIX
1.8mm TH Y, 2z = 2.48 O CO(5-4) BB FHH T&
DU, H A N EREE O 530 % O LS fiRRE (4 7
LML) THARD ZENAHETH 5. PABI CTEBLAIZ
To7c 4 SOWHE (BFH0 0.7 F55y) OF T, 8 #
DOWFIREEZRH L7, 205 b, bl b 4o
® 1.8mm EFEE IR (PAB 5, 6, 7, 8) X, 2 = 2.48 D
HAEs IZHIG L CWD Z &btz Tbb, 2
5 450 1.8mm EHEIRIT, 2 = 2.48 OJFARER]
MR AIET D dusty 72 A X —/3— A MR
THLEBY o, ZRBDH L, PAB 6, 7, 8
1%, 4C23.56 BRI 2> 649 2Mpe BEILIZALE I, £
300 kpec A7 — /L TEHELTWAD, WTLE sBzK R
1 & [RIFREE |25 3 72 R & 7§ (SFR~60-150 M,

4 Hi YT XU AL

yr1). PABT7 & 813 CO(5-4) MM b Sz, £
OFERIH 723 E #213 1200 km s L FRETH D, Z 0
VAT A, BIEOFH T 87 MEERIZET
MEEZRLTWD. 5 PdB5 1%, H—D dusty 72/&
IR RS TdH 5 (SFR ~690 My yr—1).

B JFAASRIT AT RET 2 X U g R R oD it
{LEEFEIZ DUV T, CO S Bl ofE R & STRIZ & 5 &
BEAZAWTHEREIT T, FRIMEOLE & CO ML
Ol TER SN DRI (SFE) 11, CO(5-4) #i
Mo Stz 2 20 )RR PABT & PAB8
WTIUZEBW T “disk mode” DEIEEL 1T 5 R0
TOfi & L <EITWe (SFE = Lpr /Lo = 15—20
Lo (Kkms™! pc?)™1). —J7, CO M ahzzio
72550 2 DOHHTIZ OV T, > 550 8L V> 80 L
(K km s7! pc?)~! &72 0 “starburst mode” )72 2
R DTGB 2R3 2 &N o Te. WIS, NU A
VEE (BERETAEEOM) BT D AEED
HE fgas = gas/(Mgas + Mstar) oA el %,
PdB7 TiX 4-40% CH - 7=7%, PABS Tl 42-93% &
WIEFIZEVWMEE 7eo 72, bbb, #EF 1L gas
rich TREEHNTOERIE LIch b EEZ D —
Ui, Wi EZ < OT AN E~EBRINTHBD Y
AT L THAHZ ENRBIND.

PLEDRER) G, 4C 23.56 JFAGERI R RE I RE
9% SMGs 1%, —FEIHRICA LD SMGs & ki
L CHBERFBERBEZ R~T—FH T, b0 Tl
SFE 76 BN 2 B IELOREFIL, disk mode (23T
WHDH D E burst mode (IZITWLDONRHDH Z &, T
bbb, BRNERREREZ LT 0 L& -
LRI 22 L ONBIEL TWVWD E VW) 2L, £72 CO
R DA 2R D= PAB 7 &£ PAB 8 IR LT
o1z, AURE FICBIT28IcsWnW T T AD
TR foas MRV RIRD LN T ENZT2. &
BB FICFET 5 SMGs IZB W T HE~ itk
BP0 BRI AT — RITIXZERMED H D 2 & 35D o
7o, BEBERE FIZBWT, S F B
BT — RO 2y, HAE clump (CR 55 X
IREEWICEVEDLNDZ LT, ZDX DB
PERFBLL TV DRTREEDR H 5.

PLEDORERIISBARBEROELGRLE L TEEDDH
Nie. £72, ALMA B L O JVLA I & 58 R EITE
RHEREINTEY BEICOWTIEmME) . B
72 BRI T & % |24, 135, 36, [30].

Subaru Deep Field TER Lfzmi=AY T I ) K
ERIAME 45 D &R R B 3T

A TFKRT U OT 2 )~ IR E S 7z ASTE
Y s C B E L2 E 1100-pm O g 0 A T
AzTEC % % H T Subaru Deep Field (SDF),
Subaru/XMM-Newton Deep Field (SXDF), SSA22,
ADF-S, GOODS-S 72 & A #lJ L &5 1000 £ 2 5
BT IV ERHERE L. 2N OFNGEE 0.4-
8-pm @ broad band @ photometry 7 — 4 % F\ C,
WESINTWARESFT 7 I UK (2 =5.3) 2 &
D HIEWATHEMEDN & D %73 U R O AR E L
72. R K-band (& 2.2 pm) & Spitzer 5 LimdH
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® 3.6 um @ photometry O F 7 —IZ{EH L. 2> 5
@ dusty starbursts Ti% 4000 Abreak 235 2.2-3.6
pm ONZED T 2O TIEFITHFRNEEZRT Z L
DR SNDNHTH D, TOFIEICLY SDF T
FL U727 2 U B SDF1100.001 23 & A /) 7245
fCdhdZ ENbhorz. SDF1100.001 (X 3.6 um T
IR ENTVD0, A XY AR EEETH O
72 (30 ~24AB F5#k) K s-band TiIf ST
7R R 3.6-8um DD IR NSRS D RIS RAAAGA 2
bo TS, KV IEMERRITRE OHEEZ1T O 729
WL D ImEBETHEH STV DT RS MRG  2
& IRCS & AO188 # & H LTIV K/-band OEIHI
EiTolo. FRKEY T IV EFEHE (SMA) 265
WTHEER 1300pum D@ ZEM o #ERe Y7 I Y g %
1TV, Je0D 2 DO %S RIKGEAF O W 50397 IV 3%
THZWEH (7 X U T ThH2D Z &n3bho
2. ZAUE OB, fE#HTA B SDF1100.001 137 7 (R
B 58 MHTICAFET DR L X — 2 ~ & — i —ITfF
B3 2597 I UERRCH 5 aletEn @ 2 & 23
BIL7z. K0 EEM7Z @8 21T 5 7212 ALMA cycle
1IZ I 450, 880, 1100 pm TR i B %
BRL, Rz [37.

[RiasRAIEI B SSA22 (THITH Y T I ) KIRAT &
BEXISVvIR—ILOBRE. BLU., KREREE
D%

BIEDOFHIAFAET D IEEE B O 51K TR
2-3 FTIBREINIZLEEZEZ LN TEY, Z ORI
B 2FHEEOBEHIEHORKRE WEIEE 5D D
P72 VRO ER Z T 5 2 L 1T&bD
THETHD. ZOEERMK L H S5 SR O
ZEHIB T, JFAAERITI O K 5 72 8RIT 0D i 8 FE BR BE IR
HEND LHHEND., kIR EROL L, K
W% 3.1 1ZALE 95 SSA22 JFUASAIHIZ % L, ASTE
PRI SN AZTEC I A2V TH 7 2
U WSR2 T o 72, T O R, 100 848 2 5 Y
TR UM AR L. B TEEIGE LR
IR - 2 T IS RIROFRIE, 38 L OWRPEER TR
BOHEEZIToImER, V7 I VRO 5 B 7
< &b 10 A2 SSA22 JFHASA [ A 73— & [HE &
7=, Z 51T SSA22 JFIARERTH A4S T 5 T A ~
a BRI & 7 X USSR oD 2 A EEAE BE B SO
WE OWZERIMEREZ R L, £7297 2 U R O
IRFEBFE R —FRBERIC L CHEMTE N2 & b o
7= IBIL, KB TIEDZLmEEOBPN SR A SN
727 A ~ e AR A3 AR SRR [ o J& BRI 40 A L
72 VIR D434 & ZEMR 2 KRB A FE o 2 &
bbhoolo, 7 I VR & T A < Lo LRI
%, FNEh, BAERKEICR - oiied TRV B
175 RKEEH ERWEREE L7l THVVINE
B TH Y, SRIREEOX R A9, LiznoT,
ARFFE TR SNTAERIT, JFIAER I O 72203 T b 4
\Z B T D BREE TN AYIC KB BRI S AL - AL
T2 LW, SUTECOBREEKFIEZ TR RET 5.

FH TR O D WRERERICY 7 2 U R & 2
T—H—Nd 5. HIENER L KERERIEE)Z

TN F—HELTWNDIDICH LT, BEITNER
7T v IR ~DREEFEBIGIIE D B R X—
DI (TEBRITES) 22 DR E LT\ 5. UTBEERT
DRI D &, BFEA R ERIE B & £ 5 SR
BERHBNT T v 7 R — VEER BN S B 25 04E
BN ENTEBY, Zh), oL 7Ty
7 R — N OEEORERE (L) 295
VAELTHEATHD. 2D s, SRHEFREN
et &N A IR B W TER G RE D 7 = —
P—DOFRB L VT Y PR DR R AIEENC
TRV BRSNS —F, Z OE{LERED
IRENERIATEZ LB R IZ B b TS IEF I #E L
Mol ZOXIRYEEDL &, M5 I1% SSA22 J5
TRERITENZ % L, ASTE S8 ## S /= AzTEC
SUEHATEZRANTY T I Y R IEE 21T o 7.
Z OFER & Chandra X #REm B X DR WIRE T —
RS LI EZA, JFIGHREE A o N—IZFE S
N7z 3 2OV 7 2V PETE NI X RO FETE
EE LR, XBALT MG KBREE L EA
XBNELAHELZLEZA, BT —Y—L
RS0 X BEE (Lx ~ 10* erg/s), WL 7T v
7 R—VE R (108Lg) 2FH, 9 b2 2kar7
VIBIZEA KREDOKENT AN TWAE Z L3
Moz, ZOZ L, TH0H 7 I U RO F
TERZ7 T v 7R —ANEELTNDESIZEDRK
FTHY, Jo—Y—~{L T DEFOERICH D
T BT 2 [34,130].

R 1.1mm TRESN-Y T S URIRAORAR K

SUEV T IV EHCTRE SN O Y —2h
vy b (BRATEHER) 13, RIMECHI BRI O kI
OWTEERFRZ G757, Fexld, AzTEC 77 A
FIZEoTHE 1. lmm TERIL7-6 27T F 7 -
74— ROEECIREERE (5 X124 3 1.6 TH
ZOWSIE 1o =04 - 1.7 mly; £1) oo
AT —HEHNT, EE1L.lmm TO7 T v 7 AN 1
mJy 2>5 12mJy OB 2893450, & HiR
WHIRRZ457-. AzTEC % R\ 7= SR 3R T o BLHI
F=2 L0052 LT, HELInm TO7 T v/
23 20 mJy O E TOMEFEIZ >V T HHIR%E
Bl ZORRE,. 7T v ADO/NSWVMHITRIBENS
AR BEE 72 SR R OB BN S % LT, 13mJy
T CIEBEZE A SR DI RN R S5 Z & 34y
MoT-. ZHE. South Pole Telescope TH A X
72, 20mly A2 57T v 7 Akt b Tl
WERIT | DOERIFHE DB & 72 B NI D72 3> T
7=, ZOFEEO TR X, muEH LX)
HizkaborEZzONS.

BN E . W < 00O HERT RIS AL
EFLRCHEHRTT VLR L 24, K4y
K0 B WERNZ O T, Bl T A8 &<
—HLTWBZ N Gholz. —FH., FRLLVEEW
FUIIZOWTI, 30 UL EOFEMTET L E DFER
DRDH B, FHZH 2mIy LV BT 7 v 7 A5H
OB SN, TR L L= 33 o
DEBRBTHETIVIIMFE LR -T2, Ziuh DRk
BT, ARG DRI W T DEEfF DR E T
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I~DRELEZALZLDOTHD. HDHWIL, BED
FHICRBIT WP RH D SO D AT LR
=PI ~DF A DBENFE TR THHZ &
oL TCWb AR S &5 [19].

GOODS-S 2 &\ T AzTEC/ASTE #8l(Z
FYURRSII=H T3 JRIRADKARBS M

AZTEC H A 5% ASTE I8 L. SESF 29
£ TOBRWRGIEEMTHIL TV A GOODS-S f#Eil
@ 1.1mm B Z4T, A8 W7 3 U I 23
HEnz, ZET —Z 2848 LT, DM s
KEERE L, WERFREERZE A, FE
SENFH 7Y R O 80% DR ITIRE 2 L v I
DFEFIZHDHZ ENboT-. £72. 30%DFRIE S
7297 USRI, SRR 3.3 L0 Hich .
7Y IWE OISR F IR AR Tiim & 7o
T3, Wb 5 “high redshift tail” DOFFEAE % 58 <
RTHDERHS>TND, 2 HOFERIL, 860um
TOY—~A THE SN 7 I VRN ORI R
BOMED S, WE L. lmm 8 TR SN RIEKDOHR
FRESAMIL, ARICEF Y7 hLTWAZ &
ZEWRT S, WE 1L.1mm # COWRTHEAOEHS
R EE B, FHTEIC, ZhETabh TV
Moo F A MIELS LN 7218 BT AERT A £
PEEAFAET 5 ATREME A BT 5 D Th 5 [22).

FDI 45m REEFEMZEMR AT LERV:,
B LNEA AN 5 D3 FIERELA DRI E

B 1l 45m LI B 72T - s s
JRAF IR B > AT A& T, @R DT R R
D CO BMMIEEBI ATV, TOMBIKREE L
T, 3 OOF M (z=1.6-3.4 1ZH DV 7 I U RN,
Orochi/HXMMO02, SDP9, SDP17), —2® tentative
detection(SDSS J1607054533558), 35 L% 1 fH O
non-detection (COSMOS-AzTEC1) #137=. 32GHz
L) JAV instanteneous bandwith % R EHI
AT LZEY, D NY T U IR ORI DR S
R %, FRTORGIRBIERICED Z &2 WIEL
TW ZENTE D EWFFENS [16].

4.2.2 HUTEN—X FEERAIIZBITE4
ARMIBEEIN-2FEREERYED
AR

long duration O AF > ~<#/N—Z  (LLF, HIZ
GRB &IES) 13, REEEOKRRIZEEL TEY,
R THL <, PIMIFHICE THEET L2 LML
IR DO B 572, GRBEZ 7 rn—7 L LTHF
HICK T DEERLEEL Z ERFRETH D & HIRF
ENTWVD. =T, B~ —A MEERND
Z DR T ORI~ E S 5 LT, GRB BRI

4 Hi YT XU AL

B, EDOLDRMEOHRNTHY, FEN DR
RIZBWTEDL I RFNEEZEDTNDHO0, 1FE
A EDDo TV, WD GRB RHE OBLHIT
1E. HEEICEZEDOF A NEEDL, BESCERIMRERN
(ULIRGs) HIMEEEFEFSLOLH D L OHRENRD
%—77. GRB fHRIIRA R & D RKIEIZ > T\ b
LOBRELH D, 29 LTRIEZESE 2. GRB RHE
Mz, CPOREOX A NG HANFIEL, B
NIZBIEEDPIFEE L TWDD0, 570,
V7 UEBL Oy TFEERWE, 247
WHFe%47-> T\ 5.

ATCA ERFiBitZ ALV GRB BRAICE TS
FZ MIBEh 2R~ DOHIR

4 ODOH = —A K~ (GRB) BRI, GRB
990705, 021211, 041006, 051022 I35\ C, Australia
Telescope Compact Array (ATCA) THaFHE, 37
£ 16cm OB RE 2R DB 21T o7 WIho
SR O & BRI S e o T RIS
(21T DiE AN OB & FW T, R Hh
TR D 20 EIRED D, RHRNIZ 51T 5 2K
o EREE RS >7- & 25, 20-50 Mg yr—t LA
T Lotz UV/ BB ORERFEIC LV ELATY
HLERFE L LTI Z A, 2 b0 GRB RN
T, ¥ A MRS RN KRR (UV/ AR
THED LN ERRED 10 5L L) FET 5 AR
PRIZEE STz, BLIIRIKD 5 6 2 % dark burst
ThHY, ZNHICBNTHH A MUESRBINT2EE
JROTFENTE S NT-Z E0 5, dark burst 23K
S AHBEH & LT, optical afterglow 7% intrinsic {2
RENATREME 2SR S5 [20).

4.2.3 SR ITIEHEDNLEERIED
SR DEENE DT

30111 45m $5° ASTE10m ¥ 7 3 U i mssic,
ALMA OF ¥ 2 VARBEEREAT 2 A T2 ISk T & &
MW AT LB L, 2L D, SEIFERE
W, B CIREN 2 810 81T B, A3 R LML &
THoTWA.

ZAUT KD, RONEHIT O HIZIFAFE LI 0, Ailk
D THEENE O @ ORI - 572 D IEEME O FEgIZ s 0
T, EO XD B b Am RN REL L TWDH D), &
FREINCTHRD Z LN TE D, &I, IHEERITREIC
B <, T3 VX —JEB O T~—h—] L0
DAY MR AT SR OM A Y & B
FTZEHLHERELRAEO—-STHD.

WEW X IHIRER 2 Bilgs L7z ALMA 128 %
B B FRREBLI A~ & D72 F, A hVRIZ K
% TRV A E AR R SRR, R, 7R
U R o ICEA TS 2 2 HR T

BT VRN, KX A MIEDILTEY,
ZOFULEEE, AR - RAMRITE A D, LI LideE X
MTTHREBETZ ENTEARY (Compton-thick) .
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A2 MR DOHEMNMELAERNI VYT IV
OB, # A2 MOESHE LR gD
FNF—FBM T, RETOERT T v 7 FR—
DIFE MR TR DAL TR LR DETHS.

ZOM, I VYT I YRR O FEERROSCEL
NS & RIS R 2 BRI O 21 5 B
FIRFZE BT > TWD . T SITEHRA T 5 5 %1
X, SISO L CRRD Z ERESTROE
R RBR CORK &£ Z TOYHE - FiREs
A LTV ETOERERERFHMNY L4 5.

ALMA T35 1 &+t 4 77— FEA NGC 1097
D HIly 100pc FEEOSZEH X DOWIEH - {LZM
IREE

W & B IEEER R NGC 1097 o HLFEIEIC
BIETHEBEESTH A%, WHEMOHBE-T-
ALMA % MW T, % 100pc 43 fiffe T4 iRk e aim)
WLV~ (PI: K. Kohno, 7r Y =7 FE&EE
2011.0.00108.S) . Z OERMIE. F ORI E TR B
S 2 RS £ OEPEICIE, 7% 72 starburst ring
EHESY. ZoFLOEEENIE L, FBEE S £<
PRFE BT & 2 2RI L, ehEeho
ISENREIR IRV T SIS 2 2 D BB EE Oy TR
WD, ZHLNCT DI ENBIANTHD. KT,
7 U AkkFE (HCN) Rk vA 4 (HCOT)
D J=1-0 BBIERIT, WEORLOBHNCEY., =
OERFTOHLMFHE TSR SN TR Y, IHEHER
B GO 6008 GRVWE X BRoOEE. 1<
IZ AGN jet OFAEIC LD avy 7 OEANE, EhUC
PES NFEH = A X —OERINE) HRIB TV
B8, FIRIEIZEINT 200, HDEWVITERIZH
B FDFEEN LR L TWAD0s, BHFEICEIY 4y
T HILTW o T-.

BANCBIRIAEN G S, 7 — X 385 L7z 350GHz
1 (Band7) OBLFE RS, NGC 1097 .00 AGN
AT, HCN (J = 4-3) ® HCOT (J = 4-3) I
S A MEGIRE LN S WD E R BN, R
FHy 723 AGN 48910 NGC 1068 T FEED @
FRELEN R 535 —J7, NGC 253 M 82 £\ o7z
WTEED SB R TIXZ O L 9 R A 6o 7.
Z®, AGN #] & SB SR CHE N R D = &
X, S UEEO J =1-0 OEEEERE THLIRE S
TW5. 20X, AGN ¢ HCN/HCO™ #i
IR E L e D RIKE RS 72, Frex i3 ALMA
THF72 J = 4-3, 1-0 BEFRIZIN 2 T, Ssubmillimeter
Array (SMA) Tf37z J = 3-2 M & AW 7= #H0E
BRI 21T 72 > 72, T OFEFE, HCN D4y -171(E
BN HCOT LVABEICHEMLTWAZ L, 2, £
DIETEEIET AGN S0 523 SB 4RI L 0 & 5\
TEWTRBENT.. BT, HREFTEEE ST To
BTN LY, 25 OBERRO U EENE, fE
TR (10425 < ng, [em ™3] < 105) T, 7
EIRIRTEE (70 < Tign [K] < 450) 1282 = L AR
SN, £, T LIoRERIE, Harada et al. 2010
D XS R EMYMERBMROLFEET LV CTHHTE S
ZEbLARLEE. ZOMRERESEDZ LT, AGN

X SB SR RFEAE 70 BRI 2 J6 L - #ESL L, £
Z W TERE 2 B T FH IS\ 2 D8R % 72 RAK TEL
a2 L, 2N ORI 2 T B2~ b
N5 LHIECX 2 (1,26, 27, 30, B3]

F72, HON(4-3) HEFR T N L— A I 5 @A A
DIFHIEEZFHE LSRR, BTV E DT LD,
TR FE A ISR (h/ R < 1073) [A]#E#%
AL TWDZ L) F£70, 48 40pe TD mass inflow
rate 78 ~0.09 My yr=! @ spiral inflow model & %
GBTaZtERLE 2.

B ORERIX, ALMA #7297 3 VU 51
BRAREBLINC L0, 2 MRS Izl o= 11—
JEEZWN T LWIEZ T TR, BERXT T v 7
R— VBRI IZ OV T, @8 By A OB
PRG-I & EHE LRSS P RE AR B PRI D KW KA
ZLERLTWS [56).

SMA F55t % - =R NGC 1097 D ohily
fEiIZH 115 HCN(3-2) 8 & U HCOT(3-2) 18R
A A= U5

TEESEY NGC 1097 O HL.LHEI5 %, Submillimeter
Array(SMA) 12X W HCN(3-2) 38 L OVHCO™(3-2)
BRICE DA A=V TRIEIT o T2, EH b O
%, circumnuclear starburst ring £ Y FLEZDIZ 9
NEVHDL o7, —F, HCN/HCO™ FMERTRE
1%, starburst ring TIFH 1 Th o723, H.OLEZTIX
2 W) EWEE R L T, starburst ring T
I%, HCN J#Eff & HCO™ JE#E & MIPS 24pum HERR O
B E L<SHBELTEY, 2 b olgns 2k
FL—=AL TS Z &Ry 5, —J, PO T
HCN JERRBHIE I 5 < 722 TRV, BRSO
B (772D BIRENAEL 2 &) OFIENRE S 5.
X-ray ionization chemistry {2 & % HCN 73 F-1F{E &
OHEIERE CBINZ 3 TX 5 Z & ano Tz 2.

AR —/N—R R NGC 3628 IZ8I1T59FF7 Y
koo—n%R

ED AL — /38— 2 MR NGC 3628 O, il
2 VTGS 7 I ISR CO 4y PR A A —
DVUTIZEY, A —N— 2 NMEED DT 55
TT7UhT7ua—%¥RA LI HFT U h7a—ig, iR
LD B 400pe 1F E OREBEICEL TR Y, 0
O3 HAERIT 3 x 10T M, 2%, £727 v b7 r—
DOHEEIFRI 010 km s~ TH D, BlHlsHh=T Y
F7 v —DRRY oL HIFFREIL 3-6 Myr Th
D, 531 HAD flow rate 1% 4-9 Mg yr—t, B L7
HIFT =T (2-3) x 105 erg & AAEDH DI
7. 3 AOIHERF R EIE 20-30 Myr #2Z TH
5728, NGC3628 D A X —/— A MEENL, 71235
W7 = A R B Z L DRE S (1),
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ALMA Z#o=#EFRRA VVI114 [2EIT5F
BRI E LN > BRI E R R O &R

ALMA % FA\WT, FRIMR T B W AR SR
VV114 ® HCN(4-3) 38 XL OV HCO™ (4-3) MEMR D =i fif
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SN TFET D EEZ LS. £72, 600pc FEE
DEIDT 47 A MRIZHAT 5 HCOT (4-3) Hi#
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DL D70 4 BB LT type-A = KEEEFEK
DIk Z TR S TRWERDNR T, type-B = HIIT il
DI FEED BHNERRE RT3 T2, type-C = HII
ik & 10Myr £ D BHWEREE DS 45 1E, type-D =
HIT i8Sk & 10-30Myr OFHin A =9 = A1 5 70 F2E.
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HTNWD EEZ B, BERSFED life time 13 20-40
Myr &FHli S 47z, BRSO TEOE NS A T AP —~
ANCESE, REBRICBIT O ERY TEDONHE L
DAL ZAT S T2 DIE, RIMET & LTiE, LMC I
e 2B HTH Y, IR & L TUIHDHTDOH D
T 5. CO(3-2)/CO(1-0) BRI LT F L— 2 X
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EHIRA NGC 4261 2B T 59 F b—5 ADEE

[E3 K80 Lo RAINBOW T3 (10m6
FOEDIL VT L 4sm L 2 L7
F TR BELOIRAM @ PdB T¥#E 2 HWWC, i%
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TR & LT, CO(J=2-1) B LV CO(J=1-0) DU

4 Hi YT XU AL

B AT o7z, WITNOBEBITIN T b IR IR
H &z in-o 7z, RIERD optical depth @ 30 LR
fEiZ, J=2-12%0.098, J=1-0 2% 0.042 THH7=. =
o0 ERE, RO JCMT L ol S
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5T ENHKIZDOITIEFICRE RAETH S, ASTE
A7 7ROMED=, 2Ll ORI H
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5t & hidden photon DIEE/XT A —H x 1Tk}
THMIREZ ST 72 (KE3D.

Ny T590 NRIEFE

EakofE T, IBEEIC LB eREERD X —
IHULPL— MEENZ LY, RERBHMEENE
CCWe, BIEEE OSSR (PMT) (5 5 i £
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52 THU U RL— MR LTLE D, K
BRI E Ry 7 7T RAEROD T v F L —
k% B| & %45 Z & T hidden photon D+ 7 F /L%
BA7D, ZOF—=7 vy hL— NEFAKE A
RHRBAEDER & 7o T,

INEERTHED, Yyy A —, HIED WD
TODOTFIETONR Y 7 7Ty RRIEIZ DWW TG
7o, Vyv X —3KEENT 5 2 Lick Y,
FERY IIRESO TR ERENST 532 LI
koT, ENENAR I 7T FHENTFREL 725,
KEGBREIE, Sy 7 7T v FHRIE % 55O R
THRYIETZ LIk o T, WEEbDRE L gl
B ENTEIRELETHOLTZLENTE D,

Xy Z—ICOWTIIMEREL, 5N T
XN ERbroTs, FIREREIToT-HER, £
KE#AT S oo pmEicH LN TND T LI =
TARHERELTHNDZ ENHAL, TRNHIEIC
R RITTZENREML ORISR o7,
BECTHZOREREE, R EOT LI =T ALUAD
MEZRWZE 0B O W THEZIT> TV 5,

HIR D IZOWTIETHE DR RBEEN 72 2
235y h o7z, Hidden photon $EZR¥ERE X Sumico 12+
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O, VY7 b =T OB - BERGEEIT o 72,

AEEENHR
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BLAIFTREREPH (planned), Y D5 S A7 fEBIIM 27
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WIMP 3% & 132 Eo T HEREB NN E L 72D,
RATIRD THHW=D, AL HOFEEZFAVWTS/N
e LS HMERH Y, THE TIC axion ¥ —
7 <2 —DRREIT>TD ADMX D X 9 (T reso-
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7.1.1 FEXBORREL0HE

2012 45 1%, V. Hess |2 X 2F 8D FE R0 100
JA [@2] Th 5 LR, R. Giacconi (2002 A(Z/)N
LA R L RIRHC ) — VT B 22 E) T
HXMAEFALL T D, 50 FFEICH Y722 [40,68],
Z o= [EEER [49, B3, 54, B5, 56, 62] (2. EN
T [66, 67,68, 122], S EIFhWET VARV T LA
RMmHEZ DRI T,

7.1.2 REFEFHEDER LREBINR 117

FTHXREE TE<)

2005 4F 7 A 10 HIZHT B B & 725 X R
&< &, Bllo 7FEBIC AT, BUHEREIC
£V KGEMDH SN, HRAIIKT L2265 M,
R SN X CCD 7 A Z (XIS; X-ray Imaging
Spectrometer) & filf X #if% H#s (HXD; Hard X-ray
Detector) 1&, NAFHICBE@ & FeT T\ 5, Fox 3RS
b, fREB IO HXD OEM L R L, BHckE
DOIEZ AT L [1]. BT — % Oftr 2 s 7=,

EEFEHAT— 3 UEH MAXI

2009 FERICEBFHEAT — > a3 v BARFERB [
1T | OBEFEICHEHL S 7= 2R X E MAXI
(Monitor of All-sky X-ray Image) 1%, B, JAXA,
IR, HFR, HR, mR, PR, HIFFRZ LI
F0, <L 2014 FERE TEMADRIT SN D,
B3 &fe s, B - BapFSemicpre 3 2 MAXI
F—=LDF =LV —F =% I THE Lz, HK
B RPERHEL, MAXT IZEHIZSM LTI 20
R, TTEL ] & MAXI OAHRIPEZ IR~ Wl
FH O X E LT D [69].

&t ASTRO-H

&< ) %k ASTRO-HIZ. 2015 I H B
EiFRERE S, BEZT ORI L BEENEA TS,
JLIRICFEL BB L 91T, At ¥ — Project 7
IXZICERICSIML TV 5,

7.1:  Suzaku spectra of Cyg X-1 in the High/Soft
state. Dark and light gray indicate the data when the
5-10 keV intensity is higher and lower than the average,
respectively. Black shows their difference [54].

7.1.3 BHEWBEFEITSHISvIHR—I

77 v 7 R —)v (BH) IZWE WA D BRI,
BB RLX—0 ~ 10% DA SFUTHE S 5.
BEEMEIL. ~ 0.01 keV 7255 ~ 100 MeV £ T, JA
FPHR T RNV —% b O ENTE, ZOMEITN
FZRAX—IZ L TOHMLLEIZ B b5,
BEEEISvIH—IL

NI< b x 2 X-1) (Cyg X-1) 1%, 1970 £
IR SOBICL ES&E, T v rR—Ltk
LCREINTZHYDORIKT, BEMET HELE
2 BH OREFEHLTH D, B, BESIZEPFOILH
BEWMNTHZ LT, SFEEILSHEOMmMLE BT
LHZENTX BL6LT. FERO—EHE, BRFEEE /R
KEIEE T, FrFaeadss L [127.,

V7 MREETIZ Cyg X-1 OHE O KRE 1T, FE
B DOLIEERKBN CHIATE 2R, XHBET
OB N~ R T —VORFIIRHATH D, £ TE
HH1E I4EL ) T Cyg X-1 ®Y 7 MikReZ B
L7=F—Z &M, 5-10 keV LL_ETHREEREHLL -
DL FRLULTOREO AT ML EROT-E 2 A,
B DFEIF AT MViE, TTDOART MV ETER S
keV DL ETIEIE—% L7z (KT, &> THESRS
X, N—FT7T—LBHETHAAREMEREL. T
MR DI B EIC L a7 bk Ehn
72T VT, HEITE - 54, [75, BIl,

BEXTZ v o HR—ILEEERAR

R OPLICHHER BHICHT AREETD L.
TEEELEE (AGN) & 725, AGN Cld PR 73,
SRR D TRV ZESAMEII TR D 728D . BiE7R X
N7 MG EYID 3D ZEREE LV, ZOTFES
FORBEFITHITSNIEELIT, 193 THEA
WD AR b vz ZBE e TV 2R
%, C3PO (Count Count Correlation with Positive
Offset) LIESFIELZBTE LIz, ZOREER, @72 o72
MR X fmsise] 2°, ar7 brantodf—4ik
PEICERT 5 Z & &SRk L7z B 121), ¥FE 6%
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DF1EE NGC 3516 @ 3— 45 keV D LB HURHIC
WAL, KCADLH1T, mHFOFWELT AL DK
Ry RO ALY ) ZEFEEIOHZND
fith % Z LIS b L 53] 160, 83, 116], 6122
DR RTC, SRR SN EE LB, BEOE,
BrLWAS Z R LT [63, 04, % OIEERDIEHIL,
ASTRO-H (YLIR) OEERWIET —~ Th 5.

B 51, NGC 3516 % 2013 4512 6 [mlICHiT,
A3 300 ksec (Z7-0 X< ) CTHBIAITHIREL
1TV, FIRENTZ, EBICHEHRKLE 22— ED
WHEEBT, £FT TV ), HARE =2 v b,
BT K MITSUME, 7Eix0 £ pwdi=) . )R [
Telz) R P ORO AR EREEAREIE L, &
< ERIFFRIEAT > 5B b B Bl -7,

2011 4 11-12 A, R&EMEA 77— M TH S
NGC 4515 AR L T48< ] TREABH SN,
KONRERESCEM EH L, £OT—X %, 2006
EOFFIH] & Lt Lo L7, AR IT
4FEIZHE L7z y, SRRSO R Sy DR EE X, 3
BREOEIMCT TN ERbhot-, koTZ
oo 2 wEsriE, 0 BH 2518 < B 7-fHI T
FWELTNDEEZLND, HDWEFOD AT L
WZIE, MR IR - T- SRR S FER SN T= 28, £
DOEAMIEITE ST TDO S DDESTRE T, FERE 72
LHBONZEES, BHERO > UETHDHZ
& VB L7 |84, 104],

7.2:  vFv spectra of the Syefert galaxy NGC 3516,
obtained with Suzaku. The variable (light gray) and
invariant (black) components, derived with the novel
C3PO method, were described successfully by respec-
tive physical models, of which the sum can explain the
total spectrum (dark gray) [10].

ULX X{&

ITEFEANIZ 7 5405 ULX KA (Ultra-Liminous X-
ray Sources) (%, [H2H & BH & E X BH O &5,
[ & BH) OfFEffi & LTHER S5 (Makishima
+ 2000), /IRSIXFHF ORI & ) L, #AE
72 ULX Rf& Holmberg IX X-1 @ [+ X< | 5—%
ZRRAT LTz, ZORER | W IRES &0 PR
DRI (~ 3 keV) TRE OLFHIER ~ 10) 7= n
FTa T R ALSHIZBEOESY L OFIT, 0.5-10
keV DAY Mzl T&E e, KT3I D LD
2. MER ERD L ar T Uy OB E RRIC
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HZLEF L |64 76,08, Z 5 L MEETE
Birary 7T bR E, WL ALDNBAEETH D
"HEMENH Y . ASTRO-H DB WELITESH & 725 &
Mrrsh s 1l

S
i

:°- +

N~
] +
- 1.2 1.3 0 14 15
Lx(Xx 10" erg/s)
7.3: The luminosity dependence of the Comp-

tonized spectral slope of the ULX object Holmberg XI
X-1, observed with Suzaku on two occasions. Filled cir-
cles indicate the data in 2012 April, while open circles
those in 2012 October. On both occasions, the source
exhibited intra-day variations [64].

7.1.4 HHEFEDOWE [49, 50, 65, 67, 91]

R (NS) 13, IR BT & T BfR T
%o TNHOREST B = 108715 G &5 IR#EFHIC Sy
ml, BWEOWEZ MMRT 2HERBIZ THD, &
51X NS ORES8. HMEF ORRERE— A o MESIIC
X2 DRI T 5 LIS L T2 (Makishima
+1999) [36, 49, 50, (65, [66, 67, 68, 117, 122], i~ i<
ASTRO-H ( SO Z BT BRx 2tk
MEZHONS 2, [T ITKVAFRELTVD,

HMEDBEVFEFE

905 (B < 10° G) @ NS MMEE R OMER LR
Fx723TbD%, LMXB (Low-Mass X-ray Binary)
LIRS, BAETROZENT BH OBAICEL5 25, NS D
BEWEEFET HZ LT, BH EDEWRAEL D,

BIEOIIEREICRHE S, N7 Y= b LMXB Oft
FOIAQ X-1 O [T F—2 %L 2], $k
TRREREND ORI OFEN, HEL & HITE
b3 52 L 23R LT [56, 70, [72], SLERFEWY 7
MREETIE, EPRITR < ST EAIC O R S
AR EET 5, NS OFRERETN D SRR 3 ik
Hahs, KERTRD — RIREBIZZR S &, [
TR < TRV SR = v i~ LB
B L. NS EHIITITLEFINCFEET D0, JEN X
DR D EHEEEIT NS B, ZOEEDAN
7 MVERITART, ZHIEHOBKENEE b
7o, BT AL OB AL D D TR & fRIR &
o XD SV ARSI D,
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7.4: A Suzaku spectrum of Aql X-1 in the hard
state. The soft X-ray hump can be identified with
optically-thick thermal emission from the NS surface,
while the hard continuum can be interpreted as its
Comptonization [56].

2012 = 11 HIZKR A U722 IRANE N R FE B
Zhang Zhongli (38fH#]) (X, LMXB ® =2+ OJE
WEMEST L, BENT v 785 %73 LMXB
(MEEEHENS R TND) 2L T\ D, ZoHA
Wf%é4UHﬂ&ﬂ%ﬁﬁbFT§<Jﬁ%t05%O
keV 27 kv (RZEH) &, LMXB @Y 7 MREED
ETILTBNT, H%&AENS%E& TEEBIZ
< arrs F/ﬂ:ﬁ”é ETHBLTEZ, 2=
2SRRI TREZIADN D Z &2 mmed 5,

H%&%ktfﬁ#%i\MMHﬁ%%bt%f
/%MAMJ%%—%2®ﬁE%ﬁ5&<\ﬁﬂ@%%
e LT, KE RXTE OF — & &fifthr Lz, %

DOFEF, RIZV RV 7 R R E MR L7z [96].
ZORKLMBENPROVBENPGRTND EEZ BN
HDOT, 4U 1916—053 OFER LEET 5,

BH O, I5<) T¢H bz GS1826-238 ™
F— R BT LTz, T A0 HEICL D 1988 4£1C
FRENTZZ0 LMXB X, Flin— RREICH 2,
(X< ) DIEFIRART M uViE, 2 FEO NI
BV, Fl—0ETFETarF hfbEnzE L
T T& 7 07, > TZOXREKIL4U 1916—-053
L REERIRINZ D Dy, ZOREBDONENTT ¢
MoRED510%THDZ Enb, ~N—RIkigL v
7 MREEOH RIS 2 D0 b LIt n,

X/ —EH 450 k0O HEBRIES

B ~ 102 G O3l NS 12, HEOHFDENS
HAREET D & V%’*”Xﬁ/vwf LB, h
SDOXMAL7 fpicix, LIFLIEEFY A 7
b e RIS < A (CRSF) 238LiL, #a5EHAI
DOYIVALE 22D, BrERRE LW F L7z 4U 1626—67
OWFFETIE, BHITWIGER & 725 CRSF 23, fED
FOVANCFATC, BERRICER U B IR A R L7 [T,

MAXI 2LV 2012411 A, Be M EE A HOH
Jf7 UL — GRO J1008—57 @ XAHE LM S i,
&< ) TRABH SN, W8S ITHEITO LA
RLEREEBICEDT—F T L., ~ 80 keV T
CRSF % L7z (MICH), 55h7-mss 7 x 102
Glt., COHFETHESN-EOKETETH D,

T AR A T L

EW 0.6 D VA LT v 7 %R T X B
4U 182237 13k, IMXB £Ezx b T /-, 14
S T &%%ﬁbt WEFDIX, TDOALT ML
(X[TH) 73858485 NS (4U 1916-053 72 &) O H D &%
B2y X#RoULY— (GRO J1008—57 72 &) O 1
DERDZ LIZRTE, EBIT ~ 30 keV (Z CRSF
DIEEIER L=, & o T4U 1822—37 1%, Tam:s
NS SERERENERZ 723 A/ DBl O AT REMEAE ),

7.5:  Suzaku vFv spectra of the magnetar 4U 0142
+61, and four accreting NS binaries. 4U 1916—053 is a
dipping LMXB, GRO J1008—57 is a recurrent transient
Be-binary pulsar, 4U 0114465 is a long-period pulsar,
and 4U 1822—37 is a dipping binary consisting of a low-
mass star and a possibly strongly magnetized NS [61].

BERAH/ LY —E& SFXT XK

—BEDO X — 13 E~1 TR OV UL A
EfiEbH, WML EBT 5, 2oflE LTEE LA
fiEHreiod 4U 0114+65 (HEREM ~ 1 x 10* sec) D A
A7 v, MEE O L9, X rd— (GRO
J1008—57 <° 4U 1822—37) O & DI b~ = F b
F—TCTOHIHN Y ARG > 40 keV TH EHT
LIMEZEZRT B0, Z DK DAY FlE, SFXT
(Supergiant Fast X-ray Transient) & FEEiL250E X
MREICHIBIZ A S [61]. & OfFERIZA % Ol
ﬁ%kﬁ%f%éo:h%Nsm@ﬁ®Xﬁﬂw#*

X v, B~ 1018 G D% oA f%?ﬁli?) N
é&m#éﬂk%b‘t W BESEHIANGE L . BRI

ZEZONTRKREOWENPBIRIIZ NS ~LETT 5
ZLET, MLWEBAAEU S LB IS,

I+ —KIK

SRR~ T U EICH D 20 EIE & D XFRIRIT.
10141 G OEEES = xR L X—H L LTXR%E
WSS 285/ NS, [~ x42—] LEZBND,
KT D AU 0142461 D L 92, =7 F—ixE¥n
HEEIR 2 AR DR DR IR AR MV EIRT I &
EW 2 RIRIE EWRR S OFEN TN D508, DX
WTHELS 72D Z &7 8, THE8< ) OFHEITHL M

(272 o 7= [48), 65,
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THEIMIL7- 4U 0142461 @ 8.7 B il X #p/ L 2 &
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INEE R ICEN S DR ZF R L2 [99], AU NS @
H R AER O R LR TE . NEIC B ~ 101° G
D s vA ZIVEIGPFET DRER, NS OEMEE— 2
R DSEERE ) CIEF AU EAS T D lhE 0 (s,
~16x1072 P hENnWEEZBZ D LTI TE S,

7.1.5 BHERES L UFIDLXE O]

FEHTETER (SNR) 13, EWVEDOELOREE LT,
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TThHDH, SNRIZHHEET D NS OFHL ., KRERO
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WAL, T4 &< ] 12k % SNR o a7~
ASTRO-H 2 (TI8) 1%, Eh/-ik X oz 3L
X —RERERC, T X B COHRMBENZIENL, Zh
D ORREE MK UIRBEIICRE ST LI S5,

SNR A\ > D JFEARI ST

AR5, Vela Jr. & LTaIbND, FEEEY X
DR SNR % . XMM-Newton 2 DNBRT — % %
FWVGEL S BIFZE L7z [20), TS K 5 FEET) X AR A
~7 MVOEIE, ENEMERERE O 7 m
ra o BENC L D6 & OR T, BHRE I3+
uG U T EHEESNT, BT —H o~
DORFEEFREHESS J1427—608 Z &< ) THIM
L7 R. Z DOALE IR » T2 I 7 X B % 1
MUz @, i vt —mEE, b L < IEIERN
72 SNR TH D AR H D,

G330.2+1.0 LMEEILD SNR IIARZER Y =V
Hh, [HTh) 1k, FFERBXHRDFENT L%
bWz, I8 | OF—Z 2y L=k ES I,
= VI PO XA T D W, et~ 2.2
DI ALY bV (BB 7 bua Ul
EaRTZEEHERL, POX0EAOHSLNRER Y
MBI O & 51, B XS 2 it L7
[82]., M§3E9 % SNR ¥ /L OEE) = x/LF—73, 7
S X BRI FIRIZ & 9 5+ B 00T, K&
#HTHY, ASTRO-H TKRE S BMRENHETe & HiFF &
ns 52,

G330.241.0 OH LN, XBOSBENFEET S
(FOVRIERFER), F ESIZZEDOART PR, <
7x s — (KILE O 4U 0142461 72 &) Ok X #rAk
SyERID Z AR L [I00], 58 ke A 2o
LW TR E D, v 7R F —Inh LR,
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7.6: (top) A mosaic X-ray image of the SNR,
CTB109, obtained with Suzaku in four pointings. The
magnetar 1E 22594586 is seen at the center. (bottom)
An X-ray spectrum of CTB109, with rich emission lines
from ionized heavy elements. Both from [53].

CTB109 &Y 54— 1E 22594586

EF 51X 2011 4F 12 A 12572, CTB109 @ 4
<) XIS F—Z Zfffr Li=, Z® SNR IR A
% (K8 E) b5, HillI~ 7% 42— 1E2259+586
BEET, A7 MV (KICG T) 38T, BEEE 708
WA RL, IREE 0.28 keV & 0.65 keV D 2iRET T
RS CHBITE 7z, ELRT AU F A RIFE
KBRS C . BEEIE T O IMEITFHL . BT Rl
F—I1L ~ 105 erg s71, Flipix 2-3 HELHEES R
72 55, Z» X 52 CTB109 1, HE /AR SNR &
L CHAI T, ~ 7 2 F—ZEATEFHNY L7225
BrRMEITZ LW, 22 LEAROLAR T, WIRD
HmEEHb T XBEE N2 L TR, #ThoTm,
R 51T T8 ] F—2 2R, EENTE
—RERR RS &L T O¥ELSOES DFEICR O E .,
FET 5 SNR ¥ = /LRE KRG FEICEZE L, M 54l
DY = VINSFEOERICE D ATe & BN
[Z72% L LT, sk L7 B,

HAHMEIX. CTB109 OHEEF D 1E2259+586
DOREER (23 T4E) L0, KiBICHE N E72o7,
FE S IE, BEOWEEEXHHET DL, v/ %
Z—DRHEERITT - LR . ZORENMRER T
X5 LU B, ZAUuE, v/ RE —DEOBEER
BINS THDHZ EEIFL, v 7 37— kOB
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FoFENWZ b ZNO0FERITIEDOTEL., oL
A~ 102 G oW E S ONS L, ~ 72 —0D)
A% < FAET 5 ATREME £ TR 5 [55) 65, 67, 48],
BT ZOFEMEEBRIET 2 —8E LT, BMEXIEE
B Z OB DY T XL —DREZEET L, H
T R — XA TR SRR O R FNE X
BEDH B4k X< THRAIL-,

7.7: Spectra of the SNR G330.2+1.0, obtained
from a south-west rim (upper/thicker data points) and
an eastern bright spot (lower /thinner points), with non-
thermal and thermal properties, respectively [52].

7.1.6 $RATE X SRSt ORFZE

Fox OSITHEICIL, NS o 72 TERI I X AR |
(GRXE) 23904 L, £ D A7 FUZITHR Fe, S,
Si 72 EOBHHERS R OND, BT T X<kt &
L TR CE B0, FORAERIT 1980 40 55k
T, SNROEF Y, BEWRFEOES, T4 72—X
WENR T T A= DM EOMMNIEIL L Tz, &
EOIL <) TRINLZ GRXE DALY kLS,
BREEETHIOGEEER L, L0 RO WBEEHK
H (BZELHLEDaZnFRT7LT) OMTHRTES
Z L amR LT [13], B AAERIE, Springer
Theses & L THATAL L THIlS 7z [44],

7.1.7 tRAEOE

SUMTHNT, WEERWE, XBEBHT 5877 X
~ (ICM=Intra Cluster Medium), X O¥+~%%
EOAAN—GREP RS, FlRROH DR
T, ZTOMZEIFTHRICKRES RERE RO, Hald,
i, EIRSMEAKFRINFER O Gu Liyi (BUJE).
BELOPTHZPLIZ, SHTHIOMEZED T,

AT D FH IR AIEL DF L LER

T 1 FIMAIRO 72, SR OREKIRIARO RS (Mak-
ishima +2001) Bk L CW\5, ZiuL, [ICM H%
MRS D SN, ST O A 28— 72 B I3 A
20T, TREZ IS & I DIEH A~ & B L SEOOHULIC
%L, ZOSWRKT 5 )5 L% —5 ICM
DR H A 1L | R IR A BREN T 5] & 0k

T AR A T L

K7pEE T, RHICET 5 %< Ok s — 281
WT D AREE 2D TV D, FNEFFHT << Gu
EHLC, Y4 —PDRBETHLIAREHED
FRE D WAL, 5 (2 ~0.1) 25T (2 ~ 0.9)
FTO 34 EDOHFIZHT LT, AIEIETO A X —
B OZEM i E ., XBTROT-EHIEBT T XA~n%E
M0 Ah & T 212 Fi T 72, T ORER,
WA L9, mBHFD W) BH TS 7 X~
DD E THIM A DA DO L, wvy (i
D) Z T, 7T RA~DHLENERBNEF S5 Z
L, MRTHDTHLMNITDHZ IR L, §
BRI SCITHIRT 5 & & b 18], k% EEEEE
[23, 57, BY] CEMNY:2S - & 25— [85, 120, 124] <©
TS INE LT,

ZOREEIT. ST ICM CHEERT S Z LT,
FHERT TR Uy VHRLCE T LTE -2
LEBEWL, TOMAEERICLY., ST TIESNT-
EEN, LIS L TR ZERICEIN -2 8 b
FHTE 5, ZOMEEROBRBEZH SN,
Gu 5%, ENRITEDIINA, BKOBEM, JKEKRD
FHELEHAL, [RBEOME] RN TS & S )
SHARIIER SNBSS E, 9185 ) HEsin L
THEEL>-H 5 [102), X512 ASTRO-H % Fuv>,
KERBPBHEZ H O A A= T, ICM DX
BN Ry 75—y 7 baRdT 2 EaRETENR
WX, REMIZRRELE 22 5 9,

7.8:  Circularly integrated galaxy light profiles of
clusters of galaxies, normalized to circularly integrated
mass of their X-ray emitting plasmas. Results on 34
clusters have been averaged into three subgroups with
different redshifts z; low (z = 0.11 — 0.22), medium
(0.22 — 0.45), and high (0.45 — 0.9) [18].

7.1.8 ASTRO-H®&E:tH

ASTRO-H B2 & ZDEEHEE 33

ASTRO-H 813, #[E NASA B XU ESA
R EEOEBE 1 EED, AT X DI TR
FERHED LTS IR OFHE X e <, 11
L) D% 22D, HEEITIE, 1-10 keV 3 CTX



71. FEEEZHAWEXH - v SER

BT RNX—% eV ORFECRIET D Xt~ A 71
Hal)—R—% 580keV THELTEXL2EDA—
X=X T — X RLiESE (HXT), & OHE Iz &)
NDHE XA AV v — (HXI), 15 OEX R
L ZOESEIZE D IEEE DO X #f CCD 7 X Z
(SXI). 60-600 keV T < #7  ~ i tigs (SGD)
NEHEND, Zhoohicky, ASTRO-H i
INHR, IR, ERETOONRBHEESEL L. &
TXNANF—FTHYHZCKRE REIREITR D,
ASTRO-HIZEE 14m, EE 2.7t & HAKRKRD
B2 T, HIIA vy MZXviTb o,
BYNE 2014 40D (2013 FEER) OFTH R & T7E
LW, HAARERKIZEY, JAXA > iEF
HE o 2 —ORBRERMICHERRPEEN KA &
o0, f7TH RF1 2015 FEICHRE SN,
A7a =7 FTHEH. JAXA IE0ERNOKFZE
B, W< o os EB 7 & EIEFE L, RIFED
B ZMY L5, PEILSXI OBFRICKE e E
REIT-> TRV, BE - PEE=ET, FEB IO
(L& s, MFEE ORI 2267 T HXT &£ SGD @
BIZIZSM LT, 2012 HE 1, ERIELE AWT
EFOMEE L & BT, T TICH RSN O RE T —
R E - TRY ., FEHMEOMIIZ Y>> T D,

7.9:  Drawing of the ASTRO-H satellite, to be
launched in 2015 [33]. The overall length is 14 m, and
the weight is 2.7 t. Also plotted are cross sectional
views of the HXI (right: 40 cm tall) and SGD (left: 50
cm tall). Two identical units of each instrument are
mounted.

SXI #EDRF [32, 59, B7, B8, 74, 111, 86, B7,
106, 107, 108]

SXI (Soft X-ray Imager) I8k X #2iw#i (SXT)
ORISR E LTHESh S X # CCD 7 A7
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T, RWEER (38 430Uf) ZFFD. 0.4-12.0 keV D,
BT Lo nitaeE B+ 5, Yor¥—
TIHPEZ OIS, ZOBRBICERRL T\Wb, SXI
WITKRBRORSE, ENLR LR ERHFL L 7o T,
A h=7 2R L TE -, EZEDOEVK
M CCD FF0#g# shbd, 2012 FEIXE9, 7F
nJy Tl ha=t AOWEEITWV., 774 MET
NV (FM) LRIFEDOEKRLVA T Y M b oz v =T
Vo770V (EM) #8E L, £/, 7hrrs T
L7 hr=7 A, CCD HEZFEKMNTLHZERL, A
H—U 7, 7l SXI #HERT AR EED
EM ZWis &b - MEReiBR &2 320 L 7=, < DR R,
AL /A X 6-8 e, TRILX—SRAE 135-145
eV(FWHM@5.9keV) & 720 | HIEMREZZE L T3
BHLTWAZ EAEIE L, FM fEffi & 72 %5 CCD #
FORELHER, BT TS OKENT DT - T &
Nz, BIRAZ V—=2 T &7, BB FM &
RHAFRTERETDFETHD, BIE, =17 K
n=J A, 77— R, RX—RA7L—h FIHEHELE
e EOREEY) . BRSO FM 28 UEFTH Y, 2013
FEEIZER L. THESEROMEAE HOERERICEHT T
ETH D,

HXI & SGD [29, 30, 73, [88, 92} 93, 105

HXI XY o REICHERH S, 570 keV D
Bk A 9 A OWREF L 1.7 55 DS HREE TR L
2o, A DOXBOTRVF—%HAE 1.5 keV &
W) ERECHNT S, BGO iy v FL—4 %
HAW=T 7T 4 T — IV RICL 0By 7 T T
FEEZFEH L., ZOHRIC4BEOmMEm U a X b
Uy 7 HHEs s 1 Bl CdTe A VU v 7Hitigs
FERZA AV y— %75, HXT & HXI Off
BA oI, kLY 2 M KWK 2 EHAT S,

SGD IIKIZAD L HIZ, 3x2HD TarT kv
HAT] &, FNHEE VBT 25 x 2 HD BGO #
Yy FL—FTHEREIND, 2T M AT
PR Sy RS () 2B X CdTe) % 40
EER, FoHhTHFrRarF hUoBELESE, =%
X — L EFEOREN O AR FREHEETT D H O
T, 60-600 keV OFFILTEWE L, FUE DS fiRRE
R0, 2K HFMBGCO 77T 47—
JVRONANCELS Z 8T, Ny 2 750 REkrE
L. &< HXD k0 &EL 1 K7 LT 5,

HXI & U SGD D&% [114]

Fox 13, HXI B X OVSGD W HESE ORI % <,
DA B 2 - TR Y | IRFBEHERIL T 7 2T >
7 &AW, HXIBLWSGD Oy 2w FikE DR
BadEd, 774 MaoEIZETF L, £72SGD
T = ORIER O BREIRERERE > IEFH '
A=\ TCHEE L7c (KL 1), 2012 45 5 H O
FORBRTIZ, TV —FOMERENEHT Lz
DB A%, 2013 4F 3-4 H ORBR CTHRARH 72 5R
B 72 STz, WL, R, /R, AT E ST, HXT
YOS B FEERICH A BT, BAERNT
I 47— RO BGO #bfLICEEE L 5 2 7p
ZEERGELE (KIZIA F),
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7.10:  (Top) SGD-S EM housing vibration tests at
Tukuba/JAXA. (Bottom) HXI-S EM thermal distortion
test at ISAS/JAXA.

HXI & U SGD Q#EERET [115]

HXI & SGD %, EMmHHIcy T 77 47—
REIC b Y8 AR A2 H VD720, mitigsoefs
=20 CRE & CTHFAWAIT 208N H S, L LK
HEE LD ONEREE LS E ELL LR
RO &5 % 29 (KTA), Z D7 e
A ECHIBR ARSI 2 ¥ OY, B B2 CIEES2E o 17 42
D, FHROIRWFEEHZER T, AT OIKIE % ik
LoD, BE A ERCEEAZE T L 5 IREEE) 2 81 2
ZHITIE, MEEE L bICHEBERBEH AR OND,

ZNETORETHIKL L TOERRFZHR L
BT 2011 IR RIR OB T o 25 ER (TTM
RER) 1B L7z, SGDIZHOWTix, =“#&ELLOD
EESHICL Y, Bl ZHOIT, BRI TTM H
DX I —HRIERORG L G 21TV, BAEEET Y
LME IR T DR EREREHREI T2, Ok
K. SGD & U —HOEEEL DT, FREEIKDE
A ORYHEERAET D ENTE T,

7.11: Set-up at MHI Komaki factory for measuring
the flight model BGO units.

T AR A T L

TOT 47— RERORISE [43, 109, 110} 113

HXI X SGD O HEE 2 ez /oA 325 H DM,
TIT 47—V ROMRETH D, ZHUTEMHHEE
PO BGO v F L—Z THRE AR R, FD
BIETNT =T A A — R (APD) T~
WZEeA L, BIEE SR AT 2 2 & TR E N D,
BT BGO fEdalt. ESA o hic kv, v 74
KEALFRFGEFT NS . AT %8 s TREDMERS S,
BN HER S T,

WL, SR, P, RS &2 s, HXT/SGD M
FORER EoO#EIES BGO v —/L OB %
W, B ENTZ BGO v o F L —F DORFER
FMfi A U C, ESEEA ORI D,
PBE L, 513, APD & BGO O#EE k%
FeSi <, SEIERFEREEREITV., £72H
., WHE, #8651, ZZ2E L ToRERICZITA
Wt Z 32 T2 L (KICI)., 0P THE
& L7,

B, FE. BB SIT, IREBR, BRAREEWHA
L. 7277 47—/ FOESAEE (APMU) OB
HKERBREZITHoCE (WL, FPGADOrY v
ER . BIHMA T E Ao TR% L KRR —
Tard, ZEEINEAB LEA—VarE, Fh
FNFRIHLOOBRHBGEZ HED TN D, ZOREE,
BGO OHAAME THIA L T & 7A=Y 2 EEr == E
REFRODBNT RNV FT—BMENERINDZ L &
R L, MEBHLORBICO E4MF1T5H 2 LIk
iz, BAE, T u U0 OREREEZITV., &
W72 FPGA n Yy 7 HEED TN 5,

7.12: A circuit board for the HXI/SGD active
shield read-out system.

HXI ERHE (1 4 D v—) DOBRAF [37]

ABR, HEE 51X JAXA S L, HXT F
(A Ay —) ITHWD, WSt A bY T
(DSSD) DBA%E %4770 > TE 72, DSSD IZ Nl H
PANZ® . 250 pm MR CERIT S 720R 150pm D A
FU » 7FH128 KE b0,

ASEEITFHINCEB W T, HXL I A 7 HETOE
B2 R A 92 L7c, FTHRTOMKEF, ks & HiZ,
P NR, AP ERZINL, BENEE RN L B
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DIZRINNWD Z &2 WD THER LT,

R RS IE, KB, R L O A ROLEE
DF — 21 L HL[FT, SPring-8 DERE—ALTFA I
BT, Y1 Tl X MEmsE (HXT) 7 74 Kb
L HXI AT lEEE LTz, B —AbLFA
MUT30keV DT A XfpEARK L, 2% HXT
Z@ U C, HXI-DSSD IZft49 5 2 & T, R
BHIEREMAE DT ERE M ETEE X2
LIIIRERER N DD, ZhExmic, HXT-HXI &
AT A E L TORDEMOFEC, Mg AR
ADFNZED T\ B,

K OSHRAN 72 W H T o f s O BMA SRR FH 28 T i

HXI XU SGD OB T—2 WIEBEH O

HXI., SGD & bz, Mg TR oN=T —ZIiL,
2O CPU MEEICELN T EY 7 N CTUE S
Nk, Eickonsd, 2075 —2FX 5
Y7 hTRIEELT, 74 v 7y 7 (QL) EFEE
NBVTNEALER AT LR, T 7 F U=
TIZATIEN D, #HE, FEWO/NG, Gkl &
HiT, T 9 LI BBALHER R DR 21T — T2 5]
T THEML WD, FEFIZEI% L7 FPGA 5K
EL7ZMERY 2 2 L—Z R E a2 v, FEe kbR
BEMITHELEHIC, MMERY T FOBREEE LE
L TW2, 29 LRRicky, BHEETCIcY 7
b =7 ORFELH HRRE I S, FPGA Y @
READEBEEZEHEHTH D,

7.13:  Tests at SPring-8 (right), where a Hard X-
ray Telescope (left bottom) was combined with DSSD
for the HXT (left top).

7.14: Digital electronics and command/telemetry
software of the HXI/SDG on test.
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7.2 BESS fEk=EER

7.2.1 BEREARY FOA—FIZKDFH
REA

BESS %Ek%EHR (Balloon-borne Experiment with
a Superconducting Spectrometer) I, K=Ek - A
REBROT= DI ST, KRILIKA, SR EBE
WXy AT br 2A—=HTXoT, FHER
BRI, [RVE DR & e Uiz 24, 25], #I+FH
WZBT D ERTBERES N, [IERICL 2 FHBRE
B & 1993 LIk, SRATAVICHERE L7, #isE
WA B 2 BREE U, R @ik B 7N Y v/
A RAGBARERA AT ha A —2 OBRFIZ L > T,
KAL), EB R fERER L O -3 MR ICEN
TFERNEER LI L2 FRT 5,

FERIZIE, BRI, KEK, ISAS/JAXA, NASA,
AV =TV RKR, TUvNR—KBBMULE, FHE
FEICRIT D HOK - EERIERIFERO —> L LT,
TSAS/JAXS 35 L U8 NASA D8l ¥ K — k2513
1993~2002 4F1 LA - ZAEERIZ T, 2004~2008 4F
ZIE, BBV CBIIN A Eajz, BESS EROB
R ORI L OKBEE D22 HICIRIC, ik
FEr 7B & & HICHE L 2 i) 72 BESS iR A~
7 bu A =2 O&E NI RT, £, ZivE
TOKRETRINFER - BUFLER 2 R[22 IcfH 5, K
PTE EhAR N B 72 5 2007~2008 121k, #R o
LR E 72 HFAMRJE ] - FRFRFREFR - BIHERR (58
—Ia) RN L, S 34~38 km O ARSE [EfaE F
(2T 24.5 HEIC B 2 Efe i) 22 T s & 2Rk
L7z,

7.15: Progress of the BESS balloon flights and sci-
entific observations with variation of the solar activities
since 1993 through 2008.
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7.16: Advances in the BESS superconducting magnet spectrometers.
1993 1994 1995 1997 1998 1999 2000 2001 2002 2004 2007
Location Canada US C. Antarctic
Float time (h) 17.5 17 19.5 20.5 22.0 34.5 44.5 1.0 16.5 205 730
Obs.time, float (h) 14 15 17.5 18.3 20.0 31.3 32.5 1 11.3 180 588

Obs.time, asc./des. (h)

Recorded events (x10%) 4.0 4.2 4.5 16.2

2.8 2.5 12.8 2.3 3.3 3.5

Data volume (GB) 4.5 6.5 8.0 31

Event filtering Yes Yes Yes Yes
Magnetic field (T) 1.0 1.0 1.0 1.0
MDR (GV) 200 200 200 200
TOF resolution (ps) 300 300 100 75

ACC index - - - 1.03
D events observed 6 2 43 415

p s energy (GeV) <05 <05 <36
He/He U. lim. (x107°) 22 4.3 2.4 1.4

< 3.6

19.0 19.1 17.0 N/A 13.7 900 4700
38 41 38 N/A 56 2,140 13,500
Yes Yes Yes Yes Yes No No
1.0 1.0 1.0 1.0 1.0 0.8 0.8
200 200 200 1,400 1,400 240 240
75 75 75 75 75 160 120
1.02 1.02 1.02 1.02 1.02 1.02 1.03
384 668 558 N/A 147 1,520 7,886
<36 <36 <42 N/A <42 <42 <35
1.0 0.8 0.68 N/A 0.65 0.27 0.07

#* 7.2 a: Summary of the BESS balloon flights and scientific observations.

7.2.2 BES-Polar £8l§5 32

EIRILF—REFR

1995-1997 4K IG5 ER/ N 12 BESS BRIz k-
THH ENEZ RNV -G R F— AT
Muid, RIS RT L 92, KRV ¥ —fEkic
BWT, ki TET AHEICR LT, DT nIE
W AT MR L, FHERKRL I & 5 AlHE
Pz e L7z [26], & 0tk, BESS E#®RTIX, K&
FNOEAL - R DT H ARG RIE T B L R
B Lt 729 2T, RO KBIEE/ N & e 72
2007-2008 (2 mE A [a] - FReREH (BESS-Polar
I #EH L, BERTELEM D PR s L
T, %L 7886 H D E\WFETREE . K5 TR O8]
ks U, IR R T =X —2AT LB
L OFHERX G FREERE AR LT |27,

ZOBHEFERIE, 1 GeV LLF O 3L —5HIKIC
BT, 11 FHi1OKEB N (BESS * 95+ 97)
OBPFEROK) 14 OB BITE L, #ix BT
TV & OB LB ORER, RERIR I BT R
TGFE L BEATIRERE2SZ,  “WEFRK
B DT VHEZ, —KRFHBETHLE 13, #

R X D HEi. ik, 2T AL s mEz%
e b, RIS X KGFAREZ T D (57
HREREET V) & KEBEEWNIC T 5 KES O
BELC X 2L (KGERTT V) ORENTED
Vb0 E72%, O WIS AR 2 5
12, IR R — IR BV TEDOFENEE B
5N R H 5 [EET Z v 7 F—L (PBH)] i
R - KRR OF M a21T - 72, B+ i LR
Bnd, CWEFKGET VHEEZS WSS B
BT E % PBH &IFXE iR OMext &% RFE D
. PBH %L R O FREZA AL L7-, —kid
BN FET NREROEEAEET L0,
FEDO "R FET MIOWTHEEITV, &
BHE R OWRBEBKERD, BESS’ 95+’
97 DIR= VX — K5 TN U T aHIE
Z—HiLl EEm o 7= BESS-Polar 1T ZEBfE R & L C.
R~12x1072 (pc=3 yr=1) (90%C.L.) % E[RfiE &
TARERAEZE-, 2O, BiIEOKBIEER/ N
W25 BESS EEROBAGERIZK LT, > 90 B
NAENOEER &L /20 . PBH &R - (K= kL F—F1
R TDNEE, Fox MD Z LR TE HAFHTIE
BHIEN TR W SRR LT,



7.2. BESS &EKFEBR

FHRYEORR

BESS-Polar £ Cld, 7 74 bOREENE
L, KWELE LTORANY v ARRZREN I
EBEE7-, BHlESNT-~V 7 AWHEIT BESS-Polar 1
DOBRIDY PF 4T 4B T4 x 107 40 MIEL
Ted, A~Y T MTLEIB BN SN0 T2, 1993
FE LIk D4 BESS ERRICKIT AR ENS., 1
~14 GV @8Iz BN TRA~Y UL EAT T ARE T
AT MVIBIRE o TV D ERE LTZBAITR W
T, KA~V UL/~ oA BRI, 6.9 x 1078 %275
7o ZORREZ, MW RT, 2. KA~U T4
WZART MIVBIRERERT, [Hx D7 T4 MMkt
LEA%Z2F, bW~ 7 ABRIREZRE L
TEHEBITBNT, RN T/~ 7LD EREE L
T, 1.6~14 GV DU VT 47 4 fHE T, 1.0x 1077
O _ERRE %157, 1993 4ELLSkRE 2 B2 b 7z BESS
EBRIC X DFHKWERREIT, BESS EBRLIATOBE
FAEFRIZH LT, EREZ =ML LTS, &bE
WIS COTH B IRR SR 2 Wil Lz 28],

7.17: Antiproton spectrum observed by BESS, in
the previous solar minimum period in 1995 and 1997

[26).
723 F&EO

BESS FEBix, B KEERWIER & LT 1987 4F
|2 R 0D M & BIAELISR 26 4F. 1993 4EIZ 58—l
A EHR LTSk, 20FEICEAELE L TR, BT
AL, MR TOBREE A AFF 11 [BIOKERTR
H - THRERERICRY) Lz, FHRIRR R D
BRIRE L OFHBROM R O EBN T — % O
B KERTEENC L AEHZ B L. 57 EBR R
ARHE U T & 72, 2007 EEBEICIE. FOEKRE L
L C., KEGIEENG/ NI 55— [0l P AR E Bl < Bk 2k %
EH L. B 34~38km 12T B 24.5 ARICH 55E
BERERBLANC R T L=, 2011~2012 AR (21, K
BIS B N B8 1T DA = L X —F TR 5 -8
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7.18:  Antiproton spectrum measured in BESS-
Polar II experiment compared with the BESS95497
and secondary production models, and possible primary
fluxes from PBH evaporations calculated for BESS Po-
lar IT and BESS(95+97) experiments [27].

Bl TRAD O AERR) T 57 — X258 T
L. BESS B & L ToORKEREAR LI, KI5
FAZOWTIE, KEBTEEI/ NIZ IS 1 BRI & I8
THLEEHIT, BT T v I R—NVEOFTH (—IR)
IR B F DFE(E T REMEIC 5t LT BR LW FIRfE %
BN, RWEEERIZCE W TIZ, BESS EB o Zh
FTOERT T A FOIHENS, THRALXF—RARY
MR AZR U EE L2334, 1~14 GV OfEk
T, KAV T L/~ T A ERRE 6.9 x 1078 Z i
L L7, UL kXY, BESS-Polar EEiZ, 7> ThWN
WEHREE T, FHHREHET V., YIMTFHOZR T
Witg O ¥ 72 BRI AN Al R 72 JeffE 7 — & 24292
FICEBR LT,

$1E . BESS XUEK 5k %2 B AU 0I5 = R
gt % — (RESCEU) (Z81F 2 RANRFERRD—>
CLLTMATHEX, 2L O XEFEXF LD &
W, DEVEERR L BiFET, R, gt Z—
E st 2 LCE_ Ry —E - e —
FeANT, WIS RERIE L, JHREATESE L,
<R L P $E9, BESS K[UERFEBRIL, 1987 4,
(&) PrR AR AED T|BIZKX - THEEY LT,
PR EAD [T 2L mVMEEY] 128 TER
MIrH EiF 54, RESCEUD—F7—< &1L T2 2
THIENERTEE L2, 2L T, KEE2 T8
ETEFETLa, DT, BEEH L ETFET,
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7.19:

The new upper limit of antihelium/helium

at the top-of-atmosphere calculated assuming the same
energy spectrum for antihelium as for helium with pre-
vious experimental results. The limit calculated with
no spectral assumption is about 25% [28].

<$®rx>

(FEE w3 (Refereed): F2H7 XAREIGR)
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B RESCEU OVERVIEW

B.1 History

RESCEU, Research Center for the Early Universe (& 7 /N FHEBEMFZEE > ¥ —), was established
in April 1999, in the Graduate School of Science at the University of Tokyo. It is a successor to a more
informal research organization with the same name (F144 (ZFIHIFHMF7E & > % —), which was selected in
1995 by the Center-of-Excellence (COE) program of the Japan’s Ministry of Education, Science, Sports
and Culture. RESCEU is the last research center of the Graduate School of Science that was established
before the University became a corporation.

RESCEU performs theoretical and observational researches of the early Universe, toward the construction
of a unified picture of its origin and evolution. We combine “top down” approaches starting from first-
principle theories, including in particular Big Bang and Inflationary cosmology (Early Universe Cosmology
Division and Particle Cosmology Division; Fig. 22)), with “bottom-up” ones using data from the forefront
experiments and observatories, including wide coverage of all electromagnetic frequencies (in Early Universe
Data Analysis Division; Fig. 22)). In addition, we invite a limited number of researchers, mainly from the
Department of Physics, the Department of Astronomy, and the Institute of Astronomy, to join us as
associate members (§ [B.3.4).

In the fiscal year (FY) of 2009 when RESCEU became 10 years old, we made some major rearrangement
of projects (§[B.4), together with some updates in associate RESCEU members (§[B.34). Late in the same
FY, Junko S. HIRAGA joined us (Fig. 23]) through a high competition, as one of the three new feminine
assistant professors recruited by the Graduate School of Science. Thanks to the help by the Department
of Physics, we have also succeeded in obtaining a new assistant professor position in FY2012, to which
Teruaki SUYAMA was appointed (Fig. 23]).

B.2 Research Objectives

In conducting our mission described above, RESCEU currently has the following two slogans. The
meaning of the first one is given in Fig. 211
1. To understand the universe through three domains, namely, baryons, dark matter, and dark energy.

2. To serve as an Eastern-Hemisphere Hub for astrophysics and cosmology.

2.1: The research strategy of RESCEU, where t and 2 mean time and space, respectively. See § [B.4 for projects;
gray boxes are theoretical, while white ones are observational and/or experimental.
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B.3 Organization

B.3.1 Organization structure

Figure illustrates the structure of RESCEU, as a member of the Graduate School of Science.

2.2: The RESCEU organization structure.

B.3.2 RESCEU members (staff)

In Fig. 23] the RESCEU staff members (called proper members to distinguish from associate members
described in §[B.3.4) are given as a function of year. In addition to those shown here, RESCEU comprises
two secretaries (Ms. Sayur NAGANO and Ms. Mieko MINAMISAWA), and about 10 graduate students
in the Department of Physics and the Department of Astronomy.

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
Director K. Sato (joint) K. Makishima (joint) #&—Kk
Professor Jun-ichi Yokoyama | LiE—
Assoc.Prof. Toshikazu Shigeyama [ LI{&H1
Assist.Pr.1 New Post= ;;,j SJ%:EH
Assist.Pr.2 New Post= Junko S. Hiraga ~F&#fi1
Assist.Pr.3 A . Taruya PEscERE
Assist.Pr.4 | S.Mukoyama iili(Z74 | | N. Sakai KI5
Sp.As.Pr. Converted from PD= | Y. Itoh
Post S|Kobayashi T Sudflj Lo %iwa:é;?T;i(ﬂ)ﬂ;ﬁomﬁsiﬁmmi
Fellows - ﬁ’?%?l R, Nagata K. Nakaniu<ra Y. Takamizu ;><—>M‘a.t LZ}I((: .

2.3: The RESCEU members. Italics indicate those working essentially in Physics department. Red means
women, and blue international members. Visiting professors are listed separately in § [B.3.3}
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B.3.3 International visiting professors

One of the outstanding features of RESCEU is that it has a position (with a built-in budget) for an
international visiting professor. We can hence invite active overseas researchers to stay at RESCEU and
get payed, for typical lengths of 1 through 3 months. Since FY2007, the use of this budget has become
rather flexible. Below is the list of these visiting members over the last 8 years. Some of them have
repeatedly accepted our invitation, and contributed very much to the RESCEU activity. They also serve,
if available, as lectures for our summer school (§ [B.5.3)).

3 2.3 a: List of international visiting professors since 2005.

FY2005 9/22-1/17  Bernard Carr Queen Mary London Univ., Professor
FY2006 9/1-11/30  Sergey I. Blinnikov Inst. Theor. & Exp. Phys. Moscow, Head Scientist
FY2007 9/1-9/30  Nemanja Kaloper California Univ. Davis, Professor
10/1-12/25  Sergey I. Blinnikov Inst. Theor. & Exp. Phys. Moscow, Head Scientist
1/7-3/31 Paolo Alberto Mazzali  Osservato rio Astronomico di Trieste, Professor
FY2008 4/25-5/24  Ewald Mueller Max-Planck Inst. Astrophys,, Director of research
5/21-6/20  Veniamin Berezinsky Laboratori Nazionali del Gran Sasso, Director
12/5-3/30  Alexei A. Starobinsky = Landau Inst. for Theor. Phys., Major Research Scientist
FY2009 6/15-8/14 %t 8>t Haiguang Xu  Shanghai Jiao Tong University, Professor
3/30-9/5 Alexei A. Starobinsky  Landau Inst. for Theor. Phys., Major Research Scientist
10/31-11/3  Alexei A. Starobinsky = Landau Inst. for Theor. Phys., Major Research Scientist
1/4-3/31  Bernard Carr Queen Mary London Univ., Professor
FY2010 8/1-9/29 Massimo Meneghetti Bologna University, AssociateProfessor
10/1-11/10  Alexei A. Starobinsky = Landau Inst. for Theor. Phys., Major Research Scientist
1/18-3/30  Alexei A. Starobinsky = Landau Inst. for Theor. Phys., Major Research Scientist
1/21-3/4  Edwin L. Turner Princeton University, Professor
FY2011 4/18-6/6  Alexander Polnarev Queen Mary London Univ., Reader in Math & Astr.
5/12-6/15  Edwin L. Turner Princeton University, Professor
FY2012 6/25-7/26  Shirley Ho Carnegie Mellon University, Assistant Professor
9/18-11/29  Jerome Martin CNRS (France), Director of Research

11/1-12/14

Alexei A. Starobinsky

Landau Inst. for Theor. Phys., Major Research Scientist
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B.3.4 Expanded RESCEU (MAEHHEER)

In addition to the visiting professorship described above, another special and important aspect of
RESCEU is the concept of ezpanded RESCEU (W7t /1# % H) illustrated in Fig. 241 In addition to
the proper RESCEU members described in § [B:3.2] it comprises about 10 full/associate/assistant profes-
sors, to be called associate RESCEU members (W92 /)4 ), who are mainly affiliated to the Department
of Physics , the Department of Astronomy, and the Institute of Astronomy. This scheme reinforces the
activity of RESCEU, which by itself is a very small organization. It will also provide a pilot study for future
university restructuring, when we will be even more limited by human and financial resources. This booklet
does not provide personal data of the associate RESCEU members, since their information is already given
by their respective Departments.

Under close collaboration
with the proper RESCEU
members (§ B32 Fig. 2.3),
the associated members carry
out the overall research as
detailed in § B4 To ac-
complish this mission, the as-
sociate members are allowed
to use part of the RESCEU
budget (§ [B.G). The asso-
ciate members are selected un-
der simple internal rules based
on discussion in the expanded
RESCEU, and are approved
by the steering committee (i
HZRE %) described in §[B.3.5
Former associate members are

given in § [B.4

2.4: The expanded RESCEU structure. Associate members are indicated in
italic. Red indicates women.
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B.3.5 Steering committee (EEZER)

The highest-level decision of RESCEU is done by its steering committee (IEEZE4%), consisting of about
7 members from both inside and outside the Graduate School of Science. The committee approves the
use of RESCEU budget, as well as personnel affairs including appointments/disappointments of associate
RESCEU members. The committee also give advices as to future plans and directions of RESCEU. The
current committee members are given in Table

3% 2.3 b: The RESCEU steering committee as of FY2012.

Name Title / Position Term (FY)
Hiroaki ATHARA Dean, Graduate School of Science 2012-2013
FRE IR BEURS: AR RIPIERNR - 8% ex officio
Takaaki KAJITA Director, Institute for Cosmic Ray Research 2011-2012
e P FURRT: FHBAFEITR - 2%
Ryugo HAYANO Professor, Department of Physics 2012-2013
FEFRETL PR TR B B
Yuzuru YOSHII Director, Institute of Astronomy 2012-2013
EEilk. HUERPER RCFHBEM i 2 —F - Bix
Kei ONAKA Professor, Department of Astronomy 2012-2013
B A% MR RBPTERE RO AR
Kazuo MAKISHIMA Director, RESCEU 2011-2012
Bl —%K Ey I CFHER IR 2 —R ()

PRI SRR WL T B
Jun’ichi YOKOYAMA Professor, RESCEU 2012-2013

H LA —

Ey N EBREE 2 — BdR
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B.4 RESCEU projects

RESCEU, in its expanded form, carries out its mission in a certain number of projects. As shown in
Fig. 20 so far there have been 7 projects. Their detailed description is given in § 1 through § 7 of this
booklet. From late FY2012 or the beginning of FY2013, we will add another project, on the study of extra-
solar Pplanets (project title tentative; § [B.7.2). Former associate members (full and associated professors
only) are listed in table 24

It was actually Project 6, but shown in this way because its continuation has become Project 3 since 2009.
It was actually Project 3, but shown at this position to make the figure simpler.

It was called Project 5 till 2009.

This sub-project will terminate at the end of FY2012.

P& »

2.5: History of the RESCEU projects. [talics show sub-project names, and underlines indicate the corresponding
Division names in Fig.

# 2.4 c: Former associate RESCEU members.
Ken’ichi NOMOTO Dept. Astronomy 1999-2007

Tsutomu YANAGIDA Dept. Physics 1999-2007
Yuzuru YOSHII Inst. Astronomy  1999-2008
Katsuhiko SATO Dept. Physics 1999-2008 former Director

Sadanori OKAMURA  Dept. Astronomy 1999-2011
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B.5 RESCEU Activity

B.5.1 Annual activities

To represent annual
RESCEU activities, Fig.
shows those in FY2012. Like
the seven projects, these ac-
tivities are mostly conducted
on the scale of the expanded
RESCEU.

2.6:  Annual activities of
RESCEU in 2012. Stars in-
dicate non-regular ones, while
italics show Japan Physical So-
ciety and Astronomical Society
of Japan annual meetings to
which many RESCEUmembers
attend.

“The Cosmological Constant and the Evolution of the Universe” (7-10 November, 1995)
“Dark Matter in the Universe and its Direct Detection” (26-28 November, 1996)

“Particle Cosmology” (11-13 November, 1997)

“The Birth and Evolution of the Universe” (16-19 November, 1999)

“New Trends in Theoretical and Observational Cosmology” (13-16 November, 2001)
“Frontier in Astroparticle Physics and Cosmology” (4-7 November, 2003)

“Astroparticle Physics and Cosmology” (11-14 November, 2008)

“Resceu/JGRG22 Symp. on General Relativity and Gravitation” (12-16 November, 2012)

© N oA W

# 2.5 d: List of the RESCEU international symposia.

B.5.2 International symposia

Exactly speaking, the name of RESCEU in
Japanese, B v 7 NUFEHEEMEE X —,
means International Research Center for Big-
Bang Universe. As represented by this name,
RESCEDU is a highly international organization,
hosting over the past 8 years approximately 200
foreign short-term visitors (besides those listed
in Table Z37a). This characteristic is also fea-
tured by the series of RESCEU international
symposia, listed in Table 2.5 d Each sympo-
sium was attended typically by 100-200 partic-

ipants, including a considerable fraction from
abroad. 2.7: A group photo on the occasion of the 7th RESCEU

Internatinoal Symposium, co-sponsored by the JSPS Core-to-
Core program “DENET” (§[B.6.3)). This particular symposium
commemorated the retirement of professor Katsuhiko Sato, the
former RESCEU director.
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B.5.3 RESCEU summer schools

RESCEU is a research, rather than an educational, organization. Nevertheless, the forefront research
activity conducted in (the expanded) RESCEU, together with many foreign visitors and guests, endows
RESCEU with an ideal environment for graduate education. This is the reason why RESCEU has about
10 graduate students, each belonging to graduate course in either physics or astronomy. As a highlight
of such educational effort, we annually hold a RESCEU summer school, often inviting foreign researchers
(including the visiting professors) as lecturers. To realize retreat-type environments, the summer schools
are held, as shown in Fig. 28] in places away from the busiest city areas.

2.8: Locations and dates of the RESCEU summer school.
The numbers indicate domestic and overseas participants. The 2.9: The poster for the first RESCEU

2012 location was purposely chosen to be in Fukushima prefec- Christmas Lecture, created by Dr. M.
ture, to help early recovery. Nakashima (then a graduate student at
RESCEU).

B.5.4 Outreach activities

Our research fields, including cosmology, astronomy, and space researches, provide one of the most
appealing themes to general public. Being aware of this fact, RESCEU puts great emphasis on outreach
activities, mainly in the form of public pictures. As summarized in Table 2.5 ¢ we have been conducting
the following three regular outreach efforts.

1. Participation to the annual Star-Festival Lecture Campaign (2E R4 5#{#%3), which is an event
of near-simultaneous lectures all over Japan. It started as a part of “International Year of Astronomy
2009”, and continues afterwards. Our lectures on this occasion are meant for young generation,
particularly junior-high-school students.

2. The University Open Campus. Usually held in summer, the graduate School of Science always attracts
some 4,000 comers who are mostly high school students. We usually provide three lectures, which are
so popular that the lecture hall always becomes full to the doors.

3. Christmas lecture. This is a unique RESCEU attempt, which started in 2009. It is aimed mainly
for under-graduate students in nearby universities, including of course our own. Figure show the
poster used to announce the first Christmas Lecture.
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When multiple lectures are presented, we plan so that one is from pure theoretical works, another from
observational astronomy, and the other from experimental physics. Lecturers are selected from both the
proper and associate RESCEU members.

3 2.5 e: Public lectures sponsored by RESCEU. [talic means future plans.

2008  7.31 Open Campus Y. Suto # [FHILMND TE TS ? |
J. Yokoyama FHEHIO DR R X —)
2009 7.7 Star Festival Y. Suto # (Y VAPNRIZFH, o loFH)
8.6 Open Campus” Y. Suto # MEHIEAN D TETND 2
T. Shigeyama [TEHRITVD EZ THkZD N
J. Yokoyama [ % oD BB F L F— |
K. Makishima (BIPHRCT 7y 7 A=V EHRD
12.25 Christmas J. Yokoyama ey ZR IR 2 TET2h
Nami Sakai TEDFEA: &btk k)
Y. Suto # [RGB R D & FH AW~
2010 7.7 Star Festival S. Okamura® [FH > TRATEDH S THDETHN?
8.4 Open Campus™ J. Yokoyama [FHZ HCODLFERT 2L X —|
K. Kohno* ML X 018 2 FH 0k
K. Tsubono? (85 ) CFH & A2 HEROBUK-
12. 22 Christmas A. Taruya EHObOI L, N A FERE))
T. Shigeyama [HhER & 152 OB 7o BIfR)
Junko S. Hiraga X 7 CEl 2554
20011 7.7 Star Festival Nami Sakai IR O, — K% 08B
12.23 Open Campus™ J. Yokoyama [EHJE CTHRODFHDIAEY |
K. Shimasaku® MR & FAT= B )
M. Minowa™ [m=a— PV ) -SFIERFERFE
2012 7.7 Star Festival K. Makishima [RDJNZOZ T2 < Dk
8.7 Open Campus Y. Itoh (TAL Y ab A4 OENETTFHEZBES B ©
T. Shigeyama (RN BGED SR DI | &
A. Yamamoto® [FRAER CIR D FH b O HE )
12.25 Christmas T. Suyama TBD
R. Tsutsui TBD

# . Associate RESCEU members.
: Merged with the Christmas Lecture because the Open Campus was shifted to December.
: These lectures were given twice in the same day.

*
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B.6 Budget

B.6.1 Budget evolution

RESCEU is run basically on the University bud-
get (GEELZZfF4). As shown in Fig. IO it is
divided into basic running costs of the center (yel-
low), and those for the projects (blue). The for-
mer includes regular running costs of Yokoyama
and Shigeyama Laboratories, personnel expenses for
the secretaries and some of the PDs, and the costs
for electricity, water, as well as for the summer
school and other meetings. The salaries for the
full/associate/assistant professors are not included
here. Till FY2009, the expenses for the international
visiting professors had been provided additionally,
while it is included in the graph from FY2010. Pink
in Fig. is external funds acquired by the proper
RESCEU members, which is detailed in the next
section.

B.6.2 External funds

2.10: Annual RESCEU budget.

121

As listed in Table 2.6 f the RESCEU members have been quite successful in acquiring external funds,

particularly Grant-in-Aid for Scientific Research (Biff#) from JSPS.

# 2.6 f: External funds acquired by the RESCEU staff (excluding the associate members).
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B.6.3 DENET: International Research Network for Dark Energy

For 2007 through 2012, RESCEU has been aided by DENET (International Research Network for Dark
Energy), which is a core-to-core program funded by JSPS (Japan Society of Promotion of Science) with
French, British and US partners. PI of the program is Yasushi Suto, one of the associate RESCEU
members, and three co-PI’s include Edwin Turner at Princeton University, Jerome Martin at Institut
d’Astrophysique de Paris, and John Peacock at The University of Edinburgh. The first two of them have
actually stayed at RESCEU as international visiting professors (Table 23 al). The participating institutions
of the program include, among others, The University of Tokyo, 4 other Japanese institutions, 5 United
States organizations, 4 British universities, and two French ones.

The main purpose of DENET was to promote international collaborations on the study of dark energy
in the universe, with particular emphasis on the exchange of young researchers among the participating
institutions. As summarized below, DENET organized, from 2007 to 2012, five international conferences
concerning dark energy in the universe.

1. “Decrypting the universe; Large Surveys for Cosmology” (October 24 to 26, 2007), jointly held with
Royal Observatory Edinburgh.

2. “Cosmology Near and Far; Science with WEMOS” (May 19 to 21, 2008), held at Kona Marriot Hotel,
Hawaii, as the first Subaru-Gemini Joint Science conference.

3. “Science Opportunities with Wide-Field Imaging and Spectroscopy of the Distant Universe” (Novem-
ber 9 to 11, 2009), jointly organized with Department of Astrophysical Sciences, Princeton University.

4. “The Observational Pursuit of Dark Energy after Astro2010” (October 7 to 9, 2010), held at Cahill
Center for Astronomy and Astrophysics, Caltech.

5. “The Accelerating Universe” (24 to 26, 2011), held at Institut d’Astrophysique de Paris, in a timely
fashion just after the 2011 Nobel Prize in Physics on exactly the same subject.

In addition to those international conferences, DENET cooperated with RESCEU for five years to jointly
organized the summer schools described in §[B.5.3l In each year, three lecturers (both foreign and domestic)
were invited and gave a series of introductory talks on dark energy mainly for graduate students in Japan.

The activities of DENET played a significant role in establishing the next generation wide-field imaging
camera, Hyper-Suprime Cam (HSC), on Subaru telescope, as a collaboration among Japan, Princeton,
and Academia Sinica Institute of Astronomy and Astrophysics (ASTAA) at Taiwan. RESCEU (Project 3;
§ 3.3.7) is an important participant to the HSC project. In addition, the collaboration with Taiwan is in
line with our second slogan presented in § [B.21



B.7. Future Plans 123

B.7 Future Plans

Before national universities were reformed into corporations in 2004, a research center like RESCEU was
supposed to have a typical duration of 10 years, at which point a scrap-and-build process was mandatory.
Although this requirement is no longer applicable, we still believe that we need to re-structure ourselves
continually. Thus, as described at the beginning (§ [BIl), RESCEU, founded in 1999, has made moderate
changes from FY2008 to FY2009. We will continue our effort of such self check and improvements, under
the two leading principles given in § [B.2l

B.7.1 What is unique with RESCEU?

Even in Japan, RESCEU is not the only organization that is dedicated to the research of cosmology and
astrophysics. We must be cooperating and competing with, for exmple, a few national research institutions
like KEK and National Astronomical Observatory, and a considerable number of major universities. Even
within the University of Tokyo, there are the Institute for Cosmic Ray Research, the Kavli Institute for the
Physics and Mathematics of the Universe (IPMU), and the closest one, the Institute of Astronomy in the
Graduate School of Science. To plan our future, a good exercise may be given by reviewing our uniqueness,
which may be summarized below.

1. From the beginning in 1995 in its predecessor form, RESCEU has been configured as a flexible
collaboration among leaders in Japan-led international researches, ranging from theoretical studies
(Project 1, Project 2), to non-accelerator experiments (Project 6; § 6) and “big-science” type projects.
The expanded RESCEU actually comprises leaders, e.g., in the world-renowned Subaru telescope
(Project 3; § 3.3.1), the truly international ALMA telescope (Project 4; § 4.3, § 4.4), the Kagura
Gravitational Wave detector under construction (Project 5; § 5.4), and the Suzaku and ASTRO-H
X-ray Observatories (Project 7-1; § 7.3).

2. The built-in international visiting professor position (§ [B:3.3) is one of valuable advantages of
RESCEU; such a positions is quite limited even all over the University of Tokyo, and is the only one in
the Graduate School of Science. RESCEU is also playing an important role in astrophysics/cosmology
research in the Asian-Pacific region.

3. The concept of expanded RESCEU has been enhancing flexible interactions and fusions among neigh-
boring disciplines, including astronomy, astrophysics, cosmology, and particle physics. It will also
serve as a cradle for novel sciences, including astrobiology and physics of spontaneous structure for-
mation.

4. Thanks to the structural position of RESCEU, its research activity is closely connected with, and
actually much enhanced by, the graduate education in physics and astronomy.

5. Among the competing research organizations, RESCEU is one of the few that have direct access
to space technology provided by JAXA (Japan Aerospace Exploration Agency), including balloons,
sounding rockets, artificial satellites, and the International Space Station. Although limited to Project
7 at present, this unique capability allows RESEU to potentially leads some future space experiments,
including in particular the space gravitational wave experiments DECIGO and DPF (§ 1.4.1, § 5.3).

Having reviewed our uniqueness, below we describe our future strategy, considering a typical time span
of 5 years.

B.7.2 Study of extra-solar planets

In the expanded RESCEU meeting held in June 2012 (Fig. 2.6]), it was agreed among the proper and
associate members that a new project, Project 8, dedicated to the study of extra-solar planes, should be
created. This will take place within FY2012, or from the beginning of FY2013. Since such “exoplanet”
studies have already been conducted by Y. Suto as part of Project 1 (§ 1.4.3), he will then move from
Project 1 to Project 8 to lead it. The researches in Project 8 will have direct connections to those in
Project 4-1 (S. Yamamoto and N. Sakai) using ALMA and other means, namely, studies of chemical and
physical evolutions of molecular clouds, and formation of young stars therein.
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To much enhance the education and research of extra-solar planets, RESCEU has also been collaborating
with the Astronomy, Earth and Planetary Science, and Physics departments, as well as the Institute of
Astronomy, asking for a new full-professor position from the University’s contingency reservoir (& B FEL
57). Fortunately, we have succeeded in this effort, and a new professor will arrive in April 2013. Although
he/she will formally belong to the Department of Astronomy, we will invite him/her, as a new associate
member, to join RESCEU Project 8.

B.7.3 Gravitational waves

Another priority area of the RESCEU’s near-future research is the search for Gravitational Waves (GW).
Theoretically in Project 1, a certain form of background GW radiation is predicted by inflationary cosmol-
ogy being studied by J. Yokoyama, and its detection would provide one of few direct means to diagnose
truly “early” universe. Various cases of GW emission are calculated by Y. Itoh and S. Kuroyanagi. Ex-
perimentally, K. Tsubono (Project 5) is one of the Japan’s leaders in gravitational-wave experiments (§ 5),
and is deeply involved both in the Kagura (§ 5.4) and DECIGO/DPF (§ 5.3) projects, the latter having
close relevance to Project 1.

The GW investigation is expected to enhance cross-project interactions, beyond those between Project 1
and Project 5. Studies of gamma-ray bursts in Project 2 (T. Shigeyama and R. Tsusui) and magnetars (T.
Shigeyama in Project 2 and K. Makishima in Project 7) have close connections to the GW signals expected
from mergers between two neutron stars. The DECIGO/DPF projects (§ 5.3) will profit from technical
heritages accumulated in Project 7.

B.7.4 Other ross-project researches

As listed below, we may further identify a few additional research subjects that are suited to enhance
cross-project interactions, and hence should be promoted with particular emphasis.

1. Optical deep surveys with Subaru. The term “Early Universe” may have dual meanings, one implying
an early epoch before the “photon vs. matter decoupling” which took place at an age of 0.38 million
years, while the other before the event of “cosmic reionization” which occurred at a rough age of
0.25 billion years. While the GW background (§ [B.7.3) provides a powerful diagnostic for the epoch
in the first meaning, the period between the two time-marking events may be studied by various
deep surveys including in particular with the Subaru HSC (see §[B.6.3)). This age, often called “dark
age”, is of high importance, because then the structure formation (mainly detectable with baryons)
proceeded under the dominant role of dark matter, and the effects of dark energy gradually emerged.
In view of Fig. 2] this is clearly one of the priority areas of RESCEU, and can be promoted through
a collaboration between Project 3 and Project 1. Project 7 is also partially involved, because the key
instrument, the Subaru HSC, uses the same CCD chips as used for ASTRO-H (Project 7-1; § 7.3.8)
in the X-ray range, for which J. Hiraga is an important player.

2. Neutron-star (NS) magnetism and magnetars. As being studied theoretically in Project 2 (§ 2.5.1)

and observationally in Project 7 (§ 7.3.4), magnetars are a special type of NSs with extreme mag-
netic fields reaching 10'4~15 Gauss. Under a unique hypothesis that the magnetic field of NSs is
a manifestation of nuclear ferromagnetism (Makishima et al. 1999), RESCEU can promote unique
investigations of magnetars and the NS magnetism. We may even be collaborating with nuclear
physicists and condensed-matter physicists. These subjects also have connections to Project 1 and
Project 5, because NSs are expected to be the most promising GW emitters.

3. Interactions between galaxies and hot plasmas. As described in § 7.3.6, Project 7-1 (K. Makishima
and collaborators) is discovering, with a help by Project 3 (K. Shimasaku), that galaxies in clusters
have been falling to the cluster centers over the Hubble time. As predicted by Makishima et al. (2000),
the driving force of this infall is considered to be magneto-hydro-dynamical interactions between these
galaxies and the X-ray emitting hot plasmas filling the cluster volume. This research subject will
provide one of the best examples of the vital importance of joint efforts among different wavelengths.
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