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3 ( -
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(2012 12 ) LiteBIRD
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2012 12 [1] - ALMA
[2] [3] SKA 2013− 2015 Pre-construction Phase 2016− 2020 Phase 1(10% )
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2.2 ALMA Extended Array ( )

2.2.1

AEA ALMA 300 km 20

350 GHz 0.6 1000 K VLBI

ALMA ∼ 1 K 15 km ∼ 0.01

VLBI ∼ 0.1 ∼ 108 K

AEA VLBI

0.6 10 pc 1.3 , 10 Mpc 0.03 pc, z = 2 5 pc

20 GHz SKA (http://www.skatelescope.org)

> 5000 km EHT (http://www.eventhorizontelescope.org)

AEA AEA EHT LLAMA

(http://www.iar.unlp.edu.ar/llama-web/)

2.1 : AEA VLBI 1

ALMA 20 :AEA

AOS, OSF ALMA , LLAMA 2

2.2.2

AEA 2

(http://milkyway.sci.kagoshima-u.ac.jp/groups/workshopalmaextendedarray2012/)

: ASTE

AEA

: 100× 100pixels

, , 100 pc , 10 kpc
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Betelgeuse NIR image (10-mas resolution)

  (Kervella+09,  A&A, 504, 115)

The sun imaged with the 
Nobeyama Radio 
Heliograph (180 x 180 pixel)

Betelgeuse H-band image (9-mas resolution)

  (Haubois+09,  A&A, 508, 923)
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RX / Backends

Tests
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( 1.5 , 14 , FE3 , BE1.2

2 / 5
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1 / × 5 + 2.5 +

1 = 8.5 /

ALMA ALMA Development
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1000 / , MS 4000 / MS 25% 20,000
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2.3 - (CARAVAN-submm)

2.3.1
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ALMA 10 VLBI(EHT)

2.3.2

• = ” ”

•
•

• VLBI

• ALMA- ALMA

SgrA*

• VLBI

• VLBI

2.3.3

60 20 5 2 50 5

60 10% ALMA

15 ALMA 800GHz

230GHz



16 2

2.3.4
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3
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3-5 or VLBI
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2.3.5

NICT

2.3.6
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SgrA* BH

30
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2.4 10m

( ) 10m

2.5m high-z

20-30m

2.4.1

1000km 60km

2.3a 3800m 20 80

(1)

2.3b-d) 2.3b,c

(2) 68% 1994,95 85% (3) 5.8m/s

10m/s ( )

1THz

2.3 (a) ( )

A C A

(b) 2006 12 17 1 220GHz

Ishii,S., et al. 2010 2002 1 5050m (c)

5050m 1998 2

(d)

Yang,H., et al. 2010 A

10m 2.4a,b) 15μm(rms)

850GHz 400GHz 1.5THz 5” 19”

1 φ 400GHz×1000

850GHz×3000 1.5THz×4000 2.4c)

10

4 5m 850GHz

1 5σ ≈2mJy 1THz confusion limit 5σ ≈1 2mJy
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2.4 (a) 10m (b) 4 5m (c) 850GHz

1 7

2.4.2

high-z

2.5a

z>4

2.5b,c high-z

10m 2.5m

TMT

high-z

2.5 (a) JCMT+SCUBA 350GHz

z=2.56 z=0.25 (b) z=6.43

SDSSJ1148+5251 Robson, et al. 2004 (c) z=3.91

APM08279+5255 Beelen, et al. 2006
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2.6

2.6.1

CO/[CII]

( high-mass end) Mapping

30–50 m

( CCD )

NRO45m ASTE10m

( ) 2011

ALMA 30 2022

SPICA TMT VLBI

2.8
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2.6.2

*1 *2

*3

(i) SDSS

(z = 1− 5) (SFR ≥ 100 M� yr−1)

(z ≥ 2 ) redshift space

distortion (ii)

( )

(iii) z > 1.5

z = 2

high-mass end

SZ ( )

iv

( )

(v) VLBI

ALMA VLBI

Sgr A∗ M 87

2.1 Tentative Telescope Specification

Diameter 35 m (nominal; up to 50 m)

Main Freq. Range 70 420 GHz

Highest Freq. up to 1 THz (limited use of antenna surface)

F.O.V. ≥ 20 arcmin. in diameter

Beam Size 6 arcsec. at 350 GHz

2.6.3

100 ( )

15-20 ASTE TES

UC TES DESHIMA

*1 http://www.ioa.s.u-tokyo.ac.jp/∼ytamura/WS/WS2011/Program.html
*2 http://www.ioa.s.u-tokyo.ac.jp/∼kkohno/ALMA/index.php?Workshop120929
*3 Kawabe, R. et al., “A Large Millemeter and Submillimeter Telescope Project; ALMA SPICA Synergy Telescope (“ASTE-II”)”,

in the proceedings of “New Trend in Radio Astronomy in the ALMA Era”, 2013.
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30 5000 m
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2.6.6

( )
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CO Tomography, SMG Blind [CII]

SZ
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2.6.8

CO/[CII]
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2002 2009
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2005 400

2005 2006 2

• ( ) 2005 1

• 30m ( ) 2006 11

(http://www.ioa.s.u–tokyo.ac.jp/gopira/)

2007 2009 TMT, SPICA

TMT 1/4 SPICA

2008 SPICA

• SPICA ( ) 2013 6

2010 2011
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• ( ) 2012 6

2012
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3.8m 2016

Prime Focus Spectrograph IPMU 2017

TAO 2017

JASMINE 2019

WISH / /JAXA 2019

2020

Euclid — 2020

TMT 2021

2021

SPICA JAXA 2022

(SEIT) / 2025

WFIRST — 2025

JTPF 2028

( )

2m (SGMAP )

JAXA

3.1.2
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2012 6

2012
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JASMINE SAS

SAS

Prime Focus Spectrograph SAS

(SEIT) — TMT

—

Euclid/WFIRST —

/ /

3.1.3

6

3.8m TMT:

ALMA:

(TAO) ALMA:

:

TMT/SPICA:

TMT:

JASMINE Gaia:

WISH/SPICA:

Prime Focus Spectrograph TMT :
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Inner Working Angle

(IWA; )

Adaptive Optics (ExAO)

TMT

150 (

10 )

100 800

188cm

3.2.3

100 25 25 80 100 3.3

2 4

3.2.4

18 18

6 9 6

H26 2015(H27)

3.2.5
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3.2.6

1990

1998 11

2001 5

2003 4

2005 5

2000 8 2001

2003

2013 3
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3.2.8

H26

3.2.9
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2015
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2.5m 10m

high-z ( )

3.3.2

2.5m

0.2” 1.2μm

5 high-z

ALMA TMT

10μm

(LIRG)

II GRB

3.2 2.5m

3.3.3

2.5m 3.8m 4 3

( ) 1

7

3.3.4

3 1
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8 (2010-2015) 2

7 2020

3.3.5

(

) ( ) (

)

SCAR (Astronomy and Astrophysics from Antarctica)

3.3.6

2005 ( )

8 (2010-2015)

52 54(2010/2013)

3.3.7

2-3

3.3.8

26 (5 )
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3.4

3.4.1

(ULTIMATE-SUBARU: Ultra-wide-field Laser Tomographic Imager

and MOS with AO for Transcendent Exploration by SUBARU Telescope)

2 6

2 (> 0.6μm)

13 3.1 3.2

Hyper Suprime-Cam (HSC) Prime Focus Spectro-

graph (PFS) 2020

Thirty Meter Telescope (TMT) TMT

1000

100∼1000

4 3

20W

25cm

3.1

0.9 ∼ 2.5μm

13

0.1 /

2000∼3000

3.2

3.4.2

•
10

1

3 2,000 /
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•
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10 8 40

10 5 TMT

TMT
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3.3

“0–15 ” (MOIRCS)

3.4.4

TMT TMT

2020 3.4

5

2–4

0.8

0.2
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0–15

2

5

20–42

3.3

2013 →
2014 →
2015

2016 →
2017

2019

2020

3.4
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2011
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2020 8–10m

Gemini

Herzberg Institutes for Astrophysics (HIA)

2013 6

3.3 ULTIMATE-SUBARU

3.4.6

( )

2009 3

3.4.7

100

3.4.8

2013
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3.4.9

AO

LSST

8m GLAO

13

TMT

TMT

25 50 GLAO

TMT

GLAO

TMT TMT
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3.5 JASMINE

3.5.1

JASMINE( 3.4 ) JAXA 30cm

JAXA ( ) 10

JASMINE

3.4 3◦ × 3◦ CygX-1

Hw 1.1∼1.7 12

10μ ∼ 70μ 3

ESA 7μ ∼300μ Gaia

JASMINE ( 90 1 )

Gaia JASMINE

(IAU Commission8)

3.4 JASMINE JASMINE 550km

30 3◦ × 3◦

JASMINE CygX-1

JASMINE

3.5.2

JASMINE

(

)
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JASMINE X (CygX-1 )

3 (

)

3.5.3

10 25

38

JASMINE 10

JAXA

3.5.4

2013 JAXA 3

2014 JAXA

2014 ∼2018 JASMINE

2018 ∼2021 ( 3 )

(2018 )∼2022

*2020

2022

3 4 (

3.5.5

JASMINE

JAXA

11 25

M.Perryman Bristol 2007 Gaia expert

adviser

JASMINE ASPOGEE-2

(SDSS-IV MOU
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Gaia

3.5.6

2012

IAU Commision8 Gaia

3.5.7

3.5.8

( 3.5

3.5 (

340kg

3 30cm 3.9m 0.6◦ × 0.6◦

HAWAII-4RG 1

(
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3.5.9

HIPPARCOS

GAIA

JASMINE

IAU

Commission 8 Astrometry)

ISAS
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ESA

Perryman
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3.6 (TAO)

3.6.1

The University of Tokyo Atacama Observatory, TAO)

5640m 6.5m

PWV 0.85mm (FWHM 0.7 82%)

3.6 TAO 5,640m) TAO6.5m

TAO

3.6.2

100K

2.5μm

25 38μm 6.5m
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3.7 TAO VLT TAO 2.5μm

25-38μm

3.6.3

TAO 70 20

20 30

2 8 2009 2012

CCAT

5

3.6.4

TAO 2013 2014

2015 2016 2017

2014

3.6.5

TAO

•
•
•
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2003 1m

CCAT

3.6.6

TAO 2005 2012

(2013/1

2013/6)

3.6.7

TAO 40%

50%)

3.6.8

2012

3.6.9

(TAO) ( 5,640m)

( 6.5m) *2 25μm 38μm

(1 ) α

(λ = 1.875 μm) TAO

( )

TAO

TAO

ALMA

*2
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TAO 70

2009 2012

CCAT

5

2013 2014 2015 2016

2017

TAO

TAO

TAO

TAO 2005 2012

2

(2013 1 ) (2013 6 )

40%

( )
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3.7 Prime Focus Spectrograph (PFS)

3.7.1

8m

HSC

HSC Subaru Strategic Program (SSP) 300 5

HSC Wide Field Corrector Focal Plane CCD array 2400

Cobra 5μm 50m

IR 4 600

3 1.3◦ 3.8 3.5

2017 commissioning TMT TMT

HSC PFS

HSC AO (Subaru Users’ Meeting 2013.1.15)

3.8 PFS

3.7.2

PFS 100

HSC Wide Survey 400

(BAO) H(z)
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(nm)

280–640 2500 Hamamatsu (special coating)

640–955 3200 or 5000 Hamamatsu (HSC )

955–1260 4500 Teledyne HgCdTe (< 1.7μm)

3.5

DA(z) 0.8 < z < 2.4 ( 3.9 )

growth rate

8.2m 1 < z < 2.4

4m DESI

LSST Euclid WFIRST

HSC Deep Survey

z ∼ 2

(COSMOS, PRIMUS )

( 3.9 )

HSC 3 < z < 7

QSO Lyman

100 (V < 22) 2013 10

GAIA 6

CDM GAIA

(V < 17 10kpc ) PFS 100kpc

red-arm 710–885nm (R ∼ 5000)

10 (V < 21) α-

(abundance) (M31)

10

3.9

( )

PFS
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3.7.3

contingency $80M FIRST Kavli IPMU $29M

$5M MOU $20M

3.7.4

2013 subsystem Critical Design Review (CDR) FIRST 2014 3

2017 commissioning SSP 2018 19

3.7.5

(Kavli IPMU)

facility instrument

Kavli IPMU Princeton Caltech NASA Jet Propulsion Laboratory John Hopkins Laboratoire

d’astrophysique de Marseille (LAM) ASIAA Taiwan

3.8 MOU

3.7.6

2010 Subaru Users’ Meeting (SAC)

2012 SAC 2020 HSC

PFS TMT

TMT PFS PFS

PFS

SDSS

HSC PFS

S

3.7.7

PFS

facility instrument PI proposal

3.7.8

2010 3 FIRST 2012 3 Conceptual Design Review

2013 2 Preliminary Design Review 2013 subsystem CDR
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3.7.9

8m

(1) (2)

(3) 3

20

IPMU

I/F IPMU

PFS

Hyper Supreme Camera (HSC)

HSC

8m Wide Field Corrector HSC

HSC PFS Thirty-Meter

Telescope (TMT)

20
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4

CRC ( )

4.1

CRC CRC CRC

(2011 7 ) CRC

2010 CRC

CRC

CRC

CTA KamLAND2-Zen

CRC

CTA

KamLAND2-Zen

TA2, JEM-EUSO, XMASS-1.5

CRC

XMASS-1.5

TA2, JEM-EUSO
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TibetAS+MD+YAC, GADZOOKS!, IceCube/ARA

CRC

CRC

4.1.1

CRC

2011 2012 KAGRA

2011 8 CRC

4.1.2

2011 CRC

CRC

2011 7 2012 11

CRC

4.1.3

CRC Super-Kamiokande KAGRA

Hyper-Kamiokande

(CTA, TA2, JEM-EUSO)
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4.2 KamLAND2-Zen

4.2.1

1000kg 136Xe 20meV

0ν2β

NaI

0ν2β

1.7 2

50cm 2 5t

高発光液体シンチレータ

集光ミラー

高量子効率光センサー

高性能電子回路拡充

発光ミニバルーン

高感度撮像

クレーン改造

上部床補強

開口部拡大

外水槽水漏れ補修

外水槽故障光センサー交換

高性能化

多目的化

4.1 KamLAND2

4.2.2

0ν2β

0ν2β 2
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0ν2β

4 NaI

DAMA/LIBRA

4.2.3

14 3000 7

6 1

1

4 1 2

1

8 136Xe 400kg

27

CEA 3

4.2.4

KamLAND KamLAND2

4

0ν2β

20meV 0ν2β 5

2

4.2.5

Kavli

NaI
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TUNL Nikhef

CEA Saclay

KamLAND , KamLAND-Zen 0ν2β , Ce-LAND 4

, KamLAND-PICO

4.2.6

4.2.7

4.2.8

KamLAND-Zen 320kg 136Xe

600kg 136Xe

KamLAND

4

CEA Saclay .5M

NaI

KamLAND 10
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4.2.9

KamLAND2-Zen KamLAND 1ton

CNO

KamLAND KamLAND-Zen KamLAND2-Zen

KamLAND2-Zen KamLAND 1ton

KamLAND

KamLAND-Zen KamLAND

KamLAND

KamLAND2-Zen 2011 2012

5

CTA
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KamLAND2-Zen

KamLAND2-Zen KamLAND

KamLAND-Zen

KamLAND2-Zen

KamLAND2-Zen
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4.3 XMASS

4.3.1

95% 27%

10t 25t

1t 5t

4.2

10

WIMP Mass [GeV/c2]

C
ro

ss
-s

ec
tio

n 
[c

m
2 ] 

(n
or

m
al

is
ed

 to
 n

uc
le

on
)

110712235101

  http://dmtools.brown.edu/ 
  Gaitskell,Mandic,Filippini

10
1

102 10
3

10
-46

10
-44

10
-42

10
-40

10
-38

XMASS1.5

XMASS1.5

4.2 XMASS (XMASS1.5 )

( CDMSII, XENON100)

0.1t

210
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0.1t

(1keV 14.7

0.1t

XENON1t

XENON1t

super-WIMPs

4.3.2

4.2

4.3.3

13

(1) 3 ( 3 ) (2) 3.6 (3) 0.6 (4)

0.9 (5) 2 (6) 0.9 (7) 1.5 (8) 0.5
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4.3.4

2013 2014

2015

2016

4.3.5

Kavli

IPMU

Sejong University KRISS

4.3.6

( CRC)

CRC

4.3.7

4.3.8

1t 5t

0.1ton

0.1ton
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4.3.9
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4.4 JEM-EUSO:

4.4.1

2.5m 60

400 km

JEM-EUSO

1013eV 1020 eV

E > 1020 eV

3 5.5× 1019 eV 500

JEM-EUSO

JEM-EUSO

13

1

H-IIB

Space-X

HTV

Dragon

TDRSJEM-EUSO

4.3 JEM-EUSO

4.4.2

JEM-EUSO 1019eV< E < 1021 eV

Cen-A Virgo-A

GZK Pierre Auger 10

JEM-EUSO
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GZK

GZK

1965 1020

eV GZK 1990

AGASA 100 km2

Pierre Auger

Telescope Array GZK

Auger

JEM-EUSO 2020

2028

4.4.3

180 60

10 5 2 10 3

30 180 3 1

4.4.4

• 2014 Phase-B

• 2015 Phase-C

• 2016 Phase-D

• 2017 Phase-E

• 2017-2020

• 2020-2022

4.4.5

Frontend ASIC TA-EUSO

JAXA

JEM-EUSO 13

MSU-SINP INFN-ASI
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IN2P3-CNES Frontend ASIC Univeristy of

Tuebingen 2 KIT PDM

UNAM HK CSEM

UAH-Spain IR

ISS NASA

4.4.6

2011 3

2012 5

JEM-EUSO TA-EUSO

EUSO-Balloon JEM-EUSO

ESA Fundamental Physics-Roadmap Team The European ASPERA Roadmap, OECD

Global Science Forum, Astro-particle Physics International Forum (APIF)

4.4.7

4.4.8

Picozza PI

3

1.5m 1m

64

ASIC 1m 36

Telescope Array 2013 3

TA-EUSO 40km

EUSO-Balloon

Phase-B 2014

2009 10 2015

2012 3 NASA APRA

3 ESA Physical Science WG ESA Astrophysics

WG European Science foundation ELIPS (European Program for Life and Physical

Science, ESA)
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4.4.9

1020

JEM-EUSO

10 Telescope Array Pierre Auger Observatory

1019.5

GZK

JEM-EUSO

2013 2017 18

2013 2017-18

180 3 1

JEM-EUSO 5

JEM-EUSO Telescope Array

Telescope Array

JEM-EUSO 13 280 2012 12

JEM-EUSO

JEM-EUSO 2011 2012

5

JEM-EUSO
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JEM-EUSO

JEM-EUSO

1020

JEM-EUSO

JEM-EUSO 13 280

JEM-EUSO

JEM-EUSO
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4.5 CTA

4.5.1

150

CTA

CTA 1000

1km2 30 3km2 60

23m 4 12m

6m CTA

2013

4.4 CTA 23m CTA

20GeV 100TeV

4.5.2

CTA LHC

CTA
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CTA 10 20GeV 100TeV 1000

z=4

200

100

CTA

CTA

4.5.3

CTA 23m 8 12m 40 6m 40

180MEuro(200 ) CTA-Japan CTA

23m 8

200 ( 40 )

23m 8 14

23m 8 10

23m 8 12

4

4.5.4

2013

2014

2015

2016

2017 CTA

2020 CTA

2020-2039 CTA

4.5.5

CTA-Japan 27 92 CTA

CTA-Japan

CTA

CTA-Japan

CTA Consortium 27 1000

2008 CTA Design Study 2012 CTA DoI PCP (Declear of Interest in the
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Pre-Construction Phase) CTA CTA-Japan

CTA ( )

CTA Consortium

4.5.6

X

CTA CTA

27 1000 ESFRI(European Strategy Forum on Research

Infrastructure), ASPERA ( ) ASTRONET (

) Decadal Survey (10 ) OECD

APIF (CRC)

CTA

4.5.7

CTA

20%

200 200 / 200 / CTA

200

(Archival Data)

4.5.8

CTA 2006 EC(European Commission) ESFRI

2008-2010 EU Design Study 2010-2014 EU Preparatory

Phase( 4 MEuro) Preparatory Phase

4MEuro,

1MEuro CTA-Japan (

)

Actuator

CTA (MPG, MPI, MPIK) (DESY) BMBF(

50MEuro 2014 (

10MEuro) 2013 7 BMBF CTA



80 4 CRC ( )

4.5.9

CTA , 10

1

AGN GRB

CTA

CTA 2010 2010 2014

2015 2017 1 9

(2012 200 20% 40

LST Large Size Telescope MST SST LST

LST

CTA-Japan 27 92 CTA

CTA

CTA X

CRC 5 CTA

CTA 200

(Archival Data)
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CTA 27 1000

1

CTA
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4.6 TA2

4.6.1

4×1012 eV 1020 eV

1

507 1.2km 700km2 3

TA) 1018eV

TA2 1 2.08km

TA 60 4 km2 ∼1020eV

TA 5 5.7×1019 eV

50 TA2 2

1000

TA

JEM-EUSO

4.5 TA TA2 TA AGASA Auger

4.6.2

HiRes TA Auger GZK
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TA

TA2

GZK GZK

TA2 10 1020.5 eV 6σ

GZK GZK

GZK

GZK GZK

100Mpc

TA

AGN

TA2 TA 2

TA2 2×10−3 Mpc−3 3 5σ

1019 eV

4.6.3

100 90 10 30

4.6.4

• 2009 4 2014 3 TA 2013 5 5 TA

• 2014 4 2019 3 TA 4 TA 5

– TA 2019 3 20 TA

– TA Auger

– TA2

– TA2

• 2019 4 TA2

– 2000 SD 2

– 5

• 10 20
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4.6.5

TA Auger

TA

2012 2 CERN TA Auger HiRes

UHECR2012

4.6.6

24 CRC TA2

5

TA Auger

TA2

4.6.7

TA2

4.6.8

TA Auger TA Auger

Auger TA

Auger Auger TA

2013

TA Auger

5 TA2
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4.6.9

1018eV

Auger Telescope Array (TA) 1019.7eV

GZK 1020eV

JEM-EUSO

Auger North 2012

2019 JEM-EUSO 2017 1

3

TA

CRC 3

JEM-EUSO

TA2 JEM-EUSO TA

JEM-EUSO CRC

2012 9

2013 9 A A S CRC
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10

TA2

2013 5 2013 7

TAx4 Telescope Array 4 60

TA2 CRC

JEM-EUSO North Auger
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5

5.1

( )

160 JAXA/ISAS

ISS

JAXA/ISAS, NASA, ESA

5.1.1

2013 7 *1

2012 3 28 –30 12

2013 7 X ASTRO-H

XEUS IXO

Athena 2020 L1 Athena+

2020 ESA L-2 *2

5.1.2

2012 6

2012 8 3 X

2012 8 6 5.1 6

8 2012 10

6 (A) cutting edge (B)

(C) (e.g. ) (D)

( ) (E) feasible (F)

5.2 ASTRO-H

*1 2013
*2 2013 11 L2
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5.1 6

FM

CAST

JAXA

( ) 2008

2017

2020

MeV

ISS /

DIOS

JAXA

( ) 1999

2014

2018

4 TES

WHIM

FFAST ( ) 2010

2013

2016

X

X CXB

Hi-Z GUNDAM

JAXA

( ) 2012

2015

2019

High Z GRB X

PolariS

JAXA

( ) 2009

2015

2018

X

X

/

WF-MAXI

JAXA

( ) 2012

2014

2017

MAXI

X GRB

ISS

5.2

ASTRO-H

CAST AH E >600keV AH

DIOS AH AH

FFAST AH AH X CCD

Hi-Z GUNDAM —

PolariS AH AH X

WF-MAXI MAXI

DIOS PolariS

DIOS 4 TES

Warm Hot Intergalactic Medium (WHIM)

Post ASTRO-H

PolariS X X X X

GEMS

GEMS GEMS PolariS

PolariS GEMS

PolariS GEMS

CAST, FFAST, Hi-Z GUNDAM, WF-MAXI
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5.2 X WF-MAXI

5.2.1

WF-MAXI ( X X

2018∼20

2010

MAXI Swift

WF-MAXI

(MAXI 10 Swift 2

2020

(SLC) 0.7–10 keV 20%

0.1◦ MAXI/SSC (CCD ASTRO-H/SXI

CCD CCD

(HXM) CsI APD 20 keV–1 MeV

TSUBAME 2014

WBM

GPS MAXI CALET

5.1

KAGRA

≈ 100 deg2 WF-MAXI

WF-MAXI EVLA ASTRO-H JWST TMT

SLC 
0.7-10 keV

254 cm2 (0.6π str)x 4

ISS motion

HXM 
20 keV-1 MeV

160 cm2 (π str)x 2

Star Tracker

GPSR

Star 
Tracker

5.1 WF-MAXI

SLC 4 X HXM)2

(Star Tracker 2 GPS 1
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5.2.2

KAGRA KAGRA

10

(1)

(2) (3)

(4) r (5) GRB

≈ 100 deg2

X

GRB050709 z=0.16 1

100 Villasenor et al. 2005, Fox et al. 2005

GRB 280Mpc 100 X

1/100

100 cm2 WF-MAXI

0.1◦

5.2

 

5.2
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5.2.3

24 28 194 ISS

32 12 20 5 1 ×5

HTV ISS

5.2.4

2012

2013 (SLC, HXM)

(2013 ? )

2014

2015

2016

2017

5.2.5

MAXI ASTRO-H/SXI WF-MAXI

JAXA

JAXA

5.2.6

ISAS

2012

2

5.2.7

MAXI Swift WF-MAXI

∼10

5.2.8

2012

ISS
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5.2.9

KAGRA

MAXI

ISS

MAXI

MAXI

Astro-H

MAXI

MAXI
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5.3 DIOS

5.3.1

DIOS (Diffuse Intergalactic Oxygen Surveyor) 100

DIOS TES

2018 2013

2012 S

8

5.3 DIOS

6 m
5.4 DIOS

66.5 cm

5.3.2

DIOS ( )

100 (Warm-Hot Intergalactic Medium:

WHIM) DIOS 50 ΔE < 5 eV

WHIM

100 OVII, OVIII 2 1 100

10% (Yoshikawa et al. 2003, PASJ 55, 879; Takei et

al. 2011, ApJ 734, 91) DIOS ASTRO-H SXS 100
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CY

FY

FM FM

MTM, TTM

2020 2021

pre-PhaseA Phase-A Phase-B/C Phase-D Phase-E

2019 2020 2021

2013 2014 2015 2016 2017 2018 2019

2013 2014 2015 2016 2017 2018

PDR CDR PQR

5.5 DIOS 2018 5.6 60 cm 4

1/4

4

5.3.3

30 25 26

10 ( )

TES

5.3.4

DIOS 5.5 2014 3

2018 2015

ASTRO-H DIOS (5 5 )

2 3

5.3.5

TES

( )
X ( )

JAXA ( )

JAXA
JAXA
JAXA X

X
X
X

JAXA

JAXA
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DIOS

1. (NASA , R. Kelley): TES

2. (SRON, J.-W. den Herder):

3. (IASF-Rome, L. Piro):

R. Kelley ASTRO-H 20

128 TES 2014

DIOS DIOS NASA 5

DIOS EDGE, Xenia, ORIGIN

DIOS

5.3.6

2012 6 DIOS PolariS

S

8 DIOS

5.3.7

5 DIOS

1 5

5.3.8

2013 3

300 W 700 W 3

4

280 kg 600 kg

TES ( 5.4)

ASTRO-H 2

(FXT) 2012 1/4 4 1

HPD 5.4 5 3 ( 5.6)

4 2013

4

(XSA) 1 cm 20 × 20

TES

Ti-Au

TES NASA

DIOS
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5.3.9

Warm Hot Inter cluster Matter (WHIM)

AGN WHIM

Astro-H SXS 2015 Astro-H

2014 2018

Astro-H SXS

TES

Astro-H

Astro-H Dios
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5.4 HiZ-GUNDAM

5.4.1

7 < z < 12

( 5.7 7 < z < 12)

z ∼ 7

X z < 1

z ∼ 0.3 ( 5.7 z ∼ 0.5)

(GRB)

HiZ-GUNDAM (High-z Gamma-ray bursts Unraveling the Dark Ages Mission)

( 5.7 )

1. GRB X

2. 1

3. ( 1 )

GRB

z > 7 GRB

X

z < 1

PI

5.7

5.4.2

z > 7
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z > 7

5.8( ) GRB

GRB 1997

Swift GRB (z > 6 ) 1 /

Swift 15 keV GRB 10 keV

X GRB HiZ-GUNDAM 1 keV X Swift

1 100 GRB

10 (z > 7 )

X GRB

GRB

GRB

GRB GRB X

shock breakout Short GRB

GRB

2MASS

z ∼ 7 TMT SPICA

GRB GRB

0.18 billion years (z=20)

0.49 billion years (z=10)

Quasar

Galaxy

Gamma-Ray
Burst

Ti
m
e 
 s
in
ce
  t
he
 B
ig
 B
an
g 
(b
ill
yo
n 
ye
ar
s)

0

2.0

1.5

1.0

0.5

Re
ds
hi
ft
  z

Years

5.8 ( ) GRB ( )

z = 7

5.4.3

80 90
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5.4.4

3 4 2014

2016 2018 2019

100 GRB 5 GRB

5.4.5

19 38 ( ,PD)

X 13

ISAS/JAXA

9

GRB

5.4.6

HiZ-GUNDAM 2009 GRB

2012 GRB

2012

Swift GRB GRB

5.4.7

2 GRB

X

5.4.8

2012 4 HiZ-GUNDAM JAXA

ISAS

X 2013

CIBER-2

ISAS
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5.4.9
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5.5 X PolariS

5.5.1

PolariS(Polarimetry Satellite) X

X

PolariS

X

X PolariS

10-80keV X X ASTRO-H

X

ASTRO-H

(SGD) 60-500keV PolariS 10-500keV

PolariS 10

ASTRO-H

PolariS X ASTRO-H 1/2

6m ( 5.9 ) X ASTRO-H

5.9 PolariS 6m 3 X

X

5.5.2

X

X

X X
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X

X X X

10keV X

10keV MeV X-1

X 10 PolariS

1/100

3 X

PolariS 10

IKAROS/GAP

IKAROS/GAP CPT

5.5.3

55 ( 25

10 6 2 3

4 5

5.5.4

2006 JAXA

3 2013 2014 2014

2015 2016 2017 2018

2019

5.5.5

PolariS 2006 JAXA

X

GEMS

10keV X NASA/GSFC JAXA

GEMS 2014
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2012

GEMS X PolariS

2012 PolariS GEMS

5.5.6

2012 6

PolariS DIOS S X

X

X

GEMS

2012

5.5.7

PolariS

5.5.8

PolariS 2006 JAXA

6m

ASTRO-H 6m

X ASTRO-H 12 1/2

X

Modulation Factor 0.5-0.6

IKAROS/GAP

PolariS JAXA

2012 GEMS GEMS

PolariS X GEMS
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5.5.9

PolariS ASTRO-H X

JAXA SMEX

X GEMS (

2014 PolariS GEMS

GEMS PolariS

25 55

PolariS 15

75 40 GEMS PolariS

20

PolariS 2014 2018

GEMS

2014 2018 2019

PolariS X IKAROS

GAP( ) PHENEX (

PoGO ( ) GEMS

X

ASTRO-H

2012 PolariS DIOS PolariS

S

PolariS GEMS

GEMS

PolariS
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5.6 MeV/sub-MeV CAST

5.6.1

CAST (Compton Telescope for Astro and Solar Terrestrial) 200 keV

∼2 MeV 1

X GeV TeV

2000

COMPTEL MeV

CAST (Si) (CdTe)
2,3 ( 5.10 ) COMPTEL(0.5–10

MeV) 1/5 0.2–2 MeV sub-MeV sub-MeV

COMPTEL

CAST sub-MeV

MeV

1–10 MeV (GeV ) CAST

MeV

5.10 ( ) ASTRO-H/SGD Si/CdTe 10 cm 13,000 ch

( ) CAST

( ) ( ) 2000 X

CAST 2

5.6.2

21 X GeV Fermi

GeV Swift (100 keV X )



106 5

MeV

CAST

MeV
56Co MeV

CAST 100

sub-MeV

5.6.3

CAST 2015 ASTRO-H

(Soft Gamma-ray Detctor) SGD 50 cm 100 kg

200 W 5.3 ASTRO-H/SGD

JAXA

MeV

5.3 CAST

( ) ( )

25 ∗ 25 ∗

– 20 ∗

0–10 30

5 5–8

30–40 ∼80
∗

5.6.4

5.4 CAST

∼2008 SGD

2015

(EM) 2016

2017

2020

1 2

Goal 5

2022

CAST ASTRO-H
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2020

5.6.5

( ) JAXA (

CdTe ) ( )

SLAC( )

MeV CAST

5.6.6

JAXA 2006

6

5.6.7

CAST
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