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Astro2010: decadal survey

m Cosmic Dawn
s New Worlds
n Physics
of the Universe

August 13, 2010

http://sites.nationalacademies.org/bpa/BPA 049810
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The Science Frontier:
discovery areas
and principal questions (1)

= Discovery areas

m ldentification and characterization of

nearby habitable exoplanets =ik
= Gravitational wave astronomy #nkxx%
- - 25 A RIK
= Time-domain astronomy e =i
m Astrometry RaR-FHEOBEAE

= The epoch of reionization FEOEE#




The Science Frontier:

discovery areas and principal questions (2)
= Questions:

How did the universe begin?

What were the first objects to light up the universe and
when did they do it?

How do cosmic structures form and evolve?

What are the connections between dark and luminous
matter?

What is the fossil record of galaxy assembly and evolution
from the first stars to the present?

How do stars and black holes form?

How do circumstellar disks evolve and form planetary
systems?

How do baryons cycle in and out of galaxies and what do
they do while they are there?

What are the flows of matter and energy in the
circumgalactic medium?



The Science Frontier:

discovery areas and principal questions (3)

= Questions:

= What controls the mass-energy-chemical cycles within
galaxies?

m How do black holes work and influence their
surroundings?

= How do rotation and magnetic fields affect stars?
= How do massive stars end their lives?

s What are the progenitors of Type la supernovae and how
do they explode?

= How diverse are planetary systems and can we identify
the telltale signs of life on an exoplanet?

x Why is the universe accelerating?
= What is dark matter?
s What are the properties of the neutrinos?

= What controls the masses, spins and radii of compact
stellar remnants?



Large-scale Programs (prioritized)

» Ground-based Subary HST

= 1. Large Synoptic Survey Telescope (LSST)

= 2. Mid-Scale Innovations Program Subaru PFS

= 3. Glant Segmented Mirror Telescope (GSMT) TMT
= 4. Atmospheric Cerenkov Telescope Array (ACTA)

CTA
m Space WISH

= 1. Wide Field InfraRed Survey Telescope (WFIRST)
= 2. Explorer Program Augmentation ASTRO-H

= 3. Laser Interferometer Space Antenna (LISA)

= 4. International X-ray Observatory (1X0) DECIGO



RAFEHYEFEEDKESETE

KEERE NKRL = (LCGT) #hE
3I0mIc RS EimER (TMT) i E
1EFFOA—RLERTFHET (SKA) i E
R FRIVERXEE (SPICA) FE

TEHXEEFEEF7XFO-H(ASTRO-H) #E2

LTOTLET—23 M EBD=HI2. Tho5EHE DR ZRE D
HRMLZLDERZIRBELTIELV =, BRAABIZEET Z&F LAY
M., CZICECRRBOEERIETIAESE LY,




RAFEYE

R EM _E RE EiE

s LCGT (Large-scale Cryogenic Gravitational
wave Telescope)

s K#

"

KR E DKL

s HRXFE

T 55T 1= 55 @

m TMT (Thirty Meter Telescope)

2 30A—=RILA - FNERIR@NTAEYITTT
fR 1 1 CRINPEN S

m |E

E+BA)

s SKA (Square Kilometer Array)

m 1Y

L OA—RJLE

Ve
=, /

m |E

[R5 70 (BRR NS

-SEteE?2ETIUA?

I 7 21)h+ BAK)



LCGT: jciﬂfﬁ mE R LERER

» BARRINSE

:’r'Elﬁ'ﬁﬁﬂjw F%

NS

IIInI

LY XA FE DI &

aﬁjd)ﬁﬂiﬁ‘%—aﬁdﬂ DIZEEIMN.

Oz M FRSN T, BRI REERT =2 HmL

T. *EF U-':Hi], M i_nXE
s BEARRKXEFEDORIE

s EREYHEHE

- HREPDENREERET
s KRXFE:-FHEFANDOEFHLWLE

s —iRHR X EmAREE

s NHIFH., TovIHR—

» BARBMBOGFTEETDEAE

» RAFHRY

I_

MRAR,

s PE155EH

L. PEFZEDREER

FIL KX E . KEKER T

s HEIRENASEEIBC/NSUOHE T ICE S




LCGT: 'H: O)*E&g LCGTRIER &5

mﬁu:«kmo)#ﬁa,@rgv H—F et ERRVAT L

U e
4.

(gt n
e Rt
\_I“ F -.'..“- n i

|\ R T S
- \

. i&ﬁ?&%ﬂd)ll\éb\@ﬂ'CZOOmu RO TITERE
s KBHGEL—F—TFibstELTHASD Sona
n RHBEZTAFILTEBRREZZERT 50, BIELFEORA
n HARTH—
» TEAFEDEEFHEFESHZEHBTSIRE
s F(THEILEOSEREANH LT




LCGT: X5t E L EERRFE I

m 2013-145F . B ETHE -QHHA — 5|&HEEEEL (ER1E)
n EARERONBIZEIRSREDEEN

B 2017EELHIMISEBERTEEHRIKREIZESILISRREBNDEH
n EELEUERE)ICAT-FPEEGICEISHDOBZHALE

B BRTEH2010FERFIEZLEDEAFRNERAICRIFT-TOD I ELT
m ERHEFENDERDIZIE., FSIZESEULMSLHIEL

- 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

! - ;ﬁ I -EI!.




LCGT: I%Eﬁ,&fi%*uhv A~

IS yh— =
s KFXD2BITMATHARICLCGTA R 133
HIHEE
s FEHRIEDAFRIRE
s 24RO EXRE DK E=F—R VLT —
HE BRI
s ER-RFERCHEAEDHETE
NERXFHFRNE
s Za—K)/ R ED EFERER A
. R EEICEDTFO— 7/7ﬁﬂ1|k%wmm|
E| (R [ AT D HEAE
= LIGO, Virgo&MDEE /)77t B BF %K Fda
s TOTOEREBAE I—FHIET

|-

hE. A, (VR FAUDED K RHE
BE L1
B 5 EREAFROILRDRE




RAFEYE

=2l PRl wly NEiv e T

m LCGT (Large-scale Cryogenic Gravitational
wave Telescope)

s REVMERE DL —

s HRXTE

H—F 55t @

= TMT (Thirty Meter Telescope)

s SOA—FILN-FNERFE@NTVAEIIDFTTT

x

P13 0 CRINFPEN&EE+ B AK)

s SKA (Square Kilometer Array)

m 1Y

L OA—RJLE

R Ttz ?EA7 )N

x

R A (BeRMEFEE72VA+BHXR)




- H
s AF0OMD RS TRIN KB E RER
» 1.5mRAIE4A92

WAVE - C4rbardil
s [LEIGRIERRXNERRT—THEE
s F—HAKXE, BAIDHELEILL. KIBERINBREODFEEFS I
EEMDRKIZEDIFRE. FEREZELRDEREERL . WEEM
DEFHEIZEL
s EFE15 A&
s EREHNI1300EM (AN
1/45348 72 ?)
m 2019FKR5ERK

n W)THIL=TFKRZE., AILTY.
KE BESC—T-jt—T-JE N oats S
AXERSES . hE. (R, 0
|E?




TMT: 9 IEAEDLE -FB#HTE

T™MT T 1E5
GFEZ 30m 8m
Eho 1400k 555k
f24EE | 0.0157F | 0.06F 4

@:ETRIHR | @38 TR oM
R 79 155
(a%) (MOBIE) GRS

O T'f%f%E'TMT—G*ﬁE
s TIEBDLEHRFETMTO S RRGE-
ERERRHAXXEDORANRT
s BRODEBLAMYE (AL BEDORRE.
TIE5LEDUF V) KB HRE




TMTDORELA

i3

K LB

- - .
™
= r
e e .
RERE _1"
N
- ) .
-
L]
-l
\ % -
'3 " _
-‘! ‘ \ X [
l‘ 5 ‘.‘ ' & : '
\ - s
& .
\ .

BEE 41$503.7EC
€35 +E5D13MES

The same with a 30 meter telescops

& Adaptive Optics
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Cosmology and Astrophysics)
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1. Ekxﬁ %#ﬁtﬂ%ﬁ(SXS) N
0.3-12 keVV, AE=5eV, FOV=3’ NN,
= 2000&731125%%?,mF&«fﬁ'/,mf‘F@IZﬂU ‘
2. BIXERImBEHEIR(SXI):

0.4-12 keV, AE=150eV, FOV=38" = RN &b
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5-80 keV AE<2keV, FOV=9" = FHRMBEEHX
4. BRA TR RR(SGD): 100-600 keV R{EEREHEL
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