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!'_ Overview of AKARI
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AKARI Mission

(a.k.a. ASTRO-F)

» The 2nd-Generation
Infrared Surveyor

= All-Sky Survey
= 4 bands in FIR
- 50-180um
= 2 bands in MIR
= 9, 18um
= Pointing Observations

=« Photometric &
Spectroscopic Modes




Time Line

= Launched !
=« February 22, 2006
= From Uchinoura Space Center
= M-V-8 launching vehicle

= Observation Phases
= Lig. He Phase

= May 2006 — August 2007

Phase 1: Mostly Survey
Phase 2: Mostly Pointed Obs.

= Post He Phase (Phase 3)
= June 2008 — (NIR)




!'_ AKARI Gallery






ARI Point Sources

0.7 million sources -




< Two View’s of Orion
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el Complex ISM

= Cygnus-X :
= Blue : 9um 4
= Red: 18um :
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Bow Shock in the Universe
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<A ot & Cold Dust in M101

Suzuki et al. (2007)
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IC Survey
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!'_ Searching for Molecular Tori
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Unified Scheme of AGN ?
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Obscuring Torus in Absorption

= To prove physical characteristics of
molecular tori

= IR observations of absorption in molecular tori
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Fundamental ro-vibrational
transition of CO

Energy

= v=0-1, AJ==*1 sObservations
=« Many lines with different ] «Subaru + IRCS (AO)
= Temperature, column density «R=5000-10000
= Background Source =0.3” - 0.6” slit at M-band

= Very high effective spatial
resolution is possible

Energy Level Spectrum
J —ﬁ Rotation Level

= V=2 AJ=+1 AJ=-1

7

Thermal
“ - n N, e g, exp(-E/kgT)
J 0 B
Vibration Level equilibrium
V=0 12C0 (V=1-0)
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| CO Absorption is detected
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Observation vs Model

s Observed = Model

11 T T T T T T T T T
10
x 5
E3 E 0.9
'Té T 08 "
s § —— T=1000K
= Z° — T=300K
07 — T=100K A
— T=30K
5% l l l ! Bl | l l l |
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Hot (~ 800K) gas with Large Column Density (Ny, ~ 102 cm=)
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Ground-based Observations

s Merits

= High-spectral resolution

= Resolve each rotational transitions
Precise Estimates of Physical Conditions

= Demerits
= Complex atmospheric absorption

- R=5,000

LU

a4 48 a8 5 5.2
Wavelength [pum]




a4 (Obscured AGN
IRAS 0857243915

u CO absorption to Very hlgh J (N17) Shiratata, Nakagawa, et al. (2009)
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How can it be heated ?

= Observations  Molecular Torus
= T=200 - 1000K with
N, ~ 3 -10 X 10%? cm™
= Av ~ 20-100 mag ?
s PDR?

H | H,H2 i Hz
O, OH i0,0H,Oz i0,0H,Oz,HzO
| UV heatlng r [pc] 0.1 1 1:0

TIK] 104 103 102

u Only AV< ad feW mag for TN]_OOOK Neom?] 1021 102 10B

= XDR !
« X-ray heating (from the central engine ?)
= Large penetration depth Av > 10 mag
» Efficient gas heating
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Summary

= Our Observations show
=« Hot molecular gas with large column density
= Highly clumpy structure and violent velocity field
= Heated (probably) by the X-ray from the central
engine
= Questions
= Are they putative tori ? (or sphere ?)

= What makes the difference between the galaxies
with and without CO absorption ?

= Formation of Tori and accretion onto the central
engine



Next Step (1)

!'_ to increase signal
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Hidden Universe
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< pequirements:

Large! Telescope

m |
cerow - ---=1 »3mclass telescope
c os 24w - - - | Isrequired
R N = Resolve CIB into
&.’3“‘5‘ | individual sources
E 04 ;J,*f — = Direct detection of
s | 7 35m exoplanets
0 02— .~ | —

I [ R N

i B !31 2 3 4 5 g T & 9

Telescope Diameter (m)



<4 Requirements:
Cool ! Telescope
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Old Design
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Mission Overview

= ISpecifications

= Telescope: 3.5m, 5K
= Revolving CIB at its energy peak
= Direct detection of exoplanets

= Core wavelength: 5-200 pm

= MIR Instrument
Including Coronagraph

= Far-Infrared Instrument (SAFARI)
=« Orbit: Sun-Earth L2 Halo

= Mission Life
= 3 years (nominal)
= 5 years (goal)
= No expendables

= Weight: 3.4t

= Launch: 2017 (H-IIA)



<A Heritage of
Mechanical Cryocoolers

= AKARI

= 2-stage Stirling

200mW @ 20 K . .
o Igslpsg-llfe test > . SUZAKU
= 2006 = ADR, 60mk reached
= 2005
= Cryocooler technology is

) SMJITLE3SOmW@ strategic techniquie for

" 45K space science in Japan

= 2009 = Future Missions: Kaguya,

Planet-C, ASTRO-G,
ASTRO- H SPICA
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Cryocoolers for SPICA

Cooler type 20 K class 4 K class 1 K class
: : : Primary mirror Far-IR
Cooling object Precooling for JT & Optical bench detector
Configuration 2-stage Stirling 2ST + 4He-JT 2ST + 3He-JT
Mlnlmu.m cooling 200mW@20K 30mMW@4.5K 10mW@1.7K
requirement (x 2 sets)
Demonstrated
Cooling Power 325mW@20K 50mW@4.5K 16mW@1.7K
. <160 W
Driving power <90 W (x 2 sets) < 180W
Service life > 5 years > 5 years > 5 years
AKARI (2006) [ISS/SMILES (2009)|ASTRO-H (2013)
R&D level ASTRO-G (2012) Under Under
Under improvement Improvement development

= Most of the coolers will be flight-proven very soon.
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Expected Results (1)

Big Bang

= How did the Universe originate and

what is it made of ?

= Resolving CIB into individual sources

1st generation of

Wavelength A (um)

1000 100 10 1 0.1
DIRBE/2MASS
DIRBE . s I
WHAM DIRBE/ * HST/LCO
dy | oA { * l
3 "U”'-‘di o DIRBE/Lick “ 3

10° 10 10°
Frequency v (GHz2)

10°

107
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Expected Results (2)

= What are the conditions for stellar and
planetary formation ?

= Detection and Spectroscopy of Exoplanets
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International Collaboration Scheme

SPICA Steering Committee

\ 4

Science Advisory Committee

4

= JAXA SPICA team: System Integration

%

{}

Telescope FPI : SAFARI
= JAXA - A |4
Integration Subsystem Management

(test @<10K)

@

= ESA

Manufacturing
(test @ 80K) -

10

= SAFARI Consortium
System Integration -

@

@

. )

%

g )

FPI:MIRs+SCI FPI:BLISS FPI:FPC
. JAXA u NASA = Korean
Subsystem Team (TBD) Team
Integrator | @ = (TBD)
i | . NAQOJ

. Japanese
Group

European

Teams

Japanese

Teams | @ |

% FPI : Focal Plane Instrument
SAFARI : SPICA Far-Infrared Instrument
MIRs : Mid Infrared Insturuments (MIRACLE,MIRMES,MIRHES)
BLISS : Background-Limited Infrared-Submikimeter Spectrograph
FPC : Focal Plane finding Camera

(TBD) @ |

38

Joint System Engineering Team
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SPICA

Space Infrared Telescope for Cosmology and Astrophysics

Space Odyssey in 2_017'



Next Step (2)

!'_ to decrease noise

40
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Beyond Natural Background Limits

10_1 T 1] T T — 1T T T 1] T T T T T T
102 |- 80K —
. (Herschel)
— _3_
10
(7p)
Y10t
= Could b
=
Z 100
) removed ?
’—>1 —
-6 . ~
> 107177 [Zodiacal ~
+ Emission
»w 10
(-
S
E=R L o Y SRR
Cirrus
107 |- ~
‘IO_]O 1 IIII 1 1 1 1 1 IIII 1 1 I\ 1 I.I.i-l
5 6 789 2 3 4 5 6 789 2 3 4 5 6 789
10 1000

Wavelength (micron)



ERER(F—IVITAD)DER

y WMAPG)CMB{Eﬁ'éﬁiﬂIIl:&é'%%ﬁﬁm DRTE —
s F—iHAKOEDENRFNBERTR
s BRSO ERKRERIEN? — %ﬂﬁ-‘:‘-ﬁ"‘ﬂﬁﬁﬂCIRB)

. . E—HROE |
1oIL—vav | BREM CRARR-RES BE
THER 108 384 14 10484 137(8 4

AR z ~ 1000 Zz=10 z=1



oA
Revealing Dark Age
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FROMVRTF BB =

(CIRB: Cosmic InfraRed Background radiation)
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