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Next-generation, Large, Cooled,

Infrared Space Telescope

for
core science objectives

€ Understanding the physical processes driving the
formation and evolution of galaxies and Active Nuclei

€ The life cycle of gas and dust in galaxies
€ The formation of planetary systems near and far
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SPICA Mission Specifications

- Telescope diameter: 3.2m
. Telescope temperature: <6K
- Wavelength 20-210um '
Concentrating on 4§ "':,; que range of the cooled
telescope“ | Na

* Total mass: 3.7t p -
* Orbit: Halo orbit ar@eine

- Launch: aimed in¥ 4 "\\
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Background

e SPICA has been a pre-project of JAXA since 2009. We had
been working toward the project approval in 2014, but failed
mainly due to budgetary situation in Japan.

e Therefore, in 2013, the framework of the international
collaboration was changed by increasing the European
contribution compared to the original plan.

e SPICA now enters into the open competition of the ESA
Cosmic Vision program (4th M-class mission, M4).

e An international science task force has been organized in
order to make the science goal of SPICA much stronger.

e The science requirements and the specifications of the focal
plane instruments are now being updated.
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SPICA Management Structure LA

of Japanese side (2014-20177
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Focal Plane Instruments

Wavelength

FoV

Spatial
Resolution
(FWHM)

Imaging

Spectroscopy
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20-37 um

5'x 5" (Imaging)
2.5'x 3" (Spectroscopy)
1.4" @ 20 um
2.6" @ 37 um

R~20
9-50 ply
R=1000-2000
0.2-1 X 10-1° W/m?

34-210 um

2'x2'

4" @ 47 um
7" @ 85 um
13" @ 160 pm

34-60, 60-110, 110-210 um
14 -32 ply

R=1000 @ 210 um
R=5000 @ 35 um
3-4 X 10-1° W/m?
(R~50 mode)



SPICA Far-Infrared Instrument
(SAFARI)

e Three band Fourier transform spectrometer
e Continuous spectroscopic capability from 34-210 um
e Simultaneous broadband photometry in three bands

Focal Plane
A7embh<‘ Detector filters - MW/SW

4K-shield /
o 50mK cooler il !

Mach-Zehnder
interferometer
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SPICA Mid-infrared Instrument (SMI)K
(SpicA Mid-infRAred Instrument: SAMRAI) oo

Hidehiro Kaneda (Nagoya Univ.), the SMI Eonsortiufio

SMI: Japanese mid-infrgred,instrument, refined for new SPICA.
. .

Cam/ 5—37 um 20 — 37 um

Low-R Spec FoV: 5x5’ FoV: 5'x5’
R=5&50 R=20

Mid-R Spec 12 — 37 um 20 — 37 um

FoV: 12" x 8” slit size: 150” x 3”
R =1000-3000 8 R =1000

High-R Spec 12 — 18 um N/A

Slit size: 6”x1” F under discussion
R =20000

Focused on longer wavelengths and higher mapping efficiency.




SI\/II-Spec

, 20 25 30 35.m"

Survey— Spitzer/IRS-type scan

For detections of dust bands &} = or detailed d . _
continuum with high mapping §i botrh = a'l? 'Zggost'gs uchg
speed & imaging quality. oth gas lines & dust bands.
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Spectral Line Sensitivity (W/m?)
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JWST
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Imaging

= Spec.
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SPICA

SMI

Imaging |Spec.

SAFARI
Imag./Spec.

FOV x7

Sensitivity x20

Herschel
PACS

] spec.

Imaging

Far-Infrared Deep Survey of GOODS-8 Field by Herschel PACS, 2Q0hrs Integration,
i C Q False-color Image made with MIPS 24um, PACS 100um, 160um, Magnelli et al. (2013)
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“Riechers et .al,.-‘ 2013

L 4

ellipticals
. . disk galaxies

|-
Hydréﬁynamlc 'simulation

Successfully created a mixed population

of spiral and elllpthaI gaIaX|es
WltH 1010 resolutlon elements Gver (K Gyr

Volgelsberger et al- 2014 -
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Dec. [deg]

Space Infrared Telescope for Cosmology and Astrophysics

2A H—A"ATREDLS

(0.5 E DY —NAEIEDIRHL

1.2

1.4

0.8

0.6

0.4

0.2

0.0

i E UL THISND

SSA22 0+ —)L RIT#H
T B Uyl BHERE D5 TH

ApJ, 709, 920,

| I
| el
I e +l
| " Pl
*
I -l
| gt I |
ES 4t - T
! + + +
| 4 I
+
+ +
| P . !
|t LU S 1
H ]
________ | woe T b
- Ed P
I-&
I+ * t
+ .
[ 2 +
G
Lr . ta .
+
| 4 Pt
[ . + + + T
+
I+ 4ot % oy *
*,ore + ),
[ o+ +t
= *r +
l, o + R * 1,
H + * + H -
* “+ -
I + + + . -
_______ & 4 o A # .
+ + + r b 4
* s o+
£ B oot +
+ i s * +
v Ty * N
-+ *1 + ¥ .
* + ¥ i + ke
. 4 +
FR T AR
s 4+
+% -+
I +F o T ‘}‘ £ ¥
4 +
v t R B
L {
. " by p:
e
+ 4
+ 1 ity r
o . , . "
+ + + o+ _ff‘"
+ E I
% R W Xt
¥
" * Foat b a-*.t-»
M , K
1+ + o+
.
LA =
.
- ¢ + i

SFHERE3. 1DEERE

- J$3E Virgo clusterl 2B R HHRED T X
Cr TLETRRERDE<ELAZ=0.15H 1=
s U~ 2{E)E5=0IC 0.5 F A EIFRIE
Ao . BRBEESNSIES (Sehgal et al. 2010,

”1”*::4":%‘3* . SBHIZTHEE(Coma ClusteriRiR) fEi %

i T BRARBIZIE, AR GEFRNRED S RE
b S RATROM2 TN (&THAD
d L 2010 FEKRBED Y —ARATRO2HNHTK
| )RR HEI— VR ERBIT 5,

__________________________________________________________

0.5 RS FHOARURBEZ NI\ —TE SRERDLE

335.0 3345

RA. [deg]

S24.0 2335

Yamada et al. 2012, AJ, 143, 79

21



BB RSl Bl

o E—VBICHITBMATM KIRBEEMBR (+AGNEE) (<45
BY. CNELTORETRRIT 3.

A  SRAIDEENIIESEDKRRE LR

(Burst Mode, Major Merger) O O % 4
B HABELGEIZKXYABRFILZETELSD KR s
18 2 4k (Secular Mode, Cold Gas In-fall) O X X >
C AGNYIyrOT7ORIZO—M5|IEEDKFE
2 4 5 (AGN Induced Star Formation) — 1t O O O %
eI
D AGNMAEELE-IRILT—DFRIMEIZEHRS
N1=ULIRG, K1 E & REeRAICIEA L, X X O L

A BIFEHITOZE T, A(Burst Mode)&B (Secular Mode)&



EDESEYIEBRENHRINZH ? KA

EFNMNEAE~ADF S
REMZER R 100%

A SN
5lE&

- HAREEICEKD
50%, 50% MEIEE? AGNZ Tk Z
A S % 55 i
EE | DESPE-E
sEE E? |lavoisiE O

SavsigiE O

AGN 100% sppe= . (1) AGN/EMBIEIE > ZhENDBEAHM S,
(2) avIiEiE > EREA R &I avIFY D> RAIGRICKSER K.
ERBOBEIZEISTOavrEL 5> HBRFALEEICIDIERA,
AGNA E# & 3998 Y S AGNSTyRDEEILY . BT AEMEIZL | or
5 i % bl N e 2RI EHR,
SPICA AGNS Twh SN 1= 2R L1



FHEBRELGAHAE

S8, 33um o oe o [O1V]25.9um W /57Hm
0-1 [OMB288um | guaen  INeVIZ4um 0 e,
PAH EQW : PAH EQW
88um)
[N 11] 57um
SHI33um
1-2 [[OIII]]52um [Fell26um ~ [NeV]24um /
PAH ESW [Sill]35um PAH EQW ([0 1] 52+
88um)
i [Fell]26pum
2-3 PAH EQW e PAH EQW

o IARTDT—ATPAHNVFBHFADRESNSD T, KFAREZE
SNAETREYT . tOBAFERTRESN TN, FIAT S,

Space Infrared Telescope for Cosmology and Astrophysics



—
AANMZEENT-ULIRGTDEREE )
' Caputietal 2008, & & — 1 _ ___Nagaoetal 2011, A&A 526, A149
o[ ApJ, 680,939 o A S T = -
,@__ _05<z<07 - — = =~
f____0_7<z<10 '2' 10 B N X N - M82 & —
~ — - m E \Qwé?.iat 9]
R L N W > N~
s =] 1 " S
gl 00 ~
é :- A : L } ?E 1 E N N o
M~0.6Zg a® 1 2 : logU=—1.5 logUt—2.5
& — i Iognf;.g — — 1 _
82 : & — % Io?n._ Ciaad !
[ |2 Cmenroom, | x S 0.1 1
- X -1 | S—
. 'ff)”“9l.5“"1|o'”11(;.5“"(';1”“11'.5“ Zgas /Z®

log,, (M /M, )

o AIREDIEMRLLTEZMTSL. ULIRGIZEREMNEWLNZENTEEINS, D
BERDIEWNARER TS ?ETnED T RMTREWNMRIREZ (TS -
O, AIREOZEHTIX, EEEAEDEILNARZTULVEN ? (KEHRE)

e ([Oll1]51.80+[OI11]88.33)/[NIlI]57 2158 FE LL AV RIE TE S F AR D IRA T
HNIL. FYEHEGEEEDZ M AIEE, (2<1.3)

o BIEIEMS/IN=STHH-TH., AIRIEIRZEI CTREIN S LI EEE = (sub-
C  solanEDMEIHDHIEMAIEE,

sssss



AGNEEH (SB) DEENLEIYA T IS

o AR

FEITOHIL- VKRR ®(F

b %

52 488

MREDEEMNFRL!

8. BH

rHE

/—~

1T,

o LEERBIIIEIZEH DR THZ MK

[O1V]25.80um /[Nell]12.81um

gmﬁﬁj
E 1.000?50%__ @ O =
i O 25%— & = o
: 10% - —@» @
> 0.100 = R i
= ? =
= B
0.010 = =
L 10% 25%
0.001 e ' '
0.001 0.010

Space Infrared Telescope for Cosmology and

.01 0.100
6.2 PAH EQW (microns)

Armus et al. 2007,
Q ApJ, 656, 148

Tommasin et al. 2010, ApJ, 709, 1257

\:4\ W/ Y

1552

10

0.1

0.01

B =[-
= ml-

& 43 - featureH’

R TR S R ~ Z TR SRR TH I

- 100%
C Starbur#t

B AGNI - BY1

® AGN1 - HBLR
AGN 2

|
|
|
|
|
|
|
| 4  mnen-BLR
|
|
|
|
|
|
|
|

nen—5Y, HIl, 5B gal
nen-SY; LINER | |

Ll . b g

0.1 1
[NeV]14.32um /[Nell]12.81um

26



ERAOE—FOEENZE Bl

\

N

e Fine structure lines&E £IR: 'J'"O)J:I:(lee/LHR)ld:rEﬁ/EE&‘)J"

(SFE)IDrL—H—THY. BAEHDE—F 22T 258
fd:\y_)l/tfd:%)o

10t noraml| SF [C 1] 158um F [O1] 145um E NI 122pm § [0 111] 8Burn ]
\ FIR FIR F FIR ] . _ FIR
"]-"-"“_ m ] - ) =+ ¥ 3 . - . n
[ . - O E " E L.
) -. -|' %El;}_. i * N : - < : u ] . -t
i - Lo at 3 n m o g T N
a - - 7] . [ -
.- o, | ™ me F u .-.I‘. o | ] 1.! i
a-:\ 4 0% u E-LI - n ! o | r
10 m ] 3 ]
. F | 1] ]
L compact wm | " .
i | ] i 1
T IZ 1w starburst + . o o
- | ™ F 3
N § + At T . T T T T T
GCJ @ 107 [0 &%m § o [ 57pm § u [ 1] 52pm
= |5 AR | T FR FIF
—I . [ T .
10 HIl galay *
LINER OO T R LT T
102 * Seyfert & QS0 T Rl T - e
* Blue Compact Dwarl b g | I ‘m
104 I = Unclassifiad I IR&E 1?!{5—%!4 || L | | . - - =
3 High—z galaxy T :: T 7
F n ]
High-z $R3AT D &R Al (& E:F;gj““’ i Oy
10 ([cn]férff?uf)_ <b?’7b\'

A A A A A A A A A A A
Eﬁ/ﬁk)‘ﬂg /} LFIR'fMH;[LSun-'IM-Sunl
SPiCA Gracia-Carpio et al. 2011, ApJ, 728, L7 27




A FGRD A A—

SPICADA ) E LA EE
FHEIHREEDREDAEEE

=& Secular mode

Burst mode star-formation . PN
star-formation | AL DR K V5

Burst mode
star-formation

AGN-induced
ar-formation

AGN
-dominated
—>

87 1 2 3 FHEB

ik A ———t—1
1 2 3

Secular mode
star-formation

28

AGN-induced star-formation

3> BIEEAH DT EMN S0
ZzEVTI00BRRED YT ILHABE




BEERENTHAMERT S QR Kl N

fth dDfacilityEd SOEBER D E#M (06m) 19954
R D LL R HOUEERZEMO M) 20064
16
= v SOFIAZ xRSl
E W O&E25m) N—LTLFEHEER
E 2ZE 9T — ‘1&..-Enilﬁﬁ"? Sm)
R E T E T B
i# EEE » | 20104
H {E'r'itm
ﬂ 10-18}- ﬁf
- — JWST, ALMAL tE¥ & &
= EEROAYAORE
E.'L"'- 10191 ‘l....lll’
3{ 20205 % ALMA— ks g
SPICA [ R
JWST
EESEH
(6.5m) ——— - L —
20340 100 200 350902 1S A—FkJL

EE
20-210umMD ERFIEICNFETHRERE D 5 R Z 1 Dfacility h <,
2025 F ETIZIRBMN T EINTLAALMA, IWSTO REE L LERTIHTLLE
DIRI=YUDH B, 45(236-55umE (L. 19954 (23 TH LTS NF-ISODHH

SrPICA HBOBAICIIFROATEY, S5ITIMLEREICENHS (AR, 29



Tentative) raual S

Time Allocation Plan

Program Plr:)oe[;ir(i)edty Fraction
Core Science Time 1 year 25-50 %
Guaranteed Time 1 year TBD %
Open Time 1 year TBD %
Directors Time None 5?7 %
Calibration Time N/A 10 ? %
Performance Verification None <1?%

Operation: 3 years (nominal), 5 years (goal)

Space Infrared Telescope for Cosmology and Astrophysics
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Operation Plan (Tentative

Opgrational Ground Segrr:ent4 Science Ground Segment }
NAOJ
JAXA SMI
Control C.
% Mission (ICC) Science SPICA East Asian
Operation Operation Data User

JA).(A Center Center Center Communit
Stations | (moc) (S0C) (SDC) Y
ESA

SAFARI Control ESA European
% Center (ICC) Science Center User
ESA (ESC) Community

Stations

Space Infrared Telescope for Cosmology and Astrophysics



Long-term & Summary

e Assumptions
ESA project will be selected as a CV M4 program

JAXA project approval is expected prior to the final
selection of the M4 mission

Telescope Assembly requires 6.5 years (TBC) from the
ESA’ approval to the FM delivery.

e Launch year
Nominal: 2025/2026

e Science Interest/Case Is the First Step,
and It is always the Base of Our Activity

® JETFAETIHHARITF—RERILL T/
EET, ChsdLsL (55/55& WWET,
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