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RIBRENFERXFE SPICA

(1) 150 5 kmiE A D SPICA (Space Infrared Telescope
. for Cosmology and Astrophysics
FHAXAE (@L2) i physics)

FHMNETTR EEFEICK
D ZIRTENREFRICTKD,
AinEENELXEHERZ D
S U BiEZ BT 5 —

e I e JAXA + ESA
K3) BREMIR e A=12-230 pm
— FIRGE S B o 2027-2028FD¥] 5

JAXA / SPICA Team

2) KRORAH LS FFEBET.

(SMI - SAFARI)
(2.5m, < 8K)
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SP:CA / SMI Fa_ct Sheet o=

B-BOP(|BPOL) 770k —h

BV ISR

" Safari: instrument design of the far—

infrared imaging spectrometer for

BV IR
"SPICA mid=infrared instrument
(SMD): conceptual design and feasibility

spica
W Jellema et al,

ICS0, 105631K (2017)

studies”
Kaneda et al.

SPIE, 106980C (2018)

ZRBYISHA

“Probing the cold magnetized Universe

withSPICA-POL (B-BOP)”
Ph. André et al.
PASA (2019) To be published.
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S P I CA / S M I Fa Ct S h e et *ﬁ’ﬂ&tﬁ-}?ﬁ%ved .R:ZOOO at|z=3 —R=100 at z=3

SPICA Mid-infrared Instrument (SMI) covers |
the wavelength range of 12-36 um with four channels: “ R=30000

_spectroscopy (SMI/LR, /MR, /HR) and imaging (/CAM). %2 20 25 wi? G
ICAM Caad
Parameter SMI/LR | it viewer Ve a7 £ i
for SMI /LR High-speed spectral mapping
* - % and wide-area survey”
Band centre - um 27 34 27 S/ + with SMI/LR and./CAM
Wavelength - um 17 -36 34 18 - 36 12-18@ £ RS
Spectral resolution R 50 — 150 () 5 1300-2300® 33000 ©

(diffuse source) (20 - 110) (1100-1400) Spectral r}m"é'bgf}\g

Field of view 600" x 3.7 600" x 720" 60" x 3.7" 4" x1.7" with /MR
4 slits 1 slit 1 slit
Band centre FWHM 2.7 3.5 2.7 2
Pixel scale 0.7x0.7 0.7x0.7 0.7” 0.7
Detector 1K x 1K Si:Sb Si:Sb Si:Sb Si:As

Point source sensitivity (5 o/1 hr)@
Continuum - pJy 25 () 13 280 ©) 1400 ©)
Line - 100 W/m2 (@ 3 2.8 1.0
Survey speed - arcmin/hr © ~28 ~4500 ~1.8

Diffuse source sensitivity (5671 hr)d(h)
Continuum - MJy/sr : :
Line - 1010 W/m2/sr 0.6 1.5

Saturation limit — Jy ~1000 ~20000

[EEY
<
[y
~N

[N
=)
(=
0o

=
o

- == High background(j)
Low background

(zW/M) ¥H/ “dIN/ 104 Alialisuas aul]

=

Continuum sensitivity for SMI/LR (uJy)

(a) continuous coverage up to 18.1 um + partial coverage for H,0 18.66 um. v
(b) A/6A = 150 (SMI/LR) and 1300 (/MR) at A = 36 um. : ’

(c) designed for A20 um diffraction limited PSF. ’ " . 3 :
(d) sensitivity estimated with Fowler-16 sampling for SMI/LR and /CAM (0.5 Hz), (g) survey speed for the 5 ¢ detection of a point source with the continuum flux of
and with ramp curve sampling for /MR (0.5 Hz) and /HR (1 Hz sampling). 100 Wy for SMI/LR at A = 30 um (/CAM at 34 um) and the line flux of 3x10-1° W/m?

!

(e) continuum sensitivity rescaled with R = 50, R = 1300, and R = 25000 for for /MR at A = 28 um, both in the low backgrowd case with overheads of readout
SMI/BR, /MR and /HR, respectively. time included (32 sec/frame for SMI/LR and /CAM due to Fowler-16 sampling).

(f) sensitivity for an unresolved line. ‘ f%);ansitivityj?r 4 ?iffu{}f“sp$rgedi? ab4”é(04l'\’/l(JS|>/”/2_I5" {‘I;/IR)dOESZ’I’\;(JZ}’ ar((ia (/)H ch).25
i) background levels are assumed to be y/st(High) an y/sr (Low) at 25 pm.
SMI Factsheet vl2 - 16 May 2019




4~ SPICA/SAFARI Fact Sheet

SAFARI Overview %8 SPICA Mission

- Four band grating spectrometer s ESA/JAXA collaboration
« Continuous spectroscopic capability from 34-230 um & ;e - Telescope effective area 4.6 m?
R Primary mirror temperature 8K

Parameter Waveband "= Goal mission lifetime - 5 years
sw MW LW

Band centre / um 45 72 115

Wavalength range / 1m 2455 54-89 87-143 140-230 System p.erformar_lce v.s. target ==
flux density, relative to the —_  LWhband

background limited case _ MW band
Band centre beam FWHM 4.5” Z.2" 12% 19" » The sensitivity decrease is due SW band
to the increased photon noise
= from the target source
Point source spectroscopy (50-1hr) 2 Datagiven ugp =
L R R instrument saturation limits for
Limiting flux / x10-2° Wm~=2 2 : : ; each band (31, 51 and 87 Jy
for the SW, MW and LW bands

Limiting flux density / mly ; : : : respectively.

=i
o

[ ——— LR mode
: ....................... HR mode

Limiting source performance
relative to background limited case

Limiting flux / x1072° Wm™=

—_

10° 10" 10 10°
Source flux density / Jy

—
o
w

Limiting flux density / mly

Mapping spectroscopy” (5c-1hr) SAFARI/HR resolution as
function of wavelength

Limiting flux / x10-2° Wm-—=

Limiting flux density / mly

Limiting flux / x102° Wm=2
Limiting flux density / mly

Photometric mapping* (50-1hr)

Limiting flux density / ply 209 192 239
Confusion limit (50) 15 ply 200 ply 2 mly 10 mly

(' Sensitivities based on detector NEP 2x101° W/VHz
* Mapping performance is for a reference area of 1 arcmin?
di— SAFARI SAFARI GS Factsheet V1.0 — 30th September 2016

- R=300 for LR case
- See for more details: Explanatory Note to SAFARI Fact Sheet on https://spica-mission.org/instruments.html#safari




Sky Visibility Contours (days per year) Ecliptic poles have the highest visibility, while

EaTleﬂ%”dthe O?ged”’ation Angle Constraint the ecliptic plane has the lowest visibility (~16
0 eg. -10 deg . .
new shadow cone with 6. = 13 deg days/year). O HST Frontier Fields

min =20 days/year, max =316 days/year

OU ﬁ
Galactic

T Plane

90

120

Dec. (deg)

O




SPICADHIR (1/2)

e SPICAERD=®»ICId. ESAOFHRIZE IO T LT %Cosmic Vision
ORIy g U558 (M5) EUTERIRENG Z &EAmE,

o M5ICILEDH - I2255THIICT T 52— REBEBEDFER. SPICAZZL3DD
=HEH2018FE58 [CERIR,

e M5DERIXMEMITTEMNS. 2021 FDEEIC15HED IR FE,

| Radiators
Radiators for XSls

for XGIS



SPICADIRIX (2/2)

o ZOMSICEEIRL I DIRRIGEED. HRROW G TR BRETNTL
DERFEIC3H B,

o ESAfH|TIEXSPICA Science Study Team (SST)/DERE I 1. FTDTIC
Science Working GroupHh'FE. 20204 (C”Yellow Book’ 2 iRETE (%
RANDEE) o

e HATIX. FHMFTROABEEKRE L LT, SPICARIEEZE=H2018

FEAICHKTE, D TIC., TSPICAUA TV AEFTE] ZRE. ERMAR

ZICSPICANDEREZ RO THLEWVW., ZLODEEY AT VA ZHRWNHLT

Qu

=& B2 & T, Yellow BookfERXIC E@K?éo
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spica-starformation-ism@astro-th.phys.nagoya-u.ac.jp

spica-planetformation@googlegroups.com

spica_planets@eps.sci.titech.ac.jp

ﬂié 'fZIK%*J‘ (ver.191104) | &Y E & ®: REBE(RERN), H#1I52T(NAC)) | (mwreg)
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S E%(NAOJ) e Tk (NAOJ) = — K (NAOJ) TBIR(ERIR) KIFESZ(ISAS)
WM Sic GEA) VoA (BRK) KEETF (REK) AR AKEN(SAS) KEFFIE(ERIK)
AREEF(NAO)) || FTRE(EX) w555 (ABC) FIgrsE (BRI K) BEREETIRXR)
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2 4 LA (BEN) BRI (RIEK) Z#28+(NAO)J)

° ' HRAE(ER) & 1522(ABC)
‘o N B (T A)
- BB B C28IEI A S ET34 (M. BER5E)ASN R
- FRFE TR L7z ESA SST @ Science WG (26550 7J<7|<§;§Z$(ISAS)
B A =YY X b FHEOH 3 (HEK)
- #RABHIE L spica_swg_highz@googlegroups.com
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iRl &7 7Y 72— ILDOFERNIEL

Lookback time (Gyr) 0 —— — T
o 0 2 4 6 3 10 12 I Herschel (500um) ]
—U. LN [ ' IR _ [ sb (M82+A220+ysb) ]
'Cosmic SMBH accretion history Tus L quiescent .
i ] 3 Constant? |
a- -0.8 -
3 _ IR ] =
Q. - 7 l;_|—1 ]
= ! =
T -1.2 o
5 2
> i -l1.5 —
EQ -1.6 %‘ |
3 o°F + !
! Madau & Dickinson 2014, ARAA, 52, 415 [ ]
o4 I . | . | A R B B —RO ——— 3
0 1 2 3 4 5 6

Redshift

o JAMNELREENDSMBHESE ©RRDRGREZEELZ R,

o /=72 L. z>4DIR luminosity function (SF) [C I RERARTEMEDD B,

o BEWLWKMAEHEHT . dusty star-forming (+ AGN) activityD £3R = IBEE L =L\,
— FRAHFED ? BHDTED ?

T




High-z galaxy®”PAH” Y —~ A

Toft+14

How do galaxies co-evolve How do environments affect

with cosmic structures? the galaxy evolution?




Imanishi-san’s

slide

e e 0
l
' 3-4um 2<0.15 ULIRG Subaru |
l , 0
: SB _ Buried AGN AGN+SB |
! o[ IRAS 11095-0238 | ~[ RAS 08572+3915NW e IRAS 00188—-0856 :
0 | 3.3um PAH I J,‘c’{' 1 S 1
l ol PAH v 4 21 3.3um PAH (7)/1 i I {*&# )
[ ! ' Tk G I s 3.3um PAH {]
: Ll 3.3um o 4_,;/.. { S | TS -:
I ; 1 9 E BChE . 3 3.05um o \\‘@34
bt 'Hl“*“'l ',|“e’ AU A 2 el "1';" Bare = S Lot et ]
: o 1 1 L 2 .| | L . ! 1 - o : . | . \ \ , 13'4.““‘ 3I4um (@) 1 a¢ 5‘\‘@) Ol L | .
' 3 3.5 4 3 3.5 4 3 3.5 4 :
EO - IRAS 1'40'60'+é<sajsa'm'i ] PR mior i IRAS 17044+6720 ' E
~ : WE ! 3;«3 PAH
g ' ] 8 3.05um saum | ST ' 1
: L‘(_) . PAH - o b i 5 S.ff.m ,.:
1of S:3um IR S N w0
: I | } | N : 8 T e )}mﬂ ¥l 4:
1oF X fepte 4 S Ice Bare | |
:oF i L. 3. Aum . 3.4um - . — ;:
: i
 PAH strong (SB): PAH weak (AGN): lenath!
: waveiengini
, Dust abs. weak Dust abs. strong ; :
i Imanishi+06 i



SPICA SMI Deep Survey?

Umehata et al. 2019

Kaneda et al. 2017 N
‘ 1.0
- 2500 ()"—4
S SR 0.8
£ S 2 )
E > o -
© 3 o 20'00.0" 0.6 2
m =
N Q % =
- o = | =
Sﬂtﬂ T Dispersion §. :é’ 15'00.0" L0472
| 4, direction &G
( ) +0°1 o'no‘n"-ﬂ 0.2
10 arcmin 50 cMpc o
— - — , : 0.0
30.00* 1800.00* 30.00° 21 7700.00°
LR CAM Right ascension (J2000)
SEEEAEE EEEEEEEEE EEEEEEEER EEEEEEEEE EEEEEEEEE T U . I R TR R RS T RS S M
: (b) SF1 00% : . - (e )SF50%+AGN50% s
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- 1 400
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3 : 1 3 300F
Py Ny
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Spinoglio & Malkan 92, Spinoglio+17
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SPICA SMI Deep

PAH Survey?

Y NAEHEE
‘S’jﬁf};‘fﬁgi (@) W“lig ..' Deefl’ ". o JEERICKEDIFEN (—AxmEiE) N
Number of fields (10’ x 12’ as a unit) 300" 30 | AN O b
Time per field w/o overheads (hours) 1.45, 18.85 PAHZ 7 Cz ~ 2-4IcRRS NS
Total time incl. overheads (hours) 600 % 600 h CHIfF SN TL S,
On-source time (sec) 90 . 1170 r o g o »

Kaneda et al. 2047-"  ° :@ﬁk%%)ﬁﬁnﬁﬂﬂ] JHRE TH B

PAHCTRIE S NS IRAIMOHARHE (FEIMAIZAGNE DIRA)
Redshift

log(Lir/Le) 0.5—1 1-1.5 1.5—2.0 2.0—2.5 2.5—3.0 3.0—4.0 > 4.0
13.00— 0 (0) 2 (1) 9 (4) 25 ( 10) 46 (19) 23 (10) 52 ( 18)
12.50—13.00 7 ( 3) 65(23) 159 (58) 250 (93) 308 (122) 165 (70) 73 ( 25)
12.25—12.50 32 ( 11) 182 (63) 301 (107) 351 (131) 356 ( 144) 150 (42) 46 ( 0)
12.00—12.25 114 (39) 445 (153) 552 (196) 540 ( 204) 457 (167) 106 ( 10) 1(0)
11.75-12.00 297 (101) 819 (281) 813 (290) 614 (182) 338 ( 10) 24 ( 0) 0(0)
11.50—11.75 606 ( 205) 1225 ( 420) 933 ( 269) 422 ( 6) 49 ( 0) 0 (0) 0 ( 0)
11.00—11.50 2592 ( 874) 2754 ( 567) 826 ( 27) 48 ( 0) 0 ( 0) 0 (0) 0 ( 0)
10.50—11.00 3574 ( 804) 466 ( 0) 0 ( 0) 0(0)--==-0£0)===-04(0)__0(0)
~10.50 1031 ( 20) 0(0) 0(0) ,-==17(0) 0(0) 0 (0) 0(0~,
Total 8254 (2057) 5957 (1507) 3593 (951)+,2249 (627) 1554 (462) 467 (133) 172 (49)

«
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AGN feedback (outflow)

20 40 0 10 50 30 a0 20 _-10 c? ﬁset1[gpcl 20 30 40 velocity
i g0« 4
= 0
1 3
5 | 5} [o|||] FWHM 140 Mrk 231 Neutral gas I
4t _.30 Al 130 Jet Axis
3l . 3t 1-200
. 120 _ 120 g
2 2| { g %7 g
.%1_ -10% %‘I- -10§ _ ity
%0_ I, % {o 5 é_ 1400
1 H Gl :_10 T - 1-10 — .
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3 120 5l -20 ~600
A [1 2] 345730 A [1 é] 5% 5 0 ' Rupke et al. 2011,
offset [arcsec offset [arcsec Apd, 729, L27
Nesvadba et al. 2008, A&A, 491, 407 i ORISR 800
0 1 2
o AGNERHE) S /=& Foutflow|ISEEL [CERHI S [kpc]
TW5, B ZBABLMD, (see for a recent 0.03 |
| Feruglio et alf 201
review in King & Pounds 2015, ARA&A, 53, 115) FASA, 518, LI5S

 Molecular outflows® Z#FEE N TE TL) ?
ZiEoutflowd >5, B2 XKEn = ]
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SPICATCHASAGN outflow (HiHEZ%iE)

- BESAEEZSR (Z22028)
. vibration: v=1-0
. rotation: AlJ==x1
. simultaneous observation of multiple J

. basically observed in absorption

. can effectively probe the vicinity of AGNs

host galaxy

'\ S BH
\ o
accretion dis

dust sublimation layer

Normalized Flux

energy (K)
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N N g
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SPICATCHASAGN outflow (HiHEZ%iE)
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SPICATCHASAGN outflow (HiHEZ%iE)
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SPICATHINSBAGN outflow (AR —ILiE)
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Dust budget crisis
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850 um continuum / F160W [O 1] 88 um / F160W F125W / F140W / F160W

—24°05'35.0"

-35.5" Q Q @ ©

Declination (J2000)

z = 8.31
@ FTxbmE

4M16™09.485 09.46°  09.44°  09.425 09.40°5 09.385 09.36° 09.48%° 09.46° 09.445 09.42° 09.40° 09.38° 09.36° 09.48° 09.46° 09.44°  09.42° 09.40° 09.38° 09.36°

—36.0"

Right Ascension (J2000)

¢ ITEDALMAELAIT, CLKHHOFHDIEAICERKEDTY A MNDIFET S &
HEHLTH D, #OEBEEICEFENEFXT > TS,

[

o BRABYIBEBEZHMAALIZT ANERETIL (e.g., Asano et al. 2013) (&
FET DN, FORIAEDIEDHICITPEIFE COLEREAHN A,

* SPICAD[i VKR KRcoverage & [EEIFV/REEICHARF | - TN S AF5E(Z203a)



“Dust-free” quasar
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