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1. Dust bands (organlc matter, mineral, |ce)
2. Extinction-free metal lines
3 Molecular hydrogen Imes
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4 SPICA/SAFARI Fact Sheet

SAFARI Overview SPICA Mission

= Three band grating spectrometer - ESA/IAXA collaboration
= Continuous spectroscopic capability from 34-210 pm - Telescope effective area 5 m?

= Primary mirror temperature 8K
VBV ENT - Goal mission lifetime — 5 years

1) MW Lw

Parameter

Band centre / um 47 85 160

LW band
MW band
SW band

Wavelength range / pm 34-60 60-110 110-210

Band centre beam FWHM 4.7" 8.6" 16"
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Point source spectroscopy (50-1hr) Low R mode

- High R mode

Limiting flux /[ 102 Wm-2

Limiting flux density / mJy

Limiting flux / 2102 Wm2

Limiting flux density / mJy
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Mapping spectroscopy’* (50-1hr)

Limiting flux / x10-20 Wm-2
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10° 107 10° 10"
Source flux density / Jy

relative to background limited case
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Limiting flux density / mly

Limiting flux / x102° wm2 Eﬂhﬁgag{sﬂﬁ;ﬂsﬁe& E;rii;:c‘:erdm;alx; as a function of target flux density, relative
The decrease in sensitivity is a result of the increased photon noise from the
target source

Data given up to the instrument saturation limits for each band (22, 37 and
73 Iy for the SW, MW and LW bands respectively.

Limiting flux density / mly

Photometric mapping** (50-1hr)

Limiting flux density / mly . . ) * Resolving powers are all calculated at band centre
** Mapping performance is for a reference area of 1 arcmin?

SAFARI GS Factsheet V0.61TO — 13™ April 2015

Grating spectrometer with sensitivity ~5x10-2° W/m?




SPICA / SMI Fact Sheet

SPICA Mid-infrared Instrument (SMI) covers
the wavelength range of 12-37 um

with three spectroscopic channels: LRS, MRS and HRS.

Wavelength range

Spectral resolution

Saturation limit

LRS

17-37 um

50

2y

18-36 um
1000-2000 @ (point

source)

1000 € (diffuse)

~ 140 Jy

a: A/6A=1000 at A=35 um b: A/6A=25000 at A=16 pm
c: A/6Ndoes not change with wavelength.

Field of View 600”x 3.7 x 5 slits 60" x 3."7 (slit)
FWHM 1”2 (12 pm) - 37 (37 um)
Pixel scale 0.”7x 0.7 0."7
Detector Si:Sh 1K x 1K Si:Sh 1K x 1K
Cont.
sensitivity 20 — 140 wy 200 — 4000 wly
L 3
O  (1hr, 5sigma)
§ Line sensitivity (6—23) x 10?0 (3-40) x 10%°
£ (1 hr, 5 sigma) W/m? W/m?
é Survey speedd ~ 45 arcminZ/hr ~ 1.5 arcmin®/hr
Continuum Line
Y  Sensitivity ® 7
5 1hr 55igma) 0.1-05 (0.5-2)x 10°
‘~‘0= MJy/sr W/m?2/sr

22000-33000 &

12-18 um

25000 ©(diffuse)
6”1”4 (slit)

0.”5
Si:As 1K x 1K

2—-4.2 mly

(1.5-3) x102%°
W/m?

(4-8)x 10710
W/m?2/sr

~ 1200 Jy

‘

@

d: survey speed for the 5 sigma detection of a point source with the continuum
flux of 100 wly and the line flux of 3x10** W/m? for LRS and MRS, respectively.

e: sensitivity for a diffuse source in a 4” x 4” area

(point
source)

Spectroscopy
with SMI-HRS

+.- PAH-band mapping
with SMI-LRS

Spectral mapping
with SMI-MRS

Sensitivity for a point source f (1 hour, 5 sigma)

10

T

HRS {107'°

=== High background

Low background

1107°

Continuum sensitivity of SMI-LRS (uJy)

25 30
Wavelength (pm)

15 Mly‘g'[s_r{(Loy) at 25 um.

35

» f: Background levels are assumed to be 80 Mly/sr (High) and

goSlit viewer for LRS: 10'x10" FoV, A=30-37 pm (A =34 pm)

o

Py

o
A5
o

Line sensitivity of SMI-MRS,HRS (W m™)

1 0'20

SMI Factsheet v4 — 18 May 2015

3 channels: LRS (10’°slit x 5 + 10°x10’ viewer), MRS, HRS (R=25000)



Star-forming galaxy at z = 3 (L = 1x10%% L) -

Syl

HBLR
AGN2 [OIV]
non Sy
Starburst (Bernard—Salas’09)

Rest-frame wavelength (um)
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[Ne V], [O IV] are robust tracers of AGN. EW (PAH): SF/AGN power ratio
[Ne I1], [S 1], [O HT], [N 1], etc.: tracer of gas
density, temperature, metallicity. PAH bands: much stronger than

Gas Lines: reliable estimate of physical conditions  gas Jines
of star formation activity.



How deep do we need to observe?

SPICa

Integrated luminosity function suggests that major contributors to the IR luminosity
(‘main sequence’ galaxies) become more luminous with redshift.
At z=3, galaxies with L=1x10%? L have to be observed to understand the IR luminosity

density. : Evolution of luminosity function
-2 ? 3
Integrated luminosity function x T3 1
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For SF galaxies at z = 3 with L = 1x102 L
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Log [Intensity (Wm™)]
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For SF galaxies at z = 3 with L = 1x10%2 L

JWST/MIRI

[Nell]12.8um

i H, S(1) 17,
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Gas line & dust band diagnostics:
nearby Universe - distant Universe

Atomic gas line m purpose Molecular gas lines m purpose

[SIII] 18.7 um SF n,~10% cm3 H,17.0, 28.2 um PDR/
[CIIV] 20.4 um  SF C-shock

G ~105¢m3  HD 56,112 pum PDR CO-dark
[Arlll] 21.8 um SF (vf/JWST) gas tracer
[Felll] 22.9 um J-shock temperature OH 53, 34, 119, 163 (P:_Dﬁ/ y
[NeV] 243 um  AGN ﬁgh-J o C-:hgﬁk
[OIV] 259 um  AGN O =

[Fell] 26.0 um J-shock

SHI33.oum oF U bt band |  purpose |
[Sill] 34.8 um  J-shock/PDR . indicator _| purpose

n.~105 cm?3 H,O ice 44,62 um PDR/MC crystallinity
[Nelll] 36.0 um  SF (wJWST) . i | T
n.~10° cm? rystalline silicate /MC/ logy,
[Olll] 51.8 pum SF metallicity 24 — 69 um SM/SNR crystallinity
[NII]57.3 um  SF temperature et
> H metallicity graphite 30 um PDR/XDR  crystallinity
n,~103 cm’
L metallicity MgS 30 um CSM/SNR
[NI1] 121.7 um SF n,~102 cm3
[0I] 1455um  PDR , 720 0l i SR
[CII] 157.7 um  PDR N, Carbonate 20-100

[NI1] 205.2 um  SF n,~102 cm3 m
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Evolution of galaxies
‘How well do simulations simulate our Universe ?

Cosmological hydro-dynamical simulations Semi-analytical models (SAM) can
(CHS) are performed based on the first principle explore a large parameter space

alllustris:VogeIsberger et al. Nature 509, 177 (2014)

(W X L5 DM halo N-body simulation
Latest simulations successfully Feproduce (Ishiyama+15)

‘ sna%hot %the present uni,verss. " ; ».'f-.’f"' T 4

with ~10'®™Fesolution eleMients | S8 R Mitaka model
Ellipticals - T, ‘ A - @ (Makiya+15 in prep)
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Evolution of galaxies

How well do simulations simulate our Universe ?

Cosmological hydro-dynamical simulations Semi-analytical models (SAM) can
(CHS) are performed based on the first princif  10°

alllustris:VogeIsberger et al. Nature 509, 177 (2014)

ysmic star-formation history
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Latest simulations successfully reproduce 2 hd ,\ - \
B "2 hot ofsthe present univers s Wr + )
Tt v J oW model ——
W|th ~10™Fesolution eleMents = o2
Ellipticals % —+— Hopkins 2004

—&— Pascale et al. 2009 (IR)
¥ Rodighiero et al. 2010 (IR)
Karim et al. 2011 (1.4 GHz)

Galaxy Stellar Mass Function at z=0

A

f ' ' ' ' ' | —®— Cucciati et al. 2012 (UV)
; b X (] poo i 10_3 = gouE ens fit f)% ”01[—} (UV) Model
E —*— Ouchiet e =
2r model I Mitaka model (SAM) (Makiya et al. priv. comm.)
— 0L 0 1 2 3 4 5 6 7 8
b -3r 7 “ .
o 1':‘:3 Redshift 7
Z 4 s o W " A P, 3
w. X — Model !
©
z -SF * Baldry+ 2012
%0 o Li & White 2009
0 -6
|
; Shimizu priv. comm.
Based on Okamoto+14 model
-8 1 1 1 1 1 ]
6 7 8 9 10 I 12 13
Log M, (M,)




SPICa

Discrepancy in IR luminosity density (Herschel) &£

Total IR Tuminosity den5|ty vs redshift

......... S e e e e e s e e e LA o s e e 275 T T T T T \
observatigns™ | |
; = UV Well reproduced |
10 é‘ 70 | -_
> 12|
O . L
o 15 xst
> | 3 R RIE D2 S
4 o PN
o 7 260 44 model
N g
10° Data : Gruppioni+ 2013 < Model
I - Modl?il, intgélzic
— = +—@— Hopkins 2
, MOd([a)lust Draine & Li 2007 - 8 i Bt 20
IIIIIIIII e 0 1 2 3 4 5 6 7
O 1 2 3 4 redshift z
redshift Mitaka model (SAM) (Makiya et al. priv com)

@ Top-heavy IMF in starburst is proposed to solve the discrepancy.

@ Dust process (growth and destruction) needs to be correctly treated in simulations.



Key issues to be answered by SPICA

There are still significant discrepancies between observations and
simulations.

Key issues to be answered:
(1) AGN contribution to IR luminosity at z~1-3
— To correctly estimate star-formation contribution to IR luminosity

(2) Variations, if any, in IMF in IR-bright galaxies as a function of redshift
— To understand the discrepancy in IR luminosity density at z=1-3

(3) Evolution of metallicity and dust as a function of redshift
— To understand the dust process in dusty IR bright galaxies correctly

(4) Effects of AGN feedback on the star-formation as a function of
redshift
— To understand the decline of SFRD for z<1 and the GSMF



Observations of AGN feedback

To study quenching star formation, molecular outflow has to be investigated.
P Cygni profile of OH lines detected by Herschel/PACS unambiguously shows the
presence of molecular outflow of ~200 km/s. Multiple H, lines forz =0-2 &

o OH P Cyg profiles of CO (v = 1-0) lines
forz =1.5-2.5 with SMI-HRS

:d) 0H119 Mrk 231_:

to observer

ﬂ 4 45 46 AT 4B 9 50 M 5

COv=1-0

P9 T P(0) T

Continuum-—normalized spectra

Spoon+ 2013 Ap) 775, 127 Gonzales-AIfQIIIOHg +2Q|4

05F 0 {00 Ol 20 A0 ks
L N A 1 N . .

A&A\ 5 8$6A27 W 45 5
] \ Rest Wavelength (um)
P Cyg profiles of : AV AT CO v=1-0 simulation
OH lines forz< 1.5 “oT A by Baba et al. priv. comm.
. - ror
with SAFARI S MR +
—2000 0 2000

AV Gam 57 Multiple atomic & ionic lines with SAFARI & SMI




SPICa -

The first formation of mineral & organic matter

How were the first mineral & organic matter formed?
MIR & FIR targeted spectroscopy of high-z quasars & star-forming galaxies

ngh -Z quasars (1x1013 Le) High-z star-forming gaIaX|es (1x10%3 L)
—z=7  SPICA (R=50, 10 hrs, 50)

—z=10
1000-— ;=6 silicate band & 1000 — 7 =5 R=300 with sensitivities,
g : 5 5x1020 W/m?2 (1 hr, 50)
= N =
x ] x
S i 3
SPICA (R=50, 10 hrs, 50)-
10 <— R=50 with sensitivities, | 0L
£ -20 2 3 =
: ST/MIRI /X107 W/m? (1 hr, 50) - < TWST / MIRI
(R=50,10hrs,50) 1 - (R=50, 10 hrs, 50)
20 40 60 80 100 200 20 40 60 80 100 200
Wavelength (um)

Wavelength (um)

€ Detection of dust from z = 10 quasars. Only ~ 50 M, dust is detectable,

thanks to high dust temperature.
€ Study of all the bands of PAHs in z = 7 star-forming galaxies.

Not only detection, but also characterization of the first mineral & organic matter.




Observation plan

Targets observed by Follow-up observations
AKARI, Subaru, Spitzer, Herschel, ALMA, SAFAR| SMI-HRS || SMI-MRS
JWST, Euclid, SKA, TMT, ATHENA, TESS, PLATO,,, SPEChO

€ high-z galaxies, AGN outflow, @ Pointed spectroscopy

nearby dwarf galaxies,,, @ Spectral mapping of nearby

& proto-planetary disks, debris galaxies

disks, exo-planets,,, @ Spectral mapping of Galactic
objects

Unbiased survey | SMI-LRs . e
(17-37 pim, R=50-100) + (34 um R=5) AR .
? 10 deg blind survey (600 hrs) [smamsbindsmey
(51,000 PAH galaxies 3,700 AGNs 13,000 MS stars) | (g SRS RRRIt i MO S
@ 1 deg? blind survey (500 hrs) . N j, e

w-up by SAFARI (%

Fainter objects
(sub-L* galaxies, Debris disks with ~2 zodi)

For the same observational time & limiting flux at 25 um
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Work-Sharing Plan

- Telescope
(ESA)

Payload Module

B - e

@ Cryocooler

Bus Module
° - I
@ Launcher

AAAAA

i 3 § :

'

SPICA Data Center

(NAQ)J)

Focal Plane Attitude Sensor

o =) [l

Focal Plane Instrument Assembly

-

N

FIR Spectrometer
(SAFARI)

NL + European countries
+ Canada & US

MIR Instrument (SMI)

Exoplanet Spectroscopy

VAN

I
| NP (SPEChO)
I
I

UK & European countries

Science Community
JP, Europe, US, KR, TW,,,
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