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V{5568 AT (FEBE < 100Mpce)Z X%
1. ZEHESEELEER DKo TOYE EFE
2. BEWVRBAECEO-EBN(TRAEEEE-SRANEEZD

galaxy z=0 superwind nucleus
. 4 _ i gas/gust reservoir

HREL

stellar populagion
. i\ : S
. SM_ . PN .
metallicity | . LR .
dust/gas ratig ' K. |
A B AKARI g, J\%
,;,fSRF, shon ‘ - Spitzer ., Herschel
| |
S

] ; y
Q) merger ST PICA \| ALMA

AR
3 10  wavelength (um) 100 1000
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Spectroscopy with Herschel: only bright regions (giant HII regions,

nucleus, etc) and only a few bright gas lines (JOI], [OIII], [CII],

ete).
6 [ — - - T ] 6 [~ v . T ]
| © DGS dwarf galaxies disp: 0.64 (0-64)+dex,’; .| © DGS dwarf galaxies disp: 0.62 (0.47) dex
~— 4[| A LUNER/Seyfert 1 — 4[| ALNER/Seyfert A
[ i [ ' -
‘5‘-\ | ‘7/. ;.‘. ’:,‘. > |
s oL 4« high—z upper limit e -q\_* 7 s of + high=z upper limit i
= Tt \ = T} 1
o or 1 & O ]
w i 7)) I
o | o .
- =2r 1 - =2F n
[ .2 A De Looze +14 |
-4 = 2Z , . [ . —4r A . o - ¢ . o+ . ¥ . . 4 4 . 4 .
2 - b 3 10 12 2 A4 6 8 10

log Lygy [Loun] log Ly [Leon]

(Left) SFR vs [Ol] luminosity. (Right) SFR vs [CII] luminosity.
SFRs estimated from FUV and 24 ocm fluxes.

Very tight correlation between [Ol] and SFR over 8 orders of magnitude!
Gas line diagnostics using 10-20 lines to understand underlying physics.
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Low-metallicity dwarf galaxy I1Zw18 (Z = 1/30 Zg,,,,) with Herschel
Fisher et al. 2014, Nature 505, 186
I L N N

PACS 100 pm

HH |
\

\

\

\@

\

\

20

Declination offset ()
=]

|III|III\|II

Dust mass/gas mass
=)
da

@ z
-10 0 3%_%
-20 10 = = ©0n Small Magellanic Cloud @
Color: 100 pm - O WLM @ -
-30 Contour: H B Local galaxies @ O
28 A b 107 __3; open: local area 1Zw 18 O &7
_50 B T ﬁlle: Whole| galaxy | | ]
50 40 30 20 10 O 10 20 30 40 50 ' ' ' I
Right ascension offset (") 7.5 8 8.5 9
12 + log(O/H)

Analogues of galaxies in the early universe. D-to-G ratio~1/200 times lower than
expected ! Already SF-active. Is dust formation just started? Different star
formation mechanism from that in local universe (i.e. inefficient dust cooling).

& low-Z dwarfs SBS0335-052: D-to-G 4 times higher than expected! Hunt+14

What determines the relation between D-to-G, metallicity and SFR?
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= “Unbiased view” = volume-limited sample
* Fill the parameter space of SFR vs metallicity = D =100 Mpc needed.
= Cover every morphology (spirals, ellipticals, lenticulars, dwarf/irregular/others).

and a wide range of optical luminosity (stellar mass, age)
SFR [M g yri]
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01 o "$
* NESE? [ ]
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VIIZwa03 @5851211 ¥ Joi1214
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vecthes  HS0822 8
® '29®  gsssoss N
d 100kpc 1Mpc 10Mpc 100Mpc

1”1 05pc 5 pc 50 pc 500pc 7



SRS T

"Before SPICA, Euclid will detect a huge number of low-Z dwarf galaxies.
To study dependence on each parameter of SFR (10 grids), metallicity (10),

optical luminosity (10) and morphology (4), we assign one galaxy to one cell in

the 4-D parameter space. = ~4000 galaxies needed. They are also needed
for multivariate analyses.

Spectral map for every
galaxy =

templates for studies of
distant galaxies

* Full detailed maps for
sub-sample of
100 galaxies
with D ~10 Mpc

~7500 galaxies at z < (.02
from SDSS catalog

Metallicity 12 + log (O/H)

94

92 |
g |
88 |
86
84
82
g |
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22

1 20

1 18

{1 16

14

12

specific SFR (SFR/stellar mass) log (M ./ M) [1/yr]

g —band magnitude (mag)
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Sensitivity

1Zw18 (lowest metallicity, faintest) => [CII] 6 x 10-'3 W/m? (Herschel)
=>x1/10 => 6x10"'°* W/m? => OK for SMI, but not for SAFARI (9x10-1° W/m?).
0.5 MJy/sr @ 20 mm, 10 MJy/sr @ 100 mm => OK.

Spatial resolution
100 pc @ 10 Mpc (10 mrad) ~20 mm / 2 m (10 mrad), => barely OK.

Spectral resolution
R >1000 => OK for SAFARI, but not for SMI

FoV size

2°x 2’ => OK.

Y

Observation time

SAFARI 3900 galaxies x 1 pointing x 0.4 hrs (average) ~ 1600 hrs

10 Mpc sub-sample: 100 galaxies x 9 pointing x 0.3 hrs (average) ~ 300 hrs
SMI Cam: 4000 galaxies x 1 pointing x (0.05 hrs x 2 filters) ~ 400 hrs

Spec: 4000 galaxies x 3 pointing x 0.1 hrs (average) ~ 1200 hrs
Total: 1900 + 1600 = 3500 hrs
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MIR: R=50TI10FEFE

FIR: 3—5 9B DT YX LSS
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INTIRF1ER ORI
5%, EQRITDT—H5%
A= TAMNRHTUNNDD
EEBAEREL LAD—
H—A_AZEY EIFTLK
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MIR broad-band imaging (R~3)

Full spec
~0.5 deg??
[~1000 hrs]

MIR deep SED (R~20)
~2 deg?? [~2000 hrs]

MIR shallow SED (R~20)
~5deg?? [~2000 hrs]

~20deg?? [~2000 hrs]

FIR confusion-limited imaging (R~3)

~100 deg?? [~2000 hrs]

>
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>
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FIR targeted obs (?) <:> Full spec

MIR R=50 -

~0.5 deg??
[~1000 hrs]

MIR deep SED (R~20)
~2 deg?? [~2000 hrs]

MIR shallow SED (R~20)
~5deg?? [~2000 hrs]

MIR broad-band imaging (R~3)
~20deg?? [~2000 hrs]

FIR confusion-limited imaging (R~3)
~100 deg?? [~2000 hrs]
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"COSMIC HIGH NOON"

The peak epoch of galuxy/SMBH formation/dust extinction: 1<z<3 (6>T_.(Gyr)>2)
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Star formation

Madau & Dickinson (2014) |
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DSBORAIL ? BADESWHF=FH Ry F/IN—RAF?
AGN;E%“:&@ Bﬂgfi I e Working Hypothesis

Inside-out growth of galaxy clusters as revealed Dusty starburst
by MAH~ LO-Subaru project 4 (mergers?)

Starburst mode is
more prevalent
in proto-clusters!

Dusty starbursts (red HAEs/IR galaxies)
should hold the key to understanding
the environmental effects |

@ : passive red galaxy
@ * : normal SF galaxy
X : dusty SF/AGN Passive N
© Yusei Koyama Stellar Mass (M*)

fast track

Star-forming
main sequence

late track

Star Formation Rate (SFR)
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1. ERE/N—XMMERHIRO MR 1 EMERE | ETRE ]

SPICA (2m) sensitivity to dusty star forming galaxies
(PAH rest-7um feature)

1hour integration, 50 limit
Chary&ElIbaz (2001) template SED is used.
Z A L(IR)/L, SFR(IR) [M/yr]
20 22um 2.9x10% 5.0
25 27um 6.6x10% 11.4
3.0 27um 2.4x10"  40.9 ©Y. Koyama
3.5 34um 9.9x10" 1714
40 34um 3.1x10'2 537.1

LIRGs to z~2.7, ULIRGs to z~3.6

~10 X deeper than AKARI, Spitzer at 20um
~2 X deeper than SCUBA-2 (8hrs) at z~3.5 in SFR
+ ALMA is deeper at z>2.5 with 30 times better resolution,
but with 600 times wider field of view
30-40um band is unique to SPICA (over Spitzer/Herschel)

—> Best suited to wide-field search for dusty starbursts to z~3.6
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Fundamental Metallicity Relation

Yabe et al. 2015 (to be submitted)
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BPT diagram
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Y ¢: Stacking analysis
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Yabe et al. 2014 log([NII]/Ha)
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2. SRIALEE DFBVA(~2) DAEEHA

WISH®DILIZ M5

WISH ExS (0.253

WISH UDS (1003

MIR deep SED (R~20)
~2 deg?? [~2000 hrs]

MIR shallow SED (R~20)
~5deg?? [~2000 hrs]

MIR broad-band imaging (R~3)
~20 deg?? [~2000 hrs]

FIR confusion-limited imaging (R~3)
~100 deg?? [~2000 hrs]
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3. Y J/2)RIERERIEE (CO/[CII] Tomography)&SPICA
Cosmic star formation history: # X TR D& (X?

lookback time (Gyr)

02 4 6 8 10 12
N L Evlur‘g';ir‘nella+i 7
TS
; 2 L4 1 ’ i
=" 3 & 2 | ?
) ‘ ’ - 1.5 _ @
5 CEY Y He
= 0 e
(] UV SFRD o ns+
E IR SFRD B
TOTAL SFRD :

@ 107 H =+ Vaccar ot al, n prop JE 8 05

= Hopkins & Beacom (2006)

== Berhoorl, Wechsler & Conroy (2013

=i~ Barger et al. (2012)

== Fil Irom this work n 1 I

00 05 10 15 20 25 30 35 40 0 1
redshift redshift
Burgarella et al. 2013 Madau & Dickinson 2014
%+ Cosmic SFR density (SFRD) peaks at z = 1-3. %+ Cosmic evolution of extinction.
%* What is the role of dusty galaxies at z > 47 ** What is the role of dustin z > 4 galaxies?
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3. D/ RIBERER AR E (CO/[CII] Tomography)&SPICA

SIXER (SCUBA-2 Imaging Exploration of the Epoch of
Reionization)

*850um TD L1 (33F A ), medium-deep (o = 3 mJy/B)
H—~d

FHENSOAT—MEoAA—T YT A

4D N L& EEESEE: XMM-LSS, ECDF-S, E-COSMOS,
ELAIS-N1
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3. D/ RIBERER AR E (CO/[CII] Tomography)&SPICA
SIXER: /4TI R

‘Herschel (HerMES)WMEERE CELMoT- 2 ~ TETHDSMGHEE
FAFTIRESNI-SFH, E B=E L. SR H
7 ~TETDH ANFFLHI

SMBHE& (X ERATD H AL
‘Low-zDIE;BEX X

*VIPERS Dz ~ 188 H> 7 JL(~ cosmic high noon)
etc.
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3. D/ RIBERER AR E (CO/[CII] Tomography)&SPICA
Continuum &8

* {Eresolving power (R ~50) T H BFRNMEERERBZ /
B 5853 5E (SMI)

» PAH/silicate [Z& 4 SIXER SMG O redshift # 5E/iRE

* AGN 2B (PAH vs power law)

It BRIGEFRNMED 53 5E (SMI, SAFARI)

» Spitzer/IRS [EXREEIZPRY HHY. PACS B HIEHFYITK
REHBEANEEN o7, [FIXKRBAHRD PRI GE)FRIMRIEFIE
SIIE, I /RRMHE DR

* SIXER SMG (£ BB, ZTCZCiRWUH D) 2T B,
FEEREZHET (metallicity, UV hardness, e/H density)
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3. D/ RIBERER AR E (CO/[CII] Tomography)&SPICA

Powerful wide (>10-deg?) survey for high-z sources

| xsmEsoun | (a) sensitivitytoz=2 ] - {b) sensitivitytoz=6
SCLUBA 850
10" H usoma?;:m SPT E 107 F E
[ | /. BOLOCAM 1.1 mm o ] [ o SPT ]
AZTEC 1.1 mm a (m]
MAMBO 1.2 mam X p—
PT1.4
o8 mm . _F
e =
SFT H-ATLAS =
x [E—
102 F . . - @ 102 F -
o
[ ] HerH.ESLs
. HarMES L3+L4
HerMES L2
*
GOQDS Super Deep
10" , . , . , . - 10" , , . , . E
10® 10° 10° 10° 10° 10° 10° 10

survey area [ deg® | survey area [ deg® |
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3. D/ RIBERER AR E (CO/[CII] Tomography)&SPICA
LST

CO/[CIl] Tomography

SKA Design Studies ~ Line Simulation at z=1

Cloverleaf Q50 at z=2.8
(Bradford et al. 2008, 4pl, 703, 112,

Clowerioal = Z-Spoc | G50

i Arp 280 ot ==
[ty (406 km/a, 18hrs) |

COin SMOs w' NEO43m <
llono et al, 2012, BAS))

= ok B2
L .T-Er-L. | [ o.001 VLA Do ) F\rp 220 mode| 3
TR s (Carilli et al, 2017, Astron, Nachrichten.)
LLRGLY T 10 Than

e (9 ® LST 50mpbeam
CO/[CII]: mm-FIR {EM NG

O3 —3 2 RR% 2 B e M e o 5 -
BOKELEOREFED




HAIURE—F Y
3. D/ RIBERER AR E (CO/[CII] Tomography)&SPICA
LST

A3 hREAR TR D 55 (SMI, SAFARI)

« LST CO/[CII] FE$RERAIIZxF T 5, IEERZHT (metallicity,
UV hardness, ¢/H density)
» Spitzer/IRS [EXREEIZPRY HHY. PACS BT HFYITK
REENEFI o1, [REREHRD PR GE)FRHMHERIL T
SHIE, YT /2R (CO, iZA[CII] ete) Mo DR
« FREIFRNAMNSIRICEDIETOD FIRYT/R)RIZKTE
WAH5ED0D) ERPGEARIMNLEEREADERE R
~102-10%) TcompleteTES, EMYVEHRED T EEREZ L
THRHL, BEETEE ~ PDR ~ R FEICESFTOYMEZHZE
ITORIXER
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3. 5 J/2) IR R ERAIEE (CO/[CII] Tomography)&SPICA

MIR deep SED (R~20)
SIXER T ~2 deg?? [~2000 hrs]

MIR shallow SED (R~20)
~5 deg?? [~2000 hrs]

MIR broad-band imaging (R~3)
- ~20 deg?? [~2000 hrs]

FIR confusion-limited imaging (R~3)
~100 deg?? [~2000 hrs]
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|
|
. FIR targeted obs
|
|

MIR deep SED (R~20)
~2 deg??[~2000 hrs]

MIR shallow SED (R~20)
~5 deg?? [~2000 hrs]

MIR broad-band imaging (R~3)
~20 deg?? [~2000 hrs]

FIR confusion-limited imaging (R~3)
~100 deg?? [~2000 hrs]




