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Resolution of Birth and Evolution of Galaxies
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Herschel launched !!!
14 May 2009

* Deep FIR imaging :
— 3.5m aperture : confusion limit substantially
- improved but very limited cosmic volume

"+ FIR & Submm spectroscopy — still limited to
E z<<1




Potential Resolution of CIB
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(Dole et al. 2004)

Herschel requires (a few)
hour to reach the
confusion limit at 70-
100um



ALMA will be available soon

_com missi on from 2012

Overwhelming spatial resolution in the submm

Star-forming galaxies with SFR~100 Mo/yr @ z>3 will be

studied, though survey area may be limited to a few 100
arcmin? (since FOV~20")

coordination with LMT CCAT may give information on for
unbiased sample of z>3 submm galaxies
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"o Extreme sen5|t|V|ty @0.6-5um

| — Re-ionization sources @ z>7 may be identified and

“ studied s
e Suprime spatial resolution (68mas@2um) %

— Origin of galaxies” morphology may be answered =

etc. etc.



But even in 2017, mid-far IR wavelengths (20-
400um) has not yet been explored very much.
THIS Wavelength range is ESSENTIALLY
IMPORTANT, however, because ..



Cosmic Infrared Background :
the energy production history of the universe, a half of

which is hidden by dust
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SPICA will explore ..

#1: Nature of re-ionization sources
— High-z atomic H line emitters : & (I2]R)
— High-z molecular H2 line: ¥R

— Challenge detecting z>4 dust-obscured IR luminous
population : ;T L

#2: Origin of CIRB

— Resolving CIRB and its fluctuations: B &

#3: Diagnostics of distant(up to z~3) IR galaxies

— Atomic line spectroscopic diagnostics: IR (K E)

#4. SMBH growth history

— Search & Understanding obscured AGN out to z~6 : FX L

#5: Cosmic SF & mass assembly history
— Distant clusters & enviromental effect on galaxy evolution :

MU




Description of Scientific Targets in
“Extragalactic Science Section of

MRD
Major Objective [1]
TR DU E EHEAEBFE D AEDT

Resolution of Birth and Evolution of Galaxies




Nature of re-lonization sources 1

 BlZB® Objectlve

— RAIDREDEHADI-OICEELGRATHAFTHEEMIADFERIIX
KI(E—HKDE) DEBIZHKT,

— We will discover “population Ill” objects (first generation of stars) at re-
ionization epoch, which play an important role in the understanding of
galaxy formation processes.

« FlFBEIE Target

— RBEINXREIDIEHTHEHEA (FARB7LL). EEEE1074LLF)
DEMNoDEBREREZ . BN IRILEF—DRARBLIZFRIVMREZ D 2
FEBATRERET 5, :*L(:J:Uifiiiaelllfbkd)ﬁ?‘%ﬁﬂfoiJ\l ER -1
[FERINKAIDOFBRED S FERFNIODLDHEKFED FER(FAHRER
SBLLE) ZFRMRD ARBTEELIEERINKA I B DI EIRS

— We will search for redshifted ionization lines (z>7) from low-metal objects
(less than 104) with mid-IR spectroscopy, by which we intend to prove the
existence of population Il objects. We also investigate the formation of
population Il objects at z>3 through emission lines from hydrogen molecules
-- important cooling lines of primeval molecular clouds -- using far-infrared
spectrograph.

BEMEDHIRE BLISS dmEFxN2BE-ESE2*%ERE MRACLE
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Ho at z>7 will be detectable with
MIRACLE/SPICA

Ho (A,=656.3nm) enters mid-IR
at 5.25um (z=7), 8.53um (z=12) 25" = 150 kpc
Emitter Search for z>7?

Star-formation Rate? Dust Extinction (with HB)?

A
v

MIRACLE's FoV 6'x6’

Lyman a blob @z=3.1
SSA22 “Blob1” (Steidel et al. 2000,
Matsuda et al. 2004)

e Multi-slit + wide-field MIR imager



Legacy Science I @&l K {KiF
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Legacy Science I FEHEINFK{KRIE
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A [erg cm?® s1]

Mizusawa, Nishi and Omukai(2004)
F—HRZEDREZKE = 1
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Probing the 15t stars with H, N -;
Emission Lines
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Most important lines to understand

physics of metal-poor gas in the
early universe
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H, emission from Pop llI: detection with
SPICA is very challenging

o 78TO IR L ERAIAVISMD (Omukai & Kitayama
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Origin of Cosmic IR Background b

« %= HH Objective

FHERNMERERRFA DR ZERRIKICHET HEELIC, EZRN
BEERRSFOZERELCTEDRBEZHALINIZT S,

We will resolve the cosmic far-infrared background light into individual
objects, and reveal the origin of the cosmic far-infrared background
fluctuations.

o F=FHE Target

FEHEFRIMEE NS Z. [HHY IDBF LU LEDZER S EEEICKYERI D
BRNMNREREIZHEET D, SoITHEBIREZERY BRUVNEFRNMRE RS
WoEZFFHEL . L REMERITENSTDRIREZHERAT S,

We will resolve the cosmic far-infrared background light into individual far-
infrared objects with 3 times or more higher spatial resolution than that of
AKARI. We then evaluate far-infrared background fluctuations after removal
of the individual objects, and reveal its origin through detailed analysis such
as multi-wavelength correlation.

RRERIMRIBR - B DHRIE MRACLE
ERSMRIBE 2 KIRE SAFARI  BEHRHNER2 K<l BLISS




The near-infrared background (IRTS, COBE & AKARI)
» Proto-galaxies (e.g. pop-lll stars, mini-quasars) at z~107?

100 Pop-lIl stars at z~10 ?
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Spectrum of Pop-Ill stars and remnants ?
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If substantial fraction of the energy of the NIR
background is converted to dust emissions (IGM
dusts, mini-quasars(AGN), etc.), it may form the
far-infrared background.

The far-infrared background measurement with SPICA
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AKARI found :

1) Excess brightness around 100um
Corresponding to
>10710 gals/sr for S<100 uJdy
Proto-galaxies?

2) Large-scale fluctuations at 10’-30’
~5% of the mean CIRB level
Very red foreground galaxies?

(Matsuura et al. 2009)
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Dlagnostlcs of distant IR gaIaX|es &3

 BZB® Objectlve

- EFEQEEFIELEHELMIELI-3A T, EMIRIEDZEES XK
S OEBEERIZ, BICBEONZARAIOMEILFEZHFIRT D,

— We will reveal physical & chemical condition of high-z galaxies with precise
correction for dust attenuation, based on understanding of interstellar
environment and dust emission.

o FlFHZE Target
- 5'1"73‘ $§3$'CO)£E7H:JL\'C EIJIE'H iﬁ'ﬁ ; P rz'.'\*”iﬁﬁ"ﬁ'l':ﬁﬁ;’,ﬂ'l
ODZJ:')( EEFHEJEEODW E?ﬁIEd) %&( 1‘)]#@—'1‘—%37901 ERIEC)D
A DYEEFREZASHIZT B,

— We will reveal interstellar environment and dust emission characteristics of
high-redshift galaxies out to z~3 through PAH emission as well as atomic
and molecular emission lines with broad-band mid- & far-IR moderate
resolution spectroscopy. These observations allow us to reveal the
physical & chemical conditions of dusty galaxies in the early universe (up to
9 Gyr ago) with precise correction for dust attenuation.

RS SRR kERE MRMES smRssiB®xE MRACLE
RIS ERIBR S EIRIE SAFARI  BEIFRNR 5 KRB BLISS



Interstellar dust in distant galaxies
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Moderate resolution
Spectroscopy with SPICA
(thr, 5sigma)

MIRACLE R~50
MIRMES R~700
SAFART Ac=1cm-1,

Spectroscopic Diagnostics of
Interstellar gas & dust
out to z~3!

UIR band features at 3.3, 6.2, 7.6-7.8, 8.6, 11.2, 12.7um
[ArIII] at 8.99um (27.63eV, n¢,=4.8-10°)

atomic ionic lines:

[SIV]at 10.51um (34.83eV, n¢,=5.6-10%)
[NeII] at 12.81um (21.56eV, n¢,=5.4-103)



Numerous Atomic/lonic Fine-structure Lines exist in
the Mid- to Far-infrared
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MAX =1000 is necessary for the line diagnostics

Line/Continuum ratio : ~3 for [Ol] 63; ~2 for [CII] 158 & [Olll] 88 ;
but ~0.3 for [N II] 122 & [Ol] 145 (Neglshl et aI 2001 ISO/LWS)
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Courtesy to Toru Yamada-san, Shinki Oyabu-san



Mid-IR Metallicity Diagnostics
(1) > [X*/H*]

[Nerr]12.8 + [Ne1rr]15.6 Ne/H Requires H* info...

[ArTI]6.98 + [ArIII]8.99 Ar/H (Br alpha @4micron etc...)

[S111]18.7 + [S1V]10.5 S/H
[NI1]122 + [NI111]57.2 N /H

(e.g., Verma+03; Panuzzo+03) TN, RM, et al., in prep.

(2) N/Oe<O/H =l
For dusty galaxies o
(ULIRG, SMG, normal SBG) %
o 1 F -
ISO/LWS: only z~0 E logn=1.0 ||:|_gf=_—15 lig[_r=:i_"5
Herschel/PACS: z<0.2 £l Ll S

Eguﬁ j,r E'E:'

1<z<2 seems very interesting!!
Courtesy to Tohru Nagao-san



Success Cliterion & Observation Plan
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Super-Massive Black-Hole growth history h

« ®EFEHHB Objective

— SRADEICHE T DEERT SV IR— IV DEENEHEHAT 570, LDFET
FEE A RS R CEEN MR TORBE AT Sy oh—ILE, DT H
[CWV=5FETHEET S,

XAKEOHEBIZHEETIEENHLIERLNETTVIHR—IL

— In order to understand the role of supper-massive black holes (SMBHs) in the
galaxy evolution, we will make a survey for the forming SMBHs, that may not be
observed easily in other methods due to the obscuration by dust, from the present
to the early universe.

« FZFHE Target

- EREDEEEZTEVRIMRIRE - 2 HBRIZLY, tho) FIATIIE R AH
HEMEIC Iilihj—ﬂiﬁtﬂlﬂ DEBERIT TvIH— JLE, REDFEHIAH
FRHIZEHETIHEAL. TBDEDY L TIEBES S, e, SRABHE
DEAEREZL A HHE T, RADEILICETEIEERIT TV IHR—ILDEE
ZfREAT %,

— We will make infrared imaging & spectroscopic observations of TBD number of the
forming super-massive black holes (SMBHs), that can not be observed easily in
other methods due to the obscuration of dust, from the present to the early
universe. Supplementing these results with the results of observations for the
galaxy formation history, we will understand the role of SMBHs in the galaxy
evolution.

hREFRNRIB - Ea#axERE MRACLE
SRR E S R MIRMES IRIFIMRIB IR 92 IR IE SAFARI




* Key Iss

Universe obscured by dust
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ELAIS / SWIRE : ~200 15 micron sources with spec-z
Gruppioni et al. (2008)

Courtesy to Imanishi-san



Optically (X-ray)
selected AGN___
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5-35 um spectra of ULIRGs
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Cosmic SF & Mass Assembly History |5

« F=E B8 Objective

— RAIDERBFE -BEEELZ. RAIBOKREFED R BBFEE R
EIENDEELOEDLYDH T, T S,

— We will reveal the star-formation & mass assembly history of galaxies in
relation to the forming processes of the galaxy clusters and the large scale
structures, as well as the environmental effect on the galaxy evolution.

o FZFHIZ Target

- EBBETHOE—(70— 1008 F 8, z=1~2) A H o= LEN DK DFH
IZBWNT, S TR L E—D A lmB L CE - IMReEE T, AR S
ZhL—ATESIFEDLLVKEL (V30041 /\—E I 1H %’l)’é"ﬂ'—&’fbs iy
A PAREEEERAT 5, CnIckY, FTHERES EEEHESH
FUERIAGER IS T HDIRIEVMRZAERT 5,

— In the early universe where the star forming activities was at a peak, we will
undertake imaging wide-area survey and observe the galaxy clusters and the
large scale structures at infrared wavelength, to which the redshifted
emitting energy shifts. The large survey area (corresponding to ~300 Mpc)
can trace the large scale structures, and we will reveal the star formation

history in the early universe (up to 9 Gyr ago) as well as the mass assembly
history and its environmental effect on the galaxy evolution.

PRFENRIRRIFTE MRACLE SiRMEIEMEIEE SAFARI




SPICAMIR-cam (JWST MIRID 20f%) CIRAF
L I 16, 67%6.67
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A Massive Cluster (6 X 10'* M), 20 X 20Mpc? (co-moving) Yahagi et al. (2005)
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Role of SPICA for future study of
distant Universe

e Overwhelming Imaging Sensitivity at 20-100
um (MIRACLE, SAFARI)
— Overwhelming mapping speed !!
— MIRACLE should have large FoV as much as
possible
e Capability of spectro-imaging at 35-210um
(SAFARI)
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Overwhelming Sensitivity
Imaging @ A <100 um

100;

10|

— ULIRGs @z=1

— ULIRGSs @z=4
— ULIRGs @z=5

Herschel Imaging/’\

0.01]

Detection Limit
(Ao =10cm”, 5o, 15min) E

Galaxy Confusion Limit
(Takeuchi et al.)
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SAFARI’s advantage on Mapping Speed

Multiplex advantage can only appear in the low-
resolution, “SED” mode(A/AA~100).

With A/AA=100, the strong lines ( [Ol] & [CII] )
can still be detected
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Role of SPICA for future study of
distant Universe

e Overwhelming Imaging Sensitivity at 20-100
um (MIRACLE, SAFARI)
— Overwhelming mapping speed !!
— MIRACLE should have large FoV as much as
possible
e Capability of spectro-imaging at 35-210um
(SAFARI)

e Overwhelming Spectroscopic sensitivity at 30
— 400 um (MIRMES, SAFARI, BLISS)



Sensitivity for spectral lines
(1 hour, 50)
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Nature of re-ionization sources

— BEAETELLID, Feasibilityz K<BETL. MWEEDRELE,
— IWWSTARBRZHLI-&. TNEESIFENT ?

— D F7T7O—FIL? (EHL > X? GRB afterglow?)

Super-Massive Black-Hole growth history

— BAMXEKICEZTZELDD FIRRXREKICEZTZHLDOMN?
Cosmic SF & Mass Assembly History

— IWSTTHHELGAVAIUR, EDLIGREKERAE ? I ENLL
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EDEFBZICOVNTH, BAGTE O EARMEET . BB
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