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OUTLINE

MIRI SPECTROSCOPY. A NEW WINDOW INTO THE HIGH-Z UNIVERSE

MIRI & REIONIZATION EPOCH. FIRST IONIZATION SOURCES

» Ha emitters at z ~ 7-10. Metal-poor vs. Metal-free

MIRI & GALAXY ASSEMBLY. DUSTY STAR-FORMING GALAXIES (DSFGs)

» Obscured AGNs. Prospects of direct detection
» Tracing obscured (extended -Z4-) star formation
» Synergy with ALMA. KS-law at high-z



MIRI. JWST MID-INFRARED INSTRUMENT

Table 1: Observing Modes for the MIRI Instrument on Webb

Pixel Size/Resolving Field of View

Wavelength (microns)

Power

Imaging 0.11 arcsec 1.23 x 1.88 arcmin
single Sit Spectroscopy AIAX = ~100 at 7.5 microns | 0.6 x 5.5 arcsec st
IFU Spectroscopy 5.0-7.7 A/AX = 3500 3.0 x 3.9 arcsec
Single target / 7.7-11.9 AL = 2800 3.5 x 4.4 arcsec
Not affected by 11.9-18.3 AIAL = 2700 5.2 x 6.2 arcsec
slit losses 18.3-28.8 AAA = 2200 6.2 x 7.7 arcsec
Coronagraphy 10.65 011 arcsec 24 x 24 arcsec

11.4 0.11 arcsec 24 x 24 arcsec

15.5 0.11 arcsec 24 x 24 arcsec

23 0.11 arcsec 30 x 30 arcsec

Spectroscopy (100, 10 ksec): ~10-29to ~6x10-17 Watt/m? (x10-100 Spitzer)

MIRI detailed description: Wright+, Rieke+, Wells+, Glasse+, Kendrew+, Boccaletti+,
Bouchet+, Ressler+, Gordon+, 2015, PASP 127
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MIRI. A UNIQUE WINDOW FOR THE STUDY OF HIGH-Z GALAXIES

First mid-IR instrument combining many new & unique capabilities:

- Continuous coverage 5-28 um
REST-FRAME RANGE: 0.6um < A < 6um

- Sub-arcsec imaging (x6 better than IRAC/Spitzer)
- Spatially resolved, sub-arcsec (0.2"- 0.6" pixel) 2D spectroscopy
PHYSICAL SCALES ~1-2 kpc for z> 1.0

- Spectral resolution of R ~3000 (x5 HR IRS/Spitzer)
KINEMATICS: velocity structures ~100 km s-

- Sensitivity x10-100 better than Spitzer
GALAXIES: fainter (z < 3) and higher redshifts (z>3)

KEY FOR DETAILED PHYSICS OF BIRTH & ASSEMBLY OF GALAXIES



REIONIZATION. PREDICTED STRONG EMISSION LINES @ Z~7-8

= T I T T T T T T I T T T
o i
B ! Planck
- Instantaneous
-1 C i Reionizotioz
-2k Key Observational
B Constraints
-3 .
- ® Transmission of Lya Forest
B ® LBG Lya Emission Fraction
= o Damping Wing Quasars
-4 ?iﬁ? m Lya Dark Gaps
[ 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I

I T

6 8
Redshift

Bouwens et al. 2015, ApJ, 811

Z ri=8.8(+1.3,-1.2)

Reionization mostly between

Z~10 to Z~6

10 12

relative f,

2.0

1.5

1.0}
0.5}

0.0f

=
Z
-+
o]
<
=
w
[T T I I T I I ]
| @z~7
[ mz~38
L = _
[ —— ]
ﬁ:‘H T
Hs  [oi] [NI] ]
[on] Hy HB Ha

1000 2000 3000 4000 5000 6000 7000
rest—frame wavelength (Angstrom)

Labbé et al. 2013

EW(Ha) = 430A
EW (HB + [Olll]) = 670A
A, = 0.4

1000

1005

10

) 9,3-5/ =
W7
R

~ 0.5/ =

A
2\ i
# e
\09@5/

{1000
=

# Robust lower limit
O Model estimate 3
O Labbe et al. 2012 ]

Stark et al. 2013
® Shim et ol. 2011
¥ Erb et ol. 2006
O Fumagalli et al. 2012 |
Fumagalli et al. 2012

L

o
o

4 6 8
Redshift
Smit et al. 2014

EW(Ha) a (1+2)18

EW([OI]+HB) [A]



REIONIZATION SOURCES. EMISSION LINES & METALLICITY
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MIRI SPECTROSCOPY OF REIONIZATION SOURCES
Only JWST instrument able to trace Ha beyond z > 6.7 & [Olll]5007 @ z > 9
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Ha & [Oll1] detectable (> 30) in bright metal-poor sources
Potential to identify bright (nearly-) metal free ionizing sources @ Z ~ 9-10
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GALAXY FORMATION. THE DUSTY STAR FORMING PHASE
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SF GALAXIES FORM A MAIN-SEQUENCE (MS)
SFR OF MS GALAXIES INCREASES ~ x10-100 FROM Z~0 TO Z~3

HIGH-Z STARBURSTS, ABOVE-MS, SFR >> 100 Mg, yr’

M> 10"M,, MS SF GALAXIES - DUSTY, IR-DOMINATED LUMINOSITY (DSFGs)



GALAXY ASSEMBLY. FORMATION SCENARIOS

ABOVE-MS SF GALAXIES: MERGERS OF GAS-RICH SYSTEMS?

Compact sizes: ~ 2 kpc radius

No rotational pattern: V/o < 1
Caotic motions/radial flows, shocks
Starbursts: SFR >> 100 M, yr
sSFR < 1 Gyr’

MS SF GALAXIES: CONTINUOUS GAS ACCRETION IN LARGE DISKS?

UDF 9974 2 kpc Galaxy A
: Extended sizes: ~ 5-10 kpc radius
/y ot Turbulent rotating disks: V/o > 1
v . Clumpy (kpc-size) SF regions
- Steady SFR ~ 10-100 M, yr
Y sSFR ~ 1 Gyr”

Dekel+2009; Ceverino ;T al. 2010



EARLY PHASES (Z~2-6) OF GALAXY ASSEMBLY.
DETAILED PHYSICAL PROCESSES

NEED SENSITIVE HIGH ANGULAR RESOLUTION 2D (~1 kpc) IR
(+OPTICAL) SPECTRA ON PROTOTYPES OF THE DIFFERENT CLASSES
OF HIGH-Z GALAXIES

- Presence of obscured AGN & SF. Luminosity contribution?

- SF: KS-law? Clumpyness? Sizes? Distribution? Gas fraction?

- Flows: SF or AGN related? Quenching? Outflows/inflows?

- Kinematics: Mdyn? Thin/thick disks, mergers, turbulence, shocks?

MIRI MRS



Flux density [Jy]

OBSCURED AGNS. IR CORONAL LINES
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MIRI. DETECTION OF HIGH-Z OBSCURED AGNS

Point source AGN (NGC1068 [NeVI] = 2. 3e41 erg/s - 6e7 LQ) + Av = 5
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Contlnuous NGC 1068 1 Z<3:
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DETECTION (>50) OF OBSCURED AGN WITH L(AGN)> 10 x LINGC1068) @ z < 3



OBSCURED STAR FORMATION. IONIZED GAS TRACERS
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TRACING STAR FORMATION IN HIGH-Z DSFGs

Point source SFR = 100 Mg yr~' (Paa = 1.47e42 erg/s = 3.8e8 Lg) + A, = 5
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MS-SFG:
SFRys ~ 100 Mg, yr
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SIGNIFICANT DETECTION (> 50) OF (ABOVE-) MS DSFGs IN <10 HOURS



IONIZED GAS STRUCTURE & KINEMATICS in DSFGS @ Z~2TO 6
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KPC-SCALE 2D SF & KINEMATIC STRUCTURE OF MASSIVE DSFGS @ Z ~2-6
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MIRI SYNERGY WITH ALMA: KS-LAW IN DSFGs @ Z2~2TO 6
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DSFGs. EXTENDED SOURCES
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SUMMARY

MIRI BRINGS UNIQUE CAPABILITIES FOR THE STUDY OF HIGH-Z GALAXIES

Rest-frame near-IR coverage: low extinction + rich spectral features
2D (sub-)arcsec spectroscopy: spatially resolved kpc-scales
Medium spectral resolution : velocity structures ~100 km s

High sensitivity: 10-100 better than Spitzer

REIONIZATION OBJECTS (Universe 4%-7% present age; z > 6.7)

- Bright Ha emitters. SFR, metal-poor versus (nearly-) metal-free
- QSOs: black hole masses

GALAXY ASSEMBLY (Universe 8%-50% present age; 1< z <6)

- The dusty IR-luminous phase of massive star-forming galaxies
- Obscured AGN and SF. Extended SF and SF laws (+ ALMA)
- Kinematics
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