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SCOPE OF THIS TALK
o
An review of 2016 ALMA results about galaxies at

z>6: Epoch of Cosmic Reionization

Especially, emission lines of [ClI]158 and [Ol11]88.
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EPOCH OF COSMIC REIONIZATION

.

First billion years in the cosmic history
Redshift z~6—20

Epoch of the first objects and galaxies
The first metal and dust

Years after the Big Bang
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[C 11] 158 um LINE IN THE EOR

V

The [CII] line is one of the strongest emission

lines In the local Universe.
L [CHJ/L_TIR~1%

However,...
very weak in the EoR?
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[C 11] 158 um LINE IN THE EOR

The [CII] line Is one of the strongest emission

lines in the local Universe.

L [CHJ/L_TIR~1%
However,...

very weak in LAES

In the EOR!
Lyo. and [CII]
(Harikane+ ASJ16b)

LBG: Lyman break galaxy
(UV continuum selection)
LAE: Lyo emitter
(Lya emission line selection)
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[C 11] 158 um LINE IN THE EOR
L
- The [CII] line is one of the strongest emission
lines in the local Universe.
«L_[CH)/L_TIR~1%

- However,... [CII] emitter candidates w/o counterpart?
- Blind [CIl] searches and detections. Hayatsu+17

Aravena+16

Dec. offset (")

ADF22-LineB ADF22-LineA

>
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[C 11] 158 pm LINE IN THE EOR
i
The [CII] line is one of the strongest emission
lines in the local Universe.
L_[CH)/L_TIR~1%
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Dec [J2000]

[C 11] 158 um LINE IN THE EOR

|
Spatlally offset [CII] line?
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- lonized gas (LyA)

Contour: Neutral gas ([ClI])
Black points: Young stars (Y-band)

Maiolino+15
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|C 1} 158 pm LINE IN THE EOR
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Offset (arcsecond)

[O 1] 88 um LINE IN THE EOR

= First detection of [Olll] 88 um In EoR (5.30).
= Z([Oll])=7.2120 = The most distant oxygen ever found!

Redshift
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[O 1] 88 um LINE IN THE EOR
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[O 1] 88 um LINE IN THE EOR

Neither [CII] line nor dust continuum at the

position of [Olll].
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SED FITTING

R
I PEGASE?2, Sapleter IMF, constant
[O/H] —1.0Z5: 3 SFR, Calzetti dust law, nebular lines
and continuum
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[ONI/[CI] [OIIR [ONJ/UV

[O 1] 88 um LINE IN THE EOR
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SED fit > [O/H]~-1

[Olll] line flux constrains [O/H]
well.

[OIllI}J/UV ~ Nearby dwarfs

Large [Oll}J/IR
Less dust

Large [OIl}/[CII]
Weak [CII]
Less HI gas (PDR)

Inoue+16, Science
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SUMMARY

[CIll] 158 line seems to be weak in LAEs at z>6.
Anti-correlation between [CIl] and LyA lines?

Blind [CIl] searches may have found z~6 [CII]
emitters without any counterpart.

[Cll] over-luminous galaxies?

Spatial offset of [CII]?

[Olll] 88 line was detected from an LAE at z=7.2.
High [Olll]-to-[ClIl] line ratio > Lack of HI gas
Opened a new window for probing the ISM in the EoR.
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ALMA HzFINEST

High-z Far-Infrared Nebular Emission STudy

SXDF-NB1006-2 [OIl11]88 line kinematics
Cycle3 DDT program

SXDF-NB1006-2 [NI1]122 line observations
Cycle4 Rank B

[OI1]/[CII] ratio measurements
Cycle4 Rank B: 4 objects at z=6--8

Higher-z [Oll1]88 line observations
Cycle3 Rank A: MACS1149JD at z(photo)=9.6

Cycle4 Rank A: MACS0416 #491 at z(photo)=8.5
(PI: Y.Tamura)
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