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0. Abstract

ABSTRACT

We report interferometric measurements of [Ni1] 205pm fine-structure line emission from a rep-
resentative sample of three galaxies at 2 = 56 using the Atacama Large (sub)Millimeter Array
(ALMA). These galaxies were previously detected in [C11] and far-infrared continuum emission and
span almost two orders of magnitude in star formation rate (SFR). Our results show at least two
different regimes of ionized inter-stellar medium properties for galaxies in the first billion years of
cosmic time, separated by their L[CH] / L[NH] ratio. We find extremely low [N1I] emission compared

to [Cr1] (Licm/Linm = 68=9ﬂ ) from a “typical” ~ L}, star-forming galaxy, likely directly or indi-

rectly (by its effect on the radiation field) related to low dust abundance and low metallicity. The
infrared-luminous modestly star-forming Lyman Break Galaxy (LBG) in our sample is characterized
by an ionized-gas fraction (Licm / J — < 20) typical of local star-formlng galaxies and shows evidence
for spatial variations in its ionized-gas fraction across an extended gas reservoir. The extreme SFR,
warm and compact dusty starburst AZTEC-3 shows an ionized fraction higher than expected given
its star-formation rate surface density (L cin/ L[NH] =22+ 8) suggestmg that [N11] dominantly traces

a_diffuse ionized medium rather than star-forming HIiI regions in this type of galaxy. This highest
redshlft sample of [N11] detections provides some of the first constraints on ionized and neutral gas
modeling attempts and on the structure of the inter-stellar medium at 2 = 56 in_‘normal’ galaxies
and starbursts.
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1. Introduction
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- Hyper-luminous nuclear starburst (AzTEC-3; SFR ~
1100 M@/yr, LFIR ~ 1013 L@)

- Dusty, high star-forming LBG (HZ10; SFR ~ 170
M@/yr, LFIR ~ 1012 L@)

- Typical less star-forming LBG (LBG-1; SFR ~ 10-30
M@/yr, LFIR ~ 101 L@)
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2. Observation

« [NIl] 205 um

- ALMA Band 6 (Cycle 3)
- 7T et 32-47

Ocont. Ojine (~ 40 km/s) beam size
[uJy/b] [mJy/b]
AzTEC-3 20 0.34 1.4” X 1.2”
HZ10 35 0.20 1.7” X 1.2”
LBG-1 16 0.21 1.3” X 1.1”
+ [CII] 158 pum

- ALMA archival data (Cycle 0, Cycle 1)

» Riechers + 2014, Capak + 2015




3. Results
AzTEC-3
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Quantity AzTEC-3
[Cn] line properties

Vons(GHz) 301.771 £ 0.006
Redshift 5.29795 £ 0.00013
FWHMjcyy (kms™) 410+ 15
I[CII] (Jy km S_l) 78+04
Licy (10°Lg) 6.4+0.3

deconvolved size (0.65"” £ 0.06") x (0.33" £0.07")

size (kpc?) (4.0 £0.4) x (2.1+0.4)
[N11] line properties

vobs(GHz) 232.02 £ 0.06
FWH My (km s™1) 660 = 180

Iiniy (Jy km s™1) 0.46 £ 0.16

Liniy (10°Lg) 0.29 +£0.10

Licin /LNy 22+8
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3. Results
HZ10
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Quantity HZ10

[Cn1] line properties

vobs(GHz) 285.612 + 0.013
Redshift 5.6543 + 0.0003
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FWHMCII (km s™1) 630 + 30
I[cu] (Jy km s—1) 45+0.3
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vobs(GHz) 219.394+0.04
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3. Results
LBG-1
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Quantity LBG-1

[Cn] line properties

Vobs(GHz) 301.980 £ 0.007
Redshift 5.29359 £+ 0.00015
S(ci) (mJy) 82+0.5
FWHMcy (kms™!) 230 + 20
Iicmy (Jy km s—1) 21+0.2
Liciy (10°Lg) 1.71 £0.16

deconvolved size

(1.00” £0.12") x (0.57" £0.10")

size (kpc?) (6.240.7) x (3.5 %+ 0.6)
[N11] line properties

Vobs(GHz) 232.1+0.3

Sinmy (mJy) 0.20 £0.09
FW H My (km s—1) 190 % 90

Iiniy (Jy km s™1) 0.04 £ 0.03
Liniy (10°Lg) 0.025 £ 0.019
Liciy/Liniy 68130
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4. CLOUDY modeling of the [CIJ/[NII] ratio

« CLOUDY v13.03 (Ferland + 2013) ZFHUL\J=EF L
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4. CLOUDY modeling of the [CIJ/[NII] ratio

« CLOUDY v13.03 (Ferland + 2013) ZFHL\fT=EF )L
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5. Analysis of the individual sources
AzTEC-3
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5. Analysis of the individual sources
HZ10
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5. Analysis of the individual sources
HZ10
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5. Analysis of the individual sources
LBG-1

+ [CIIJ/[NII] = 68!
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6. Discussion & conclusion
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Herschel stacking analysis
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