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MACS0416_Y1 
dust and carbon at z = 8.3

[CII] 158μm / [OIII] 88μm

2 kpc

The source … … the lines … … and the spectrum!
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MACS0416_Y1 
Y-band dropout from the HFF

Optical F105W F125W F140W F160W Ks 3.6µm 4.5µm 
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Laporte et al. 2014



MACS0416_Y1 
Hubble Frontier Fields LBG

Tamura et al. 2019



MACS0416_Y1 
[OIII] 88μm at z = 8.31



MACS0416_Y1 
[OIII] 88μm at z = 8.31

dv .= 141 ± 21 km/s
L[OIII] .= (1.2±0.3) × 109 L⊙

z .= 8.3118 ± 0.0003
S88μm .= 137 ± 26 μJy
LFIR .= (1.7±0.3) × 1011 L⊙

O3 (atm)



MACS0416_Y1 
[OIII] 88μm deficit at high-z



MACS0416_Y1 
Starburst at z = 8.3

tage .= 3.5 Myr

Z .= 0.20.16-0.18 Z⊙

Mstar .= 2.4 × 108 M⊙

SFR
 .= 57 M⊙ / yr



MACS0416_Y1 
Stellar component at z = 15
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Mdust .= 4 × 106 M⊙

tage .= 0.3 Gyr



MACS0416_Y1 
Detection of [CII] at z = 8.31

[CII] 158μm (tapered) / F125W F140W F160W [CII] 158μm (natural) / F125W F140W F160W 1.5mm continuum / F125W F140W F160W

2 kpc

dv .= 191 ± 29 km/s
L[CII] .= (1.4±0.2) × 108 L⊙

z .= 8.31132 ± 0.00037
S158μm .= < 18 μJy (3σ)



MACS0416_Y1 
Detection of [CII] at z = 8.31



MACS0416_Y1 
High [OIII]/[CII] ratio



MACS0416_Y1 
CLOUDY modeling by Harikane+2019

• Higher ionization parameter 

• Lower gas metallicity 

• Higher density 

• Lower C/O ratio 

• Lower covering fraction 

• CMB attenuation effect 

• Spatially-extended [CII] 

• Inclination effect
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MACS0416_Y1 
CLOUDY modeling by Harikane+2019

• Higher ionization parameter 

• Lower gas metallicity 

• Higher density 

• Lower C/O ratio 

• Lower covering fraction 

• CMB attenuation effect 

• Spatially-extended [CII] 

• Inclination effect

x100 Higher Uion CPDR=0(a) (b) (c)
z=0 z=6-9
HI [CII]
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HI [CII]

HII [OIII]



MACS0416_Y1 
Dwarf Galaxies also have low CF

• Higher ionization parameter 

• Lower gas metallicity 

• Higher density 

• Lower C/O ratio 

• Lower covering fraction 

• CMB attenuation effect 

• Spatially-extended [CII] 

• Inclination effect

x100 Higher Uion CPDR=0(a) (b) (c)
z=0 z=6-9
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HII [OIII]

HI [CII]

HII [OIII]

HI [CII]
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Cormier et al. 2019



MACS0416_Y1 
Or a combination of things?

• Higher ionization parameter 

• Lower gas metallicity 

• Higher density 

• Lower C/O ratio 

• Lower covering fraction 

• CMB attenuation effect 

• Spatially-extended [CII] 

• Inclination effect

x10 Higher Uion
& CPDR=0.1(c)+(d)

HI [CII]

HII [OIII]

z=6-9



MACS0416_Y1 
Even including these…

• Higher ionization parameter 

• Lower gas metallicity 

• Higher density 

• Lower C/O ratio 

• Lower covering fraction 

• CMB attenuation effect 

• Spatially-extended [CII] 

• Inclination effect
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MACS0416_Y1 
Though CLOUDY rejects…

• Higher ionization parameter 

• Lower gas metallicity 

• Higher density 

• Lower C/O ratio 

• Lower covering fraction 

• CMB attenuation effect 

• Spatially-extended [CII] 

• Inclination effect
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MACS0416_Y1 
Most full scale simulations still disagree, but…

Arata et al. 2020



MACS0416_Y1 
Full scale simulations still disagree

[OIII] [CII]

< 1
Pallottini et al. 2019



MACS0416_Y1 
Full scale simulations still disagree

< 1
Katz et al. 2019
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MACS0416_Y1 
[CII] deficit at high redshift



MACS0416_Y1 
[CII] deficit at high redshift

Pallottini et al. 2020



MACS0416_Y1 
Rotation at z = 8.31?

dv/2� > 0.4
<latexit sha1_base64="OhSy/7TOS8sdLiz5ERjU9uZDj3s=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5i0xcdGim5cVrAPaEKZTCbt0JkkzEwKJXbhr7hxoYhbf8Odf2OSBlHrgQuHc+7l3nvciFGpTPNTW1hcWl5ZLa2V1zc2t7b1nd22DGOBSQuHLBRdF0nCaEBaiipGupEgiLuMdNzRdeZ3xkRIGgZ3ahIRh6NBQH2KkUqlvr5vCw69MTyBVVvSAUfwEppGva9XTMPMAeeJVZAKKNDs6x+2F+KYk0BhhqTsWWaknAQJRTEj07IdSxIhPEID0ktpgDiRTpLfP4VHqeJBPxRpBQrm6s+JBHEpJ9xNOzlSQ/nXy8T/vF6s/HMnoUEUKxLg2SI/ZlCFMAsDelQQrNgkJQgLmt4K8RAJhFUaWTkP4SLD6ffL86RdNayaUbutVxpXRRwlcAAOwTGwwBlogBvQBC2AwT14BM/gRXvQnrRX7W3WuqAVM3vgF7T3L6jxlBE=</latexit>



MACS0416_Y1 
Or an outflow?

Ginolfi et al. 2019

Fujimoto et al. 2019



MACS0416_Y1 
Or an outflow?

1kpc2

Ṁ

SFR
⇠ 0.1� 100
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Arata et al. 2019



MACS0416_Y1 
Same goes for an inflow…

1kpc2

Ṁ

SFR
⇠ 0.1� 100
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Arata et al. 2019



MACS0416_Y1 
Same goes for an inflow…



MACS0416_Y1 
Or a merger?!



MACS0416_Y1 
Though no dust detection…

[CII] 158μm / [OIII] 88μm [CII] 158μm / 850μm continuum 1.5mm / 850μm continuum

+◦

2 kpc

+



MACS0416_Y1 
T > 80 K, or beta > 2 at z = 8



MACS0416_Y1 
T > 80 K, or beta > 2 at z = 8

Arata et al. 2019



MACS0416_Y1 
T > 80 K, or beta > 2 at z = 8

Pallottini et al. 2019



MACS0416_Y1 
T > 80 K, or beta > 2 at z = 8

Table 1: The fitting parameters of the tested single-temperature spectrum fits

� = 1.5 � = 2.0 � = 2.5
Tz=0 µIR Lum. �2 µMdust Tz=0 µIR Lum. �2 µMdust Tz=0 µIR Lum. �2 µMdust

(K) (1011 L�) - (106 M�) (K) (1011 L�) - (106 M�) (K) (1011 L�) - (106 M�)
30 0.31 18.9 11 - 0.49 15.8 5.1 - 0.76 12.2 2.28
50 1.34 10.3 3.0 - 2.21 6.79 1.2 - 3.56 3.88 0.47
70 4.53 6.15 1.6 - 8.11 3.40 0.6 - 14.4 1.51 0.22
90 12.2 4.15 1.1 - 23.8 2.00 0.4 - 46.4 0.64 0.14
110 28.5 3.07 0.8 - 59.8 1.30 0.3 - 126.8 0.23 0.10
130 59.2 2.42 0.7 - 133.4 0.90 0.2 - 310.8 0.019 0.085
121 46.0 2.7 (90%) 0.74 80 15.9 2.7 (90%) 0.5 60 8.95 2.7 (90%) 0.35

<latexit sha1_base64="pMLRrdVFspWRvTPm8iYmv7UsLbc="></latexit>



MACS0416_Y1 
Typical [CII] / FIR values



MACS0416_Y1 
[OIII] and [CII] freq. cause biases



MACS0416_Y1 
dust and carbon at z = 8.3

[CII] 158μm / [OIII] 88μm

2 kpc

The source … … the lines … … and the spectrum!
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