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Detection of an oxygen emission line from a high-redshift
galaxy in the reionization epoch
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The physical properties and elemental abundances of the interstellar medium in galaxies during cosmic
reionization are important for understanding the role of galaxies in this process. We report the Atacama
Large Millimeter/submillimeter Array detection of an oxygen emission line at a wavelength of 88
micrometers from a galaxy at an epoch about 700 million years after the Big Bang. The oxygen abundance
of this galaxy is estimated at about one-tenth that of the Sun. The nondetection of far-infrared continuum
emission indicates a deficiency of interstellar dust in the galaxy. A carbon emission line at a wavelength of
158 micrometers is also not detected, implying an unusually small amount of neutral gas. These
properties might allow ionizing photons to escape into the intergalactic medium.
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4 Fig. 3. Comparisons of SXDF-NB1006-2 and other
galaxies detected in the [O 1] line. The horizontal axis
represents the oxygen abundance relative to the Sun on
[OH] =
£ I logio(no/mu)a. where no and ny are the number density
5 } of oxygen and hydrogen atoms, respectively, and the

G v solar abundance is assumed to be 12 + logio(no/m)e =
2 i 8.69 (30). Circles with error bars represent data of
o ¢ nearby dwarf galaxies (9-11); inverted triangles with
£ ‘ error bars are averages of nearby spiral galaxies (13)
The arrows at the right-side axis show luminosity ratios

< a logarithmic scale: logio(no/nw) =

of dusty galaxies at z -~ 3 to 4 whose oxygen
abundances have not yet been measured (10, 14, 15)
Data from SXDF-NB1006-2 are shown as five-pointed
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Fig. 1. [0 1] 88-pm and Lya emission images and spectra of SXDF-NB1006-2. (A) The ALMA [0 ]
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88-um image (contours) overlaid on the Subaru narrow-band Ly« image (offsets from the position listed
in Table 1). Contours are drawn at (=2. 2, 3, 4, 5) x ¢, where ¢ = 0.0636 Jy beam km s. Negative
contours are shown by the dotted line. The ellipse at lower left represents the synthesized beam size of
ALMA. (B) The ALMA [O ] 88-um spectrum with resolution of 20 km s! at the intensity peak position
shown against the relative velocity with respect to the redshift z = 7.2120 (blue dashed line). The best-fit
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stars with error bars. (A) The [O ui)/far-UV (FUV)
luminosity ratio. The FUV luminosity is vwL, at about
1500 A in the source rest frame. (B) The [0 11i]/total
infrared (IR) luminosity ratio. The IR wavelength range
is 8 to 1000 pm in the source rest frame. Because the
IR continuum of SXDF-NB1006-2 is not detected, we
show a 3¢ lower limit with a dust temperature of 40 K
and an emissivity index of 1.5. (C) The [0 W)/[C ]
luminosity ratio. Because the [C 1] 158-pm line of SXDF
NBL006-2 is not detected, we show a 3o lower limit.
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Gaussian profile for the [O ] line is overlaid. The RMS noise level is shown by the dotted line. (C) The
Lya spectrum (17) shown as a function of the relative velocity compared to the [O ] 88-pm line. The flux 1
density is normalized by a unit of 10" erg s cm™ A"%. The sky level on an arbitrary scale is shown by the

dotted line. The velocity intervals where Earth’s atmospheric lines severely contaminate the spectrum

are flagged (hatched boxes). The Lya line shows a velocity shift Av = +110 km s-! relative to the [O w] line

(red dashed line)
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