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Preliminary Results



B14-65666 @z = 7.15

◯ [OIII] 88um, [CII] 158um, dust continuum detected

□ Big Three Dragon ( ), Hashimoto+19
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Fig. 1. [C II] and [O III] contours overlaid on the 2.′′0 × 2.′′0 cutout image of HST F140W. The left-hand, middle, and right-hand panels correspond to the
line image for the whole system, clump A, and clump B, respectively. The velocity range used to extract the images are indicated above the panels,
where the velocity zero point is defined as the systemic redshift, zsys =7.1520. (Top) [C II] line contours drawn at (3, 5, 7, 9) × σ , where σ ≈ 19, 12, and
13 mJy beam−1 km s−1 for the left-hand, middle, and right-hand panels, respectively. (Bottom) [O III] line contours drawn at (3, 5, 7, 9, 11) × σ , where
σ ≈ 48, 31, and 31 mJy beam−1 km s−1 for the left-hand, middle, and right-hand panels, respectively. In each panel, contours are shown by the solid
lines and the ellipse at the lower left indicates the synthesized beam size of ALMA. (Color online)

pipeline versions 4.7.0 and 5.1.1, respectively, and then
combined into a single measurement set with the CASA
task concat. We created images and cubes with the natural
weighting using the CLEAN task. In table 2, we summarize
the rms level, the beam size, and the beam position angle
for the continuum image.

3 [C II] 158 µm and [O III] 88 µm lines

3.1 Measurements for the whole system

In Band 6(8) data, to search for an emission line, we have
created a data cube by binning three (six) native channels,
resulting in a velocity resolution of ≈30 (33) km s−1. At
the B14-65666 position determined in the HST image, we
find a supposed [C II] ([O III]) feature at around 233.12
(416.27) GHz. This frequency region is free from atmo-
spheric absorption features. In Band 6(8), we have then
created a velocity-integrated intensity image between 232.9
and 233.4 GHz (415.8 and 416.7 GHz) corresponding to
≈600 (600) km s−1.

The top and bottom left-hand panels of figure 1 show
[C II] and [O III] contours overlaid on the HST F140W
images, respectively; the detailed astrometry analyses of
the same are presented in appendix 1, and our measure-
ments are summarized in table 3. With our spatial reso-
lution, [C II] and [O III] are spatially resolved. Assuming a
2D Gaussian profile for the velocity-integrated intensity,
we measure the beam-deconvolved size of [C II] to be

(0.′′84 ± 0.′′12) × (0.′′27 ± 0.′′05), where the first and second
values represent the full width at half maximum (FWHMs)
of the major and minor-axis, respectively, with a posi-
tional angle (PA) of 74◦ ± 4◦. At z = 7.15, the phys-
ical size corresponds to (4.5 ± 0.6) × (1.4 ± 0.3) kpc2.
Likewise, we obtain the beam-deconvolved size of [O III]
to be (0.′′71 ± 0.′′10) × (0.′′41 ± 0.′′11), corresponding to
(3.8 ± 0.5) × (2.2 ± 0.6) kpc2 at z = 7.15, with
PA = 76◦ ± 12◦. The size and PA values of [C II] and [O III]
are consistent with each other.

We spatially integrate the image with the CASA task
imfit assuming a 2D Gaussian profile for the velocity-
integrated intensity. The velocity-integrated line flux of
[C II]([O III]) is 0.87 ± 0.11 (1.50 ± 0.18) Jy km s−1.

To obtain the redshift and FWHM of the lines, we
extract spectra from the [C II] and [O III] regions with > 3σ

detections in the velocity-integrated intensity images. The
spectra of [C II] and [O III] are shown in the top left-hand
and top right-hand panels of figure 2, respectively. Applying
a Gaussian line profile and the rest-frame [C II] ([O III]) fre-
quency of 1900.5369 (3393.006244) GHz,3 we obtain the
[C II] ([O III]) redshift of z = 7.1521 ± 0.0004 (7.1521
± 0.0004) and the FWHM value of 349 ± 31 (429 ±
37) km s−1. The two redshift and FWHM values are con-
sistent within ≈1σ uncertainties. The signal-to-noise ratio
(S/N-) weighted mean redshift, zsys, is 7.1521 ± 0.0003.

3 ⟨http://www.cv.nrao.edu/php/splat/⟩.
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ALMA new observation

◯Cycle 7, Band 7 observation (PI: A. K. Inoue)

□ targets: [NII] 122um, dust continuum

□ exp time: 2.4 h
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Image

◯Dust (120 um)

□ ~19σ detect

□ 218 ± 19 uJy
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◯ [NII] 122 um

□ 3σ upper limit

□ < 0.025 Jy/beam km/s

3σ, 6σ, 9σ, … …, -1σ ; 1σ, …



FIR SED Fitting

◯Beta = -1.0 fix
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◯Beta = -2.0 fix

T > 30 K, but difficult to set upper limit



[NII]/LFIR
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Li et al. (2020)

B14-65666



Discussion

◯What can we know from [NII] 122um observation?

□ N/O abundance at high redshift
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Strategy

◯SED fitting (Hashimoto+19)
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SFR, metallicity Z

◯ [OIII]/[CII] (Harikane+20)

Ionization parameter U
Hydrogen density nH

◯Cloudy calculation

□ [OIII] 88um N/O abundance

□ [NII] 122um

U, nH, Z



N/O abundance

At high-Z:

lower than solar N/O

At low-Z:

no strong limit 
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Discussion

◯What can we know from [NII] 122um observation?

□ N/O abundance at high redshift

□ Redshift evolution of BPT diagram
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BPT diagram

◯From multi-wavelength SED fitting (Hashimoto+19)

□ SFRSED Ha

□ SFRSED Hb

◯Cloudy calculation

□ [OIII] 88um [OIII] 5007 A

□ [NII] 122um [NII] 6583 A
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Kenniccut+02

U, nH, Z



BPT diagram

Ionization states in 
galaxies show 
evolutional trend
at z ~ 0 → 7.
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z ~ 0
z ~ 2

z = 7.15

z ~ 0 SDSS
z ~ 2 Strom+18
z ~ 2 Shivaei+19



Summary

◯18σ dust detection & 3σ [NII] upper limit on B14-65666
□ Dust temperature T > 30K

□ Sub solar N/O if high-Z

□ Evolutional trend at z ~ 0 → 7 on BPT diagram
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Preliminary Results, so Stay Tuned!



FIR SED Fitting

◯Beta, T free
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Strategy
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