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ABSTRACT

We present high spatial resolution (FWHM~0!14) observations of the CO(8 —7) line in GDS-14876,
a compact star-forming galaxy at z = 2.3 with total stellar mass of log(M, /M )= 10.9. The spatially
resolved velocity map of the inner r < 1 kpc reveals a continous velocity gradient consistent with the
kinematics of a rotating disk with v (r = lkpe) = 163 £ 5 km s~ and Urot/o ~ 2.5. The gas-to-
stellar ratios estimated from CO(8 — 7) and the dust continuum emission span a broad range, éi(s) —

Mpso /M, =13 — 45% and ;ﬂj“ = 50 — 67%, but are nonetheless consistent given the uncertainties in

the conversion factors. The dynamical modeling yields a dynamical mass of log(Mgyn /Mg )= 10:68582
which is lower, but still consistent with the baryonic mass, log(Mpa, =M, + Mg,f; /Mg)= 11.0, if the
smallest CO-based gas fraction is assumed. Despite a low, overall gas fraction, the small physical
extent of the dense, star-forming gas probed by CO(8 — 7), ~ 3x smaller than the stellar size, implies
a strong relative concentration that increases the gas fraction up to é;l(: kpe  85% in the central
1 kpe. Such a gas-rich center, coupled with a high star-formation rate, SFR~ 500 Mg, yr~ !, suggests
that GDS-14876 is quickly assembling a dense stellar component (bulge) in a strong nuclear starburst.
Assuming its gas reservoir is depleted without replenishment, GDS-14876 will quickly (f4ep1 ~ 27 MyT)
become a compact quiescent galaxy that could retain some fraction of the observed rotational support.
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with ALMA and HST, drawn from Spilker et al. (2016), Rujopakarn et al. (2016) and Popping et al. (2017). The black lines show the

locus and x5 limits (solid and dashed) of the SFR sequence at z = 2.25 from Whitaker et al. (2014). The background is colored by the
predicted gas fraction determined from the empirical prediction of Genzel et al. (2015). GDS-14876 lies above the SFR sequence and is
expected to have a large fzas ~ 80%. The red line and circles show the location of the quiescent population at the same redshift, selected
by low sSFR< —1 Gyr~!. Right: Logarithm of the effective mass surface density vs. stellar mass for galaxies in CANDELS-GDS at z ~ 2
(grevscale) and all galaxies from the left panel. The dashed line indicates the compactness selection criterion of Barro et al. (2017).
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Fic. 4.— Left: Moment maps of the central region of GDS-14876 showing the projected CO velocity field and velocity dispersion where

S/NZ= 3. The white circles marking the extracted pseudo slit using apertures with the FWHM of the minimum resolution element. The
magenta lines illustrate the orientation of the slit in the MOSFIRE |[Olll] observations, which is misaligned with the CO kinematic major
axis by ~ 50°. Right: Observed (grey circles) and best-fit models (black line and 1o grey) for the rotation velocity and velocity dispersion
profiles along the kinematic major axis. The dynamical modeling of the kinematic maps is consistent with a rotating disk of gas., The
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Fi. 5.— Comparison between the dynamical and stellar masses
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Figure 2. Black hole growth of three of the highest redshift and most massive quasars in the early
universe, J1342+0928, J1120+0641', and J0100+2802'%. The three curves are normalized to the observed black
hole mass and redshift of these quasars (data points with statistical error bars). The black hole growth is modeled as
Mgy = Mphseeq % exp(time /50Myr), where we have assumed that the black holes are accreting at the Eddington
limit (Lo = Liga) with a radiative efficiency of 10%. The circles show a compilation of black hole masses of z ~ 6
guasars™®. The gray error bar at the bottom right represents dominant uncertainty due to systematics in the local
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ABSTRACT
We present IRAM/NOEMA and JVLA observations of the quasar J1342+0928 at z = 7.54 and report detections of copious
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Figure 2. Maps of the [C 11] emission (left), the continuum emission at 223.5 GHz (middle), and the continuum at 41.0 GHz of J1342+0928.
The [C 1] map was created by averaging the continuum-subtracted datacube over 455kms™" (2.8 x aicrr)- The cross indicates the near-
infrared position of the quasar. The beam is overplotted in the bottom left corner of each map. The contours show the emission at levels
—30 and —2¢ (dotted lines) and +2a, 430, +50, +70, and +90 (solid lines), where the & denotes the noise in the image (247 pJy beam™ ",
73 jdy beam ™", and 5.7 pJy beam ™!, respectively). The nearby millimeter continuum source (Section 2.1) can be seen toward the northeast in

the middle panel.
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Figure 1. NOEMA spectrum of the redshifted [C II] emission line
and the underlying continuum in J13424092, extracted from the
peak pixel in the datacube. The bin size is 40 MHz, which corre-
sponds to ~54 kms™'. The dotted lines indicate +¢ and —¢, with
o being the noise in each bin. The red, solid line is a flat contin-
uum plus Gaussian fit to the spectrum (the fit values are reported in
Table 1).
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Figure 3. Far-infrared and radio spectral energy distribution of
J134240928. The data points from left to right represent the
NOEMA 1, 2, and 3 mm observations, the tentative VLA 41.0GHz
detection, and the FIRST upper limit. Overplotted are three differ-
ent dust SEDs scaled to the 1 mm detection and two power laws
describing radio synchrotron radiation. The dust model with canon-
ical values (T; = 47K and 3 = 1.6) agrees well with the up-
per limits on the continnum emission at 2 and 3 mm, but predicts
a much lower continuum flux density at 41.0GHz. A shallower 5
(5 = 1.0) or a lower dust temperature (Ts = 24 K, slightly above
the CMB temperature at z = 7.54), illustrated by the dashed and
dotted lines, also predicts a 41.0 GHz flux density below that of the
tentative VLA source. The upper limit in FIRST does not provide
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3.5. Dynamical mass estimate

From the velocity dispersion o of the [C II] emission
and the radius R of the line emitting region, we can esli-
mate a dynamical mass of the quasar host galaxy by uti-
lizing the virial theorem: Mgy, = 3Ro?/2G with G as
the gravitational constant. Assuming that the velocity dis-
persion can be derived from the Gaussian fit to the [C II]
emission (Figure 1), and adopting a maximum radius of the
[C 1] emission of B < 3.5kpec (Section 3.3), we infer a
dynamical mass Mgy, < 3.2 X 1910 M. If instead we as-
sume that the [C II] emission is in a rotating disk with in-
clination angle 7 (e.g., Wang et al. 2013; Willott et al. 2015;
Venemans et al. 2016), we derive a higher dynamical mass
of My, < 1.0 x 10 /sin?(i) M. Adopting i = 55°, the
median inclination angle of 2 ~ 6 quasar hosts (Wang et al.
2013), the dynamical mass of J1342+0928 becomes Mgy, <
1.5 x 10 M, which is <190x higher that of the black
hole (Bafiados et al. 2017). To more accurately constrain the
dynamical mass, high spatially resolved observations of the
[C II] emission are necessary.

* OueHka
ANHaAMNYEeCKOU MaccChl
— MO WNPUHE JNTNHUN
[Cll] n no BepxHeMy
npeneny Ha paguyc
ra3oBoro gmcka (oH
He pa3peLleH B
HabnaeHnax).
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ABSTRACT

We analyze the equivalent widths of HI Lya (W) from the inner (R < 160 kpc) circumgalactic medium
(CGM) of 85 galaxies at z ~ 0 with stellar masses M* ranging 8 < logM = /M, < 11.6. Across three orders
of magnitude in stellar mass, the CGM of present-day galaxies exhibits a very high covering fraction of cool
hydrogen gas (fr = 86.6 £+ 3.6%) indicating that the CGM is ubiquitous in modern, isolated galaxies. These
same galaxies show a decline in Wiy, with increasing radius, independent of mass, but the scatter in this
trend correlates closely with M=*. Using the radial and stellar mass correlations, we construct a fundamental
plane describing the cool CGM of modern galaxies: logWj;,;s = (0.34 £0.02)—(0.0026 £ 0.0005) * (R) +
(0.286 £ 0.002) * log(M,. /M,). The RMS scatter around this bivariate relation is ~0.2 dex. We interpret the
explicit correlation between Wy, and M=+ to arise from the underlying dark matter halo, i.e., Wiy, traces the
gravitational potential whereas M * tracks Mpjo.
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