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tary Information). Inward nuclear flow and a contribution from an
AGN plausibly explain the relatively large nuclear velocity dispersion
(Fig. 2c) that is not accounted for by the disk rotation model.
Our observations indicate a self-consistent picture of rapid gas
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Figure 3 | Two-dimensional distributions of first and second moments of
Figure 17. Velocity fields for 30 of the 62 galaxies of the SINS Hα sample. The velocity fields correspond to that derived from the Hα line emission as described i
the Ha velocity distribution. a, Extracted mean velocity map. b, Extracted
Section 5.1 (the exception is K20–ID5 for which it was obtained from the [O iii] λ 5007 line instead). The color coding is such that blue to red colors correspond to th
velocity dispersion map. c, d, Difference maps of a and b, respectively, and
blueshifted to redshifted line emission with respect to the systemic velocity. The minimum and maximum relative velocities are labeled for each galaxy (in km s−1 )
All sources are shown on the same angular scale; the white bars correspond to 1′′ , or about 8 kpc at z = 2. The galaxies are approximately sorted from left to righ
the corresponding best-fitting exponential disk model distributions. according
to whether their kinematics are rotation-dominated or dispersion-dominated, and from top to bottom according to whether they are disk-like or merger-lik
Superposed are contours of integrated Ha emission. In all cases the data and
as quantified by our kinemetry (Shapiro et al. 2008). Galaxies observed with the aid of adaptive optics (both at the 50 and 125 mas pixel−1 scales) are indicated by th
of rounded rectangles.
models were smoothed to 0.19 00 FWHM. The crosses denote the positionyellow
(A color version of this figure is available in the online journal.)
the continuum peak. The strong deviations (in a and c) near the dynamical
centre of the velocity field from that of the simple rotation pattern in the
asymmetry in the velocity field and dispersion map (essentially
outer disk indicate a 70–120-km s21 component of radial motion, eithertechnique developed by the SAURON team for analysis of local
the same criteria as for our quantitative kinemetry). We find in
galaxies (Krajnović et al. 2006) to applications for high-redshift
inflow or outflow. The spatial connection of this radially streaming gas to studies.
the
this way similar fractions of ∼2/3 of the objects that appea
It provides a measure of the degree of asymmetry
outer disk apparent from the channel maps in Fig. 1 strongly favours radial
to have Hα kinematics consistent with rotation in a single
in the observed velocity and velocity dispersion maps, where
disk, and ∼1/3 with asymmetric or irregular Hα kinematic
the lower (higher) the asymmetry, the more disk-like (mergerinflow.

近赤外面分光観測によって、z=1-3にある星形成銀河の運動学的性質を明らかにした。

基本的には回転している。

like) the object. Of the first 11 SINS galaxies classified by
kinemetry, eight are disks and three are mergers (see Shapiro

suggestive of a merger. We note that for the 15 objects classified
quantitatively, our kinemetry confirmed in all cases our prio
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Wavelength coverage

0.8um to 2.5um

Spectral bands

IZ, YJ, H, K, H+K

Spectral resolving power

R = 3400 (IZ), 3600 (YJ),
4000 (H), 4200 (K), 2000 (H+K)

Number of IFUs

24

Extent of each IFU

2.8" x 2.8"

Spatial sampling

0.2" x 0.2"

Patrol field

7.2 arcmin diameter circle

2013-2018年にかけて、全部で75晩が割り当て（GTOプログラム）
0.6<z<2.7にある739個の銀河を観測

3D survey
KMOS
The KMOS selection criteria were:
3D

(1) M > 109 M⊙ and a magnitude cut of
*
KAB < 23 mag;
(2) a redshift 0.7 < z < 2.7;
(3) the emission lines of interest falling
in atmospheric windows away from
bright sky lines.
By avoiding selection on colours or properties sensitive to star formation or AGN
activity, and by covering five billion years
of cosmic time, KMOS3D is optimally
suited for population censuses and evolutionary studies.
Figure 1 shows the distribution of the
KMOS3D sample in stellar mass versus
SFR. The K-band magnitude cut ensures
95% completeness for log(M /M⊙) > 9.7
*
at 0.7 < z < 1.1; log(M /M⊙) > 10.2 at
*
1.3 < z < 1.7; and log(M /M⊙) > 10.5 at
*
1.9 < z < 2.7 — these correspond to
the redshift slices where Ha is observed
in the YJ-, H-, and K-bands, respectively.
The corresponding median on-source
integration times are 5, 8, and 9 hours
respectively, and range up to 20–30 hours.
The median resolution is 0.5 arcseconds,

mic evolution in gas fractions, where
heating is caused by rapid gas flows onto
and within the galaxies (for example,
Genzel et al., 2011; Krumholz et al., 2018).

KMOS3D has strengthened
from smaller samples that
are not only gas-rich but a
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igure 14. Example 1- and 2-D kinematic extractions for KMOS3D galaxies. From left to right the panels for each galaxy correspond to an IJH
olour-composite image 5" on a side, H↵ image derived from KMOS, H↵ velocity field relative to the systemic redshift, H↵ velocity dispersion cor
or instrumental broadening, H↵ velocities (black points) extracted along the major kinematic axis in apertures with the PSF FWHM in diameter, a
orresponding H↵ velocity dispersions (black points) extracted along the major kinematic axis. Scale bars are shown for reference on the HST and H↵ im
he HST images are centred on the object, the KMOS images are centred on the centre of the KMOS cube. A circle with the diameter of the FWHM
SF is shown in the H↵ image. The axis profiles are extracted along the kinematic PA as denoted by the light blue line over plotted on the velocity ma

581/739 are detected in the Hα emission line
~470 are resolved

Science results from KMOS3D survey
T HE KMOS3D SURVEY

Wisnioski+19

gure 17. Evolution of v/ > 1 as a function of stellar mass for resolved MS galaxies. Stellar mass bins from log M⇤ = 9 - 11.5 are shown with different c
the left panel, the ratio of v/ > 1 threshold is used for ease of comparison to the literature. Squares show the results from the DEEP2 and SIGMA slit s
imons et al. 2017). Diamonds show the results from the KMOS KROSS survey at z ⇠ 1 (Stott et al. 2016). In the right panel, the ratio vrot / 0 as me
om the KMOS3D survey is compared to a similarly derived ratio for SFGs in the Illustris-TNG50 simulations (Pillepich et al. 2019).

8割の銀河で、回転運動が卓越している

ample to investigate rotation-dominated (criteria 1 & 2) and
isk (criteria 1-5) fractions as a function of stellar mass as

In addition to the caveats already discussed, we
note additional uncertainties in comparison between sam

Science results from KMOS3D survey

ournal, 880:48 (24pp), 2019 July 20

Übler et al.

Astrophysical Journal, 880:48 (24pp), 2019 July 20

e 10. SFR divided by gas fraction as a function of circular velocity
ed times intrinsic velocity dispersion for our kinematic sample, colorby redshift. The lines show predictions from the “transport+feedback”
by Krumholz et al. (2018) for different values of Q (Equation (6)). We
a strong correlation between the displayed quantities (ρS=0.57,
6.8), where galaxies scatter around constant Q, suggesting dominant
gulation processes in our galaxies at all redshifts.

radial flows
(internal)

mholz et al. (2018) as lines, but we modify it such that we
the galaxy circular velocity from vcirc=50 km s−1 to
=450 km s−1 in order to appropriately cover the range of
rved velocities in our kinematic sample. In the model

Übler et al.
Übler+19

Figure 11. Intrinsic velocity dispersion σ0,15 as a function of star formation rate
transport+feedback
high-z
model
SFR, color-coded
by circular velocity. The data
points show
our kinematic
sample. The lines are predictions
from the “transport+feedback high-z” model
(Krumholz+18)
by Krumholz et al. (2018), where we additionally vary the galaxy circular
velocity vcirc between 50 and 450 km s−1 in steps of 50 km s−1. For 60% of our
galaxies in the σ0,15−SFR parameter space, the model predicts the correct
rotation velocity, with all other parameters being ﬁxed as speciﬁed in the
main text.

gas accretion
(external)
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Figure 6. Distribution of the incidence of AGN and AGN-driven outﬂows with stellar mas
representation for the incidence of galaxies hosting an AGN, based on identiﬁcation through X
criterion, as described in Section 3.2.1. The bottom panel shows the LOESS-smoothed represe
color-coding follows the color bars and is adjusted for each plot to the respective minimum to
Right: variation of incidence for the full sample, now binned in three ΔMS intervals: below (b
MS. The incidence of AGN and AGN-driven outﬂows is plotted with ﬁlled circles and open squ
error bar. The incidence of outﬂows and AGNs (or outﬂow properties such as velocity widths
redshift (G14 and Section 3.2.3), such that we marginalize over this parameter throughout the pa
strongly with stellar mass irrespectively of location relative to the MS (Section 3.2.2), and exhi

between AGNs identiﬁed through different diagnostics. For
instance, 37 of the 49 AGN sources detected in hard X-ray
emission (irrespective of their [N II]/Hαna ratio) exhibit an
outﬂow signature, and 90 of the 119 AGN galaxies identiﬁed
based on the [N II]/Hαna criterion (irrespective of their X-ray
properties) do, for nearly equal unweighted fractions of 76% or

AGN-d
quench
The
galaxies
[N II]/H
Figure 7

KMOS3D data release
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sions with redshift is in line with expectations for gravity-driven turbulence in
marginally stable gas discs and the cosmic evolution in gas fractions, where
heating is caused by rapid gas flows onto
and within the galaxies (for example,
Genzel et al., 2011; Krumholz et al., 2018).

TMTで何をするか？

KMOS3D has strengthened the key finding
from smaller samples that z ~ 1–2.5 SFGs
are not only gas-rich but also strongly

1. これまで感度の限界で観測できなかった銀河種族を観測する
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Figure
2 | Rotation
and dispersion curve for MACS2129−1. Velocity
offsets ∆V and dispersions σ as a function of distance from the centre of
the galaxy ∆r, derived from pPXF fits to the individual spatial lines in the
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sions with redshift is in line with expectations for gravity-driven turbulence in
marginally stable gas discs and the cosmic evolution in gas fractions, where
heating is caused by rapid gas flows onto
and within the galaxies (for example,
Genzel et al., 2011; Krumholz et al., 2018).

TMTで何をするか？

KMOS3D has strengthened the key finding
from smaller samples that z ~ 1–2.5 SFGs
are not only gas-rich but also strongly

2. これまで観測してきた銀河種族をさらに高い分解能で観測する
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Figure
1. Distribution of 0.05″ (400 pc)
the 745 KMOS 3D targets
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SFR normalised to that
of the MS at the redshift
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*
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ALMAによる0.08″分解能の観測
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