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In this paper, we present global disk orientations and
rotation curves from ~ 1” PHANGS-ALMA! CO data
extending on average out to ~ 0.7 Ras for 67 local star-
forming galaxies. This is the largest such compilation of
CO rotation curves to date (c.f., Sofue & Rubin 2001)

B<11Mipe, I<fadey, logh_">3.13
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Figure 1. The subset of the PHANGS-ALMA sample used
for this paper (colored symbols) in the M, —sSFR plane. The
color-coding indicates the total dynamical mass within Ras
(Mayn Ros , See Section 4.4.3). The underlying population of
star-forming galaxies taken from Leroy et al. (2019) is shown
as gray symbols (see text for details). Our kinematic sample
spans a large range of stellar masses, SFRs, and ratios of
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Figure 5. Best-fit position angles ¢ and inclinations 7 determined from kinematics versus photometry. We split our sample in
barred (red) and unbarred (blue) systems to highlight the impact of bars on measured galaxy orientation. In addition, nearly
face-on systems with either 4y, or 4,5, < 25 degrees are marked with a different symbol. The right panel only includes the
subset of 52 galaxies with reliable iy, measurement (see Section 4.2). The shown error bars represent the uncertainties listed in
Table 2, and are derived from our jackknife analysis. Solid and dashed lines represent a one-to-one correlation and the scatter
in the relations, respectively (see Table 3 for tabulated values).
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Figure 12. Tully-Fisher relation, based on total stellar
masses and outer rotation velocities (K-m.,z;,) of our galaxy
sample. Rotation velocities are derived from our smooth an-
alytic fits to rotation curves. The color-coding encodes the
radial coverage of CO relative to the size of the optical disk.
The solid and dashed lines show the stellar Tully-Fisher re-
lation and its scatter from McGaugh & Schombert (2015),
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ABSTRACT
We present results from a 577 ks XMM-Newton observation of SPT-CL J0459—4947,
the most distant cluster detected in the South Pole Telescope 2500 square degree (SPT-
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Figure 3. Left: stacked and background-subtracted (for display only) EPIC spectrum of the central arcminute of SPT J0459. Energies
in the 1.2-1.9 keV range are excluded due to contamination from instrumental emission lines. The blue, solid curve shows the best-fitting
single thermal component model, with a free temperature, metallicity, redshift and normalization. The red, dashed curve shows the best
fitting model where the metallicity is fixed to zero, to indicate the strength of the Fe emission feature. The lower panel shows residuals
with respect to the model with fitted metallicity. Right: one-dimensional {on-diagonal) and two-dimensional (off-diagonal) marginalized
posteriors for the cluster emission model fit to these data.
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4.1 Single spectrum

We first fit XMM spectra extracted from a single circular re-
gion of radius 1" about the cluster center. While detectable
emission from the cluster extends to ~ 2’ radius, this smaller
region contains > 90 per cent of the total cluster signal;
the radius of 1’ is also conveniently very close to the esti-
mate of rsp0 & 54" derived in the next section. From these
data, we constrain the “average” properties of the ICM to be
KT =72+03, Z/ Z5 =0.37 £ 0.08 and z = 1.705 + 0.018.
Our redshift constraint, due to the (rest frame) 6.7keV Fe
emission line complex, is consistent with earlier photomet-
ric estimates of 1.7 £ 0.2 (Spitzer IR and ground-based NIR
data; Bleem et al. 2015) and 1.8075 15 (Spitzer and Hubble

Table 2. Measured temperatures and metallicities of SPT J0459, marginalized over the cluster redshift in all cases. Shown are results
from a single spectrum; two concentric annuli, where mixing of emission from the PSF is accounted for but geometric projection is not;
and the same annuli when both the PSF and projection are accounted for. Net (background subtracted) counts are in the 0.5-4.0keV
band. The final column compares the best C statistic with the number of degrees of freedom.

Deprojected T:i:fmr r:::]Jim, kT(1) Z(1) T;lfajmr r':‘)?ﬂi_m, kT(2) z(2) Net counts  cstat /dof
(") (") (keV) (Zo) (") 5 (keV) (Zo)

No 0 60 7.2+£03 037+008 — — — — 11499 4351/5121

No 0 16 8.3+0.7 052+015 16 120 61707  0.20+£0.18 12704 8109 /8998

Yes 0 16  10.3+23 069+035 16 120 59733 033047 12704 8109 /8998
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Figure 4. Left: enclosed gas mass profile of SPT J0459 as determined from our analysis in Section 4.2, While the spectral fit leading to
this profile marginalizes over cluster redshift, the values of gas mass and radius in physical units shown here assume a cluster redshift of
z = 1.71. Error bars and shading indicate the 68.3 per cent confidence intervals as a function of radius. The vertical, dashed line shows
our estimate of r5p0, which is insensitive to the assumed redshift within the posterior redshift uncertainty. The solid line shows the typical
power-law slope of the gas mas profile at ~ r5pg, 1.25, measured from z < 0.5 clusters (Mantz et al. 2016b), with which the measured
profile of SPT J0459 agrees well. Right: constraints on temperature and metallicity from the single-spectrum analysis of Section 4.1, as
well as the Z-annulus analysis of Section 4.3. Blue points show the results obtained from our standard analysis, accounting for mixing
due to both the PSF and geometrical projection (i.e., the values correspond to spherical shells of gas). For comparison, red points show
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