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Extended Data Figure 3 | Optical, Infrared, and Millimeter image of SPT0311-58. The field
around SPTO311-58 as seen with ALMA and AT at 1.3 mm (ALMA band & red), 1300 nm
(combrined HubfleMWFC3 FI25W and FI60W filters; green), and 700 nm {(combined Auflle/ACS
FOOaW and F773W filters: blue). For emission from = = 6.9, no emission should be visible in the
ACS filters due to the opacity of the neutral intergalactic medium, while the other filters comespond
ter rest-frame 160 nm and 160 gom.
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Figure 1 | Continuum, [C u], and [O mi] emission from SPT0311-58 and the inferred source-plane
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Figure 3 | Halo masses for rare, high-redshift massive galaxies. The dark matter halo mass (My,,;
defined at an overdensity of 200 times the mean matter density of the universe) is inferred for galaxies in
the first 2 Gyr after the Big Bang (see Methods). These masses present a range of lower limits, from the
most conservative assumption (lower bars) that all baryons in the initial halo have been accounted for in
the molecular gas mass, to the observationally motivated assumption (upper triangles) that the baryonic
mass (M) in gas is a fixed ratio of the halo mass My, /M., = 0.05, calibrated through a comparison?
of simulations and observations spanning z = 0 — 8. The most massive halos that are expected to be
observable® within the whole sky (dotted line), the 2500 deg® area of the SPT survey (dashed line), and
within the subset of that area that is magnified by a factor of two or more (solid line) are also plotted as
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2.3 Sample selection

The sample considered in this paper consists of 83 objects, which is
the overlap between 126 galaxies from the full EDGE D+E sample
and the 238 CALIFA galaxies that have the circular velocity curve
modeled by Kalinova et al. (2017a). In most of the analysis, we
only use galaxies with inclination below 65°. We explore the effect
of inclinations in highly inclined galaxies in Appendix D. There
are 71 EDGE galaxies with inclination below this 65° limit, which,
when restricted to the samples with dynamical models and that en-
compass at least one line-of-sight with SNR>2 (for both ¥gpgr and
3 mo1) results in 39 objects. Fig. 1 shows the comparison between
the parent EDGE sample (after inclination cut) and the sample used
in this paper. Although there is a significant reduction in the num-
ber of galaxies, our sample is still a representation of the EDGE
sample (after inclination cut) in terms of the Hubble type. stellar
masses, star formation rates, and molecular gas masses. However,
very late-type galaxies (Sd) are underrepresented in our sample.
Galaxies with log(SFR/M, },fr_l} > 1 and log(Muue1/Mg) > 10
are also underrepresented with respect to the EDGE sample (after
inclination cut).
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Figure 2. Lefi: The resolved relationship between Tr’ig‘l?,l and 7,1, in our EDGE-CALIFA sample. This figure shows that the detected lines-of-sights cluster
around the 5% orbital efficiency with a large scatter of 0.5 dex. Coloured circles in the diagrams refer to the detections only, with darker colours represent

higher number densities of pixels. The upper and lower limits of *rm‘il are indicated as gray points. Black ellipses mark the 1o (inner) and 2o (outer) confidence

dey
interval of the data, derived from the Principal Component Analysis (see text). The cyan line and its band indicate the median and interquartile range of T:,’;%l

within bins of 0.2 dex in 7,,1,. Right: The integrated measurements of the molecular depletion times (calculated within 2 K, 5) and the orbital times (measured

at 2 R.g). The measurements of Tr’i’g‘l?,l and 7., in Sh-She galaxies (which dominate our sample) are moderately correlated (Spearman rank ~ 0.7) and show



Eule kKyya koppensauusa (?) — Besae
BbliNaaatoT MNIMNTUYECKME TFanakKTUKW

8.5 - -
11.5 _ 5d
5 -1 Sed
11.0 i -
S 7. Sc
T 10.5 = g -
E Y _-:3 | Sth
28 10.0 = = -Sh 2
= = = 4
E 0.5 =3 £ -5ab 2
W = - Sa
9.0 1 = =
2 S0
8.5 =4 “ Ik
: . . .
11.5 B >11.3
o -1 9.0-
11.001 ) =
3 T 11.1
= = | d L tha =
E 105 3 & F10.9 3
25 10.0- - = 8.0~ -10.7
= 2 3 2
B g5 53 7.5~ -105 Z
9.0 e g70- 10.3
=]
— o 6.5+ <10.1
7 8 9 7 8 9
T [ il | I Tars (3] I Tara 13T}

Figure 3. Pixel-by-pixel relanons between 'J'(‘J‘L'.‘:’)l (first column), Egpgr (second column), and 200 (third column) with respect 0 7, where both Egpg and
Flnel are detected with line-ol-sights SNR> 2 The data are color-encoded by Hubble type (first row) and integrated siellar mass (second row). The coloned
contours indicate the Kernel Density Estimation (KDE)-smoothed surface that containg 95% of the points in a given category. Elliptical galaxies, for which
we possess only few line-of-sights, are plotted with red circles, instead of a contour, Colored squares indicate the positions of the quantity medians for each
category, The bleck solid lines indicate the medians of the related quantities within 0.2 dex bins of orbital times, The black horzontal dashed lines in panels
a and o mark the nearby star forming galaxy depletion time of 2.2 Gyr (Leroy et al. 200 3), while the gray diagonal lines are the constant orbital efficiencies
(From left to rght) of 0.5%. 1.7%, 5%. 17%. and 50%. This figure shows that the 7]5]',1}:[ Tark Al Egpp =T relations (panels o and &) are segregated by
the Hubble types, in the sense that the slopes of the relation are shallower from early to late-type galaxies. However. these trends can not be simply attributed
to the different stellar masses of galaxies (panels d and e) nor the molecular gas surface density {panels e and f).
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Pa3HopoaHble HabntogeHus!

26 ranaktuk Ha 4.2-metposom WHT,
OBYXPYKaBHbIU criekTporpad ISIS,
nnana3oH 4200-5000 A n 5500-6700 A;

10 ranaktuk Ha 2.5-meTpoBoMm INT, IDS
cnekTporpad ¢ gnanasoHom 4600-5600 A;

3 ranaktukm Ha FORS2/VLT, 4500-5600 A

NIMKCKWE MHOEKCbI B Mogmndukaumn
Vazdekis.
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Table 2. A summary of the indices used

Telescope WHT INT and VLT
Age indicator H~g Hp3
Metal indicator  Fed3&3, Fed531 Fed531, Fed2T0, Feb3dds
Fe5709 Fe 5406, Fe5709, Mgh
Na abundances NaD
Ca abundances Cad227

Mg abundance . Mghb
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