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3.1 The TING5H50 simulation

The TNGS5H0 simulation (Nelson et al. 2019; Pillepich et al.
2019) is the highest-resolution volume of the IlustrisTNG
project (Nelson et al. 2018; Naiman et al. 2018; Marinacci
et al. 2018; Pillepich et al. 2018a; Springel et al. 2018), with
a uniform periodic-boundary cube of 51.7 co-moving Mpc on
a side, and 2 x 2160° initial resolution elements, half dark
matter particles and half gas cells. The simulations are run
with the unstructured moving-mesh code AREPO (Springel
2010) and incorporate dark matter, gas, stars, black holes,
and magnetic fields. The dark matter and baryonic mass
resolutions in TNG50 are 4.5 x 10° Mg and 8.5 x 10* M, re-
spectively, and the gravitational softening lengths at z = 2
are 192 pc for stars and dark matter, and adaptive for gas,
with a typical size of 100 — 200 pc for star-forming gas. The
simulations account for star formation, stellar population
evolution, chemical enrichment through supernovae type Ia
and I and through AGB stars, gas radiative processes, the
formation, coalescence, and growth of supermassive black
holes, and feedback from supernovae and black holes (Wein-
berger et al. 2017; Pillepich et al. 2018b). TNG50 adopts a
Planck Collaboration et al. (2016) cosmology with h = 0.68,
2y =0.05, O, =031, 24 = 0.69, and oz = 0.82.
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Table 1. Physical properties of the TNGS0 galaxies selected for
kinematic analysis (top seven rows), and excluded (bottom 5
rows): stellar mass M., gas mass Mgae, and instantaneous star
formation rate SFR, all within a three-dimensional aperture with
radius 20 kpc around the potential minimum, and the three-
dimensional K —band half-light size Ry .

1D, subhalo M. Megas SFR Ryo
(symbol (1011 M)  [10M1Mg]  [Mg yr—t]  [kpc]
#1, 25822 (A) 1.0 0.6 71 2.0
4239746 (Q) 1.1 0.8 119 4.0
#£3, 55107 (o) 1.5 1.0 113 3.7
44, 60751 (7) 0.5 0.5 18 6.2
4579351 () 1.2 0.6 92 3.2
46, 92272 (O) 0.5 0.3 70 2.1
4799304 (O) 0.6 0.4 50 2.2
#8, 44316 (.9 0.7 309 0.7
#9, 50682 1.4 (0.3 45 1.6
#10, 59076 (0.9 0.3 66 1.5
#11, 74682 (0.5 0.5 114 2.1

#12, 101499 0.9 (0.2 65 0.5
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Figure 1. Intrinsic physical properties of TN G50 galaxies selected from the 2z = 2 snapshot with M, > 4x 10 Mg and SFR > 50 Mg yr—!
(colored symbols; cf. Table 1) in comparison to the observational reference sample by Genzel et al. (2020) (G20; white circles), and to
the underlying observed galaxy population at 1.5 < z < 2.5 based on the 3D-HST catalogue (grey scale; Brammer et al. 2012; Skelton

et al. 2014; Momcheva et al. 2016). For the 3D-HST sample we apply the following cuts: log( M. /Mg) > 9.2, Kap < 23 mag, and for
the middle panel also SFR/M. > 0.7/ tgupnle. TNGS0 galaxies that satisfy the stellar mass and SFR cuts but that are not included in
the kinematic analysis (because undergoing a merger, disturbed or too compact, see main text) are shown as colored crosses. Masses
and SFRs of the TNG30 galaxies are measured within a three-dimensional aperture with radius 20 kpe around the potential minimum.
Offset from the main sequence (MS; left), offset from the mass—size relation (M — R; middle), and gas-to-stellar mass ratio (right) are
shown as a function of stellar mass. In the left panel, the SFR is normalized to the MS as derived by Whitaker et al. (2014) at the
redshift and stellar mass of each galaxy, using the redshift-interpolated parametrization by Wisnioski et al. (2015). The arrow indicates
the difference between the Whitaker et al. (2014) main sequence normalization (applied for all data shown), and a normalization based
on the TNG galaxies alone (Donnari et al. 2019a). In the middle panel, the half-light sizes are corrected to the rest-frame 5000 A and
normalized to the M — R relation of SFGs as derived by van der Wel et al. (2014b) at the redshift and stellar mass of each galaxy. In the
right panel, gas masses for the 3D-HST galaxies and the G20 sample are estimated from the scaling relations by Tacconi et al. (2018;
T18). The smaller (open colored) symbols connected to the larger (filled colored) symbols indicate the values that would be expected for
the TNGSH0 galaxies based on the T18 scaling relation.
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To summarize, in our modeling setup we leave the fol-
lowing five parameters free, using flat or truncated Gaussian
priors: the total baryonic mass Mya., the baryonic disc ef-
fective radius K., the baryonic bulge-to-total fraction B[ T,
the intrinsic velocity dispersion oy, and the total halo mass
My a16- All other parameters are fixed, including the bulge
effective radius, the bulge and disc Sérsic indices, inclina-
tion, and position angle. Also the dark matter halo profile
shape is fixed, to either NFW, or to the individual, two-
power density fits with free o« and 5 = 3. For the observed
galaxies, the best-fit parameters are as published by Genzel

et al. (2020).
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Figure 3. Different measures of the intrinsic velocity and velocity dispersion of a selection of TNGH0 simulated galaxies, as indicated
in the legend. The circular velocity v o, (black line) is calculated from the enclosed mass assuming spherical symmetry. The radial
velocity dispersion oy (turquoise), vertical velocity dispersion o. (green), and three-dimensional velocity dispersion U;;D/\/i (blue) are
measured ‘locally” in zy bins of 0.5 kpc length, and subsequently averaged, as is the vertical velocity component v. (purple lines). All
other properties are azimuthal averages. Light and dark brown lines show different corrections to the rotation velocity vey (salmon) from
turbulent and other non-circular motions. Grey vertical dashed lines indicate the location of the stellar half-light radii (see Table 1).
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E E A ] E : ] E ; A - find mean (median) Axi.q = 46.8 (5.8) for the simulated
F —R00— 1 S =20 = 2 —R00 — = 5 . v & 5 e
S .% 17k ﬁﬁl 1 7k m - galaxies, and mean (median) Ax;.q = 2.1 (1.6) for the G20
445 b L @48 1 L w7 L _ . A . o
~ao0p- 4 ‘ A f’{ ‘ Foniind  TNE ﬁf : ........> sample. Again, we repeat our calculations for fixed velocity
2 = F

srojected distance [*] e st T T ejetad Astance (] © uncertainties of dv.,, = £10 km s™1. For the TNG50 galax-
ies, we find mean (median) Ax7.y = 41.4 (18.1), while for
the G20 sample we find mean (median) AxZ.q = 3.7 (3.4).
This test shows that the large Ay~ we find for the TNG50
galaxies is not due to S/N, but is because the rotation curves
are less symimetric.

Both methods demonstrate that the simulated galax-
ies show large asymmetries in their rotation curves, and are
less regular compared to the galaxies observed by Genzel
et al. (2020).” For their full sample, Genzel et al. (2020)
find that only 3/41 rotation curves show significant devia-
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Figure 7. Difference in intrinsic vs. inferred central dark mat-
ter fractions fih;(< Re) = Mpu(< Re)/Miot(< Re) based on
the dynamical modeling of seven TNG350 simulated galaxies seen
from five different projections each. The histograms show the dis-
tribution of Affh (< Re) = f]g}h[:ﬁL({ Re) — B trme(< Re)
for fits with a modified NFW halo (black) and a pure NFW
halo (blue dash-dotted), and the arrows indicate the median
Afpum (< fe). The error bar at the top gives the typical uncer-
tainty on the central dark matter fraction for fits to observational
data, dfon (< Re) = £0.11. For our TNG30 galaxies, the model
setup with a modified (i.e. contracted) NF'W halo slightly under-
estimates the central dark matter fraction by 0.05 per cent on
average, and the setup with an NFW halo by 0.13 per cent.
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Figure 8. Gas velocity dispersion op as a function of intrinsic
stellar mass M. for the simulated galaxies selected from TNG50
at z = 2 (colored symbols), compared to the observational data
by Genzel et al. (2020) (large grey circles) and Ubler et al. (2019)
(small light grey circles: see main text). Constraints from mock-
observed and modelled galaxies are shown as open symbols, where
larger sizes indicate higher goodness-of-fit. Filled symbols indicate
the median of the intrinsic, azimuthally averaged ‘local’ veloc-
ity dispersion, and the corresponding error bar indicates the full
range of values at distances r = 1.5 — 20 kpe. The black arrow
approximately indicates (note the log scale) how far the intrinsic
median values would increase if a ‘thermal term’ were included
in the measurement of the velocity dispersion (see Pillepich et al.
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Figure 9. Left: Dark matter fraction within the baryonic disc effective radius fp, (< Re) = UZDI\I (H(;)ffi,'fh,r[H,-:) as a function of circular
cted simulated TNG50 galaxies at z = 2 with M. > 4 x 10" Mg and
SFR = 50Mg yr—! (colored symbols), in comparison to the selected observational data by Genzel et al. (2020) (grey circles). For the
mock-observed and modelled TNG350 galaxies, larger sizes indicate higher goodness-of-fit (averaged over our setups with modified and
unmodified NF'W haloes). Within the modeling uncertainties, the simulated and observed populations largely overlap, but the simulated
galaxies are offset towards higher velocities and dark matter fractions. Right: ffj,,(< Re) as a function of baryonic disc effective radius
R,.. with symbols as in the left panel. Here we see a more distinet offset of the simulated and observed galaxies, where at fixed R, the

velocity at the baryonic disc effective radius veire (He ) for the

observed galaxies always have smaller dark matter fractions.

] ] ] T
Gerzel | Z0 7 2<z<2.4 logh =106 7

081 A% 4650 222 0gu.»10.8 5R=50
0.6
Y
5804
0z
0.0

4
r [kpc]

Figure 10. Enclosed dark matter fraction ff} (< r) = Mpu(<
r) /Mot (< ) as a function of radius r. Colored lines show the
intrinsic profiles of the seven TNGSH0 galaxies selected for this
comparison at z = 2, and open colored symbols indicate the in-
ferred fr} (< Re) from the modeled mock-observations. The grey
shaded area indicates the approximate location of the selected
observed galaxies by Genzel et al. (2020). All mock-observed and
intrinsic low (f53,(< Re) < 0.2) dark matter fractions are found
for R < 4.5 kpe, in contrast to the observationally inferred val-
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Figure 11. Baryonic disc effective radius K. (three-dimensional
stellar half-mass radius Rj /2 . 3p) as a function of enclosed dark
matter mass fraction ff—*)h (< 7) = Mpum(< 7))/ Mg (< r) at
r = Re (r = Ry/5., 3p)- For the selected TNGBH0 galaxies we
show model results -a,.\«'{:rag{xl over five lines of sight and setups
with/without a modified NF'W halo (large colored symbols), with
values based on A.. Grey symbols show the massive, high—z SFGs
by Genzel et al. (2020), with values based on R.. As small circles
we show the full population of M. > 2 x 10 Mg 2z = 2 galax-
ies in TNGS0, color-coded by their baryonic surface density, with
values based on Ry2 .. 3p. The black arrow indicates the aver-
age difference between values based on He (from our dynamical
modeling) vs. Ry o . 2 (intrinsic to the simulation) for the seven



