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Figure 1. Left: Star formation rate as a function of stellar mass for our sample. Here the star formation rate of each galaxy is normalised to the SFR of the main
sequence at z ~ 1.5, to account for the redshift evolution of the main sequence normalisation (e.g., Sargent et al. 2012). The blue filled circles correspond to
KURVS galaxies in the CDFS field discussed in this work. Grey filled squares indicate KURVS galaxies in COSMOS, which will be presented in a forthcoming
paper. Blue hollow circles show the parent sample from the KGES survey (Tiley et al. 2021). The median error bar for the KURVS and KGES points is shown
in the bottom right. The solid line and shaded area indicate the position of the main sequence and its £0.3 dex scatter from Schreiber et al. (2015) at z = 1.5,
corresponding to the average redshift of the KURVS sample. The dashed line represents the factor of four threshold above which galaxies are usually classified
as “starbursts”. Right: Stellar half-light radius as a function of stellar mass for the KURVS sample. The median error bar for KURVS and KGES galaxies is
shown in the bottom left. The black line and shaded area indicate the mass-size relation and its scatter at 1.25 < z < 1.75 from Van der Wel et al. (2014).
KURVS galaxies are located within the main-sequence and mass-size relations at the same redshift. Therefore, their star formation rate and structural properties
suggest that KURVS pgalaxies represent typical star-forming systems at z ~ 1.5,
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Figure 2. Left: Average radial extent of the Her emission in KURVS galaxies as a function of integration time. Filled circles indicate the median extent of
the Her emission, derived as the square root of the area in which the Hor emission is detected with /Ny, = 5. The errorbars highlight the 1o scatter of the
distribution. Coloured vertical lines highlight the typical integration time of the parent sample from the KGES survey (dark orange) and KURVS (dark purple).
For 70 hours of on-source integration, corresponding to the integration time in the KURVS survey, we robustly sample galaxy rotation curves out to ~ Rgp
for the average system. Right: Example of the velocity field and rotation curve from KURVS (top row) and KGES (bottom row) observations for the same
galaxy. These are measured from KMOS data-cubes with a total on-source exposure time of ~70 and ~5 hours, respectively, as described in Section 3. The deep
observations from KURVS allow us to measure high-quality velocity maps and rotation curves extending further out into the galaxy disc, as well as to derive the
dynamical center with higher accuracy than pre-existent, shallower observations from KGES.
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Figure 3. The KURVS data set. From left to right, the panels show the HST Byss — zgsp — Hygp composite image, the Ha flux map, the line-of-sight velocity
(Vahs ) and velocity dispersion (o) maps, and the observed Her rotation curve and velocity dispersion profile. These are extracted from the KURVS velocity
and velocity dispersion maps along the kinematic major axis, indicated with a grey solid line in each map. Rotation curves are plotted such that the velocity
gradient is always positive. Note that the colour scale in the velocity and velocity dispersion maps might differ from the range of velocities of the one-dimensional
profiles since it is optimised to the range of velocities and velocity dispersions measured in two-dimensional data. The size of the PSF of KURVS observations
is indicated by a grey filled circle in the bottom left of each Her flux map. The white filled circles in the rotation curves and dispersion profiles indicate pixels
that have been clipped due to either a large contamination from sky lines or broad components (see text for details). Here the thick dotted vertical lines mark
the half-light radius measured from HST observations (Rsp) for reference. The black solid curve in each rotation curve plot shows the best-fit exponential disc
maodel to the data. For the dispersion profiles, the dotted grey and solid grey horizontal lines represent the observed and beam smearing corrected measure of the
intrinsic dispersion, o. The grey shaded area highlights the 1 o error of this quantity. The depth of KURVS observations allows us to probe the rotation curves
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Figure 4. Left: Ratio between inclination corrected rotation velocity (vy,) and intrinsic velocity dispersion (o) as a function of the stellar mass. The horizontal
dash-dotted line marks the ratio vi,/org = 1, which has been used to distinguish “dispersion dominated” (v o/op < 1) and “rotation dominated” (v /g = 1)
galaxies in the literature (e.g., Wisnioski et al. 2015: Johnson et al. 2018). The horizontal solid line shows our conservative threshold viw/oy = 1.5 to
identify rotationally-supported galaxies in KURVS. The fraction of rotationally-supported KURVS-CDFS galaxies is consistent with measurements of the discs
fraction from KGES in a similar redshift and stellar mass range (Tiley et al. 2021). This is also consistent with KMOS D measurements when applying the
same Vig/op > 1 cut (Wisnioski et al. 2019). Right: Intrinsic velocity dispersion (o) as a function of redshift. Blue filled large circles and white small
circles represent rotationally-supported and dispersion-dominated KURVS-CDFS galaxies, respectively. The coloured symbols are literature measurements for
main-sequence star-forming galaxies at different redshifts (cyan circle: SAMI, Bryant et al. 2015: orange triangle: GHASP, Epinat et al. 2010: lilac triangle:
MUSE, Swinbank et al. 2017; dark grey pentagons: KMOSP, Wisnioski et al. 2015, 2019; dark green hexagon: KROSS, Johnson et al. 2018: dark yellow
cross: MASSIV, Epinat et al. 2012: red diamond: SIGMA, Simons et al. 2016: pink hexagon: SINS, Cresci et al. 2009). The solid line corresponds to the fit to
literature measurements of the ionised gas velocity dispersion, and the dot-dashed line is the best-fit trend from KMOS?P (Ubler et al. 2019). The grey shaded
area represent the redshift evolution of o for a Toomre disc instability toy model with log (M« /[Mg]) = 9.8 — 10.8 (Johnson et al. 2018), which corresponds
to the 16" — g4 percentile range of the stellar mass distribution of the KURVS-CDFS sample (see Sect. 2.1). Rotationally-supported KURVS-CDFS galaxies
follow the oy — z trend highlighted by previous studies. Overall, the integrated dynamical properties of KURVS-CDFS galaxies suggest that these are typical
z ~ 1.5 star-forming discs at log( M« /[Mg]) ~ 10.2.
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Table 2. Kinematic properties of KURVS-CDFS galaxies.

KURVSID Ry max “o Vot [ @7 d Table 3. Dark matter fraction of rotationally-supported KURVS-CDFS galax-
kpe km s~ km s™! -
(1 (2) (3) (4) (5)
| 107  96+2 04+01 1.05+0.03 KURVIID  Jom(% Rex)
2 12.1 47+1  13+03  113+0.12 (1) (2)
4 12.0 4342 0.2 + 0.1 0.71 £0.05 13 0.62 + 007
3 12.1 44+ 3 1.2 +£0.2 1.19 + 0.07 15 0.31 +0.13
6 3.1 64 + 13 1.4 +0.2 1.13 +0.10 16 0.50 + 0.08
) 11.4 0l +5 1.7+02 098 +£0.04 17 0.69 + 0.06
3 11.0 40+ 3 1.8 +04 091 +£0.03 21* 0.0
9 10.2 48+ 4 30+03 1.04 +0.06 3 0.19+0.13
LO* 15.2 61+2 1.9+0.1 099 +0.02 7 046+ 0.11
11 124 62+2 44 +02 1.15+0.4 8 0.67 + 0.06
12 11.2 127+9 1303 067021 9 0.54 + 0.07
13 12.1 62+4 1.5 £ 0.1 1.11 £0.05
14 9.8 102£3  1.0+01 128 +0.07 Note. (1) KURVS-ID. (2) Dark matter fraction within the effective radius
L5 9.2 68+4 17+£01 1.03£0.03 and 1 o uncertainties. This is obtained on seeing- and pressure support-
16 10.9 69+4 2001 1.02+0.02 corrected rotation curves using equation 2. Galaxies are sorted in order of
17 9.9 65+ 3 1.7+ 0.1 1.33 £0.12 decreasing v/ op. *Galaxy KURVS-21 has a highly asymmetric velocity
13 12,1 6l+5 12+01 1.11+0.05 field, that makes it difficult to find a best-fitting model with caLpax’®, While
19 1.9 80+4 1.2+02 141 +0.38 we report its dark matter fraction for completeness, this measurements is
20 10.4 S1+2 1.0+03 1.18+0.06 highly unreliable and we flag this galaxy in the relevant plots.
2] 12.7 T4+ 2 1.8 + 0.1 1.33 + 0.08
22 13.6 1535+7 0201 065+0.04
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Figure 6. Outer rotation curve slope, t = FR:arJf VRY,,» 852 function of stellar mass (left) and stellar mass surface density (right). Measurements for simulated
EAGLE galaxies at z = 1.48 are displayed with a 2D density histogram in blue. The running median for EAGLE galaxies is shown as a blue solid line.
Measurements from stacked rotation curves at z ~ 1.5 from the KGES survey are shown with purple squares for comparison with our previous work
(Tiley et al. 2019b). Large filled blue circles and small white circles represent measurements for rotationally-supported and dispersion-dominated KURVS
galaxies, respectively. The majority of observed rotation curves are flat or rising out to Ry, suggesting that z ~ 1.5 star-forming galaxies with stellar masses
log( M, /M) ~ 10.2 contain a large fraction of their total mass in the form of dark matter within this radius. Only three objects show substantially declining
rotation curves. However, these have perturbed velocity fields and are dispersion-dominated. Therefore, measurements of the kinematics for such galaxies are
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Figure 8. Dark matter fraction within the disc effective radius for high-redshift star-forming galaxies as a function of stellar mass (left) and stellar mass surface
density (right). The 2D density histogram shows measurements for simulated EAGLE galaxies at z = 1.0, 1.48 and 2.01. The coloured lines show the running
median at each redshift in EAGLE. The open green pentagons show the Bouché et al. (2022) sample of z ~ 0.9 star-forming galaxies. The open purple diamonds
indicate the Genzel et al. (2020) sample at 0.67 < z < 2.45, with filled symbols highlighting the sources that are in the same redshift range as our sample. Large
filled circles represent rotationally-supported galaxies in KURVS-CDFS, with the grey data point indicating a source whose kinematics are not well-described by
GaLpak D, Simulated EAGLE galaxies show a trend of decreasing dark matter fraction with increasing stellar mass, albeit with large scatter. Observed galaxies
follow the same trend. There is a much tighter anti-correlation between the dark matter fraction and the stellar mass surface density in EAGLE. Observations
follow a similar trend up o log(Z, /Mg ,fkpc‘ﬁ) ~ 9.2, At higher stellar mass surface densities, however, EAGLE overpredicts the dark matter fraction of
observed galaxies by a factor of ~ 3.
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O ranaktuk: KMOS+CO

Table 1. Basic Properties of the Galaxies

source F R, v (R,) oy v,/ 0y lo EMygpa B/T SFR fon(Re)  fions sini Q i

(kpc) (kms™) (kms™) .. (Mg} Meyr 1 .. (hr)
1) 2) (3) (4) (5 (6) (N (8) ©) (10) (11) (12) (13) (14
EGS_13035123 1.12 10.2 220 19 11.6 11.04 0.20 126 0.3 0.40 0.41 Q.27 61
zC 403741 1.45 2.6 206 &0 3.4 10.59% 0.70 &0 0.1 0.38 0.47 1.00 12
G54 43501 1.61 4.6 259 &0 4.3 10,92 0. 05 53 0.3 0.45 0.88 0.58 22
02343 BXel0 2,21 4.0 295 el 4.9 10. 94 0.12 140 0.3 0.62 0.63 0.47 58
K20_TD7 2223 1.9 SR &0 5.4 11224 0.04 101 0.8 0.64 0.85 0.37 33
02346 Bx482 2.26 5.8 293 &7 4.4 10.91 0.02 80 0.6 0.63 0.87 .52 18
zC_ 4052286 2.29 5.8 120 54 2.2 10.30 0. 63 i i 7 0.6 0.75 0.81 [ 13
D3a_ 15504 2438 6.1 266 68 3.9 11.18 0. 30 146 0.2 0.43 0.e4 0.&8 47
D3a_o6004 2:39 4.9 432 &0 V2 11. 43 0.4% 355 0.1 0.37 0.42 0.58 23

Notes: Columms (1) to (13) are updated galaxy properties for our galaxies selected from the RC 100 saanple (Nestor et al. 202 3): source nanie
radius (R,), circular velocity at R, (v,(R,)), intrinsic velocity dispersion (o), circular velocity to velocity dispersion ratio (v,/o,), baryon n
ratio, star formation rate, dark matter fraction within R,, gas fraction (fy,s), sive of inclination angle (sin i), and Toonmre Q parameter. Al
consistent with RC 100 (Nestor et al. 2023, Table B1) to within the 1o uncertainty, except that for BX610 we updated SFR from far-infrared-t
Brisbinet al. 2019). Columns (14) and (15) are the on-source integration time and FWHM of the angular resolution of the IFU daia used in thi
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Figure 4. Top lefi: Combined HST J-H continuum (blue and green), and integrated ALMA CO 4-3 (red), all at ~0.2"
FWHM resolution. The dotted white line marks the direction of the bar-like structure. Top right: Combined HST J+H contin-
uum (blue), and integrated ALMA rest 460 GHz continuum (red), and Ha integrated line (green), at ~0.25-0.3" FWHM
resolution. Botton: 1 cuts along the major axis at PA,,,;,,~ — 20 to —30° in CO 4-3 (red squares), Ha AO (open blue

circles) and Ha AO + non-AQ (filled blue circles) in line intensity (left), line velocity (center) and line velocity dispersion
(right).
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AO (third from left) and [NII] 6583 (right), superposed on the HST H-band map in contours. The color indicates the velocity
amplitude with the numbers at the bottom of each panel giving the mininwm (purple) and maximum (rved) values. The vellow
arrow denotes 1", The kinematic major axis of the galaxy at PA,,, jo,~ — 25 + 5° is marked as a white line, and the zero iso-

velocity contour ridge (green color) at PA~24° is indicated by the gray dashed line in the first panel.
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Figure 6. Velocity residual (top) and velocity dispersion residual (bottom) maps of the CO 4-3 (left), Hae AO+ non AO
second from left), Ha AO (third from left) and [NII] 6583 AO + non AO data (right), after subtracting the corresponding
YYSMAL model maps from our data. Color scheme and amplitudes are the same as in Figure 5.
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Table 2. Fitting Results for inflow velocities and Kinemetry

Source Z v.l.eﬂ'd E‘I?rﬂm v.l..csid.sp ‘l?ﬂ:sm_DL I?r{obs) - 51?1.(055:} vr{Tl'JﬂFﬂ'F'E’} Evr(rﬂﬂ?ﬂi"'lf} wr(ebs) vy (0bs)
v !- sini v Toomre) v, (Toomre)
resid

(kms™) (kms™) (kms™) (kms™) (kms™') (kms™) (kms™) (kms™1)

(1) (2) (3) (4) (5) (6) (7) (8) (3 {10) (11) {12) (13)
EGS 13035123 1.12 17 7 17 42 14 1 B 1.37 0.57 0.1¢
zC 403741 1.45 20 10 43 21 26 6 1.65 082 0.21
Gs4 43501 1.61 27 12 25 31 14 46 11 0.70 0.30 0.12
02343 BXE10 2.21 60 15 50 70 a5 24 o8 25 0.87 0.34 0.32
K20 ID7 24283 75 15 B5 55 87 17 114 29 0.7& 0.24 0.27
Q2346 BX4B2 2.26 &5 25 55 &0 15 29 101 25 0.74 0.34 0.286
zC 405226 2.289 ‘BZ 30 101 37 58 15 1.73 0.77 0.84
D3a 15504 Z.38 50 25 &0 55 18 39 43 11 1.82 1.0z2 0.2%
D3a €004 2.38 50 20 BO 55 118 47 51 13 2.31 1.08 0.27
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Source z PAajoriight PAmajorkin PAresia SPA rotational | radial motions shape of outer
: motion on rotation curve
sky
(deq) (deq) (deg) (deq) (deq)
(1) (2) (3) (4) (3) (€) (7) (8) ({8) (10)
EGS 13035123 1.1z -175 -1&7 -70 &7 clockwise 156& inflow along/near minor peak-drop
axis
zC 403741 1.45 -149 -143 -48 95 clockwise? 152 inflow along/near minor peak-drop
axis?
=54 43501 1.61 —32 —HZ 75 107 clockwise 118 inflow along/near minor dropping
axis
2343 BX610 2.21 25 + 5 -28 zx —15g.+ 5131 counter— 39 inflow along the bar at peak
clockwise PA~25°, 40° off minor axis
K20 ID7 2023 -1&4 -156 -54 102 clockwise 122 inflow along/near minor rising
axis
Q2346 BX482 2.26 121 111 -30 -150 counter— &0 inflow along axis different rising
clockwise than minor axis
zC 405226 2028 11& 150 240 S0 clockwise 126 inflow along/near minor flat
axis
D3a 15504 2.38 164 155 ) -8B counter— 40 inflow along/near minor dropping
clockwise? axis, but if clockwise out-
flow
D3a &004 2.39 37 167 52 -115 counter— 25 inflow near minor axis peak

clockwise
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Figure 8. Correlation between derived properties of the nine galaxies. For the computation of the theoretically expected
comverging flow speed (Table 2) we use equation 11 with a~1.75, £&=2 and y=0. We also use for each galaxy the estimates of
gas fraction and O as given in Table 1.



