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A B S T R A C T 

We compare ionized gas and stellar kinematics of 16 star-forming galaxies (log ( M � / M �) = 9.7–11.2, SFR = 6 − 86 M � yr −1 ) 
at z ∼ 1 using near-infrared integral field spectroscopy (IFS) of H α emission from the KMOS 

3D (the K-band Multi-Object 
Spectrograph 3D) surv e y and optical slit spectroscopy of stellar absorption and gas emission from the LEGA-C (Large Early 

Galaxy Astrophysics Census) surv e y. H α is dynamically colder than stars, with higher disc rotation velocities (by ∼45 per cent) 
and lower disc velocity dispersions (by a factor ∼2). This is similar to trends observed in the local Universe. We find higher 
rotational support for H α relative to [O II ], potentially explaining systematic offsets in kinematic scaling relations found in the 
literature. Regarding dynamical mass measurements, for six galaxies with cumulative mass profiles from Jeans Anisotropic 
Multi-Gaussian Expansion (JAM) models the H α dynamical mass models agree remarkably well out to ∼10 kpc for all but one 
galaxy (average �M dyn ( R e, F814W 

) < 0 . 1 dex). Simpler dynamical mass estimates based on integrated stellar velocity dispersion 

are less accurate (standard deviation 0.24 dex). Differences in dynamical mass estimates are larger, for example, for galaxies with 

stronger misalignments of the H α kinematic major axis and the photometric position angle, highlighting the added value of IFS 

observations for dynamics studies. The good agreement between the JAM and the dynamical models based on H α kinematics at 
z ∼ 1 corroborates the validity of dynamical mass measurements from H α IFS observations, which can be more easily obtained 

for higher redshift galaxies. 

K ey words: methods: observ ational – stars: kinematics and dynamics – ISM: kinematics and dynamics – galaxies: high- 
redshift – galaxies: kinematics and dynamics . 
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 I N T RO D U C T I O N  

he study of galaxy kinematics as a function of cosmic time provides
mportant insights into the evolution of galactic mass budgets and
tructure (e.g. Sofue & Rubin 2001 ; F ̈orster Schreiber & Wuyts
020 ). Different kinematic tracers like molecular gas, ionized gas, or
tars mo v e in the same galactic potential � and allow for estimates of
he galactic dark matter content. The kinematic signatures of different
racers vary due to their different nature: stars are collisionless while
as is dissipati ve; dif ferent gas phases have different temperatures,
 E-mail: hu215@cam.ac.uk 
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urbulent velocities, and might be affected by outflows. The various
racers often have different spatial distributions and probe different
egions of the overall potential. None the less, dynamical models
ased on complementary tracers should give the same mass estimates
or systems in equilibrium. 

In the local Universe, large interferometric and integral field
pectroscopy (IFS) surv e ys pro vide spatially resolv ed kinematics of
tars, and atomic, molecular, and ionized gas. Comparative studies of
aryonic kinematics at z = 0, in particular from the EDGE-CALIFA
urv e y (Extragalactic Database for Galaxy Evolution - Calar Alto
e gac y Inte gral Field Area; S ́anchez et al. 2012 ; Bolatto et al.
017 ) and the ATLAS 

3D project (Cappellari et al. 2011 ), brought
orth the following general results: (i) rotation velocities are highest
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nd velocity dispersions are lowest for neutral gas, followed by 
onized gas, and then stars (e.g. Vega Beltr ́an et al. 2001 ; Davis
t al. 2013 ; Martinsson et al. 2013 ; Bolatto et al. 2017 ; Levy et al.
018 ; Crespo G ́omez et al. 2021 ; Girard et al. 2021 ); (ii) modelling
f stellar kinematics (e.g. with axisymmetric Jeans Anisotropic 
ulti-Gaussian Expansion models, JAM; Cappellari 2008 ) produces 

ircular v elocity curv es that match observ ed cold molecular gas
otation velocities in regularly rotating galaxies (e.g. Davis et al. 
013 ; Leung et al. 2018 ), suggesting that the mass estimates from
olecular gas and stars are in agreement; and (iii) the misalignment 

f gas and stellar kinematic major axes with each other and with the
orphological major axis is small for the majority of non-interacting 

ystems without strong bars, but generally higher for early-type 
alaxies (e.g. Falc ́on-Barroso et al. 2006 ; Sarzi et al. 2006 ; Davis
t al. 2011 ; Barrera-Ballesteros et al. 2014, 2015 ; Serra et al. 2014 ;
ryant et al. 2019 ). 
In contrast, our knowledge of galaxy kinematics at 1 < z < 3,

hen massive galaxies assemble most of their stellar mass (e.g. 
oster, Naab & White 2020 ), is dominated by ionized gas obser-

 ations. Ef ficient multiplexing near-infrared spectrographs such as 
MOS (the K-band Multi-Object Spectrograph; Sharples et al. 2004 , 
013 ) and MOSFIRE (the Multi-Object Spectrometer For Infra- 
ed Exploration McLean et al. 2010 , 2012 ), trace strong rest-frame
ptical emission lines in several thousand galaxies up to z ∼ 3.5 (see
 ̈orster Schreiber & Wuyts 2020 , for an o v erview). Larger surv e ys
f molecular gas with few hundred 1 < z < 3 galaxies focus on
ntegrated quantities (e.g. Tacconi et al. 2013 , 2018 ; Freundlich et al.
019 , and references therein), with some exceptions of spatially 
esolved kinematics for individual galaxies (e.g. Tacconi et al. 2010 ; 
winbank et al. 2011 ; Genzel et al. 2013 ; Übler et al. 2018 ; Girard
t al. 2019 ; Molina et al. 2019 ; Kaasinen et al. 2020 ; Lelli et al. 2023 ;
iu et al. 2023 ; Rizzo et al. 2023 ). Stellar kinematic observations at z
 1 were initially obtained almost e xclusiv ely for quiescent galaxies,

nd from slit spectroscopy, focusing on integrated quantities due to 
ignal-to-noise (S/N) considerations (but see Newman, Belli & Ellis 
015 ; Toft et al. 2017 ; Newman et al. 2018 ; Mendel et al. 2020 ).
he LEGA-C (Large Early Galaxy Astrophysics Census, van der 
el et al. 2016 , 2021 ; Straatman et al. 2018 ) surv e y brought a

tep change in stellar kinematics of distant systems. Thanks to its
eep uniform integrations and large sample size, spatially resolved 
inematic analyses and modelling have become feasible for few 

undred galaxies of all types at 0.6 < z < 1 (Bezanson et al. 2018a ;
an Houdt et al. 2021 ; Straatman et al. 2022 ; van der Wel et al. 2022 ),
nd integrated kinematic measures for few thousands (van der Wel 
t al. 2021 ). 

Multitracer observations of galaxy kinematics at z > 0 are sparse,
ut o v erall indicate similar trends as z = 0 studies. Molecular disc
elocity dispersions are lower relative to ionized gas at z ∼ 0.2 
Cortese, Catinella & Janowiecki 2017 , see also Molina et al. 2020 ).
here are indications that this trend pre v ails out to z ∼ 2 (Girard et al.
019 ; Übler et al. 2019 ; Lelli et al. 2023 ; Liu et al. 2023 ), while some
ndividual galaxies have comparable dispersions (Genzel et al. 2013 ; 
¨ bler et al. 2018 ; Molina et al. 2019 ). Tentative trends of higher
tellar disc velocity dispersions compared to ionized gas are seen in 
he data by Gu ́erou et al. ( 2017 ) of 17 galaxies at z ∼ 0.5. 

A recent study by Straatman et al. ( 2022 ) compares dynamical
ass estimates based on slit observations of ionized gas and stars

or 157 galaxies at 0.6 < z < 1 from the LEGA-C surv e y. In
hat paper, dynamical masses from stellar kinematics are inferred 
rom JAM models (van Houdt et al. 2021 ), and dynamical masses
rom ionized gas are inferred from pressure-supported disc models, 
here the latter are found to be systematically lower by 0.15 dex.
o correlations of this discrepancy with galaxy properties were 
ound. The authors find a similar offset when comparing JAM 

stimates to mass measurements based on integrated emission-line 
idths. 
We revisit the comparison of stellar and ionized gas dynamical 
ass models with IFS observations of the H α emission line from

he KMOS 

3D surv e y (Wisnioski et al. 2015 , 2019 ). IFS data provide
nowledge of the kinematic major axis of a galaxy through velocity
nd velocity dispersion maps. This allows for the extraction of 
ajor axis kinematics, which can be fed directly into dynamical 
odels. Ho we ver, the kinematic major axis is typically unknown for

ong-slit observations, and is usually assumed to coincide with the 
hotometric position angle (PA). Further corrections are required if 
he slit orientation is different from the photometric PA, as is largely
he case for the LEGA-C observations. 

In this paper, we present a comparison of kinematics and dy-
amical mass estimates from IFS observations of the H α emission 
ine from KMOS 

3D , and long-slit spectroscopic observations of stars 
rom LEGA-C. This paper is organized as follows. Our sample is
escribed in Section 2 . In Section 3.1, we discuss the extraction of
inematic profiles from both surv e ys, including careful matching 
f instrumental effects, and the construction of dynamical mass 
odels in Section 3.2 . We discuss results based on stellar and

onized gas kinematics in Section 4 . In Section 5 , we compare
ynamical mass estimates from the different tracers and methods, 
nd investigate correlations of dynamical mass offset with physical, 
tructural, and kinematic properties of the galaxies. We conclude in 
ection 6 . 

 DATA  

.1 The sample 

or our analysis, we select galaxies observed within both the 
MOS 

3D and LEGA-C surv e ys. There are 26 unique targets common
o both surv e ys, all located in the Cosmic Evolution Surv e y (COS-

OS) field (Scoville et al. 2007 ). Ten of the LEGA-C galaxies have
een observed twice with separate mask designs, and nine galaxies 
ave LEGA-C long-slit observations oriented in E-W direction in 
ddition to or instead of the default N-S observations. The sample
pans a range in stellar mass, star formation rate (SFR), and size, as
llustrated in Fig. 1 . Most galaxies are located at the massive end of
he z ∼ 1 main sequence and follow the mass–size relation, but a
ew log( M ∗/M �) < 10 systems are included, as well as some passive
ystems. The quality of data for both KMOS 

3D and LEGA-C varies
cross the sample, primarily due to integration time (for KMOS 

3D )
nd observing conditions. 

For the comparison of line-of-sight (LOS) kinematics in this work, 
e focus on 16 galaxies for which we can e xtract v elocities and
elocity dispersions across at least 1 arcsec along the (pseudo-)slit 
n both surv e ys, and for the dynamical mass comparison we utilize
0 galaxies for which dynamical masses can be measured from both
urv e ys (see Sections 3.1 and 3.2 for details). We list all galaxies
iscussed in this work with redshifts and KMOS 

3D integration times 
n Table 1 . 

.2 The KMOS 

3D Sur v ey 

he KMOS 

3D surv e y is a 75-night GTO surv e y with the multi-IFS
MOS at the VLT, targeting the H α + [N II ] line emission in 739

og ( M ∗/M �) > 9 galaxies at 0.6 < z < 2.7. The surv e y is presented
MNRAS 527, 9206–9235 (2024) 
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Figure 1. Location of our parent sample (hexagons) in the M � –SFR (left) and M � –R e (right) planes on top of the underlying galaxy population in the COSMOS 
field at 0.6 < z < 1.2 taken from the 3D-HST catalogue (small circles). Duplicate observations in LEGA-C are indicated by large hexagons, and LEGA-C 

observations in E-W orientation are indicated by a horizontal bar. Open hexagons indicate galaxies formally undetected in H α in the KMOS 3D data release. 
Hexagons with light/dark centres indicate galaxies in our kinematics sample, and symbols with dark centres indicate galaxies in our dynamical mass sample. 
Our galaxies span a range in stellar masses, SFRs, and sizes, but most objects are located at the massive end of the z ∼ 1 main sequence and follow the mass–size 
relation. 

Table 1. KMOS 3D ID with field and 3D-HST v4 catalogue object ID (Skelton et al. 2014 ); KMOS 3D redshift; KMOS 3D on- 
source integration time in minutes; LEGA-C Mask-ID with mask number and UltraVista catalogue object ID (Muzzin et al. 
2013 ); second LEGA-C Mask-ID in case of duplicate observations; and LEGA-C redshift. The integration times for the LEGA- 
C observations are all approximately 1200 min. LEGA-C Mask-IDs with mask number M101 refer to long-slit observations 
in E-W orientation. 

KMOS 3D ID KMOS 3D z KMOS 3D t int LEGA-C Mask-ID Second LEGA-C Mask-ID LEGA-C z 

COS4 03493 0.679 285 M4 121150 – 0.678 
COS4 13901 0.684 625 M1 131104 M2 131104 0.683 
COS4 04943 0.758 230 M3 122667 – 0.758 
COS4 16227 0.796 335 M1 131985 – 0.796 
COS4 09601 0.834 230 M5 126127 M101 126127 0.834 
COS4 19648 0.889 315 M1 134839 – 0.889 
COS4 25353 0.897 255 M1 139825 M101 139825 0.897 
COS4 17628 0.907 100 M5 133199 M101 133199 0.907 
COS4 06487 0.907 370 M3 123575 M101 123575 0.908 
COS4 05296 0.926 230 M4 122584 – 0.925 
COS4 10860 0.927 230 M1 127387 – 0.927 
COS4 05238 0.936 230 M7 122836 – 0.937 
COS4 09156 0.938 285 M3 125617 M101 125617 0.939 
COS4 03700 0.956 230 M3 121631 M4 121631 0.956 
COS4 08096 0.979 230 M7 125257 – 0.980 
COS4 12699 1.003 320 M101 128834 – 1.005 
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y Wisnioski et al. ( 2015 , 2019 ), to which we refer the reader for
etails. 
The KMOS 

3D galaxies were drawn from 3D-HST, the Hubble
pace Telescope Treasury Surv e y (Brammer et al. 2012 ; Skelton
t al. 2014 ; Momche v a et al. 2016 ), providing secure spectroscopic
r grism redshift for optimal a v oidance of skyline contamination at
he location of H α. A log ( M ∗/M �) > 9 and K < 23 mag selection
unction was chosen to obtain a population-wide census reducing
iases in SFR or colours. Targets are located in COSMOS, GOODS-
 (Great Observatories Origins Deep Surv e y), and UDS (Ultra Deep
urv e y). High-resolution Wide Field Camera 3 (WFC3) near-IR and
dvanced Camera for Surv e ys (ACS) optical imaging is available
NRAS 527, 9206–9235 (2024) 
rom the Cosmic Assembly Near-infrared Deep Extragalactic Le gac y
urv e y (CANDELS; Grogin et al. 2011 ; Koekemoer et al. 2011 ; van
er Wel et al. 2012 ), and further multiwav elength co v erage from
-ray through optical, near- to far-infrared, and radio is accessible

rom, for example, Ueda et al. ( 2008 ), Lutz et al. ( 2011 ), Xue et al.
 2011 ), Ci v ano et al. ( 2012 ), Magnelli et al. ( 2013 ), and Skelton et al.
 2014 ). 

The publicly released data cubes have a spatial sampling in x–
 -direction of 0.2 arcsec which corresponds to ∼1.6 kpc at z = 1.
he wavelength sampling in z-direction is 1.7 Å. The typical near-

R seeing of the KMOS 

3D data has an FWHM (full width at half-
aximum) of 0.5 arcsec, corresponding to ∼4.0 kpc at z = 1. Point
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pread function (PSF) images representing the observing conditions 
or each combined data cube individually are included in the data 
elease, together with both a Gaussian and Moffat parametrization. 
he average spectral resolution for KMOS 

3D observations in the YJ 
lter is R = λ/ �λ = 3515, corresponding to an average instrumental
ispersion of σ instr ∼ 36 km s −1 . Ho we ver, the line spread function
LSF) of each galaxy, which is close to Gaussian, is determined 
ndividually as a function of wavelength, and encoded in the fits
eader k eyw ords as described by Wisnioski et al. ( 2019 ). The average
n-source integration time for z ∼ 1 targets in KMOS 

3D is 5 h. 
Stellar masses M ∗ and SFRs for all galaxies are derived from

ED fitting following Wuyts et al. ( 2011 ), assuming a Chabrier
 2003 ) initial mass function, using Bruzual & Charlot ( 2003 ) models
ith solar metallicity, the reddening law by Calzetti et al. ( 2000 ),

nd constant or exponentially declining star formation histories. 
ypical uncertainties from SED fitting are 0.15 dex for stellar masses,
nd 0.10–0.25 dex for SFRs. Structural parameters such as the 
f fecti ve radius R e , the S ́ersic index n S , the axis ratio q = b / a , the
orphological PA morph , and for some galaxies the bulge-to-total ratio 
 / T , and corresponding radii and S ́ersic indices, are constrained from
ingle-S ́ersic or double-S ́ersic GALFIT (Peng et al. 2010 ) models to
he CANDELS F 160 W imaging as presented by van der Wel et al.
 2012 ) and Lang et al. ( 2014 ). 

.3 The LEGA-C sur v ey 

he LEGA-C surv e y is a 1107-h public surv e y with the Visible Multi-
bject Spectrograph (VIMOS) at the VLT (Le F ̀evre et al. 2003 ),

argeting 3741 galaxies at 0.6 < z < 1.5. The surv e y is presented by
an der Wel et al. ( 2016 , 2021 ) and Straatman et al. ( 2018 ), to which
e refer the reader for details. 
The LEGA-C targets were drawn from the COSMOS/UltraVISTA 

 -band selected catalogue with photometry (Muzzin et al. 2013 ), 
nd the primary sample consists of 0.6 < z < 1.0 galaxies with K
 20.7 − 7.5 · log [(1 + z)/1.8] mag. ACS imaging is available for
ost targets (Scoville et al. 2007 ). 
LEGA-C slits are 1 arcsec ( ∼8.0 kpc at z ∼ 1) wide and typically

t least 8 arcsec long, oriented in N-S direction, with the exception
f one mask having slits oriented in E-W direction. The sampling 
n the spatial direction is 0.205 arcsec, and in the wavelength 
irection 0.6 Å. The average PSF FWHM measured from Moffat 
ts is 0.8 arcsec. The ef fecti ve spectral resolution is R ∼ 3500,
nd therefore comparable to the average KMOS YJ instrumental 
esolution of 36 km s −1 . The typical on-source integration time is
0 hr. 
Structural parameters such as R e , n S , q , and PA morph , are con-

trained from single-S ́ersic GALFIT models to ACS F 814 W imaging
s presented by van der Wel et al. ( 2016 , 2021 ). F814W is chosen
ecause it has the largest o v erlap with the LEGA-C footprint, and
herefore all dynamical mass estimates for LEGA-C discussed below 

se F 814 W -based structural parameters (although near-IR WFC3 
maging is also available for the subset studied in this work). 

We note that the main analysis in this work uses the default
maging of the two surv e ys. We hav e tested using common imaging
nformation, and we discuss those results where appropriate (see 
ection 3.2.3 and Appendix A ). Our main conclusions are not 
ffected by this choice. 
 KI NEMATI C  E X T R AC T I O N S  A N D  

Y NA M I C A L  M O D E L S  

.1 Fixed-slit kinematic extractions 

.1.1 Extractions for KMOS 3 D 

or an adequate comparison of LOS kinematics, we process the 
MOS 

3D data as follows. First, we match the PSFs of KMOS 

3D and
EGA-C data for each observation, then we extract position–velocity 

PV) diagrams matching the orientation and slit width of the LEGA-
 data, and finally we extract from those the 1D kinematic profiles
y means of Gaussian fits to the H α line profile in each spatial row. 
To match the PSFs, we create for each galaxy a convolution

ernel based on the Moffat parametrizations of the PSFs from 

ach pair of observations. 1 For duplicate observations in LEGA-C, 
e create separate convolution kernels per observation and galaxy. 
hese kernels are then applied to the KMOS 

3D data cubes (which
ave smaller PSF FWHMs for all galaxies in our sample; see also
ections 2.2 and 2.3 ). 
To extract PV diagrams, we place a pseudo-slit with width 

f 1 arcsec on the KMOS 

3D cubes, oriented in N-S and/or E-W
irection, as appropriate. For illustrative purposes, we show examples 
f such PV diagrams in Fig. 2 . Slit centring is based on the location
f the synthesized continuum maps created from the KMOS data 
ubes. Note that the exact VIMOS slit positioning is uncertain, but
an Houdt et al. ( 2021 ) conclude that the typical offset from the
alaxy centre should be no more than 1–2 pixels (0.2–0.4 arcsec),
ased on an analysis of asymmetric light profiles. For the purpose
f our comparison, we assume that the position of galaxies in the
EGA-C slits aligns well with the KMOS 

3D continuum centre (but 
ee Section 5.3 for discussion of an outlier). 

From the 2D PV diagrams we extract spectra for each row, and
etermine the H α LOS velocity and LOS velocity dispersion from 

aussian fits to the line profile at the H α position. Specifically, we fit
he emission-line profile in a range 40–80 Å around the systemic line
osition, and we include or exclude individual fits based on visual
nspection. We caution that emission-line profiles do not al w ays have
 Gaussian shape, as is expected due to beam-smearing and projection 
ffects, potential multicomponent structure, but also possibly caused 
y non-circular motions such as radial flows (see e.g. van der Kruit &
llen 1978 ; Bosma 1981 ; Sofue & Rubin 2001 ). Despite the high
ata quality from the KMOS 

3D and LEGA-C surv e ys for galaxies
n this redshift range, such effects cannot be robustly traced for the
ix el-based e xtractions in our sample, and we therefore limit our
nalysis to the first and second moments. For the velocity dispersion
rofiles, we subtract the LSF appropriate for the H α line position in
uadrature, to remo v e instrumental broadening. An e xample of the
esulting profiles is shown in Fig. 2 , and profiles for all galaxies are
hown in Appendix B . 

.1.2 Extractions for LEGA-C 

OS velocity and LOS velocity dispersion profiles for the stellar and
onized gas in LEGA-C are derived as described in detail by Bezanson
t al. ( 2018a ) and van der Wel et al. ( 2021 ): the 2D PV diagrams are fit
n each row (with median S/N > 2 pixel −1 ) with PPXF (Cappellari &
msellem 2004 ; Cappellari 2017 ) by combining a high-resolution 
MNRAS 527, 9206–9235 (2024) 
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M

Figure 2. Illustration of the available kinematic and ancillary data for galaxies common to the KMOS 3D and LEGA-C surv e ys. Top left: IJH HST colour- 
composite image, with thin dashed lines indicating the 1 arcsec wide VIMOS slit positions from LEGA-C, dark and light dashed–dotted lines indicating the 
morphological PAs derived from the F 814 W and F 160 W passbands, respectively, and the thick dashed line indicating the kinematic PA determined form the 
KMOS 3D H α IFS data. Top middle, right: H α projected velocity and velocity dispersion maps as derived from the KMOS 3D data cubes. Middle left (top): cutout 
around the [O II ] emission line of the 2D data from the LEGA-C surv e y with S/N = 3 contours. Here, the VIMOS data are rebinned in wavelength direction 
to match the coarser KMOS sampling. Middle left (bottom): 2D pseudo-slit extraction around the H α emission line from the KMOS 3D survey with S/N = 3 
contours. Here, the KMOS data cubes are first convolved to match the typically worse VIMOS PSF, and 2D data are subsequently extracted from a pseudo-slit 
matching the orientation and width of the LEGA-C data (vertical thin dashed lines in top left panel). Middle right: 1D integrated LEGA-C spectrum collapsed 
along the N-S slit (top; smoothed for illustrative purposes) with vertical lines indicating low-quality regions, and 1D velocity and velocity dispersion profiles 
(bottom) extracted along the N-S (pseudo-)slit from KMOS 3D (filled circles) and LEGA-C (stars: filled stars and gas: open diamonds); dotted and dashed vertical 
lines indicate the major axis ef fecti ve radii deri ved from the F 814 W and F 160 W passbands. Bottom panels: same as middle panels, but now for data extracted 
in E-W direction (horizontal thin dashed lines in top left panel). Vertical bars indicate 1 arcsec in the kinematic maps and PV diagrams. The 2D data and 1D 

collapsed LEGA-C spectra are only shown for illustrative purposes. The 1D LOS kinematic profiles from the fixed (pseudo-)slit extractions (see Sections 3.1.1 
and 3.1.2 ) form the basis for the measurements described in Section 3.1.3 . This galaxy has a comparable 1D rotation pattern in the KMOS 3D and LEGA-C data, 
ho we ver the LEGA-C velocity dispersions appear asymmetric compared to the H α extractions. Differences in the brightness distribution of the [O II ] versus H α

emission are apparent in the 2D PV diagrams. 
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tellar population template and an emission-line template. These 
emplates are allowed to shift and broaden independently, delivering 
ndependent stellar and ionized gas velocity and velocity dispersion 
rofiles. This procedure takes into account the LSF and remo v es
nstrumental broadening from the velocity dispersion profiles. An 
xample for one galaxy is shown in Fig. 2 , and profiles for all galaxies
re shown in Appendix B . Note that the template for the [O II ] doublet
onsists of two emission lines centred at λ = 3727 and 3730 Å. 

For the purpose of our study, we make a few adjustments 
o the abo v e methodology for individual objects: for two obser-
ations in our sample (M1 127387 and M5 126127) we repeat 
he abo v e fitting procedure without imposing an S/N-cut in or-
er to obtain a radially dependent LOS dispersion profile. An- 
ther two galaxies (M1/101 139825 and M7 122836) show strong 
Ne V ] λ3347, [Ne V ] λ3427, and [Ne III ] λ3870 emission. The high-
onization [Ne V ] λ3427 line is a tell-tale signature of a harder ionizing
adiation field than produced by pure star formation, indicative 
f active galactic nuclei (AGNs) or shocks (e.g. Mignoli et al. 
013 ; Feltre, Charlot & Gutkin 2016 ; Vergani et al. 2018 ; K e wley,
icholls & Sutherland 2019 ). Where present in the LEGA-C spectra 

n our sample, it is kinematically decoupled from other emission 
ines and centrally concentrated. To extract ionized gas kinematics 
or these galaxies, we mask the corresponding spectral regions and 
epeat the abo v e fitting procedure. The effect on the extracted gas
inematics is substantial, with differences in individual velocity 
nd velocity dispersion measurements of up to 200 km s −1 (see 
ppendix C for an example). The stellar kinematic measurements 

re virtually unaffected by this procedure. 
For visual comparison of the 2D PV diagrams we further resample 

he LEGA-C spectra to the (coarser) KMOS wavelength steps. Note 
hat we do not resample in spatial direction due to the very small
ifference in the KMOS and VIMOS pixel scales of 0.005 arcsec. 

.1.3 Measurements 

ue to the different radial co v erage of the data, it is not straightfor-
ard to compare the gas and stellar kinematics in these systems even

fter matching the observing conditions. To quantify how well the 
MOS 

3D and LEGA-C kinematic data compare to each other, we 
efine the following 1D measurements based on the LOS kinematic 
rofiles (see Fig. 2 ): 

(i) v max is the maximum observed absolute velocity (uncorrected 
or inclination), and r vmax is the corresponding radius. 

(ii) v rmax, both is the (mean) velocity at the outermost radius 
o v ered by both the KMOS 

3D and LEGA-C data, and r max, both is
he corresponding radius. 

(iii) σ out is the weighted mean observed velocity dispersion of 
he four outermost measured values (outer two on each side of the
rofile). Note that this measurement may still be affected by beam 

mearing, especially for smaller systems. 
(iv) σ rmax, both is the (mean) observ ed v elocity dispersion at 

 max, both . 
(v) v rms is an approximation of a classical root mean square 

elocity, via v 2 rms = v 2 max + σ 2 
out . 

(vi) v c, max is an approximation of a circular velocity (here with- 
ut corrections for inclination and beam-smearing), via v 2 c, max = 

 

2 
c ( r vmax ) = v 2 max + 2 σ 2 

out · r vmax /R d (see Burkert et al. 2010 , for
etails), where we assume that the disc scale length R d = R e /1.68,
ith R e = R e, F160W 

. 
For the LEGA-C measurements, the above quantities are measured 
or ionized gas (primarily [O II ] and/or H β) and stellar kinematics
ndividually. 

We stress that the abo v e quantities are not derived from modelling,
ut are based on the LOS kinematics, which for the KMOS 

3D galaxies
av e been e xtracted mimicking the LEGA-C observing conditions 
nd setup. Therefore, while the LSF is accounted for, the measure-
ents do not include corrections for inclination or beam-smearing. 
his is to say, intrinsic maximum velocities would be larger, and

ntrinsic velocity dispersions would be smaller. Ho we ver, due to
ur matching of the PSFs, differences due to beam-smearing in 
he original observations are accounted for, and gas kinematics in 
MOS 

3D and LEGA-C should match if the emission lines trace the
ame ISM components. 

Furthermore we emphasize that the abo v e observ ed ‘maximum’
elocities do not necessarily represent the true observed maximum 

elocities of the galaxies, due to the kinematic major axes generally
ot being aligned with the slit orientations (see Section 3.2.1 for
MOS 

3D kinematic extractions along the kinematic major axis). 
The measurements described abo v e cannot be meaningfully per- 

ormed for all galaxies and observations in the sample. We exclude
rom the subsequent comparison galaxies for which there are less 
han fiv e e xtractions of v elocity and v elocity dispersion possible
long the (pseudo-)slit for either the KMOS 

3D or LEGA-C data. We
urther exclude one LEGA-C observation for which the resolved 
inematic extractions are contaminated through a secondary object 
n the slit. The final sample includes 16 galaxies, resulting in 20 pairs
f observations, including four duplicate observations from LEGA-C 

ith the correspondingly different slit- and PSF-matched extractions 
rom the KMOS 

3D data cubes. 

.2 Dynamical modelling 

or our comparison of dynamical mass measurements, we use 
he data at their native spatial and spectral resolutions, without 
atching observing conditions between the KMOS 

3D and LEGA-C 

urv e ys. F or KMOS 

3D , we build mass models which we fit to the H α

ajor axis kinematics (see Section 3.2.1 ), and for LEGA-C we use
ublished dynamical masses from JAM models (see Section 3.2.2 ) 
nd those computed from integrated stellar velocity dispersions. Due 
o the varying data quality across the sample, robust dynamical 
odels cannot be constructed for all galaxies. Our dynamical mass 

omparison includes 10 galaxies, four of which have two estimates 
ased on integrated stellar velocity dispersion from LEGA-C due 
o duplicate observations, and six have LEGA-C estimates based 
n both integrated stellar velocity dispersion and JAM models (see 
ection 3.2.2 ). 

.2.1 Modelling for KMOS 3D 

 or KMOS 

3D , we e xploit the 3D information available from the IFS
ata cubes to build 3D mass models to determine dynamical masses.
pecifically, we place a pseudo-slit of width equal to the near-IR PSF
WHM on the continuum-subtracted cube along the kinematic major 
xis, which is well defined from the 2D projected velocity fields (see
ppendix D ). From the 2D PV diagrams, we then extract 1D profiles
f velocity and velocity dispersion by summing rows spanning the 
SF FWHM (or half PSF FWHM), and by fitting a Gaussian to the
 α line position (see Section 3.1.1 ). 
We forward model the H α major axis kinematics using DYSMAL 

Cresci et al. 2009 ; Davies et al. 2011 ; Wuyts et al. 2016 ; Übler
MNRAS 527, 9206–9235 (2024) 
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t al. 2018 ; Price et al. 2021 ), a code that allows for a flexible
umber of mass components, accounts for finite scale heights and
attened spheroidal potentials (Noordermeer 2008 ), includes effects
f pressure support from the turbulent interstellar medium (Burkert
t al. 2010 ; Wuyts et al. 2016 ), and consistently incorporates the
bservation-specific PSFs and LSFs. 2 Specifically, the mass model
reated with DYSMAL is rotated to match the orientation of the galaxy,
rojected into observed frame, and convolved with the LSF and
SF measured from the observations. We then extract model 2D
V diagrams and 1D profiles using the same extraction apertures
nd Gaussian fitting methodology as described abo v e for the data.
 detailed description of the functionality of DYSMAL is provided
y Price et al. ( 2021 ) in their appendices A.1 and A.2, to which
e refer the reader for more details and a mathematical description
f the model creation and fitting procedure. We emphasize that, by
pplying the same extraction methodology to the data and the model
ube, both data and model are affected in the same way through
rojection effects. 
Due to the heterogeneous data quality in our sample, we consider

wo basic mass models for the baryonic component: a single S ́ersic
rofile and a bulge-to-disc decomposition. Assuming mass follows
ight, we fix the structural parameters, specifically i F160W 

, R e, F160W 

or R e, F160W , bulge and R e, F160W , disc ), and n S, F160W 

(or n S, F160W , bulge 

nd n S, F160W , disc ), to measurements from GALFIT models to the
ANDELS F 160 W imaging as presented by van der Wel et al. ( 2012 ),
ang et al. ( 2014 ), and Wuyts et al. ( 2016 , see Section 2.2 ). Here, we

nfer the galaxy inclination i F160W 

from q F160W 

= b / a by assuming
n intrinsic ratio of scale height to scale length of q 0 = 0.2 (see van
er Wel et al. 2014 ; Wuyts et al. 2016 ; Straatman et al. 2022 ). If
ncluding a bulge, we assume an axis ratio of 1 for this component.

e estimate the total baryonic mass M bar by adding the stellar mass
 � from SED modelling and the gas mass M gas based on M � , SFR, and

edshift of each galaxy, by utilizing the gas mass scaling relations by
acconi, Genzel & Sternberg ( 2020 ). This estimate is used to centre
 Gaussian prior with standard deviation 0.2 dex on the logarithmic
otal baryonic mass. The intrinsic velocity dispersion σ 0 is assumed
o be isotropic and constant throughout the disc, supported by deep
daptive optics assisted observations of star-forming galaxies (SFGs)
t this redshift (see Genzel et al. 2006 , 2008 , 2011 , 2017 ; Cresci et al.
009 ; F ̈orster Schreiber et al. 2018 ; Übler et al. 2019 ; Liu et al. 2023 ).
he value of σ 0 is a free parameter in our modelling. 
All our dynamical models include an NFW (Navarro, Frenk &
hite 1996 ) dark matter halo. Its total mass M halo is inferred from

he dark matter mass fraction within the ef fecti ve (disc) radius,
 DM 

( < R e, F160W 

), which is a free parameter in our modelling (see
ppendix A.3 by Price et al. 2021 , for a discussion of prior choices in
arkov Chain Monte Carlo (MCMC) fitting, specifically addressing

 DM 

( < r ) versus M halo ). Ho we ver, we fix the halo concentration
arameter c following the fitting functions derived by Dutton &
acci ̀o ( 2014 ), by first assuming a typical dark matter halo mass

ased on the stellar mass and redshift of each galaxy following
oster, Naab & White ( 2018 ). Typical values for our sample are c
6–7. 
In total, we have three free parameters in our basic mass models:

he total baryonic mass M bar , the intrinsic velocity dispersion σ 0 ,
nd the central dark matter fraction f DM 

. The focus of our study is
NRAS 527, 9206–9235 (2024) 

 Other 3D forward-modelling tools enabling similar or different functionality 
e.g. parametric versus non-parametric modelling) are, for instance, TIRIFIC 

J ́ozsa et al. 2007 ), KINMS (Davis et al. 2013 ), GALPAK 

3D (Bouch ́e et al. 
015 ), or 3D-BAROLO (Di Teodoro & Fraternali 2015 ). 

t  

t  

3

(
fl

he enclosed dynamical mass, which we take to be the sum of the
est-fitting baryonic and dark matter masses as a function of radius:
 dyn ( < r ) = M bar ( < r ) + M DM 

( < r ). M dyn ( < r ) is calculated within
pherical apertures from the non-spherically symmetric potential of
he 3D mass distribution (see Price et al. 2022 ). We emphasize that
he enclosed dynamical mass is relatively insensitive to the detailed
artitioning of baryonic and dark matter mass (see also Wuyts et al.
016 ; Price et al. 2021 ). 
We fit using MCMC techniques as implemented in DYSMAL

hrough the EMCEE package (F oreman-Macke y et al. 2013 ). We use
00 w alk ers, a burn-in phase of 100 steps, and a run phase of 200
teps (greater than 10 times the maximum autocorrelation time of the
ndividual parameters). We adopt the maximum a posteriori values of
he fit parameters as our best-fitting values, based on a joint analysis
f the posteriors for all free parameters (see Price et al. 2021 ). For
ome galaxies we can only constrain an upper limit on σ 0 through
he upper 2 σ boundary of the marginalized posterior distribution (see
ection 5.4.2 ). We show the MCMC posterior distributions for the
odelled KMOS 

3D galaxies in Appendix E . 
For two galaxies in our sample with very high H α data qual-

ty, COS4 17628 and COS4 06487, more sophisticated dynamical
odels with a higher number of free parameters exist, in particular

ncluding fitting of structural parameters (Nestor Shachar et al. 2023 ).
he dynamical masses at the radii considered in this analysis agree
mong the various mass models within 0.06 dex. 

.2.2 Modelling for LEGA-C 

or the LEGA-C dynamical mass estimates, we use the recently
ublished values by van der Wel et al. ( 2021 ) and van Houdt
t al. ( 2021 ) based on the LEGA-C stellar kinematics. We refer the
eader to those papers for details, but summarize the most rele v ant
nformation here. 

van Houdt et al. ( 2021 ) construct axisymmetric Jeans anisotropic
odels to the LOS stellar rms velocity v rms, � , with v 2 rms ,� ( r) =
 

2 
� ( r) + σ 2 

� ( r), for LEGA-C galaxies for which the morphological
A is not misaligned with the slit by more than 45 ◦, that are not
ergers or irregular galaxies, that are not mid-IR or X-ray-identified
GN, 3 do not have flux calibration issues, and that have S/N > 10 in at

east three spatial resolution elements. The JAM modelling accounts
or beam smearing through comparison of the wavelength-collapsed
EGA-C spectrum with a model light profile, obtained by convolving

he F 814 W imaging with a Moffat kernel and the slit profile. The
inematic PA is assumed to coincide with the morphological PA, and
ny misalignment between the PA and the slit orientation is taken
nto account. The fitting is performed to the LOS stellar rms velocity
 rms, � . In case of asymmetric data points at projected distance r ,
ncertainties on v rms, � are set to the maximum of the formally
easured uncertainties and half the difference between the values

t + r and −r (see van Houdt et al. 2021 ). 
The JAM models consist of two mass components, a stellar

omponent assuming mass follows light based on F 814 W imaging,
nd an NFW dark matter halo. The halo concentration c is tied to the
alo mass following Dutton & Macci ̀o ( 2014 ). Free fit parameters
re the stellar velocity anisotropy, the stellar mass-to-light ratio M / L ,
he dark matter halo mass as parametrized by the circular velocity,
he galaxy inclination, and the slit centring. Here, the inclination is
 Such galaxies are identified by FLAG SPEC = 1 in the LEGA-C data release 
see van der Wel et al. 2021 ). Narrow-line or radio-identified AGN are not 
agged. 
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onstrained by a q -dependent prior assuming an intrinsic thickness 
istribution N (0 . 41 , 0 . 18) which is constrained from the full primary
EGA-C sample. van Houdt et al. ( 2021 ) note that the inclination
nd the slit centring are typically unconstrained by the data. 

Based on the JAM results, dynamical masses are provided out to 
0 kpc and/or 2 R e, F814W 

, if supported by the data, where R e, F814W 

is
he semimajor axis ef fecti ve radius determined from single-S ́ersic
ALFIT models to the F 814 W imaging as presented by van der
el et al. ( 2016 , 2021 ). Analogous to the KMOS 

3D modelling, the
nclosed dynamical mass M dyn ( < r ) is calculated within spherical
pertures from the non-spherically symmetric potential of the 3D 

ass distribution. 
As described abo v e, Jeans anisotropic models can be built only for

 subset of the LEGA-C surv e y. Ho we v er, the e xisting models are
sed to calibrate more accessible virial mass estimators based on the 
nte grated stellar v elocity dispersion (e.g. van der Wel et al. 2006 ;
yde & Bernardi 2009 ; Taylor et al. 2010 ; Cappellari et al. 2013 ;
elli, Newman & Ellis 2017 ; Mendel et al. 2020 ). The details of this
alibration are described by van der Wel et al. ( 2022 ). In short, virial
asses are computed as 

 vir = K( n S, F814W 

) 
σ 2 

�, vir R e, F814W 

G 

, 

where n S, F814W 

and R e, F814W 

are derived from F 814 W imaging (see
ection 2.3 ) and K( n S ) = 8 . 87 − 0 . 831 n S + 0 . 0241 n 2 S following
appellari et al. ( 2006 ), σ�, vir is the inclination- and aperture- 
orrected, integrated stellar velocity dispersion (measured from 

ollapsed 1D spectra), and G is the gravitational constant. The 
orrection for σ�, vir is derived by calibration to the JAM dynamical 
asses, setting M vir as twice the JAM mass within r = R e, F814W 

.
herefore, the virial mass in the abo v e equation is not the enclosed
ass within 1 R e , and does not correspond to the enclosed mass
ithin a specific radius. This mass should not be confused with the

oncept of virial mass frequently used in cosmology, that is the mass
ithin a radius that encompasses a fixed overdensity with respect to 

he critical density of the Universe. 
The main focus of our dynamical mass comparison is between 

he KMOS 

3D IFS H α models and the LEGA-C JAM and M vir 

easurements based on stellar kinematics. Two galaxies in our 
ynamical mass sample are also part of the emission-line modelling 
nalysis by Straatman et al. ( 2022 ), and we include their results where
ppropriate. Straatman et al. ( 2022 ) build a kinematic model where
he rotation curve is parametrized by an arctan function, assuming 
he ionized emission originates from a thick, exponential distribution 
onstrained from the F 814 W imaging, with a constant and isotropic
ntrinsic velocity dispersion. The model accounts for beam smearing 
nd misalignment between the slit and PA F814W 

, and the dynamical 
ass is calculated from the model rotation curve including a pressure

upport correction. See Straatman et al. ( 2022 ) for further details. 

.2.3 Notable differences between the dynamical models 

ur H α dynamical mass models use structural parameters from 

 160 W imaging, while the stellar dynamical mass measurements 
se structural parameters from F 814 W imaging (see Sections 2.2 and
.3 , and Appendix F for further discussion). To quantify the impact
f different structural measurements for our sample, we repeat the 
ynamical modelling for the KMOS 

3D galaxies, this time utilizing 
he i -band ( F 814 W ) based values for a single-S ́ersic baryonic
omponent. We construct two additional sets of dynamical models 
dopting R e , n S , and q from F 814 W imaging. For the first set we keep
he inclination we inferred for our fiducial KMOS 

3D models. For the 
econd set we re-calculate the inclination based on the observed axis
atio q F814W 

and using q 0 = 0.41, the prior that is used for the LEGA-
 JAM modelling (van Houdt et al. 2021 ). Overall, the impact on our
ynamical mass estimates is minor, and the corresponding results 
re presented in Appendix A : for the first set of alternative models
e find an average increase in M dyn of 0.02 dex (standard deviation
.26 dex); for the second set of alternative models we find an average
ecrease in M dyn of 0.03 dex (standard deviation 0.25 dex). 
Another difference lies in the explicit assumption of mass com- 

onents. As described in Section 3.2.1 , for the modelling of the
MOS 

3D data we estimate total baryonic mass by including a cold
as component derived from the scaling relations by Tacconi et al.
 2020 ). For our sample, such derived gas-to-baryonic-mass fractions 
re between 2 per cent and 70 per cent, with a mean value of f gas =
.27. The LEGA-C JAM modelling assumes only a stellar and a
ark matter component (see Section 3.2.2 ). Ho we v er, although the y
ssume mass follows light, M / L is a free parameter in their fit.
he combination of a free M / L and an explicit dark matter halo
omponent therefore allows for an (unconstrained) contribution from 

as (following stars) as well. The more simplistic M vir calculation 
oes not make any assumptions on the involved mass components, 
o we ver uses the (corrected) integrated 1D stellar velocity dispersion
s a tracer of dynamical mass. As the mo v ement of stars is dictated
y the full potential, this includes any contribution from all stars,
as, and dark matter. 

 STELLAR  A N D  I O N I Z E D  G A S  K I N E M AT I C S  

e now compare the stellar (from LEGA-C) and ionized gas 
from KMOS 

3D ) LOS kinematics from matched observing setups 
Section 3.1 ), that is from fixed slits after matching the individual
SFs for each pair of observations. We also compare different 
easurements of the ionized gas observed kinematics using the H α

ine from the KMOS 

3D observations, and the emission-line fits to the
ull LEGA-C spectrum, typically dominated by [O II ] emission. 

In Fig. 2 , we show an example of 2D and 1D kinematic extractions
rom KMOS 

3D and LEGA-C data along both an N-S and an E-W
pseudo-)slit of width 1 arcsec for one galaxy. For this galaxy, both the
onized gas and stellar velocities from LEGA-C and the H α velocities
rom KMOS 

3D qualitatively agree, with stellar velocities reaching 
ome what lo wer amplitudes. The velocity dispersion profiles are 
ften dissimilar, with asymmetric profiles for the ionized gas and 
tars from LEGA-C compared to the KMOS 

3D profile that is centrally
eaked as expected for rotating disc kinematics uncorrected for 
eam-smearing. 
It has been shown that [O II ] emission does not only trace star

ormation, but can be related to AGN activity and low-ionization 
uclear emission-line regions (e.g. Yan et al. 2006 ; Lemaux et al.
010 ; Davies et al. 2014 ; Yan 2018 ; Maseda et al. 2021 ). The
ifferences in shape and intensity between the H α and [O II ] emission
e see in the 2D PV diagrams and the extracted 1D profiles

urther suggests that not all [O II ] emission is originating from
he corotating ISM. Ho we ver, also line blending of the doublet
mission complicates the extraction of kinematic information (due 
o degeneracies between the line amplitudes, widths, and centroids, 
hen no other prominent emission lines are present, as is typical for
EGA-C galaxies at z > 0.9). 

.1 Velocities 

n the left-hand panels of Fig. 3 , we compare maximum velocities
 v max ) and velocities at the outermost common radius ( v rmax, both ) for
MNRAS 527, 9206–9235 (2024) 
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M

Figure 3. Comparison of LOS kinematic quantities from PSF-matched fixed-slit extractions, as defined in Section 3.1.3 . From left to right: maximum 

observed absolute rotation velocity, v max ( r vmax ); (average, interpolated) rotation velocity at the outermost radius co v ered by both KMOS 3D and LEGA-C 

data, v rmax, both ( r max, both ); weighted mean outer v elocity dispersion, σ out ; (av erage, interpolated) v elocity dispersion at the outermost radius co v ered by both 
KMOS 3D and LEGA-C data, σ rmax, both ( r max, both ). Filled stars compare KMOS 3D H α measurements with LEGA-C stellar measurements, and filled circles with 
LEGA-C gas measurements. Large circular outlines indicate the presence of prominent Balmer lines in the LEGA-C spectra. Larger symbols indicate galaxies 
for which a dynamical modelling of both the KMOS 3D and LEGA-C data is possible (typically higher quality, more e xtended data, e xcluding mergers). The 
shaded region around the 1:1 line indicates a constant interval of ±0.1 dex in all plots, to highlight differences in scatter between the comparisons. Due to 
duplicate observations in LEGA-C, galaxies can appear multiple times in each panel. On av erage, v elocities are larger and velocity dispersions lower for H α

compared to stars. 

Table 2. Mean difference of the logarithm, log(KMOS 3D /LEGA-C), and 
corresponding standard deviation for various kinematic quantities, comparing 
KMOS 3D H α to LEGA-C stars and gas, respectiv ely, av eraged o v er galaxies 
for which a dynamical modelling is possible. The quantities are defined in 
Section 3.1.3 and individual measurements are shown in Figs 3 and 4 (large 
symbols). 

Stars Gas 
Quantity [dex] Mean Std. dev. Mean Std. dev. 

v max 0 .13 0.24 0 .13 0.12 
v rmax, both 0 .16 0.40 0 .21 0.46 
σ out − 0 .30 0.20 − 0 .15 0.14 
σ rmax, both − 0 .26 0.27 − 0 .09 0.17 
v max / σ out 0 .42 0.25 0 .28 0.20 
v rms − 0 .05 0.20 0 .02 0.10 
v c, max − 0 .08 0.19 0 .02 0.11 
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he KMOS 

3D and LEGA-C samples, measured from the ‘observed’
inematics. Corresponding numbers for galaxies for which also a
ynamical modelling is possible are listed in Table 2 . On average, the
elocities measured from the KMOS 

3D H α data are larger compared
o LEGA-C stars (golden stars in Fig. 3 ) by ∼40 per cent. This is
imilar when comparing to LEGA-C gas (blue circles), but here
e also note that the gas velocity measurements agree well for the

hree non-interacting galaxies where the LEGA-C spectrum includes
trong Balmer lines (large symbols with green circles). Based on
 two-sample Kolmogoro v–Smirno v statistic, only the maximum
elocity of stars is different from the H α v max by more than 1 σ . In
eneral, lower amplitudes in rotation velocity for stars compared to
as are expected based on z = 0 data (see Introduction). 

.2 Velocity dispersions 

n the right-hand panels of Fig. 3 ,we show the corresponding plots for
he outer weighted mean observed velocity dispersion ( σ out ), and the
mean) velocity dispersion at the outermost radius common to both
ata sets ( σ rmax, both ). On average, the H α dispersion measurements
re lower than the LEGA-C measurements. In particular, the stellar
elocity dispersions are larger by about a factor of two relative to H α,
nd show a significantly different distribution towards higher values
NRAS 527, 9206–9235 (2024) 
y more than 2 σ based on a two-sample Kolmogoro v–Smirno v
tatistic (see also Table 2 ). In addition, there is some indication that,
hen measured at the same radius, the difference between stellar

nd H α velocity dispersions is higher for systems with higher stellar
elocity dispersion. In general, higher disc velocity dispersions for
tars compared to gas are also expected based on z = 0 data, as
iscussed in Introduction. 

.3 Rotational support 

n the left-hand panel of Fig. 4 , we plot the ratio of maximum LOS
elocity and outer LOS velocity dispersion ( v max / σ out ), as defined
n Section 3.1.3 . We stress again that these values are not derived
rom modelling, but have been measure from fixed slits after PSF
atching. That is, the LSF is accounted for but not any inclination

ffects or PSF effects, although the latter should be effectively the
ame for our KMOS 

3D and LEGA-C extractions, as discussed in
ection 3.1.1 . Overall the KMOS 

3D measurements suggest a stronger
otational support in the star-forming ionized gas phase, possibly
ndicating that the H α line emission is originating from a more disc-
ike structure, or that it is less affected by non-circular motions (e.g.
ompared to [O II ]). The difference between the H α measurements
nd the stellar measurements is statistically significant by more than
 σ , and the H α measurements and the LEGA-C gas measurements
y more than 1 σ . 
In addition, we compare several combinations of observed velocity

nd observ ed v elocity dispersion in the right-hand panels of Fig. 4 , as
escribed in Section 3.1.3 . The combination of velocity and velocity
ispersion into a common probe of the galactic potential results in
ore similar estimates on average between the KMOS 

3D and LEGA-
 data: both the average offsets and the scatter are reduced (see also
 able 2 ). W e find the best average agreement between stellar and H α

ata for v rms (second panel in Fig. 4 ). We note that Bezanson et al.
 2018b ) find comparable integrated velocity dispersion for ionized
as and stars within the LEGA-C surv e y, in qualitativ e agreement
ith our result. 
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Figure 4. Comparison of LOS kinematic quantities from PSF-matched fixed-slit extractions, defined as in Section 3.1.3 . From left to right: rotational support, 
v max / σ out ; root mean square velocity, v rms ; and approximation of the circular velocity, v c, max ( r vmax ). Symbols are as in Fig. 3 . The shaded region around the 
1:1 line indicates a constant interval of ±0.1 dex in all plots, to highlight differences in scatter between the comparisons. On average, the rotational support 
measured from H α emission is larger than in stellar and gas measurements from the LEGA-C spectra. 
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.4 Implications for compilations of ionized gas kinematics 

he differences in ionized gas velocities and velocity dispersions 
etween the KMOS 

3D and LEGA-C extractions, where the latter 
re mostly dominated by [O II ] emission, serve as a caution in the
ombination of samples with different emission lines. The somewhat 
ower velocities and higher velocity dispersions measured from [O II ] 
ompared to H α or other Balmer lines might moti v ate a re vision
f literature compilations for the study of galaxy gas kinematics 
volution, such as the Tully–Fisher relation (TFR; Tully & Fisher 
977 ), or gas velocity dispersion. 
In fact, the discrepancy in zero-point offset of the stellar mass

ully–Fisher relation at z ∼ 1 among Miller et al. ( 2011 , 2012 );
iley et al. ( 2016 ); and Übler et al. ( 2017 ) could be partly due to the
se of different tracers. 4 The measurements by Miller et al. ( 2011 ,
012 ) include or are based on [O II ] emission, while Tiley et al.
 2016 ) and Übler et al. ( 2017 ) target H α. A zero-point difference of
bout −0.3 dex is found between those studies, with a corresponding 
ffset in velocity of ∼0.1 dex. Our results suggest that for a velocity
f 50 km s −1 (200 km s −1), a systematic velocity offset of up to 0.2
ex (0.05 dex) could be solely due to the use of different gas tracers,
otentially resolving the disagreement between those studies. 
Considering the recent literature compilation by Übler et al. ( 2019 )

f the redshift evolution of intrinsic ionized gas velocity dispersion, 
ur findings indicate that the difference in average disc velocity 
ispersion at fixed redshift found between some surv e ys could be
ue to the use of different emission-line tracers. Any systematic 
ifference between ionized gas velocity dispersion measured from 

 α versus [O II ] or also [O III ], which is known to typically have a
igher excitation contribution from narrow-line AGN than H α (e.g. 
auffmann et al. 2003 ; Davies et al. 2014 ), could affect evolutionary

rends. 5 Indeed, several surveys including [O II ] or [O III ] emission
ines have average intrinsic velocity dispersion values above the 
 In addition, other important reasons for such differences have been identified 
see e.g. appendix A by ̈Ubler et al. 2017 ): inclusion of galaxies where the peak 
elocity is not reached by the data, lack of a correction for beam-smearing, 
r sample selection effects based on, for example, v rot / σ 0 cuts. 
 We note that studies of nearby giant H II regions typically find lower velocity 
ispersions for [O III ] compared to H α, and this has been linked to [O III ] 
riginating from denser regions more deeply embedded in H II regions (e.g. 
ippelein 1986 ). Law et al. ( 2022 ) find a correlation of σ [OIII] / σH α with 
FR for galaxies in the MaNGA surv e y (Bundy et al. 2015 ). In their work, 
elocity dispersions measured from [O III ] are higher relative to H α for SFR � 

 M � yr −1 . Massive main-sequence galaxies at z ∼ 1–2 have typical SFRs of 
0–100 M � yr −1 (e.g. Whitaker et al. 2014 ). Law et al. ( 2022 ) also find [O II ] 
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elation derived by Übler et al. ( 2019 ). However for the more
hallenging measurement of the velocity dispersion the situation 
s further complicated by different methodologies in accounting for 
eam-smearing in those studies. 
In general, considering the full 1D profiles, we find that (i) stellar

elocities reach lower amplitudes and average disc stellar velocity 
ispersions are higher compared to the ionized gas kinematics, 
eminiscent of local Universe findings; (ii) stellar velocity dispersions 
nd ionized gas velocity dispersion dominated by [O II ] λλ3726,
729 emission are often more asymmetric compared to H α; and
iii) the correspondence between the KMOS 

3D H α and the LEGA-C 

mission-line data is better for LEGA-C spectra including Balmer 
ines (green circles in Figs 3 and 4 ). 

Overall, more high-quality data would be beneficial to characterize 
he differences in ionized gas kinematics provided by different tracers 
or the same galaxies. Upcoming data from JWST enabling H α

tudies up to z ∼ 7 and extensions of z < 3 ground-based kinematic
tudies of multiple emission lines with IFUs such as ERIS (the
nhanced Resolution Imager and Spectrograph), MUSE (the Multi 
nit Spectroscopic Explorer), and KMOS will provide important 

eferences. 

 DY NA M I C A L  MASSES  

e now proceed with a comparison of dynamical mass measure- 
ents from the KMOS 

3D H α and the LEGA-C stellar kinematic 
ata. In contrast to the previous section, where we have matched the
bserving conditions between KMOS 

3D and LEGA-C data, we now 

se the native spatial and spectral resolution of the data to build the
est possible dynamical models based on H α and stars. 
In our comparison of the dynamical modelling results, we focus 

n the inferred enclosed mass close to the range co v ered by our data.
his implies assumptions on the 3D mass distribution, as detailed in
ection 3.2 . In general, the mo v ement of gas and stars is go v erned by

he gravitational potential, and one can also directly compare circular 
elocities, where v 2 c ( r) /r = −∇� (e.g. Davis et al. 2013 ; Leung et al.
018 ). Other than the enclosed mass, v c ( r ) is influenced by the full
ass distribution, including at radii beyond r . While the mass models

or both the KMOS 

3D and LEGA-C data do make assumptions on the
ass distribution beyond radii covered by observations through the 

xplicit modelling of a dark matter halo, the exact halo mass profile
s not constrained by our data. 
MNRAS 527, 9206–9235 (2024) 

elocity dispersions to be systematically higher compared to measurements 
ased on H α. 
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6 We remind the reader that for our KMOS 3D models, M dyn ( < R e, F814W 

), does 
not correspond to the dynamical mass enclosed within the adopted R e of the 
best-fitting model, as here the fiducial structural parameters are based on the 
F160W measurements ( R e, F814W 

is typically larger than R e, F160W 

due to its 
higher sensitivity for substructure, see discussion in Appendix F ). 
7 We approximate the significance as follows, where stddev i is the standard 
deviation of the mean difference of a set of measurements i as listed in 
Table 3 (second column), and N i is the sample size of this set (third column): 
σ = | stddev A − stddev B | / [ stddev 2 A / ( N A − 1) + stddev 2 B / ( N B − 1)] 1 / 2 
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.1 Cumulati v e total mass profiles based on H α and stars 

e begin with a comparison of cumulative mass profiles from
AM models and our best-fitting H α dynamical mass models (see
ections 3.2.1 and 3.2.2 ). Fig. 5 shows the cumulative mass profiles
f the six galaxies in our sample for which the data quality is high
nough in both stars and H α to construct spatially resolved mass
odels. The JAM measurements (golden diamonds with error bars

ndicating one standard deviation) are shown every kiloparsec out to
0 kpc, and at R e, F814W 

, and the KMOS 

3D models are shown as blue
ines, with lighter shading indicating one and two standard deviations,
espectively. 

It is remarkable to see that for most cases, despite the different
echniques, model inputs, and tracers, the constraints on the enclosed

ass and its shape are in agreement. This comparison shows that both
tars and H α at z ∼ 1 constrain the same total mass distribution o v er
 large range of radii, when high-quality data suitable for dynamical
odelling are available. We note that the uncertainties for the H α and

AM models are not directly comparable, since the former have fewer
ree parameters. Ho we v er, also the e xtent out to which the model
s constrained by the data is larger for H α for all cases discussed
ere (golden and blue arrows in Fig. 5 for LEGA-C and KMOS 

3D ,
espectively), further reducing uncertainty in the model. 

For four of the six galaxies (left-hand panels), the dynamical
odels agree within their uncertainties from 1 kpc to (at least) 10 kpc,

o v ering a range of 1 − 2 . 2 R e, F814W 

(1 . 8 − 2 . 6 R e, F160W 

). For one
alaxy, COS4 25353-M1 139825 (bottom right), the models agree
ithin their uncertainties from 4 kpc to (at least) 10 kpc, while in

he central 3 kpc the stellar model yields higher dynamical masses
elative to the H α model. This galaxy is seen almost face on, with a
ifference between the H α kinematic major axis and the F 814 W PA
f 26.5 ◦. This is also one of the objects with strong [Ne V ] emission
n the central region. We speculate that emission from the AGN
ould bias the light-weighted estimates of the central density for
oth models. 
There is only one galaxy for which the JAM estimates and the

MOS 

3D estimates are significantly different o v er a large range in
adius, COS4 03493-M4 121150 (top right). At R e, F814W 

, the JAM
easurement is higher by � M dyn = 0.35 dex compared to the H α

odel. For this highly inclined galaxy ( i ≈ 68 ◦–84 ◦), the kinematic
ajor axis and the F 814 W and F 160 W PAs all align within 1 ◦.
o we ver, the F 814 W structural parameters indicate a high S ́ersic

ndex ( n S, F814W 

= 5 . 1) and a large disc ( R e, F814W 

= 8 . 2 kpc). Yet,
dopting structural parameters from F 814 W imaging for the H α

odel has negligible effect on the dynamical mass constraints.
nstead, it is likely that JAM fits a high M / L to the bright and higher
/N bulge component, leading to an o v erestimate of the mass in the
xtended disc (see also discussion in Section 5.3 ). 

.2 Comparison to measurements at R e, F814W 

based on 

ntegrated stellar velocity dispersion 

he agreement between H α dynamical mass models and mea-
urements based on integrated stellar velocity dispersion is not as
ood. As described in Section 3.2.2 , van der Wel et al. ( 2021 ,
022 ), have utilized the JAM results for LEGA-C to re-calibrate
irial mass measurements based on the integrated stellar velocity
ispersion, which is available for a larger number of galaxies. In
ig. 6 , we compare dynamical masses at R e, 814W 

from our H α

odels to LEGA-C estimates based on σ�, vir (purple symbols) for
0 galaxies. We choose this radius as it allows for a straightforward
NRAS 527, 9206–9235 (2024) 
omparison of the KMOS 

3D models to the LEGA-C M vir values,
here M dyn , LEGA −C ( < R e, F814W 

) = 0 . 5 · M vir . 6 

Several objects in Fig. 6 have multiple estimates based on the
EGA-C σ�, vir data through duplicate observations, and we indicate

he slit orientation of the LEGA-C data through downwards (N-S) and
ightwards (E-W) triangles. We also show JAM measurements within
 e, 814W 

(teal symbols) for the six objects discussed in Section 5.1 . 
For the majority of measurement pairs, the dynamical mass

stimates based on LEGA-C integrated stellar velocity dispersions
re larger than the KMOS 

3D estimates, with an average offset of
 M dyn = 0.12 dex. Ho we ver, in our sample we also find differences

n the dynamical mass estimates from the two surv e ys for individual
alaxies of up to 0.55 dex – amounting to more than a factor of three.
he average offset of � M dyn = 0.12 dex is somewhat smaller than the
verage offset between stellar- and emission-line-based dynamical
ass estimates within the ef fecti ve radius found within the LEGA-
 surv e y alone. Straatman et al. ( 2022 ) find an average offset of
.15 dex when comparing 149 LEGA-C galaxies with log(sSFR/yr)
 −11 and n S ≤ 2.5. 
Due to the small sample size and the duplicate observations

nd two methods shown for LEGA-C, we concentrate on standard
eviations from the mean difference between the various mea-
urement sets to further quantify our results, as listed in Table 3 .
onsidering all observational pairs for which LEGA-C estimates
ased on integrated velocity dispersion exist, we find a standard
eviation of 0.24 dex between the LEGA-C and KMOS 

3D dynamical
ass estimates. The agreement between KMOS 

3D and LEGA-C JAM
s better, with a standard deviation of 0.13 dex (ho we ver for a sample
f six). We note that the reduction in scatter from 0.24 to 0.13 dex
s marginally significant (1.2 σ ). 7 If we further exclude the JAM
easurement of galaxy COS4 03493-M4 121150 (see Section 5.1 ),
e find a standard deviation of 0.07 dex when comparing to the
MOS 

3D estimates. In this case, the reduction in scatter relative to
he comparison of KMOS 

3D models and LEGA-C models based on
nte grated v elocity dispersion has a significance of 2.3 σ . 

Ov erall, the discrepanc y between KMOS 

3D and LEGA-C M dyn 

stimates based on integrated stellar velocity dispersion in our sample
s larger than the independent estimate of uncertainties from LEGA-
 duplicate observations ( σ Mvir, dupl = 0.14), but comparable to the

ndependent estimate of uncertainties from different methods within
EGA-C to determine dynamical mass ( σ Mvir vs JAM 

= 0.24). For the
ull LEGA-C surv e y, the scatter among M vir and JAM measurements
or SFGs is lower than our value, with σ Mvir vs JAM 

= 0.16 (van der
el et al. 2022 ). This suggests that our sample includes some outliers

n the M vir -to- M JAM 

calibration by van der Wel et al. ( 2022 ). 

.3 Notes on LEGA-C duplicate obser v ations and M dyn 

stimates from multiple techniques 

ig. 6 shows for several objects multiple LEGA-C measurements
f dynamical mass. Four galaxies in our dynamical mass sample
av e been observ ed with two different masks in LEGA-C, three of
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Figure 5. Comparison of cumulative mass profiles from H α dynamical mass models and JAM. The JAM estimates by van Houdt et al. ( 2021 ) are shown as 
diamonds every kiloparsec out to 10 kpc, and at R e, F814W 

, and the KMOS 3D best-fitting enclosed total mass is shown as a line, with lighter shading indicating 
one and two standard deviations as constrained by the full MCMC chains (60 000 realizations). The vertical dashed line marks R e, F814W 

, and the light and 
dark arrows indicate the projected extent of the stellar and H α kinematic data, respectiv ely. Ov erall, the agreement between the JAM model estimates and the 
KMOS 3D model estimates is very good, demonstrating that the total mass distribution can be robustly inferred from different modelling techniques and data sets, 
as long as data quality allows. For galaxy COS4 03493-M4 121150 (top right), the JAM model overestimates the dynamical mass (see Section 5.1 for details). 

Figure 6. Comparison of dynamical mass estimates within R e, F814W 

using 
mass models based on H α for KMOS 3D and integrated stellar velocity 
dispersion (purple; van der Wel et al. 2021 ) and JAM (teal; van Houdt et al. 
2021 ) for LEGA-C. The direction of triangles indicates the slit orientation 
of the LEGA-C data from which the estimates were derived. Uncertainties 
for LEGA-C measurements from inte grated v elocity dispersion are 1 σ , and 
for JAM models the 16th and 84th percentiles. For KMOS 3D measurements, 
uncertainties are the 16th and 84th percentiles, with lower ceiling uncertainties 
of 0.1 dex. Dynamical mass estimates from integrated stellar velocity 
dispersion are as accurate as the JAM models, with a standard deviation 
of 0.24 dex when comparing to the KMOS 3D H α measurements. 

Table 3. Standard deviation from the mean difference of the average dynam- 
ical mass discrepancy, and average dynamical mass discrepancy � M dyn for 
various subsets of KMOS 3D and LEGA-C data. 

Comparison Std. dev. � M dyn Sample size 
[dex] [dex] 

LEGA-C JAM 

, KMOS 3D 0.13 0.14 6 
LEGA-C JAM 

, KMOS 3D ∗ 0.07 0.09 5 
LEGA-C Mvir , KMOS 3D 0.24 0.12 14 (incl. dupl.) 
LEGA-C Mvir , duplicates 0.14 0.06 4 
LEGA-C Mvir , LEGA-C JAM 

0.24 −0.13 6 

Note. ∗ Excluding COS4 03493-M4 121150 (see Sections 5.1 and 5.3 ). 
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hich with a different slit orientation. The M vir estimates of these
uplicate observations agree with each other within the uncertainties 
or all but one case. In this latter case, the duplicate observations have
omparable S/N, but the observation which is also in agreement with
he KMOS 

3D measurement is better aligned with the kinematic major 
xis. For all other cases, the duplicate observation with higher S/N is
n better agreement with the KMOS 

3D measurement. This conforms 
o the expectation that in the absence of asymmetric motions, S/N
s more important than alignment for integrated measurements, 
hich are centrally weighted. This is encouraging not only for 
 xisting ground-based surv e ys, but also for upcoming data from
WST NIRSpec Multi Shutter Array observations. 

For most cases, the JAM measurements are in better agreement 
ith the KMOS 

3D modelling than the M dyn estimates based on σ�, vir .
s discussed in Section 5.1 , for galaxy COS4 03493-M4 121150

AM predicts a too large dynamical mass within R e, F814W 

compared 
o the KMOS 

3D model ( � M dyn = 0.35 dex), but also compared to
he LEGA-C measurement from σ�, vir ( � M dyn = 0.26 de x). F or this
alaxy, spatially resolved modelling of the ionized gas from the 
MNRAS 527, 9206–9235 (2024) 
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Table 4. Spearman rank correlation coefficients ρS and their significance 
σρ between dynamical mass discrepancy � M dyn as inferred from the 
KMOS 3D and LEGA-C measurements, and various structural, kinematic, 
and global physical properties of the galaxies. This excludes the integrated 
dispersion measurement for galaxy COS4 04943-M3 122667, and the JAM 

measurement for galaxy COS4 03493-M4 121150 (see Section 5.3 ). 

F 814 W F 160 W 

Quantity ρS σρ ρS σρ

R e [kpc] − 0 .35 1.4 0 .26 1.1 
q 0 .54 2.2 0 .81 3.3 
n S − 0 .07 0.3 0 .03 0.1 
PA morph [deg] − 0 .13 0.5 0 .19 0.8 
R e /PSF FWHM 

∗ − 0 .24 1.0 − 0 .49 2.0 

ρS σρ


 F814W, kin 0.42 1.7 

 kin, slit 0.24 1.0 

 F814W, slit − 
 kin, slit 0.22 0.9 

v circ, H α( r = R e , F814W 

) [km s −1 ] −0.78 3.2 
v rot, H α( r = R e, F814W 

) /σ0 , H α −0.51 2.1 
v rot, H α( r = R e , F814W 

) [km s −1 ] −0.74 3.0 
σ0 , H α [km s −1 ] 0.30 1.2 

SFR [M � yr −1 ] 0.20 0.8 
sSFR [1/Gyr] 0.24 1.0 
� SFR [M � yr −1 kpc −2 ] 0.32 1.3 
log ( M � /M �) −0.08 0.3 
log ( M bar /M �) −0.09 0.4 

Note . ∗ F or R e, F814W 

we use the PSF measurements from the LEGA-C data, 
and for R e, F160W 

we use the PSF measurements from the KMOS 3D data. 
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EGA-C surv e y e xists as well (Straatman et al. 2022 ). Prominent
mission lines in this LEGA-C slit spectrum are H β and [O III ],
nd the correspondence of the 2D KMOS 

3D H α pseudo-slit and
he LEGA-C H β data is good. The M dyn ( < R e, F814W 

) estimate by
traatman et al. ( 2022 ) agrees with the KMOS 

3D estimate, further
upporting the interpretation that the JAM model o v erpredicts the
ynamical mass in this case. 
A second object in our dynamical mass sample has an ionized gas-

ased dynamical mass estimate from LEGA-C data by Straatman
t al. ( 2022 ), COS4 04943-M3 122667. This is the only object in
ur sample with a significantly higher dynamical mass measurement
rom KMOS 

3D compared to the M dyn measurement from the LEGA-C
ntegrated stellar velocity dispersion ( � M dyn = 0.43 dex). This time,
he estimate from the LEGA-C ionized gas data is comparable to the
stimate from integrated stellar velocity dispersion, with a difference
f only � M dyn = 0.04 dex. Closer inspection of the LEGA-C data
nd the KMOS 

3D pseudo-slit e xtractions rev eals that the kinematic
entre is offset by about 0.4 arcsec ( ∼2 pixels) from the central pixel
n the LEGA-C 2D data (see Fig. G1 ). While this cannot typically be
ested, the shape of the ionized gas velocity and velocity dispersion
rofiles, here constrained through H β emission, can be aligned
ith the KMOS 

3D H α kinematic profiles. The resulting spatial shift
f the LEGA-C profiles shows that the velocity gradients in the
EGA-C data are underestimated in both ionized gas and stars,
roviding a plausible explanation for their lower M dyn estimates.
he JAM measurement agrees within the uncertainties with the
MOS 

3D value, likely due to its flexibility of fitting a different centre
osition (see discussion in Appendix G ). 

.4 Correlations with dynamical mass discrepancy 

e explore trends in dynamical mass discrepancy with structural
arameters, kinematic, and physical properties of our galaxies. Due
o the sample size and the comparison of multiple observations or
stimates for the same objects, we cannot expect significant correla-
ions. Ho we ver, we can note a few informative trends that we discuss
n this section. For this investigation, we exclude the integrated
ispersion measurement for galaxy COS4 04943-M3 122667, and
he JAM measurement for galaxy COS4 03493-M4 121150 (see
ection 5.3 ). 
We list Spearman rank correlation coefficients and their sig-

ificance between the dynamical mass discrepancy and various
uantities in Table 4 . 

.4.1 Structur al par ameters 

ynamical mass discrepancies are larger for smaller galaxies that
re seen more face-on, as illustrated in the left-hand panels of Fig.
 . The measured ef fecti ve radius R e and the projected axis ratio
 are themselves correlated: in the presence of surface brightness
imitations, large face-on systems may be missing from a sample,
hus imprinting an artificial R e –q correlation (e.g. Driver et al.
007 ; Graham & Worley 2008 ; Mowla et al. 2019 ). In general,
ynamical mass estimates for smaller galaxies are less certain since
heir kinematics are constrained by fewer independent resolution
lements. For more face-on systems, it is more difficult to infer robust
nclination corrections to the anyhow shallow velocity gradients.
herefore, we interpret the larger discrepancy of H α-based and
tellar-based M dyn estimates for smaller, more face-on galaxies as
eing due to less robust measurements. 
In the middle panel of Fig. 7 , we also see that those M dyn estimates

rom LEGA-C that are lower than the KMOS 

3D estimates have q <
NRAS 527, 9206–9235 (2024) 
.6. This could be a possible effect of o v erestimated inclinations in
he LEGA-C dynamical models due to a larger intrinsic thickness
rior (Section 3.2.3 ), translated to the M dyn measurements from
nte grated v elocity dispersions via the calibration based on the JAM

odels. Ho we ver, we do not see evidence for a systematic trend in
ur data. We caution though that assumptions on intrinsic thickness
nd related inclination estimates can introduce systematic effects in
ynamical mass measurements (see also discussion in Appendix F ).
For close-to face-on galaxies, it is also harder to determine the PA

rom imaging or moment-zero emission-line maps. It was shown by
isnioski et al. ( 2015 ) that the majority of misalignments between

inematically (H α) and morphologically ( F 160 W ) determined PAs
or z ∼ 1–2 SFGs are found at q > 0.6. These trends suggest
hat apparent misalignments between ionized gas kinematics and
tellar light are not primarily due to intrinsic physical differences
etween the warm gas and stellar distributions in galaxies, a possible
onsequence of, for example, misaligned accretion, but are largely
ue to limitations of photometric measurements for face-on systems.
e find a comparable trend in our sample. 
This moti v ates us to explore in more detail possible correla-

ions between dynamical mass discrepancy and measures of PA.
ere, following Wisnioski et al. ( 2015 ) and the misalignment
iagnostic 
 by Franx, Illingworth & de Zeeuw ( 1991 ), we define
in ( 
 F814W , kin ) = | sin ( PA F814W 

− PA kin ) | , where PA kin is measured
rom the H α IFS data. We find that those galaxies with larger
ismatches in their dynamical mass estimates also have stronger

inematic misalignments, with a correlation coefficient ρS = 0.42
nd σρ = 1.7. 

For M dyn measurements based on JAM models (or the spatially
esolved models by Straatman et al. 2022 ), we would expect a trend
uch that kinematic PAs that are more inclined with respect to the slit
rientation than the photometric PA would result in underestimated
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Figure 7. Difference in dynamical mass measurements from LEGA-C stars and KMOS 3D H α, � M dyn = log ( M dyn, LGC / M dyn, K3D ), as a function of ef fecti ve 
radius R e, F814W 

(left), projected axis ratio q F814W 

(middle), and kinematic misalignment 
 F814W, kin (right). The symbols are the same as in Fig. 6 , and symbol 
size scales with q F814W 

(left, right) and R e, F814W 

(middle), as indicated in the panels. We find larger mismatches between dynamical mass estimates for galaxies 
with stronger kinematic misalignment. These are systems that are seen more face-on. 
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ynamical masses from the stellar data, whereas kinematic PAs that 
re closer to the slit orientation than the photometric PA would result
n o v erestimated dynamical masses from the stellar data. We find no
ndication for a corresponding trend based on the JAM measurements 
nly. Considering all measurement pairs, we find no significant 
orrelation ( ρS = 0.22 and σρ = 0.9). 

Further, we find at most a weak correlation between mismatches 
f the H α kinematic major axis and the LEGA-C slit position for
he M dyn discrepancies based on integrated stellar velocity dispersion 

easurements ( ρS = 0.31 and σρ = 1.1). We also find no (significant)
orrelation with M dyn discrepancy and the F 160 W or F 814 W S ́ersic
ndex measurements, their difference, or estimates of the central 
 kpc stellar surface density. 

.4.2 Kinematic properties 

e consider correlations of dynamical mass discrepancy with kine- 
atic quantities, specifically the H α circular velocity at R e, F814W 

and 
he rotational support v rot / σ 0 . These quantities are based on the best-
tting dynamical models of the H α data from the KMOS 

3D surv e y.
e find a correlation with circular velocity ( ρS = −0.78 and σρ =

.2), as illustrated in the left-hand panel of Fig. 8 . This shows
hat the difference in M dyn estimates from stars and gas is lower
or galaxies with higher circular velocities and stronger dynamical 
upport from rotation in the ionized gas phase (middle panel). 
ossible explanations could be that systems with higher rotational 
upport are closer to dynamical equilibrium (dynamical equilibrium 

s the base assumption for all dynamical modelling discussed in 
his work), or that the pressure support corrections for the H α

ata are underestimated (cf. right-hand panel). The pressure support 
orrection chosen in this work following the self-gravitating disc 
escription by Burkert et al. ( 2010 ) is stronger than other corrections
dopted in the literature, so the latter explanation is unlikely (see e.g.
ouch ́e et al. 2022 ; Price et al. 2022 ). 
No corresponding significant correlations have been found in the 

tudy by Straatman et al. ( 2022 ) comparing slit-based estimates 
or both ionized gas and stars, where the kinematic major axis is
nknown. 
We note that for two galaxies we can only robustly constrain upper

imits on the intrinsic velocity dispersion σ 0 from our models due to 
he spectral resolution of KMOS (see Figs E1 and E2 , and section 3.4
y Übler et al. 2019 for details on the treatment of upper limits).
or three more galaxies the MCMC-derived marginalized posterior 
istribution of σ 0 is non-Gaussian. If we remo v e these fiv e galaxies
rom our calculation of the correlation coefficients, we find ρS = 

.47 and σρ = 1.6 for the correlation between � M dyn and σ 0 , and
S = −0.87, σρ = 3.0, and ρS = −0.80, σρ = 2.8 for the correlations
ith v circ ( r = R e , F814W 

) and v rot ( r = R e , F814W 

)/ σ 0 , respectively. 

.4.3 Global physical properties 

onsidering physical properties related to feedback strength such as 
FR, sSFR, � SFR , AGN activity, or outflow signatures, we find no
significant) correlations with dynamical mass offset. This suggests 
hat feedback does not play a major role in systematically affecting
he dynamical mass estimates differently for H α and stars for galaxies
n our sample (see also Straatman et al. 2022 ). Ho we ver, we remind
he reader about the substantial effect of AGN tracer emission-line 
pecies such as [Ne V ] on the ionized g as g alaxy kinematics extracted
rom the LEGA-C spectra. 

We also caution about the potential impact of the line broadening
n integrated line emission spectra induced by the presence of strong
utflows (and of important disc velocity dispersion), as discussed by 
isnioski et al. ( 2018 ) for compact massive SFGs. This underscores

he benefit of spatially resolved emission-line kinematic modelling 
s performed here. 

Although (circular) velocity and galaxy mass are connected 
hrough the TFR, we find no significant correlation with � M dyn and
alaxy mass (see T able 4 ). T o some extent, this can be explained by
he scatter in the z ∼ 1 TFR (e.g. Übler et al. 2017 ). Ho we ver, in our
ample the lack of correlation is also driven by the massive, compact
alaxy COS4 08096 having a large dynamical mass discrepancy. If 
e exclude this galaxy from the calculations, we still find only weak

rends, but more along the expected direction for log ( M � ) ( ρS =
0.28 and σρ = 1.1) and for log ( M bar ) ( ρS = −0.29 and σρ = 1.2).
In summary, despite the small sample size our investigation of 

orrelations with dynamical mass discrepancy reveals interesting 
rends, which should be followed up in future studies. We find

ild correlations in particular with ef fecti ve radius, projected axis
atio, rotational support in the ionized gas phase, and with kinematic
isalignment. Among the various quantities explored, we find the 

trongest correlations between dynamical mass discrepancy and 
 rot, H α , v circ, H α , and q F160W 

, with a statistical significance of σρ ≥ 3.
his confirms on the one hand the expectation that it is more difficult

o constrain robust dynamical masses for galaxies that are smaller, 
ore face-on, and with higher dispersion support (see Wisnioski 
MNRAS 527, 9206–9235 (2024) 
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M

Figure 8. Difference in dynamical mass measurements from LEGA-C stars and KMOS 3D H α, � M dyn = log ( M dyn, LGC / M dyn, K3D ), as a function of H α circular 
velocity v circ ( R e, F814W 

) (left), rotational support v rot ( R e, F814W 

) /σ0 (middle), and intrinsic velocity dispersion σ 0 (right). The symbols are the same as in Fig. 
6 . Dark outlines indicate two galaxies for which we can only constrain upper limits on σ 0 from our models to the KMOS 3D data, and lighter outlines indicate 
another three galaxies with a non-Gaussian marginalized posterior distribution towards low σ 0 values (see Section 5.4.2 ). We find larger mismatches between 
dynamical mass estimates primarily for galaxies with lower circular velocities and lower rotational support, as constrained from our best-fitting models to the 
H α data. 
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t al. 2018 , for a detailed study). On the other hand, it stresses
he importance of spatially resolved kinematic information to build
ccurate mass models. 

 DISCUSSION  A N D  C O N C L U S I O N S  

e have compared kinematics and inferred dynamical masses
rom ionized gas and stars in 16 SFGs at z ∼ 1, common to
he KMOS 

3D (Wisnioski et al. 2015 , 2019 ) and LEGA-C (van der
el et al. 2016 , 2021 ; Straatman et al. 2018 ) surv e ys. Our main

onclusions are as follows: 

(i) Comparing stellar and H α kinematic profiles, we find that on
verage rotation velocities are higher by ∼45 per cent and velocity
ispersions are lower by a factor of two for H α relative to stars,
eminiscent of trends observed in the local Universe (Sections 4.1
nd 4.2 ). 

(ii) We measure higher rotational support in H α compared to
O II ]. This could explain systematic differences found in literature
tudies of, for example, the Tully–Fisher relation when based only on
 rot without accounting for pressure support (Sections 4.3 and 4.4 ). 

(iii) We find excellent agreement between cumulative total mass
rofiles constrained from our DYSMAL models using H α kinematics
nd from JAM models to the stellar kinematics, out to at least 10 kpc
or five of six galaxies (average �M dyn ( R e, F814W 

) < 0 . 1 dex, standard
eviation 0.07 dex; Section 5.1 ). This shows that dynamical masses
t z ∼ 1 can be robustly measured from modelling spatially resolved
bservations, either of stellar or ionized gas kinematics. 
(iv) Simpler dynamical mass estimates based on integrated stellar

elocity dispersion are less accurate (standard deviation 0.24 dex;
ection 5.2 ). 
(v) We investigate correlations of dynamical mass offset with

alaxy properties and find larger offsets, for example, for galaxies
ith stronger misalignments of photometric and H α kinematic PAs.
e find statistically significant correlations with dynamical mass

ffset and v rot, H α , v circ, H α , and q F160W 

(Section 5.4 ). This highlights
he value of 2D spatially resolved kinematic information in inferring
ynamical masses. 

Our comparison of the kinematics of stars and ionized gas reveals
ifferences in their resolv ed v elocities and v elocity dispersions that
re marginally significant. Lower rotational support, lower LOS disc
NRAS 527, 9206–9235 (2024) 
elocities, and higher LOS disc velocity dispersions of stars relative
o the star-forming gas phase are also seen in modern cosmological
imulations (Pillepich et al. 2019 ; C. Lagos, pri v ate communication).
 possible scenario explaining lower rotational support and higher
ispersion in the stellar component is that the observed stars have
een born in situ from gas with higher velocity dispersions (e.g. Bird
t al. 2021 ). Unfortunately, the redshift evolution of molecular gas
isc velocity dispersion is still poorly constrained through available
ata (see Übler et al. 2019 ). 
In general, the collisionless nature of stars allows for a variety

f non-circular orbital motions. A higher fraction of low-angular
omentum box orbits or x -tubes (rotation around the minor axis)

an reduce the LOS velocity of stars (e.g. R ̈ottgers, Naab & Oser
014 ). The origin of such motions is plausibly connected to assembly
istory, where more frequent mergers in the past reduce the net
ngular momentum of the stellar component, in particular if their
aryon content is dominated by stars (e.g. Naab et al. 2014 ). Such
nteractions, alongside secular processes like scattering by giant
olecular clouds, bars, or spiral arms, could also contribute to disc

eating, further increasing the velocity dispersion of the stars (e.g.
enkins & Binney 1990 ; Aumer, Binney & Sch ̈onrich 2016 ; Grand
t al. 2016 ). This is in agreement with our finding of higher v max / σ out 

easured from H α compared to stars. 
Theoretically, the misaligned smooth accretion of gas can also

esult in different kinematics of gas and stars (e.g. Sales et al. 2012 ;
umer et al. 2013 ; Aumer, White & Naab 2014 ; Übler et al. 2014 ;
an de Voort et al. 2015 ; Khim et al. 2021 ). Ho we ver, such processes
ypically reduce initially only the net angular momentum of the gas
hase. This would correspond to a reduction of v max / σ out measured
rom the star-forming gas relative to the full stellar population, which
s not observed in our data set. 

Deviating kinematic signatures in gas versus stars could also be
aused by feedback. The imprints of stellar- and AGN-driven winds
n massive galaxy spectra at z ∼ 1–2 are routinely observed (see
.g. Shapley et al. 2003 ; Rubin et al. 2010 ; Newman et al. 2012 ;
arniani et al. 2015 ; Harrison et al. 2016 ; Zakamska et al. 2016 ;
alia et al. 2017 ; Davies et al. 2019 ; Kakkad et al. 2020 ; Genzel et al.
014 ; F ̈orster Schreiber et al. 2019 ; Concas et al. 2022 , for analyses
ncluding KMOS 

3D data). Such feedback can bias disc kinematic
easurements due to the difficulty of disentangling, for example,

alaxy rotation from outflows in low spectral or spatial resolution
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bservations (see e.g. Lelli et al. 2018 ; Wisnioski et al. 2018 ). At least
hree galaxies in our sample show signatures of outflows in their H α

pectra, but we could not identify a systematic effect on the spatially
esolved disc kinematic measurements of H α and stars presented in 
ection 4 . One of these galaxies (COS 19648-M1 134839) shows

ndication of a counter-rotating disc in the stellar versus ionized gas 
omponents; the difference in log ( M dyn ) for this object is ∼0.15 dex.
o we ver, we clearly see the impact of feedback processes on the
inematic signatures of specific emission lines (especially [Ne V ]) 
eviating from the main disc rotation in the LEGA-C spectra of two
bjects (see Section 3.1.2 and Appendix C ). 
Our results on dynamical mass estimates show that data quality 

nd methods play a role for existing differences in dynamical 
ass estimates of z ∼ 1 galaxies. The fact that we find better

greement between the KMOS 

3D DYSMAL and the LEGA-C JAM 

ynamical mass estimates, as compared to the LEGA-C estimates 
ased on integrated velocity dispersion, demonstrates the advantage 
f detailed dynamical models leveraging the full structural informa- 
ion available o v er more approximate estimators. The remarkable 
greement between spatially resolved dynamical mass estimates 
rom stars and H α, and from independent data sets, provides great
onfidence in our ability to probe the gravitational potential of z ∼ 1
alaxies. It further suggests that our implementation of the pressure 
upport correction accounting for the turbulent motions in the ionized 
as phase is adequate. 

At the same time, the residual trends between KMOS 

3D dynamical 
ass estimates with DYSMAL and LEGA-C dynamical mass estimates 

rom inte grated v elocity dispersions, particularly with the major 
xis misalignment of F 814 W photometry and H α kinematics, could 
e interpreted as signs of physical processes disturbing global 
quilibrium for some galaxies. A difference in PA of gas and stars
ould stem from misaligned smooth accretion, but also from a 
isrupti ve merger e vent in the past (see e.g. Khim et al. 2021 ). If the
ystem has not yet reached a new equilibrium, this could be reflected
n deviating dynamical mass estimates from the differently affected 
aryonic components. Ho we ver, galaxies with large misalignment 
 � PA > 20 ◦) in our sample are also seen relatively face-on, indicating
hat the photometric PA measurements are more uncertain and any 
ntrinsic misalignment is likely smaller. 

Overall, the dynamical mass measurements from LEGA-C stellar 
inematics tend to be larger than the measurements from the 
MOS 

3D H α kinematics by 0.12 dex on average (see also Straatman 
t al. 2022 ). If dynamical mass measurements from stellar kinematics 
re systematically o v erestimated, this would reduce M / L ratios
nferred from such data and impact conclusions on the initial mass
unction of galaxies. It could also potentially impact the evolutionary 
tudy of the Fundamental Plane (Djorgovski & Davis 1987 ; Dressler
t al. 1987 ). Larger comparison samples at z > 0 are required to
uantify any potential effect. 
Larger samples will also be necessary for a statistical assessment 

f the impact of physical processes on galaxy dynamics at this
osmic epoch. Of further interest would be the extension of our 
ample to wards lo wer masses, where the shallo wer potential wells
f haloes would allow feedback and accretion processes to have a 
arger impact on the host galaxy properties. Due to the smaller size
f lower mass galaxies, this would require higher spatial resolution 
bservations than the data presented in this work. This could be 
chieved with instruments such as ERIS at the VLT, and in the
uture with HARMONI (the High Angular Resolution Monolithic 
ptical and Near-infrared Integral field spectrograph) at the ELT 

the Extremely Large Telescope), or GMTIFS (the Giant Magellan 
elescope Integral-Field Spectrograph) at the GMT (Giant Magellan 
elescope). Similarly, higher resolution imaging providing better 
onstrained structural parameters would help in building more 
ccurate dynamical models. At higher redshifts, higher accretion 
ates and shallower potential wells may cause larger and more 
requent kinematic misalignments. This can be investigated through 
 combination of JWST /NIRCam imaging and JWST /NIRSpec IFS 

bservations. 
For a comprehensive assessment of baryonic kinematics and 

ynamics at z ∼ 1, the high-quality data from the KMOS 

3D and
EGA-C surv e ys would ideally be complemented by spatially 

esolved observations of another independent dynamical tracer, such 
s CO. With potentially lower disc velocity dispersion than stars and
onized gas, and unaffected by extinction, dynamical masses inferred 
rom molecular gas kinematics could help to determine realistic 
ncertainties on dynamical masses, and impro v e our understanding 
f the role of corrections factors and modelling assumptions required 
o infer dynamical masses from other baryonic phases. 
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PPENDI X  A :  DY NA M I C A L  MASS  ESTIMATES  

O R  K M O S  

3D ASSUMI NG  S T RU C T U R A L  

R  OPERTIES  FR  O M  F 8 1 4 W  I MAG I NG  

n Fig. A1 , we show comparisons of M dyn estimates from LEGA-C
nd from KMOS 

3D , analogous to Fig. 6 , but now adopting structural
arameters constrained from F 814 W imaging for two additional sets
f KMOS 

3D models, specifically R e , n S , and q . For the first set (left-
and panel of Fig. A1 ) we keep the inclination we inferred for our
ducial KMOS 

3D models. For the second set (right-hand panel), we 
MNRAS 527, 9206–9235 (2024) 

i ve radius using mass models for KMOS 3D and integrated stellar velocity 
 2021 ) for LEGA-C, as in Fig. 6 . Here, we use also for the KMOS 3D models 
cally R e , n S , and q = b / a (left-hand panel). For the comparison in the right- 
 intrinsic thickness of q 0 = 0.41, mimicking more closely the assumptions of 
n of the LEGA-C data from which the estimates were derived. Uncertainties 
JAM models the 16th and 84th percentiles. For KMOS 3D measurements, 
f 0.1 dex. Overall, we find similar average offsets and standard deviations 
cial models. 
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ecalculate the inclination based on the observed axis ratio q F814W 

nd using q 0 = 0.41, the prior that is used for the LEGA-C JAM
odelling (see Section 3.2.3 and van Houdt et al. 2021 ). 
Overall, adopting the F 814 W structural parameters has a minor

ffect on the inferred dynamical masses. For the first set of alternative
odels we find an average increase in M dyn of 0.02 dex compared to

ur fiducial model. Correspondingly, the average offset in dynamical
ass compared to the LEGA-C estimates decreases from � M dyn =

.12 to 0.10, but the standard deviation increases slightly to 0.26
ex, considering all multiple observations and both the M vir and
AM estimates (0.24 dex for our fiducial setup). For the second
et of alternative models, on the other hand, we find an average
ecrease in M dyn of 0.03 dex compared to our fiducial model. Again
orrespondingly, the average offset in dynamical mass compared to
he LEGA-C estimates increases to � M dyn = 0.15, and the standard
eviation increases slightly to 0.25 dex. 
Ho we ver, comparing the two alternative models with each other ,

e do see a systematic effect, as expected: keeping all other
ssumptions on structural parameters fixed, assuming an intrinsically
hicker structure leads to lower inferred dynamical masses. In fact, all
ynamical masses inferred from the second set of alternative models
right-hand panel in Fig. A1 ) are lower than those inferred from the
rst set of alternative models (left-hand panel in Fig. A1 ). 

PPENDIX  B:  2 D  A N D  1 D  PROFILES  F RO M  

IXED  (PSEUDO-)SLIT  E X T R AC T I O N S  AFTER  

SF-MATCHING  

n Figs B1 –B3, we show the HST images, the 2D PV diagrams
rom fixed (pseudo-)slit extractions after PSF-matching, the corre-
ponding 1D LOS velocities and velocity dispersion profiles, and the
ntegrated 1D spectra for the LEGA-C data for all galaxies, except
OS4 17628-M5/101 133199 for which these panels are shown in
ig. 2 . The 2D PV diagrams and 1D LOS profiles are not extracted
long the kinematic major axes. The 1D LOS kinematic profiles from
he fixed (pseudo-)slit extractions (see Sections 3.1.1 and 3.1.2 ) form
he basis for the measurements described in Section 3.1.3 , while the
ther panels are added only for illustrative purposes. We add here a
ew notes on individual objects. 

COS4 03493: the LEGA-C spectrum of this galaxy contains
 β and higher order hydrogen lines, for which we expect similar
inematics compared to the KMOS 

3D H α emission. The high central
OS dispersion for the PSF-matched KMOS 

3D data suggest that the
SF of the LEGA-C observations could be o v erestimated in this case.
COS4 04943: the LEGA-C spectrum of this galaxy contains
NRAS 527, 9206–9235 (2024) 
 β and higher order hydrogen lines, for which we expect similar
inematics compared to the KMOS 

3D H α emission. This allows us
o align the KMOS 

3D and LEGA-C extracted kinematics with high
ccurac y. F or this object, we shift the LEGA-C kinematic centre
y ∼0.4 arcsec to align the kinematics with the KMOS 

3D data (see
ppendix G and Fig. G1 for details). 
COS4 16227: this object had a wrong segmentation map, com-

ining the bright compact source shown in the centre of the HST
mage together with the extended blue object to the centre left.
he H α line emission comes from the blue object in the centre

eft, and is connected to H α emission from the blue object on
he bottom left. These galaxies are likely undergoing a merger.
mission from both these objects falls into the pseudo-slit after PSF-
atching. The central compact object is an AGN at z ∼ 1.33 based on

right and broad [O III ] emission in the KMOS 

3D and LEGA-C data.
he LEGA-C spectrum of the centre left galaxy contains H β and
igher order hydrogen lines, for which we expect similar kinematics
ompared to the KMOS 

3D H α emission, and indeed the alignment of
he KMOS 

3D and LEGA-C gas kinematic extractions shows that the
PXF fitting is performed on the blue object in the centre left. The
ismatch of morphological PA and kinematic PA for this source is

ikely driven by the bright central object and the wrong segmentation
ap. 
COS4 19648: the LEGA-C spectrum of this galaxy contains bright
 β and higher order hydrogen lines, for which we expect similar
inematics compared to the KMOS 

3D H α emission. This allows us
o align the KMOS 

3D and LEGA-C extracted kinematics with high
ccurac y. F or this object, we shift the LEGA-C kinematic centre by
0.3 arcsec to align the kinematics with the KMOS 

3D data. There is
ndication of counter-rotating gas and stellar discs from the extracted
OS velocities. Unfortunately, the LEGA-C N-S slit observations
re almost perpendicular to the H α kinematic major axis, and
e observed only a shallow velocity gradient in the (pseudo-)slit

xtractions. 
COS4 25353: the LEGA-C spectrum of this galaxy shows

right and kinematically decoupled [Ne V ] λ3347, [Ne V ] λ3427, and
Ne III ] λ3870 emission which influences the PPXF fit for the gas
inematics, if not masked. We show the 1D extractions after masking
he Neon emission. See Appendix C and Figs C1 and C2 for more
etails. 
COS4 05238: the LEGA-C spectrum of this galaxy shows bright

nd kinematically decoupled [Ne V ] λ3427 and [Ne III ] λ3870 emis-
ion which influences the PPXF fit for the gas kinematics, if not
asked. We show the 1D extractions after masking the Neon

mission. 



Kinematics and mass estimates at z ∼ 1 9225 

Figure B1. IJH HST colour-composite image, 2D PV diagrams from fixed (pseudo-)slit extractions after PSF-matching with S/N = 3 contours, corresponding 
1D LOS v elocities and v elocity dispersion profiles, and integrated 1D spectra for the LEGA-C data. See Appendix B and Fig. 2 for details. The 1D LOS 
kinematic profiles from the fixed (pseudo-)slit extractions (see Sections 3.1.1 and 3.1.2 ) form the basis for the measurements described in Section 3.1.3 . 
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Figure B2. Continuation of Fig. B1 . IJH HST colour-composite image, 2D PV diagrams from fix ed (pseudo-)slit e xtractions after PSF-matching with S/N = 

3 contours, corresponding 1D LOS velocities and velocity dispersion profiles, and integrated 1D spectra for the LEGA-C data. See Appendix B and Fig. 2 for 
details. The 1D LOS kinematic profiles from the fix ed (pseudo-)slit e xtractions (see Sections 3.1.1 and 3.1.2 ) form the basis for the measurements described in 
Section 3.1.3 . 
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Kinematics and mass estimates at z ∼ 1 9227 

Figure B3. Continuation of Fig. B1 . IJH HST colour-composite image, 2D PV diagrams from fix ed (pseudo-)slit e xtractions after PSF-matching with S/N = 

3 contours, corresponding 1D LOS velocities and velocity dispersion profiles, and integrated 1D spectra for the LEGA-C data. See Appendix B and Fig. 2 for 
details. The 1D LOS kinematic profiles from the fix ed (pseudo-)slit e xtractions (see Sections 3.1.1 and 3.1.2 ) form the basis for the measurements described in 
Section 3.1.3 . 
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PPENDIX  C :  I M PAC T  O F  H I G H - I O N I Z AT I O N  

E O N  TRANSITIONS  O N  P P X F FITS  

e show a LEGA-C PV diagram and collapsed 1D spectrum for
ne of the two galaxies with strong [Ne V ] λ3347, [Ne V ] λ3427, and
Ne III ] λ3870 emission in our sample (Fig. C1 ). The emission of
hese high-ionization lines is centrally concentrated and shows a
road velocity distribution, indicative of a nuclear outflow powered
y an AGN. It is clearly decoupled from the disc kinematics, traced
ere primarily by the [O II ] λλ3727, 3730 doublet. 
NRAS 527, 9206–9235 (2024) 

igure C1. Cut-out of the 2D LEGA-C spectrum for galaxy M1 139825, including
ines (top), and the full collapsed 1D spectrum with vertical lines indicating low
he [Ne V ] λ3427 and [O II ] λλ3727, 3730 emission lines, showcasing the different 
mission in particular is centrally concentrated but has a broad velocity distributi
radient. 

a

In Fig. C2 , we contrast the effect of masking the Neon lines
efore fitting the spectra with PPXF (bottom row) to the stan-
ard extraction (top row). The impact on the extracted ionized
as kinematics is evident. For our comparison of kinematics
as observed’ in Section 4 , we use kinematics extracted from
asked spectra. Since the stellar kinematic fits are only mini-
ally affected by the masking of the Neon emission (2 per cent–
 per cent difference in σ ∗), we perform our comparison of dy-
amical mass estimates in Section 5.2 with the original PPXF

ts. 
 the high-ionization [Ne V ] λ3347, [Ne V ] λ3427, and [Ne III ] λ3870 emission 
-quality regions (bottom). The insets in the bottom panel are zoom-ins on 
kinematics and spatial distributions traced by these lines. The [Ne V ] λ3427 
on, whereas the [O II ] emission is spatially extended with shallow velocity 
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Kinematics and mass estimates at z ∼ 1 9229 

Figure C2. Comparison of 1D kinematic profiles without (top row) and with (bottom row) masking of the [Ne V ] λ3347, [Ne V ] λ3427, and [Ne III ] λ3870 
emission lines before extracting LEGA-C gas and stellar kinematics (open diamonds and filled stars, respectiv ely). The KMOS 3D e xtractions (filled circles) are 
the same in both rows. We show the observed velocity and velocity dispersion measurements along the N-S (pseudo-)slit in the left-hand panels, corresponding 
to the 2D and 1D spectra shown in Fig. C1 . The right-hand panels show extractions in E-W direction. The KMOS 3D observations have been convolved to match 
the LEGA-C PSFs before extracting kinematics, as described in Section 3.1 . The impact of the [Ne V ] λ3347, [Ne V ] λ3427, and [Ne III ] λ3870 emission on the 
extracted LEGA-C gas kinematics is particularly evident for the N-S slit observations in the left-hand panels, where the difference in observ ed v elocities and 
velocity dispersions is up to 200 km s −1 in the central regions of the galaxy. 
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PPENDIX  D :  KINEMATIC  MAPS  O F  T H E  

ODELLED  K M O S  

3D G A L A X I E S  

n Fig. D1 , we show the velocity and velocity dispersion maps of the
0 KMOS 

3D galaxies for which we construct dynamical models. In
his work, we model the H α major axis kinematics (see Section 3.2.1 ).
he 2D maps are shown only for illustrative purposes. 
NRAS 527, 9206–9235 (2024) 

igure D1. For illustrative purposes, we show smoothed 2D maps of velocity an
ynamical models. 
d velocity dispersion for the ten KMOS 3D galaxies for which we construct 
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PPEN D IX  E:  M C M C  POSTERIOR  

ISTR IBU TION S  O F  T H E  K M O S  

3D DY NA M I C A L  

O D E L S  

n Figs E1 and E2 , we show the MCMC posterior distributions
or the KMOS 

3D dynamical modelling performed for 10 galaxies. 
ue to the heterogeneous data quality in our sample, we have fixed

he structural parameters for all objects based on available F 160 W
maging data (see Section 3.2.1 for details). The free parameters of
ur models are the total baryonic mass M bar , the intrinsic velocity
ispersion σ 0 , and the central dark matter fraction f DM 

( < R e, F160W 

).
or galaxies COS4 04943 and COS5 05296, we constrain upper 

imits on σ 0 through the upper 2 σ boundary of the marginalized 
osterior distributions (black outlines in Fig. 8 ). In addition, the 
arginalized posterior distribution of σ 0 for galaxies COS4 03493, 
OS4 13901 and COS4 12699 is non-Gaussian and dominated by 

o w v alues. These galaxies are indicated by grey outlines in Fig.
 . The true structural distribution of mass might be different from
hat is constrained through the F 160 W imaging, and this can impact

he reco v ery of our free model parameters. In particular, a model
ith different or free structural parameters might result in different 
est-fitting values for M bar , f DM 

, and even σ 0 . This is evident in
articular through the anticorrelations seen in all models between the 
osterior distributions of M bar and f DM 

. Ho we ver, the total enclosed
ass M dyn (< r ), the main focus of our dynamical mass comparison in

his paper, has been shown to be relatively insensitive to the detailed
ass decomposition (e.g. Wuyts et al. 2016 ; Price et al. 2021 ). See
ppendix A for further discussion. 
MNRAS 527, 9206–9235 (2024) 
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M

Figure E1. MCMC sampling of the joint posterior probability distributions of the fiducial model parameters M bar , σ 0 , and f DM 

( < R e, F160W 

) for the 
KMOS 3D dynamical modelling. We indicate the maximum a posteriori value, found by joint posterior analysis (see Price et al. 2021 ), as solid vertical 
lines in the 1D histograms, and as squares in the 2D histograms. Uncertainties on the best-fitting parameters (the 68th percentiles) are indicated by dashed lines 
in the 1D histograms. The 2D distributions show as contours 1, 1.5, and 2 standard deviations. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/527/3/9206/7471599 by w
illem

.w
aegem

an@
ugent.be user on 07 M

arch 2024
NRAS 527, 9206–9235 (2024) 



Kinematics and mass estimates at z ∼ 1 9233 

Figure E2. Continuation of Fig. E1 . MCMC sampling of the joint posterior probability distributions of the fiducial model parameters M bar , σ 0 , and f DM 

( < 

R e, F160W 

) for the KMOS 3D dynamical modelling. We indicate the maximum a posteriori value, found by joint posterior analysis (see Price et al. 2021 ), as solid 
vertical lines in the 1D histograms, and as squares in the 2D histograms. Uncertainties on the best-fitting parameters (the 68th percentiles) are indicated by 
dashed lines in the 1D histograms. The 2D distributions show as contours 1, 1.5, and 2 standard deviations. 
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PPEN D IX  F:  S T RU C T U R A L  PA R A M E T E R S  

RO M  F 1 6 0  W A N D  F 8 1 4  W 

e compare structural parameters constrained from F 160 W and 
 814 W imaging for galaxies in our sample (Fig. F1 ). Morphological
As (top left), axis ratios q = b / a (top middle), and S ́ersic indices
bottom right) agree reasonably well. In the top right panel, we 
ompare inferred inclinations based on different assumptions about 
he intrinsic thickness of galaxies. For KMOS 

3D , this corresponds to 
he inclinations that are used in the fiducial dynamical modelling. For
EGA-C, we show inclinations inferred by assuming q 0 = 0.41. This
alue corresponds to the centre of the normally distributed prior on 
 0 for the JAM modelling described by van Houdt et al. ( 2021 ). van
oudt et al. ( 2021 ) note that the inclination is typically unconstrained
y their data, and the prior mainly enters the modelling to account
or this uncertainty in the error budget. This figure demonstrates 
he general effect of assuming an intrinsically thicker distribution, 
hich is increasingly prominent for more inclined systems. Since 
igher inclination i results in lower total mass estimates for the same
 s
bserv ed v elocity ( v obs = v rot · sin ( i )), we might e xpect a general
ffect such that higher i systems have relatively lower dynamical 
asses when comparing to estimates assuming intrinsically thinner 

istributions. 
Considering ef fecti ve radii measured from F 160 W and F 814 W , we

ee a clear trend of larger estimates from the F 814 W imaging (bottom
eft). For the KMOS data, we used F 160 W imaging following work
y Wisnioski et al. ( 2015 , 2018 , 2019 ); Wuyts et al. ( 2016 ); Genzel
t al. ( 2017 , 2020 ); Lang et al. ( 2017 ); Übler et al. ( 2017 , 2019 ); and
rice et al. ( 2021 ) to approximate the baryonic mass distribution.
uyts et al. ( 2012 ) have shown that the stellar mass distribution

f SFGs at this redshift is more concentrated compared to H -band
ight. On the other hand, Nelson et al. ( 2016 ) and Wilman et al.
 2020 ) find that ef fecti ve radii measured from H α emission, tracing
ecent star formation and thereby the cold gas distribution, are larger
y a factor ∼1.1–1.2, even after dust correction (Tacchella et al.
018 ; Nelson et al. 2021 ). The shallower F 814 W imaging used to
onstrain the dynamical modelling of the LEGA-C data is more 
ensitive to younger star-forming regions and to substructure (see 
MNRAS 527, 9206–9235 (2024) 



9234 H. Übler et al. 

M

Figure F1. Comparison pf structural parameters constrained from F 160 W imaging versus F 814 W imaging. From top left to bottom right: PA, projected axis 
ratio q = b / a , inclination inferred from b / a and assuming an intrinsic thickness q 0 , ef fecti ve radius R e , and S ́ersic index n S , for all galaxies (open circles) and 
the dynamical mass sample (filled circles). PAs, axis ratios, and S ́ersic indices agree reasonably well between the two filter bands, but sizes are systematically 
larger from F 814 W , and increasingly so towards larger sizes. This could be due to more recent star formation in the outer disc regions and/or enhanced central 
dust obscuration. The LEGA-C JAM models assume an intrinsically thicker distribution for the stellar component which is used as a prior for the inclination 
(not fixed). The comparison shown here illustrates the effect of the different assumptions on intrinsic thickness if translated directly into inclination. 
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Figure G1. 1D kinematic profiles extracted along an N-S (pseudo-)slit for 
galaxy COS4 04943-M3 122667. The LEGA-C stellar and gas kinematics 
(filled stars and open diamonds, respectiv ely), hav e been aligned with the 
KMOS 3D data (filled circles) based on the profile shapes, the minimum and 
maximum velocities, and the dispersion peak. The extraction corresponding 
to the central pixel row of the LEGA-C 2D spectrum is offset from the 
kinematic centre of the KMOS 3D data by ∼0.4 arcsec. 
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.g. examples by Wuyts et al. 2016 ). Therefore, it is not surprising
hat almost all size measurements for our sample from i -band data
re larger than those from H band. Ho we ver, these dif ferences in
f fecti ve radii should be of little concern as in general the total
ynamical mass is insensitive to the relative distributions of baryons
nd dark matter (see e.g. Wuyts et al. 2016 ; Übler et al. 2019 ; van
oudt et al. 2021 ). Since we compare dynamical mass estimates

or KMOS 

3D and LEGA-C models at the same physical radii (see
ection 5.2 ), we e xpect ne gligible effects from the different effective
adii utilized in the modelling procedures (see also Appendix A ). 

PPENDIX  G :  I M PAC T  O F  SLIT  MISCENTRI NG
N D  U N D ERESTIMATED  VELOCITY  

R A D I E N T S  

n Fig. G1, we show kinematic extractions for galaxy COS4 04943-
3 122667 along the N-S (pseudo-)slit. For this object, the primary

mission feature in the LEGA-C spectrum is the H β line, and we
se the gas emission-line profiles to align the LEGA-C data to the
MOS 

3D extractions. We indicate in the figure the central pixel of the
EGA-C 2D spectrum corresponding to the 1D extractions shown,

elative to the kinematic centre from the KMOS 

3D extractions. Based
n this alignment, the LEGA-C data do not sample the full extent of
he rotation curve. 

This galaxy has a dynamical mass estimate from KMOS 

3D that
s higher by 0.44 dex compared to the LEGA-C estimate (see
iscussion in Section 5.2 ). The comparison of the KMOS 

3D and
NRAS 527, 9206–9235 (2024) 
EGA-C extracted kinematics suggests that the integrated stellar
elocity dispersion might be underestimated, which could explain
his large difference. Indeed, from the observed KMOS 

3D kinematics
long the kinematic major axis we get v rms ∼ 151 km s −1 , while the
nte grated stellar v elocity dispersion amounts to σ�, int ∼ 104 km s −1 

both estimates not accounting for inclination). 
This galaxy has also a dynamical mass estimate from LEGA-
 based on the modelling of the resolved ionized gas kinemat-

cs by Straatman et al. ( 2022 ), which is also lower than the
MOS 

3D estimate by 0.41 dex. Since in their analysis the kinematic
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rofiles are symmetrized around the central pixel before fitting, the 
artial co v erage of the full v elocity gradient as seen in Fig. G1 would
xplain the lower dynamical mass estimate. 

We note that the JAM measurement, ho we ver, corresponds well 
ithin the uncertainties to the KMOS 

3D measurement (see Sec- 
ion 5.1 and the top left panel of Fig. 5 ). This is likely due to the
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exibility of the JAM model to find a centre position based on the
hotometry other than the central pixel. 
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