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Abstract. We present a new method to combine cold gas kinematics with the stellar kinemat-
ics modelled with the Schwarzschild orbit-superposition technique, and its application to the
lenticular galaxy NGC 2974. The combination of stellar and cold gas kinematics significantly
improves the constraints on the measured dark matter profile: assuming a generalised NFW halo
profile, we find a cuspy inner halo slope for NGC 2974.
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1. Introduction

Dark matter haloes play an important role in the evolution of a galaxy. Multiple
dynamical modelling techniques have been developed to reconstruct the gravitational
potential of galaxies and detect the dark matter structure, but many have been limited
by the field of view of observed stellar kinematics. Dynamical modelling with central
stellar kinematics and other extended tracers is a powerful tool to model dark matter
haloes (e.g. Zhu et al. 2016). We present a method to combine central stellar and extended
cold gas kinematics, using Schwarzschild modelling. Applying this method to lenticular
galaxy NGC 2974, we find that combining stellar and cold gas kinematics significantly
improves the constraints on the measured dark matter profile.

2. Data

The gravitational potential of the galaxy is composed of stellar mass, a dark matter
halo, and a central black hole. We generate the stellar potential from the Pan-STARRS
(Chambers et al. 2016) r-band surface brightness of NGC 2974. We assume a generalised-
NFW dark matter profile (Zhao 1996) for the halo.
The stellar kinematics were obtained with the SAURON integral-field spectropgraph

(Emsellem et al. 2004) and modelled with the Schwarzschild orbit-superposition method
(van den Bosch et al. 2008). The cold gas (H i ) velocity map of NGC 2974 was obtained
with the VLA (Weijmans et al. 2008).
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Figure 1. The data (top), model (middle) and relative residual (bottom) of the best-fitting
model. Figure taken from Yang et al. (2020).

3. Results

We find a cuspy inner slope in NGC 2974: the corresponding best-fitting model is shown
in Figure 1. The comparison of the dark matter profiles within 1− σ confidence level in
models with and without cold gas kinematics (see this figure in Yang et al. (2019)) shows
the significantly improved measurement of the dark matter profile with our combination
method.
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