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Abstract. New observations of the edge-on galaxy NGC 891, at 1.15 and 2 mm
obtained with the IRAM 30-m telescope and the NIKA2 camera, within the
framework of the IMEGIN (Interpreting the Millimetre Emission of Galaxies
with IRAM and NIKA2) Large Program, are presented in this work. By using
multiwavelength maps (from the mid-IR to the cm wavelengths) we perform
SED fitting in order to extract the physical properties of the galaxy on both
global and local (∼kpc) scales. For the interpretation of the observations we
make use of a state-of-the-art SED fitting code, HerBIE (HiERarchical Bayesian
Inference for dust Emission). The observations indicate a galaxy morphology,
at mm wavelengths, similar to that of the cold dust emission traced by sub-
mm observations and to that of the molecular gas. The contribution of the radio
emission at the NIKA2 bands is very small (negligible at 1.15 mm and ∼ 10% at
2 mm) while it dominates the total energy budget at longer wavelengths (beyond
5 mm). On local scales, the distribution of the free-free emission resembles that
of the dust thermal emission while the distribution of the synchrotron emission
shows a deficiency along the major axis of the disc of the galaxy.

1 Introduction

Nearby galaxies have provided a great piece of knowledge in the field of galaxy formation and
evolution. Their proximity allows us to study galaxies at high resolution and to derive their
properties on local (sub-kpc/kpc) scales. The current study is part of the IMEGIN Large Pro-
gram (P.I.: S. Madden), a NIKA2 guaranteed time program of 200 hours allocated telescope
time with the aim of mapping 22 nearby galaxies (distances of < 30 Mpc) at 1.15 and 2 mm
using the NIKA2 continuum camera at the IRAM 30-m telescope [1–4]. The main objective
of the project is to explore the emission at millimetre wavelengths originating from nearby
galaxies, a complex wavelength regime with contributions from a mix of different emission
mechanisms (free-free, synchrotron, and dust thermal emission). This is the first time that
nearby galaxies are being observed in the continuum at mm wavelengths at resolutions of
11.1′′ and 17.6′′ (∼ 0.5 kpc, and ∼ 0.8 kpc at a distance of 10 Mpc) at 1.15 and 2 mm respec-
tively. At these scales it is possible to disentangle the contribution of the different emission
mechanisms in different environments inside the galaxies (disc, halo, HII regions, etc).

As a pilot study, we analyze the NIKA2 observations of the edge-on galaxy NGC 891, a
SA(s)b type galaxy [5]. Due to its proximity (D = 9.6 Mpc; [6]) and its edge-on orientation
(i � 89.8◦; [7]), NGC 891 is one of the most observed and well studied galaxies of the Local
Universe (e.g. [7–10]).

2 Observations and Analysis

The NIKA2 observations of NGC 891 were obtained between October 2019 and January
2020 with a total on-source integration time of 7 hours. The maps of the galaxy at 1.15 and
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Figure 1. NIKA2 high-resolution millimeter observations of NGC 891 at 1.15 (top panel) and 2 mm
(bottom panel). The maps are presented in their native resolution (11.1′′ and 17.6′′ at 1.15 and 2 mm
respectively; indicated by the white circles in each panel) and they are rotated by 22.9◦ (the position
angle of the galaxy). Their sky RMS values are 1.0 mJy beam−1 and 0.3 mJy beam−1 at 1.15 mm and
2 mm. The surface brightness contours correspond to 3.5, 8, 15 and 30 × RMS.

2 mm were reduced using the GILDAS/PIIC1 (version of 29.04.2020) software [11] and are
shown in Fig. 1 (top and bottom panels respectively). The edge-on orientation of the galaxy
and the high resolution of the maps allow us to discern different regions along the major axis
with the main characteristics being a peak emission at the nucleus and secondary maxima at
∼ 3 kpc either side of the center. These emission features closely resemble the distribution
of the cold dust traced by sub-mm observations [12] as well as of the molecular gas [13, 14]
which are possibly originating either from a ring structure or limb brightening associated with
spiral arms (see [15]).

In our study we performed a Spectral Energy Distribution (SED) analysis of NGC 891
using multiwavelength data ranging from 3.4 µm to 5 cm. We used archival data from the
WISE telescope (3.4, 4.6, 11.6 and 22.1 µm), the Spitzer telescope (3.6, 4.5, 5.8, and 24 µm),
as well as the Herschel telescope (70, 100, 160, 250, and 350 µm). Along with the NIKA2
observations at 1.15 and 2 mm we also used centimeter data from the AMI (2 cm) and EVLA
(5 cm) radio telescopes. The archival data have been retrieved from the DustPedia2 and
NED3 databases. The maps were all convolved (using Gaussian Kernels) to the same angular
resolution of 25′′ corresponding to the resolution of the 350 µm SPIRE map. This resolution
corresponds to ∼ 1.1 kpc at the distance of NGC 891. All maps have also been regridded
into a common reference frame with a pixel size of 8′′. Fitting the continuum emission of
the galaxy, we had to remove the background sources from the near-IR maps as well as to
correct the 1.15 mm map (see [1] for the NIKA2 transmission curves) from the CO(2-1) line
contamination following the procedure described in [16]. In order to compute the global
fluxes at each wavelength we used an elliptical aperture centered at RAJ2000 = 2h22m33s,
DECJ2000 = +42◦20′53′′ [17] with major and minor axes of 5′ and 48′′ respectively and

1https://publicwiki.iram.es/PIIC/
2http://dustpedia.astro.noa.gr/
3https://ned.ipac.caltech.edu/
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Figure 2. Left panel: the global SED of NGC 891 with multiwavelength data ranging from 3.4 µm to
6.3 cm. The curve passing through the photometric data is the best fitted model with the width of the
curve indicating the uncertainty of the model along the spectrum. The emission components of the total
SED of the galaxy, stellar, dust and radio, are plotted with orange, red and brown color respectively.
The residuals between the observed and the model predicted fluxes are given in the graph below the
SED in dex. Right panel: An emission decomposition plot for characteristic wavelengths in the spectral
range between 1 mm to 2 cm. The percentage of the dust emission is presented with orange color, while
red and blue colors are used for percentages of the free-free and the synchrotron emission respectively.

positional angle of 22.9◦, so as to encompass the bulk of the emission originating from the
disc of the galaxy. Additional global photometry at radio wavelengths (from Planck, 100-m
Effelsberg, OVRO, WSRT and GBT telescopes) were also culled from the literature.

To interpret the SED we used the SED fitting code HerBIE (Hierarchical Bayesian In-
ference for dust Emission; [18, 19]). In contrast to the commonly used least-squares fitting
method, HerBIE eliminates the noise-induced correlations between the parameters. The code
takes into account realistic optical properties and stochastic heating for the dust grains by
making use of the THEMIS dust model which is described in detail in [20, 21]. Free-free and
synchrotron emission mechanisms are also implemented in the code. The global SED of the
galaxy, fitted by the HerBIE code, is presented in the left panel in Fig. 2.

With an angular resolution of 25′′ (see Sec. 2) the observations used in this study allowed
us to perform spatially resolved SED fitting within the galaxy and create maps of the local
physical properties associated with the dust and radio emission. The maps presented in Fig. 3
show the total dust luminosity map (left), the free-free luminosity at 2 cm (middle) and the
synchrotron luminosity at 2 cm (right).

3 Results

Modelling the SED of NGC 891 in the wavelength range from 3.4 µm to 6.3 cm allows us
to accurately determine the dust content, taking into account emission from the aromatic
features as well as from the continuum emission from small and big grains, but also the radio
emission composed by the free-free and the synchrotron radiation. Our model predicts a total
dust mass of (4.18 ± 0.21) × 107 M�, while the mass fraction of the small carbon grains over
the total dust mass is 0.10 ± 0.01. The total radio luminosity at 2 cm is (5.54 ± 0.24) × 104 L�
with a fraction of 0.16 ± 0.11 originating in free-free radiation. The inferred value of the
synchrotron radiation index (αs) is 0.78 ± 0.08 (in agreement with other studies, e.g. [9]).
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Figure 3. Maps of the model-inferred luminosity for the dust emission (left panel), the free-free lumi-
nosity at 2 cm (middle panel) and the synchrotron luminosity at 2 cm (right panel).The colorbar on the
right in each panel indicates the luminosity in units of L�pc−2.

Having modelled the SED we can now study the largely unexplored wavelength range
between ∼ 1 mm and ∼ 2 cm where a mix of emission mechanisms exists. In the right panel
of Fig. 2 we present the percentages to the global emission of dust (orange color), free-free
(red color) and synchrotron emission (blue color) at 1, 2, 3, 5, 7 mm and 1, and 2 cm. From
this plot it is evident that the dust thermal emission dominates to up to ∼ 3 mm where the
contributions of the free-free and synchrotron emission mechanisms become almost equally
significant to the dust emission. At longer wavelengths, these latter emission mechanisms
dominate with the synchrotron emission increasing rapidly with values up to ∼ 84% at 2 cm,
while the free-free emission reaches a maximum contribution of ∼ 26% at ∼ 7 mm and then
drops again.

The spatial decomposition of the emission of the galaxy (see Fig. 3) allows us to deter-
mine the places where the different emission mechanisms dominate. From the dust luminosity
map (left panel of Fig. 3) it is evident that the bulk of the dust emission comes from the disc
of the galaxy, as it is clearly seen also from the NIKA2 observations (Fig. 1), but with signif-
icant amount also coming from the dust halo at large distances from the disc. The free-free
emission at 2 cm (middle panel of Fig. 3) shows a similar distribution to that of the dust emis-
sion, while the synchrotron luminosity (right panel of Fig. 3) shows a different distribution
with a deficiency along the galactic plane and with the peak emission originating from the
galactic center. One interesting difference between the dust and the radio emission maps is
the shape of the halo which, in the dust case has an elliptical shape, while in the radio case
(and especially in the synchrotron component) has a more complex “peanut”-like shape.

4 Conclusions

In this study we present new millimetre NIKA2 observations of the edge-on galaxy NGC 891
at 1.15 and 2 mm. Using the NIKA2 observations and also multiwavelength maps (from
the mid-IR to the cm wavelengths) we construct the galaxy’s SED and perform SED fitting
analysis using the HerBIE SED fitting code. The observations indicate a morphology similar
to that of the cold dust (detected at sub-mm) and of the molecular gas with the emission
peaking at the nucleus of the galaxy and with two secondary maxima at ∼ 3 kpc either side
of the center. Emission at the NIKA2 bands is dominated by thermal dust, while the radio
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emission becomes almost equally significant to the thermal emission at ∼ 3 mm. At longer
wavelengths the radio emission dominates with synchrotron emission reaching up to ∼ 84%
at 2 cm. On local scales our analysis shows that the bulk of the dust thermal emission and
the free-free emission comes from the disc of the galaxy while there is a deficiency, of the
synchrotron emission, along the major axis of the disc of the galaxy.
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