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Abstract. Interstellar dust plays an important role in the formation of molec-
ular gas and the heating and cooling of the interstellar medium. The spatial
distribution of the mm-wavelength dust emission from galaxies is largely unex-
plored. The NIKA2 Guaranteed Time Project IMEGIN (Interpreting the Mil-
limeter Emission of Galaxies with IRAM and NIKA2) has recently mapped the
mm emission in the grand design spiral galaxy NGC6946. By subtracting the
contributions from the free-free, synchrotron, and CO line emission, we map
the distribution of the pure dust emission at 1.15mm and 2mm. Separating the
arm/interarm regions, we find a dominant 2mm emission from interarms indi-
cating the significant role of the general interstellar radiation field in heating
the cold dust. Finally, we present maps of the dust mass, temperature, and
emissivity index using the Bayesian MCMC modeling of the spectral energy
distribution in NGC6946.

1 Introduction

The IMEGIN project (PI: Suzanne Madden) is a NIKA2 guaranteed time large project (200
hours) on the 30m IRAM telescope, studying the interstellar medium (ISM) of 22 nearby
galaxies. The NIKA2 camera, with a 6.50 field of view and resolution of 11.100 at 1.15mm
and 17.600 at 2mm ([1]) brings us well-resolved, (⇠ kpc scale) studies to map full galaxies at
these wavelengths for the first time. Here we present the results of a pilot study of the nearby
(D = 6.8Mpc) grand-design spiral NGC6946, observed almost face-on (i = 38◦), with a
wealth of complementary millimeter, radio, atomic observations as well as molecular lines.

2 Observations

NGC6946 was observed in 2020 and 2021 for a total of 23 hours, reaching rms values of of
0.8mJy/beam at 1.15mm (300 pixel) and 0.27mJy/beam at 2mm (400 pixel), with 5% calibra-
tion error [1]. The scans were reduced and maps reconstructed using PIIC/GILDAS software1

(Figure 1).

3 Emission at millimeter wavelengths

Continuum emission at mm wavelengths consists of three main components, 1) thermal emis-
sion from dust, 2) thermal free-free emission from ionized gas, and 3) nonthermal synchrotron
emission from cosmic rays propagating through the magnetic field [2]. Apart from these, con-
tinuum emission might be a↵ected by line emission of molecular gas, such as CO.

We use the thermal and nonthermal radio maps of NGC6946 that have been constructed
from the H↵ recombination line observations [3]. For pixels with flux values more than 3σ

1http://www.iram.es/IRAMES/mainWiki/PIIC
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Figure 1. Observed maps of NGC6946 at 1.15mm (left) and 2mm (right) at angular resolution of 1200

and 1800 respectively.

Figure 2. Pure dust emission at 1mm (left) and 2mm (right) at angular resolution of 1800.

rms, we find that 5.5% and 28.8% of integrated flux at 1.15mm and 2mm is due to the radio
continuum components.

Next, we take into account the contamination by molecular lines, as the NIKA2 1.15mm
band includes emission from the CO(2-1) line. We use the CO(2-1) map observed at IRAM as
a part of HERACLES project [4]. We subtract the CO(2-1) emission from the observed emis-
sion at 1.15mm following formulas explained in [5], which uses the transmission function of
NIKA2 [1] to convert spectral intensity to pseudo-continuum units. The CO(2-1) emission
accounts for 14.1% of the integrated flux of NIKA2 1.15mm emission in NGC6946.

The maps of pure dust emission are shown in Figure 2. 80.4% and 63.6% of the inte-
grated flux observed over NGC6946 in the NIKA2 1.15mm and 2mm bands, respectively,
corresponds to pure dust emission (for pixels with larger than 3σ rms observed flux).

4 Regional Analysis

To study the spatial properties of the ISM and dust in NGC6946, we investigate emission
in the central, arm and interarm regions separately, making use of a modified version of the
mask introduced in [6]. Our modification includes adding a small part of the western arm
and a large portion of the interarm region, which is missed due to the limited field of view of
SOFIA in [6]. The relative contribution of the di↵erent types of emission from each of these
three regions in NGC6946 is shown in Figure 3.

It can be seen in Figure 3 that the arm-to-interarm ratio is larger for thermal (free-free)
radio emission than the nonthermal (synchrotron) emission. The synchrotron emission is
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Figure 3. Left: The mask we used to distinguish between central (red), arm (green) and interarm (yel-
low) regions in NGC6946. Right: Percentage of contribution of each region to the indicated emissions.

caused by cosmic ray electrons that can propagate large distances in the interarm regions and
into the di↵use disc. In addition, a slightly larger contribution of dust emitting at 1.15mm
compared to 2mm in the arm regions is noticeable. The 2mm emission is a better tracer of
cold dust, compared to the 1.15mm emission which can trace warmer dust. Main heating
sources of warm dust are the star forming regions, which follow the spiral structure of the
galaxy in the arms. On the other hand, colder dust can be heated by the interstellar radiation
field (ISRF), which may be the main heating source in the di↵use disc and interarm region.
These speculations are investigated further by modeling the dust properties spatially in the
galaxy.

5 Spectral Energy Distribution (SED) modeling

To study the physical properties of dust and their spatial variations across NGC6946, we
model the SED of this galaxy from centimeter radio to FIR wavelengths. We use the far
infrared Herschel data and the VLA and E↵elsberg data to fully constrain the SED (Table 1).
All of the maps were first brought to the same resolution of 1800 using a Gaussian PSF and
grid size of 600. We also subtracted the CO(2-1) emission from NIKA2 1.15mm map before
including in the SED modeling.

To model the radio continuum SED, we use a power law model (Equation 1), which de-
pends on three parameters, namely A1 indicating the thermal free-free fraction, A2 indicating
the nonthermal synchrotron fraction, and ↵ which is the synchrotron spectral index [7].

S RC
⌫ = A1⌫

−0.1 + A2⌫
−↵ (1)

To model the thermal emission from dust, we assume a modified black body (MBB) model
which constraints dust mass M, dust temperature T and dust emissivity index β as

S dust
⌫ = 0

 
⌫

⌫0

!β
⇥ M

D2 ⇥ B⌫(T ), (2)

where B⌫(T ) is the Planck function and we adopt 0 = 0.04m2/kgr [2]. Addition of these two
models, S RC

⌫ +S dust
⌫ , with a set of six free parameters {A1, A2,↵,T,M, β} construct our model.

To fit this model to our data (Table 1), we use a Bayesian Markov Chain Monte Carlo
(MCMC) approach making use of the emcee Python package [11]. This method generated a
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To fit this model to our data (Table 1), we use a Bayesian Markov Chain Monte Carlo
(MCMC) approach making use of the emcee Python package [11]. This method generated a

Table 1. Summary of data used for resolved SED modeling.

Wavelength telescope original resolution reference
20cm VLA & E↵elsberg 15" [8]
6cm VLA & E↵elsberg 15" [8]
3.6cm VLA & E↵elsberg 18" [8]
1.15mm IRAM 30m NIKA2 12" This work
2mm IRAM 30m NIKA2 18" This work
70µm Herschel PACS 6" [9],[10]
100µm Herschel PACS 8" [9],[10]
160µm Herschel PACS 12" [9],[10]
250µm Herschel SPIRE 18" [9],[10]

Figure 4. Maps of dust mass M, dust temperature T , dust emissivity index β and synchrotron spectral
index ↵ as a result of SED modeling in each 600 pixel. The maps are at 1800 resolution.

model library that encompasses all di↵erent combinations of model parameters. The likeli-
hood function of each model in the library is an indicator of how close that model is to the
observed data. The Bayesian MCMC approach then derives the posterior distribution of each
parameter using a specified number of walkers in the parameter space. The median of the
posterior probability distribution function is then used as the reported result.

We fit our model to the observed flux densities of each pixel of the map and report the six
free parameters for each pixel. The maps of the 4 main dust properties which we find through
the SED modeling are demonstrated in Figure 4.

6 Discussion

We studied the correlation of dust emission with the CO(2-1) emission, as a tracer of the
molecular gas. For this purpose, we only use pixels with flux values larger than 3σ RMS of
both maps and separated by one resolution element. We find a strong correlation (Pearson
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coefficient = 0.978) between dust emission at 1.15mm and CO(2-1) for pixels located in the
central region of NGC6946. A similar trend has been reported in the central region of the
Milky Way [12]. On the other hand, points belonging to arm and interarm region show a
much weaker correlation (Pearson coefficient=0.600) between 1.15mm emission of dust and
molecular gas. This observation brings us to conclude that dust and molecular gas have a
common heating source in the central region, whereas they are being heated by di↵erent
heating sources in the disc. Both the di↵use interstellar radiation field and old stars play
important roles in heating the dust in the disk, while they are not energetic enough to bring
molecular gas to thermal equilibrium with dust.

We report an anti-correlation between T and β for galactocentric radii larger than
⇠ 1.5kpc in NGC6946. The fact that the anti-correlation breaks down for the inner ⇠ 1.5kpc
brings us to conclude that this is not caused by degeneracies in our model and both β and T
are well constrained.
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