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Exploring the interstellar medium of NGC 891 at millimeter
wavelengths using the NIKA2 camera
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Abstract. In the framework of the IMEGIN Large Program, we used the
NIKA2 camera on the IRAM 30-m telescope to observe the edge-on galaxy
NGC 891 at 1.15 mm and 2 mm and at a FWHM of 11.1” and 17.6”, respec-
tively. Multiwavelength data enriched with the new NIKA?2 observations fitted
by the HerBIE SED code (coupled with the THEMIS dust model) were used to
constrain the physical properties of the ISM. Emission originating from the dif-
fuse dust disk is detected at all wavelengths from mid-IR to mm, while mid-IR
observations reveal warm dust emission from compact H1I regions. Indications
of mm excess emission have also been found in the outer parts of the galactic
disk. Furthermore, our SED fitting analysis constrained the mass fraction of the
small (< 15 A) dust grains. We found that small grains constitute 9.5% of the
total dust mass in the galactic plane, but this fraction increases up to ~ 20% at
large distances (|z| > 3 kpc) from the galactic plane.

1 Introduction

Dust modelling has often failed to explain the emission of galaxies at sub-millimeter (submm)
to millimeter (mm) wavelengths. Excess emission has been detected in multiple studies (e.g.,
[1-5]) and its origin remains uncertain (see [5] for a review). To explore this potential ex-
cess and its origin in various galactic environments, the nearly uncharted resolved mm emis-
sion is key. The "Interpreting the Millimeter Emission of Galaxies with IRAM and NIKA2"
(IMEGIN) Large Program (PI: S. Madden) is designed to decompose the interstellar medium
(ISM) emission in this spectral domain. We are using the New IRAM Kid Arrays 2 (NIKA2)
camera [6-9] on the Institut de Radio Astronomie Millimétriqgue (IRAM) 30-m telescope to
map 22 nearby galaxies (at distances smaller than 30 Mpc) at 1.15 mm and 2 mm.

A pilot study of IMEGIN has been the analysis of the edge-on galaxy NGC 891, at a
distance of 9.6 Mpc [10]. NGC 891 is considered a typical spiral galaxy with indications of
more readily discernible structures (like, e.g., central bar, warped disk [11]). Because of its
nearly perfect edge-on orientation, it is one of the most extensively observed nearby galaxies
in a wide spectral range (e.g., [12-14]). Previous studies have also investigated the dust
emission (e.g., [15-17]) and the radio emission of the galaxy (e.g., [18, 19]). In this study
we make use of this plethora of observations combined with the new NIKA?2 observations
in order to construct the spatially resolved Spectral Energy Distribution (SED) of the galaxy
from mid-infrared (mid-IR) to radio wavelengths and put constraints on both the dust and
radio emission of NGC 891.

2 Methodology

The current analysis uses new NIKA2 observations of NGC 891 at 1.15 mm and 2 mm,
at a full width at half maximum (FWHM) of 11.1” and 17.6” (or linear resolutions of
~ 0.5 kpc and ~ 0.8 kpc at a distance of 10 Mpc), respectively. The NIKA?2 camera op-
erates simultaneously at 1.15 and 2 mm and needed 7 hours of total telescope time to map
NGC 891. The observations were combined and calibrated using the piic/gildas software'
and the final version of the calibration database with the data associated files (DAFs) [20, 21].
The final maps are presented in the left panel of Fig. 1 centered at RA 0 = 2/22733¢,
DEC 2000 = +42°20'53” and rotated counter-clockwise by 67.1°.

In order to construct the SED of the galaxy, the NIKA?2 observations were combined with
observations at wavelengths ranging from 3.5 ym to 5 cm and at FWHM up to 25”. We

! https://publicwiki.iram.es/PIIC/
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Figure 1. Left panel: NIKA2 observations of NGC 891 at 1.15 mm and 2 mm with a beam
FWHM of 11.1” and 17.6” respectively (beam sizes are indicated with white circles in the
bottom left corner). Four positions centered at -5.5, -3.4, 0.0 and 11.0 kpc along the major
axis are annotated with the letters A, B, C and D respectively. Right panel: SEDs of the
galaxy in the annotated regions A to D with each region covering an area of 8” X 8" and fitted
with the HerBIE code.

used maps obtained with the Spitzer Space Telescope (SST), the Wide-field Infrared Survey
Explorer (WISE), Herschel, the Arcminute Microkelvin Imager (AMI) and the Very Large
Array (VLA). The background emission has been subtracted from the maps using the Python
Toolkit for SKIRT (PTS) [22] framework. In addition, the NIKA2 map at 1.15 mm has been
corrected for possible contamination from the CO(2-1) line, in accordance with the method
described in [23]. We used the CO(3-2) map obtained from the James Clerk Maxwell Tele-
scope (JCMT) [15] and the NIKA?2 transmission curves reported in [9]. Furthermore, fol-
lowing the methodology of [22] we generated the error maps of the observations. Finally, all
maps were homogenized to the same resolution of 25", re-binned to a common grid with a
pixel size of 8" and masked applying a 30~ cutoff. The final fitted area includes the galactic
disk and the extended emission of the galaxy up to ~ 5 kpc from the midplane.

Using the homogenized maps, we performed a pixel-by-pixel SED analysis fitting with
the Hierarchical Bayesian Inference for dust Emission (HerBIE) code [24, 25]. HerBIE is
coupled with the THEMIS dust model [26, 27], which takes into account realistic optical prop-
erties of the dust grains since it is based on laboratory data. The code uses a hierarchical
Bayesian approach aiming at reducing the noise-induced correlations between the inferred
parameters, to recover their true correlations. We fitted the multiwavelength data including
the maps of the atomic and molecular hydrogen mass in the prior distribution. To trace these
parameters we used the HI [28] and the CO(3-2) emission lines respectively. In the right
panel of Fig. 1 we present four SEDs of the galaxy at the selected regions of interest A to D,
annotated in the left frame. These SEDs will be further discussed in the following sections.

3 Discussion

The mm emission of NGC 891 measured in the NIKA2 bands (Fig. 1) has revealed regions of
enhanced cold dust emission towards the inner parts of the galactic disk. It shows a primary
peak at the bulge of the galaxy (region C) and two secondary maxima at about +3 kpc from
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Figure 2. Left panel: maps of NGC 891 at 24 um, 70 ym, 160 ym and 1.15 mm from top
to the bottom, convolved to a FWHM of 12", as tracers of different dust components. The
radial profiles of the galactic emission at each wavelength, normalised at 6 kpc, are presented
in the bottom panel. Right panel: the map in the top panel shows the mass fraction of small
dust grains (< 15 A) in the galactic disk and halo, while in the bottom panel this parameter is
plotted against the mean intensity of the ISRF (galactic plane pixels with purple crosses; halo
pixels with orange crosses). Both parameters have been constrained through the SED fitting
analysis.

the galactic center along the major axis, one of which in region B. The disk extension at both
mm wavelengths reaches galactocentric distances up to ~ 13 kpc.

3.1 Dust environments along the galactic disk

Interstellar dust emits in a spectral range from mid-IR to mm wavelengths. However, the
intensity of dust emission in different galactic inner structures varies as a function of wave-
length. NGC 891 maps at 24 um, 70 um, 160 um, and 1.15 mm in the left frame of Fig. 2, as
well as their normalised intensity profile along the major axis in the bottom panel, show this
clearly. The maps feature a bright inner disk with a central peak in the bulge of the galaxy
(region C). Nevertheless, other disk substructures, such as regions A and B, show varying rel-
ative intensities at different wavelengths. Region A is bright at 24 um and becomes gradually
dimmer at longer wavelengths. On the contrary, region B is not prominent at 24 ym while be-
comes brighter at longer wavelengths. The last annotated substructure, region D, is a special
case with enhanced emission at 1.15 mm, but very faint emission at other wavelengths.

As warm dust is the major emission source at shorter wavelengths (e.g., 24 um), while
the emission at 160 ym and 1.15 mm trace on average cooler dust, we can discern different
dust environments in each discussed region. First, we detect emission from diffuse dust
throughout the galactic disk. Enhanced emission in the central bulge of the galaxy (region C)
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at all wavelengths comes from both warm and cold dust. Cold dust dominates the emission in
the secondary maxima of the galaxy (e.g., region B), where its spiral arms are projected to our
line of sight. And warm dust material is concentrated in region A, which may be considered
a large HII region. Finally, enhanced mm emission towards the outskirts of the galactic disk
may indicate a very cold dust content.

3.2 Decomposition into distinct dust grain populations

Dust physical properties have been inferred through the SED analysis using the THEMIS dust
model adapted to the HerBIE fitting code. One of the main dust grains components of THEMIS
are the small, partially hydrogenated, three dimensional, amorphous hydrocarbon, a-C(:H),
nanoparticles (radii < 15 A; hereafter, small grains). Similar to polycyclic aromatic hydro-
carbons (PAHs), they contain intrinsic aromatic domain sub-structures, but also olefinic and
aliphatic sub-structures. As a free parameter of the SED fitting, the mass fraction of small
grains over the total dust mass is presented in the top right panel of Fig. 2. We can see that
small grains are found in the galactic disk with mass fraction varying from ~ 6% in the center
of the galaxy (region C) to ~ 15% in the regions of enhanced dust emission (e.g., regions A,
B, D). At high galactic latitudes the abundance of small grains increases up to ~ 20%.

In the bottom right panel we plotted the mass fraction of small grains against the mean
intensity of the Interstellar Radiation Field (ISRF) for individual pixels of the galactic disk
and the galactic halo (Jz| = 2 kpc). The mass fraction of small grains in the galactic disk
exhibits an anticorrelation with the ISRF intensity, as strong radiation fields destroy the small
grains of a-C(:H). Region A, already described as an HII region with warm dust material, is
also characterized by an enhanced abundance in small grains. On the contrary, the galactic
halo population occupies a different location in the plot with a limited range of intensities of
ISRF and an enhanced small grains abundance with respect to the disk. This excess in small
grains may be caused by shuttering of larger carbon grains by shocks [e.g., 29].

4 Conclusions

In this study we explored the properties of the ISM of NGC 891 performing resolved SED
fitting and accounting for both dust and radio emission. Comparing maps at different wave-
lengths we also distinguished different dust environments of the galactic disk. An excess of
mm emission of the galaxy has been reported towards the outer parts of the galactic disk.
Dust composition in small and large grains was investigated too. We found that a fraction of
~10% of the total dust mass in the galactic disk and ~20% in the galactic halo comes from
small dust grains and we explored its correlation with the intensity of the ISRF. A further
understanding of the ISM properties of galaxies requires similar studies in more IMEGIN
galaxies [see, e.g., 30].

Acknowledgements

The research work was supported by the Hellenic Foundation for Research and Innovation
(HFRI) under the 3rd Call for HFRI PhD Fellowships (Fellowship Number: 5357). We
would like to thank the IRAM staff for their support during the observation campaigns. The
NIKAZ2 dilution cryostat has been designed and built at the Institut Néel. In particular, we
acknowledge the crucial contribution of the Cryogenics Group, and in particular Gregory
Garde, Henri Rodenas, Jean-Paul Leggeri, Philippe Camus. The NIKA?2 data were processed
using the Pointing and Imaging In Continuum (PIIC) software, developed by Robert Zylka



EPJ Web of Conferences 293, 00026 (2024) https://doi.org/10.1051/epjconf/202429300026
mm Universe 2023

at the Institut de Radioastronomie Millimétrique (IRAM) and distributed by IRAM via the
GILDAS pages. PIIC is the extension of the MOPSIC data reduction software to the case
of NIKA?2 data. This work has been partially funded by the Foundation Nanoscience Greno-
ble and the LabEx FOCUS ANR-11-LABX-0013. This work is supported by the French
National Research Agency under the contracts "MKIDS", "NIKA" and ANR-15-CE31-0017
and in the framework of the "Investissements d’avenir” program (ANR-15-IDEX-02). This
work has benefited from the support of the European Research Council Advanced Grant
ORISTARS under the European Union’s Seventh Framework Programme (Grant Agreement
no. 291294). E. A. acknowledges funding from the French Programme d’investissements
d’avenir through the Enigmass Labex. A. R. acknowledges financial support from the Italian
Ministry of University and Research - Project Proposal CIR0O1_00010. M. B., A. N., and S. C.
M. acknowledge support from the Flemish Fund for Scientific Research (FWO-Vlaanderen,
research project GOC4723N).

References

1] D. Paradis, J. P. Bernard, C. Mény, & V. Gromov, Astron. Astrophys. 534, A118 (2011)
2] M. Galametz, R. C. Kennicutt, M. Albrecht, et al., MNRAS 425, 76 (2012)
3] A. Rémy-Ruyer, S. C. Madden, F. Galliano, et al., Astron. Astrophys. 557, A95 (2013)
4] 1. Hermelo, M. Relano, U. Lisenfeld, et al., Astron. Astrophys. 590, A56 (2016)
[5] F. Galliano, M. Galametz, & A. P. Jones, Astrophys. J. 56, 67 (2018)
[6] O. Bourrion et al., Journal of Instrumentation 11, 11001 (2016)
[71 M. Calvo et al., Journal of Low Temperature Physics 184, 816 (2016)
[8] R. Adam et al., Astron. Astrophys. 609, A115 (2018)
[9] L. Perotto, N. Ponthieu, J.-F. Macias-Pérez, et al., Astron. Astrophys. 637, A71 (2020)
[10] S. Bianchi, & E. M. Xilouris, Astron. Astrophys. 531, L11 (2011)
[11] S. Garcia-Burillo, & M. Guelin, Astron. Astrophys. 299, 657 (1997)
[12] M. Guelin, R. Zylka, P. G. Mezger, et al., Astron. Astrophys. 279, L37 (1993)
[13] K.-i. Seon, A. N. Witt, J.-h.Shinn, & 1.-j. Kim, Astrophys. J. 785, L18 (2014)
[14] E.J. Hodges-Kluck, J. N. Bregman, J. N., & J.-t. Li, Astrophys. J. 866, 126 (2018)
15] T. M. Hughes, M. Baes, J. Fritz, ef al., Astron. Astrophys. 565, A4 (2014)
16] M. Bocchio, S. Bianchi, L. K. Hunt, & R. Schneider, Astron. Astrophys. 586, A8 (2016)
]
]

[
[
[
[

17] J. H. Yoon, C. L. Martin, S. Veilleux, et al., MNRAS 502, 969 (2021)

18] D. D. Mulcahy, A. Horneffer, R. Beck, ef al., Astron. Astrophys. 615, A98 (2018)
[19] P. Schmidt, M. Krause, V. Heesen, et al., Astron. Astrophys. 632, A12 (2019)
[20] R. Zylka, 2013, MOPSIC: Extended Version of MOPSI

[21] S. Berta, & R. Zylka, IRAM report (2022)

[22] S. Verstocken, A. Nersesian, M. Baes, et al., Astron. Astrophys. 637, A24 (2020)
[23] E. Drabek, J. Hatchell, P. Friberg, et al., MNRAS 426, 23 (2012)

[24] F. Galliano, MNRAS 476, 1445 (2018)

[25] F. Galliano, A. Nersesian, S. Bianchi, ef al., Astron. Astrophys. 649, A18 (2021)
[26] A.P. Jones, L. Fanciullo, M. Kohler, ef al., Astron. Astrophys. 558, A62 (2013)
[27] A.P. Jones, M. Kohler, N. Ysard, ef al., Astron. Astrophys. 602, A46 (2017)

[28] T. Oosterloo, F. Fraternali, & R. Sancisi, Astrophys. J. 134, 1019 (2007)

[29] M. Yamagishi, H. Kaneda, D. Ishihara, ef al., Astron. Astrophys. 541, A10 (2012)
[30] S. Katsioli, E. M. Xilouris, C. Kramer, et al., Astron. Astrophys. 679, A7 (2023)

[
[
[
[



