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Introduction | The Spectral Energy Distribution of a Gas-Rich Galaxy
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Introduction | Relevance of the Millimeter Regime & Nearby Galaxies

The mm SED as a dust mass tracer

Millimeter regime dominated by cold dust
⇒ crucial for dust mass estimates.
The dust mass is often used as a proxy for
the total ISM mass.

The long-wavelength grain opacity

Millimeter grain opacity, κ(λ) → poorly
known & variability (Galliano et al., 2018).

⇒ dust mass estimates directly depend on the
assumption of κ.

Dwarf (e.g. I Zw 18)

Metallicity: low (≲ 1/10 Z⊙).
Gas fraction: high (≳ 95 %).
SFR/M⋆: high (≳ 10 Gyr−1).

Spiral (e.g. M 33)

Metallicity: av. (≃ Z⊙).
Gas fraction: av. (≃ 30 %).
SFR/M⋆: av. (≃ 0.1 Gyr−1).

Elliptical (e.g. Cen A)

Metallicity: high (≳ Z⊙).
Gas fraction: low (≲ 10 %).
SFR/M⋆: low (≲ 0.01 Gyr−1).
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Introduction | The Puzzling Submillimeter Excess

LMC (Galliano et al., 2011)

NGC 1569 (blue compact dwarf galaxy)
(Galliano et al., 2003)

Observations corrected for
12CO(J=2→1)1.3mm & 12CO(J=3→2)867µm.
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Introduction | Attempts at Explaining the Submillimeter Excess

Reality of the phenomenon

In dwarf galaxies: confirmed by Dumke et al. (2004), Galliano et al. (2005), Galametz et al. (2009),
Bot et al. (2010), etc.

In the Milky Way: same decreasing trend with surface density (Paradis et al., 2012).

Proposed scenarios

Very cold dust (T ≃ 5 − 9 K; Galliano et al. 2003, 2005)

⇒ up to 80 % of the mass ⇒ small &
dense clumps ⇒ inconsistent when spatially resolved (Galliano et al., 2011).

T-dependent optical properties (Meny et al., 2007) ⇒ consistent with laboratory data (Demyk
et al., 2017a,b, 2022)

⇒ difficult to explain observational trends.

Magnetic grains: inclusions or free-flying particles (Draine et al., 2014)

⇒ polarization tests, but
difficult to explain the spatial trends.

Spinning dust: would spin too fast, but can be used in combination with other processes (Bot
et al., 2010)

⇒ unlikely carriers.

Observational state of the art

Spatial-resolution @ λ = 500 µm (Herschel) → start of the excess (weak constraint).
Only large-scale measures of the excess @ mm-λ (Planck)

⇒ need spatial-resolution → NIKA2.
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Introduction | The Challenges of Millimeter Observations of Galaxies

From observational point of view
NIKA2 offers a unique opportunity to make sen-
sitive millimeter maps of nearby galaxies (≳ 5′),
but:

Weak signal, from extended diffuse inter-
arm & halo regions;
Important emission from the atmosphere;

⇒ filtered flux;
⇒ delicate data reduction & feathering.

From a modeling point of view

Contamination by Galactic cirruses (foreground) & CIB (background) ⇒ confusion with the
most diffuse emission of galaxies.
Numerous physical processes from the studied galaxy and in competition:

1 thermal dust emission;
2 AME (non thermal dust emission);
3 free-free;
4 synchrotron;
5 molecular lines.
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SEINFELD | The SEINFELD NIKA2 Program

Submillimeter Excess In Nearby, Fairly-Extended Low-metallicity Dwarfs (P.I. Galliano; 36 hours)

NGC 4449
⇒ will be ob-
served in a
few weeks.
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SEINFELD | Dependence on the Local Physical Conditions

Spatially-Resolved Hierarchical Bayesian SED Modeling

Homogenized multi-λ images fitted w/ THEMIS model (Jones et al., 2017) within the hierar-
chical Bayesian code, HerBIE (Galliano, 2018).

⇒ negative correlation with column density, but not with temperature (∝ ⟨U⟩1/6).
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SEINFELD | Working Hypothesis: The Dust Evolution Scenario

Inhibition of the submm Excess by Mantle growth

Amorphous silicates (Demyk et al., 2022) + Amorphous carbon (a-C(:H);
Jones et al. 2017) → core / mantle (Bruggeman mixing rule).

⇒ At low NH or low Z , thin mantles → submm excess.
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IMEGIN | The NIKA2 Guaranteed Time Program IMEGIN

Interpreting the Millimeter Emission of Galaxies with IRAM/NIKA2 (P.I. Madden; 200 hours)

Preliminary data reduction of a 6 out of 22 IMEGIN galaxies.

Feathering the data using Planck & ACT data (Smith et al., 2021).
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Preliminary data reduction of a 6 out of 22 IMEGIN galaxies.

Feathering the data using Planck & ACT data (Smith et al., 2021).
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IMEGIN | The Long-Wavelength Grain Opacity of Irregular Galaxies

SED decomposition

2 Modified Black Bodies (MBBs) + free-free + synchrotron w/ Bayesian inference.
⇒ Estimate of the emissivity index, β (κ ∝ νβ): β(NGC 2146) ≃ 1.72 & β(NGC 2976) ≃ 1.25.

(Ejlali et al., 2024)
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IMEGIN | The Edge-On Galaxy NGC 891

(Katsioli et al., 2023)

Spatially-resolved SED modeling

THEMIS model (Jones et al., 2017) within HerBIE (Galliano, 2018).
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IMEGIN | Radial Spectral Decomposition of NGC 891

D
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IMEGIN | Destruction of Small Hydrocarbons by UV Photons

Evidence of dust evolution in M 99

Negative correlation b/w starlight intensity, ⟨U⟩, & fraction of small a-C(:H) grains, qAF (carriers
of the mid-IR Aromatic Features) ⇒ photosublimation.

(Pantoni et al., 2024)
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Conclusion | Take-Away Points

The importance of millimeter observations of interstellar regions & galaxies

Last spectral window where nearby galaxies are poorly-observed in the continuum.
Millimeter grain opacity is crucial to estimate reliable dust masses.

Progress on our understanding of the nature of the submillimeter excess

NIKA2 of dwarf galaxies (SEINFELD project) ⇒ confirms the presence of an extended sub-
millimeter excess.
This excess: (1) is more prominent at low metallicity; (2) correlates negatively with the dust
column density.
The variability of the excess could be driven by the removal of carbonaceous mantles, leaving
the bare core of silicate grains in diffuse regions or at low metallicity.

The millimeter properties of gas-rich galaxies

22 gas-rich nearby galaxies have been observed, at λ = 1.15 & 2 mm, by the IMEGIN program
→ in the process feathering the maps to recover the filtered diffuse flux.
These data are being used to systematically to study: (1) the far-IR-to-mm grain opacity;
(2) the spectral decomposition of the radio continuum as a function of the environment;
(3) dust evolution processes.
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Conclusion | Four Postdoc Positions on Dust in Galaxies, in France

Project WIDENING: the NIKA2 data of nearby galaxies
Processing, interpreting and modeling the NIKA2 observations, together
with ancillary data, of nearby galaxies (programs IMEGIN & SEINFELD).
3 year positions.
Postdoc at CEA Paris-Saclay:

https://aas.org/jobregister/ad/3972814b.
Postdoc at IRAM Grenoble: https://aas.org/jobregister/ad/f7464d12.

Project REDEEMING: a dust model for the Milky Way & the Magellanic
clouds

Designing the first fully-constrained, extragalactic dust model, intrinsically
parametrized by the metallicity, simultaneously fitting the emission, extinc-
tion and depletion of the diffuse ISM in the Milky Way and in the Large
& Small Magellanic clouds.
3 year positions.
Postdoc at CEA Paris-Saclay: https://aas.org/jobregister/ad/cbe51705.
Postdoc at IRAP Toulouse: https://aas.org/jobregister/ad/105cc6d2.
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Conclusion | International Summer School on the ISM of Galaxies

Next Galaxies’ ISM Summer School: July 21 – August 1, 2025 – Banyuls-sur-mer France
Scope: theory and observations of the ISM of nearby galaxies, with an emphasis on

modern data analysis methods.
Confirmed speakers: Dalya BARON, Danielle BERG, Pierre CHAINAIS, Emmanuel DARTOIS,

Simon GLOVER, Javier GOICOECHEA, Anna MCLEOD, Adeline PAIEMENT,
Kate PATTLE, Donatella ROMANO, Antoine ROUEFF, Serena VITI.

Registration: January 27 – April 18, 2025.
More info: https://ismgalaxies2025.sciencesconf.org/?lang=en.
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