Unravelling Atomic ISM
Physics Across the Local

Group

Eric Koch
SMA Postdoctoral Fellow

Erik Rosolowsky, Adam Leroy,
Jonathan Braine, Jeremy Chastenet,
I-Da Chiang, Julianne Dalcanton,
Megan Johnson, Amanda Kepley, Jay
Lockman, Snezana Stanimirovic,
Andreas Schruba, Karin Sandstrom,
Dyas Utomo, Tom Williams

CENTER FOR ARG RATIN

HARVARD & SMITHSONIAN

21-cm HI intensity



-37°57

Declination

N - . 3
360° R}ght Ascension 240°
N
n
N
o

Declination

17’

-1°

240° Right Ascension 120°

(GALFA DR2: Peek+2018)

Eric Koch

Extragalactic HI (NGC 628)

(THINGS; Walter+2008)

2



Photo Credits: R. Gendler,

The galactic ecosystem the FORS Team
D. Malin,

: i SAO/Chan?Jlra,
D. Thilker

Low-mass stars

X

Intersteﬁar

Supernova
Remnants

Stel &cta Galaxy winds &
outflows 3

0o
O% " Eric Koch



Many processes affect the atomic ISM O S tORS Tearn
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Spectrally sharpening our view of the atomic ISM
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VLA Local Group Survey:
Initial Observations

~80 pc spatial resolution

0.4 km/s spectral resolution
56=1x10"° cm= per channel X
GBT/EBHIS short-spacing

Koch+2018, 2021
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Ubigquitous HI spectral complexity on 80 pc scales
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What are we learning from complex HI spectra®?

1. Where is cold, opaque HI?

How much mass is there? o WM Ww«w/\
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Where is cold, opaque HI?

Two-phase atomic ISM model.
Warm Neutral Medium (WNM) remains
optically-thin.
: ) Y E——

63’ s - Cold Neutral Medium (CNM)
910 Z = likely becomes optically-thick.
T 10° = 7y /:// §
=gl Accurate atomic ISM masses need
z\ 32’ ST ‘¢ to account for HI line opacity.
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Galactic HI
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1 Emission: warm and cold

{ Absorption: cold

Ensemble of clouds
along line-of-sight.
Model for line opacity.

We know extragalactic
atomic ISM masses are
underestimated.

(THOR; Bihr+2015)
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Are complex HI spectra due to opague, cold atomic gas?

Braun+09,12
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Are complex HI spectra due to opague, cold atomic gas?

Braun+09,12
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Opaqgue “top-hats”? Or blended components”?
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Model test: opague vs. multi-component Gaussian

Multi-Gaussian Opaqgue single-component
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Multi-component model Opaque model preferred

preferred
ABIC = BICGauss - BICOpa ue
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What are we learning from complex HI spectra®?

1. Where is cold, opaque HI?
How much mass is there?
Requires improved modeling.
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2. Which atomic gas is
associated with molecular
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/0 nearby galaxies on 100s pc scales
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70 nearby galaxies on 100s pc scales Extragalactic HI (NGC 628)
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HI and CO in the LMC at 30 pc scales
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r clouds?

Which atomic gas is associated with mal ,;_‘ ds
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Strong line width correlation using HI assoc. with CO
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Using whole HI spectrum Using single HI component
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What are we learning from complex HI spectra®?

1. Where is cold, opaque HI?
How much mass is there?
Requires improved models.

2. Which atomic gas is
associated with molecular
clouds?

Hl and CO components

strongly linked.

Eric Koch
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SKA-mid & ngVLA: Atomic ISM physics across the SFMS
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SKA-mid & ngVLA: Atomic ISM physics across the SFMS
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Unravelling Atomic ISM Physics Across the
Local Group

e 21-cm HI traces many processes. Modeling complex Hi
spectra sharpens our view of the atomic ISM.

e Simple cold, opague HI models cannot capture this
complexity: previous mass estimates cannot be trusted.

e H| and CO components are more strongly linked compared to
the entire line-of-sight.
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