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First, some clarifications

Check out the book errata:
https://www.astro.princeton.edu/~draine/



HI4PI collaboration et al. 2016

21cm neutral hydrogen ‘spin flip’ transition

HI4PI Collaboration: HI4PI: A full-sky H i survey based on EBHIS and GASS
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Fig. 2. HI4PI: all-sky column density map of H i gas from EBHIS and GASS data as integrated over the full velocity range �600  3lsr 
600 km s�1. The map is in Galactic coordinates using Mollweide projection.

overlap there are mild di↵erences between EBHIS and GASS.
Thus, a mere concatenation of the two surveys (e.g., at � = 0�)
could lead to discontinuities in the H i distribution. A sim-
ple linear interpolation between EBHIS and GASS, however,
is su�cient to mitigate these di↵erences. In the overlap area
(limited by �lo and �hi) we calculate the merged brightness
temperature as

T HI4PI
B (↵, �) =

� � �lo
�hi � �lo

T EBHIS
B (↵, �)+

�hi � �
�hi � �lo

T GASS
B (↵, �) , (1)

and we choose �lo = �5� and �hi = 0� as the declination range in
which the interpolation is to be applied.

3. Moment maps

3.1. NHI map

By integrating spectroscopic data in velocity, one can infer the
NH i column densities,

NH i
h
cm�2

i
= 1.823 ⇥ 1018

Z
d3TB(3)

h
K km s�1

i
, (2)

where TB(3) is the brightness temperature profile of the H i
gas (e.g., Wilson et al. 2013). The resulting NH i map covers
the full sky (4⇡) and is presented in Fig. 2 on a logarithmic
intensity scale. In the figure one can see the warp and flaring
of the MW disk (Kalberla & Kerp 2009, and references therein).
Furthermore, because of integrating across HI4PI’s full veloc-
ity range (�600  3lsr  600 km s�1), the NH i map does not
only contain MW disk material but also features residing in
the MW halo: the intermediate- and high velocity clouds (IVC,

HVC) and cloud complexes, as well as extra-galactic objects
such as the Magellanic Clouds (LMC and SMC) and M 31. This
contamination usually needs to be considered when working
with the NH i data and is further discussed in Sect. 3.3. For com-
pleteness, Appendix B contains a version of the NH i map using
a linear intensity scale (Fig. B.1).

We note that Eq. (2) is only correct in the optically thin limit.
For regions of high H i volume density (usually cold gas, having
low spin temperatures), mainly at low Galactic latitudes, self-
absorption occurs, such that Eq. (2) provides only a lower limit
on NH i (e.g., Radhakrishnan 1960; Gibson et al. 2005; Braun
et al. 2009; Martin et al. 2015). H i absorption spectroscopy can
in principle be used to overcome this shortcoming. For example,
in the framework of the on-going THOR survey (The H i, OH,
Recombination line survey of the Milky Way), Bihr et al. (2015)
calculate the optical depth toward the giant molecular cloud
W 43 to estimate the true H i column density. Using Galactic
continuum emitters for the H i absorption technique, however,
has the intrinsic issue that only the fraction of H i gas in front of
the continuum emitter can be accounted for. Another approach
is to study H i absorption features toward extra-galactic sources.
In both cases, however, one can only derive opacities for a rela-
tively small set of sight lines. Several studies were made to infer
a correction factor, f , from such samples (see e.g. Dickey et al.
2000; Lee et al. 2015, and references therein), where f is a func-
tion of the thin gas-approximated NH i value.

Although the aforementioned absorption studies provide
very interesting results, it is not yet feasible to perform a proper
opacity correction with the full HI4PI data set. Empirically in-
ferred correction factors show too much spread from region to
region, preventing application to the full MW disk. The situation
may change, once high-resolution absorption-line surveys of the
full MW disk are published.
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H I in the Milky Way halo/high velocity clouds
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Vital stats 
For gas in the Milky Way disk, 60% is in H I

• NOTE: Much more gas mass resides in the circumgalactic medium, which is 
predominately (>99%) ionized.
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Vital stats 
Most of  what we know about the H I distribution in our own galaxy and others 
comes from radio telescopes (via the 21cm or 1.4 GHz spectral line)

Green Bank Telescope Very Large Array

Dave Finley, NRAO, AURAGBO/AUI/NSF



Vital stats 
‘Double-horned’ profile of  integrated (entire galaxy) 21cm emission
reveals rotation curve flattening.
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Vital stats 
‘Double-horned’ profile of  integrated (entire galaxy) 
21cm emission reveals rotation curve flattening.
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21 cm Emission Maps 
from Interferometry
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