Ast 622: The Interstellar Medium

Chapter 10: The ISM on the Galactic Scale


http://www.spitzer.caltech.edu/images/3018-
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(Galactic rotation curve

V..qg = V(R)cos 0 — Vgsinl
Rq .
= |V(R) ? — V| sin/

R _ Rq As long as V does not increase
sinl — cosf . :

linearly (or more steeply) with R,

then V4 has a maximum at R,
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High school students can measure V!

Step 3: from

Viot (km/s)

Step 1: build a telescope

Vimax(0), determine V,,4(R,,,), and derive V, (R)

Step 2: obtain spectra at a range of /: measure V.,
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https://github.com/interstellarmedium/HI_telescope/



(Galactic rotation curve
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+ many other techniques, e.g. Cepheids, etc Clemens 1985



Distance determination using dust extinction
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Recently revolutionized through all sky surveys, Gaia, and Bayesian modeling
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http://argonaut.skymaps.info/




Local bubble
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—> we live in a ~14 Myr supernova remnant?
(but we are passing through... we did not form here)

https://static-content.springer.com/esm/art%3A10.1038%2Fs41586-021-04286-5/MediaObjects/41586_2021_4286_MOESM2_ESM.html|



Radial and vertical profiles
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What is the extent of the stellar disk?

Thickness (kpc)



Central Molecular Zone

Inner ~200pc of the Galaxy

. dust thermal continuum

Lots of dense molecular gas, but little star formation
—> too turbulent?

https://apod.nasa.gov/apod/ap081110.html




The galactic warp




The galactic warp

z (kpc)

Figure 3

The warped Galactic plane; average midplane positions as derived from the Leiden-Argentine-Bonn 21-cm
line survey by fitting three basic modes. Isophotes are from zyp = —2 to 5.5 kpc in steps of 0.5 kpc. The z =
0 plane is inclined by 60° and viewed from ¢ = 15°. The location of the Sun is indicated by the yellow dot.
The blue dashed lines mark quadrants in azimuth and distances R = 10, 20, 30, and 40 kpc, respectively.

Kalberla & Kerp 2009 Annual Reviews



Phase changes vs scale height
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Kalberla & Kerp 2009 Annual Reviews



Superbubbles

Supernovae are correlated in space and time

HI 21cm




The ISM on a galactic scale
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A (violently) breathing ecosystem...



(Galactic chemical evolution

Characteristic timescale for evolution of the ISM, 1 ~ MISM/M*,
where Mgy ~ 10" M, M. ~ 3 M yr™!

Supernovae and mass loss from late stages of stellar evolution enrich the ISM in metals
Formation of low mass stars, M. < MQ, with lifetimes > 1y are a mass loss to the ISM

Infall of (low metallicity) gas from beyond the MW are a mass gain to the ISM

=> Mass fraction of metals, Z = M,/M,,;, evolves!



(Galactic chemical evolution

Initial conditions M.=7=0
Star formation AM, = — ZAM. (arsr;ljsr;iflén@fkslﬁrfnaergllg)w
Gas enrichment by massive stars AM, = yAM.
y = yield
= A(ZMy,) = (v — 2)AM., revious ganerations of

lowish mass stars)

Assume a closed box (no gain or loss of mass), M,.. + M. = constant — AM. = — AM

gas gas

M
Then M, AZ = —yAM,,. = Z(t) =yIn ol
= = Mgas(t)

In the Milky Way, M, /M, =10, Z=0.02 = y=10.01



(Galactic chemical evolution

Closed box model implies many low mass stars with very low metallicity

This is not observed => need higher y but to match observed Z, need infall of fresh gas

Closed box assumption no longer applies, Mgas + M. # constant

If infalling gas quickly turns into stars, Mgas = constant — AMgaS =0

— the metallicity evolves as Z(f) = y [1 _ e I=Mo (VMg

For M, /My, =10, Z=0.02 = y=~0.02



A picture is worth a thousand words...
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https://www.icrar.org/hi4pi/


http://www.spitzer.caltech.edu/images/3018-

