PART [

ISM::Gas in Galaxies



1. Galaxy.kFormation:Lite

A The main physics of galaxy formation is captured by |
Mao & White model*.

A Cooling of gas in the halo (or inflow along cool flows)
delivers cool gas at the bottom of the potential well
(=halo center).

A The gas settles intgadactic disk

* Mon. Not. R. Astron. 266,319 336 (1998)



Galactic Disk

Quiz:

? Why does cooling gas settles into a disk?

A. Galaxies are observed to have disks.

B. Angular momentum Is conserved.

C. The gravity of dark matter compresses gas in
disk.

D. The pressure of hot halo compresses gas|intt
disk.

E. Gas flows along circular orbits.




Galactic Disk

A Mass of a disk is a given fraction of the halo mass (-
]\/[d — mth

A Disk has an exponential surface density profile.
Y(R) =Xpexp(—R/Ry)
]\Jd — QWZOR(%

A Angular momentum of theiglmiiven fraction of the hal
angular momentum.

Jy = A5 R3V.,
Ja = JaJn



Galactic Disk

A Halo angular momentum is well understood
B Jh\Eh|1/2

- GM

A Spin parameteiislognormaliistributed

A

1 In*(A/A\)] d\
p(AN)dA = exp |— ( 2/ )
\V 2TO ), 209 A

A with) = 0.05 andoy, = 0.5.



Galactic Disk

A The last stépa connection between the halo mass an
disk circular velocity:

GM N\ Y2
ch X Vvir — ( h)

TI'vir

A MMW98 modessumethe coefficient of proportionality
1, but it does not have to be.



Galactic Disk

A NFW profile:
Vo(r)\~ _Iln(l+cx)—cx/(1+cx) 71
Viir o In(l1+c¢)—c/(1+c) &= Tvir

A V. is maximizeatcx = 2.16.
A Viax = 1.0V4;, fore = 3;
A Viax = 1.2V, fore = 10
A Viyax = 1.6Vi4, fore = 30;

M, 1/3 H (a) 1/3
vir — 1 k
V. 63 m/s(1012M®) ( 27
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A Sizes of disks are
directly proportional t
the sizes of their dark
matter halos-{@
MMW98)

A Observed scatter =
scatter Ih

In A
p(/\ ir = V...M(T,\ Xp |: ...O',\ ] —/\—



2.. Galactic Disks

A Surface density of the HigR) (M; /p@).
A Circular velocity of the disk

C

VZ(R) = —R /O h S(k)J1(kR)k dk

S(k) = —27G / N Jo(kR)S(R)RAR

A In a vertical (usuallydirection the disk profile is
descri bed by a nscal e he

A Different components have different scale heights.
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Density: Profile

Both stellar and gaseous disks are ~ exponential, bu
gaseous disks are larger.
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ScalecHeights

35 30
RIGHT ASCENSION (J2000)

Galaxiass Stellar height Gas height
UGC7321 3x10M; 300 pc 580 pc
1IC2233 109M; 330 pc 800 pc
M33 5x10°M; 250 pc 120 pc
Milky Way  10°M; 300 pc 150 pc
23400 UGC7321 bs & °";"’“"°”";°° ,  1C2233
B e £




Ve (km/5)

300

250

200

150

100 f#/

Disk-obtherMilkyi Way

AMilKky

Wa vy

not all) spiral galaxies.

has

T T T I T T T T T T T T T BOO T T T T T T T T T T T T
- 1 a 250
| ®
___:____"!:———_______ : e e I
= 200
halo g halo  +
1 = —
| E R
-1 & 150 - —
disk+bulge "E — _disk+bulge  ~
{1 = e T
disk - 100 disk m
- 50 |-/
A E _Jl,:;. .
L/ bulge 4 ! bulge 4
If
H 4 b B
-|' -1 i
i i i I i i i i | i | 1 1 1 1 [] 1 1 | | 1 | 1 1 | 1 I | 1 1 |
0 5 10 15 20 0 5 10 15

20



Galactic Rotation:Curves

A Rotation curves are like people, they are all different
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DiskDynamics




Important Lesson

Rotation velocsty Circular veloc

A Spiralvaves are shocks, in them gas velocity change
abruptly hence, gas does not move on circular orbits
spiral arms.

A Spirals arms are not the only waves in therdisks
exist other waves (bending modes, barsetgarps,

A Some of famous fAcontrov:
(cores/scusps, a-etter word) may be simply due to
that crucial fact.



Important Lesson

A Noncircular motions typically rea20%0
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PaihtinghbyiStafsars

What do you see?
A Spiral arms.

A Cold dust is located alo
the inner edge.

A Heated dust is just out
It.

A Young (=blue) stars areg
outside hot dust.

A Diffuse gas is even furt|




SpirahDénsity WaVésves

A Spiral arms adensity waveshey are not static objects,
gas flows through them in a cycle of galactic ecology

A. Diffusegaget s hit by a wayv




SpirahDénsity WaVésves

A Spiral arms adensity waveshey are not static objects,
gas flows through them in a cycle of galactic ecology

B. & compresses, cools down, and fornmsatetilar
clouds




SpitahDensity WaVésves

A Spiral arms adensity waveshey are not static objects,
gas flows through them in a cycle of galactic ecology

C. Starsbegin to form in molecular clouds, heating tt
and dust (but the wave




SpitahDensity WaVésves

A Spiral arms adensity waveshey are not static objects,
gas flows through them in a cycle of galactic ecology

D. Eventually, molecular gas gets heated by UV rac
and supernova explosions, turnicgnot@al gas




SpirahDénsity WaVésves

A Spiral arms adensity waveshey are not static objects,
gas flows through them in a cycle of galactic ecology

E. After the wave passed, coronal gas gradually co
diffusegas unti |l the next ¢




WhyyAA Spiiadl ?

A Differential rotatiotends to stretch any pattern into a s

A Rotation curve is flat, so stars
closer to the center take less
time to go around a small 1.

circle. / \
A A density wave gets aheac = \ 2

the central region of a gale ,/ \
and falls behind on the
outside.
3.

Differential Rotation



OunrSpraldArmsms

+ Cygnus Arm

Carina.Sagittarius Arm

Norma Arm

Crux-Scutdm Arm

»
Perseus Arm
¥ <- Our Solar System
f() ;'_')OO -
* *Local or Orion Arm




Quiz:

Which spiral arm did the Sun formec

A A Orion

A B Perseus
A CNormal
A D CarineéBagittarius
A E CruxScutum
A FCygnus

-
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The=Griandest ideadn Astrohemmpnomy

A Thecrests of ocean waves
arecovered bipam.

A The crests of galactic waves
arecovered hyew stars!




3. Disk!Stability

A Studying the linear stability of gaseous disks is much
easier than of stellar disks.

Y(t,R) = X(R) + AX(t, R)
R
AY o< exp(—iwt + 1 / k(R)dR)

A After some algebra (and a bit of calculus), we get a
dispersion relationréatial perturbations

w? = k? = 2rGL|k| + ck?

A k? = R(dQ?/dR) + 497 is theepicycle frequency



Toomre Criterion

A Disk is stable if for any :

A or, alternatively,

A This is called R R PdthHilfty/criteri¢after Alan
Toomrg and is often calld@domré) (parameter)
A For a stellar disk the criterion is similar:



