Dinamica delle
galassie
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Schema Hubble — Vaucouleurs
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Globular clusters
Galactic halo

T~

Galactic bulge

O, B stars

Galactic disk : Galactl’c c;enter

Gas and dust o
Emission nebula

Open cluster
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The Growth of Bulges in Spiral Galaxies

Three evolutionary scenarios
Rapid Collapse

I. Primordial hydrogen cloud. 2. Cloud collapses under gravity. 3.Large bulge of ancient stars

5 dominates galaxy.
Environmental Effects

|. Disk galaxy and companion. 2. Smaller galaxy falls into 3. Bulge inflates with addition

. disk galaxy. of young stars and gas.
Internal Evolution

I. Disk galaxy forms around 2. Disk perturbations form a 3.As bulge grows with new
small bulge. bar-like structure which shovels stars the bar is disrupted
fresh gas into the center. and dissipates.






Schematic of
Bar Formation and Evolution

isolated disk galaxy
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Grain provides a
“catalytic’ surface
with a weak H-
bonded network
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Astronomical Name Density (em™%)  Temperature (K) 3 filling factor
Molecular Cloud 200— > 10° < 100 9% 107%  0.050 %
Cold Neutral Medium (CNM) 10 - 100 ~ 100 . 1%
HII regions 5-10 8000 15 - 30 3x 1073 %
Warm Neutral Medium (WNM) 0.1-0.5 8000 . 30 %
Warm Ionized Medium (WIM) 0.1-0.5 8000 0.29 25 %
Very Local Medium (VLISM) 0.11 6700 0.27 6-19 %
Coronal (HIM) 5% 1073 10° 1.8 50 %
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log(Mps /(Mys + M.,))
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Metallicity [Fe/H] (dex)
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Old halo globular clusters
Young halo globular clusters
Halo field stars

Thick-disk globular clusters
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Thin-disk open clusters
Thin-disk field stars

Bulge
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Large-scale flows in Milky Way halo

Very fast
clouds from
intergalactic
space
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star S0 million years 100 million years

Cyiferentizl iotation: stars nearthe center take less time to orhit the center than those farther
from the center, Differential rotation can create a spiral pattem in the disk in a short time.,



Screech!
(D@ O

individual cars move through the traffic jam

incoming clouds

. 2 and stars
density wave

only the long-lived
stars make it out, stars form

density wave
(enhanced grawity)

spiral density waves are like traffic jam s, Clouds and stars speed
up to the density wave (are accelerated toward it]) and are tugged
hackward as they l[eave, so they accumulate in the density wave
(like cars bunching up behind a slower-moving vehicle). Clouds
compress and form stars in the density wave, but anly the fainter
stars live long enough to make it out of the wave.




Spiral Galaxy NGC 4622

Nucleus



Galaxy luminosity
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Dinamica nelle ETG




Examples:

N R v agelt, ...
open cluster 100 2 pc 0.5 km/s 4106 yrs 107 yrs 21
globular cluster 10° 4 pc 10 km/s 4-10° yrs 4 - 108 yrs 210
ellipt. galaxy 1012 10 kpc 600 km/s 2-107 yrs 10" yrs 1077
dwarf galaxy 109 1 kpc 50 km/s 2107 yrs 104 yrs 10+
galaxy cluster 1000 1 Mpc 1000 km/s 10° yrs 210" yrs 101
Conclusion: stellar encounters will perturb a star only over t,,,,~10*" yr, or 5x10° t_..

Elliptical galaxies are
collisionless system : the constituent particles move under the influence of a mean gravitational field
generated by a smooth mass distribution, rather than a collection of mass points

Credit:
Pellegrini Silvia



Fast e slow rotators

Low-L High-L

| | Al 1 1 K 5 E | ' 1 1

12 (b)

Figure 4-6. (a) The positions in the (v/e,¢) plane of elliptical galaxies {dots), anj
of spheroids (crosses), that have luminosities smaller than L = 2.5 x 10'° L. (b)
The same as (a) but for elliptical galaxies brighter than L = 2.5 x 100 L. (After
Davies et al. 1983.)

Credit:
Pellegrini Silvia
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(V/o),

0.0 :
00 0.1 0.2 03 0.

No disk Stellar disk

KDC Counterrotation

No rotation =~ Complex velocity

\
|
Regular rotators

Nonregular rotators

4)\ Cappellari M. 2016.

Annu. Rev. Astron. Astrophys. 54:597-665

| | | |
4 05 06 0.7 0.8 09
£
= |sotropic rotator
=== 1/3 X isotropic
m— §=0.7 X &y,




Spiral galaxies

Slow rotators Fast rotators

R

Cappellar1t M. 2016.
Annu. Rev. Astron. Astrophys. 54:597—665
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NGC 0533

NGC 0507

NGC 1399

NGC 7618

NGC 6482

NGC 5044
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dP@) A9 o pOKT()

dr dr m
dlp(r)a®()] _ de(r)
dr = =P dr
d GM GmM
dzigr) =g(r) = rz(r) infatti F, = mrz(r)




Credit:

( r? d[p(T)O'Z(T)] Pellegrini Silvia
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Fig, 4 —Velocity dispersions (o) and the line strengths
{y) for MBE7. The open circles () are points W of the nucleus,
and the filled circles (@) are E. The core radius, r. = 976, of
the galaxy is marked. Error bars of length 2 o are given.
Curve (a) is the velocity dispersion predicted by the black hole
model ftted to the photometric data, (8) is the same model
convolved with the seeing disk and slit size for the spectro-
spopic observations, and (o) s the King model that would
prevail if the black hole were absent.
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Fi1G. 10.—Mean mass-luminosity ratio enclosed within
radius r [(MI.?>(r)'] as a function of r in M87. Open circles
(O) are to the W of the nucleus, and filled circles (@) are to
the E. The core radius of the galaxy, r. = 976, is marked.

The data require a central 5 x 10° My MBH:
the total M/L is consistent with that of the stellar population (M, /L =constant
at the value 6-7) around the core radius r,, but steeply increases inward
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 Assumiamo che tutta la massa sia stellare:M(r) = M. (r) Vr >0



Parametro di anisotropia

line-of -sight



at the center, M/L becomes Credit:
ISOTROPIC modeling far larger than reasonable for Pl egrini Silvia
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Figure 4-3. Left panel: plots of the logarithmic gradients
appearing in equation (4-56) for the giant elliptical galaxy
M87: full curve |dlnv/dInr|; dashed curve |dinv? /dinr|. A
distance to the galaxy of 16 Mpc has been assumed, nd;‘
hubeenobtdnedbomtheobouwddhmbnundathe
assumption 4 = 0. Right panel: the ratio M(r)/L(r) derived
from these d&T& and equation (4-56). ( et al.
1978.)
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Bottom: t&rdsdmdthcnwmﬂnuﬂif
the observations on which Figure 4-3 is based are to be |

/ mdam&mﬁ@lmb (After Binney & Mamon mz)

B=cost=0 and M(r)/L(r)#¥cost AND  B(r)>0 and M/L=cost can reproduce equally well the data
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I Libri consigliati (livello avanzato)

* Binney and Tremaine, <<Galactic Dynamics>>

* https://www.annualreviews.org/doi/10.1146/annurev-astro-
082214-122432

* http://articles.adsabs.harvard.edu/pdt/1978ApJ...221..731S

* http://articles.adsabs.harvard.edu//full/1988A%26AS...74..385B/
00003921.000.html

* http://articles.adsabs.harvard.edu/pdf/1988A%26A...193L...7B
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