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Galdciic Components
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Very near extragalactic space. . .



High Velocity Clouds

Accreting Low-Metallicity Gas ?
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100,000 LIGHT YEARS




How much of the HI stuff
do we detect in the Universe?









Do all galaxies have lots of HI?
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HUBBLE"S CLASSIFICATION OF THE GALAXIES
(The "TUNING FORK") “'“
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Ellipyical vsiSpiral
Galaxies can be classified based on appearance

Smooeth fallefil off lighit Bulge+disk+arms

Jot forrr]rcl)l\?vg Slars Lots of star formation

Dominant motion: Dominant motion:
random orbits circular orbits 1n disk
Avold cluster cores
Prefer cluster cores




Morphology-Density
Relaiion

The fraction of the
population that is
spiral decreases from
the field to high
density regions.
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Fig. 4.—The fracuon of E, 80, and S5+1 galaxies as a
function of the log of the projected density, i galaxies Mpo 2.
The data shown are for all cluster galaxies in the sample and
for the field. Also shown is an estimated scale of true space
density in galaxies Mpc 9. The upper histogram shows the
number distribution of the galaxies over the hing of projected
desryeits




Disk Formation: a primer

> Protogalaxies acquire, angular momenium, through fidal forgues with nearest;
neighbors during the linear regime [Stromberg 1934; Hoyle 1949]

* As self-gravity decouples the protogalaxy firom the Hubble flow, [I/(d |/d
1)1 becomes v.large and the growthi of | ceases

* N-body simulations: show that: ati turnaround time valuesiof |
range between 0.01 and 0.1, for halos of all masses

* The average for halos is' I = 0.05
* Only 107 of halos have | < 0.025 | >0.10
halos achieve ver
) /

modest rotational support

* Baryons collapse dissipatively within the potential

well of their halo. They lose energy through

radiative losses, largely conserving mass and angular

momentum Angular momentum
Mass

Total Energy

- Thus | of disks increases, as they shrink to the
inner part of the halo.

‘If the galaxy retains all baryons =»
m_d~1/10 , and |_disk grows to ~ 0.5,

[Fall & Efstathiou 1980] R _disk ~ 1/10 R _h
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Dark Matter




Galaxy NGC 7742

PG

PRCH6-28 - Space Talwscope Scance instoute - Hubbla Hertage Team

The Mice « Interacting Galaxies NGC 4676
Hubble Space Telescope « Advanced Camera for Surveys

NASA, H. Ford [JHU), G. Mingwerth (UCSCLO), M. Clampin [STScl), G. Hartig |STScl) and the ACS ScienceTeam = STScl-PRCO2-11d
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Restricted 3-body
problem
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The M(r) at the center of the Galaxy is best fitted by the combination of
- point source of 2.6+/-0.2 x 106 M_sun
- and a cluster of visible stars with a core radius of 0.34 pc and p,=3.9x10° M_sun/pc3
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Research Note

Comparison of Rotation Curves of Different Galaxy Types

M. S. Roberts* and A. H. Rots
Kapteyn Astronomical Institute, University of Groningen

Received November 23, 1972, revised Apnl 13, 1973

Summary. Rotation curves extending to large radial
distances are now available for 3 spiral galaxies, each
of a different type. Differences in shape of the rotation
curves indicate a mass distribution that is related to
structural type and is in the same sense as the lumino-
sity distribution for these galaxies. The shapes of the

rotation curves at large radi indicate a significant
amount of matter at these large distances and imply
that spiral galaxies are larger than found from photo-
melric measurements,

Key words: galaxies — rotation curves
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Mllky Way Rotation: Curve

=> Dark Matter
is needed to
explain the
Milky Way (and
other galaxies’)
dynamics

Ohserved
sun's velocity is
shour 220 konfsec

Differenceis contibured
by the dark mafter hale.
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of the Dark
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=> The total mass

The gravity of the visible marter in the Galaxy is not enough to explain the high orbital Of The GClIClXY
speeds of stars in the Galaxy. For example, the Sun is moving shout 80 km/sectoo fast. . .
The part of therotadon curve contributed by the wisible marter only iz the bottom curve. IS dom' naTed bY

The discrepancy between the two curves is evidence for a dark matter halo, Dark Matter




No. 2, 1985 DISTRIBUTION OF DARK MATTER IN NGC 3198
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Fig. 4.—Fit of exponential disk with maximum mass and halo to observed rotation curve {dots with error bars). The scale length of the disk has been taken equa
to that of the light distribution (%07, corresponding to 2.68 kpe). The halo curve is based on eg. (1L o = 85kpe, p = 2.1, plR,) = 00080 M, pe ™.

[Van Albada, Bahcall, Begeman & Sancisi 1985]
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Fig. 13. Mass model for NGC 5585 using the “maximum-disk"” meth- "« C 7
od. The contnbution of ench component is plodted, The stellar disk has aik =
(i Lg)l, =054 /L, the dark halo has r, = 3.1 kpc and ”,! - g
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LR d “FIG. 12. Mass model for NGC 5585 psing the “best-fit™ method. The
R contribution of each component 15 piotted, The stellar disk has
(A Lg)y = 01L& L. The dark isothermal halo has a core radius
r. = 2.8 kpc and a velocity dispersion o= 534 kms- .

[Cote’, Carignan & Sancisi 1991]




A page from Dr. Bosma's Galactic Pathology Manual

[Bosma 1981]




We use HI maps of galaxies to infer

their masses, their dynamical circumstances,

to date their interactions with companions,

to infer their star formation (“fertility") rates...
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Morphologicall Alteration Mechanisms

I. Environment-independent
a. Galactic winds
b. Star formation without replenishment

IT. Environment dependent

a. Galaxy-galaxy interactions
i. Direct collisions
ii. Tidal encounters
iii. Mergers
iv. Harassment

b. Galaxy-cluster medium
i. Ram pressure stripping
ii. Thermal evaporation
iii. Turbulent viscous stripping
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VIRGO
Cluster

Solanes et al. 2002










DDO 154

Arecibo map outer extent [Hoffman et al. 1993]
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Carignan & Beaulieu 1989 VLA D-array HI column density contours



M=M,

M(total)/M(stars

M= “HI

7 Mtotal)/M(HE

Carignan &
Beaulieu 1989
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FiG. 14—{a) Ratio of the local total (luminous and dark) mass to the stellar
mass M, and to the H 1 mass My,,. (b} Complete mass model for DDO 154
using the rotation curve of Table 5. When not indicated, the errors are smaller
than the size of the symbols. The contribution of the H 1 component was
calculated using the surface densities of Fig. 9. The total H 1 mass is 2.7 x 107
M . The stellar disk has (M/L,), = 1.0, giving a total mass of 5.0 x 107 M.
The halo parameters are r, = 3.0 kpc and p, = 0.015 M, pc™°. The total mass
(dark and luminous) at the last observed velocity point (7.6 kpc) is 3.8 x 10°
M.







© MGCTTL

BT LI B R S
?:ll‘.:hf?lp ’ . Yooa + "l-‘ +
:Eﬂﬂ'_—;’: +' e | + + "
= L + + + ]
4 + + "I
' +oh + FE o 1
AY + hocszea ™ i
- +F 4+
: JEE + o+
+ + +
Figure 1. The Les Hing System ] Gl
Hi: Arecthe glngle dkh map, 3.3 reshitien, contoure=2 »x 100% e = 2™ * ; + 4+ + 5
Onptical: TG99, FOY=T0 = 1K) [ R T
Notes: Labelxl galavles hawe mishlfts stmllar fo te Hi fog. + + '-+ e
Heferewwe: Schmeder, 8 E, Slrutdls, MF., Harklng, FB., Yomg, J3., <1t
D¥lman, E.L., Clansen, M.J., Salpeter, EE., Howk, JE., Terdlan, Y, + + +
Lewls, BRI, & Shure, B A 1980 AJ 97, G66. . S b
Schneider et al 1989 VLA map - 2%
+. 3o Fay
* .~ Arecibomap:.** < L o
Schneider, Helou, Salpeter & ' hl ' : — L+ h'
10h 48™ 10" 46™ 10M42

Terzian 1983




.

e




Perseus-Pisces’ Supercluster
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Eight Ascension

~11,000 galaxy redshifts:



Perseus-Pisces Supercluster

FPhAahf - e ~fann

=
=
=
T
A
:i:,;
=

Eight Ascension







TF Relation Template

“Direct” slope is —7.6

SCI : cluster sc sample “Inverse” slope is —7.8
I band, 24 clusters, 782 galaxies



Measuring the Hubble Constant

A TF template relation is derived
independently on the value of H_not.
It can be derived for, or averaged Cepheid Calibrators
over, a large number of galaxies,
regions or environments.

When calibrators are included,

the Hubble constant can be gauged
over the volume sampled by the
template.

From a selected sample of Cepheid
Calibrators,

obtained

H_not = 69+/-6 (km/s)/Mpc
averaged over a volume of

cz = 9500 km/s radius.




TF and the Peculiar Velocity Field

» Given a TF template relation, the peculiar velocity of
a galaxy canibe derived from its offiseti Dm from
that template, via

s For a TF scatter of 0.35 mag, the error on the
peculiar velocity of a single galaxy: is typically

» For clusters, the error can be reduced by a factor
, it Nigalaxies per cluster are observed



CMB Dipole

AT = 3.358 mK

....

V_sun w.r.t CMB:

369 km/s towards
|=264° , b=+48¢

Motion of the Local Group:

V=627 km/s towards
| = 276° b= +30°



Convergence Depih

Given a field of density fluctuations d(r) , an
observer at r=0 will have a peculiar velocity:

where Wis W_mass

The contribution to by fluctuations

in the shell , asymptotically
tends to zero as

The cumulative by all fluctuations
Within R thus exhibits the behavior :

If the observer is the LG,
the asymptotic matches the CMB dipole




The Dipole of:
the Peculiar
Velocity Field

The reflex motion of the LG,
w.r.t. field galaxies in shells of
progressively increasing radius,
shows :

convergence with the CMB dipole,

both in amplitude and direction,
near cz ~ 5000 km/s.
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