The properties of bulges

Bulges are some of the densest stellar systems. They can be flattened
ellipsoidal or bar-like. The surface brightness of a bulge is often
approximated by the Sersic law:

I(R) = 1(0) exp{-(R/Ry)*'"}
Recall that n=1 corresponds to an exponential decline, whereas n=4 is
the de Vaucouleurs law.

About half of all disk galaxies contain a central bar-like structure. The
long to short axis ratio can be as large as 5:1.
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When viewed edge-on, the presence
a bar can be noticed from the boxy
shape of the halo. In some cases the §
Isophotes are squashed, and the
bulge/bar has a peanut-like shape.




Color and metallicity of disk galaxies

Let us consider the case of M31.:

e Interior to 6 kpc, the light from the ~
bulge dominates, and the colours a
similar to an E galaxy.

Slightly further out, young stars be
to contribute substantially to the
surface brightness, and colour of tr
galaxy.
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Color and metallicity of disk galaxies

In other disk galaxies, it has been observed that near-infrared photome
yields smaller values of the disk scale-lenggfttan B-band photometry
(which would be dominated by young stars).

However, there are competing reasons for colour-gradients:
the degree of internal extinction by dust

*the mean ages of stars

smetallicity gradients



Peculiar galaxies: starbursts and AGN

Peculiar or abnormal galaxies are those which have:
sunusual spectral distributions (l.e. very powerful in radio wavelengths)
“funny” (unusual) photometric properties or optical appearance

Starburst galaxies
Many funny-looking galaxies show a broader distribution of colours,
many are bluer, which can be interprete *
as due to the presence of a significant
population of young stars.

Mostly identified by their optical
appearance: jets, ring-like features, tails




Starburst galaxies

The peculiar features can be attrlbuted to mteractlons or collisions
between galaxies -

Quite often the new (or central)
object can be fit by an'R profile, S &
implying that it may evolve into an e

The general picture is that one is
observing the merging of 2 disk

galaxies. The gas in these disks |
collapses to the centre, and there B | e
transformed into stars, over a very short timescale (hence therst)arbu

Further support, Is that these galaxies are also very luminous in the
Infrared: the young stars light is being re-emitted by dust at those
wavelengths.



Active Galactic Nuclel

Many abnormal galaxies contain peculiar point-like sources at their
centres; which can be so bright that they outshine the galaxy.

AGNs (or active galactic nuclei) acempactthey show variability

on short timescales. They may experience drastic luminosity changes ¢
months-years scales.Afl is the time to adjust to a new luminosity
andais the size of the source, ther c AT , implying that the scale

of the source should be much smaller than 1 pc!

There are several classes of AGNs, and they generally divided inte rac
loud and radio-quiet.

The various classes of AGNs are: Seyferts, Radio-galaxies, Quasars, .



Active Galactic Nuclel: Seyferts

Seyfert galaxies are classified into type | and type Il
sare radio-quiet

found in the nuclei of spiral galaxies

*show high-excitation lines

Seyfert | galaxies:

«Show both broad and narrow line emission.

*The narrow lines indicate both permitted and forbidden transitions;
Implying low density (ionized) gas; the typical widths correspond to
velocities of ~ 500 km/s

the broad lines are only permitted transitions, and hence correspond t
higher densities; their widths indicate velocities of 1000 — 5000 km/s

Seyfert Il galaxies(1/3 of pop.)
*Only show narrow lines



Radio-galaxies

These galaxies are strong radio sources, and are typically associated t
giant elliptical galaxies.

They have a characteristic morphology, which includesdcear

compact sourcéoright at higher frequenciesidio lobes éxtent from

a few kpc to Mpc scaleggt (not always present).




Quasars and QSOs

QSOs (Quasi-Stellar Objects) are

sunresolved point-sources

estrong-emission lines (unlike stars)

*have a broad spectral energy distribution (they are very luminous
In almost every band, outshining the host galaxy)

sJocated at cosmological distances (the Doppler shifts of their lines
sindicates that they are at high-redshifts, from z~0.1 to z~6)

Quasars (Quasi-stellar radio sources) share the same propertig@9as Q-
but are radio-loud.

Quite often, these objects are called QSOs, and one speaks of radio-q
or radio-loud QSOs.

Because of the redshift distribution they are cosmologically interesting
to trace larg-scale structure, e



The physics behind AGNSs

We mentioned initially that the variability observed in the luminosity

of AGNs indicates that whatever mechanism is responsible, it msst ari
from a very spatially compact region.

The paradigm is that the engine of an AGN is a super-massive black h
which is accreting material from its surroundings.

Let us consider a SMBH (point source) surrounded by a highly ionized
Isotropic distribution of gas, in equilibrium. Any gas particle will suffer
from 2 forces:

gravity: F,=-GM(m,+ my)/r*r  (points radially inwards)

radiation pressurds, = o, L/(4 tc ¥) r (points outwards)

whereo, Is the cross section of the electron, and L is the luminosity of tl
source. In equilibriunf-, + F, = 0.



The physics behind AGNs

This implies that, for the radiation pressure force to equilibrate the
gravitational pull from the black hole, the luminosity has to be

L=4nGcm/o,M  or L =1.2& 10 M/M , erg/s

This is the maximum luminosity of a source of mass M powered by
spherical accretion. It is known as the Eddington limit.

Essentially the fueling mechanism is the transformation of mass into
energy. If the energy that is being released is

E=nmc’, wheren is the efficiency of the process,
then the luminosity L (energy per dt) is

L=ndm/dt@ wheredm/dtis the mass accretion rate  [1]



The physics behind AGNs

and, since. is the transf. of potential gravitational energy/per unit time
L = GM/r* dm/dt 2]

From [1] and [2] we note that the efficiencynisx M/r.
Therefore, the more compact the source, the more effective the pices

For example, the radius of influence of a black hole can be measured [
the Schwarzschild radiussRphotons inside this radius cannot escape).
andRs = 2 GM/c.

For a particle falling of mass m falling fron* 5 R;, the potential

energy is

U=GMmM/(5R)=0.1m¢€

which would imply an efficiency of transforming mass into energy of

n=0.1 (for comparison, the efficiency of nuclear reactions in
stars ig] ~ 0.007)



The unification scheme

A scheme has been proposed in which the different types of AGNs aris
from perspective effects.
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The unification scheme

This scheme does not explain why some galaxies are radio-loud and
why some are radio-quiet. This characteristic will depend on what

physical mechanism produces this activity,and it is not clear what this
IS at the moment.



