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Low dispersion spectroscopy. Application

to stellar population in galaxies  — G.Petrov,
IA, BAS

Galaxies come with a wide range of different
morphologies. Broadly speaking they are divided int
three classes:
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Spiral Galaxies

Spiral galaxies are
perhaps the most
spectacular astronomical
objects.

They usually consist of a
flat disk of stars with
spiral arms, and a central
bulge.

The most spectacular are
known as
spirals.

Elliptical Galaxies

Elliptical galaxies are blobs of stars,
resembling the central bulges of spiral
galaxies or globular clusters, though ofter
much bigger.
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Irregular Galaxies

Irregular galaxies are the remainder! In
many cases their unusual shapes are due t
recent interactions/collisions with other
galaxies.
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Galaxy characteristics

Note that ellipticals have a much wider mass rahge the others.

Our Galaxy — The Milky Way
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A walk outside the
Solar Neighborhood...
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A spiral galaxy like the

Milky Way has 3 basic

components to its visible Disk
matter: (1) the disk (Spiral Arms)
(containing the spiral
arms), (2) the halo, and
(3) the nucleus or
central bulge. These
components are
indicated schematically
in the adjacent figure.
The halo and the
nucleus are also referred
to collectively as the
spherical component of
the galaxy since they
have an approximately
spherical distribution
with respect to the center of the galaxy.

" Globular
Clus

Schematic Side View of the Galaxy

In addition to these visible components, the galaxy also contains at least three other
components that are "invisible'": the galactic magnetic field, charged particles trapped in the
galactic magnetic field, and a halo of "dark matter" that is of unknown compeosition but that
makes itself felt by its gravitational influence on the visible matter.
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The modern view of our
Milky Way

You are here! Hala
Bulge

Thick disk
Thin dizk

Galactic center

1 kiloparsec = 1000 parsecs
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Sun's location

disk
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Stellar populations

Pop | and Pop Il
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NGC 1741
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M3 image

Pure Population Il

Pure Population
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Pure Population I (?)
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Understanding populations
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Spiral Galaxy In Centaurus Cluster NGC 4603
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Spirals are mixture of populations

PR

Spiral Galaxy In Centaurus Cluster NGC 4603

Populations in the Large Magellanic
Cloud
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Populations in the Large Magellanic
Cloud

Populations in dwarf elliptical galaxies
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Stellar Populations

z(pc) Aqge (18yrs Z Distr Examples

Extreme Pop | 120 <0.1 0.04patchy o,8,sG, open clusters
Older Pop | 160 0.1-10 .0 patchy sun, A stars

Fhkkkkkkkkkkkkkkkkkkkkkhkhhkkkhkkkkrhkhhkkhkkkkrkk Fkkkkkkkkhkkkkkkkkkkkkhkkkkkkkkkrk

Disk Pop Il 400 3-10 .02 smooth planetaries, RR Lyr
Intermed Pop Il 700 10 0.01 smooth Iong P var
Halo Pop I 2000 >10 0® smooth globular clusters

The Leo Il dwarf CMD

Leo 11 dSph
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The Sculptor Dwarf

Carina_dE_d -
But not all dwarf ellipticals
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The CMD
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Tracing Galaxy Evolution
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Low dispersion spectroscopy. Application to
stellar population in galaxies
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- Elliptical galaxies

flattening 10 x (1-b/a)

to 7 (very flattened).

ellipses

from O (round)
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*Spiral galaxies

bulge , or spheroidal
component similar to an elliptical galaxy

SO galaxies
a large central bulge similar to an
elliptical galaxy,

# 0
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2. The spectral appearance of galaxies

absorption features emission
features due to
their stellar population
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Telluric lines.

black sky

spectrum
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2.1 Absorption line galaxies
* Elliptical galaxies old,
evolved stellar population . Little evidence of
star formation

absorption features from cool giant stars
like Mgb 5175, NaD 5892, Call K 3933 and
CallH 3968.
S0 galaxies
nearly indistinguishable from those of the
elliptical galaxies
early-type galaxies
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Rozhen, 22-27 October 2007Sizing up the

Universe




Andrew Liddle

Rozhen, 22-27 October 2007Sizing up the
Universe



Andrew Liddle

Rozhen, 22-27 October 2007Sizing up the
Universe



Andrew Liddle

absorption features
absorption of atoms
(metals) and molecules
cold, interstellar gas clouds

Key features include
the Calcium H and K lines (found at 3934A and
3969A), the G-band (4304A), and Magnesium
(5175A) and Sodium (5894A) lines.
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Indices of retallicity — marshal st 2., 2005
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Indices of metallicity - corlt,
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the physical properties of the
gas tools
developed for the analysis of HIl regions

A star forming galaxy is a system much more
complex than an Hll region.
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Emission features very hot gas and OB
type stars

Key features include the [Oll]
doublet (3737A), [Olll] (4959A and 5007A), and the
Balmer series (6563A, 4861A, 4340A, 4103A, ...).
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How forbidden and permitted lines form?

permitted lines
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evidence of

the systematic changes in stellar
populations and star formation rates along

the Hubble sequence.
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*Nuclear starburst galaxy
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2.3 Nonthermal sources

Seyfert galaxies, radio galaxies, quasars,
active galactic nuclei (AGN).
properties of AGNs:

forbidden

permitted

roughly normal abundances of the
elements.
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*The physical difference
Is the photoionizing continuum
KeV X-rays

produce a large
partly ionized zone

This extended zone of partly ionized H does
not exist in HIl regions photoionized by hot
stars.
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Emission Lines
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3.1 Diagnostic diagrams

diagnostic line
diagrams .

Appropriate
ratios of these lines can clearly separate
extragalactic Hll regions from AGNs

Qo
large difference between the [Ol]
6300/H ratio of the HIl region-like objects and
that of narrow-line AGNSs.

S+
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O++
(h >35¢eV)

[Olll] 5007/H larger in the AGNs

whether an object is
an Hll region galaxy or a narrow-line AGN, more
weight should be given to the diagram of [Oll]
5007/H versus [Ol] 6300/H than to the other
two diagrams.
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Why diagnostic diagrams work so well?

AGN partially
lonized zone

Hot free
electrons increase the strengths of lines produced by

collisional excitation

intensities of [Ol] 6300, [SIl]] 6716, 6731 and [NII]
6583 are larger with respectto H in narrow-line
AGNSs than in Hll region-like objects
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Low dispersion spec f_)_)C,OO/ Application to
stellarr population in galaxies
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the same region of the
spectrum for a range of different stellar types
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Schnlavon'06 - Motlvation

Ultimezite Goal: Star
formation histories of
early-type (E — S0)
galaxies

No CMDs: Integrated
light

Stellar Population
Synthesis => ages and
abundances of stars
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Effect of Age on SP Sopecira
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Apuriclance Pattern

The Models

http://www.astro.virginia.edu~/rps7v/Models/Models.html
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Low dispersion spectroscopy. Application to

stellar population in galaxies
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