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Low dispersion spectroscopy. Application Low dispersion spectroscopy. Application 
to stellar population in galaxiesto stellar population in galaxies –– G.PetrovG.Petrov, , 

IA, BASIA, BAS
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Galaxies come with a wide range of different 
morphologies. Broadly speaking they are divided into 
three classes:
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Spiral GalaxiesSpiral 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.
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Elliptical GalaxiesElliptical Galaxies

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



Andrew Liddle

Rozhen, 22-27 October 2007Sizing up the 
Universe

�������������������� 		 �
�����
������
�
�����
������
 &&

Irregular GalaxiesIrregular Galaxies

Irregular galaxies are the remainder! In 
many cases their unusual shapes are due to 
recent interactions/collisions with other 
galaxies.
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The Hubble SequenceThe Hubble Sequence

Nowadays, things are often made a little more complicated!
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Galaxy characteristicsGalaxy characteristics
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Note that ellipticals have a much wider mass range than the others.
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Our Galaxy Our Galaxy –– The Milky WayThe Milky Way
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A walk outside the A walk outside the 
Solar Neighborhood…Solar Neighborhood…
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The modern view of our The modern view of our 
Milky WayMilky Way

You are here!

1 kiloparsec = 1000 parsecs
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Stellar Life HistoriesStellar Life Histories
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Stellar populationsStellar populations
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Pop I and Pop IIPop I and Pop II
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NGC 1741
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Pure Population IIPure Population II
M3 image
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Pure Population IIPure Population II
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Pure Population I (?)Pure Population I (?)
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Understanding populationsUnderstanding populations
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Spirals are mixture of populationsSpirals are mixture of populations

Spiral Galaxy In Centaurus Cluster NGC 4603
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Spirals are mixture of populationsSpirals are mixture of populations

Population II in 
the central bulge

Population II in 
the outer halo

Population I in 
the spiral arms

Spiral Galaxy In Centaurus Cluster NGC 4603
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Populations in the Large Populations in the Large MagellanicMagellanic
CloudCloud
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Populations in the Large Populations in the Large MagellanicMagellanic
CloudCloud

�������������������� 		 �
�����
������
�
�����
������
 �(�(

Populations in dwarf elliptical galaxiesPopulations in dwarf elliptical galaxies

�� ����
�
��������
��
���
�������
����	����
�
��������
��
���
�������
����	
2���������������2��������������� �����,��������!�����������,��������!������
����������������

�� $)�����
4����������)�1������������-�
����$)�����
4����������)�1������������-�
����
�#��#� ������ ���0���0

�� $)����!!�����������2��������)����������$)����!!�����������2��������)����������
������)��
��������������2������)�1������������)��
��������������2������)�1������
)�����������1���������)�����������1���������



Andrew Liddle

Rozhen, 22-27 October 2007Sizing up the 
Universe

�������������������� 		 �
�����
������
�
�����
������
 �3�3

Stellar Populations

z(pc)    Age (109yrs)     Z       Distr Examples

Extreme Pop I        120         <0.1          0.04     patchy  O,B,SG, open clusters

Older Pop I             160      0.1-10         0.03     patchy    sun, A stars

*************************************************** **********************************

Disk Pop II              400      3-10            0.02     smooth   planetaries, RR Lyr

Intermed Pop II      700         10            0.01     smooth   long P var

Halo Pop II             2000      >10           0.003   smooth  globular clusters
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The Leo II dwarf CMDThe Leo II dwarf CMD
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The Sculptor Dwarf
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But not all dwarf But not all dwarf ellipticalsellipticals
Carina_dE_d
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The CMDThe CMD
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The First Stars The First Stars (Population III)(Population III)
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Galaxies TodayGalaxies Today
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Tracing Galaxy EvolutionTracing Galaxy Evolution
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Low dispersion spectroscopy. Application to Low dispersion spectroscopy. Application to 
stellar population in galaxiesstellar population in galaxies
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A.SPECTRAL CHARACTERISTICS OF 
GALAXIES

� ������
��	�� 	 ����1��1��,�����)�� 2����
���������������������!�!��������!�����������)��
�!����������������� ��

� 8��� ������	��������
�
���� -�!����������
����1�����������������0�,����������������)��
�����2�����
�)�1���������)����
������2�������
����������������
�����)�����������������
2��)����2��

� ������



�	��	��
�����
�������	����
��	������
��
�������
���


����
��������	���
�
��
������	�
����
����	�

�������������������� 		 �
�����
������
�
�����
������
 %�%�

· Elliptical galaxies are nearly featureless 
tridimensional stellar systems with very little 
rotation and flattened by anisotropic velocity 
distribution. They appear as ellipses on the sky, 
with flattening 10 x (1-b/a ) ( where a and b are the 
semi-major and minor axes) ranging from 0 (round) 
to 7 (very flattened).
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•Spiral galaxies are two dimensional disks , 
rotationally supported, with a large fraction of cold (HI) 
and warm gas, and on-going star formation. In their 
central parts on can find a bulge , or spheroidal
component similar to an elliptical galaxy. As their 
name says, spirals show often bright spiral arms
and/or barred structures. 
•Between the two groups one finds S0 galaxies , 
which posses a large central bulge similar to an 
elliptical galaxy, a gasless disk and therefore no 
on-going star formation . 
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2. The spectral appearance of galaxies 
• The integrated spectrum of a galaxy is a 
powerful diagnostic of its stellar content and 
evolutionary properties. In most cases the 
spectral appearance is dominated by the disk and 
the bulge . 
• In the following we distinguish between 
galaxies whose spectra are characterized by 
absorption features and those in which emission 
features are dominant . This difference is due to 
their stellar population properties.
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Telluric lines. The black sky has a spectrum due to the:
• earth atmosphere (natural and artificial light)
• other sources, mainly the diffused solar spectrum (moon, zodiacal light)
Can be neglected for objects having V < 13
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2.1 Absorption line galaxies
• Elliptical galaxies are dominated by an old, 
evolved stellar population . Little evidence of 
star formation . No detectable emission lines at 
all, although faint [OII] � 3727 and [NII] � 6584 can 
be detected. Homogeneous spectra, dominated 
by absorption features from cool giant stars
like Mgb � 5175, NaD � 5892, CaII K � 3933 and 
CaII H � 3968.
• As a class the spectra of S0 galaxies are 
nearly indistinguishable from those of the 
elliptical galaxies and for both Hubble types the 
denomination early-type galaxies is commonly 
used. 
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Significant star formation increase the 
flux in the ultraviolet spectral region 
below 4000 A causing thus a decrease 
the D4000 break index.
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There are absorption features superimposed on 
the continuum, due to the absorption of atoms 
(metals) and molecules in stellar atmospheres, 
and to cold, interstellar gas clouds which siphon 
off radiation at key frequencies. This implies the 
presence of old stellar populations, which are 
typical found in elliptical galaxies and in the 
bulges of spiral galaxies. 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 Indices of metallicitymetallicity –– Marshal et al., 2005Marshal et al., 2005
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Indices of Indices of metallicitymetallicity -- cont.cont.
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2.2 Emission line galaxies
The stellar population of spiral galaxies is 
constantly. Early-type galaxies (type S0-Sb)
formed most of their gas into stars on 
timescales much less than the Hubble time.
The disks of late-type systems (Sc-Im) have 

formed stars at roughly a constant rate since 
they formed. 
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One can determine the physical properties of the 
gas in star forming galaxies with the tools 
developed for the analysis of HII regions (e.g. 
Osterbrock, 1989).
A star forming galaxy is a system much more 
complex than an HII region.
The source of energy is ultraviolet radiation from 
stars. 
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Emission features thus point to very hot gas and OB 
type stars, from the disks of spiral galaxies and from 
irregular galaxies. Key features include the [OII] 
doublet (3737A), [OIII] (4959A and 5007A), and the 
Balmer series (6563A, 4861A, 4340A, 4103A, ...).

�������������������� 		 �
�����
������
�
�����
������
 ''''



Andrew Liddle

Rozhen, 22-27 October 2007Sizing up the 
Universe

�������������������� 		 �
�����
������
�
�����
������
 '
'


How forbidden and permitted lines form?
· For historical reasons, astronomers refer to 
the emission lines of gaseous nebulae 
([OII] � 3727, [OIII] � 5007, [OI] � 6300 etc.) as 
forbidden lines . 
· It is better to think of the bulk of the lines as 
collisionally excited lines, which arise 
from levels within a few volts of the 
ground level and which therefore can be 
excited by collisions with thermal electrons. 
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Downward radiation transitions from 
these excited levels have very small 
transition probabilities . At the low 
density of typical nebulae (Ne� 104 cm3) 
collisional deexcitation is even less 
probable.
The permitted lines of HI, HeI, and HeII
are characteristic features of the spectra 
of spiral galaxies. They are emitted by 
atoms undergoing radiative transitions. 
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• The spectra of early-type spirals differ only subtly 
from the spectra of E-S0 galaxies . Except for 
occasional weak [OII] � 3727 emission, no other nebular 
lines are detected in the integrated spectrum. 
• Intermediate- to late-type spirals are characterized 
by  more prominent Balmer absorption lines and 
nebular emission lines  [SII] �� 6717,6731, [OIII] � 5007, 
H� ,[OII] � 3727 
• The bluest spirals and Magellanic irregulars the 
integrated spectrum becomes increasingly dominated 
by the continua of B-A stars ,and by strong nebular 
emission lines.
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•The smooth monotonic progression in 
both the emission and absorption spectra 
with galaxy type shows clear evidence of 
the systematic changes in stellar 
populations and star formation rates along 
the Hubble sequence.
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•Nuclear starburst galaxy - most of the 
starburst activity is concentrated in an HII 
region-like nucleus. Very strong 
emission lines, with equivalent width of 
H� +[NII] ranging from 70-200 A , 3-10 
times higher than in an average Sb or Sc 
galaxy. The stellar continua also resemble 
late-type, active star- forming galaxies.
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2.3 Nonthermal sources
• There are galaxies with ionized gas in their nuclei 
that is not associated with O and B stars. Examples 
are Seyfert galaxies, radio galaxies, quasars,
collectively called active galactic nuclei (AGN).
• The most relevant properties of AGNs:

The emission lines typically observed are the 
forbidden : [OII] � 3727, [OIII] �� 4959,5007 and [NII] 
�� 6548,6584 but also [OI]� 6300, [NeV], [FeVII] and 
frequently [Fe X]. In addition to the forbidden lines, 
permitted lines of HI, HeI and HeII are moderately 
strong. All these narrow lines are emitted by a highly 
ionized gas, with roughly normal abundances of the 
elements.
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•The physical difference that distinguishes 
a narrow-line AGN from an HII region-like
galaxy is the photoionizing continuum . 
Narrow-line AGNs have a significant fraction of 
their energy in the X-ray domain. KeV X-rays
penetrate deeply into the predominantly 
neutral region. There they produce a large 
partly ionized zone , with characteristic 
fraction of ionized hydrogen H+/H ~ 0.2 – 0.4. 
This extended zone of partly ionized H does 
not exist in HII regions photoionized by hot 
stars. 
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•From ionized gas : 
Te ~ 104 K,  ne ~ 102 – 109 cm-3

•Ionization mechanism ?
– Photoionization (yes)

– Shock related  (maybe with jets?)

•Profiles reveal (Doppler) velocities 
BLR     (R ~ 10-2pc,  V2 ~ GMBH/R)
NLR-1  (R ~ 1 kpc,  V2 ~ GMbul/R)
NLR-2  (R ~ 1 kpc,  V  ~ jet related)

•Nested emission line regions
BH << AD << BLR << NLR << Gal

r/c :  min      hr       week     103 yr     104 yr

Emission LinesEmission Lines
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Heavy elements in high-redshift quasars

HST composite, W. Zheng)
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3.1 Diagnostic diagrams
• For emission-line spectra , it is important 
to distinguish emission produced by star 
forming regions from other sources such 
as AGN. One uses diagnostic line 
diagrams . 
• They make use of reddening-corrected
fluxes of the following line: [OII] � 3727, H�
� 4861, [OIII] � 5007, [OI] � 6300, H� � 6562, 
[NII] � 6584, [SII] �� 6717, 6731. Appropriate 
ratios of these lines can clearly separate 
extragalactic HII regions from AGNs . 
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Since the ionization potential of O0 matches 
the ionization potential of H very well we should 
expect a large difference between the [OI] 
� 6300/H� ratio of the HII region-like objects and 
that of narrow-line AGNs. The effect is also 
important for [SII]( � 6716+� 6731)/H� but the fact 
that S+ can also exist within the H+ zone of HII 
regions somewhat attenuates the difference 
between the two classes of objects. 
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O++ is produced predominantly by UV photons 
(h� > 35 eV) well inside the partly ionized zone 
and close to the ionizing source. The relatively 
larger numbers of photons that can ionize O+ to 
O++ in the power-law type spectra generally 
make [OIII] � 5007/H� larger in the AGNs than in 
all but the highest HII region-like objects. 
Therefore, in trying to decide whether an object is 
an HII region galaxy or a narrow-line AGN, more 
weight should be given to the diagram of [OIII] 
� 5007/H� versus [OI] � 6300/H� than to the other 
two diagrams.
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Why diagnostic diagrams work so well? 
AGN are characterized by the existence of a partially 
ionized zone in which H0, He, and free electrons coexist 
with neutral atoms and ions having an ionization potential 
similar to that of H. The dominant forms of O, S, and N in 
the partly ionized zone are O0, S+ and N0 , while smaller 
fractions of N+ and O+ are also present. Hot free 
electrons increase the strengths of lines produced by 
collisional excitation . Important lines such [OI] � 6300, 
[SII] �� 6716, 6731, [NII] � 6583 are of this type. Therefore, 
intensities of [OI] � 6300, [SII] �� 6716, 6731 and [NII] 
�� 6583 are larger with respect to H� in narrow-line
AGNs than in HII region-like objects because collisional
excitation of these lines is more important in objects with 
extended partly ionized zones.
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Low dispersion spectroscopy. Application to Low dispersion spectroscopy. Application to 
stellar population in galaxiesstellar population in galaxies
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Galaxy SpectraGalaxy Spectra
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The next figure shows the same region of the 
spectrum for a range of different stellar types
Some show the 4000A break clearly, while 
others do not. (for MS, Giants etc…)
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Schiavon’06 Schiavon’06 -- MotivationMotivation

�� Ultimate Goal:Ultimate Goal: Star Star 
formation histories of formation histories of 
earlyearly--type (E type (E –– S0) S0) 
galaxies galaxies 

�� No No CMDsCMDs: Integrated : Integrated 
lightlight

�� Stellar Population Stellar Population 
SynthesisSynthesis => ages and => ages and 
abundances of starsabundances of stars

M49: A Giant Elliptical Galaxy
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On an EveryOn an Every--week Basis at week Basis at astroastro--
phph

Cimatti et al. (2003) Daddi et al. (2005)
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Younger SPs have stronger Balmer lines and weaker met al lines

��������	�������������	���
�

Effect of Age on SP SpectraEffect of Age on SP Spectra
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Stacked SDSS spectra from Eisenstein et al. (2003) - z ~ 0.15

Subtle DifferencesSubtle Differences

D[Fe/H]~0.15 D[Mg/H]~0.2  D[C/H]~0.25  D[N/H]~0.35

D[Ca/H] ~ 0.25  DAge ~ 2 Gyr
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Age

[Fe/H]

• For Clusters: ages and metallicities

• For Galaxies: LUMINOSITY-
WEIGHTED MEAN ages and 
metallicities

Diagnostic PlotsDiagnostic Plots
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The abundance patterns of early-type galaxies is no t the same as that of 
the solar neighborhood

Worthey et al. 92 Schiavon 2005

Abundance PatternAbundance Pattern
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Schiavon (2006, ApJS, submitted)
http://www.astro.virginia.edu~/rps7v/Models/Models.html

The ModelsThe Models

• Accurate line indices
• Accurate stellar parameters
• Abundance ratios from literature
• Fitting functions (r.m.s. 1/3 of 
previous models)
• Model predictions for SSPs
• Comparison with cluster data 
(agreement within 0.1 dex in 
abundances of Fe,C,N,Mg,Ca, 1-2 
Gyr in age)
• New constraints on SFH of galaxies 
from comparison with SDSS data
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• An idl implementation of the Schiavon (2006) 
models (see Graves & Schiavon 2006, in 
preparation)

• You enter a spectrum, a velocity dispersion (if 
relevant) and with only two idl commands 
you’ll get the mean age, [Fe/H], [Mg/Fe], [C/Fe], 
[N/Fe], [Ca/Fe], and (for assumed [O/Fe]) Z.

In just a few minutes!!!

And it’s free!!!

EZEZ--AgesAges
Elemental abundances, Z, and Ages

It’s really simple! You don’t need to be an idl-freak.

Beta-version available upon request. Soon available publicly.
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The (near) Future
Stellar population models in the Mid-UV, from first principles

With Peterson, Dorman, O’Connell, Rood, et al.
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DEEP2 x K20 DEEP2 x K20 

�������������������� 		 �
�����
������
�
�����
������
 ������

Low dispersion spectroscopy. Application to Low dispersion spectroscopy. Application to 
stellar population in galaxiesstellar population in galaxies
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