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The analysis of photoionized media
IS mainly the analysis of their emission lines

The mere presence of emission lines indicates

» the existence of gas

* eg emission line galaxies contain gas in large amount while galaxies emitting
only a continuum with absorption features (such as elliptical galaxies) do not

* the existence of an ionizing agent (most emission lines come from ionized species)
* hot star(s)
 active nucleus
* (shocks) ...

Emission lines are easy to detect and relatively easy to interpret

« chemical composition
« star formation rate

« velocities



line displacements tell about radial velocities

and allow one to measure

e Internal motions

*in zones of line emission line broadening in
the AGN Akn 120
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of the NGC 7009 in
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for example in PNe showing expansion
of the envelope
Wilson 58

» expansion velocities




line displacements tell about radial velocities

and allow one to measure

a quasar at z=2.32
the UV lines

SIv, Clv, Cll]

are visible in

an optical spectrum

* redshifts of galaxies

PNe measurements
» dark matter mass in galaxies extend to much larger radii

using PNe as test particles than stellar measurements
(eg Romanowsky 06)




main lines from ,N,©, c ions as a function of wavelength range
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* Hell alone is not sufficient to
estimate the T* of a PN central star

power law spectrum a = -1.2

T* = 170kK
T* = 100kK

PN central star

T* = 45kK

50
E [

100

ev]

150

T* = 35kK



E [

ev]

. 1 ] i v v Vi

. H |13.60

IHE £24.59 |54.52

. C [11.26 |24.38 47.89 (64.49

. N [14.53 |29.60 47.45 |(77.4T7 |97.89

. O |[13.62 |35.11 |54.94 |77.7T1 |113.90/138.1 2
Ne|21.56 (40.96 63.45 |97.12 |126.11 157.17
'_.6 L] L ; T : T | T Ll I 'i L Ll =0
20| o
= - ’ -
>4 — ! r _—
s [ ]
S 5 [ _
S, F I ' .
(7] B | i a
~ I = i
sof : LN
g [ | P
S [ : ——
ap i I : I

..2._4 1 ll 1 1 : =1

O 100 150

the ionization chart

the presence of ions with different
lonization potentials in the spectra
indicate the hardness of the ionizing
radiation

=

the nature of the ionizing source

» Hell cannot appear in HIl regions
» Hell alone is not sufficient to
estimate the T* of a PN central star
» O would be helpful (but no lines of
OIV and higher in the optical)

power law spectrum a = -1.2

T* = 170kK
T* = 100kK

PN central star

T* = 45kK
T* = 35kK
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the ionization chart

the presence of ions with different
lonization potentials in the spectra
indicate the hardness of the ionizing
radiation

=

the nature of the ionizing source

» Hell cannot appear in HIl regions
» Hell alone is not sufficient to
estimate the T* of a PN central star
» O would be helpful (but no lines of
OIV and higher in the optical)

* Ne is useful [NeV] 3426 A

power law spectrum a = -1.2

T* = 170kK
T* = 100kK

PN central star

T* = 45kK
T* = 35kK
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the ionization chart

note that some ions have very
similar ionization potentials:

* Hl and Ol

 Clll and NIl

* NIV and OIV

power law spectrum a = -1.2

T* = 170kK
T* = 100kK

PN central star

T* = 45kK
T* = 35kK




The important lines of
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examples of nebular spectra
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examples of nebular spectra
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another spectrum obtained in the same galaxy



examples of nebular spectra
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examples of nebular spectra
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examples of nebular spectra
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examples of nebular spectra
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examples of nebular spectra
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examples of nebular spectra
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