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ation, metallicity and massive star formation

Due to the nature of the galaxies (except for the nearest systems) almost all
the information about their star formation properties is collected from
integrated light measurements of the ultraviolet continuum, far-infrared
and nebular emission recombination lines.

In particular, the study of the gas
ionized by the most massive stars
can provide information about their

masses, temperatures and
evolutionary state.
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The emission line intensities are controlled

by: the energy distribution of the ionizing photons, the
spatial configuration of the ionized gas and its /ocal
properties,

essentially its density and metal content.
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olution of the Main objectives of this work:

* The first main objective of this thesis was to design a methodology to
perform a self-consistent analysis of the emitting gas in HIl galaxies
adequate to the data that can be obtained with the XXI century technology.
This methodology requires the production and calibration of empirical
relations between the different line temperatures that should replace the
commonly used ones based on simplistic, and poorly contrasted,
photoionization model sequences.
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* The first main objective of this thesis was to design a methodology to
perform a self-consistent analysis of the emitting gas in HIl galaxies
adequate to the data that can be obtained with the XXI century technology.
This methodology requires the production and calibration of empirical
relations between the different line temperatures that should replace the
commonly used ones based on simplistic, and poorly contrasted,
photouomzatlon model sequences.
We wanted to test the

photoionization models

Te accuracy of the results however depends on the goodness of their

= calibration which In turn depends on a well sampled set of precisely derived
abundances by the “direct method” so that interpolation procedures are
reliable.
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- The temperature and ionization structure of the emitting gas in HIl galaxies:
Implications for the accuracy of abundance determinations.

G. F. Hagele, E. Pérez-Montero, A.l. Diaz, E. Terlevich and R. Terlevich.

2006, MNRAS, 372, 293.

- Precision abundance analysis of bright Hll galaxies.

G. F. Hagele, A.l. Diaz, E. Terlevich, R. Terlevich, E. Pérez-Montero and M.V. Cardaci.
2008, MNRAS, 383, 209.
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violent star formation concentrated in a few parsecs close to their cores.
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HIl galaxies are low mass irregular galaxies with, at least, a recent episode of
violent star formation concentrated in a few parsecs close to their cores.

The ionizing fluxes originated by these young massive stars dominate the
light, the ionization degree and temperature of their interstellar gas.
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' Observations:

Intermediate resolution blue and far red longslit spectra of bright Hll
galaxies were simultaneously obtained.
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Intermediate resolution blue and far red longslit spectra of bright Hll
galaxies were simultaneously obtained.
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One single night observing run
Average seeing =~ 0.5-0.8""

Slit width 0.5"°

ﬂ Spectral resolution:
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Spectral range:
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' Observations:

Intermediate resolution blue and far red longslit spectra of bright Hil
galaxies were simultaneously obtained.
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One single night observing run Only one night and one

Average seeil .M observing run, in spite of

Slit wi
- The temperature and ionization structure of the emitting gas in

HIl galaxies: Implications for the accuracy of abundance

== Y determinations.
0.86 A G. F. Hagele, E. Pérez-Montero, A.l. Diaz, E. Terlevich and R.
LX)  Terlevich. 2006, , 372, 293.

SJel:le; - Disentangling the metallicity and star formation history of Hil

P18 galaxies through tailor-made models

[Y-\1%| E. Pérez-Montero, R. Garcia-Benito, G. F. Hagele and A.l. Diaz
2009, , in preparation.
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- Precision abundance analysis of bright HIl galaxies.
G. F. Hagele, A.l. Diaz, E. Terlevich, R. Terlevich, E. Pérez-Montero
and M.V. Cardaci. 2008, , 383, 209.

- Disentangling the metallicity and star formation history of HIl
galaxies through tailor-made models

E. Pérez-Montero, R. Garcia-Benito, G. F. Hagele and A.l. Diaz
2009, , in preparation.
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volution of the Main objectives of this work:

- Obvious questions: Are these data enough for a thesis???
And to complete our analysis of the properties

of HIl galaxies???
And to test the photo-ionization models???

The second observing
run was on June 2006!!!!

Meanwhile, we decided to use
“our personal archive” of
uncompleted projects.
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* A second objective has been to develop a semi-empirical method for the
derivation of abundances in high metallicity HIl regions that can be
applied to the CNSFRs of our study. Given the weakness of the oxygen
emission lines in their spectra our study has been based mainly on the

sulphur emission lines observed in the far red spectral region.
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volution of the Main objectives of this work:

* A second objective has been to develop a semi-empirical method for the

derivation of abundances in high metallicity HIl regions that can be
applied to the CNSFRs of our study. Given the weakness of the oxygen
emission lines in their spectra our study has been based mainly on the
sulphur emission lines observed in the far red spectral region.

° A third objective of this work has been to measure the stellar velocity
dispersions of selected CNSFRs from the CaT lines and derive their

~dynamical masses. The comparison of these masses with those inferred
~— from the number of ionizing photons in the region will give an estimate of

— the contribution of the present star formation episode to the mass
proceeding from previous stellar generations and will help to characterize
the star formation history of these objects.

° To perform a comparison between the velocity dispersions of gas and
stars in CNSFRs has been another objective of this work. For this, we have
used high dispersion spectroscopic observations and analysis techniques
that involve the simultaneous fit of different velocity components.
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The bulges of some nearby spiral galaxies show infense star-forming
regions located in a roughly annular pattern around their nuclei (D~1kpc).
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In the ultraviolet (UV), massive stars dominate the observed circumnuclear
emission
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Fig. 4—Central 2 x 2" (620 by 620 pc) of NGC 7130 in (a) optical light and (b) UV light. The origin of the plot is the knot with the highest UV surface
brightness. The presumed nucleus is placed at 072 west and (071 south of the origin.
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CNSFRs in early type galaxies are expected to be of high metallicity, as
corresponds to their position near the galactic bulge.

Galaxy NGC 4314 Hubble Space Telescope * WFPC2

McDonald Observatory

PRC98-21 + June 11, 1998
ST Scl - OPO
G F. Benedict (University of Texas)
and NASA
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- The metal abundace of circumnuclear star forming regions in early type
spirals. Spectrophotometric observations.

A.l. Diaz, E. Terlevich, M. Catellanos and G. F. Hagele.

2007, MNRAS, 382, 251.
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Dbservations

42 m WHT + ISIS

Average seeing =1.2"°
Slit width 1.57°

Spectral range:
3650-7000 A blue

Spectral resolutions;
=~ 2 A/px

Spatial resolution:

0.4 "7 /pix

Two wide spectral

ranges with

moderate spectral
/| resolution

NGC3504




- Kinematics of gas and stars in the circumnuclear starforming ring of NGC3351.
G. F. Hagele, A.l. Diaz, M.V. Cardaci, E. Terlevich and R. Terlevich.

2007, MNRAS, 378, 163.

- On the derivation of dynamical masses of the stellar clusters in the
circumnuclear region of NGC 2903.

G. F. Hagele, A.l. Diaz, M.V. Cardaci, E. Terlevich and R. Terlevich.

MNRAS, submitted.

- Circumnuclear star-forming regions in NGC 3310.

G. F. Hagele, A.l. Diaz, M.V. Cardaci, E. Terlevich and R. Terlevich.

MNRAS, in preparation (almost finished).
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simultaneously using the blue and red arms of ISIS, mounted on the 4.2m
WHT.
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onclusions

 We have studied large scale star formation processes in galaxies in
two very different environments that can be considered extreme in
terms of metal content: relatively compact Hll galaxies and
circumnuclear star-forming regions in spiral galaxies.
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« We have studied large scale star formation processes in galaxies in
two very different environments that can be considered extreme in
terms of metal content: relatively compact Hll galaxies and
circumnuclear star-forming regions in spiral galaxies.

 Hil galakies are among the most metal-poor objects known while the
circumnuclear regions of galaxies are expected to be very high
abundance sites due to their location in the inner part of galactic

- bulges.
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onclusions

« We have studied large scale/star formation processes in galaxies in
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onclusions

» We have analyzed the physical properties of the gas in 10 Hil galaxies
and 12 CNSFRs in 3 early type spirals using intermediate resolution
spectroscopy obtained with double arm spectrographs which provide
the best spectrophotometry attainable, since it allows to cover the
whole spectral range from 3600 to 10000A simultaneously in the same
position in the object.
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onclusions

» We have analyzed the physical properties of the gas in 10 Hil galaxies
and 12 CNSFRs in 3 early type spirals using intermediate resolution
spectroscopy obtained with double arm spectrographs which provide
the best spectrophotometry attainable, since it allows to cover the
whole spectral range from 3600 to 10000A simultaneously in the same
position in the object.

« We havealso investigated the kinematical properties of the gas and

- stars in a total of 17 CNSFRs using high dispersion spectroscopy.
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» The first set of data has been used to infer the properties of the
ionizing stellar populations using photo-ionization and stellar
population synthesis models.

*The second set of data has been used mainly to determine the
dynamical masses of the CNSFRs, but has yielded some very
interesting information about the gas kinematics in the galactic
circumnuclear environments.




'?"main findings of our work are

summarlzed in what follow




onclusions

» The star formation processes in Hll galaxies are found to occur in low
density environments, electron densities have been found to be lower
than 150 cm3, well below the critical density for collisional de-
excitation.
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» The star formation processes in Hll galaxies are found to occur in low
density environments, electron densities have been found to be lower
than 150 cm3, well below the critical density for collisional de-
excitation.

* In contrast, in the CNSFRs the densities are relatively high, with
typical values around 300 cm, and in some cases as high as 440 cm3.
These values are higher than those usually derived for disc Hll regions,

_ although still below the critical value for collisional de-excitation.
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' Conclusions

 For all our observed HIl galaxies we have measured at least four line
temperatures: T([OIlll]), T([SIlN]), T.([Oll]) and T.([SII]) reaching
accuracies of 1% in T,([OIlll]), 3% in T([Oll]) and 5% in T ([SllI]) in the
best cases.

i

» The obtained values for the temperatures (in the high ionization zone

= are between 411000 and -.14500K_and in the lgw ignization zone

= between ~90 jects are of
intermediate

* For three of the HIll galaxies of the sample, we measured the Balmer
continuum temperature [T(Bac)] and estimated the temperature
fluctuations according to the scheme introduced by M. Peimbert.




onclusions

* The temperature measurements for the observed HIll galaxies and a
careful and realistic treatment of the observational errors yielded total
oxygen abundances between 7.93 and 8.19 (Z/Z, between ~0.19 and
~0.34, using 12+log(O/H),=8.66+0.05 from Asplund et al., 2005) with
accuracies between 1 and 9%.
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* The temperature measurements for the observed HIll galaxies and a
careful and realistic treatment of the observational errors yielded total
oxygen abundances between 7.93 and 8.19 (Z/Z, between ~0.19 and
~0.34, using 12+log(O/H),=8.66+0.05 from Asplund et al., 2005) with
accuracies between 1 and 9%.

- When compared to a large sample of HIl galaxies, the observed ones
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B

* The high average metallicity of the CNSFRs require a different
methodology for abundance determinations involving empirical
calibrators.

| 0,,= ([OTI}+[OIII])/HB S,z ([SIIM[SITI]/HB
(Pagel et a). 1979) (Vilchez and Esteban 1996)
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* The high average metallicity of the CNSFRs require a different
methodology for abundance determinations involving empirical
calibrators.

We have developed a scheme for abundance
determination using the oxygen and sulphur lines.
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* The high average metallicity of the CNSFRs require a different
methodology for abundance determinations involving empirical
calibrators.

We have developed a scheme for abundance
determination using the oxygen and sulphur lines.

)

» The scheme involves the calibration of T ([SllI]) in terms of the SO,,
parameter, and its use in combination with the observed line

Low metallicity HII regions
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* The high average metallicity of the CNSFRs require a different
methodology for abundance determinations involving empirical
calibrators. s
We have developed a scheme for abundance
- determination using the oxygen and sulphur lines.
» The scheme involves the calibration of T_([Slll]) in terms of the SO,,
parameter, and its use in combination with the observed line
mtensmes of the different elements to derive the ionic abundances.
| « In all the observed CNSFRs the estimated T.([SIll]) are substantially
= Iower than for the Hll galaxies, ranging between ~5400 and ~6700K.
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- For one of the observed regions, the [SII[]L.6312A auroral emission
line was detected providing a measured electron temperature of
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* The high average metallicity of the CNSFRs require a different
methodology for abundance determinations involving empirical
calibrators.
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» The total oxygen abundances derived for our regions are between
8.42 and 8.85 in terms of 12+log(O/H) (Z/Z, between ~0.6 and ~1.6).
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» The total oxygen abundances derived for our regions are between
8.42 and 8.85 in terms of 12+log(O/H) (Z/Z, between ~0.6 and ~1.6).

* In contrast with the case of HIl galaxies for which the O/H
abundances are dominated by O?*/H+, in all the observed CNSFRs, the
O/H abundance is dominated by the O+/H* contribution
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 The total oxygen abundances derived for our regions ar between
8.42 and 8.85 in terms of 12+log(O/H) (Z/Z, between ~0.6 and ~1.6).
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* In contrast with the case of Hll galaxies for which the O/H
abundances are dominated by O?*/H+, in all the observed CNSFRs, the
O/H abundance is dominated by the O*/H* contribution

as it is also the case for high metallicity disc Hil regions.
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 The total oxygen abundances derived for our regions ar between
8.42 and 8.85 in terms of 12+log(O/H) (Z/Z, between ~0.6 and ~1.6).
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* In contrast with the case of Hll galaxies for which the O/H
abundances are dominated by O?*/H+, in all the observed CNSFRs, the
O/H abundance is dominated by the O*/H* contribution

~_ asitis also the case for high metallicity disc Hll regions.
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-« For our observed circumnuclear regions, however, also the S+/S2+
= ratio is larger than one
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* The total oxygen abundances derived for our regions are between
8.42 and 8.85 in terms of 12+log(O/H) (Z/Z, between ~0.6 and ~1.6).

* In contrast with the case of Hll galaxies for which the O/H
abundances are dominated by O?*/H+, in all the observed CNSFRs, the
O/H abundance is dominated by the O*/H* contribution

Ee-
as it is also the case for high metallicity disc Hil regions.
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-« For our observed circumnuclear regions, however, also the S+/S2+
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ratio is larger than one

different from the case of high metallicity disc Hil
regions for which, in general, the sulphur
abundances are dominated by S?+/H+.
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E For the CNSFRs, the derived N/O ratios are in average larger than
those found in high metallicity disc HIl regions
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do not seem to follow the trend of N/O vs. O/H
which marks the secondary behaviour of nitrogen.
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» For the CNSFRs, the derived N/O ratios are in average larger than
those found in high metallicity disc HIl regions
—

do not seem to follow the trend of N/O vs. O/H
which marks the secondary behaviour of nitrogen.
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* The S/O ratios span a very narrow range between 0.6 and 0.8 of the
solar value
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onclusions

* There is clear evidence, both in the HIl galaxies and in the CNSFRs, of
the presence of composite stellar populations, a young population
responsible for the ionization of the gaseous medium and an older
underlying population causing the absorption features easily
observable in the hydrogen lines and, in some cases, in the helium

ones.
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onclusions

* There is clear evidence, both in the HIl galaxies and in the CNSFRs, of
the presence of composite stellar populations, a young population
responsible for the ionization of the gaseous medium and an older
underlying population causing the absorption features easily
observable in the hydrogen lines and, in some cases, in the helium
ones.

The presence of this older population reduces the
equivalent widths of the emission lines increasing the
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* There is clear evidence, both in the HIl galaxies and in the CNSFRs, of
the presence of composite stellar populations, a young population
responsible for the ionization of the gaseous medium and an older
underlying population causing the absorption features easily
observable in the hydrogen lines and, in some cases, in the helium
ones.

The presence of this older population reduces the
equivalent widths of the emission lines increasing the

continuum and absorbing some of the lines. This effect is
largest in CNSFRs.
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* There is clear evidence, both in the HIl galaxies and in the CNSFRs, of
the presence of composite stellar populations, a young population
responsible for the ionization of the gaseous medium and an older
underlying population causing the absorption features easily
observable in the hydrogen lines and, in some cases, in the helium
ones.

The presence of this older population reduces the
equivalent widths of the emission lines increasing the

continuum and absorbing some of the lines. This effect is
largest in CNSFRs.
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 Our high di
the line widt
bl (- NGC2903 NGC3310 NGC3351

* From the s |
~8500A, we |

applying the virial theorem under the assumption that the

systems are spherically symmetric, gravitationally bound
and have isotropic velocity distribution
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the line widt
galaxies: ) cleri[ikF\ (clexk} {0 NGC3351

- From the _'-
~8500A, we

applying the virial theorem under the assumption that the

s |

--__-__-f systems are spherically symmetric, gravitationally bound

These are about than those inferred
from the emerging
from the regions, using simple and robust stellar population
models under the assumption of no photon leakage and
without taking into account any absorption by dust.
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« An unexpected result from our study has been the finding of the
existence of more than one velocity component in the ionized gas
when Gaussian fits are performed, both in the hydrogen recombination
and the [OIIl] lines.
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onclusions

« An unexpected result from our study has been the finding of the
existence of more than one velocity component in the ionized gas
when Gaussian fits are performed, both in the hydrogen recombination
and the [OIIl] lines.

« A component with a velocity dispersion substantially lower than that
measured from the stellar lines, is clearly present in the hydrogen
recombination lines and also seems to be present in the [Olll] lines.




onclusions

» An unexpected result from our study has been the finding of the
existence of more than one velocity component in the ionized gas
when Gaussian fits are performed, both in the hydrogen recombination
and the [OIll] lines.

A compo-nent with a velocity dispersion substantially lower than that
measured from the stellar lines, is clearly present in the hydrogen
recombination lines and also seems to be present in the [Olll] lines.

i

e

. The narrow component of the two-component Gaussian fits
== seems to be relatively constant for all the studied CNSFRs,
s with an estimated mean value close to 25 km s-'.
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» An unexpected result from our study has been the finding of the
existence of more than one velocity component in the ionized gas
when Gaussian fits are performed, both in the hydrogen recombination
and the [OIIl] lines.

« A component with a velocity dispersion substantially lower than that
measured from the stellar lines, is clearly present in the hydrogen
recombination lines and also seems to be present in the [Olll] lines.

- e =

e

The narrow component of the two-component Gaussian fits
seems to be relatively constant for all the studied CNSFRs,
with an estimated mean value close to 25 km s-1.
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* The fact that the emission lines show velocity components
corresponding to kinematically distinct systems, could affect
somewhat the results derived from the observations described above,
among others, the gas abundance determinations.




» The fact that the emission lines show velocity components
corresponding to kinematically distinct systems, could affect
somewhat the results derived from the observations described above,
among others, the gas abundance determinations.

Also, masses derived from the Hp velocity dispersions
under the assumption of a single component for the gas
would have been underestimated by factors of




onclusions

* The rotation curve of the central zones of the studied early type spiral
galaxies seem to have the turnover points at the same position as the
star-forming ring, as found in other galaxies (Telesco and Decher,
1988; Diaz et al., 1999),
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onclusions

* The rotation curve of the central zones of the studied early type spiral
galaxies seem to have the turnover points at the same position as the
star-forming ring, as found in other galaxies (Telesco and Decher,
1988; Diaz et al., 1999), and the velocity distribution is consistent with
that expected for this type of galaxies (Binney and Tremaine, 1987).
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Hii galaxies:

du Pont and Magellans
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GEMINI observations.
See Vero s talk.
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