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In particular, the study of the gas In particular, the study of the gas 
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Star Formation in HII Galaxies.Star Formation in HII Galaxies.

Properties of the ionized gasProperties of the ionized gas

-- The temperature and ionization structure of the emitting gas in HII galaxies: The temperature and ionization structure of the emitting gas in HII galaxies: 
Implications for the accuracy of abundance determinations.Implications for the accuracy of abundance determinations.
G. F. HägeleG. F. Hägele, E. Pérez, E. Pérez--Montero, A.I. Díaz, E. Terlevich and R. Terlevich. Montero, A.I. Díaz, E. Terlevich and R. Terlevich. 
2006, 2006, MNRASMNRAS, 372, 293., 372, 293.
-- Precision abundance analysis of bright HII galaxies. Precision abundance analysis of bright HII galaxies. 
G. F. HägeleG. F. Hägele, A.I. Díaz, E. Terlevich, R. Terlevich, , A.I. Díaz, E. Terlevich, R. Terlevich, E. PérezE. Pérez--Montero and M.V. Cardaci. Montero and M.V. Cardaci. 
2008, 2008, MNRASMNRAS, 383, 209., 383, 209.
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HII galaxiesHII galaxies are are low mass irregularlow mass irregular galaxies with, at least, a galaxies with, at least, a recent episode of recent episode of 
violent star formationviolent star formation concentrated in a few parsecs close to their cores.concentrated in a few parsecs close to their cores.
The The ionizing fluxesionizing fluxes originated by these young massive stars originated by these young massive stars dominate the dominate the 

light, the ionization degree and temperaturelight, the ionization degree and temperature of their interstellar gas.of their interstellar gas.Thus, these systems have an emission Thus, these systems have an emission 
line spectrum very similar to those of theline spectrum very similar to those of the

extragalactic giant HII regionsextragalactic giant HII regions.
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G. F. Hägele, A.I. Díaz, E. Terlevich, R. Terlevich, G. F. Hägele, A.I. Díaz, E. Terlevich, R. Terlevich, E. PérezE. Pérez--Montero Montero 
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E. PérezE. Pérez--Montero, R. GarcíaMontero, R. García--Benito, G. F. Hägele and A.I. Díaz Benito, G. F. Hägele and A.I. Díaz 
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In the ultraviolet (In the ultraviolet (UVUV), ), massive starsmassive stars dominate the observed circumnuclear dominate the observed circumnuclear 
emission emission even in the presence of an activeeven in the presence of an active nucleusnucleus (González(González--Delgado et Delgado et 
al., 1998; Colina et al., 2002).al., 1998; Colina et al., 2002).
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CNSFRs in early type galaxies CNSFRs in early type galaxies are expected to be of high metallicity, as are expected to be of high metallicity, as 
corresponds to their position near the galactic bulgecorresponds to their position near the galactic bulge..
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IntroductionIntroduction::IntroductionIntroduction::
therefore therefore they provide clues for the they provide clues for the 
understanding of star formation understanding of star formation 
phenomena at large metallicitiesphenomena at large metallicities, , 
andand, being close to the nuclear , being close to the nuclear 
regions, regions, for the determination of for the determination of 
metallicity gradients in spiral metallicity gradients in spiral 
galaxiesgalaxies..



Star Formation in Circumnuclear Star Formation in Circumnuclear 

Regions:Regions:

The metal abundancesThe metal abundancesThe metal abundancesThe metal abundances

-- The metal abundace of circumnuclear star forming regions in early typeThe metal abundace of circumnuclear star forming regions in early type
spirals. Spectrophotometric observations.spirals. Spectrophotometric observations.
A.I. Díaz, E. Terlevich, M. Catellanos and A.I. Díaz, E. Terlevich, M. Catellanos and G. F. HägeleG. F. Hägele. . 
2007, 2007, MNRASMNRAS, 382, 251., 382, 251.
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Average seeing  ≈ 1.2´´

Slit width               1.5´´

Spectral range:
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8850-9650 Å  red

Spectral resolutions:
≈ 2 Å/px

Spatial resolution:
0.4 ´´´´´´´´/pix

Two wide spectral Two wide spectral 
ranges with ranges with 
moderate spectral moderate spectral 
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On the derivation of dynamical On the derivation of dynamical 

masses of the stellar clustersmasses of the stellar clustersmasses of the stellar clustersmasses of the stellar clusters

-- Kinematics of gas and stars in the circumnuclear starforming ring of NGC3351.Kinematics of gas and stars in the circumnuclear starforming ring of NGC3351.
G. F. HägeleG. F. Hägele, A.I. Díaz, , A.I. Díaz, M.V. Cardaci,M.V. Cardaci, E. Terlevich and R. Terlevich. E. Terlevich and R. Terlevich. 
2007, 2007, MNRASMNRAS, 378, 163., 378, 163.
-- On the derivation of dynamical masses of the stellar clusters in the On the derivation of dynamical masses of the stellar clusters in the 
circumnuclear region of NGC 2903.circumnuclear region of NGC 2903.
G. F. HägeleG. F. Hägele, A.I. Díaz, , A.I. Díaz, M.V. Cardaci,M.V. Cardaci, E. Terlevich and R. Terlevich. E. Terlevich and R. Terlevich. 
MNRASMNRAS, submitted., submitted.
-- Circumnuclear starCircumnuclear star--forming regions in NGC 3310.forming regions in NGC 3310.
G. F. HägeleG. F. Hägele, A.I. Díaz, , A.I. Díaz, M.V. Cardaci,M.V. Cardaci, E. Terlevich and R. Terlevich. E. Terlevich and R. Terlevich. 
MNRASMNRAS, in preparation (almost finished)., in preparation (almost finished).



ObservationsObservations
High resolution blue and farHigh resolution blue and far--red spectra (red spectra (0.20.2 and and 0.360.36 Å/px) were acquired Å/px) were acquired 
simultaneouslysimultaneously using the blue and red arms of ISIS, mounted on the 4.2m using the blue and red arms of ISIS, mounted on the 4.2m 
WHT.WHT.



ObservationsObservations
High resolution blue and farHigh resolution blue and far--red spectra (red spectra (0.20.2 and and 0.360.36 Å/px) were acquired Å/px) were acquired 
simultaneouslysimultaneously using the blue and red arms of ISIS, mounted on the 4.2m using the blue and red arms of ISIS, mounted on the 4.2m 
WHT.WHT.

We observed We observed 
three early type three early type 
spiral galaxiesspiral galaxies

NGC3351NGC3351

NGC3310NGC3310

NGC2903NGC2903

AgainAgain



ObservationsObservations
High resolution blue and farHigh resolution blue and far--red spectra (red spectra (0.20.2 and and 0.360.36 Å/px) were acquired Å/px) were acquired 
simultaneouslysimultaneously using the blue and red arms of ISIS, mounted on the 4.2m using the blue and red arms of ISIS, mounted on the 4.2m 
WHT.WHT.

We observed We observed 
three early type three early type 
spiral galaxiesspiral galaxies

NGC3351NGC3351

NGC3310NGC3310

NGC2903NGC2903

AgainAgain



ObservationsObservations
4.2 m WHT + ISIS
Average seeing  ≈ 1.2´´

Slit width               1.0´´

Spectral range:
4779-5199 Å  blue
8363-8763 Å  red

Spectral resolutions:
0.21 Å/pix blue
0.39 Å/pix  red

Spatial resolution:

Two small spectral Two small spectral 
ranges with high ranges with high 
spectral resolutionspectral resolution44 CNSFRs CNSFRs 

observedobserved

NGC2903NGC2903
F606W F606W –– HSTHST NGC3310NGC3310

F606W F606W –– HSTHST

NGC3351NGC3351
F606W F606W –– HSTHST

Spatial resolution:
0.38 ´´´´´´´´/pix  blue
0.36 ´´´´´´´´/pix  red

55 CNSFRs CNSFRs 
observedobserved

88 CNSFRs + CNSFRs + JumboJumbo
region observedregion observed



Main conclusions of the ThesisMain conclusions of the ThesisMain conclusions of the ThesisMain conclusions of the Thesis



ConclusionsConclusions

•• We have studied We have studied large scale star formation processeslarge scale star formation processes in galaxies in in galaxies in 
two very different environmentstwo very different environments that can be considered that can be considered extreme in extreme in 
terms of metal contentterms of metal content: relatively : relatively compact HII galaxiescompact HII galaxies and and 
circumnuclear starcircumnuclear star--forming regionsforming regions in spiral galaxies.in spiral galaxies.



ConclusionsConclusions

•• We have studied We have studied large scale star formation processeslarge scale star formation processes in galaxies in in galaxies in 
two very different environmentstwo very different environments that can be considered that can be considered extreme in extreme in 
terms of metal contentterms of metal content: relatively : relatively compact HII galaxiescompact HII galaxies and and 
circumnuclear starcircumnuclear star--forming regionsforming regions in spiral galaxies.in spiral galaxies.

•• HII galaxiesHII galaxies are among the  are among the  most metalmost metal--poorpoor objects known while the objects known while the 
circumnuclear regionscircumnuclear regions of galaxies are of galaxies are expected to be very high expected to be very high 
abundance sitesabundance sites due to their location in the inner part of galactic due to their location in the inner part of galactic abundance sitesabundance sites due to their location in the inner part of galactic due to their location in the inner part of galactic 
bulges.bulges.



ConclusionsConclusions

•• We have studied We have studied large scale star formation processeslarge scale star formation processes in galaxies in in galaxies in 
two very different environmentstwo very different environments that can be considered that can be considered extreme in extreme in 
terms of metal contentterms of metal content: relatively : relatively compact HII galaxiescompact HII galaxies and and 
circumnuclear starcircumnuclear star--forming regionsforming regions in spiral galaxies.in spiral galaxies.

•• HII galaxiesHII galaxies are among the  are among the  most metalmost metal--poorpoor objects known while the objects known while the 
circumnuclear regionscircumnuclear regions of galaxies are of galaxies are expected to be very high expected to be very high 
abundance sitesabundance sites due to their location in the inner part of galactic due to their location in the inner part of galactic 2e-16

4e-16

6e-16

8e-16

1e-15
Fl

ux
 (

er
g 

cm
-2

 s
-1

 Å
�-1

)

[O
II

] 
37

27

[N
eI

II
] 

38
68 Η
γ

Η
δ

Η
β

[O
II

I]
 4

95
9

[O
II

I]
 4

36
3

[O
II

I]
 5

00
7

H
eI

 5
87

6

[S
II

I]
 6

31
2

[S
II

] 
67

17
,6

73
1

Η
α

[S
II

I]
 9

53
2

[S
II

I]
 9

06
9

[O
II

] 
73

19
,7

33
0

abundance sitesabundance sites due to their location in the inner part of galactic due to their location in the inner part of galactic 
bulges.bulges.

•• In the first case the In the first case the spectraspectra show a show a highhigh excitationexcitation, being dominated , being dominated 
by by strong forbidden oxygen linesstrong forbidden oxygen lines (([OIII]5007/H[OIII]5007/Hββ >4>4)); ; 

3500 4000 4500 5000
Wavelength  ( Å�)

6000 6500 7000 7500 8000 8500 9000 9500
Wavelength  ( Å�)

[S
II

I]
 6

31
2

[O
II

] 
73

19
,7

33
0



ConclusionsConclusions
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by by strong forbidden oxygen linesstrong forbidden oxygen lines (([OIII]5007/H[OIII]5007/Hββ >4>4)); in the second, the ; in the second, the 
spectra show a spectra show a considerably lower excitationconsiderably lower excitation, , weak oxygen linesweak oxygen lines
([OIII]5007/H ([OIII]5007/H ββ«1)«1) and and more prominent nitrogen and sulphur linesmore prominent nitrogen and sulphur lines
when compared to lower abundance gas. when compared to lower abundance gas. 



ConclusionsConclusions

•• We have studied We have studied large scale star formation processeslarge scale star formation processes in galaxies in in galaxies in 
two very different environmentstwo very different environments that can be considered that can be considered extreme in extreme in 
terms of metal contentterms of metal content: relatively : relatively compact HII galaxiescompact HII galaxies and and 
circumnuclear starcircumnuclear star--forming regionsforming regions in spiral galaxies.in spiral galaxies.

•• HII galaxiesHII galaxies are among the  are among the  most metalmost metal--poorpoor objects known while the objects known while the 
circumnuclear regionscircumnuclear regions of galaxies are of galaxies are expected to be very high expected to be very high 
abundance sitesabundance sites due to their location in the inner part of galactic due to their location in the inner part of galactic abundance sitesabundance sites due to their location in the inner part of galactic due to their location in the inner part of galactic 
bulges.bulges.

•• In the first case the In the first case the spectraspectra show a show a highhigh excitationexcitation, being dominated , being dominated 
by by strong forbidden oxygen linesstrong forbidden oxygen lines (([OIII]5007/H[OIII]5007/Hββ >4>4)); in the second, the ; in the second, the 
spectra show a spectra show a considerably lower excitationconsiderably lower excitation, , weak oxygen linesweak oxygen lines
([OIII]5007/H ([OIII]5007/H ββ«1)«1) and and more prominent nitrogen and sulphur linesmore prominent nitrogen and sulphur lines
when compared to lower abundance gas. when compared to lower abundance gas. 



ConclusionsConclusions

•• We have analyzed the We have analyzed the physical propertiesphysical properties of the gas in of the gas in 10 HII galaxies10 HII galaxies
and and 12 CNSFRs in 3 early type spirals12 CNSFRs in 3 early type spirals using intermediate resolution using intermediate resolution 
spectroscopy obtained with spectroscopy obtained with double arm spectrographsdouble arm spectrographs which provide which provide 
the the best spectrophotometry attainablebest spectrophotometry attainable, since it allows to cover the , since it allows to cover the 
whole spectral rangewhole spectral range from 3600 to 10000from 3600 to 10000Å Å simultaneouslysimultaneously in the same in the same 
position in the object.position in the object.



ConclusionsConclusions

•• We have analyzed the We have analyzed the physical propertiesphysical properties of the gas in of the gas in 10 HII galaxies10 HII galaxies
and and 12 CNSFRs in 3 early type spirals12 CNSFRs in 3 early type spirals using intermediate resolution using intermediate resolution 
spectroscopy obtained with spectroscopy obtained with double arm spectrographsdouble arm spectrographs which provide which provide 
the the best spectrophotometry attainablebest spectrophotometry attainable, since it allows to cover the , since it allows to cover the 
whole spectral rangewhole spectral range from 3600 to 10000from 3600 to 10000Å Å simultaneouslysimultaneously in the same in the same 
position in the object.position in the object.

•• We have also investigated the We have also investigated the kinematicalkinematical propertiesproperties of the of the gasgas and and •• We have also investigated the We have also investigated the kinematicalkinematical propertiesproperties of the of the gasgas and and 
starsstars in a total of in a total of 17 CNSFRs17 CNSFRs using high dispersion spectroscopy.using high dispersion spectroscopy.



ConclusionsConclusions

•• We have analyzed the We have analyzed the physical propertiesphysical properties of the gas in of the gas in 10 HII galaxies10 HII galaxies
and and 12 CNSFRs in 3 early type spirals12 CNSFRs in 3 early type spirals using intermediate resolution using intermediate resolution 
spectroscopy obtained with spectroscopy obtained with double arm spectrographsdouble arm spectrographs which provide which provide 
the the best spectrophotometry attainablebest spectrophotometry attainable, since it allows to cover the , since it allows to cover the 
whole spectral rangewhole spectral range from 3600 to 10000from 3600 to 10000Å Å simultaneouslysimultaneously in the same in the same 
position in the object.position in the object.

•• We have also investigated the We have also investigated the kinematicalkinematical propertiesproperties of the of the gasgas and and •• We have also investigated the We have also investigated the kinematicalkinematical propertiesproperties of the of the gasgas and and 
starsstars in a total of in a total of 17 CNSFRs17 CNSFRs using high dispersion spectroscopy.using high dispersion spectroscopy.

•• The The firstfirst setset of data has been used to of data has been used to inferinfer the the propertiesproperties of the of the 
ionizingionizing stellarstellar populationspopulations using photousing photo--ionization and stellar ionization and stellar 
population synthesis models. population synthesis models. 

••The The secondsecond setset of data has been used mainly to of data has been used mainly to determinedetermine the the 
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interesting information about the gas kinematics in the galactic interesting information about the gas kinematics in the galactic 
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continuum temperature [T(Bac)] and continuum temperature [T(Bac)] and estimated the temperature estimated the temperature 
fluctuationsfluctuations according to the scheme introduced by M. Peimbert.  according to the scheme introduced by M. Peimbert.  
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•• For For threethree of the of the HII galaxiesHII galaxies of the sample, we measured the Balmer of the sample, we measured the Balmer 
continuum temperature [T(Bac)] and continuum temperature [T(Bac)] and estimated the temperature estimated the temperature 
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Only Only oneone of the objects shows of the objects shows significantsignificant
temperaturetemperature fluctuationsfluctuations which would which would 
lead to lead to higherhigher oxygenoxygen abundancesabundances than than 
derived by about derived by about 0.20 dex0.20 dex. . 
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These These ratiosratios would be even would be even higherhigher if the if the [OII] temperatures[OII] temperatures
were derived with the were derived with the use of photouse of photo--ionization modelsionization models. . 
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ConclusionsConclusions

•• The The high average metallicityhigh average metallicity of the of the CNSFRsCNSFRs require a require a differentdifferent
methodologymethodology for for abundanceabundance determinations involving determinations involving empiricalempirical
calibrators. calibrators. 

O23 =  ([OII]+[OIII])/Hβ
(Pagel et al. 1979)

S23 =  ([SII]+[SIII])/Hβ
(Vílchez and Esteban 1996)
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ConclusionsConclusions

•• The The high average metallicityhigh average metallicity of the of the CNSFRsCNSFRs require a require a differentdifferent
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•• For the CNSFRs, the derived For the CNSFRs, the derived N/ON/O ratios are in ratios are in averageaverage largerlarger than than 
those found in those found in high metallicity disc HII regionshigh metallicity disc HII regions

do not do not seemseem to to followfollow the the trendtrend of of N/ON/O vs. vs. O/HO/H
which marks the secondary behaviour of nitrogen.which marks the secondary behaviour of nitrogen.

•• The The S/OS/O ratios ratios span a very narrow rangespan a very narrow range between 0.6 and 0.8 of the between 0.6 and 0.8 of the 
solar value.solar value.solar value.solar value.
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observable in the hydrogen lines and, in some cases, in the helium observable in the hydrogen lines and, in some cases, in the helium 
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Furthermore, the Furthermore, the compositecomposite naturenature of these of these 
regions means that regions means that starstar formationformation in the in the ringsrings is a is a 
process that has taken place over process that has taken place over timetime periods periods 
muchmuch longerlonger than those implied by the properties than those implied by the properties 
of the ionized gasof the ionized gas..
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In the most extreme caseextreme case, R4 R4 
in NGC3310in NGC3310, we find at least at least 
31 knots31 knots.

systems are spherically symmetric, gravitationally boundsystems are spherically symmetric, gravitationally bound
and have isotropic velocity distributionand have isotropic velocity distribution

Only Only R4R4 and and R5R5 in in 
NGC3351 seem to NGC3351 seem to 
have a have a unique unique 
principal knotprincipal knot..

This provides This provides upperupper limitslimits to the masses to the masses insideinside
the the halfhalf lightlight radiusradius (typically between 3 and 5pc) (typically between 3 and 5pc) 
for each observed knot.for each observed knot.
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when Gaussian fits are performed, both in the hydrogen recombination  when Gaussian fits are performed, both in the hydrogen recombination  
and the [OIII] linesand the [OIII] lines. . 

•• A component with a A component with a velocityvelocity dispersiondispersion substantiallysubstantially lowerlower than that than that 
measured from the measured from the stellarstellar lineslines, is , is clearlyclearly presentpresent in the hydrogen in the hydrogen 
recombination lines and also seems to be present in the [OIII] lines. recombination lines and also seems to be present in the [OIII] lines. 

The The narrownarrow componentcomponent of the twoof the two--component Gaussian fits component Gaussian fits 
seemsseems toto bebe relativelyrelatively constantconstant for all the studied CNSFRs, for all the studied CNSFRs, 
with an estimated mean value close to 25 km swith an estimated mean value close to 25 km s--11. . 

This This narrownarrow componentcomponent could be could be identifiedidentified with with 
ionizedionized gasgas in a in a rotatingrotating discdisc, while the , while the starsstars and and 
the the fractionfraction ofof thethe gasgas (responsible for the broad(responsible for the broad
component) component) relatedrelated toto the the starstar--formingforming regionsregions
would be mostly supported by would be mostly supported by dynamicaldynamical pressurepressure
(Pizzella et al., 2004).(Pizzella et al., 2004).
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somewhatsomewhat thethe resultsresults derived from the observations described above, derived from the observations described above, 
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Also, Also, massesmasses derivedderived from the from the HHββββββββ velocityvelocity dispersionsdispersions
under the assumption of a under the assumption of a singlesingle componentcomponent for the gas for the gas 
would have been would have been underestimatedunderestimated by by factorsfactors of of 
approximately approximately 2 to 42 to 4..approximately approximately 2 to 42 to 4..



ConclusionsConclusions
•• The The rotationrotation curvecurve of the of the central zones of the studied early type spiral central zones of the studied early type spiral 
galaxiesgalaxies seemseem to have the to have the turnoverturnover pointspoints at the at the samesame positionposition as the as the 
starstar--formingforming ringring, as found in other galaxies (Telesco and Decher, , as found in other galaxies (Telesco and Decher, 
1988; Díaz et al., 1999),1988; Díaz et al., 1999),

850

8.0 6.0 4.0 2.0 0.0 2.0 4.0 6.0 8.0 10.0
distance (")

S3
V = 782 km s

-1

Hβ

[OIII] 5007
CaT

300 310 320 330 340 350 360
px

700

750

800

ve
l (

km
 s

-1
)

R5

R2

N

CaT

NGC3351NGC3351



ConclusionsConclusions
•• The The rotationrotation curvecurve of the of the central zones of the studied early type spiral central zones of the studied early type spiral 
galaxiesgalaxies seemseem to have the to have the turnoverturnover pointspoints at the at the samesame positionposition as the as the 
starstar--formingforming ringring, as found in other galaxies (Telesco and Decher, , as found in other galaxies (Telesco and Decher, 
1988; Díaz et al., 1999), and the 1988; Díaz et al., 1999), and the velocityvelocity distributiondistribution is is consistentconsistent with with 
that that expectedexpected for this for this typetype ofof galaxiesgalaxies (Binney and Tremaine, 1987).(Binney and Tremaine, 1987).
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