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Abstract

•We present our iteractive method to describe simultaneously the different stellar components
which are apparent in the emission and absorption lines seen in the spectra obtained by OASIS. 

•We show the technique and the results obtained for the central region of the barred spiral
galaxy NGC 4900.

•Differences in the interpretation and results with and without this iterative technique are 
evident, what could imply erroneous conclusions when it is not used. 

•In particular, the age of the young stellar population would have been overestimated while the
age of the old one would have been underestimated.



Estallidos with Integral Field Units. Granada 2009

The workThe work
• We have observed the centers of a sample of barred galaxies to 

study their stellar populations. 
• Using the integral field spectrometer OASIS and analyzing these 

data by means of evolutionary synthesis models, LavalSB for young 
(<10 Myrs) stellar populations and the one from Gónzalez-Delgado 
et al. (2005) for the intermediate-old ones, we characterize the 
superposed stellar populations that there are within these regions. 

• The high spatial resolution of the instrument allows to distinguish 
spatially close populations and to study their relation with each 
other. 

• We find different structures within these regions defined by 
stellar populations of different ages and metallicities.

• For the interpretation of data we need to separate the two 
components, old and young stellar populations, which contribute to 
the observed flux.
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OASISOASIS
• Imaging Spectrometer, using a microlens 

matrix, previously at CFHT, currently at the 
WHT.

• Data for 4 barred galaxies: NGC 2718, NGC 
4385, NGC 4900 and NGC 5430

• OASIS at the 3.6 m CFHT
– IFU composed of a matrix of lens
– Cassegrain f/8 mode with the EEV 

detector
– Spatial resolution of 0.41”/lenset: field

of view of 15”x12”
– MR1 (4760 to 5558A) and MR2 (6210 

to 7008A)
– Spectral resolution 2.17 and 2.23 

A/pixel
– Exposure of 2400 s for each grating

NGC 2718

SABab, 262 pc/arcsec

NGC 4385

SB0+, 25 pc/arcsec

NGC 4900

SBc, 59 pc/arcsec

NGC 5430

SBb, 205 pc/arcsec
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NGC 4900 is SB(rs)c galaxy

Distance=13.3 Mpc, redshift= 960 km s-1 (H0=72 
km s-1 Mpc-1)

Without interaction, no peculiar activity

AnalysisAnalysis ofof NGC 4900 dataNGC 4900 data

500 pc
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DATA REDUCTION
• XOASIS package (version 6.0),developed in the 

CRAL-Obs. de Lyon by Ferruit & Emsellem
• Steps:

– Inversion of images
– Remove the overscan
– Substraction of dark currant
– Substraction of the bias
– Mask extraction
– Wavelength calibration

• Datacube with ~800 spectra/galaxy
– Flat field correction
– Cosmic rays
– Substraction of sky background
– Flux calibration
– Galactic reddening with a Seaton law 

E(B-V)=0.024
– Rest frame
– Reduction of 0.41” to 0.8” (seeing limit)
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(a) 
(b) 

Continuum emission maps

•Structure of the central region

•Three peaks C1, C2, and C3

•They are located along the bar
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ExtinctionExtinction

(c)

(d)

Hα and Hβ equivalent widths
•Peak around C1 and C3

•C2: absorption

•Map of extinction: <E(B-V)>=0.47
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ObjectivesObjectives

We analyze the information proceeding from We analyze the information proceeding from the gas and the the gas and the 
starsstars in the in the centercenter of barred galaxies in order to:of barred galaxies in order to:

1. Separate the stellar populations in the centre of 
galaxies

2. Characterize the metallicity and age of these 
populations

3. Characterize the gas around those populations
4. Identify how the various populations are spatially 

related to each other 
5. Build scenarios about the evolutionary history of these 

central regions
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YoungYoung PopulationsPopulations: : emissionemission lineslines analysisanalysis

• Kewley & Dopita (2002): Oxygen abundances
• LavalSB:

– Geneva isochrones
– 4 metallicities: Z=0.002,0.005,0.02,0.04
– IMF Salpeter 1-100 Msun
– Nebular continuum flux 
– EW Hα and Hβ: age

(yr)
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OldOld stellarstellar populationspopulations
Evolutionary synthesis models (Gónzalez-Delgado et al 2005): 

•HR. Smoothing to the same spectral resolution than data

•Spectral indices measured on the new spectra

•Padova isochrones

•IMF: Salpeter -2.35, 1-120 Msun

•Model atmospheres
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N spectra with spatial information

Integrated spectrum obtained by addition of all datacube spectra

To extract information for each component without using the other one:

Young:
Oxygen abundance= 8.70 (Z=Zsun)
Age= 7.0 (0.2) Myr

Old:
Stellar metallicity Z=0.2-0.5 Zsun
Age= 600 (200) Myr
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YoungYoung stellarstellar populationspopulations

Gonzalez-Delgado (2008)

Trancho et al 2007

Only young populations since
there are emission lines.
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OldOld stellarstellar populationspopulations

• To eliminate the emission
lines…

• and to assume that no young
(τ < 500 Myr) stellar
populations there exist

Cid Fernandes (2007, astro-ph0701899)
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TheThe ((in)consistencyin)consistency ofof thethe methodmethod

Ganda et al. (2007), SAURON

•The dilution of the absorption lines
by the flux from young stars is not
taken into account: age and
metallicity may be bad determined

•The continuum flux estimated to
obtain Hβ in emission may be 
affected by the absorption due to
the old age component and
consequently the gas abundances
may be wrong

•It is necessary to find the correct proportion of young and old stellar
population masses to estimate certainly their age and metallicity
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IterationIteration techniquetechnique: : consistentconsistent resultsresults

“Iteration 0”
Young Populations Old PopulationsYoung Populations

1

2

3

4

Old Populations
1

2

3

4

Substract synthetic spectrum of old 
stellar population of appropriate 
mass

Mesure emission lines

Compute characteristics of gas 
and young stellar populations

Compute mass for old and young 
stellar populations

Substract synthetic spectrum 
(including Hα and Hβ emission line 
and nebular continuum) of young 
stellar population of appropriate mass

Mesure absorption lines

Compute characteristics of old stellar 
populations

Compute mass of old and young stellar 
populations

Significant 
change in mass or 

proprieties?

1
Mesure emission and 
absorption lines

Results

2
Compute gas and stellar 
population characteristics

Compute mass of old and 
young stellar populations

3

YES

NO

•To separate both stellar populations

•To determine age, metallicity and mass of each
component

•Bayesian stadistic code to select the best model
from absorption/emission lines

•Young stellar populations dilute the absorption
lines

•Old stellar populations affect to Hβ in emission
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PreliminaryPreliminary ResultsResults withwith 2 2 independentindependent stellarstellar populationspopulations: : agesages
(a)

(b)

(a)

(b)

Precise estimates for
young stellar
populations

Larger errors for
old stellar
populations

<τ>=750Myr

<τ>=5.7 Myr in L1

L1

C2
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PreliminaryPreliminary ResultsResults: : MetallicityMetallicity

• Oxygen abundances for the gas from emission lines: ~2 Zsun on the center
• Stellar metallicity from the spectral indices: larger uncertainties, around 0.2 Zsun

(a)
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• Ages, metallicities and stellar masses from each spectrum
• Region C2: dominated by an old stellar population

Young:
Oxygen abundance=9.0 (Z=2Zsun)
Age= 8.0 (0.2) Myr
Stellar mass= 8000 Msun

Old:
Stellar metallicity Z=0.2 Zsun
Age= 3.0 Gyr
Stellar Mass: 3.105Msun

Final Final ResultsResults
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MassMass ofof stellarstellar populationspopulations

Determination of the best proportion
to fit each spectrum

Young

Old
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MassMass ofof stellarstellar populationspopulations
• In C1 and C2 there is a mass of young stars of 5x105 Msun by spectrum, which

means a density of 50 Msun/pc2

• Outside these regions the mass is 8x104 Msun/spec, with a density of 30 
Msun/pc2

• The old stellar population has similar values (y/o ~40%-60%: strong
starbursts, but died stars not taken into account)
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AgesAges distributionsdistributions: : thethe starstar formationformation historyhistory
(a) (b)
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Results for NGC 4900Results for NGC 4900
• The young stellar populations have ages between 5.5 and 

8 Myr with Z~Zsun (40% stellar mass)
• The old stellar population age is between 100 Myr and 3 

Gyr with a maximum around 1 Gyr. Z~0.2Zsun
• A long series of multiple bursts which took place in the 

central region of the galaxy
• NGC 4900 hosted many star formation episodes in the 

relatively recent past:
– 3 Gyr ago probably the whole central region stars was created 

This population may be associated with the bulge population. 
– 8 Myr ago in the dusty bar
– 5 to 6 Myr ago along the large scale bar

• The young bursts have been triggered by a single specific 
event in the recent past: flow of enriched material 
toward the central region
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(a)

(b)

Final Final ResultsResults: : agesages comparisoncomparison
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ComparisonComparison ofof resultsresults

Young:
Oxygen abundance= 8.7
Age= 5.7 to 12 Myr

Young:
Oxygen abundance=8.9 (Z=2Zsun)
Age= 5.5 to 7.9 Myr

Iteraction 0

Final Iteraction

Old:
Stellar metallicity Z=0.2Zsun
Age= 750 Myr

Old:
Stellar metallicity Z=0.2Zsun
Age= 3 Gyr

TheThe resultsresults obtainedobtained forfor oneone stellarstellar populationpopulation changechange whenwhen thethe otherother oneone isis
alsoalso takentaken intointo accountaccount: : thethe youngyoung onesones are are youngeryounger andand thethe oldold onesones are are olderolder
in in thethe final final iteractioniteraction thanthan in in thethe firstfirst oneone..
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SummarySummary
• We present our iteractive method to describe simultaneously the

different stellar components which are apparent in the emission and
absorption lines seen in the spectra obtained by OASIS. 

• We show the technique and the results obtained for the central 
region of the barred spiral galaxy NGC 4900.

• Differences in the interpretation and results with and without this
iterative technique are evident, what could imply erroneous
conclusions when it (or somthing similar) is not used. 

• In particular, the age of the young stellar population would have
been overestimated while the age of the old one would have been
underestimated
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In that case to determine only the mean age and metallicity does not 
allow to estimate this star formation history or its corresponding 
enrichment history Z(t)

In that case to determine only the mean age and metallicity does not 
allow to estimate this star formation history or its corresponding 
enrichment history Z(t)

THE PROBLEM: CAN WE INTERPRET THESE DATA IN 
TERMS OF EVOLUTIONARY PATHS?

THE PROBLEM: CAN WE INTERPRET THESE DATA IN THE PROBLEM: CAN WE INTERPRET THESE DATA IN 
TERMS OF EVOLUTIONARY PATHS?TERMS OF EVOLUTIONARY PATHS?

Two hypotheses:

1) Two populations: there is a bulge with  an old stellar population 
uniform in age and Z and where the bar provokes a recent infall of 
gas which produces a very young star burst

Classical method of using SSP´s to estimate  a mean metallicity and age 

2) Mixed stellar populations: There is a slow infall of gas (Domínguez-
Tenreiro, Monday), implying a continous star formation history -SFH-
, over an old stellar population  created in a fast early phase
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Data
• OASIS at the 3.6 m CFHT

– IFU composed of a matrix of lens
– Cassegrain f/8 mode with the EEV detector
– Spatial resolution of 0.41”/lenset: field of view of 15”x12”
– MR1 (4760 to 5558A) and MR2 (6210 to 7008A)
– Spectral resolution 2.17 and 2.23 A/pixel
– Exposure of 2400 s for each grating

• Data reduction: XOASIS
– Remove overscan, substraction of the darl currant, substraction of the

bias, weak fringing correction
– Mask extraction: datacube of N spectra
– Cosmic rays
– Sky backgroung substraction
– Flux calibration
– Merging of datacube and new identification pattern

• IRAF: Galactic reddening correction


