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. The stellar populations of spiral galaxies are a mixing
of populations of variable age and metallicity.

m The present time data (abundances, gas densities)
do not give information about the evolutionary track

followed by the galaxy
' To determine only the mean age and metallicity does
hot allow to estimate how, when and where stars
form.

= The spatial variations in spiral galaxies also need to
be into account.

= Special phenomena as the formation of bars or
outflows need dynamical information
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How to measure 5pec1:ra| indices

in spiral galaxies

Filters in each spectral indices and in each
continnum band

(Beauchamp & Hardy 1997; Molla, Hardy, Beauchamp 1999)
Photometry with a Taurus Tunable Filter

(etalon) —
(Ryder et al. 2005, MNRAS, acep.)

3D espectroscopy of high spatial resolution
(Cantin et al. 2004, in prep.)



Beauchamp & Hardy 1997

*To obtain monochromatic images

of galaxies in order to measure

the Lick Mg and Fe52 indices *Four intermediate-passband
(601&) filters, two of them centered

on the magnesium and iron
features and two on continuum
regions, RC and BC for the red and
blue continua, respectively.

Fe5270

* The use of spectral images
increases the signal-to-noise ratio
of the index measurement by
azimuthally adding up all the
100]- N I information contained within a given
= BC Mg, Feb270 RC -
’ radial interval.
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Ryder, et al. 2004, MNRAS, accepted
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Origin: the study of globular clusters and elliptical
galaxies

I m for

hon-resolved objects

m Stellar (metallic) Absorption indices:
(Lick, Rose . . .)

Data are analyzed using (evolutionary) synthesis
models.

m Stellar Libraries

m |sochrones for SSP

m Fitting Functions



The fit of models with data gives the proportion of each

type of star contributing to the observed spectral
distribution
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Spectral energy distributions for SSP
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55PF = population of stars formed in a istantaneous burst of SF

Convolution with IMF
S, (6, 2) = [ f,(t, Z, m)p(m)dm !
SSIP spectrum
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Spectral absorptiomyindices

Synthesis models also produce colors and spectral indices.

Lick indices : absorption features in the range
4000-6400A

Fe4383 Fe4531
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The absorpcion lines or indices of Lick” system are very used.

Fitting functions: the value of the index for each stars (Teff, log g, Z)



Restrictionssof Models

old and metal-poor stellar populations show
similar SED and spectral indices than the
young and metal-rich ones
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The observed data are overploted on a graph
with 2 indices: a mean metallicity and age are
obtained

The method to face the age-metallicity
degeneracy is to use two orthogonal indices

The age is weighted by the luminosity




Different SFH — different and propertie

The mixing of stellar
populations is evident
in spiral galaxies,
(disks and bulges)

E/SO

VCC 1987

F/F{6500 A)
F/P(5600 1)

Gallazi 2004



The stanformation history mustibe assumed

Convolution with SFH
|

Galaxy spectrum

Fy0) = [5,a,. 20 —1)ar

The star formation history can not be obtained from
these SSP. When the technique is used in galaxies where a
mixing stellar populations is aparent, some hypothesis
about the possible star formation history are assumed




The evolutionary synthesis models in spirals are computed
from the SFR(t) obtained through a chemical evolution

F, (1) = [ di F (t =)

We use the observed spectral indices in bulges

We have also data of Mg2 y Fe52 obtained for three Virgo
galaxias Virgo (Beauchamp 1997; Beauchamp & Hardy 1997)

A dependence on the galactocentric radius there appears.

There is a diiferent behavior of Fe5270 compared with Mg2.
As in elliptical galaxies this may be related on the disk and
star formation processes.



Chemical evolution describes the increase of elements in the Universe

SYNTHESIS IN STARS
Primordial abundances given by @I COSMIC RAY SPALLATION

. BIG BANG SYNTHESIS
modern comological models
compared with data
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Basic equations

f= gaz flux (closed box =0 )

M= total mass of the system

Y=5SFR (star formation rate)

E= mass ejection of stars when they die
Ms= stellar mass

Mg= gaz mass

Each star loss mass after its mean life-time, tm. Remaining a remnant wi

The total ejection for the whole stars is:

E@t)= J(m—a)m)\ll(t—z-m)CD(m)d Initial mass function

m,

Ejected Mass For {he mass transformed in stars in a time (t-tm)
etarelof tiace M ich are now ejecting mass and dying
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" s Evolutionary Hypotheses about
Initial Conditions SFRy (t) y FIM F(m)

EQUATIONS SYSTEM comparison
stellar evolution with observed
mean lifetimes of star data
yields p, .

RESULTS:

*Gas, stars and total (g,s,m)(t.r)

°Abundances for 15 elements Xi, and total abundance Z
eRelative Abundances [X/Y]

eStar formation histories y (t.r)

eAge-metallicity relations Z(t,r)




2 We can obtain
separetely the radial
distributions of
diffuse and molecular
gas

The radial gradients
flattens in the inner
disk in agreement
with recent data
(Smartt et al. 2001)

The star formation
rate surface density
is underestimated in
the inner radii
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We checked our technique using
chemical evolution results for
some spiral bulges to compute

the absorption indices Mg2,

<Fe>...

<Fe>
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Our results are useful to

estimate the star formation

history of these bulges.




We have computed 500 chemical evolution models
with variable inputs (20 ¢’s,5 1,5 k)
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Posible chemical evolution models that
reproduce the gas data at the present time:




Infall colapse Scale length for the Efficiencies to form stars
time 1, function t=1, exp -(R-R,/A) and molecular clouds
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Then we calculate the radial distributions of
spectral indices Mg2 and Fe5270.

Only 6 models may fit simultaneusly these
constraints and those from the gas.

Mod 129
Mod 228
Mod 229
Mod 249
.. Mod 329
Mod 349
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R=14 kpd Mod 129
)

bad model




Cantin et al. (in preparation)

Observations for two barred galaxies:
NGC4900 & NGC5430

Central regions with spatial and spectral
resolution:

Gas information Stars information
through emission through absorption

lil’leﬁt the recent lil’leﬁt

stellar populations

A d
Age Present time Age Verase

Metallicity Integrated Metallicity




Barred Galaxies

m The importance of the stellar bars in the central
regions of galaxies is due to they may apport fresh gas
proceeding of the disk to this region.

This new gas increases the star formation rate thus

producing a mix of young and old stellar populations in
the same region: Emission lines and absorption indices
may give information about the two populations.

This mixed stellar populations are observed in an
integrated spetrum but their spatial distributions is
limited: the use of OASIS













Age and metallicity along HO-D4 plane

Gradients of the average properties along the plane

A. Gallazi

Stellar metallicity

Light-weighted age
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Measured spectral indices in spiral bulges and disks:
® Beauchamp & Hardy(1997)
= Molla, Hardy & Beauchamp (1999)
Jablonka et al. (1999)
Proctor and (2002)
Ryder et al. (2005, MNRAS, accepted)
Cantin et al. (2005, in preparation)
We may use chemical evolution models to estimate the possible
star formation histories.
Then we apply the evolutionary synthesis models to each one of the SSP or
stellar generations
We have used this technique for spiral bulges and three spiral
galaxies for which data were available
(Molla et al. 1999; Molla et al. 2000; Molla & Hardy 2002)
A powerful tool to discriminate among these histories, solving
the usual uniqueness problem of chemical evolution models and
the degeneracy problem of the spectral synthesis




