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Morphology  –  Distance Relation for Dwarfs

`halo’ 
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Dwarf Distance from Primary vs. H I Mass

`halo’ 



14.09.2007 E.K. Grebel: Star Formation in Dwarf Galaxies 4

Ages: The Earliest Epoch of Star Formation

!   Old populations ubiquitous but fractions vary

!   Evidence for a common epoch of early star formation

!   Globular clusters with main-sequence photometry
(Galactic halo & bulge, Sgr, LMC, For)

!   Field populations with main-sequence photometry
      (Sgr, LMC, Dra, UMi, Scl, Car, For, LeoII)

!  RR Lyrae stars in more distant systems

Observational Results         (Pop II only)
(from relative age dating of main-sequence turnoffs)

Grebel & Gallagher 2004, ApJ, 610, L89
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Star Formation Activity in Low-mass Galaxies (~107 M
!

)

Cosmology: flat, !m = 0.27, H0 = 71 km/s/Mpc

Grebel  &  Gallagher  2004,  ApJ,  610,  L89
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SFHs of Low-mass MW Companions
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And XAnd IX And I And III

And V And II And VII And VI

Cet TucLGS 3 Peg DIG
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SFHs of Low-mass M31 Companions
from resolved stellar populations (ground-based + HST)
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dSphs:  too  metal-rich
for  their  luminosity;  even 
allowing for evolution

Metallicity–Luminosity Relation

dSphs            dIrrs; but also: evolution as independent entities!)
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Spatial

Variations:

Recent Star

Formation

History of

the LMC

Long-lived regions of

active star formation

in irregular galaxies.

Life times a few 10 –

100 Myr.

Irregular appearance

dominated by young

HII regions.

Old populations fairly

smooth and homogeneous.

G
re

b
e

l 
&

 B
ra

n
d

n
e

r 
1

9
9

7

van der Marel 2001



14.09.2007 E.K. Grebel: Star Formation in Dwarf Galaxies 10

Spatial Variations:  Age & Metallicity

Spatial distribution of stellar populations:  even old stars vary.

Younger and/or more metal-rich stars: more centrally concentrated

Radius [!]

Harbeck et al. 2001, 

AJ, 122, 3092

Carina
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2 r
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t

Carina MDF

as f (radius)

Koch et al. 2006, 

AJ, 131, 895
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Example: The Age-Metallicity Relation of the SMC

VLT spectroscopy & ACS photometry of SMC clusters:

Metallicity spread at a given age; SMC not well mixed!

(SMC exceptional in high number of populous clusters.)

Preliminary results, Kayser et al. 2007
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Example Carina dSph: VLT spectra of red giants
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“G-dwarf
problem”

Simple closed box

Prompt initial enrichm.

Lanfranchi &
Matteucci 2004

Koch et al. 2006, 

AJ, 131, 895

Also pointed out by

Helmi et al. 2006

Metallicity Distribution & Chemical Evolution

or: “K-giant

problem”...

Wind-

dominated

SFH
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Lower ["/Fe] @ [Fe/H] in dSphs than in Galactic halo:

!   Low SFRs (little contribution from massive SNe II (")), or

!   Loss of metals and SN ejecta, or

!   Larger contribution from SNe Ia   (Fe enhanced over ")

"   Present-day dSphs cannot have been dominant
contributors to the build-up of the Galactic halo

          Shetrone, Côté, & Sargent 2001

Yellow:  Carina
(Koch), white filled
squares: Car
(Shetrone et al.
2003), halo (cyan),
thick disk (green),
thin disk (red).

Koch et al. 2007
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Star Formation in Dwarf Galaxies

! Environmental impact on dwarf galaxy star formation:

! Morphology - density  relation

! Distance - gas  content  relation

! Old populations ubiquitous; fraction varies

! ~ Common epoch of early (Pop II) star formation.

! No two dwarfs share the same star formation history.

! Slow, continuous star formation w. amplitude variations.

! Gradients in age, metallicity; kinematics. Subpopulations.

! Metallicity–luminosity relation: offset even for old pop.

! Metallicity distribution: lack of low [Fe/H] stars.

! Abundance ratios: ["/Fe] lower than in MW halo.

! Strong, continuous winds may determine MDF.


