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COBE/DIRBE multi-wavelength view of our Galaxy

( Difficult to obtain an unbiased oberservational stellar census in our Galaxy.

· Alternatively: study star formation histories in galaxies of the Local Group.

· Trade-off between less extinction by dust versus crowding and dimming.
· General approach: measure metallicities, temperatures, and luminosities for as many stars as possible, compare with stellar evolution models (clock!), and derive star formation histories.

· Classical inversion problem ( uniqueness
Basics of Stellar Evolution
Stellar evolution theory: description of relation between stellar metallicity, luminosity, temperature, and mass, and their evolution with time.

· Goal: description of the Hertzsprung-Russell diagram.

· HRD is a probability plot for observing a star with a particular set of Z, L, Teff, and M.

· Stellar evolution is highly non-linear with time, therefore there are regions with low and high population densities in the HRD.

Mass limits in stellar evolution:

1. M < 0.08 M⊙: no hydrogen ignition ( stars evolve as brown dwarfs.
2. M < 2 M⊙: low-mass stars; become red giants, develop electron-degenerate He core, undergo He flash.

3. M < 8 M⊙: intermediate-mass stars; after leaving MS undergo core-He exhaustion, develop C-O core, experience He shell flashes as AGB stars.

4. M < 200 M⊙(?): massive stars; non-violent C ignition in nucleus, series of nuclear burnings, core collapse and SN explosion.

5. M > 200 M⊙(?): not observed (short lifetime, pulsational instabilities; radiation pressure).

Schematic of low- and intermediate-mass evolution (Chiosi 1998)
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Massive stars: largely driven by non-conservative evolution ( stellar mass loss

For comparison: 

Sun: dM/dt ( 10-13 M⊙yr-1

Massive star: dM/dt ( 10-6 M⊙yr-1
Massive stars lose significant fraction of their initial mass during their evolution.

Mass loss occurs as a hot star stellar wind, an RSG wind or as a supernova explosion.

3 evolutionary phases occur:

1. M > 50 M⊙: evolution from the main sequence (MS) into blue supergiants (BSG), Luminous Blue Variable (LBV), to the Wolf-Rayet (WR) phase.

MS ( BSG ( LBV ( WR

2.  M > 25 M⊙: evolution from the main sequence (MS) into blue supergiants (BSG), then into red supergiants (RSG), and then into WR stars.

MS ( BSG ( LBV ( RSG ( WR

3. M > 8 M⊙: evolution into red supergiants without becoming blue stars again. These stars never enter the WR phase.

MS ( BSG ( RSG

High-mass star evolution: Schaller et al. (1992):
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Color Magnitude Diagram Analysis
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· Produce a synthetic HRD and compare to observations.

· HRD can be converted into a CMD with suitable transformations:

1. Teff ( (B-V)

2. L ( MV
· CMD depends on:

1. Stellar evolution models

2. IMF

3. Metallicity and its evolution with time

4. Star formation history

· Apply inversion scheme.

NGC 6822: dwarf irregular in the Local Group (Gallart et al. 1996):
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a) Synthetic CMD

b) Inclusion of crowding

c) Inclusion of crowding and reddening

d) Observed CMD

Weakness of previous approach: a finite, discrete set of stellar generations.

Preferred: direct inversion of the problem, i.e. compute CMD for any arbitrary star formation history and choose the model with best agreement with observations.

(Hernandez et al. (1999): modeling of Ursa Minor
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more complex star formation history: Leo I
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· Very pronounced red clump (distance estimate!)

· 3 peaks in the star formation history

· Rather young main sequence

· RGB extending down to much older main sequence

· Main sequence not uniform ( complex history

Star Formation History of the Local Group
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Galaxy inventory of the Local Group (Grebel 2000)

[image: image9.jpg]Name a é 1 b type Mg Vo cos @ Drc

(J2000)  (J2000) [°] [°] [mag] [km/sg] [Mpc]
Milky Way  17h45m7  —29°00 0.00 0.00 Sb/Sc —20.5 16 —0.052 0.440
Sagittarius  19"00™0 —30°30 6.00 —15.00 dSph —13.0 140  0.068 0.448
LMC 05h23m6 —69°45 280.46 —32.89 IrII-IV  —18.5 278 —0.793  0.469
SMC 00h52m6  —72°48 302.80 —44.30 Ir IV-V —17.4 158 —0.571 0.468
Ursa Minor  15"08™8 67°12 104.95 44.80 dSph ~7.8 = —261 0.643  0.419
Draco 17h20™m0 57°50  86.37 34.72 dSph =89 - =977 0.775  0.413
Sextans 10P13™0 —01°37 243.50 42.27 dSph =80 230 —0.689 0.497
Sculptor 00h59™m9 —-33°42 287.54 —83.16 dSph —10.0 110 —0.046 0.426
Carina 06"41™6 —50°58 260.11 —22.22 dSph -10.2 228 —0.874 0.502
Fornax 02h40m0 —34°27 23729 —65.65 dSph -11.9 45 —0.270 0.437
Leoll 11h13m5 22010 220.17 67.23 dSph —8.9 90 —0.298 0.561
Phoenix 01h49m0 —44°52 272.49 —68.82 dIr/dSph  —8.9 56 —0.295 0.591
NGC6822  19P44m9 —14°48 2534 —18.39 dIr ~15.8 —58 0382 0.653
M31 ooh42m7 41°16 121.18 -21.57 SbI-II =010 5 2301 0.843 0.329
M32 ooh42m7 40°52 . 121.15 —21.98 dE —-15.6  —200 0.842  0.326
NGC 147 00h33™1 48°31 119.82 -—14.25 dE —146 —187  0.880 0.331
Andl 00h45m7 38°00 121.69 —24.85 dSph ~10.6 = . D818 0.874
AndIII 00h35m3 36°31 119.31 -—26.25 dSph -10.6 - 0833 0.376
NGC 185 00h39™0 48°19 120.79 -—14.48 dE ~15.1 =204 0.872 0.191
NGC 205 00h40™ 3 41°41 120.72 -21.14 dE ~156  —236 0.849  0.411
And II 01h16™3 33°25 128.87 -—29.17 dSph -10.5 - 0.740 0.170
M33 01h33m8 30°39 133.61 —31.33 ScII-III -19.0 —181 0.683  0.436
IC10 00h207 4 59°18 118.97 —3.34 Ir =S e 0.899 0.433
LGS3 01ho3™m9 21°54 126.75 —40.90 dIr/dSph -9.2  —277 0.673  0.423
IC 1613 01h05™0 02°09 129.82 —60.54 dIr —144" "T=238 0.453  0.426
Leol 10P08™5 12°18  225.98 49.11 dSph -10.4 285 —0.498 0.610
DDO 210 20h46m9 —12°51  34.05 —31.35 dIr 21927 =131 0.476  0.85:
Tucana 22b41m8  —64°25 32291 —47.37 dSph -8.9 - —0.384 1.100
WLM 00h02m0 —15°28  75.85 —73.63 dIr -14.4 —123 0.336 0.771
Pegasus 23h28m6 14°45  94.77 —43.55 dIr =131 219 BT = b6
SagDIG 19P30m0 -—17°41  21.06 —16.28 dIr -9.9 —79 0.316  1.25:
NGC3109  10M03™1 —26°10 262.10 23.07 dIr -16.4 404 -0.943 1.607
UGC-A438 23h26™5 —32°23  11.86 —70.86 dIr =12.7 62 0.116  1.28:
Sex B 10h00™0 05°20 233.21 43.78 dIr -15.1 301 —0.602 1.587
Sex A 10P11™0  —04°43  246.17 39.87 diIr —13.7 324 —0.728 1.723
IC 5152 22h02m7  —51°18 342.92 —50.19 dIr —14.8 121  —0.166 1.71:
Leo A 09h59™ 4 30°45 196.90 52.42 dIr =133 26 —0.201 2.336
GRS 12h58m7 14°13  310.76 76.98 dIr -12.0 216 —0.246 2.51:
UGC-A92  04h32mp 63°36 144.71 10.51 dIr -15.1 —99 0.595  3.30:





Galaxy types:

· 3 spiral galaxies (Milky Way, M31, M33)

· 1 luminous irregular galaxy (LMC)

· Dwarf galaxies:

1) Dwarf irregulars: irregularly shaped, gas-rich (molecular, neutral, ionized); scattered, on-going star formation; NGC 6822.

2) Dwarf ellipticals: elliptical shape with dense, compact cores; old and intermediate age stars dominate; M32.

3) Dwarf spheroidals: elliptical with little central concentration; least luminous galaxies known; extension of globular clusters; Leo I.

Star formation histories in spirals

· Components: halo, bulge, disk; halo is traced by globular clusters.

· Freeman (1999): M31 halo formed rapidly from merger of two massive ancestral galaxies; MW halo built up slowly via capture of numerous metal-poor objects.

· Bulges formed early and rapidly, as suggested by abundance patterns; cf., monolithic collapse model of Eggen et al. (1962).

· MW and M31 have ongoing star formation with amplitudes of a factor of a few.

· Dominant current star formation is in the disk. Bulk of star formation occurred early in initial burst.

Star formation histories in dwarfs

1) Continuous star formation with (almost) constant rate over a Hubble time and with gradual enrichment. Requires sufficiently large gas supply and mass to hold on to gas and metals. Irregulars like LMC, SMC.

2) Continuous star formation with decreasing and eventually ceasing rate. May have lost gas supply by tidal or ram-pressure stripping, or may have low mass. Dwarf spheroidals are examples.

3) Distinct star formation episodes separated by Gyr long periods of quiescence. May be related to passage close to massive galaxy. Example: Carina dSph.

Concept of population boxes (Hodge 1989):
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· 3-dimensional representation of star formation rate, metallicity, and age.

· “Now” is to the right; early universe to the left.

Grebel (1999):
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Grebel (1999):
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Global trends

· Dwarf galaxies are rather diverse in star formation histories ( external effects may be important.

· dSph galaxies around MW have increasing intermediate-age population fractions with increasing distance from MW ( ram pressure and tidal stripping.

· The more luminous a galaxy, the higher its metallicity ( more massive galaxies are able to retain their metals.

· Census of dwarf galaxies may be incomplete; hierarchical CDM models would require about 10 times more dwarf galaxies than currently seen.

Morphological transformation:
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( implications for interpretation of morphological types at different redshift!
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