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Stellar Structure

- Stellar structure equations

- Energy transport: conduction and radiation
- Opacities

- Equation of state

- Nuclear energy generation and burning
stages

- Energy transport: convection

- Stellar interiors

Stellar Evolution %
- Schematic evolution of stars N

- Pre main sequence and main seque

- Post main sequence (L

Stellar Atmospheres
- Spectral classification,definitigns

- Equations of consepration ‘and radiative
transport

- Atomic processeSvands6pacities

- Static equilibrium equations

- Spectral line profiles

- Atmosphere models

~+ qmup s -on
cthifies

+ ppor oL/



Gosls:

1, ﬁcea) lew o 5’1[7u6{Lu1«—Q- nd s¢CD
of s%a’;e:/ f ’DM

2. Favulicviz=tion uun’(—& tools ,%yw vsed
M 5%—6@(% ?ﬂ’ll)-oplfu]s»tw Cél

3. Torwlioizt; Wi -t resesrol
in s 7[{2(1(. ¥

4, DeveeoFfW] SU 7 skdls : Liter e yesevch,
qurbitotive  ovisis , ofimsbon,
50“1/*":6L lf(a UUVHL{V\7, so{!ﬂd‘%@'ﬂ IDbeag/n‘feﬁ'pm_




 Astvonomy and A “ ig: lerary \
€ 'P'»D\,.""‘-’c * Yvad = T QT ’r ,;‘ . :
L_‘_ﬂ e i The Observation and Analysis of

109 ¥, \ '(2m P 7

Rudolf ppmﬁa@n&w S /~ ’ Steual'

—
\ >
3

T photspheres

Stellar Structure
and Evolution

Da dF ("ay

Second Edition

Third Edition

8-
M @ Springer ; CAMBRIDGE

LIBRARY



Astronomy & Astrophysics manuscript no. mdwarf v13 © ESO 2015
March 16, 2015

New evolutionary models for pre-main sequence and main
sequence low-mass stars down to the hydrogen-burning limit
Isabelle Baraffe!'2, Derek Homeier?, France Allard?, and Gilles Chabrier®!

! University of Exeter, Physics and Astronomy, EX4 4QL Exeter, UK (e-mail: i.baraffeex.ac.uk)

2 Ecole Normale Suj e, Lyon, CRAL (UMR CNRS 5574), Universit¢é de Lyon, France (e-mail:
derek.homeierGens-lyon.fr, fallard@ens-lyon.fr, chabrier@ens- 1yon.fr)

ABSTRACT

We present new models for low-mass stars down to the hydrogen-burning limit that consistently couple atmosphere and

interior structures, thereby superseding the widely used BCAH98 models. The new models include updated molecular

and solar abund, as well as heric convection i on 2D,

ulations. Comparison of these models with observations in various colour-magnitud

gnificant improvement over previous generations of models. The new models c

ch as the prediction of optical colours that are too blue comp: AN EMPIRICAL TEMPLATE
 the four components of the young quadruple system LkCa 3 CLASSES, LUMINOSI
hrone, in contrast to any presently existing model. In this paper we
y when comparing models and observations, with the necessity of using evolution;
same atmospheric structures.

LLAR SPECTRA FOR A WIDE RANGE OF SPECTRAL
D METALLICITIES USING SDSS BOSS SPECTRA

AURORA Y. KESSELI', ANDRE, < VEYETTE', BRANDON HARRISON', DAN FELDMAN', JOHN J. BOCHANSKI®

based on th

Key words. stars: low-mass - stars: evolution - stars: pre-main sequence - stars: Hertzsprung-Rus
diagrams - convection
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ABSTRACT
We present a li f empirical stellar spectra created using spectra from the Sloan Digital Sky
Survey’s Baryon lation Spectroscopic Survey (BOSS). The templates cover spectral types O5
3, are binned by metallicity from -2.0 dex through +1.0 dex and are separated into main
arf) stars and giant stars. With recently developed M dwarf metallicity indicators, we
gfo extend the metallicity bins down through the spectral subtype M8, making this the first
al library with this degree of temperature and metallicity coverage. The wavelength coverage
&emplates is from 3650 A through 10200 A at a resolution better than R~ 2000. Using the
emplafes, we identify trends in color space with metallicity and surface gravity, which will be useful
analyzing large data sets from upcoming missions like LSST. Along with the templates, we are
releasing a code for automatically (and/or visually) identifying the spectral type and metallicity of a
star.
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Gaia Data Release 2:
Observational Hertzsprung-Russell diagrams

Gaia Collaboration, C. Babusiaux" 2, F. van Leeuwen®, M.A. Barstow*, C. Jordi®, A. Vallenari®, D. Bossini®, A.
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5;”_ E b‘)§+m C,Q’ — Paye /L»< eo 2 GAIA: THE GALACTIC CENSUS TAKES SHAPE

Gaia’s two telescopes monitor  B,;
each of its target stars about
70 times over a five-year
period, spinning slowly to
sweep the entire celestial
sphere. As the telescopes
repeatedly measure the
position of each celestial Deys)-

object, they detect the

combination of the apparent ?“
motion caused by the parallax 4
effect and the true motion of

the object. By combining e@
measurements for all obje&
viewed, it is possible to obtain

the parallax and proper motion
for each object targeted.
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burning stage T (10°K) p (g/cm®) fuel main products  timescale

hydrogen 0.035 5.8 H He 1.1 x 107 yr

helium 0.18 1.4x10° He C,0 2.0 x 106 yr

carbon 0.83 24x10° C O, Ne 2.0 x 103 yr

neon 1.6 7.2% 105 Ne O, Mg 0.7yr

oxygen 1.9 6.7x10° O,Mg Si,S 26yr

silicon 33 43x107 Si,S FerNi 18d
phase T (10°K) total E,/n  main reactions tal E /0 Mpin v %) v(%)
grav. 0—-10 ~ 1keV/n 100
nucl. 10 — 30 'H - “H 6.7MeV/n 008M, ~95 ~5
grav. 30 — 100 ~ 10keV/n 100
nucl. 100 — 300 12cC,1 ~74MeV/n 03M, ~100 ~0
grav. 300 - 700 ~ 100keV/n ~50 ~50
nucl. 700 — 1000 2C ~7.7MeV/n 1.1 M, ~0 ~100
grav. 1000 — 1500 ~ 150k ~100
nucl. 1500 — 2000 160 - S, Si ~80MeV/n 14 M, ~100
grav. 2000 — 5000 ~ 40(N Si—»>...—»Fe =~84MeV/n ~100
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