OS-Atmospheres & Open Cluster MS
Guangzhou — November 24" 2007

Opacity aplin Model Atmspheres
&
the Main Sequence of Open Clusters
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Outline

* Opacity sampling model atmospheres

- OS versus ODF
- Solar flux and colors

* Why open clusters — Which open clusters
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* Methods of parameter determination

* Chemical homogeneity of the clusters

* Age and distance of Melotte111 & the Pleiades
* An outlook on LAMOST open cluster survey
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Model atmospheres — Importance
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* Why are model atmospheres so important?
- Determination of stellar parameters.

* Color — temperature relations
* Color — gravity relations
* IRFM method

- Determination of element abundances.
- Line rations / color ratios in galaxy spectra.
- Boundary conditions for stellar evolution.

- Understanding basic physical processes such as
convection and radiation transfer.
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Model atmospheres — In the center

Flux distribution
centre & limb

IRFM R-values

Line fits

Line formation tool

| )

Stellar parameters:
Teff, log(g), [M/H], [Xi/H], &micro
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MAFAGS-ODF/OS — Basics

e LT e e ey, T gt NS s gy

* 1D hydrostatic model

* Plane parallel geometry

e Convection according to Cannuto & Mazitelli
* LTE assumption

* Line opacity can be treated in ODF and OS

* |onization states |, Il and Ill + diatomic molec.
—-B6..A...F..G..K2
15000K ..o, 4800K

* A&A 420, 289-305

LMU
b frank@grupp-astro.de Frank GRUPP Slide 5

M



mailto:frank@grupp-astro.de

MAFAGS — ODF versus OS (1)

* OS:
- Each line treated | ] |
- m

individually
(20'000'000) il ﬂ

- Slow (1min-1hour)
* ODF:

- Statistic treatment
of line opacities

- Tabulated
- Fast (1s)
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MAFAGS — ODF versus OS (2)
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* ODF’s are tabels of 6 dimensions
— T, Pgas, Pe, &micro, [Fe/H], [G/H]
- Interpolation introduces errors

- Indvidual element abundances (peculiar stars) can
not reliably be modeled

* O, Mg, Si are important electron sources
— those e™ go into opacity forming species
(H', H, scatter processes ...)

e OS can be calculated for individual stars

- Am stars or metal poor stars with a-enhancement

\
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MAFAGS — ODF versus OS (3)
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MAFAGS-OS — Solar qux & Colors

* Flux agrees well.

* B-Vsun = 0.195 (002)
B-Vmafags-os =0.19
B-Vatiaso = 0.08

e U-Bsun = 0.642 (002)
9 -Bmafags-os =0.64
J-Batiaso = 0.59

Absaluts flux deviation
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MAFAGS-OS —Summary

* OS models individual stars instead of using
grid interpolation

* OS model calculation takes 0.5-6 hours (ODF
model tables only a few seconds)

T P WS RS

e Solar flux and colors of the OS model agree
well
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OC main sequence

* A unique laboratory for stellar evolution &
model atmosphere testing

— . o sl R o S e ]

- Stars with “same” age
- Stars with “same” initial chemical composition

* \We need very good parameters

- Use high resolution high signal to noise spectra
- Use OS models

* Only few clusters are near enough and show
main sequence up to late B types (He desired)
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Melotte 111 and the P.I.ei.ade.s..
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Pleiades - Redd
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* Reddening
measurements
avallable

* Reddening very
non-uniform

* Any color infor-
mation to be
treated with care

Deklination 4

2?:

26 |

27

21

enln S

25
24 |

23k

IIIIIIIIIIIIIIIIIIIIIIIIIII |I' |IIII|IIIIIIIII|IIIIIIIII:
] Epy
_ 1 § 0.00
- Hipt8201 HD282952 -
Hip17627 :
Hip177289 Hip17531 :
- ' e
- lifisls » Hip17034
o T #%°  Hipi7044
Lip18559 2;‘“ . . 1';‘5?3
."!"..‘HD2195 0.05
l. . 4
¢ 3
HIl 1593° & °
- O Hip 17694
aHip17318 1 § Q.10
Co Lo Looiiiie I Lo iiin i :

60 a4 a8 o7 wls! 55 54

Rektoszension o

LMU

¢ frank@grupp-astro.de

n

UusMm

Frank GRUPP Slide 13


mailto:frank@grupp-astro.de

Methods of Terr determination

o sl

e Balmer lines between Tef=4800 and 7500K
* Color indices for higher temperatures

T e S e e, R

- Keep in mind reddening!

U—-B Index

B—V Index

Balmer—Linien

12000 10000 8000 000
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Methods of log(g) determinatio
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* Wings of broad lines (Mg Ib) for cool stars

* Balmer lines and consistency between Balmer
lines for hotter temperatures

Balmer—Linien

Balmer—Lininen
Konzistenz

Mg Ib Triplet

12000 10000 8000 000

\
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Other parameters

* Zmicro from consistent element abundances of
lines of different line-strength

T e S e e, R

* Element abundances from LTE spectrum
synthesis and line fitting (no equivalent widths)

e Stellar rotation from line fitting
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The mam sequences — Error bars
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Chemlcal homogeneltx FeI/FeII
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Age of Melotte 111 — Salasnich 2000
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Age of the Plelades Salasnlch 2000
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Spectroscopic ¢ dlstances — Mel 111
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Spectroscopic ¢ dlstances — Pleiades
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Is there any use for LAMOST?

e L TR St i TE e S M W T T T e WS e e R
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LAMOST — Open cluster survey LOCS

= e e Wy g TN e gy

* Low resolving power e W e st
o e e e o owe ¥

* Automatic parameter
determination

* Important to know re-
liability of parameters

* Suggestion:

- Use parameters from
high resolution work
as test sample for OC
survey
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Next steps of our work

e Compare our model atmosphere to others

I S S |

- Use the Sun + a small test sample of stars

* Refine our methods of parameter
determination
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The end: " Thanks for your dedication!”

- ¢ The team:

- Frank Grupp
- Thomas Gehren
- TAN Kefeng

o7 online
N www.grupp-astro.de
) ;‘J'ust checking.” |
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