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Summary Introduction

Balmer lines are recognized as accurate indicators of the 1 s T 3 One of the primary methods used in determining the effetsirrgerature
effective temperature of late-type stars. The influence | TR . ] of a cool star involves the comparison of synthetic to obsgmalmer
of convection on the shape of Balmer line profiles has r {1 line profiles. Temperature determinations are based mostlhe H
been investigated using LTE 3D hydrodynamical model ; line, since the wings of the line are strongly temperaturesisge, and
atmospheres and ‘classical’ LTE 1D stellar atmospheres, | N\ 1 arenearlyinsensitive to the model mixing-length param@ehrmann et
where convection Is modeled within the simplistic pic- %9 N 1  al. 1993). However, in the case of metal-poor stars, wheredmvective
ture of mixing-length theory. Models and line profiles [ N zone reaches further out in the atmosphere, thdilke may be affected,
computed with the CEBOLD and Linfor3D codes have o[ - \ 1 and as a consequence, may not be completely insensitive toiting-
been used to determine the effective temperatures ofthree [ - 1Da=05 \ 1  length.

well known metal-poor stars HD84937, HD74000, and .+ R 11  Synthetic spectra computed using 3D hydrodynamical mddespheres
HD140283. Expected (3D-1D) Teif biases related to the  esso 6535 6360 6545 6550 6955 6560 and 3D line formation have the property that they are indédpahof such

different treatment of convection in the 1D and 3D mod- ;e 1. H o Balmer line profile computed using a 3Dfree parameters inherent to 1D models. In general, howeverpfile
els are presented. model, and 1D models with varying mixing length, computed from a 3D model has a different shape from that ctedpu
from a 1D model, as shown in Figure 1. To characterize theanfta of
MOdel atmOSphereS & Spectra| SyntheSiS convection on the shape of the Balmer line profiles, we hatedfibb-
served spectra of metal-poor stars to grids of 3D and 1D muddiles,
The grid of 3D model atmospheres used in the analysis wergutmd withCO°BOLD, a 3D radiation hy- solving for the effective temperature by minimizing the Rii&iation.
drodynamics code designed to model stellar convectionKe®dag et al. 2002 or Wedemeyer et al. 2004 for
details). The 1D LHD atmospheres are homogeneous hydmstatiels, and assume plane-parallel geometry.
The same equation of state, opacities, and radiation tosnsuutines as in CEBOLD are employed, allowing
a direct comparison with the 3D models with the exceptiorr@é fparameters, such as the mixing-length,

The Balmer line profiles were computed using Linfor3D. Selladening of the hydrogen lines was calculated :
according to the Barklem et al. (2000) formula (hereafte©ORPas well as the Ali & Griem (1966) theory 0.95F
(hereafter AG). A grid of ATLAS/BALMERDO9 profiles (hereaft&9) was computed for comparison purposes, ;

Results

1.00F

using both recipes, BPO and AG, for resonance broadeniagk Btoadening was calculated following Griem’s 0-90F
(1960) theories with corrections to approximate the Vi@alpper & Smith (1973) profiles. The grid of models 0.85 3
spans from 4000 K to 6500 K in effective temperature, log g5-t8.4.5 in surface gravity, and —2.00 to 0.00 : ;
in [Fe/H]. The LHD models were calculated using0.5 throughout the investigation. 0.80F =
0.75F -

Table 1. Measured K effective temperatures of the three metal-poor stars The Sun 0 705 | | S :
and the Sun. EE denotes excitation equilibrium. Barklem et al. (2002) obtained a so- 6540 6560 6580 6600
Method Tg logg [FelH] Reference lar temperature of 5733 K forddand Figure 2. Ha fit of HD140283 using 3D models. The best fit
SUN - Kurucz flux 5723 K for H3. Using a NLTE-BPO gives T.g =5877.9 K, using log g = 3.50, and [Fe/H] = -2.00.
3D Ha-BPO  5759.9 4.44 0.00 This work ~analysis, Mashonkina etal. (2008) ob-
LHD Ha-BPO 5697.5 4.44 0.00 This work tain 5720 K for Hv. The 3D BPO fit . .
B9 Ha-BPO  5643.5 4.44 0.00 This work ~ gives 5760 K, and provides the best Consistency between T derived from
NLTE Ha-BPO 5720.0 4.44 0.00 Mashonkina et al. (2008) fit thus far for the solar H tempera-  Ha, H3 and Hy
3D Ha-AG 5865.0 4.44 0.00 This work  ture using the Barklem theory. o
LHD Ho-AG 57735 4.44 0.00 This work We had sufficient spectral range coverage of HD84937 and the
B9 Ha-AG 57075 4.44 0.00 This work  Table2. Ha, H3 and Hy T. Sun (Kurucz flux) to measure the effective temperature from
NLTE Hao-AG 5780.0 4.44 0.00 Mashonkina et al. (2008) _ the first three Balmer lines. We find that the 3o HH5 and
HD84937 - UVES 3D To 1D Teg 3D-1D line H~ give temperatures consistent to within 9 K for HD84937,
3D Ho-BPO 64000 4.00 -2.00 This work 1084937 and to within 6 K for the Sun. In comparison, the spread in the
LHD Ho-BPO  6293.5 4.00 -2.00 This work ~ 0401.8 6293.5 108.3 dd 1D temperatures calculated using a mixing-length paramete
BO H-BPO  6236.4 4.00 -2.00 This work ~ 0°98-1 6318.4 /9.7 b of a = 0.5 is much more significant: 25 K for HD84937 and
NLTE Ha-BPO 6300.0 4.00 -2.15 Mashonkina et al. (2008) 2323'1 62952 979 M 40 K for the Sun.
B9 Ha-AG 6331.9 4.00 -2.00 This work ———
NLTE Ho-AG  6380.0 4.00 -2.15 Mashonkina et al. (2008) g;ggc‘; gg%'g ggj g 01
LTE Ho-AG  6346.0 4.00 -2.16 Korn et al. (2003) 5755'0 5657.5 97'5 H  QHp1a0zss
IRFM 6271.0 400 -2.00 Go#tez Herandez et alin prep. ' ' ' 55 OHD84397 ¢ o o h
IRFM 6330.0 4.50 -2.49 Alonso et al. (1996) - o
EE Fel 6222.0 4.27 -1.86 Thevenin & Idiart (1999) Hotter temperature scale o ©
EE Fel 6375.0 4.10 -2.00 Fulbright (2000) € .ol wmmm A N 1
HD140283 - UVES Effects of convection on the determination of - O A
3D Ha-BPO  5877.9 3.50 -2.00 Thiswork  stellar effective temperatures from Balmer lines : O A -
LHD Ha-BPO  5796.9 3.50 -2.00 Thiswork  show a rather complex dependence onthe at- , <[ g A ]
B9 Ha-BPO  5803.9 3.50 -2.00 Thiswork  mospheric parameters. However, whereas the | -
B9 Ha-AG 5836.5 3.50 -2.00 Thiswork  jctual magnitude of the 3D-1D temperature bias ~ —————————t————t————to———
Ha-AG ©806.0 3.68 -2.43 Korn etal. 2003 s difficult to estimate based on stellar param- 0400 6200 6022” >800 5600 5400
IRFM °096.0 3.50 -2.00 Gomzez Hermndez et alin prep. eters, overall the 3D temperatures are consis- Figure 3. Values from Table 1, where 3D values are marked
:EREF:XI gggég 2(7)2 _321 ™ Alo.nsgc: I?jt' al ]]:ggg tently hotter than the 1D temperatures. with filled red symbols, and 1D LHD with open red symbols

el : : -2. evenin lart ’ '
EE Fel 5650.0 3.40 -2.40 Fulbright (2000)
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