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Abstract.  In the last decade, numerous Virtual Observatory orgapizaivere es-
tablished. One of these is the German Astrophysical Virladervatory GAVO) that
e.g. provides access to spectral energy distributiondeigerviceTheoSSAN a pilot
phase, these are based on the Tubingen NLTE Model-AtmosptaekageTMAP) and
suitable for hot, compact stars. We demonstrate the powi@dSSAn an application
to the sdOB primary of AA Doradus by comparison with a “claabispectral analysis.

1. Introduction

With the progress in observational and computer technolibgyquantity of astronom-
ical data was and is increasing exponentially. To be ablelle the actual and future
amount of data, Virtual Observatories (VOs) were estabtisiTheir aims are to make
the data globally accessible, to prevent losing data, arnigvelop tools, services, and
standards to enable research using the internet. The idba ®O is rather old, start-
ing with the first databases and tools such as e.g. SIMB@AD79), ALADIN? (1999),
or IRAF! (1984). Since 2000 more and more national VOs were foundeuat® as-
tronomical data accessible. Many of them joined the Int&snal Virtual Observatory
Alliancé? (IVOA). Observational and theoretical data sets were prigefrom getting
lost by making them public. Standards were defined to getfanmishape of all data.
Services and tools for data-handling were developed, anthcbpoints were created
to aid publishing data and using tools and services.

One of these national organizations is the German Astraogdly¥irtual Obser-
vatory GAV@), the German fort to contribute to this idea. Within the framework
of a GAVOproject, the well-established Tubingen NLTE Model-Atrpbsre Package
(TMAPf \Werner et al. 2003) was made accessible. This model-atrecsmode and
the diferent ways to access its products are described in the falipgections.

Ihttpy/simbad.u-strasbg/Bimbad, [httpy/aladin.u-strasbg faladin.gml, httg/iraf.noao.edu
httpy/www.ivoa.net

3httpy/g-vo.org

“4httpy/astro.uni-tuebingen.derMAP


http://arxiv.org/abs/1111.0546v1
http://aladin.u-strasbg.fr/aladin.gml

2 Ellen Ringat

2. The Basis - The Tibingen NLTE Model-Atmosphere Package

TMAPIs used to calculate stellar model atmospheres in hydiostat radiative equi-
librium. It assumes plane-parallel geometry due to theively thin atmosphere of a
hot, compact star compared to its radius. Up to about 150@iatevels can be treated
in NLTE, about 4000 lines for classical model atoms and mbam 200 millions of
lines for iron-group elements (Ca-Ni) can be considerediréily all elements from
hydrogen to nickel can be considered (Rauch 2003). For timeegroup elements the
programIrOnic (Rauch & Deetjen 2003) is used to calculate sampled cragise
and to set up atomic data files. This program is necessaryrdidnéhe hundreds of
millions of lines of iron-group elements and to reduce theith & statistical treatment
to a number suitable for the model atmosphere code.

TMAP s used for hot, compact objects willy > 20000K and 45 g < 9. The
GAVOserviceTheoSSAs based on this model-atmosphere code at the moment.

3. Implementation - The VO ServiceTheoSSA

TheoSSAwas originally planned to provide spectral energy distiins (SEDs) as
input for photoionization models for planetary nebulae €PNFor these models, black-
bodies were used very often and, thus, such PN analysesgi@idong results. The
blackbody approximation fiers vastly from our model fluxes (FIg. 1). In order to sup-
ply reliable ready-to-use SEDs this service gives accettgée ways.

1) download already calculated SEDs
2) calculate individual SEDs with the simulation softwaitd AWA
3) download ready-to-use atomic data or tailor individuadel atoms witifMAD]

The TheoSSAlatabase is controlled via a web interface where the fundehe
parametersTes, log g, abundances) are entered. Then all available SEDs withima ¢
sen parameter range are displayed and can be downloadedaf#&se is growing in
time, because SEDs calculated withlAW are automatically ingested. In case that the
calculation procedure is significantly changed, these S&Bge-calculated with the
latestTMAW version.

4. More Detailed/Individual SEDs - TMAW

TMAW is the simulation software of the model-atmosphere coddke TheoSSAit

is controlled via web interface where the requested paenmeind the email address
are entered. The sending process starts the calculatiorS&Tawith the requested

parameters on the PC cluster of the Institute for AstronontyAsstrophysics Tubingen

or, if the number of requests is150, on compute resourcesAétroGrid-If.

Shttpy/dc.g-vo.d¢heossa
Shttpy/astro.uni-tuebingen.derMAW
"httpy/astro.uni-tuebingen.@deTMAD
8httpy/www.gac-grid.net
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Figure 1. Comparison of th€MAP (thin line, blue in the online version) and
TMAW (thick, red) fluxes Teg =120000K, logg=7.5). The strongest deviations
can be seen in this region, but still they are very small cargbto a blackbody flux
(black) with the sam@ (insert).

In the standard procedure, the steadily updated, readgdomodel atoms from
TMAD are taken as input and, after the LTE start model is creatednnuum model
is calculated (Fid.]2). Then lines are inserted initiallytheut temperature correction,
then with Unsold-Lucy temperature correction (Unsoldb&8p After about one or two
days and at least 300 iterations, line profiles are calalilatel the result is sent to the
email address of the user.

At the moment, this service can consider the elements hgdrdeelium, carbon,
nitrogen, and oxygen, but in the future the next most abundments, neon and
magnesium (as well as the iron-group elements, Ca - Ni),beiiihcluded.

5. Creating The Model Atoms -TMAD

The Tubingen Model Atom Databas&MAD) was originally created fof MAP and
therefore its format is compatible with it. It is updated ukgly. For example the He
model atom was enlarged in the latest update due to recentiijshed atomic data
retrieved from NIST. Now levels up to a principal quantum fagémofn = 10 instead
of n = 5 can be considered as NLTE levels (Fig. 3).
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Figure 2.  Standard procedure offMAW calculation. The numbers are taken
from the example given in the text.
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Figure 3.  Grotrian diagram of HE(as provided byTMAD), singlet (left) and
triplet (right) systems.

Presently, the elements H, He, C, N, O, F, Ne, Na, Mg, Si, S,aAd Ca are
included. Main data sources f@MAD are the standard atomic databases like HIST
or the Opacity Projel.

TMAD supplies two kinds of data. Level energies and radiative &t as col-
lisional transitions can be found for model atmosphere and&SED calculations (the
latter including fine-structure splitting). For model aspbere calculations ready-to-
use or individual data can be downloaded. This data is aitdes$s the community and
can be used for all desired purposes, e.g. as input for anothéel-atmosphere code.

httpy/www.nist.goypml/datgasd.cfm
nttpy/cdsweb.u-strasbg/fopbasgop.html
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Figure 4. Comparison of the number of POS (left) and LIN (tidimes for Fe
(top) and Ni (bottom) before and after the extension of Karline lists.

6. Handling Iron-Group Elements - IrOnic

AnotherGAVOproject is the parallelization of tHeOnlc code (Rauch & Deetjen 2003).
Presently, it may take one to three days to calculate crs#as and a model atom
with IrOnlc. To accelerate, we write a new version of this code using MPRAeall as
GPU (CUDA) parallelization. This service will be contralleia a web interface in a
similar way toTMAW and will be accessible to the public.

Input for theIrOnlc code are Kurucz’ line lisfs These contain LIN and POS
lines. The latter are only lines with measured (good) wangtles, LIN lines have
theoretically calculated entries additionally and therefabout 300 times more lines
than POS lists. New data became available recently[(Figududs 2009). Additional
data sources are the OPACITY and IRON projects (Seaton |298H; Hummer et al.
1993)

IrOnlc divides the energy range up to the ionization energy of anritinseveral
bands (Fid.b). All levels within one band contribute to thscalled superlevel via
defining its energy and statistical weight. This superke\ake treated in NLTE, the
levels within one band are in LTE relation. Therefore the hamof NLTE levels is
reduced to a number manageable for the model atmosphere Eodall transitions
within one band or betweenftirent bands, the cross-sections are sampled (Fig. 6).

Uhttpy/kurucz.harvard.edatoms.html
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Figure 5. Energy range of ka divided into bands to create superlevels. The
ionization energy is D08- 10° cm2.

7. A First Benchmark Test - The Case of AA Doradus

The initial aim of TheoSSAnNdTMAW was to provide easy access to synthetic stellar
fluxes (Secf.13) for the PNe community, which was interestedalistic stellar ionizing
fluxes for their PN models. It turned out rather quickly, thidter groups were interested
in X-ray, optical, and infrared fluxes as wellLheoSSA TMAW were then extended
for this purpose. While the accuracy in ionizing fluxes istérethan 10 % compared
to TMAP (Sect[2) calculations with the most detailed model atorms,precision in
the optical is limited due to the smaller, standard modemataehat are used in the
TMAWmMmModel-atmosphere calculations. The aim is here to perfoetmginary spectral
analyses witiTMAW SEDs and to be better than 20 %Tgt, logg, and abundance
determinations.

Publishing data of all kind is a very important task of the \For all these data,
guality control should be a pre-requisite and is highly ddde. Therefore it is neces-
sary to establish benchmark tests for VO data, servicestamtsl This is essential for
theoretical data and simulations as well.

7.1. AADor

The eclipsing, post common-envelope binary AA Dor has anBsd@r primary star
whose optical spectrum shows the broad Balmer lines and ¢hetl4686A line, typ-
ical for this class. A recent analysis of the primary (KlepfR&uch 2011) yielded
Ter =42000 K and logy=5.46 within small error limits. For this analysis, an extended
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Figure 6. Sampled RBB cross-sections fovkgexample transition between our
bands 2 and 5, Fif] 5).

grid of NLTE model atmospheres considering opacities oelbenents H, He, C, N, O,
Mg, Si, P, S, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, and Ni was calculafeg and logg were
then determined by g-fit method based on synthetic spectra of these models ahd hig
resolution and high+8l optical UVES observations (cf. Rauch these proceedings).

AADor is, thus, an ideal object to prove tHEMAW service for its adequacy
for spectral analysis. For this test, we recalculated the dind of Klepp & Rauch
(2011) viaTMAW (Fig.[2). We used their abundancé&y = 39500— 43500 K with
AT = 250K, and logg=5.30- 5.60, with Alogg=0.01. In total, 527 HHeCNO-
composed models were calculated in one week on computeroesoaf AstroGrid-
D. Analogously to Klepp & Rauch (2011), we calculated syrithepectra from these
models and performed,& fit to the UVE$4 observations (Progld 66-£180). Aston-
ishingly, the result is very good (Figl 7). We arriveTafy =41150K and logy=5.43
while the y? fit of Klepp & Rauch (201/1) results iTe; =40600K and logy=5.46.
This are deviations of about 1% iy and 7 % in logy, which is better than our ex-
pectation. The wider and irregular contour lines of THdAW-basedy? fit (Fig. [7)
are due to the fact that only about 300 iterations were peddrin contrast to about
800Qmodel in the grid of Klepp & Rauch (2011) and, thus, TRdAW models are not
homogeneously converged.

2yitraviolet and Visual Echelle Spectrograph at ESO’s VLT
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Figure 7. Formal &, 20, and 30 contour lines of the? fits in the T - logg
plane. K&R denotes the detailed models_ of Klepp & Rauch (R0TMAW the
TMAW models.

7.2. Conclusion and further improvements

The example of AA Dor shows clearly, theMAW models are well suited for the spec-
tral analysis of optical spectra. The calculation timesgnds viaTMAW are small
because of thédstroGrid-D computational power in the background. However, with
some improvements, we enhanced the reliabilityf AW models.

To ensure a reasonable calculation tifi®@AW uses adjusted, relatively small
model atoms (e.g. 207 NLTE levels and 498 lines, $éct. 4) aadunsold-Lucy tem-
perature correction (Unsdld 1968). This temperatureemtion is numerically stable,
but the structure dliers from one calculated with standard corrections (Fig.&8l-.
though both structures mainly agree in the line-formingaesg, the deviations are not
negligible. At logm> 0, the temperature structurestdr more strongly (Fig.l8) due to
the iron-group opacities that are considered inTMAP models. Iron-group opacities
will be considered byf MAWIin the near future.

To compensate this deficiency, we included additional daficun steps, first using
the standard temperature correction applied MAP and then increasing the number
of atomic levels in a subsequent line-formation step bygiam more detailed model
atoms (402 NLTE levels and 1652 lines in this example). Thkaltés shown in Fid.]9.
With these improvements, the accuracy is improved and tleellagion time rises only
slightly.
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Figure 8.  Comparison of thEMAP (thin, blue) andTMAW (thick, red) tempera-
ture structure Teg = 42000 K, logg=5.46). The black line shows the structure after
the post-calculation steps. The formation depths of the dores of hydrogen and
helium are marked.
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Figure 9. Comparison of theoreticalgHleft) and H5 (right) line profiles cal-
culated fromTMAP (thin, blue) andTMAP (thick, red) models Teg =42000K,
logg=>5.46). H3 (left) and H5 (right) are displayed because they are formed at dif-
ferent depths of the atmosphere (Fig. 8). TM@AP model shows additional metal
lines due additional species included. A rotational veloof 30 knysec is applied.
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