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Abstract. We present an analysis 8JUSE spectra of HD 259431 and HD 250550, two young Herbig Be stars. Numerous
absorption lines of Kare seen in the spectrum of each star, revealing large amounts of this gas on the lines of sight. In addition,
absorption lines from atomic species ifffdrent ionization and excitation states are also identified. We demonstrate that all
these species probe the close circumstellar environment around the stars, with two or even three temperature components in
HD 259431, as revealed by molecular gas analysis. Although favouring the flared disk scenario, our results do not rule out the
possibility that we actually detect CS envelofedos around these stars.

Key words. stars: circumstellar matter — stars: pre-main sequence — stars: emission-lines, Be —
stars: individual: HD 259431, HD 250550

1. Introduction Vega-type stars, whose CS debris disks are believed to host
planetary bodies. This raises the possibility that the environ-

Repeated observations have shown that the pre-main §@g around the HAeBes represents an early phase of planet
guence (PMS) Herbig ABe stars (HAeBes) share many ProPsormation.

erties in common with the classical T Tauri stars (CTTS), of ) ) ) o

which they are often considered to be the higher mass counter-On the other hand, high spatial resolution mid-infrared ob-

parts. servations have shown that the emission observed in HAeBes is
However, while the characteristics of the CTTS are gené;}@nerally not confined to c_)ptically thick disks bgt rather comes

ally thought to be linked to the presence of massive accretif@Mm More complex environments (Polomski et al. 2002).

disks (UV and IR excess emission, optical jets, asymmetricf(ﬁgs'des* near IR speckle interferometry has demonstrated that

bidden lines, ...), the nature of the close environment of tH&/0S On an arcsec scale occur much more commonly around
HAeBes remains a matter of considerable speculation. HAeBes than around CTTS (Leinert et al. 2001); this latter re-

Evidence is accumulating that a significant fraction o%u;ts'ssivzjlg Aceol?r:e p;at_:_t;:g \;v;g;h(;axfell:\;eartii\;\o'mugonagiétitr?c?rrfhe
HAeBes present us with signatures of massive circumstgf- ' P y

lar (CS) disks. Millimeter-wave interferometric observationéz:t that halos are much more common around B-type than

have revealed elongated structures around several HAe ot O%e HAtiBebS ' S_lmlllar fm_dltngfs were tclalmed by Natta et al.

(Mannings & Sargent 1997, 2000), while coronagraphic imad- ) on the basis of mm interferometry.

ing in the near-IR, optical and UV domains has been performed The advent of far ultraviolet (FUV) observatories

successfully in a few cases (Pantin et al. 2000; Augereau etlike FUSEnow offers access to spectral lines that can directly

2001; Grady et al. 2001). In this context, HAeBes have gainadd dficiently probe the circumstellar environment of HAeBes.

a lot of interest as the possible precursorgde®ictoris and This is especially true for lines of molecular hydrogen, which
one would expect to be present if HAeBe stars have greatly ex-

Send gprint requests toJ.-C. Bouret, tended CS disks and if the lines of sight to the stars pass through

e-mail: Jean-Claude.Bouret@oamp. fr the disks. In that case, the Werner and Lyman electronic bands
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of H, may be observable in absorption between 950 A asd-called worm artifact, which produces a broad depression in
1150 A, projected against the UV continua of the stars. Thiee spectra and modifies the actual flux distribution longward of
detection of H absorption lines provides the most direct an#i150 A. To overcome this problem, we used the LiF1B data be-
most definitive measure of the gaseous content in the CS ehow 1150 A only, while above that wavelength we used LiF2A
ronment of HAeBes. segment scaled to the flux level IdE spectra of HD 259431

In addition, theFUSE domain contains several lines of(large aperture SWP data) where the two spectral energy distri-
highly ionized species like G1 and Ovi, which have been ob- butions overlap (over 30 A approximately).
served in the Herbig Ae stars AB Aur (Roberge et al. 2001) For HD 250550, the LiF2A and LiF1B segments have
as well as HD 100546 and HD 163296 (Deleuil, private comeughly the same flux level, although the LiF1B data are also
munication). These spectral lines directly probe regions efearly afected by the worm artifact. Hence, the LiF1B spec-
high temperatures above the stellar photosphere; the propettigm was used only to confirm the presence of the lines identi-
of these hot regions resemble those of the extended chrorfied in the LiF2A channel, not for the line profile analysis.
spheres modelled for a few HAeBes by Bouret et al. (1997) The co-added spectra of HD 259431 were rebinned by
and Bouret & Catala (1998) on the basis of optical and UY pixels, in order to increase the signal-to-noise ratio without
(IUE and HSTGHRS) data. degrading the resolution. The resulting signal-to-noise ratio for

We present hereFUSE spectra of HD 259431 andthe spectrum of HD 259431 &/N ~ 33 per spectral resolution
HD 250550, which were obtained for a program aimegiement at 1150 A, with detectable stellar flux down to 955 A.
at studying the occurence of hot and cold regions arougghilarly, the co-added spectra of HD 250550 were rebinned
HAeBes. In Sect. 2, we first present the observational matg 10, which yielded a signal-to-noise ratio 8fN ~ 16 per
rial and the data analysis method we have used. Section 3 degé®lution element at 1150 A; the stellar continuum is well de-
with the results we have obtained from our stellar modellingcted down to wavelengths shortward of 1000 A.
and a comparison with the known stellar properties. Section 4 | order to ensure as accurate a wavelength calibration as
is devoted to the analysis of the gaseous media on the lingygksible, the individual subexposures in e&HSE channel
sight to each star, whose results are discussed in Sect. 5.\fidte aligned using a linear cross-correlation procedure prior to

extensive discussion will be given in Sect. 6. co-addition. We used several photospheric lines as predicted by
models with appropriate parameters for each star (see details
2. Observations and data analysis in Sect. 3) to set the absolute wavelength scales of the spec-

) ~ tra in the stars’ reference frames. We corrected fibsads of

HD 259431 and HD 250550 were selected for this analysis act km s1 for HD 259431 and —10 knt4 for HD 250550, re-
cording to three major criteria: (i) a significant visual extincspectively; the resulting uncertainty in the wavelength calibra-
t'O”.AV: (ii) a high value ofV sini and (iii) a spectral type tjon js 1 kms? for HD 259431 and 5 knt2 for HD 250550.
earlierthan AO. _ The FUSE spectra of HD 259431 and HD 250550 exhibit

~ Thefirst criterion indicates that the star is surrounded by, ny narrow absorption lines, which correspond to electronic
significant amount of material. This is a mandatory conditiqf, hsitions from the ground level or excited fine structure levels
in order to search for the presence of &bsorption lines be- ot arious atomic species inftirent ionization states. Much
tween 950 and 1150 A, which are expected if these stars gfgaqer lines corresponding to electronic transitions of molec-
surrounded by massive circumstellar disks or envelopes. |5 hydrogen are observed in both spectra.

The Sicopd cr]ite_rlohn _enl_sllJrIe S th_at i SUCth(Sj_ dk'Sks are go as to better assess the nature of these lines and to help
prﬁ_sint, ;[ € |fr\1/e or sigt td|_s IKely th |r|1terce_tpt It' € disk, S'rc(ﬁsentangle purely stellar (i.e. photospheric) features from cir-
af 'r? va l,Je oV sintisin icative of a large inclination angle ;| stear angr interstellar (1S) ones, we undertook a detailed
0 tF(_a Stﬁl rsrr]otiauon axis. hat the FUV . modelling of the photospheres of both stars, with state-of-

inally, the last criterion guarantees that the FUV continyge, o photospheric models (see Sect. 3.1). This photospheric

of our target stars will be bright enough to serve as backgrouH] delling was also used to properly estimate the stellar contin-

|IIunT1|r?at|on forthe H spegtral Ilngs. BUSE on October 18 uum level, necessary in particular for the subsequent analysis
e two stars were observed wi on October 18—« o CSIS spectral lines.

19, 2001, and October 15, 2001, respectively. The data were

obtained with the 30 x 30" LWRS aperture, covering the

wavelength range 905-1187 A at a spectral _resolutidﬁ_@f 3. Stellar properties

15000. The spectra were reduced and calibrated using ver-

sion 2.2.2 of CalFUSE, th&USE pipeline processing soft- Stellar radial velocities in the heliocentric rest frame were mea-

ware. The total exposure time was 16.5 ks for HD 259431 asdred by Finkenzeller & Jankovics (1984),q=+43 kms?

9 ks for HD 250550, split into thirteen and three subexposur@$)dViaq=+31 kms* for HD 259431 and HD 250550, respec-

respectively. tively. The same authors also gave measurements of the ra-
For HD 259431, data for LiF2A segment do not reproductial velocities of the molecular clouds associated to each star:

well from one subexposure to the next, presumably becaus®/pt = +19.9 km s* for HD 259431 whileVyc = +16.2 km s*

a drift of the star over the course of the observation. On tfer HD 250550.

other hand, the flux level among the subexposures is more con-Projected rotation velocities of these stars were mea-

sistent in the LiF1B channel but the latter i§eated by the sured by Bhm & Catala (1995)V sini=90+ 8 kms? and
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V sini=110+ 9 kms? for HD 259431 and HD 250550, re-using the SNSPEC package of Hubeny & Lanz (1995). This
spectively. These values agree within the error bars with thasmle allows for an approximate NLTE treatment of lines
of Finkenzeller (1985). with LTE photospheric models (see SYNSPEC's User’s Guide
On the other hand, various estimates of the fundamerghttp://tlusty.gsfc.nasa.gov/ for details). The result
parameters of HD 259431 and HD 250550 have been pgjthis first stage is to determine the LTE model giving the best
posed over the past 20 years. Spectral typesTapcas dif- fit to the observed spectra.
ferent as B5 V, 15300 K (Garrison 1978), or B1 V, 25 700 K In a second step, NLTE photospheric models were con-
(van den Ancker et al. 1998), have been quoted for HD 25943tructed with the coderlusTy (Hubeny & Lanz 1995), using
As a consequence, estimates of the visual extinction towap@ameters from the LTE step as a starting point. This helped to
this star range widely fromA, =0.83 (Valenti et al. 2003) greatly reduce the parameter space we needed to explore with
to A, =1.61 (van den Ancker et al. 1998). HD 250550 hayLTE models.
been claimed to be either B9 V, 12300 K (Garrison 1978), or The main assumptions of LUSTY are a plane-parallel
B4-5V, 15800 K (van den Ancker et al. 1998). Here again, tiggometry, hydrostatic equilibrium, and radiative equilibrium.
estimates oA\, range from 0.5 (Hillenbrand et al. 1992) to 0.74¢epartures from LTE are explicitly allowed for a large set of
(Valenti et al. 2003). chemical species and arbitrarily complex model atoms. Line

These significant discrepancies have motivated a thorolRfiRCity is treated in detail using an Opacity Sampling tech-
modelling of the stars’ photospheres. This modelling enablBfiue- For this work we used close to 20000 frequency points
us to derive H column densities on the lines of sight by estioVer the whole spectrum, thereby ensuring a spectral resolu-
mating the stellar contribution to the observeddline profile. tion that is slightly higher than the observed data. Our blan-
This is an important step for our analysis of the/lS3jas com- kete_d,. NLTE .model atmosphergs include about 530 individual
ponent seen in oUFUSE spectra. To our knowledge, atomic@XPlicit atomic levels from 21 ions (H Her, Ci-m, N1-m,

hydrogen column densities are not available in the literatff-IL MgT-I1, Al1-IL, Sit-1, Fer-n). We computed models
for either star. with a solar composition. All model atmospheres assume a he-

To help in this task, we extracted spectra from thié lium abundancey = He/le 0.1 by number, and a microtur-
W.‘l_lent velocityé = 2kms-.

archives as well as from the spectral atlas of PMS stars co . .
piled by Valenti et al. (2000, 2003), which includes co-added ' -USTY solves for the full photospheric structure, provid-
low-resolution spectra for both the short-wavelength ran the temperature and density stratification and the NLTE
(1150-1980 A) and long-wavelength range (1900-3200 pulations. A detailed synthetic spectrum is then calculated
of IUE. Processing and analysis procedures for each ra SYNSPEC, varying If necessary the abundance of indi-

are described in Valenti et al. (2000) and Valenti et al. (200 ual speuesl(e.g., the/8 abundance ratlo)., or the micro-
respectively. turbulent velocity. However, we have always imposed that the

. . h heric turbulent velocity remains smaller than the photo-
Concerning thesdUE data, we note that the hlgh—p otospheric turbulent velocity remains smaller than the photo

. : b 1 )
resolution spectra from the archives clearly show that the s;;%%henc speed of sound (typicaliyoung < 12kmss7) for tem

: : . ! ratures around 15000 K.
trum of HD 250550 is much richer in CS absorption fe The fundamental parameters of our program stars were de-

tures than that of HD 259431. It is also worth mentioning th é : I

) _fermined considering the deredderiddSE andIUE spectral
HD 259.431 shows a ghallower 2200 A absqrptlon.feature. S'%Rergy distributions and line ratios between successive ioniza-
(1981) interpreted this as a clue that graphite grains larger ti}i':\on

: : . {1 states of various chemical species. Note that FUV spec-
0.02u are present around this star, since smaller graphite ng are insensitive to log Therefore, there is a degeneracy

particles, in Ia_rge enough amount, Wogld produce a deep a|the determination of log from our FUV modelling, which
sharp absorption trough around 2200 A. we reduced by using stellar masses and radii obtained by other
means (see below).
3.1. Determination of photospheric parameters To compare synthetic spectra witUSEandIUE data, we
chose to normalize the synthetic spectra at 3000 A rather than
Our targets are classified as B-type stars and thé&ctve in the V band. This reduces thefects of errors in the opti-
temperatures are most likely high enough for NLTE processgsl photometry, and helps better determine the stars’ extinction
to become important in their photospheres. Accurate determgiws in the UV, as shown by Boggs &dBin-Vitense (1989)
nation of the stars fundamental parameters, as well as pheifid THe et al. (1996). We refer the reader to those papers for
spheric line profiles fitting, therefore require modelling withnore details about the method and its results.
codes that explicitly allow for departures from LTE in the The observed spectra were dereddened using the Cardelli,
atmospheres. Since modelling with such codes is a higltyayton & Mathis (Cardelli et al. 1989) extinction law and
time-consuming process, the following strategy was adoptgdoptingR, = A,/E(B — V) = 3.1 in a first step. As noted
to speed up this step. earlier, very diferent values for the visual extinction have
Photospheric models were initially extracted from thkeeen published in the past. Most of them are based on pho-
Kurucz grid of LTE models (Kurucz 1994). The sub-grid thutometric measurements in the visible and IR (e.g., Hamann
obtained samples the parameters space 11000 K¢ < & Persson 1992; Hillenbrand et al. 1992; van den Ancker
20000 K with 500 K steps and.@ < logg < 4.75 with etal. 1998), and therefore their relevance for the UV and FUV

0.25 dex steps. Synthetic spectra were calculated in NLEEtinction law may be questionable. On the other hand,
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Valenti et al. (2003) published, values obtained by compar-visible in the FUSE spectrum are reproduced by the model,
ing IUE spectra of HD 250550 and HD 259431 with thoselearly highlighting the CS aridr IS components. Note, for in-

of stars of similar spectral types and very low extinction. Wetance, the prominentHbands in the spectrum, superimposed
adopted thesd,, values for our work but also allowed for anon the photospheric flux. This demonstrates the power of using
anomalous extinction law in the FUV, in other words, we let realistic photospheric modelling to estimate the proper level
E(B-V) andR, vary until a good match was obtained betweeaof the stellar continuum.

the theoretical and observed spectra. It should be noted hereThe higher value oR, (3.4) we obtain compared to that of
that the adopted value f&(B — V) has no &ect on the anal- ylenti et al. (2003), for a very similak, = 0.88, clearly indi-

ysis of the star's environment that we perform using the ngates that the extinction law departs from the standard interstel-
merous absorption lines (atomic and molecular) iNRRESE  |ar Jaw. This is not surprising for a young Herbig Be star like
spectra (Sect. 4). We checked that carefully by comparing cpip 259431, where CS dust grains with a size distribution dif-
umn densities measured on spectra corrected and not correfégqg from that of the average IS medium strongly contribute
for reddening, respectively. to scatter and screen the light from the star.

OnceTeff and AV are determined from the StepS outlined As a|ready po|nted out by Grady et al. (198B)E spec-
above (error bars ofiey are determined from g2 procedure ta of HD 259431 show P Cygni profiles in the Mgh &
from the fits), logy is obtained by two independant methods |ines, which is a sign of a significant stellar wind. At shorter
First, synthetic spectra with valuestf; andA, as determined \yayelengthsJUE spectra also show strong absorption lines
above and with various values of lggare compared with the of C1v 111548-1550 and $v 111394—1402 A, blueshifted
observed spectra, until a best fit is achieved. Second, steﬂ§rup to—400 kms?. This demonstrates the existence of re-
luminosities and radii are calculated frofgy and A, using gions heated to temperatures much higher thgrin the wind
HIPPARCOS parallaxes (van den Ancker et al. 1998; Bertogt HD 259431. This is similar to what is known of several
et al. 1999) and bolometric corrections from Flower (1996)ther Herbig A¢Be stars (e.g., HD 250550 and the prototyp-
Stellar masses and ages are then evaluated from the evolutiga- Herbig Ae star AB Aur); the usual interpretation involves
ary tracks of Palla & Stahler (1993), which were kindly progn extended chromosphere embedded in a stellar wind, which

vided to us by Dr. L. Testi. The values of Iggjetermined from is expected to produce h|gh|y ionized Species_
stellar masses and radii are in remarkable agreement with those, i ot comparison of our model with theUSE spec-

determined spectroscopically. trum makes clear that the observed line of tharGnulti-

A spectral type for each star is determined from 2@ plet UV 4 at 1175 A is slightly broader and stronger than the
tive temperature, by using the Schmidt-Kaler (1982) calibrgyre photospheric contribution. Given thesin i of the star,
tion. The error bars offer are, in all cases, well within the the six individual components of the multiplet (4t174.93,
dispersion around the meafiextive temperature ascribed to 311175.26 11175.59,41175.71,11175.98, andi1176.37) are
given spectral type by Schmidt-Kaler (1982). We are therefoganded together. Measured with respect to the rest wavelength
entirely confident that the spectral types we propose are indegdhe bluest component, the extra absorption appears to be
appropriate for the starstiective temperatures. The remaining)yeshifted by —305 knT$, which suggests that we are detect-
uncertainty lies in the Schmidt-Kaler (1982) calibration, but WRg a chromosphepwind contribution to the line.
have confirmed that stellar parameters from other sources, €.9-a weak emission line from @1 977 A may also be present,

those listed in Bessell et al. (1998) still yield the same SpeCtE?leerimposed on the stellar (photospheric) absorption line (see
types. Fig. 1). However, a small change-60.02 mag in theE(B - V)

The stellar parameters obtained from this analysis are Iis\%?ue we have used would shift the photospheric model above
in Table 1. this weak feature, thus invalidating this detection. Since our
determination oE(B - V) is 0.26'3:3%, we cannot go into much
details about this line and simply state that if real, the line shape

is consistent with a line formation occuring in an extended, hot,

As shown in Fig. 1, the dereddened spectral energy distri@tating envelope.

tion in the FUSE wavelength range is well reproduced by a SincelUE spectra clearly show strongi€ resonance lines
TrusTY model with values off ¢ and logg as determined in in absorption (Grady et al. 1988), a conspicuous emission from
the previous section once convolved with a rotational velocitige Cir 1977 resonance line would be expected in the FUV
of V sini=95+10 km s. Note that the detection of the stellarspectrum of HD 259431. Using a qualitative approach of the
continuum down to~955 A is indeed expected for a star witHine formation, we searched for the physical conditions re-
Ter =15900+ 200 K. We also checked that the same modglired to get weak (if any) @1 1977 emission and strong
yields a very good fit to thBJE data we obtained from Valenti C1v 111548-1550 lines in absorption. We found that thevC

et al. (2003) and that the hydrogen and helium line profiles pmesonance lines form in emission at temperatures higher than
dicted by the best fit model are fully consistent with observ&® 000 K for electron densities typical of Herbig Be stars winds
profiles in the visible range (Finkenzeller & Jankovics 1984jn. ~ 1 x 10'?). On the other hand, at slightly lower temper-
Therefore, we argue that the stellar parameters provided by #teres, these lines still form in absorption whilemds mostly
best fit model for HD 259431 (Fig. 1) are the most realistidepleted, and only a very wea®77 line can be produced, as
and accurate ones to-date. Almost all the photospheric featusbserved.

3.2. HD 259431
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Table 1. Astrophysical parameters of the stars, as deduced from the modelling oF & spectraV,,q are measured in the heliocentric rest
frame (Finkenzeller & Jankovics 1984).

Star Sp. Type Ter logg LogL. R M Vsini A, Age Viad
(K) (L) (R) (Mo) (kms™) (m) (Myr) (kms™)

HD 259431 B5 15900 4.30 2.52 24 44 930 088 <10 +43

HD 250550 B7 12800 4.20 2.19 25 3.6 1400 0.57 1.0 +31
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Fig. 1. Comparison between the dereddened HD 2593 $E spectrum (thick line) and arisTy model withTe; = 15900 K, logg = 4.3
(thin line). The model is convolved witll sini =95 kms?. Airglow lines are indicated witks symbols. The principal prominent absorption
troughs caused by molecular hydrogen are indicated throughout the spectrum.

Going to higher ionization potentials, no emission line8.3. HD 250550
from the Ovi 111032-1038 resonance doublet are apparent.
With the upper error bar o (B — V), we are still confident
that no Ovi lines are detected in HD 259431, as the correct Lo .
flux is still below the model’s flux in the doublet spectral rangd!iStribution in theFUSEwavelength range is well reproduced

The absence of high temperature emission may be due to o -2 TLusTY model with values offer and logg as deter-

lying absorption from molecular hydrogen: the amount of agjmed in Sect. 3.1, once convolved with a rotational velocity

I 1 ) )
sorption we find in Sect 4.2.1 likely is large enough to suppre%fsv sini=110+ 10 kms™. Note the detection of the stel

emission components in both lined,032 and11038 (see e.g. ar continuum down to-1000 A, as expecteq for a star V\.’ith.
Roberge et al. 2001 in the case of AB Aur for a lower moIecuIA—Fﬂ' =d12_t8r?0i ?OOIK' and thehs_trgng absorﬁtlcin featuzt;s, indi-
column density). On the other hand, since temperatures Iovffg}e with vertical arrows, which aré much stronger than pre-

than 90000 K are favoured by therC resonance lines beingg:Cted by the prototspheric n;qdel. Tr:jebo:iginvz\a/nd lnaturr]e ?(f d
in absorption, it is unlikely that ®1 is actually present in the ese prominentfeatures are discussed below. Ve also checke

; that the same model yields a very good fit to tb& data we
t lope. . .
stars envelope obtained from Valenti et al. (2003).

shown in Fig. 2, the observed dereddened spectral energy
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Fig. 2. Comparison between the dereddened HD 250888E spectrum (thick line) and arsTy model withTe = 12800 K, logg=4.2
(thin line). The model is convolved witl sini =110 kms?. Airglow lines are indicated witk symbols. The principal prominent absorption
troughs due to Klare indicated throughout the spectrum. The presence of wind features due &méfer N1 is evidenced by vertical arrows
in the LiF2A channel (between 1090 and 1180 A).

From the model, we derived an extinction law Wi(B — strong stellar windM = 3x 108 My yr1, V,, =450 kms?).
V) = 0.22+ 0.02 andR, = 2.6, and thug\, =0.57. The extinc- In the model, the temperature drops down very steeply after the
tion towards HD 250550 is therefore veryftdrent from inter- chromospheric region, and the outermost regions of the wind
stellar extinction. Our value fod, is in good agreement with are therefore isothermal' §,; = 3000 K). In this framework,
the value determined by Hillenbrand et al. (1992) from IR arttie blue peak\{ = +35 kms?) might correspond to a wind
optical photometry, while ouE(B — V) is similar to the value emission while the redmost peak € +375 km s?) would be
implied by theA, of Valenti et al. (2003), assumirig, =3.1.  produced by accretion onto the star. Indeed, we have checked

In the FUSE spectrum, a clear emission line due t¢hat, in the chromosphere wind model by Bouret & Catala
Cm 977 A is present in the SiC2A channel (see Fig. 2). TH&998), the line forms in emission and reproduces well the ob-
line is double-peaked, having a well-marked central depregrved blue peak of the line. As a matter of fact, this blue peak
sion that is redshifted by300 km s with respect to the rest corresponds to the emission component of a P Cygni profile
wavelength in the star’s rest frame. The blue peak is redshifiebose blueshifted absorption component is not seen because
by +35 kms?, while the red one is at375 kms®. A broad of the very low level of the continuum below 977 A. The red
emission wing extends farther to the red, up~@80 A (i.e. peak and its broad wing, on the other hand, suggest that an ac-
+1000 kms?), making the total width of the linAV =~ tive phase of (magnetospheric) accretion (e.g., Muzerolle et al.
1350 km s®. While a detailed modelling of the processes lea@001) was underway at the time of deld SEobservation.
ing to the formation of emission in @ is beyond the scope of A comparison of the TusTy model and the LiF2A spec-
the present paper, the observed behavior can be interpretetiim near 1175 A shows clearly that the observad @nulti-
the context of the chromospheric scenario proposed by Boupét 4) line is mostly non-photospheric. The line is very broad,
& Catala (1998) to account for the formation of P Cygni prawith AV ~ 1000 kms®. Given the highV sini of the star,
files at Hr and Mgt h & k, and Civ 1141548-1550 lines in the six individual components of the multiplet are blended to-
absorption. The model assumes that an extended chromospbetier. Measured with respect to the rest wavelength of the
of moderate temperaturé fax = 20 000 K) is embedded in abluemost and redmost component, the blue and red side of
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the observed profile are located/aVye ¥ —360 kmstand  Zf "7 T T 7T

AVied * +270 km s, respectively. The chromospheravind
model, established through the modelling 0ivCi111548— 10
1550, Hy, Mg 112795-2802, predicts that the line should.
form as a blueshifted absorption line. The blue edge of this ptp- 8
file, which indicates the wind’s maximal velocity in the line for-§
mation region, is at-320 kms?. This is in fairly good agree- ’3 6
ment with the velocity measured fori€ 11175, given that no @
adjustments were made to the model, for the specific casecof
these new data. On the other hand, the theoretical line is notgas
strong as the observed one, which suggests either thatrC
excited states is not predicted correctly by the chromospheric?
model or that significant amounts of this ion are located on the !
line of sight and are produced byfi¢irent mechanisms. op MV = o
The 11032 component of the @ resonance doublet is -600 -400 -200 0 200 400 600
clearly present in the LiF1A spectrum of HD 250550, while '
the 11038 component is completely suppressed by broad Fg. 3. Fe lines observed b USE at 1145 A (top curve) antUE
absorption lines near 1037 A and 1039 A. The complex sha@e2586 A (bottom curve). The-axis shows velocities in the star's
of the 11032 Ov line cannot result from the superpositiorfest frame. They-axis is in units of 10** ergscm?s™* A~ (fluxes
of H, lines on a more regular, but clearly non-Gaussian emgt corrected for reddening); tH&JSE spectrum was shifted upward

sion line profile, as these Hines correspond to hig-levels by +7 for the sake of clarity. The lines show the same overall structure,

. amely a blueshifted, broad, component and a narrow component ob-
(J > 4) that are not seen in other parts of the spectrum. ngrved at the star’s velocity (dashed line) iEeand N12D lines are

velocity shifts of the two peaks of the profile and the cenyanged with the Fa line in theFUSEdata.

tral trough,A Ve ~ +90 kms?, AViougnh  +400 kms?

and AV,eq ~ +630 kms?, respectively, make the observed

line profile reminiscent of the @1 1977 profile. On the other if some of the other atomic species detected in the spectrum

hand, it is rather unlikely that the @ line is optically thick, (see Sect. 4.1.2) present such wind components in addition to

as it should be if it was indeed formed in the massive wird@e CS components at the star’s velocity, we are unable to detect

of HD 250550. The similarity with the profile of 1 1977 them as they all fall within those produced byIkeTherefore,

is likely fortuitous and the line may rather form in magnetwe cannot rule out the possibility that these species also form

ically channelled accretion onto the stellar surface. In this r@artly in the wind of HD 250550.

spect, it is worth noting that our analysis of the absorption lines

of Fell and Fair present in the I-_|D _250_559US_Espectrum 4. Analysis of the stellar environment

(see Sect. 4.1.2) shows that the ionization ratio between these

two ions is such that temperatures higher than 20000 K &&ce the purely stellar analysis was completed, we undertook

ruled out for the wind; this is an independant confirmation thatthorough analysis of the narrow absorption lines present in

the chromospheric model of Bouret & Catala (1998) is an athe two spectra that are not accounted for by the photospheric

equate description of HD 250550. Therefore, a wind origin fanodels. These absorption lines correspond to electronic transi-

the Ov1 line is unlikely since temperatures of a few’I are tions from the ground level, as well as fine structure or excited

required to ionize @. levels. The spectra also show numerous lines from molecular
The presence of a strong stellar wind is also furthéydrogen.

strengthened by the strong absorption features in LiF2A seg- The analysis of the absorption lines in the observed spec-

ment. These features most likely correspond to fine structire was performed using the wWENS package, written by

transitions of Far formed in the wind of HD 250550. ILJE Dr. M. Lemoine (see Lemoine et al. 2002)W@NS is a versa-

data, the Fa lines around 2600 A show the same structutile profile fitting program, which treats all the lines of a given

(see Fig. 3), namely a broad, blueshifted, absorption compan simultaneously, throughout all of tiJSE spectral chan-

nent. An additional narrow component is observed at the stan&ls, when necessary. Intrinsic line profiles for atgioitc

velocity and likely corresponds to CS gas. ThEE lines are species are modelled by Voigt profiles and are further con-

easier to interpret as they are less severely blended with eaglved with a Gaussian to simulate the instrumental line spread

other than those in thEUSE range. The maximum blueshiftfunction. The continuum is locally fitted with polynomials (of

measured on the Relines, both inFUSEandIUE spectra, is up to 14th degree, if necessary). We used FUV wavelengths

AV ~ =350 kms?, i.e., fully consistent with a line formation and oscillator strengths tabulated by Morton (2000). Electronic

taking place in the wind. Note that one of these broad wirtchnsitions of H were modelled using data tabulated in Abgrall

features corresponds to ther iplet near11135, the others et al. (1993a,b), Abgrall et al. (2000) and Balakrishnan et al.

to Fen excited and fine structure lines. Because of the sev¢i®99).

blends we have mentioned, the modelling oftHaes forma- For each ion angr molecule (CS gand IS), y? fit-

tion in stellar winds is a complex task, which we plan to undeting of unsaturated aror damped lines provides estimates of

take in a forthcoming paper. Finally, we checked carefully thte corresponding column densities. Radial velocities can be

NIZD

Fell«
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measured on unsaturated lines, while intrinsic line widths (de- that the theoretical wavelength of this transition may be

noted herein by) are usually determined from saturated lines. wrong.

Our estimates of these quantities are tabulated adopting conserfel — Several absorption lines arising from ground and ex-

vative 2r error bars. cited levels up to 977 cn are observed (see Fig 4a), al-
For each element and ionization stage, we have measuredowing a complete analysis of this ion in terms of column

the column density in the fierent energy levels, on the basis densities, radial velocity ania

of the profile fitting procedure described above. The procedure Felll — This ion is, roughly, as abundant asiE& he pres-

is illustrated in Figs. 4a and 4b for the specific case ofiFe ence of such an ion in the CS environment of a B5 V star

in HD 259431 and HD 250550, respectively. implies that a significant source of non-radiative heating
Tables 2 and 3 summarize our results. Detailed comments exists in the vicinity of the star. This ion must be pro-
on the individual species follow below. duced by collision processes involving relatively dense gas.

Indeed, the photoionization threshold fromiFéo Fern
) ) is high enough (16.19 eV) that it requires photons short-
4.1. Atomic species ward of 766 A, where the stellar flux of a 15900 K star like
4.1.1. HD 259431 HD 259431 is virtually zero.

— NI — No column density could be measured fon.N
Although the full resonance triplet is seen, each one of
the three components is saturated. No transitions from ex1 2. HD 250550
cited levels are seen; this could be a consequence of the
higher Te¢ of HD 259431, which perhaps shifts the ion- — N1 — The strongest line of the resonance triph135, is

ization balance towards W NI lines in theFUSE spec- observed. The other two components are canceled by strong
tral range that might confirm this speculation coincide with saturated lines from the stellar wind. Numerous lines aris-
strongly saturated photospheric lines. ing from the first two excited levels are seen. Because the

We measured a radial velocity for the three saturated but only resonance line available is saturated, the total column
still reasonably sharp lines of the resonance triplet; these density of NI we derived from the excited levels must be
lines are redshifted by about 15 knt§see Table 4). considered as a lower limit.

— O1- Resonance lines and fine structure lines from this iorr O1 — None of the few Q resonance and fine struc-
fall in the FUSE bandpass. The flux level and signal-to- ture lines within theFUSE wavelength range is observed
noise ratio of the spectrum in the LiF1A are high enough in HD 250550. This is also true for th&1152.15 line from
that we can detect absorption lines from the three lowest the first excited level, which lies at the bottom of a highly
energy levels. We also detect the metastatiEs2.15 line saturated wind line from He (see below). The detection of
from the first excited level (at 15867.86 ch). All O I lines [O1] 6300 A line by Bshm & Catala (1994) suggests that
are saturated. Line fitting with one component yields thision must nevertheless be present in the environment of
damped lines and very high values for the column densi- HD 250550, but unfortunately we cannot claim a detection
ties (1& times higher than Fcolumn densities) which are  on the basis of oUFUSEdata.
incompatible with the general properties of CS or IS media~ P11 — Same comments as for HD 259431.

Our y? tests on the column densities favour two component Clt and Chi — In contrast to HD 259431, we detect
models. fairly large amounts of Ql and Clit in the spectrum of

— P11 — Two resonance lines and several lines from the first HD 250550.
two fine structure levels of Rare observed. For the ground — Ar1 — The two Ar resonance lines in thEUSE domain
level and the fine structure level at 469.12¢nthe col- are observed. One is saturated, the second is not. This is
umn densities were estimated from the unsaturated lines ata favourable situation that allows us to accurately estimate
1142.9 Aand 1159 A. Saturated lines arising from the same the gas column density, the intrinsic line width and radial
levels were used to derivevalue. All of the lines from the velocity from only two lines.

first fine structure level (at 164.90 c®) are unsaturated. — Mn1 — Three weak and unsaturated resonance lines of
— Ar1 - Two Art resonance lines fall in thEUSE spectral Mn 11 are observed. Same comments as for HD 259431.
range and are observed in HD 259431. Two components Fell — Because of the presence of the strong stellar wind,
are required to fit the lines (same comments as for Qut as described in Sect. 3.3, we have not used the photospheric
both lines are saturated, preventing accurate measurementsnodel to estimate the stellar continuum level at the wave-
of the radial velocity and column density. lengths of these lines. Instead, the apparent continuum was

— Mn1 — Three resonance lines of Nirare observed within fixed locally using polynomials, as illustrated in Fig. 4b.
the LiF2A channel. These lines are weak and unsaturated. Two components are needed to fit thenFbnes in the
One of them, at 1164.208 A, is characterized by a larger HD 250550 spectrum. Lines from the ground and excited
radial velocity shift than the other two. The same phe- levels up to 3117.46 cm are observed for one component,
nomenon is observed in tHBUSE spectra of HD 250550  while only transitions from levels up to 667.68 chare
(see below) and HD 100546, another Herbig star (Deleuil, detected for the second one. In a few cases, as for levels
private communication). The discrepancy strongly suggests at 2430.10 cm and 2837.95 cnit, the column densities
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Fig. 4. Examples of fits of lines from atomic species. The observed spectra (thin line) are not corrected for reddeningeN$hprofile fitting
procedure fits the stellar continuum (dashed line) by a polynomial, the intrinsic line profile (dotted line), and the resulting profile (thick line).
a) LiF1B spectrum of HD 259431 around 1154 A. Note that several species fededit excitation states can be fitted in the same spectral
window. b) LiF2A segment of HD 250550 around 1145 A. TherFknes are blended with the red wing of a prominent wind feature that
extends blueward, up to —350 krit$see Fig. 3).

could not be derived properly, as most of the corresponding As far as atomic hydrogenis concerned, we took advantage
lines are saturated. of IUE spectra to model the lyline. Despite the presence of
— Fer — The resonance line at 1122.53 A falls at the bottom strong contamination by geocoronalaLgmission, we see
of a strong absorption feature and is not observed. On theme weak emission at the bottom of the observed liye.
other hand, lines from excited levels are clearly detectethis emission is redshifted with respect to the rest wavelength
For levels at 436.20 cm and 1027.30 crit, the column (A1 = 052 A, i.e.AV ~ 130 kms?) and most likely corre-
densities of Far could not be reliably estimated, the masponds to the red component of a double-peaked profile pro-
jority of the lines from these levels being saturated. Samdeiced in the rotating chromosphere of the star. The expected
comments as for HD 259431 concerning the collisional oftlue component in Ly is not seen because it is blended with
gin of this ion. geocoronal emission. The emission is weak enough that we can
safely neglect it when measuring the column density of inter-
. stellar neutral hydrogen; using our photospheric model, we find
4.2. Atomic and molecular hydrogen N(HI1)=1.6 x 10?* cm™. This result was checked and con-

. firmed by using theUE spectrum of a main-sequence analog,
The FUSE spectral range contains the Lyman (8 X) and HD 25340, as a template instead of our model. As expected,

Werner (C— X) systems of molecular hydrogen, which all lie . S -
in the spectral region between 844 and 1126 A. In this wavt(t;-e derivedN(H) is insensitive to the adoptdzvalue.
length band, the observed lines correspond to electronic tran-

sitions. As expected, the far-UV spectra of our stars, whieh2.2. HD 250550

are significantly reddened, exhibit a wealth of kbsorption . . )
H> lines are detected up to = 0, J = 4. Higher rotational

lines, although the contributions from molecular hydrogen di . ; el
fer widely from one star to the other. J-levels and vibrational levels are beyond the detection limit,
Col densities for individual level dwi ecause of the steep decrease in flux and lower signal-to-noise
olumn densiues for individual levels were measured Wiy, of the data caused by the later spectral type of this star.

the program GVENS. For each spectral window of interest, "Werhe low signal-to-noise ratio is responsible for the rather high

fit all avallaple lines arising from all or an;v-level_s 5|mglta? ncertainty in the determination of the column density of these
neously. This serves to decrease the errors which arise in Ltlv

continuum level because of overlapping wings of adjacent lines Quite surprisingly for a star showing 1G or even
(see Fig. 5). 2r error bars on column densities were estimate(gV P gy 9

through ay? procedure. Results from this fitting process aré Ilines, Lyo emission is not detected in high resolutibre
gh ax” p ' gp spectra (Blondel et al. 1993). This might be an observational
tabulated in Table 3.

bias, since, for stars earlier than Al and later than B3, the stel-

lar continuum flux is bright enough around 1215 A to hinder
4.2.1. HD 259431 the detection of Ly emission. Yet, as pointed out by Blondel

et al. (1993), the fact that no byemission is detected means
We have identified bllines correspondingtd = 0toJ = 9in that chromospheric Ly photons are fully absorbed in the ex-
the ground vibrational state, with a line wilh= 10 marginally tended CS envelope formed by the stellar wind. The modelling
detected. Moreover, transitions arising from various rotationafl HD 250550 (see Sect. 3.3) helps establish the total interstel-
levels (as high ad = 5) in the first excited vibrational state oflar absorption due to hydrogen, N{H= 9.0x10?° cmi~2. Here
the ground electronic state are also detected. again, the column density is insensitive to the adoptedlue
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Table 2. Summary of the column densities of various the atomitable 3.H, column densities with 2= error bars.

species present in the spectra of HD 259431 and HD 250550 and anal-

ysed with OVENS.

HD 259431 HD 250550
Element Energy levels N N
(cm™) (cm) (cm)

NI 0.00 S b

NI 19224.46 a 4.37229 % 101

NI 28838.92 a 21903 x 101

ol 0.00 o -a

ol 158.26 b -2

ol 226.98 b -2

ol 15867.86 b -2

Pl 0.00 1.78120x 10'6  7.59'1%6 x 10'

Pl 164.9 269172 x 10" 2.8874 x 1013

Pl 469.12 3.63197x 108 1.00°28° x 10

Cll 0.00 -2 1.5825% x 104

Cll 882.35 2 1.26'52% x 104

clh 0.00 A 1.00°2%2 x 10'

cli 696.00 2 151195 x 10'°

Clh 996.47 2 1.58'39% x 104

Arl 0.00 b 3.9898% x 10"

Mn Il 0.00 47922 x 101 1.580%8 x 101

Fell 0.00 1.991% x 10" 2.88255 x 101 @
3.02987 x 1017 @

Fell 384.79 1.91290 % 10*  1.58729 x 10 @
1.86'95¢ x 10 @

Fell 667.68 176030 x 10 1.26°353 x 106 @
3.89%46 x 101 @

Fell 862.61 1.26028 x 104 1.200%0 x 104 @

Fell 977.05 3.98% x 10" 1.00021 x 10 @

Fell 1872.57 a 191974 x 10" )

Fell 2430.10 a SO

Fell 2837.95 a S

Fell 3117.46 a 1.66'525 x 10'° )

Fe lll 0.00 e -a

Fe lll 436.20 b b

Felll 738.88  6.76728x 10 3.55793x 10

Fe Il 932.40 251132 x 104 2.00288 x 10

Fe lll 1027.30  2.6%% x 10' b

a8 Lines not observed.

b Lines observed but strongly saturated.
First component from the fitting process (see text for details).
Second component from the fitting process.

a
(2

HD 259431 HD 250550

H. v N N
(cm?) (cm?)

J=0 0 25108 x10° 471528 x10"8
J=1 0 17820 x107° 1.2992 x 10'°
J=2 0 5.013%1x10"® 4.9038 x 10
J=3 0 7.022%8x 10" 3.89%32x 10
J=4 0 8.96375x 10" 1.82311x 10"
J=5 0 5.70182x 10"
J=6 0 5513 x 104
J=7 0 1.42557x 10"
J=8 0 3.41332x10°
J=9 0 6.255%x10°
J=0 1 28255 x 102
J=1 1 1178398 x 104
J=2 1 1.082%x 10"
J=3 1 1.702% x 10%
J=4 1 1.232%x 10"
J=5 1 912927 x 108
TotalH, (0) 4.34}2x10°° 1.81°95x 10
TotalH, (1) 6.34235x 10

are somewhat higher than the usual ones ftfugé molecular
clouds but are compatible with typical values for circumstellar
envelopes.

The molecular hydrogen abundance is sensitive to the
formatiorydestruction equilibrium of K in diffuse gas,
where FUV radiation competes with the formation of dust
grains to determine the relative abundances goflH terms of
the total column densities of Hand H, the fraction of hydro-
gen atoms in molecular form is given by:

f(Hz) = 2N(H2)/(2N(H2) + N(H 1)).

This quantity directly expresses the number of hydrogen nu-
cleii bound into H. Therefore the observed molecular fraction
is a measure of interaction between formation and destruction,
and it can be modified both by reduced formation rate on dust
grains and by enhanced photo-dissociating radiation.

For HD 259431 and HD 250550 we find th&t, = 0.35
and fy, = 0.04, respectively. In the first caséy, is slightly
lower than values found for stars with simil&(B — V) that
have been observed wiBOPERNICUSrFUSE(e.g., Savage
etal. 1977; Gry et al. 2002), while it is suprisingly low for a late
Herbig Be star like HD 250550. Note that for the AO V star

and is unchanged if we use a main-sequence star template A8-Aur, Roberge et al. (2001) measured a molecular hydrogen
servation instead of a theoretical model.

5. Discussion

fraction fy, = 0.31, which is very close to our estimate for
HD 259431. The much lower molecular fraction in HD 250550
may indicate a lessfigcient formation of H molecules on dust
grains in the CS environment of this star, as photo-dissociation

Results from the analysis presented in the previous sectiim$ess dicient in HD 250550 than in the hotter HD 259431.
provide us with the fundamental quantities required to dé-quantitative modelling, using the methods described by Gry

termine the total column density of hydrogen atos =
N(H1) + 2N(H,). We obtainNy (HD 259431)= 2.5x 10?1 cm2

et al. (2002) or Tumlinson et al. (2002) would allow further
investigation of this issue, but is far beyond the scope of the

andNy (HD 250550)= 9.4x10?°cm™2. These column densitiespresent paper.
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Fig. 6. Excitation diagram for K in HD 259431. The slope for the
Fig.5. Example of fit of H lines in the observed spectrum ofcolumn densities of the low-levels (fromJ = 0 to J = 3) is much
HD 259431 (solid, thin line). The WENS profile fitting procedure fits steeper than for the highar € 0, J = 4-9) levels and vibrationnally
the stellar continuum (dashed line), the intrinsic line profile (dottaskcited levels. This reveals both cold and warm components with three
line), and the resulting profile (thick line). Up to nine lines are fittegifferent kinetic temperatures (see text).
together on this plot. The Hevels are marked H20 fov & 0, J = 0),
H21 for » = 0, J = 1) etc. Art and Falt lines are also present in this
range and are labeled at the top of the plot. be located within 3.8 AU from the star while the cold com-
ponent should be at and beyond 43 AU. The moderate velocity
shifts (from+13 kms* to +18 km s, see Table 4) we observe
5.1. HD 259431 in the H; lines are compatible with this interpretation.

Figure 6 presents the excitation diagram corresponding to Concerning the atomic species, the scatter of the radial ve-
the H, column densities derived from oEUSE spectrum of locities (see Table 4) is such that any conclusion about the
HD 259431. This plot shows that three temperatures are nee@&fiS nature of the gas is bound to be tentative. Many of
to fit the measurements. The= 0 levels up tal = 3 are con- these species, like g Femr and Pi1, show several absorption
sistent with a kinetic temperature Bfs = 92+ 5 K, which is  lines corresponding to electronic transitions from fine struc-
higher than the typical temperature of théfdse 1S medium ture levels. This favors a CS (wafiwt medium) rather than
(Gry et al. 2002). Higher = 0 levels, with 4< J < 9, and an IS (cold medium) origin for this component, despite the
the vibrationally excited = 1 levels are compatible with ther-moderate redshift by about 15 kimtswith respect to the star.
mal equilibrium at much higher temperaturesig = 1312+ Furthermore, we have checked that these species cannot orig-
250 K andT -1y = 1329 + 280 K, respectively. Note that theinate from a Hi region in the vicinity of HD 259431 since
very presence of absorption lines of vibrationally excited lewata from the ESO Online Digitized Sky Survey show no such
els in the spectrum of a mid-B star is generally regarded as#l region towards the star. This further strengthens a CS ori-
indication that warm Klis present on the line of sight. gin for the atomic gas component.

These results favour an interpretation in terms of multi-
temperature components for the gas, much like what was fo
for the later AO V star AB Aur on the basis of near-IR obse%]%' HD 250550
vations of the CO molecule (Brittain et al. 2003). Accordinghe excitation diagram of Hplotted in Fig. 7 shows that the
to these authors, the CO emission is best interpreted as cdnatevels are thermally populated upJdo= 3. The column den-
ing from two places in a flared CS disk around the star: @jties of the thermalized levels are consistent with a single tem-
a hot gas componenT (~ 1500 K) at the inner rim of the perature offp3 = 129+ 15 K. This value is slightly higher than
disk, i.e., beyond 0.5 AU from the star; (ii) a cold gas comwhat we found for HD 259431 for the same levels, and up to
ponent T ~ 100 K) located at distances8 AU and farther twice what was found for AB Aur (Roberge et al. 2001). The
out from the star. We refer to this paper for details about tihemainingd = 4 level departs from kinetic populating at this
data and their interpretation in the framework of the flared-dis&mperature. This level could be thermalized at a higher tem-
model of Dullemond et al. (2001). It is also worth mentionperature in a multi-temperature scenario or populated through
ing that the mid-IR observations of HD 259431 by PolomskiV-pumping. Spectra with higher/S ratio would be required
et al. (2002) are consistent with a model of a moderately flarexdsearch for highed-levels in order to constrain the excitation
CS disk. These authors also concluded that the large-scalemocesses.
tended emission they observe likely originates from transiently Assuming that H is essentially thermalized abs, we can
heated dust grains. The mean temperature they measuredifar the critical density by Le Bourlot et al. (1999) to derive a
the surrounding dust envelope (over 1700 AU) is 270 K. volume density for this gasi,(HD 250550)2 1.9x 10° cm 3,

Scaling the Dullemond et al. (2001) results to HD 25943Mhe ratio of the measured,Holumn density to this volume
luminosity, we find that the two hot components of should density yields an estimate of the typical radial extension of the
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Table 4.Estimations of total column densities, radial velocities and line widths of each element identified in HD 259431 and HDR58E50
spectra. Radial velocities are given in the stellar rest frame.

HD 259431 HD 250550
Element N Viad b N Viad b
(cm?) (kms?) (kms) (cm?) (kmst) (kms?)
Hy (v=0) 4.34{%1%2 x 1070 13.0ﬁ:g 4.5f8:g 1.81f2:gg x 1010 —1.03(7) 5.6ﬁ8:g
Hy(v=1) 6.34115x10% 160+01 4503
Fell 2521810  14.4%1 6.610 30718 x107W 069D 36280
3069Lx107@ 52920 63
Fe Il 9.5337 x 10  18.0°%% 430 3751%¥x 10 4.4%7 3.893
NI 1502 5.505 6.56'25] x 10' 3.2%9 6.05%
Pll 1.797122x 10 13.07%3 4502 2.057185 x 101 3.633 6.304
Mn i 47922 x 104 17.0'28 1.589% x 10'5 1.2'48
Arl 3591 M 398989 x 10t -7.698 4.5%°
6593
ol 5.1:98 @
4552@
Cli 2.847078 x 101 3.028 2.2:94
clh 2.67°219 x 105 1.0°%2 4.8'9°

@ First component from the fitting process (see text for details).
2 Second component from the fitting process.

<F i T " {D 250550 3 These results concerning the absorption lines arising from
j the atomic species andyHre hints that the gaseous material

we detect is actually orbiting the central star. Indeed, whether

the gas is inside a CS disk or an envelope, the observed specie:

1 are expected to have their absorption lines observed very close

3 to the radial velocity of the star, which is clearly the case

i for HD 250550. On the other hand, the issue regarding the

4 spatial distribution of this material is far from being settled.

i Spectro-polarimetric observations of HD 250550 by Vink et al.

3 (2002) show that a rotating flattened structure exists around the

1 star, much like those observed for AB Aur, for which unam-

biguous detections have been reported by Mannings & Sargent

(1997); Grady et al. (1999); Millan-Gabet et al. (1999). On the

log (N/g)

0 500 000 s other hand, repeated observations have failed to detect a CS

Energy (K)

disk around HD 250550 (@&im & Catala 1994; Corcoran &
Fig. 7. Excitation diagram for KHin HD 250550.J = 4 level depart Ray 1997). These results favour a spatial distribution of the CS
from a kinetic population &fos ~ 130 K. material in an extended halo surrounding the star, much like

those emphasized for Herbig Be stars by Natta et al. (2000)

region containing bl We find that this absorbing region ex-and Leinert et al. (2001).

tends roughly over 7 AU. The fact that the radial velocity of H

is very close to the stellar velocitg{1 km s*l_) is a strong clue 6. Summary and discussion

that the molecular hydrogen we observe is bound to the star.

These properties indicate that we are probing a dense circirheFUSEdata we have analysed reveal complex environments
stellar environment which is a remnant of the molecular clowtound the young Herbig Be stars HD 259431 and HD 250550.
that collapsed to form the star. Similarly, all the atomic speci&s the latter case, emission lines frommCand Ov1 are ob-
detected in thEUSEspectrum have their radial velocities closserved, showing the presence of very high temperature re-
to that of HD 250550 (see Table 4), within the uncertainty igions &300000 K) around the star. Appreciable absorption
the wavelength calibration. Since they also show lines arisitiges of H, are seen in each star, in agreement with their
from excited levels, which are rarely found in the IS mediu&(B — V), revealing large amounts of this gas on the lines
(especially for Fer and Far), this further confirms that the of sight. Similarly, numerous absorption lines from atomic
gas must be in the close vicinity of the star. species in dferent ionization and excitation states are present
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in the spectra. In both cases, these molecular and atomic linestract NAS5-32985. We thank Sean Andrews for assistance with the
are observed at or near the stars’ radial velocities, thus suggésta reductions and David Ehrenreich at Johns Hopkins University for
ing that they probe the close CS environment around each sigiprocessing the pipeline data for us. Dr. Leonardo Testi is also ac-

The observation and measure of the gaseous contdfpwledged for his help in calculating ages and masses of HD 250550
both in molecular and atomic phases is important for Oapd HD 259431 from stellar evolution models. Dr. Jacques Le Bourlot

. . . acknowledged for providing his calculations of &titical densities
understanding of the evolution of the CS environment (%)us. T.S. acknowledges support by NASA through the FUSE guest

Herbig AgBe stars. Indt_eed, the detection_ of gas in CS eDpserver program to the University of Hawaii.

velopeghalos would confirm the structuralftérences between

Herbig Ae and Herbig Be stars emphasized by Natta et al.

(2000). In their study, these authors concluded that Herbig Be

stars having stronger radiation fields, their CS environmdRgferences

evolve faster, which especially translates into a rapid depleti@Bgrall, H., Roud, E., & Drira, |. 2000, A&AS, 141, 297

of the CS disk material. As a consequence of this faster evbgrall, H., Roudf, E., Launay, F., Roncin, J. Y., & Subtil, J. L. 1993a,
lution, the average Herbig Be stars are slightly younger thanA&AS, 101, 273

Herbig Ae stars at the time we observe them. Therefore Alpgrall, H., Roud, E., Launay, F., Roncin, J. Y., & Subtil, J. L.
is more likely to find larger amounts of remnant circumstel- 1993b, A&AS, 101, 323

lar material surrounding the stars, since less time is availaﬁlégzr:a;é;-%' Lagrange, A. M., Mouillet, D., &eMard, F. 2001,
to accrete or disperse it. In this scenario, it is expected that " ==

the CS material ispmostly concentrated at the outer zdges of ik akrishnan, N., Forrey, R. C., & Dalgarno, A. 1999, ApJ, 514, 520
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close circumstellar environment and distributed in more or Ieégsse” M. S. Castelli F. & Plez B. 1998. ARA. 333 231

spherically symmetric envelopes. Blondel, P. F. C., Talavera, A., & Tjin A Djie, H. R. E. 1993, A&A,

In this context, we note that HD 250550 and HD 259431 268, 624
which are 1 Myr old or younger (see Table 1), are indeed muBbggs, D., & BsShm-Vitense, E. 1989, ApJ, 339, 209
younger than Herbig Ae stars like AB Aur, HD 163296 an8ohm, T., & Catala, C. 1994, A&A, 290, 167
HD 100546 (2.5 Myr, 6 Myr, 10 Myr, respectively) which areBohm, T., & Catala, C. 1995, A&A, 301, 155
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