Research Repository UCD

Title The circumstellar environment of HD 50138 revealed by VLTI/AMBER at high angular resolution
Authors(s) Koutoulaki, Maria-Kalliopi, Garcia Lopez, Rebeca, Natta, A., Coffey, Deirdre, et al.

Publication date 2018-06-22

Publication information Koutoulaki, Maria-Kalliopi, Rebeca Garcia Lopez, A. Natta, Deirdre Coffey, and et al. “The

Circumstellar Environment of HD 50138 Revealed by VLTI/AMBER at High Angular
Resolution.” EDP Sciences, June 22, 2018. https://doi.org/10.1051/0004-6361/201832814.

Publisher EDP Sciences

Item record/more http://hdl.handle.net/10197/11144
information

Publisher's version (DOI) 10.1051/0004-6361/201832814

Downloaded 2026-05-01 23:36:44

The UCD community has made this article openly available. Please share how this access
benefits you. Your story matters! (@ucd_oa)

© Some rights reserved. For more information


https://twitter.com/intent/tweet?via=ucd_oa&text=The+circumstellar+environment+of+HD+5...&url=http%3A%2F%2Fhdl.handle.net%2F10197%2F11144

A&A 614, A90 (2018)
https://doi.org/10.1051/0004-6361/201832814
© ESO 2018

tronomy
Astrophysics

The circumstellar environment of HD 50138 revealed by
VLTI/AMBER at high angular resolution*

M. Koutoulaki'2, R. Garcia Lopezl, A. Natta'3, A. Caratti o Garatti!, D. Coffeyz’l,
J. Sanchez-Bermudez*, and T. P. Ray'

I Dublin Institute for Advanced Studies, 31 Fitzwilliam Place, Dublin 2, Ireland

e-mail: mariakout@cp.dias.ie

2 School of Physics, University College Dublin, Belfield, Dublin 4, Ireland
3 INAF/Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, 50125 Firenze, Italy
4 European Southern Observatory, Alonso de Cordova 3107, Vitacura, Santiago, Chile

Received 12 February 2018 / Accepted 23 April 2018

ABSTRACT

Context. HD 50138 is a Herbig B[e] star with a circumstellar disc detected at infrared and millimeter wavelength. Its brightness makes
it a good candidate for near-infrared interferometry observations.

Aims. We aim to resolve, spatially and spectrally, the continuum and hydrogen emission lines in the 2.12-2.47 micron region, to shed
light on the immediate circumstellar environment of the star.

Methods. VLTI/AMBER K-band observations provide spectra, visibilities, differential phases, and closure phases along three long
baselines for the continuum, and H1emission in Bry and five high-n Pfund lines. By computing the pure line visibilities, we derive the
angular size of the different line-emitting regions. A simple local thermodynamic equilibrium (LTE) model was created to constrain
the physical conditions of H1 emitting region.

Results. The continuum region cannot be reproduced by a geometrical two-dimensional (2D) elongated Gaussian fitting model. We
estimate the size of the region to be 1 au. We find the detected hydrogen lines (Bry and Pfund lines) come from a more compact region
of size 0.4 au. The Bry line exhibits an S-shaped differential phase, indicative of rotation. The continuum and Bry line closure phases
show offsets of ~—25 + 5° and 20 + 10° respectively. This is evidence of an asymmetry in their origin, but with opposing directions.
We find that we cannot converge on constraints for the Hi physical parameters without a more detailed model.

Conclusions. Our analysis reveals that HD 50138 hosts a complex circumstellar environment. Its continuum emission cannot be
reproduced by a simple disc brightness distribution. Similarly, several components must be evoked to reproduce the interferometric
observables within the Bry line. Combining the spectroscopic and interferometric data of the Bry and Pfund lines favours an origin
in a wind region with a large opening angle. Finally, although we cannot exclude the possibility that HD 50138 is a young star our
results point to an evolved source.

Key words. techniques: interferometric — stars: winds, outflows — stars: emission-line, Be — stars: individual: HD 50138 — infrared:

stars — stars: pre-main sequence

1. Introduction

The evolutionary nature of Herbig B[e] stars is as yet unclear.
They are intermediate mass stars (2-10 M), showing permit-
ted and forbidden emission lines as well as a large infrared
excesses, but they may be either pre-main sequence or evolved
stars. Although there are many studies addressing the prop-
erties of the dusty outer disc, there are only a few on
the gas component of the disc, in particular of its inner
structure. This requires milliarcsecond resolution, and so far
there have been only a few cases where Herbig Ae/Be and
evolved BJe] stars at high spatial and high spectral resolution
have been studied (e.g. Kraus et al. 2008; Weigelt et al. 2011;
Caratti o Garatti et al. 2015; Garcia Lopez et al. 2015, 2016).
These studies have mostly focused on the H1 Bry line, which
is the brightest emission line in the K band in Herbig stars.
The emission of this line was initially associated with the ac-
cretion process through an empirical relation (Muzerolle et al.
1998; Calvet et al. 2004) but recent near-infrared (NIR) interfer-

* Based on observations collected at the European Southern Obser-
vatory Paranal, Chile (ESO programme 096.C-0293 (A)).
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ometric observations have shown that it can in part be emitted
in a wind (Weigelt et al. 2011; Garcia Lopez et al. 2015, 2016;
Caratti o Garatti et al. 2015).

The star HD 50138 (MWC 158, V743 Mon, IRAS 06491-
0654) is a Herbig Ble] star and is one of the brightest B[e]
stars in the southern sky. Its stellar parameters are shown in
Table 1. It is not associated with any star-forming region but it
might be part of the Orion Monoceros molecular cloud complex
(Maddalena et al. 1986). It is located at a distance of 340 +47 pc
(Lindegren et al. 2016). The evolutionary status of this source is
not clear. On the one hand, the star has been considered as a pre-
main sequence object (Morrison & Beaver 1995). On the other
hand, it has also been classified as an evolved object close to
turn-off from the main sequence (Borges Fernandes et al. 2009).
A reason to consider it a young star is because some infall signa-
tures in the spectrum are present, but the fact that it is located far
away from a star-forming region makes this criterion alone sus-
pect. Moreover, its observed variability in the ultraviolet (UV)
(Hutsemekers 1985), which is associated with an outburst or a
shell phase (Andrillat & Houziaux 1991), is more often found in
post-main sequence evolution.
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Table 1. Stellar properties of HD 50138.

Parameters Value Reference
RA (2000) 06 51 33.40

Dec (2000) —-06 57 59.5

Spectral type B8 1

K (mag) 4.32 mag 2
Mass 6 M, 3,5

d 340 =47 pc 4

L, (1.2+£04)x 10°Lg 5

R. 7.0+ 2.1R, 5

T 13000 K 5

References. (1) Gray & Corbally (1998), (2) Lazareft et al. (2017),
(3) Borges Fernandes et al. (2009), (4) Lindegrenetal. (2016),
(5) Ellerbroek et al. (2015).

HD 50138 has a spectral energy distribution (SED) typical of
Herbig Be stars (Ellerbroek et al. 2015). Polarimetry studies find
evidence of a circumstellar rotating disc (Oudmaijer & Drew
1999; Harrington & Kuhn 2007, 2009). The inner disc regions
have been imaged using NIR interferometry and found to be
highly asymmetric (Lazareff et al. 2017; Kluska et al. 2016),
possibly changing with time (Kluska et al. 2016). HD 50138 has
a strong Bry emission, which has also been spatially resolved
with interferometry, and it appears to originate in the inner disc
region (with size of 1.5 mas, Ellerbroek et al. 2015).

In this paper, we present NIR interferometric data of the in-
nermost circumstellar environment of HD 50138. The observa-
tions and data reduction are discussed in Sect. 2 and the results,
discussions, and conclusion in Sects. 3, 4 and 5 respectively.

2. Observations and data reduction

HD 50138 was observed using the VLT-Interferometer (VLTI)
with the beam combiner AMBER (Astronomical Multi-BEam
combineR; Petrov et al. 2007) on the 23 December 2015. The
observations were performed using the 8.2 m unit telescopes
(UT) with the configuration UT1-UT3-UT4, resulting in pro-
jected baselines (PBLs) and position angles (PAs) of 60m,
100 m, and 130 m, and 216°, 112°, and 63°. Due to non-optimal
weather conditions, the observations were performed without
the fringe tracker FINITO (Fringe-tracking Instrument of Nlce
and TOrino; Gai et al. 2004) and at medium spectral resolution
(R ~ 1500, Av ~ 200 km s~!). The spectral coverage in K band
is in the range of 2.126 um to 2.474 um. The details of the obser-
vation are given in Table 2.

The data were reduced using the software package amdlib
v.3.0.8! (Tatulli et al. 2007; Chelli et al. 2009). A standard frame
selection was performed of 20% of the frames with the high-
est fringe signal-to-noise ratio (S/N). In order to calibrate the
transfer function, the calibrator star HR 2552 was used. The
wavelength calibration was refined using the telluric absorption
lines present in the spectra of both the target and the calibra-
tor. In addition, the spectrum of the calibrator was used to cor-
rect the target spectrum for telluric features and instrumental
response.

! The AMBER reduction package amdlib is available at:
http://www. jmmc. fr/data_processing_amber.htm
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3. Results
3.1. Interferometric observables

Our HD 50138 observations provide us with a spectrum, three
spectrally dispersed visibilities, three differential phases, and one
closure phase (Fig. 1).

The spectrum shows continuum emission, as well as Hi
emission lines of bright Bry and faint high-n Pfund (from
level n = 24 to n = 19). This is in contrast to previ-
ous studies that detected only continuum and Bry line emission
(Ellerbroek et al. 2015; Borges Fernandes et al. 2009). The Bry
peak-to-continuum ratio is ~1.5, with a full width at half max-
imum (FWHM) of ~250 kms~!; that is, it is marginally spec-
trally resolved. The profile is symmetric, in agreement with pre-
vious observations of this source at higher spectral resolution
(Av ~ 25kms~!; Ellerbroek et al. 2015). The Pfund emission
lines are weaker and their widths are consistent with that mea-
sured in Bry, with line-to-continuum flux ratios of 5% to 10%.
Fluxes are reported in Table 3.

Visibility values of the continuum are close to zero, indicat-
ing that it is spatially resolved. Low visibility values of ~0.24,
~0.09, and ~0.13 are measured for the PBLs 60 m, 100 m, and
130 m, respectively. Meanwhile, the visibility values of the Hr
emission lines are higher than those of the continuum, indicating
that the line-emitting region is more compact than the contin-
uum. Correcting for the continuum contribution gives the pure
line visibility (Fig.2), which provides a clearer picture of just
how compact the H1 emitting region may be.

A strong differential phase signature is detected across the
Bry line in all three baselines, indicating a significant displace-
ment of its photocentre with respect to the continuum. All three
baselines show the familiar S-shaped curve characteristic of ro-
tation. No differential phase signature is detected in the Pfund
lines.

Finally, a strong closure phase signature of ~—25 + 5° in the
continuum emission and —12 + 3° in Bry emission is measured,
indicating point-like asymmetry. No closure phase offset is
detected in the Pfund lines.

3.2. Geometric fitting

In order to estimate the size of the continuum and line-
emitting regions a two-dimensional (2D) elongated Gaus-
sian fitting model was used. Due to our limited uv cover-
age, we rely on literature values of an inclination angle of
i=56° and a position angle of the major axis of the disc
of PA=71° (e.g. Borges Fernandes et al. 2011; Ellerbroek et al.
2015; Kluska et al. 2016). These values were estimated using
different interferometric instruments and better uv coverage.
From the fitting we obtain the half width at half maximum
(HWHM) of the brightness distribution.

3.3. Continuum emitting region

The three continuum visibilities cannot be fitted by a geometric
2D elongated Gaussian-disc model. The difficulty arises because
the position angle dependence of the visibilities cannot be repro-
duced by a simple elongated brightness distribution. Instead, the
continuum visibility measured on the 100 m baseline is lower
than that measured for 130 m. Therefore, our continuum visibil-
ity measurements along with the large offset in the closure phase
signal indicate that the geometry of the system is very complex,
and may result from the contribution of several components with
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Table 2. Log of the VLTI/AMBER observations of HD 50138 and calibrator HR 2552.

Object Observation Time uT¢ Baseline PA Spectral Wavelength DIT¢ UD

name date Start End array range mode® diameter?
(m) ©) (um) (s) (mas)

HD 50138 23 December 2015 05:54 06:25 UT1-UT3-UT4 100/60/130 216/112/63 MR-K 2.12-2.47 0.2

HR 2552 23 December 2015 06:25 06:30 UT1-UT3-UT4 100/60/130 216/112/63 MR-K 2.12-2.47 0.2 0.65+0.04

Notes. @ Unit telescope, ’ medium spectral resolution in K band without using the fringe tracker FINITO, ) detector integration time per
interferogram,  uniform-disc diameter derived from the software package SearchCal from Jean-Marie Mariotti Center (JMMC).

spatial extensions highly dependent on the position angle and
baseline length of the individual observations.

In the context of such complexity, we estimate the size of the
continuum-emitting region by deriving a value for each base-
line observation (Fig. 3, left panel). The stellar component con-
tribution was removed from the visibilities assuming a stellar-
to-total flux ratio (in the K band at 2.16 um) of F,/F = 0.08
(Ellerbroek et al. 2015). The estimated sizes for the continuum-
emitting region are given in Table 5. The HWHM values range
from 1.8 mas (~0.61au) for the longest (130 m) baseline to
3-3.4mas (1-1.15au) for the remaining two baselines. It is
worth noting that the sizes derived from the fitting (HWHM) of
individual visibility points give us the projection of the whole
brightness distribution of the object on that specific baseline and
position angle and not the object size at a specific position angle.

3.3.1. Bry line-emitting region

The fact that the Bry line emission is both broad and bright al-
lowed us to extract pure line visibilities in a total of five spec-
tral channels across the Bry line. To estimate the pure line
visibilities we followed the method described in Appendix C
of Weigelt et al. (2007). We also corrected for intrinsic photo-
spheric absorption lines using a B-type stellar template.

Figure 2 (left panels) shows these values plotted along with
the original visibilities of Fig. 1, for comparison. The value of the
Bry pure line visibility across the line profile remains constant
within the error bars. We report average values of 0.75 + 0.14,
0.51 +£0.06 and 0.41 +0.07 for the 60 m, 100 m, and 130 m base-
lines respectively (Table4). We note that values decrease with
increasing baseline length. A geometric model-fitting of a Gaus-
sian for each individual baseline visibility value was conducted,
for ease of comparison with the continuum (Fig. 3, centre and
left panels). HWHM values ranging from ~1.0 to ~1.3 mas were
found, that is 0.34-0.41 au. Notably, if the three Bry pure line
visibilities are fitted simultaneously with a 2D Gaussian, a size of
1.00 + 0.13 mas is found, corresponding to 0.36 + 0.05 au. This
result is consistent with the range of values obtained from the
individual fittings. Similarly, correcting the closure phase for the
continuum contribution reveals an offset of ~+20°+10° (Fig. 2,
left panels: the pure line closure phase have been computed by
using the method also described in Appendix C of Weigelt et al.
2007). This offset is opposite in direction to that derived for the
continuum.

3.3.2. High-n Pfund line-emitting region

The derived pure line visibilities for the Pfund emission are
shown in Fig.2 (right panel). Values across all lines are con-
sistent within errors. Therefore, in order to achieve a higher
accuracy in estimating the size of the Pfund emitting region,

Table 3. Correlated fluxes of H1 emission lines.

Emission line Flux
(1071 ergs s™! cm™?)

Bry 81+1.20
Pfund 24-5 2.6 +0.76
Pfund 23-5 2.1+0.63
Pfund 22-5 2.8 +0.84
Pfund 21-5 3.2+0.96
Pfund 20-5 3.2+0.96
Pfund 19-5 6.7 +0.80

Table 4. Continuum and pure line visibilities.

Baseline  Continuum Bry Pfund
(m)
60 0.239 £ 0.004 0.75+0.14 0.58 +0.15
101 0.092 £0.002 0.51 +£0.06 0.48 +0.10
130 0.135+0.003 0.41+0.07 049=+0.13

Notes. For the Bry emission the visibility of the peak of the line is
recorded, while in the case of the Pfund lines a weighted mean average
value of the lines is reported. The Bry and Pfund pure line visibility
values of this table are shown in Fig. 2.

we calculate the weighted-mean of the six Pfund visibili-
ties for a given baseline. The resulting three Pfund pure line
visibilities (Table 4) then allowed a Gaussian fit to esti-
mate the size of the emitting region. We find a Pfund line-
emitting region of size r~0.3—-0.57au. This is very close
to our value for the size of the Bry line-emitting region of
r~0.34-0.41 au (Sect. 3.3.1).

4. Discussion
4.1. Morphology and kinematics

The picture emerging from our observations is of a highly com-
plex and asymmetric circumstellar environment in the immediate
vicinity of HD 50138.

Our continuum visibilities for the longest baseline agree
well with reports of an inclined circumstellar disc of radius
~2mas, based on multi-epoch VLTI/PIONIER interferometric
observations of this source in the H band (Kluska et al. 2016;
Lazareft et al. 2017). However, our shorter baseline visibilities
give a continuum size almost twice as large. Interestingly, this
larger size is very similar to that derived from K-band AM-
BER interferometric studies of this source giving a continuum
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Fig. 1. Spectra, visibilities, differential phases and closure phase for each baseline observation, of the Bry line (/eft) and high-n Pfund lines (right).
The dashed lines correspond to the systemic velocities of the lines. Flux is normalised to the continuum.

Table 5. Sizes (HWHM) of the emitting regions.

Baseline Continuum Bry Pfund
m mas au mas au mas au
60 3.00 £ 0.09 1.03 +0.03 1.22 +0.23 0.41 +0.08 1.7 +0.41 0.57 +0.14
101 3.40 +0.15 1.15 £ 0.05 1.11 £ 0.12 0.38 + 0.04 1.16 £ 0.15 0.37 £ 0.06
130 1.80 + 0.02 0.61 = 0.006 1.00 £ 0.18 0.34 +0.06 0.89 +0.19 0.30 + 0.06

Notes. An inclination of 56 + 4° and a position angle of the major axis of the disc of 71 + 7° (Borges Fernandes et al. 2011) were inputs in the 2D
elongated Gaussian model. The continuum is corrected for the stellar contribution.

size (after correcting for the stellar component) of ~3.4mas (2015) utilise a greater number of shorter than longer baselines
(Ellerbroek et al. 2015). It should be noted, however, that the and so are unevenly weighted. Overall, it seems that the dif-
best-fit models of Lazareffetal. (2017) and Ellerbroek et al. ferent sizes derived for the continuum-emission region in the
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Fig. 2. Spectrum, and pure line visibilities for each baseline observation of the Bry line (left) and high-n Pfund lines (right). The dashed lines
correspond to the systemic velocities of the lines. For clarity, the dashed lines were removed for the Pfund visibility plots. The visibilities of Fig. 1
are overplotted, for comparison. The continuum-corrected closure phase for the Bry line is also plotted, and accompanied by an overplot of the
closure phase of Fig. 1. No offset in closure phase for Pfund was detected in Fig. 1, and so no plot is made here of the continuum-corrected closure

phase for Pfund.

various studies point to a complex and variable geometry of the
HD 50138 circumstellar environment.

The differential phase signature across the Bry line presents
a clear S-shape, which indicates that the gas is rotating. In the
case of a rotating disc, which is not fully resolved, the differen-
tial phase signature acquires an S-shape profile with maximum
amplitude measured when using baselines aligned with the disc
major axis. To test if this rotating gas originates close to
the disc surface (either from the disc surface itself, or at the
base of a rotating disc wind), we examine the Bry profile
for consistency with a disc in Keplerian rotation. Assuming a

distance to HD 50138 of 340 pc, the Bry emission originates in
a region which extends out to about 0.4 au from the star. At
this distance, the Keplerian velocity of the disc is ~100kms™!
(assuming i = 54°). We find that our measured HWHM of the
Bry line is roughly this value, and thus supports an origin from
rotating gas near or on the disc surface. Indeed, a model of
the disc in Keplerian rotation provided a good fit to previously
reported high-resolution AMBER data (Ellerbroek et al. 2015).
However, such a model alone fails in reproducing some of our
interferometric observables, namely, a large offset in the contin-
uum closure phase signal (Ellerbroek et al. 2015), as well as the
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Fig. 3. Single 2D Gaussian fitting of visibility versus spatial frequency, for the continuum, Bry line and Pfund lines, respectively. Each point
was fitted individually, and a size was estimated from the HWHM, Table 5. Above, left panel: continuum visibilities corrected for the stellar
contribution. The errors are too small to be seen in the plot; middle panel: Bry pure line visibilities; right panel: averaged Pfund visibilities.

offset in the Bry closure phase signal detected here for the first
time.

The large offset of ~—25° in the continuum closure phase
signal is evidence of a significant asymmetry in the circumstel-
lar structure. Previous reports of this asymmetry interpreted it
as an unevenly illuminated asymmetric disc with the eastern
side much brighter than the western side, based on multi-
epoch VLTI/PIONIER H-band observations (Lazareff et al.
2017). Other studies modelled the asymmetry as a bright spot
that moves around the star, based on two-epoch reconstructed
images (Kluska et al. 2016). Time-variable asymmetries are in-
deed common in Ble] stars (Okazaki 1991; Carciofi et al. 2009;
Schaefer et al. 2010). Long term variability (i.e. on decade
timescales) is often explained by the development of a one-
armed spiral superimposed on a circumstellar disc (Okazaki
1991; Papaloizou et al. 1992). This spiral density wave precesses
with the disc rotation, producing a difference in brightness be-
tween the two sides of the disc. Such a scenario could account
for the large offset in the continuum closure phase signal, along
with the aforementioned S-shape in the Bry differential phase
signature. Indeed, this explanation has been proposed for other
Be stars (Schaefer et al. 2010; Oktariani et al. 2016).

However, there is also an offset of ~+20° in the Bry closure
phase signal which, similarly, indicates an asymmetry. Confus-
ingly, this asymmetry is in a direction opposite to that of the
continuum asymmetry. A possible scenario could be the pres-
ence of an outflow in which one lobe is much brighter than the
other. This could be for instance produced by the presence of a
hot spot in the stellar surface which leads to a preferred ejec-
tion direction (Humphreys et al. 2002). Other possible scenar-
ios include the presence of a binary emitting in Bry line, or an
axisymmetric wind in which part of the emission is blocked by
the (optically thick) disc. None of these scenarios would, how-
ever, reproduce the S-shaped Bry line differential phase. Asym-
metries of the continuum and the Bry line-emitting regions
have been reported in evolved stars (see, e.g., Meilland et al.
2013; Driebe et al. 2009). The similarity of our results with these
previous reports seems to imply that HD 50138 is an evolved
star.

Our interferometric observables make a clear case for the
complexity of the continuum and Bry line circumstellar envi-
ronment of HD 50138 which is difficult to interpret with our sin-
gle epoch observations. From our analysis, we see that no single
component can simultaneously explain the two closure phases
and the S-shape of the Bry profile, but instead we find we must
evoke multiple components. Providing meaningful constraints
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on this complex system demands improved coverage, both in the
uv-plane and temporally, as well as higher spectral resolution.

4.2. Hi physical conditions

The simultaneous detection of the Bry and Pfund lines allows
us to provide additional information on some of the physi-
cal properties of the emitting region. First of all, the combi-
nation of the flux of the Bry line and the size of the emitting
region derived from our interferometric data shows that the Bry
line is unlikely to be optically thick. Assuming an area of the
emitting region of 1.12 x 10%®cm? and a correlated flux in
the line of ~8 x 1072ergs™' cm™2, a simple black-body esti-
mate gives a temperature value of about 2200 K. At this tem-
perature, assuming an LTE level population, the Bry line will
be optically thick only for unrealistically large column densi-
ties (i.e. Ng = 103! cm™2). At the same time, the ratio of the
Pfund line fluxes over Bry (~5—10%) seem to rule out the lines
forming in a recombination cascade. Namely, in Case B recom-
bination (Baker & Menzel 1938; Storey & Hummer 1995) this
ratio is never larger than 1-2% even for temperatures as high
as 30000 K. We adopt a very simple model for the Hrt emitting
region, namely an isothermal, constant density slab. Assum-
ing that the level populations are in LTE and a line width of
250kms~!, we compute a grid of solutions on the (T, Ny) plane
to be compared with the two constraints provided by our obser-
vations: the Bry flux and the flux ratios of Pfund lines to Bry.
These values depend on the temperature 7', column density Ny,
and the size of the emitting region (r ~ 0.4 au) as derived from
our interferometric data. The locus of the points that reproduce
the observed Bry flux is shown as a red solid line in Fig. 4. The
coloured solid curves represent the locus of the (7, Ng) points
that reproduce the observed values of the ratio of the Pfund over
Bry fluxes, assuming that the emitting region is the same for all
the lines. From Fig. 4 it is clear that there is no set of (7', Ny) val-
ues that simultaneously reproduce the Bry flux and the Pfund to
Bry line ratios within the 30 uncertainties of our measurements,
with slightly better agreement for low 7 and high Ny. For fixed
Ny, the region emitting the Pfund lines must be slightly hotter
than that emitting the Bry line.

A possible explanation of this result is that the Pfund lines
form in a region where both T and the gas density vary along
the line of sight, as expected in an outflow where the density
decreases and the temperature increases moving away from the
star. The similarity of the projected sizes in a system with the
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Fig. 4. Locus of the column density of neutral hydrogen (Ny) and tem-
perature (7) that best reproduce the fluxes of Bry and the Pfund 19
(Table 3). The red solid line is for Bry while the blue solid line rep-
resents the ratio of the Pfund 19 over the Bry. The dashed lines are the
30 uncertainties plotted only from one side. The ratios of the other
Pfund lines are not plotted because they are very similar to that for
Pfund 19.

inclination of HD 50138 suggests that the outflow probably has
a relatively wide opening angle.

Kraus et al. (2012) present AMBER interferometric obser-
vations of the B[e] star { Tau (T, =19370K, Log L,/Ls=3.9),
which include Bry and four Pfund lines from n=19-5 to
n=22-5. In { Tau the Pfund lines come from a smaller region
than Bry by a factor of approximately two and they are brighter
relative to Bry than in HD 50138. Those authors modelled the
Pfund lines using a simple, LTE configuration with power-law
radial gradients both in temperature and column density, follow-
ing Stee & de Araujo (1994) and Carciofi & Bjorkman (2008).
If we apply a similar model to HD 50138 at 0.4 au from the star
we expect T ~ 4000 K and Ny ~ 10?! cm?, which cannot explain
our observations. Detailed models, which include non-LTE
effects (e.g. Carciofi & Bjorkman 2008), are required before any
firm conclusion can be reached.

5. Conclusions

We report observations of the Herbig B[e] star, HD 50138,
using VLTI/AMBER interferometric observations in the K band
at medium spectral resolution. Our observations allowed us to
map the size of the continuum emission and of the Bry and high-
n Pfund lines. The latter is detected for the first time. Our results
reveal that the circumstellar environment is very complex.

Morphologically, the continuum was found to be well
resolved, but could not be reproduced using a symmetric Gaus-
sian disc model for the brightness distribution. Nevertheless, a
projected size of 0.6—1 au was estimated. The H1 lines are more
compact than the continuum-emitting region; a projected size of
~0.4 au was estimated. Both continuum and Bry line were found
to trace an asymmetric origin but, confusingly, with opposing
directions of asymmetries. Various possible scenarios are dis-
cussed, but nothing could be concluded without better uv-plane
sampling.

Kinematically, the Bry line presented a signature consistent
with Keplerian rotation, and supporting the case for an origin
close to the disc surface (either in the disc surface itself or at the
base of a rotating disc wind). No such signature was detected for
the Pfund lines, possibly due to the lower S/N.

The Hr1 physical conditions were investigated by applying a
simple model to the H1 line fluxes and their sizes. We conclude
that the Bry line is optically thin and traces a wind with a wide
opening angle.

Although we cannot exclude the possibility that HD 50138 is
a pre-main sequence star, the similarity of our results with stud-
ies of evolved stars favours an evolved status also for HD 50138.
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