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1. Introduction

One of the best way to study physical and geometrical properties of gi@neesurrounding
the young stars is to perform the non-LTE modeling of the radiation comimg these regions and
forming emission spectra of the young stars. Reproduction of the emissisiirlisach component
of the circumstellar envelope permits one to probe a closest vicinity of thegystan unresolved
with telescopes up to the present time.

Herbig Ae/Be stars (HAEBES), as their low mass counterparts T Taud 6tarSs) follow
principally the same evolutionary scenario. It is known that TTSs pos$essy magnetic fields
and well developed magnetosphereR,(5 10R,). Their hydrogen emission spectra are formed
mainly in the gas accreting onto the star within the funnels created by field lintds ahagne-
tosphere (a magnetospheric accretion)(see, e.g., Hartmann et al. Nl@2drolle et al. 2001;
Kurosawa et al. 2006). The hydrogen and helium lines, veiling, and/idted radiation excesses
successfully confirm a prediction of the star formation theory for TTSs.

Unlike T Tauri stars, it is not well known whether Herbig Ae/Be stars pss& well-developed
magnetosphere. Their own magnetic fields are probably very weak: ewtyad Herbig Ae stars
(HAESs) with very weak magnetic fields on the order of a few hundred Sausieaker are known
(Hubrig et al. 2007; Wade et al. 2009; Alecian et al. 2013). HAEs ap@rrotators, they are
much more luminous, veiling in the spectra is absent. Hubrig et al. (2011) 20a48luded that the
magnetic field geometry can likely be described by a centered dipole with arpatametic field
strength of several hundred Gauss.

Therefore, questions arise:

e Which components of the complex, multicomponent environment of intermediateHeas
big Ae/Be stars are responsible for the line profiles?

e What is the role of the accreting regions in formation of the hydrogen emiks&s®
e What kind of accretion is expected: magnetospheric accretion or boulagar accretion?

o \What is the ratio between the mass loss rate of the disk wind to the accretion rate?

To answer these questions, we considered three components of theneremt of several
Herbig Ae/Be stars: a magnetosphere, a disk wind, and an accretion Tiske of five stars
considered were supported with infrared (IR) interferometric obtens

2. Accretion and outflow spectral signatures

Young low-mass and intermediate-mass stars were studied in detail spepicadly in all
spectral ranges (see, e.g., Grinin et al. 2001; Beskrovnaya & Rog0a4; Ismailov and Khalilov
2010; Grady et al. 2010; Eisner et al. 2010, 2015; Mendigutia et 4B)2@ close environment of
the Herbig Ae/Be star is rather complex. Analyzing only one line profile onénaadly understand
which mechanism prevails: accretion or outflow of the matter. A uniform mdtarthe line profile
behavior does not exist even at the known inclination of the star plus g&tkra to the line of
sight. The most powerful line in the spectra of young stars,lide, forms in the vast volume of
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Figure 1: Profiles of Hx, D1 Nal, and Call K lines in the spectra of UX Ori obtained with N@h intensity

of the line is normalized to an intensity of the continuum.

the circumstellar environment of the star. In some stars (e.g., AB Aur, MW th& line as well
as other Balmer lines permanently demonstrates a P Cygni type profile thata fgp the matter
outflow. In the spectra of other stars this line has a single or double-gpdakeprofiles. At last, in
the spectra of UX Ori type stars (UXORSs) Balmer lines demonstrate accfetitures. It is easy
to understand keeping in mind that UXORs are a subclass of the youngstrsearly edge-on
(Grinin et al. 1991). For them accretion features in such lines as H, &€a-& O and others are
clearly seen during the observations. One can see in Fig. 1 profilesrpDiHNal, and Call K
lines in the spectra of UX Ori obtained with Nordic optical Telescopes (NGFinin et al. 2001).
Moreover, the helium line Hel 5876 A is observed in HAEBES; very oftdrag a shape which is
typical for accretion of the matter onto the star. The presence of this lineecarplained with the
presence of the hot gas near the star surface. The gas can bewkatethe matter falls onto the
star and its kinetic energy transforms into the thermal one.

Non-LTE modeling of the different emission lines, namely, hydrogen, hetmah sodium
lines with the help of the various models of magnetospheric accretion haspleenmed by
Tambovtseva et al. (1999, 2001), Muzerolle et al. (2004), and Metidigt al. (2011). However,
none of existing model are able to reproduce the line profiles of the Balmies $&ving a Cygni
shape. P Cygni type profiles are successfully modelled with the help of theeatcentrifugal
disk wind model developed by Blandford & Payne (1982). A full desmipof the disk wind
model is present in the paper by Grinin & Tambovtseva (2011), a descrigtinagnetospheric and
boundary layer accretion models and results of modeling are presentgabes by Tambovtseva
et al. 2014, 2016a; Grinin et al. 2016). When modeling the IR IBre (2.166:m) together with
interferometric observables, we considered both emitting regions: a maphete and a disk
wind. Results of modeling are given in the following section.

3. Results of modeling

During few last years we performed the non-LTE modeling of thg Bdiation from mag-
netospheric accretion region and the region of the disk wind for threkigHée/Be stars: MWC
297, MWC 275 and HD 98922. Interferometric data were obtained with thEH.\Ry means of
VLTI/AMBER observations at high spectral resolution {R12 000), we studied interferometric
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visibilities, wavelength-differential phases, and closure phasessatresBy line of stars men-
tioned above. Our calculations showed that thg &mitting region cannot be so compact as the
region of the magnetosphere which extends only up to 2 - 2.5 stelar radiodiie rapid rotation

of Herbig Ae/Be stars. However, it can provide a small emission sourceetm#in contributor,
magneto-centrifugal disk wind. Our modeling shows that the disk wind is tivérdmt contributor

to the By line compared to the magnetosphere and inner gaseous accretion diskl{\&ti.
2011; Garcia Lopez et al. 2015; Caratti o Garatti et al. 2015).
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Figure 2: Calculated (solid line) and observed (dashed line)lke profiles in spectra of the stars: MWC
480 (a) and IL Cep (b). An intensity of lindgs normalized to an intensity of the continudg See details
in the text.

In the cases when spectroscopic observations were not supportetthevititerferometry we
modelled several emission lines of the Balmer series (the stars MWC 480 &ap)l(Fig. 2). The
observed H line profile for MWC 480 presented with the dashed line in Fig. 2a is the agdrag
one for several observational dates (full log of observations is phdaliby Tambovtseva et al.
2016b). This line varies from night to night, nevertheless, the shapeagfrtifile always has a
classical P Cygni or P Cygni lll type. ThedHine observed in the IL Cep spectrum is more stable
(Fig 2b, dashed line). Theoretical profiles presented in Fig. 2 are ebtaihinclinations within
a range of 47— 55° for MWC 480 and 40— 50 for IL Cep (i = 0° at the face-on viewing). The
model parameters are shown in the table.

It should be noted that the line profiles of the Balmer series are ratheas#isly reproduced
with the disk wind model without taking into account a radiation from the acaretme. First of
all, this points out to the fact that the radiation from this zone is significantlythessthat from the
disk wind region. Nevertheless, calculations of the emission of the UX Oei $ygrs seen nearly
edge-on, show that under such angles (e.g.and more for VV Ser) it is problematic to reproduce
the Bry line profiles only in the framework of the disk wind model. The IR/fine is more stable
than lines in the optics. As our calculations showed (Tambovtseva et al),2biine formed in
the regions closest both to the star and to the surface of the accretiotdisily, in HAEBES the
line profiles of this line are narrow and single (Kraus et al. 2008). This impfiat in the regions
of the line formation the gas does not have high radial and tangential vetocitie

What a region is able to form a narrow line with a low intensity? The radiatiom sach
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Figure 3: The star VV Ser. The Brline profiles forming in the magnetosphere (dot-dashed,linem the

disk wind (long dashed line). The total profile is shown withadid line and the observed one with a short
dashed line. An intensity of lindsis normalized to an intensity of the continudgn Inclination is 70.
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Figure 4: The Ha line profiles forming in hot surface layers of accretion disiclinations are from pole-on
(the narrowest profile) to 8Q(the widest one). An intensity of lindsis normalized to an intensity of the
continuuml.
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a region could complete a gap in the double-peaked profile originating in theviis region at
such inclinations. It may be 1) a bi-polar outflow of the almost non-rotatisg2jea remote photo-
evaporating disk wind, and 3) an accretion of the matter onto the stars inlthesg®ns restricted
with thin cones. Physical mechanism of the first outflow cannot be eagilgiaed because in the
young stars they are not powerful (e.g., Cranmer 1998), Zanni &kFar2009,2013). The second
type of outflow is physically understood and well known but, as our cdioulsa show (Tambovt-
seva et al, 2016a), the PBradiation is not enough to fill in the central gap in the line profile. The
third mechanism is physically well-founded; it produces a quite noticealbiewmdine. However,
such a narrow line points out to that the falling gas practically does not rotdiis result leads
to a hypothesis of a certain structure of the stellar magnetic faidnclined dipole The calcu-
lated Bly line profile in the spectrum of VV Ser is shown in Fig. 3. The line profiles o&tiimgy
in the different components of the star environment are shown with theatifféine types. The
short-dashed line refers to the observed line profile. The disk wind npademeters are present
in the table. The following parameters are present: boundaries of the giddaunching regions
w1 — wy Wherew is a cylindric radius in the units of the stellar radii; a half-opening afgjehe
ratio of the gas terminal velocity to the Keplerian velocity at the footpoint of @astiine (SL)
which can be constant for each SL or changes from one SL to antibenass ejection parameter
y which permits us to distribute the matter among streamlines in a different way; trelosas
rate expressed in units M. per year, an acceleration paramggen the radial velocity law, and
the gas temperature. Parameters of the accretion models are as followsistfiews from the
outer radiusx,y; = 3R, to the star surface within two cones having half-opening angesnd 6,y
equaled correspondingly to 1@nd 30. The electron temperatuiie changes with the distance
as

Te(r) = Te(R)(r/R.)~° (3.1)

wherea = 1/3 and the gas temperature the star surfla¢R.) = 8000K, R, the stellar radius. The
accretion rate was chosen as 30 'M.yr. A detail description of modelling one can find in
the paper by Tambovtseva et al. (2016a).

Star W — WN 6, Vo /UK Y My, B T

R, degree M yr—1 K
MWC 480 2-20 20 5 3 3x10% 4 10000
IL Cep 10-30 30 7 3 3x10% 3 10000

VV Ser 5-15 30 3/2/1/1 3 35x10% 2 10000

Table 1: Disk wind model parameters

Theoretical study of the radiation of the different hydrogen lines froereitcretion disk itself
revealed its very little contribution to the total radiation of thezBne and more noticeable con-
tribution to the radiation of the &l line. Figure 4 demonstrates thexHine profiles for the typical
Herbig Ae star forming in the hot surface layers of the disk heated up torigetatures of 10000
K by the hard radiation of the star. Details of modeling are present in the pgg@ambovtseva et
al. (2016a). The line profiles are shown for inclinatioricom O° (the narrowest profile in Fig. 4)
to 80 (the widest profile). The line intensity is small compared to the observed linesli® times
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and more but one cannot neglect it. It is necessary further investigatidhis field, in particular,
calculations of the thermal balance with a possible heating due to internaksour
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Figure 5: Diagram "Inner radius of the disk wind launching region wsllat luminosity" for HAEBES
considered. Data for the star HD 58647 are taken from Kurassval. 2016.

During our study of the Herbig AeBe stars we accumulated statistic data timaitieel us to
find some interesting consistency between parameters of the regions emittiadnydtiogen lines
and parameters of the stars. One of these results is present in Fig. Garosee that the radius of
the inner boundary of the disk wind launching region increases with théustémosity. In other
words, the launching region of the magneto-centrifugal disk wind is moweg avith the increase
in the luminosity. It can be probably explained with increasing effect ofdldétion pressure onto
the disk wind.

4. Summary

A magneto-centrifugal disk wind of Herbig AeBe stars is a dominant corigilia the hydro-
gen line radiation compared to the magnetosphere and inner gaseoti®aatisk. A contribution
of the accreting region into the hydrogen line emission is different for réiffestars. Magneto-
spheric accreting regions helps to explain triangle-likg IBre profiles.

Interferometry together with spectroscopy provide constraints to the npademeters and
give us an additional information about the star-plus-disk system.
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