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Abstract. Herbig Ae/Be stars (HAeBes) are the intermediate-mass analogs of low-mass T Tauri stars. Both groups present IR
excess that is related to circumstellar disks. The morphology and variability of emission lines that are formed in the circumstellar
environment of young stellar objects can be used as tools to understand the physics of the accretion/ejection processes. In general,
the magnetospheric accretion model can be applied to the T Tauri stars, that are known to have magnetic fields strong enough to form
a magnetosphere, but since few HAeBes have magnetic fields detected, one cannot say HAeBes have a similar structure of accretion
as T Tauri stars. Our goal is to analyze how accretion occurs in HAeBes and how the internal structure relates to the processes of
accretion and ejection of mass. We have observed a sample of 15 members, among them HAeBes and T Tauri stars, of the young
(∼ 3 Myr) open cluster NGC 2264. This sample was observed with the high resolution (R ∼ 47000) UVES/ESO spectrograph
(4800 − 6800 Å) over 20 non-consecutive nights. We checked all stars of our sample with indications of sufficient circumstellar
material for accretion and ejection processes to occur and we selected two HAeBes - Mon-000631 (HAe) and Mon-000392 (HBe).
We determined stellar parameters for these two stars with synthetic spectra, and also analyzed and classified all the circumstelar lines
such as Hα, Hβ, He I λ5875 according to their morphologies. Finally we modelled the Hα mean line profile, using the MHD model
described by Lima et al. (2010) and we found signatures of outflows and magnetospheric accretion in these two selected systems.
Finally, we verified if the parameters estimated for the two HAeBes, like the dipole component of the stellar magnetic field, the stellar
rotation period and the truncation radius are compatible with those commonly found in the literature for HAeBes.
Resumo. Estrelas Herbig Ae/Be (HAeBes) são estrelas jovens de massa intermediária análogas às estrelas T Tauri de baixa massa.
Ambos os grupos apresentam excesso no infravermelho associado aos discos circunstelares. A morfologia e variabilidade das linhas
de emissão, que são formadas no ambiente circunstelar desses objetos, podem ser usadas como ferramenta para entender a física dos
processos de acreção/ejeção de massa. Em geral, o modelo de acreção magnetosférica pode ser aplicado às estrelas T Tauri, que são
conhecidas por terem campos magnéticos suficientemente fortes para formar uma magnetosfera porém, poucas HAeBes possuem
campos magnéticos detectados, não sendo possível afirmar que esses sistemas tenham uma estrutura similar de acreção como as
estrelas T Tauri. Nosso objetivo é analisar como ocorre a acreção do disco nas HAeBes e como a estrutura interna se relaciona com
os processos de acreção e ejeção de massa. Observamos uma amostra de 15 estrelas jovens, entre eles HAeBes e T Tauri, membros
do aglomerado jovem (My 3 Myr) NGC 2264. Esta amostra foi observada com o espectrógrafo UVES/ESO de alta resolução (R∼
47000), com uma faixa espectral de 4800 a 6800 Å em 20 noites não consecutivas. Verificamos todas as estrelas da nossa amostra
com indícios de material circunstelar suficiente para os processos de acreção e ejeção ocorrerem e selecionamos duas HAeBes Mon-000631 (HAe) e Mon-000392 (HBe). Determinados parâmetros estelares para estas duas estrelas com espectros sintéticos,
analisamos e classificamos todas as linhas circunstelares tais como Hα, Hβ, He I λ5875 de acordo com as suas morfologias.
Finalmente, modelamos o perfil da linha de Hα, usando o modelo MHD descrito por Lima et al. (2010) e encontramos indícios de
acreção magnetosfera nesses dois sistemas selecionados. Finalmente, verificamos se os parâmetros estimados para as duas HAeBes,
como o componente dipolar do campo magnético estelar, o período de rotação estelar e o raio de truncamento, são compatível com
os comumente encontrados na literatura para HAeBes.
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1. Introduction
Herbig Ae/Be (HAeBe) stars are optically visible Pre-MainSequence (PMS) stars with masses ranging from 2 e 10 M
(Pogodin et al. 2015) analogous to the counterparts low-mass
T Tauri stars (Reiter et al. 2018). These stars were first identified
by Herbig (1960).
The interaction between Classical T Tauri stars (CTTS) and
their disks is magnetically controlled, causing accretion flows
and wind/outflows (Bouvier et al. 2007). This scenario of the
magnetospheric accretion and wind/outflows is well established
with observations and models for CTTS. But for HAeBe systems
there are many issues about how the circumstellar disk evolution
occurs.
In this work we intend to provide a study on the spectroscopic properties of HAeBe stars and understand how we can relate these spectroscopic characteristics to the accretion/ejection

of the circumstellar disk in these systems. Besides that we used
models as tools for extracting parameters that are limited to observations, reproducing Hα profiles considering a scenario with
magnetospheric accretion and magnetically controlled wind. We
used the CTTS systems as basis for comparison with our HAeBe
systems and we checked if there are similarities or not between
these systems from spectroscopic analysis.

2. Observations
Observations were performed over two different periods, first
between 2011 December and 2012 February with 20 observations and between 2013 December and 2014 January with 13
observations. Both periods were observed using the Very Large
Telescope (VLT/ESO), Cerro Paranal, Chile, equipped with the
high resolution optical spectrograph with R ∼ 47000 Ultraviolet
and Visual Echelle Spectrograph (UVES). UVES provides spec-
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tra covering a wavelength range of 4800-6800 Å, split into two
arms: the “lower arm” (L), 4800-5800 Å and the ”upper arm“
(U), 5800-6800 Å. In total 15 targets were observed, including
HAeBe systems, HAeBe candidates and CTTS members of the
young cluster NGC 2264.
The reduction of data was performed using the Reflex software, provided by ESO, and the UVES own reduction pipelines.
Bias subtraction, flat field correction and wavelength calibration
were performed. For spectra processing, IDL routines were used.

3. Selection of objects
In order to analyze processes of accretion and ejection of matter from our systems, it is necessary to know beforehand which
of these systems have sufficient circumstellar material for these
processes to occur.

Figure 2. Spectral energy distribution of the two stars selected
from our sample. Dots show literature observed data from 0.2 to
24 mµ (Wright et al. 2010). The black solid line is the best data
fit of the Hyperion SED model and the dashed lines are stellar
(blue) and dust emission (red) components (Robitaille 2017)

4. Physical Parameters

3.1. Color-Color Diagram

4.1. Synthetic Spectra

To selected the HAeBe stars we apply the color-color classification of Hillenbrand et al. (1992) and selected stars with J H > 0.3 and, simultaneously, H - K > 0.3 (Fig. 1). Stars with
measures below these values are objects belonging to Group III,
according to Hillenbrand et al. (1992) and, consequently, lack
significant IR excesses.
Stars that have insufficient material on their inner disks do
not have material for accretion and ejection thus escaping the
scope of this work and therefore will be eliminated for the analysis in the following sections. Stars that are inside the dotted box
have no disk.We found 8 systems with the inner disk and only 2
are HAeBe systems, Mon-000392 and Mon-000631.

To construct the synthetic spectra, we used the code BinMag4
(Kochukhov 2007), the atmosphere model ATLAS9 (Kurucz
1993) and the VALD3 database (Ryabchikova & Pakhomov
2015). In our analysis we assume for the selected stars a solar
abundance and consider a microturbulence (vmic ) of 2 km s−1
and macroturbulence (vmac ) of 5 km s−1 (Dunkin et al. 1997).
For the resolution, we used the value represented by the UVES
instrument (R ∼ 47000) for the broadening of the spectral lines.
For each star, synthetic spectra were constructed with a set of

Table 1. Set parameters of the synthetic spectra
Object
Mon-000392
Mon-000631

T e f f [K]
12500
8500

log g
4.5
3.5

vrad [km/s]
40
22

v sin i [km/s]
150
120

Figure 1. J - H and H - K colors for our sample. The area within
the dashed lines contains objects without significant IR excess
and classified as Group III (Hillenbrand et al. 1992). Each color
represents a star and dot symbols follow this representation.
Figure 3. The synthetic spectrum, in red, represents the best fit
for Mon-000631 system compared with the observed mean spectrum, in black.
3.2. SED model
To confirm our selected stars, we have modelled Spectral Energy
Distribution (SED) for 15 sources in our sample using literature data. We used the Python fitting code sedfitter (Robitaille
2017) based on Hyperion, an open-source parallelized threedimensional dust continuum radiative transfer code by Robitaille
(2011). This model confirmed the diagram color-color selection.
Fig. 2 shows the selected stars with the best SED fit.

parameters which had the lowest χ2 , in comparison with the observed spectrum.
Tab. 1 shows the best set parameters for the selected stars
and the Fig. 3 exhibits one of the regions of the Mon-000631 star
with an observed spectrum (black line) and its chosen synthetic
spectrum (red line). It is possible to see a good fit between the
observation and the theoretical adjustment.
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Mon-000392 star does not have strong enough spectral features in photometric region and to guide the construction of
the synthetic spectrum we used the parameters calculated by
Fairlamb et al. (2015). Considering the values of the best effective temperature value found in the synthetic spectrum for each
star, the Mon-000392 is a HBe star (Te f f ' 12500 K) and the
Mon-000631 is a HAe star (Te f f ' 8500 K).
After constructing the synthetic spectrum of each star, we
subtracted the photospheric contribution from the entire spectrum observed, night by night of observation for each star. The
result of this subtraction gives us information about the circumstellar region of each star and indications of the physical processes that are occurring in the systems.

(a)

(b)

(c)

(d)

5. Spectroscopic Variability Analysis
We investigated the temporal behavior of some spectral lines, to
analyze the variability of the intensity and the morphology of the
lines and detected red and blue absorption components in some
of these lines below the continuum level.
5.1. Circumstellar Lines
The components that coming from the circumstellar environment can carry signatures of the physical processes that are occurring in the young systems. We have analyzed spectral lines
such as Hα, Hβ, HeI λ5875.7, NaD λ5889.9 and NaD λ5895.9.
We presented the results below, individually, for both our stars.
5.1.1. Mon-000392
The Mon-000392 system is a HBe star with Te f f = 12500 K,
log g = 4.5 and v sin i = 150 km/s. It is a star with radiative envelope and convective core structure. The large amount of circumstellar material of this young system will somehow be accreted
to the star, and its circumstellar lines give the indications of a
possible scene of magnetosphere accretion.
The Hα line, Fig. 4 (a), is an intense and wide line. With 13
non-consecutive observations (each color represents one observation), this line does not have large variations on its morphology and intensity. The width of the Hα line (∼ 450 km/s) indicates that the material in its environment is being accelerated at
high speeds. However, these profiles do not show great variability in its morphology and intensity, which is a common behavior
in system with magnetosphere accretion. It is also possible to see
an absorption in red side of the line.
The unlike the Hα line, Hβ line, Fig. 4 (b), has more variability in its morphology and intensity with lower intensity profiles.
This line also has a wide profile and an absorption on the red
side.
The Helium line λ5875.7, Fig. 4 (c), shows up absorption
in red side in all the observed profiles. Redshift absorptions can
occur in regions where the material moves away from our line
of sight and this kind of absorption can be produced by infall, as
an indication that this system is composed of a magnetosphere.
Other lines that have signatures of a system composed of a
magnetosphere is the NaD doublet. In Fig. 4 (d) it is possible to
see a redshift in both lines below the continuum. Generally, The
NaD doublet are photospheric lines, most of them in absorption.
But, considering the variability present in redshifted wing, these
lines can carry circumstellar contribution.
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Figure 4. Circumstellar spectral lines of the Mon-000392 system
of the Hα (a), Hβ (b), He I λ5875.7 (c) and NaD doublet lines
(d). Each color represents one of the 13 observed nights.

5.1.2. Mon-000631
The Mon-000631 system is a HAe star with Te f f = 8500 K, log g
= 3.5 and v sin i = 120 km/s. Fig. 5 (a) represents the Hα that
coming from the circumstellar region. It is possible to see a great
variability in the intensity and morphology night by night of observations. This variability is more prominent in blue side of the
line, indicating a possible wind region. This line also has a large
width (∼ 400 km/s), indicating material being accelerated at high
speeds.
The Hβ line, Fig. 5 (b), presents great variability with blue
and redshift absorptions, thus indicating regions of wind and
magnetosphere. The Helium line λ5875.7, Fig. 5 (c), shows up
absorption in red side in all the observed profiles as Mon-000392
system.
The NaD doublet, Fig. 5 (d), in this system is probably photometric lines because these lines do not have variation.

6. Hα model
Magnetic fields affect stellar formation and angular momentum
evolution thus influencing the physical processes of young stars.
In order to endorse the already analyzed indications of magnetic
field that possibly acts in our young systems, we will present
here an attempt to model the Hα line emission using the code
described in Lima et al. (2010).
We checked how each parameter described in Lima et al.
(2010) influences the Hα profile of each star, in relation to the
intensity, width and morphology of the Hα line and we compared
with the respective profiles observed. We checked the contribution of the magnetosphere and disk wind together and separately
to analyze possible preferential region responsible for the emission of the Hα line and the result of both contribution.
The best fit for Mon-000392 is represented in Fig. 6 and the
parameters used in this fit can be seen in Tab. 2. The red line
represents the profile of the model and in gray all the profiles
observed, night by night.
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(a)

(b)

Figure 6. Hα line observed by UVES in grey of the Mon-000392
system and the red solid line represent the best fit from Lima
et al. (2010), adjusted with the parameters listed in Tab. 2.

(c)

(d)

Figure 5. Circumstellar spectral lines of the Mon-000631 system
of the Hα (a), Hβ (b), He I λ5875.7 (c) and NaD doublet lines
(d). Each color represents one of the 18 observed nights.
It is possible to see in Fig. 4 (a) that the profiles observed by
the UVES on each day of observation of the Mon-000392 star
that the morphological and intensity of Hα profile do not present
strong variation at all nigths of observations. All profiles have the
same structure: approximately the same intensity and width on
all nights, a significant absorption of the red side of the line and
a smaller absorption on the blue side of the line. The modelled
profile is within the observed limits of intensity and width, but
the peaks morphologies could not be reproduced.

Table 3. Parameters obtained from Hα line model - Mon000631
Variable parameters
rmi
rmo
rdo
θ
T mag
T wind
i
Ṁacc
Ṁwind

Best Value
3.5 R∗
4.0 R∗
10 R∗
14.57◦
7000 K
7200 K
85◦
3.0 x 10−6 M /yr
3.0 x 10−7 M /yr

Table 2. Parameters obtained from Hα line model - Mon000392
Variable parameters
rmi
rmo
rdo
θ
T mag
T wind
i
Ṁac
Ṁwind

Best Value
3.7 R∗
4.5 R∗
20 R∗
33.42◦
10000 K
11000 K
5◦
2.2 x 10−7 M /yr
2.2 x 10−8 M /yr

The best fit for Mon-000631 is represented in Fig. 7 and the
parameters used in this fit can be seen in Tab. 3. The red line
represents the profile of the model and in gray all the profiles
observed, night by night.
It is possible to see in Fig. 5 (a) that the profiles observed by
the UVES on each day of observation of the Mon-000631 star
have the morphological and intensity of Hα profile vary strongly
at all nigth of observations. For more intense profiles no absorptions are observed, but for profiles less intense absorptions on the
red side of the line arise. The best fit for this star was done for
a less intense profile. The width is within the observed profiles
and it was possible to reproduce two different peaks, as seen in
some observed profiles.

Figure 7. Hα line observed by UVES in grey of the Mon-000631
system and the red solid line represent the best fit from Lima
et al. (2010), adjusted with the parameters listed in Tab. 2.
Even with the approximations and limitations of the code
used and the possible complexity of the accretion and ejection
processes in the young systems, the model was able to reproduce a possible scenario of magneto accretion and magnetocentrifugal disk winds for both stars.

7. Conclusion
– Both stars with circunstellar material of our sample, Mon000631 and Mon-000392, have indications in their spectral
lines of magnetospheric accretion.
– Only the Mon-000631 system features disk wind signatures.
– The good fit of the Hα model for both systems, which
considers a magnetosphere coupled radiatively to a disk
wind, reaffirms that these systems have magnetic field strong
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enough to truncate the circumstellar disk and accrete the
matter from the magnetic field, similiar to CTTS systems.

References
Bouvier, J., Alencar, S. H. P., Harries, T. J., Johns-Krull, C. M., & Romanova,
M. M. 2007, Protostars and Planets V, 479
Dunkin, S. K., Barlow, M. J., & Ryan, S. G. 1997, MNRAS, 286, 604
Fairlamb, J. R., Oudmaijer, R. D., Mendigutía, I., Ilee, J. D., & van den Ancker,
M. E. 2015, MNRAS, 453, 976
Herbig, G. H. 1960, ApJS, 4, 337
Hillenbrand, L. A., Strom, S. E., Vrba, F. J., & Keene, J. 1992, ApJ, 397, 613
Kochukhov. 2007, Synth3 (Phtsics of Magnetic Stars)
Lima, G. H. R. A., Alencar, S. H. P., Calvet, N., Hartmann, L., & Muzerolle, J.
2010, A&A, 522, A104
Pogodin, M. A., Cahuasqui, J. A., Drake, N. A., et al. 2015, in Astronomical
Society of the Pacific Conference Series, Vol. 494, Physics and Evolution
of Magnetic and Related Stars, ed. Y. Y. Balega, I. I. Romanyuk, & D. O.
Kudryavtsev, 175
Robitaille, T. P. 2011, A&A, 536, A79
Robitaille, T. P. 2017, A&A, 600, A11
Ryabchikova, T. & Pakhomov, Y. 2015, Baltic Astronomy, 24, 453
Wright, E. L., Eisenhardt, P. R. M., Mainzer, A. K., et al. 2010, AJ, 140, 1868
Acknowledgements. CNPq, FAPEMIG and CAPES for their funding of this research.

136

