doi: 10.32023/0001-5237/68.3.5 ACTA ASTRONOMICA
\ol. 68(2018) pp. 259-267

Identification of V735 Sgr as an Active
Herbig Ae/Be Object

P.Pietrukowicz?, F. DiMille?, R. Angelonf® and A. Udalskt

Iwarsaw University Observatory, Al. Ujazdowskie 4, 00-478r¢¢awa, Poland
e-mail: pietruk@astrouw.edu.pl
2Las Campanas Observatory, Casilla 601, La Serena, Chile
3Departamento de Fisica y Astronomia, Universidad de Larn@e#. Cisternas 1200
Norte, La Serena, Chile
4Instituto de Investigacion Multidisciplinar en Ciencia gchologia,

Universidad de La Serena, Av. Raul Bitran 1305, La SerendeCh

Received September 20, 2018

ABSTRACT

V735 Sgr was known as an enigmatic star with rapid brightvasations. Long-term OGLE
photometry, brightness measurements in infrared bandsteanently obtained moderate resolution
spectrum from the 6.5-m Magellan telescope show that thisistan active young stellar object of
Herbig Ae/Be type.
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1. Motivation

V735 Sgr was found to be a variable object by Luyten (1937) whalyzed
photographic plates obtained in the course of the Bruced?ribfotion Survey.
Due to relatively large variations in blue photographightness (14.2-15.5 mag)
the object was supposed to be an eruptive cataclysmic V@anéd Cam type (2006
archival version of the Downe=t al. 2001 catalog), however no evident outburst or
standstill had been observed. A mistake made in the posifitite variable source
(Vogt and Bateson 1982) complicated the identification ef tfue nature of the
star.

*Based on observations obtained with the 1.3-m Warsaw tapesand the 6.5-m Magellan Baade
telescope at the Las Campanas Observatory of the Carnatjteition for Science under the CNTAC
program CN2018A-102.
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2. Photometric Observations

V735 Sgr is located in the area monitored by the Optical Ga#ivinal Lensing
Experiment (OGLE) since the beginning of the third phasehefdurvey in 2001.
The survey monitors the Galactic bulge, Galactic disk, arap®lanic Clouds
from Las Campanas Observatory, Chile. Since March 2010 thiegt is in its
fourth phase. The OGLE-IV camera consists of 32 CCDs withal feeld of view
of about 1.4 ded. Currently, OGLE measures brightness in the Johngé@md
Cousind passbands of over two billion stars of the Milky Way and thegel&nic
System, covering a total area of about 36004defechnical details on OGLE-V,
including data reduction, can be found in Udalekal. (2015).

Fig. 1. Finding charts iv, J, H, and Ks bands, each 30on a size, centered on V735 Sgr. North
is up and East is to the left. The comparison constant stat iessdemonstrate the infrared excess
in V735 Sgr (see Fig. 4) is located’Z4 roughly South-East of the variable. TWéband chart was
obtained with the 1.3-m OGLE telescope, while thdéKs-band charts were obtained in the course
of the VVV survey on the 4.1-m VISTA telescope.

OGLE observations confirm the source identification of V73 &ven by
Yoshida et al. (2002). The variable is located at the equatorial coordmat
(a,8)20000 = (17'59M51578, —29°3355'9) or at the Galactic coordinateg$, b)
= (4+1°0372 —229953 . We identify it with OGLE detection BLG505.01.92650.
Fig. 1 shows finding charts MJHKs bands centered on the variable. TWéand
chart was cropped from the OGLE-IV reference frame for fidl@B05.01. JHKs-
band charts come from images taken by the VISTA Variableh©én\tia Lactea
(VVV) ESO public survey (Minnitiet al. 2010). In the upper panel of Fig. 2, we
present fulll-band light curve obtained since the beginning of OGLE-20@1)
until the middle of the ninth bulge season of OGLE-IV (201Bhe rapid irregular
behavior of V735 Sgr is well seen in the middle and lower paueélFig. 2. The
full 1-band light curve consists of 1304 data points collecteéhgu®GLE-IIl and
15529 data points collected during OGLE-IV by the end of RBEB. Light curve
in theV-band, not shown here, consists of seven measurements @& @I and
182 measurements from OGLE-IV. In the whole observed pex@@il—2018, the
I-band brightness varied between 12.18 mag and 15.54 malg Wband bright-
ness ranged between 13.11 mag and 16.10 mag. This mearisethatk-band and
V-band amplitudes of V735 Sgr were 3.36 mag and 2.99 mag, cteply. Mea-
suredV —1 color index fluctuated betweefn0.58 mag and+1.06 mag. MearV
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andl-band magnitudes and meah— | color during the OGLE-IV phase are the
following: 14.74 mag, 13.86 mag, +0.88 mag, respectivehe ost rapid bright-
ness change was recorded on the night from July 31 to Augu15 when the
star faded by 0.95 mag in 7.32 h (see lower panel of Fig. 2).&fyent no periodic
signal in the power spectrum of the variable.
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Fig. 2. OGLEI-band light curve of variable V735 Sgr covering years 20@-&upper pané), with
a zoom on the data collected in the first half of 20d8ddle panéland on a part with the most rapid
brightness change that took place in 20ldsver pane). The big red dot marks the moment of the
executed spectrum.

Based on the obtained time-series photometry we concluadeAr35 Sgr ex-
hibits permanent, rapid, irregular variations. No outbsuis standstills observed
over 18 years clearly indicate that this object cannot be @fdmova of U Gem or
Z Cam type. Irregular fluctuations with the amplitude of at®wmag are too large
for a novalike system. The recorded photometric behavicharacteristic for a
subgroup of young stellar objects of UX Ori type. This is aidaially confirmed
with the observed color fluctuations and the presence diieft excess.
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The changing location of the variable in thes. V—1 diagram is presented in
Fig. 3. The trend drawn by the star has a crescent shape sashiséerved in some
young stellar objectse(g, BF Ori, Evanset al. 1989, UX Ori, Grininet al. 1994).
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Fig. 3. Color—-magnitude diagram with marked positions @f tariable star V735 Sgr over years
2001-2018. The star draws a crescent shape characteoisyioifng stellar objects. The background
is formed of stars located in the OGLE field BLG505.01 coritgjrthe variable.
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Fig. 4. Brightness of V735 Sgr (in red¥. neighbor constant star BLG505.01.92647 (in blue) in the
optical and infrared regimes. The us¥dindl-band magnitudes are average values. Note a clear
infrared excess in V735 Sgr confirming its pre-main sequeatere.
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The so called blueing effect is well visible — with the decieg brightness the star
gets redder but near minimum it becomes blue again mainlyalseattering light
by dust.

In Fig. 4, we compare brightness from optical to mid-infdaregime of V735 Sgr
and a neighbor constant star BLG505.01.92647 locatett South-East of the
variable. Near-infraredHKs magnitudes were taken from the VVV survey, while
mid-infrared data come from Spitzer/GLIMPSE 3D catdlogrhe comparison
star has very similar magnitudes in the optical bands (thaso similar color)
to average values for the variablg: = 14.88 mag and = 1388 mag {V — I =
+1.00 mag). V735 Sgr clearly shows a strong excess in infrared,is observed
in pre-main sequence stars. However, a definitive clastditaf the variable star
required spectroscopic observations.

3. Spectroscopic Data and Results

Two subsequent spectra of V735 Sgr were obtained with thene\Bagellan
Baade telescope at Las Campanas Observatory in dark tinrhe aight May 19/20,
2018. The night was not photometric due to the presence o seimcirrus clouds,
but with stable seeing of about’®. We used the Magellan Echellette (MagE)
spectrograph with a”D. slit giving an average spectral resolutionR& 4100 over
wavelength range between 3200 A and 10 000 A. After two 3Qfiemse exposures
a ThAr lamp was exposed for 15 s. Initial reductions, thatasfikeld correction,
rectification of spectral orders, wavelength calibratiod aombination of the two
single exposures with rejection of cosmic rays, were pearéat with the QRPY
software (Kelson 2003) on the site. Using utilities proddie the IRAF packagg
we normalized and also calibrated for flux each order seglgrator the calibration
we used a spectrophotometric standard star, white dwar?98T exposed in the
dawn of the night (% 200 s with the same instrument setup). Then, all orders were
combined to form one normalized spectrum and the other ouagita of flux. Due
to low intensity at the blue end and the presence of many gthsoi features in
the near-infrared part of the spectrum, we rely only on aéiem 8 to 17, covering
wavelength range 3500-8100 A.

Mean moment of the spectroscopic observation (HID=24582884) is marked
on thel-band light curve in Fig. 2. At that time the variable hiagt 13.27 mag and
was fading down from a local maximum of= 12.66 mag for almost two days.
Unfortunately, there is no OGLE observation in ¥and from that night.

In Fig. 5, we present the flux-calibrated spectrum of V735 &grering the
whole optical regime. The dominant stellar feature is thérogen Balmer series

Thttps://irsa.ipac.caltech.edu/Missions/spitzer.html

*IRAF is distributed by the National Optical Astronomy Obs&tpry, which is operated by the
Association of Universities for Research in Astronomy, Jmnder a cooperative agreement with the
National Science Foundation.
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with Ha in strong emission. Such a spectrum is typical for a younipstebject
of spectral type A. Thus, V735 Sgr is an intermediate-magscobf Herbig Ae/Be
type. The star seems to be mildly reddened, likely due toelative proximity
(855+44 pc based on Gaia Data Release 2, Gaia Collaboratiah 2018) and
location in the direction of Baade’s Window. The most proemtlines are marked
in the normalized spectrum in Fig. 6. Beside Hilso [Ol] and [SII] lines are in
emission. The spectrum reveals the presence of Hel and MgH being indicators
of early type A of the underlying star. There are absorptined of singly-ionized
metals such as Cal and Fel and the multiplet Fell (42) comigirelatively strong
lines at 4924A, 5018A, and 5169A. All of these features amcHje for young
stellar objects.

6><10714 T T T T T T T T T T T T T T T T T T

4x10-14

T

2x10-14

Flux [erg cm™ s™!]

1 ‘ 1 1
6000 70

A [A]
Fig. 5. Flux-calibrated spectrum of V735 Sgr. Note the pneseof the dominant hydrogen Balmer

series with a strong emission incHline characteristic for young stellar objects of spectypkt A.
The spectrum is not corrected for atmospheric absorptiatufes.
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In Fig. 7, we show four lines with asymmetric profilesoHH 3, Hel 5876, and
Hel 6678. The Hh profile has two peaks with the secondary peak located blukwar
of the primary one and reaching 87% of its intensity. Such@atemponent profile
stems from the presence of a circumstellar accretion diskmed at large incli-
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nation angle (almost edge on). According to the work by @ramd Rostopchina
(21996) the double-peakeddline is characteristic for active Herbig Ae/Be stars,
that is intermediate-mass stars showing rapid, large-&ndgl, irregular bright-
ness variations caused by dust clouds orbiting the certralrsthe disk. Similar
Ha profile is observed in known UX Ori-type variables such as HiK @V Ser,
WW Wul (Reipurthet al. 1996). The absorption line of Blin V735 Sgr has a
blueshifted central emission. The two lines of Hel have tiveiise P Cygni profile
indicating mass inflows onto the central star.
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Fig. 6. Normalized spectrum of V735 Sgr in the range 38000680Some lines observed in young
stellar objects of spectral type A are marked. Note the piasef [Ol] and [SlI] lines in emission.

Determination of effective temperature in young stellgeots is complicated.
Application of the standard spectral classification fronmmal stars has to be treated
with caution (Gray and Corbally 2009). The measured eqeittakidths ofw (Call
K)=5.2A, W(Call H + He)= 125A, W(H&)= 13.7A and the presence of emis-
sion features indicate type A3e for V735 Sgr. However, tlaéspectral type of the
underlying star may be slightly different, since the Callikelis partially formed
in the circumstellar disk and thus it is variable in time. idei lines and high order
Balmer lines can also be affected by disk absorption. Redeimperature determi-
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Fig. 7. Profiles of four dramatically distorted linespk{HB, Hel 5876, and Hel 6678, due to disk
accretion in V735 Sgr. The wavelength and intensity are &tesioall panels

nation requires a dedicated spectral variability camptigtwould help to identify
constant photospheric features (usually singly-ionizetats) and to compare them
with standards as proposed by Gray and Corbally (1998) oaMoal. (2001), for
instance.

4. Conclusion

Based on long-term OGLE photometry, brightness measuresnerinfrared
bands, and a moderate-resolution optical spectrum we ghthvag so far mysteri-
ous, rapidly varying star V735 Sgr is an active young stellgect of Herbig Ae/Be
type. This classification is confirmed by irregular 3-magiatgwns (of UX Ori
type), the early spectral type of A3e and a significant ifdaexcess, though the
star does not seem to be associated with a diffuse nebuleharabsorption line
Lil 6707 is absent in the spectrum. The OGLE light curves,-flakbrated and
normalized spectra of V735 Sgr are available at

ftp://ftp.astrouw.edu.pl/ogle/ogle4/V735Sgr/
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