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Hasmik Andreasyan

Byurakan Astrophysical Observatory, NAS RA, Byurakan,ga&otn Prov., 0213, Armenia,;
hasmik.andreasyan@gmail.com

Received 2020 July 9; accepted 2020 August 28

Abstract We present a detailed spectroscopic study of pre-main segustar V565 Mon, which is the
illuminating star of the Parsamian 17 cometary nebula. ®asens were performed with the 2.6 m
telescope in Byurakan Astrophysical Observatory on 2018y 15. Radial velocities and equivalent
widths of the most prominent lines of V565 Mon are presentéel .build the spectral energy distribution
and estimate the main parameters of the star, for examptebthaed bolometric luminosity of V565 Mon
is Lyses ~ 130 L. Considering all features of V565 Mon, we come to the coriclushat this young
intermediate-mass star belongs to some intermediate loégagen T Tau and HAeBe stars. Very unusual
for a young star is the presence of strong absorption Baéklin the spectrum. Possible explanations on
this issue are discussed. Hence, we think that V565 Mon iscquarexample, which can help to understand
some open questions involved in the problem of nucleosiglie young stars.
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1 INTRODUCTION has a triangular shape and V565 Mon is located in its
south-western edge. On deep images with a high spatial
V565 Mon belongs to a little studied star formation region.resoh_]tion’ one can note traces of the second, Opposite
As a variable star, it was discovered byoffmeister  cone, which suggests a bipolar structure of the nebula. In
(1968. It is the illuminating star of the Parsamian 17 the course of the search for Herbig-Haro (HH) objects,
reflection cometary nebula, in whichiitis deeply embedded group consisting of HH 947 A/B was discovered
(Parsamian 1965Cohen 197} The observational data (Magakian etal. 2008near the symmetry axis of P17.
about this star are scarce. A first description of thel ggically, V565 Mon can be considered as a source of this
morphology of the nebula and the multi-band infraredsiow.
(IR) observations of the central star, which revealed that | the image taken from the Pan-STARRS survey, one
V565 Mon is a prominent IR source, were given in thecan see V565 Mon immersed in dust. The aforementioned
work of Cohen(1974. Only after 10 years was this object HH group is also visible and pointed out by arrows in
reobserved photometrically bieckel & Staude(1984. the left corner of Figurel. For comparison in Figure,
The spectrum of the star was briefly described in thgye present the same field taken from the AlIWISE survey
Herbig & Bell (198§ catalog, where V565 Mon is listed as ¢glored chart.
HBC 546. The spectral type was very roughly estimated as  a|| of the above makes the V565 Mon star an
G, with Ha emission line and very strong Ball lines in the jnteresting target for further studies. Especially notetup

red part. A nextimportant step in the study of this star wags that we still do not have good spectral data on this star.
the identification of V565 Mon with the IRAS 06556-0752 T ;5. it was included in our program of spectral studies of

source in the catalog dkfeintraub(199Q. This confirmed  ggjected pre-main sequence (PMS) stars.
that V565 Mon is extremely bright in the mid-IR range.

The P17 Cometary nebula, also known as NGC 23132 OBSERVATIONS AND DATA REDUCTION
PP67 and GN 06.55.6.0M@gakian 2008 is an object

with high surface brightness in the dark cloud LDN 1653,0bservations were carried out with the 2.6-m tele-
the distance of which is 1066~ 1200 kpc (Kimetal. scope of Byurakan Astrophysical Observatory on 2018
2004 Maddalena et al. 1986lilton & Lahulla 1995. P17  February 15. We utilized the SCORPIO spectral camera
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] ] ] Fig.3 Spectrum of V565 Mon in absolute intensities.
Fig.1 Color image of a field around V565 Mon from Pan-

STARRS Data Release 1 (DR1) survey «, g filters).
HH objects are pointed out by arrows in the left corner.
The dark diagonal stripe, visible across the nebula, is amodeled along the all slit length. Our observations cover

artifact. the wavelength range of approximately 58006800

3 RESULTS
3.1 General Description of the V565 Mon Spectrum

During our observations, the visible brightness of V565
Mon was similar to the previously reported values. The
reduced spectrum is presented in Fig8reOne can see

a red continuum with both emission and absorption lines
superposed. StrongdHemission is divided by a relatively
narrow (in comparison with the emission) absorption
component, which is going below the continuum. Such a
double-peaked profile of thedline is typical for young
active stars, although such strong central absorptiomés ra

S

V565 Mon

Fig.2 The same field from the AlIWISE survey (blue -
3.4um, green - 4.eum, red - 22um). V565 Mon is pointed
out by a white arrow. Among the most prominent absorption lines is a strong
but quite narrow Nal D doublet. Besides, twé141.71
(Afanasiev & Moiseev 200bat the prime focus of the and \6496.89 Ball absorption lines are very noticeable,
telescope. The e2v CCD42-40)80 x 2048 CCD was which were already mentioned in thikerbig & Bell (1988
used as a detector, which works in imagery and longeatalog. We also noticed a weak 6707 Lil resonance line,
slit modes. In long-slit mode, the width of the slit which is a well-known youth indicator for PMS stars
was 1.5” (with seeing abouR.5”) and the length was (Herbig 1964 Takeda & Kawanomoto 2009.yubimkov
about5’. As a dispersive element, the volume phase2016. Also, a variety of Fell absorption lines exist, but no
holographic grating with 1800g mm was employed, Fel absorptions were detected. Besides the only other
providing the spectral resolution of aboit = 2500. emission lines detected are forbidden red doublets of [Ol]
For the wavelength calibration, the Ne+Ar lamp wasand [Sll]. Taking into account the presence of HH flow,
referenced as a comparison spectrum. Total exposure wassociated with this star, one can assume that they belong
3600s, which provides signal to noise ratio (S/N) moreto an outflowing envelope or jet near the star. A more or
than 100 in the final spectrum after the processing antess accurate spectral type of V565 Mon still is difficult to
optimal extraction. Data reduction was done in the usuaéstimate. In any case, the prominent Nal D lines, on the
way, applying the ESO-MIDAS program and appropriateone hand, and well-developed Fell spectrum with absence
packages. The stellar spectrum was extractedihwidth ~ of Fel lines, on the other hand, lead to a spectral range from
zone, while background and night-sky emission lines werdate F to early G, confirming Herbig’s assumption.
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3.2 Equivalent Widthsand Radial Velocities and AKARI all-sky surveys Abrahamyan etal. 20)}5

) ] ) . 'WISE survey Cutri&etal. 2013 also ischer et al.
We estimated the equivalent widths (EWs) and hellocentn%Ola MSX catalog Eganetal. 2008 2MASS All-

radial velocities of the most prominent absorption andSky catalog Cutri et al. 2003 Tian et al. 201y and Gaia
emission lines and present them in Tablén case of kv, g,rvey Gaia Collaboration etal. 20).8 After making
we list separate measurements for emission and absorpt'%cessary transformations and calculations, we produced
components. _ . N the spectral energy distribution (SED) of V565 Mon,
One can see that negative radial velocities are observeghich is presented in Figurd. Of course, one should
only for forbidden lines, which confirms our assumptionkeep in mind that at longer wavelengths (e.g. in AKARI
that these lines are related to HH outflow. Moreover, 10w,14) 4 significant amount of emission can have extended
absolute values of their velocities point to a large angle OBrigin' however, the SED, obtained by us, is more or less
outflow with respect to the line of sight. The absorptionqnsistent with the star, surrounded by a large mass of
compon-ent.of h has near-zero velocity, -a.nd all OFher heated dust, very likely in the form of a circumstellar disk.
absorption lines, including Nal D, have positive velogtie The problem of the extinction value for V565 Mon
In general, the strength of emission lines is not high. Evenyis, is important. In any case, since the star is quite \ésibl
for Ha emission, the total EW iss —7 A. in the visual range, its extinction cannot be too high. The
Gaia DR2 extinction value for V565 Mon is A= 2.7.
Using visible magnitude of V565 Mon\{ = 13.72)
from theHerbig & Bell (1989 catalog and distance of the

Table 1 EWs and Heliocentric Radial Velocities of
Selected Lines in V565 Mon Spectrum

Lines EW@) Vg(kms1) FWHM star (estimated using Gaia DR2), we founfl, = 3.05.
NalD, (5889.96)  2.10 36 1.94 Comparing this value with standaidy, for a GO type
NalD; (5895.93)  1.88 32 3.84 ; inoti

Ball (6141.71) 0.83 P > 6o main sequence staAllen 1975, for_ extinction value one

[01](6300.31)  —1.67 —36 3.88 can obtain A- = 1.4. Of course, in case of V565 Mon

o1 56363.823 —0.58 —51 4.65 this value must be higher, because V565 Mon is definitely

Fe Il (6456.39 0.45 24 3.92 :

Ba Il (6496.89) 106 32 309 located above the main sequence. _

Fe Il (6516.05) 0.2 17 3.02 As can be seen from the SED, V565 Mon emits
Ha (em) —2.22 —181 3.61 in the mid and far IR range at least the same, or even
Ha (abs) 0.22 -2 3.92 . . .

Ha (em) 464 157 305 a higher amount of energy, as in the optical range. To
Li I (6707) 0.08 89 1.48 estimate its total luminosity, we tried several approaches
[S1](6730.78)  —2.87 -6 2.61

By integrating the SED curve of V565 Mon we obtained
Lyses ~ 130 L for its bolometric luminosity. But even
The mean radial velocity of V565 Mon, computed this value is only its lower limit, since, judging by the
by the six strongest absorption lines, is +34 14  SED, the star should emit significant energy up to the
km s~'. Considering our spectral resolution and thesybmillimeter range. By the equation, suggested for IR
probable blending of several lines, such an error shouldgyrces observed by IRAE¢nnelley et al. 2007 we find
be considered small enough. The line widths somewhainly 757, which in our case can be considered only as an
exceed the instrumental profile of our system, whichadditional correction, to take into account the furthest IR

confirms their photospheric origin. range. We also tried to approximate the SED by Robitaille
models Robitaille et al. 200y, but were not satisfied by
4 DISCUSSION AND CONCLUSIONS any of the solutions, because they cannot represent the

nearly flat far-IR side of the SED well. The possible reason

First of all, we f:ompared prey|ously obtglned est|mat|on§or this can be significant extended emission in the far-IR
of V565 Mon distance and brightness with new data from

. . . range, but the available data do not allow us to check its

Gaia Data Release 2 (DR2). The modern distance eSt'mag?(istence.

for V565 Mon, based directly on the newly obtained Gaia

parallaxes, is 1150 pcH 91 pc), while the statistical

estimation from theBailer-Jones et al(2018 catalog is

1122 pc. This value is in accordance with the previou

estimates of LDN 1653 distance (see Sagt.Brightness

of the star also did not change in a noticeable way. Mol x — Moo = —2.510g10(Ly/ L) )
For the evaluation of main parameters of V565

Mon, we obtained photometric data for this object withand

Vizier VO tools, including the photometry from IRAS m — M = 5logd — 5+ A, (2)

Taking 130L¢ as an initial estimate for the V565 Mon
bolometric luminosity and making the assumption that the
flux in all observed ranges is a result of the radiation of a
%0 type central star, we can use general equations like
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to convert the bolometric luminosity of V565 Mon to 2012 Mishenina et al. 2013 The main trend, described
absolute magnitude. As a result we ascerfdin,= —0.58.  in these works, is in favor of the anticorrelation between
We have to add the bolometric correction, which forbarium enrichment and the age of the cluster. In more re-
the GO star is rather smalAlen 1979, hence,My=  cent work ofMishenina et al(2015, new mechanisms of
—0.55. We know the observed visible magnitude of V565barium enrichmentin young open clusters were suggested.
Mon (m = 13.72, see above), so from EquatioR) (the = Some possible explanations of barium abundance linked it
value of extinction for V565 Mon should béy = 2.86. to chromospheric activity, however significant correlatio
The similarity of this result with the Gaia estimate is was not detected(Orazi et al. 201). Despite all these
remarkable. One can assume tHat ~ 3 is a reasonable various approaches, the processes producing barium in
estimate for the V565 Mon extinction. young stars still are hardly understandable.
The most obvious difference of V565 Mon with these

1E-11 4 ! studies listed above is that even the youngest open clusters
described in these works have ages df g@ars, while the
age of V565 Mon cannot exceed several million years. On
the other hand, EW of Ball line (1.06) is even larger than
the upper limit of the curve of growth from the work of
/ v Mishenina et al(2015 (see their fig.1). We screened the

1E-12 5

spectra of several hundred PMS stars from the Cohen and
1E-13 4 /' L Kuhi atlas Cohen & Kuhi 1979 but did not found any
v object with similar strength of Ball lines.
'/ Besides, we also considered the possibility that a V565
Mon star can be an FU Ori-like object. Actually, this
181 1 10 100 possibility was the reason why we included this star in our
A (um) observational program. The spectral type of V565 Mon and
the scarcity of emission lines in its spectrum are in favor
Fig.4 SED of V565 Mon. of the FUor hypothesis. Also, it is well known that the
existence of Ba Il (especiall}6497) lines is one of the

It is obvllouds tl?at V565 Mon is mde‘?j Iocr;tle:j '”l the 1 ost typical features in spectra of FUors. However, there
LDN 1653 cloud, because our estimate of its radial veloCity, o so\era| reasons against such a suggestion, in particula

is in a perfect accordance with a velocity (converted t
heliocentric) of+29km s, measured by th&*CO line
(Kim et al. 2004.

Thus, we see that all main features of V565 Mon

vFy (erg s'1cm'2)

%he photospheric absorption lines definitely are wider than
in bona fide FUors and FU Ori-like stars; thexhbrofile
does not show characteristic wide P Cyg type absorption;

, i ) 'radial velocities of all absorptions, including even thelNa

descnbed-a}bove, point to the PMS ngture. of this Stardoublet, are positive, i.e. indicate the absence of sigrific

However, it is not too easy to classify this object, becaus%utflowing activity. Of course, one cannot exclude the

its significant luminosity (higher than a great majority possibility that V565 Mon can represent some non-typical

of T Tau stars) suggests that it has intermediate MasSise of FU Ori-like stars, or that its spectral charactedst

and, consequen'FIy, belongs to th_e HAeBe star class. OQre due to its orientation with respect to the line of sight.
the other hand, its spectral type is probably too late for Anyway, for the last 25 years little study was carried

such classification and its spectrum corresponds to T Tay it to reveal the nature of V565 Mon. A few previous

stars. Nevertheless, V565 Mon could belong to Som(JSpectraI investigations give only a general view, without

intermediate class between T Tau and HAeBe stars. going into details. Scarce photometric data that we have
However, the most unusual feature of V565 Mon:

< th ¢ 4 in hand also give a very generic and not a complete
IS the presence o tVYO _strong6141.71 an 6496'_89 picture, which does not allow us to draw a conclusion about
Ball absorption lines in its spectrum. Although this fact

ioned in th bi I ! bi I the variability of V565 Mon. Meanwhile, as our spectral
was mentioned in the Herbig-Bell catalagdrbig & Be study revealed, this somewhat neglected object could be

1988, nowhere was stressed the peculiarity (_)f barluman important step in understanding the nucleosynthesis
overabundance in such a young star. Meanwhile, thOuQBrobIems in young stars. In this sense, the case of V565

it is assumed that for IOW and intermediateMfo < Mon is unique and it deserves a detailed high resolution
M < 3 M) mass stars barium emerges through s-proces§pectral study in the optical and near-IR range.
recent studies have found the distinct excess of barium
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