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Abstract We present an analysis of the optical observations of Hekbi@e (HAeBe) star V1686 Cyqg,
which is associated with a small isolated star-formingeagaround HAeBe star BD+4@124. \We ob-
served this star as a part of our project investigating yamgtive stars. Observations were conducted on
the 2.6-m telescope of Byurakan Observatory from 2015 t@ 2Bilthis period, we obtained direct images
of V1686 Cyg and 14 medium- and low-resolution spectra. éndburse of observations, we noticed that
this star underwent an atypical brightness outburst. Afea reduction, we found that the full rise and de-
cline in the brightness of V1686 Cyg had an amplitude of atm3awvagnitudes and lasted about 3 months.
We were also able to track changes in the stellar spectrumgltive outburst, which are correlated with
the photometric variations.
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1 INTRODUCTION create a small young cluster, embedded in the dense molec-
ular cloud. Shevchenko et al. (1991) estimated a distance

Herbig Ae/Be (HAeBe) stars represent the more massivi® this group to be 980 pc.

(M > 2 M) class of pre-main sequence (PMS) stars.  The photometric variability of Lkid 224 was discov-
These stars are known to demonstrate different types ared by Wenzel (1980); as a variable, this star received
variability. Studies of these regular and irregular véoias  the designation V1686 Cyg. The most complete informa-
in brightness and spectral appearance have a great impaien about its photometric behavior so far was collected in
tance for better understanding the stellar envelopes and cithe works of Shevchenko et al. (1991, 1993) and Herbst
cumstellar disks surrounding these stars. Based on the fe&- Shevchenko (1999). According to these data, the star
tures of variability (duration, spectral characteristias-  fluctuates near the mean brightness level, sometimes (usu-
plitudes of brightening), different classifications of $ke ally one time per year) demonstrating irregular Algol-like
stars exist (see Herbig (1977)). The reasons for difficulminima, which last one-two months: steep and rapid drops
ties in classifying HAeBe stars lie mainly in the insuffi- by 2 — 2.5 mag, and afterwards a more slow and oscillat-
ciency of simultaneous photometric and spectroscopic dang raise in brightness to the mean value. We can take into
ta. This is why we decided to start the project investigataccount that many HAeBe stars with the AO or later spec-
ing PMS stars showing periodic or non-periodic eruptivetral type show this kind of variability (Semkov & Peneva
activity. Among them, we studied a group of HAeBe s-2012). In addition, long-term variations exist: the mean
tars in the vicinity of the bright star BD+4@124, which  brightness of V1686 Cyg il decreased by2.5mag in
itself is an HAeBe star with a very strongaHemission about 8yr, achieving a minimum in 1993 and in the sub-
line. One of them is Lk 224 which is also an HAeBe sequent 4yr restored to the previous level; thus, its mean
star. With nearby LkH/alpha 225 they form a group of lu-level of brightness itself varies froi = 12.5 down to
minous emission stars, which for the first time were mend/ = 15 (Hillenbrand et al. 1995; Herbst & Shevchenko
tioned by Herbig (1960). With several fainter stars, they1999; Oudmaijer et al. 2001).
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Table 1 Log of the V1686 Cyg Spectral Observations 2017. Data reduction was done in the usual way, employ-
. _ ing IRAF and ESO-MIDAS programs. Photometric esti-
Date Spec. rangéy]  Resol. @/AN  Totalexp. (Min)  a4igns were completed by aperture photometry. For cal-
22.09.2015 5880-6740 2500 60 I . . . .
18.11 2015 57857315 1500 60 |brat|on,_ we relied on some stars in the _f|eId, while for
22.11.2015 5785-7315 1500 60 comparison stars we applied data from Hillenbrand et al.
16.05.2016  5880-6880 2500 30 (1995) and Shevchenko et al. (1991). The typical errors for
10.06.2016 5890-6795 2500 40 m i, .
08.08.2016  5780-7300 1500 30 our data are abo@t™02 — 0.M03. We also obtained spec-
23.08.2016 4120-6810 800 60 tra for this star from Sept 2015 to Dec 2016, with different
24.08.2016 5895-6795 2500 40 S REBival—1
59082016 20707055 200 20 spectral resolgtmns. 0.50, 0.80, 1.50 and %ﬁﬁlxlel .
30.08.2016 5870-6875 2500 40 More details about the methods of observation and da-
06.11.2016 5695-7360 1500 45 ta reduction can be found in our previous paper (Magakian
28.11.2016 4025-6995 800 30 .
20.12.2016 40256995 800 5 et al. 2019). Herg, in Table 1, we present the log of the
21.12.2016 5850-6850 2500 30 spectral observations.

V1686 Cyg was the subject of many spectral studies,3 RESULTS

but prominent variations in absorption features make it 1 The new outburst of V1686 Cyg
s spectral classification very problematic. Estimates-of it
s spectral type vary from B2 to F9 (see Hernandez et alAnalysis of the historical light curve of V1686 Cyg (based
2004, and references therein). As is stated in the san®@n the encompassing eleven year photometric database:
work, shorter term photometric variations of V1686 CygHerbst & Shevchenko 1999) with VizieR service demon-
could be related to the spectroscopic variability, but thisstrates that from the mean level of brightness, this star de-
guestion has not been investigated yet. It should be notrease its brightness from time to time by- 1.5 mag,
ed that emission lines in the V1686 Cyg spectrum alsavhich lastsl0 — 20d, and then it returns to the mean val-
demonstrate significant variability (Mora et al. 2001). Inue.
Magakyan & Movsesyan (1997), the broad asymmetric  In our case, we observed contrary behavior: during
profile of Ho emission with several superposed narrowthe period from Sept 2015 to Aug 2016, i.e., almost 1 yr
absorption-like features is exhibited, suggesting the-exi of regular observations, any significant photometric vari-
tence of expanding envelopes. ability of V1686 Cyg was not detected. But in Aug 2016,
In 2015, we started systematic observations of thave noticed that the star significantly increased in bright-
BD+40°4124 field, since the new outburst of V1318 Cyg ness. Photometric estimations demonstrated that in that pe
S was detected (Magakian et al. 2019). In parallel to thes#od, which lasted probably several months, the brightness
studies, the star V1686 Cyg was also observed photome®f V1686 Cyg unpredictably increased by more than two
rically and spectrally. The unusual and unpredicted brightmagnitudes i and then gradually returned to its previous
ening of V1686 Cyg, up to almost 3mag, was ascertainetvel. Table 2 presents the results of d¥ R photome-
and tracked. This paper describes the results of these ofiy, and the light curve is displayed in Figure 1.

servations. To track the recent variations of V1686 Cyg, we
checked such sources as images from the INT Photometric
2 OBSERVATIONSAND DATA REDUCTION Ha Survey of the Northern Galactic Plane (IPHAS) (Drew

et al. 2005) as well as Sloan Digital Sky Survey (SDSS)
In 2015, we started our project investigating eruptive s-and Gaia DR2. The brightness estimates, obtained from the
tars. Observations were carried out on the 2.6-m telescogd®HAS images, are listed in Table 3.
in Byurakan Observatory. We used the SCORPIO spec- The important representation of the recent bright-
tral camera and obtained direct images, as well as longiess variations of V1686 Cyg is captured by data from
slit spectra (Afanasiev & Moiseev 2005). It was equippedhe American Association of Variable Star Observers
with a TK SI-003A1044 x 1044 CCD and after August (AAVSO), which densely cover the period Aug 2014 —
2016 with an e2v CCD42-42080 x 2048 CCD. Asanob- Aug 2018. In Figure 2, we combine the light curvelin
ject of our previous interests, we started our observationgand from AAVSO with our data and th& magnitudes
with the young variable star V1318 Cyg, and at the samdérom Gaia.
time obtained data for the neighboring star V1686 Cyg.  Though in 2000-2012, the photometric estimates are
Observations were conducted from September 2015 to Jukcarce, the IPHAS data (Table 3) allow us to assume that
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Table2 V1686 Cyg (LkHx 224) Photometry

Date B 14 R 1
22.09.2015 17.22 15.88 14.68 13.27
18.11.2015 17.18 15.96 14.87 13.56
31.03.2016 17.03 15.61 14.48 13.07
10.06.2016 17.42 16.05 14.76 13.00
23.08.2016 14.82 13,50 12.48 11.58
20.12.2016 16.34 1498 13.62 12.49
20.07.2017 16.99 15.66 14.63 13.53

Table 3 V1686 Cyg Brightness in the IPHAS Images
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variability, related to photometric variations, was exjgelc
for V1686 Cyg by Hernandez et al. (2004). We describe it
in the next section.

3.2 The Spectrum of V1686 Cyg
3.2.1 The spectrum of V1686 Cyg in its quiescent phase

As was mentioned above, our spectral observations encom-
passed the whole period of the V1686 Cyg outburst. We
selected eight spectra with best signal-to-noise ratiN)S/
quality for further analysis.

Spectra, taken before the outburst, are quite typical for

68I00 ' 70IOO ' 72IOO ' 74I00 ' 76IOO' 78IOO ' 80IOO' 82IOO' 84I00' 86IOO' 88IOO . . A .

JD(+2450000) this star, being similar to the results of Hillenbrand et al.
(1995) and Magakyan & Movsesyan (1997). In the red
part of the spectral range, the most conspicuous line is a
broad and strong & emission with a superposed weak,
blue-shifted absorption feature. Forbidden emissions of
V1686 Cyg kept its typical behavior up to 2013, with more[OI] also are present, though very strong background e-
or less a persistent brightness level nead — 13.5 (V). mission lines make the estimations of their intensity un-
In the first half of 2015, the star demonstrated several chagertain. Besides, faint emission lines, mainly belonging t
acteristic minima. Then, in Aug 2015 the brightness offell (40) and not described before, were detected. Nal D
V1686 Cyg abruptly lowered, reachiflg = 16.7 in Oct  lines are not seen well either in emission or absorption;
2015 After that, the photometric behavior of the star drastijt should be mentioned that previous studies demonstrate
cally changed. As one can conclude from the AAVSO lighttheir pronounced variability.

curve, at least until the end of 2017, the star remained at  After the end of the outburst, in Nov—Dec 2016, the

the significantly lower level of brightness (about 15.3 in spectrum returned to the same appearance, withakid

V), with occasional outbursts. During July—Oct of 2016,several Fell lines in emission; besides, broad-winged H

a prominent outburst of at least 2.5 maglintook place, and Hy absorptions can be identified in the blue range. In

also signified by our photometry, and which by chance cofact, upper lines of the Balmer series in absorption, though

incided with our spectroscopic observations. One cannaiot strong, probably are always present in the spectrum of

exclude another, lower amplitude brightening in the firsty1686 Cyg (Magakyan & Movsesyan 1997; Donehew &

half of 2018. Brittain 2011). In general, during the time of our observa-
The pronounced spectral variations, observed by usons, the spectral type of V1686 Cyg can be assumed as

during the 2016 event, are important. Such spectroscopan early Ae, judging by the broad wings of Balmer absorp-

Fig.2 The light curve of V1686 Cyg iV band, combining data
from AAVSO, Gaia and our observations.
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Fig.3 Variations of the V1686 Cyg spectrum in 2015-2016, in
the range4500 — 6500 A. In the shorter wavelengths, Hand
Fell absorptions are prominent. Also, an obvious increaghe
chromospheric emission on 2016 June 11 can be seen.

Fig.4 The strong variations in the profile ofdHine in the spec-
trum of V1686 Cyg. During the outburst, the absorption compo
nent became rather intensive and even drops below the centin
um.

tions and non-detection of Hel 5876 line (which also mansjve Nal D absorption lines become visible in the spectrum.
ifests prominent variability in the V1686 Cyg spectrum, |n the shorter wavelength range, which was observed only
according to Mendigutia et al. (2011). We did not find anywith lower resolution, in addition to Bl and Hy with typ-
other photospheric absorptions, at least with our spectratal shell cores, we also see absorptions of Fell (42). It is
resolution. worth mentioning that after one week these blue iron ab-
It should be mentioned that in all spectra, we detectsorptions disappeared, though the red part of the spectrum
ed one of the strongest diffuse interstellar bands (DIBskept the same appearance at least until the end of Aug of
6284A, also mentioned by Hernandez et al. (2004), which2016.
is easily distinguished from the nearby atmospheric ab- To better represent the changes, we display parts of
sorption 6278 This band with a similar intensity was the normalized V1685 Cyg spectrum (in the range up to
previously detected in the spectrum of the nearby staHq line), in various periods in Figure 3, and the variations

LkHa 225 (Magakian et al. 2019). in the Hx profile are presented in Figure 4.
In Oct 2016, the star started to lower its brightness (see
3.2.2 Spectrumof V1686 Cyg during the outburst Fig. 1). During that period the spectrum, obtained on Nov

) L 6, is very interesting. It significantly differs from the eut
The first significant spectral changes one could ascertain Ihurst spectra, as well as from the other spectra in the qui-

the spectrum of the star, obtained in May 16 of 2016, Whe%scent stage. On the one hand, strong Nal D absorptions
photometric variations were not detected yet. The bettezgnd the Hh line absorption component disappeared. On the

SN spectrum from 2016 June 10, still before the IOhO'other hand, all emission lines became obviously stronger

tometric brlghtgnlng, confirms this impression. The_c_en'than before the outburst. The emission line spectrum in the
tral absorption in K became much stronger, nearly divid-

) R range6000 — 6500 A appears much more rich, with lines
N9 the em|53|_on_lme_ into two almost equal componentsof Fell, Fel and Cal. We can note remarkable similarity to
Forbidden emission lines of [Ol] and [SlI] are still present

. C ) _the spectra of PV Cep and V350 Cep, shown by Magakian
|n. the spectrum; their width confirms non-background Ofi-ot al. (2019). Subsequent spectra, though with lower S/N,

gmn. . . are more like the pre-outburst spectra, as was already men-
As can be seen from Table 2, the maximal brightne€sgyned in the previous section.

of V1686 Cyg was reached in Aug 2016. Despite the differ-

ent spectral resolution, all our five spectrograms of that pe; 5 Equivalent Widths and Radial Velocities

riod have certain similarity. Especially impressive are th

further variations in the profile of theddline, where the For a better representation of the spectral changes, de-
absorption component decreases beneath the continuustribed above, we estimated the equivalent widths (EWSs)

As the strength of iron emissions decreases, forbiddes lineof most typical emission and absorption lines. The gener-

of [Ol] nearly disappear. On the another hand, rather intenal picture seems consistent with the conclusion mentioned
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above, that the strength of emission lines relative to con-  As was already stated above, the observed short-term
tinuum significantly dropped during the maximal bright- brightening is not typical for V1686 Cyg, at least in the
ness period. For example, EW of therlemission compo- sense that similar events cannot be found in the previous
nent changed frome —35A to ~ —12A at the end of long-time light curve, presented by Herbst & Shevchenko
Aug 2016; then high values again were restored. In th€1999). It can be considered as an outburst, because it-
spectrum from 2016 Nov 6, described above with verys accompanying spectral changes could be interpreted as
strong emissions, EW(t) exceeded-50 A. A similar be-  the formation of a dense expanding envelope around the s-
havior can also be seen for thé300 A [Ol] line. On the tar, with its subsequent dissipation during several months
other hand, EW of Nal D absorption in the period of theThis envelope, emitting mainly in the continuum, covered
outburst reached A, but it was actually invisible before. up lower layers of the stellar chromosphere, making the
Pronounced variability of emission as well as absorptiormetallic emissions invisible and even diminishing the very
lines in the V1686 Cyg spectrum was also previously destrong emission component of thexHine. On the other
scribed by Mora et al. (2001) and by Hernandez et alhand, the envelope was sufficiently dense to produce ab-
(2004). sorption lines with negative radial velocity.

We measured the heliocentric radial velocities of sev-  The permanent existence of the blue-shifted absorp-
eral lines and found a pattern, very typical for young steltion components in the & line profile, demonstrated by
lar objects. All measurable absorption lines demonstratethe previous observations (Magakyan & Movsesyan 1997),
negative velocity. For example, the mean velocity of theallows us to conclude that similar expanding envelopes,
absorption component of ddis —97 & 47kms™'. Such  though of much lower density, are nearly always present
large dispersion is natural, because the previous observaround the star V1686 Cyg.
tions also have demonstrated the existence of blue-shifted Currently, we do not know how long V1686 Cyg

absorption components i.” the)l-lin.e. profile with various, | remain in its present lower brightness state. Only the
?Ut always-negauve, radial velo-cn-les. The harrow absorppew photometric observations can make the situation more
tion cores in H and Hy have similar velocities, though cjear. This star definitely deserves continued monitoring.

these values cannot be measured with sufficient accura- Several authors make analogies between V1686 Cyg's
cy because of the lower spectral resolution. Fell(42) abéhort-term light drops and UX Ori type variability.

sorptions, seen in only one lower resolution spectrum, alHowever, this question remains to be investigated. In fact,

so manifest ambiguous velocities, probably because of thﬁ‘]is star may be an object, which combines two types of

same reason. Both lines of the Nal D doublet have VelOCiI'DMS variability, like V2492 Cyg, V350 Cep or V582 Aur

ty near—57 kl.ns_l’ anfj)\6300,& [O1] emission also has  giannini et al. 2018; Jurdarfepic et al. 2018Abraham
similar negative velocity. The peak ofcdHemission has etal. 2018)

positive radial velocity:+95 + 29kms~!. Velocities of
the iron emissions cannot be measured because of their
faintness. All these data are in sufficiently good compli-Acknowledgements This work was supported by the RA
ance with high-resolution measurements, as presented BJES State Committee of Science, in the frame of the re-
Cauley & Johns-Krull (2015). search project number 18T-1C-329.
This research has made use of the VizieR catalogue

4 DISCUSSION AND CONCLUSIONS access tOOl, CDS, Strasbourg, France (DO' 10.26093/cd-

slvizier). This paper also utilizes data obtained as part of
Our combined data allow us to make several conclusionthe INT Photometric I Survey of the Northern Galactic
s about the observed spectral variability of V1686 Cyg.Plane (IPHAS) carried out at the Isaac Newton Telescope
These observations fully confirm what was already de{INT). The INT is operated on the island of La Palma by
scribed by the authors listed above in that the pronouncetthe Isaac Newton Group in the Spanish Observatorio del
changes in the strength of certain absorption and emissidRoque de los Muchachos of the Instituto de Astrofisica de
lines, which easily explain the large range of the spectraCanarias. All IPHAS data are processed by the Cambridge
types, assigned to this object. Actually, V1686 Cyg is oneéAstronomical Survey Unit, at the Institute of Astronomy
of the most photometrically and spectrally variable HAeBein Cambridge. We acknowledge with thanks the variable s-
star, and as one can see (at least in this present case), the observations from the AAVSO International Database
spectral and photometric variations of V1686 Cyg are di-mainly contributed by observer James McMath, which
rectly related. were used in this research.
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